SCIENCE CHINA
Earth Sciences

* RESEARCH PAPER -

December 2010 Vol.53 No.12: 1927-1940

doi: 10.1007/511430-010-4099-4

Revisiting the origin of modern humans in China and its
implications for global human evolution

GAO Xing"*", ZHANG XiaoLing'*?, YANG DongYa**, SHEN Chen*” & WU XinZhi'*

! Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences, Beijing 100044, China;
% Laboratory of Human Evolution, Chinese Academy of Sciences, Beijing 100044, China;
® Graduate University of Chinese Academy of Sciences, Beijing 100049, China;
* Department of Archaeology, Simon Fraser University, Vancouver V5A 186, Canada;
* The Royal Ontario Museum, Toronto M5S 2C6, Canada

Received August 30, 2010; accepted November 7, 2010

The debates over the origin of modern humans have long been centered on two competing theories: the “Out-of-Africa” (sin-
gle-place origin) theory and the “Multi-regional Evolution” theory. China is an extremely important region where many an-
cient human fossils were collected along with numerous associated faunal remains and artefacts. These cultural remains, un-
earthed from different areas in the country and covering a long time span, will help clarify the controversy. The study of cul-
tural materials in China is expected to shed important light on biological evolutionary patterns and social and technical devel-
opments of those early humans as well as their environmental conditions. Based on the analysis of Chinese fossils and associ-
ated materials, in conjunction with some genetic studies, this paper aims at evaluating each of the two theories in order to
stimulate more discussions. Our study suggests that the evolutionary model of “Continuity with Hybridization” is most rele-
vant in reflecting the current understanding of human evolutionary history in China. Furthermore, we propose that the concept
of regional diversity of evolutionary models should be seriously considered to illustrate different evolutionary modes applied

to different parts of the world.
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Paleoanthropological research, once an esoteric discipline in
China, has caught great public attentions over the past two
decades. In particular, the debate over the origin of modern
humans has heated up between two competing theories: the
“Out-of-Africa” (single-place origin) theory and the “Multi-
regional Evolution” theory. Clearly, the scope of the debates
has gone beyond academic discussions in anthropology and
genetics, creating a hot topic of public interests as well.
Evidence from China has been a fundamental part of the
debate, including many different types of human fossils,
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such as Homo erectus and Homo sapiens, recovered from
many parts of the country. China was once considered by
many to be a regional center for the origin of modern hu-
mans; it also provides an excellent case study in support of
“Multi-regional Evolution” theory. However, some new
arguments have strongly challenged this theory and blurred
the previously seemingly clear picture of human evolution
in the region. The new debate clearly reflects the complex-
ity of human evolutionary history, and has encouraged us to
re-examine all lines of evidence and piece together a puzzle
of when, where, and even how modern humans originated
and evolved.
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The main goal of this paper is to evaluate and examine
the key arguments and core evidence in great detail from
each of the two competing theories on the origin of modern
humans. Special efforts are also made to re-examine the
traditional lines of evidence for their validity and usefulness
for the current study of human evolution.

1 Background and history of the controversy

The term “modern humans”, Homo sapiens sapiens, or late
Homo sapiens refers to those early humans who share ana-
tomical characteristics (e.g., muscle and skeletal structure,
brain size and structure and even behaviour) with current
living populations.

It is commonly agreed that the earliest humans originally
emerged in Africa and evolved into Homo erectus before
they emigrated out of Africa into Europe and Asia about 2
million years ago. These Homo erectus immigrants then
evolved into archaic Homo sapiens and late Homo sapiens
[1]. According to this model, the origin of modern humans
should not be a special research issue; rather it concerns the
last stage of a continuous evolution process. After comparing
numerous human fossils recovered from all over the world,
Wolpoff, Wu and others proposed a “multi-regional evolu-
tion” theory and argued that the world's four major human
groups (previously termed “races”) can be linked to much
older humans in the same region [2-5]. This view gained
strong support from many anthropologists and archaeologists,
particularly East Asian scholars. However, it was strongly
challenged when Cann and co-workers published their
so-called “Eve Hypothesis”, which was based on mitochon-
drial DNA analyses of modern living populations [6]. This
new theory argued that all modern humans could be traced
back to a single female individual living in Africa some 200
kyr ago; all of other branches outside this single-origin had
become extinct. The theory, also called “Out of Africa” or
“Replacement Model”, is gaining more and more support
from genetic studies and has become a popular theory even
among paleoanthropologists.

The issue has been hotly debated in the academic world
for more than 20 years. The debate is focused on whether
modern humans originated from multiple regions or just one
single region subsequently spreading out to other parts of the
world. Other relevant questions include whether there was
any interruption of the human evolution process in Eurasia,
which was the driving forces for the emergence of modern
humans, and how did earlier humans migrate and interact
with other populations. These are the key issues that sup-
porters of either model have to address in order to convince
their opponents.

China in particular and East Asia in general has become a
central battlefield for the debate. The study of human fossils
from the region enabled Weidenreich to put forward the
theory of continuous evolution of ancient humans more than
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half a century ago [7, 8]. Wolpoff et al. [2] developed the
theory further, proposing the ‘“Multi-regional Evolution”
theory as a general model to explain human evolution around
the world. After carefully examining Chinese human fossils
and investigating potential interactions with other contem-
porary humans in the other parts of the world, Wu [9] pro-
posed the “Continuity with Hybridization” model to explain
the emergence of some new features among Chinese fossils.

In China, both academics and public media did not pay
much attention to the “Out-of-Africa” model and the debates
it generated in the late 1980s and the early 1990s. This could
be attributed simply to the fact that most Chinese academics
believed strongly that China has an unbreakable stronghold
for the multi-regional theory and that academic communica-
tions or exchange of ideas between West and East was in-
sufficient during that period of time. The situation made a
dramatic turn when a group of Chinese geneticists published
a series of genetic papers claiming that Chinese scientists
should support the “Out-of-Africa” theory [10-15]. After
questioning the reliability of the dates of Chinese fossil and
cultural evidence, they further pointed out that there was a
significant gap in the evidence for human existence in China
between 100 and 50 kyr ago. If the gap could be proven to be
true, there would be a significant problem for the multi-
regional hypothesis.

However, if we closely examine the debate, we realize
that the two schools of thought lack true interaction, which
stems from different research emphases. We believe that it is
the time to integrate multiple lines of evidence from human
fossil morphology, genetics of living and past human popu-
lations, archaeology, paleoenvironmental sciences, and
chronometry to evaluate the strengths and weaknesses of
each piece of evidence in order to achieve a more convincing
model of the origin of modern humans.

2 “Multi-regional Evolution” and “Continuity
with Hybridization”

2.1 Development of theories

The proposal for the “Multi-regional Evolution” theory and
the more recent “Continuity with Hybridization” theory can
be traced back to 1930s—1940s [5]. Weidenreich was the
first to notice some common skull characteristics between
Peking Man unearthed at Zhoukoudian, and modern East
Asian (previously termed Mongoloid) populations, and
proposed a strong ancestor-descendant lineage between the
two groups. He further proposed that there should be four
major ancestor-descendant lineages in East Asia, Java,
Europe and Africa [7, 8]. Weidenreich's hypothesis was
later confirmed by R. Wu in the 1950s after he studied other
human fossils from Ziyang, Changyang, Liujiang, and Maba.
Wu believed that those human fossils provided links be-
tween Peking Man and modern East Asian populations. In
1959, Wu and his coworkers [16] published their paper
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supporting the continuity of human evolution in China.
With more human fossils unearthed in China, such as
those from Yuanmou, Jianshi, Lantian, Shiyu, and Lijiang,
Wu further supports the continuous evolution model of an-
cient humans in China. Wu notes that the inherent relation-
ship between ancient human fossils from different periods
can be clearly demonstrated by shared physical characteris-
tics [17] such as shovel-shaped incisors, location of zygo-
matic bone, broad nasal aperture, mandibular torus among
others. Based on their detailed studies of human fossils un-
earthed from China, Indonesia and Australia, Wolpoff, Wu,
and Thorne [2] proposed the ‘“Multi-regional Evolution”
theory in 1984 as the model for the origin of modern
humans. According to the model, all living human
populations in Asia, Africa and FEurope are direct
descendants of local archaic Homo sapiens and even local
Homo erectus. The high frequency of some of the shared
physical characteristics in China is often cited as strong
evidence to support such a continuous regional evolutionary
hyp¥thasid.his colleagues hypothesized that the current level
of genetic diversity of human populations is the balanced
result of selective adaptation and gene flow, with the latter
playing an extremely important role in keeping humans
from becoming separate species. Based on his detailed
comparative studies on Chinese and European archaic
Homo sapiens, Wu identified several Chinese human fossils
that show morphological evidence of possible gene flow
from Europe, but insisted that overall, human evolution in
China has followed the model of continuous evolution with
hybridization, with continuous evolution playing the main
role. There is no evidence to support any large-scale immi-
gration replacing indigenous populations in China [18]. In
1990, based on a morphological study of human fossils
from Dali, Jinniushan, and Hexian, Wu provides strong ar-
guments that the mosaic nature of Chinese Homo sapiens
can be traced back to some Homo erectus characteristics,
thus disproving the notion that Homo erectus had become
extinct and been replaced by later human populations. Fur-
thermore, Wu’s work [4] identified a temporal trend of
morphological features associated with Chinese human fos-
sils. He noted many shared and lasting features as the evi-
dence of local continuous evolution, and the emergence of
some new features in Chinese human fossils as the indica-
tion of gene flow from other regions. In 1998, Wu [9] stud-
ied the characteristics of the skulls and teeth of many Late
Homo sapiens remains unearthed from China and proposed
a hypothesis of the “Continuity with Hybridization” model.
Wu believed that this new hypothesis is a more accurate and
precise version of the “Multi-regional Evolution” theory in
East Asia. It is probably the model that best explains human
evolution throughout the whole history in China. The model
does not exclude the possibility of some small-scale popula-
tion replacements in some regions but subsequent gene flow
may have blurred or covered up such minor events. Wu
stated that by no means should the “Continuity with Hy-

Sci China Earth Sci

December (2010) Vol.53 No.12 1929

bridization” model be considered to be a universal model
that is applicable to all parts of the world. The origin of
modern humans can be a complex and diverse process, and
different regions must have gone through different evolu-
tionary processes [9].

2.2 The key points

Thus, the “Continuity with Hybridization” theory can be
traced back to the Weidenreich’s theory but it offers a more
sophisticated mechanism for interpreting human evolution
histories in China and East Asia. The key points of the the-
ory can be summarized as: 1) humans in East Asia have
undergone a continuous evolution since the arrival of Homo
erectus around 2 million years ago, without any interruption
and without large-scale population replacements; 2) relative
geographic isolation from outside has allowed ancient hu-
mans in China develop some regional features which be-
came distinctive from western populations of the Old World;
3) indigenous human populations in China had exchanged
genes with outside populations, and the rate of such ex-
changes has increased over time, keeping all human popula-
tions within the same species; 4) due to its vast geographic
region and diverse ecological conditions, it is most likely
that ancient humans in East Asia may have differentiated
into a number of regional groups—Ilocal extinction, interre-
gional migrations, and even population replacements could
occur as well, resulting in a huge regional diversity and
showing an evolutionary pattern similar to a river network;
and 5) due to vast environmental diversity, ancient humans
worldwide must have undergone different evolutionary
modes, neither the “Continuity with Hybridization” nor
“Complete Replacement” model is capable of covering all
regions.

2.3 The main supporting evidence

The “Continuity with Hybridization” theory is supported by
both fossil and archaeological evidence.

First, the human fossils that provide evidence supporting
the “Continuity with Hybridization” theory mainly include
human skulls and teeth, and were unearthed from more than
70 locations in China. Commonly shared morphological
characteristics include: a flatter facial profile, a lower nasal
saddle, a flat or slightly concave bone surface between nasal
aperture and eye orbits, more rectangular eye orbits, curved
edges of the zygomatic process of maxilla, higher junction
locations of the zygomatic process and the body of maxilla,
the maximal cranial width located at the middle third of its
total length, a stronger mid-sagittal ridge on earlier human
fossils, and shovel-shaped upper incisors [5]. There are also
many transitional mosaic features that can be identified
from Homo erectus to Homo sapiens. For example, Homo
erectus from Hexian has a high cranial index, a weak post-
orbital constriction, and a high squamal portion of temporal.
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These features are rarely seen in other Homo erectus but
commonly found in Homo sapiens. Conversely, the early
Homo sapiens from Maba shows a stronger postorbital con-
striction, the skull from Dali shows stronger brow ridges
and a sharper connection of occipital and nuchal planes of
the occipital bone, skulls from Dali and Ziyang still possess
angular torus, and parietal bone from Xujiayao shows a
thicker skull. These features are considered by others to be
distinctive features of Homo erectus only. Skulls from
Yunxian provide another perfect example of combination of
both Homo erectus and Homo sapiens characteristics. All of
these observations clearly demonstrate a lack of clear-cut
boundary between the two subspecies and instead provide
strong evidence to support evolutionary continuity from
Homo erectus to Homo sapiens.

There are several Chinese human fossils with features
typical of those from the West, which may indicate gene
flow: the Dali skull with a bony eminence between the eye
orbit and the piriform aperture; a Nanjing skull with a pro-
truding nasal saddle; the Maba skull with circular orbits and
sharp inferolateral orbital margins; skulls from Liujiang,
Ziyang and Lijiang with chignon-like structure on their oc-
cipital bones, the Lijiang skull with carabelli cusp on the
first upper molar; the Upper Cave No.102 skull with more
lateral oriented anterolacteral surface of frontaosphenoidal
process of zygomatic bone; and the Ordos skull with higher
frontonasal suture (than frontomaxillary suture) [4, 5, 9].

Palaeolithic archaeological evidence also supports the
“Continuity with Hybridization” theory. From perspectives
of lithic technology and typology, the Pleistocene human
cultural complex has been generally divided into five tech-
nical modes: Mode 1, also called the Oldowan Mode, char-
acterized by simple pebble and flake tools; Mode II, or the
Acheulian Mode, featured with bifacially-worked handaxe;
Mode III, or the Mousterian Mode, associated with Leval-
lois technique; Mode IV, or the Upper Palaeolithic Mode,
characterized by blade technology and Mode V, or the
Mesolithic Mode, characterized by microblade technology
[19]. Mode IV is considered to be the cultural identity of
early modern humans. While the five modes could be all
detected from Africa and western Eurasia, only Mode I was
mainly present throughout the whole Palaeolithic in China,
and even continued into Neolithic, with only a very few of
sites producing (partially and temporally) products from the
other modes. Therefore, Chinese Palaeolithic technology
also has a continuous tradition and development, with minor
and occasional exchanges of technology with the West [5,
20].

2.4 Comments

The “Continuity with Hybridization” theory is therefore
based on direct evidence of fossil materials: the continuity
of morphological evolution of human fossils from East Asia
as well as the continuity of Palaeolithic cultural develop-
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ment from early humans to modern humans in the region.
The theory not only emphasizes the continuous evolution of
indigenous populations in the region, but also the interac-
tions of those local populations with immigrants from the
outside. This model can successfully explain that, since they
first left Africa more than 2 million years ago, ancient
Homo erectus did not evolve into multiple species but re-
mained to be a single one. This theory is consistent with
other lines of evidence including Palaeolithic archaeology.
Of course, more studies are needed to cross-examine this
theory. First, more human fossils are needed to accurately
represent populations and to piece together a high-resolu-
tion picture. Next, Palaeolithic cultural remains, although
relatively rich, can be still problematic in making connec-
tions between lithic industries and particular human popula-
tions. And last, the lack of precisely dated sites for critical
time periods in the evolutionary process adds uncertainty to
the study of some fossils and cultural remains. Some of
these disadvantages have been legitimately questioned by
supporters of the “Out-of-Africa” theory.

3 The “Out-of-Africa” or the “Replacement”
theory

3.1 The theory and its development in China

The original version of the “Out-of-Africa” or “Replace-
ment” theory first appeared in the middle 1970s. Based on
their study of late Pleistocene human fossils in Africa,
Protsch [21] and Howells [22] speculated that modern hu-
mans originated in Africa and subsequently spread to the
rest of the world. But the formal statements of the theory
(causing wide implications) derived from an influential
publication by Cann and her colleagues [6] in 1987. The
research team examined mitochondrial DNA (mtDNA)
from placentas of 147 women whose ancestry came from
five regions: Africa, Asia, the Caucasus region, Australia,
and New Guinea. The study suggested that: 1) modern Af-
rican populations have higher genetic diversity than any
populations in any other continent, indicating that African
populations are a relatively “old” group since it would take
a longer time to accumulate mitochondrial genetic variation;
2) the phylogenetic tree built from the mtDNA sequences
places Africans at the root of the tree, and reveals two major
branches: one with only African populations, the other with
Africans and other worldwide populations, suggesting an
African origin for modern humans from the other parts of
the world. The team uses the timing for the peopling of New
Guinea, Australia, and New World to calculate a human
mtDNA mutation rate of 2%—4% per million years. With
the assumption of this constant mutation rate throughout
human evolution, the team speculates that 1) all modern
humans can be traced back to a common ancestor who lived
in Africa 140-290 kyr ago; and 2) some descendants may
have left Africa about 90-180 kyr ago and spread to the rest
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of the world. Because mtDNA is only inherited maternally,
public media has named this female common ancestor Eve;
as a result, the “Out-of-Africa” theory is more commonly
known as the “Eve Theory” [6].

Cann et al. [6] selected mtDNA as the marker for the
study because mtDNA follows a special inheritance and
mutates at a faster rate compared to nuclear DNA. The
faster mutation rate results in higher genetic variability,
which can serve as a magnifier in the examination of popu-
lation histories. Its maternal inheritance without recombina-
tion makes it a simple and efficient tool for tracing phy-
logenetic relationships of individuals and populations. As a
result, mtDNA is said to provide a new perspective for un-
derstanding when, where and how modern human origi-
nated and spread.

Following Cann et al., other geneticists conducted similar
studies and reached similar conclusions. For example,
Templeton’s comparison and analysis of phylogenetic trees
based on mtDNA and Y chromosome data suggests an Af-
rican origin for the ancestors of modern populations in other
regions and detects at least two “Out of Africa” migrations
[23]. Additionally, some anthropologists and archaeologists
have found that their own fossils and archaeological records
could be explained by this theory; therefore, "Replacement”
theory soon became a mainstream theory in the West.

Since 1998, some geneticists have published papers
based on analysis of modern Chinese populations to support
the “Out-of-Africa” theory, challenging the notion of con-
tinuous evolution of humans in China and East Asia, and
instead, proposing that modern Chinese descended from
African immigrant populations who replaced the Chinese
indigenous populations [10-15].

Most of the early Chinese studies use Y chromosome
DNA (Y-DNA). In contrast to maternally inherited mtDNA,
Y-DNA is paternally inherited. Y-DNA is believed to be the
ideal DNA marker to trace migration histories of male indi-
viduals and populations [24]. Su et al. [11, 13] believe that
single nucleotide polymorphism (SNP) on un-recombined
region of Y chromosome is a stable DNA marker for recon-
structing evolution and migration of early humans.

In 1998, Chu et al. [10] used 30 autosomal microsatellite
loci (microsatellites) to study the genetic structure of 28
Chinese populations. The study found a significant genetic
differentiation between Northern and Southern Chinese
populations. The diversity of southern populations is greater
than those from the North, which seems to be consistent
with a scenario of non-local origin for modern Chinese
populations. When combined with linguistic evidence, Chu
et al. propose that modern humans from Africa first arrived
in Southeast Asia and moved northward into China and East
Asia.

Su et al.’s [11] study of 925 male Y-chromosome sam-
ples, including 739 from East Asia, show that the genetic
diversity of populations in Southeast Asia is greater than
that of northern populations. Considering the alleged lack of
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human fossils in East Asia between 50-100 kyr ago, the
authors speculate that the first modern humans arrived in
southwest Asia around 60 kyr ago, and spread northward to
East Asia, where indigenous populations had become ex-
tinct during or prior to the last glacial period. Ke et al. [12]
studied 19 SNP loci of Han Chinese samples from 22 prov-
inces in China and found a regional difference between the
North and South, with greater diversity of haplotypes ap-
pearing in southern populations. In addition, there are sev-
eral unique haplotypes (such as H7, H10, H11, and H12)
that are only found in southern populations, lending further
support to the notion that ancestors of modern Chinese
originally arrived from the South and moved northward.
The study further examines 3 Y-SNP loci shared by south-
ern and northern populations, with some assumptions
(0.18% as the mutation rate, 20 years as a generation,
750-2000 as effective population size), and calculates the
arrival time of the first modern humans in China to be ap-
proximately 18-60 kyr ago.

The same research group later investigated three Y
chromosome biallelic markers (YAP, M89 and M130) on
12,127 male individuals from 163 populations from South-
east Asia, Oceania, East Asia, Siberia and Central Asia [14].
The data indicate that all individuals carry a mutation of the
three markers. The three mutations (YAP +, M89T, and
M130T) occur simultaneously with another mutation
(M168T), which is believed to have originated around
35-89 kyr ago in Africa. Thus, the paper speculates that
indigenous archaic human populations in East Asia have no
genetic contributions to modern living populations in the
region. Zhang and his team [25-28] carried out a compre-
hensive population genetic study and constructed phyloge-
netic relationships of major East Asian mtDNA haplogroups.
Their analysis also supports the “Out-of-Africa” theory,
demonstrating that modern humans immigrated along the
Asian coastline in the South, and points to a significant
immigration into China from Southeast Asia around 60 kyr
ago. They caution that more data and work are needed to
validate these conclusions [25, 28].

Subsequently, a number of papers were published with
similar conclusion. A new study by the Human Genome
Organization (HUGO) Pan-Asian SNP Consortium initiated
a large-scale regional study on Asian autosomal chromo-
some variation in order to obtain a genetic diversity map of
Asian populations SNP [29]. The results show that the ge-
netic structure of Asian populations has strong connections
with the geographical distribution of the language: 90% of
the haplotypes seen in East Asian populations can be found
in Southeast Asian or Central and South Asian populations,
showing a gradual decrease in variation from south to north.
The study speculates that Southeast Asia should be the pri-
mary gene pool for East Asian populations. The study sup-
ports the theory that modern humans migrated to Southeast
Asia first and then spread northwards to East Asia.
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3.2 The key points

The key points of the “Out-of-Africa” theory or the “Re-
placement” theory can be summarized as: 1) modern hu-
mans (i.e., late Homo sapiens) is species that shares no
common features with Homo erectus and archaic Homo
sapiens; 2) modern humans probably originated in Africa
140-200 kyr ago; 3) Africa is the only origin of modern
humans, and modern populations in the other parts of the
world are descendants of modern human emigrant from
Africa; 4) lines of human evolution in Africa are continuous
whereas other regions display interruptions; 5) migration of
modern humans from Africa represents a complete re-
placement process, that is, the indigenous ancient Eurasia
humans became extinct, a lack of interbreeding with mi-
grant African groups means that indigenous populations
made no genetic contribution to the gene pool of modern
living populations; 6) in East Asia, modern humans first
arrived in Southeast Asia, and then spread northward; 7) in
China, modern humans arrived about 60 kyr ago from the
south and moved northward; 8) before the arrival of modern
humans, the indigenous human populations (i.e., Homo
erectus) in China became extinct during the last glacial pe-
riod, and therefore there was no interactions between the
two groups in China.

3.3 The main supporting evidence

As previously discussed using a number of case studies, the
main evidence of the “Eve Theory” is from studies of ge-
netic diversity and variation of living human populations
around the world. These studies utilize either maternal
mtDNA or paternal Y-DNA to analyze the genetic diversity
of modern populations to reconstruct the origin and migra-
tion routes of early modern humans. The studies over-
whelmingly favour Africa as the only origin of the modern
human gene pool.

In addition, the theory is supported by evidence from
other studies, including ancient human DNA studies, and
fossil and archaeological evidence.

Ancient human DNA studies: ancient DNA extracted
from human fossils, in comparison with modern human
populations, can provide more direct evidence to establish a
specific genetic relationship between ancient and modern
populations. Because of DNA degradation over time, there
are only a few instances of such successful analyses. Krings
et al. [30] and Ovchinnikov et al. [31] successfully extracted
DNA from Neanderthal fossils unearthed from a Feldhofer
cave in Germany and a Mezmaiskaya cave in the North
Caucasus region respectively [30, 31]. Comparison of the
recovered ancient mtDNA sequences suggests that despite
being located 2500 km apart, the most recent common an-
cestor of these two Neanderthal samples lived 151-352 kyr
ago, whereas the separation time of modern human and
Neanderthal mtDNA is speculated to be 365-853 kyr ago.
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Therefore, Neanderthal mtDNA is significantly different
from mtDNA sequences of modern humans. Caramelli et al.
[32] analyzed DNA from 24 kyr-old modern human remains
from Europe, proving that the recovered ancient DNA se-
quence is still within the range of modern humans but sig-
nificantly different from contemporary Neanderthal mtDNA
sequences. The results indicate that there is an unbridgeable
“gap” (discontinuity) between Neanderthal and modern
humans, suggesting that Neanderthals did not contribute to
the gene pool of modern humans. In a more recent study,
Briggs et al. [33] compared five Neanderthal mitochondrial
genomes. This study revealed that the Neanderthal mtDNA
variation observed 38—70 kyr ago is only 1/3 of that seen in
contemporary modern humans [33]. The study further
speculates that Neanderthal long-term effective population
size is less than that of modern humans or extant Great
Apes, and even under a constant decrease, particularly in
later Neanderthals, which is likely due to the expansion of
modern humans from Africa.

Human fossil evidence: relative to the genetic analysis,
morphological studies of human fossils are used as supple-
mentary evidence to support the “Replacement” theory.
Cann et al. [6] in 1987 quoted some paleoanthropologists’
work to support their mtDNA analysis. Those paleoanthro-
pologists argued that transition from archaic Homo sapiens
to anatomically modern humans (late Homo sapiens) first
took place in Africa 100-140 kyr ago. In 2001, Niewoehner
[34] compared late Neanderthal fossils (100 kyr old) un-
earthed in West Asia with early modern human fossils of
Skhul and Qafzeh of the same region and found that com-
parison of hand bones revealed a significant difference in
terms of structure and function, indicating a significant be-
havioural difference between the two groups. The study
further speculates the difference may reflect the manipula-
tion improvement of hands, which may be closely related to
the emergence of modern humans. Later, more direct sup-
porting materials were recovered from Herto region in
northern Ethiopia where human skulls dated to about 16 kyr
ago [35]. This age is clearly earlier than those typical Ne-
anderthal fossils and the skulls show some anatomically
modern features. The human fossils bridge a gap between
earlier ancient humans and later modern humans in Africa,
providing key materials for the study of when, where and
under what environment modern humans originated. An-
other supportive piece of evidence is from the reanalysis of
human skulls from Omo in southern Ethiopia discovered in
1967 [36, 37]. The two human skulls, named Omo I and
Omo II, were originally identified as Homo sapiens, with
anatomical characteristics of modern humans. These fossils
were previously dated to be 100 kyr ago, but the new dating
result shows they are closer to 195 kyr old. The new date is
consistent with the emergence of modern humans proposed
by genetic data, thus, providing strong fossil evidence to
support the “Out-of-Africa” theory.

Archaeological evidence: Cann et al., among others, no-
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ticed the emergence of the common use of blade tools in
Africa to be as early as 80-90 kyr ago, much earlier than the
appearance of blade tools in Europe and Asia. This techno-
logical development in Africa is considered to be associated
with the emergence of modern humans. Another important
piece of archaeological evidence came from Blombos cave
in the Cape Town region of South Africa. In 2002, Hen-
shilwood et al. [38] published a paper in Science on their
discovery of two pieces of ochre showing carved geometric
patterns from strata of Middle Stone Age, dated 77 kyr old.
The discovery is believed to reflect the capacity of early
humans for descriptive, abstract thinking and expression,
which is characteristic of modern human behaviour, thus
providing evidence that modern humans originated in Af-
rica. Subsequently, Mellars [39] identified more supporting
evidence from archaeological sites in South Africa, particu-
larly from Blombos cave, Boomplaas cave, Klasies River
sites, and Diepkloof material. Although the dates of the ar-
chaeological sites were measured to be 55-75 kyr old, the
cultural assemblages of the sites are very different from the
early stage of the African Middle Stone Age culture. Instead,
they are similar to cultural relics left by earlier modern hu-
mans around 45-50 kyr ago, such as blade technology,
soft-hammer techniques, scrapers for leather processing,
carving tools for processing bone and wood tools, special-
ized bone tools, composite tools, perforated clam shells
used as decorations, and a large number of non-indigenous
ochre, including the two pieces of ochre with complex
geometric patterns from Blombos Cave. The emergence and
development of these new cultural components can be
traced back to 100-150 kyr ago, probably directly linking to
the emergence and evolution of modern humans. Around
60-80 kyr ago and in association with rapid population ex-
pansion, the cultural phenomenon characterized by techni-
cal and thinking capacity of modern humans further devel-
oped and early modern humans in Africa were well
equipped with the requisite technology and intelligence ca-
pacity to migrate “Out-of-Africa”.

3.4 The “QOut-of-Africa” theory challenges the notion
of continuous evolution of modern humans in China

The major challenges of the “Out-of-Africa” theory to the
“Multi-regional Evolution” and the “Continuity with Hy-
bridization” theories can be summarized as follows:

First, human populations in China possess low genetic
diversity and lack ancient genetic haplotypes. As predicated
by the theory, human populations outside of Africa have far
less genetic variation than African populations; in China,
northern populations have less genetic diversity than south-
ern populations; all human populations in China have no
Y-SNP that is older than African migrants; and almost all
tested samples from China show “genetic traces” from Af-
rica, refuting the notion that China is one of the origins of
modern humans.
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Second, there is no evidence from physical characteris-
tics to prove the continuous evolution of humans from
Homo erectus in China. Lahr [40] pointed out that the
so-called physical characteristics supporting continuous
evolution are not region-specific. The “flat face” appears
mostly in Europe; the “flat nose” appears with the highest
rate in Africa, not East Asia; East Asian populations do not
have specific combinations of orbital shapes; blunt lateral
margin of the orbit is seen most commonly in Australia,
followed by Southeast Asia and Africa. Lieberman points
out that, although human fossils and modern populations in
China have shovel-shaped incisors, Neanderthals and early
African Homo erectus also had shovel-shaped incisors de-
spite different expressions; and the ‘“short face” is not
unique to ancient Asian humans [41]. Therefore, it is possi-
ble to refute the so-called continuous morphological evolu-
tion from Homo erectus to late Homo sapiens in China.

Third, there are no human fossils dating to 50-100 kyr
ago in China. Ke et al. [13] point out that “[careful] study of
the fossil evidence unearthed in China revealed a big gap
between archaic humans (archaic Homo sapiens) and mod-
ern humans (late Homo sapiens), all archaic human fossils
are all older than 100 kyr, and all of modern human fossils
are not older than 40 kyr (mostly between 10-30 kyr), in
other words, no human fossils are recovered from 50-100
kyr ago, which demonstrates no direct evidence to support
the multiregional evolution theory”.

It has been suggested that the Last Glacial period pro-
duced environments unsuitable for human survival in China.
Ke et al. [13] argue that “the...absence of human fossils in
East Asia and the reason why modern humans originate
from Africa can be well explained by the existence of Qua-
ternary Glacial of 50-100 kyrBP, which made the vast ma-
jority of species difficult to survive in East Asia including
mainland China. However, when the Last Glacial was over,
the direct ancestors of modern Chinese (who originated
from Africa) entered China through Southeast Asia to re-
place indigenous humans exited before the Last Glacial”
[13].

3.5 Comments

The “Replacement” theory is based on molecular biology
research, using modern technology to investigate the origin
and evolution of modern humans. This new approach at-
tempts to find genetic links between ancient and modern
humans and then to reconstruct their connections in history.
It provides a new approach to palaeoanthropology, which
has heavily depended upon human fossils and cultural rem-
nants of the past, to cross-examine and verify some out-
standing research questions. The benefits of this approach
are evident: it promotes multidisciplinary research, uses
more reproducible test materials, and generates quantifiable
data. It appears that DNA-based studies have a more solid
foundation and more reliable conclusions; however, like any
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methods in scientific research, DNA analysis also has its
pros and cons, and its own limitations and assumptions.

(1) The methodology employed is based on a number of
assumptions that still need to be verified. One essential as-
sumption of this school is that the DNA mutation rate is
constant throughout human evolutionary history. Various
studies demonstrate that the genetic mutations of different
genetic loci occur at very different rates [42]. The mutation
rates cannot be constant at all times; in fact, different DNA
fragments, different genes, and different populations ex-
perience different “histories” and “selection pressures”,
which can explain why different studies have reported dif-
ferent average mutation rates (the presumption of effective
population size is often quite different). In reality, research-
ers can only use a constant mutation rate to estimate the
time of evolution. Determining the mutation rate is of criti-
cal importance as higher mutation rates will result in over-
estimations of evolutionary time. Likewise, lower mutation
rates will result in underestimations. Consequently, the un-
der/overestimation of mutation rates can have a significant
impact on the study of different populations of the same
species, such as humans. Unfortunately, there is no reliable
and accurate method for estimating constant mutation rates.
Caution should be taken when assessing research that in-
volves mutation rates and other assumptions. In addition,
DNA analyzed from living human populations only repre-
sents a small part of the genetic diversity accumulated by
modern humans. Cann et al. [6] also admit that “the mtDNA
analysis cannot study those men and women who fail to
pass down their genetic and cultural information, missing
the opportunity to study their contributions”.

There are many factors to be considered when attempting
to utilize surviving genetic diversity to reconstruct ancient
history of humans. For those successful ancient human
DNA studies (mainly Neanderthal), analyses are currently
limited to mtDNA, and can therefore only trace maternal
lineages, which has an intrinsic disadvantage. Each locus of
the human genome only captures a piece of human history,
and different genetic loci may reveal very different phy-
logenetic patterns. As a result, a more comprehensive un-
derstanding of genetic history can only be made through the
study of multiple loci [43]. Likewise, at present, the study
of modern human origins in China is largely limited to the
Y chromosome. More studies are needed to validate those
conclusions as well.

(2) Uncertainty. Due to the uncertainty of many assump-
tions, the results of DNA studies are often associated with a
certain level of ambiguity. For example, in 1987, Cann et al.
[6] used genetic variation in modern mtDNA to trace a
common ancestor to Africa who lived 140-280 kyr ago, a
notably broad range of time. The timing for modern human
ancestors to leave Africa and spread to the rest of world is
also associated with uncertainty, with an estimation of
90-180 kyr ago, or even as late as 23 kyr ago. In many
instances, mtDNA analysis cannot determine the exact time
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of migration. From the published data, one can see there are
numerous estimations of “the latest common ancestor”
based on different molecular clocks ranging from 59 to 5
kyr old [44]. In addition, molecular biologists still debate
how many waves (one or two) of Out-of-Africa migration
may have taken place [23, 45, 46].

(3) Failure to acknowledge the impacts of ecological en-
vironments and human adaptability on human genetic varia-
tion: the “Out-of-Africa” theory is based on the notion that
the more abundant the genetic variation, the longer the
population evolutionary history. This interpretation is gen-
erally correct, but may not always be the case when taking
into account the ecological environment of different regions
and the differential survival of specific genetic variability in
local populations. Schuster et al. [47] report the whole ge-
nome data of five indigenous individuals, including four
Bushman hunter-gatherers who live in the Kalahari Desert.
The results show the genetic differences among the Bush-
men are much greater than the average variation between
other populations in Europe and Asia (Bushman average
nucleotide difference is 1.2/1000 bp, while the difference
between a European and an Asianis only 1.0/1000 bp).
Bushmen also contain many novel DNA mutations. The
paper reports that about 25% of the SNPs are functionally
significant, making them ideal gene markers to track human
adaptations to environmental changes. The article further
points out that the Bushman's genetic diversity and variation
may have resulted from their adaptation to dry climate and
hunting-gathering economy. One implication of the study is
that African populations are placed at the root of the modern
human phylogenetic tree, not only due to their long evolu-
tionary history, but also because of their adaption to envi-
ronmental changes.

(4) Failure to fully appreciate impacts of recent human
migrations and admixtures on genetic variation patterns: mo-
lecular biologists use modern DNA data to reconstruct an-
cient history. The analysis of modern DNA data can reveal
genetic diversity and gene distribution, assisting in recon-
structing the origin and migration of human populations.
However, the reconstruction can be hindered or misled where
migrations and admixtures have been intensified since the
Neolithic period Holocene and in the historic period in par-
ticular. In China, historic documents record many large-scale
migrations from North to South due to wars and famines,
resulting in admixture of northern populations into southern
populations. Therefore, it should not be surprising to see that
southern populations show more genetic diversity than north-
ern populations, evidence which had previously been used to
support the claim of greater antiquity for southern popula-
tions, and the genetic origin of northern populations. The
HUGO Pan-Asian SNP Consortium also reports that there are
frequent gene exchanges between South and North Asia, in
particular after the emergence of agriculture, when northern
and central East Asian populations spread southward, chang-
ing the physical characteristics of southern populations [29].
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Therefore, when using modern human population genetics to
reconstruct ancient history, one must take into account such
hidden “blending” data.

(5) The absolute and exclusive nature of the “Out-
of-Africa” theory makes it difficult to reconcile with con-
flicting lines of evidence. The “Out-of-Africa” theory em-
phasizes that Africa is the sole origin of modern humans;
human populations of the other regions are descendants of
immigrants from Africa, and all indigenous populations
outside Africa become extinct. Only in this way would the
“Out of Africa” theory have “absolute” and ‘“exclusive”
power; it does not allow other parts of the world to have
early modern humans. It also does not allow for any gene
flow between those African modern humans and other ar-
chaic humans of the other part of the world. If such proc-
esses occurred, the theory would not stand. In China, there
is strong evidence from human fossils and cultural remains
to support a continuous evolution from Homo erectus-
archaic Homo sapiens-late Homo sapiens. Nevertheless,
advocates of the “Replacement” theory ignore the integrity
of this evidence, instead citing the work of some scholars on
individual fossil records to reject the continuous evolution
of human fossils. Likewise, others accept the gap of 50-100
kyr of human existence in China by rejecting evidence dat-
ing to this period. It is clear that the absoluteness and exclu-
siveness of the theory has affected its ability to integrate
with other alternative lines of evidence.

(6) Lack of support from related disciplines: according to
the “Replacement” theory, one key issue relating to the in-
terruption of human evolution in China is the Last Glacial
which caused severe weather that may have contributed to
the extinction of indigenous humans in China long before
the arrival of modern humans from Africa. As a result, there
would not have been any potential conflicts between local
and migrant populations. Unfortunately, there is no evi-
dence from palaeoanthropology, Palaeolithic archaeology,
geology, palaeoenvironment, vertebrate palaeontology, and
chronometry to support this speculation. Instead, studies
from these fields show that, even in North China, there is no
evidence for an extreme cold climate that could decimate
humans while enabling other associated mammals like
woolly rhinoceroses, mammoths, horses and cattle to sur-
vive to Holocene. The advocates of the “Out-of-Africa”
theory seem to forget that humans are social and highly in-
telligent animals, more capable of adapting and surviving in
harsh climates, or migrating to more suitable areas within
the vast area of China.

4 The “Continuity with Hybridization” theory
and regional diversity of global human evolution

Over the past 20 years, the debate between the “Out-of-
Africa” theory and the “Multi-regional Evolution” theory
has pushed China and East Asia to the center of the contro-
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versy, promoting the development of the “Continuity with
Hybridization” theory. Compared to the “Out of Africa”
theory, the “Multi-regional Evolution” theory or “Regional
Diversity of Human Evolution” is more convincing, and is
supported by many lines of evidence.

4.1 Chinese human fossils provide systematic support-
ing evidence of interpretations

There are over 70 locations in China where human fossils
have been unearthed. These human fossils provide strong
evidence of continuous evolution, mosaic evolution of hu-
mans in China and gene flow with those outside China since
the Pleistocene, as demonstrated by many scholars [4,
48-52]. The characteristics of cranial bones, facial bones
and teeth that support continuous evolution are present on
many Chinese fossils with high frequencies and appearance
in group [49]. There are also four characteristics (strong
sagittal ridge, strong mandibular torus, pinched nasal saddle,
and congenital absence of third molar) that can be observed
in modern Chinese populations but are absent from modern
African populations. Interestingly, similar features can be
observed in Chinese human fossils. This similarity demon-
strates that modern East Asian populations evolved from
local archaic populations, morphologically different from
early modern human African populations, and with weak
evolutionary linkages to African populations [40]. Compre-
hensive analyses of ancient human fossils in China demon-
strate that the continuous evolution of a series of inherited
characteristics indicates no major population replacement
occurred in China. Otherwise, we would not expect the
whole series of morphological characteristics of the early
archaic humans to appear in the newly immigrated modern
humans from Africa.

4.2 Palaeolithic artefacts are robust evidence from
technological and behavioural perspective

Numerous stone tools, bone tools and other material cultural
remains from Pleistocene humans have been discovered in
many archaeological sites in China. These artefacts are im-
portant for studying technological developments, productiv-
ities and subsistence practices of ancient humans in the re-
gion. Moreover, certain temporal or regional populations
are expected to possess certain levels of lithic technologies.
Therefore, archaeological materials can contribute greatly to
investigations of prehistoric human evolution and popula-
tion migrations, as well as determining the temporal-spatial
and social relationships among human populations. Conse-
quently, it evolved into an additional verification and line of
evidence in the study of human fossils.

To date, more than 1000 Palaeolithic sites have been
discovered in China. By comparing the technological modes
of Palaeolithic cultures between East and West, Lin argues
that there exists a significant difference between their cul-
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tural traditions [53]. Palaeolithic cultures in China have
their own tradition that can be traced back to the remote
past and are believed to have developed independently.
While Palaeolithic cultures in China might have been in
contact with those from the outside, there is no evidence to
support any large-scale cultural replacements in China.
Zhang [54] proposes that in Palaeolithic China two con-
tinuously-developing main traditions exist: the southern
tradition shows high stability whereas the northern tradition
shows gradual and slow development until 30 kyr ago and
then some “foreign” cultural components started to emerge
at a few sites in North China, likely as a result of external
cultural exchanges. And then, some sites start to reveal ex-
ternal cultural components which might be brought in
through cultural exchanges with the outside, but the new
cultural components are not strong enough to replace the
old cultural traditions; rather they show some parallel and
mingled developments. Pei et al. [55] employed a new dat-
ing technique to study some key Palaeolithic sites, including
Jingshuiwan in the Three Gorge region. They found that
there were continuous human activities in the region, in-
cluding the period of 50-100 kyr referred to as the so-called
‘gap period’ by some scholars. The culture and technology
demonstrate gradual change and development; no evidence
supports substantial cultural replacements.

After investigating the temporal and spatial distributions,
taphonomic conditions, techniques and functions of stone
tools, and typology of Palaeolithic artefacts, the utilization
pattern of raw materials, and characteristics and division of
regional cultural tradition, Gao et al. [20] propose a “Com-
prehensive Behavioral Model” to account for Pleistocene
human survival and adaptation in China, and to illustrate
human evolution processes and formation of special cultural
components. They suggest that human evolution and be-
havioural development in most of the Palaeolithic period in
China clearly display continuity, stability, high mobility,
localization, and adaptation. They further point out that cul-
tural/technological developments in the region indicate a
mixture of succession and innovations, but generally the
preservation of traditions is more prevalent than innovations.
No substantial cultural replacement and/or interruption are
evident, rather absorption of external cultural components.
From an archaeological perspective, these observations and
analyses provide strong evidence to support the “Continuity
with Hybridization” theory. In addition, a new elephant tusk
unearthed from the Xinglong Cave of the Three Gorges
region is found to bear some carving marks that are compa-
rable to those found in Blombos Cave in South Africa [56].
With an antiquity of 120 kyr BP, it may be the oldest piece
of Palaeolithic art work. If such art work represents the in-
tellectual and behavioural characteristics of modern humans,
then this piece of work can lend support for the local origin
and evolution of modern humans in China. If there are
missing links along the evolutionary chain built of human
fossils, we believe that more abundant Palaeolithic sites and
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artefacts can provide more convincing evidence to support
the local origin and continuous evolution of modern humans
in China.

4.3 There is no evidence to support the gap between 50
and 100 kyr and the interruption of evolution

The “Out-of-Africa” theory in China identifies a substantial
gap in human fossils, suggesting that the interruption of
human evolution in China may have been caused by ex-
treme cold climate of the Last Glacial. In fact, this idea can
be easily falsified by a survey of human fossils and ar-
chaeological artefacts. Many human activities can be identi-
fied in the region from 50 to 100 kyr with human remains
from Lingjing in Henan, Dingcun and Xujiaoyao in Shanxi,
Huanglong Cave and Bailong cave in Hubei, Jingshuiwan,
Ranjialukou and Zaoziping in Chongqing, Yancunshan
Cave in Zhejiang, Guanyindong in Guizhou, and Gangian
Cave, Liujiang and Chongzuo Mulanshan in Guangxi [57,
58]. The Lingjing skull and Chongzuo mandible are both
recently recovered human fossils, supporting the possibility
that more human fossils may be recovered in the future.
Moreover, the Chongzuo mandible displays very early
stages of modern anatomical characteristics, revealing a
transition from early humans to modern humans in China
and providing additional key evidence for the continuous
evolution of humans in the area [59].

Frankly, at present we lack reliable dating techniques to
assess some sites falling within the 50-100 kyr time period.
Accelerator mass spectrometry (AMS) 1C dating technique
cannot reliably date samples of such antiquity. Uranium-
series technique, palaeomagnetic method, electronspin
resonance and fission track method also lack the precision
required for dating artefacts of this time period. More re-
cently developed methods such as potassium-argon dating,
thermo and optical luminescence method, and thermal ioni-
zation mass spectrometry (TIMS) require special samples in
order to obtain reliable results. However, equating a total
negation of human existence in China throughout that pe-
riod as a consequence of the technical difficulties is equally
biased. From a biostratigraphic perspective, many late
Pleistocene sites can be reliably assessed to this time period.
In fact, it is not necessary to depend solely upon absolute
dating when archaeological contexts provide biostrati-
graphic formation, associated faunal and floral remains and
evidence of palaeoclimatic events. Absolute dating chal-
lenges are associated with the study of human fossils and
archaeological sites in the West as well. For example, one
of most important fossils supporting the “Out-of-Africa”
theory, the Omo skull, has been dated with differing results
[36, 60-62]. Even the newest results raise concerns regard-
ing the sample layer and its relationship with human fossils
[63, 64].

The hypothesis that the Last Glacial’s extreme cold cli-
mate led to mass extinctions of ancient Chinese populations
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can be rejected. The Last Glacial is generally believed to
span 74-10 kyr ago, during which the world was generally
cool, with substantial climate fluctuation. Based on the
study of the monsoon climate of Loess Plateau of China,
130-74 kyr BP was the time of the Last Interglacial with
summer monsoon covering the entire plateau. The average
temperature and precipitation were higher than those of to-
day. After entering the Last Glacial stage, dated to 59-24
kyr ago, the interglacial time extends. Once the climate
warmed, the summer monsoon activities extended to cover

most of the Loess Plateau in its central and southern regions.

Even during the Last Glacial Maximum (about 18 kyr ago),
the summer monsoon moved its northern boundary to
Southeast Loess Plateau, while further South was still under
the control of summer monsoon with continuous soil forma-
tion [65]. Thus, most parts of China, even those in the Last
Glacial period, were not exposed to conditions sufficient to
cause mass extinction; even in the coldest times there
should have been many areas suitable for humans and other
animals to live. In South China, there are the Panda-Ste-
godon fauna throughout the Pleistocene, including gorilla,
saber-toothed elephant, and rhinoceros, which are all warm
or hot climate species. In North China, mammoth, woolly
rhino, bears, hyenas, wolves, wild horses, bison, wild boar,
and other large Pleistocene mammals survived to the end of
Pleistocene, with many still present today. These animals
were able to survive the harsh environments of the last gla-
cial climate conditions. In all likelihood, humans were bet-
ter able to survive considering their intelligence, and their
abilities to make and use tools, to control and use fire, to

migrate and choose good habitant sites, and to make clothes.

In addition, since Homo erectus arrived in China, ancient
humans had experienced many glacial-interglacial cycles
since the early Pleistocene, of which the Last Glacial was
not the most severe [66, 67]. It would be difficult to recon-
cile the survival of indigenous humans in China during the
worst glacial cold climates occurring earlier if they were
driven to extinction later despite their stronger survivability
and the relatively milder Last Glacial climate. In addition, if
those local indigenous inhabitants were unable to survive
the harsh climates, how could those new immigrants from
the Southern warm zone adapt and survive in their new and
cold land?

4.4 The origin and regional diversity of evolution of
modern humans in the Old World

The continuous evolution of modern humans in China and
the indigenous origin of modern Chinese are solidly sup-
ported by a wide range of evidence. In fact, the “Continuity
with Hybridization” theory of East Asia and China and the
“African Origin of Modern Chinese” theory are not neces-
sarily mutually exclusive. The intersection of the two theo-
ries can help better understand the origin and evolution of
modern humans, but only when the “absoluteness” and “‘ex-
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clusiveness” of the latter is weakened or removed.

Genetic evidence was once overwhelmingly supportive
of the “Out of Africa” theory and rejected the “Multi-
regional Evolution” theory. The evidentiary boundary be-
tween these two theories has been blurred due to numerous
studies that have offered data and conclusions that support
the latter [24]. Hawks et al. [68] used variance analysis and
cluster analysis to examine the physical characteristics of
Australians and their ancestors. Their results rejected the
theory that the ancient humans of that region were com-
pletely replaced by the modern human immigrants from
Africa [68]; Adcock et al.’s work on mtDNA of Australians
tend to support Hawks’ conclusion [69]. Zhao et al. [70]
analysed 11000 base pairs of non-coding regions on chro-
mosome 22 to calculate that all modern human DNA se-
quences in this region were derived from a latest common
ancestor about 1.29 million years ago, thus indicating the
origin and evolution of modern humans are more complex
than described by the “Out-of-Africa” theory. Yu et al. [71]
also examined 10000 base pair DNA segment on chromo-
some 10 from African, Asian and European individuals and
determined the latest common ancestor to be from more
than 1 million years ago, and even, using different assump-
tions, no later than 0.5 million years ago. A study on a
non-coding 10346 bp region on X-chromosome also sug-
gested only a low possibility that non-African modern hu-
man lineages come from small-scale populations in Africa
[43].

A recent study on ancient human DNA shed new light on
the issue. Krause et al. [72] analyzed mtDNA sequence
from a phalanx of human fossil excavated from the
Denisova cave of southern Siberia. They demonstrated that
the fossil might belong to a previously unknown human
species. The ancient DNA reveals its latest common ances-
tor with Neanderthal and modern humans lived about 1 mil-
lion years ago. However, the stratigraphic examination and
the dating results of the site indicate that the individual lived
30-50 kyr ago. From the same time period, Neanderthal
fossils (with mtDNA recovered) were found at another site
less than 100km away. Characteristic modern human culture
(the Late Palaeolithic culture) is commonly seen in the same
region. It seems that three different human populations
co-existed in southern Siberia, and no complete replace-
ments occurred. Having considered Indonesian Homo flore-
siensis (17 kyr ago), we have good reason to speculate that
during Pleistocene, several human lineages coexisted in
Eurasia.

Based on data from around the world and discussions
from all perspectives, we believe that the origin and evolu-
tion of modern humans is a complex process and that the
important evolution centers of the Old World reveal diverse
regional models.

In Africa, continuous evolution of ancient humans and
continuous impacts on the other parts of the world: Africa is
a major center for human evolution. Ancient human popula-
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tions in that region underwent dynamic evolution: the early
modern humans emerged from indigenous and more archaic
local populations, and they continued to evolve and, through
continuous migration, gradually spread to Eurasia, impact-
ing earlier and regional human populations in Eurasia.
However, the impact was not to replace existing human
populations, but more likely to interbreed with the local
indigenous populations, enhancing genetic connections of
humans around the world [23]. Notably, the impact is not
unidirectional. Theoretically, humans could migrate from
Eurasia back to Africa. Historic record shows Arabs and
Phoenicians migrated to Africa from Eurasia; there is no
reason not to believe that similar activities occurred in the
remote past.

In Europe and Western Asia, where ancient humans may
have encountered the effects of population bottlenecks, re-
placements can be said to be a main mode of evolution. In
western Eurasia, the archaic Homo sapiens is Neanderthal,
which is generally believed to have been driven to extinc-
tion by their inability to effectively adapt to new environ-
ments, and/or to compete against immigrant modern hu-
mans with more advanced technology and higher intelli-
gence. Some recent studies also propose another possibility:
local Neanderthals were not completely replaced by modern
humans, but rather interbreeding occurred. Researchers at
Washington University found a skull that had features typi-
cal of both modern humans and Neanderthals [73, 74]. The
skull dated to 35 kyr old and was unearthed from a cave in
southwest Romania. The skull bears typical Neanderthal
features, such as a more flat forehead, more prominent bone
at post-ear portion, and larger upper molars. It also exhibits
typical modern human traits, such as brow ridge and cranial
index, showing a mosaic evolutionary pattern. The study
shows that Neanderthals and immigrant modern humans
may have co-existed and interbred; therefore, initial arrival
and subsequent development of modern humans is a com-
plex and dynamic process. Recent ancient DNA studies of
Neanderthal fossils yielded some interesting observations:
Neanderthal mtDNA variation is only 1/3 of that of late
Homo sapiens of the same period, with smaller effective
population sizes (smaller than those of modern humans or
Great Apes) [33]. The study reduces the effective popula-
tion size to account for direct and indirect pressures associ-
ated with competition against modern humans, but the study
does not overtly support replacement. Most recently, an
international team extracted adequate amounts of DNA

from three of twenty-one recovered Neanderthal fossils [75].

The results revealed some interesting comparative data:
human populations in Eurasia (e.g., French, Chinese), in-
stead of human populations in Africa (e.g., South African
people, Yoruba people), are genetically closer to Neander-
thals. The research shows that modern humans in Eurasia
may have interbred with Neanderthals. The analysis further
identifies some Neanderthal genes or gene fragments in
living human populations, estimating approximately
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1%—4% of human genome might come from Neanderthals.
Therefore, when all lines of evidence are combined, it ap-
pears that human evolution in Western Eurasia follows the
partial replacement model: new immigrants from Africa
made up most of the population and these new immigrants
also interbred with local Neanderthals.

In East Asia, the “Continuity with Hybridization” should
be the model for human evolution. The East Asian model
should be in some degree similar to the African model, that
is, indigenous archaic humans gradually evolved both
physically and behaviorally into modern humans, with oc-
casional gene exchanges with populations from South and
West. The local indigenous people remain as the majority of
human populations; external genes may alter the genetic
pool to a certain degree, but these changes have never
reached the point that would constitute a replacement.

5 Conclusions

In this review, we demonstrate with clear evidence that the
origin and evolution of modern humans is a complex issue.
While controlled by genetic forces, the progress of evolu-
tion was also affected by cultural and social factors. Re-
searchers should consider not only common characteristics
of human groups living in one area, but also variations
caused by adaptations of different human populations to
different environmental conditions. As a result, no single
universal model can explain the diversity of human evolu-
tions.

The “Continuity with Hybridization” theory is based on
systematic studies of rich fossil materials and Pleistocene
cultural relics in China and East Asia. It gains strong sup-
port from multiple lines of evidence from a range of disci-
plines. The theory is developed from studies of East Asia
and is applicable to human evolution in that region. It does
not exclude other models for other regions. It does not deny
that Africa is one center of human evolution; rather, it in-
sists that the “Out-of-Africa” immigrants interbred with, as
opposed to replace, local archaic humans. In Europe and
west Asia, these new immigrants became the main body of
later human populations in the region, with some gene flow
from Neanderthals. Overall, human migrations should be
viewed as multi-directional with mutual effects on both
populations. It is hoped that this observation is not over-
looked when deciphering human evolutions in the Old
World. Incorporating and synthesizing all arguments, we
have developed a new hypothesis in which modern human
evolutions in different parts of the Old World are accounted
for “the Regional Diversity Model”.

The study of human evolution still faces many problems
and difficulties: fossils and artefacts are not adequate to
paint a refined picture of human evolution; retrieved infor-
mation from the ancient remains is still associated with low
accuracy and low precision; different lines of evidence have
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not been well integrated and synthesized together; many
disciplines have not been brought together to make a truly
interdisciplinary integration; more theoretical framework is
needed to help study the complexity of human evolution.
Therefore, it has become essential to make scientific field
exploration and laboratory research more systematic. Sys-
tematic research will enable us to obtain more critical mate-
rials and more refined information, to launch more large
projects that promote multidisciplinary integration and
multi-regional cooperation and to construct more systematic
and comprehensive theory, all in order to fully understand
the origin of modern Chinese and human evolution in the
world.
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