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Understanding the human subsistence strategies and adaptations in the Lower Yangtze
River Region during the prehistoric period is vital to reveal the human-environment
interactions, the origin and development of rice agriculture, cultural development, and
social complexity. No systematic analysis of isotopic data of human bones in the region has
been undertaken within the environmental (sea level), spatiotemporal (site distribution), and
economic (animal and plant resources) contexts yet, in order to provide the direct evidence
of human diets and trajectory of human subsistence strategies and adaptations. In this
paper, | collected the isotopic data in the region as many as possible and incorporated
within the environmental, spatiotemporal, and economic information. The results show that
humans rarely made use of marine resources when facing the situation of rising sea levels
and having good accesses to marine environment during the eastward movement.
Alternatively, humans consumed large amount of terrestrial resources and
supplementary freshwater or wetland resources. Rice agriculture was still of low-level
production and contributed less to human diets. The unique human subsistence strategies
enhanced human adaptations to the fluctuation of sea level in the Holocene in eastern
China and facilitated the increases of archaeological cultures and human population,
challenging the traditional opinion that the developed agriculture is the necessary pathway
to develop cultures and grow human population.

Keywords: the lower Yangtze River region, human-environment interaction, stable isotope analysis, subsistence
strategy, adaptation

INTRODUCTION

In recent years, more and more archaeological evidence has shown that the Lower Yangtze River
Region (LYRR), including the Ningshao Plain, the Hangjiahu Plain and areas around Taihu Lake, is
not only the birthplace of rice agriculture but also one of the important places for the occurrence of
Chinese civilization, paralleling to that in the Yellow River Valley (e.g., Renfrew and Liu, 2018).
Different from those in the Yellow River Valley, human activities in the LYRR are quite sensitive to
and highly influenced by the fluctuation of sea levels in the Holocene as the region is located in the
east of China and close to the coastline. Understanding human subsistence strategies and adaptations
in prehistoric periods is critical to reveal the human-environment interaction, the origin and
development of rice agriculture, cultural developments, and the formation of social complexity.
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TABLE 1 | The chronology of cultures in the LYRR (revised from Pan and Yuan,

2018).

Culture Dates (~BC)
Shangshan 9400-6500
Kuahugiao 6200-5000
Hemudu (ningshao plain) 5000-3800
Majiabang (area around taihu) 5000-4000
Songze 4000-3300
Liangzhu 3300-2300
Qianshanyang 2300-2000
Guangfulin 2300-2000
Magiao 1900-1200

So far, several methods have been applied to investigating
human diets in the LYRR, such as paleobotanical analysis,
archaeozoological analysis, residue analysis and stable isotope
analysis. Among them, the analyses of animal and plant remains
(carbonized plants and microfossils such as phytolith, pollen and
starch grains) have been widely used to reveal the origin and
development of rice agriculture and exploitation of animal
resources (wild and domesticated animals) (e.g., Pan and
Yuan, 2018; Pan and Yuan, 2019). The residues preserved in
the prehistoric pottery have been preliminarily analyzed to
identify the animal or plant resources (Shoda et al, 2018),
providing another effective way to reveal human diets in short
periods. In contrast, the stable isotope (8'°C, §'°N) analysis of
human bones can offer the direct evidence of human diets during
long-term periods before the individual’s death and has been
increasingly used to reveal human subsistence strategies in China
(e.g., Hu, 2018). Given the fact that human bones in the LYRR are
generally not preserved well, the isotopic studies are not as
popular as those in the Yellow River Valley. However, the
accumulation of isotopic data in recent years makes it possible
for us to trace back human diets and their diachronic shifts in the
prehistoric periods. To our knowledge, no systematic analysis of
isotopic data has been undertaken within the environmental (sea
level), spatiotemporal (site distribution), economic (animal and
plant resources) contexts yet.

In this paper, I collected the isotopic data of human bones in
the LYRR as many as possible and focused on interpreting human
diets and activities on the basis of reviewing the chronology of
prehistoric cultures, the fluctuation of sea level, the distribution of
sites, and the utilization of plant and animal resources. My aim
was to reveal the interactions among sea levels, archaeological
cultures, and human subsistence strategies in the LYRR and
discuss the impacts of the fluctuation of sea levels on human
activities and human adaptations to the unstable environment.

CONTEXTS

Chronological Context: Chronology of
Prehistoric Cultures in the LYRR

Continuous archaeological excavations and studies have
established the chronological framework of archaeological
cultures in the LYRR. Here, I cited the chronology of
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prehistoric cultures outlined by Pan and Yuan (2018) and
listed it in Table 1.

Environmental Context: The Fluctuation of
Sea Levels in the LYRR

The LYRR is near the coastline in east China. Different from that
in the Yellow River Valley, the most important climatic factor to
influence cultural development and human activities in the LYRR
during the Holocene is the fluctuation of sea levels after the Last
Glacial Maximum and extreme environmental events such as sea
transgression, sea flooding and storms (Wang et al., 2018). Thus,
understanding of the fluctuation of sea levels and coastline is the
prerequisite to understand the distribution of archaeological sites,
human living environment and subsistence strategies.

The model of global sea level curve constructed by Lambeck
etal. (2014), is regarded as one of the best and most reliable curves
as it synthesized more than a thousand points data of sediment
cores worldwide and incorporated global ice volume modeling
(Zheng et al., 2018). It suggests that: 1) sea level rose rapidly since
the Last Deglaciation by 10-15m from 21 to 18 ka, and kept
constant during the next 1.5 ka (18-16.5 ka); 2) during the period
of 16.5-7.0 ka, sea level rose by about 120 m and reached to -5 to
-3 m at 7.0ka; 3) after 7 ka, the rise of sea level decelerated
significantly and remained relatively stable (Lambeck et al., 2014).

There are several differences of sea level curve models on
millennial scale reconstructed from various sediment cores along
Chinese east coastline from the above model. Yang and Xie
(1984) and Zhao et al. (1994) suggest that sea level was higher
than today around 6 ka and fell to the present level gradually
while Liu et al. (2004) propose that the sea level during 6.5-7.0 ka
was higher than today. Song et al. (2013) claim that the high sea
level was present around 5ka and kept constant since then.
Recent study indicates the sea level close to the present might
occur c. 8.0-7.5 cal. ka BP and decline c. 7.6-7.5 cal. ka BP (Yan
etal., 2020). Whereas, Xiong et al. (2020) think that the rise of sea
level from c. —38.3 £ 1.6 m to the present height happened from c.
10000 cal. a BP to 7000 cal. a BP with the uneven average rate of
sea-level rise and that the rise and fall of sea level also took place
between 7000 and 4000 cal. a BP.

In summary, sea level in the east China coastline rose around
20000 BP and approached to the present height c. 7000 BP and
might have fluctuated differently in varied areas of the LYRR
along the coastline.

Spatiotemporal Context: The Spatial and
Temporal Distribution of Archaeological
Sites

The fluctuation of sea level in the Holocene has strong impact on
humans to settle down in the prehistoric periods. The investigation
of over 2000 sites dated to the prehistory and Shang and Zhou
Dynasties using DEM and GIS methods (Zheng et al, 2018)
provides the good opportunity for us to look at the spatial and
temporal distribution of archaeological sites in the LYRR. During
the period of 1000-8500 BP, the sites were sparsely in the basins
and far from the sea (Zheng et al., 2018). During the period of
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TABLE 2| The animal and plant species mainly used in different periods (modified
from Pan and Yuan, 2019).

Period (BP) 11000- 8200- 6000- 5300- 4300-
Food 8400 6000 5300 4300 2300
category

Rice + + ++ +++ ++
Foxnut + +++ + + +
Water ++++ + + +
chestnut

Fagaceae nut +++

Millets +
Dog + + + +
Pig + + +++ +
Deer +++ ++ + ++
Bird + + + +
Fish + + + +

Note: The number of “+” indicates the increase of the percentage among foods.

9000-7000 BP, the sea transgression occurred. About 7000 BP, the
rise of sea level slowed down and sea level was close to the present
height (Zheng et al., 2018). The decrease of sea level rise made the
land exposed, which resulted in the lower Yangtze River delta
(Zheng et al., 2018). The regression of coastline and expansion of
lands eastwards offered a wide space for the development of
Neolithic cultures. In this period, the number and size of sites
increased dramatically and the distribution of sites went eastwards
(Zheng et al, 2018). Around 4000 BP, the number of sites
decreased greatly and only the sites belonging to the Guangfulin
and Qianshanyang cultures existed.

In the meantime, the sea transgression or extreme
environmental events had great influence on the disruption of
the archaeological sites and cultures, which can also be uncovered
in the sediment cores. The Kuahugjiao site might be inundated by
the rise of sea level around 7400 cal. BP (Pan, 2020). The sea
transgression at the Yaojiang-Ningbo Plain during the periods of
6300-6000 BP, 5400-5300 BP and 4500-3400 BP caused the lacking
of continuous deposits of archaeological cultures (Tang et al., 2019).
This phenomenon was also observed at sites dating to the Hemudu
Culture (Ouyang et al,, 2019; He et al,, 2020). In particular, the
coastal flooding occurring 4.5 cal. ka BP could have been a major
reason accounting for the diminishment and abandonment of the
Liangzhu Culture around 4.4 cal. ka BP (Wang et al., 2020). Besides,
Ling et al. (2021) note that overbank flooding or storm surge events
happened at the Liangzhu Ancient City area during the middle to
late Holocene (after c. 7600 cal. BP).

In brief, human settlements and archaeological cultures in the
LYRR were highly influenced by the fluctuation of sea level. The
sea regression and transgression as well as extreme environmental
events (flood, storm, typhoon, efc.) can be regarded as one of the
important factors to influence the flourishment and
abandonment of archaeological sites and cultures.

Economic Context: The Animal and Plant

Resources Used by Humans in the LYRR
The fauna and flora assemblages collected at the archaeological
sites in the LYRR create a good opportunity for us to understand
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the animal and plant resources used by humans. Here, I follow the
summary proposed by Pan and Yuan (2018); Pan and Yuan
(2019) to reveal the shift of animal and plant resources
through time.

Pan and Yuan (2018); Pan and Yuan (2019) systematically
summed up the main animal and plant remains from 57
archaeological sites and suggested the following trajectory of
animal and plant resources utilized by humans (Table 2).
During the period of 11000-8400 BP, representative of the
Shangshan culture, humans greatly relied on the hunting,
fishing and gathering and cultivated rice as supplement.
During the period of 8200-5300 BP, represented by the
Kuahuqiao, Hemudu, Majiabang, Songze cultures, humans
relied mainly on hunting, fishing, and gathering (shells). The
cultivation of rice, the animal husbandry (pigs and dogs)
developed further and many kinds of freshwater plant
resources were also utilized. During the period of 5300-4300
BP, typical of Liangzhu Culture, the rice agriculture was
intensified and raising pigs became more popular with other
plant resources (fruits) exploited. There might have been
subsistence distinction between the central and suburb

settlements. During the period of 4300-2300 BP,
representative of the Guangfulin, Qianjiayang, Magqiao
Cultures, the rice agriculture and animal husbandry

decreased and millets came into this region in the Shang-
Zhou dynasties.

In Table 2 can infer that the marine resources had never been
one of main food components in human menu in the LYRR even
though they were found sparsely at several sites (Pan and Yuan,
2018; Pan and Yuan, 2019). In contrast, the terrestrial and
freshwater resources were continuously made use of by
humans in the prehistoric periods. The Jingtoushan site
(Figure 1), the newly found earliest site (c. 8000 BP) near the
coastline, could have been of an exception, where large quantity of
marine foodstuff (shells) was found (He and Lv, 2017; http://
kaogu.cssn.cn/zwb/kgyd/kgsb/202006/t20200609_5140596.shtml).
Even though, terrestrial resources, such as rice and acorn, were
also abundant at the site (He and Lv, 2017, suggesting that
terrestrial resources were of necessary components in human
foodways.

In addition, the events of sea transgression in the Holocene
hamper the successive development of rice domestication. Rice
phytolith analysis from more than 10 archaeological sites dating
to 10000-2000 BP indicated that the ratio of bulliform phytolith
with the numbers of fish-scale decoration higher or equal to 9
(domesticated rice) to that with the numbers of fish-scale
decoration less than 9 (wild rice) did not always increase
through time (Lv, 2017). This suggests that rice
domestication was not straightforward and fluctuated at
times. The fall of rice domestication during the periods of
7900-7400 BP and 6500-5600 BP might have been caused by
the marine transgression (He et al., 2020). Apparently, the
marine transgression decreased the continuous rice
domestication during the mid-Holocene in the LYRR (He
et al., 2020; He et al., 2020; Liu et al., 2020; Ma et al., 2020)
and humans had to rely on diverse terrestrial and freshwater
resources before the Liangzhu Culture.
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FIGURE 1 | The geographic location of archaeological sites edited by Bing Yi. (A) The study area; (B) Locations of archaeological sites mentioned in the text. (C)
Enlarged locations of archaeological sites in the Ningshao Plain.

TABLE 3 | Collections of isotopic data of human bones in the LYRR.

Site name Dates (BP) Mean §'3C (%o) Mean §"N (%) 8'3c(SD) 5'5N(SD) (%o) Sample number References
(%)
Songze 6000-5300 -19.9 10.9 0.5 1.7 2 Zhang et al. (2003)
Hemudu 7000-6000 -16.7 11.4 2.3 0.3 2 Zhang et al. (2003)
Sanxincun 6500-5500 -20.1 9.7 0.21 0.3 19 Hu et al. (2007)
Liyudun 7000-6000 -17 13.8 1.3 1.4 2 Hu et al. (2010)
Tianluoshan' 7000-6000 -20.7 8.7 05 0.9 10 Minagawa et al. (2011)
Tashan 5900-5600 -18.4 9.2 0.5 0.7 3 Zhang et al. (2015)
Tianluoshan®* 7000-6000 -20.6 9.0 0.5 0.9 10 Dong (2016)
Jiangjiashan* 6900-5800 -20.5 10.2 1 Yu (2016)
Meirendi# 5300-4300 -19.8 10.5 9 Yoneda (2017)
Dingshishan 9000-7000 211 12.3 0.7 1.8 38 Zhu et al. (2020)

"One abnormal isotopic data were deleted for discussion at both sites marked by “*“.
2No isotopic data in detail were reported in the paper marked with “#“. The average isotopic data were estimated from the scatter plot by the author.

Isotopic (6'3C, 6'°N) Analysis of Human isotopic data (Table 3) including the previously published and
Bones in the LYRR unpublished data as well as two reference groups from South China,
in order to better understand human subsistence strategies and
adaptation within the environmental, spatiotemporal, economic
contexts in the region. The information on the site name, site
location (Figure 1), date, the isotopic data and references is listed in
Table 3 and the error bar plot is shown in Figure 2.

According to Table 3 and Figure 2, we can draw the following
inferences:

The stable isotope analysis of human bones in China initiated in
1980s and only until the 21st century is it not paid attention to by
Chinese scholars (Hu, 2018). Zhang et al. (2003) reported the first
isotopic data (6C, 6"N) of human bones in the LYRR.
Subsequently, Hu et al. (2007) carried on the stable isotope
analysis of human bones at the Sanxincun site, Jiangsu. Since
2010, the isotopic studies in the LYRR have increased and
relatively rich isotopic data from human and animals have been 1. Hardly humans consumed marine resources except those at
accumulated. Compared to the summary of isotopic data (Chen, Hemudu consuming a few marine resources, and relied heavily
2017; Qin and Fuller, 2019; Liu et al., 2021), we collected more on terrestrial and/or freshwater foods. The LYRR is located
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FIGURE 2 | The error bar plot of human bones in LYRR and South
China.

near the China east coast. After 7000 BP, with the regression of
sea levels and the expansion of lands, humans moved
eastwards and occupied large lands exposed and might have
had great accesses to marine foods. In general, humans
consuming large quantity of marine resources should have
much positive §'°C values and high §'°N values such as those
at Liyudun in Figure 4. It is so surprising for us to see that
humans dating to 7000-5000 BP except those at Hemudu did
not mainly consume marine foods during the process of
population movements eastwards. In particular, humans at
Tashan, closest to the coastline (Figure 1), did not consume
any marine foods and mainly relied on terrestrial foods
(Table 3; Figure 2). This unique dietary pattern of humans
reflects that humans had conservative preference on terrestrial
and/or freshwater resources even though they had great
opportunity to obtain the seafoods. Our inference here is
consistent with the opinion (Qin and Fuller, 2019)
suggesting that the prehistoric humans in the LYRR were
lack of the motives of exploiting marine resources.

. Humans did not be mainly engaged in the hunting/fishing
activities and consumed large quantity of terrestrial
resources with some freshwater resources supplemented.
In general, humans consuming a lot of freshwater fish
have low §"°C and high §'°N values such as those at
Dingsishan in South China (Figure 2). Compared to those
at Dingsishan, humans in the LYRR in Figure 2 have higher
8"°C and lower 8"°N values, strongly indicating that their
foods were deprived more from terrestrial surroundings and
less from freshwater fish. This is in line with the
archaeozoological finding (Table 2), indicating that fish
was not one of important components in human diets
even though they were present all the time. Instead,
terrestrial animals (deer, pigs) or wetland plants with
possible lower §'°N values (rice including domesticated
rice or wild rice, gorgon fruit, water chestnut, etc.) could
have been the necessary compositions in human diets.

Human Adaptations in Prehistoric LYRR

3. Human diets were diverse and shifted diachronically. Humans
at Hemudu might consume some marine foods while those at
Tianluoshan ate many plant resources. They could be deprived
from several types of wetland plants, like rice, gorgon fruit,
water chestnut (Pan and Yuan, 2018; Pan and Yuan, 2019) and
typha (Zhang et al., 2020). The consumption of starchy plants
was also confirmed by the residue analysis (Shoda et al., 2018).
Different from those at Tianluoshan, humans at Jiangjiashan
consumed more freshwater resources such as fish; humans at
Songze mainly inhabited on the terrestrial and freshwater
environment; humans at Tashan obtained their foods
mainly from terrestrial environment and seldom from
freshwater resources; humans at Sanxincun intensified the
utilization of freshwater resources such as shells. It seems
that humans at Meirendi escaped from the wetland
environment and consumed more animal protein from
freshwater resources or domestic animals. Given the
popularity of pig husbandry during the Liangzhu Culture
(Table 2), domestic pigs could have contributed more to
animal resources at the site.

4. The cultivation of rice and its contribution to human diets vary
in the different areas and periods. As indicated in Table 2, the
domestication of rice has developed quickly around 7000-
6000BP and matured around 5000 BP. In principle, if rice
would be more and more incorporated in human diets, the
decrease of 8'°N values from humans should have been
expected as rice belongs to starchy plants with low nitrogen
contents and has low §'°N values in general (Suzuki et al,
2008). However, large isotopic difference among human
populations can be seen in Figure 2, even though the
domesticated rice is present in different periods and areas.
This could be caused by the consumption of diverse terrestrial
or freshwater resources. Therefore, no matter what rice is wild
or domesticated, rice production by humans should have been
of low-level. Humans at Meirendi in the core area of Liangzhu
Culture have a little higher 6"°C and 8§"°N values than those in
Tianluoshan (Figure 2) and the isotopic data don’t show
decreasing pattern as expected if rice agriculture was
intensified during the period. Nevertheless, we should
caution that given the limited isotopic data available here
the current discussion on the contribution of rice
agriculture to human subsistence strategy is still
preliminary. More isotopic data are needed to prove or
refute it in the near future.

DISCUSSION

It is traditionally supposed that the occurrence and development
of agriculture is the key to increase the food production and
satisfy with the population growth and the rise of social
complexity (e.g., Gignoux et al, 2011). However, recent study
(Lewis, et al., 2020) challenges the above standpoint.

The global increase of sea levels in the Holocene has great
impact on human activities worldwide (Dong et al., 2020) and
makes humans easily approach the marine resources. A number
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of isotopic studies show that humans close to the coastline have
intensively consumed marine foods in Europe (Richards and
Hedges, 1999; Montgomery, et al., 2013; Schulting, 2018), Japan
(Kusaka et al., 2010), and South Korea (Choy et al., 2012) before
the transition to agriculture. The adaptation of sea level increase
by humans greatly expands food choices in human menu and
stimulates the cultural developments and population increase in
Southern Scandinavia before the arrival of agriculture (Lewis
et al., 2020).

Compared to humans in Southern Scandinavia, the humans in
the LYRR, however, adopted a quite different strategy when
facing the rise of sea level in the Holocene as well. The
economic (Table 2) and isotopic (Table 3; Figure 2) evidence
strongly suggests that humans rarely relied on marine resources
and consumed large quantity of terrestrial and/or freshwater
resources (plants) instead, even though they had good accesses
to marine environment. Before the Liangzhu Culture, the rice had
been in low-level food production and contributed less to human
diets for along time. On the other hand, humans subsisted mainly
on the terrestrial and freshwater or wetland resources. This
unique subsistence strategy could possibly have made humans
well adapt to unstable environment and sea transgression at
times, which expanded the settlements and population
subsequently and resulted in the social complexity. Therefore,
our comprehensive study here illustrates a novel pattern of
human subsistence strategy and adaption to increasing human
population in the condition of low-level agricultural production,
challenging the traditional view that only developed agriculture
can make human population grow and advance human society.

CONCLUSION

Based on the introduction to environmental, spatiotemporal and
economic contexts, this paper summarized the isotopic data of
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