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ABSTRACT Here we report the bone collagen carbon and nitrogen isotopic results of humans (n=33) and animals
(n=58) to reconstruct the dietary practices of an early Qin population dating to the Zhou Dynasty (Late
Western–Early Eastern period ca. 700–400 BC) at the Xishan site in Gansu Province, China. The humans
have a very large range of δ13C (�23.3‰ to �7.1‰) and δ15N (4.3‰ to 10.9‰) values which reflects extra-
ordinarily diverse diets and included individuals with predominately C3 as well as those with exclusive C4
diets. This wide span of isotopic results produced a subtle linear trend (R2 = 0.62) in the human data, which
paralleled the animals across the C3 and C4 environmental gradient. However, the majority of the individuals
had a predominately C4 diet based on millet with δ15N results only slightly elevated above the animals,
except for the pigs and cattle. This is evidence that many of the animals were likely used for their secondary
products, labour or as sacrificial offerings and that pork and beef were the main sources of animal protein for
the population. High status individuals had elevated δ15N values (10.2 ± 0.6‰) compared to medium (8.9
± 0.3‰) and lower status (8.8 ± 0.8‰) individuals, possibly related to increased animal protein in the diet.
Differences related to gender were also found with females having elevated δ13C (�11.2 ± 1.9‰) and δ15N
(9.4 ± 0.8‰) values compared to the males (δ13C=�14.1 ± 4.2‰; δ15N= 7.9 ± 1.9‰), but these results
necessitate caution given the large number of individuals that could not be sexed. The results of this study
support the view that the early Qin people were a more sedentary society focused on millet agriculture and
animal husbandry, and that they were influenced by the pre-existing populations of the central Gansu
region. Copyright © 2015 John Wiley & Sons, Ltd.
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Introduction

Named after the first emperor of China (Qin, 221–206
BC), the Qin Dynasty is considered one of the most
important and influential periods in all of Chinese history
(Sima, 1962; Li, 1984). However, before the Qin people
successfully unified China they were one of several feu-
dal states ‘zhuhou guo’( ) vying for control of
the region during the Zhou Dynasty (1046–221 BC)
(Li, 1975). Because the Qin people are viewed as the
direct ancestors which founded Imperial China, scholars
have devoted large amounts of research to learning more

about their early history, culture, and formation as a
society to better understand how these people success-
fully rose to power (Duan, 1982; Ma, 1982; Xu, 2003).
TheQin people are believed to have originated in East

China as the ‘Yi’ ( ) people around 1000 BC. At some
point during the early Zhou Dynasties (ca. 890 BC),
one group of Qin moved to the western part of China
(what is now eastern Gansu Province) and lived among
the nomadic ‘Rong’ ( ) groups (Zou, 1980; Duan,
1982; Liu, 2003). Recent archaeological excavations
have confirmed this, and identified Li County in eastern
Gansu Province as the earliest place where the Qin set-
tled in this region (Liang et al., 2008) (Figures 1a,b).
These excavations yielded many important cemeteries
(e.g. Dabaozi and Yuandingshang) and architectural
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remains which have been used to identify unique cus-
toms and aspects of the Qin culture, dating from the late
phase of the Shang Dynasty (1400–1046 BC) through
the Zhou Dynasty (1046–256 BC) (Liang et al., 2008).
Previous studies that examined the subsistence strat-

egy of early Qin populations have produced conflicting
results, and this topic remains an active area of debate
(Zhang, 2001; Wang, 2007). Many historians believed
that the early Qin population adopted a nomadic pas-
toral lifestyle and diet when they migrated to eastern
Gansu, because ancient texts, such as Shiji (Sima,
1962), describe many activities relating to animal
herding and hunting for the early Qin. In contrast,
some archaeologists hold the view that the early Qin
population adopted a more sedentary lifestyle based
on farming, as indicated by the archaeological evidence
from pottery vessels used for storing grains and tools
related to farming. A single limited study of isotopic
results and dental health patterns determined that peo-
ple in Xishan had a diet that was a mix of stockbreeding
and agriculture (Wei, 2008; Wei et al., 2009). Unfortu-
nately, no faunal isotope results were measured so it
was impossible to determine the types of animals or
plant protein that was consumed by the people of
Xishan. In addition, there have been only two

previously published isotopic studies of Qin sites (both
did not contain faunal results) and these were from
Shaanxi Province to the east and were from later time
periods (Ling et al., 2010a; 2010b). While historical
sources and archaeological evidence indicate that the
early Qin period consisted of different cultural groups
with a complex social structure and order, previous
research was not able to explore if there were possible
differences related to status. Here we present a detailed
application of stable isotope ratio analysis of human
(n=33) and faunal remains (n=58) from the Xishan
site. We selected available human skeletal remains from
different contexts as well as faunal samples to establish
the isotopic baseline with which to compare to the
humans. We aimed to reconstruct the picture of daily
life of the early Qin population in this region and to
examine if social status and gender were possibly
reflected in the different diets of the individuals.

Stable isotope ratio analysis and palaeodiet

Carbon (δ13C) and nitrogen (δ15N) stable isotope ratio
analysis of bone collagen is a well-established method
used to reconstruct the diet of modern past populations

Figure 1. a) Map of China showing the location of the Xishan site (▲) in Gansu Province (shaded). Note (★) represents Beijing. b) Expanded map
showing the location of the Xishan site in Li County. c) Picture of the grave goods recovered from burial M2003. d) Picture showing the sacrificial
horse pit K404.
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and has been widely applied to address questions of
subsistence practices, animal husbandry strategies,
health and nutrition, and social status (e.g. van der
Merwe and Vogel, 1978; Sealy et al., 1987; Richards
et al., 1998; Fuller et al., 2004; Müldner and Richards,
2007; Hu et al., 2009; Choy et al., 2010; Bourbou
et al., 2011; Commendador et al., 2013; Cui et al.
2015). Based on the principle that the various body tis-
sues are derived from dietary intake, isotope ratios
obtained from bone collagen reflect the average isoto-
pic composition of an individual’s dietary protein
intake over the entire lifetime including a significant
amount of collagen from the period of adolescences
(Stenhouse and Baxter, 1979; Hedges et al., 2007).
The δ13C results can distinguish between diets com-

posed primarily of C3 (plants adapted to temperate
ecosystems, including most vegetables, fruit and
wheat) and C4 (plants adapted to hot and arid ecosys-
tems, including maize, millet and some grasses) photo-
synthetic pathway plants, as well as the animals that
consumed these (DeNiro and Epstein, 1978; Krueger
and Sullivan, 1984; Schwarcz, 1991; Ambrose and
Norr, 1993; Kellner and Schoeninger, 2007). The
δ15N results can be used to examine the trophic level,
because body tissues show an approximately 3–5‰ en-
richment in δ15N relative to diet (DeNiro and Epstein,
1981; Minagawa and Wada, 1984; Schoeninger and
DeNiro, 1984; Bocherens and Drucker, 2003; Hedges
and Reynard, 2007). Isotopic ratios can also detect
the contribution of marine protein in the diet, because
both the carbon and nitrogen isotope values vary
between marine and terrestrial ecosystems in a predict-
able manner (Chisholm et al., 1982; Schoeninger et al.,
1983; Richards and Hedges, 1999). However, a
comprehensive discussion about how stable isotope
ratios can be used to reconstruct dietary patterns in
archaeological populations is beyond the scope of this
study, and the reader is directed to the following excel-
lent reviews for more information (Schwarcz and
Schoeninger, 1991; Schoeninger, 1995; Katzenberg,
2000; Lee-Thorp, 2008; Reitsema, 2013).

The Xishan site, Gansu Province, China

The Xishan site is one of the most important archaeo-
logical sites in eastern Gansu Province, and is located
on a hillside in the eastern portion of Li County. Exca-
vations have yielded a cemetery, ritual sacrifice pits and
ruins of a fortified wall, indicating it was a central set-
tlement for the early Qin population during the late
Western Zhou (1046–771 BC) to the Eastern Zhou
periods (770–221 BC). In particular, 49 graves with

various burial contexts were recovered, providing mate-
rials to better understanding the daily life in the early
Qin period and Qin society in general. Six of the
tombs were dated to the Late Western Zhou period,
and were clearly separated into two clusters according
to location and burial custom. Three tombs were ori-
ented W–E and located on the top of the hill with
the interred lying face up with arms crossed over the
body, accompanied with rich grave goods, and as well
as sacrificial victims and dogs. For example, individual
M2003 was buried in a decorated wooden coffin that
contained plentiful artifacts, including jade, bronze rit-
ual objects (three tripod and two Gui ‘ ’ style vessels;
Gui is a bowl-shaped ancient Chinese ritual bronze ves-
sel used to hold food offerings) likely related to the up-
per Shi ( ) orders indicating it was a very high status
grave (see Figure 1c). The other three tombs, oriented
N–S, were located to the south of the hillside with very
few grave goods. The remaining 43 tombs dated to the
Eastern Zhou period, and these burials were positioned
in the W–E direction. Most of the individuals from
those tombs were buried with a flexed posture, and
the accompanying grave goods included: pottery ves-
sels, bronze weapons, jade, with variations in number
and quality for each tomb.

Materials and methods

Fifty-eight faunal bone samples found either in a ritual
sacrifice pit, the fill of the cemetery during excavation
or inside of a tomb were collected and available for
analysis (Table 1). The identification of faunal species
was conducted by the Institute of Archaeology, CASS
(Yu et al., 2011), and represented eight species, includ-
ing sheep, horse, deer and dog, which makes it possible
to reconstruct the past food web, and provides the nec-
essary baseline for understanding the human isotope
values. In addition, 33 human skeletal remains were
available for analysis, and prior to isotope analysis,
age estimation and sex determination for each individ-
ual (where possible) were undertaken by one of the au-
thors (L. Chen). However, a number of the tombs were
looted in the past, and the bones of these individuals
were scattered, disarticulated and commingled, and
identification was not possible (Table 2), but as only
ribs or long bones were sampled it is believed that all
specimen represent separate individuals.
Bone collagen was extracted by the protocol

described in Richards and Hedges (1999) with the
addition of an ultrafiltration step as recommended by
Brown et al. (1988) and Jørkov et al. (2007). Each bone
sample was cleaned by air abrasion and then put into
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0.5M HCl solution at 4 °C for ~2weeks, with acid
changes every 2days. Demineralized samples were
gelatinized at 70 °C in a pH=3 solution for 48h. After

purification with a 5-μm EZEE© filter, the solution was
concentrated by Amicon© ultrafilters (<30kDa), and
then was frozen and freeze dried for 2days.

Table 1. Isotopic results and sample information for all fauna from the Xishan site, Gansu Province, China

ID # Species Period
Burial

Location
%

Yield
δ13C
(‰)

δ15N
(‰) %C %N C/N

M1007 Horse Zhou Dynasty (Late Western–Early Eastern) Tomb 0.1 �19.5 7.3 45 15.7 3.3
K102 Horse Zhou Dynasty (Late Western–Early Eastern) Sacrifice Pit 0.6 �18.4 6.5 44 15.5 3.3
K102 Horse Zhou Dynasty (Late Western–Early Eastern) Sacrifice Pit 1.5 �18.3 6.9 44.4 15.8 3.3
H1053 Deer Late Neolithic Fill 2.1 �21.7 5.1 44.4 15.9 3.3
T0205(5) Deer Late Neolithic Fill 3.2 �21.9 7.9 45.8 16.1 3.3
H1063(2) Deer Zhou Dynasty (Late Western–Early Eastern) Fill 2.7 �21.1 4.2 45.2 16.1 3.3
T0105(2) Deer Zhou Dynasty (Late Western–Early Eastern) Fill 3.6 �21.2 3.6 44.7 15.7 3.3
T0102(3) Deer Zhou Dynasty (Late Western–Early Eastern) Fill 0.7 �20 3.8 44.6 15.8 3.3
M2004 Deer Zhou Dynasty (Late Western–Early Eastern) Tomb 1.2 �16.4 6.6 44.6 15.8 3.3
H1063(2) Deer Zhou Dynasty (Late Western–Early Eastern) Fill 3.9 �20.5 4.7 44.4 15.9 3.3
H1137 Deer Zhou Dynasty (Late Western–Early Eastern) Fill 1.8 �21.8 5.7 44.8 16.1 3.3
YPW Sika Deer Zhou Dynasty (Late Western–Early Eastern) Fill 3.7 �20.1 4.0 45.3 16.2 3.3
M2004 Cattle Zhou Dynasty (Late Western–Early Eastern) Tomb 6.2 �12 5.1 45.1 16.3 3.2
M2003 Cattle Zhou Dynasty (Late Western–Early Eastern) Tomb 5.5 �17 6.6 45.3 16.4 3.2
T0204(2) Cattle Zhou Dynasty (Late Western–Early Eastern) Fill 2.8 �23.1 3.6 44.8 16 3.3
T0203(2) Cattle Zhou Dynasty (Late Western–Early Eastern) Fill 0.6 �22.9 3.7 44.2 15.7 3.3
T0102(2) Cattle Zhou Dynasty (Late Western–Early Eastern) Fill 0.5 �14.4 6.0 44.3 15.6 3.3
T0202(9) Cattle Zhou Dynasty (Late Western–Early Eastern) Fill 2.5 �17.7 6.5 44.6 15.9 3.3
H1004 Cattle Zhou Dynasty (Late Western–Early Eastern) Fill 3.5 �13.7 6.2 44.8 16.2 3.2
M1007 Sheep Zhou Dynasty (Late Western–Early Eastern) Tomb 4.6 �17.6 7.0 44.7 16.1 3.3
H1170 Sheep Zhou Dynasty (Late Western–Early Eastern) Fill 0.6 �18.9 5.3 44.1 15.7 3.3
T0205 Sheep Zhou Dynasty (Late Western–Early Eastern) Fill 2.2 �19.4 9.4 44.3 16.2 3.2
H1004(2) Sheep Zhou Dynasty (Late Western–Early Eastern) Fill 4.7 �18.1 6.2 44.7 15.7 3.3
H1063(5) Sheep Zhou Dynasty (Late Western–Early Eastern) Fill 3.7 �18 5.4 46.9 16.1 3.4
H1167 Goat Late Neolithic Fill 0.6 �18.6 5.3 40.9 14.2 3.4
H4028 Goat Zhou Dynasty (Late Western–Early Eastern) Fill 2.9 �18.1 6.1 44.6 15.9 3.3
M1007 Goat Zhou Dynasty (Late Western–Early Eastern) Tomb 4.1 �19.5 7.3 45 15.7 3.3
H1091 Goat Zhou Dynasty (Late Western–Early Eastern) Fill 4.0 �18.5 5.9 45.5 16 3.3
H1170 Goat Zhou Dynasty (Late Western–Early Eastern) Fill 1.0 �19.5 8.1 44.4 15.8 3.3
H1107 Dog Late Neolithic Fill 0.7 �12.5 8.0 44.7 15.5 3.4
H1102 Dog Late Neolithic Fill 0.8 �14.4 8.5 44.4 14.9 3.5
M2003 Dog Zhou Dynasty (Late Western–Early Eastern) Tomb 4.1 �14 6.8 44.8 16 3.3
H1004(2) Dog Zhou Dynasty (Late Western–Early Eastern) Fill 3.5 �10.4 10.2 45 15.9 3.3
H4002(3) Dog Zhou Dynasty (Late Western–Early Eastern) Fill 3.2 �13.1 8.9 44.9 16.1 3.3
H1063 STC Dog Zhou Dynasty (Late Western–Early Eastern) Fill 1.3 �9.4 8.1 44.6 15.7 3.3
H1063(2) Dog Zhou Dynasty (Late Western–Early Eastern) Fill 3.9 �9.9 8.8 45.1 16 3.3
H1063(2) ZT Dog Zhou Dynasty (Late Western–Early Eastern) Fill 4.9 �8.1 8.9 45.8 16.3 3.3
M1002 Dog Zhou Dynasty (Late Western–Early Eastern) Tomb 2.7 �11.4 10.9 43.7 15.8 3.2
H1002 Pig Late Neolithic Fill 1.5 �14.5 7.8 45 15.7 3.4
H1063 BSTC Pig Zhou Dynasty (Late Western–Early Eastern) Fill 2.1 �11 8.1 44.7 15.6 3.3
H1063(2) Pig Zhou Dynasty (Late Western–Early Eastern) Fill 3.6 �8.7 7.5 44.9 15.8 3.3
T0205(2) Pig Zhou Dynasty (Late Western–Early Eastern) Fill 1.3 �11.8 7.9 44.7 15.5 3.4
H1041 Pig Zhou Dynasty (Late Western–Early Eastern) Fill 0.9 �17.7 4.9 44.3 15.5 3.3
T0204(2) Pig Zhou Dynasty (Late Western–Early Eastern) Fill 3.1 �9.9 7.8 44.6 15.6 3.3
H1063(2) Pig Zhou Dynasty (Late Western–Early Eastern) Fill 3.1 �9.5 6.5 45 15.8 3.3
H1049 Pig Zhou Dynasty (Late Western–Early Eastern) Fill 3.7 �18.8 5.2 45.1 16 3.3
H4029 Pig Zhou Dynasty (Late Western–Early Eastern) Fill 4.2 �17.5 5.2 45.2 15.9 3.3
H4002(3) Bear Zhou Dynasty (Late Western–Early Eastern) Fill 3.3 �19.7 2.0 44.9 15.9 3.3
H1003(7) Unidentified Zhou Dynasty (Late Western–Early Eastern) Fill 3.3 �7.3 10.1 45.1 16.1 3.3
H4002(4) Unidentified Zhou Dynasty (Late Western–Early Eastern) Fill 5.1 �18.7 6.7 45.1 16 3.3
T0905(9) Unidentified Zhou Dynasty (Late Western–Early Eastern) Fill 1.5 �12.8 8.5 43.3 15.6 3.2
T0204(3) Unidentified Zhou Dynasty (Late Western–Early Eastern) Fill 0.6 �18.9 7.0 43.4 15.4 3.3

Samples below failed to produced collagen
T0302 Horse Zhou Dynasty (Late Western–Early Eastern) Fill — — — — —
M1 Horse Zhou Dynasty (Late Western–Early Eastern) Tomb — — — — —
M3001P Deer Zhou Dynasty (Late Western–Early Eastern) Tomb — — — — —
H3011 Cattle Zhou Dynasty (Late Western–Early Eastern) Fill — — — — —
H0308(3) Cattle Zhou Dynasty (Late Western–Early Eastern) Fill — — — — —
T0102(4) Pig Late Neolithic Fill — — — — —

Y. Ma et al.
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Approximately 0.5mg of extracted collagen was
weighted for carbon and nitrogen analysis, using a
Flash EA 2112 coupled to a Delta XP mass spectrome-
ter (Thermo-Finnigan, Bremen, Germany). The results
are reported in ‘per mil’ (‰) relative to the standards
VPDB for δ13C and AIR for δ15N. The analytical preci-
sion is ±0.2‰ for both δ13C and δ15N.

Results and discussion

The mean δ13C and δ15N results were calculated using
duplicate measurements of each sample, and the C:N,
%C, %N values were also measured (Tables 1,2). All
of the humans (33 out of 33) and 52 out of 58 of the
faunal samples produced collagen that met the pub-
lished quality criteria for well-preserved collagen
(DeNiro, 1985; van Klinken, 1999).

Faunal isotope data

The fauna samples exhibit a wide range of δ13C
(~16‰) and δ15N (~9‰) results that spanned a com-
plete C3 to C4 dietary range (Figure 2). The majority
of the animals date from the Zhou Dynasty (Late
Western–Early Eastern period ca. 700–400 BC), but
six animals are believed to date earlier, from the late
Neolithic, based on the levels at which they were dis-
covered. However, no noticeable isotopic differences
are observed between these six specimens and the
other samples (Table 1) so all will be treated as
reflecting the likely isotopic baseline of the humans
during the Zhou Dynasty.
The herbivores (horse, deer, sheep, goat, cattle,

bear; n=30) omnivores (dog, pig; n=18) and unidenti-
fied faunal (n=4) δ13C values range from �23.1‰ to
�7.3‰ and the δ15N values range from 2.0‰ to
10.9‰. The horses (n=3) have a mean± sd δ13C value
of 18.7±0.7‰ and mean± sd δ15N value of 6.9
±0.4‰. The sheep (n=5) have a mean± sd δ13C value
of �18.4±0.7‰ and mean± sd δ15N of 6.7±1.7‰,
while the goats (n=5) have mean± sd δ13C value of
�18.8±0.6‰ and a mean± sd δ15N value of 6.5
±1.1‰. These results indicate these three species fed
on similar diets that were predominately based on C3
plants (Figure 2). One of the sheep has an elevated
δ15N signature which might reflect nursing as it was
identified as a juvenile between 6 and 28months old
(Balasse and Tresset, 2002).
The deer (n=9) have mean± sd δ13C (�20.5

±1.7‰) and δ15N (5.1±1.4‰) values reflecting a
nearly exclusive C3 diet. However, a single individual
(M2004) plots away from the group and shows aTa
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significant 13C-enrichment, indicating it was having
substantial amounts of C4 foods (likely millet) in its
diet (Table 1; Figure 2). This could reflect that this
deer was kept as a pet or sacrificial animal and fed by
humans at the site. The cattle (n=7) have mean± sd
δ13C (�17.3±4.4‰) and δ15N (5.4±1.3‰) values
and display a wide range of δ13C (�23.1‰ to
�12.0‰) and δ15N (3.7‰ to 6.6‰) values, indicating
that they consumed a much more diverse range of
foods at Xishan. Two of the cattle have isotopic results
close to the horse and sheep/goat assemblage indicat-
ing similar animal husbandry strategies were used with
this cluster of animals (Figure 2). In addition, two cat-
tle have the most 13C-depleted results of all the spe-
cies studied, and these individuals had exclusive C3
diets that could reflect that they were wild and grazing
in a closed forested habitat because of the canopy ef-
fect (France, 1996; Vera, 2000; Drucker et al., 2008).
The final three individuals have 13C-enriched values
that plot below the dogs and reflect that these cattle
were likely cared for in or near the settlement and
foddered with significant amounts of millet. The isoto-
pic results of the single bear reflect that it was having a
herbivorous C3 diet and a similar pattern has been
observed in Europe (Bocherens et al., 1994; Bocherens
et al., 1997).
The mean± sd δ13C (�13.3±3.9‰) and δ15N (6.8±

1.3‰) values of all the pigs (n=9) cluster in two
groups (Figure 2). However, three pigs have mean
± sd δ13C (�18.0±0.6‰) and δ15N (5.1±0.1‰)
values that are near some of the cattle, horses and
sheep/goats, suggesting that these animals were all

cared for and fed in a similar manner. It is also possible
that these C3 pigs might be wild boar as suggested by
past research (Pechenkina et al., 2005; Barton et al.,
2009). The rest of the pigs have δ13C values that range
between �14.5‰ and �8.7‰ (mean± sd; �10.9
±2.1‰) and δ15N values that range between 6.5‰
and 8.1‰ (mean± sd; 7.6±0.6‰). These pigs were
eating a predominately C4 diet (millet), and the ele-
vated δ15N values suggest that they were fed scraps
or refuse by the humans and thus domesticated. The
dogs (n=9) have some of the most 13C-enriched
(mean± sd; �11.4±2.2‰) and 15N-enriched (mean±
sd; 6.8±1.3‰) values of all the animals, suggesting a
significant and regular consumption of C4 protein in
their diet, which is a common pattern observed in iso-
topic studies of domesticated dogs in north China
(Chen et al., 2012; Hou et al., 2013; Si, 2013).

Human isotope data

The isotopic results and information for the humans
measured in this study are presented in Table 2 and
plotted in Figures 3a and 3b. In addition, eight human
δ13C and δ15N results from the work of Wei (2008) are
also listed in Table 2 and shown in Figures 3a and 3b so
that there are a total of 41 humans that can be isotopi-
cally examined and discussed from the Xishan site. Like
the animals, the humans show a wide range of δ13C
(�23.3‰ to �7.1‰) and δ15N (4.3‰ to 10.9‰) re-
sults. This reflects that the diet of the early Qin at
Xishan was extraordinarily diverse and included

Figure 2. δ13C and δ15N faunal results from the Xishan site Gansu Province, China. It is estimated that values > �12‰ reflect a predominately C4
diet, values between�12‰ and �18‰ indicate a mixed C3/C4 diet, and values <�18 reflect a predominately C3 diet in China according to the work
of Pechenkina et al. (2005) and Barton et al. (2009).

Qin Diet at Xishan
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individuals with a nearly complete C3 diet as well as
those with an exclusive C4 diet. In addition, a subtle
but clear linear trend (R2=0.62) is observed for the
humans which parallels the faunal results. However,
in many cases the humans plot with or only slight
above the animals (an exception being the C4 pigs
and cattle) indicating the animals were not regularly
consumed, but likely used for their labour or secondary
products (Figures 3a,b), and this is observed at other
sites in China (e.g. Li et al., 2014).

The subsistence patterns of the early Qin population

The data presented here indicate that the early Qin
population at Xishan had a diverse diet that spanned
a range of complete C3 to C4 resources. However,
the majority of the population (35 out of 41 individ-
uals) were eating a predominately C4 (> �12‰) or
mixed C3/C4 diet (> �18.0‰) (Pechenkina et al.,
2005; Barton et al., 2009). This is clear evidence that
millet farming was highly important to the Qin

Figure 3. a) Human and faunal δ13C and δ15N results from the Xishan site Gansu Province, China. Highlighted are the three individuals found in tomb
M1027, consisting of the tomb owner (M1027) and two sacrificed individuals (M1027 1* and M1027 2*). It is estimated that values > �12‰ reflect a
predominately C4 diet, values between �12‰ and �18‰ indicate a mixed C3/C4 diet, and values < �18 reflect a predominately C3 diet in China
according to the work of Pechenkina et al. (2005) and Barton et al. (2009). b) Human and faunal mean ± sd δ13C and δ15N results from the Xishan
site Gansu Province, China. It is estimated that values > �12‰ reflect a predominately C4 diet, values between �12‰ and �18‰ indicate a mixed
C3/C4 diet, and values < �18 reflect a predominately C3 diet in China according to the work of Pechenkina et al. (2005) and Barton et al. (2009).
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people. Flotation studies confirm the presence of car-
bonized millet grains, and broomcorn millet (Panicum
milaceum) is considered to have been the main C4 plant
in this region (Wang, 2006; Chen, 2007; Li et al.,
2007; Zhou et al., 2011). Thus, millet was an integral
part of the diet, culture and history either through
direct consumption and/or by the consumption of
animals fed on millet. Given that millet grows quickly
and requires little human assistance to produce a yield,
it is an ideal crop for a possible nomadic/pastoral pop-
ulation such as the Qin (Chen, 2007). However, the
isotopic results, indicating that large quantities of mil-
let were consumed by the inhabitants coupled with the
low trophic level of the humans compared to the ani-
mals (see below), are compelling evidence that the
Qin were a settled agriculture population at the Xishan
site.
However, the human δ15N results are nearly identical

or only slightly elevated above the fauna (Figures 3a,b),
and this provides strong support that most of these
domestic animals were not readily consumed but also
used for their secondary products, labour or sacrificial
importance. Exceptions to this include the pigs and
cattle, as many of the individual humans are clearly
elevated in δ15N by comparison (Figure 3a), and this
agrees with the historical accounts. In particular,
written records mentioned six kinds of animals such
as pig, dog, cattle, sheep/goat, horse and chicken as
being very important domestic breeds in the pre-Qin
period (Yang, 2008; Flad et al., 2009; Yuan, 2012).

They were widely used for protein food sources (e.g.
pig), sacrificial or ritual killing (e.g. dog, pig and
horse), vehicle and farming labour (e.g. horse and
cattle), and also for military purposes (horse). An
abundance of pits which contained slaughtered ani-
mals were found at the Xishan site, including seven
horse pits, one cattle pit and three pits with dog and
other assorted fauna pits, indicating the wide range
of domesticated animals that were available in the
early Qin period. Only two other isotopic studies have
been published on Qin sites (Sunjianantou and Jianhe),
and both of these were from the neighbouring
Province of Shaanxi and date to later periods (Ling
et al., 2010a; 2010b). When the results presented here
from Xishan are compared to the Sunjianantou and
Jianhe sites, we see similar patterns (Figure 4) with
individuals at all three sites having a heavy reliance
on millet and similar δ15N values. However, there is
clearly more dietary diversity at Xishan. It is difficult
to make more detailed comparisons as no faunal
remains were analyzed at the Sunjianantou and Jianhe
sites, but it is possible that the sources of animal
protein were similar at the three sites, and more
isotopic work on both humans and animals is
necessary from additional Qin sites. To summarize,
we infer from the results of this study that the early
Qin population brought a millet agriculture system
with them when they immigrated to Xishan, and
simultaneously adopted and exploited a stockbreeding
and animal husbandry regime that was influenced by

Figure 4. Comparison of the human δ13C and δ15N results from the Qin sites of Xishan, Sunjianantou (Ling et al., 2010a) and Jianhe (Ling et al.
2010b). All three sites show that individuals were consuming large amounts of millet but that Xishan had the largest dietary diversity. It is estimated
that values > �12‰ reflect a predominately C4 diet, values between �12‰ and �18‰ indicate a mixed C3/C4 diet, and values < �18 reflect a pre-
dominately C3 diet in China according to the work of Pechenkina et al. (2005) and Barton et al. (2009).

Qin Diet at Xishan

Copyright © 2015 John Wiley & Sons, Ltd. Int. J. Osteoarchaeol. (2015)



the pre-existing populations of the central Gansu
region. This discovery supports the archaeologist’s
view that the early Qin people were a more sedentary
and agriculture-based society at the Xishan site.

Dietary variation relating to social status

Both textual and archaeological evidence imply that
the early Qin society was characterized by consider-
able social complexity with a range of status differences
(Ge, 1992; Dai, 2006). If we assume that the upper
class individuals had more access to wealth, power
and the means of production, they may have set them-
selves apart from the majority by consuming foods that
were perhaps more nutritious, exotic or rarer to obtain.
The most direct evidence to determine wealth and sta-
tus differences among individuals is from the mortuary
analysis (Table 2). Unfortunately, only 16 individuals
could be assigned a clear status level (low, medium
and high) as the others had tombs that were partially
or completely looted in the past. However, examina-
tion of these isotopic results shows that while all classes
had similar δ13C values, the δ15N results of the high
status (10.2±0.6‰) individuals were significantly
elevated over the medium (8.9±0.3‰) and lower sta-
tus (8.8±0.8‰) individuals (one-way ANOVA test;
p=0.039; Figure 5). This could indicate that high
status individuals were having more pork (or other high
nitrogen isotope protein sources) in their diet
compared to the common people, but this is only a
preliminary conclusion as the number of samples in this
population with known status is small.

Tomb owners vs. sacrificial victims

Four cases of human sacrifice were found at Xishan
(Chen, 1989; Liang et al. 2008), and this confirms the
presence of pronounced social differences within the
population. It is unknown how these individuals were
killed as no obvious signs of trauma were observed,
but historical sources indicate that the Qin would
sometimes poison, hang or bury individuals alive that
were to be sacrificed, and that most were unwilling par-
ticipants, but that some viewed it as an honour to be
buried with their master (Wen and De, 1998; Gan,
2008). For burial M2003, only the two sacrificed vic-
tims (M2003 1* and M2003 2*) could be analyzed as
the skeleton of the tomb owner was missing. The
δ13C and δ15N values of M2003 1* and M2003 2*
are nearly identical and indicate that both had similar
diets even though the status of M2003 2* is inferred
to be high based on the number and value of the asso-
ciated grave goods (Table 2). In contrast, the two sac-
rificial victims (M1027 1* and M1027 2*) of burial
M1027 have different δ13C and δ15N values even though
both are considered low class (Figure 3a, Table 2). The
tomb owner (M1027; δ13C=�9.1‰, δ15N=10.0‰)
has similar isotopic result to one of the sacrificed in-
dividuals (M1027 1*; δ13C=�8.9‰, δ15N=9.6‰)
with both of these individuals consuming a predomi-
nately C4 diet which included pork (Table 2). How-
ever, M1027 2* has significantly lower δ13C
(�13.7‰) and δ15N (7.3‰) values indicating a sig-
nificantly different diet that was based more on a
mixture of C3/C4 foods, possibly including beef
(Figure 3a, Table 2).

Figure 5. The mean ± sd δ13C and δ15N results for individuals that could be assigned status based on associated grave goods recovered from tombs at
the Xishan site Gansu Province, China. High status individuals had δ15N values that were significantly different (10.2 ± 0.6‰) than medium
(8.9 ± 0.3‰) and low status (8.8 ± 0.8‰) individuals (one way ANOVA test; p = 0.039).
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There is the intriguing possibility that the isotope
data can further illuminate the identity of these sacrifi-
cial victims. Written records indicate that the life and
diet of the sacrificed was determined by their owner
(Chen, 1989; Wen and De, 1998; Gan, 2008). Those
individuals that had a similar dietary preference with
their tomb master may not have necessarily had an infe-
rior life history, and on the contrary could reflect indi-
viduals who had a close relationship with their master,
such as concubines, retainers and liegeman (Ling et al.,
2010a). In contrast, different dietary patterns compared
to a tomb owner may suggest a more distant or subordi-
nate relationship with their master, possibly a slave.
This could have been the case for tomb M1027 where
the tomb owner (an older female) might have had a
close everyday relationship with the first sacrificed indi-
vidual (M1027 1*—younger female; possible servant
girl), but the second sacrificed individual (M1027 2*
—unsexed young individual) was treated more as a slave
for menial or undesirable work (Figure 3a, Table 2).
Unfortunately, there is a scarcity of complete data for
the other tombs, and the current sample size is too small
to draw any larger conclusions from these comparisons.
Further studies of the early Qin from other more undis-
turbed sites will help us to understand the dietary differ-
ences related to social status between the main tomb
occupants and the sacrificial victims buried with them.

Isotopic differences associated with sex

Historical writings indicate that the Qin were a male
dominated society (e.g. Duan, 2005; Zhao, 2008).

However, there is evidence that the Qin were some-
what more progressive and that females enjoyed some
additional freedoms and rights compared to other con-
temporary states such as the Chu (Gu, 2003). For
example, records indicate that it was common in some
cases for a man to marry a woman and live with the
family of his wife when she had more wealth, and in
these instances, the woman was the most powerful
individual of the household (Zu, 2012). In addition,
historical sources mention that the Qin state had a
group of female soldiers that made up part of the army
(Dong, 1956; Liu, 1998). However, there is no infor-
mation concerning possible dietary differences that
existed between the sexes during the Qin period. Here
we examine the isotopic results of the identified males
(n=9) and females (n=12) at Xishan to examine if dif-
ferent diets were consumed. The mean± sd δ13C values
of the males (�14.1±4.2‰) and females (�11.2±
1.9‰) were found to be significantly different (p=
0.047) using a one-way ANOVA test (Figure 6). This
indicates that the males consumed a mixed C3/C4 diet
and that the females had a more C4-based diet. In addi-
tion, the mean± sd δ15N values of the males (7.9±
1.9‰) and females (9.4±0.8‰) were also determined
to be significantly different (p=0.024) using a one-way
ANOVA test (Figure 6). It is particularly interesting
that the males have lower δ15N values compared to
the females as past isotopic research usually finds the
opposite results (e.g. Fuller et al., 2006; Richards et al.,
2006; Quintelier et al., 2014). These findings at Xishan
suggest that the females were consuming a diet of more
millet and pork while the males had a much more

Figure 6. The mean ± sd δ13C and δ15N results for males, females and sex not determined at the Xishan site Gansu Province, China. Significant dif-
ferences were found for the δ13C (p = 0.047) and δ15N values (p = 0.024) between the males and females using a one-way ANOVA test, but caution is
suggested for these results given the high number of individuals where the sex was not determined.
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diverse diet that was a mix of millet/rice/wheat and dif-
ferent animals both wild and domestic (Li et al., 2007).
The reasons for these differences are unclear and could
suggest that males had greater access to dietary items
through hunting or travel related to trade or warfare
while the females had a more homogenous diet related
to foodstuffs found in and around the settlement. How-
ever, the number of individuals that could be reliably
sexed is small at Xishan, and it is possible that if the
large number unidentified individuals (n=20) could
have had their sex determined that these isotopic dif-
ferences would disappear. Thus, we highlight the need
for caution with these interpretations and recognize
that additional isotopic studies from Qin populations
are needed in the future.

Conclusion

This study represents the largest and most detailed
assessment of stable isotope ratio results from an early
Qin population in China, the site of Xishan. The results
found that millet was an important food resource in the
diets of most of the humans and their livestock, but
that the population had a very diverse diet that
spanned nearly complete C3 to C4 diets for some indi-
viduals. A subtle linear trend (R2=0.62) is observed for
the humans, which parallels the trend for the fauna.
However, in many cases the humans plot with or only
slightly above the animals (an exception being the C4
pigs and cattle) indicating that they were not regularly
consumed, but likely used for their labour, secondary
products or sacrificial importance. Examination of the
human isotopic results by status found that high status
individuals had significantly elevated δ15N results com-
pared to the low or middle status individuals, possibly
reflecting increased pork consumption. However, the
small sample size means that caution is warranted for
these interpretations, and more work is needed from
other non-looted early Qin sites. Significant differ-
ences related to gender were also found with females
having elevated δ13C and δ15N values compared to
the males, but we strongly recommend caution in the
interpretation of these results as a large number of indi-
viduals could not be sexed. We suggest that while the
early Qin undertook a mixed subsistence strategy, they
were mainly focused on millet agriculture and
stockbreeding, and that the population was settled
rather than a nomadic or pastoral based society;
supporting the views of the archaeologists that exca-
vated Xishan. This study adds to the growing body of
isotope data from China and shows the importance of

both millet agriculture and animal husbandry in the
formation of early Chinese state society.
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