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Abstract
Objectives: Intentional cranial modification (ICM) was a long-established tradition
used to reshape the head. Unfortunately, motivation of the act is unclear. It has been
found in recent and contemporary human populations throughout the Old and New
Worlds, yet the drawback of the quest into the origin, diffusion, and meanings of
ICM is the lack of early materials for scientific examination. This study reports the
discovery of ICM from the Neolithic Houtaomuga Site in Northeast China and the
importance in deepening our knowledge of this intriguing tradition.
Materials and methods: Twenty-five skeletons unearthed from the Neolithic cultural
Phases 1–4 in the Houtaomuga Site were visually screened for ICM features. Cranial
measurements were conducted to quantify the degree of variation in the modified
skulls and typical ones were computer tomography (CT) scanned to obtain a diploë
structure and 3D model.
Results: Eleven skulls carrying signs of ICM from both sexes varying in age from juveniles to full adults were identified ranging from 12,000 BP to 5,000 BP. Three types
of modification patterns were observed and most of them were of typical frontooccipital modification pattern. In particular, there were remarkable variations in the
curvature of the crania along the sagittal direction.
Discussion: Overall, the antiquity as well as the cultural and genetic continuity of the
population in Houtaomuga Site demonstrated the earliest confirmed ICM cases from
the easternmost Old World, and the longest in situ duration of ICM practice at one
single Neolithic site. This circumstance largely contributes to our understanding of
the origins and distribution of ICM in Eurasia and the American continent.
KEYWORDS

cultural behavior, intentional cranial modification, Neolithic Age, Northeast China

1 | I N T RO D UC T I O N

Mizoguchi, 2011). It was found throughout the world and the exact
purposes of this practice are unclear (e.g., Antón & Weinstein, 1999;

Intentional cranial modification (ICM) was a long lasting tradition to

Blackwood & Danby, 1955; Brown, 1981; Dingwall, 1931; Hrdlicka,

reshape the head (Antón, 1989; Mednikova, 2006; Brown &

1922; Ozbek, 2001; Snorrason, 1946). Hypothetical purposes include
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fertility, social status, beauty, and so on (Aufderheide & Rodríguez-

Besides the discovery in Xinjiang, two skulls with ICM features

Martín, 1998; Blackwood & Danby, 1955; Dingwall, 1931; Hatt,

were recently found from a layer dated between 5,500 and 4,900 BP

1915; Ortner, 2003; Torres-Rouff, 2002). The earliest signs of ICM

at a Neolithic Age site in Houtaomuga, Da'an, Jilin Province in North-

were reported in Neanderthal Shanidar 1 and 5 (Trinkaus, 1982;

east China (Xiao, 2014). This material not only is the first discovery of

although reconstruction of Shanidar 5 challenged this interpretation).

ICM in the northernmost part of China, but also represents the prac-

Despite of the preliminary findings, the unusual flattening of Neander-

tice of ICM in the easternmost Old World. Furthermore, there are

thal skulls remains a mystery (Chech et al., 1999). Besides the

more skeletal remains in adjacent cultural layers available for investi-

Shanidar cases, other reported early discoveries of ICM in modern

gation. The purpose of this study was to conduct a reanalysis using all

humans include: (a) the Late Paleolithic Upper Cave 102 in China

of the skeletal remains with a view to finding further signs of ICM and

(Brothwell, 1975; Wu, 1961); (b) Aboriginal Australians such as the

investigating them in their cultural contexts. Northern China was

Nacurrie Skeleton with an accelerator mass spectrometry (AMS) collagen date of 11,440 ± 160 years BP with oldest claims to be
13,000 years (Brothwell, 1975; Thorne, 1976, 1989; Antón &
Weinstein, 1999; Brown, 1981, 1994, 2009, 2010; Brown &
Mizoguchi, 2011; Durband, 2008, 2014), and (c) skulls from some
Neolithic sites in the Near East and Middle East, dated about
10,000–7,000 BP (Daems & Croucher, 2007; Meiklejohn, Agelarakis,
Akkermans, Smith, & Solecki, 1992). Even with the multicultural documentation of ICM referenced above, researchers continue to debate
about when the act truly began. It is hypothesized that this kind of
practice has started as early as 15,000 years ago (Clark et al., 2007).
However, their claim has yet to be supported by solid material and

selected because it has been crucial in terms of human settlement,
assimilation, and migration. The area as part of the Northeast Asia has
arguably served as a center for the radiation of human populations to
territories beyond northern China, such as central China, the Korean
Peninsula, the Japanese archipelago, eastern Siberia, and possibly the
American continents. Therefore, the new materials found at the Neolithic Houtaomuga Site in Northeastern China may hold secrets about
the origin, diffusion, and meaning of ICM. This study could help us to
explore this important cultural phenomenon from a global perspective,
especially with reference to the origins and distribution of ICM in the
Eurasia continent.

dating evidence. Indeed, one of the largest reasons for the lack of scientific study was because the Upper Cave specimens were lost during

2 | MATERIALS AND METHODS

WWII and the Australian early human remains were reburied.
In China, ICM was also found in some archeological sites but they

The Houtaomuga Site (N 45 390 27.500 , E 123 470 15.100 ), is located

were rarely reported in English journals. Most of the skulls were found

in Da'an County, Jilin Province, China (Figure 1). It is a long lasting site

in Shandong (Yan, 1972; Zhao, Zeng, Wei, Zhang, & Lu, 2017) and the

containing both settlements and burials alongside the Nenjiang River

Xinjiang (Chen, 2002; Nie, 2014; Zhang, 2016) region. Although in the

in the Songnen Plain. First, during 2011–2014, it was fully excavated

other regions such as Beijing (Wu, 1961), Henan (Sun, 2011; Wei,

and the cultural remains found belonged to seven different cultural

Zhang, & Zhu, 2015), Liaoning (Pan, Yuan, & Zhu, 2012), Hubei
(Zhang, 1998), Jiangsu (Han, Lu, & Zhang, 1974), and Inner Mongolia
(Pan, 1998), few and sporadically distributed samples were found. For
instance, the earliest ICM report in China as mentioned above is about
a young female individual labeled no. 102. She was found in the Beijing Upper Cave during the Late Paleolithic period dating
30,000–33,000 years ago. The specimen showed obvious shallow
depression behind the frontal bone eminences (Li, Bae, Ramsey,
Chen, & Gao, 2018; Wu, 1961). In addition to the Beijing Upper Cave
case, most of the ICM specimens were unearthed in Shandong,
whereas small parts were found in Henan and other regions in the
Neolithic Period. The ICM samples found in these regions were all
classified into an occipital bone modification type, which showed a

phases, ranging from the Neolithic Age to the Liao-Jin Dynasty. The
Neolithic cultural phase was further divided into Phase 1 to Phase
4 based on the archeological layers, characteristics of the artifacts,
and the dating results from over 12,000 years to 5,000 years
(Kunikita, Wang, Onuki, Sato, & Matsuzaki, 2017; Wang, 2018; Xiao,
2014; Zhang, Huang, Lu, & Du, 2017). Phase 1 consisted of a single
tomb, several waste pits, some brown rough pottery pieces, and a few
stone tools, dating back from 13,000 to 11,000 BP. Moreover, Phase
2 contained four tombs, waste pits, and brown pottery jar pieces, dating 8,000–7,000 BP. Phase 3 contained 13 tombs, 12 houses, a large
number of waste pits, fine yellow-brown pottery, and stone grinding
tools. These objects aged back to 6,800–5,500 BP. Phase 4 included

relatively flat occipital bone (Yan, 1972; Zhao et al., 2017). Even so,

four tombs, houses, waste pits, red-brown pottery, and stone grinding

this kind of modification could be caused by unintentionally laying the

tools, from 5,500 to 4,900 BP. Fish bones and clam shell were found

infant with its head on a hard surface for long periods (Dingwall,

in every phase. A total of 25 skeletons were unearthed from Neolithic

1931; Liu, 2014; Mason, 1887; Moss, 1958). Although some investi-

phases. The sex and age at age of the individuals were determined

gation occurred in Shandong and Henan, it is worthy to mention that

based on the skeletal remains utilizing pubic symphysis, cranium, den-

during the Bronze Age and Early Iron Age, ICM was mainly found in

tal eruption, and long bones development (Brooks & Suchey, 1990;

Western China in Xinjiang. This kind of ICM was completely different

Buikstra & Ubelaker, 1994; Louise & Black, 2000). Previous studies in

from the former ones found in Eastern China previously as it showed

cultural remains and Paleo DNA demonstrated the cultural and

exaggerated elongated crania and carried distinct artificial signs (Chen,

genetic continuity of the population in this site over 7,000 years

2002; Nie, 2014; Wang & Fu, 2008; Zhang, 2016).

(Ning, 2017; Wang, 2018).
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Of the 25 identified individuals, 19 skulls were well preserved for

modified pressure, and to facilitate the subsequent 3D surface mor-

the examination of ICM signs through visual inspection. In order to

phology analysis, the typical skulls were CT scanned using Toshiba

further observe the structures of the cortical and diploë under the

Activion 16 at the parameters of 120 kV, 200 mA, and a slice

FIGURE 1

Location of the Houtaomuga Site. Red triangular mark indicates the location

F I G U R E 2 Landmarks and measurements used to quantify the crania morphology (White, 1996). Images used with permission from John
Wiley and Sons (license number 4500740209215)
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thickness of 0.5 mm, increment: 0.3 mm. Correspondingly, patterns of

cranial modification. Among the adult individuals, only one was

formation were recorded based on previous classification described

female, whereas the other four individuals were all male. The age at

by Hrdlicka and Lumholtz (1912), Dembo and Imbelloni (1938), and

death of the individuals with ICM ranged from three to around

Neumann (1942). A bone sample from the skeleton in Phase 1 was

40 years old. Biologically, the active cerebral expansion alongside the

collected for radiocarbon dating at Beta Analytic, Inc. (Miami, FL) to

formational adjustment of cranial growth is almost complete in

confirm the age of Phase 1—it was a blind test.

humans at the age of 3 years. The cranial modification could only take

The degrees of variation in the modified skulls were quantified.

place while the cranial vault is still malleable during the first few years

Several cranial measurements were selected following the definitions

of infancy. Once the cranium hardens, the resulting modified shape

provided by White (1996). The measurement items were taken by

becomes permanent (Tiesler, 2014). The demographic data of the ICM

using soft metric tape, sliding caliper, spreading caliper, and coordi-

individuals suggested that the practice started from an early age of

nate caliper on the frontal bone, parietal bone, and occipital bone.

about 1–2 years old during infancy (Table 2).

Measurements items are shown on the diagram (Figure 2). Each item

According to Hrdlicka and Lumholtz (1912), Dembo and Imbelloni

was measured three times and the median value was taken to reduce

(1938), and Neumann (1942), the most common form of cranial modifi-

the error. Since the age, sex, and the type of the modified skulls dif-

cation is tabular modification (fronto-occipital), in which the frontal and

fered, it was not possible to combine the measurements of all modi-

occipital are flattened through the application of external pressure

fied skulls and analyze them in one group. Therefore, we divided the

(Table 2). According to the direction of the applied pressure, the modifi-

11 modified skulls into six sex-age groups. For each group, we

cation can be further divided as tabular oblique and tabular erect forms.

selected an unmodified normal skull with the same sex and age among

Tabular oblique, also termed as parallel-fronto-occipital form, flattens the

this site for comparisons.

frontal region and the occipital bone obliquely. The posterior compression plane locates below the lambda or inion crest, commonly resulting
in the parallel orientation of both planes and a backward inclination of

3 | RESULTS

the cranial vault (Figure 3). Tabular erect, also termed as fronto-verticaloccipital form, is a vertical flattening of the upper portion of the occipital,

In addition to two skulls identified by Xiao (2014)—M90 and M91 in

as well as an oblique flattening of the frontal bone. The opposing com-

Phase 4, 9 more skulls of 19 individuals were identified to carry ICM

pression planes are usually not parallel to one another and the position

signs from Phases 1, 3, and 4 (Table 1). In total, there were 11 ICM

of the posterior plane generally tends to cover lambda (Figure 4).

individuals with an overall incidence of 58%. In Phase 1, only one skel-

Besides, several skulls, for instance, M87A, M79, and M45, carry another

eton of an adult male was found, whose skull carried signs of ICM.

kind of modified sign which is described by Lambert (1979) as

14

C dating analysis of a bone sample from the skeleton in Phase

“postcoronal depression,” defined as an indention located slightly poste-

1 gave the range of age from 12,027 to 11,747 cal. BP (beta-496468),

rior to the coronal suture on both parietal bones. Lambert specified this

indicating that the individual in Phase 1 represented the earliest ICM

modification as an annular method with alteration produced by use of

at the easternmost Old World. In Phase 2, four tombs were excavated

bandages or a hood (Lambert, 1979; Figure 5).

The

and one of them was a three-individual shared burial yielding one

According to the measurements (Table 3), compared with the nor-

adult and two subadults without signs of cranial modification, while

mal skull, the modified skull showed differences in the frontal bone,

three single burials yielding only fragmental limb bones. In Phase

parietal bone, and occipital bone. Due to the small sample size, it was

3, 13 tombs were found, one of which was a double individual burial.

impossible to quantify the differences statistically. Thus, only some

In total, skulls from 11 individuals were well preserved, among them

selected measurements were used for comparison purposes. For

7 were identified with signs of cranial modification. In the final phase,

example, on the modified skulls, the subtense of the frontal bone was

four single tombs were unearthed. Except for one subadult individual

obviously smaller than that of the normal skull, and the curvature

who showed no sign of cranial modification, the other two adults

index proved to be relatively larger, indicating a flat frontal bone on

(identified by Xiao, 2014) and one subadult were both identified with

the modified skull. On the parietal bone, the subtense and curvature

TABLE 1

Incidence of intentionally modified crania at Houtaomuga Site

Phase

Age

Unmodified

Modified

Proportion by age

Proportion by phase

Total ratio

1

Adult

0

1

1/1

1/1

11/19 (58%)

Subadult

0

0

0/0

Adult

2

0

0/2

Subadult

1

0

0/1

Adult

2

2

2/4

Subadult

2

5

5/7

Adult

0

2

2/2

Subadult

1

1

1/2

2

3

4

0/3

7/11

3/4
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TABLE 2

List of the basic information of the identified ICM individuals

No.

Sample no.

Sex

Age

Phase

Datinga

Type

1

M45

M

30±

1

13,000–11,000 BP (Kunikita et al., 2017)
11,235–11,145 BP (Zhang et al., 2017)
12,027–11,747 BP (this study)

Tabular oblique
Postcoronal depression

2

M41

Unknown

7±

3

6,300–5,500 BP

Tabular oblique

3

M50

Unknown

7±

3

6,300–5,500 BP

Tabular erect

4

M72

Unknown

8±

3

6,300–5,500 BP

Tabular oblique

5

M92

Unknown

3±

3

6,300–5,500 BP

Tabular oblique

6

M94

M

40±

3

6,300–5,500 BP

Tabular erect

7

M87A

M

30–40

3

6,300–5,500 BP

Postcoronal depression

8

M87B

Unknown

3±

3

6,300–5,500 BP

Tabular oblique

9

M79

Unknown

15±

4

5,000 BP

Tabular oblique
Postcoronal depression

10

M90b

M

30±

4

5,000 BP

Tabular oblique

11

M91b

F

35±

4

5,000 BP

Tabular oblique

a

Dating results of Specimen 1 from Zhang et al. (2017) and present study are analyzed on the bone itself; dating results for Phases 3 and 4 are from
Kunikita et al. (2017) after the dating on charred residue, pottery clay, catfish bone, or freshwater bivalve from the corresponding layer.
b
M90 and M91 are two skulls with ICM initially identified by Xiao (2014).

F I G U R E 3 Tabular oblique type
(parallel-fronto-occipital) displayed by
M91 and M90. Oblique frontal and
occipital bones are approximately parallel
to each other

F I G U R E 4 Tabular erect type (frontovertical-occipital) displayed by M94 and
M50. Oblique flattening of the frontal
bone and vertical flattening of the upper
portion of the occipital

index were smaller, but the difference was significant on the occipital

opisthocranion length was smaller, and the opisthocranion-opisthion

bone. The subtense value on this bone was smaller, whereas the cur-

length was larger, which reflected the flatter occipital bone on the

vature index was discovered to be larger. In addition, the lambda-

modified skulls. Overall, compared with the unmodified skull, the
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F I G U R E 5 “Postcoronal depression” displayed
by M45. A depression locates slightly posterior to
the coronal suture on both parietal bones. The
increase of the thickness of the diploë in the
frontal and parietal bone is visible

F I G U R E 6 Modified crania compared with the nonintentionally modified crania (left view on the Frankfurt plane in subadult groups. (a) M92,
3 years old; (b) M50, ca. 7 years old; (c) M72, ca. 8 years old; (d) M79, ca. 15 years old. Modified cranium on the right side in each panel
14

modified skull had a larger modification in the sagittal direction,

identified with signs of ICM. The

whereas in the coronal direction the change was small. The difference

and genetic continuity of the population in this site were supported

in the shape and curvature of the frontal and occipital bones was

by archeological and aDNA work (Ning, 2017; Wang, 2018), demon-

especially distinct. Namely, a flat bevel could be clearly seen on the

strating that the Houtaomuga Site not only yields the earliest con-

frontal bone and occipital bone. Although the “postcoronal depres-

firmed ICM case from the easternmost Old World with materials

sion” was unable to be reflected in the measurement values, it was
possible to observe directly in modified skulls from the images
(Figures 6 and 7).

C dating result with the cultural

available for scientific studies, but also carries the longest duration of
ICM practice at one single prehistoric site—lasting for 7,000 years
during the Neolithic Age. The intentionally modified skull is an interesting yet not fully understood phenomenon. Many questions regarding where, when, from whom, why, and how the practice of ICM

4 | DISCUSSION

came into being remain unanswered. Northern China has been a crucial area for this study in terms of human settlement, assimilation, and

At the Houtaomuga Site, 11 skulls from both sexes ranging from

migration. The discovery at the Houtaomuga Site from Northern

infants to juveniles, adolescents, young adults, and full adults were

China enriches our knowledge of this mystic modern human behavior.

–
–
–
–
–
–
–
–
–
–
–

–

–

–

–

–

–

–

–

–

–

–

Subtense

Curv. index

XCB

Chord

Arc

Subtense

Curv. index

Biaster. Br.

La-op

Op-o

GOL

163

84.87

24.55

–

92

18.9

113

103.63

–

–

–

–

92.57

118

12.8

119

155

64.25

45.21

103

89

19.7

114

101.2

128

85

26

133

113.35

102

85

96

11.2

111

106.41

M50
7±

180

–

39.27

–

88

22.5

111

97.88

138

88

28.9

134

117.46

117

90

86

26.3

131

113.29

M58A
7±

161

81.37

21

104.01

92

15.4

106

97.67

153

85

20

117

99.53

115

96

89

20

122

108.66

M79
15±

Subadult 3

176

67.63

39.9

104.63

86

22.6

112

96.68

137

89

24.3

127

112.89

113

92

89

24

119

105.34

M64A
15±

–

–

–

–

–

–

–

–

146

92

16.7

109

100.37

133

102

95

11.2

121

115.25

M90
30±

Male adult

183

85.87

22.76

101.38

90

21.2

115

103.66

131

89

20.2

119

106.38

107

95

88

23.2

134

117.77

M45
30±

Abbreviations: GOL, glabello-occipital length; XCB, maximum cranial breadth; la, lambda; op, opisthocranion; o, opisthion; Curv. index, chord/arc × 100.
Note: The bold items are the measurements of modified crania.

Occipital

–

–

Arc

Max. Br.
–

–

86

Min. Br.
114.9

85

90

Curv. index

–

28.6

19.1

Subtense

115

91

122

112

Arc

Chord

94

103.62

100.99

Chord

Frontal

Parietal

M72
8±

M18
3±

M92
3±

Group measurements
111.69

Subadult 2

Metric data for modified and unmodified crania of same sex-age group at Houtaomuga Site

Subadult 1

TABLE 3

–

–

–

–

–

–

–

–

–

–

–

–

199

65.99

51.02

108.31

85

28.9

119

101.21

135

92

20.5

130

119.79

119

–
–

100

88

25.8

130

114.77

M52
30–35

–

95

17

148

140.47

M94
40±

–

–

19.88

108.69

87

21.1

121

105.06

135

90

22

111

99.81

119

96

91

19.1

137

124.95

M91
35±

Female adult

–

–

54.66

113.95

–

–

–

–

137

92

19.5

111

102.65

114

90

89

24.1

122

108.64

M46A
30–35

ZHANG ET AL.
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F I G U R E 7 Modified crania compared with the nonintentionally modified crania (adult group). (a) M45, male, ca. 30 years old; (b) M90, male,
ca. 30 years old; (c) M94, male, ca. 40 years old; (d) M91, female, ca. 35 years old. Modified sample on the left side in each subimage. Images are
on the Frankfurt plane
In Asia, early ICM evidence among modern humans was found in

the early Mesolithic Age around 10,000 years ago (Endo, 1945;

Proto-Neolithic samples from the Shanidar Cave in Iraq dating back to

Suzuki, 1950). These skulls all show similar tabular modification fea-

ca. 10,870 ± 300 BP (Solecki & Rubin, 1958). Since Neolithic time, sev-

tures, especially the “postcoronal depression” on the skulls from

eral sites in Iran and Syria were recorded to have ICM preserved. There

Qingshantou and Djalainor. All these skeletons could date back to the

were several instances of the practice in Iran such as in the Tepe Ghenil,

very early period and distributed in a similar region as well. Previously,

dating back to ca. 8,000 BCE (Smith & Mortensen, 1980; Meiklejohn

it was thought that the origin of ICM practices in East Asia were likely

et al., 1992), Ganj Dareh dating back to ca. 8,500–7,000 BCE (Lambert,

a diffusion from the western steppes (Dingwall, 1931). However,

1979), Ali Kosh dating back to 8,000 BCE (Daems & Croucher, 2007;

based on new evidence from the Houtaomuga Site and given the

Hole, Flannery, & Neely, 1969), Choga Sefid during 7,000–6,000 BCE

antiquity of the samples, it seems more likely that there was a local

(Hole, 1977; Hours et al., 1994), and Choga Mish dating back to

origin and development of ICM in East Asia.

5,000 BCE (Ortner, 1996). There was also one notable site in Syria called

Among the Houtaomuga population, we noticed that not all indi-

Bouqras, which dated back to ca. 6,400–5,500 BCE (Meiklejohn et al.,

viduals carried the sign of ICM, indicating that it might be a selective

1992). Most of these ICM samples were thought to be modified by ban-

intentional cultural behavior among this population. The tombs were

dages and all were discovered in the Near East and Middle East.

all vertical pits and uniform in type of burial, but some individuals in

Although the findings in Iran and Syria were significant, there was

the same tombs both carried signs of ICM, whereas others did not.

even more interesting information in East Asia. ICM samples there

For instance, the shared tomb M54 from Phase 2 contained three

dating back to 5,800–5,400 BP found at Boisman Two in Far East

individuals, and none of them displayed signs of ICM. Conversely,

Russia were thought to be the earliest confirmed example of the prac-

another shared tomb M87 from Phase 3 contained an adult and a sub-

tice of ICM in Holocene East Asia (McKenzie & Popov, 2016). How-

adult, but both specimens carried the signs of ICM, indicating the pos-

ever, several skulls discovered in Northeast China demonstrate even

sibility of the practice or lack of it within certain families. Regarding

deeper antiquity of ICM in this region (Zhang & You, 1985). For exam-

the sex difference, as the practice was implemented on both male and

ple, Songhuajiang Man found in Heilongjiang was dated back to

female, there is no specific sex dominant selectivity. In addition, the

11,245–11,200 BP (Ni et al., 2019), and the Qianguo Man

M92 from Phase 3 contained a 3-year-old child with ICM. There were

(Qingshantou I skull) found in Jilin was up to the age of to 9,860

a large number of funerary objects buried inside, which suggests this

± 110 BP (Li, Zhang, Liu, & Li, 1984). These two sites, together with

individual with modified skull came from the richest or most privileged

the Houtaomuga Site in our present study, are all located in Songnen

class/family of the Houtaomuga population. Another special tomb

Plain along the Nenjiang River and Songhuajiang River. Another his-

was M91 from Phase 4, which contained an adult female individual

torical example related to the analysis in this article is the Djalainor II

with ICM. Red cinnabar-like strips were still visible on the top of the

skull, found in Inner Mongolia during the 1940s. Although there is no

frontal bone and parietal bone along the sagittal direction from when

dating result published, it is recognized that the skull dated back to

it was unearthed. Besides, a large number of shell made flake
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ornaments were found on the ankle, making it the most unique individual among this population (Xiao, 2014). All of this evidence indicates that among the whole population, the practice of ICM was a
type of cultural practice only implemented on certain individuals.
Although the selective criterion and meaning of this cultural behavior
are still unknown, the distinction of identity, perhaps depending on
family affiliation or socioeconomic status, should be principle reasons
for the crania modification.
Further studies at Houtaomuga Site including morphological, isotopic, archeological, genetic, and ethnographical studies will be conducted to compare the Houtaomuga Site to other Neolithic sites in
and around this area, and especially to other primary ICM sites in the
Eurasia continent, Australia, and South America (Antón, 1989; Mednikova, 2006; Brown & Mizoguchi, 2011), to explore the meanings
and functions of the ICM practice.
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