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Chinese history is composed of the contest, war, and admixture between the nomads in the north plateau and the farmers in central China. During the Eastern Zhou Period (770–221 BCE), nomadic groups, such as Rong (戎) and Di (狄), occupied the Eurasian Steppes and had frequent contact with the farmer group in Central China according historic records. This created a geographic boundary between the two groups named the agro-pastoral interweaving belt. To explore the impact of ethnic integration and human–animal interaction during the Eastern Zhou Dynasty, carbon and nitrogen stable isotope analysis of humans and animals at the Chongpingyuan site, Shaanxi, was undertaken. The δ13C (mean: -7.9 ± 0.5‰, n = 17) and δ15N values (mean: 8.8 ± 0.6‰, n = 17) for human and pigs (mean δ13C: −8.1 ± 0.5‰; mean δ15N:7.5 ± 0.5‰, n = 2) revealed that they consumed C4-based foods mainly while the δ13C and δ15N values of cattle (−17.6‰, 4.3‰, n = 1), horse (−17.1‰, 4.1‰, n = 1), and sheep (mean: −17.4 ± 1.5‰, 6.0 ± 0.8‰, n = 7) suggest that they relied on C3 plants supplemented with minor C4 plants. Based on the archaeological and historic contexts, we infer that humans at Chongpingyuan survived on an agro-pastoral economy with millet agriculture as the economic foundation. Given the isotopic spacing between humans and animals, we found that pigs contributed to the main sources of animal protein, whereas other animals might have been provisioned for other purposes, such as rituals or properties. In general, no significantly dietary differences between genders and funeral customs are found, but people with abundant burial objects seem to have consumed more animal protein, possibly related to social heterogeneity.
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INTRODUCTION
Influenced by the fluctuation of East Asia monsoon and human activities, there was an agro-pastoral ecotone in Northern China (Chen et al., 2010; Shi and Shi, 2018; Damette et al., 2020). Northern Shaanxi is located on the Loess Plateau, a typical area of agro-pastoral ecotone in history (Shi, 1999). Historic records suggest several ethnic groups, such as Rong (戎), Di (狄), and Huaxia (華夏), occupied here since the Western Zhou Dynasty (1046BCE to 771BCE) (Yang, 2009; Shan, 2015). In the East Zhou period, archaeological remains affiliated to Eurasian steppe and Central Plains styles could be found (Teng and Wang, 2011; Shan, 2015), indicating the coexistence of multiple cultures and populations living simultaneously in this region. So far, there is a lack of direct evidence of human subsistence strategies and human–animal interactions in this region to show the cultural and population interplay between different ethnic groups.
The Chongpingyuan site (N36°01, E110°07) is located in Yichuan County of Yan’an City, Shaanxi Province of China (Ding et al., 2018). The site is on the central part of Loess Plateau, with ravines crisscrossing the territory (Figures 1, 2). In 2014, the Shaanxi Provincial Institute of Archaeology and Yichuan County Museum conducted exploration and excavation of the Chongpingyuan site. Within the site, 21 tombs, one chariot-and-horse pit, three ash pits, and two ditches were unearthed (Ding et al., 2018). The characteristics of the funeral objects and chariot-and-horse pit (Figure 3) in the Chongpingyuan site were similar to the Central Plains (Li, 2018), but the tomb orientations and the customs of animal sacrifices in some tombs suggested that local ethnic culture might also have had an impact on the Chongpingyuan site (Chen, 2020; Sun, 2020).
[image: Figure 1]FIGURE 1 | Locations of the study area and archaeological sites mentioned.
[image: Figure 2]FIGURE 2 | Geography of the Chongpingyuan site.
[image: Figure 3]FIGURE 3 | Pottery (A) and chariot-and-horse pit (B) recovered from the tombs of the Chongpingyuan site (Ding et al., 2018).
By analyzing the carbon and nitrogen stable isotopes in the bone collagen of human and animals, we can understand the contribution of C4- or C3-based foods in human diets (Ambrose, 1991; Hedges, 2003; Lee-Thorp, 2008) and the categories of animal protein (Kohl et al., 1980). Isotope analysis has succeeded in revealing prehistoric human subsistence strategies under different natural environments and cultural backgrounds in this region (Zhang et al., 2006; Zhang et al., 2017; Tang et al., 2018; Liu et al., 2021). In this study, stable isotope analysis of humans and animals at the Chongpingyuan site in northern Shaanxi was undertaken to investigate the human lifestyles and interactions with humans and animals during the Eastern Zhou Dynasty.
MATERIALS AND METHODS
Sample Selection
In this study, 42 samples in total from 17 humans (including 15 ribs and 16 long bones), seven sheep, two pigs, one cow, and one horse were used (Table 1). In particular, the human samples were selected according to the differences of gender, burial posture, and sacrificed animals (Table 2). The identification of age, gender, and other physical characteristics was performed by Chen (Chen et al., 2018). Meanwhile, other archaeological contexts come from the excavation briefs (Ding et al., 2018).
TABLE 1 | The δ13C and δ15N values from the Chongpingyuan site.
[image: Table 1]TABLE 2 | The burial details of Chongpingyuan tombs (Chen et al., 2018; Ding et al., 2018).
[image: Table 2]Radiocarbon Dating of Collagen
Two human bone samples were AMS Radiocarbon dated by Beta Analytic, Inc., and were calibrated by the BetaCal4.20: HPD method (INTCAL20). The results show that the age of M8 is 2480 ± 30 cal a BP, and the age of M34 is 2410 ± 30 cal a BP (Table 3). It showed that these people lived in the spring and autumn period (770 to 403BCE), and the result is consistent with the judgment given through the archaeological remains (Chen et al., 2018; Ding et al., 2018).
TABLE 3 | Radiocarbon dating of collagen.
[image: Table 3]Collagen Preparation and Isotopic Measurements
The method for extracting collagen came from Richards and Hedges (Richards and Hedges, 1999) and was modified with ultrafiltration before lyophilization (Brown et al., 2016). After cleaning the contaminants on the surface of bones, 2–3 g of bone samples were weighed and immersed in 0.5 M HCl at 4°C. HCl was replaced every 48 h until there were no obvious bubbles on the surface of the bones, and then the samples were eluted to neutral with deionized water. The neutral samples were soaked in 0.125 M NaOH for 20 h at 4°C and then washed with deionized water until neutral. The bone samples were soaked in 0.001M HCl, heated in an oven at 70°C for 48 h, and then filtered while hot to obtain a collagen solution. Finally, the solution was freeze-dried to obtain collagen.
The stable isotope values of C and N contents of the collagen samples were measured by the laboratory of the Department of Archaeology and Anthropology, University of Chinese Academy of Sciences. The samples were measured on an IsoPrime-100 IRMS. The contents of carbon and nitrogen elements were determined with sulfanilamide as the standard substance. Stable isotope of carbon was calibrated to VPDB and AIR standards by using IAEA-600, IAEA-CH-6, IAEA-N-2, USG5 40 and USG5 41 as standard substance. Two-point calibration was used to calibrate the raw isotope values. After every 10 samples, a standard collagen sample made by the laboratory (δ13C −14.7 ± 0.2‰, δ15N 7.0 ± 0.2‰) was inserted to the sample list to calibrate the precision. The precision for C and N was determined to±0.2‰ of calibration standards, check standards.
All 42 collagen samples were successfully extracted (Table 1). The %C values (37.9%–47.7%, average 44.6% ± 2.1%) were higher than 13%, and the %N values (13.2%–17.6%, average 16.1% ± 1.0%) were higher than 4.8% (Deniro, 1985). The atomic C/N ratios of bone collagen were between 3.1 and 3.4 within the acceptable range of 2.9–3.6 (Ambrose, 1990). It reflected that samples of collagen were not degraded, and they were useable for stable isotope analysis.
RESULT AND DISCUSSION
Animal Feeding Practices
The stable isotope value of an organism (human and animals) depends on the isotopic composition of its food. The δ13C value of C3 plants is in the range of -30–23‰ (average −26.5‰), and δ13C value of C4 plants range of −16–9‰ (average −12.5‰) (Farquhar et al., 1989; van der Merwe and Medina, 1991). From food to collagen, the δ13C value is enriched 5‰, and this value was varied because of the different composition of micro-biomolecules (Lee-Thorp et al., 1989; Lee-Thorp, 2008) while the δ15N value enriched 3-5‰(Hedges and Reynard, 2007).
The δ13C and δ15N values of sheep, pigs, cattle, and horses are all shown on Table 1 and Figure 4. The ranges of stable isotope values vary greatly from one species to another, indicating that animals may be raised in different ways. The pigs have the most positive δ13C values (mean: −8.1 ± 0.5‰, n = 2) and the highest δ15N values (7.5 ± 0.5‰, n = 2), which indicates that pigs consumed C4 based foods, C4 plants and/or animals consuming C4 plants mainly (Hu, 2019; Hu et al., 2020; Hou et al., 2021a; Hou et al., 2021b). Considering the fact that there is a long history of millet agriculture in northern Shaanxi (Sheng et al., 2018) and both millets (Panicum miliaceum, Setaria italica) are attributed to C4 plants crops while the local vegetation was dominated by C3 plants (Zhou et al., 2009), we suggest that pigs might have been fed by millet by-products.
[image: Figure 4]FIGURE 4 | Scatterplot of isotopic data from humans and animals at Chongpingyuan.
Sheep had the largest numbers in all unearthed domestic animals (n = 7) and had varied isotopic data. Their mean value δ13C −17.4 ± 1.5‰ (range −19.6–14.7‰) suggests that sheep survived on mixed C3/C4-based diets and consumed C4 food to varying degrees. The lowest δ13C value of sheep (−19.6‰) reflected a C3-based diet, and it was close to wild animals in northern Shaanxi (Wang et al., 2018). Meanwhile, the highest δ13C value (−14.7‰) suggested a higher proportion of C4 plants in its food. The large range of δ13C value suggested that sheep probably had a wide range of foraging ecology. δ13C value of cattle (n = 1) was −17.6‰, and δ13C value of horse (n = 1) was −17.1‰, indicating that both cattle and horse fed on mixed C3/C4 plants with C3 plants dominated. The similarity of δ13C values among cattle, horse, and sheep suggests that they probably subsisted on similar fodders. Comparing the isotope results of sheep on Chongpingyuan site with sheep of different feeding patterns on modern Inner Mongolia, the isotope results of sheep on Chongpingyuan was between those of grassland pasturing sheep (δ13C −21.6 ± 3.5‰, n = 87) and barn feeding sheep (δ13C −14.6 ± 1.0‰, n = 17) (Wang, 2021) suggesting that sheep in Chongpingyuan were probably mixed grassland pasturing and barn feeding. C3 plants are the main fodder for cattle, sheep, and horse, reflecting their diets based on wild plants in the natural environment mainly (Zhou et al., 2009). However, roles of C4 foods could not be ignored. The diets of these domestic animals contained different proportions of C4 plants like millet by-products. It showed that animal husbandry in Chongpingyuan was closely related to the millet agriculture. In response to winter grass shortages, herders supplemented their grazing animals with C4 fodders, which would lead to higher δ13C values (Makarewicz, 2015). The mixed C3/C4 diet suggested people in the Eastern Zhou Dynasty probably had begun to use millet by products to help livestock survive in the winter.
The kill-off patterns of animals were closely related to their usages by humans. Most of the sacrificial animals in Chongpingyuan were juveniles, which suggested they might be raised as meat animals (Payne, 1973). Meanwhile, some sheep unearthed in Chongpingyuan were adult individuals that indicated they might be used for second products (Vigne and Helmer, 2007). Ancient people from the Taosi site in the Bronze Age may have started raising sheep for second products, such as wool, and these sheep would be slaughtered after adulthood (Brunson et al., 2016). People in the Eastern Zhou Dynasty might already have diverse patterns of livestock husbandry and utilization.
According to the Liji (禮記), people used livestock as sacrifice, and people chose different animals according to their status as cattle were the highest grade called Tailao (太牢), sheep the next called Shaolao (少牢), and pigs the lowest grade called Kuishi (馈食) (Xie, 2018). According to the archaeological discoveries although sheep were not mainly a meat source of human diets, they were the most common sacrificial animals throughout the Eastern Zhou Dynasty (Zuo, 2018; Zhao, 2020; Hou et al., 2021a). In that case, sacrificial animals of Chongpingyuan were the manifestation of this sacrificial culture.
The Human Diets
In Table 1, the δ13C values of the individuals were in a very narrow range (−9.2–7.2‰) with the mean of −7.9 ± 0.5‰ (n = 17). It suggests that these individuals consumed C4-based foods. Their high δ13C values indicate that millet agriculture played a significant role in their foods. The mean δ15N value of human (n = 17) is 8.8 ± 0.6‰, characteristic of terrestrial animal protein. However, the large range of δ15N values, from 7.9 to 10.4‰, indicated meat intake might be internally different within the human group.
From the diet protein to collagen, the δ13C values were enriched by 1–1.5‰, (Lee-Thorp, 2008) while δ15N values enriched 3–5‰ (Hedges and Reynard, 2007). Comparison of δ13C and δ15N values among humans and animals indicates between pigs and humans (−0.2‰, 1.3‰), sheep and humans (9.5‰, 2.8‰), cattle and humans (9.8‰, 4.7‰), and horse and humans (9.3‰, 4.5‰). When the isotopic fractionation from the diets to collagen is considered, we can see that only pigs have the similar δ13C and δ15N values to humans, strongly indicating the animal protein in human diets came from pigs mainly but not from other animals. Other animals could be utilized for other purposes, such as animal power, wool, or milk (Zhao et al., 2017; Hou et al., 2021a).
Given the turnover differences of various skeletal elements, the stable isotope values of the ribs indicated their average diets for 2–5 years before death, whereas those of long bones indicated the average diet for 10–15 years before death (Parfitt, 2002; Hedges et al., 2007). Comparison of the δ13C and δ15N values from ribs and long bones in the same individual shows their diet changed throughout their different lifetime (Figure 5). The mean δ13C value of ribs (n = 15) is −7.8 ± 0.3‰, and the value of long bones (n = 16) is −7.9 ± 0.4‰ (Figure 5A). The mean δ13C difference between ribs and long bones (0.1‰) is within the analytical precision and paired t-test (p = 0.23, n = 14) indicates there is no significant difference, suggesting that their diets changed hardly. The mean δ15N value of ribs (n = 15) is 9.3 ± 0.7‰, and the value of long bones (n = 16) is 8.8 ± 0.6‰ (Figure 5B). A paired t-test (p = .0004 < .01, n = 14) indicated there is significant increase (0.3 ± 0.3‰, n = 14) through time. This could be caused by the more animal protein consumption or abnormal physiology before death.
[image: Figure 5]FIGURE 5 | Plots of δ13C (A) and δ15N (B) values of human ribs and long bones.
To test the possible internal differentiation in the Chongpingyuan people, isotope results were divided by gender (pG), burial posture (pP), and with or without sacrifices (pS) in their tombs and used multivariate analysis of variance (MANOVA) to access the internal difference. The isotopic results reflected that the δ13C values of the Chongpingyuan human group had no significant difference in these factors (pG = 0.19, pP = 0.82, pS = 0.52). MANOVA of δ15N values (pG = 0.36, pP = 0.31, pS = 0.06) showed that gender and burial posture had no significant effect on meat consumption. However, the p value of whether to have sacrifices is close to 0.05, and the mean δ15N values of humans with sacrifices (9.2 ± 0.6‰, n = 8) were higher than humans without sacrifices (8.6 ± 0.6‰, n = 9), suggesting sacrifice custom might be related to meat consumption.
However, some individuals have higher δ15N values among the human population, like M08 (10.4‰), M11 (9.9‰), and M44 (9.5‰). The tomb of M08 was the second largest one in the Chongpingyuan site, and more funeral objects were found. Apart from M08, M44 also had many funeral objects. On the contrary, M34 had the lowest δ15N value (7.9‰), indicating that she consumed the least animal protein. This could be related to her lower social status evidenced by the few items in her tomb (Ding et al., 2018). In ancient times, the rich owned more wealth, and they could consume better foods, which meant more animal protein in their food resources (Zhou, 2020). Zhouli (周禮) recorded that the Zhou Dynasty divided people into different classes and stipulated their daily life from various aspects, and the use of animals, including the consumption of diet meat and species of animals using for sacrifices (Chen, 2016). The social hierarchical structure affected the meat consumption of humans.
All in all, different genders and cultural characteristics did not have significant difference in the population’s subsistence strategies, but the higher class seemed to consume more animal protein. All the people in the Chongpingyuan site lived on an agro-pastoral economy.
Agro-Pastoral Economy in Northern Shaanxi
After 4000 BP, the climate had deteriorated from warm and humid to dry and cold (Xu et al., 2020). In some areas in northern China, such as the Xinjiang and Hexi corridor, the proportion of agriculture in the livelihood economy decreased, and the stockbreeding component increased, eventually turning into a nomadic economy (Wang et al., 2019; Yang et al., 2019; Damette et al., 2020). Pollen evidence shows the decrease in trees and increase in herbs in northern Shaanxi after the Longshan Period (He et al., 2000).
The study of plant remains showed that people planted millet during the Neolithic Period in northern Shaanxi. Ancestors had already begun to grow millet in the Yangshao period, but the number and probability of archaeological excavations were very low (Sheng et al., 2017; Liu et al., 2019). Until the Longshan Period, agriculture in northern Shaanxi was developed as the number of food crops and the probability of excavation in the archaeological sites were significantly improved (Gao, 2017; Sheng et al., 2018; Liu et al., 2019). Although sheep and other pastoral-related animals began to appear in northern Shaanxi since 4500 a BP(Hu et al., 2016; Guo, 2017), isotopic evidence showed that the subsistence strategies were dominated by millet farming, and the grassland animal husbandry took very little part in the local economy (Chen et al., 2015; Chen et al., 2017). However, by the Eastern Zhou Dynasty, the amount of millet unearthed in archaeological sites was very small, and the probability of being unearthed was also very low (Liu et al., 2019), which implied that agriculture in this region probably encountered difficulties.
The comparison of isotopes of the people in the Longshan Period and the Eastern Zhou Period was similar to each other, which indicated that their diet structure stayed consistent over time (Figure 6). People in northern Shaanxi always lived on agro-pastoral economics from the late Longshan Period to the Eastern Zhou Period. Although there were negative factors to the agriculture, the local people did not show an obvious trend of nomadism. The complementary mixed economies of agriculture and livestock helped them challenge environmental degradation.
[image: Figure 6]FIGURE 6 | The boxplots of carbon (A) and nitrogen isotopes (B) humans in Northern Shaanxi from the Longshan Period to the East Zhou Dynasty.
Subsistence Strategy Around Agro-Pastoral Ecotone
To better understand the subsistence strategies of local ancestors during the Eastern Zhou Dynasty, stable isotopes from the Chongpingyuan site were compared with data from surrounding archaeological sites, ranging from the West Zhou Period to the Qin and Han Dynasties. The locations of these sites are indicated in Figure 1, and their isotope data are indicated in Table 4 and Figure 7.
TABLE 4 | Summary of human collagen isotope results around Northern Shaanxi.
[image: Table 4][image: Figure 7]FIGURE 7 | The error bar plot of human bones around Northern Shaanxi.
The results show that, around the northern Shaanxi region, people from all those sites relied on C4 food as their main food source. Among all these people, the people on the Chongpingyuan site had the highest δ13C value, indicating that the people on the Chongpingyuan site also had the highest proportion of C4 food in their food source. In other words, their food mainly depended on millet agriculture.
The Sunjiannantou, Xindianzi, and Nalintouhai people had relatively lower δ13C values, which indicates that they also consumed a certain amount of C3 food (Zhang et al., 2006; Ling et al., 2010; Zhang et al., 2012). The Xindianzi people, likely related to Huns (匈奴), had a more developed animal husbandry economy, and the C3 food would come from the animals they graze in the wild (Zhang et al., 2006). Wheat was first introduced into China from Xinjiang 5700 a BP, and people in the central Plains began to grow a certain amount of wheat (Ling et al., 2010; Tang et al., 2018; Zhou et al., 2020). The lower isotope carbon value in some areas might be related to the promotion of wheat cultivation (Zhang et al., 2012; Tao et al., 2020). But people in most regions like the Chongpingyuan still relied on C4 plants, millet, as their farming economics.
By comparing the δ15N values of various sites, the data showed that the δ15N values of the people in the Chongpingyuan site were relatively low, only slightly higher than that of Sunjiannantou people, and slightly lower than people of Hengshui and Fuluta (Ling et al., 2010; Sun, 2019; Hou et al., 2021a). Meanwhile, the people of Nalintaohai, Xindianzi, and Xiaonanzhuang had significantly higher δ15N values than other people, indicating that they consumed more animal protein and were more engaged in nomadic life (Zhang et al., 2006; Zhang et al., 2012; Tang et al., 2018). The analysis indicated that, from the Eastern Zhou Period to the Qin and Han Dynasties, some people in northern China turned to nomadic life from agriculture, like Nalintaohai, but major people around the Great Wall area remained with their millet-based economy with animal husbandry as supplements. Although these regions also had a certain proportion of animal husbandry, their animal husbandry was dependent on their millet agriculture.
As previous studies show, during the Eastern Zhou Dynasty, multiple ethnic groups surrounded the Great Wall area, which was also an agro-pastoral ecotone. Due to ethnic habits and culture, people in these regions chose different subsistence strategies. The people close to the Huns (Xindianzi, part of Xiaonanzhuang) were more inclined to be nomads while the people of the Central Plain in Guanzhong area (Sunjianantou) were mainly engaged in millet agriculture. Apart from representative agriculture and nomadic life, people living on the cultural borders (Chongpingyuan, Hengshui) lived on agro-pastoral economies, which were mainly engaged in millet agriculture and supplemented by animal husbandry, which was attached to agriculture. Until the Qin and Han Dynasties, due to the dynasty expansion, the southern agricultural population migrated to the Loess Plateau, but these new immigrants chose the same subsistence strategies as the previous indigenous people. The impact of the natural environment on the subsistence strategies exceeded that of ethnicity and culture.
CONCLUSION
From the results of stable carbon and nitrogen isotope analysis of people and burial animals in the Chongpingyuan site in northern Shaanxi during the Eastern Zhou Dynasty, several conclusions can be drawn. The subsistence strategies of the Chongpingyuan people are agro-pastoral economics. Individuals mainly consume C4 plants (millet), and domestic animals (pigs) fed on C4 products. Cattle, sheep, and horses are not the main source of animal protein. There are no significant differences between genders and funeral customs, but people with abundant burial objects consumed more animal protein, showing possible class divisions.
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Context ~ Gender Age Burial posture  Sacrifice Animals

M08 Male 45-50 Straight limbs Yes Sheep, pig
M11 Female 30-35  Straight limbs No None
M29 Female 37-45 Straight limbs No None
M34 Female 29-30 Bent limbs No None
M35 Female 31-34 Straight limbs Yes Sheep
M36 Female 60 Bent limbs Yes Sheep
M37 Female 45-50 Bent limbs No None
M38 Male 20-25 Bent limbs No None
M39 Male 60 Straight limbs Yes Sheep
M40 Male 60 Straight limbs No None
M41 Female 20-45  Straight limbs No None
M42 Female 2022 Bent limbs Yes Sheep
M43 Female Unknown  Straight limbs Yes Sheep
M44 Male 28-30 Bent limbs Yes Sheep
M46 Male 45-50 Straight limbs No None
M47 Female 40-50 Bent limbs No None

M48 Female 2022 Bent limbs Yes Pig
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