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The Multiregional 
Evolution of Humans 

Both fossil and genetic evid~nce argues that various 
human groups arose where they are found today 

by Alan G. Thorne and Milford H. Wolpoff 

T wo decades ago paleoanthropol
ogists were locked in a debate 
about the origin of the earliest 

humans. The dtsagreement centered on 
whether the fossil Ramapithecus was 
an early human ancestor or ancestral 
to both human and ape lineages. Mo
lecular biOlogists entered that discus
sion and supported the minonty posi
tion held by one of us (Wolpoff) and his 
students that Ramapzthecus was not a 
fossil human, as was then commonly 
believed. Their evidence, however, de
pended on a date for the chimpanzee
human divergence that was based on a 
flawed "molecular clock." We therefore 
had to reject their support. 

Today the paleoanthropological com
muruty is again engaged in a debate, 
this time about how, when and where 
modem humans onginated. On one side 
stand some researchers, such as our
selves, who mamtam there is no single 
home for modem humanity-humans 
originated m Afnca and then slowly de
veloped their modem forms in every 
area of the Old World. On the other 
side are workers who claim that Africa 

ALAN G. TIIORNE and MILFORD H. 
WOLPOFF have extensiVely studied the 
ongmal fossil matenal on the ongms of 
Homo sap1ens. Thome Is head of the de
partment of prehistory m the Institute 
of Advanced Studies at the Australian 
National Uruvers1ty. He graduated man
thropology and zoology from the Urn· 
vers1ty of Sydney m 1963 and later 
taught human anatomy at the medical 
school there. Thome's excavations at Kow 
Swamp and Lake Mungo produced most 
of the Pleistocene human remams in 
Australia. Among his documentanes is 
the televJSJon series Man on the Rim. 
Wolpoff is professor of anthropology at 
the Uruvers1ty of Michigan at Ann Arbor, 
where he drrects the paleoanthropology 
laboratory. He received his Ph.D. m 1969 
from the UruversJty of Illinois at Urbana· 
Champaign. Wolpoff has wntten Widely 
on paleoanthropology, mclud!ng an m· 
troductory textbook. 
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alone gave birth to modern humans 
within the past 200,000 years. Once 
again the molecular geneticists have 
entered the fray, attempting to resolve 
it in favor of the African hypothesis 
with a molecular clock. Once again their 
help must be rejected because their rea
soning is flawed. 

Genetic research has undeniably pro
vided one of the great insights of 20th
century biology: that all livmg people 
are extremely closely related. Our DNA 
similarities are far greater than the dis
parate anatomic variations of humanity 
might suggest. Studies of the DNA car
ned by the cell organelles called mito
chondna, which are inhented exclusive
ly from one's mother and are markers 
for maternal lineages, now play a role 
in the development of theories about 
the ongin of modern human races. 

Nevertheless, mitochondnal DNA is 
not the only source of information we 
have on the subject. Fossil remains and 
artifacts also represent a monumental 
body of evidence-and, we mamtain, a 
much more reliable one. The smgular 
Importance of the mitochondnal DNA 
studies is that they show one of the 
origin theories dtscussed by paleontol-
ogists must be incorrect. · 

With Wu Xinzhi of the Institute of 
Vertebrate Paleontology and Paleoan
thropology in Beijmg, we developed an 
explanation for the pattern of human 
evolution that we descnbed as multire
gional evolution. We learned that some 
of the features that distmguish major 
human groups, such as Asians, Austra
lian Aborigines and Europeans, evolved 
over a long penod, roughly where these 
peoples are found today. 

Multiregional evolution traces all 
modern populatiOns back to when hu
mans first left Africa at least a million 
years ago, through an interconnected 
web of ancient lineages in which the 
genetic contributions to all living peo
ples varied regionally and temporally. 
Today distinctive populations maintain 
their physical differences despite inter
breeding and population movements; 

this situation has existed ever since hu
mans first colonized Europe and Asia. 
Modern humanity originated within 
these widespread populations, and the 
modernization of our ancestors was an 
ongoing process. 

An alternative theory, developed by 
the paleontologist William W. Howells 
of Harvard University as the "Noah's 
ark" model, posited that modern people 
arose recently in a single place and that 
they subsequently spread around the 
world, replacmg other human groups. 
That replacement, recent proponents 
of the theory believe, must have been 
complete. From their genetic analyses, 
the late Allan C. Wilson and his col
leagues at the University of California 
at Berkeley concluded that the evolu
tionary record of mitochondrial DNA 
could be traced back to a single female, 
dubbed "Eve" in one of his first publi
cations on the issue, who lived in Afri
ca approximately 200,000 years ago. 
Only mitochondrial DNA that can be 
traced to Eve, these theorists claim, is 
found among living people. 

How could this be? If Eve's de
scendants mixed with other 
peoples as their population ex

panded, we would expect to find other 
mitochondrial DNA lines present today, 
especially outside Africa, where Eve's 
descendants were invaders. The most 
credible explanation for the current ab
sence of other mitochondrial DNA lin
eages is that none of the local women 
mixed with the invading modern men 
from Africa-which means that Eve 
founded a new species. Wilson's re
construction of the past demands that 
over a period of no more than 150,000 
years there was a complete replacement 
of all the preexisting hunter-gatherers 
in Africa and the rest of the then inhab
ited world; later, the original African 
features of the invading human species 
presumably gave way to the modern 
racial features we see in other regions. 

An analogy can highlight the differ
ence between our multiregional evolu
tion theory and Wilson's Eve theory. 
According to multireg:~onal evolution, 
the pattern of modern human ongins 
is like several individuals paddling in 
separate corners of a pool; although 
they maintain their individuality over 
time, they influence one another with 
the spreading ripples they raise (which 
are the equivalent of genes flowing 
between populations). In contrast, the 
total replacement requirement of the 
Eve theory dictates that a new swim
mer must jump into the pool with such 
a splash that it drowns all the other 
sWimmers. One of these two views of 
our origin must be incorrect. 



Mitochondrial DNA is useful for guid
illg the development of theories, but 
only fossils proVIde the basis for re
futillg one idea or the other. At best, 
the genetic information explaills how 
modern humans might have origmated 
if the assumptions used ill interpret
illg the genes are correct, but one theo
ry cannot be used to test another. The 
fossil record is the real eVIdence for 
human evolution, and lt IS rich ill both 
human remams and archaeological sites 
stretchmg back for a million years. Un
llke the genetic data, fossils can be 
matched to the predictions of theories 
about the past Without relymg on a 
long list of assumptions. 

The power of a theory IS measured 
by how much it can explain; the scien
nfic method requrres that we try to ill
corporate all sources of data in an ex
planatory theory. Our goal Is to descnbe 
a theory that synthesizes everything 
known about modern human fossils, ar
chaeology and genes. The Eve theo-
ry cannot do so. 

The Eve theory makes five pre
dictions that the fossil evidence 
should corroborate. The first and 
maJor premise IS that modern hu
mans from Africa must have com
pletely replaced all other human 
groups. Second, unplicit withm this 
Idea is that the earliest modern 
humans appeared ill Afnca. Thlrd, 
It also follows that the earliest mod
ern humans in other areas should 
have African features. Fourth, mod-

ern humans and the people they re
placed should never have mixed or in
terbred. Fifth, an anatomic discontinu
ity should be evident between the hu
man fossils before and after the re
placement. 

We are troubled by the alle
gations that beginning about 
200,000 years ago one group 

of hunter-gatherers totally replaced all 
others worldwide. Although lt is not un
common for one animal species to re
place another locally ill a farrly short 
time, the claun that a replacement could 
occur rapidly ill every climate and envi
ronment IS unprecedented. 

We would expect native populations 
to have an adaptive and demographic 
advantage over newcomers. Yet accord
ing to the Eve theory, it was the new
comers who had the upper hand. How 
much of an advantage is necessary 
for replacement can be measured by 
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Kow Swamp (about 10,000 years old) . 

the survival of many hunter-gatherer 
groups in Australia and the Americas; 
they have persisted despite invasions 
by Europeans, who during the past 500 
years arnved in large numbers with 
vastly more complex and destructive 
technologies. 

If a worldwide invasion and complete 
replacement of all nanve peoples by 
Eve's descendants acrually took place, 
we would expect to find at least some 
archaeological traces of the behaviors 
that made them successful. Yet examin
ing the archaeology of Asia, we can find 
none. For instance, whereas the hand 
ax was a very common artifact in Africa, 
the technologies of eastern Asia did not 
include that tool either before or after 
the Eve period. There is no evidence for 
the illtroduction of a novel technology. 

Geoffrey G. Pope of the Universi
ty of Illinois has pointed out that six 
decades of research on the Asian Pa
leolithic record have failed to unearth 

any indication of illtrusive cultures 
or technologies. Types of artifacts 
found in the earhest Asian Paleo
lithic assemblages continue to ap
pear into the very late Pleistocene. 
If invading Afncans replaced the 
local Asian populations, they must 
have adopted the culrures and 
technologies of the people they re
placed and allowed their own to 
vanish without a trace. 

Archaeological evidence for an 
illvasion is also lacking in western 
Asia, where Christopher B. Stringer 
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ALTERNATIVE ANCESTRIES for a modem individual 
are illustrated by three older skulls. The progressive 
changes in the skulls from Australasian sites (San
giran, Willandra Lakes and Kow Swamp) 'suggest the 
local modem people developed in Australasia over 

, hundreds of thousands of years. The Eve ·theory .. 
: claims that an early African Was the ancestor of all 
, modem people, but significant features of the skull 
from the Border Cave in Africa differ considerably. .. 
from those of the modem Australian skulL · 

----------.--.-... ···-------------------



SERIES OF CHINESE SKULLS shows continuity in form without evi· 
dence of an influx of African characteristics. From left to right, the 
male skulls are from the Zhoukoudian Lower Cave (Middle Pleistocene 
period), Dali site (early Upper Pleistocene period) and Zhoukoudian 
Upper Cave (late Upper Pleistocene). 

of the Natural History Museum m Lon
don and a few other researchers be
lieve the earliest modem humans out
Side of Afnca can be found at the SkhUI 
and Qafzeh sites m Israel. The superb 
record at Qafzeh shows, however, that 
these "modem" people had a culture 
Identical to that of their local Nean
derthal contemporanes: they made the 
same types of stone tools With the same 
technologies and at the same frequen
Cies; they had the same stylized bunal 
customs, hunted the same game and 
even used the same butchering proce· 
dures. Moreover, no eVIdence from the 
time when Eve's descendants are sup
posed to have left Afnca suggests that 
any new Afncan technology emerged 
or spread to other contments. All mall, 
as we understand them, the Asmn data 
refute the archaeological predictiOns 
Implied by the Eve theory. 

Perhaps that refutation explains why 
Wilson turned to a different advantage, 
asserting that the mvasion was success
ful because Eve's descendants earned 
a mitochondrial gene that conferred lan
guage ability. This proposal Is yet to be 
Widely accepted. Not only does it con· 
flict With paleoneurology about the lan· 
guage abilities of archaic humans, but 
If It were true, it would violate the as· 
sumption of Wilson's clock that mito· 
chondnal mutations are neutral. 

The remaining predictions of the 
Eve theory relate to abrupt anatomic 
changes and whether the earliest rec
ogruzably modern humans resembled 
earlier regiOnal populations or Afncans. 
With the fossil eVIdence known at this 

time, these questions can 
be unambiguously resolved 
m at least two and pos
sibly three regions of the 
world. The most convinc· 
mg data are from southern 
and northern Asia. 

The hommid fossils from 
Australasia (Indonesia, New 
Guinea and Australia) show 
a continuous anatomic se
quence durmg the Pleis
tocene that is uninterrupt· 
ed by African migrants at 
any time. The dJstmguish· 
mg features of the earliest of these ]a· 
van remams, dated to about one mil
bon years ago, show they had developed 
when the region was first mhabited. 

Compared with human fossils from 
other areas, the Javan people have thick 
skull bones, with strong continuous 
browndges forming an almost straight 
bar of bone across their eye sockets 
and a second well-developed shelf of 
bone at the back of the skull for the 
neck muscles. Above and behmd the 
brows, the forehead is flat and retreat
mg. These early Indonesians also have 
large projectmg faces with massive 
rounded cheekbones. Their teeth are the 
largest known m archaic humans from 
that time. 

A series of small but Important fea
tures can be found on the most com
plete face and on other facial fragments 
that are preserved. These mclude such 
thmgs as a rolled ridge on the lower 
edge of the eye sockets, a dJstinctive 
ridge on the cheekbone and a nasal 

JAW MORPHOLOGY distinguishes many Neanderthal skeletons. In most living and 
fossil people the rim around the mandibular nerve canal opening is grooved (left), 
but in many Neanderthals, it was surrounded by a bony bridge (right). Some later 
Europeans also had this Neanderthal feature, although it was less common. 

78 SCIENTIFIC AMERICAN Apnl 1992 

floor that blends smoothly mto the face. 
This uruque morphology was stable 

for at least 700,000 years while other 
modern characteristics contmued to 
evolve m the ]avan people. For example, 
the large fossil senes from Ngandong, 
which recent evidence suggests may be 
about 100,000 years old, offers striking 
proof that the Javans of that time had 
bram sizes m the modern range but 
were otherwise remarkably surular to 
much earher mdividuals in the regiOn. 

The first inhabitants of Australia 
arnved more than 60,000 years 
ago, and their behaVIor and anat· 

omy were clearly those of modem hu
man beings. Their skeletons show the 
Javan complex of features, along Wlth 
further bramcase expansiOns and other 
modernizations. Several dozen well-pre· 
served fossils from the late Pleistocene 
and early Holocene demonstrate that 
the same combination of features that 
disnngmshed those Indonesian people 
from their contemporaries distinguish· 
es modem Australian Abongmes from 
other living peoples. 

If the earliest Australians were de
scendants of Africans, as the Eve thea· 
ry requires, the continwty of fossil fea
tures would have to be no more than 
apparent. All the features of the early 
Javans would need to have evolved a 
second nme m the populatiOn of m
vaders. The repeated evolution of an 
mdiVIdual feature would be conceiv
able but rare; the duplication of an en
tire set of unrelated features would be 
unprecedentedly improbable. 

Northern Asia also harbors evidence 
linking its modem and ancient inhab
Itants. Moreover, because the surular· 
ines involve features different from 
those significant in Australasia, they 
compound the improbability of the Eve 



theory by requmng that a second com
plete set of features was duplicated m 
a different population. 

The very earliest Chmese fossils, 
about one nullwn years old, differ from 
their javan counterparts m many ways 
that parallel the differences between 
north Asians and Australians today. Our 
research With Wu Xmzlu and indepen
dent research by Pope demonstrated 
that the Chinese fossils are less robust, 
have smaller and more delicately bmlt 
flat faces, smaller teeth and rounder 
foreheads separated from their arched 
browndges Their noses are less promi
nent and more flattened at the top. Per
haps the most tellmg mdication of mor
phological contmuny concerns a pecu
liarity of tooth shapes. Pronunently 
"shoveled" maxillary Incisors, which curl 
mward along their mternal edges, are 
found With unusually !ugh frequency m 
hvmg east Asians and mall the earlier 
human remams from that area. Studies 
by Tracey L. Crummett of the Umversi
ty of Michigan show that the form of 
prelustonc and hvmg Asian mcisors IS 
urn que. 

Tlus combmation of trans Is also ex
hibited at the Zhoukoudian cave area 
m northern China, where fully a third 
of all knovvn human remams from the 
Middle Pleistocene have been found. As 
Wu Rukang of the Chinese Academy of 
Sciences has pomted out, even Within 
the 130,000 or more years spanned by 
the Zhoukoudian mdnnduals, evolution
ary changes m the modern direction, m
cludmg mcreases m bram size, can be 
seen Our exammatwns of the Chinese 
speCimens found no anatonuc eVIdence 
that typically Afncan features ever re
placed those of the ancient Chmese m 
these regions. Instead there IS a smooth 
transformation of the anCient popula
tiOns mto the l!vmg peoples of east Asia. 

Paleontologists have long thought Eu
rope would be the best source of eVI
dence for the replacement of one group, 
Neanderthals, by more modem humans. 
Even there, however, the foss1l record 
shows that any mflux of new people 
was neither complete nor Without illlX

ture. In fact, the most recent known Ne
anderthal, from Samt-Cesaire in France, 
apparently had the behaviOral charac
tenstics of the people who succeeded 
the Neanderthals m Europe. The earli
est post-Neanderthal Europeans d1d not 
have a pattern of either modern or ar
chaic Afncan features. Clearly, the Eu
ropean Neanderthals were not com
pletely replaced by Africans or by peo
ple from any other regiOn. 

Instead the eVIdence suggests that Ne
anderthals either evolved mto later hu
mans or mterbred With them, or both. 
DaVId W. Frayer of the Umversity of 
Kansas and Fred H. Snuth of Northern 
Illmms Umversity have discovered that 
many allegedly umque Neanderthal fea
tures are found m the Europeans who 
followed the Neanderthals-the Upper 
Paleohtluc, Mesohtluc and later peoples. 
In fact, only a few Neanderthal features 
completely disappear from the later Eu
ropean skeletal record. 

Features that persist range from high
ly VISible structures, such as the pro
mment shape and size of the nose of 
Neanderthals and later Europeans, to 
much more mmute traits, such as the 
form of the back of the skull and the 
detmls of Its surface. A good example 
IS the shape of the openmg m the man
dibular nerve canal, a spot on the m
side of the lower Jaw where dentists of
ten giVe a pam-blockmg mJeCtiOn. The 
upper part of the opemng Is covered 
by a broad bony bndge m many Ne
anderthals, but in others the bndge Is 
absent. In European fossils, 53 percent 

---------------·--"·' ·-~~--·-

of the known Neanderthals have the 
bndged form; 44 percent of their earli
est Upper Paleohtluc successors do, too, 
but m later Upper Paleolithic, Meso
htluc and recent groups, the mcidence 
drops to less than 6 percent. 

In contrast, the bndged form is seen 
only rarely m fossil or modern people 
from Asia and Australia. In Afnca the 
few Jaws that date from the suggested 
Eve penod do not have It. This mandib
ular trait and a number of others hke It 
on the skull and the rest of the skele
ton must have evolved tWice m Europe 
for the Eve theory to be correct. 

In sum, the evolutiOnary patterns 
of three different regiOns-Australasia, 
Chma and Europe-show that their ear
best modem mhabitants do not have 
the complex of features that charac
tenze Afncans. There Is no eVIdence 
that Afncans completely replaced local 
groups. Contrary to the Eve theory pre
dictions, the eVIdence points mdisput
ably toward the contmmty of various 
skeletal features between the earliest 
human populatiOns and llVlng peoples 
in different regwns. 

I f Afnca really were the "Garden of 
Eden" from which all liVIng people 
emerged, one would expect to find 

eVIdence for the translt!on from archaic 
to modem forms there-and only there. 
Followmg the lead of the German work
er Remer Protsch of Goethe Umversity 
m Frankfurt, some paleontologists did 
argue that modern Homo sap1ens ongl
nated m Afnca because they believed 
the earliest modern-lookmg humans 
were found there and that modem Afn
can raCial features can be seen m these 
fossils. But the African eVIdence IS 
sparse, fragmentary and for the most 
part poorly dated; It mcludes matenals 
that do not seem to fit the Eve theory. 
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Early human remams from Afnca, 
such as the Kabwe skull from Zambia, 
are extremely rare and are presumed 
to be at least 150,000 years old. Later 
transitional fossils from Morocco, Ethi· 
op1a, Kenya and South Africa confirm 
the expectatiOn that local moderniza
tion occurred m Afnca, as it did every· 
where else. No pattern in the fossils, 
however, indicates the previous emer
gence of skeletal features that uruquely 
charactenze modern humans generally 
or even modern Africans m particular. 

The evidence for a great antiqUity of 
modern-lookmg people IS based primar
Ily on the mterpretation of bones from 
three sites: the Omo Site m Ethiopia and 
the Klas1es River and Border Cave sites 
in South Africa. Some of the Omo and 
Border Cave mdiVIduals resemble mod
ern humans, but all the remains are 
fragmentary. Most of the Omo remams 
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were found on the surface, not in dat· 
able strata. The estimate of their age, 
which is based on inappropnate dating 
techniques, is widely considered to be 
unreliable. Some of the Border Cave 
bones, including the most complete era
mum, were dug out by local workmen 
looking for fertilizer and are of un· 
known antiquity. Other human bones 
found at a 90,000-year-old level are 
chemically different from animal bones 
found there. They may actually be more 
recent burials dug mto the cave. 

The best excavated remams are from 
the Klasies River Mouth Cave and are 
securely dated to between 80,000 and 
100,000 years ago. Some of the skull 
fragments are small and delicate and 
are srud to "prove" that modern humans 
were present. Yet a comparative analy· 
sis of the entire sample by Rachel Cas
pari of Albion College showed that oth· 
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WELL·DA TED FOSSILS point to the continuous, linked evolution of modem humans 
at sites around the world. Modern human groups in different regions developed 
distinct anatomic identities. Nevertheless, gene flow between the groups through 
interbreeding was sufficient to maintain humans as a single species. 
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ers are not modern-lookmg at all. Two 
of the four lower jaws do not have 
chms, so thorough proof of a modern 
Jaw is lackmg. The single cheekbone 
from the site is not only larger than 
those of living Afncans but also larger 
and more robust than those of both the 
earlier transitional humans and the ar· 
chruc humans found m Africa. The drum 
that this sample contains modern Afn· 
cans is highly dubious and does not jus· 
nfy the proposal that the earliest mod
ern humans arose in Africa. 

WIth the disproof of the unique 
Afncan ancestry theory for the 
living people of most areas and 

the lack of evidence showing that mod· 
ern people first appeared in Afnca, we 
conclude that the predictions of the 
Eve theory cannot be substantiated. We 
must wonder why the analysis of mito· 
chondnal DNA suggested a theory so 
contrary to the facts. Perhaps the mito· 
chondrial DNA has been ill!Sinterpreted. 

The basic difficulty with usmg illlto
chondrial DNA to mterpret recent evo· 
lutionary history stems from the very 
source of its other advantages: in repro
duction, the mitochondrial DNA clones 
itself instead of recombining. Because 
mitochondrial DNA is transmitted only 
through the maternal line, the potential 
for genetic drift-the accidental loss 
of lmes-Is great: some mitochondrial 
DNA disappears every time a genera
tion fails to have daughters. 

The problem is analogous to the way 
m which failllly surnames are lost 
whenever there is a generation Without 
sons. Imagine an immigrant neighbor· 
hood in a large city where all the faill!· 
lies share a surname. An observer illlght 
assume that all these families were de· 
scended from a single successful imilll· 
grant failllly that completely replaced 
Its neighbors (just as Eve's descendants 
are supposed to have replaced all other 
humans). An alternative explanation is 
that many families Immigrated to the 
neighborhood and mtermarned; over 
time, all the surnames but one were 
randmnly eliminated through the occa
siOnal appearance of families that had 
no sons to carry on therr names. The 
surviving family name would have come 
from a single immigrant, but all the im· 
illlgrants would have contributed to the 
genes of the modern population. In the 
same way, generations without daugh· 
ters could have extinguished some lines 
of mitochondrial DNA from Eve's de· 
scendants and her contemporanes. 

Any interpretation of the surviving 
illltochondnal DNA mutations in pop· 
ulations consequently depends on a 
knowledge of how the size of the popu
latiOns has changed over time and how 



many maternal lines may have van
ished. Random losses from genetic drift 
alter a reconstruction of the tree of hu
man nutochondrial DNA branching by 
pruning off signs of past divergences. 
Each uncounted branch is a mutation 
never taken into account when deter
mining how long ago Eve lived. 

Changes in population sizes have 
been dramatic. In parts of the Northern 
Hemisphere, some human populations 
shrank because of climate fluctuations 
during the Ice Ages. Archaeological evi
dence from both Africa and Australia 
suggests that similar population reduc
tions may have taken place there as 
well. These reductions could have exac
erbated genetic drift and the loss of 
nutochondrial DNA types. 

At the end of the Ice Ages, along with 
the first domesticanon of animals and 
plants, some populanons expanded ex
plosively throughout a wide band of 
tern tory from the Mediterranean to the 
Pacific coast of Asia. Although the num
ber of people expanded, the number 
of survivrng mitochondrial DNA lines 
could not-those lost were gone forever. 

Human populations with dissimilar 
demographic his tones can therefore be 
expected to preserve different numbers 
of mutations since their last common 
mitochondrial DNA ancestor. They can
not be used together in a model that 
assumes the lengths of mitochondrial 
lineages reflect the age of their diver
gence. One cannot assume, as Wilson 
does, that all the variation in a popula
non's mitochondrial DNA stems solely 
from mutations: the history of the pop
ulanon is also important. 

major problem with the Eve theo
ry, therefore, is that it depends 
on an accurate molecular clock. 

Its accuracy must be based on muta
tion rates at many different loci, or 
gene positions. Yet genes in the mito
chondrial DNA cannot recombine as 
genes in the nucleus do. All the mito
chondrial DNA genes are the equiva
lent of a single locus. The molecular 
clock based on mitochondrial DNA is 
consequently unreliable. 

Mitochondrial DNA may not be neu
tral enough to serve as the basis for a 
molecular clock, because some data sug
gest that it plays a role in several dis
eases. Because of random loss and nat
ural selection some vertebrate groups 
-cichlid fish in Lake Victoria in Africa, 
American eels, hardhead catfish and 
red wing blackbirds, for example-have 
rates of mitochondnal DNA evolution 
that are dramatically slower than Wilson 
and his colleagues have claimed for hu
mans. A number of molecular geneti
cists disagree With Wilson's interpreta-

INFERRED HISTORY OF 
MITOCHONDRIAL DNA BRANCHING 

HYPOTHESIZED 
COMMON ANCESTOR 

ONLY THREE MUTATIONS 
BACK TO COMMON ANCESTOR 

8 SURVIVING TYPES 8 EXTINCT TYPES 

ACTUAL HISTORY OF 
MITOCHONDRIAL DNA BRANCHING 

COMMON ANCESTOR 

FIVE MUTATIONS 
BACK TO COMMON ANCESTOR 

MATERNAL UNEAGE RECONSTRUCTIONS based solely on the mitochondrial DNA 
types found today are inherently flawed. A hypothetical tree inferred from only 
five surviving types (left) leaves out the branches and mutational histories of ex
tinct lines (right). Consequently, it sets the date for a common ancestor much too re
cently by presenting evidence of too few mutations. 

tion of the mitochondrial genetic data. 
The molecular dock of Wilson and 

his colleagues has, we believe, major 
problems: its rate of ticking has proba
bly been overestimated in some cases 
and underestimated in others. Rebecca 
L. Cann of the University of Hawaii at 
Manoa and Mark Stoneking of Pennsyl
vania State University, two of Wilson's 
students, admitted recently that their 
clock was able to date Eve only to be
tween 50,000 and 500,000 years ago. 
Because of the uncertainty, we believe 
that for the past half a million years or 
more of human evolution, for all in
tents and purposes, there is no molecu
lar clock. 

Putting aside the idea of a clock, one 
can interpret the genetic data in a much 
more reasonable way: Eve, the ultimate 
mitochondrial ancestor of all living hu
mans, lived before the first human mi
grations from Africa at least one mil
lion years ago. The spread of mitochon
dria would then mark the migration of 
some early human ancestors into Eur
asia when it contained no other hom
inids. Such an interpretation can fully 
reconcile the fossil record with the ge
netic data. We propose that future re
search might more productively focus 
on attempts to disprove this hypothesis 
than on attempts to recahbrate a clock 
that clearly does not work. 

The dramatic genetic similarities 
across the entire human race do ,not 
reflect a recent common ancestry for 
all living people. They show the conse
quences of linkages between people 
that extend to when our ancestors first 
populated the Old World, more than a 
million years ago. They are the results 
of an ancient history of population 
connections and mate exchanges that 

has characterized the human race since 
its inception. Human evolution hap
pened everywhere because every area 
was always part of the whole. 

Neither anatomic nor genetic analy
ses provide a basis for the Eve theory. 
Instead the fossil record and the inter
pretation of mitochondrial DNA varia
tion can be synthesized to form a view 
of human origins that does fit all the 
currently known data. This synthetic 
view combines the best sources of evi
dence about human evolution by mak
ing sense of the archaeological and fos
sil record and the information locked 
up in the genetic variation of living 
people all over the world. The richness 
of human diversity, which contrasts 
with the closeness of human genetic re
lationships, is a direct consequence of 
evolution. We are literally n1ost alike 
where it matters, under the skin. 
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