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1. Introduction

More people appreciate the importance of global sustainability. This is evidenced by a growing
number of quantitative studies investigating the connection between climate change and human
societies. Given this background, the Atmosphere Special Issue “Climate Change, Climatic Extremes,
and Human Societies in the Past” aims to highlight the major aspects of the climate-society nexus in
ancient and recent human history. There are eight papers in this Special Issue based on quantitative
approaches which illustrate different forms of the climate-society nexus in ancient (two papers),
historical (three papers), and contemporary periods (three papers).

2. Temporal Coverage of this Special Issue

2.1. Ancient Periods

Regarding ancient periods, the interconnection among climate, agriculture, and human societies
is assessed. Li et al. [1] review archaeobotanical evidence from Neolithic sites in China and show that
rice was primarily cultivated in the Yangtze River valley and its southern edge, while millet cultivation
occurred in northern China circa 9000-7000 BP. Millet- and rice-based agriculture intensified and
expanded during 7000-5000 BP. In 5000-4000 BP, rice agriculture continued to develop in the Yangtze
River valley, and millet cultivation moved gradually westwards. Meanwhile, mixed agriculture based
on both millet and rice developed along the border between the North and South. Climate-induced
changes in vegetation and the environment played a significant role in agricultural development from
7000-6000 BP, while precipitation was crucial in shaping the distinct regional patterns of Chinese
agriculture from 6000-4000 BP.

While climate and agriculture were closely connected in ancient times, the social dynamics
in human societies were also thought important, significantly mediating the climate-agriculture
connection. Wang et al. [2] base their paper on the human bone fragments obtained from the site of
Xiaohucun, dated to the late Shang Dynasty (ca. 1250-1046 BC) in China, together with the isotopic
analysis of collagen, to illustrate the connections between social status and diet. Those elite members
probably consumed more animal protein such as horses, pigs, donkeys, and sheep/goats than the
common people in the late Shang Dynasty.

2.2. Historical Periods

Regarding historical periods, various positive checks such as wars, famines, and epidemics are
examined in this Special Issue. The common theme of the associated papers is to reveal the non-linear
and complex relationship between climate change and the positive checks in historical China and
pre-industrial Europe. Zhang et al. [3] employ Emerging Hot Spot Analysis to examine war hot spots
in China from 1-1911. They show that war hot spots were generally located in the Loess Plateau and
the North China Plain during warm and wet periods, but in the Central Plain, the Jianghuai area,
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and the lower reaches of the Yangtze River during cold and dry periods. Furthermore, the hot spots for
agri-nomadic warfare had the abovementioned trends, while rebellion hot spots expanded outward
during warm and wet phases and compressed inward during cold and dry phases.

Zhai et al. [4] investigate the social responses to the North China Famine of 1876-1879, which was
brought on by extreme drought. They show that famine-related migration tended to be spontaneous
and short-distanced, with the flow mainly spreading to the surrounding areas and towns. Furthermore,
relief-money and grain from the non-disaster areas were allocated to the disaster areas. Yet, such state
administrated intervention disrupted the equilibrium of food markets in non-disaster regions, resulting
in food price fluctuations there.

Yue and Lee [5] examine the relative impact of the direct and indirect impacts of climate change
on plague outbreaks in Europe between 1347-1760 using Structural Equation Models. They found that
all of the climatic impacts on plague outbreaks were indirect and were materialized through economic
changes. They further demonstrated that temperature-induced economic changes triggered plague
outbreaks in cold and wet periods, while precipitation-induced economic changes induced plague
outbreaks in cold periods.

2.3. Contemporary Periods

Over more recent times, the papers in this Special Issue focus on weather-related phenomena
which significantly affect human societies. The non-linear dynamics of those phenomena are also
highlighted. The associated findings can help human societies to mitigate the adverse impacts of
weather extremes better. Xiang et al. [6] base their paper on summer precipitation data and 130
circulation indexes of 34 national meteorological stations in Chongqing spanning 1961-2010, together
with the decision tree and the stochastic forest algorithm, to build a new multi-factor model for summer
precipitation in Chongqing. Moreover, the model is tested with precipitation data from 2011-2018.
Results show that the new model outperforms previous single-factor models.

Zhou et al. [7] use temperature data over 1980-2012 together with the Correlation Dimension
method to analyze the temperature dynamics in the Yangtze River Delta in China. They find that the
temperature rose by 1.53 °C over this period and the temperature rose the fastest in densely populated
urban areas. However, the temperature dynamics were more complicated in the sparsely populated
areas when compared to densely populated urban areas. Moreover, the complexity of temperature
dynamics increased along with the increase in temporal scale. Lastly, the interaction between economic
activity and urban density had the most substantial influence on temperature.

Yuan et al. [8] investigate the coupling between soil moisture and air temperature over China
spanning from 1980-2013 using an energy-based diagnostic process. They show that the soil
moisture—temperature coupling is the highest in the transition zones between wet and dry climates
(e.g., north-eastern China and part of the Tibetan Plateau). Furthermore, the coupling is stronger in
spring, and varies greatly in different seasons over different climatic zones. The heatwaves of 2009 in
North China and 2013 in Southeast China further reveal that regions having low soil moisture may
enhance heat anomalies, which further strengthens the coupling between soil moisture and temperature.

3. Conclusions

In summary, this Special Issue contributes theoretical and methodological analyses of the
climate—society nexus. However, the conceptualization of the climate—society nexus is not a binary
one. The nexus should be contextualized, while interdisciplinary collaboration should be further
sought for addressing the topic [9,10]. It is also worth noting that the climate-society nexus is also
dependent on temporal and spatial scales, and research findings will be determined by the length of
the study time span and the size of the study area [11-13]. The aim of this Special Issue is to facilitate a
more fruitful discussion about the climate—society nexus.
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Abstract: The Neolithic period witnessed the start and spread of agriculture across Eurasia, as well
as the beginning of important climate changes which would take place over millennia. Nevertheless,
it remains rather unclear in what ways local societies chose to respond to these considerable changes
in both the shorter and longer term. Crops such as rice and millet were domesticated in the Yangtze
River and the Yellow River valleys in China during the early Holocene. Paleoclimate studies suggest
that the pattern of precipitation in these two areas was distinctly different. This paper reviews updated
archaeobotanical evidence from Neolithic sites in China. Comparing these results to the regional
high-resolution paleoclimate records enables us to better understand the development of rice and
millet and its relation to climate change. This comparison shows that rice was mainly cultivated in the
Yangtze River valley and its southern margin, whereas millet cultivation occurred in the northern area
of China during 90007000 BP. Both millet and rice-based agriculture became intensified and expanded
during 7000-5000 BP. In the following period of 5000-4000 BP, rice agriculture continued to expand
within the Yangtze River valley and millet cultivation moved gradually westwards. Meanwhile,
mixed agriculture based on both millet and rice developed along the boundary between north and
south. From 9000-7000 BP, China maintained hunting activities. Subsequently, from 7000-6000 BP,
changes in vegetation and landscape triggered by climate change played an essential role in the
development of agriculture. Precipitation became an important factor in forming the distinct regional
patterns of Chinese agriculture in 6000-4000 BP.

Keywords: Yangtze River valley; Yellow River valley; rice cultivation; millet cultivation; precipitation;
Neolithic China

1. Introduction

The climate is one of the driving forces behind the social evolution of humans, especially in
prehistory [1-4]. The studies of different strategies adopted by human societies in response to
drastic climate fluctuation in the past can provide valuable insights into the underlying patterns and
mechanisms of the human-land relationship. They can also offer important lessons on coping with the
current challenges of rapid climate change in the modern world, such as global warming. The Neolithic
period coincided with the early-mid Holocene—a recent warming period with numerous considerable
climate fluctuations. It is one of the most significant stages of sociocultural evolution in human history.
In recent years, there has been an increase of research focusing on human-environment interaction in
this specific period [4-8].
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One of the era-defining events in the Neolithic was the development of agriculture across the old
world, followed by a substantial increase in the size of population and settlements [9-12]. Climate
change has been considered to be a critical factor in the emergence and intensification of agriculture
during the Neolithic period [13,14]. While the changes in temperature follow the same approximate
trends in different regions of the Northern Hemisphere [15], precipitation shows distinct patterns
affected by local climate (e.g., the arid central Asia and the Asian Monsoon Region) [16,17].

East Asia was one of the points of origin of agricultural development. Rice and broomcorn/foxtail
millet were domesticated around 10,000 BP in the Yangtze River valley (southern China) and the Yellow
River valley (northern China), respectively [18-20]. Both crops later became widely cultivated and
formed the well-known agricultural structure in Neolithic China of northern millet vs southern rice [21].
Paleoclimate studies also suggest a similar geographical distinction between the Yangtze and the
Yellow River valley in terms of moisture variation, called the anti-phase pattern [22]. The relationship
between agricultural development in China and the regional variation of precipitation has not yet
been discussed in detail. In this paper, we have collected and analyzed a large amount of legacy
data, containing both archaeobotanical remains and radiocarbon dates from 125 Neolithic sites in
China. Correlating the archaeobotanical evidence with the variation of precipitation reconstructed
from well-dated paleoclimate records fills a significant gap in the current literature and allows us
re-explore the different phases of Neolithic China in more detail.

2. Spatial-Temporal Change of Human Cropping Structures in Neolithic China

It has been widely agreed that the Neolithic cultural evolution in northern China can be divided
into three phases: the pre-Yangshao period (90007000 BP), the Yangshao period (7000-5000 BP) and the
Longshan period (5000-4000 BP). This chronological framework is based on multiple lines of evidence
ranging from material culture (e.g., pottery typology), settlement, dietary practice, technological
change, stratigraphy and radiocarbon dating [23-25]. It offers a crucial point of departure for us to
reconstruct spatial patterns of the development of agriculture in China based on the archaeobotanical
evidence, which in return contributes to the overall picture. We collected archaeobotanical data from
125 Neolithic sites across China: the data recorded include the presence and absence of targeted
crops (millet, rice, barley, wheat), their absolute quantities and ratios between different types of crops.
Soybean crops have been excluded from this work, although carbonized grains have occasionally been
identified at some Neolithic sites in China, owing to the difficulty in separating domesticated from
wild varieties.

As is the case with legacy collections, the quality of data varies considerably. The first level of
complexity is caused by the scale of the archaeological excavation, as a fully excavated site might
present a more complete picture of crops in use at a given time in comparison to samples collected
from a surface survey. The data may have also derived from different theoretical and methodological
approaches prioritizing certain practices or scrutiny above others, and finally the identification of crop
remains is often subject to the individual analyst’s experience (e.g., wild crops vs domesticated crops).
Despite these potential complexities, the broad changes indicated by our big-data approach are arguably
valid and important, as the broad patterns are not based on any specific site or site type and there are
always multiple sites within one region for cross-checking. Furthermore, additional data, such as stable
isotopes, are also included in the discussion and help to counter-check the archaeological narratives.

3. Spatial Pattern of Cropping Structures in China during 9000-7000 BP

Archaeobotanical studies suggest that the initial domestication of rice took place in the middle
reaches of the Yangtze River prior to 10,000 BP, whereas broomcorn and foxtail millet were first
domesticated in the Central Plains of northern China around 10,000 BP [18-20,26]. However, due to the
limited number of identifiable crop fossils in these early Neolithic sites and the lack of direct radiocarbon
dating, the exact chronology of the earliest millet/rice remains highly controversial. As macrofossils of
domesticated millet and rice become more ubiquitous in sites dated between 9000 and 7000 BP and
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have direct radiocarbon dates associated with them, it is possible to say that the cultivation of rice
and millet dated at least as far back as 9000 BP [19,27-30]. Macro and micro fossils of rice dated to
9000-7000 BP were unearthed from sites in the middle and lower reaches of the Yangtze River, such as
Shangshan, Xiaohuangshan and Pengtoushan [20]. These sites are mainly in the piedmont zones,
possibly owing to locational convenience for hunting and gathering activities, which were the primary
survival strategies during this period. Interestingly, rice appears also to be the most ubiquitous crop in
a few sites in the southern margin of the middle Yellow River valley (Figure 1), as exemplified by the
famous Jiahu site, one of the largest settlements of the pre-Yangshao culture in the present-day Henan
Province [31,32].

40N
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Figure 1. The spatial pattern of crop macro-fossils from sites dated between 9000-7000 BP in China.
Squares represent sites without detailed archaeobotanical data; circles represent sites with detailed
archaeobotanical data.

Charred grains of broomcorn and foxtail millet have been identified from numerous pre-Yangshao
cultures (9000-7000 BP) in northern China, including the Peiligang, Xinglongwa, Houli, Cishan and
Laoguantai-Dadiwan [19,27,28,33]. In some sites of the Peiligang and Houli cultures, both millet and
rice were cultivated together (Figure 1). Most pre-Yangshao sites in northern China were located
in the foothill areas, probably to facilitate hunting and gathering [34]. Stable carbon isotopes of
human bones show a clear C3 signal [35,36], indicating that hunting and gathering—rather than millet
cultivation—was the major food strategy in this period [37]. Based on the large number of charred
grains of foxtail and broomcorn millet as well as the clear Cy4 signal from the isotope analysis of human
bones in the sites of Xinglonggou and Xinglongwa in east Inner Mongolia [38], it is possible that millet
cultivation might have become the principal food strategy in northern China during 80007000 BP [39].

4. Spatial Pattern of Human Cropping Structures in China during 7000-5000 BP

Evidence from the Yangshao Period sites in China (7000-5000 BP) suggests that, by this time,
crop cultivation had replaced hunting/gathering and was the primary subsistence strategy in both the
Yangtze and Yellow River valleys; for example, huge amounts of rice remains have been found in the
storage pits of the Hemudu site [40]. Moreover, the ratio of domesticated rice to wild rice increased
rapidly between ~6700-6300 BP in the lower Yangtze River valley [41]. In the Yellow River valley,
carbon isotopes of human bones unearthed from almost all Yangshao sites display a clear C, signal.
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This strongly indicates that millet became a routine part of diet in northern China between 7000 and
5000 BP [39].

The geographical distribution of both millet and rice from 7000 to 5000 BP is undoubtedly larger
than it was from 9000 to 7000 BP (Figures 1 and 2). During the Yangshao period (7000-5000 BP),
the regular practice of rice cultivation extended further northwestward to the west Loess Plateau;
one example of this is the presence of domesticated rice at Xishanping, a site in the western Loess
Plateau [42]. The distribution of millet expanded in several directions: eastward to the Shandong
Peninsula and even Korea [43], westward to the northeast Tibetan Plateau [44], southwestward to the
Chengdu Plain [45] and southward to the middle Yangtze River valley (Figure 2; [46]).
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Figure 2. The spatial pattern of crop macro-fossils from sites dated between 7000-5000 BP in China.
Squares represent sites without detailed archaeobotanical data; circles represent sites with detailed
archaeobotanical data.

5. Spatial Pattern of Human Cropping Structures in China during 5000-4000 BP

After the Yangshao period, there was a broad westward movement of millet farming in the
Longshan period (5000-4000 BP, Figures 2 and 3). In the east costal area of Shandong, local people
replaced millet with rice during 5000-4000 BP. In contrast, farmers of the Machang culture in western
China (43004000 BP) continued to rely heavily on millet cultivation. Together with the movement
of farmers, millet moved gradually westward and was cultivated in the Hexi Corridor [47] and east
Xinjiang [48]. Foxtail millet has also been identified at Karuo, a site on the southeastern Tibetan Plateau,
which has been dated to ~4700-4300 BP [49]. One should bear in mind that these crops were also likely
to be exchanged from adjacent farming societies rather than being locally cultivated [50].

The Yangtze River valley saw an expansion of rice cultivation during the Longshan period
(50004000 BP) when rice was undoubtedly the dominant crop in the region. During the same period,
it replaced millet and became the major subsistence crop in the northwest Chengdu basin as well
(Figure 3; [45]). Meanwhile, rice cultivation spread westward to the Yunnan-Guizhou Plateau [51],
as exemplified by the large number of rice and millet macrofossils from the first phase of the Baiyangcun
site in northwest Yunnan [52]. It was further introduced into the Pearl River Delta of southern China
during 50004000 BP. Charred rice grains have been discovered in both Laoyuan and Chaling sites [53].
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Figure 3. The spatial pattern of crop macro-fossils from sites dated between 5000-4000 BP in China.

Squares represent sites without detailed archaeobotanical data; circles represent sites with detailed
archaeobotanical data.

6. Spatial-Temporal Variation of Agriculture Patterns in Response to Climate Change in
Neolithic China

The archaeobotanical evidence reveals a series of broad changes in the spatial patterns of
agricultural development in Neolithic China. The overall area of rice cultivation appears to be larger
than that of millet during 9000-7000 BP, and the boundary between these two traditional agricultural
systems lay roughly east-west at ~34 °N (Figure 1). This boundary moved slightly southward to
~33 °N during 7000-5000 BP, as illustrated by the distribution of sites that yielded charred millet grains
(Figure 2). During 50004000 BP, the boundary between rice and millet shifted to an approximate
northeast-southwest direction. In east China, the northern limit for rice-based agriculture in the
Shandong Peninsula moved to ~36 °N. In the Chengdu Plain of southwest China, the local cropping
structure changed from a combination of broomcorn and foxtail millet to a combination of rice and
foxtail millet at around 4700 BP [45]. Millet agriculture appears most dominant in the upper and
middle valley of the Yellow River, the Hexi Corridor and the Yanshan-Liaoning area of northeast China
(Figure 3).

Given the fact that the environmental conditions for the growth of the crops vary between
species, broad changes in agriculture activities can be correlated with paleoclimate records. In order to
better understand how the spatial-temporal variation of rice and millet developed, we compared the
broad changes in agriculture activities with a number of key paleoclimate records in northern and
central China. The record, with a ~20 year resolution precipitation reconstruction from Gonghai Lake
(Figure 4f, [54]) in northern China, is indicative of gradually increasing precipitation from 14,600 to
7800 BP. Precipitation reached a maximum between 7800 and 5300 BP and decreased after 5300 BP.
The generally high rainfall/moisture stage from ~8000 to ~5000 BP has also been recorded in other
lake sediments and loess sections such as the Daihai Lake [55] and the Dadiwan section [56]. It is
also possible to cross-check the change in precipitation with different kinds of paleoclimate records.
For example, a large synthesis of precipitation based on 310 dates from 77 sites on the Loess Plateau
shows that the paleosol probability density was relatively high from 8000 to 5000 BP, reflecting the
relatively high moisture conditions during this period [57].
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Precipitation and moisture records from the middle and lower reaches of the Yangtze river during
the Holocene are relatively rare and more difficult to interpret. The pollen-based precipitation record
from the Chaohu Lake [58], the Gucheng Lake [59] and the Pingwang Lake [60] in the lower Yangtze
region suggest that precipitation reached its maximum between 10,000 and 7000 BP, after which it
followed a broad decline with strong oscillations up to the present day (Figure 4d, [61]). Moreover,
the stalagmite ARM/SIRM record from the Heshang Cave (Figure 4e, [62]) and the mass accumulation
rates of hopanoids from the Dajiuhu Peat bog [62], often used to reflect the Holocene paleo-humidity
variations of the middle reaches of the Yangtze River, also demonstrate that the climate became more
humid between 11,000-7000 BP and 3000-1000 BP but was more arid and highly variable between 7000
and 3000 BP. Although a number of small inconsistencies concerning precipitation or moisture can be
found in these records, the consensus is that there was relatively high precipitation and moisture from
10,000 to 7000 BP which decreased between 7000 and 5000 BP. Precipitation and moisture appear to
have subsequently increased from 5000-4000 BP in comparison.
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Figure 4. Comparison of (a,b) temperature anomaly in the Northern Hemisphere (30-90 °N) [15]
and High Arctic [63]; (c) reconstructed sea-level change [64]; (d) pollen-based annual precipitation
(PANN) in the Yangtze River valley [61]; (e) stalagmite ARM/SIRM record from the Heshang Cave [62];
(f) reconstructed PANN from Gonghai lake [54]; (g) latitudinal distribution of Neolithic sites with
unearthed rice or millet sites between 9000-4000 BP.
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We have considered the temperature anomaly in the Northern Hemisphere (30-90 °N) [15]
and High Arctic [63] and pollen-based pollen-based annual precipitations (PANNSs) for the Yangtze
River region [61] and the Gonghai Lake [54], together with the stalagmite ARM/SIRM record from
the Heshang Cave [62], as paleoclimate data, and have reconstructed the sea-level change [64] for
comparison with the archaeobotanical results (Figure 4). Although the local paleoclimates of the region
are complicated, the trend of the multiple paleoclimate records is largely valid on the regional scale.
It was relatively wet in the Yangtze River valley and dry in the Yellow River valley during 9000-7000 BP
and 5000-4000 BP, but these conditions changed to become completely opposite during 7000-5000 BP
(Figure 4).

We suggest that the change to a relatively high temperature and precipitation during 9000-7000 BP
(Figure 4a,b) provided ideal conditions for rice cultivation along the Yangtze River. Its growth requires
both an appropriate temperature and adequate moisture. In comparison, millet (broomcorn and
foxtail) are drought-tolerant and frost-sensitive and thus better adapted to the climate in northern
China. However, the sea level transgression between 90007000 BP in the coastal plain of eastern China
exerted considerable impact on the broad-spectrum economy based on fishing, hunting/gathering
and agriculture along the lower reaches of the Yangtze River [65,66]. In the pre-Yangshao period,
the expansion of millet seems to have been delayed in the Yellow River valley. The reason for this is
still unclear but may be related to the low survival pressure mitigated by hunting/gathering. In this
period, primitive agriculture was still in its infant stage, and hunting/gathering was the primary source
of food supply in Yangtze River and Yellow River valleys [37,39].

During 7000-5000 BP, both precipitation and temperature began to decrease and the climate
of the Yangtze River valley became dry and cool [15,61]. The sea level also began to lower at the
same time (Figure 4c, [64,67]). The dry conditions and regression of the sea level after 7000 BP were
disadvantageous for both fishing and hunting/gathering but provided an open landscape favorable
to the rapid development of agriculture. During this time, the genetic characteristics of the rice
remains from sites of the Hemudu culture (7000-5300 BP) tend to be stable and agricultural tools
and pottery technology had also been significantly improved [68,69], both of which could also have
facilitated rice cultivation and the expansion of this practice. On the other hand, powerful local
societies such as Chengtoushan (c.6000 BP) and Liangzhu (52004300 BP) started to emerge in the
middle and lower reaches of Yangtze River valley [70,71], indicating that the growth and aggregation
of regional populations may have become increasingly dependent on agriculture [21]. Despite the
drier and cooler climates, the changes in the sea level and human societies as a whole possibly
triggered the major transition of food strategies to rice cultivation in the Yangtze River valley during
7000-5000 BP [21,66,72].

In the Yellow River valley, however, precipitation was evidently higher during 7000-5000 BP
than 9000-7000 BP (Figure 4f, [54]). Thanks to the abundant water supply, millet agriculture became
more intensified between 7000-6000 BP in the middle Yellow River valley [21,39]. This was also
possibly related to the increasing size of the local population in northern China, which in return
required more food supply and intensification in agriculture, particularly during the Yangshao
period [73-75]. These human activities resulted in a sharp decline in forestation, making the area
increasingly disadvantageous for hunting/gathering but favorable for the rise of millet cultivation [76].
The favorable climate might also facilitate rice cultivation in the Yellow River valley. Genetic evidence
also shows a continuous movement of people from southern China to the Yellow River valey since the
Yangshao period [42,77]. Meanwhile, the adoption of millet cultivation and its southward expansion,
boosted by this climate change, is exemplified in the Chengdu Plain in upper Yangtze River valley
between 60004700 BP, where millet became the major food supply [45].

During 5000-4000 BP, precipitation declined in the Yellow River valley but increased in the Yangtze
River valley [54,61,62], while temperature followed a constant decline compared to 7000-5000 BP [15].
Climate deterioration in northern China appears to be one of the key reasons for the collapse of the
Yangshao culture, which mainly relied on the supply of millet [54]. The relatively wet climate in the
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Yangtze River valley during 5000-4000 BP [61] provided favorable conditions for rice cultivation,
which might have promoted the transition of cropping patterns in the Chengdu Plain from millet
agriculture to mixed rice-millet agriculture [45]. Meanwhile, mixed agriculture also began to thrive in
the Huai River valley, located between the Yangtze River and the Yellow River [78]. The increasingly
diversified farming activities considerably improved human adaptability to the widespread climate
changes occurring between 5000 and 4000 BP [54,79].

In addition to millet and rice, during the second half of the Longshan period (ca. 45004000 BP),
another important crop in Chinese prehistory—wheat—was introduced into the lower Yellow River
valley [80]. As an exotic crop, it was initially not adopted as a major staple in Neolithic China.
The introduction and cultivation of cold-tolerant barley and wheat greatly altered the cropping
structures of northern China during the Bronze Age, especially in northwest China, where the altitude
is much higher than in east China [44,81]. Agricultural innovation in the Tibetan Plateau featured the
cultivation of barley and herding of sheep and yak, enabling local people to move into higher-elevation
areas and settle in them permanently after 3600 BP when the climate changed to become cold and
dry [44,82].

7. Conclusions

Archaeobotanical studies present the long and complicated trajectory of indigenous agricultural
development in China. It is certainly not as simple (i.e., northern millet and southern rice) as noted in
the historical documents but rather a dynamic process involving and responding to the key elements
of climate change. The period 90004000 BP was characterized by the combination of rice-based
agriculture in the Yangtze River valley and millet-based agriculture in the Yellow River valley, together
with a series of variations in regional cropping patterns during different phases of the Neolithic
Age. After 7000 BP, there was an important decline in temperature, which might have triggered the
transformation of landscape and vegetation and promoted the transition from hunting/gathering to
farming activities. The spatial-temporal variation of precipitation played an influential role in the
shifting spatial patterns of farming activities during 6000-4000 BP, shedding more light on the issue
of humans adapting to climate change in China during the Neolithic period prior to the adoption of
exotic crops such as wheat and barley from the west.

Author Contributions: Data curation, R.L.; Investigation, R.L., L.Y. and EL.; Methodology, E.L.; Supervision, G.D.;
Visualization, L.Y.; Writing—original draft, R.L. and G.D.; Writing—review & editing, FL. and R.L. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (Grant Nos. 41671077
and 41825001) and supported by the 111 Project.

Acknowledgments: We would like to thank the three anonymous reviewers for their useful comments and Philly
Howarth from the University of Oxford for editing the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Weiss, H.; Courty, M.-A.; Wetterstrom, W.; Guichard, E; Senior, L.; Meadow, R.; Curnow, A. The Genesis and
Collapse of Third Millennium North Mesopotamian Civilization. Science 1993, 261, 995-1004. [CrossRef]

2. Kiiper, R. Climate-Controlled Holocene Occupation in the Sahara: Motor of Africa’s Evolution. Science
2006, 313, 803-807. [CrossRef]

3. Dong, G, Liu, E; Chen, E. Environmental and technological effects on ancient social evolution at different
spatial scales. Sci. China Earth Sci. 2017, 60, 2067-2077. [CrossRef]

4. Wu, W, Zheng, H.; Hou, M.; Ge, Q. The 5.5 cal ka BP climate event, population growth, circumscription, and
the emergence of the earliest complex societies in China. Sci. China Earth Sci. 2017, 61, 134-148. [CrossRef]

5. Lespez, L.; Glais, A.; Lopez-Saez, ].-A.; le Drezen, Y.; Tsirtsoni, Z.; Davidson, R.; Biree, L.; Malamidou, D.
Middle Holocene rapid environmental changes and human adaptation in Greece. Quat. Res. 2016, 85,
227-244. [CrossRef]

12



Atmosphere 2020, 11, 677

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wang, C.; Lu, H.; Gu, W.; Wu, N; Zhang, J.; Zuo, X.; Li, F; Wang, D.; Dong, Y.; Wang, S.; et al. The spatial
pattern of farming and factors influencing it during the Peiligang culture period in the middle Yellow River
valley, China. Sci. Bull. 2017, 62, 1565-1568. [CrossRef]

Cheng, Z.; Weng, C.; Steinke, S.; Mohtadi, M. Anthropogenic modification of vegetated landscapes in
southern China from 6000 years ago. Nat. Geosci. 2018, 11, 939-943. [CrossRef]

Dong, G. A new story for wheat into China. Nat. Plants 2018, 4, 243-244. [CrossRef]

Diamond, J.; Bellwood, P. Farmers and Their Languages: The First Expansions. Science 2003, 300, 597-603.
[CrossRef]

Gignoux, C.; Henn, B.M.; Mountain, J.L. Rapid, global demographic expansions after the origins of agriculture.
Proc. Natl. Acad. Sci. USA 2011, 108, 6044-6049. [CrossRef]

Dong, G.; Yang, Y,; Han, J.; Wang, H.; Chen, F. Exploring the history of cultural exchange in prehistoric
Eurasia from the perspectives of crop diffusion and consumption. Sci. China Earth Sci. 2017, 60, 1110-1123.
[CrossRef]

Liu, X.; Jones, PJ.; Motuzaite-Matuzeviciute, G.; Hunt, H.V,; Lister, D.L.; An, T.; Przelomska, N.; Kneale, C.J.;
Zhao, Z.; Jones, M.K. From ecological opportunism to multi-cropping: Mapping food globalisation in
prehistory. Quat. Sci. Rev. 2019, 206, 21-28. [CrossRef]

Jia, X.; Dong, G.; Li, H.; Brunson, K.; Chen, E; Ma, M.; Wang, H.; An, C.; Zhang, K. The development of
agriculture and its impact on cultural expansion during the late Neolithic in the Western Loess Plateau,
China. Holocene 2012, 23, 85-92. [CrossRef]

Yang, X.; Wu, W.; Perry, L.; Ma, Z.; Bar-Yosef, O.; Cohen, D.].; Zheng, H.; Ge, Q. Critical role of climate change
in plant selection and millet domestication in North China. Sci. Rep. 2018, 8, 7855. [CrossRef] [PubMed]
Marcott, S.A.; Shakun, ].D.; Clark, P.U.; Mix, A.C. A Reconstruction of Regional and Global Temperature for
the Past 11,300 Years. Science 2013, 339, 1198-1201. [CrossRef]

Chen, F; Yu, Z; Yang, M; Ito, E.; Wang, S.; Madsen, D.B.; Huang, X.; Zhao, Y.; Sato, T.; Birks, H.].B.; et al.
Holocene moisture evolution in arid central Asia and its out-of-phase relationship with Asian monsoon
history. Quat. Sci. Rev. 2008, 27, 351-364. [CrossRef]

Chen, E; Chen, J.; Holmes, J.; Boomer, I.; Austin, P.; Gates, ].B.; Wang, N.-L.; Brooks, S.J.; Zhang, J.-W.
Moisture changes over the last millennium in arid central Asia: A review, synthesis and comparison with
monsoon region. Quat. Sci. Rev. 2010, 29, 1055-1068. [CrossRef]

Lu, H.; Zhang, J.; Liu, K.-B.; Wu, N.; Li, Y,; Zhou, K.; Ye, M.; Zhang, T.; Zhang, H.; Yang, X.; et al. Earliest
domestication of common millet (Panicum miliaceum) in East Asia extended to 10,000 years ago. Proc. Natl.
Acad. Sci. USA 2009, 106, 7367-7372. [CrossRef]

Zhao, Z. New Archaeobotanic Data for the Study of the Origins of Agriculture in China. Curr. Anthr. 2011, 52,
5295-5306. [CrossRef]

Zuo, X.; Lu, H; Jiang, L.; Zhang, J.; Yang, X.; Huan, X.; He, K.,; Wang, C.; Wu, N. Dating rice remains through
phytolith carbon-14 study reveals domestication at the beginning of the Holocene. Proc. Natl. Acad. Sci. USA
2017, 114, 6486-6491. [CrossRef]

Zhao, Z.]. The formation of ancient Chinese agriculture—Evidence of plant remains unearthed from flotation.
Quat. Sci. 2014, 34, 73-84.

Zhang, H.; Griffiths, M.L.; Chiang, ].C.H.; Kong, W.; Wu, S.-T.; Atwood, A.R.; Huang, J.; Cheng, H.; Ning, Y.;
Xie, S. East Asian hydroclimate modulated by the position of the westerlies during Termination I. Science
2018, 362, 580-583. [CrossRef] [PubMed]

Zhang, C.; Pollard, A.M.; Rawson, J.; Huan, L.; Liu, R.; Tang, X. China’s major Late Neolithic centres and the
rise of Erlitou. Antiquiti 2019, 93, 588—603. [CrossRef]

Yang, Y.; Ren, L.; Dong, G.; Cui, Y.; Liu, R.; Chen, G.; Wang, H.; Wilkin, S.; Chen, F. Economic Change in the
Prehistoric Hexi Corridor (4800-2200bp), North-West China. Archaeometry 2019, 61, 957-976. [CrossRef]
Liu, L.; Chen, X.C. The Archaeology of China: From the Late Paleolithic to the Early Bronze Age; SDX Joint
Publishing Company Press: Beijing, China, 2012; ISBN 978-7-108-05901-7.

Yang, X.; Wan, Z.; Perry, L.; Lu, H.; Wang, Q.; Zhao, C.; Li, J.; Xie, E; Yu, J.; Cui, T, et al. Early millet use in
northern China. Proc. Natl. Acad. Sci. USA 2012, 109, 3726-3730. [CrossRef]

Bestel, S.; Bao, Y.; Zhong, H.; Chen, X; Liu, L. Wild plant use and multi-cropping at the early Neolithic
Zhuzhai site in the middle Yellow River region, China. Holocene 2017, 28, 195-207. [CrossRef]

13



Atmosphere 2020, 11, 677

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Wang, C.; Lu, H.; Gu, W.; Zuo, X;; Zhang, J.; Liu, Y.; Bao, Y.; Hu, Y. Temporal changes of mixed millet and rice
agriculture in Neolithic-Bronze Age Central Plain, China: Archaeobotanical evidence from the Zhuzhai site.
Holocene 2017, 28, 738-754. [CrossRef]

Zhao, Z.]. The study of the origin millet-new archaeobotany data and ecological analysis. J. Chifeng Univ.
2008, 1, 35-38.

Crawford, G.W.; Chen, X.X.; Luan, F.S. A Preliminary analysis on plant remains of the yuezhuang site in
changgqing district, Jinan City, Shandong Province. Jianghan Archaeol. 2013, 2, 107-116.

Zhao, Z.].; Zhang, J.Z. Report on the analysis of the 2001 flotation of the Jiahu site. Archaeology 2009, 8, 84-93.
Zhang, J.Z.; Cheng, Z.].; Lan, W.L,; Yang, Y.Z.; Luo, W.H.; Yao, L.; Yin, C.L. New progress in archaeobotany
of Jiahu site, Wuyang, Henan province. Archaeology 2018, 607, 100-110.

Liu, C. Report on the analysis of the plant remains from Dadiwan. In Site of Dadiwan in Qin’an; Cultural
Relics Press: Beijing, China, 2006; pp. 914-916.

Liu, X.; Hunt, H.V,; Jones, M.K. River valleys and foothills: Changing archaeological perceptions of North
China’s earliest farms. Antiquity 2009, 83, 82-95. [CrossRef]

Hu, Y;; Wang, S.; Luan, F; Wang, C.; Richards, M.P. Stable isotope analysis of humans from Xiaojingshan site:
Implications for understanding the origin of millet agriculture in China. J. Archaeol. Sci. 2008, 35, 2960-2965.
[CrossRef]

Atahan, P; Dodson, J.; Li, X.; Zhou, X.; Hu, S.; Chen, L.; Bertuch, F.; Grice, K. Early Neolithic diets at
Baijia, Wei River valley, China: Stable carbon and nitrogen isotope analysis of human and faunal remains.
J. Archaeol. Sci. 2011, 38, 2811-2817. [CrossRef]

Barton, L.; Newsome, S.D.; Chen, F-H.; Wang, H.; Guilderson, T.P; Bettinger, R.L. Agricultural origins and
the isotopic identity of domestication in northern China. Proc. Natl. Acad. Sci. USA 2009, 106, 5523-5528.
[CrossRef] [PubMed]

Liu, X;; Jones, M.K.; Zhao, Z.; Liu, G.; O’Connell, T.C. The earliest evidence of millet as a staple crop:
New light on neolithic foodways in North China. Am. ]. Phys. Anthr. 2012, 149, 283-290. [CrossRef]
[PubMed]

Dong, G.; Zhang, S.; Yang, Y.; Chen, J.; Chen, F. Agricultural intensification, and its impact on environment
during Neolithic Age in northern China. Chin. Sci. Bull. 2016, 61, 2913-2925. [CrossRef]

Zhejiang institute of cultural relics and archaeology. A Report on Archaeological Excavation of a Neolithic Site,
Hemudu; Cultural Relics Press: Beijing, China, 2003; ISBN 9787501014521.

Fuller, D.Q.; Qin, L.; Zheng, Y.; Zhao, Z.; Chen, X.; Hosoya, L.A.; Sun, G.-P. The Domestication Process and
Domestication Rate in Rice: Spikelet Bases from the Lower Yangtze. Science 2009, 323, 1607-1610. [CrossRef]
Li, X.; Zhou, X.; Zhou, J.; Dodson, J.; Zhang, H.; Shang, X. The earliest archaeobiological evidence of the
broadening agriculture in China recorded at Xishanping site in Gansu Province. Sci. China Ser. D Earth Sci.
2007, 50, 1707-1714. [CrossRef]

Sergusheva, E.A.; Vostretsov, Y.E. The Advance of Agriculture in the Coastal Zone of East Asia. In From Foragers
to Farmers; Fairbairn, A., Weiss, E., Eds.; Oxbow Books: Oxford, UK, 2009; pp. 205-219, ISBN 9781842173541.
Dong, G.; Zhang, D.; Liu, X,; Liu, F; Chen, F.; Jones, M. Response to Comment on Agriculture facilitated
permanent human occupation of the Tibetan Plateau after 3600 B.P. Science 2015, 348, 872. [CrossRef]
D’Alpoim, G.J.M. Rice, social complexity, and the spread of agriculture to the Chengdu Plain and Southwest
China. Rice 2011, 4, 104-113. [CrossRef]

Nasu, H.; Momohara, A.; Yasuda, Y.; He, J. The occurrence and identification of Setaria italica (L.) P. Beauv.
(foxtail millet) grains from the Chengtoushan site (ca. 5800 cal B.P.) in central China, with reference to the
domestication centre in Asia. Veg. Hist. Archaeobotany 2006, 16, 481-494. [CrossRef]

Zhou, X.; Xiaoqiang, L.; Dodson, ]J.; Keliang, Z. Rapid agricultural transformation in the prehistoric Hexi
corridor, China. Quat. Int. 2016, 426, 33-41. [CrossRef]

Li, S.C. Prehistoric Culture Evolution in Northwest China; Cultural Relics Press: Beijing, China, 2009;
ISBN 9787501026555.

D’Alpoim-Guedes, J.; Lu, H.; Li, Y.; Spengler, RN.; Wu, X.; Aldenderfer, M.S. Moving agriculture onto the
Tibetan plateau: The archaeobotanical evidence. Archaeol. Anthr. Sci. 2013, 6, 255-269. [CrossRef]
D’Alpoim, G.J. Rethinking the spread of agriculture to the Tibetan Plateau. Holocene 2015, 25, 1498-1510.
[CrossRef]

14



Atmosphere 2020, 11, 677

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Li, H.; Zuo, X.; Kang, L.; Ren, L.; Liu, E; Liu, H.; Zhang, N.; Min, R.; Liu, X.; Dong, G. Prehistoric agriculture
development in the Yunnan-Guizhou Plateau, southwest China: Archaeobotanical evidence. Sci. China
Earth Sci. 2016, 59, 1562-1573. [CrossRef]

Martello, R.D.; Min, R.; Stevens, C.J.; Higham, C.; Higham, T.; Qin, L.; Fuller, D.Q. Early agriculture at the
crossroads of China and Southeast Asia: Archaeobotanical evidence and radiocarbon dates from Baiyangcun,
Yunnan. J. Archaeol. Sci. Rep. 2018, 20, 711-721. [CrossRef]

Yang, X.; Chen, Q.; Ma, Y.; Li, Z.; Hung, H.-C.; Zhang, Q.; Jin, Z.; Liu, S.; Zhou, Z.; Fu, X. New radiocarbon
and archaeobotanical evidence reveal the timing and route of southward dispersal of rice farming in south
China. Sci. Bull. 2018, 63, 1495-1501. [CrossRef]

Chen, E; Xu, Q.; Chen, J.; Birks, H.].B.; Liu, J.; Zhang, S.; Jin, L.; Kandasamy, S.; Telford, R.J.; Cao, X.; et al.
East Asian summer monsoon precipitation variability since the last deglaciation. Sci. Rep. 2015, 5, 11186.
[CrossRef]

Xiao, J.; Xu, Q.; Nakamura, T.; Yang, X.; Liang, W.; Inouchi, Y. Holocene vegetation variation in the Daihai
Lake region of north-central China: A direct indication of the Asian monsoon climatic history. Quat. Sci. Rev.
2004, 23, 1669-1679. [CrossRef]

Feng, Z.; Tang, L.; Wang, H.; Ma, Y.; Liu, K.-B. Holocene vegetation variations and the associated
environmental changes in the western part of the Chinese Loess Plateau. Palacogeogr. Palaeoclim. Palaeoecol.
2006, 241, 440-456. [CrossRef]

Wang, H.; Chen, J.; Zhang, X.; Chen, F. Palaeosol development in the Chinese Loess Plateau as an indicator
of the strength of the East Asian summer monsoon: Evidence for a mid-Holocene maximum. Quat. Int.
2014, 334, 155-164. [CrossRef]

Chen, W.; Wang, W.-M.; Dai, X.-R. Holocene vegetation history with implications of human impact in the
Lake Chaohu area, Anhui Province, East China. Veg. Hist. Archaeobotany 2008, 18, 137-146. [CrossRef]
Yang, X.D.; Wang, S.M.; Tong, G.B. Character of palynology and changes of monsoon climate over the last
10,000 years in Gucheng Lake, Jiangsu Province. Acta. Bot. Sin. 1996, 38, 576-581.

Innes, J.B.; Zong, Y.Q.; Wang, Z.H.; Chen, Z.Y. Climatic and palaeoeco-logical changes during the mid- to
late Holocene transition in eastern china: High-resolution pollen and non-pollen palyno-morph analysis at
Pingwang, Yangtze coastal lowlands. Quat. Sci. Rev. 2014, 99, 164-175. [CrossRef]

Li,J.; Dodson, J.; Yan, H.; Wang, W.; Innes, ].B.; Zong, Y.; Zhang, X.; Xu, Q.; Ni, J.; Lu, F. Quantitative Holocene
climatic reconstructions for the lower Yangtze region of China. Clim. Dyn. 2017, 50, 1101-1113. [CrossRef]
Xie, S.; Evershed, R.P.; Huang, X.; Zhu, Z.; Pancost, R.D.; Meyers, P.; Gong, L.; Hu, C.; Huang, J.; Zhang, S.; et al.
Concordant monsoon-driven postglacial hydrological changes in peat and stalagmite records and their
impacts on prehistoric cultures in central China. Geology 2013, 41, 827-830. [CrossRef]

Lecavalier, B.S.; Fisher, D.A.; Milne, G.A.; Vinther, B.; Tarasov, L.; Huybrechts, P.; Lacelle, D.; Main, B.;
Zheng, ].; Bourgeois, J.; et al. High Arctic Holocene temperature record from the Agassiz ice cap and
Greenland ice sheet evolution. Proc. Natl. Acad. Sci. USA 2017, 114, 5952-5957. [CrossRef]

Sun, Y. Holocene Sea Level Change in the Western North Pacific Marginal Seas and Coastal Responses to
Recent Sea Level Change in the Deep Bay Wetlands. Ph.D. Thesis, The University of Hong Kong Libraries,
Hongkong, China, 2017.

Lai, Y.; Zhang, ].Z.; Yin, R.C. On Instruments of Production and Economic Structure of Jiahu Site in Wuyang.
Cul. Relics Cent. China 2009, 22-28.

Zheng, H.; Zhou, Y.; Yang, Q.; Hu, Z.; Ling, G.; Zhang, J.; Gu, C.; Wang, Y.; Cao, Y.; Huang, X.; et al. Spatial
and temporal distribution of Neolithic sites in coastal China: Sea level changes, geomorphic evolution and
human adaption. Sci. China Earth Sci. 2017, 61, 123-133. [CrossRef]

Xiong, H.; Zong, Y.; Qian, P; Huang, G.; Fu, S. Holocene sea-level history of the northern coast of South
China Sea. Quat. Sci. Rev. 2018, 194, 12-26. [CrossRef]

Zhang, ]J.Z.; Chen, C.F; Yang, Y.Z. Origins and Early Development of Agriculture in China. . Nat. Mus. China
2014, 126, 6-16.

Peng, B. Agricultural remains of early rice cultivation in China and related problems. Agricult. Archaeol.
2016, 143, 50-55.

Hunan Institute of Cultural Relics and Archaeology. Excavation of Neolithic Site in Chengtou Mountain, Lixian
County; Cultural Relics Press: Beijing, China, 2007; pp. 164-167, ISBN 9787501017515.

15



Atmosphere 2020, 11, 677

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Zhejiang institute of cultural relics and archaeology. Excavation of Liangzhu ancient city site from 2006 to
2007 in Yuhang district, Hangzhou city. Archaeology 2008, 7, 1-8.

Patalano, R.; Wang, Z.; Leng, Q.; Liu, W.; Zheng, Y.; Sun, G.; Yang, H. Hydrological changes facilitated early
rice farming in the lower Yangtze River Valley in China: A molecular isotope analysis. Geology 2015, 43,
639-642. [CrossRef]

Hosner, D.; Wagner, M.; Tarasov, P.E.; Chen, X.; Leipe, C. Spatiotemporal distribution patterns of archaeological
sites in China during the Neolithic and Bronze Age: An overview. Holocene 2016, 26, 1576-1593. [CrossRef]
Dong, G.; Li, R.; Lu, M.; Zhang, D.; James, N. Evolution of human-environmental interactions in China from
the Late Paleolithic to the Bronze Age. Prog. Phys. Geogr. Earth Environ. 2019, 44, 233-250. [CrossRef]
Wang, ].H. A Preliminary Study on the Population Size and Related Issues in the Yangshao Period of Shaanxi
Province. Archaeol. Cult. Relics 2009, 26-35.

Tang, L.Y.; An, C.B. The vegetation history and aridevent referred by pollen records on the Loess Plateau in
Longzhong area. Proc. Nat. Sci. 2007, 17, 1371-1382.

Ning, C.; Li, T.; Wang, K.; Zhang, E; Li, T.; Wu, X.; Gao, S.; Zhang, Q.; Zhang, H.; Hudson, M.].; et al.
Ancient genomes from northern China suggest links between subsistence changes and human migration.
Nat. Commun. 2020, 11, 2700. [CrossRef]

Yang, Y.; Cheng, Z.; Li, W.; Yao, L.; Li, Z.; Luo, W.; Yuan, Z.; Zhang, ].; Zhang, ]. The emergence, development,
and regional differences of mixed farming of rice and millet in the upper and middle Huai River Valley,
China. Sci. China Earth Sci. 2016, 59, 1779-1790. [CrossRef]

Myers, C.G.; Oster, ].L.; Sharp, W.D.; Bennartz, R.; Kelley, N.P,; Covey, A K.; Breitenbach, S.F. Northeast
Indian stalagmite records Pacific decadal climate change: Implications for moisture transport and drought in
India. Geophys. Res. Lett. 2015, 42, 4124-4132. [CrossRef]

Long, T; Leipe, C.; Jin, G.; Wagner, M.; Guo, R.; Schroder, O.; Tarasov, P.E. The early history of wheat in China
from 14C dating and Bayesian chronological modelling. Nat. Plants 2018, 4, 272-279. [CrossRef] [PubMed]
D’Alpoim-Guedes, J.; Lu, H.; Hein, A.; Schmidt, A.H. Early evidence for the use of wheat and barley as staple
crops on the margins of the Tibetan Plateau. Proc. Natl. Acad. Sci. USA 2015, 112, 5625-5630. [CrossRef]
Dong, G.; Ren, L.; Jia, X.; Liu, X.; Dong, S.; Li, H.; Wang, Z.; Xiao, Y.; Chen, F. Chronology, and subsistence
strategy of Nuomuhong Culture in the Tibetan Plateau. Quat. Int. 2016, 426, 42-49. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

16



’ atmosphere ﬁw\n\py

Article

Isotopic Results Reveal Possible Links between Diet
and Social Status in Late Shang Dynasty

(ca. 1250-1046 BC) Tombs at Xiaohucun, China

Ning Wang !*, Lianmin Jia 2, Yi Si ® and Xin Jia
1
2

School of History, Culture and Tourism, Jiangsu Normal University, Xuzhou 221116, China

Henan Provincial Institute of Cultural Heritage and Archaeology, Zhengzhou 450000, China;
jialianminhn@gmail.com

3 School of History and Culture, Henan University, Kaifeng 475001, Henan, China; 10020113@vip.henu.edu.cn
4 School of Geography, Nanjing Normal University, Nanjing 210023, China; jiaxin@njnu.edu.cn

*  Correspondence: wanging3@gmail.com; Tel.: +86-0516-83536381

Received: 4 March 2020; Accepted: 23 April 2020; Published: 29 April 2020

Abstract: Here, we present evidence of possible links between diet and social status using carbon and
nitrogen stable isotope ratios at the site of Xiaohucun in the Central Plains, China. This pilot study from
a rescue excavation yielded humans (n = 12) identified to the late Shang Dynasty (ca. 1250-1046 BC),
which was a warm climatic period. The population consumed a predominately C, diet (millets) and
no difference was observed between the 5'3C results of individuals (n = 7) buried with (9.1 + 2.8%o)
and without (n = 5) bronze vessels (—8.2 + 0.7%o). However, individuals buried with bronze vessels
(10.3+1.6%0) were found to have significantly higher 5'°N values (one-way ANOVA; p = 0.015)
compared to individuals buried without bronze vessels (8.0 + 0.9%o), providing evidence that possible
elite members consumed more animal protein (dog, pig, cow, sheep/goat). Isotopic results were also
examined for social status in relation to the number of burial coffins that an individual had: double
(n = 6), single (n = 3), or no coffin (n = 3). No difference was found in the 513C values, but variations
were observed in the §!°N values: double coffin (10.2 + 1.7%o) > single coffin (8.8 + 1.8%o) > no coffin
(8.0 + 1.3%o), again possibly showing increased animal protein consumption linked to social status.
Finally, isotopic results and status were studied by looking at the number of coffins and tomb size.
Again, no correlation was observed for the 6'3C results, but a strong linear correlation (R? = 0.85) was
observed for the §'°N values of the individuals buried in two coffins vs. tomb size.

Keywords: human diet; hierarchy; bronze age; carbon and nitrogen stable isotope ratios

1. Introduction

Ancient China was a complex and highly socially stratified society [1-4]. Vast disparities existed
between the nobility and the common people in areas such as rights, ownerships, diet, customs,
behavior etc. These differences were chronicled in various historical works such as: Li Ji “fLit” which
described how criminal law did not apply to senior officials and that etiquette did not apply to common
people [5]. This social hierarchy of the living was also extended to the treatment of the dead, and the
phrase: “Honor the dead as the living”, recorded by Xun Zi “#j ¥, was and still is an important
concept that is intertwined through the fabric of Chinese society [6,7]. Social status could also be
maintained in the afterlife by the size and the scale of the tomb, and the quantity and quality of the
grave goods interred with an individual [8-12].

Stable isotope ratio analysis has been successfully applied to examine dietary patterns in past
populations from many societies across the globe [13-24]. Isotopic results of bone collagen primarily reflect
the protein component of the diet averaged over the entire lifetime of an individual, including a large
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portion of collagen synthesized during later childhood and adolescence [25,26]. Briefly, stable isotope ratios
are defined as the ratio of the heavier to the lighter isotope (e.g., 13C/*2C or 1>N/*N) and are compared in
terms of ovalues in parts per 1000 or “per mil” (%o) in relation to internationally defined standards for
carbon (Vienna Pee Dee Belemnite, VPDB) and nitrogen (ambient inhalable reservoir, AIR) [27]. In Chinese
archaeological research, 513C measurements of human and animal collagen allow for an examination
of the contribution of Cj (rice, wheat, barley etc.) and C, foods (millets) to the diet. These studies have
been vital for the reconstruction of a coarse time scale for the spread of different forms of agriculture in
China [28-35] and for understanding animal husbandry practices [36-39]. The 51N results can be used as
an estimation of the trophic level of a human or animal in a foodweb and are based on the observation of an
increase of about 3%o0-5%o from the food to the consumer tissue [14,40,41]. Thus, levels of animal protein
consumption can be examined with nitrogen isotope ratios. Modern human studies have found higher
615N values in omnivores compared to vegeterians and vegans [42,43]. However, an in-depth discussion
on the intricacies of stable isotope ratios to reconstruct past diets is beyond the focus of this paper and the
reader should consult the reviews of Katzenberg [44], Ambrose and Krigbaum [45], and Lee-Throp [46].

Increasingly, this technique is used to directly document dietary differences between social classes,
e.g., elites vs. common people [47-52], and the reader is directed to consult Twiss [53] for a review of
food and social diversity in archaeological and isotopic research. However, relatively little research has
focused on the use of stable isotope ratios to directly determine dietary differences related to social
status in China [54-58]. It is widely accepted that the Shang Dynasty (1600-1046 BC) is an early Chinese
era based on abundant written records and the rich archaeological evidence [59-64]. Thus, this period is
an extremely important phase in the development of the earliest Chinese civilization, and the formation
of the ritual systems of power, class, and hierarchy [3]. Here, we present results of a small pilot study
that examines dietary patterns related to social status for burials that date to the late Shang Dynasty
(ca. 1250-1046 BC). Humans (n = 12) from the site of Xiaohucun and animals (n = 11) from the nearby
contemporaneous site of Guandimiao in Henan Province were available for study due to a rescue
excavation. The results of this research will be the focus of this work [65].

2. Background of Ritual Systems in Ancient China

China has a long and vibrant tradition of organized rituals and hierarchy, and this is especially
evident for dining practices as well as the type of food consumed [66-70]. A separate system of dining
was very popular for the elite members of society. At dinner, individuals kneeled next to an Aiji
“Z2H” (a kind of little table) and a selection of tableware was placed next to each person for holding
cereals, meat, water, beverages, and liquor. The type, quality, and number of the dishes served were
determined by the status and the age of the diners. Elders and people of high social status had the right
to use more bronze vessels [69,71]. According to written accounts and archaeological data, the most
important tableware in China were Ding “#fi” (an ancient vessel for cooking or holding meat) and Gui
“&” (an ancient vessel for holding grains), and a combination of both is the Chinese characters for
banquet “4%%.”, which was a symbol associated with nobility [72] (Figure 1). The number of Ding and
Gui that a person could use in life was consistent with their social status, and this was also reflected in
the combination of these items that were buried with the dead (Table 1). In addition, the consumption
of meat was a privilege of the nobility and elders of a family before the Qin Dynasty (Table 1). The work
Li Ji “fLiC” recorded that “If there is not an important reason, the princes shouldn’t kill cattle to eat,
senior officials shouldn’t kill sheep to eat, junior officers shouldn’t kill dogs and pigs to eat, and the
common people should not eat meat [5]. Thus, meat was a luxury dietary item that was generally
reserved for elites and only for special occasions such as festivals or banquets. In addition, analysis of
ceramics from the early Shang Dynasty site of Yanshi determined different structures and behaviors
of dining between the palace elites and the individuals that made pottery [73]. Reinhart determined
that the Yanshi elites engaged in large-scale exclusionary feasting in contrast to the simpler and home
cooked meals of the potters.
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Figure 1. Bronze ritual vessels discovered in tomb M22 of Xiaohucun site (a = Ding, b = Gui, ¢ = All
bronze grave goods).

There were also strict rules for the maintenance of social status for the deceased in ancient China.
Tomb size and burial depth (representing wealth and labor consumption) and the quantity and quality
of the coffins used were some of the most important criteria reflecting social status (Table 1) [74,75].
The writings of Xun Zi “] ¥ described that the number of coffins used for the Emperor was seven, for a
prince was five, for senior nobility was three, and for junior nobility was two [6]. Furthermore, there were
strict codes for the materials, size, thickness, as well as the internal and external decoration patterns
of coffins, and this was related to hierarchy in Chinese society (Table 1). In addition, the type and
quality of grave goods was an important manifestation of the status of the deceased. At least from the
Zhou Dynasties, the combination of the number of bronze ritual vessels (Ding and Gui) played a very
important role in the status of a tomb owner (Table 1) [3,72]. However, it is important to note that there is
a chronological lag between these historical sources and the Shang period and that these works might be
biased by the views of the writers. Thus, caution and some skepticism are advised in the use of these
textual sources, and they should not be viewed as undisputed fact.

Table 1. Summary of selected differences based on social class in ancient China. This information is
referenced from LiJi “L1C” [5] except for “coffin number” which was referenced from Xun Zi “#j ¥ [6].
Note: Readers are advised that care must be taken with the accuracy of this information as it is compiled
from historical sources which could be subject to the biases of the writers.

Diet Sacrifice Travel Burial
Status Tableware and Meat in Diet Bfonz.e Vessels_ (P-ing] Carriage Horsfe per Coffin CofﬁP Ding + G‘ui
Courses per Meal in Ritual Activities Number Carriage Number Material Combination

Emperor 26 Yes 7 NA 6 7 N/A 9&8
Prince 12-16 Yes 5 7 4 5 Pine 7&6
Senior Nobility 8 Yes 4 5 3 3 Cypress 5&4
Junior Nobility 6 Yes 1 3 2 2 Miscellaneous 3&2
Common People 3-6 Only older people N/A N/A 1 N/A N/A N/A

3. Site of Xiaohucun, Henan Province, China

The Xiaohucun site, dating to the late Shang (ca. 1250-1046 BC) and Western Zhou Dynasty
(ca. 1046-771 BC), was the focus of a partial rescue excavation in 2006 by the Henan Provincial Institute
of Cultural Relics and Archaeology. The site is situated to the northeast of Xiaohu Village in Xingyang
City, which is about 20 km from Zhengzhou, the capital of Henan Province, China (Figure 2) [76].
This unique location is situated in the core of the Central Plains, which was the origin of many early
civilizations of China, and also the political and economic center of the early Shang Dynasty. Based on
archaeobotanical and isotopic research, the inhabitants of the Central Plains mainly relied on millet
cultivation (rice and wheat were also present to some extent) and animal husbandry (pig, cattle, etc.)
for subsistence [1,3,34,66,77-80].
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Figure 2. Map of China showing the location of the (a) Xiaohucun site and (b) Guandimiao site.
Note: Zhengzhou is the capital of Henan Province.

A total of 58 tombs from the late Shang Dynasty (ca. 1250-1046 BC) were excavated from an
area of 400 x 200 meters. All tombs are pits and rectangular in shape, and most had a platform
consisting of: inner coffin, outer coffin, waste pit, sacrificial dogs, and various types of grave goods.
Unfortunately, many tombs have been looted and destroyed and only 21 of them could be studied in any
detail. According to the preliminary report from this site, all the 21 tombs can be divided into three styles,
equivalent to the phases of the Yin Ruins II, III, and IV [81]. No radiocarbon dates are available from
the site, but examination of the tomb style, grave goods, and the writing on the bronze vessels suggest
that the cemetery was a family plot that belonged to the She “7” family from the late Shang Dynasty.
Many of the individuals were from the junior nobility class, but a number of common people were also
interred here.

4. Materials and Methods

For the 21 tombs at Xiaohucun, bone samples consisting of long bone fragments were obtained from
12 late Shang Dynasty individuals for stable isotope ratio analysis. Osteological analysis, including sex
determination and age estimation, was carried out according to standard methods [82]. Unfortunately, due to
poor preservation and looting many of the skeletons were destroyed or incomplete and only 5 out of
12 individuals could be positively identified to gender and 9 out of 12 aged (Table 2). In addition, since
Xiaohucun was a cemetery site, faunal samples were not available for study. However, we were able
to obtain animal bones (n = 11) from the nearby (15 km) and contemporaneous site of Guandimiao
(ca. 1250-771 BC) which serves as a baseline estimation for the human diets (Table 3).

Collagen was extracted at the Key Laboratory of Vertebrate Evolution and Human Origins of the
Chinese Academy of Sciences, Institute of Vertebrate Paleontology and Paleoanthropology in Beijing, China,
using the protocol outlined by Richards and Hedges [83]. The extracted collagen was well preserved
and the majority of samples had collagen yields of over 1% and C: N between 3.0-3.2 (11/11 animals;
12/12 humans), which is indicative of collagen suitable for isotopic analysis [84]. The samples were
measured with an Isoprime 100 IRMS coupled with Elementar Vario. Standard material for testing the
carbon and nitrogen content was sulfonamides. For every 10 samples, we interpolated one IEAE-CH-6,
IEAE-N-2, and IEAE-600 to make data corrections. The measurement precision for §!>C and §'°N results
is +0.2%o. SPSS 20.0 and Origin 8.0 were used for statistical analysis.
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Table 2. Isotopic results and sample information for all humans from the Xiaohucun site, Henan
Province, China.

i 3 13 15
OpenglZE Depth  Coffin  #Grave Bronze #Bronze #Jade & other 813C OBN %C %N CN

LabID Location Sex Age

(m) Type  Goods  Vessels  Vessels Objects (%ho)  (%o)
1 M8  Male 45-50 7.35 430 double 6 yes 6 - -88 128 299 115 30
2 M24  Male 55+ 552 180 double 8 yes 7 1 -81 107 386 140 32
3 M27 2 5% 561 260  double 8 yes 3 5 78 103 410 149 32
4 M30 ? ? 457 200  double 7 yes 6 1 ~152 76 421 153 32
5 M39 2 4045 392 100 none - no - - 86 67 402 149 3.1
6 Mi6 7 3B 2.60 090  single - no - - -88 75 397 144 32
7 M47 7 2530 1.92 160 single - no - - 75 82 384 141 32
3 M52 2 2 6.80 358  double 1 yes 5 41(‘1;‘;‘3;: (f;ilc'f —6.4 109 414 152 32
9 Ms9 7 5055 230 070  none 1 no - 1 74 82 412 152 32
10 M9 Male 4045 395 066  single 4 yes 2 1(1cowrieshell) 9.3 108 396 147 32
11 M105 Male 2 491 225  double 5 yes 4 1 -8.0 92 400 148 3.1
12 MI16  Female 45z 154 140 none 1 no - (1 cowrie shell) -85 92 375 135 32

Table 3. Isotopic results and sample information for all fauna from the Guandimiao site, Henan
Province, China.

LabID Location Species O13C (%0) O8N (%0) %C %N CN
al H28 Pig (Sus scrofa domestica) -8.2 7.8 35.1 13.0 32
a2 H26 Pig (Sus scrofa domestica) -9.9 8.6 31.6 12.0 31
a3 H26 Deer (Cervus nippon) -20.5 49 36.2 13.0 3.2
a4 H741 Pig (Sus scrofa domestica) -6.7 6.6 41.8 15.0 3.2
ab H932 Pig (Sus scrofa domestica) -9.3 7.6 41.0 14.8 3.2
a6 H932 Dog (Canis lupus familiaris) 7.6 8.6 37.3 13.7 3.2
a7 HI309 Cattle (Bos primigenius 9.0 57 49 152 32

taurus)
a8 H1250 Pig (Sus scrofa domestica) -11.6 8.8 222 9.0 29
a9 H1251 Deer (Cervus nippon) -15.0 7.6 40.0 143 3.3
al0 J20 Sheep/Goat (Caprinae) -10.7 7.5 39.8 14.3 32
all G7 Dog (Canis lupus familiaris) -7.5 7.6 37.4 13.8 3.2
5. Results

Sample information and the §'3C and 6'°N values for humans and animals are presented in
Tables 2 and 3. Given the work at the Xiaohucun site was a rescue excavation, and many tombs were
looted, we fully acknowledge that the number of humans available for study was relatively small,
but this collection serves as a pilot study and the first opportunity to gain a glimpse into possible
isotopic dietary differences related to status during the late Shang Dynasty (ca. 1250-1046 BC) in the
Central Plains of China.

5.1. Faunal Isotope Results

In Figure 3 the isotopic results of the humans and animals are presented. The 6'3C values for pigs
(n =5), dogs (n =2), cow (n = 1), sheep/goat (n = 1) range from —6.7%o to —11.6%o, which indicates
that all of these animals had a diet predominately, if not exclusively, based on C4 dietary protein
sources. Past archaeological and isotopic research has revealed that millet agriculture was important
to the residents of the Central Plains [1,28,77,78,85], and that the livestock were mostly consuming
millet or its byproducts during the Shang Dynasty [39]. In contrast to the domestic animals, the two
deer had 6'3C values that indicated either a mixed C3/Cy4 (—15.0%o) or exclusive Cz (~20.5%0) diet.
The finding of a deer with the mixed diet is interesting as this could suggest that this animal lived near
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the settlement and grazed on the millet fields or that it was possibly kept as pet. Similar results for
deer were found at the Xia Dynasty (2070-1600 BC) site of Xinzhai, also in Henan Provence, and these
13C-enriched deer were thought to have been possibly raised for the purposes of hunting by the elites
of the society [86]. The dog (8.1%o), pig (7.9 + 0.9%.), and sheep/goat (7.5%o) all had similar 6'"°N
values, suggesting feeding at a similar trophic level, whereas the deer (6.3%0) and cow (5.7%o) were
lower. However, this site was closed to the Yellow river, so we could not eliminate the possibility of
ingesting freshwater or marine fish resources by human.

14
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Figure 3. 5'C and 6'°N results for humans from the Xiaohucun site and animals from the Guandimiao
site Henan Province, China.

5.2. Human Isotope Results

The human 6'3C results range from —15.2%o to —6.4%o and show that most individuals had a
predominately Cy4 diet based on millet (Figure 3). The exception was individual M30 (~15.2%o) who had
a mixed C3/Cy diet that was likely a combination of rice and/or wheat and millet [79,87]. The human
515N results range from 6.7%o to 12.8%o, indicating there was likely significant individual variation in
the consumption of protein at the site. A comparison of the human and faunal isotopes values indicate
that pigs, dogs, cattle, and sheep/goats were all likely dietary protein sources, while deer played a
minor role (Figure 3). Thus, the diet of the individuals was predominately millet based with some
possible inputs of rice and/or wheat, but there were large differences in 5'°N values that we ascribe to
variations in animal protein consumption, as discussed in the next section.

6. Discussion

6.1. Burials and the Classification of Social Status during the Late Shang Dynasty

In order to determine a possible correlation between social status and dietary differences at the
Xiaohucun site, it is important to understand how social status may have influenced the tomb type and
value. In ancient China, tombs and burials can be graded and valued based on the human labor costs
and materials used for construction, the size and shape of the structure, as well as the number and type
of graves goods reflecting symbols of power and wealth interred with individuals [55,71]. Since the
shapes of all the late Shang Dynasty burials at Xiaohucun were rectangular, the preliminary grading
scale of the 12 tombs was classified by number of coffins, tomb depth, and size, and by the presence of
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bronze funerary objects and this information is listed in Table 1 and plotted in Figure 4. Tomb sizes
ranged from 1.54 m? to 7.35 m? (4.25 + 1.9 m?, n = 12), the burial depth was between 0.66 m to 4.3 m
(1.93 £ 1.1 m, n = 12), which could suggest that the cemetery was under a type of burial management
based on social hierarchy. More importantly, the burial depth and tomb size were found to have a
linear correlation (R? = 0.67, p = 0.001) with clear differences between the number of coffins used and
whether a burial contained bronze vessels.
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Figure 4. Plot of burial depth (m) vs. tomb size (m?) for individuals buried in different coffin types
with and without bronze funerary vessels at the Xiaohucun site, Henan Province, China.

In addition, past studies developed a specific classification system for Shang Dynasty tombs [3,71],
where they can be divided into three different categories (A, B, C) with seven subdivisions (Aa, Ab, Ac,
Ba, Bb, Bc, C) (Table 4). Using this system, seven of the tombs (M8, M52, M27, M24, M105, M30, M90)
at Xiaohucun are assigned to type Bb. Thus, the owners of these seven tombs are presumed to be junior
nobility: six had double coffins and all seven were buried with bronze funerary vessels. Four other
tombs (M47, M46, M116, M89) were matched to the Bc category, an indication that the occupants were
common people (Table 4). A single tomb (M39) gave somewhat conflicting results. The tomb size was
large (3.92 m?) indicating the owner could have been a noble, but the individual was found to be buried
without coffins or bronze funerary objects which is an indication this individual was of the lower
class (Table 4). It is important to recognize that these classifications are based on information from the
royal Shang capital at Anyang and may not be directly applicable at Xiaohucun. However, their use
here provides an important starting point from which to explore the relationship between dietary
differences and social status during the late Shang Dynasty.

6.2. Diet and Social Status

No difference is observed between the §'3C results of the perceived elites (n = 7) buried with
bronze vessels (—9.1 + 2.8%o) and the individuals (n = 5) buried without bronze vessels (—8.2 + 0.7%o),
and this indicates that all classes of the population relied heavily on a millet based diet (Figure 5a).
However, individuals buried with bronze vessels (10.3 + 1.6%o) were found to have significantly higher
515N values (one-way ANOVA; p = 0.015) compared to individuals buried without bronze vessels
(8.0 + 0.9%o0). This finding suggests that the elite during the late Shang Dynasty were consuming a
diet with possibly more animal protein or fish than the commoners. Subtle similar patterns have also
been noted at the sites of Xipo (ca. 4000-3300 BC) and Qianzhangda (ca. 1000 BC) [54,56]. In particular,
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at Qianzhangda, a tomb owner associated with a larger grave was found to have a higher 6!°N
result compared to the other tomb owners with smaller sized burials, and tomb owners were also
found to have higher 615N results than sacrificed individuals. Zhang et al. [56] concluded that these
elevated nitrogen results of the elites with larger tombs were related to increased meat consumption.
However, the results presented here are the first to suggest a possible direct isotopic link between diet
and social status at a middle Shang Dynasty site from the Central Plains of China.

Table 4. Classification of social status for burials from the Shang and Zhou Dynasties. Note: Information
is referenced from IA CASS [3].

Type Sub-Type Tomb Passage Size (m?®)  Inner & Outer Coffins Grave Goods Human Sacrifice Owner Status
a 4 >100 always abundant always Emperor
A b 2 >20 always abundant always Prince
c 1 20-70 always abundant always Prince or senior nobility
a 0 >10 always abundant mostly Prince or senior nobility
B b 0 3-10 mostly ordinary rarely Junior nobility
c 0 <3 rarely little or absence absence Common people
C a 0 N/A absence absence absence Unprivileged people

14 -12 -10 -8 -6 -4 -4 12 -10 B3
39C (%) 5C (%)

Figure 5. (a) 6'3C and 6'°N results showing the differences between individuals buried with and
without bronze vessels at the Xiaohucun site, Henan Province, China. The 5'°N results are statistically
significant (one-way ANOVA; p = 0.015); (b) 513C and !N results for individuals buried in a double,
single, or without a coffin at the Xiaohucun site, Henan Province, China. The 515N results were not found
to be statistically significant using one-way ANOVA tests (double vs. single, p = 0.288; double vs. none,
p =0.095).

In addition, the isotopic values of the tombs were examined by coffin type: double coffin, single
coffin, and no coffin (Figure 5b). No differences in 5'C were observed for the double (=9.1 % 3.1%o),
single (=8.5 + 0.9%o), and no coffin (—8.2 + 0.7%o) burials. Yet again, there were differences in the §'°N
values: double (10.2 + 1.7%o) > single (8.8 + 1.8%o0) > no coffin (8.0 + 1.3%o) suggesting that possible
differences in animal protein consumption were present during the lifetime of these individuals.
However, while these results are interesting, they must be viewed with the utmost caution as they
were not found to be statistically significant using one-way ANOVA tests (double vs. single coffins,
p = 0.288; double vs. no coffins, p = 0.095).

We further examined the isotopic results of the burials in relation to the number of coffins and
tomb sizes since a larger size might equate to higher social status based on the increased labor costs of
construction. This permitted an investigation of possible dietary differences within the same social
class; specifically did individuals with larger tombs have diets different from individuals with smaller
tombs? As with the previous measures of status, the 513C values show little correlation with the size
of the tombs, and the entire population, regardless of status, was focused on the consumption of
millet (Figure 6a). The 6'°N results of the individuals with a single or no coffin burial show little
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correlation with tomb size (Figure 6b). In contrast, a significant positive linear correlation (R? = 0.84) is
observed for the 6!°N values between the individuals buried in two coffins and the tomb size. This is
possible evidence that owners that were wealthy/powerful enough to build bigger tombs had diets
that contained increasing amount of animal products, and the largest tomb (M8) had an occupant that
consumed the most animal protein (Figure 6b). While these findings are intriguing and agree with the
historical accounts described in Zhou Li “/#fL” (Rites of the Zhou Dynasty by Zhou Gong “J& A",
ca. 1100 BC [88]) and Chunqiu Gongyang Zhuan “&FfkAF1%” (Gongyang’s Commentary on Spring
and Autumn Annals by Gongyang Gao “/A 55", ca. 507 BC [89]) extreme caution is warranted as the
sample size is unfortunately small.
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Figure 6. (a) 6'3C results vs. tomb size (m?) for individuals buried in a double, single, or without a
coffin at the Xiaohucun site, Henan Province, China; (b) 6'°N results vs. tomb size (m?) for individuals
buried in a double, single, or without a coffin at the Xiaohucun site, Henan Province, China.

It is noteworthy that the 5'N values of some burials did not correlate with the corresponding
tomb size although a general relationship between the two variables was observed as mentioned
above. The reasons for this are complex and unknown but could be related to the slow turnover rate
of bone collagen which averages the general dietary protein isotope signatures of the last decades
of life [25,26]. If an individual fell on financial or social misfortune and their social standing was
diminished during the later years of their life, this could account for a difference in the social status of
their burial vs. Their lifetime diet. For example, the 515N result (10.8%o) of M90 was high and he was
buried with some bronze funerary objects suggesting a possible elevated social standing during life,
but the small size of his tomb (3.95 m?), shallow burial depth (0.66 m), and the fact that he was only
buried in a single coffin could imply that his social status or personal fortunes declined later in life.
In addition, the reverse scenario could be envisioned for the M30 burial. This individual had a 6'3C
value (~15.2%o) which was radically different that the rest of the population and the lowest 6'°N value
(7.6%o) of all the perceived elite burials. This is possible evidence that this person was a commoner
that immigrated to the Xiaohucun community, and that this individual was not born into elite status
but acquired it later in life, possibly though marriage, accumulation of wealth, or behavior (bravery in
battle). However, all of these possibilities are speculative scenarios and addition research is necessary
(ancient DNA, sulfur and strontium stable isotope ratios, etc.) to better understand these patterns, and
variables such as age and sex should also be considered in future studies that examine Shang Dynasty
sites for social stratification with stable isotope ratio analysis.

7. Conclusions

Here, we applied isotopic measurements as a direct technique to determine dietary patterns related
to social class at the site of Xiaohucun, Henan Province, China. For the most part, the population was
found to be consuming a predominately C4 diet (millets), although a single individual (M30) was found
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to have a mixed C4/C3 diet and could have been an immigrant to the community. No difference was
found in the 6'3C results of the individuals buried with bronze vessels (9.1 + 2.8%o) and the individuals
buried without bronze vessels (—8.2 % 0.7%o) but significant differences were present in the 6'°N values:
individuals buried with bronze vessels (10.3 + 1.6%o) vs. individuals buried without bronze vessels
(8.0 + 0.9%0). Isotopic results were then compared by the number of burial coffins that an individual had:
double, single, or without coffin. No difference was found in the 513C values, but variations were observed
in the 6!°N values: double (10.2 + 1.7%o) > single (8.8 + 1.8%o) > no coffin (8.0 + 1.3%o), possible evidence
of increased animal protein consumption with higher social status. Lastly, isotopic results and status were
examined by the number of coffins and tomb size. Again, no correlation was seen with 6'*C, but a linear
correlation (R? = 0.85) was found for the 5°N values of the elites. Thus, additional social stratification
could have existed among the elites with owners’ wealthy/power enough to build larger tombs and
possibly consuming more animal protein in their diets. These preliminary results of this pilot study offer
a glimpse of the social hierarchy that existed during the late Shang Dynasty.
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