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To better understand variation of Holocene Chinese mandiblular morphology, a study was conducted on 23 metric traits of Neo-
lithic (n=54), Bronze-Iron Ages (n=184) and modern (n=92) adult male mandibles from northern China. Results indicate that the 
linear characters of these Chinese mandibles evolved in the past 7000 years. From the Neolithic to Bronze-Iron Ages to present 
day, the overall size of mandibles decreased. The linear characters of the mandiblular features varied between different time peri-
ods. The decrease of thickness and height of the mandibular corpus primarily occurred during the Neolithic to Bronze-Iron Ages. 
The decrease in main size was during the Bronze-Iron Ages to present day. It is possible that mandibles became thinner before the 
overall size decreased. Comparisons also indicate that the bottom part of the face may have decreased more greatly in breadth than 
the upper portion. The decrease in mandible size may be associated with changes in climate and diet, and with changes in the 
craniums size. 
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Mandibles play an important role in chewing. Studies have 
shown that mandible morphology is related to food, masti-
cation stress, cranium morphology, population history, mid-
dle cranial fossa size and weather [1–5]. Mandible mor-
phology therefore may provide historical information about 
human food structure, evolution, migration and population 
relationships [6–8].   

Research has shown that human mandibles experienced 
morphological changes during the Holocene, and European 
mandibles have decreased in size in recent times [9–11]. A 
subrecent European population emerged as more different 
from a recent European population than other more diverse 
modern populations were from each other, suggesting big 
morphological plasticity in the mandible through time [12]. 
Moore and colleagues [11] found that English mandibles 
decreased from the Neolithic to 20th century, especially in 

the ramus. Similar change was found by Lavelle [13], who 
showed that between Romano-British and 19th century pe-
riods, English mandibles experienced a reduction in many 
dimensions, without a corresponding change in teeth. 
However, it was not clear whether such changes took place 
mainly in the ramus or corpus part. Another study showed 
that the overall breadth of Japanese mandibles showed clear 
narrowing, and remarkable size reduction mainly occurred 
in the regions of the major masticatory muscle attachments, 
including coronoid process and the gonial angle [14]. The 
lateral corpus thickness of the Japanese mandibles also ex-
hibited reduction, which may be the consequence of man-
dibular size decrease [15]. Other studies have documented 
similar temporal changes in Japanese mandibles [16,17]. 

Chinese skulls also have evolved throughout the Holo-
cene. From the Neolithic to present day, general trends in-
clude: decrease in cranial and facial dimensions; narrowing 
and lengthening of the nose; narrowing and heightening of 
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the orbits; trend toward a more globular morphology of the 
head [18]. Thus far, there have been few studies on whether 
the mandibles of Chinese populations evolved during the 
Holocene. This paper presents a discussion on morphologi-
cal change and related implications of Chinese Holocene 
mandibles, based on linear measurements and comparisons 
among mandibles from different periods in the Holocene. 

1  Materials and methods 

1.1  Materials 

To reduce the influence of age, sex and geographic region, 
we chose 330 adult male mandibles from northern China. 
These mandibles are at the Institute of Vertebrate Paleon-
tology and Paleoanthropology, Chinese Academy of Sci-
ences, and the Research Center for Chinese Frontier Ar-
chaeology of Jilin University. All the mandibles were 
measured by the first author of this paper.  

Miaozigou site. This site is located on the southern 
hillside of Miaozigou village, Uraharura township, Inner 
Mongolia, and the age of this site is 5500–5000 a BP 
[19,20]. Many tools of agricultural production were un-
earthed. Archaeology and study of stable isotopic ratios of 
carbon and nitrogen in bone collagen showed that agricul-
ture played a major part in the life of these people, with a 
smaller contribution from hunting-gathering and animal 
breeding [20,21]. 

Jiangjialing site. This site is located in the eastern part of 
Nihewan Basin, Hebei Province, with an age of about 6850 
a BP [22]. Many earthenwares were unearthed at this site 
[23]. People mainly ate plant products [24]. 

Xishan site. This site is located in Zhengzhou City, He-
nan Province, and is about 5300–4800 a BP [25]. Agricul-
ture played a major part in the life of ancient inhabitants 
here, with a smaller contribution from hunting, fishing and 
animal breeding [26]. Plants of C4 (probably rice) may have 
been the main food [27].  

Tuchengzi site. This site is located in Helinge’er County, 
Inner Mongolia. Tuchengzi site contains human skeleton 
from different periods, such as Warring States Period, Han 
Dynasty, Tang Dynasty and Qin Dynasty [28]. Most of the 
mandibles from this site belong to the Warring States Period. 
These ancient inhabitants were soldiers, mainly eating plant 
products [29]. 

Lamadong site. This site is located in Beipiao City, 
Liaoning Province. This site belongs to the Sanyan Culture, 
with an age of about 1600–1700 a BP [30]. The values of 
δ13C and δ15N of the collagen showed that these ancestors 
mainly relied on C4 plants, and were mainly vegetarians. It 
is possible that the lifestyle of the Lamadong people 
(Xianbei people) was strongly influenced by the Han culture, 
because they were changing from a nomadic phase to a set-
tled farming phase [31]. 

Guanmashan site. This site is located in Jiutai City, Jilin 

Province, and it belongs to the Warring States Period. 
Earthenware, copperware, stone tools and bone tools were 
unearthed [32]. 

Youyao site. This site is located in Xinzhou City, Shanxi 
Province. Unearthed artifacts included housesites, earthen-
ware, daily-life utensils and tools of production, including 
copperware. This site contains artifacts belonging to the Xia 
Dynasty, with a theradiocarbon age of about 4000 a BP [33]. 
Agriculture played a major role in the life of ancient people 
here [34].  

Datong site. This site is located in Datong City, Shanxi 
Province, and it belongs to the time of the Northern Wei 
Dynasty [35]. 

Zhaimao site. This site is located in Shenmu County, 
Shaanxi Province, and this site is about 4800–4100 a BP 
[36]. 

Wayaogou site. This site is located in Tongchuan City, 
Shaanxi Province. This site belongs to the Bronze Age [37]. 

Longxian site. This site is located in Longxian County, 
Shaanxi Province, and it contains tombs of the Warring 
States Period, Han Dynasty and Tang Dynasty [38]. 

Donghuishan site. This site is located in Minle County, 
Gansu Province, and it belongs to the Siba Culture, with an 
age of about 3490 a BP, based on 14C dating [39].  

Xiaohandi and Mapai site. This site is located in Minhe 
County, Qinghai Province, and belongs to the Bronze Age.  

North China site. Modern mandibles from North China. 

1.2  Methods 

Some of the sites studied did not contain many mandibles 
(i.e. Miaozigou, Donghuishan, Guanmashan); Some had 
unclear ages, and some contained mandibles of different age 
(i.e. Longxian, Tuchengzi). Mandibles were divided into 3 
groups in this paper: Neolithic, Bronze-Iron, and present 
(Table 1). 

We chose 23 mandibular metric traits for analysis (Table 
2). Independence-Samples-T-tests were used to test for sig-
nificant differences between time periods for each meas-
urement, using SPSS. Percents of the temporal mandibular  

 
 
 

 

Figure 1  The distribution of the mandibles used in this study (modern 
mandibles not included). 
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Table 1  Mandibles used in this study 

Age Population n Geographic origin 

Neolithic Age (7000–4800 a BP)  

Hebei 42 Jiangjialiang 

Henan 8 Xishan 

Inner Mongolia 4 Miaozigou 

Bronze-Iron Ages (4800–1600 a BP) 

Liaoning 46 Lamadong 

Inner Mongolia 88 Tuchengzi 

Qinghai 8 Xiaohandi, Mapai 

Gansu 4 Donghuishan 

Shannxi 23 Zhaimao (6) Longxian (13) Wayaogou (4) 

Shanxi 14 Youyao (7) Datong (7) 

Jilin 1 Jiutaishan 

Present day, modern (100 a BP) North China 92 Hebei, Shanxi, Shandong, Henan 

Table 2  Comparison of the mandible dimension in different periods in Holocene Chinese populations (adult male)a) 

 Neolithic Bronzeb) Present Neolithic-Bronze Bronze-Present Neolithic-Present 

 n mean n mean n mean % P % P % P 

Bicondylar breadth 41 123.4 147 124.9 92 119.3  0.206 4.5 0.000* 3.3 0.001* 

Bicoronoid breadth 48 97.4 157 98.7 92 94.2  0.137 4.6 0.000* 3.2 0.003* 

Mandible body length 51 76.8 164 75.5 92 72.6  0.1 3.9 0.000* 5.5 0.000* 

Mandible length 45 106.7 157 108.3 92 103.7  0.096 4.3 0.000* 2.8 0.004* 

Bigonial breadth 47 104.5 160 104.6 91 99.3  0.875 5.1 0.000* 5 0.000* 

Bilingual breadth 50 81.5 160 82.5 92 78.7  0.118 4.6 0.000* 3.4 0.000* 

Arc of mandibular bone 47 199.8 158 198.4 92 190.3  0.396 4.1 0.000* 4.8 0.000* 

Bimentalbreite 49 48.9 163 49 92 46.5  0.731 5.2 0.000* 4.9 0.000* 

Bimental bogen 48 57.3 159 56.4 92 54.7  0.14 3.1 0.000* 4.6 0.000* 

Ramus height 42 62.4 135 61.7 55 63.9  0.366 3.5 0.004*  0.142 

Symphysis height 50 34.6 168 32.6 90 32.7 5.8 0.000*  0.748 5.5 0.001* 

Arc of symphysis 47 37.4 130 35.4 88 34.9 5.4 0.000*  0.318 6.6 0.000* 

Body height (p3) 54 33.7 170 32 54 31.3 5  0.000*  0.062 7.2 0.000* 

Body height (m1) 53 32.1 160 30.4 90 29.9 5.5 0.000*  0.144 7 0.000* 

Body height (mental foramen) 54 33.1 174 31.8 92 31 4 0.001* 2.4 0.014* 6.3 0.000* 

Body thickness (p3)  51 13.6 173 12.6 54 12.2 6.7 0.000* 3.8 0.01* 10.3 0.000* 

Body thickness (m1) 53 15.5 169 14.9 91 14.2 3.9 0.006* 4.4 0.001* 8.1 0.000* 

Body thickness (mental foramen) 53 13.8 176 12.7 54 12.3 7.5 0.000* 3.5 0.033* 10.7 0.000* 

Coronoid-condyle 48 36.6 169 36.6 92 34.6  0.928 5.3 0.000* 5.5 0.001* 

Notch depth 48 15 166 14.8 92 14.5  0.622  0.155  0.154 

Ramus width (max) 49 45.1 164 44.1 92 41.9 2.3 0.038* 5 0.000* 7.2 0.000* 

Ramus width (min) 47 36.9 159 34.3 92 33.3 7.1 0.000* 2.9 0.007* 9.8 0.000* 

Mandible angle 46 119.3 163 124.6 92 119.9 4.4 0.000* 3.7 0.000*  0.621 

a) Mandible angle (°), mm; α = 0.05/2, * means P ≤ 0.05, “－” indicates no statistical significance (percents were not computed). b) Bronze stands for 
“Bronze-Iron” in Tables 2 and 3. Bimentalbreite indicates bimental foramen breadth; bimental bogen indicates arc of mental foramen-mental foramen. 

 

 
changes were calculated for those traits with significant 
change (α＝0.05), using a formula similar to that of refs. 
[18,40]. The formula is 

Temporal mandibular changes (%) = 100 × (X2−X1)/X1, 

where X1 and X2 stands for average of the same dimension 
of different cultural periods. The period X1 is older than X2. 

When computing the area of mandibular ramus, we re-

garded it as rectangular with a triangular hole (Figure 2). 
Area of mandible ramus = ramus height × average breadth 
of mandible ramus area of notch. The cross section of 
mandibular corpus was regarded as a rectangular, area of 
the cross section = body height × body thickness. Mandibu-
lar corpus was regarded as a cuboid, volume = body height 
× body thickness × arc of mandibular bone. Using this 
method, there were some common areas between mandible   
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Figure 2  Method to measure the area of mandibular rumas (revised on 
[14]). a, Ramus height; b, average ramus width; c, coronoid-condyle. 

ramus and mandibular corpus. There were no distinct bor-
derlines between these two parts, and the common area was 
not large. Thus, we found this method to be acceptable. 
Figure 2 describes the methodology we used to obtain the 
area of the mandible ramus. In this method, the ramus was a 
rectangular shape with a triangular hole.  

2  Results  

2.1  Morphological variations in the mandible between 
the Neolithic and Bronze-Iron Ages human populations 

From the Neolithic to Bronze-Iron Ages, some traits de-
creased significantly, including symphysis height, arc of 
symphysis, body height (p3), body height (m1), body height 
(mental foramen), body thickness (p3), body thickness (m1), 
body thickness (mental foramen), ramus width (max), ra-
mus width (min), and mandible angle. Among these traits, 
symphysis height (decrease by 5.8%), body thickness (p3) 
(decrease by 6.7%), body thickness (mental foramen) (de-
crease by 7.5%) and ramus width (min) (decrease by 7.1%) 
show a relatively large percent change.  

Those traits which have no statistically significant differ-
ences included bicondylar breadth, bicoronoid breadth, man-
dible body breadth, mandible length, bigonial breadth, bilin-
gual breadth, arc of mandibular bone, bimentalbreite, bimental 
bogen, ramus height, coronoid-condyle and notch depth. 

2.2  Morphological variations in the mandible between 
Bronze-Iron Ages and modern human populations 

From the Bronze-Iron Ages to present day, some traits had 

statistically significant differences (ramus height increased, 
others decreased), including bicondylar breadth, bicoronoid 
breadth, mandible body breadth, mandible length, bigonial 
breadth, bilingual breadth, arc of mandibular bone, bi-
mentalbreite, bimental bogen, ramus height, body height 
(mental foramen), body thickness (p3), body thickness (m1), 
body thickness (mental foramen), coronoid-condyle, ramus 
width (max), ramus width (min) and mandible angle. All 
these values were under 5.4%. 

From the Bronze-Iron Ages to present day, five traits had 
no statistically significant differences, including symphysis 
height, arc of symphysis, body height (p3), body height (m1) 
and notch depth. 

2.3  Morphological variations in the mandible between 
Neolithic and present populations 

From the Neolithic to present day, some traits had statisti-
cally significant differences, including bicondylar breadth, 
bicoronoid breadth, mandible body breadth, mandible 
length, bigonial breadth, bilingual breadth, arc of mandibu-
lar bone, bimentalbreite, bimental bogen, symphysis height, 
arc of symphysis, body height (p3), body height (m1), body 
height (mental foramen), body thickness (p3), body thick-
ness (m1), body thickness (mental foramen), coronoid- 
condyle, ramus width (max) and ramus width (min). 

Three traits had no statistically significant differences, 
including ramus height, notch depth and mandible angle. 

2.4  Variations of the ramus during the Holocene  

The percent change of ramus width (max), ramus width 
(min), coronoid-condyle and notch depth do partly reflect 
the change of mandible ramus from different angles. In this 
paper, we chose the measurement of the ramus area to ana-
lyze variation of the ramus. We regarded the ramus as a 
rectangular shape with a triangular hole, and took the aver-
age of the ramus width (max) and ramus width (min) as the 
ramus width. The areas and percent change of mandible 
ramus are given in Table 3. 

Mandible ramus area = ramus height × ramus width – 
area of mandible notch = ramus height × (ramus width (max) 
+ ramus width (min)) × 0.5 – coronoid-condyle × notch 
depth × 0.5.  

Table 3  Comparison of some areas and volume of mandible of different periods in the Holocene Chinese populations (adult male)a) 

 Neolithic Bronze Present 
Change percentage (%) 

Neolithic-Bronze Bronze-Present Neolithic-Present 

Mandible ramus area 2283.9 2147.8 2151.8 6.0 0.2 5.8 

Body cross-section area (p3) 458.3 403.2 381.9 12 5.3 16.7 

Body cross-section area (m1) 497.6 453.0 424.6 9 6.3 14.7 

Body cross-section area (mental foramen) 456.8 403.9 381.3 11.6 5.6 16.5 

Body volume 94190.4 83478.8 75446.3 11.4 9.6 19.9 

a) Area in mm2, volume in mm3. 
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The percent change of ramus area in different time peri-
ods was –6.0%, 0.2%, –5.8% respectively in the Holocene.  

2.5  Variations of mandible corpus in different periods 
in the Holocene 

Results are presented in Table 3, and the formula is 
Mandible body cross section area = body height × body 

thickness. 
Mandible body volume = arc of mandibular bone × body 

height (average) × body thickness (average). 
Body height (average) = [body height (p3) + body height 

(m1) + body height (mental foramen)]/3. 
Body thickness (average) = [body thickness (p3) + body 

thickness (m1) + body thickness (mental foramen)]/3. 
The variations of cross-sectional area and volume of 

mandible body were chosen to show the variation of mandi-
ble corpus during different periods. Comparing to the per-
cent change of ramus area, mandible body cross-sectional 
area and mandible body volume changed more. 

3  Discussion and conclusions 

3.1  The variations traits of mandible morphology in 
Holocene Chinese populations 

From the Neolithic to Bronze-Iron Ages to present day, 
most dimensions of mandibles decreased (Figure 3). These 
changes indicate that human mandibles were still evolving, 
which agrees with many other studies [9–11,14,15,17]. Ex-
cept for ramus height, the decrease of mandible dimensions 
with statistical significance occurred during the Bronze-Iron 
Ages to present day, such as bicondylar breadth, bicoronoid 
breadth, mandible body breadth, mandible length, bigonial 
breadth, and arc of mandibular bone. Changes in ramus area 
primarily took place during the Neolithic to Bronze-Iron 
Ages. Changes in the corpus, such as body thickness, body 
height, symphysis height, cross section area and body vol-
ume also primarily took place during the Neolithic to 
Bronze-Iron Ages. The thickness of the mandibular body 
decreased markedly during the Bronze-Iron Ages to present 
day, but not as much as in the period from the Neolithic to 
Bronze-Iron Ages. The above changes may indicate that the  

 

 

Figure 3  Sketch showing the evolutionary trends of mandible dimensions 
in Holocene Chinese populations (revised on [14]). 

changes in mandibular corpus (height and thickness) came 
before the changes in other dimensions of the mandible. In 
other words, mandibles became thinner first, and then 
smaller. 

Mandible angle increased during the Neolithic to Bronze- 
Iron Ages, but decreased during the Bronze-Iron Ages to 
present day. This is the only one trait we measured that 
shows two opposite trends in variation in different time pe-
riod in the Holocene. The change of mandible angle was 
closely related to mastication [41]. A smaller angle (near to 
90°) can help generate greater biting forces than a larger 
angle [42]. Mandible angle had two different change trends, 
an increase during the Neolithic to Bronze-Iron Ages, and a 
decrease during the Bronze-Iron Ages to present day in the 
Holocene. These trends may reflect the influence of change 
in food and overall size of the mandible, respectively. Hu-
mans experienced great changes in lifestyle during the Neo-
lithic to Bronze-Iron Ages. The food softening and decrease 
in masticatory power required may have been the cause of 
changes in mandible angle, which became greater than a 
right angle. From Bronze-Iron Ages to present day, human 
life improved, as did the food and cooking techniques. The 
mandible size decreased very significantly, which may have 
made the masticatory power decrease dramatically. The 
mandible angle needed to become smaller (becoming closer 
to a right angle) to compensate for the great loss of masti-
catory power.  

The change in mandible angle also may be closely relat-
ed to mandible body length, mandible length and ramus 
height. The relationship of mandible body length (a), man-
dible length (b), ramus height (d), and mandible angle 
(180°∠A) is shown in Figure 4. cos∠A ≈ (ba)/d, ba = 
c. Inserting the average data from Table 2 into the formula 
above, cos∠A (Neolithic) = 0.479, cos∠A (Bronze-Iron) = 
0.532, cos∠A (Present) = 0.487. Thus, mandible angle  

 

 

Figure 4  Mandible angle and some related measurements. a, Mandible 
body length; b, mandible length; c = ba; d, ramus height; ∠A = 180°
∠A; cos∠A  c/d = (ba)/d. 
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(180°∠A): Bronze-Iron > Present > Neolithic, which 
matches with the mandible angle data relationship very well 
(Table 2), indicating that the change of mandible angle was 
closely related to mandible body length, mandible length 
and ramus height. 

Ramus height increased from Bronze-Iron Ages to pre-
sent day. During the same time period, the overall breadth 
measurements of mandible showed marked narrowing, up-
per facial height [18] and symphysis height increased (alt-
hough not statistically significant), and bizygomatic breadth 
decreased [18]. The change in ramus height may indicate 
that the face became narrow and tall. A previous study 
measured masticator power differences between people with 
shorter vs. taller faces, and found that shorter-faced human 
group had bigger masticatory power than taller-faced group 
[42]. The change in face height also may have been caused 
by a decrease in masticatory power, which is related to diet 
softening. 

The change of mandible ramus area mainly occurred 
during the Neolithic to Bronze-Iron Ages. Mandible ramus 
assissted in chewing [13], therefore its size change may 
indicate that a decrease in masticatory power mainly took 
place during the Neolithic to Bronze-Iron Ages. 

Research on teeth malocclusion also supports the view 
that mandibles decreased in the Holocene. The percent oc-
currence of teeth malocclusion of the Baoji-Huaxian Group 
in the Neolithic was 26.3% [43]. In the Bronze-Iron Ages, 
the percent of the Anyang group and Lamadong group were 
28% [44] and 42.53% [45], respectively. The percent in 
modern people is greater. Chen and colleagues [46] reported 
a frequency of 69.46%, according to an investigation of 
1500 university students. Chen and colleagues [47] found 
that the percent occurrence in modern people is up to 
80.15%, which is extremely high. The symptom of maloc-
clusion includes dentition crowding, and discordance of 
teeth with alveolar bone. Considering the relatively small 
change in tooth dimensions in the past thousands years 
[9–11,48], the higher percentage of malocclusion may be 

caused by a decrease in mandibles. 

3.2  Comparisons between variation of mandibles and 
craniums 

Comparisons of morphological variations of mandibles and 
craniums [18] in the Holocene reveals that bizygomatic 
breadth, bicondylar breadth, bicoronoid breadth experienced 
similar changes in the Holocene. These three dimensions 
showed no significant change during the Neolithic to 
Bronze-Iron Ages, and the percent variation was 3.2%, 
3.3%, 3.2%, respectively, during the Neolithic to present 
day (Tables 2 and 4). Such similarity may partly be due to 
their close anatomical positions. Cranial breadth, bizygo-
matic breadth, bigonial breadth decreased by 2%, 3.2%, and 
5%, respectively, from the Neolithic to present day (Tables 
2 and 4), which may indicate that the narrowing of lower 
facial parts was more obvious than that of the upper parts.  

Cranium changed more obviously during the Bronze-Iron 
Ages to present day than during the Neolithic to Bronze- 
Iron Ages (Table 4). The main change in mandibles also 
took place during the Bronze-Iron Ages to present day. 
Such consistency may not be a coincidence, but may be due 
to internal influences. Mandibles are located in the lower 
part of the facial area, and are connected to the cranium 
through temporomandibular joints. Together with the cra-
nium, mandibles form the facial profile and play a role in 
mastication. Considering anatomical and functional rela-
tionships between mandible and cranium, it is likely that 
these two units evolved together. The morphological change 
in cranium may have induced morphological changes in the 
mandible, and vise versa.  

However, there are certain limitations in such compari-
sons. The mandibles and craniums are not regionally and 
individually compatible. The crania used in these studies 
were not from the same individuals as the mandibles. We 
plan to conduct further studies based on mandibles and cra-
niums from the same individuals.   

Table 4  Comparison of the cranial percent change of different time periods in Holocene Chinese populations (computed according to [18]) 

 
Neolithic-Bronze-Iron Ages Bronze-Iron Ages-Present day Neolithic Age-Present day 

Change percentage (%) Change percentage (%) Change percentage (%) 

Cranial length 1.8 2.9 1.1 

Cranial breadth 1 3 2 

Cranial height 1.8 1.5 3.3 

Basis length 2.3 2.9 5.2 

Profile length 3 3.2 6.1 

Upper facial height 1.8 0.4 1.4 

Bizygomatic breadth 0 3.2 3.2 

Orbital breadth 3 3.6 6.5 

Orbital height 0.6 3.2 3.8 

Nasal breadth 1.8 6 7.7 

Nasal height 0.2 0.7 0.9 
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3.3  Possible reasons for the mandible morphological 
variations in Holocene populations 

Many studies have been conducted on the causes of mor-
phological variations of mandibles in the Holocene. Some 
researchers believe that the variations are closely related to 
food structure and mastication functions. The variation of 
mandible linear dimensions mainly is influenced by onto-
genetic and masticatory function [49,50]. The decrease in 
mandibles probably is caused by the food structure soften-
ing, which provided less stimulation for mandibles to grow 
[51,52]. Saitou [53] simulated the food of different periods 
and conducted chewing experiments, and found that in re-
cent periods, the masticatory cycles and time were lessening. 
Kaifu [15] summarized the possible effects of diminishing 
chewing stress on mandibles as follows: (1) overall nar-
rowing, (2) weakening in the regions of major masticatory 
muscle attachments, (3) thinning of body thickness, and (4) 
thinning of cortical bone thickness at symphysis. Other 
studies have shown that the reduction in mandible dimen-
sion is only a part of the entire cranium evolution, and may 
not have much relationship with food change [54,55]. Kaifu 
believed that the change in corpus thickness may reveal 
certain genetic transformations and mixture [15], and the 
increase in symphysis height in Kanto may be the result of a 
genetic mixture from immigrants [14]. Nicholson et al. [56] 
believed that the morphology of the mandible may be af-
fected by many factors, such as climate change, masticatory 
function, and human gene communication.  

Lavelle [13] suggested that if reduction in mandibular 
dimensions were mainly caused by food changes, then the 
mandibular ramus would be more reduced than the body. 
Comparing the percent change of ramus area with mandible 
body cross-sectional area, as well as mandible body volume, 
we can see that the mandible body changed more signifi-
cantly than the ramus, which may indicate that evolution 
may be the main reason for the morphological variation in 
mandibles. Moreover, it may be difficult to identify whether 
the food change or evolution trend is the main reason when 
physical traits experienced long term and stable variations. 
This is because food changes also may accelerate the pro-
cess of evolution.  

Agriculture played a major role in the lives of ancient 
inhabitants in Miaozigou (Miaozigou and Jiangjialiang peo-
ple share similar cranium and dental traits [57]), Jiangjiali-
ang, Xishan, Tuchengzi, Lamadong and Youyao. In addi-
tion, plant products were the main food for these people, 
81.9% of the total mandibles from the archaeological sites 
(Neolithic and Bronze-Iron Ages). According to geograph-
ical position, other ancient inhabitants from Guanmashan, 
Datong, Zhaimao, Wayaogou, Longxian, Donghuishan, 
Xiaohandi and Mapai, about 18.1% of the total, possibly ate 
mainly plant products. Generally speaking, people from 
North China also ate mainly plant products. The similar 
food structures provide a good background for analyzing the 

reason for mandible variations. The variation of mandibles 
may have been caused by changes in the way of cooking 
and the food structure within plant products.  

Climate changed greatly during the Holocene. There was 
a major eruptive environmental deterioration all over the 
world around 5000 years ago, which was the main cause for 
the decline in Chinese Neolithic culture [58]. The Yellow 
River basin suffered a sudden climate change, which caused 
a drought at around 2000 BC [59,60]. This environmental 
change may have caused dietary changes, and transformed 
prehistoric cultures [58]. All the factors above may have 
influenced human’s physical traits. Hence, the variation of 
mandibles during Neolithic to Bronze-Iron Ages from our 
study sites may be the consequence of the above changes. 
During the Bronze-Iron Ages, human lifestyles experienced 
further change with the food resources becoming abundant. 
With the wide spread of mental tools and technology de-
velopment in cooking food (food softer and easier to chew), 
there may have been a subsequent weakening of chewing 
power and development of a smaller sized mandibles. 
However, what may have caused the mandible change in 
this time period is not quite clear, and further work is need-
ed to elucidate this issue. 
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