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Stable Isotopic Evidence for Human and Animal Diets From the Late Neolithic to the Ming Dynasty in the Middle-Lower Reaches of the Hulu River Valley, NW China
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The study of human and animal paleodiets, representing the unique subsistence strategies and human-environment interactions adopted over evolutionary time, has attracted intensive research attention. Historically, the western Loess Plateau (WLP) served as a key area for the evolution of human-land relationship. The human subsistence patterns in the WLP changed significantly from prehistoric to historical periods based on archaeobotanical data. However, the trajectory and influencing factors of ancient human and animal diets in the WLP remain unclear, mainly due to the lack of isotopic data in the upper reaches of the Wei River. In this paper, we reported 172 human and animal isotope samples (C and N) and 23 radiocarbon dates from three sites in the middle-lower reaches of the Hulu River Valley (HRV). At least three periods of dietary patterns for humans were observed in the WLP from the late Neolithic to Ming Dynasty. During 5300–4000 Before Present (BP), humans and domesticated animals such as pigs and dogs consumed a greater proportion of millets and millet byproducts. Between 3000 and 2200 BP, the diets of pigs and dogs remained largely comprised of C4 foods, while humans consumed both C3 and C4 foods, which contradicted the evidence of an overwhelming proportion of wheat and barley (C3 crops) from the contemporaneous cultural sediment. The contradictions between plant remains and human diets are probably related to geopolitical factors. Between 1000–500 BP, human diets were more diverse and heterogeneous in this region. Combined with environmental and archaeological evidence, the changes in diets and subsistence strategies over the three periods can be attributed to the comprehensive influence of regional cultural development, geopolitics and technological innovation. This paper not only reveals the trajectory and influencing factors of ancient human and animal diets in the middle-lower HRV, but also explores how subsistence strategies, particularly in terms of dietary structure, will change in the context of cultural exchange and diffusion, and emphasizes the important influence of geopolitical interactions in the WLP.
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INTRODUCTION

The study of human subsistence strategies highlights the ability of humans to adapt to changing environments, which provides an essential means to explore the mechanisms and influences of human-environment interactions, and has therefore received extensive attention across disciplines over the last few decades (von Cramon-Taubadel, 2011; Obregon-Tito et al., 2015; Marchant et al., 2018; Bleasdale et al., 2020). Historically, northwest China was easily influenced by climate change and trans-continental cultural exchanges, where human subsistence strategies were diverse. For example, this region served as the frontier for fishing-hunting practices and agricultural activities during the prehistoric agricultural civilization (Bettinger et al., 2007; Dong et al., 2013; Liu F. et al., 2019), and later evolved into a mixed region of crop and livestock agricultural practices (Spengler et al., 2014; Yang et al., 2019; Janz et al., 2020). Therefore, changes in human livelihoods in northwest China reflected the social, economic and political changes associated with climate change and transcontinental cultural exchanges from prehistoric to historical periods.

However, the spatial-temporal patterns of human subsistence strategies in northwest China are still not well understood. Most previous research has focused on the prehistoric period, especially the late Neolithic and Bronze Age (Chen et al., 2015; Barton et al., 2020; Dong et al., 2020a,2022b), and a few studies have focused on the Iron Age in Xinjiang (Liu W. et al., 2010; Zhang et al., 2018; Wang X. et al., 2021), while very little attention has been paid to historical studies. Evidence from many plants, animals and isotopes has illustrated the human livelihood patterns in the Qinghai-Tibet Plateau (Du et al., 2004; Chen et al., 2015; Song et al., 2021; Wende et al., 2021) and the Hexi Corridor (Atahan et al., 2011a; Zhang et al., 2017; Yang et al., 2019, 2020). But those in the western Loess Plateau (WLP), a critical area of dramatic changes in human survival strategies, remain deficient, with only limited evidence from the Hehuang Valley (Ma M. et al., 2016; Ren et al., 2021).

Studying human and animal dietary structures can improve our understanding of human livelihood patterns (Walker and DeNiro, 1986; Lv, 2017; Hu, 2018; Krajcarz et al., 2020). Compared to indirect evidence suggested by plant remains and animal bones unearthed from archaeological sites (Flad, 2007; Zhao, 2010; Du et al., 2020), the inbuilt diet information associated with human bones and teeth present direct evidence of consumption, which can be obtained by the study of isotopes (Kohn, 1999; Wang T. et al., 2019; Wang X. et al., 2021), plant microfossils (Henry et al., 2011; Salazar-García et al., 2021; Scott et al., 2021), ancient proteins (Welker et al., 2016; Jeong et al., 2018; Wilkin et al., 2020) or ancient DNA (Weyrich et al., 2017; Wang C. et al., 2021; Wang W. et al., 2021). Carbon and nitrogen isotopes can directly and effectively reflect the dietary structures and trophic levels of humans and animals (Schoeninger et al., 1983; Kohn, 1999; Hu, 2018), and therefore have played an important role in the study of human diet reconstruction (Atahan et al., 2011b; Dong Y. et al., 2017; Liu and Reid, 2020), agricultural origins (Barton et al., 2009; Leipe et al., 2019; Liu X. et al., 2019), and animal management (Hu et al., 2014; Ma et al., 2021; Vaiglova et al., 2021).

Along with the introduction of pastoralism into China during the Late Holocene, changes of human diets and livelihood patterns in China are still unclear. In the steppe region of northern China, animal husbandry rapidly replaced the indigenous lifestyle (Yuan, 2016; Dong et al., 2021a; Zhang et al., 2021). Following the arrival of Afanasevo and Andronovo populations in northern Xinjiang, the communities relied on a mixed economy of cultivation and animal husbandry quickly shifted to the dominance of animal husbandry (Wei and Feng, 2020). In the Central Plains, pastoralism was selectively used and then indirectly contributed to the formation of early states (Han, 2015; Zhang, 2017). However, in the farming-pastoral ecotone, the change trajectory of human subsistence strategies (especially the dietary structure) is still very vague due to complex factors.

The middle-lower reaches of the Hulu River Valley (HRV), located in the upper reaches of the Wei River basin in the WLP, represent a key area relating to the origins, spread and exchange of agriculture from the Neolithic to historical period (Su, 2008; Barton et al., 2009; Atahan et al., 2011b). Here, archaeobotanical evidence indicates that the agricultural planting structures have changed dramatically (Li, 2018; Chen et al., 2020). The discovery of only a few common millets suggested that previous societies had grown crops as early as Dadiwan 1 Culture (7800–7350 BP) (Liu et al., 2004; An et al., 2010). Over the periods of Yangshao to Qijia Culture, millet-based agriculture was established and expanded rapidly in the WLP, and millets played an increasingly important role in human livelihoods (Chen et al., 2020; Wang and Cui, 2021). With the intensification of transcontinental exchange, wheat and barley were introduced into this region, although not widely used, during 4300–3600 BP (Barton and An, 2014; Liu et al., 2016a). There is a gap in human settlement intensity from 3600 to 3000 BP in the prehistoric record. After 3000 BP, agriculture once again intensified, as wheat was widely distributed, altering the original agricultural planting structure (Chen et al., 2020; Ren et al., 2021). During the Song-Qing Dynasty, wheat became the dominant staple food, with evidence of various agricultural planting patterns based on historical documents and archaeobotanical evidence (Li, 2018).

Nonetheless, archaeobotanical evidence alone cannot completely explain the contribution of crops to human and animal diets, as well as the role they play in various diet patterns. In contrast, isotopes may provide more direct and telling evidence (Hu, 2018). The only isotopic analysis performed at the Dadiwan site revealed that almost animals under investigation exhibited a C3 signal, except for three dogs exposed to millets during 7900–7200 cal BP, and millets were likely a dominant crop in the diets of humans, domestic pigs and dogs from 6500 to 4900 BP (Barton et al., 2009). However, previous studies have focused on evidence from charred seeds, animals and isotopes studies are limited to the Neolithic period. Following the late Neolithic, cultural exchanges and dissemination became more frequent (Jia et al., 2013; Dong G. et al., 2017), but human and animal diets and their influencing factors remain unclear, mainly due to the lack of continuous archaeological excavation materials. Located on the southern edge of the farming-pastoral ecotone, the archaeological culture in the HRV is relatively continuous and complete (Xie, 2002; Wang, 2012), providing an excellent opportunity to investigate the variation of human livelihood patterns under the exchange and integration of agricultural and animal husbandry management.

In recent years, many human and animal bones from the late Neolithic to the Ming Dynasty have been excavated from the Yabeili (YBL, [image: image]), Wangjiayangwan (WJYW, [image: image]), and Zhongtianxingfucheng (ZTXFC, [image: image]) sites, which are distributed across the middle-lower HRV, providing important materials for exploring the dietary structure of humans and animals in this area. Using carbon and nitrogen isotopes of human and animal bones along with radiocarbon dating, this paper intends to (1) characterize human and animal diets during the period from the Late Neolithic to the Ming Dynasty in the middle-lower HRV; (2) summarize the livelihood patterns in the WLP, and reveal how human livelihood patterns, especially dietary structure, change in response to natural and social environmental changes.



STUDY AREA AND ARCHAEOLOGICAL CONTEXT

The HRV (105.1°E–106.5°E, 34.5°N–36.5°N) is located to the west of the Liupan Mountains, and is characterized by complicated topography with elevations that gradually decreases from north to south and from east to west. Numerous rivers develop in the valley, converging and forming the Hulu River, the largest tributary of the upper Wei River (Li et al., 1993; Wang, 2018). The HRV is situated at the intersection of the southeastern monsoon and the Tibetan Plateau climate regions, hence the influences of summer monsoons on the environment in the middle-lower reaches are more obvious than that in the east and west, with a mean annual temperature of 9.68°C and mean annual precipitation of 464 mm (1 Mo et al., 1996; Han et al., 2020). Evidence from carbon isotopes of plants and soil during the Holocene indicates that C3 plants dominated the natural vegetation, with an average carbon isotope of –26.7‰ (Wang et al., 2005; Zhang et al., 2015), while the C4 plants represent the minority and exhibit seasonal differences, with an average of –12.4‰, which contributes to tracing diet variations (Zhao et al., 2013; Jiang et al., 2019; Zhang D. et al., 2020).

The HRV not only nurtured early farming communities in northern China, but also displayed a continuous archaeology cultural sequence from the Neolithic to Bronze Age (Li et al., 1993; Xie, 2002). The Dadiwan is the earliest Neolithic site in this region, and is a typical site of the Dadiwan 1 Culture (∼7800–7300 BP) (Gansu Provincial Institute of Cultural Relics and Archaeology [GPICRA], 2006; Zhang et al., 2010). After that, the Yangshao Culture (∼6300–5000 BP) flourished and spread widely throughout the area to numerous sites (Dong et al., 2016). The Majiayao Cultural sites moved to a wider area in the northwest, and human activities displayed unprecedented prosperity in this period (∼5300–4800 BP) (Wang, 2012). Subsequently, the site number, distribution area, and population gradually decreased during the following lower Changshan Culture (∼4800–4400 BP) and Qijia Culture (∼4200–3600 BP) (Mo et al., 1996; An et al., 2005). Moreover, the sparse-wood grasslands and grasslands were the dominant vegetation types in the Wei River valley before the Qijia Culture, which provided excellent hydrothermal conditions for human populations shifting from the hunting-gatherers to farmers (Xia et al., 1998; Shang and Li, 2010; Sun and Feng, 2015). The archaeological culture in this area became more complex after the disintegration of the Qijia Culture. The collision-integration initially occurred between native Siwa Culture and Central Plains cultures, followed by Eurasian steppe cultures and indigenous cultures that later converged and exchanged again (Li et al., 1993; Wang, 2012).



MATERIALS AND METHODS


Study Sites

Three adjacent archaeological sites, namely YBL, ZTXFC, and WJYW, located in the middle-lower HRV, were excavated by the Gansu Institute of Cultural Relics and Archaeology in 2019. The YBL site (35.00°N, 105.65°E), in Qin’an County, Tianshui City, is situated on the left terrace of the lower reaches of the HRV. The ZTXFC site (35.20°N, 106.02°E) and the WJYW site (35.30°N, 105.91°E), which are 41 km away from the YBL site in the northeast, are situated along the Shuiluo River, which is a tributary of the Hulu River (Figure 1). Evidence from recovered pieces of pottery, human and animal bones, stone tools and bone-made artifacts from different cultural layers and relics by on-site collection and flotation across the three sites represented the period from the late Neolithic to the Ming Dynasty at least.
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FIGURE 1. Map showing the location of the study area and the distribution of sites with published archaeobotanical and isotopic analysis, as well as the locations of sample sites in the WLP.




Analysis of the Isotopic Composition of Bones

The δ13C values of C3 crops (including wheat and rice) and C4 crops (including foxtail millet and broomcorn millet) are quite different due to various photosynthetic modes (Bender, 1971; Smith and Epstein, 1971), which can be used to reconstruct the paleodiet based on δ13C values in bones that were absorbed from plant isotopes (Teeri and Schoeller, 1979; Tieszen et al., 1983). Similarly, the δ15N values are different among animals at different trophic levels, and these differences may be amended by many factors (Hedges and Reynard, 2007; Caut et al., 2009; Jaouen et al., 2019; Ma et al., 2021).

A total of 172 human and animal samples were selected for isotopic analysis. All samples were treated following the process described by Ma M. et al. (2016) with some modifications. First, cleaned bones were placed in 0.5 mol/L hydrochloric acid (HCl) at 4°C for 2 weeks with daily replacement. Then the collagen was rinsed and the samples were then immersed in 0.125 mol/L NaOH at 4°C for 20 h, after which they were rewashed. Next, 0.5 mol/L hydrochloric acid (HCl) was added at room temperature (∼20°C) for 4 h to remove any absorbed CO2 and then the samples were rinsed again. The remains were then submerged in a HCl solution (PH = 3) at 75°C for 48 h. Finally, the solution was filtered, frozen and freeze-dried to extract the collagen.

The measurement of organic carbon and nitrogen content along with the atomic C/N ratio was conducted in the State Key Laboratory of Applied Organic Chemistry at Lanzhou University. Stable carbon and nitrogen isotope ratios of bone collagen were analyzed using a Thermo Finnigan Flash DELTA plus XL mass spectrometer coupled with EA at the MOE Key Laboratory of Western China’s Environmental System, Lanzhou University, China. To check the stability of the instrument system and to ease calibration, a standard and replicate were added following every ten samples (Graphite, δ13C: –16.0 ± 0.1‰; Wheat, δ13C: –27.2 ± 0.13‰; Collagen, δ13C: –9.0‰; Glycine, δ13C: –33.3‰; IAEA-600, δ15N: 1.0 ± 0.2‰; Protein, δ15N: 5.9 ± 0.08‰; Puge, δ15N: 5.6‰). All carbon and nitrogen isotopes were measured relative to V-PDB and AIR standard samples, respectively. The measurement analytical precision was ± 0.2‰ for both carbon and nitrogen isotopic ratios. Furthermore, 23 human and animal collagen samples were selected for radiocarbon dating using accelerator mass spectrometry (AMS), and the results were calibrated to calendar age using OxCal v.4.4.4 (Bronk Ramsey, 2021) with the IntCal 20 calibration curve (Reimer et al., 2020), and reported as “cal BP.” Significant differences were examined using the Mann–Whitney U test in SPSS Statistics 22 (P < 0.05).




RESULTS


Bone Preservation Status

Overall, samples with C/N atom ratio of bone collagen between 2.9–3.6 and yield > 1% are considered to be in good condition (DeNiro, 1985; Ambrose, 1990). In this study, the C/N atomic ratios of all samples were between 2.9 and 3.6 (3.2∼3.3), and the yield ranged from 1.1% to 23.5%. Additionally, the carbon and nitrogen elements content in the samples was similar to that in modern samples. Therefore, all samples were considered uncontaminated and appropriate for further analysis.



Chronology

The 23 AMS radiocarbon dates of human and animal collagen samples ranged from 5277 to 548 cal BP (95.4%) (Table 1). Combined with recovered pottery, archaeological stratigraphy and chronology results, the cultural remains in the three sites were divided into three periods: period 1 (5300–4000 cal BP), period 2 (3000–2200 cal BP), and period 3 (1000–500 cal BP).


TABLE 1. Calibrated radiocarbon dates from three sites in the middle-lower HRV.

[image: Table 1]


Human and Animal Isotopic Analysis

In this study, all samples were identified as wild herbivorous (deer), domesticated herbivorous animals (cattle, sheep, and horses), domesticated omnivorous animals (dogs and pigs) and humans for isotopic analysis (Table 2 and Supplementary Table 1).


TABLE 2. Stable isotopic data from three sites in the middle-lower HRV.

[image: Table 2]
During Period 1 (5300–4000 cal BP), 18 animals (dogs, pigs, deer, and pheasants) and 4 human bone collagen samples were analyzed, of which the δ13C and δ15N values ranged from –8.0 to –21.9‰ and 2.5 to 10.9‰, respectively, indicating more significant variability in diet assemblage. As shown in Figure 2A, the lower δ13C (mean = –19.0 ± 1.9‰) and δ15N (mean = 4.2 ± 0.8‰) values of wild herbivorous (deer; n = 7) suggested a relatively stable C3 diet. On the contrary, almost all samples originating from domesticated omnivorous animals (dogs and pigs; n = 9) exhibited higher δ13C (mean = –10.6 ± 3.0‰) and δ15N (mean = 7.4 ± 1.2‰) values, which suggested a continuous intake of more C4 foods (likely millets and millet byproducts and/or millet-based animal protein), aside from one individual who ingested a greater proportion of C3 plants. Furthermore, three of four human samples from this period displayed obvious C4 signals, indicating that they relied heavily on C4 foods. The δ13C values of domesticated omnivorous samples were very similar to most humans (Mann–Whitney U test, P = 0.203 > 0.05), revealing that domesticated pigs and dogs may have exhibited diets closely related to humans.
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FIGURE 2. Carbon and nitrogen isotopic results for humans and animals from sites in the middle and lower reaches of the Hulu River Valley during (A) Period 1 (5300–4000 cal BP); (B) Period 2 (3000–2200 cal BP) and (C) Period 3 (1000–500 cal BP).


During Period 2 (3000–2200 cal BP), a total of 133 animals (including dogs, pigs, cattle, sheep, horses, and deer) and 2 human samples were analyzed. The results presented in Figure 2B indicate that cervids (n = 3) exhibited more negative δ13C values (mean = –18.7 ± 0.3‰) and lower δ15N values (mean = 4.5 ± 0.6‰) than other animals, suggesting that they displayed a C3 plants-based diet, which is similar to the δ13C (P = 0.305 > 0.05) and δ15N (P = 0.425 > 0.05) values of Period 1 (5300–4000 cal BP). For domestic herbivores, the isotopic values of most sheep (n = 58, SD = 1.0 for δ13C; SD = 1.0 for δ15N) and horses (n = 27, SD = 1.2 for δ13C; SD = 0.8 for δ15N) were relatively consistent, while cattle were more positive and variable (n = 26, mean = –16.1 ± 2.0‰ for δ13C; mean = 6.1 ± 1.2‰ for δ15N), which may be mainly due to variation in the physiological characteristics of domestic herbivores and slight differences in animal husbandry. In general, the δ13C values of domestic herbivores were relatively negative and similar to those of deer (P = 0.165 > 0.05), except for four individuals, which were likely fed by humans. In contrast, the isotopic values of domesticated omnivorous animals exhibited more positive characteristics. Except for three pigs, which likely foraged in the wild, the remaining pigs and dogs showed higher δ13C values (–10.3∼–7.3‰) and narrow ranges of δ15N values (7.8∼9.0‰), indicating a diet consisting mainly of C4 foods. Two human samples exhibited very different and negative isotopic characteristics than those of the first period, one of which exhibited higher δ13C and δ15N values, indicating a greater proportion of C4 foods in their diet. While another sample suggests that a certain amount of C3 foods and many C4 foods made up their diet. Unlike Period 1, significant differences were observed in δ13C values between domesticated omnivores and humans (P = 0.028 < 0.05).

During Period 3 (1000–500 cal BP), only isotopic data from human samples were available (Figure 2C). All human samples demonstrated obvious differences in δ13C (P = 0.005 < 0.05) and δ15N (P = 0.005 < 0.05) values at the ZTXFC and YBL sites. Specifically, humans from the ZTXFC site displayed more negative δ13C values than those from the YBL site, indicating a more C3-based diet at the ZTXFC site and a mixed C3 and C4 food-based diet at the YBL site. Moreover, human δ15N values during this period were significantly lower than those of the previous two periods, especially at the YBL site (Figure 3). An abnormal individual (ZT-M7: 2) with a more positive δ13C value and a lower δ15N value at the ZTXFC site was assumed to be an immigrant.


[image: image]

FIGURE 3. Comparison of the δ13C and δ15N results with scatter and mean ± SD for humans from sites of the middle and lower reaches of the Hulu River Valley during three periods.





DISCUSSION


Human Diets and Subsistence Strategies From the Late Neolithic to the Ming Dynasty in the Middle-Lower Hulu River Valley

During Period 1 (5300–4000 cal BP), the agricultural planting structure was dominated by millets in the middle-lower HRV, according to published archaeobotanical data (An et al., 2010; Li, 2018; Chen et al., 2020). The observed C4 signal in human and animal diets can be interpreted as predominating millets, or animal protein derived from millets. Slight differences in δ13C values between domesticated omnivorous animals and humans support the vital role of pigs and dogs in human meat consumption from an isotope perspective. Moreover, the C3 dominated diet of wild herbivores indicated that there were a few hunting games during this time and that humans ate a little wild animal production. Although the mean δ15N offset of 5.9‰ between humans and wild herbivores exceeded a trophic level of δ15N enrichment, the δ13C values of humans and domesticated animals and the mean δ15N offset of 2.6‰ between humans and domesticated animals indicate that humans consumed a limited amount of animal protein (Bocherens and Drucker, 2003; Hedges and Reynard, 2007; O’Connell et al., 2012; Liu and Reid, 2020).

During Period 2 (3000–2200 cal BP), the similarity in isotopic values of Cervidae to those of Period 1 indicates that the environment had not changed dramatically in the middle-lower HRV. At the same time, with the widespread adoption of domesticated herbivores, the human subsistence strategy changed dramatically (Du et al., 2020). Similar to the Majiayuan cemetery, M1 is a deep vertical cave tomb with more than 200 skulls and hooves of cattle, sheep/goats, and horses at the YBL site, which suggests that the individual in M1 is likely to be a pastoralist (most likely Xirong). The δ13C value for this individual is quite negative with a relatively high δ15N value, indicating a diet consisting of more C3 foods and animal protein. Isotopes of another individual unearthed from an ash pit, dated to 2710–2428 cal BP, suggested that this individual ingested a more significant amount of C4 foods and animal protein products. During Period 2, these individuals highlighted two diets: a C4-based diet and a mixed C3 and C4 food-based diet. According to published archaeobotanical evidence, the dependence on wheat increased significantly during this time, while the dependence on millets decreased considerably (Li, 2018; Chen et al., 2020). Therefore, it is reasonable that the C3 food in the human diet was primarily from wheat or C3 food-fed animal protein, while the C4 food remained mainly from millets and millet byproducts. Aside from one pig, domestic omnivores showed obvious C4 signals, indicating a high feeding practice. In contrast, most domestic herbivores showed high C3 signals, consuming a large amount of C3 food. Moreover, three sheep and one horse displayed a similar diet to domestic pigs and dogs, which might be related to animal management such as entire grazing or a combination of grazing and feeding patterns. Furthermore, the higher mean δ15Nhumans–herbivores offset of 6.5‰ and δ15Nhumans–domestic omnivores offset of 4.48‰ suggested that humans may have consumed a large amount of animal protein, including even fish and other aquatic foods. In brief, the human subsistence strategies are quite complex in the middle-lower HRV during Period 2.

During Period 3 (1000–500 cal BP), according to the proportion of main crops recorded in the literature and unearthed plant remains in the middle-lower HRV, the agricultural planting structure exhibited diverse characteristics, with wheat as the main cultivated crop, and millets and other crops (such as buckwheat and oats) as the secondary subsistence crop (Local Chronicle Compilation Committee of Zhuanglang County, 1998; Local Chronicle Compilation Committee of Qin’an County, 2001; Local Chronicle Compilation Committee of Tianshui City, 2004; Local Chronicle Compilation Committee of Pingliang City, 2011; Li, 2018). Based on the observed differences in isotopes, it can be seen from Figure 4A that the δ13C values of humans were negative and presented two assemblages with different diets and livelihood patterns. Humans consumed a majority of wheat and animal protein at the ZTXFC site, while a mixture of wheat, barley, and millets played a critical role in human diets at the YBL site. The lowest δ15N values of humans at the YBL site suggested that they consumed the lowest amount of animal protein production. From the isotope perspective, this study provides direct evidence of human diets during the Song-Ming Dynasty in the middle-lower HRV, where wheat was the staple food, millets and other crops were supplementary food. Overall, human diets showed obvious diversification and regional characteristics during Period 3.
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FIGURE 4. Comparison of isotopic and archaeobotanical results in the middle-lower HRV and WLP. (A) Carbon isotopic results with 14C dates from sites in the middle-lower HRV. (B) The δ13C values from sites in the WLP (yellow boxes represent the site in the middle-lower HRV) (Cai and Qiu, 1984; Barton et al., 2009; Ling, 2010; Ma, 2013; Atahan et al., 2014; Liu et al., 2014; Ma Y. et al., 2016; Zhang et al., 2016; Ren, 2017; Wang Y. et al., 2019). (C) The weight percentage of crops in the WLP (Liu et al., 2004; Yang, 2014; Hu, 2015; Li, 2018; Chen et al., 2019, 2020; Ren et al., 2021). (D) Regime change between Han and Minority and events of Minority immigration and emigration (Li et al., 1993; Local Chronicle Compilation Committee of Zhuanglang County, 1998; Local Chronicle Compilation Committee of Qin’an County, 2001; Xie, 2002; Local Chronicle Compilation Committee of Tianshui City, 2004; Local Chronicle Compilation Committee of Pingliang City, 2011; Wang, 2012; Local Chronicle Compilation Committee of Gansu Province, 2017).




Complex Diet Patterns From the Late Neolithic to the Ming Dynasty in Western Loess Plateau

To better understand the dietary trajectory, the results of this study were compared with those from other sites in the WLP (Figures 4B,C). Since the diets of domestic pigs and dogs were closely related to human diet patterns (Hou, 2019; Robinson, 2019), it is reasonable to combine the results of humans and domestic pigs and dogs.

As one of the earlier independent agricultural centers in northern China during the Neolithic, the Dadiwan site represents the earliest research on human and animal isotopes in the WLP (Barton et al., 2009; Zhang et al., 2010; Leipe et al., 2019). Most of the animal diets during the Dadiwan 1 Culture were C3-based (mean = –19.0 ± 1.4‰ for δ13C), which shifted to a C4-based diet (probably millets and millet byproducts) in humans and domestic pigs and dogs between 6500 and 4900 cal BP (mean = –10.0 ± 2.7‰ for δ13C). Domestic animals outnumbered wild animals based on zooarchaeology data during 5600–5000 BP at most contemporaneous sites, except for the Shannashuzha site, which was abundant with wild animals (Huang, 2000; Qi et al., 2006; Flad, 2007; Yu et al., 2011; Ma et al., 2021). Humans, domestic dogs and pigs consumed millets primarily at the Shannashuzha site (mean = –10.8 ± 4.3‰ for δ13C), which was coincident with unearthed plant remains (Hu, 2015; Ma et al., 2021). During 5300–4000 BP, the isotopic results suggested that a C4-based diet was most prevalent across all archaeological sites of the WLP (Barton et al., 2009; Ma, 2013; Atahan et al., 2014). Humans heavily relied on millet agriculture during this period, which was also consistent with our data (Figure 4B). Generally, a strong mutualism of millet agriculture and animal husbandry or hunting games composed the core part of the human subsistence strategy in the WLP during the Neolithic period (Pechenkina et al., 2005).

With the introduction of exotic cereals (wheat and barley) and livestock (cattle and sheep/goats), the structure of crop cultivation and animal utilization changed tremendously (Dong et al., 2021a; Ren et al., 2021), and the human subsistence strategy changed accordingly during 4000–2200 BP (Zhou and Garvie-Lok, 2015). Although wheat and barley were introduced between 4300 and 3600 BP (Chen et al., 2020; Ren et al., 2021), the human subsistence strategy still heavily relied on millets and domesticated omnivores in the WLP (Flad, 2007; Ma M. et al., 2016), such as at the Xiahaishi site (mean = –8.4 ± 2.3 for δ13C), the Sanheyi site (mean = –9.1 ± 0.5 for δ13C), and the Lajia site (mean = –7.9 ± 0.3 for δ13C). Later, the communities of the WLP selectively incorporated exotic crops and livestock (such as wheat, cattle, sheep, and goats), and the subsistence strategy diversified in the WLP (Jaffe et al., 2021). Around 3600 cal BP, humans of the Qijiaping site (mean = –9.1 ± 1.7 for δ13C) maintained a millet-based diet (Ma et al., 2015; Zhang et al., 2016), while the isotopes in bone collagen (mean = –14.3 ± 1.8‰ for δ13C) and starch grains in dental calculus of humans from the Mogou site suggested that wheat and barley were incorporated into the staple diet (Li et al., 2010; Liu et al., 2014; Ma M. et al., 2016). Therefore, there was a significant dietary shift favoring more C3 foods (likely wheat, barley and C3 food-fed animals) post-3600 cal BP (Ma M. et al., 2016). Human settlement intensity decreased significantly during 3600–3000 BP (Chen et al., 2020). After pastoralism or nomadism was widely diffused in Eurasia, the utilization of the domestic animals played a more important role in the human subsistence strategy (Yi, 2012; Ren and Dong, 2016; Jeong et al., 2020). The isotopic evidence from various sites suggested different agricultural patterns during 3000–2200 BP. Previous studies have shown that the carbon isotopes of humans, pigs and dogs are more negative, such as the individual (YBL-M1) observed in this study and the Zhanqi site (mean = –16.0 ± 1.6‰), the Xishan site (mean = –12.9 ± 3.7‰), the Lixian site (mean = –12.9 ± 3.7), all of which suggest that wheat crops and their byproducts made up a large component of human and domestic herbivore diets (Ling, 2010; Atahan et al., 2014; Liu et al., 2014; Ma Y. et al., 2016). However, other isotopic data from studies at the Maojiaping site (mean = –10.4 ± 1.5‰) and this study (mean = –11.0 ± 3.7‰) still maintain the C4-based diet (Wang Y. et al., 2019). Based on the general isotopic features found in the WLP, two or more groups occupied this region from 3000 to 2200 BP. Specifically, there were likely both individuals who consumed primarily millets (e.g., the Maojiaping site and this study) and individuals who subsisted on a mixed diet of wheat and millets (e.g., the Zhanqi, Xishan, and Lixian sites as well as YBL-M1). However, archaeobotanical evidence from this period shows that wheat and barley (C3 food) dominated the agricultural cropping structure in the WLP (74%), and even accounted for up to 84% of the charred seeds in Gangu County, Tianshui City, while the proportion of millets (C4 food) was substantially reduced (Figure 4C; Li, 2018; Chen et al., 2020; Ren et al., 2021). Overall, the human subsistence strategy was diverse and complex from the Bronze Age to the early Iron period.

After the Han Dynasty, the system of dryland agriculture in the north and rice cultivation in the south was gradually improved, and wheat planting became widespread (Wei, 1988; Zhao, 2015; Zhou et al., 2017). According to the literature, millets dominated the agricultural planting structure, with wheat as a supplementary crop during the Han-Tang Dynasty (2152–1043 BP). Millets and wheat were broadly planted with a set of ingenious planting methods and became the staple crop of human diets in arid and semi-arid areas of northern China during the Western Han Dynasty (2152–1942 BP) (Book of Han⋅Shihuozhi; Fanshengzhishu). In addition to millets and wheat, other crops (e.g., flax) were also valued in the Northern Wei Dynasty (1564–1407 BP) (Qiminyaoshu). Moreover, this pattern has been confirmed by historical archaeobotanical evidence in the WLP (Li, 2018). Based on charred seeds and chorography evidence, agricultural planting structures diversified during the Song-Ming Dynasty (990–306 BP). Humans primarily planted wheat, supplemented with millet, sorghum, barley, beans, and buckwheat in this period (Figure 4C; Local Chronicle Compilation Committee of Gansu Province and Agricultural Chronicle Compilation Committee of Gansu Province, 1995; Shi, 1995; Li, 2018). Although a few historical documents (such as the “Tiangong Kaiwu” and “Shihuozhi”) recorded the general agricultural cropping patterns throughout Gansu Province and northern China, these documents may not accurately capture the human dietary structures in the WLP, as these grains may be used to feed livestock or trade-related activities, and so on. Therefore, our understanding of human livelihoods in the WLP remains fragmented and indirect, based solely on historical documents or limited archaeobotanical data. While evidence from human bone isotopes can directly reflect consumption patterns. Our study shows that some groups mainly ate wheat and other C3 foods, while another individual (ZT-M7: 2) may have consumed multiple crops. From an isotopic perspective, this paper provides additional evidence that multiple lifestyles existed during the Song and Ming dynasties, which makes up for the lack of historical documents and archaeobotanical evidence regionally. It reveals the complexity and diversity of the human diet structure.



Influencing Factors of Human and Animal Diets in Western Loess Plateau

Foxtail and broomcorn millet, as well as pigs and dogs, were domesticated and spread around 10,000 years ago, and millet agriculture was established under intense human activities and favorable ecological conditions during 6500–6000 BP in Northern China (Qin, 2012; Zhao, 2014; Dong et al., 2016; Wang and Cui, 2021). The agricultural population diffused widely to the surrounding areas, which directly promoted cultural development during the Neolithic (Jia et al., 2013; Leipe et al., 2019; Dong et al., 2020b, 2022a). Agriculture based on the farming millets combined with raising pigs and dogs or hunting animals was established and developed rapidly in the WLP after the middle-Yangshao Culture (Dong et al., 2016; Li, 2018). In Period 1 (5300–4000 cal BP), the occurrence of millet-based agriculture thrived in a relatively stable and suitable environment, along with abundant fresh water and fertile soil brought by the numerous tributaries of the Yellow River (Liu F. et al., 2010; Zhang et al., 2019; Zhang C. et al., 2020). Therefore, prehistoric cultures based on millet agriculture dominated human and animal diets during this period in the WLP.

With the strengthening of trans-Eurasian exchange, exotic crops and livestock (including wheat, barley, cattle, goats, and sheep) were extensively distributed across Northern China around 4000 BP, leading to a massive restructuring of the agricultural structure during this time (Yuan, 2010; Dodson et al., 2013; Long et al., 2018). Wheat was introduced into the Hexi Corridor and northeast Qinghai around 4000 BP, and spread into the WLP about 3600 BP (Li et al., 2007; Yang, 2014; Dong et al., 2020a). At the same time, the human survival pressure increased, as demonstrated by the rapidly increasing population and the obvious cold-dry climate (Sun et al., 2018; Chen et al., 2020). Wheat and barley, which were more adaptable (frost-tolerant) and high-yielding, were selectively planted as the complementary crops, coupled with cattle and sheep/goat pastoral practices in the WLP (Ceccarelli and Grando, 2000; Raina et al., 2016; Jaffe et al., 2021). The prosperous millet-based agriculture was gradually lost and was instead replaced by animal husbandry with small-scale farming (An et al., 2003, 2005).

Changes in agricultural systems can often reflect social development (Fuller and Stevens, 2009). Following the establishment of the powerful state, which brought about fundamental changes in the organizational structure of human society, human survival strategies were primarily affected by geopolitical interactions, with environmental factors playing an auxiliary role (Li et al., 2020; Dong et al., 2021b). The unified cultural pattern was broken and transformed into multiple cultures after the Qijia culture (Li et al., 1993; Wang, 2012). The Siwa Culture, which formed in the middle-upper Tao River valley, collided with the Zhou Dynasty, which originated in the Central Plains, and archaeological evidence showed the coexistence of the two cultures in the WLP (Wang, 2012). In the middle of the Spring and Autumn Period, the indigenous Xirong community related to the Siwa Culture, experienced a decline following their fall to the Qin community. The northern steppe community then widely spread southward along the Great Wall and became a new Xirong community, which faced an intense conflict with the Qin community in the WLP, especially in the middle-lower HRV from 3000 to 2200 BP (Figure 4D; Chen, 2011; Liang, 2016). Cultural and commercial contacts were frequent as a result of the collision and fusion of the Qin and Rong communities in the WLP, which was widely manifested in cemetery characteristics, funerary rituals, and burial objects (Zhu, 2004; Cao, 2018; Wang, 2020). For instance, the Majiayuan cemetery represented a synthesis of Xirong, Qin, Central China, northern steppe and Mediterranean cultures (Li, 2009; Ma, 2018; Guo, 2019).

Complex geopolitical backgrounds inevitably provoked sophisticated diet patterns. The early Qin community moved westward into the WLP, under the jurisdiction of the Shang or Zhou Dynasty (Li, 2011). The isotopic results suggested that a millet-based diet was dominant in the Qin communities (such as those buried at the Maojiping site, the Sunjianantou site, and the Jianhe grave) (Ling, 2010; Wang Y. et al., 2019), which was consistent with the diet patterns of the unidentified individual and almost all pigs and dogs in this study, indicating that human and animal diets in the WLP were influenced by the Qin communities. In addition, historical documents such as the “Book of Rites” recorded that Xirong societies “wear furs with their hair down and do not eat grains” ([image: image],[image: image]) (Huang, 2017), which is consistent with the subsistence strategy of northern nomads, consuming large quantities of wheat and keeping domestic herbivores (Machicek, 2012; Fenner et al., 2014; Hermes et al., 2018). Furthermore, another human diet (YBL-M1) in this study resembled that of the northern steppe. According to these results, the Xirong communities, which likely originated in the northern steppe, might maintain their dietary patterns and exhibit a multicultural integration burial form, similar to the Majiayuan cemetery. During the Zhou Dynasty, the Xirong community converged part of the Central Plains culture and other foreign cultures, but their diet structure probably remained unchanged (Liu C, 2012; Cao, 2018; Wang, 2020). In general, human and animal diets in the WLP were influenced by Qin and Central Plains cultures as well as Xirong culture, especially under the complex geopolitical backgrounds formed in the process of intense collision and integration between the Qin and Rong communities.

The innovation of agricultural technology further promoted the development of agricultural civilization in the Iron Age (Liu X, 2012). Wheat cultivation was encouraged by governments during the Qin-Han Dynasty. However, wheat consumption was generally hindered by the traditional dietary habits until the popularization of handle mills and the maturity of wheat processing technology at the end of the Han Dynasty (Wei, 1987; Fuller and Rowlands, 2011; Chen, 2016; Liu et al., 2016b; Dong G. et al., 2017; Zhou et al., 2017). After the Han Dynasty, with the establishment of water conservancy facilities, the emergence of winter wheat and the improvement of wheat production tools (Chen, 1981), agriculture in northern China shifted from millet-based cultivation to the agricultural cultivation mode combining millets with wheat (Zhao, 2015). Meanwhile, the human diet changed accordingly (Tao et al., 2020). Human diets heavily relied on both millets and wheat, and showed obvious diversity and regional characteristics during 1000–500 BP, filling a current gap in the archaeobotanical results. Therefore, the human subsistence strategy in this period was dominated by advanced agricultural civilization and diverse dietary habits in a complex social background. In addition, migration and integration were frequent during the Song-Ming Dynasty, especially in the communities of the Central Plains and ethnic minorities with a suitable climate and prosperous Silk Road (Figure 4D; Zhou and Ding, 2006; Zhang C. et al., 2020), which also promoted the diverse livelihood patterns in the WLP.




CONCLUSION

This study analyzed the carbon and nitrogen isotopes of humans and animals from the Neolithic to the Ming Dynasty in the middle-lower HRV, and investigated a long-term diet trajectory and influencing factors of human subsistence strategies in the WLP. Our results suggest that: (1) during 5300–4000 BP, human and animal diets heavily relied on millet-based agriculture. From 3000 to 2200 BP, dietary structures tended to be complex. During this time, some people and animals still relied on C4-based foods (likely millets and millet byproducts and/or millet-based animal protein), while others consumed a certain amount of wheat and barley. Between 1000 and 500 BP, human diets were dominated by wheat and supplemented with millets and other crops. (2) The region carries dramatic cultural integration and environmental changes from the Neolithic to historical periods in the WLP, where we propose that the dietary pattern from unification to complexity and diversification was influenced by regional cultural development, complex geopolitics and agricultural technological innovation.

Based on relatively continuous isotopic evidence during the past 5,000 years in the middle-lower HRV, this study further assessed the changing patterns of human and animal diets in response to natural and social environmental changes in the WLP. This study is the first to record the human dietary structure from the perspective of isotopes during the Song-Ming Dynasty, and emphasizes geopolitics as an important influencing factor on the dietary patterns in the WLP.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

GD and MM designed the study. JD, SW, GC, and WW conducted field works and sample collection. JD, WW, and LD completed experiments and data correction. JD, YX, and MM analyzed data and designed the figures. JD, SW, GC, WW, LD, YX, MM, and GD wrote the manuscript. All authors discussed the results and commented on the manuscript.



FUNDING

This research was supported by the National Natural Science Foundation of China (Grant Nos. 41871076 and 41991251) and Fundamental Research Funds for the Central Universities (Grant Nos. lzujbky-2021-77 and lzujbky-2021-ct03).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fevo.2022.905371/full#supplementary-material



FOOTNOTES

1 http://data.cma.cn/site/index.html



REFERENCES

Ambrose, S. H. (1990). Preparation and characterization of bone and tooth collagen for isotopic analysis. J. Archaeol. Sci. 17, 431–451. doi: 10.1016/0305-4403(90)90007-R

An, C., Feng, Z., Tao, L., and Chen, F. (2003). Environmental Changes and Cultural Transition at 4 cal. Ka BP in Central Gansu (in Chinese). Acta. Geogr. Sin. 5, 743–748.

An, C., Ji, D., Chen, F., Dong, G., Wang, H., Dong, W., et al. (2010). Evolution of prehistoric agriculture in central Gansu Province, China: a case study in Qin’an and Li County. Chin. Sci. Bull. 55, 1925–1930. doi: 10.1007/s11434-010-3208-2

An, C., Tang, L., Barton, L., and Chen, F. (2005). Climate change and cultural response around 4000 cal yr BP in the western part of Chinese Loess Plateau. Quat. Res. 63, 347–352. doi: 10.1016/j.yqres.2005.02.004

Atahan, P., Dodson, J., Li, X., Zhou, X., Chen, L., Barry, L., et al. (2014). Temporal trends in millet consumption in northern China. J. Archaeol. Sci. 50, 171–177. doi: 10.1016/j.jas.2014.07.012

Atahan, P., Dodson, J., Li, X., Zhou, X., Hu, S., Bertuch, F., et al. (2011a). Subsistence and the isotopic signature of herding in the Bronze Age Hexi Corridor, NW Gansu, China. J. Archaeol. Sci. 38, 1747–1753. doi: 10.1016/j.jas.2011.03.006

Atahan, P., Dodson, J., Li, X., Zhou, X., Hu, S., Chen, L., et al. (2011b). Early Neolithic diets at Baijia, Wei River valley, China: stable carbon and nitrogen isotope analysis of human and faunal remains. J. Archaeol. Sci. 38, 2811–2817. doi: 10.1016/j.jas.2011.06.032

Barton, L., and An, C. (2014). An evaluation of competing hypotheses for the early adoption of wheat in East Asia. World Archaeol. 46, 775–798. doi: 10.1080/00438243.2014.953703

Barton, L., Bingham, B., Sankaranarayanan, K., Monroe, C., Thomas, A., and Kemp, B. M. (2020). The earliest farmers of northwest China exploited grain-fed pheasants not chickens. Sci. Rep. 10, 1–7. doi: 10.1038/s41598-020-59316-5

Barton, L., Newsome, S. D. Chen, F., Wang, H., Guilderson, T. P., and Bettinger, R. L. (2009). Agricultural origins and the isotopic identity of domestication in northern China. Proc. Natl Acad. Sciences.U.S.A. 106, 5523–5528. doi: 10.1073/pnas.0809960106

Bender, M. M. (1971). Variations in the 13C/12C ratios of plants in relation to the pathway of photosynthetic carbon dioxide fixation. Phytochemistry 10, 1239–1244. doi: 10.1016/S0031-9422(00)84324-1

Bettinger, R. L., Barton, L., Richerson, P. J., Boyd, R., Wang, H., and Choi, W. (2007). The transition to agriculture in northwestern China. Dev. Quat. Sci. 9, 83–101. doi: 10.1016/S1571-0866(07)09008-2

Bleasdale, M., Wotzka, H. P., Eichhorn, B., Mercader, J., Styring, A., Zech, J., et al. (2020). Isotopic and microbotanical insights into iron age agricultural reliance in the Central African rainforest. Commun. Biol. 3:619. doi: 10.1038/s42003-020-01324-2

Bocherens, H., and Drucker, D. (2003). Trophic level isotopic enrichment of carbon and nitrogen in bone collagen: case studies from recent and ancient terrestrial ecosystems. Int. J. Osteoarchaeol. 13, 46–53. doi: 10.1002/oa.662

Bronk Ramsey, C. (2021). OxCal version 4.4.4. Available online at: https://c14.arch.ox.ac.uk/oxcal.html (accessed May 1, 2021).

Cai, L., and Qiu, S. (1984). Carbon-13 values and palaeodiet in China (in Chinese). Archaeology 10, 949–955.

Cao, X. (2018). The Study on Rong Tomb of the Dongzhou Dynasty in Gansu Province (in Chinese). [Master’s Thesis]. Lanzhou: Northwest Normal University.

Caut, S., Angulo, E., and Courchamp, F. (2009). Variation in discrimination factors (Δ15N and Δ13C): the effect of diet isotopic values and applications for diet reconstruction. J. Appl. Ecol. 46, 443–453. doi: 10.1111/j.1365-2664.2009.01620.x

Ceccarelli, S., and Grando, S. (2000). “Barley landraces from the fertile crescent: a lesson for plant breeders,” in Genes in the Field: On-farm Conservation of Crop Diversity, ed. B. B. Stephen (Rome: International Plant Genetic Resources Institute), 51–76.

Chen, F., Dong, G., Zhang, D., Liu, X., Jia, X., An, C., et al. (2015). Agriculture facilitated permanent human occupation of the Tibetan Plateau after 3600 BP. Science. 347, 248–250. doi: 10.1126/science.1259172

Chen, T. (2011). The Study of the Interrelation Between Qin People and Rong Clans in the Spring and Autumn Period (in Chinese). [Master’s Thesis]. Xi’an: Northwest University.

Chen, T., Jia, X., Li, H., and Dong, G. (2019). The analysis of spatiotemporal transformations of agricultural and its influence factors during Qijia culture period in GansuQinghai region (in Chinese). Quat. Sci. 39, 132–143.

Chen, T., Qiu, M., Liu, R., Li, H., Hou, H., Howarth, P., et al. (2020). Human responses to climate change in the late prehistoric Western Loess Plateau, northwest China. Radiocarbon 62, 1193–1207. doi: 10.1017/RDC.2020.32

Chen, W. (1981). Speech on the history of agricultural science and technology in ancient China (in Chinese). Agric. Archaeol. 2, 143–153.

Chen, X. (2016). An archaeological perspective on scale of wheat cultivation during the chinese early bronze age (in Chinese). Agric. History China. 35, 3–9.

DeNiro, M. J. (1985). Postmortem preservation and alteration of in vivo bone collagen isotope ratios in relation to palaeodietary reconstruction. Nature 317, 806–809. doi: 10.1038/317806a0

Dodson, J. R., Li, X., Zhou, X., Zhao, K., Sun, N., and Atahan, P. (2013). Origin and spread of wheat in China. Quat. Sci. Rev. 72, 108–111. doi: 10.1016/j.quascirev.2013.04.021

Dong, G., Du, L., and Wei, W. (2021a). The impact of early trans-Eurasian exchange on animal utilization in northern China during 5000–2500 BP. Holocene 31, 294–301. doi: 10.1177/0959683620941169

Dong, G., Du, L., Yang, L., Lu, M., Qiu, M., Li, H., et al. (2022a). Dispersal of crop-livestock and geographical-temporal variation of subsistence along the steppe and silk roads across Eurasia in prehistory. Sci. China Earth Sci. 65. doi: 10.1007/s11430-021-9929-x

Dong, G., Li, R., Lu, M., Zhang, D., and James, N. (2020b). Evolution of human–environmental interactions in China from the late paleolithic to the bronze age. Prog. Phys. Geogr. Earth Environ. 44, 233–250. doi: 10.1177/0309133319876802

Dong, G., Liu, F., Yang, Y., Wang, L., and Chen, F. (2016). Cultural expansion and its influencing factors during Neolithic period in the Yellow River valley, northern China (in Chinese). Chin. J. Nat. 38, 248–252.

Dong, G., Lu, Y., Liu, P., and Li, G. (2022b). Spatio-temporal pattern of human activities and their influencing factors along the Ancient Silk Road in Northwest China from 6000 a B.P. to 2000 a B.P. Quat. Sci. 42, 1–16. doi: 10.11928/j.issn.1001-7410.2022.01.01

Dong, G., Wang, L., Cui, Y., Elston, R., and Chen, F. (2013). The spatiotemporal pattern of the Majiayao cultural evolution and its relation to climate change and variety of subsistence strategy during late Neolithic period in Gansu and Qinghai Provinces, northwest China. Quat. Int. 316, 155–161. doi: 10.1016/j.quaint.2013.07.038

Dong, G., Wang, L., Zhang, D. D., Liu, F., Cui, Y., Li, G., et al. (2021b). Climate-driven desertification and its implications for the ancient Silk Road trade. Clim. Past 17, 1395–1407. doi: 10.5194/cp-17-1395-2021

Dong, G., Yang, Y., Han, J., Wang, H., and Chen, F. (2017). Exploring the history of cultural exchange in prehistoric Eurasia from the perspectives of crop diffusion and consumption. Sci. China Earth Sci. 60, 1110–1123. doi: 10.1007/s11430-016-9037-x

Dong, G., Yang, Y., Ren, L., and Ma, M. (2020a). The Prehistoric Life Pattern and the Interaction Between Human-environment in the Hexi Corridor (in Chinese). Beijing: Science Press.

Dong, Y., Morgan, C., Chinenov, Y., Zhou, L., Fan, W., Ma, X., et al. (2017). Shifting diets and the rise of male-biased inequality on the Central Plains of China during Eastern Zhou. Proc. Natl Acad. Sci. U.S.A. 114, 932–937. doi: 10.1073/pnas.1611742114

Du, L., Ma, M., Lu, Y., Dong, J., and Dong, G. (2020). How did human activity and climate change influence animal exploitation during 7500–2000 BP in the Yellow River Valley, China? Front. Ecol. Evol. 8:161. doi: 10.3389/fevo.2020.00161

Du, M., Kawashima, S., Yonemura, S., Zhang, X., and Chen, S. (2004). Mutual influence between human activities and climate change in the Tibetan Plateau during recent years. Glob. Planet. Change 41, 241–249. doi: 10.1016/j.gloplacha.2004.01.010

Fenner, J. N., Tumen, D., and Khatanbaatar, D. (2014). Food fit for a Khan: stable isotope analysis of the elite Mongol Empire cemetery at Tavan Tolgoi, Mongolia. J. Archaeol. Sci. 46, 231–244. doi: 10.1016/j.jas.2014.03.017

Flad, R. K. (2007). Zooarcheological evidence for animal domestication in northwest China. Dev. Quat. Sci. 9, 167–203. doi: 10.1016/S1571-0866(07)09012-4

Fuller, D. Q., and Rowlands, M. (2011). “Ingestion and food technologies: maintaining differences over the long-term in West, South and East Asia,” in Interweaving Worlds: Systemic Interactions in Eurasia, 7th to 1st millennia BC, eds T. C. Wilkinson, S. Sherratt, and J. Bennet (Oxford: Oxbow Books), 36–67.

Fuller, D. Q., and Stevens, C. J. (2009). “Agriculture and the development of complex societies: an archaeobotanical agenda,” in From Foragers to Farmers, eds A. S. Fairbairn and E. Weiss (Oxford: Oxbow Books), 37–57.

Gansu Provincial Institute of Cultural Relics and Archaeology [GPICRA] (2006). Report on Excavations at a Neolithic Site of Dadiwan in Qin’an County (in Chinese). Beijing: Cultural Relics Press.

Guo, W. (2019). The Cultural Representation and Internal Causes of Qin dominate Xirong from Majiayuan cemetery (in Chinese). Sichuan Cult. Relics. 4, 46–53.

Han, H., Hou, J., Huang, M., Li, Z., Xu, K., Zhang, D., et al. (2020). Impact of soil and water conservation measures and precipitation on streamflow in the middle and lower reaches of the Hulu River Basin. China. Catena. 195:104792. doi: 10.1016/j.catena.2020.104792

Han, J. (2015). Early China: The Making of the Chinese Culture Sphere (in Chinese). Shanghai: Classic Publishing House.

Hedges, R. E., and Reynard, L. M. (2007). Nitrogen isotopes and the trophic level of humans in archaeology. J. Archaeol. Sci. 34, 1240–1251. doi: 10.1016/j.jas.2006.10.015

Henry, A. G., Brooks, A. S., and Piperno, D. R. (2011). Microfossils in calculus demonstrate consumption of plants and cooked foods in Neanderthal diets (Shanidar III, Iraq; Spy I and II, Belgium). Proc. Natl. Acad. Sci. U.S.A. 108, 486–491. doi: 10.1073/pnas.1016868108

Hermes, T. R., Frachetti, M. D., Bullion, E. A., Maksudov, F., Mustafokulov, S., and Makarewicz, C. A. (2018). Urban and nomadic isotopic niches reveal dietary connectivities along Central Asia’s Silk Roads. Sci. Rep. 8:5177. doi: 10.1038/s41598-018-22995-2

Hou, L. (2019). Alternative Indicators of reconstructing the ancestors livelihood and industry economy from the pers-pective of stable lsotope (in Chinese). Cult. Relics Southern China 2, 165–183.

Hu, Y. (2018). Thirty-four years of stable isotopic analyses of ancient skeletons in China: an overview, progress and prospects. Archaeometry 60, 144–156. doi: 10.1111/arcm.12367

Hu, Y., Hu, S., Wang, W., Wu, X., Marshall, F. B., Chen, X., et al. (2014). Earliest evidence for commensal processes of cat domestication. Proc. Natl. Acad. Sci. U.S.A. 111, 116–120. doi: 10.1073/pnas.1311439110

Hu, Z. (2015). Research of Charred Botanical Remains from Shannashuzha Site in Gansu Province (in Chinese). [Master’s Thesis]. Xi’an: Northwest University.

Huang, W. (2000). “The preliminary appraisal of animal bones from the da lijiaping site,” in Archaeological Collectanea (13) (in Chinese), ed. Archaeology Magazine (Beijing: Encyclopedia of China Publishing House).

Huang, X. (2017). Ideas of Hua and Yi in the Works of Ma Zhiyuan and Bai Pu: Two Northern Playwrights in the Early Yuan. [Dissertation]. Los Angeles: University of Southern California.

Jaffe, Y., Hein, A., Womack, A., Brunson, K., d’Alpoim Guedes, J., Guo, R., et al. (2021). Complex pathways towards emergent pastoral settlements: new research on the bronze age Xindian Culture of Northwest China. J. World Prehist. 34, 595–647. doi: 10.1007/s10963-021-09160-w

Janz, L., Cameron, A., Bukhchuluun, D., Odsuren, D., and Dubreuil, L. (2020). Expanding frontier and building the sphere in arid East Asia. Quat. Int. 559, 150–164. doi: 10.1016/j.quaint.2020.04.041

Jaouen, K., Richards, M. P., Le Cabec, A., Welker, F., Rendu, W., Hublin, J. J., et al. (2019). Exceptionally high δ15N values in collagen single amino acids confirm Neandertals as high-trophic level carnivores. Proc. Natl. Acad. Sci.U.S.A. 116, 4928–4933. doi: 10.1073/pnas.1814087116

Jeong, C., Wang, K., Wilkin, S., Taylor, W. T. T., Miller, B. K., Bemmann, J. H., et al. (2020). A dynamic 6,000-year genetic history of Eurasia’s Eastern Steppe. Cell. 183, 890–904. doi: 10.1016/j.cell.2020.10.015

Jeong, C., Wilkin, S., Amgalantugs, T., Bouwman, A. S., Taylor, W. T. T., Hagan, R. W., et al. (2018). Bronze Age population dynamics and the rise of dairy pastoralism on the eastern Eurasian steppe. Proc. Natl. Acad. Sci. U.S.A. 115, E11248–E11255. doi: 10.1073/pnas.1813608115

Jia, X., Dong, G., Li, H., Brunson, K., Chen, F., Ma, M., et al. (2013). The development of agriculture and its impact on cultural expansion during the late Neolithic in the Western Loess Plateau, China. Holocene. 23, 85–92. doi: 10.1177/0959683612450203

Jiang, W., Wu, H., Li, Q., Lin, Y., and Yu, Y. (2019). Spatiotemporal changes in C4 plant abundance in China since the Last Glacial Maximum and their driving factors. Palaeogeogr. Palaeoclimatol. Palaeoecol. 518, 10–21. doi: 10.1016/j.palaeo.2018.12.021

Kohn, M. J. (1999). You are what you eat. Science 283, 335–336. doi: 10.1126/science.283.5400.335

Krajcarz, M., Krajcarz, M. T., Baca, M., Baumann, C., Van Neer, W., Popović, D., et al. (2020). Ancestors of domestic cats in Neolithic Central Europe: Isotopic evidence of a synanthropic diet. Proc. Natl. Acad Sci.U.S.A. 117, 17710–17719. doi: 10.1073/pnas.1918884117

Leipe, C., Long, T., Sergusheva, E. A., Wagner, M., and Tarasov, P. E. (2019). Discontinuous spread of millet agriculture in eastern Asia and prehistoric population dynamics. Sci. Adv. 5:eaax6225. doi: 10.1126/sciadv.aax6225

Li, F., Li, S., and Shui, T. (1993). Ancient Culture and Ancient Environment of Hulu River Basin (in Chinese). Archaeology 9, 822–842.

Li, H. (2018). Ancient Strategies of Crop Use on the Western Chinese Loess Plateau from Neolithic to Historical Periods (in Chinese). [Dissertation]. Lanzhou: Lanzhou University.

Li, M., Yang, X., Wang, H., Wang, Q., Jia, X., and Ge, Q. (2010). Starch grains from dental calculus reveal ancient plant foodstuffs at Chenqimogou site, Gansu Province. Sci. China Earth Sci. 53, 694–699. doi: 10.1007/s11430-010-0052-9

Li, X. (2011). Tsinghua Bamboo Slips’s important discovery on the origin of Qin (in Chinese). Guangming Daily 9:12.

Li, X., Lu, M., Cui, Y., Liu, R., and Ma, M. (2020). The integration of farmers and nomads: archaeological evidence for the human subsistence strategy in northwestern china during the han dynasty. Acta Geol. Sin-English Edition. 94, 603–611. doi: 10.1111/1755-6724.14536

Li, X., Zhou, X., Zhou, J., Dodson, J., Zhang, H., and Shang, X. (2007). The earliest archaeobiological evidence of the broad-ening agriculture in China recorded at Xishanping site in Gansu Province. Sci. China (Series D: Earth Sciences). 11, 1707–1714. doi: 10.1007/s11430-007-0066-0

Li, Y. (2009). The Cultural Properties of Majiayuan Cemetery and Its Relationship with Qin Culture (in Chinese). [master’s thesis]. Xi’an: Northwest University.

Liang, Y. (2016). The relationship between Qin and Xirong from archaeology (in Chinese). Western Archaeol. 2, 112–146.

Ling, X. (2010). Study of Dietary of Ancient Qin People (in Chinese). [Dissertation]. Xi’an: Northwest University.

Liu, C. (2012). The Study About Ethnic Relations around Zhou‵ Qin‵Rong in The Later Period of West Zhou Dynasty——on The Problem of Early History of Qin (in Chinese). [Master’s Thesis]. Zhengzhou: Zhengzhou University.

Liu, C., Kong, Z., and Lang, S. (2004). Discussion on plant relics of the crops and human living environment at dadiwan site (in Chinese). Cult. Relics Central China 4, 26–30.

Liu, F., Yang, Y., Shi, Z., Storozum, M. J., and Dong, G. (2019). Human settlement and wood utilization along the mainstream of Heihe River basin, northwest China in historical period. Quat. Int. 516, 141–148. doi: 10.1016/j.quaint.2018.05.033

Liu, F., Zhang, Y., Feng, Z., Hou, G., Zhou, Q., and Zhang, H. (2010). The impacts of climate change on the neolithic cultures of gansu-qinghai region during the late holocene megathermal. J. Geogra. Sci. 20, 417–430. doi: 10.1007/s11442-010-0417-1

Liu, W., Zhang, Q. C., Wu, X. J., and Zhu, H. (2010). Tooth wear and dental pathology of the Bronze–Iron Age people in Xinjiang, Northwest China: Implications for their diet and lifestyle. Homo 61, 102–116. doi: 10.1016/j.jchb.2010.02.002

Liu, X. (2012). Stage Division of Chinese Crop Cultivation History and Formation of Traditional Agriculture (in Chinese). Agric. History China 31, 3–16.

Liu, X., Jones, P. J., Matuzeviciute, G. M., Hunt, H. V., Lister, D. L., An, T., et al. (2019). From ecological opportunism to multi-cropping: mapping food globalisation in prehistory. Quat. Sci. Rev. 206, 21–28. doi: 10.1016/j.quascirev.2018.12.017

Liu, X., Lightfoot, E., O’Connell, T. C., Wang, H., Li, S., Zhou, L., et al. (2014). From necessity to choice: dietary revolutions in west China in the second millennium BC. World Archaeol. 46, 661–680. doi: 10.1080/00438243.2014.953706

Liu, X., Lister, D. L., Zhao, Z., Staff, R. A., Jones, P. J., Zhou, L., et al. (2016b). The virtues of small grain size: potential pathways to a distinguishing feature of Asian wheats. Quat. Int. 426, 107–119. doi: 10.1016/j.quaint.2016.02.059

Liu, X., and Reid, R. E. (2020). The prehistoric roots of Chinese cuisines: Mapping staple food systems of China, 6000 BC–220 AD. PLoS One. 15:e0240930. doi: 10.1371/journal.pone.0240930

Liu, X., Reid, R. E., Lightfoot, E., Matuzeviciute, G. M., and Jones, M. K. (2016a). Radical change and dietary conservatism: mixing model estimates of human diets along the inner asia and china’s mountain corridors. Holocene 26, 1556–1565. doi: 10.1177/0959683616646842

Local Chronicle Compilation Committee of Gansu Province, and Agricultural Chronicle Compilation Committee of Gansu Province (1995). Local Chronicle of Gansu (Agricultural Chronicle) (in Chinese). Lanzhou: Gansu Culture Press.

Local Chronicle Compilation Committee of Gansu Province (2017). Local Chronicle of Gansu (Chronicle of Organizational system: Spring and Autumn Period–2008) (in Chinese). Lanzhou: Gansu People’s Publishing House.

Local Chronicle Compilation Committee of Pingliang City (2011). Local Chronicle of Pingliang (in Chinese). Beijing: Zhonghua Book Company.

Local Chronicle Compilation Committee of Qin’an County (2001). Local Chronicle of Qin’an (in Chinese). Lanzhou: Gansu People’s Publishing House.

Local Chronicle Compilation Committee of Tianshui City (2004). Local Chronicle of Tianshui (in Chinese). Beijing: China Local Records Publishing.

Local Chronicle Compilation Committee of Zhuanglang County (1998). Local Chronicle of Zhuanglang (in Chinese). Beijing: Zhonghua Book Company.

Long, T., Leipe, C., Jin, G., Wagner, M., Guo, R., Schröder, O., et al. (2018). The early history of wheat in China from 14C dating and Bayesian chronological modelling. Nat. Plants 4, 272–279. doi: 10.1038/s41477-018-0141-x

Lv, H. (2017). New methods and progress in research on the origins and evolution of prehistoric agriculture in China. Sci. China Earth Sci. 60, 2141–2159. doi: 10.1007/s11430-017-9145-2

Ma, F. (2018). The Study of Xirong Culture in the Majiayuan Cemetery (in Chinese). [Master’s Thesis]. Xi’an: Northwest University.

Ma, M. (2013). Human dietary changes and Agriculture Developments in the Hehuang and Contiguous Regions in the Second Millennium BC-Stable Isotopic Evidence (in Chinese). [Dissertation]. Lanzhou: Lanzhou University.

Ma, M., Dong, G., Jia, X., Wang, H., Cui, Y., and Chen, F. (2016). Dietary shift after 3600 cal yr BP and its influencing factors in northwestern China: Evidence from stable isotopes. Quat. Sci. Rev. 145, 57–70. doi: 10.1016/j.quascirev.2016.05.041

Ma, M., Dong, G., Liu, X., Lightfoot, E., Chen, F., Wang, H., et al. (2015). Stable isotope analysis of human and animal remains at the Qijiaping site in middle Gansu, China. Int. J. Osteoarchaeol. 25, 923–934. doi: 10.1002/oa.2379

Ma, M., Ren, L., Li, Z., Wang, Q., Zhao, X., and Li, R. (2021). Early emergence and development of pastoralism in Gan-Qing region from the perspective of isotopes. Archaeol. Anthropol Sciences. 13:93. doi: 10.1007/s12520-021-01331-2

Ma, Y., Fuller, B. T., Chen, L., Zhao, C., Hu, Y., and Richards, M. P. (2016). Reconstructing Diet of the Early Qin (ca. 700–400 BC) at Xishan, Gansu Province, China. Int. J. Osteoarchaeol. 26, 959–973. doi: 10.1002/oa.2506

Machicek, M. L. (2012). Reconstructing Diet, Health and Activity Patterns in Early Nomadic Pastoralist Communities of Inner Asia. [Dissertation]. Sheffield: University of Sheffield.

Marchant, R., Richer, S., Boles, O., Capitani, C., Courtney-Mustaphi, C. J., Lane, P., et al. (2018). Drivers and trajectories of land cover change in East Africa: human and environmental interactions from 6000 years ago to present. Earth-Sci. Rev. 178, 322–378. doi: 10.1016/j.earscirev.2017.12.010

Mo, D., Li, F., Li, S., and Kong, Z. (1996). A Preliminary study on the paleoenvironment of the middle holocene in the hulu river area in gansu province and its effects on human activity. Acta Geogra. Sin. 1, 59–69.

Obregon-Tito, A. J., Tito, R. Y., Metcalf, J., Sankaranarayanan, K., Clemente, J. C., Ursell, L. K., et al. (2015). Subsistence strategies in traditional societies distinguish gut microbiomes. Nat. Commun. 6:6505. doi: 10.1038/ncomms7505

O’Connell, T. C., Kneale, C. J., Tasevska, N., and Kuhnle, G. G. (2012). The diet-body offset in human nitrogen isotopic values: a controlled dietary study. Am. J. Phys. Anthropol. 149, 426–434. doi: 10.1002/ajpa.22140

Pechenkina, E. A., Ambrose, S. H., Xiaolin, M., and Benfer, R. A. Jr. (2005). Reconstructing northern Chinese Neolithic subsistence practices by isotopic analysis. J. Archaeol Sci. 32, 1176–1189. doi: 10.1016/j.jas.2005.02.015

Qi, G., Lin, Z., and An, J. (2006). “Report of identification of faunal remains from the dadiwan site (in Chinese),” in Qin’an Dadiwan, ed. Gansu Provincial Institute of Cultural Relics and Archaeology (Beijing: Cultural Relics Publishing House), 861–910.

Qin, L. (2012). Archaeobotanica research and prospects on the origin of Agriculture in China (in Chinese). Collection Stud. Archaeol. 00, 260–315.

Raina, A., Laskar, R. A., Khursheed, S., Amin, R., Tantray, Y. R., Parveen, K., et al. (2016). Role of mutation breeding in crop improvement-past, present and future. Asian Res. J. Agric. 2, 1–13. doi: 10.9734/ARJA/2016/29334

Reimer, P. J., Austin, W. E., Bard, E., Bayliss, A., Blackwell, P. G., Ramsey, C. B., et al. (2020). The IntCal20 Northern Hemisphere radiocarbon age calibration curve (0–55 cal kBP). Radiocarbon 62, 725–757. doi: 10.1017/RDC.2020.41

Ren, L. (2017). A Study on Animal Exploitation Strategies From the Late Neolithic to Bronze Age in Northeastern Tibetan Plateau and its Surrounding Areas, China (in Chinese). [Dissertation]. Lanzhou: Lanzhou University.

Ren, L., and Dong, G. (2016). The history for origin and diffusion of “Six livestock” (in Chinese). Chin. J. Nat. 38, 257–262.

Ren, L., Yang, Y., Wang, Q., Zhang, S., Chen, T., Cui, Y., et al. (2021). The transformation of cropping patterns from Late Neolithic to Early Iron Age (5900–2100 BP) in the Gansu-Qinghai region of northwest China. Holocene. 31, 183–193. doi: 10.1177/0959683620941137

Robinson, J. (2019). Ecological niche define the limits of pig agroecology: a comparative review of evidence from early centres of sedentary agriculture. Agroecol. Sustain. Food Syst. 43, 705–717. doi: 10.1080/21683565.2019.1600098

Salazar-García, D. C., Power, R. C., Rudaya, N., Kolobova, K., Markin, S., Krivoshapkin, A., et al. (2021). Dietary evidence from Central Asian Neanderthals: A combined isotope and plant microremains approach at Chagyrskaya Cave (Altai, Russia). J. Hum. Evol. 156:102985. doi: 10.1016/j.jhevol.2021.102985

Schoeninger, M. J., DeNiro, M. J., and Tauber, H. (1983). Stable nitrogen isotope ratios of bone collagen reflect marine and terrestrial components of prehistoric human diet. Science 220, 1381–1383. doi: 10.1126/science.6344217

Scott, A., Power, R. C., Altmann-Wendling, V., Artzy, M., Martin, M. A., Eisenmann, S., et al. (2021). Exotic foods reveal contact between South Asia and the Near East during the second millennium BCE. Proc. Natl. Acad. Sci.U.S.A. 118, 193–208. doi: 10.1073/pnas.2014956117

Shang, X., and Li, X. (2010). Holocene vegetation characteristics of the southern Loess Plateau in the Weihe River valley in China. Rev. Palaeobot. Palynol. 160, 46–52. doi: 10.1016/j.revpalbo.2010.01.004

Shi, J. (1995). An synopsis of the historical development of agriculture in Gansu (from ancient times to the end of the Qing Dynasty) (in Chinese). Ancient Modern Agric. 1, 23–30.

Smith, B. N., and Epstein, S. (1971). Two categories of 13C/12C ratios for higher plants. Plant Physiol. 47, 380–384. doi: 10.1104/pp.47.3.380

Song, J., Gao, Y., Tang, L., Zhang, Z., Hayashi Tang, M., Xu, H., et al. (2021). Farming and multi-resource subsistence in the third and second millennium BC: archaeobotanical evidence from Karuo. Archaeol. Anthropol. Sci. 13:47. doi: 10.1007/s12520-021-01281-9

Spengler, R., Frachetti, M., Doumani, P., Rouse, L., Cerasetti, B., Bullion, E., et al. (2014). Early agriculture and crop transmission among Bronze Age mobile pastoralists of Central Eurasia. Proc. R. Soc. B: Biol. Sci. 281:20133382. doi: 10.1098/rspb.2013.3382

Su, H. (2008). On the evolution of primitive agricultural production structure in the upper weihe river and adjacent areas (in Chinese). Agric. Archaeol. 6, 12–20.

Sun, A., and Feng, Z. (2015). Climatic changes in the western part of the chinese loess plateau during the last deglacial and the holocene: a synthesis of pollen records. Quat. Int. 372, 130–141. doi: 10.1016/j.quaint.2014.10.046

Sun, H., Bendle, J., Seki, O., and Zhou, A. (2018). Mid-to-late Holocene hydroclimatic changes on the Chinese Loess Plateau: evidence from n-alkanes from the sediments of Tianchi Lake. J. Paleolimnol. 60, 511–523. doi: 10.1007/s10933-018-0037-9

Tao, D., Zhang, G., Zhou, Y., and Zhao, H. (2020). Investigating wheat consumption based on multiple evidences: Stable isotope analysis on human bone and starch grain analysis on dental calculus of humans from the Laodaojing cemetery, Central Plains, China. Int. J. Osteoarchaeol. 30, 594–606. doi: 10.1002/oa.2884

Teeri, J. A., and Schoeller, D. A. (1979). δ13C values of an herbivore and the ratio of C3 to C4 plant carbon in its diet. Oecologia. 39, 197–200. doi: 10.1007/BF00348068

Tieszen, L. L., Boutton, T. W., Tesdahl, K. G., and Slade, N. A. (1983). Fractionation and turnover of stable carbon isotopes in animal tissues: implications for δ13C analysis of diet. Oecologia. 57, 32–37. doi: 10.1007/BF00379558

Vaiglova, P., Reid, R. E., Lightfoot, E., Pilaar Birch, S. E., Wang, H., Chen, G., et al. (2021). Localized management of non-indigenous animal domesticates in Northwestern China during the Bronze Age. Sci. Rep. 11:15764. doi: 10.1038/s41598-021-95233-x

von Cramon-Taubadel, N. (2011). Global human mandibular variation reflects differences in agricultural and hunter-gatherer subsistence strategies. Proc. Natl. Acad. Sci. U.S.A. 108, 19546–19551. doi: 10.1073/pnas.1113050108

Walker, P. L., and DeNiro, M. J. (1986). Stable nitrogen and carbon isotope ratios in bone collagen as indices of prehistoric dietary dependence on marine and terrestrial resources in southern California. Am. J. Phys. Anthropol. 71, 51–61. doi: 10.1002/ajpa.1330710107

Wang, A. (2020). Study on Xirong Cultural Cemetery in the Spring and Autumn Period and Warring States Period (in Chinese). [Master’s Thesis]. Shandong: Shandong University.

Wang, C., Yeh, H., Popov, A., Zhang, H., Matsumura, H., Sirak, K., et al. (2021). Genomic insights into the formation of human populations in East Asia. Nature 591, 413–419. doi: 10.1038/s41586-021-03336-2

Wang, G., Han, J., Zhou, L., Xiong, X., Tan, M., Wu, Z., et al. (2005). Study on the stable carbon isotopic composition of c4 plants in loess region of northern China (in Chinese). Sci. China (Series D: Earth Sciences). 12, 1174–1179.

Wang, H. (2012). Sequence and pattern of archaeology culture in Neolithic-Bronze Age in Gansu-Qinghai province (in Chinese). Collection Stud. Archaeol. 9, 210–243.

Wang, L., and Cui, Y. (2021). The spatiotemporal pattern of cultural evolution response to agricultural development and climate change from Yangshao culture to Bronze Age in the Yellow River basin and surrounding regions, north China. Front. Earth Sci. 9:657179. doi: 10.3389/feart.2021.657179

Wang, S. (2018). Research on the Characteristics and Influencing Factors of Runoff of the Hulu River, a Tributary of the Weihe River (in Chinese). [Master’s Thesis]. Lanzhou: Lanzhou University.

Wang, T., Wei, D., Chang, X., Yu, Z., Zhang, X., Wang, C., et al. (2019). Tianshanbeilu and the Isotopic Millet Road: reviewing the late Neolithic/Bronze Age radiation of human millet consumption from north China to Europe. Natl. Sci. Rev. 6, 1024–1039. doi: 10.1093/nsr/nwx015

Wang, W., Ding, M., Gardner, J. D., Wang, Y., Miao, B., Guo, W., et al. (2021). Ancient Xinjiang mitogenomes reveal intense admixture with high genetic diversity. Sci. Adv. 7:eabd6690. doi: 10.1126/sciadv.abd6690

Wang, X., Shang, X., Smith, C., Wei, D., Zhang, J., Ruan, Q., et al. (2021). Paleodiet reconstruction of human and animal bones at the Dalujiao cemetery in Early Iron Age Xinjiang, China. Int. J. Osteoarchaeol. 32, 258–266. doi: 10.1002/oa.3060

Wang, X., Roberts, P., Tang, Z., Yang, S., Storozum, M., Groß, M., et al. (2021). The Circulation of Ancient Animal Resources across the yellow river basin: a preliminary bayesian re-evaluation of sr isotope data from the early neolithic to the western zhou dynasty. Front. Ecol. Evol. 9:583301. doi: 10.3389/fevo.2021.583301

Wang, Y., Ling, X., Liang, Y., Hou, H., Hong, X., and Chen, L. (2019). Study on the Qin Ancestors’bones in Maojiaping Site at Gangu Country by carbon and nitrogen isotope analysis (in Chinese). J. Northwest Univ. (Nat. Sci. Edition). 49, 729–735.

Wei, J., and Feng, B. (2020). Thoughts on the development process of the integration of agriculture and herding and the origin of animal husbandry in northern (in Chinese). West. Reg. Stud. 4, 79–93.

Wei, S. (1987). A Preliminary study on the origin and history of circular stone grinding in China (in Chinese). Agric. History China. 1, 26–29.

Wei, S. (1988). Historical textual research on large-scale wheat planting in han dynasty in China (in Chinese). Agric. History China. 4, 22–30.

Welker, F., Hajdinjak, M., Talamo, S., Jaouen, K., Dannemann, M., David, F., et al. (2016). Palaeoproteomic evidence identifies archaic hominins associated with the Châtelperronian at the Grotte du Renne. Proc. Natl. Acad. Sci.U.S.A. 113, 11162–11167. doi: 10.1073/pnas.1605834113

Wende, Z., Hou, G., Gao, J., Chen, X., Jin, S., and Lancuo, Z. (2021). Reconstruction of cultivated land in the Northeast margin of Qinghai-Tibetan Plateau and anthropogenic impacts on palaeo-environment during mid-Holocene. Front. Earth Sci. 9:681995. doi: 10.3389/feart.2021.681995

Weyrich, L. S., Duchene, S., Soubrier, J., Arriola, L., Llamas, B., Breen, J., et al. (2017). Neanderthal behaviour, diet, and disease inferred from ancient DNA in dental calculus. Nature 544, 357–361. doi: 10.1038/nature21674

Wilkin, S., Ventresca Miller, A., Taylor, W. T., Miller, B. K., Hagan, R. W., Bleasdale, M., et al. (2020). Dairy pastoralism sustained eastern Eurasian steppe populations for 5,000 years. Nat. Ecol. Evol. 4, 346–355. doi: 10.1038/s41559-020-1120-y

Xia, D., Ma, Y., Chen, F., and Wang, J. (1998). High-resolution record of vegetation and climate variations in longxi loess plateau during holocene (in Chinese). J. Lanzhou Univ. (Nat. Sci.) 34, 119–127.

Xie, D. (2002). Prehistorical Archaeology in Gansu-Qinghai Area (in Chinese). Beijing: Cultural Relics Publishing House.

Yang, L., Long, H., Cheng, H., Hu, G., Duan, H., and Zhao, H. (2020). Historical settlement abandonment in the middle Hexi Corridor linked to human-induced desertification. Palaeogeogra. Palaeoclimatol. Palaeoecol. 545:109634. doi: 10.1016/j.palaeo.2020.109634

Yang, Y. (2014). The Analysis of Charred Plant Seeds at Jinchankou site and Lijiaping Site During Qijia Culture Period in the Hehuang Region, China (in Chinese). [Master’s Thesis]. Lanzhou: Lanzhou University.

Yang, Y., Ren, L., Dong, G., Cui, Y., Liu, R., Chen, G., et al. (2019). Economic change in the prehistoric Hexi corridor (4800–2200 bp), north-west China. Archaeometry 61, 957–976. doi: 10.1111/arcm.12464

Yi, H. (2012). Introduction to Liuchu in Chinese Culture (in Chinese). Ancient Modern Agric. 3, 18–30. doi: 10.1007/s12126-010-9061-4

Yu, C., Lv, P., and Zhao, C. (2011). The identification and research of animal remains of Xishan site in Li County Gansu Province (in Chinese). Cult. Relics Southern China. 3, 73–79.

Yuan, J. (2010). Zooarchaeological study on the domestic animals in ancient China. Quat. Sci. 30, 298–306. doi: 10.3969/j.issn.1001-7410.2010.02.06

Yuan, J. (2016). Preliminary study on the means of livelihood in northeast china from neolithic age to pre-qin period (in Chinese). Cult. Relics Southern China 3, 175–182.

Zhang, B., Ning, Y., An, Z., and Liu, W. (2015). Abundance of C4/C3 plants in the Chinese Loess Plateau and their response to plant growing environment (in Chinese). Quat. Sci. 35, 801–808.

Zhang, C. (2017). The regional features of the subsistence economic structure in north china during the early stage after the introduction of crops and domestic animals from the western old world (in Chinese). Huaxia Archaeol.. 3, 89–97.

Zhang, C., Zhao, C., Yu, Z., Zhang, H., Zhou, A., Zhang, X., et al. (2020). Western Pacific Ocean influences on monsoon precipitation in the southwestern Chinese Loess Plateau since the mid-Holocene. Clim. Dyn. 54, 3121–3134. doi: 10.1007/s00382-020-05159-9

Zhang, C., Zhao, C., Zhou, A., Zhang, K., Wang, R., and Shen, J. (2019). Late Holocene lacustrine environmental and ecological changes caused by anthropogenic activities in the Chinese Loess Plateau. Quat. Sci. Rev. 203, 266–277. doi: 10.1016/j.quascirev.2018.11.020

Zhang, D., Chen, F., Bettinger, R. L., Barton, L., Ji, D., Morgan, C., et al. (2010). Archaeological records of Dadiwan in the past 60 ka and the origin of millet agriculture. Chin. Sci. Bull. 55, 1636–1642. doi: 10.1007/s11434-010-3097-4

Zhang, D., Yang, Y., and Ran, M. (2020). Variations of surface soil δ13Corg in the different climatic regions of China and paleoclimatic implication. Quat. Int. 536, 92–102. doi: 10.1016/j.quaint.2019.12.015

Zhang, Q., Wang, Q., Kong, B., Wang, C., Yang, D., Zhu, H., et al. (2018). A scientific analysis of cranial trepanation from an Early Iron Age cemetery on the ancient Silk Road in Xinjiang, China. Archaeol Anthropol Sci. 10, 1319–1327. doi: 10.1007/s12520-016-0461-6

Zhang, S., Yang, Y., Storozum, M. J., Li, H., Cui, Y., and Dong, G. (2017). Copper smelting and sediment pollution in Bronze Age China: a case study in the Hexi corridor. Northwest China Catena 156, 92–101. doi: 10.1016/j.catena.2017.04.001

Zhang, X., Ye, M., and Qiu, S. (2016). Preliminary discussion on the food of ancestors in lajia site——the stable lsotope analysis on the carbon and nitrogen of human bone unearthed the disaster scene in lajia site (in Chinese). Cult. Relics Southern China 4, 197–202.

Zhang, Y., Zhang, Y., Hu, S., Zhou, X., Liu, L., Liu, J., et al. (2021). Integration of pastoralism and millet cultivation during the Bronze Age in the temperate steppe region of northern China. Front. Earth Sci. 9:748327. doi: 10.3389/feart.2021.748327

Zhao, D., Wu, H., Wu, J., and Guo, Z. (2013). C3/C4 Plants Characteristics of the eastern and western parts of the chinese loess plateau during mid-holocene and last interglacial (in Chinese). Quat. Sci.. 33, 848–855.

Zhao, Z. (2010). New data and new issues for the study of origin of rice agriculture in China. Archaeol. Anthropol. Sci. 2, 99–105. doi: 10.1007/s12520-010-0028-x

Zhao, Z. (2014). The process of origin of agriculture in China: archaeological evidence from flotation results (in Chinese). Quat. Sciences. 34, 73–84.

Zhao, Z. (2015). Study on the introduction of wheat into China——Botanical archaeology (in Chinese). Cult. Relics Southern China 3, 44–52.

Zhou, L., and Garvie-Lok, S. J. (2015). Isotopic evidence for the expansion of wheat consumption in northern China. Archaeol. Res. Asia 4, 25–35. doi: 10.1016/j.ara.2015.10.001

Zhou, L., Garvie-Lok, S. J., Fan, W., and Chu, X. (2017). Human diets during the social transition from territorial states to empire: Stable isotope analysis of human and animal remains from 770 BCE to 220 CE on the Central Plains of China. J. Archaeol. Sci Rep. 11, 211–223. doi: 10.1016/j.jasrep.2016.11.019

Zhou, W., and Ding, J. (2006). The Silk Road Dictionary (in Chinese). Xi’an: Shaanxi people’s publishing house.

Zhu, Z. (2004). Early History of Qin (in Chinese). Dunhuang: Dunhuang Literature and Art Publishing House.


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Dong, Wang, Chen, Wei, Du, Xu, Ma and Dong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/nav.xhtml




Contents





		Cover



		Stable Isotopic Evidence for Human and Animal Diets From the Late Neolithic to the Ming Dynasty in the Middle-Lower Reaches of the Hulu River Valley, NW China



		INTRODUCTION



		STUDY AREA AND ARCHAEOLOGICAL CONTEXT



		MATERIALS AND METHODS



		Study Sites



		Analysis of the Isotopic Composition of Bones







		RESULTS



		Bone Preservation Status



		Chronology



		Human and Animal Isotopic Analysis







		DISCUSSION



		Human Diets and Subsistence Strategies From the Late Neolithic to the Ming Dynasty in the Middle-Lower Hulu River Valley



		Complex Diet Patterns From the Late Neolithic to the Ming Dynasty in Western Loess Plateau



		Influencing Factors of Human and Animal Diets in Western Loess Plateau







		CONCLUSION



		DATA AVAILABILITY STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		FOOTNOTES



		REFERENCES

















OPS/images/fevo-10-905371-t001.jpg
Site

YBL
YBL
ZTXFC
ZTXFC
WJIYW
ZTXFC
ZTXFC
ZTXFC
ZTXFC
ZTXFC
ZTXFC
ZTXFC
WJIYW
WJIYW
WJIYW
YBL
YBL
ZTXFC
ZTXFC
ZTXFC
YBL
YBL
YBL

Lab no.

LZU20324
LZU21094
LZU20320
LZU20315
LZU20157
LZU20160
LZU20316
LZU20314
LZU20161
LZU20317
LZU20676
LZU21093
LZU20158
LZU20159
LZU20156
LZU21433
LZU20323
LZU20318
LZU20319
LZU20322
LZU20326
LzU20327
LZU20325

Dating material

Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen
Collagen

Radiocarbon age (BP)

4440 £ 20
4340 £ 30
4040 £ 30
4010 £30
3700 £ 20
2840 £ 20
2830 £ 20
2820 £20
2810 £20
2800 + 20
2790 £ 20
2760 £ 20
2470 £20
2460 + 20
2450 £ 20
2450 £ 20
2430 £20
940 + 20
880 + 20
870 + 20
720 + 20
650 + 20
600 £ 20

Calibrated age (cal BP) 2 ¢

5277-4885
5021-4844
4612-4418
4567-4414
4144-3976
3026-2869
2997-2869
2992-2860
2961-2855
2960-2850
2958-2800
2927-2780
2710-2428
2704-2369
2699-2364
2699-2364
2688-2358
914-791
898-730
897-726
684-651
663-558
646-548

media (cal BP)

5035
4906
4492
4477
4035
2942
2929
2918
2911
2904
2893
2845
2593
2588
2513
2513
2450
849
766
760
669
588
605

104
43
64
39
42
40
35
32
31
32
35
38
83
94
103
103
96
37
40
31
15
36
28





OPS/images/fevo-10-905371-t002.jpg
Date (cal BP)

5300-4000

3000-2200

1000-500

Species

Dog
Pig
Deer
Pheasant
Human
Dog
Pig
Cattle
Sheep/Goat
Horse
Deer
Human
Human

Sample number

s13¢c (%0)

Range Mean + SD
-11.4t0-8.8 -10.1 +£1.3
-19.1t0-8.6 -10.8+ 3.3
-21.8t0-15.4 -19.0+1.9

-16.90 -16.9
-17.0t0-8.0 -10.6 £ 3.7
-10.0t0 8.8 -96+04
-19.4t0-7.3 -11.9+4.7
-21.1t0-13.2 -16.1 £ 2.0
-20.4t0-7.0 -17.6+£2.2
-20.1 to 9.1 -17.8 £ 2.1
-19.0t0 -18.4 -18.7 £ 0.3
-14.4t0-11.2 -12.8+1.6
-17.8t0-8.6 —-15.4+25

515N (%o0)

Range

7.5-8.5
4.7-9.1
2.5-5.1
6.8
8.6-10.9
8.1-8.4
4.7-9.0
2.9-8.1
4.0-8.7
3.4-9.3
3.9-5.2
11.1-13.4
8.5-12.9

Mean + SD

8.0+05
73+£1:2
42+0.8
6.8
10.1 £0.9
8.2 +0.1
75+1.2
6.1 £1.2
6:0.E:
54 +11
45+0.6
123 +1.:2
108+ 1.4





OPS/images/fevo-10-905371-g001.jpg
10|l°E 1 |°E 10|3°E 10|5°E 10|6°E
N
W¢E
i., OB oD S
SlVey
[ ‘.
®
i . Yellow Riyer
Ining aped iahaishi
> Sanheyi. ~ 7% Lanzho
£ | X ® <
A z
Wenbuju 5 ; =
> e Lajia .o . =
e . Qiajiaping B;l(lehan ﬁé\\\
il <
*  Buziping Xujianian=
é_ r/\—\ %n
o % )
| < | o o Dadiwan
TaoRiverZhanqi;®¥Mogou Mao] apinm
®
Shannashuzha ™ xishan D
. T . [IXian . iR
101°E ____,,102°E’/— 103°E 104°E 105°E 106°E N
1 o.iioe'E""' 105°20'E 105°40'E 106°0E 106°20E
; e -
= JYW %
3 il 2
e -~ ‘ »%
®@" Xujianian %
- JLTXFC 2,
e %
% N J|
OO Y
v ) 3
“ YB! Dadiwan
- Viutou-River
-
St
B
N
:.?f;: i ‘Qhr T
| | I I I
105°00'E 105°20'E 105°40'E 106°0'E 106°20'E

35°00'N 35°20'N

34°40'N

Legend

Elevation(m a.s.l.)
894 L 4382
Silk Road
western Loess Plateau
® 5500-4000 BP
® 4000-3000 BP
3000-2200 BP
O Published Archaeobotanical Sites
v Published Isotopic Analysis Sites

O Sample Sites





OPS/images/fevo-10-905371-i003.jpg





OPS/images/fevo-10-905371-i002.jpg





OPS/images/fevo-10-905371-i001.jpg





OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Ecology and Evolution

Stable Isotopic Evidence
for Human and Animal Diets
From the Late Neolithic to the

Ming Dynasty
in the Middle-Lower Reaches
of the Hulu River Valley, NW
China





OPS/images/fevo-10-905371-g004.jpg
A )
- m Dog @ Pig % Human @ Cattle A Sheep V¥V Horse @ Deer ‘
9 - m® * ® *
*
i
® %
-15 7
* ‘V e 4
21—
B Baozishan and Oifiapi
1M1 1]1apin .
Baoziping T Hulthe  Xishan ] Human, dog and pig | -6
L n=15
=
- Lajia — -0
-Lixian . hn:4
_ | _Hgnr=L _ |Xiahaishi |7 T _ _ _ _ _ _ _ _ R
il n=17 -12
v .
. Maojiaping —-15
.Sar?:hgw * | n=51
___________ Wenbuyju © © e e S e e B B e B e e e ]
. ' " ‘ Huluh -
& g = ulune
: ¢ Huluhe Mfgou Z.h_anql R n=15 |
_ . N n=120 =35 -21
Dadiwan II ” n=10 " . .
- * *
n=44 Shannashuzha Xishan Lixian —-24
n=42 n=61
C N .
mm Foxtail millet B Broomcorn millet B Wheat mm Barley mm Others

- Prehistoric culture

D

- Minority Regime

 Qijia Culture

Pre-Qin

v

Central Plains Regime

Northel Wei

QI [l Sl [RE

West}m Qin

Y M Q

B
v

6000

3000
Age (cal BP)

Minority immigration

2000

100

0

Minority emigration

0

0"3C(%o)





OPS/images/fevo-10-905371-g003.jpg
0" N(%o0)

. Increasing Cs diet | Predominately Ca diet
al e
| ;-
I T |
12- I SN
] R *m : T
| ZT#I\ZII YBL-MI | I L
10 4 i | i I
| 4 . t
8- i | ZT-M7:2
6- e e
| i -+ 5300-4000 cal BP
1 I . [7.3000-2200 cal BP
ra i ' % 1000-500 cal BP(ZTXFC)
i - % 1000-500 cal BP(YBL)
— r I * I * T * 4 ' I * 1 * |
20 -18 -16 -14 -12  -10 -8 -6

53C(%o)





OPS/images/fevo-10-905371-i005.jpg
HARTER






OPS/images/fevo-10-905371-g002.jpg
| Period 1 (53004000 cal BP)

*
10 - ZT-M10 *

0" N(%o)
(0]
|

X S

o %
.
.

T T T T T T T T T T .
22 20 -18 -16 ~-14 -12 -10 -8
C 03 C(%o0)

| Period 3 (1009{-500 cal BP)
124 *
_ f: *
# )

=5 J

£ *
mZ il ZT-M7:2
7o

| ! | L | ’ | L | ¥ | ! | L |
22 20 -18 -16 -14 -12 -10 -8
53C(%o)

14- .
| Period 2 (3000-2200 cal BP)
12-
*

10- YBL-MI
) Mg
Q;i 8— ) a ODDC%A
7 % e
© ® o°

o 4 oo

@
4
4.l
22 20 -18 -16 -14 -12 -10 -8 -6
0"°C(%o)

Predominately Cs diet Predominately Ca diet

] Dog (O Pig 4 Deer ©) Pheasant

® Cattle A Sheep V¥ Horse

% Human (5300-4000 cal BP)
7 Human (3000-2200 cal BP)

% Human-ZTXFC (1000-500 cal BP)
% Human-YBL (1000-500 cal BP)





OPS/images/fevo-10-905371-i004.jpg








OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Ecology and Evolution





