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ABSTRACT 

Remarkable spatial differentiation of human subsistence strategies existed during the Longshan period (~4.6-
~3.9 ka BP) in the Yellow-Huai River Area; however, its external driving factors remain unclear due to the 
poor understanding of local physical environmental settings. In this study, we first compiled the information 
on spatial variabilities of physical environmental conditions and human subsistence strategies during the 
Longshan period within and around the Yellow-Huai River Area, then compared the relationships between 
local environmental conditions and human subsistence strategies. The results show that the mixed millet-rice 
farming mode was widespread during the Longshan period in the study area, but exhibiting lower (higher) 
proportion of rice (millet) in the circumjacent highlands than in the lowlands. In the circumjacent highlands, 
the persistent East Asian summer monsoon weakening during the Longshan period caused obvious water 
supply reduction due to the decline of monsoon-related precipitation and the shrinkage of pre-existing surface 
water. Consequently, prehistoric humans likely preferred to plant more less-water-requirement crops (i.e., 
millet) to adapt to the drier environmental conditions, resulting in the decreasing proportion of rice in human 
cropping structure. Whereas, although regional precipitation decline also occurred during the Longshan pe-
riod in the lowlands of the study area, many regional rivers running from surrounding highlands flowed into 
the lowlands for their saucer-shaped topography. Subsequently, the lakes and marshes were still wide devel-
opment in the lowlands, thus, there was a sufficient and steady water supply for rice farming, causing higher 
proportion of rice in human cropping structure during the Longshan period in the lowlands of the Yellow-
Huai River Area.  
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1. INTRODUCTION 

Climate fluctuations and associated environmental 
changes have been repeatedly suggested to be im-
portant driving forces behind the rises and falls of pre-
historic societies (e.g., Weiss et al., 1993; Binford et al., 
1997; Cullen et al., 2000; Wu and Liu, 2004; Anderson et 
al., 2007; Buckley et al., 2010; Liu and Feng, 2010; Li, et 
al., 2014; Lespez et al., 2016; Liritzis et al., 2019; Shqiarat, 
2019; Qin, 2021). However, archaeological research has 
presented that prehistoric societies are fairly resilient 
and flexible to changing climatic and environmental re-
gimes by using a diverse set of coping strategies in re-
sponse (Turney et al., 2006; Manning and Timpson, 
2014; Liu et al., 2019; Dong et al., 2020; Li and Gao, 2021; 
Ren et al., 2021). Consequently, the interactions between 
prehistoric human societies and their surroundings are 
much more complex (Butzer, 2012; Dugmore et al., 2012; 
Dong et al., 2020; Jaffe et al., 2021; Ren et al., 2021). Sub-
sistence strategy is one of key human factors that is sen-
sitive to climatic and environmental variations and also 
could affect the spread and development of prehistoric 
societies (Jones, 2007; Zhao, 2014; Chen et al., 2015; 
Zhang et al., 2018a; Yuan, 2019; Hu et al., 2021; Portillo 
et al., 2021), thus, understanding the subsistence strat-
egy and its adaptation to the environmental condition 
during prehistoric period is vital to reveal the patterns 
and mechanisms of human-environment interactions 
(e.g., Kay and Kaplan, 2015; Jin et al., 2016; Rendu et al., 
2019; Yuan, 2019; Yuan et al., 2020; Li et al., 2020; Hu et 
al., 2021; Portillo et al., 2021; Yang et al., 2021). 

The Longshan period from ~4.6 to ~3.9 ka BP is a cru-
cial time of rapid change on subsistence economy char-
acterized by diversified and intensified food production 
technologies in agriculture (Zhao, 2014; Yuan, 2019; 
Yuan et al., 2020; Chen, 2021). Previous studies show 
that the millet-based and rice-based agricultures are re-
spectively distributed in the Yellow River and Yangtze 
River basins (Yang et al., 2016; He et al., 2017; Yuan, 
2019; Li et al., 2020). In particular, a unique agricultural 
style of mixed millet-rice mode is widely distributed in 
the Yellow-Huai River Area (YHRA) (Yang et al., 2016; 
He et al. 2017; Wang et al., 2018; Li et al., 2020). However, 
remarkable spatial variability in exact proportion of rice 
(millet) in human cropping structure existed during the 
Longshan period in the YHRA, exhibiting lower 
(higher) proportion of rice (millet) in the circumjacent 
highlands than in the lowlands (Yang et al., 2016; Li, 
2017; Liao et al., 2019; Yuan, 2019). Although regional 
differences in the physical environment conditions have 
been proposed to be an important external driving fac-
tor (Yang et al., 2016; Li, 2017; Liao et al., 2019; Chen, 
2021), the question of how spatial differentiation of en-
vironmental conditions could have affected the human 
subsistence strategies remains unclear due to the poor 

understanding of the spatial variation in local physical 
environmental settings (Yang et al., 2016; Jiang et al., 
2018; Wu et al., 2019). In past three decades, a great 
stride on the spatial-temporal patterns of Holocene pale-
oenvironmental changes, especially on high-resolution 
proxy sequences of paleoclimate, has been made within 
and around the YHRA (Jin, 1990; Ma et al., 2006; Hu et 
al., 2008; Chen et al., 2009; Dong et al., 2018; Zhang et al., 
2018b; Li and Gao, 2019; Wang et al., 2019; Chen et al., 
2021; Shu et al., 2021). This provides a good opportunity 
for exploring the specific environmental background for 
abovementioned remarkable spatial variations of hu-
man subsistence strategies during the Longshan period 
in the YHRA.  

In this study, by reviewing ten available Holocene 
paleoclimatic and paleoenvironmental records within 
and around the YHRA (Figure 1a, No. 1-10), we first 
delineated the regional variations in East Asian sum-
mer monsoon (EASM) and monsoon-related precipita-
tion/moisture and identified the spatial variations in 
local environmental conditions during the Longshan 
period. Then, we collected and analyzed archaeobotan-
ical data from eight selected archaeological sites with 
detailed floatation results (Figure 1b, No. 11-18) and 
portrayed the spatial variability in human subsistence 
strategies during the Longshan period within the 
study area. At last, the relationships between human 
subsistence strategies and local environmental condi-
tions are compared and examined. 

2. REGIONAL SETTINGS 

The YHRA referred in this study is situated in the 
bordering area between the lower Yellow River and 
the Huai River, roughly including modern eastern He-
nan Province, south-western and southern Shandong 
Province, northern Jiangsu Province and northern An-
hui Province (Figure 1a). Topographically, the pre-ex-
isting terrain of the YHRA is a saucer-shaped basin be-
fore the Quaternary (Jin, 1990; Zhao, 1986; Guo et al., 
2008) and is surrounded by mountains and highlands 
on the northeast, southwest and west (Figure 1a). Con-
sequently, many rivers (especially the Yellow River 
and the Huai River) running from surrounding high-
lands had flowed into this saucer-shaped basin, result-
ing in widespread distribution of a large number of 
lakes and marshes in the YHRA throughout most time 
of Quaternary (Jin, 1990; Zou, 1993; Guo et al., 2008; Yu, 
2016). However, the locations and sizes of these lakes 
and marshes changed dramatically during the late 
Holocene due to the influences of climatic fluctuation, 
river flooding and intensive agriculture activities (Zou, 
1993; Liu, 2004; Guo et al., 2008; Yu, 2016). As a result, 
today most of these lakes and marshes are filled with 
silt and have disappeared from the landscape in the 
YHRA (Figure 1b). 
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Figure 1. Study area. (a) A large-scale geographic context of the YHRA and the surrounding areas. The labeled are Holo-
cene paleoclimatic (purple circles, No. 1-6) and paleoenvironmental (red boxes, No. 7-10) record sites mentioned in the 
text. And they are as follows: 1. Lianhua Cave (Dong et al., 2018), 2. Dongshiya Cave (Zhang et al., 2018b), 3. Heshang 
Cave (Hu et al., 2008), 4. Zheng City (Li and Gao, 2019), 5. Chaohu Lake (Chen et al., 2009), 6. Nanyi Lake (Chen et al., 

2021), 7. Putian strata (Wang et al., 2019), 8. Huangkou strata (Jin, 1990), 9. Gangxi strata (Shu et al., 2021), 10. Yushici 
strata (Ma et al., 2006). (b) Topographic backgrounds of the YHRA and the surrounding areas, and the locations of eight 
selected archaeological sites (dark crosses) with detailed floatation results within the study area, and they include: 11. 

Wadian site (Liu et al., 2018), 12. Haojiatai site (Deng et al., 2021), 13. Pingliangtai site (Zhao et al., 2019), 14. Shilipubei 
site (Guo et al., 2019), 15. Dongpan site (Wang et al., 2011), 16. Luchengzi site (ARICRA et al., 2016), 17. Yuchisi site 

(IACASS and CBMC, 2007), 18. Yuhuicun site (IACASS and BMM, 2013). 

Climatologically, the YHRA and the surrounding 
areas are situated in the transition between the rela-
tively wet-warm southern China and the relatively 
dry-cool northern China; the East Asian monsoon sys-
tem dominates this area with significance seasonal 
variations in temperature and precipitation (Zhao, 
1986; Wang and Li, 2007). The temperature is low in 
winter (-1.5-0°C, January) and high in summer (27-
28°C, July) with mean annual temperature between 
~11°C and ~15°C; the mean annual precipitation 
ranges from ~700 to ~1100 mm with most rainfall oc-
curring during the summer. Thus, the abundant rain-
fall is synchronous with high temperature in summer. 
This physical environmental condition is suitable for 
agricultural development. Archaeobotanical research 
shows that the mixed millet-rice farming mode has al-
ready appeared within and around the YHRA since 
the late Peiligang period (7.9-7.0 ka BP) and lasted un-
til the Bronze Age (Zhang et al., 2012; Yang et al., 2016; 
Wang et al., 2018; Yuan, 2019). Furthermore, through-
out the Holocene, the East Asian Monsoon has expe-
rienced complex fluctuations in the YHRA and the 
surrounding areas (Chen et al., 2009; Jiang et al., 2018; 
Li and Gao, 2019; Wu et al., 2019; Chen et al., 2021; 
Shu et al., 2021), its fluctuations and associated envi-
ronment changes likely have impacted local prehis-
toric human activities (Liu, 2004; Wang et al., 2016; 
Wu et al., 2019; Yuan, 2019; Xu, 2020; Chen, 2021; Li 
and Gao, 2021).  

Due to the fertile soil and water accessibility, the 
YHRA and the surrounding areas have been believed 
to be an important birthplace of Chinese civilization 
(Liu and Chen, 2012; Underhill, 2013). Continuing ar-
chaeological discoveries in the past decades have 
shown that it is a core area for cultural exchange and 
integration between northern and southern China 
during the Neolithic period (Xu, 2020). As a result, lo-
cal Neolithic farming mode presents a unique mixed 
framing mode of millet from northern China and rice 
from southern China (Yang et al., 2016; He et al., 2017; 
Li et al., 2020; Xu, 2020). Moreover, the spatial pattern 
of this mixed millet-rice farming mode also exhibits 
obviously change in different stages of the Neolithic 
period (Yang et al., 2016; Yuan, 2019; Chen, 2021). 

3. RESULTS 

3.1. Spatial variability of physical environmen-
tal conditions during the Longshan period 
in the YHRA 

3.1.1. The EASM and related moisture varia-
tions 

To explore the spatial variations in local environ-
mental conditions in the YHRA, the regional climatic 
change during the Longshan period should be exam-
ined first. Here we reviewed six high-resolution 
proxy sequences with reliable chronologies and well-
accepted validities of the proxy-climate relationships 
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within and around the YHRA (Figure 1a, No. 1-6). 
They include three stalagmite δ18O sequences from 
Lianhua Cave (Dong et al., 2018), Dongshiya Cave 
(Zhang et al., 2018b) and Heshang Cave (Hu et al., 

2008), one reconstructed moisture sequence in Zheng-
zhou City (Li and Gao, 2019), and two pollen se-
quences from Chaohu Lake (Chen et al., 2009) and 
Nanyi Lake (Chen et al., 2021).  

 

Figure 2. Proxy sequences of climatic changes within and around the YHRA in the past 8000 years. The yellow band in-
dicates the declining interval of the EASM and monsoon-related moisture or arboreal pollen proportion from ~5.0 to 
~4.0 ka BP. (a) δ18O sequence at Lianhua Cave (Dong et al., 2018); (b) δ18O sequence at Dongshiya Cave (Zhang et al., 

2018b); (c) δ18O sequence at Heshang Cave (Hu et al., 2008); (d) reconstructed moisture index in Zhengzhou City (Li and 
Gao, 2019); (e) tree pollen proportion in Chaohu Lake (Chen et al., 2009); (f) tree and shrub pollen proportion in Nanyi 

Lake (Chen et al., 2021). 
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The selected stalagmite δ18O curve at Lianhua Cave 
indicates that the EASM was intense between ~8.0 
and ~5.0 ka BP, then it had weakened between ~5.0 
and ~4.0 ka BP (Figure 2a). The similar trend of the 
EASM variations is unanimously documented from 
other two selected stalagmite δ18O curves at Dong-
shiya Cave (Figure 2b) and Heshang Cave (Figure 2c). 
As a result, the regional moisture and vegetation pre-
sent nearly synchronous variations with the EASM. 
The reconstructed moisture curve in Zhengzhou City 
distinctly shows that the time interval from ~8.0 to 
~5.0 ka BP is wet following with a time interval of de-
creasing trend in local moisture from ~5.0 to ~4.0 ka 
BP (Figure 2d). At the Chaohu Lake, although there is 
an obvious dry interval centered at ~6.0 ka BP, a pol-
len-suggested wet period and a subsequent drying 
period exist during the timespans from ~8.0 to ~5.0 ka 
BP and from ~5.0 to ~4.0 ka BP, respectively (Figure 
2e). The last record reviewed is from Nanyi Lake, and 
it presents a similar trend of climate change with 
Chaohu Lake between ~8.0 and ~4.0 ka BP (Figure 2f). 

In brief, the reviewed six proxy sequences unani-
mously propose that the climate at regional scale 
within and around the YHRA has experienced re-
markable changes of the EASM and monsoon-related 
moisture or vegetation, presenting a wet period from 
~8.0 to ~5.0 ka BP and a subsequent increasingly dry-
ing period from ~5.0 to ~4.0 ka BP. 

3.1.2. Spatial differentiation in local environ-
mental conditions 

To further uncover the spatial differentiation in lo-
cal environmental conditions during the Longshan 
period, four stratigraphic profiles recording local 
paleoenvironmental evolution with relatively good 
age controls were selected within the YHRA (Figure 
1a, No. 7-10). They include a lacustrine-swamp strata 
at Putian, a lacustrine-fluvial strata at Huangkou, a 
lacustrine-marine strata at Gangxi, and an archaeo-
logical sequence at Yuchisi. 

Stratigraphically, the Putian profile features a no-
ticeable lacustrine-swamp layer at depths from ~13.8 
to ~6.4 m (Figure 3, No. 7), suggesting that the area 

around Putian experienced a development period of 
lake and marsh between ~7.0 and ~3.1 ka BP (Wang 
et al., 2019). Similarly, the Huangkou profile (Figure 
3, No. 8) also records obvious lacustrine and lacus-
trine-fluvial development periods from the early Hol-
ocene at ~12.0 ka BP to the late Holocene at ~2.5 ka BP 
(Jin, 1990). However, the sedimentary environment at 
Gangxi (Figure 3, No. 9) in southeastern margin of the 
study area clearly presents three evolutional stages: a 
lacustrine development stage during ~13-~7.25 ka BP, 
a marine development stage during ~7.25-~6.45 ka BP 
and again a lacustrine development stage after 6.45 ka 
BP (Shu et al., 2021). As a whole, the selected three 
stratigraphic profiles obviously exhibit an earlier 
starting time and a later ending time of the lacustrine-
swamp development period from the northwestern 
margin to the southeastern margin within the YHRA. 
In addition, the Yuchisi strata records two different 
stages in local climate variations: a wet stage before 
~5000 a BP and a subsequent drying stage between 
~5000 and ~4000 a BP (Figure 3, No. 10). 

To sum up, the local paleoenvironmental records 
assuredly support that there was a lasting-drying 
trend of local paleoclimate during the Longshan pe-
riod in the YHRA, but there is a noticeable spatial dif-
ferentiation in local environmental conditions, 
namely, the durations of lacustrine-swamp develop-
ment are longer in the low-lying regions than in the 
circumjacent highlands within the study area. 

3.2. Spatial variability of human cropping 
structures during the Longshan period in the 
YHRA 

As aforementioned, to compare the spatial changes 
in human cropping structures during the Longshan 
period in the study area, eight archaeological sites 
with detailed floatation results were selected (Table 
1). They include Wadian site, Haojiatai site and Ping-
linagtai site in the western part of study area, Shilipu-
bei site and Dongpan site in the northern part of study 
area, and Luchengzi site, Yuchisi site and Yuhuicun 
site in the center of study area (Figure 1b). 
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Figure 3. Local stratigraphic profiles of paleoenvironmental evolutions in the YHRA. They include: (7) Putian strata 
(Wang et al., 2019); (8) Huangkou strata (Jin, 1990); (9) Gangxi strata (Shu et al., 2021); (10) Yuchisi strata (Ma et al., 

2006). The yellow band marks the climatic drying trend between ~5000 and ~4000 a BP by the C value (a chemical 
weathering index to indicate climatic variation) in the area around Yuchisi. 

Table 1. The counted results of plant remains from eight selected archaeological sites in the YHRA 

No. Site name Foxtail millet Broomcorn millet Rice Wheat Soybean Wild plants 

11 Wadian 5253 1110 1366 22 905 3099 
12 Haojiatai 8509 918 59 1 130 2662 
13 Pingliangtai 2876 310 2 2 80 1114 
14 Shilipubei 1566 327 423 13 197 1290 
15 Dongpan 37 6 359 6 0 518 
16 Luchengzi 49 5 190 0 0 176 
17 Yuchisi 57 5 70 0 0 6 
18 Yuhuicun 2 0 33 2 18 513 

 
Table 1 lists the detailed information of floatation 

results on plant remains in abovementioned eight ar-
chaeological sites. It clearly presents that sedentary 
agriculture is the dominant subsistence economy in 
seven of the eight selected archaeological sites. The 
exception is Yuhuicun (a sacrificial site), the possible 
reason for lower proportion of crop plants in floata-
tion results is related with its function (IACASS and 
BMM, 2013). It also shows that the prehistoric agricul-
ture is a mixed millet-rice farming mode during the 

Longshan period in the YHRA. Although there are 
five main types of crops, namely, foxtail millet (Setaria 
italica), broomcorn millet (Panicum miliaceum), rice 
(Oryza sativa), wheat (Triticum aestivum) and soybean 
(Glycine max), foxtail millet, broomcorn millet and rice 
are the dominating types of crops (Table 1). Moreo-
ver, there were obviously differences in cropping 
structures of these archaeological sites. Foxtail millet 
was the most common grain in first four archaeologi-
cal sites (Table 1, No. 11-14); whereas, rice ranked first 
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among all corps in last four archaeological sites (Table 
1, No. 15-18). 

Here, a special note is made to further highlight the 
spatial variability in cropping structures of eight se-
lected archaeological sites. Figure 4 shows spatial dis-
tribution of cropping structures during the Longshan 
period in the study area. The proportions of millet (in-
cluding foxtail millet and broomcorn millet) are dom-
inant in cropping structures at archaeological sites of 

Wadian, Haojiatai, Pingliangtai and Shilipubei with 
elevation roughly higher than ~30 m (Figure 4), while 
the rice are dominant at archaeological sites of 
Dongpan, Luchengzi, Yuchisi and Yuhuicun with el-
evation roughly lower than ~30 m (except Dongpan 
site). In other words, roughly there are lower (higher) 
proportion of rice (millet) in the circumjacent high-
lands than in the lowlands during the Longshan pe-
riod in the YHRA (Figure 4). 

 

Figure 4. Spatial distribution of cropping structures during the Longshan period in the YHRA 

4. DISCUSSION 

4.1. Spatial differentiation in local physical en-
vironmental conditions 

As stated earlier, the six high-resolution regional 
paleoclimatic records clearly present that a strong 
EASM and associated humid climate existed from 
~8.0 to ~5.0 ka BP and a subsequent increasingly dry-
ing climate occurred from ~5.0 to ~4.0 ka BP due to 
the weakening EASM (Figure 2). Such regional cli-
mate variations are demonstrated by the local pale-
oenvironmental record at Yuchisi (Figure 3, No. 10). 
As a consequence, high precipitation caused wide-
spread development of lakes and marshes during 8.0-
5.0 ka BP in the low-lying regions of the YHRA (Jin, 

1990; Chen, 2007; Guo et al., 2008; Wang et al., 2019; 
Shu et al., 2021). Besides, the surrounding piedmont 
plains and loess tablelands around the YHRA were 
also dotted sporadically with a large number of lakes 
and marshes (Li et al., 2015; Yu, 2016; Lu et al., 2021). 
This has been supported by the wide distribution of 
many early- and mid-Holocene limnetic facies in and 
around the YHRA (Guo et al., 2008; Yu, 2016; Li et al., 
2019; Lu et al., 2021). 

However, with the persistent weakening of the 
EASM and related precipitation declining since ~5.0 
ka BP, the shrinkage of preexisting surface water was 
likely first occurred in the surrounding highlands and 
then in the low-lying regions of the YHRA. Two re-



 
112 K. LI et al 

 

SCIENTIFIC CULTURE, Vol. 7, No 3, (2021), pp. 105-116 

cent studies on extensive paleoenvironmental sur-
veys on the western margin of the study area (i.e., 
Zhengzhou region) lead strong support to our specu-
lation on local hydrological changes, which show that 
the areas of lakes and marshes in Zhengzhou region 
have decreased dramatically since the late Yangshao 
period (~5.0 ka BP) (Li et al., 2019; Lu et al., 2021). As 
a result, during 5.0-4.0 ka BP a large area of arable 
land was created in the surrounding highlands and 
adjacent areas, and thus was occupied by locally 
rapid increasing population (Li et al., 2021). Although 
regional precipitation declining with increasingly 
drying climate also occurred since ~5.0 ka BP within 
the study area (Figure 3, No. 10), however, many riv-
ers (especially the Yellow River and the Huai River) 
running through surrounding highlands inevitably 
would flowed into the lowlands of the study area for 
its preexisting saucer-shaped topography (Figure 1), 
resulting in wide distribution of surface water in the 
low-lying regions during 5.0-4.0 ka BP (Figure 3, No. 
7-9). Nonetheless, the increasingly drying climate and 
associated shrinking of preexisting surface water dur-
ing 5.0-4.0 ka BP still influenced local environmental 
conditions, namely, many arable land likely out-
cropped scatteredly in the YHRA and provided 
places for prehistoric human habitation (Liu, 2004; 
Xu, 2020; Li et al., 2021), just like the Yuchisi. Since 
~5.0 ka BP, prehistoric human began to dwell at Yu-
chisi (Figure 3, No. 10), and this time is consistent 
with the starting time of the regional drying hydrocli-
matic conditions (see section 3.1). 

4.2. The adaptation of Human subsistence strat-
egies to local physical environmental 
changes 

Millet (broomcorn millet and foxtail millet) re-
quires less water than rice, thus, local hydrological 
conditions and associated surface water supply could 
play important roles in cropping structures of prehis-
toric agriculture (Zhao, 2014; Liao et al., 2019; Yuan, 
2019; Li et al., 2020; Yang et al., 2021). Under the influ-
ence of the intense EASM and associated high precip-
itation between 8.0 and 5.0 ka BP (Figure 2), lakes and 
marshes were not only widely distributed in the low-
lying regions but also in the surrounding highlands 
in the YHRA (Chen, 2007; Guo et al., 2008; Yu, 2016; 
Wang et al., 2019; Lu et al., 2021). This environmental 
condition could provide adequate surface water sup-
ply and facilitate the development of rice farming. As 
a result, the mixed millet-rice farming mode was 
widespread in the relative highlands in and around 
the YHRA during this time interval (Zhang et al., 
2012; He et al., 2017; Wang et al., 2018; Liao et al., 

2019), and the rice farming likely was the only agri-
cultural system in the low-lying regions of the study 
area (Yang et al., 2016).  

However, the persistent weakening EASM and en-
suing precipitation decline during 5.0-4.0 ka BP (Fig-
ure 2) caused dramatically hydrological changes in 
and around the YHRA (see section 4.1). The distribu-
tion pattern of surface water showed clear spatial dif-
ferentiation due to different responses of local hydro-
logical conditions within the study area (Figure 3), 
that is, the area of surface water was gradually de-
creasing from the low-lying regions to the surround-
ing highlands (Guo et al., 2008; Yu, 2016; Li et al., 
2019). Consequently, surface water reduction was 
more remarkable in the surrounding highlands than 
in the low-lying regions during the Longshan period 
in the YHRA. As mentioned above, broomcorn millet, 
foxtail millet and rice are the main crop types in hu-
man subsistence strategy during the Longshan period 
in the YHRA (Table 1). With the increasingly drying 
of local hydroclimate in the Longshan period (Figure 
2), the spatial range of mixed millet-rice farming 
mode had shrunk toward alluvial plains within the 
YHRA (Figure 4). As a result, only millet agriculture 
was distributed in the surrounding hills and loess ta-
blelands (Liao et al., 2019), and the agriculture system 
had transformed from earlier rice farming to later 
mixed millet-rice farming in the low-lying regions 
(Yang et al., 2016). 

5. CONCLUSIONS 

From the discussions above, three conclusions can 
be drawn. First, there was distinct spatial variability 
in local environmental conditions (especially hydro-
logical conditions) during the Longshan period in the 
YHRA. Due to the weakening EASM and consequent 
precipitation decline during the Longshan period, 
preexisting lakes and marshes had shrunk dramati-
cally in circumjacent highlands; however, surface wa-
ter was still widely distributed in the low-lying re-
gions within the study area for the confluence of sur-
rounding regional rivers. Second, obvious spatial var-
iability in cropping structures of human subsistence 
strategy existed during the Longshan period in the 
YHRA. Although the mixed millet-rice farming mode 
was widespread in the YHRA, the proportion of rice 
(millet) was higher (lower) in the low-lying regions 
than in the surrounding highlands. Finally, the spatial 
distribution variability in surface water supply for 
prehistoric agriculture development substantially im-
pacted spatial pattern in cropping structures of hu-
man subsistence strategy. Due to dramatically surface 
water reduction, the cultivation of millet crops was 
the primary subsistence strategy in circumjacent 
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highlands; whereas, with more available surface wa-
ter, rice occupied more prominent position in the low-
lying regions within the YHRA. 

By compiling the information on spatial variabili-
ties of physical environmental conditions and human 
subsistence strategies during the Longshan period 
within and around the YHRA, the relationships be-
tween local environmental conditions and human 
subsistence strategies were compared and examined 
in this paper. However, only limited floatation results 
and local paleoenvironmental records are used for 
discussion of human cropping structures and physi-

cal environmental evolutions, no more floatation re-
sults or microfossil results and high-resolution pale-
oenvironmental sequences are included. Moreover, 
because the main purpose of this paper is to explore 
the possible interactions between human subsistence 
strategy and external environmental factor, other fac-
tors, such as agricultural technologies, cultural ex-
change, human activities, that could influence human 
cropping structures, were not involved in this paper. 
In future studies, more archaeobotanical data, pale-
oenvironemtnal sequences and other influencing fac-
tors are needed to promote a better understanding of 
human-environment interactions in the YHRA. 
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