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FOUNDATION AND FRONTIER — CENTENARY PATH OF DENTAL
ANTHROPOLOGY IN CHINA

Introduction. Dental anthropology has been developed for 100 years in China. In this paper, the au-
thor reviews the articles on dental anthropology related to Chinese materials in the past one hundred years
and briefly introduces the issues involved such as human evolution, and the interaction of different popula-
tions in historical periods.

Results and discussion. The work of foreign scholars has been the foundation of Chinese paleoan-
thropology and dental anthropology since the discovery of the Hetao human teeth and the Zhoukoudian site.
Since then, dental anthropology in China has gone through a phase of material accumulation, a phase of
introducing the American ASUDAS in the 1990s, and a phase of prosperity in the last 30 years. The numer-
ous discoveries and the application of new techniques have brought Chinese dental anthropology to an in-
ternational level.

Until now, there are more than 70 human fossil sites in China, over 60 of which contain human dental
remains. Less material has been found from the early Pleistocene, and there is some controversy on wheth-
er they belong to the genus Homo. While early Middle Pleistocene Homo erectus teeth show primitiveness
and some special features, the late Middle Pleistocene human teeth show greater variability, and mosaic
features, and there is some controversy on whether some fossils belong to early Homo sapiens or other
taxa. The Late Pleistocene human dentition is related to the question of how and when early modern human
appeared in China and the evolution of early modern humans. However, due to the incompleteness of the
material, the question of human origins is a matter of multidisciplinary and comprehensive interpretation.

About 10 sites were studied from Neolithic to modern human dentition using the American ASUDAS.
These results show the consistency of non-metric traits in teeth and skulls, display differences between
northern and southern Chinese populations, and reveal the exchange between northwestern chinese and
western populations. Some of these results have been confirmed by paleogenomics.

Conclusion. Anthropologists began to pay more attention to the morphology of modern human teeth.
In the future, the application of new methods and the collection of modern human materials will help us better
understand the evolution of ancient humans, population interaction.
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Introduction

As a branch of physical anthropology, Dental
Anthropology uses teeth of fossil, ancient and mod-
ern human, non-human primates as materials,
through the study of morphological and metrical
characteristics, teeth growth and development,
wear patterns, and isotopic analysis to answer an-
thropological questions.

Dental anthropology in China has a unique
path due to following reasons: Firstly, modern phys-
ical anthropology did not originate in China. The
early research on physical anthropology was com-
pletely dominated by foreign researchers. Secondly,
the frontier field of physical anthropology that under
fastest-growing is Paleoanthropology which is root-
ed deeply in paleontology and geology, and these
disciplines have an international cooperation envi-
ronment from the very beginning. After the end of
the Sino-Japanese War, anthropology in China
went through a stage of recovery, during which
many new materials were collected. China has also
gradually formed its domestic research team. Bene-
fiting from the rich fossil discoveries, archaeological
findings, the application of new technologies, and
efforts of several generations, nowadays this field
has been developed rapidly in China and has
reached a certain level in the world.

Dental Anthropology comes to its centenary
in China this year. Now it is obligate to review this
unique path of dental anthropology in China. In this
paper, two basic aspects, morphology and metrics,
are discussed within the view of human evolution.

Figure 1. Lingual view of the “Ordos teeth”
(Hetao Man) [Licent, 1926 and URL:
http://www.uux.cn/viewnews-103782.html,
Accessed: 20.10.2022
PucyHok 1. JluHeeanbHbIl 8ud "3y6 Opdoca”
(4yenosek Xamao)

B 1. “SURSEHFHR” GIEANTF) HMIHELERER,
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Materials and methods
Foundation of Paleoanthropology in China (1920s—1940s)

The discovery of human fossil in China can
be traced back to 1922 when French priest and
naturalist Emilie Licent found an incisor of a child
dated to the late Pleistocene by stratigraphy in
Salawusu of Inner Mongolia. Canadian anatomist
and anthropologist Davidson Black published the
description of this tooth in 1926, named it as “the
Ordos tooth” (Fig. 1) (Note: now also known as
Hetao man), in which he described its morphology
of “shovel-shape” in detail, and ever since it has
been accepted as the earliest reliable record of hu-
man fossil in China [Licent, 1926].

In 1926, Johan Gunnar Andersson published
two Middle Pleistocene hominin teeth discovered
from 1921 to 1923 at Locality 1 in Zhoukoudian,
Beijing [Wong, 1927]. In 1927, Davidson Black
(Fig. 2) led an excavation in Zhoukoudian and he
found a lower molar [Black, 1927], in 1929, Pei
Wenzhong discovered the first skull of Sinanthro-
pus “Peking Man” [Black, 1929]. The above events

Figure 2. Davidson Black (1884-1934) (URL:
Davidson Black — Wikispecies (wikimedia.org),
Accessed: 20.10.2022.

PucyHok 2. []aeudcoH bnak (1884—1934)

& 2. k4 (1884-1934)
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signify the birth of Paleoanthropology in China [Du,
2013]. (Note: D. Black firstly named it Sinanthropus
pekinensis, and after that, it has been given a popu-
lar name “Peking Man”, now mostly we use “Homo
erectus pekinensis” or “Zhoukoudian Homo erec-
tus”, in this paper, we use the abbreviation ZKD in
the following paragraph, to represent these materi-
als.) These numerous specimens unearthed in the
Zhoukoudian, represent the most abundant hominin
material in China and even East Asia. The discov-
ery of Zhoukoudian has established the evolution-
ary status of Homo erectus. Among them, human
teeth fossils are rich materials.

German anthropologist Franz Weidenreich
(Fig. 3) led the research of ZKD after Davidson
Black, in the following years he published several
monographs related to the physical characters of
ZKD fossils, including odontological studies. From a
very detailed description and comparison of a great
number (147) of Peking Man’s teeth, he concluded
that these teeth were not “specialized”, they do rep-
resent a transitional type between modern human
and our ancient ancestors, especially, some charac-
ters in skulls and teeth such as “shovel-shaped”
incisor implied close link with modern mongoloid
[Weidenreich, 1937].

Figure 3. Franz Weidenreich (1873-1948) (URL:
https://alchetron.com/Franz-Weidenreich,

Accessed: 20.10.2022.
PucyHok 3. ®paHy BelideHpelix (1873—-1948)

B 3. #3En (1873-1948)
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Unfortunately, most of ZKD fossils were lost
during the Pacific War. There are still a small num-
ber of specimens and models preserved, and re-
search reports for reference. In particular, the work
represented by Franz Weidenreich provides an ex-
ample of paleoanthropology in China and even
worldwide. Before the founding of the People’s Re-
public of China, foreigners had been leading the
research, and most articles were published in geo-
logical journals in English. At that time there were
no Chinese who studied human fossil in China.

Accumulation of new materials (1950s—1980s)

After the founding of New China, anthropolo-
gy experienced a prosperous period of develop-
ment. During the 1950s to 1980s, a large number of
paleolithic sites were discovered that contain hu-
man fossils, and rich archaeological materials were
accumulated [Wu, 1999]. Some scholars also col-
lected data on modern human teeth.

Under the guidance of anthropologist Wu
Rukang (Fig. 4) (Note: Wu Rukang (1916-2006) the
first Chinese paleoanthropologist who studied hu-
man fossils), a team of paleoanthropologists re-
started the excavation in Zhoukoudian in the 1950s
and rediscovered the remains of H. erectus, includ-
ing five teeth [Woo et al., 1954: Wu, Jia, 1954; Wu,
Zhao, 1959]. Liujiang skull was published in 1959
[Wu, 1959]. Lantian mandibles [Woo, 1964] and
Yuanmou teeth [Hu, 1973; Zhou, Hu, 1979] were
discovered in the 1960s. Xindong tooth was discov-

Figure 4. Wu Rukang (1916-2006) (URL:

https://news.dmu.edu.cn/info/1033/10252.htm,
Accessed: 20.10.2022.

PucyHok 4. Y. XykaHe (1916—2006)

K 4. R (1916-2006)
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ered at Locality 4 in Zhoukoudian in the 1970s [Gu,
1978], and other important fossils from Hexian [Wu,
Dong, 1980; Huang et al., 1982], Yunxian [Wu,
Dong, 1980], Xujiayao [Wu, 1980], Xichuan [Wu,
1982], Tongzi [Wu, 1984], Chaoxian [Xu et al.,
1986] Yiyuan [Lv Zun’e et al., 1989], etc. were pub-
lished in the 1980s.

Dental anthropology has been developed in
China for decades, but it has not exceeded Wei-
denreich's method, and the conclusions of sepa-
rately published reports of fossils are mostly de-
scriptive and conjectural. We can see from the sub-
sequent studies in the following decades, that Chinese
paleoanthropologists used Weidenreich’'s work as a
sample to describe the specimens. However, the ac-
cumulated large amount of fossil materials provided
vital basics for the later research of human evolution.

For the historical materials, there was study
of teeth unearthed in Anyang of Yin Dynasty [Mao,
Yan, 1959], and the research on skulls unearthed
from Yin Xu in Anyang also includes odontological
content [Yang, 1985]. However, the dental research
conducted by archaeologists was focused on patho-
logical aspects such as dental caries.

Regarding the research on modern human,
dentists represented by Wang Huiyun collected
more than 150,000 teeth during the 1950s to 1960s
and made statistics on the dental size measurement
and morphological variation [Wang, 1965]. The
measurements are widely adopted by anthropolo-
gists. In addition, the morphological observation of
teeth has been noticed in anthropometrics. For ex-
ample, the "Anthropometric Handbook" edited by
Shao Xiangging from Fudan University in the 1980s
briefly recorded the anatomical characteristics of
teeth and some non-metric traits, such as shovel-
shaped incisors, Carabellis’ cusp, groove type of
molars, etc. [Shao, 1985].

Wei Boyuan summed up dental anthropology in
1987: Compared with paleo-odontology, there is lim-
ited research on modern teeth in China. For example,
compared with foreign countries, we have almost no
research on teeth calcification, sex differences, and
phenotype expression on teeth, only a few studies
focus on the relationship between wear and age [Woo,
1965], the relationship between the pulp cavity and
age, differences of teeth in different populations, and
individual level [Wei, 1983, 1984, 1987].
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Zhu Hong [Zhu, 1990; Zhu et al., 1993] has
made the first measurements and observations of
human teeth excavated from historical archaeologi-
cal sites, with materials from Xia dynasty in Shanxi
and Neolithic site (Miaozigou) in Inner Mongolia.
The observation and measurement methods are
from Wang Huiyun and Shao Xiangqging, and the
observed non-metric traits are few, the conclusions
were merely statistical because no other materials
are available for comparison.

Adoption of American ASUDAS

In the 1990s, the American school of dental
anthropology ASUDAS (Arizona State University
Dental Anthropology System) was introduced to
China. After studying non-metric traits of human
teeth of East Asian populations, Turner proposed
that the teeth of these groups (Mongoloid), can be
divided into two types, Sundadont and Sinodont
[Turner, 1987, 1989, 1990]. Eight traits differ signifi-
cantly between the two groups: Shovel-shaped and
double-shoveling incisor, one rooted upper first
premolar, enamel extensions on upper first molar,
missing-pegged-reduced upper third molar, deflect-
ing wrinkles on lower first molar, and three rooted
lower first molar are more common in Sinodont,
while the four-cusped lower second molar has a
lower frequency.

Sundadonty is more conservative, typified by
trait retention rather than elaboration, while Sino-
donty is more intensified and specialized. Sun-
dadonty was firstly formed in Southeast Asia, and
during the process of spreading in the late Paleolith-
ic, a population with Sinodonty in Northeast Asia
was formed. This is Turner's "Sundadonty hypothe-
sis of the origin of modern humans in northeast
Asia" [Turner, 1997].

However, Chinese anthropologists Han
Kangxin and Pan Qifeng [1984] argued that similari-
ties between neolithic populations in northern and
southern China, were related to the similar natural
environment and these southern physical character-
istics were remnants of the transition to modern
humans and were the result of microevolution but
not migration. Yang Ximei [1985] suggested that
whether Turner’s hypothesis can be supported by
fossil evidence, would require more materials from
the late Paleolithic and Neolithic.
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Zhang Zhenbiao [1993] began to use
Turner's method to study the morphological varia-
tion of human teeth from the Bronze Age in Chang-
yang and the Northern Wei Dynasty in Datong.
Concordance was found by comparing non-metric
traits of skulls and teeth, implying the teeth, like
skulls, can be used to analyze biological relation-
ships in populations. The dentition of Changyang
and Datong belong to Sinodont, but the Changyang
group has some characteristics of Sundadont. This
is consistent with Hanihara's [1990] view that Sino-
donty and Sundadonty have some overlap.

Liu Wu [Liu, 1995; Liu, Zhu, 1995] studied den-
tal morphology of skeletal human remains from two
Neolithic sites from Miaozigou and Xiawanggang, the
results verified Turner's classification of Sundadont
and Sundadont, which are indeed reflected in Chi-
nese materials. Miaozigou and Xiawanggang groups
are similar to the group of Bronze Age Anyang Yinxu
in northeastern Asia but quite different from those in
Southeast Asia. Liu Wu and Zeng Xianglong [1996]
studied the morphological characteristics of human
teeth from the Warring States Period in Longxian,
Shaanxi Province, and believed that this group is simi-
lar to the modern North population with typical Mon-
goloid characteristics.

Liu Wu [1997] compared morphological traits
of fossil and modern teeth from China, and con-
cluded that 7 non-metric traits can be traced back to
the Homo erectus, they represent the continuity of
human evolution in China, because these traits
maintained a high frequency through the early Ho-
mo sapiens, to modern Mongoloid. These features
are shovel-shaped incisor, double-shoveling incisor,
interruption groove in upper incisor, deflecting wrin-
kles on lower molar, three-rooted lower first molar,
5-cusped lower second molar, and degenerated
third molar. Wu Xinzhi [1998] believed that the conti-
nuity of these traits' frequency in China is strong evi-
dence that can support the multi-regional origin theo-
ry of modern human. The author of present paper
suggest that the Tomes’ root may also contribute to
the continuum features [Lin et al., 2019].

Li Fajun and Zhu Hong [2006] studied the
Neolithic group of Jiangjialiang, from Yangyuan,
Hebei province, and believed that this group be-
longed to Sinodonty. Compared with the groups
from Miaozigou and Xiawanggang, Jiangjialiang
and Miaozigou are consistent in both teeth and skull
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characteristics. The characteristics of the Neolithic
group of the Liyudun in Guangdong Province are simi-
lar to Sundadonty, however the number of individuals
selected for this study is small [Li et al., 2009].

Li Fajun and others [Li et al., 2008] studied
the human teeth preserved in the tombs of the Ming
and Qing dynasties in Tianjin. He suggested that
the differences in teeth between the pre-Qin period
and the modern population were indeed the result
of microevolution. However, the reason and mech-
anism are still unclear. Li Fajun believes that the
South China group and the Hong Kong group are
on the dividing line between the above Sinodonty
and Sundadonty types. More evidence is needed,
especially the earlier human dental materials, which
may help to draw a more detailly picture of this
transitional area.

Besides the dental morphological differences
between north and south China, some scholars
have analyzed the population of northern Eurasian
in recent years. For example, Han Kangxin [2019] in
the monograph “Yanghai Cemetery in Xinjiang” re-
ported that the Yanghai group has a simplified den-
tal pattern, the occurrence rate of various features
is similar to the western Eurasian population, and
the morphological distance of many features is also
the smallest with the western Eurasian population
[Han, 2008, 2019]. A dental system similar to the
Western Eurasian population emerged at least 3000
BP. Contemporaneous group from the Jilintai ceme-
tery in Xinjiang is found to be closest to Yanghai group
[Zhang, Zhu, 2013]. Jilintai group also shows interac-
tion with other ancient surrounding populations.

Zhang Xu and others [Zhang et al., 2014] an-
alyzed the non-metric traits of human teeth from the
Bronze Age in the Liushui cemetery, Yutian County,
Xinjiang province, the result revealed that the
Liushui group has closer affinities to people from
southern Siberia and the Black Sea area. Popula-
tion migrations from the west to east can be traced
back to as early as 3000 BP in southwestern Xin-
jiang. Recently, paleogenomics confirmed the ex-
change between Eastern and Western populations
during the Bronze Age [Vikas et al., 2022]. This in-
dicates the prospective and credibility of dental
morphological studies.

In addition to permanent teeth, a small number
of studies on deciduous teeth have revealed the same
value in anthropological identification, and some traits
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on deciduous teeth are even more distinct [Liu, Wang,
1998; Lei, Chen, 2021]. In the future, hopefully there will
be more studies on deciduous teeth.

Japanese scholars have collaborated with
Chinese to explore the relationship between various
ancient inhabitants of Japan and China from the
perspective of dental anthropology, although many
of questions remain unanswered, they can serve as
an example of the international cooperation in den-
tal anthropology [Zhang, 2008; Manabe, Rokoten,
2000, Manabe et al., 2003; Oyamada, Rokotenda,
2000]. At present, Chinese scholars have not col-
laborated with foreigners besides Japanese to con-
duct research using the American ASUDAS.

Nowadays Dental Anthropology in China
(In the perspective of human evolution)

(Note: In this section “Ma” and “ka” refer the
geological time “million years ago” and “thousand
years ago” separately)

In the last 30 years, anthropology has devel-
oped rapidly in China. In 1982, the Institute of Ver-
tebrate Paleontology and Paleoanthropology of the
Chinese Academy of Sciences publicated the first
issue of “Acta Anthropologica Sinica”. So far, hu-
man fossils have been unearthed in more than 70
sites in China, of which more than 60 contain teeth
[Liu et al., 2014]. In many sites, there were no skulls
or post-cranial bones preserved, but only teeth.
Therefore, the study of dental anthropology is par-
ticularly important for revealing human evolution.
Especially in the last decade, many discoveries
have emerged one after another. A new generation
of anthropologists has adopted new technologies
such as geometric morphometry and high-resolution
CT to explore the significance of the internal and
external morphology of teeth in human evolution. In
the following paragraphs, the main issues of human
evolution related to dental anthropology, new re-
search, and controversies of scientific opinion are
briefly outlined.

Early Pleistocene

It has been generally accepted that the earli-
est representative of Homo in China is Yuanmou
(1.7 Ma) [Zhu et al., 2008]. However, there are
some earlier fossils still under debate. For example,
whether the mandible with attached teeth fragment
(2 Ma) from Longgupo belongs to genus Homo or
Lufengpithecus [Huang, 1995; Schwartz, Tattersall,
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1996; Wang, 1996; Wu, 2000; Etler et al., 2001;
Etler, 2009]. The teeth from Longgu Cave of
Jianshi, Hubei Province are believed to belong to
Australopithecus or Meganthropus, and some
scholars believe that they do not exceed the varia-
tion range of Homo erectus in China (2.42-1.80Ma
in the early Early Pleistocene) [Gao, 1975; Liu et al.,
2010]. In any case, according to archaeological evi-
dence, stone artifacts dated to 2.12 Ma were found
in China [Zhu et al., 2018], even earlier than the
Dmanisi site in Georgia, so there were indeed hu-
man activities in China before Yuanmou.

Middle Pleistocene

Weidenreich gave the following description of
dental materials of ZKD, these features are consid-
ered to be characteristic of typical Homo erectus in
China: Upper central Incisors are shovel-shaped
and have strongly developed basal tubercle (tuber-
culum dentale) with finger-like prolongations. Upper
canines have complicated lingual surfaces. Premo-
lars are asymmetrical, especially the upper first
premolar, buccal surface of premolar projects with
vertical grooves. Transverse crests with accessory
ridges are present on the occlusal surface of pre-
molar. Most lower molars have the pattern of Dryo-
pithecus Y5-Y6, and some have deflecting wrinkles.
All teeth roots are robust, especially in lower molars,
so-called “taurodontism” etc [Weidenreich, 1937].

So far, 17 sites of Homo erectus fossils have
been found in China [Liu et al., 2014; Zhao et al.,
2018]. Liu Wu believes that some of these (Yu-
anmou (Fig. 5 a, b), Yunxian, Hexian (Fig. 51, j, k, |,
0)) are more primitive than the morphology of
Zhoukoudian and can be treated as a more primi-
tive type of Homo erectus, while others have similar
morphological patterns and have been classified as
typical Homo erectus, such as Xichuan (Fig. 5 g, h),
Yiyuan [Liu et al., 2015b].

Liu Wu studied the expression of Carabelli’s
cusp in Chinese hominins on enamel and EDJ sur-
face (Fig. 5 m,n). The result shows that the Cara-
belli’'s cusp present in Chinese hominins with a high
frequency (27.6%~62.5%), could be a remnant or
primitive feature. Especially, Chimpanzees and Afri-
can early hominins usually have a cingulum-
protocone crest and lingual horizontal groove called
“shelf-like Carabelli’'s cusp”, which is also present in
some Chinese hominins (Fig. 5 n) [Liu et al., 2018].
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Figure 5. Fossil teeth from earlier-Middle Pleistocene and early period of Pleistocene (Yuanmou: a — right
upper 11, b — left upper I1; ZKD: ¢ — left upper 11; e,d — right upper P1, f— left lower M2 ; Xichuan: g — left
upper P2, h — left lower M2; Hexian: i,j — right upper P1 and EDJ; k,I — left upper P1 and EDJ, o — EDJ of
left upper M1 (dotted line indicate trangular swelling, arrow indicate the vertical groove); Yunxian, m — left
upper M1, Jianshi, n — left upper M1, Carabelli’s cusp in EDJ level, arrow indicate the “shelf-like
Carabelli’s cusp” and “cingulum-protocone crest’); Dendrite-like EDJ, ZKD p — left lower M2, Hexian
q — right upper M2, Yiyuan r — right upper M1) (Modified from the articles mentioned above)

PucyHok 5. Hckonaembie 3ybbi U3 paHHe20 cpedHe-rnnelcmouyeHa u paHHe20 rnneldcmouyeHa (KOaHbmoy:
a — npasebili sepxHul 11, b — nesnili eepxHuli 11; YxoykoydsHb: ¢ — neebll eepxHuli 11, e,d — npasbiti
eepxHul P1, f— neebili HWxHUU M2 ; CudyaHb: g — nesbil eepxHuli P2, h — negbll HUXHUU M2; XacsHb:
i,j — npaebiti sepxHut P1 u EDJ; k,I — neesiti eepxHuti P1 u EDJ, o — nesbiti eepxHuti M1 EDJ (nyHkmup-
Has IUHUSI yKa3bleaem Ha mpaHayIsipHYyr Npurlyxsaocmb, CmMpesika ykasblieaem Ha eepmukalibHyr 60-
po30y); FOHbCsIHL: m — nieabil sepxHul M1; LizsHbwu: n — nesbili eepxHuUll M1, 6yeopok Kapabernnu Ha
yposHe EDJ, cmperikol yka3aHbl "6yeopok Kapabennu muna nacmoyYkuHo eHe300" u "yuHaymom-
MPOMOKOHYCHbIU epebeHb”); deHOpumHas cmpykmypa EDJ, ZKD p — neebiti HuxHUl M2, XacsHb: q —
npasbil eepxHuli M2, roaHb r — npasbit eepxHuli M1) (U3meHeHo us cmamel, yka3aHHbIX 8bILE)

Bl 5. REFHAPERH AT A Otit:a £ 8 1L, £ L
I; AOJE:c £F I,ed /AL PI,f £ TFM2; Wi)ll: g £ LEP2,h £ TFM2; M
B ij 4. P1 A1 EDJ, k1 £ E P1 1 EDJ,0 % L M1 EDJ (B4 A=/
B, kR EEW); E, m £ M1, 84,0 £ E M, 7€ EDJ KFHE
AR, HikFrig s BEIR R UMW RIE 41);, S0k EDJ, ZKD p £F
M2, FE q HE M2, W r AL M) HR4E L ESCERE ST )
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The EDJ surface of earlier-Middle Pleisto-
cene hominins is primitive presented by complicat-
ed furrows, ridges, and accessory cusps, and in
particular a vertical groove on the buccal side of
both lower and upper premolars. the occlusal EDJ
surface is highly crenulated, so-called ‘dendrite-like’
EDJ (Fig. 5 p, q, r), and some researchers suggest
this may be a derived feature specific to earlier-
Middle Pleistocene East Asian because only found
in Chinese materials [Xing et al., 2015a, 2016,
Song, 2018, 2019; Liu et al., 2019].

Hominins in later-Middle Pleistocene were
previously known as early Homo sapiens, now
called archaic Homo sapiens, representative fossils
include Chaoxian (Fig. 6 a, b), Panxian Dadong
(Fig. 6 e, f), Xujiayao (Fig. 6 g, h, i), Tongzi (Fig. 6
d), Jinniushan, and Changyang (Fig. 6 c). Previous-
ly, these teeth have been described as smaller in
size and less complicated. However, recent findings
reveal that the morphological variability of this group
is greater than Homo erectus. For example,
Xujiayao presents a mosaic pattern [Xing et al.,
2015b], Chaoxian has more primitive traits with
large dental size [Bailey, Liu, 2010], Panxian
Dadong presents more derived traits, and some
teeth have modern contour and smaller size, alt-
hough the upper central incisor is still primitive with
basal tubercle, finger-like projections and strong
shove shape (Fig. 6 e, f) [Liu et al., 2013]. Tongzi
upper first premolar has a similar contour to late
Pleistocene members (Fig. 6 d) [Song et al., 2019].
Some believe that these mosaic features are the
result of continuous evolution, and diversity is the
consequence of interactions of populations and
complex natural environments [Liu et al., 2019; Liu,
Wu, 2022]. With new discoveries of Denisovan’s
mandible (Fig. 6 j) and DNA trace in Xiahe on the
Tibetan Plateau, [Chen et al., 2019; Zhang et al.,,
2020], some believe that there are still Denisovans
among the fossils that have been found in China
[Bergstrom et al., 2021]. Ni Xijun comments that the
connection between the mandible of Xiahe and the
Denisovans of Altai is not clear, because among the
six collagen sequences extracted from Xiahe man-
dible for systematic analysis, only one locus of Sin-
gle Amino Acid Polymorphism (SAP) is consistent
with the Denisovans, and this locus became key
evidence to support the connection, but there is an-
other locus in the Xiahe mandible that is not present
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in Denisovans [Ni, 2022]. According to Liu Wu, Xia-
he mandible and teeth do not have morphological
expressions that distinguish them from other Middle
Pleistocene hominins in China [Liu, Wu, 2022].
Teeth Xiahe are similar to Penghu (Fig. 6 k) due to
the complex morphology of the crown,such as pro-
tostylid at EDJ level of lower M2 and the robust
roots [Chen et al., 2019; Liu et al., 2022].

Ni Xijun named a new taxa Homo longi by a
fossil skull found in Haerbin (Fig. 6 1) [Ji et al., 2021;
Shao et al., 2021; Ni et al., 2021], and he proposed
a hypothesis of multi-directional “shuttle dispersal
model” for the evolution of Homo by phylogenetic
and biogeographic analyses, which present the Jin-
jiushan, Hualongdong, Dali, Xiahe, and Homo Longi
belong to a monophyletic group and have been
separated with Homo sapiens around 948.73ka. Liu
Wu propose that, it may be a proper way to treat the
late Middle Pleistocene hominin fossils with com-
bined or mosaic morphological features as un-
cleared taxa before totally understand their morpho-
logical diversities [Liu, Wu, 2022].

From the metric point of view, the overall evolu-
tionary trend is the size of teeth decreases from Homo
erectus to modern humans. The total dental area of
Homo erectus (ZKD) is 1632.3 mm?, which decreased
to 1282.8 mm? in the late Homo sapiens (or early
modern human), and the average total dental area of
modern Chinese is 1210.0 mm? [Liu, Yang, 1999].

Liu Wu [Liu et al., 2015b] explained that the
large variation in teeth size of Homo erectus in Chi-
na may be related to complex evolutionary pro-
cesses such as isolation. Zhang Yinyun [1986,
1999; Zhang, Liu, 2002] discussed the coincidence
of Homo erectus and archaic (early) Homo sapiens
with chronological data, and he found that it is diffi-
cult to distinguish Homo erectus and archaic (early)
Homo sapiens except for the size of the buccal-
lingual diameter of the central incisors. Therefore,
some scholars support the classification of Homo
erectus and Homo sapiens as one species [Kramer,
1993; Wolpoff et al., 1994; Tobias, 1995], but others
have objections. The key to this question is that if
archaic (or early) Homo sapiens in East Asia is rep-
resented by Denisovans or Homo longi, then it is
not reasonable to simply compare the sizes of all
fossil teeth and depict a trend of decreasing teeth
size in a linear pattern.
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Figure 6. Fossil teeth from late-Middle Pleistocene (Chaoxian: a — right upper P1-M1, b — left upper P2-
M2; Changyang: ¢ — left upper P1, M1 ; Tongzi: d — left upper P1; Panxian Dadong: e — right upper I1,
f— EDJ ; Xujiayao: g — left upper M1, h — left upper 11, 1 - left upper C ; Xiahe: j — right lower M1-2;
Penghu: k — right lower M1-2; Homo longi: I — left upper M2) (Modified from the articles mentioned above)
PucyHok 6. Uckonaembie 3ybbi u3 no30He20 cpedHe-nnelticmoueHa (YaocsHb: a — eepxHuUl npasbil
P1-M1, b — nesnbili eepxHull P2-M2; HYaHbsiH: ¢ — neabil eepxHul P1, M1; TyHu3bi: d — rieeblil eepxHUl
P1; NaHbcsHb Ja AyH: e — npasbiti eepxHull 11, f— EDJ ; Croliysssio: g — nesbit sepxHuti M1, h — neebit
sepxHul 11, i — nesbil sepxHull C ; Caxa: j— npaebiti HUxHUU M1-2; TaHxy: k — npaebilt HUXHUG M1-2;
Homo longi: 1 — neebiti gepxHuti M2)(M3meHeHO u3 cmamel, yKa3aHHbIX 8bIlWe)

Bl 6. EEHHEH AR T KA RE,a AL PI-M1b %&£ | P2-M2;
KB ¢ A£F PI,M1; ke d £ P1; ##BKIF e AL 11 fEDJ; X% g
A Ml hAENiAEC; B jAT MI-2; B k AT M1-2;
Homo longil &I M2)(AR#E LA SCHRAE ST %)

Late Pleistocene
Human fossils from the late Pleistocene are
vital key to understand the origin of modern hu-
man, the two main hypotheses “multiregional
origin” and “Recent African Origin” have been de-
bated for more than 30 years. Fossil maxilla with

teeth from Israel (Misliya-1) which dated 177-194 ka
has challenged the time of the first wave of H. sapiens
out of Africa which is supposed by genetics
[Hershkovitz et al., 2018].
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Similarly, modern feature also observed in
Chinese materials, the “double-shoveling” upper
incisor from Huanglongdong (Fig. 7 a, b) represent
the earliest record (81-101ka), this trait has not
been observed in other fossil hominin except Homo

92

sapiens. A good number of modern teeth have been
unearthed in several sites, with a chronological
frame of more than 100ka, such sites include
Daoxian (Fig. 7 c—j) [Liu et al, 2015a], Bijie
Mawokou (Fig. 7 k—0) [Zhao et al, 2016], Guangxi

Figure 7. Fossil teeth from late Pleistocene (Huanglongdong: a, b — right upper 11, Daoxian: ¢ — right low-
er C, d — right upper C, e — left upper P1, f— left upper M1, g, h — left upper M2, i — right lower M3, j — left
upper M1; Mawokou: k, m — left upper C, I — left upper M1, n, o — right upper M2; Luna cave: p, q — left
upper M2, r, s — right lower M2) (Modified from the articles mentioned above)

PucyHok 7. Vckonaembie 3ybbi u3 no3dHezo rineticmoueHa (XyaHnyH [yH: a, b — npaebit eepxHull 11;
JaocsHb: ¢ — npaebiti HuxHUl C, d — ipaskit sepxHuli C, e — niesbili eepxHuUl P1, f— neebili gepxHul
M1, g, h — neenili sepxHuli M2, i — npasbil HUxHUU M3, j— neebiti gepxHut M1; Masokoy [yH: k, m —
nesebil sepxHuti C, I — neebiti gepxHul M1, n, o — npasnbiti eepxHul M2; Iy Ha AyH: p, q — neebil
sepxHuUl M2, r, s — npaesbilti HUxHUU M2). (MUsmeHeHO u3 cmamed, yka3aHHbIX 8biue)

B 7. BEHHRM AT ENAEGERF ab AL 1; & ¢ 5F C, d
AL C e EEPL AL ML, gh £ M2,i 5AF M3,j £LF Ml; REO
W km Z£ZF C 1 A£E Ml,no AE M2; BifiE, pq £L M2, rs A5 F M2)

(HR¥E LA L SCHRAZ 40T 5%)
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Luna cave (Fig. 7 p—s) [Bae et al., 2014]. Some re-
searchers believe these teeth with modern mor-
phology proved that H. sapiens appeared in China
long before the “out of Africa” theory, therefore ac-
cording to the above, the morphological continuity
of fossils from different periods, should support the
“‘multiregional origin with hybridization” theory.
However, scholars who disagree, argue that this is
the result of human migration rather than continu-
ous evolution [Denell, 2010; Véronique et al., 2016].
Some scholars doubt that the dating of human teeth
is not accurate due to the complicated geological
deposition in the karst cave [Sun et al., 2019].
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More interestingly, scientists found not only
modern teeth in the early period but also primitive
teeth in the late period. For example, the teeth of
Dushan cave from Guangxi province [Liao et al.,
2019] (15Ka) have large dental size and various
primitive features such as “crown buccal vertical
groove complex”, which are different from most of
the early modern human (Fig. 8). The author called
Dushan fossil "atypical Homo sapiens" and offered
two explanations. First, this reflects a high degree of
regional variation, or these mosaic and primitive
features may be the result of introgression from
late-surviving archaic population.

Figure 8. Fossil teeth of atypical Homo sapiens from Dushan (a — right upper P2, b — left lower P1, ¢ —
right upper P1, arrows indicate buccal vertical groove and basal bulging; d — EDJ surface of lower
dentition P1-M3, arrows indicate buccal vertical groove and cingulum-like protostylid;, e — EDJ surface of
upper dentition M1-M3, arrows indicate cingulum-like carabelli’'s cusps) (Modified from the articles
mentioned above)

PucyHok 8. Vckonaembie 3y6bl amunu4yHo2o Homo sapiens u3 [ywaHa (a — npasbit eepxHuli P2, b —
neebil HuxHUU P1, ¢ — npasebit eepxHuli P1, cmpenkamu ykasaHbl eecmubyrisipHS eepmukaribHasi
bopo3sda u 6asanbHas ebinyknocms, d — EDJ nogepxHocmb HUXHUX P1-M3, cmpenkamu yka3aHbi
bykkanbHasi eepmukarnbHas 6oposda u yuHaynonolobHbil npomocmunud; e — EDJ nosepxHocmb
sepxHuUx M1-M3, cmpenkamu yka3aHbl UuHaynornodobHeie byzopku Kapabennu). (MismeHeHO u3
cmamel, yka3aHHbIX ebluie)

B 8 MuliiAIE B N F A (@ £ L P2,b £ TPl c A LEPL, #ik
P4 BN B 5 B R AT, d T 5% P1-M3 ) ED] 454, #53k Frda B 3 &

185 % R R EIR;
(R DA b STHIR A 50T 150)

e L% M1-M3 EDJ 45#y, #ikrignkaik£RR)
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The Maludong skull (MZR) from Yunnan
which is dated at 14,5-11,5 ka has a mixture of
modern and primitive features, which may represent
a late-surviving archaic population, or prior disper-
sal into Eurasia from Africa than modern humans
[Curnoe et al., 2012; Xueping et al., 2013]. Recent
paleogenetic studies have shown that MZR repre-
sents diversified modern humans who are closely
related to the ancestry that formed the first native
Americans [Xiaoming et al., 2022]. The paleogenet-
ic data present the connection between modern
DNA and primitive physical feature, which shows
the diversity of Late Pleistocene population.

The complex evolution of H. sapiens in the
Late Pleistocene and its mosaic, variable morphol-
ogy, and disputable chronological problems have
made East Asia a hot spot for discussing the origin
of modern human.

Conclusion

Dental anthropology and paleoanthropology
have been developing together for 100 years in
China. Although it has not formed its independent
school of dental anthropology in China, through the
efforts of several generations, Chinese dental an-
thropology has a significant position in the interna-
tional academic world today.

There is still much controversy about human
evolution and other issues involved in this disci-
pline. How to interpret the measurement and mor-
phological variations observed in teeth is the key to
understand human evolution. For example, whether
early hominins existed before Homo erectus in Chi-
na, how to interpret the unique dental characteris-
tics of early Middle Pleistocene hominin teeth,
whether late Middle Pleistocene hominins are tran-
sitional types of continuous evolution or represent
different species of Homo, the polymorphism exhib-
ited on late Pleistocene human teeth, and the origin
of modern humans are questions that require multi-
disciplinary collaborative research.

The current study using the American
ASUDAS involves ten archaeological sites, and alt-
hough there are some sites with too little material or
few observations to yield particularly clear results,
we have been able to discern microevolutionary
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processes in the evolution of human teeth, differ-
ences between northern and southern populations
and introgression between eastern and western
populations. The consistency of non-metric traits in
teeth and skulls, and the recent paleogenomic con-
firmation, indicate the prospective and important
significance of dental anthropology. Palaeo-
genomics is increasingly flourishing, but there is still
much uncertainty and difficulty in obtaining sam-
ples, especially from the Paleolithic.

Dental morphology has provided us with con-
venient materials for observation, and Chinese
scholars are experimenting with new research
methods. It is worth mentioning that Alexander
Zubov is the founder of the Russian school of dental
anthropology, has also proposed some features
specific to the Mongoloid race [3y6os, 2006], which
overlap with American ASUDAS, especially his
method of odontoglyphics [3y6os, 2006; Zubov,
1977], which till now has not been applied to Chi-
nese materials.

For modern humans and human teeth exca-
vated from historical and Neolithic archaeological
sites, the study is far less meticulous than that of
paleoanthropology, which some paleoanthropolo-
gists have realized and carried out in recent years
from the study of the morphology of modern human
teeth [Xing, Liu, 2009; Xing et al., 2010; Zhou et al.,
2013; Zhou et al., 2016]. With the discovery of new
materials, more studies on the internal structure of
the teeth of modern populations are needed in the
future and can help us better understand the mor-
phological variation and evolutionary trends on
teeth of modern and fossil human.
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T'o JIuusp

MI'Y umenu M.B. Jlomonocosa, buonocuueckuii ghaxyiomem, kageopa aHmpononocuu,
Jlenunckue copul, 0. 1. cmp. 12. Mockea, 119234, Poccus

CTOJIETHUM ITYTh OJOHTOJIOT' U B KUTAE

BeepeHue. OdoHmornoeausi passusaemcsi 8 Kumae yxe 100 nem. B daHHol pabome asmop
aHanusupyem cmambU o 00OHMOJI02UU, C8si3aHHble C KumaliCKuMu Mamepuanamu 3a rnocriedHue
Cmo fiem, U Kpamko ornucbigaem cmambU, MOCBSUIEeHHbIE MaKUMU 80rpocamMu, KaK 380/H0UUsT Yeslo-
e8eka u e3aumodelicmeue pasuyHbIX Monynsayul 8 ucmopu4yeckue nepuodsi.

Pe3ynbTatbl 1 06¢cyxxaeHue. Pabombl UHOCMPaHHbIX y4eHbIX cmarsu 0CHogol Kumadlckol na-
neoaHmpononoauu u 000HMoOI02UU ¢ MOMeHmMa obHapyxeHusi 3yboe Yesiogeka u3 Xamao U MeCmHo-
cmu YxoykoyOsiHb. C mex nop odoHmorioeusi 8 Kumae npowna amar HakorjaeHusi Mamepuarna, amari
8HedpeHus amepukaHckold ASUDAS e 1990-x eodax u aman npousemaHusi 8 rocrnedHue 30 rem.
MHozo4ucneHHble OMKpbIMUSI U MPUMEHEHUE HOBbIX Memo008 8bi8esiu KUmMalCKyto 000HMOI02U0 Ha
MexXOyHapOOHbIL ypO8eHb.

B Hacmosiwee spemsi 8 Kumae Hacdyumbigaemcsi bonee 70 Mecm € UCKonaeMbIMU OCmaHKamu
yesiogeka, boree 60 u3z komopbix codepxxam oOOHMosio2u4eckuli Mamepuarn. 4ns nepuoda paHHez20
nneticmouyeHa 6birio HallOeHO MeHbWe Mamepuarnos, U Cyu,ecmayom HeKomopble pa3Hoanacusi rno
nosody ux npuHadnexHocmu K pody Homo. PaHHue cpedHerinelicmoueHosbie 000HMOsI02u4ecKue
Haxo0ku, npuHadnexawue Homo erectus deMoHCMpUPyom NPUMUMUBHOCMbL U UMEM HEKOMOPbIE
ocobeHHocmu. [nsa no3dHux cpedHennelicmoyeHo8bix 0O0HMOI02UYeCKUX Haxo00K XapakmepHa
60nbwWas UsMeH4YuU8oCMb U Hasu4due mMo3auyHbix 4epm. Cyuwecmgyrom criopbl O Mom, rnpuHadnexam
JIU HeKomopble okameHesiocmu paHHUM Homo sapiens unu dpyeum makcoHam. ObHapyxeHue 00O0H-
mornoau4eckux Haxodok 8 no3dHemM nelcmouyeHe nodHUMaem 80rpochbl O MOM, Kak U Koada paHHul
COBPEMEHHbIU Yesiogek nosisusics 8 Kumae, a makxe Kakoebl ocobeHHocmu ez2o agonoyuu. OdHako
u3-3a HernosIHOMbI Mamepuaria 80IPOoC O MPOUCXOXOeHUU Yyeslogeka mpebyem MexOucCyuUnIuHapHO20
u 8cecmopoHHez20 nodxooda.

C nomouwbto amepukaHckol ASUDAS 6binu usyvyeHbl 000HMOo1o02u4eckue Haxo0ku (om Heosu-
muyeckux 00 cospeMeHHbIx) npumepHo u3 10 apxeosioau4decKux namsimHUKo8. dmu pe3yrbmamsl ro-
Ka3sbiealom cOe/laco8aHHOCMb 0O0OHMOI02UYECKUX U KPaHUOJI02UYEeCKUX ornucamesibHbIX MpU3HaKos,
8bISIBMISAOM PA3IUYUsT MEXOY Ce8EPHbLIMU U KXHbLIMU KUmaulcKuMu nonynsyusiMu, rnokasbigaom cyuie-
cmeosaHue obMmeHa mexdy cesepo-3anadHbIMu Kumatuyamu u 3anadHbiMu nonynsayusamu. Hekomopsie
u3 amux 8b180008 bbIriu Nodmeepx0eHb! pesyfibmamamu o rnaneo2eHoOMUKe.

3akntueHue. AHmpornosnoau cmanu yoensame 6onbwe 8HUMaHUsi Mopghosioauu 3y608 cospeMeH-
HO20 yeriogeka. B bydyuwiem npumMeHeHuUe Ho8bix Memodos u cbop Mamepuasrios CoO8BPEMEHHO20 Yerloee-
Ka momMoaym Ham Jyqwie MoHsmb 38051104U0 OpesHUX fodel, e3aumodelicmaue rnomnynayud.

KniouyeBble cnoBa: OOOHTOMOMMS; 3BOMKOLMS  YenoBeka; MNMENCToLeH; pasHoobpasune
1 Mo3andHas aBonouust; Kutan
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e
FRANEFEFECHEAFHRRHE ACEERB T B RE X EF HALEN
SCHR, FEMNKEA, B S BN E N B SR A RERTR T 1A A\ 85 AR OC ) AR

BMREANF S A A D5 bk R ELK, 4ME %8 K TE— B =2 E & AKF A
FRARFREM. BZE, FEANRFEFEZRL TR R, 1990 FRFIAEE
ASUDAS J7iEm B, DL 30 FRIE R M. A2 R ILAIHT 7 VR B A 15 A E 2 6 AR %
TNt FRTIE . E5EFECH 70 Ka&H AR AELE, Hd 60 2488 T AEKTEHHA.
B, WTXEMBERET ANE (Homo) EAFE—4. FHEHHRE
B ESLN (Homo erectus) 715 FEIR IR g6 P ANAURFARFAE , w58 35t A A A o A28 284 0
FEI HH B8 R AR 730 BB AN ER R PR R, X T Hh — A R TR T RS NG — 85
AR SR AN R 5 B BN AE AP [ B S A s AL Ie) B 0% . SR T B T A (RAF AN 5E
Bk, ANKEIEN N B EKEZ FREE .

a2 AR 2 AN MBI RAH 10 Rabigtht R T ASUDAS J7iEE4T THF 7. H4s
SUESE T A E Sk & AR E R — S, FE I AR ZE R MR E AL X 57
AR, KR oaf 8 T HERASMIESL . ARZEFRFHERFRAAK
TR AN . ¥R, F7ER R MIAR N BN 8 28 B TRATEM & A KK
TEAL AN 2 8] ) B Zh ] 7L

R FiiARKE, AR, B, SHESEREL, FE.

ee Becmuux Mockosckozo ynugsepcumema. Cepusi XXIII. o oo Moscow University Anthropology e
Anmpononozus ® Ne 4/2022: 83-99 e Bulletin ¢ 2022, no. 4, pp.83-99 e



