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Modern Human Ancestry at the
Peripheries: A Test of the

Replacement Theory
Milford H. Wolpoff,1* John Hawks,2 David W. Frayer,3

Keith Hunley1

The replacement theory of modern human origins stipulates that populations
outside of Africa were replaced by a new African species of modern humans.
Here we test the replacement theory in two peripheral areas far from Africa by
examining the ancestry of early modern Australians and Central Europeans.
Analysis of pairwise differences was used to determine if dual ancestry in local
archaic populations and earlier modern populations from the Levant and/or
Africa could be rejected. The data imply that both have a dual ancestry. The
diversity of recent humans cannot result exclusively from a single Late Pleis-
tocene dispersal.

Two conflicting evolutionary models of mod-
ern (1) human origins have emerged in the
past decade (2): complete replacement, in
which modern humans are a new species that
replaced all archaic populations, and multire-
gional evolution, in which modern humans
are the present manifestation of an older
worldwide species with populations connect-
ed by gene flow and the exchange of ideas,
resembling each other because of similar ad-
aptations to ideas and technologies that
spread across the inhabited world and be-
cause of the dispersals of successful genes
promoted by selection. One place where the
models have quite different predictions is at
the peripheries of the human range, where the
replacement theory stipulates that the ances-
try of early modern populations is not among
their local archaic predecessors, who often
are regarded as different human species (3).
Multiregional evolution, a reticulate theory,
is compatible with a dual ancestry for early
moderns from the peripheries. Here we ex-
amine ancestry in Australia and Central Eu-
rope, two peripheral areas with the best fossil
record for the so-called transitional period,
considering an early modern Australian cra-
nium, Willandra Lakes Hominid (WLH) 50,
and the two adult male crania from Mladeč,
in Moravia, Czech Republic.

WLH-50 has been dated to about 15,000
to 13,000 years by gamma spectrometric U-
series analysis (4) and to about double that
time by electron spin resonance on bone (5).
The calvarium exhibits many features that

closely resemble earlier Indonesian homin-
ids, including the Ngandong fossils of Java
(6). WLH-50 is regarded as a modern human
in all origins models (6, 7), whereas Ngan-
dong fossils are often assessed as archaic
humans or late surviving Homo erectus (8).
The other possible ancestral population we
tested for this male is the earlier modern
human sample from Africa and the Levant of
western Asia, which under the replacement
theory must represent the only ancestors (Fig.
1) of the first modern humans in Australia.

In Central Europe, over 100 fragmentary
specimens unequivocally associated with an
early Aurignacian industry (9) were recov-
ered from the two Mladeč Caves in Moravia,
Czech Republic (10). The most complete
male calvaria are from the Quarry Cave. Mla-
deč 5 and 6 have been likened to the tempo-
rally earlier Neandertals (11–13) [although it
is recognized that they are not themselves
Neandertals (10, 11)]. Neandertals, then, are
the local archaic predecessors of the Mladeč
folk and are potentially their ancestors. The
other potential ancestors are from Qafzeh and
Skhul, the earlier modern human remains in
western Asia (Fig. 2), geographically and
temporally the closest source of a replacing
population.

The complete replacement model requires
a unique relation between the early modern
humans at these two peripheries and the ear-
lier Levantines and/or Africans regarded as
modern human. If evidence shows significant
local ancestry for the peripheral samples,
complete replacement must be wrong. To
examine this issue, we tested for refutations
of the hypotheses of dual ancestry (14) for
WLH-50 and the Mladeč males. Obtaining a
valid statistical test requires overcoming
some formidable obstacles. There are only a
few early modern crania complete enough to
analyze, their dates are uncertain, the com-
parative samples are small and haphazardly
preserved (15), and the traits may depend on
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each other in ways we cannot observe. In
order not to compound these problems with
extraneous assumptions, we used a simple
method to address the relation among indi-
viduals that is independent of group assign-
ments and the statistical structure of the
groups. We collected details on certain non-
metric traits, scored as presence or absence to
make unweighted sums of differences poten-
tially informative (16). Using the scores on
these nonmetric traits, we calculated the pair-
wise differences between specimens in the
two early modern samples from the periph-
eries and each of the specimens in the earlier
samples of potential ancestors. This kind of
pairwise difference analysis is commonly ap-
plied to DNA sequence data to derive infor-
mation about past population demography
(17) and to estimate closeness of relation
(18). Its use for nonmetric traits is tolerant of
missing data—because we treat such cases as
the absence of differences—as long as the
missing data are either randomly distributed
or are more strongly represented in the Afri-
can or Levantine sample of potential ances-
tors predicted by the replacement theory. Ad-
ditionally, we minimized missing data by
appropriate choices of specimens and traits.
The chance of a type I error is high with the
pairwise test only if an early modern speci-
men is more similar in size to the local ar-
chaic sample and if the traits that are corre-
lated with cranial size do not reflect geo-
graphic differences. We can reject both these
conditions, as discussed below. If the early
modern specimen is exclusively related to the
earlier Africans and/or Levantines, then the
probability of it looking more like the archaic
sample should be effectively zero.

It may be claimed that because our anal-
ysis is a phenetic procedure, it is inappropri-
ate to test the relations of these early modern
humans with various putative ancestors be-
cause we do not take the polarity of the
character states into account. We chose this
procedure because we were unwilling to as-
sume that the potential ancestors were differ-
ent species; indeed, to do so would be to
assume our conclusions. Character polarity is
meaningless if the evolution of these groups
included gene flow, which is one of the hy-
potheses under consideration. Moreover, al-
though cladistic procedures might provide an
implicit test of the replacementist assumption
that archaic and modern peoples represent
different species, the broad distribution of
most of the nonmetric traits across groups,
with very few traits unique to any group,
leaves only a small number of potential sy-
napomorphies required for phylogenetic anal-
ysis. The problem can be illustrated in the
WLH-50 analysis. There are only eight traits
unique to one potentially ancestral group or
another in our nonmetric data. Of these eight
character states that are uniquely in one sam-
ple, five are polymorphic within their sam-
ples, and only three are shared with WLH-50
(all three are shared between WLH-50 and
Ngandong). The degree to which these non-
metric traits are shared among groups may
itself suggest the conspecificity of the speci-
mens involved, but we question the validity
of this approach, which is why we did not
take it.

For the WLH-50 analysis, we considered
all of the specimens in the two earlier sam-
ples, regardless of sex, because we cannot
reliably determine the sexes of the Ngandong

calvaria. However, in the Mladeč analysis we
restricted our comparisons to the males. We
believe that our identification of males in
Mladeč and in the earlier samples of potential
ancestors is reliable, and note that females are
poorly represented in the Skhul/Qafzeh cra-
nial sample. The comparative samples are
detailed in Tables 1 to 3.

Most nonmetric observations were taken
on the original fossil crania by at least one
and often two of us; observations on casts of
Laetoli Hominid 18 and the Omo crania were
also used (see legends to Tables 1 and 2). In
our scoring system, the presence of a trait was
scored as 1, and its absence as 0. Some of
these traits may reflect robustness, and for all
such traits the more robust condition was
scored as 1. In cases where a trait could not
be observed on a specimen, we scored the
trait as missing for that individual and treated
it as not different in all comparisons involv-
ing that individual. We could unambiguously
score 16 nonmetric traits on WLH-50. We
avoided duplicating features that seemed to
reflect the consequences of the same anatom-
ical variation. These were scored in the Le-
vant sample of four specimens and in six Late
Pleistocene Africans, and were present in
most cases. The pattern of missing data is
random for the WLH-50 comparisons
(Kruskal-Wallis test, x2 5 0.126, P 5 0.939).
In the Mladeč analysis, we examined 30 non-
metric traits from all parts of the Mladeč 5
cranium (22 could be scored on the less
complete Mladeč 6). These nonmetric traits
were scored in four Neandertal and five
Skhul/Qafzeh males and were present in vir-
tually all instances. In this case, the pattern of
missing data in the comparative samples is

Fig. 1. Ngandong 1 (left)
compared with WLH-50
(center, cast) and Qafzeh
9 (right, cast), shown in
lateral view to the same
scale. In its simplest
form, the issue we ad-
dress is which two are
alike and which one is
different. WLH-50 is the
youngest of the three.

Fig. 2. Mladeč 5 (center)
compared with Qafzeh 9
(right, cast) and Spy 2
(left), in lateral view. As
in Fig. 1, we ask which
two are alike and which
one is different. The
three specimens shown
here are males, and Mla-
deč is the youngest of
the three.
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not random. The Skhul/Qafzeh crania have
more missing data than the Neandertals. This
makes the analysis conservative because if all
else is equal, the results will be biased to
show more similarities with the Skhul/Qafzeh
remains (i.e., will support replacement).

We examined whether there might be spe-
cial similarities between the peripheral sam-
ples and their archaic predecessors because of
robustness in the peripheral specimens creat-
ed by their size, an explanation some have
suggested (19, 20). To specify the relation,
we examined each region for an influence of
size on the robustness, as estimated by the
sum of the nonmetric scores (20). We used
endocranial capacity to estimate cranial size
because it is not based on any particular
observation in our analysis (21). The question
of how robustness and size are related has
different answers at different levels of anal-
ysis. For instance, within populations there is
usually a clear relation between size and ro-
bustness because males are on average and in
particular larger and more robust than fe-

males. There were no significant within-
group associations of cranial size and pres-
ence of nonmetric traits in our samples (Af-
ricans: P 5 0.527; Levantines: P 5 0.901;
Ngandong: P 5 0.580; Mann-Whitney test).
Between populations, on the other hand, the
relation could be just the opposite. Compar-
ing the African and Levantine samples, there
is a positive association, indicating that any
relation between cranial size and presence of
nonmetric features must depend strongly on
the geographic locations of the groups being
compared. In the Australasian analysis, the
extraordinary robustness of WLH-50 resem-
bles one potential ancestor, and its size re-
sembles the other. Of the 16 nonmetric vari-
ables used in the WLH-50 analysis, 6 were
correlated with cranial capacity (P 5 0.05,
Kolmogorov-Smirnov test). In each instance
where the presence of a nonmetric feature
was correlated with cranial capacity, the
specimens that possessed the feature had
smaller cranial capacities than those lacking
the feature. These relations exist because
Ngandong is the most robust group in our
sample (Fig. 3) and has the smallest mean
cranial capacity. The large size of WLH-50
ensures that if there is a significant nonmetric
relation of WLH-50 with Ngandong, a rejec-

tion of the replacement hypothesis will be a
conservative outcome.

A similar but weaker relation can be
found in the Mladeč comparisons where the
population with larger crania is not the more
robust one. The Neandertal males (n 5 8) are
more robust than the Skhul/Qafzeh males
(n 5 5), but their mean cranial capacity is
smaller (1531 cm3 compared with 1552 cm3).
It follows that the larger size of the early
modern descendants cannot be posited as a
cause of their robustness, so nonmetric sim-
ilarities between earlier and later specimens
within regions cannot have resulted from cra-
nial size. The most parsimonious explanation
for such similarities is ancestry.

We found significant differences among
the groups for pairwise differences from
WLH-50 (Table 1). Six of the seven Ngan-
dong crania are closer to WLH-50 than are
any other specimens, and the seventh is sep-
arated from the others by only one individual
(Skhul 9). On average, WLH-50 possesses
fewer differences from the Ngandong group
(3.7 pairwise differences) than from either the
African (9.3) or Levantine (7.3) groups.
Mean pairwise differences between Ngan-
dong and African, and Ngandong and Levan-
tine groups are statistically significant at the
0.05 level (Mann-Whitney). The Ngandong
mean pairwise difference from WLH-50 is
significantly lower than both the African
mean and the Levantine mean differences at
the 0.05 level (Mann-Whitney). WLH-50 is
most different from the Africans, although
difference in the number of pairwise differ-
ences between the African and Levantine
samples relative to WLH-50 is not signifi-
cant. In sum, in its nonmetric traits WLH-50

Table 1. Pairwise comparison of WLH-50 to Indo-
nesian, African, and Levantine specimens. The
mean difference with the Ngandong specimens is
3.7; with the Levantine sample, 7.3; and with the
Africans, 9.3. Unlike the Mladeč analyses (Tables 2
and 3), this analysis does not include Skhul 4
because it possesses only a few of the nonmetric
traits listed below, mostly because of the parts
preserved and the poor condition of the surface of
the cranium. The features used in the Mladeč
comparisons could be observed much more often.
The 16 nonmetric features used in this pairwise
comparison are as follows: angular torus; coronal
keel; sagittal keel on frontal; lateral frontal trigone;
linea obliquus strongly developed; mastoid crest;
sagittal keel on parietal; postlambdoidal eminence;
prebregmatic eminence; projecting inion; sulcus
dividing the medial and lateral elements of the
supraorbital torus or superciliary arches; superior
margin of the orbit blunt (as opposed to sharp);
suprainiac fossa; supramastoid crest; temporal line
forms a ridge; and transversely extensive nuchal
torus.

Specimen
Number of
differences

from WLH 50

Ngandong 5 2
Ngandong 9 3
Ngandong 10 3
Ngandong 11 3
Ngandong 4 4
Ngandong 1 5
Skhul 9 5
Ngandong 6 6
Jebel Irhoud 2 6
Omo 1 6
Qafzeh 6 7
Qafzeh 9 7
Skhul 5 7
Omo 2 8
Jebel Irhoud 1 10
Laetoli 18 10
Singa 12

Table 2. Pairwise differences between Mladeč 5
and the most complete Neandertal males (mean
difference 5 14.8) and Skhul/Qafzeh males (mean
difference 5 14.0). Presence or absence of 30
nonmetric traits is scored in this analysis: anterior
temporal fossa border angled; thick parietal at
asterion (.9 mm); broad frontal (.125 mm);
broad occiput (.120 mm); central frontal boss;
cranial rear rounded (as seen from back); external
auditory meatus leans forward; frontal keel; long
frontal (glabella-bregma length . 113); frontona-
sal suture arched; glabellar depression; glenoid
articular surface flattened; thick occipital at lamb-
da (.8 mm); lateral supraorbital central thinning;
mastoid process projects minimally; mastoid tu-
bercle; mastoid-supramastoid crests well separat-
ed; medially tall supraorbital (.19 mm); nuchal
torus extends across occiput; occipital bun; long
occipital plane (.60 mm); occipitomastoid crest
prominent; paramastoid crest prominent; retro-
mastoid process prominent; sagittal groove along
vault posterior; supraglenoid gutter long; elliptical
suprainiac fossa; supraorbital center dips down-
ward; “teardrop” shape (seen from top); and ver-
tical occipital face short.

Specimen
Number of
differences

from Mladeč 5

Skhul 4 8
Qafzeh 6 10
Skhul 9 11
Spy 2 12
La Chapelle 13
Qafzeh 9 15
La Ferrassie 15
Guattari 15
Skhul 5 23

Table 3. Pairwise differences between Mladeč 6
and the most complete Neandertal males (mean
difference 5 7.8) and Skhul/Qafzeh males (mean
difference 5 11.6). Presence or absence of 22
nonmetric traits is scored in this analysis, less than
the number for Mladeč 5 because the vault is less
complete. The eight traits from Table 2 not found
on this specimen are as follows: thick occipital
at lambda; prominent occipitomastoid crest;
minimal projection of mastoid process; mastoid
tubercle; long supraglenoid gutter; central thin-
ning of lateral supraorbital; angled anterior tem-
poral fossa border; and external auditory meatus
leans forward.

Specimen
Number of
differences

from Mladeč 6

Qafzeh 6 6
La Chapelle 7
Guattari 7
Spy 2 8
La Ferrassie 9
Skhul 4 11
Skhul 9 11
Qafzeh 9 14
Skhul 5 16
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is closer to the specimens from Ngandong
than to any other group. If Ngandong was the
expected ancestor under the replacement the-
ory, this would disprove a dual-ancestry hy-
pothesis. However, it is not, and a Ngandong
ancestry disproves the replacement theory, so
the conservative interpretation of these re-
sults is that the dual-ancestry hypothesis can-
not be disproved.

We might expect a similar pattern for the
Mladeč specimens. Examination of charac-
teristics said to be unique for Neandertals
(22) indicates that Mladeč 6 has a suprainiac
fossa of elliptical form, extensive lambdoidal
flattening, and a short posterior face on the
occiput. Mladeč 5 has a Neandertal-like sag-
ittal contour, a well-developed occipitomas-
toid crest, minimal mastoid projection, and
evidence of midfacial prognathism, insofar as
the marked anterior projection of the upper
face predicts this.

The average pairwise difference between
Mladeč 5 and the Neandertal sample is 14.8,
and between Mladeč 5 and the Skhul/Qafzeh
sample, 14.0—virtually the same (Table 2).
On the other hand, for Mladeč 6 the corre-
sponding comparisons are 7.8 and 11.6, so it
is closer to the Neandertal sample (Table 3).
A Sample Runs Test (23) was used to exam-
ine whether the ordering of Neandertal and
Skhul/Qafzeh crania, based on the number of
pairwise differences from the Mladeč crania,
is random (the null hypothesis). Randomness
can be rejected at the P 5 0.05 level when
there are two or less, or 9 or more, runs (24)
from the same site, for a sample of this size.
There are five runs for Mladeč 5 and three
runs for Mladeč 6—randomness in the order
of pairwise similarities cannot be rejected
(25). Again, these data fail to reject the dual-
ancestry hypothesis. They imply that the
Mladeč crania are not uniquely related to
Skhul/Qafzeh.

Another way to examine this nonmetric
variation is in terms of its distribution within
and between the samples of putative Mladeč
ancestors. Three of the nonmetric variables
completely separated the Neandertal and
Skhul/Qafzeh samples. Of these, the Mladeč
crania were like the Neandertals in two, and

like Skhul/Qafzeh in one. Seven additional
traits almost completely separated the puta-
tive Mladeč ancestors (26). Of these, the
Mladeč crania were like the Neandertals in
four, and like Skhul/Qafzeh in two. For the
seventh trait, one Mladeč cranium was like
each comparative sample. In spite of the pre-
dominance of Neandertal resemblances for
this subset of 10 traits, the normal approxi-
mation of the binomial distribution shows
that an ancestry hypothesis in which dual
ancestry is assumed to be equal ancestry can-
not be rejected at the 0.05 level.

These tests show that a dual-ancestry
model cannot be rejected for either of the
geographically peripheral samples we have
considered. There is no evidence suggesting
that WLH-50 can be grouped with either Late
Pleistocene Africans or Levantines to the ex-
clusion of the Ngandong sample, or that the
Mladeč males can be grouped with the Le-
vantines to the exclusion of European Nean-
dertals. This refutes the replacement theory
and contradicts the interpretation that local
archaic populations represent now-extinct hu-
man species (27). It means that Ngandong
should not be classified as H. erectus (6).
This result joins other evidence of sufficient
Neandertal features in Upper Paleolithic Eu-
ropeans to reject interpreting their variation
as that of an extinct human species (11, 13,
28–30), because no matter how different Ne-
andertals may seem, diagnostically Neander-
tal anatomy in later populations is an indica-
tion of sufficient Neandertal ancestry to reject
such a species hypothesis.

Our analyses, like all discussions of mod-
ern human origins, are limited by the small
sample sizes and ignorance of the underlying
variance and covariance matrices for the data,
and we interpret them with this in mind.
However, their failure to disprove the hy-
pothesis of dual ancestry for early moderns in
two far-flung regions of the world adds to the
improbability of a replacement explanation
for modern human origins. We do not doubt
that many prehistoric groups were replaced
by others, but we conclude that the hypothe-
sis that all living humans descended from a
single geographically isolated group during

the Late Pleistocene is false, and that the
replacement explanation for the origin of
these early modern Australians and Europe-
ans can be ruled out.
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Natal Homing in a Marine Fish
Metapopulation

Simon R. Thorrold,1*† Christopher Latkoczy,2 Peter K. Swart,3

Cynthia M. Jones1

Identifying natal origins of marine fishes is challenging because of difficulties
in conducting mark-recapture studies in marine systems. We used natural
geochemical signatures in otoliths (ear bones) to determine natal sources in
weakfish (Cynoscion regalis), an estuarine-spawning marine fish, in eastern
North America. Spawning site fidelity ranged from 60 to 81%, comparable to
estimates of natal homing in birds and anadromous fishes. These data were in
contrast to genetic analyses of population structure in weakfish. Our findings
highlight the need for consideration of spatial processes in fisheries models and
have implications for the design of marine reserves in coastal regions.

The exchange of individuals among geo-
graphically separated groups, or connectivity,
is a critical property of marine populations
(1). Connectivity rates determine coloniza-
tion patterns of new habitats, the resiliency of
populations to harvest, and the design of ma-
rine protected areas (MPAs). Quantifying ex-
change rates in marine organisms is, howev-
er, extremely difficult because natal origins
of adults are almost invariably unknown (2,
3). This lack of knowledge is primarily due to
the difficulty of conducting mark-recapture
studies in species that are characterized by
the production of large numbers of small
pelagic offspring that suffer high initial mor-
tality rates. Recently, tagging techniques us-
ing natural isotopic and elemental markers
have been developed for species that were not

able to be tagged or recaptured using conven-
tional approaches. Use of these natural tags
may, therefore, allow questions of natal ori-
gins, spawning site fidelity (or philopatry),
and return migrations to be addressed in or-
ganisms and environments for which we have
little information, including migratory song-
birds (4), butterflies (5), and fish (6, 7). For
instance, fisheries ecologists have yet to de-
termine rates of natal homing in any species
of marine fish, even though spawning site
fidelity and other complex migratory behav-
iors are common in birds (8) and anadromous
fishes (9). We provide unique estimates of
philopatry and population structure in weak-
fish (Cynoscion regalis) using stable isotope
and elemental signatures in otoliths of return-
ing spawners as a natural tag of natal origin.

Adult weakfish follow an annual migra-
tion pattern along the east coast of the United
States that takes them from overwintering
grounds south and offshore of Cape Hatteras
to spawning locations in estuaries and coastal
embayments throughout the species range
(Florida to Maine) in the spring and early
summer. Larvae are generally retained within
natal estuaries through selective tidal stream
transport (10), and they reside in these estu-
aries until migrating to overwintering

grounds in the autumn. Given the lack of
larval dispersal, connectivity rates are pri-
marily determined by the propensity for adult
fish to return to their natal estuary to spawn.
Previous studies of weakfish population ge-
netics using allozymes and mitochondrial
DNA (mtDNA) (11, 12) have found no evi-
dence of genetic differentiation. However,
genetic approaches may not have sufficient
resolution to quantify natal homing unless
straying is negligible over evolutionary time
scales. The natural tag approach that we took
provided estimates of natal homing and pop-
ulation structure in the presence of significant
connectivity among groups within the larger
metapopulation.

The otoliths of teleost fish are accretion-
ary structures located within the inner ear,
and are composed primarily of aragonite de-
posited on a proteinaceous matrix. The utility
of otolith chemistry as a natural tag relies on
three properties of otoliths (13). First, the
deposition time of otolith material can be
estimated by reference to concentric rings in
otoliths that are routinely used in age estima-
tion by fisheries biologists. Second, the met-
abolically inert nature of otoliths ensures that
the aragonite mineralogy remains unaltered
after deposition. Third, the calcium carbonate
and trace elements that make up most
(.90%) of the otolith are derived primarily
from the ambient water, as modified by tem-
perature. The isotopic and elemental compo-
sition of the otolith will, therefore, reflect the
environmental characteristics of the water in
which the fish lives. Because physical and
chemical composition characteristics of water
vary spatially, otolith geochemistry records
the water mass characteristics specific to a
particular natal area. The mechanisms gener-
ating variability in the signatures may not
necessarily be restricted to environmental dif-
ferences. Nonetheless, application of geo-
chemical signatures in otoliths as a natural
tag does not require the reconstruction of
these environmental differences, only that the
signatures are sufficiently robust to allow
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