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Abstract: The temporal-spatial geographic distribution of archaeological sites and its feature
between 10.0-2.8 ka BP (ka BP= thousands of years before 0 BP, where “0 BP” is defined as
the year AD 1950) were determined, based on GIS spatial analysis in the Poyang Lake Basin.
The relationship between geographic distribution of sites of different periods under subsis-
tence existence of ancient civilizations, climate and environmental change was investigated.
The results revealed numerous archaeological sites of the Neolithic Age (10.0-3.6 ka BP).
The sites were mainly located in the northern part of the Poyang Lake Basin, a hilly and
mountainous area with many river terraces suitable for the development of human civilization.
The number of archaeological sites rapidly increased during the Shang and Zhou dynasties
(3.6-2.8 ka BP) and spread widely on the floodplains of the middle and lower reaches of
Ganjiang River and onto the west, south, and southeast beach areas of the Poyang Lake.
Holocene records of climate change suggested that it was possible that climate fluctuations
had a great impact on human evolution in the study area. Before 3.6 ka BP, westward and
northward expansion of Neolithic cultures in the Poyang Lake watershed occurred under the
background of climate amelioration (becoming warmer and wetter). The ancient people lived
in the hilly areas with high elevation. The simple mode of a fishing and gathering economy
was mostly suited to this area in the early Neolithic Age. The scope of human activities was
expanded and cultural diversity developed in the late Neolithic Age. However, with population
growth and increasing survival pressure in a dry-cold climatic stage after 3.6 ka BP, this sim-
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ple living mode had to be abandoned, and various forms of economy, the majority being ag-
riculture, were developed on flood plains of the lower reaches of numerous rivers around
Poyang Lake. This promoted flourishing of the Bronze culture of South China.

Keywords: Poyang Lake Basin; archaeological sites; temporal-spatial distribution; climate and environmental
change; Shang and Zhou dynasties

1 Introduction

Environmental archaeology has been developing rapidly as a cross-discipline during the past
decade, largely spurred by the advance of research in Quaternary geology, archaeology, and
palynology (Evans et al., 2014; Oonk and Spijker, 2015; Mayle and Iriarte, 2014; Grahn et
al., 2013; Innes et al., 2014; Xu et al., 2015). This has promoted research of the relationship
between palacoenvironmental changes and regional ancient cultures (Haug et al., 2003; Ku-
per and Kropelin, 2006; Oinonen et al., 2014). During prehistoric times of relatively low
productivity, human ancestors relied heavily on the physical environment. Therefore, cli-
mate change may have exerted great impact on the evolution of regional ancient cultures by
affecting living conditions and natural resources. Using data on temporal-spatial distribution
of archaeological sites of cultures on a regional/sub-regional scale and records of climate
change may be an effective way to study human-environment interactions, especially in arid
and subarid northern China and flood plain areas of the Yangtze River (Guo et al., 2013;
2014; Gao et al., 2009; Wu et al., 2011; Li et al., 2013; Li et al., 2014; Zhu et al., 2014).
Both of these areas are sensitive to summer monsoonal climate change in East Asia (Zhang
et al.,2011; Chen et al., 2015a, 2015b; Xie et al., 2013; Liu et al., 2014; Zhang et al., 2013;
Wu et al., 2012).

The Poyang Lake Basin, located in the middle reaches of the Yangtze River, enjoyed a
splendid ancient culture during the late Holocene (Liu, 2000), as did other parts of the
Yangtze River Basin (Duan, 2003; Sun and Gao, 2006; Chen, 2005). The Xianrendong cave
site and the Diaotonghuan site of the early Neolithic period may be the earliest ruins of pa-
leo-rice and pottery in East Asia known at present, suggesting that this catchment may be
one source of Chinese rice agriculture (Peng and Zhou, 2004). Development of the Neolithic
cultures was slow during the middle Neolithic stage; however, during this stage, diverse
cultural types emerged and speeded up steadily toward the late Neolithic stage. The Shang
and Zhou dynasties in the Poyang Lake Basin flourished as the best-developed Bronze cul-
ture in South China (Liu, 1993; Long ef al., 1992; Xu, 1987). Present-day environmental
archaeological investigation has been intensively conducted in the Yangtze River basin (Zhu
et al., 2005; 2007; Zheng et al., 2008; Zhu et al., 2005a; Li et al., 2013; Wu et al., 2014a,
2014b). However, because the Poyang Lake Basin is mountainous, how were the archaeo-
logical sites distributed geographically, and what was their response to climate and envi-
ronmental change from 10.0 - 2.8 ka BP? This study focuses on analyzing distribution and
evolution of culture to clarify the relationship between subsistence models of ancient in-
habitants and Holocene climate change.

2 Study area

The Poyang Lake, with an area of 3100 km® and at an elevation of 18.4 m (Yellow Sea ele-
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Figure 1 Sketch map of the location of the entire Poyang Lake
Basin showing the water systems and major cities

ture is approximately 17-20°C, with July mean temperatures of 29-32°C and January mean
temperatures of 3.0-5.0°C. Annual precipitation is approximately 1300—1900 mm, most of
which falls between April and September as the summer monsoon intensifies.

3 Materials and methods

The essential materials used for developing a distribution map of archaeological sites in-
clude two spatial data sources: one is a Digital Elevation Model (DEM), with a resolution of
90 mx90 m downloaded from the International Scientific Data Service Platform; the other is
the position data of archaeological sites, mainly provided by Jiangxi Provincial Institute of
Cultural Relics and Archaeology and others from reports and published papers on archaeo-
logical excavation. Totally, there are 597 archaeological sites from the Neolithic Age and the
Shang and Zhou dynasties in the Poyang Lake Basin, with 110 Neolithic Age sites and 487
sites from the Shang and Zhou dynasties. Based on chronological sequences (Peng, 1981a,
1981b; Li, 1982; Li et al., 1986a, 1986b; Xiao, 1991; Liu, 1993; Zhong, 2007), these ar-
chaeological sites are classified into four groups: early Neolithic Age (10-8.0 ka BP), in-
cluding the Xianrendong culture; middle Neolithic Age (8.0—4.8 ka BP), including the
Shinianshan culture, Zhengjia’ao culture, and Shanbei culture; late Neolithic Age (4.8-3.6
ka BP), including the Zhuweicheng-Fanchengdui culture and Sheshantou culture; Shang and
Zhou dynasties (3.6-2.8 ka BP), including the Wucheng culture and Wannian culture (see
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Table 1).

All of the Neolithic cultural sites and the Shang and Zhou dynasties cultural sites referred
to in this paper were plotted on the relief map. The mapping steps were as follows: manual
registration of the topographic and drainage map, 90-m resolution DEM data and sites of
different periods of the Poyang Lake Basin were implemented and digitalized using ArcGIS
first; then distribution maps of cultural sites were plotted on the relief map of different ele-
vation layers and colours (Figure 2). Finally, the relationship between human activity and
climate change from the Neolithic Age to the Shang and Zhou dynasties in the study area
was analyzed.

Table 1 Radiocarbon and thermoluminescence ages of archaeological sites used in this study from the Poyang
Lake Basin

Archaeological age

Materials Dating Dating results

No. Name of site (determined by dated methods Lab.ID (a BP) Reference
excavated relics)
1 Xianrendong Xianrendong Stage Clamshell e ZK-39 10870+24 The Institute of
(100*80 ka BP) fragments ArChanlOgy,
CASS (1974)
Xianrendong Animal bones “C  ZK-92-0 8825+240  The Institute of
Archaeology,
CASS (1977)
Xianrendong Pottery shard TL  WXO0l1 10900+1000 Wu et al. (2005)
Xianrendong Pottery shard TL WX02 117001000 Wu et al. (2005)
Xianrendong Pottery shard TL  WX09 78504700 Wu et al. (2005)
2 Shinianshan  Shinianshan Stage  Peat e 5768+178  JPICRA (1991)
(8.0-4.5 ka BP)
Shinianshan Wood charcoal Hc BK89089 4500+100 Xu (1996)
3 Zhengjia’ao Zhengjia’ao Stage 5500-5000 JPICRA (1989)
(5.5-5.0 ka BP)
4 Shanbei Shanbei Stage Wood charcoal e 49804331 Xiao (1991);
(5.0-4.8 ka BP) Tang (1996)
5 Zhuweicheng Zhuweicheng- 4600-4100 Tang (1996);
Fanchengdui Stage Li et al. (1986)
(4.8-4.0 ka BP)
6  Fanchengdui 50004000 Cao (1993)
7  Sheshantou Sheshantou Stage 4500-3700 JPICRA (1997)
(4.5-3.7 ka BP)
8  Wucheng Wucheng Stage Bamboo “C  ZK-447 3345490 The Institute of
(3.6-2.8 ka BP) charcoal Archaeology,
CASS (1979)
Wood charcoal “C  ZK-446  3480+150 The Institute of
Archaeology,
CASS (1979)
9  Dayangzhou c 3620+140  Peng (2004)
c 31104330  Peng (2004)
*c 3360+160  Peng (2004)
10  Shendun Wood charcoal ~ ''C 3360+100  Lietal. (1986 b)
11 Shazhou Wood Hc ZK-2514 29604320 The Institute of
Archaeology,
CASS (1991)
12 Wannian Wannian Stage 3500-2700 Zhao (2009)

(3.5-2.7 ka BP)
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Figure 2 Archaeological sites of the Poyang Lake Basin: (a) in the Neolithic period (10.0-3.6 ka BP) and (b) in
the Shang and Zhou dynasties (3.6-2.8 ka BP)

4 Results
4.1 Distribution of archaeological sites at different elevations

Distribution of archaeological sites at various elevations is presented in Table 2. Sites of the
Xianrendong culture (early Neolithic culture) were concentrated in the areas with elevations
of 50-200 m. At the stage of the middle Neolithic culture, approximately 43.7% of the sites
were distributed in areas with elevation of 50-200 m, and 31.3% at the elevations lower than
50 m, the other 25% at the elevations of 200-500 m. At the period of the Late Neolithic cul-
tures, 40.2% of the sites were distributed at elevations lower than 50 m, 52.2% at elevations
between 50 and 200 m, and only 7.6% (seven sites) in areas above 200 m in elevation. These
implied that the number and density of sites at the stage of late Neolithic cultures increased
substantially, and more of them were located at lower elevations, compared with the stage of
the middle Neolithic culture. Generally, at the stage of the Neolithic culture, 38.1% of the
sites were located in areas with an elevation lower than 50 m, 51.8% of the sites were lo-
cated at the elevations between 50 and 200 m, and 10% of the sites were located at eleva-
tions above 200 m. During the period of the Shang and Zhou dynasties, the number of sites
in areas with an elevation lower than 50 m increased to 228 (46.8%); 212 sites (43.5%) and
47 sites (9.7%) were located at elevations between 50 and 200 m and at elevations higher
than 200 m, respectively. From the Neolithic Age to Shang and Zhou dynasties, more and
more sites moved from the high altitude hilly environment to the low altitude of river ter-
races and flood plains.
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Table 2  Altitude distribution of the Neolithic and Shang-Zhou cultural sites in the Poyang Lake Basin

Cultural type Total <50 m 50-200 m 200-500 m
Xianrendong 2 0 2 0
Shinianshan 8 2 2 4
Zhengjia’ao 6 2 4 0
Shanbei 2 1 1 0
Zhuweicheng-Fanchengdui 78 35 41 2
Sheshantou 14 2 7 5
Wucheng 342 171 134 37
Wannian 145 57 78 10

4.2 Temporal-spatial variations of archaeological sites

4.2.1 Early Neolithic Age (10.0-8.0 ka BP)

Only two early Neolithic sites, which belonged to the Xianrendong culture, have been dis-
covered and excavated, i.e., the Diaotonghuan site and Xianrenrong site (Peng and Zhou,
2004), both located in the little intermontane basin southeast of the Poyang Lake (Figure 2a).
The Xianrendong culture, with chipped and polished stone and sandy pottery, was the earli-
est Neolithic culture of the Poyang Lake Basin, and it was typical of cave culture in southern
China (Peng, 1981a, 1981b). These two neighbouring sites are situated 1 km away from each
other. One site (Xianrendong) is located at the foot of a limestone hill 35 m away from a
small stream and 3 m higher than its present usual water surface. The other site
(Diaotonghuan) is located at the top of a small hill 30 m high and above the previously men-
tioned stream. The sites were probably located here and selected for settlements by ancient
people due to convenient water taking and flood avoiding (Guo and Li, 1963; Zhao, 2000).
Many animal bones, snails, mussels, fish bones, and other remains excavated at the sites
demonstrated that hunting and gathering could have been the main production and living
styles of ancient people of that time (Zhong, 1996).

4.2.2 Middle Neolithic Age (8.0—4.8 ka BP)

There are eight sites of the Shinianshan culture, six sites of the Zhengjia’ao culture, and two
sites of the Shanbei culture in the middle Neolithic period (Figure 2a). The archacological
sites of the Shinianshan culture are sparsely distributed in the west of the Poyang Lake and
along the middle and lower reaches of the Ganjiang River area between elevations of 50 and
500 m. During the Shinianshan Age, the production mode gradually changed from gathering,
fishing, and hunting to primitive farming (Liu, 1992b). The Zhengjia’ao cultural sites, with
distribution similar to the Shinianshan cultural sites, are also sparsely distributed in the west
and south of the Poyang Lake. The Zhengjia’ao culture is a subcultural type of the
Xuejiagang culture in southern Anhui Province, influenced deeply by the surrounding cul-
ture, such as the Qujialing and Songze culture, which gave the Zhengjia’ao culture more
local characteristics that differed from its mother culture in Anhui (Peng, 1981a; Zhong and
Peng, 2008). Only two sites of the Shanbei culture, a more local culture, were found, both
located in the catchment of Xiushui River, west of the Poyang Lake. During this period the
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settlement areas were no longer confined to caves. Some geomorphologic landscape, such as
river terraces, foothills and little intermontane basins, were gradually chosen for human in-
habitation, suggesting the beginning of the Agrarian Revolution in the Poyang Lake Basin.

4.2.3 Late Neolithic Age (4.8-3.6 ka BP)

Seventy-eight sites of Zhuweicheng-Fanchengdui culture and 14 sites of Sheshantou culture
of the late Neolithic period were excavated (Figure 2a). The Zhuweicheng-Fanchengdui
cultural sites were widely distributed on flood plains around Poyang Lake and in the middle
and lower reaches of the Ganjiang River, Fuhe River and Xiushui River. The concentrate
area of the Zhuweicheng-Fanchengdui culture was situated in the middle and lower reaches
of the Ganjiang River and the lower reaches of Xiushui River, bordering Poyang Lake to the
west and north. At the same time, another regional culture, called the Sheshantou culture,
had been developing sites to the northeast and east of Poyang Lake and showed similar geo-
graphic distribution as the Zhuweicheng-Fanchengdui cultural sites. Many types of compli-
cated stone and ceramic tools, and various edible plants indicated a more developed stage of
regional cultures (Peng, 1981a; Zhong and Peng, 2008).

4.2.4 Shang and Zhou dynasties (3.6-2.8 ka BP)

There are 487 sites of Shang and Zhou dynasties excavated in the Poyang Lake Basin (Fig-
ure 2b) belonging to Wucheng culture and Wannian culture. Many of the sites were inher-
ited from the Zhuweicheng-Fanchengdui culture. Wucheng culture was the most widely dis-
tributed pre-historic culture in the Poyang Lake Basin, and the number of sites found at pre-
sent is 342. The sites are distributed at the west and southwest of Poyang Lake with two
centres of location, one on the southwestern beach of the Poyang Lake and the other in the
Xinyu region between the Ganjiang River and Xinjiang River (Figure 2b). Additionally, 145
sites of Wannian culture of Shang and Zhou dynasties were found on the eastern flood plains
of the Poyang Lake, indicating a similar geographic distribution as Wucheng culture. Wan-
nian culture was contiguous with the bronze culture, such as Zhejiang’s High Altar, Shang-
hai’s Magiao culture, and Huangtulun culture (Zhong and Peng, 2008). Wucheng culture,
represented by the Wucheng site, was one of the most advanced bronze cultures in South
China (Peng, 1981a; Zhong and Peng, 2008).

4.3 Subsistence models of regional culture

4.3.1 Characteristics of production artefacts

Production tools are relevant to the way humans lived and could be used to determine the
mode of economics. Many utensils were excavated from the Xianrendong, Shinianshan,
Zhuweicheng, and Wucheng sites (Table 3) (Guo and Li, 1963; JPICRA., 1991; Li and Yu,
1976; Li et al., 1982; Zhou et al., 1993; Peng and Li, 1975; JPICRA., 1995; Peng et al.,
1991).

Table 3 shows that the amount of fishing and hunting tools was much larger than agricul-
tural productive tools in the early Neolithic period, demonstrating that fishing and gathering
(paddy gathering included) were the main context of economic production. During the mid-
dle Neolithic period, the amount of agricultural production tools increased significantly,
while fishing and hunting tools increased simultaneously, indicating a mixed mode of pro-
duction of farming, fishing and hunting. The amount of production tools declined in the late
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Neolithic period for a few excavated sites, but the amount of farming and domestic tools
increased more than the amount of fishing and hunting tools, indicating that agriculture was
the dominant type of production. A large quantity of spinning tools was unearthed in the
middle-late Neolithic era, showing that the textile and handicraft industry had been created
and was a very important part of the life at that time. Meanwhile, dings, cups, and pot tools
increased substantially, revealing a more extensive community life than previously. During
the Shang and Zhou dynasties, a diversity of tools for farming were developed, suggesting
extensive farming activities, which implied farming was probably the primary production
activity, while fishing and hunting activities were also important ways of production.

Table 3 Production and living tools unearthed at typical sites in the Poyang Lake Basin (Guo and Li, 1963; Liu

and Li, 1991; Li and Yu, 1976; Li et al., 1982; Zhou et al., 1993; Peng and Li, 1975; JPICRA, 1995; Peng et al.,
1991)

Type Shapes Early Ngolithic Mifidle . Late Ne?olithic Shang anq
period Neolithic period period Zhou dynasties

Celt 1 4 1 21
Tapered pike 8 1 12
Stepped adze 2 90 15 13
Stone axe 17 17 39
Hoe 2

Agricultural il N 2 !

tools Shovel 24 2
Knife 19 11 70
Millstone 3
Dagger-axe 33
Sickle 7
Stone mould 9
Plough 2
Osteotome 1
Fish fork 1
Arrowhead 3 83 48 138

Fishing and Hole puncher 40 19

hunting tools  gpr 6 183 10
Spear 4 37
Net 1 2 43
Pie tools 9
Bone needle 7
Bone awl 27
Frotton 2 1

Life tools Ding 134 281 32
Cup 97 12 31
Pot 4 11 61
Spinning wheel 37 27 23
Cooking tripod 125
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4.3.2 Agricultural development

The early Neolithic sites had remains of paddies, indicating that this area might be one of the
origins of rice agriculture in China (Peng and Zhou, 2004; Zhao, 1998). A large number of
agricultural implements, pottery, and a mix of grass and mud, mingled with rice husk and
rice straw and dated to 5000 a BP (Table 1), were unearthed at the Shanbei site. These find-
ings suggested that the ancient people lived a sedentary life, relying on primitive farming
(Peng, 1981a; Zhong and Peng, 2008). Based on records of starch grains at the Shinianshan,
Zhuweicheng, Fanchengdui, Yinjiaping, and Sheshantou sites (Figure 3) (Wan et al., 2012a,
2012b), food composition of the ancient inhabitants in the 5000-3500 a BP was assessed:
First, except for the Sheshantou site (4.5-3.5 ka BP), starch grains (Oryza spp., Triticeae,
Coix spp., roots and tubers included) were generally common at the Shinianshan, Zhuwei-
cheng, Fanchengdui, and Yinjiaping sites (5.0-4.0 ka BP). Setaria spp. was not found
(Figure 3) with the highest proportion of Triticeae and Coix spp., which were the major food
source in this period. Second, Rice (Oryza spp.) remains were relatively common in all five
sites, indicating rice agriculture had been well developed in the Poyang Lake Basin. During
5000—4000 a BP, the plants utilized were Coix spp., plants from the species Triticeae, Oryza
spp., and other species of edible roots and tubers. During 4500-3500 a BP, the ancient peo-
ple who lived in the region utilized rice (Oryza spp.), millet (Setaria spp.) and some root and

tuber crops (Figure 3). Third, 50 + mm Shinianshan Site (5000-4000 a BP)

species of roots and tubers, 1 BN Zhuweicheng Site (5000-4000 a BP)
. . 45 -| Il Fanchengdui Site (5000-4000 a BP)
accounting for approximately | B2 Yinjiaping Site (5000-4000 a BP)

. Il Sheshantou Site (4500-3500 a BP
8%, were found at the five sites, 40 ¢ )

reflecting that these plants may 35

have played a role in social 330_-
production. Some plants were g ]
not identifiable, possibility be- &2
cause of contamination or other ~ 20__

various plants uses. Prelimi-

nary analysis of carbonized ]
seeds from sites of the Shang 10
and Zhou dynasties showed a 5
crop assemblage of rice and 0

millet (Chen et al., 2015). Oryza SPP-  Triticed® g oy qria PP Coix SPR: ot and 1uberS yy,er plants

These results indicate that an- Figure 3 Proportion of each type of starch grain retrieved from the

cient plant use was diverse in five Neolithic archaeological sites of the Poyang Lake Basin (Wan et al.,
the Poyang Lake Basin. 2012a, 2012b)

S Discussion
5.1 Environmental changes during the Holocene in the Poyang Lake Basin

The available data of the Holocene climate and environmental changes in the study area
were few. Therefore, the discussion in this paper is based on previous studies on sediments
of Poyang Lake (Ma et al., 2004; Xie and Fan, 2005; Xie et al., 2006), 8'%0 records of sta-
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lagmites collected from the Dongge Cave (Wang ef al., 2005) and Shanbao Cave (Shao et al.,
2006) in the Yangtze River Basin (Figure 4). These studies can be utilized to reconstruct
palacoenvironmental change of Holocene.

These records indicated that temperature and humidity increased throughout the East
Asian monsoon region between 10 and 6 ka BP due to an intensified East Asian monsoon
early in the Holocene (Shao et al., 2006). Assembalges of pollen analysis of sediments from
core ZKO08 in Jiujiang during the period of 8.0-6.0 ka BP were characterized by a high per-
centage of arboreal pollen, including Liquidambar, Evergreen Quercus, and pollen of ferns,
suggesting a warm and humid climate (Xie and Fan, 2005). Subtropical forest was relatively
reduced during the period of 6.0-5.0 ka BP, while temperate forests increased with decidu-
ous oak and Castanopsis as species used for construction. An increase of Chenopodiaceae
pollen illustrated that a certain amount of drought-resistant plants existed due to climate
change to drier conditions (Xie and Fan, 2005). During the period between 5.0-3.6 ka BP,
subtropical trees flourished. The main constructive species were Quercus, Castanopsis, de-
ciduous oak, and maple. The 8"°C values were less negative, and aquatic plant blooms
showed enlargement of the area in the Poyang Lake, corresponding to the formation of Poy-
ang Lake similar to today (Jiang and Piperno, 1999; Ma et al., 2004; Xie and Fan, 2005; Xie
et al., 2006; Tan, 1982). Between 3.6 and 2.0 ka BP, the 5'%0 value of stalagmites increased,
suggesting that the amount of summer monsoon precipitation began to decrease (Wang et al.,
2005; Shao et al., 2006). Decreases of subtropical forest in large areas and increases of the
Chenopodiaceae and Artemisia indicated that the climate became cool and dry (Xie and Fan,
2005; Xie et al., 2006). In conclusion, the Holocene climate during 10.0-2.8 ka BP experi-
enced three stages: a warm-humid stage at 10.0-6.0 ka BP, a warm-dry stage at 6.0-3.6 ka
BP, and a cold-dry stage during the Shang and Zhou dynasties.
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Figure 4 Correlation of prehistoric culture phases in the Poyang Lake Basin and the Holocene climate evolution
inferred from §'"°C record from Poyang Lake (ZKO01), 30 records of stalagmites from Dongge Cave, percentage
of pollen (%) from Jiujiang (ZK08), Jiangxi Province and 8'%0 records of stalagmites from Shanbao Cave, Hubei
Province.
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5.2 TImpacts of climate change on temporal-spatial distribution of archaeological sites

The early Neolithic Age was a warm and moist stage, and ancient people relied mainly on
hunting and gathering activities. As Figure 2a shows, the early Neolithic sites were distrib-
uted in the little intermontane basin to the southeast of Poyang Lake, where natural lime-
stone caves provided preferable habitat. Bones of fish, birds, and animals including the
mammals Macaca mulatta, Lepus sp., Nyctereutes procyonoides Gray, and Rusa sp. (Huang
and Ji, 1963) at the Xianrendong site, and phytolith materials of rice (Oryza sativa L.) (Zhao,
2000) at the Diaotonghuan site, identified during archaeological discoveries, demonstrated
that forest and swamp environments offer rich biological resources during 10.0 - 8.0 ka BP
(Huang and Ji, 1963).

The middle Neolithic Age experienced a milder-wetter climate. Many agriculture, manu-
facturing, and fishing tools were unearthed at the Shinianshan site, suggesting a transition
from hunting-gathering to agriculture (Liu and Li, 1991). The Zhengjia’ao culture, which
probably was a sub-type of Xuejiagang culture south of Anhui and mainly located in the
hilly areas near the river, demonstrated a pattern of life similar to the Shinianshan culture.
During this period, the sites were extensively distributed on river terraces and hilly plat-
forms to the western and northern parts of the Poyang Lake (Figure 2a).

Discovery of more and more farming tools and complex implements during the period of
the Zhuweicheng-Fanchengdui culture, verified further development of agricultural produc-
tion and farming. During this period, more sites were moved to flood plains around the
Poyang Lake and into the middle and lower reaches of the Ganjiang River and Xiuhe River,
where the number of relatively large scale sites increased (Figure 2a). The Sheshantou cul-
tural sites were mainly distributed in the eastern Poyang Lake area and along the middle and
lower Xinjiang River and Raohe River. The sites were mainly distributed around Poyang
Lake and were widely distributed in plain areas (Figure 2a). The climate was slightly warm
and humid in this period, and the productivity and ability of the people to response to disas-
ters had been improved such that the scope of activities gradually expanded.

Irrigation systems emerged in the Shang and Zhou dynasties, more sites moved to lower
flood plains than previously, and Poyang Lake transitioned to the present geographical pat-
tern (Jia, 2016). In addition, rice hulls and drinking vessels indicated that rice cultivation
was well-developed and food production was so abundant that there was enough surplus to
make alcohol (Liu, 1992a). The flood plains of Poyang Lake and the middle and lower
reaches of rivers were the preferred choice as dwelling sites for more peoples, for its large
geographical capacity, and for its fertile, silty flood-soil sediments. Expanded population
and well developed agricultural technique were likely conducive to exploitation of these
flood plains. Moreover, the dry climatic conditions at this time were probably another driv-
ing factor, suggesting that under dry conditions, it was difficult for ancient people, living in
high landscape to fetch water resource. Consequently, they found it necessary to exploit ex-
tensive geographic area for improved survival.

5.3 Climate change, geographical migration of sites, population, and life pressure
during 10.0-2.8 ka BP

The early Holocene climate is well suited for wild Oryza species (Zhao and Piperno, 2000).
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Wild rice might have been domesticated for food by the ancient people of the Xianrendong
site (Cao, 1998), showing that these ancient people were the first group to engage in early
rice farming. Paddy grain gathering probably originated from wild fields (Zhao, 1998). Un-
earthed animal bones showed that young, old, and sick individuals occupy a certain propor-
tion of the population, while domesticated animals were very few. Ancient people mainly
relied on hunting and gathering (Huang and Ji, 1963). There was no indication that revolu-
tionizing farming took place in Xianrendong site. Factors contributing to this included rich
wild resources for food in that basin and too small a population size to constitute high re-
source consumption. Thus, at that time, ancient people encountered no living stress.

On the contrary, during the subsequent phases in the middle-late Holocene (6.0-2.8 ka
BP), the situation changed rapidly and dramatically to a large population size and develop-
ment of farming implements. Primitive agriculture was combined with fishing and hunting
(Table 3). With the change of production modes, a diversity of cultural types developed,
along with the expansion of human activities. More farming tools, rice husks and rice traces
unearthed from sites of Shanbei culture verified that the regional agrarian revolution had
started (Peng, 1982). During the late Neolithic Age, rice (Oryza spp.), Triticeae, Coix spp.,
millet (Setaria spp.), roots and tubers were found, showing that the ancient diet in the Poy-
ang Lake Basin was highly diverse (Figure 3). Agriculture had become the main mode of
livelihood for local residents. The abundance of food enabled people to survive better, and
simultaneously to reduce their dependence on natural resources. This is consistent with the
evolutionary principle. The quality of production tools, e.g., dagger-axes, sickles, and
ploughs, and the number of types of settlements in the Shang and Zhou dynasties, which
were greater than in the Neolithic Age (Table 3), indicated that agricultural production had
made progress towards technical maturity. The drying climate also played an important role
for relocation of residential areas, from river terraces and hilly landscape to floodplains of
the Poyang Lake and the middle and lower reaches of the Ganjiang River, Fuhe River, and
Xiushui River between the middle Neolithic Age and the Shang and Zhou dynasties era in
the Poyang Lake Basin. During the middle-late Holocene, ancient people had to take meas-
ures to adapt themselves to new situation and must have done so.

6 Conclusions

(1) Between 10.0 and 6.0 ka BP, the Holocene climate in the Poyang Lake Basin was
warm and moist, intensified by the East Asian summer monsoon. Relatively dry climatic
conditions have gradually prevailed since 6.0 ka BP.

(2) The few discovered archaeological sites of early Neolithic Age are located in inter-
moutane basins. A large number of archaeological sites of middle-late Neolithic Age and
Shang and Zhou dynasties are extensively distributed on river terraces and hilly landscape in
the middle and lower reaches of the Ganjiang River, Xiushui River, Fuhe River, and Xinji-
ang River. Archaeological sites gradually migrated downward to flood plains in the lower
reaches of rivers around Poyang Lake in order to exploit these flood plains. Drying climate
in the middle-late Holocene help to bring about this process.

(3) Economic cultivation as the origin of farming might have occurred independently in
the Poyang Lake Basin. One appeared at the Xianrendong cultural stage. During the late
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Neolithic Age, agricultural tools tended to be complex, and a diversity of plant community
was under cultivation. Agriculture was established as the foundation of the production mode
and human activity was strengthened. The Shang and Zhou dynasties witnessed that the
civilization developed to a certain stage, while agriculture became common and fishing
thrived. These developments enriched human activities, and ultimately stimulated the evolu-
tion of society.
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