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Abstract

This paper reviews current knowledge on the geography, climate, 
flora, and fauna of Shaanxi’s Guanzhong 關中 Basin, a region that 
has been particularly well studied because it was a capital region 
of the Zhou, Qin, Han, and Tang dynasties. Humans have so 
thoroughly transformed the region that it is hard to imagine that 
it was ever full of wild plants and animals. And since much of the 
English-language scholarship on the Zhou period focuses on the 
texts and ideas of urban elites, it is easy to forget that most people 
were rural farmers living in environments full of wild plants and 
animals, and that many places had no humans at all. Scholars in 
various fields have produced abundant new information on the 
environments of ancient China, making it possible to reconstruct 
climate and ecology far more accurately than was possible before. 
This research shows that, contra older claims that ancient North 
China had a subtropical climate, the climate of the Neolithic and 
Bronze Age periods was only slightly warmer and wetter than the 
present. The most important factor in the transformation of the 
region’s ecosystems has been humans, not climate. We will focus on 
the pre-imperial period because various lines of evidence suggest 
that the first millennium b.c.e. was a period of population growth 
in which agricultural societies wiped out many of the natural 
ecosystems of lowland North China. Only by reconstructing what 
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North China looked like thousands of years ago will we be able 
to understand how humans came to be the dominant force in the 
region’s ecology.

In ancient times people were few, but birds and beasts were many

上古之世人民少而禽獸衆

Han Feizi 韓非子 1

Introduction

A few thousand years ago the forests, grasslands, and wetlands of the 
Yellow River Valley were home to an enormous diversity of wildlife. The 
spread of agricultural societies transformed these ecosystems so thor-
oughly that the only places one can now find terrestrial wild animals 
in North China are high mountains. The region’s agrarian landscapes 
are so old that when people imagine its “natural” state they are more 
likely to picture preindustrial farming villages than oak forests or herds 
of deer. North China is among the most polluted places on earth, which 
makes it easy to overlook the fact that it became a center of civilization 
precisely because of its natural fertility and biodiversity. The success of 
agricultural societies in the region caused deforestation, overhunting, 
and habitat fragmentation, environmental issues now widespread glob-
ally, but not normally associated with the Yellow River Valley, whose 
environmental problems have progressed beyond damaging the natural 
environment to damaging the health of its human inhabitants. While we 
often associate environmental issues with science, it is up to historians 
and archaeologists to unravel the long and complex transformation of 
China’s landscapes.

The first step in doing this is to reconstruct the environments of 
the core regions of Chinese civilization before humans transformed 
them. This paper synthesizes the outpouring of recent research on 
the climate and natural ecology of Shaanxi’s Guanzhong 關中 Basin. 
As the capital of ancient China’s empires, the Guanzhong occupies 
a place in Chinese history comparable to that of Rome in the West: 
a place that seemed like the center of the world for many centuries. 

1.  Variants of this passage are found in both the Han Feizi and the Zhuangzi. Wang 
Xianqian 王先謙, Han Feizi jijie 韓非子集解 (Beijing: Zhonghua, 1998), 49.442; Guo 
Qingfan 郭慶藩, Zhuangzi jishi 莊子集釋 (Beijing: Zhonghua, 1961), 29.994. Cited in Li 
Liu and Xingcan Chen, The Archaeology of China: From the Late Paleolithic to the Early 
Bronze Age (Cambridge: Cambridge University Press, 2012), 42.
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Because of that, it has received more attention from scholars than most 
other parts of China. The name Guanzhong, which means “within the 
passes,” refers to the mountain passes that made it easy for whoever 
controlled the basin to keep out invading armies.2 The combination 
of fertile farmland and natural defenses made it a perfect place from 
which to found an empire. As Ban Gu wrote of the Guanzhong, “with 
its shoots of flowers and fruits it has the highest fertility of the Nine 
Provinces. With its barriers of defense and resistance, it is the safest 
refuge in the world. Therefore, its bounty filled the six directions, and 
thrice it became the Imperial Domain” (華實之毛則九州之上腴焉。
防禦之阻則天地之隩區焉。是故橫被六合三成帝畿。).3 But what was 

2.  Shi Nianhai 史念海, “Gudai de guanzhong” 古代的關中, in Heshan ji 河山集 
(Beijing: Sanlian, 1963), 26–66.

3.  David R. Knechtges, Wen Xuan, or Selections of Refined Literature, Vol. 1: Rhapsodies 
on Metropolises and Capitals (Princeton: Princeton University Press, 1982), 101; Gao 
Buying 高步瀛, Wen xuan Li zhu yishu 文選李注義疏 (Beijing: Zhonghua, 1985), 35–36; 

Map 1.  The Guanzhong Basin and surrounding regions with the Zhouyuan and 
the modern cities of Xi’an and Luoyang indicated. Thanks to Lynn Carlson for mak-
ing this map.
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the nature of the region before it became the prosperous capital of East 
Asia’s greatest empires?

Much of the English-language scholarship on early China concerns 
the writings of the elite men who wrote most of the extant texts. This 
can give the impression that North China was then like it is now: all 
people, no wildlife. But when we look for it we can find abundant 
evidence that people in early China were surrounded by wild plants 
and animals. While Neolithic societies did impact their environments, 
they did not dominate them, and even in the Bronze Age human 
settlements were still novel ecosystems surrounded by wild nature. 
This is clear from the abundant references to hunting large wild 
animals in Shang oracle bones and the biodiversity apparent in the 
Book of Odes.4 But over the centuries agricultural societies expanded 
and eliminated the habitat of other large mammals so that by the 
mid-Han Dynasty the lowlands of the Yellow River valley were 
home to over forty million people (see Map 2). The forests, wetlands 
and megafauna had been replaced with farms and livestock. The 
phrase “mountains and wetlands” shan ze 山澤 became a standard 
phrase for wild places because all the flat dry land was being farmed. 
Similarly, references to hunting wild animals during the last three 
centuries b.c.e. tend to refer to aquatic animals or migratory birds, 
evidence that the only remaining wildlife in lowland North China 
was found in places too wet to farm.5 There was still plenty of 
wildlife in the sparsely populated Yangzi Valley, but the only places 
in lowland North China with large wild mammals were in imperial 
hunting parks.6

This is Knechtges’ translation except for mao 毛, which I translate “shoots” based on 
Zheng Sinong’s gloss of the Zhouli: Jia Gongyan 賈公彥, Zhouli zhushu 周禮注疏 
(Shanghai: Shanghai guji, 2010), 475 (地官•載師).

4.  Emil Bretschneider, “Botanicon Sinicum: Notes on Chinese Botany from Native 
and Western Sources: Part 2,” Journal of the North China Branch of the Royal Asiatic 
Society 25 (1893), 1–468; Guo Fu 郭郛, Li Yuese 李約瑟 (Joseph Needham), and Cheng 
Qingtai 成慶泰, Zhongguo gudai dongwuxue shi 中國古代動物學史 (Beijing: Kexue, 
1999), 109–18; Magnus Fiskesjö, “Rising From Blood-Stained Fields: Royal Hunting 
and State Formation in Shang China,” Bulletin of the Museum of Far Eastern Antiquities 
73 (2001), 48–192; David N. Keightley, The Ancestral Landscape: Time, Space, and 
Community in Late Shang China, ca. 1200–1045 B.C. (Berkeley: Center for Chinese 
Studies, 2000), 107–13.

5.  E.g., Wang Xianqian 王先謙, Xunzi jijie 荀子集解 (Beijing: Zhonghua, 1988), 
10.184–85; John Knoblock, Xunzi: A Translation and Study of the Complete Works 
(Stanford: Stanford University Press, 1988), vol. 2, 127–28.

6.  See John S. Major, “Animals and Animal Metaphors in the Huainanzi,” Asia 
Major 21.1 (2008), 133–51; David R. Knechtges, Wen Xuan or Selections of Refined 
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7Because humans transformed these ecosystems so early, non-
textual sources are essential for reconstructing North China’s natural 
environments.8 In recent decades the Chinese government has 
poured funds into the sciences, dramatically increasing the quality 
and quantity of scholarship on early China’s environments. But 
synthesizing this information is difficult because each field explores 
different questions. Scientists often explore questions that are 
only related to human history in a very general sense, such as how 
the earth’s climate system works, but nonetheless produce useful 
data on specific times and places. They are also more likely than 
archaeologists to explore questions that are not centered on humans. 
Generous incentives from China’s government to scholars publishing 

Literature, Vol. 2: Rhapsodies on Sacrifices, Hunting, Travel, Sightseeing, Palaces and Halls, 
Rivers and Seas (Princeton: Princeton University Press, 1987).

7.  Hans Bielenstein, “The Census in China During the Period 2–742 AD,” Bulletin of 
the Museum of Far Eastern Antiquities 26 (1947), 125–163. I have cropped Bielenstein’s 
map to exclude the region south of the Yangzi, which was sparsely populated apart 
from the Red River delta, and I have modified the coastlines to reflect their general 
location at the time.

8.  I use “natural” to refer to environments not created by humans, understood in 
terms of a spectrum from ecosystems without humans to totally anthropogenic ones. 
On this term, see Raymond Williams, “Ideas of Nature,” in Culture and Materialism 
(London: Verso, 2005), 67–85.

Map 2.  Registered Population of the Han Empire in 2 c.e.; each dot represents 25,000 
people. By this time humans had replaced the natural ecosystems of the core popula-
tion regions with farmland, especially in the plains of the east, the Guanzhong, and 
Chengdu in the southwest. The rectangle encompasses the area depicted in Map 1.7
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in English-language science journals are pushing archaeologists to put 
more emphasis on climatic or ecological questions, greatly improving 
the quality of relevant archaeological research. Unfortunately, this is 
especially true of archaeologists working on periods before texts, while 
archaeologists of the historical period in China have mostly maintained 
their text-centered (and thus urban elite-centered) paradigm.9 Little 
multidisciplinary archaeological research has been done on the 
natural and human ecology of the historical period, roughly the past 
3000 years. But the enormous variety of scientific data that has been 
produced on the natural environment of North China has superseded 
much existing scholarship and allows us to understand the ecology of 
early China better than we did before.

This scientific data is important because of the ambiguity of textual 
evidence. For example, there are many dozens of plants and animals 
mentioned in the Odes, many of which are common species like millets, 
hemp, and horses. This makes them invaluable for reconstructing the 
ecology of human society at this time.10 However there are dozens of 
rarer names that cannot be identified with any certainty, and when 
we look into the commentaries we find layer upon layer of guesses.11 
Modern work on this topic is quite useful, but those that equate each 
ancient plant or animal name with a modern scientific one cannot be 
taken seriously because 1) both modern scientific taxonomic divisions 
and ancient Chinese taxonomies are somewhat arbitrary, 2) we have no 
way of being certain about the meaning of rarely used ancient words, 
and 3) some of the names used in early texts never referred to single 
species, but were general categories like “oak” or “shrike.”12 Texts are 
even less useful for reconstructing climate.13 But I would emphasize that 
although textual evidence has limited value for reconstructing ancient 
ecologies and climates, it is incredibly valuable for understanding the 

9.  This article remains relevant after a quarter-century: Lothar von Falkenhausen, 
“On the Historiographical Orientation of Chinese Archaeology,” Antiquity 67, no. 257 
(1993), 839–49.

10.  Hsuan Keng, “Economic Plants of Ancient North China as Mentioned in Shih 
Ching (Book of Poetry),” Economic Botany 28.4 (1974), 391–410.

11.  E.g., Lu Ji 陸璣 et al., Shijing dong zhi wu tujian congshu 詩經動植物圖鑑叢書 
(Taibei: Dahua shuju, 1977).

12.  See, for example, Guo, Li, and Cheng, Zhongguo gudai dongwuxue shi; Pan 
Fujun 潘富俊 and Lü Shengyou 呂勝由, Shijing zhiwu tujian 詩經植物圖鑒 (Shanghai: 
Shanghai shudian, 2003).

13.  Chu Ko-chen (Zhu Kezhen 竺可楨) employed most of the relevant information 
on climate in pre-Han texts in his groundbreaking article “A Preliminary Study on the 
Climatic Fluctuations during the Last 5000 Years in China,” Scientia Sinica 中國科
學A輯-英文版 16.2 (1973), 226–56. The original Chinese article was published in Kaogu 
xuebao 1972.1, 15–38.
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relationships between people and their environments, and a lot of work 
remains to be done on that topic.

Given that this paper employs evidence from many different time 
periods, it is worth explaining why I think that evidence from any period 
in the past 10,000 years is relevant for this topic. The rise of agrarian 
civilization over this period has been possible because of a remarkably 
stable climate. Whereas the earth’s climate had shifted over 10° C 
between 20,000 and 10,000 years ago, it has only fluctuated by about 2° C 
since then. What this means is that climatic changes over the past 10,000 
years have been a relatively minor driver of ecological change. It was the 
expansion of agricultural societies that has transformed the biosphere. 
Without humans, the ecology of the Yellow River valley would not have 
changed very much over the past 10,000 years, which is, after all, just an 
instant in geological time. For this reason, any evidence on the region’s 
natural ecosystems from the past 10,000 years can be used to reconstruct 
what it would have been like throughout this period if people had not 
transformed it. Some of the most important evidence comes from the 
remaining flora and fauna of the region.

The Guanzhong basin sits between the dry Loess Plateau to the north, 
the once-forested lowlands to the East, and the still-forested Qinling 
mountains to the south. Its natural ecology once had something in 
common with all these regions, which we will review shortly. Before we 
do it is worth briefly describing the region’s current agroecosystems. 
The most common plants growing in the region today are agricultural 
ones like wheat, maize, cotton, apples, pears, plums, peaches, and 
apricots, and weedy ones like grasses, asters, and Artemisia. Most of 
the non-agricultural trees grown in the area now are fast-growing ones 
like paulownia and poplar; these have replaced a much larger array of 
native slow-growing trees.14 Shrubs that grow wild across the region 
include wolfberry (a.k.a. goji), chaste tree (Vitex negundo), and various 
species of Rubus (the genus of raspberries and blackberries), but even 
these are mostly useful for humans, further evidence that people have 
been modifying vegetation for millennia.

The situation is the same with animals. The only large mammals now 
common in the Guanzhong Plain are humans and pigs. Chickens and 

14.  The most common trees in the Guanzhong plain are paulownia (Paulownia 
tomentosa), catalpa (Catalpa bungei), pagoda tree (Sophora japonica, syn. Styphnolobium 
japonicum), white elm (Ulmus pumila), tree of heaven (Ailanthus altissima), willows 
(Salix sp.), Chinese arborvitae (Platycladus orientalis), juniper (Juniperus chinensis), red 
pine (Pinus tabuliformis), and the following poplars: Populus cathayana 青楊, P. nigra 箭
桿楊, P. simonii 小葉楊 and P. tomentosa 毛白楊. Shaanxi sheng, Shaanxi sheng zhibei zhi 
陝西省植被志 (Xi’an: Xi’an ditu, 2011), 538.
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dogs are also common, and people herd sheep, goats, and cattle on the 
Loess Plateau to the north. Various small wild animals have adapted to 
agricultural settlements and are now key parts of the human ecosystem, 
including sparrows, pigeons, hares, rats, and several other species of 
smaller rodents.15 Bats form a symbiotic relationship with humans, 
eating insects that feed on crops while living in the eaves of houses.16 
And there are a whole host of insects, bacteria, viruses and other small 
creatures that also specialize in living in human societies and human 
bodies.

But this article focuses on the environment that humans did not 
create, the one that would still exist if humans had not transformed it. 
My main goal is to help scholars working on North China understand 
the environment of their study region, but I also hope to make clear just 
how much humans have transformed our environments and how long 
we have been doing so. While scholars in various fields have debated 
whether the Anthropocene began with industrialization or the nuclear 
age, the old-world centers of civilization had been transformed by 
human activity long before then.17

More concrete than the debates on the Anthropocene are those on the 
native ranges of plants and animals. Because of the lack of earlier data, 
scientists tend to take the world explored by biologists in the eighteenth 
to twentieth centuries as the baseline against which the current ranges 
of species are evaluated, essentially treating the distribution of each 
species at that time as their natural ranges.18 But China’s lowlands 
were thoroughly anthropogenic ecosystems by then, home to hundreds 
of millions of people.19 Understanding China’s natural environments 
is thus a historical problem, a research topic for which the skills of 
historians and archaeologists are essential.20 And studying how people 
transformed the natural ecosystems of North China’s plains and valleys 

15.  For example, the white-bellied rat (Niniventer confucianus), striped field mouse 
(Apodemus agrarius), and greater long-tailed hamster (Tscherskia triton). Early texts used 
the term shu 鼠 to refer to all of these.

16.  There are at least two species, the common serotine (Eptesicus serotinus) and 
Japanese pipistrelle (Pipistrellus abramus).

17.  Simon L. Lewis and Mark Maslin, The Human Planet: How We Created the 
Anthropocene (New Haven: Yale University Press, 2018).

18.  Jennifer J. Crees and Samuel T. Turvey, “What Constitutes a ‘Native’ Species? 
Insights from the Quaternary Faunal Record,” Biological Conservation 186 (2015), 143–48.

19.  Robert B. Marks, China: An Environmental History, 2nd ed. (Lanham: Rowman & 
Littlefield, 2017).

20.  Historical geographers in China have long understood this, e.g. Wen Huanran 
文煥然, ed., Zhongguo lishi shiqi zhiwu yu dongwu bianqian yanjiu 中國歷史時期植物與動
物變遷研究 (Chongqing: Chongqing, 1995).
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into farmland is a subject that can only be addressed by scholars of 
early China because it is a process that was mostly complete by the 
Han Dynasty. This article is divided into four sections, on land, climate, 
plants, and animals.

Land

The landforms of the region are the stage upon which human history 
has played out: humans have transformed the soils, waters, and the bio-
sphere, but our impact rarely extends more than a few meters below 
ground, the depth of canals, ditches, and tombs. We will therefore begin 
with the basic geology of the region. From west to east, the Yellow River 
Basin can be divided into upper, middle, and lower sections, the first of 
which includes the northeastern Tibetan Plateau, where the river origi-
nates, and the northern Loess Plateau. The middle Yellow River Valley 
includes the Guanzhong and Fen River basins, whose rivers empty into 
the river before it flows eastwards through the region around Luoyang, 
Henan, which is traditionally known as the “Central Plain.” The lower 
valley is the North China Plain. This work concerns the middle Yellow 
River Valley, in particular the Guanzhong Basin, which is the lower 
section of the Wei River valley.

The Guanzhong Basin is composed of the 12,000 km2 Guanzhong 
Plain and the mountains that surround it. The plain is situated at around 
34° latitude, similar to Damascus and Los Angeles, and stretches 300 km 
from east to west.21 The elevation of the plain drops from 600 m above 
sea level in the west to 330 m at the mouth of the Wei River. The west 
receives more precipitation, while the east is warmer.22 Because of its 
poor drainage and high evaporation rate, which caused salinization, 
much of the central and eastern Guanzhong could not be farmed until 
Qin began to drain and irrigate it in the mid-first millennium b.c.e. Before 
this, during the entire Neolithic and Bronze Age, the best farmland in 
the Guanzhong was found in the sloping lands along the edges of the 
basin, especially the Zhouyuan (the “Zhou plain”) at the western end of 
the basin and the areas between the foothills of the Qinling and the Wei 
River (see Map 1). Humans have been modifying the ecology of these 
regions for thousands of years.

21.  For a more detailed discussion of the geography of the region, see Li Feng, 
Landscape and Power in Early China: The Crisis and Fall of the Western Zhou, 1045–771 BC 
(Cambridge: Cambridge University Press, 2006), 30–58.

22.  Guo Zhaoyuan 郭兆元, ed., Shaanxi turang 陝西土壤 (Beijing: Kexue, 1992), 
18–19.
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Hills and mountains surround the plain on all sides except the 
east, where the mighty Yellow River forms its boundary. To the south 
and southwest, the towering, forested Qinling 秦嶺 Mountains rise 
abruptly from the plain. Most of their peaks are around 2000–3000 m 
and the highest peak, Mt. Taibai 太白, reaches 3767 m. The rounded 
hills and mountains north of the Guanzhong vary in height; some of 
them steeply overlook the plain, while in some areas the plain rises 
gently into the Loess Plateau. The Loess Plateau stretches for hundreds 
of kilometers to the north of the Guanzhong, and mostly lies between 
1000 and 1600 m in elevation. It is characterized by loess soils tens of 
meters thick that are mostly composed of fine silt that have been blown 
in by storms from the northwestern deserts for over two million years. 
Loess is easily eroded during heavy summer rains, and erosion has 
created the distinctive landscape of the plateau, which is composed of 
gently sloping plains separated by deeply eroded gullies. The soils of 
the Guanzhong and other valleys in the region are mostly composed of 
loess that has been eroded and redeposited by water, and then modified 
by millennia of farming.

The Wei River flows through the Guanzhong from west to east. Many 
small rivers feed into it from the Qinling, but its largest tributaries, the 
Jing 涇 and Luo 洛 Rivers, flow from the north.23 The Wei, Jing, and Luo 
all drain the Loess Plateau, and thus have high silt content and highly 
seasonal variations of flow.24 The Wei River annually carries about 
six hundred million cubic meters of sediment, half of which comes 
from the Jing River, one third from the Wei River above Xianyang, and 
one sixth from the Luo River.25 This gives some idea of the current 
scale of erosion in the loess area. The Luo enters the Wei River just 
above its confluence with the Yellow River in a sandy area that has 

23.  For detailed maps of the region’s rivers and a reconstruction of their 
description in the Commentary on the Classic of Rivers, see Li Xiaojie 李曉傑, Shuijingzhu 
jiaojian tushi: Weishui liuyu zhu pian 水經注校箋圖釋: 渭水流域諸篇 (Shanghai: Fudan 
daxue, 2017).

24.  The Wei River averages 26.8 pounds of silt per cubic meter just before the Jing 
River enters; the Jing River averages a phenomenal 196 pounds. Zhongguo kexueyuan, 
Weihe xiayou heliu dimao 渭河下游河流地貌 (Beijing: Kexue, 1983), 5.

25.  Wang Juan 王娟 et al., “Weihe xiaoyou quanxinshi gu hongshui zhiliu chenjiwu 
yanjiu” 渭河下游全新世古洪水滞流沉積物研究, Shuitu baochi tongbao 水土保持通報 
31.5 (2011), 32–37. The annual flow of the Wei River between 1956 and 2000 was 
1x1010 m3; the lowest year (1995) having 4.3x109 m3, the highest (1964) having 
2.18x1010 m3, over five times higher than the lowest year. Between 1956 and 2000 the 
flow rate averaged 205.8m3 per second, with flows of several thousand cubic meters 
per second during several historic floods.
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been characterized by shifting rivers and lakes through much of the 
historic period.26 While the increase of grazing due to human activity 
has surely increased erosion substantially, the loess would erode easily 
even without human impact. While some have argued that people 
began calling the Yellow River “yellow” in the Han Dynasty because 
of increased erosion, it has probably been yellow as long as humans 
have been observing it, at least during the rainy season.27

The Qinling Mountains catch the moisture from clouds moving 
inland from the ocean, casting a rain shadow to the northwest. The 
mountains are thus covered in lush forests, but leave the Guanzhong 
and Loess Plateau dry. Since the Qinling’s vegetation holds sediments, 
the numerous small rivers that flow northwards from the mountains 
into the Guanzhong have much cleaner water and a more regular flow 
than those north of the Wei River. This water supply is a main reason 
why so many rulers chose to situate their capitals in the Xi’an region 
rather than north of the river, and why it has remained the region’s 
largest population center ever since.28 The Qinling’s rivers were even 
more reliable in ancient times, before people cut down the trees in the 
mountains and caused erosion that raised the levels of the riverbeds.29 
The wide rocky floodplains of the rivers that descend from the high 
Qinling in the western Guanzhong are evidence of violent floods, and 
make clear that these small rivers can become mighty torrents during 
spring thaws and summer rains.

26.  Wang Yuanlin 王元林, Jing-Luo liuyu ziran huanjing bianqian yanjiu 涇洛流域自然
環境變遷研究 (Beijing: Zhonghua, 2005), 73–82. This Luo River is often referred to as 
the North Luo (Bei Luo 北洛) to avoid confusion with the South Luo (Nan Luo 南洛) 
River which originates nearby on the south side of Mt. Hua 華 and flows to Luoyang 
in Henan.

27.  Mark Elvin, The Retreat of the Elephants: An Environmental History of China (New 
Haven: Yale University Press, 2004), 24. Incidentally, the word huang 黃, which we 
translate as “yellow” actually refers to a range of beige-yellow colors that includes the 
color of loess.

28.  The Ba 灞, Chan 滻, Feng 灃, Hao 滈, Yu 潏 and Lao 澇 Rivers all flow through 
the Xi’an area. Shi Nianhai 史念海, “Lun Xi’an zhouwei zhuhe liuliang de bianhua” 論
西安周圍諸河流量的變化, in Heshan ji 河山集 7 (Xi’an: Shaanxi shifan daxue, 1999), 
51–76; Michael Nylan, “Supplying the Capital with Water and Food,” in Chang’an 26 
BCE: An Augustan Age in China, ed. Michael Nylan and Griet Vankeerberghen (Seattle: 
University of Washington Press, 2015), 99–130.

29.  Sang Guangshu 桑廣書 and Chen Xiong 陳雄, “Ba he zhongxiayou hedao lishi 
bianqian jiqi huanjing yingxiang” 灞河中下游河道歷史變遷及其環境影響, Zhongguo 
lishi dili luncong, no. 2 (2007), 24–29.
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Geological History

The land now called China was formed by the accretion of previously 
separate landmasses through plate tectonics, a history revealed in the 
Qinling, which connects the North China craton and the South China 
plate. The North China craton, which underlies the Loess Plateau, first 
formed around two billion years ago and remained stable for hundreds 
of millions of years.30 Later, three separate tectonic plates successively 
ploughed into the southern end of the North China craton, depositing 
the rocks from which the Qinling later formed. The first of these was 
a chain of islands, the second a single large island, and the third was 
the South China plate, until then a separate continent.31 The Chinese 
tradition of considering the Qinling the divide between North and 
South China thus happens to correspond with the region’s geological 
history. Beginning over 50 million years ago the Indian subcontinent 
began to plough into the Eurasian mainland, causing the ongoing rise 
of the Tibetan Plateau and the mountains of Western China, including 
the Qinling.32 The rise of these mountains blocked the northward move-
ment of rainfall, creating the deserts and arid regions of Inner Asia. The 
whole region remains geologically active and is subject to powerful 
earthquakes.33

The pressure that pushed the Qinling upwards forced the area 
to its north downwards, forming the Guanzhong Basin, into which 
rivers flowing from the surrounding mountains have deposited 
sediments several kilometers deep.34 The Yellow River once flowed 
from west to east through the Guanzhong, but tectonic forces pushed 
up the Loess Plateau region and forced the river northward around 

30.  Mingguo Zhai, ed., Precambrian Geology of China (Berlin: Springer, 2015), 13–46.
31.  The remnants of the first two are known respectively as the Qinling Island-Arc 

Terrane and the South Qinling Belt; see Yunpeng Dong et al., “Tectonic Evolution of 
the Qinling Orogen, China: Review and Synthesis,” Journal of Asian Earth Sciences 41 
(2011), 232.

32.  Leigh H. Royden, B. Clark Burchfiel, and Robert D. van der Hilst, “The 
Geological Evolution of the Tibetan Plateau,” Science 321, no. 5892 (2008), 1054–58; 
Susanne S. Renner, “Available Data Point to a 4-Km-High Tibetan Plateau by 40 Ma,” 
Journal of Biogeography 43.8 (2016), 1479–87.

33.  Jianjun Du et al., “Late Quaternary Activity of the Huashan Piedmont Fault and 
Associated Hazards in the Southeastern Weihe Graben, Central China,” Acta Geologica 
Sinica–English Edition 91.1 (2017), 76–92.

34.  The geological structure that underlies the Guanzhong Basin is called the Weihe 
graben. Pan Wang et al., “Crustal Structure beneath the Weihe Graben in Central 
China: Evidence for the Tectonic Regime Transformation in the Cenozoic,” Journal of 
Asian Earth Sciences 81 (2014), 105–14.
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the Ordos Plateau so that it now passes the Guanzhong from north to 
south.35 Similar forces lifted the rocks to the east of the Guanzhong 
sometime after five million years ago, blocking the Yellow River and 
flooding the lower Wei and Fen valleys to form Paleo Lake Sanmen. 
Between 1,500,000 and 150,000 years ago the Yellow River gradually 
cut through the rock, creating the Sanmen Gorge (Sanmenxia 三門
峽) and draining the lake.36 Scattered saline lakes remained in the 
Eastern Guanzhong until recent centuries.37 Many of the historical 
record of water bodies in the Guanzhong refer to ponds and lakes in 
imperial pleasure grounds, and we cannot be sure if these were built 
by people or not.38

The climate has also shaped the region’s physical geography. The 
earth’s climate has been gradually cooling for over 50 million years, 
and the current geological period, known as the Quaternary, is a cold 
period in the earth’s history. It is composed of long periods of glaciation 
followed by shorter interglacials, a cycle caused by regular wobbles in 
the earth’s pivot.39 The last glaciation ended around 18,000 years ago, 
after which the climate warmed. Geologists divide the Quaternary 
into two epochs, the Pleistocene (2,500,000–11,600 years ago) and the 
Holocene, the current interglacial period that began 11,600 years ago. 
The only reason the Holocene is designated as a separate epoch, unlike 
other interglacials, is that it happens to be the interglacial in which these 
geologists live, so it is useful to have a name for it. Since the Holocene 
is precisely the period in which human agricultural societies have 
come to dominate the earth’s biosphere, and now affect its climate, 
one might argue that it should simply be renamed the Anthropocene. 
The Holocene has had an unusually stable climate, and this stability 
has been an essential factor in the rise and persistence of agricultural 

35.  Aiming Lin et al., “How and When Did the Yellow River Develop Its Square 
Bend?,” Geology 29 (2001), 951–54.

36.  Fuchu Jiang et al., “Formation of the Yellow River, Inferred from Loess–
Palaeosol Sequence in Mangshan and Lacustrine Sediments in Sanmen Gorge, China,” 
Quaternary International 175.1 (2007), 62–70; Ping Kong, Jun Jia, and Yong Zheng, “Time 
Constraints for the Yellow River Traversing the Sanmen Gorge,” Geochemistry, 
Geophysics, Geosystems 15.2 (2014), 395–407.

37.  Jie Fei et al., “Evolution of Saline Lakes in the Guanzhong Basin During the Past 
2000 Years: Inferred from Historical Records,” in Socio-Environmental Dynamics along 
the Historical Silk Road, ed. Liang Emlyn Yang et al. (Cham: Springer, 2019), 25–44.

38.  Wang Zijin 王子今, “Qin-Han shiqi Guanzhong de hubo” 秦漢時期關中的湖泊, 
in Qin Han shiqi shengtai huanjing yanjiu 秦漢時期生態環境研究 (Beijing: Beijing daxue, 
2007), 93–111.

39.  Neil Roberts, The Holocene: An Environmental History, 3rd ed. (Oxford: Blackwell, 
2014), 88.
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civilizations around the world. We cannot expect this stability to last 
another 10,000 years.

As climates cooled, the amount of water evaporating from the ocean 
decreased, which reduced the amount of precipitation that fell on 
land and caused the deserts and steppes of Inner Asia to expand. As 
vegetation cover shrank and left more soil exposed, storm winds picked 
up loose silt, known as loess, and deposited it across North China. 
Wind can only carry a certain size of particle (0.005–0.1 mm): larger 
particles are too heavy to fly while smaller ones tend to stick together 
as clay, which makes loess remarkably uniform in texture.41 Two million 
years of dust storms have deposited loess tens of meters deep across 
the 600,000 km2 Loess Plateau, and in many places it is over a hundred 
meters deep. Shallower loess is found across a much larger area of North 
China. As anyone who has lived in North China knows, wind-storms 
continue to deposit loess.

As the Pleistocene climate swung between cold, dry glacial periods 
and wetter interglacials, vegetation zones migrated north and south. 
The wetter conditions of interglacials allowed more plants to grow, 
which formed topsoil. The alternating thick layers of beige loess 
deposited in colder periods and thin layers of dark interglacial soils 
are easily visible in vertical cuts in the loess soils of the Guanzhong, as 
drawn in Figure 2.42

40.  Image downloaded from http://en.wikipedia.org/wiki/File:Vostok_Petit_
data.svg in April 2013. Modified. It is based on data from J. R. Petit et al., “Climate and 
Atmospheric History of the Past 420,000 Years from the Vostok Ice Core, Antarctica,” 
Nature 399, no. 6735 (1999), 429–36.

41.  Clay grains can of course stick to, and be transported along with, larger grains. 
Tung-sheng Liu, Loess in China (Berlin: Springer, 1985), 80–85.

42.  Liu, Loess in China, 124; Chun Chang Huang et al., “High-Resolution Studies of 
the Oldest Cultivated Soils in the Southern Loess Plateau of China,” Catena 47 (2002), 
29–42.

Figure 1.  420,000 year temperature reconstruction from the Vostok ice core, 
Antarctica.40
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North Chinese civilization has flourished because of the abundance of 
fertile loess: despite thousands of years of erosion, there is always more soil 
to farm, and its texture makes it quite easy to work. It is also fertile. Unlike 
soil eroded from a single base rock, which may be rich in some nutrients 
and weak in others, loess comes from a huge area and tends to contain most 
trace elements that are essential to the growth of plants, though it rarely 
contains all of them, so crops still benefit from fertilizers.44 The soils in the 
plain are composed both of loess deposited by wind and loess eroded and 
redeposited by water. Higher precipitation in the southern loess region 
(including the Guanzhong) leads to increased plant growth and animal 
activity, which transforms the soil and makes it heavier and less porous 
than the loess to the arid northwest.45 The Guanzhong’s topsoil has also 
been transformed by thousands of years of farming.46

The natural vegetation of the region reflected the availability of water. 
Loess soils mostly consist of silty loam and silty clay loam, which are 

43.  Thanks to Yijie Zhuang for permission to use this image from his dissertation: 
Yijie Zhuang, “Geoarchaeological Investigation of Pre-Yangshao Agriculture, 
Ecological Diversity and Landscape Change in North China” (PhD diss., Cambridge 
University, 2012), 257. Modified.

44.  Liu, Loess in China, 165; Ping-ti Ho, “The Loess and the Origin of Chinese 
Agriculture,” The American Historical Review 75.1 (1969), 1–36.

45.  Liu, Loess in China, 182–84.
46.  Xiubin He et al., “Paleopedological Investigation of Three Agricultural Loess 

Soils on the Loess Plateau of China,” Soil Science 167.7 (2002), 478–91; Huang et al., 
“High-Resolution Studies of the Oldest Cultivated Soils”; Joseph Needham, Science and 
Civilisation in China 6.1: Botany (Cambridge: Cambridge University Press, 1986), 70–75.

Figure 2.  Schematic north–south cross section of Guanzhong landforms. This figure 
is vertically exaggerated: in reality the terraces are wide and relatively flat. The loess 
tablelands to the north (left) would have been vegetated with grasses and dry-tolerant 
herbs, as would many of the terraces and “possible dry edges.” Trees grew in wetter 
areas like gullies, floodplains and terrace edges. Image by Yijie Zhuang.43
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quite porous and drain quickly so that soil moisture is lost quickly.47 
Because of this, and high evaporation rates, less water is available to 
plants than we would expect from the amount of precipitation the region 
receives. There are also significant differences in water availability across 
the Guanzhong.48 Loess platforms with well-drained soils and deep 
water tables comprise about 40 percent of the plain. These relatively 
dry areas would have supported shrubby grassland with scattered 
trees, and they were too dry to reliably support non-irrigated farming. 
There is more water along the edges of the mountains to the north and 
south, where spring water emerges and the water table is closer to the 
surface. This water would have supported some of the region’s densest 
woodlands, but also made this the best farmland, and farmers began to 
cut or burn these forests thousands of years ago.

Loess is easily eroded by torrential summer rains, and gullies have 
been forming in the loess region throughout its existence, something that 
has increased as humans and their livestock have destroyed vegetation.49 
While the Guanzhong plain is not as eroded as the Loess Plateau to the 
north, historical geographer Shi Nianhai showed that it has also been 
eroded. For example, the Zhouyuan was more or less a single plain in 
the Zhou period, but is now a series of plains divided by gullies. His 
clearest evidence came from the Chengguo 成國 canal which, when it 
was built around 100 b.c.e., crossed a river that now flows 30 meters 
lower than the level of the canal. This proves that the gully has eroded 
that far downwards in two millennia.50

Climate

Human civilizations have flourished in a period of remarkable cli-
matic stability. Over the past 10,000 years the earth’s climate has only 
fluctuated by about 2°C and the sea level has been relatively stable, 
in marked contrast to the previous 10,000 years, when temperatures 
increased by 10° C and the seas rose 100 meters.51 While historical cli-
matic events like the Little Ice Age may have played major roles in 

47.  Zhuang, “Geoarchaeological Investigation,” 256.
48.  Shaanxi sheng nongye kancha shejiyuan, Shaanxi nongye turang 陝西農業土壤 

(Xi’an: Shaanxi kexue jishu, 1982), 119–34.
49.  Chun Chang Huang et al., “Development of Gully Systems under the Combined 

Impact of Monsoonal Climatic Shift and Neo-Tectonic Uplift over the Chinese Loess 
Plateau,” Quaternary International 263 (2012), 46–54; Liu, Loess in China, 198–99.

50.  Shi Nianhai 史念海, “Zhouyuan de bianqian” 周原的變遷, in He shan ji 河山集 2 
(Beijing: Sanlian, 1981), 226.

51.  Roberts, The Holocene, 68–126.
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human history, in a long-term planetary perspective they were just 
minor regional fluctuations.52

In general, short-term events like droughts, storms, and cold spells 
are far more dangerous to human societies than slight changes in 
average temperature or precipitation. But, with the exception of the 
sediments deposited by major floods, currently available paleoclimate 
records only record such long-term trends. This is significant because 
there is no reason to expect prehistoric humans to have had any 
trouble adapting to minor climate changes that occurred over decades 
or centuries. To correlate written records of pre-imperial history with 
specific climate events we will have to wait for higher resolution 
data. Annual tree-ring records, for example, can reveal which years 
had more or less rain in a specific place, but scholars have yet to do 
the painstaking work of comparing the rings on archaeologically 
excavated timbers in China. Data on the changing distribution of 
archaeological settlements can be meaningfully compared with climate 
data, though at present this does not reveal any simple correlations 
between changes in climate and settlement distribution.53 Those 
seeking to use climate to explain human history must find evidence 
that those climatic events affected humans, not merely assume that 
a climate event must have been the cause of a historical event that 
occurred around the same time.54

East Asia’s climate is dominated by the annual cycle of wet summer 
monsoons and dry winter ones, which are caused by the difference in how 
land and oceans absorb solar energy. As the Eurasian landmass warms in 
the spring and summer, heat rises from it, creating a low-pressure region 
that sucks in wetter air from the oceans, bringing rains. In winter the 
land gets colder than the oceans, and cold, dry air (and dust) blows out 
of Inner Asia. The Guanzhong is thus very dry in the winter, and about 

52.  On climate in human history, see for example Dagomar Degroot, The Frigid 
Golden Age: Climate Change, the Little Ice Age, and the Dutch Republic, 1560–1720 
(Cambridge: Cambridge University Press, 2019); Timothy Brook, “Nine Sloughs: 
Profiling the Climate History of the Yuan and Ming Dynasties, 1260–1644,” Journal of 
Chinese History 1.1 (2017), 27–58; Kyle Harper, The Fate of Rome: Climate, Disease, and the 
End of an Empire (Princeton: Princeton University Press, 2017); Raphael Neukom et al., 
“No Evidence for Globally Coherent Warm and Cold Periods over the Preindustrial 
Common Era,” Nature 571, no. 7766 (2019), 550–54.

53.  Dominic Hosner et al., “Spatiotemporal Distribution Patterns of Archaeological 
Sites in China during the Neolithic and Bronze Age: An Overview,” The Holocene 26.10 
(2016), 1576–93.

54.  Such studies are common in the scientific literature, e.g., Pingzhong Zhang et 
al., “A Test of Climate, Sun, and Culture Relationships from an 1810-Year Chinese Cave 
Record,” Science 322, no. 5903 (2008), 940–42.
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two-thirds of its annual precipitation falls between June and September, 
often in heavy rainfalls. Unfortunately for farmers, there is considerable 
variation between the strength of each year’s monsoon.

Given the relative stability of the Holocene climate, the modern 
climate is our best guide to that of previous millennia. Between 1955 
and 2000, the average temperature in the Guanzhong Plain was 12.9° 
C, similar to New York City and Venice. The average annual high/
low temperatures were 37.4°C/-13°C; there were an average of 2123 
sunlight hours per year and 208 frost-free days; and relative humidity 
averaged 69 percent.55 Western Kansas and San Francisco have similar 
annual average temperatures and precipitation, but no other northern 
temperate region has a monsoonal climate like East Asia’s. The average 
annual rainfall in the Guanzhong between 1955 and 2000 was 593 mm, 
and the wettest year received 873 mm, both of which are fine for many 
dryland crops. However, in the driest year only 418 mm fell, low enough 
that even many millets would have failed without irrigation. Moreover, 
because of its hot summers, the Guanzhong has a high evaporation rate, 
another reason not all rainfall is available to plants.56 This explains the 
importance of irrigation in the region, and hence the construction of the 
Zheng Guo irrigation project by Qin in the third century b.c.e.

55.  The climate data is taken from the following website: “Zhongguo qixiang kexue 
shuju gongxiang fuwuwang” 中國氣象科學數據共享服務網, cdc.cma.gov.cn, accessed 
on April 11, 2013. The climate data for the Guanzhong as a whole was calculated by 
various scholars from the geography department at Shaanxi Normal University for 
their own research, and I am grateful to them for sharing it.

56.  The Guanzhong’s annual potential evaporation rate is around 1470 mm. 
Potential evaporation rate is the evaporation rate of open water, not actual evaporation. 
Jingwu Fang, Zhiheng Wang, and Zhiyao Tang, Atlas of Woody Plants in China: 
Distribution and Climate (Heidelberg: Springer, 2011), xxxv.

57.  www.nmc.gov.cn/img/jswd/57036.jpg, accessed on October 22, 2014.

Figure 3.  Average Monthly Precipitation and Temperatures in Xi’an.57
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We will now review the region’s climate history. The last glacial period 
reached its coldest between 25,000 and 18,000 years ago.58 During the 
last glaciation North China was a cold dry steppe, though it had some 
shrubs and trees in warmer periods.59 Between 18,000 and 11,000 years 
ago, the earth warmed by 10° C and the great ice sheets melted, causing 
the sea to rise over 100 meters and flood large regions along the coasts. 
Plants and animals adapted to the warming by moving northward in 
latitude or upward in elevation. Trees migrated northward to cover 
much of North China.

This was followed by our current interglacial, the Holocene. As can 
be seen from the Antarctic ice climate record (Figure 1), the Holocene 
is the most stable interglacial in at least 400,000 years. By 10,000 years 
ago the climate was very similar to that of the twentieth century, but 
it continued to warm, and between roughly 6000 and 4000 b.c.e., the 
period known as the Mid-Holocene Warm Period (or megathermal), 
it was a bit warmer and wetter.60 I have not provided an image of the 
changes in Holocene precipitation because scientists are still debating 
how to date it, but in general the early and late Holocene climates 
were similar to those measured in the twentieth century, whereas 
the middle Holocene was slightly warmer and wetter.61 Based on 
pollen evidence and ancient soils, the precipitation is estimated to 
have been 100–200 mm higher than present and the mean annual 
temperature 1–2 degrees Celsius warmer in North China.62 Given that 

58.  Roberts, The Holocene, 68–126.
59.  Xiangjun Sun et al., “Vegetation History of the Loess Plateau of China during 

the Last 100,000 Years Based on Pollen Data,” Quaternary International 37 (1997), 25–36; 
Hou-Yuan Lu et al., “Phytoliths as Quantitative Indicators for the Reconstruction of 
Past Environmental Conditions in China II: Palaeoenvironmental Reconstruction in the 
Loess Plateau,” Quaternary Science Reviews 26.5–6 (2007), 759–72; Sun Jianzhong 孫建中 
and Zhao Jingbo 趙景波, Huangtu gaoyuan disiji 黃土高原第四紀 (Beijing: Kexue, 1991), 
158–63.

60.  Xunlin Yang et al., “Early-Holocene Monsoon Instability and Climatic Optimum 
Recorded by Chinese Stalagmites,” The Holocene 29.6 (2019), 1059–67.

61.  For a useful image of several different Holocene climate reconstructions, see 
figure 3 in Jianbao Liu et al., “Holocene East Asian Summer Monsoon Records in 
Northern China and Their Inconsistency with Chinese Stalagmite Δ18O Records,” 
Earth-Science Reviews 148 (2015), 194–208.

62.  Lu et al., “Phytoliths as Quantitative Indicators”; Qinghai Xu et al., “Vegetation 
Succession and East Asian Summer Monsoon Changes since the Last Deglaciation 
Inferred from High-Resolution Pollen Record in Gonghai Lake, Shanxi Province, 
China,” The Holocene 27.6 (2017), 835–46. Chun Chang Huang told me in April, 2013, 
that he and his colleagues generally estimate that the temperature was about 1.5 
degrees warmer and precipitation about 200 mm higher in this mid-Holocene, but that 
this is based on a variety of factors (soil, vegetation, etc.) that cannot be easily 
quantified.
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China’s climate is generally warmer and wetter as one moves to the 
southeast, we can estimate a place’s mid-Holocene climate by looking 
at that of a region only a few hundred kilometers to the southeast. The 
Guanzhong’s mid-Holocene climate was probably like that of Henan’s 
Nanyang Basin today. Given that the Guanzhong’s modern average 
temperature (12.9° C) is close to those of New York or Venice, it would 
have been closer to those of modern Washington DC or Rome during 
the Mid-Holocene Warm Period.

As discussed above, it is important to remember that paleoclimate 
records mostly record long-term averages, not the droughts, heavy 
rainfalls, hail, strong winds or extreme cold that worry farmers. Some 
of the highest-resolution records are cave deposits like speleothems 
(such as stalactites) that record changes in precipitation, which is 
more important to agricultural societies in semi-arid regions than 
temperature. Records from caves in south and central China match 
very closely with each other and with climate records from elsewhere, 
showing that they are indeed records of continental climate that reflect 
both precipitation and different origins of rainwater.63 These all show 
the increase in precipitation in the mid-Holocene and its subsequent 
decline, the latter being clearly shown in a record from a cave in the 
Qinling 70 km south of Xi’an.64

Some of the best records of environmental change in the Guanzhong 
region come from the soil itself, though they cannot be dated as precisely 
as speleothems. Soil contains evidence of floods and fires and scientists 
have developed methods, such as grain size analysis and magnetic 
susceptibility to study past climates using soils.65 As discussed above, 
the transitions between glacials and wetter interglacials can be clearly 
seen in the loess. The wetter climate of the early to mid-Holocene is clear 
in the Guanzhong’s soils, where the loess of the glacial period is replaced 

63.  Carolyn A. Dykoski et al., “A High-Resolution, Absolute-Dated Holocene and 
Deglacial Asian Monsoon Record from Dongge Cave, China,” Earth and Planetary 
Science Letters 233.1–2 (2005), 71–86; Jinguo Dong et al., “A High-Resolution Stalagmite 
Record of the Holocene East Asian Monsoon from Mt Shennongjia, Central China,” The 
Holocene 20 (2010), 257–64; Yanjun Cai et al., “The Variation of Summer Monsoon 
Precipitation in Central China since the Last Deglaciation,” Earth and Planetary Science 
Letters 291.1–4 (2010), 21–31; Ian J. Orland et al., “Direct Measurements of Deglacial 
Monsoon Strength in a Chinese Stalagmite,” Geology 43.6 (2015), 555–58; Yonaton 
Goldsmith et al., “Northward Extent of East Asian Monsoon Covaries with Intensity 
on Orbital and Millennial Timescales,” PNAS 114.8 (2017), 1817–21.

64.  Cai et al., “The Variation of Summer Monsoon.”
65.  Barbara A. Maher, “Magnetic Properties of Modern Soils and Quaternary 

Loessic Paleosols: Paleoclimatic Implications,” Palaeogeography, Palaeoclimatology, 
Palaeoecology 137.1–2 (1998), 48–51.
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by cinnamon-colored soils in the seventh millennium b.c.e., indicating 
soil formation due to increased precipitation.66 Many soil profiles have 
a layer of loess in the middle of the mid-Holocene paleosol, indicating a 
temporary dry period around 4000–3000 b.c.e.67 The climate then became 
wetter again, but the paleosols turn back to loess sometime before 1000 
b.c.e., as the Mid-Holocene Warm Period gradually ended. However, this 
long-term trend of cooling and drying was probably not as significant for 
human societies as the periods of dramatic fluctuations in the late third 
and late second millennia b.c.e. We will discuss these in turn.

The climate became drier after about 2400 b.c.e.68 Cave records from 
the Qinling near Xi’an suggest a significant decline in precipitation.69 
Pollen records in the Loess Plateau show a sudden, temporary decline 
in arboreal pollen at this time, and subsequent centuries show a 
significant decline in deciduous trees and in overall pollen production.70 
At Dadiwan, west of the Guanzhong, the wetlands of earlier periods 
suddenly dried up and were overlain with loess.71 Lake levels fell 

66.  Jiangli Pang and Chun Chang Huang, “Mid-Holocene Soil Formation and the 
Impact of Dust Input in the Middle Reaches of the Yellow River, Northern China,” Soil 
Science 171.7 (2006), 554; Chun Chang Huang, Jiangli Pang, and Pinghua Li, “Abruptly 
Increased Climatic Aridity and Its Social Impact on the Loess Plateau of China at 3100 
B.P.,” Journal of Arid Environments 52.1 (2002), 91; Chun Chang Huang et al., “Holocene 
Colluviation and Its Implications for Tracing Human-Induced Soil Erosion and 
Redeposition on the Piedmont Loess Lands of the Qinling Mountains, Northern 
China,” Geoderma 136.3–4 (2006), 841.

67.  Chun Chang Huang et al., “A Regional Aridity Phase and Its Possible Cultural 
Impact during the Holocene Megathermal in the Guanzhong Basin, China.,” Holocene 
10.1 (2000), 135–42; Chun Chang Huang, Jiangli Pang, and Jingpo Zhao, “Chinese 
Loess and the Evolution of the East Asian Monsoon,” Progress in Physical Geography 
24.1 (2000), 75–96; Huang et al., “High-Resolution Studies of the Oldest Cultivated 
Soils”; Huang, Pang, and Li, “Abruptly Increased Climatic Aridity”; Chun Chang 
Huang, Jiangli Pang, and Ping Huang, “An Early Holocene Erosion Phase on the Loess 
Tablelands in the Southern Loess Plateau of China,” Geomorphology 43.3–4 (2002), 209–
18; Chun Chang Huang et al., “Climatic Aridity and the Relocations of the Zhou 
Culture in the Southern Loess Plateau of China,” Climate Change 61 (2003), 361–78; 
Chun Chang Huang et al., “Charcoal Records of Fire History in the Holocene Loess–
Soil Sequences over the Southern Loess Plateau of China,” Palaeogeography, 
Palaeoclimatology, Palaeoecology 239.1–2 (2006), 34.

68.  E.g., Yongjin Wang et al., “The Holocene Asian Monsoon: Links to Solar 
Changes and North Atlantic Climate,” Science 308, no. 854 (2005), 854–57.

69.  Cai et al., “The Variation of Summer Monsoon,” 26, 29.
70.  H. N. Wu et al., “A High Resolution Record of Vegetation and Environmental 

Variation through the Last 25,000 Years in the Western Part of the Chinese Loess 
Plateau,” Palaeogeography, Palaeoclimatology, Palaeoecology 273.1–2 (2009), 197.

71.  Z.-D. Feng et al., “Holocene Vegetation Variations and the Associated 
Environmental Changes in the Western Part of the Chinese Loess Plateau,” 
Palaeogeography, Palaeoclimatology, Palaeoecology 241.3–4 (2006), 452.
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across North China in this period and although they rose again slightly 
after 1000 b.c.e., they never returned to their previous levels.72 In short, 
this was the end of the warmer, wetter middle Holocene, and the 
beginning of the shift towards a more arid climate that has prevailed 
ever since.

It was not necessarily a gradual change. Geological evidence reveals 
that there were massive floods on the Jing and Qi rivers during this 
period, some of which inundated Neolithic sites.73 Over a meter of flood 
sediments were deposited by successive floods in various locations on 
both rivers. Floods can be the result of much of the year’s precipitation 
falling in a short period, causing aridity during the rest of the season, so 
these may also have been drought years. At the very least, they are clear 
evidence of unusual weather, the only evidence we have of ancient 
weather events. This is, of course, the period in which the legendary 
Yu the Great tamed the floods, though no Neolithic society could have 
done anything to control a flood flowing at 20,000 cubic meters per 
second.74

The climatic changes of this period were felt across Eurasia and North 
Africa, and aridity affected the civilizations of Mesopotamia and the 
Indus valley.75 Some scientists have argued that climate changes also 
caused population decrease in East Asia, but so far they have failed to 
show that short-term climatic changes correspond in time with social 
transformations, let alone caused them.76 The decline in the social 

72.  Chengbang An, Zhao-Dong Cheng, and Loukas Barton, “Dry or Humid? Mid-
Holocene Humidity Changes in Arid and Semi-Arid China,” Quaternary Science 
Reviews 25 (2006), 351–61.

73.  Chun Chang Huang et al., “Holocene Palaeoflood Events Recorded by 
Slackwater Deposits along the Lower Jinghe River Valley, Middle Yellow River Basin, 
China,” Journal of Quaternary Science 27.5 (2012), 485–93; Chun Chang Huang et al., 
“Extraordinary Floods of 4100−4000a BP Recorded at the Late Neolithic Ruins in the 
Jinghe River Gorges, Middle Reach of the Yellow River, China,” Palaeogeography, 
Palaeoclimatology, Palaeoecology 289 (2010), 1–9; Chun Chang Huang et al., 
“Extraordinary Floods Related to the Climatic Event at 4200 a BP on the Qishuihe 
River, Middle Reaches of the Yellow River, China,” Quaternary Science Reviews 30 
(2011), 460–68.

74.  Mark Edward Lewis, The Flood Myths of Early China (Albany: State University of 
New York Press, 2006), and Yuzhu Zhang et al., “Formation and Evolution of the 
Holocene Massive Landslide-Dammed Lakes in the Jishixia Gorges along the Upper 
Yellow River: No Relation to China’s Great Flood and the Xia Dynasty,” Quaternary 
Science Reviews 218 (2019), 267–80.

75.  Peter Clift and R. Alan Plumb, The Asian Monsoon (Cambridge: Cambridge 
University Press, 2008), 203–10; Roberts, The Holocene, 220–21.

76.  Wenxiang Wu and Tung-sheng Liu, “Possible Role of the ‘Holocene Event 3’ on 
the Collapse of Neolithic Cultures around the Central Plain of China,” Quaternary 
International 117 (2004), 153–66; Fenggui Liu et al., “The Impacts of Climate Change on 
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complexity of societies like Shijahe and Liangzhu in the Yangzi river 
valley suggests some phenomenon that affected a wide area, such as 
pestilence or drought. The Guanzhong’s population also seems to have 
fallen after this time while nearby settlements like Taosi and Erlitou 
flourished.77 These increasingly complex polities could rise and fall due 
to internal social dynamics or warfare, so we should not assume that 
climate change was a factor. Research on ancient DNA has shown that 
the bubonic plague spread around Eurasia in this period, and we can 
be sure that future research will reveal a long history of epidemics in 
prehistoric East Asia.78

A similar, if less extreme, period of severe climatic fluctuation 
occurred a thousand years later, in the late second millennium b.c.e. 
This decline is clear in the stratigraphy of the Guanzhong because it 
corresponds with the transition from soils to loess.79 Chun Chang 
Huang and his colleagues, who have done the most work on this, tend 
to date it to around 1050 b.c.e., which would date it to around the same 
time as climatic shifts that may have played a role in the decline of late 
Bronze Age states in Mesopotamia.80 But the dating of this transition is 
not always consistent: one well-dated profile shows the final transition 
to loess occurring in the Warring States period,81 and another shows the 
opposite transition (loess to soil) at that time.82 But the general trend 

the Neolithic Cultures of Gansu-Qinghai Region during the Late Holocene 
Megathermal,” Journal of Geographical Sciences 20.3 (2010), 417–30.

77.  Hosner et al., “Spatiotemporal Distribution Patterns of Archaeological Sites in 
China during the Neolithic and Bronze Age”; Pauline Sebillaud, “La distribution 
spatiale de l’habitat en Chine dans la plaine Centrale à la transition entre le Néolithique 
et l’âge du Bronze (env. 2500–1050 av. n. è.)” (PhD diss., Ecole Pratique des Hautes 
Etudes, 2014).

78.  Nicolás Rascovan et al., “Emergence and Spread of Basal Lineages of Yersinia 
pestis during the Neolithic Decline,” Cell 176.1 (2019), 295–305; Maria A. Spyrou et al., 
“Analysis of 3800-Year-Old Yersinia pestis Genomes Suggests Bronze Age Origin for 
Bubonic Plague,” Nature Communications 9.1 (2018), 1–10.

79.  Huang, Pang, and Li, “Abruptly Increased Climatic Aridity”; Huang et al., 
“Climatic Aridity”; Huang et al., “Charcoal Records of Fire History,” 31; Huang et al., 
“Extraordinary Floods of 4100−4000a BP,” 6.

80.  J. Neumann and S. Parpola, “Climatic Change and the Eleventh-Tenth-Century 
Eclipse of Assyria and Babylonia,” Journal of Near Eastern Studies 46.3 (1987), 161–82; 
Arkadiusz Sołtysiak, “Drought and the Fall of Assyria: Quite Another Story,” Climatic 
Change 136.3–4 (2016), 392.

81.  Chun Chang Huang et al., “Holocene Dust Accumulation and the Formation of 
Polycyclic Cinnamon Soils (Luvisols) in the Chinese Loess Plateau,” Earth Surface 
Processes and Landforms 28.12 (2003), 1262.

82.  Hui Zhao et al., “A Record of Holocene Climate Change in the Guanzhong 
Basin, China, Based on Optical Dating of a Loess-Palaeosol Sequence,” The Holocene 
17.7 (2007), 1015–22.
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is clear. The water level of Lake Tengger (a.k.a. Zhuyeze), Gansu, fell 
by several meters during these two millennia, evidence of long-term 
desiccation. It dropped substantially in the mid-late second millennium 
b.c.e., then rose again, but was followed by a stable but dryer climate 
during the following five or six centuries.83 

As with the events 1000 years earlier, there is evidence that this was 
not a gradual desiccation, but involved severe weather events that we 
know about because floods far bigger than any recorded in modern 
times left sediments in the Wei and Jing River valleys.84 Flood deposits 
from the Yellow River have also been dated to this period.85 This was 
around the time when the Zhou and their allies conquered the Shang. 
It is interesting to speculate whether there is a connection, but we lack 
any evidence that climatic changes motivated the Zhou.86 The rest of the 
Zhou period had a climate similar to the modern one.

Plants

The Guanzhong lies between the East Asian monsoon region and dry 
Inner Asia, and its natural vegetation straddled the boundary between 
the former’s temperate deciduous forests and the latter’s grasslands. 
While aridity has saved much of Inner Asia’s grasslands from the 
plough, the forests of lowland East Asia have been entirely replaced 
with farms, villages, and cities. The total elimination of the natural eco-
systems of the lowlands makes it hard to know what the vegetation 
of the Guanzhong would look like, given the current climate, if it had 
never been transformed by human action (ecologists call this “potential 
natural vegetation”). This section will begin by overviewing the vege-
tation of North China more generally and will then review the various 
types of evidence available for reconstructing the Guanzhong’s natural 
vegetation. We will begin with the history of northern deciduous forests 
and grasslands.

The forests of Europe, East Asia, and North America have similar flora 
because northern broad-leafed deciduous forests originated as a single 

83.  Hao Long et al., “Holocene Climate Variations from Zhuyeze Terminal Lake 
Records in East Asian Monsoon Margin in Arid Northern China,” Quaternary Research 
74 (2010), 46–56.

84.  Chun Chang Huang et al., “Sedimentary Records of Extraordinary Floods at the 
Ending of the Mid-Holocene Climatic Optimum along the Upper Weihe River, China,” 
The Holocene 22.6 (2012), 675–86; Huang et al., “Holocene Palaeoflood Events.”

85.  Xiaogang Li and Chun Chang Huang, “Holocene Palaeoflood Events Recorded 
by Slackwater Deposits along the Jin-Shan Gorges of the Middle Yellow River, China,” 
Quaternary International 453 (2017), 85–95.

86.  Huang, Pang, and Li, “Abruptly Increased Climatic Aridity.”
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biome, and plants have continued to migrate between these regions. 
These forests first formed in the northern polar region around 60 million 
years ago when the world was very warm and Asia and North America 
were connected.87 As the climate cooled, the forests moved south, and 
by 30 million years ago they spread across large areas of the northern 
hemisphere. As mountain ranges rose and the climate continued to cool, 
continental interiors became drier and grasslands gradually replaced 
forests, leaving temperate forests on the eastern and western edges of 
both continents.

East Asia’s forest zone stretches from Russia to Malaysia (and even 
farther south in periods of low sea levels), forming a continuum from the 
tropics to the taiga that allowed the region’s flora and fauna to become 
remarkably diverse. In contrast, the temperate forests of Europe and 
North America are divided from those in the tropics by seas and deserts. 
As the climate has repeatedly swung between glacial and warm over the 
past 2.5 million years, East Asia’s flora and fauna could migrate freely to 
the south or north as the climate shifted while the southward movement 
of Europe’s and eastern North America’s forests was blocked by the 
Mediterranean and the Gulf of Mexico. Moreover, ice sheets ploughed 
repeatedly across North America and Europe, but East Asia was spared 
because Inner Asia was too dry for ice sheets to form. For this reason, 
many plants became extinct in North America and Europe, leaving East 
Asia with the most diverse of the northern temperate forests.

Grasslands are one of the earth’s youngest biomes. In Asia they first 
appeared less than 30 million years ago, and for a long time they were 
savannahs, with some shrubs and trees, rather than open grassland. 
Along with a global cooling trend, the main cause of the formation of 
Eurasia’s grasslands was the rise of the Himalayas and other mountain 
ranges that created a rain shadow across the continent. By about 10 
million years ago a mosaic of grasslands and savannahs spread across 
Inner Asia. Despite their name, grasslands are composed not just 
of grasses, but also of a diverse range of other herbaceous flowering 
plants, such as those of the aster family.88 Grasses and other dry-adapted 

87.  Katherine J. Willis and Jennifer McElwain, The Evolution of Plants, 2nd ed. 
(Oxford: Oxford University Press, 2014), 225–64, 315; Steven R. Manchester et al., 
“Eastern Asian Endemic Seed Plant Genera and Their Paleogeographic History 
throughout the Northern Hemisphere,” Journal of Systematics and Evolution 47.1 (2009), 
1–42; Yong-Sheng Chen et al., “Is the East Asian Flora Ancient or Not?,” National Science 
Review 5.6 (2018), 920–32. The polar forests of 60 million years ago included broadleaf 
genera like alder, birch, oak, walnut, poplar, and maple as well as deciduous conifers 
like ginkgo, larches (Larix and Pseudolarix), and dawn redwood (Metasequoia).

88.  Christopher Gardner and Basak Gardner, Flora of the Silk Road: An Illustrated 
Guide (London: Bloomsbury Wildlife, 2019).
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herbaceous plants replaced trees across the increasingly arid continents 
because characteristics like extensive root systems make them well 
adapted to drought, fire, and grazing. Characteristics that made them 
resilient to grazing, such as the way grasses grow from the base of the 
plant, became increasingly advantageous as animals like bovids and 
equids evolved to specialize in eating them.

The boundary between grasslands and forests once stretched across 
North China in the region roughly, and not coincidentally, followed 
by the “Great Wall.” The Guanzhong lies on the southern edge of this 
ecotone, which has gradually become the boundary between grasslands 
and farmland.89 To the north and northwest of Guanzhong Basin lies the 
semi-arid Loess Plateau, itself bordered by the Gobi Desert to the north 
and the arid Tibetan Plateau to the southwest. Because the Loess Plateau 
is older and more geologically stable than the uplifting Qinling, it tends 
to be hilly rather than mountainous. The cold dry winter months are the 
most important factor affecting the region’s natural vegetation, since only 
species that can withstand months without rain can survive there. Without 
human influence trees would grow in gullies and river banks, while the 
uplands would be a mix of grassland and shrubs like Manchu rose and 
spiraea.90 The hilly regions north of the Zhouyuan are now dominated 
by naturalized North American black locust (Robinia pseudoacacia), which 
makes it hard to guess what vegetation grew there in earlier times. The 
region’s grasses were grazed by animals like wild horses, aurochs, and 
gazelle until after about 2000 b.c.e., since which these have gradually been 
displaced by domesticated sheep, cattle and horses.

The forests of North China can be divided by altitude into the cool 
humid forests of the Qinling and those of the Yellow River lowlands, 
the latter of which have been totally replaced with farmland. If one 
travelled eastward from the Guanzhong 7000 years ago, one would 
begin in a mosaic of grassland, savannah, and woodland. The density of 
trees would increase as one travelled eastward until it became a closed 
canopy forest somewhat similar to those of Eastern North America.91 

89.  Given the huge area in which both farming and pastoralism are possible, the 
divide between steppe and sown should be considered as much the result of the 
formation of rival agrarian and pastoralist political systems as an ecological divide. See 
Nicola Di Cosmo, Ancient China and Its Enemies: The Rise of Nomadic Power in East Asian 
History (Cambridge: Cambridge University Press, 2002).

90.  The scientific name of Manchu rose is Rosa xanthine. Tung-sheng Liu et al., 
“Prehistoric Vegetation on the Loess Plateau: Steppe or Forest?,” Journal of Southeast 
Asian Earth Sciences 13.3–5 (1996), 341–46; Liu, Loess in China, 198; Zhuang, 
“Geoarchaeological Investigation,” 20.

91.  The most common trees overall were probably several species of oak, but these 
forests also included multiple species of pine, willow, elm, hackberry and poplar and 
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During the summer rainy season the region would have had plenty of 
wetlands that shrank or dried out during the dry winter seasons, and 
included riparian trees like willows and alders. The forests of lowland 
North China are all gone, but one can still get some idea of what they 
might have felt like (minus most of the large animals) by visiting the 
Qinling Mountains.

The lush forests of the Qinling have been logged for over two millennia 
so there are few forests below 1000 m in elevation, and few old growth 
stands left anywhere. They nonetheless contain by far the largest tracts 
of forests remaining in North China, providing important clues as to the 
composition of the long-lost ecosystems of the lowlands. In particular, 
these forests contain many slow-growing trees that disappeared in the 
lowlands as people replaced them with fast-growing ones. Oaks and 
pines dominate the lowest remaining forests in the north slopes of the 
Qinling, accompanied by a variety of shrubs and other trees.92 Fir, larch 
and spruce forests coat the highest mountains. The northern foothills 
were also once known for their bamboo.93 Maps of the distribution of 
species reveal many plants that now grow both north and south of the 
Guanzhong, and thus probably also grew in it.94

Reconstructing Past Vegetation

Let us now turn to our main task of reconstructing the natural envi-
ronment of the Guanzhong, which had something in common with 
each of the three regions just described. A good place to begin when 

at least one species of juniper, arbor vitae, ash, catalpa, zelkova, walnut, hickory, beech, 
hornbeam, birch, mulberry, paper mulberry, pear, honeysuckle, maple, Chinese honey 
locust (Gleditsia sinensis), wingnut (Pterocarya sp.), “raisin tree” (Hovenia dulcis), and 
date-plum (Diospyros lotus). Chi-Wu Wang, The Forests of China. (Cambridge: Harvard 
University, 1961), 79–86; Xianyong Cao et al., “Holocene Climate Change and Human 
Impacts Implied from the Pollen Records in Anyang, Central China,” Quaternary 
International 227.1 (2010), 3–9; Junna Zhang et al., “Early–Middle Holocene Ecological 
Change and Its Influence on Human Subsistence Strategies in the Luoyang Basin, 
North-Central China,” Quaternary Research 89.2 (2018), 446–58.

92.  The most common oaks are Quercus variabilis, Q. aliena and Q. dentata. These 
forests also have hemlock, birch, elm, juniper, linden, wild walnut, alder, hazel, 
chestnut, and many other trees. Common smaller woody plants include junipers, plum 
yew (Cephalotaxus sp.), various maples, smoke tree (Cotinus coggygria), wild cherry 
(Prunus tomentosa), Smilax stans, Grewia biloba, and various species of Lespedeza, 
Euonymus, and honeysuckle (Lonicera sp.). Shaanxi sheng, Shaanxi sheng zhibei zhi, 488.

93.  Armand David, Journal de mon troisième voyage d’exploration dans l’empire Chinois 
(Paris: Librairie Hachette et Cie, 1875), 148; Chen Xiaojie 陳曉捷, Guanzhong yi zhi jizhu 
關中佚志輯注 (Xi’an: San Qin, 2006), 14; Wang Xianqian 王先謙, Han shu buzhu 漢書補
注 (Shanghai: Shanghai guji, 2012), 28.2822.

94.  Fang, Wang, and Tang, Atlas of Woody Plants.
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reconstructing vegetation is with biogeographical models that match 
climate with biome types to predict the kind of vegetation that might 
grow in a given area if there were no human impact. If we enter the tem-
perature and precipitation data of the Guanzhong in these models, it 
matches with either the “temperate deciduous broadleaf forest” zone,95 
or with the “warm grass/shrub” biome.96 A study which used such cli-
mate-vegetation models to estimate potential vegetation on the Loess 
Plateau suggests that the west end of the Guanzhong would naturally 
have a deciduous forest.97 These suggest that the Guanzhong’s natu-
ral vegetation would range from shrubby grassland to mixed forest, 
perhaps tending more towards the latter during the slightly warmer 
and wetter middle Holocene. In the mountains west of the Guanzhong 
forests increased during the Mid-Holocene Warm Period and subse-
quently decreased.98

However, the pollen grains preserved in the Guanzhong’s soils 
suggest that the region never had dense forests in the Holocene, but 
was dominated by grasses and herbs.99 Although a wide variety of tree 
pollen was found in the region,100 tree pollen rarely exceeds one-tenth 
of the total pollen count, which is especially significant because trees 
usually produce more pollen than herbaceous plants.101 In contrast, 
Artemisia (in the aster family) usually composes over half of the total and 
plants of the goosefoot family (Chenopodiaceae; chenopods for short) 
also compose a significant percentage. Research on modern pollen 
makes clear that Artemisia and chenopods are usually over-represented 
in the pollen record, and that grasses, sedges and other members of the 
aster family are under-represented.102 Therefore, their dominance in the 

95.  Fang, Wang, and Tang, Atlas of Woody Plants, xxix.
96.  I. Colin Prentice et al., “A Global Biome Model Based on Plant Physiology and 

Dominance, Soil Properties and Climate,” Journal of Biogeography 19.2 (1992), 117–34.
97.  Songbing Zou et al., “Holocene Natural Rhythms of Vegetation and Present 

Potential Ecology in the Western Chinese Loess Plateau,” Quaternary International 
194.1–2 (2009), 55–67.

98.  Feng et al., “Holocene Vegetation Variations.”
99.  This paragraph summarizes Brian Lander, “Environmental Change and the Rise 

of the Qin Empire: A Political Ecology of Ancient North China” (PhD diss., Columbia 
University, 2015), 53–59.

100.  Fossil pollen records include trees and shrubs like pine, fir, spruce, larch, 
hemlock (Tsuga), juniper, oak, birch, hornbeam, walnut, elm, tree of heaven, hazel, 
hackberry, hickory, Platycarya, willow, alder, holly, linden, and sweetgum (Liquidambar)

101.  Furong Li et al., “Relative Pollen Productivity Estimates for Major Plant Taxa 
of Cultural Landscapes in Central Eastern China,” Vegetation History and Archaeobotany 
26.6 (2017), 587–605.

102.  Qinghai Xu et al., “Studies of Modern Pollen Assemblages for Pollen Dispersal- 
Deposition- Preservation Process Understanding and for Pollen-Based Reconstructions 
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pollen records does not mean that they were the main plants, but does 
indicate that the landscape was mostly covered in herbs and grasses, 
not forests.103 It is possible that chenopods like lamb’s quarters were 
grown as crops, but there are also many wild species from this family 
in the region.104 There is also pollen of non-woody plant groups like 
grasses, buttercups, meadow-rue, lilies, knotweeds, hops, and the aster 
and mustard families, a rather general list given that dozens or even 
hundreds of species included in these groups all have the same pollen.105 
The alder and Typha (known in Britain as bulrush and in North America 
as cattail) whose pollen appears in small amounts indicates wet areas 
along streams and rivers.

The pollen suggests a landscape with scattered trees and wetland 
plants in wetter areas, but largely covered with grasses and other 
non-woody plants, such as those of the aster family. Several factors 
may explain the difference between the arid ecosystems suggested by 
the pollen record and the forests predicted by some biogeographical 
models. One factor that may be relevant is that loess does not preserve 
pollen well, and we can be sure that it would not preserve the relatively 
fragile pollen of poplars, whose current predominance in the region 
may not be entirely due to human activity.106 But other factors suggest 
that the pollen record may be accurate. As discussed above, the region’s 
soils are relatively porous, so that rainfall often drains away before 
plants can access it. Similarly, the region’s precipitation often falls in 
torrential summer rains in which much of the water quickly flows away, 
leaving less water for plants than climate models predict. Perhaps most 
importantly, the basin is hotter than surrounding regions and thus has a 
high evaporation rate that makes it as dry as areas to the northwest that 
receive less precipitation.107

Other potential factors that could reduce tree cover are human 
activity and animals eating and trampling the vegetation. The wetter 

of Past Vegetation, Climate, and Human Impact: A Review Based on Case Studies in 
China,” Quaternary Science Reviews 149 (2016), 151–66.

103.  Nannan Li et al., “Holocene Artemisia-Chenopodiaceae-Dominated Grassland 
in North China: Real or Imaginary?,” The Holocene 28.5 (2018), 834–41.

104.  On edible chenopods, see Shiu-Ying Hu, Food Plants of China (Hong Kong: 
Chinese University Press, 2005), 377.

105.  The scientific names of these genera are buttercups (Ranunculus sp.), meadow-
rue (Thalictrum sp.), lilies (Lilium sp.), knotweeds (Polygonum sp.), hops (Humulus sp.), 
and the aster and mustard families (Asteraceae and Brassicaceae).

106.  Richard Pearson, “Pollen Counts in North China,” Antiquity 48 (1974), 226–28.
107.  Fang, Wang, and Tang, Atlas of Woody Plants, xxviii–xxxv. Note especially the 

difference between the Guanzhong and surrounding areas in terms of annual 
biotemperature, moisture index, and vegetation net primary production.
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sites most suitable for trees would have been ideal sites for farming, so 
people probably cleared them intermittently throughout the Neolithic. 
Moreover, many pollen studies were done near archaeological sites, 
and thus probably reflect human impact. The region was also home to a 
variety of large herbivores that can eat and trample enough vegetation 
to change the landscape, perhaps enough to maintain an open landscape 
where there would otherwise be a forest.108 Most importantly, they can 
eat enough tree seedlings to prevent the growth of trees.

Therefore, it seems that the vegetation of the Guanzhong Plain was 
composed primarily of herbaceous plants and grasses, though there 
would have been woodlands in valleys and other wetter areas (see 
Figure 2).109 And of course the diverse forests of the Qinling would 
have extended down into the foothills on the south of the basin. These 
plains, woodlands, and wetlands were home to a remarkable variety 
of animal life.

Animals

Lowland North China’s larger animals were extirpated long ago, and 
even smaller wild animals are mostly limited to a few dozen species 
of birds and a few species of small land animals that can survive in an 
agricultural landscape. As with plants, we can be sure that some spe-
cies of lowland animals have been driven to extinction as their habitat 
was turned to farmland, leaving little trace of their existence. Modern 
zoological surveys provide the basis for any reconstruction of Holocene 
fauna.110 Zooarchaeologists in China have yet to explore extinction, but 
they have studied the remains of mostly larger animals, which makes 

108.  Kjell Danell, ed., Large Herbivore Ecology, Ecosystem Dynamics and Conservation 
(Cambridge: Cambridge University Press, 2006); Frans Vera, Grazing Ecology and Forest 
History (Wallingford: CABI, 2000); C. N. Johnson, “Ecological Consequences of Late 
Quaternary Extinctions of Megafauna,” Proceedings of the Royal Society B: Biological 
Sciences 276, no. 1667 (2009), 2509–19; R. Norman Owen-Smith, Megaherbivores: The 
Influence of Very Large Body Size on Ecology (Cambridge: Cambridge University Press, 
1988), 226–47.

109.  Common grasses in the region at present include Bromus japonicus, Imperata 
cylindrica, Roegnaria sp., Themeda triandra, Leymus secalinus, and, along waterways, 
Phragmites communis. Shaanxi sheng, Shaanxi sheng zhibei zhi, 538.

110.  Andrew T. Smith and Yan Xie, eds., A Guide to the Mammals of China (Princeton: 
Princeton University Press, 2008); John MacKinnon and Karen Phillipps, A Field Guide 
to the Birds of China (New York: Oxford University Press, 2000); Ermi Zhao and Kraig 
Adler, Herpetology of China (Oxford, OH: Society for the Study of Amphibians and 
Reptiles, 1993); Ji Daming 季大明 and Wen Shisheng 溫世生, Zhongguo paxing dongwu 
tujian 中國爬行動物圖鑒 (Zhengzhou: Henan kexue jishu, 2001).
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clear how many species have disappeared.111 The purpose of this section 
is to describe the diversity of wildlife in the region before humans trans-
formed it, which can be considered the native fauna of the region given 
that human activity is responsible for their current absence. We will begin 
with mammals, followed by birds, and then reptiles and amphibians.

During the last glaciation, the region was a cold, dry steppe. Its fauna 
included several species of megafauna that soon went extinct (giant 
deer, mammoth, straight-tusked elephant, Merck’s rhinoceros and 
wooly rhinoceros), some that later migrated to areas of Inner Asia that 
still have such arid landscapes (hyena, kulan, and Przewalski’s gazelle), 
and several that remained in the region into historic times such as wild 
horse, aurochs, tiger, sika deer, water buffalo, and humans.112 As the 
climate grew rapidly warmer and wetter after the last glaciation, the 
steppe moved northwards into Inner Asia and temperate forests and 
their animal inhabitants moved into the Yellow River Valley. It is still 
not clear when and why several species of large mammals went extinct 
in late Pleistocene East Asia, but human predation and fire use probably 
increased the pressure on populations already stressed by rapid climatic 
changes.113

111.  Brian Lander and Katherine Brunson, “Wild Mammals of Ancient North 
China,” The Journal of Chinese History 2.2 (2018), 291–312; Samuel T. Turvey et al., 
“Long-Term Archives Reveal Shifting Extinction Selectivity in China’s Postglacial 
Mammal Fauna,” Proceedings of the Royal Society B 284, no. 1867 (2017), 20171979; 
Shuqing N. Teng et al., “Long-Term Effects of Cultural Filtering on Megafauna Species 
Distributions across China,” PNAS 117.1 (2020), 486–93.

112.  Yong-Xiang Li, Yun-Xiang Zhang, and Xiang-Xu Xue, “The Composition of 
Three Mammal Faunas and Environmental Evolution in the Last Glacial Maximum, 
Guanzhong Area, Shaanxi Province, China,” Quaternary International 248 (2012), 86–91; 
Qiaomei Fu et al., “DNA Analysis of an Early Modern Human from Tianyuan Cave, 
China,” PNAS 110.6 (2013), 2223–27; Qi Guoqin 祁國琴, “Zhongguo beifang disiji buru 
dongwuqun jianlun yuanshi renlei shenghuo huanjing” 中國北方第四紀哺乳動物群兼
論原始人類生活環境, in Zhongguo yuangu renlei 中國遠古人類, ed. Wu Rukang 吳汝康, 
Wu Xinzhi 吳新智, and Zhang Senshui 張森水 (Beijing: Kexue, 1989), 333–34; Haowen 
Tong, “Occurrences of Warm-Adapted Mammals in North China over the Quaternary 
Period and Their Paleoenvironmental Significance,” Science in China Series D: Earth 
Sciences 50.9 (2007), 1327–40. The scientific names of the species that disappeared from 
the region before the Holocene are giant deer (Megaloceros giganteus), mammoth 
(Mammuthus primigenius), straight-tusked elephant (Palaeoloxodon sp.), Merck’s 
rhinoceros (Stephanorhinus kirchbergensis), woolly rhinoceros (Coelodonta antiquitatis), 
hyena (Crocuta sp.), kulan (Equus hemionus), and Przewalski’s gazelle (Procapra 
przewalskii).

113.  Samuel T. Turvey et al., “Holocene Survival of Late Pleistocene Megafauna in 
China: A Critical Review of the Evidence,” Quaternary Science Reviews 76 (2013), 156–66; 
Anthony John Stuart, “Late Quaternary Megafaunal Extinctions on the Continents: A 
Short Review,” Geological Journal 50.3 (2015), 338–63.
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By the early Holocene, the climate was similar to the current one, 
and thus the ranges of species were similar to what they would still 
be without human impact. The largest animals in the region were 
rhinoceros, water buffalo, aurochs, and wild horses. Asian two-horned 
(a.k.a. Sumatran) rhinoceros seem to have been extirpated from North 
China by 2000 years ago, and eventually from all of China, so that most 
people incorrectly consider them an exclusively tropical species.114 Wild 
water buffalo were also driven to extinction at some point by hunting 
and habitat loss. We can assume that they lived in wetlands and river 
valleys, like other water buffalo. These are not the ancestors of domestic 
water buffalo, which were brought from India to South China over the 
past two millennia.115 Aurochs, on the other hand, were the ancestors 
of domesticated cattle, but were more intelligent and therefore more 
dangerous. The last aurochs died in Poland in 1627. Wild horses were 
adapted to the arid steppe. Recent research has shown that surviving 
wild horses are descendants of partly domesticated horses that were 
herded in prehistoric Central Asia, which means that true wild horses 
are extinct.116

The most important large animals to humans were pigs and deer. 
Even as some groups of pigs were gradually incorporated into human 
communities and domesticated, wild pigs have been the most resilient 
of all large wild animals to the spread of agricultural societies, and they 
are still found in North China.117

China has a remarkable diversity of deer species. While pigs are 
omnivores, and horses, sheep, and cattle have digestive systems 
specialized in low-quality plant material, deer require highly digestible, 
nutrient-rich forage, and most deer wander in search of this forage.118 
The exception are dog-sized musk deer and muntjac (a.k.a. barking 
deer), both of which are nocturnal forest-dwellers that defend their 

114.  Brian Lander and Katherine Brunson, “The Sumatran Rhinoceros Was 
Extirpated from Mainland East Asia by Hunting and Habitat Loss,” Current Biology 
28.6 (2018), R252–53.

115.  Liu Li 劉莉, Yang Dongya 楊東亞, and Chen Xingcan 陳星燦, “Zhongguo 
jiayang shuiniu qiyuan chutan 中國家養水牛起源初探,” Kaogu xuebao 2 (2006), 141–76.

116.  Charleen Gaunitz et al., “Ancient Genomes Revisit the Ancestry of Domestic 
and Przewalski’s Horses,” Science 360, no. 6384 (2018), 111–14.

117.  On pigs, see Brian Lander, Mindi Schneider, and Katherine Brunson, “A 
History of Pigs in China: From Curious Omnivores to Industrial Pork,” Journal of Asian 
Studies, 2020, doi:10.1017/S0021911820000054.

118.  This section on deer is primarily based on Valerius Geist, Deer of the World: 
Their Evolution, Behaviour, and Ecology (Mechanicsburg: Stackpole, 1998); Michael 
Hutchins et al., eds., Grzimek’s Animal Life Encyclopedia, Vol. 15: Mammals IV, 2nd ed. 
(Farmington Hills: Gale Group, 2003), 335–98.
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territories with sharp fangs. Much larger sika deer, red deer (known in 
North America as elk/wapiti), and elaphures (a.k.a. Père David’s deer) 
usually live in herds. Sika deer, red deer, and the smaller Siberian roe 
deer all prefer a mixture of open land and dense forest so that they can 
feed in the open but hide from predators in dense vegetation. Water 
deer and elaphure prefer wetlands and floodplains, and both have thus 
been eliminated from North China as their habitat has been converted to 
farmland.119 Given the importance of deer in their diets, it is quite likely 
that people actively created deer habitat, perhaps by burning, in order 
to increase their ability to hunt them.

We will now turn from herbivores to the animals that hunted them. 
Cats, the most carnivorous land mammals, are generally solitary 
nocturnal hunters. Small cats native to the region include the Asian 
golden cat and leopard cat and possibly two or three other species 
(distribution maps are unclear).120 Leopards hunt a variety of smaller 
animals, and are native to all of China proper.121 Tigers hunt various 
large mammals but mainly eat deer and wild pigs, and are “the only 
carnivore that regularly feeds on humans.”122 They historically lived 
across South and East Asia.

As for canids, wolves, red foxes, dholes, and raccoon dogs all lived 
in the region.123 Nocturnal, foxlike omnivores, raccoon dogs are one of 
the only canids that live permanently in forests; they were valued for 
their fur in early China. Raccoon dogs and foxes usually live alone or in 
pairs, while wolves and dholes are pack hunters. Brown bears (known 
in North America as grizzlies) inhabited colder and more arid regions, 
while Asian black bears stayed mostly in the warmer forests; both are 
omnivores. Smaller carnivores like civets and weasels hunted various 
smaller creatures.

The region was teeming with smaller creatures on land and in the air 
and water. Animals that dug burrows and lived underground included 
moles, shrews, bamboo rats, rock squirrels, zokors, porcupines, 
badgers, and hog badgers. Tree squirrels (including nocturnal flying 
squirrels) scampered around in the trees, probably just as common as 

119.  Smith and Xie, Guide to the Mammals of China; Noriyuki Ohtaishi and Yaoting 
Gao, “A Review of the Distribution of All Species of Deer (Tragulidae, Moschidae and 
Cervidae) in China,” Mammalian Review 20.2/3 (1990), 125–44.

120.  Jean-Denis Vigne et al., “Earliest ‘Domestic’ Cats in China Identified as 
Leopard Cat (Prionailurus bengalensis),” PLOS ONE 11.1 (2016), e0147295.

121.  Apparently there are still leopards in Shaanxi: Andrew P. Jacobson et al., 
“Leopard (Panthera pardus) Status, Distribution, and the Research Efforts across its 
Range,” PeerJ 4 (2016), e1974.

122.  Smith and Xie, Guide to the Mammals of China, 402.
123.  Edward H. Schafer, “Brief Note: The Chinese Dhole,” Asia Major 4.1 (1991), 1–6.
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they still are in the forests of eastern North America. And the forests 
and grasslands were home to a variety of toads, frogs, gekkos, lizards, 
and snakes.124

The Qinling is home to an enormous diversity of birds; the field 
guide to the region lists almost five hundred species, including 
endemic laughingthrushes, parrotbills, and yuhinas, and a variety of 
thrushes and pheasants.125 We can be sure that many of these would 
have lived in the lowlands before they all became farmland. Birds 
have survived the spread of humans better than terrestrial animals 
because they can fly and thus do not suffer as much from habitat 
fragmentation as terrestrial animals do, but they are not particularly 
diverse in agricultural landscapes. In my experience, Eurasian tree 
sparrows are now the most commons birds in the Guanzhong Plain. 
Other common birds include various magpies, common swifts, light-
vented and brown bulbuls, blackbirds, doves, white wagtails, and 
various swallows. Common species in the surrounding mountains 
and poplar plantations in the plain include common pheasants, 
collared finchbills, vinous-throated parrotbills, and scimitar babblers, 
as well as various tits, woodpeckers, redstarts, and warblers. Brown 
dippers and plumbeous water redstarts frequent mountain streams. 
It is hoped that zooarchaeologists will begin to use screens and pay 
attention to small bones, allowing us to compare modern and ancient 
bird distributions.

Having spent several years in Xi’an and Lanzhou, I am quite 
struck by the descriptions of birds in the region written by European 
naturalists over a century ago, which provide important data for 
reconstructing the native flora and fauna of these regions. They often 
describe birds that are now rare or absent. For example, Sowerby noted 
that black kites (medium-sized raptors) were very common in the 
region.126 This will not be surprising to people who have seen them in 
swarms around urban areas in India and Japan, but they seem to have 

124.  More specifically, species of the region include Asiatic toad (Bufo gargarizans), 
Japanese tree frog (Dryophytes japonicus), Peking gecko (Gekko swinhonis), Szechwan 
japalure (Diploderma flaviceps), China grass lizard (Takydromus septentrionalis), skink 
(Plestiodon sp.), racerunner (Eremias sp.), red-banded snake (Lycodon rufozonatus), 
slender racer (Orientocoluber spinalis), rat snakes (Elaphe sp.), and pit viper 
(Gloydius sp.).

125.  Yu Shaoping于曉平 and Li Jinggang 李金鋼, Qinling niaolei yewai shixi shouce 秦
嶺鳥類野外實習手冊 (Beijing: Kexue, 2015).

126.  Shen-kan has useful information on birds since Sowerby grew up in Shanxi and 
knew the birds well. Robert Sterling Clark and Arthur de Carle Sowerby, Through Shen-
Kan: The Account of the Clark Expedition in North China 1908–9 (London: T. Fisher Unwin, 
1912), 96–108 and pl. 23.
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disappeared from North China. In his description of the Guanzhong in 
1872 after it had been depopulated by the recent war, Armand David 
listed various kinds of birds as common which are now rare or absent.127 
Larger and more edible birds have suffered from overhunting and 
habitat loss, while crows and birds of prey have been decimated by 
pesticides and rodent poison. We can be sure that they were common 
in early China.

The wetlands and rivers of the region had their own fauna. Very few 
of the rivers in the area still have natural vegetation, but in a poplar-
planted stream south of Xi’an I saw mallards, mandarin ducks, common 
kingfishers, little egrets, night herons, and green sandpipers, remnants of 
a larger variety of birds that must have once inhabited the region’s rivers 
and seasonal wetlands. Armand David saw ducks, swans, geese, and 
herons.128 A burial pit accompanying the first Qin emperor’s mausoleum 
and assumed to represent a pleasure garden contained bronze swans, 
cranes, and geese.129 The Guanzhong’s wetlands were also home to both 
hard and soft shelled turtles.130 There were a variety of amphibians, 
such as frogs, toads, and salamanders in the waters.131 Until recently the 
Qinling’s waterways were home to the world’s largest amphibian, the 
Chinese giant salamander, which grows up to 2 m in length and 50 kg in 
weight.132 These giants once lived in the lowlands, and may well have 
inhabited the Guanzhong’s wetlands. Freshwater mussels and snails are 

127.  Birds that he listed as common include rooks, jackdaws and other crows, black 
kites, golden eagles, great bustards, black storks, and common cranes. He also saw 
white-tailed eagles, spotted eagles, Saker falcons, and little owls. David, Journal de mon 
troisième voyage, 110–18, 141–52.

128.  David, Journal de mon troisième voyage, 110–18, 141–52.
129.  Shaanxi sheng kaogu yanjiusuo and Qin Shihuang bingmayong bowuguan, 

Qin Shihuangdi lingyuan kaogu baogao 秦始皇帝陵園考古報告 (2001–2003) (Beijing: 
Wenwu, 2007), 161–73. Based on painted colors that are not clear in the published 
images, the report identifies the cranes as red-crowned cranes (Grus japonensis) and the 
geese as swan geese (Anser cygnoides).

130.  Chinese soft-shelled turtle (Pelodiscus sinensis) and Reeves’ turtle (Mauremys 
reevesii). Li Liu, The Chinese Neolithic: Trajectories to Early States (Cambridge: Cambridge 
University Press, 2004), 67; Li Zhipeng 李志鵬, “Yinxu dongwu yicun yanjiu” 殷墟動
物遺存研究 (PhD diss., Graduate School, CASS, 2009), 12; Zhongguo shehuikexueyuan 
kaogu yanjiusuo, Zhangjiapo Xi Zhou mudi 張家坡西周墓地 (Beijing: Dabaike quanshu, 
1999), 450; Clifford H. Pope, The Reptiles of China: Turtles, Crocodilians, Snakes, Lizards 
(New York: The American Museum of Natural History, 1935), 47.

131.  Species include Chinese brown frog (Rana chensinensis), dark-spotted frog 
(Pelophylax nigromaculatus), ornate chorus frog (Microhyla fissipes), and boreal digging 
frog (Kaloula borealis). Zhao and Adler, Herpetology of China.

132.  Samuel T. Turvey et al., “Imminent Extinction in the Wild of the World’s 
Largest Amphibian,” Current Biology 28.10 (2018), R592–94.
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common at Neolithic sites. River otters hunted many of these aquatic 
creatures, as well as fish.

Neolithic people often painted fish on their ceramics and employed 
fishhooks and net weights, so we know that they were abundant, 
but fish bones do not preserve well in the soils of the Guanzhong, 
and zooarchaeologists are unlikely to find their bones without using 
screens. The few fish that have been identified are catfish (Silurus sp.), 
common carp (Cyprinus carpio) and a species of small carp (Varicorhinus 
macrolepis). Zhou-era poems often mention fish,133 and a poem inscribed 
on a stone boulder by Qin nobles in the mid-first millennium b.c.e. 
depicts the Qian River, which flows into the Wei River near modern 
Baoji:134

The Qian flows amply.

Magnificent is that miry abyss.

The mud-fish and carp inhabit it,

And the noblemen fish it.

In the shallows are small fish;

Their swimming is in schools.

The white fish shimmer;

Their abundance is most rare.

Yellow and white are the bream.

There are fang-bream, there are bai-culter.

Their silhouettes are ever so numerous …

What are its fishes?

They are tench, they are carp.

With what should we wrap them?

Let it be the poplar and willow.

133.  E.g., Odes 170 “Yu li” 魚麗, 226 “Cai lu” 采綠 and 281 “Qian” 潛. Bernhard 
Karlgren, The Book of Odes (Stockholm: Museum of Far Eastern Antiquities, 1950), 114, 
179, 246.

134.  Gilbert L. Mattos, The Stone Drums of Ch’in (Nettetal: Steyler Verlag, 1988), 
167–97. It is impossible to know what kinds of fish are referred to here.
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This image of a small river teeming with fish is difficult to imagine in 
the area today.

While the above description focused on animals that were once native 
to the Guanzhong, it is also worth considering the fauna that lived to 
the north and south of the region and may have occasionally wandered 
into it. To the north, the drier Loess Plateau was inhabited by wild 
horses, aurochs, and Mongolian gazelle, most of which were eventually 
displaced by domesticated animals. This region is still home to a variety 
of reptiles, amphibians, and mammals adapted to aridity.135

The Qinling is considered the division between north and south 
China, and there are numerous species of flora and fauna that range 
across south China as far north as the Qinling. From the animal 
kingdom, these include clouded leopard, tufted deer, Reeves’ muntjac, 
Malayan porcupine, Chinese pangolin, and both small and large 
Indian civets. While most of the Qinling’s animals are often mistakenly 
considered to be mountain animals, often they simply have no other 
habitat left. Some do, however, specialize in mountains, most famously 
the giant panda and golden snub-nosed monkeys, but also including 
the 250–600 kg golden takin, which look like a cross between a muskox 
and a sheep, and the Chinese serow (85–140 kg) and goral (20–40 kg), 
both of which vaguely resemble North American mountain goats.136

Conclusion

I have listed so many types of plants and animals not only to give read-
ers a more specific sense of the region’s ecosystems, but also to illustrate 
the region’s biodiversity. It was, after all, the Yellow River Valley’s fer-
tility and diversity that made it a center of civilization. Its wide variety 
of plants and animals gave people a lot of opportunity to experiment 
with cultivating or domesticating them.137 While Paleolithic peoples had 

135.  Some of the more common of these are wall lizards (Eremias sp.), Amur rat 
snake (Elaphe anomala), toadhead agama (Phrynocephalus sp.), Mongolian toad 
(Pseudepidalea raddei), Daurian pika (Ochotona dauurica), beech marten (Martes foina), 
marbled polecat (Vormela peregusna), and wildcat (Felis silvestris).

136.  Their scientific names are Budorcas bedfordi, Capricornis milneedwardsii and 
Naemorhedus griseus; Jose R. Castelle, Bovids of the World: Antelopes, Gazelles, Cattle, 
Goats, Sheep, and Relatives (Princeton: Princeton University Press, 2016).

137.  Hui-lin Li, “Domestication of Plants in China: Ecogeographical 
Considerations,” in The Origins of Chinese Civilization, ed. David N. Keightley (Berkeley: 
University of California Press, 1983), 21–63; For a clear explanation of why the flora 
and fauna of certain regions of Eurasia were more suitable for domestication than 
those elsewhere, see Jared Diamond, Guns, Germs, and Steel: The Fates of Human Societies 
(New York: W.W. Norton & Company, 1999).

THE BIRDS AND BEASTS WERE MANY 243

https://doi.org/10.1017/eac.2020.10 Published online by Cambridge University Press

https://doi.org/10.1017/eac.2020.10


exploited a wide variety of life forms, some of their descendants came to 
cultivate a few of them to produce food regularly and in larger quanti-
ties, increasing food supplies while reducing risk.

Broomcorn and foxtail millet, two of the hundreds of species of grass 
in North China, proved to be easily adapted to cultivation, and became 
key grain crops. Soybeans were another weedy species that people 
eventually cultivated. Hemp, another plant adapted to colonizing waste 
spaces, was cultivated for its seeds and fibers. Mulberries not only had 
delicious fruits, but their leaves made good food for a type of caterpillar 
whose silk cocoons could be used to make textiles. Trees with tasty 
fruits like apricots, peaches, plums, cherries, and pears were gradually 
selected for bigger fruits, and chestnuts and hazelnuts for their nuts. 
The jujube’s small fruits could be dried for the winter, and its thorns 
made it useful as a hedge. Farmers discovered that brassicas (radishes, 
turnips, and other leafy varieties), alliums (chives, onions, etc.), melon, 
mallow, Lamb’s quarters, smartweed, and other local plants adapted 
well to cultivation.

The same goes with animals. Both dogs and pigs are intelligent 
gregarious animals that wander in search of food and discovered that 
human communities produced plenty of edible leftovers. People, in 
turn, discovered that these animals were useful for protection, catching 
pests, food, etc., and gradually began to incorporate them into their 
communities. And as human settlements spread, they attracted a variety 
of life forms, such as fleas, rats, mice, and sparrows, which became part 
of the human ecosystem.

Of all the region’s animals, it was humans that were the real 
surprise, going from one of the many animals in the region, to the 
one that transformed the entire region into a landscape that produced 
for themselves. If we trace our 600-million-year history through the 
evolution of guts, spinal cords, jaws, eyes, limbs, fur, placentas, and 
milk, it becomes clear that our bodies are mostly the same as those of 
other mammals. The traits that distinguish us from other apes, namely 
our bipedalism, large brains relative to body size, and speech, are very 
recent developments. The latter two allowed for the development of 
culture and a much greater variety and complexity of social organization 
than can be found in any other species. The ability to develop biological, 
mechanical, and organizational technologies, has allowed humans to 
reorganize our environments to produce for us, eliminating most of 
the plants and animals that were once found in them. Nonetheless, the 
preceding discussion should have made it clear that Neolithic humans 
were surrounded by a variety of other animals and that our dominance 
is a very recent development.
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禽獸衆：先秦時期關中盆地的生態與氣候

 蘭德

提要

本文總結了我們至今對陝西關中盆地（周、秦、漢及唐朝的首都地區）

的地形、氣候、動植物的知識。人類已經如此徹底地改變了華北地區，

以致於很難想像此處以前曾經充滿了野生動植物。許多關於商周時期的

英文研究成果關注都市地區上層貴族的文本和思想，這使人們很容易忘

記那時候大多數人是農民，生活在滿是野生動植物的環境中，而且許多

地方根本沒有人類。各個學科的研究者已經獲得了大量有關中國古代環

境的新信息，使得比以往更準確地重建氣候和生態成為可能。過去很多

學者認為古代華北地區是亞熱帶氣候，但本研究表明，新石器和青銅器

時代中國的氣候僅比現在略温暖和濕潤。另外，對該地區的自然植物

群，尤其是動物群，我們有比以前更好的認識。種種證據表明，公元

前第一個千年期是人口快速增長的時期，在此期間，農業社會不同程

度地摧毁了華北低窪地區的自然生態系統。只有弄清楚人類將其轉變

為農田之前華北地區環境的面貌，我們才能重構這一時期發生的顯著

環境變化。
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