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<a>Abstract<a>

The Upper Paleolithic (UP) of North China has the richest archaeological
data and longest history of research in the Paleolithic archaeology of
China, but there is a relative lack of systematic studies addressing human
adaptations. This paper explores the spatial and temporal variability
of human adaptations in terms of mobility, the key variable in the adaptive
systems of hunter-gatherers. We find that before the UP, little adaptive
differentiation is shown in the archaeological record of North China.
The early Upper Paleolithic (EUP) is distinguished by four distinctive
modes of mobility and subsistence organized roughly along lines of habitat
variation. These modes persisted in the Late Upper Paleolithic (LUP),
underlying the widespread prevalence of microblade technology throughout
North China. This pattern significantly influenced adaptive changes
during the transition from the terminal Pleistocene to early Holocene.

Earliest food production emerged in hilly flank habitats where EUP



mobility decreased quickly and social organization was more complex. This

retrospective view of UP adaptations highlights the important role that

prior conditions played at the evolutionary crossroads of prehistoric

North China.

<a>Keywords<a>

Upper Paleolithic; North China; Adaptation; Lithic Technology; Mobility



<a>Introduction<a>

The Upper Paleolithic (UP) was a watershed in human evolution, a time

when genetically modern humans colonized all continents except the

Antarctic and adapted to diverse habitats from plateaus to coasts. At

the same time, the UP also foreshadows the end of the era of

foraging-dominated lifeways, and the cultural trajectory of the Holocene

was certainly influenced by the prior state of UP cultural processes.

The expansion of archaeological research in North China in recent decades,

including new chronological sequences, paleo-environmental data, and

especially lithic artifacts and modes of their analysis, offers a new

opportunity to examine the Upper Paleolithic in fresh perspective.

Research design and results for Upper Paleolithic in China have been

influenced by contingencies of discovery as well as changing research

objectives that have influenced the state of our knowledge today. For

many years, UP studies in North China were dominated by a paradigm of

lithic techno-typology that was used to reconstruct a cultural-historical

framework at a regional scale (Qiu et al. 2013). More recently, studies

have begun to pay attention to topics such as “behavioral modernity” (Gao

et al. 2010; Gao 2014; Li et al. 2014; Norton and Jin 2009) and cultural

exchanges between the west and the east sides of Eurasian continent (Hou

2005; Huang et al. 2009) . The theme of adaptation has been only marginally

addressed in several studies (e.g., Gao and Pei 2006; Madsen et al. 2007),



thus not much is known about adaptive strategies and tactics of UP foragers

of North China. In addition to constraints imposed by paradigms, our

knowledge is also limited by variable preservation and the conditions

of the archaeological record. The social turmoil of the past century in

China has also profoundly influenced the quality of fieldwork, methods

used, and ability to report and publish archaeological research.

Consequently, it is largely impractical to make detailed quantitative

comparisons of individual artifact assemblages. Yet it is still within

our power to provide a large-scale, holistic view of available materials

for the benefit of researchers interested in this archaeological record,

and attempt to frame research questions regarding its significance. In

this review, we will discuss the current state of our knowledge about

the UP in North China, including a summary of major UP archaeological

discoveries andmaterials. Wewill alsobriefly examine the prior evidence

from the pre-Upper Paleolithic and emerging information about the Early

Upper Paleolithic. This information will be synthesized to identify

patterning indicative of adaptive changes of the UP to evaluate the major,

yet variable, adaptive transformations that announce the onset of Early

Holocene food production.

<a>Upper Paleolithic foraging: an adaptive perspective<a>

Adaptation for modern humans involves problem-solving using physical and



cultural strategies. The mechanism of culture, an extrasomatic means of

adaptation (Binford 1962), has predominated since the late Pleistocene.

Human cultures are characterized by time-transgressive accumulation and

inter-generational transmission (Tomasello 1999), thus human adaptation

is the outcome of past processes that condition for a repertory of

alternative responses, and the ways that repertory is deployed to meet

emerging challenges. For our topic, we need to consider both aspects:

the long-term process in human adaptation that forms the backdrop of

conditions for events we wish to study, and dynamic problem-solving

tactics that are used to meet present challenges. The former involves

cultural sequences derived from the archaeological record of past human

adaptation. The latter is related to hunter-gatherer ethnographies, which

provide crucial reference information for hypothesis creation.

With the exception of foraging societies adjacent to exceptionally

resource-rich environments (for example the densely populated and

sedentized foraging cultures of the Pacific Northwest Coast in North

America), hunter-gatherers like those of Pleistocene North China faced

with changing ratios of consumers to resources (from increasing local

population densities, climate or environmental change, and so forth),

can offset resource stress with adaptive strategies like increasing

mobility, broadening diet spectrum, storage, exchange, sharing, and

intensifying key resources (e.g., Bettinger 1991; Kelly 1995, Binford



2001) . Among these strategies, mobility plays a critical role. Mobility

offers not only the resources needed for food and technology, but is also

critical to vital information about local conditions generally (e.g.,

climate, enviornment, potential mates, allies, trading relationships,

etc. [Binford 1983; Yu 2015]) . As hunter-gatherer mobility is diminished,

so is the feasibility of making a living exclusively from wild resources.

The significance of mobile foraging to hunter-gatherers is analogous to

food production among traditional farmers and market economy to modern

societies: it is a key causal variable that influences settlement patterns,

social organization, and even ideology. Further, mobility can be assessed

using archaeological indicators (e.g., lithic materials and site

structure and distribution), as compared to paleo-demographics or even

climate change.

Of the materials that are used to study UP adaptations, human remains

are no doubt the most direct in that they can reveal diet, health condition,

strength, life expectancy and other proxies that are relevant to human

adaptation. However, human remains from this period are still very rare,

especially in North China. Sometimes other biological materials such as

faunal and floral remains can reflect ecological conditions and food

sources. Nevertheless, these species must be firmly associated with human

activities, which is rare at the archaeological sites of North China.

For example, 77 faunal species found in the Gulongshan site were all



attributed to human hunting, although only several somewhat ambiguous

stone tools have been uncovered (Zhou et al. 1990). It is likely that

humans were only one of several formational agents for these large

deposits of animal bones.

Fortunately, there is a large body of lithic material accessible to

Paleolithic archaeologists, not only durable but highly variable. These

lithics preserve different orders of temporality in their acquisition,

manufacture and discard (Gamble 1999: 125) . They are not only typological,

but simultaneously conceptual, technical and economic (Perleés 1992: 224).

Experts on lithic analysis have developed conceptual frameworks (e.g.,

Bleed 1987; Hayden et al. 1996) and many exemplary studies on large-scale

phenomena like global microlithization (Elston and Kuhn 2002). These

works help to incorporate lithic technologies withmobility. In addition,

organic residues on stone tools may also provide extra information about

the resources which these tools were used to process. Related work has

begun with UP materials from North China (Guan et al. 2012). Sometimes

lithic materials are found in situ with other artifacts such as organic

tools, ornaments, and hearths. These objects constitute spatial patterns

in site organization, which may indicate the organization of mobility.

Binford’s model (1980) for foragers versus collectors presents a useful

framework for explaining the spatial patterns of North China’s UP

materials, andmore significantly, could partly explain post-Pleistocene



adaptive frameworks along a continuum of persistence of hunting and

gathering to the initiation of food production.

Using an evolutionary perspective, Clark (1969) devised a rough

five-mode summarization of lithic technologies over the world. Shea’s

updated lithic categories (2013) presents a new nine-mode scheme, more

logically rigorous albeit at the expense of simplicity and the

evolutionary perspective. He notes that the appearance of a new technology

does not necessarily replace the prior one, but rather may add more

technological resiliency in solving problems. With these considerations

in mind, we will see a prominent feature in the evolution of lithic

technology: that is, the growing prevalence of UP blade and microblade

technologies (in the paper it means pressure-flaked microblade) trends

toward increased portability and maintainability of stone tools.

Composite tools with stone insets are evidently useful in increasing

mobility of foragers (Goebel 2002). Global microlithization in the later

Paleolithic could also represent this trend (Elston and Kuhn 2002).

Interestingly, lithic technologies of the Neolithic period are precisely

reversed from UP lithics, in that durability of tools in sedentary

situations becomes more important than portability. This was coincident

with the transition from hunting-gathering to food production, to be

discussed in detail later in this paper.

To date, certain patterns in UP adaptations are commonly held among



archaeologists although they also acknowledge wide variations in

different regions. One noteworthy consensus is the emphasis on big-game

(e.g., herbivore) hunting. In an evolutionary sense, this represents a

long-term tendency toward energy maximizing; that is, obtaining as much

energy as possible in the shortest time duration through use of technology

and other means. Big-game hunting not only brings large packages of highly

ranked foods, but also can help able individuals acquire mates or prestige

through the mechanism of costly signalling (Grimstead 2010). The ability

to hunt large-body-sized game through the use of sophisticated technology

and logistically organized groups is more relevant to fully modern humans

(Binford 1988). Globally, this behavior appears to ebb and flow in the

UP; the archaeological record of Italy, for instance, suggests that human

hunters intensitified hunting returns by preying on slow growing animals

(e.g., turtle) and agile small animals (e.g., hare), probably as a

density-dependent response of intensification (Stineretal. 1999, 2000).

With the wide-spread extinctions of big game species at the end of the

Pleistocene, human hunters had to change their food preferences, with

attendant changes in the hunting toolkit.

In sum, we assert that lithic variability is closely related to

mobility of human foragers. Both the weight and functional effectiveness

of stone tools are variables that cannot be overlooked in the process

of mobile foraging, which in turn influences lithic form and function.



Lithics therefore can reflect adaptive characteristics, and help to

identify patterning indicative of adaptive change. By examining lithics,

site organization, and faunal remains at a regional scale as in North

China, we can explore the UP adaptations of hunter-gatherers from a

mobility perspective.

<a>Setting the stage: Adaptations before the UP<a>

<b>An ambiguous Middle Paleolithic<b>

As a foundation to North China’s UP adaptations we first address the basic

characteristics of their antecedents -- although these can be hard to

pin down due to uncertain dates and geological contexts. The validity

of the ‘Middle Paleolithic’ in North China has been repeatedly questioned

(Gao 1999; Gao and Norton 2002; Norton et al. 2009), with increasing

justification, in our view. One example of this ambiguity is the Middle

Paleolithic site of Xujiayao (Jia et al. 1979), whose distinctive lithic

assemblage includes thumbnail-shaped scrapers, end scrapers, notched

scrapers, proto-prismatic cores, and a large number of spheroids. The

Xujiayao toolkit may also include antler tools, as cut and saw marks were

found on some antler stems. These characteristics are also common to the

UP, e.g., Ulan Moron (Wang Z. et al. 2012). Xujiayao dates vary, with

associlated faunal remains used to derive an estimate between 60kya and

30 kya but subsequent U-series dating to as early as 120 - 100 kya (Chen

1988; Chen et al. 1982, 1984). Finally, a subsequent date indicates an

10



age of only 50 kya (Norton and Gao 2008). Interestingly, associated

hominid fossils exhibit primitive anatomical traits comparable to Archaic

Homo (H. erectus) (Wu 1980).

A recent Middle Paleolithic discovery in Lingjing (Li 2007, 2010; Li

and Dong 2007) revealed a rich assemblage of lithic artifacts and faunal

bone specimens as well as plausible bone tools exhibiting use microwear

(Li and Shen 2010), but the only date at Lingjing comes from the faunal

assemblage (which resembles that of the Xiujiayao site). A

better-documented site at Zhijidong cave has two cultural components:

earlier layers (8, 9) characterized by a chopper and chopping tool

industry; and upper layers (1 to 7) radiocarbon dated between 50 and 40

kya that are dominated by a small flake tool industry manufactured from

quartz and flint (Zhang and Liu 2003; Wang 2008).

Similarly, recent excavations at Ulan Moron in Inner Mongolia

uncovered a lithic assemblage of small flake tools dated from 70 kya to

30 kya using OSL and radiocarbon methods (Wang Z. et al. 2012). The

researchers regard this site as a new manifestation of the Middle

Paleolithic in North China, but some of the lithic artifacts show

intentional basal retouch similar to that used for hafting. In sum, the

so-called Middle Paleolithic sites of Xiujiayao, Lingjing, and Ulan Moron

have certain characteristics generally used to define the UP, and the

dates are not certain. For this reason we feel that the Middle Paleolithic

11



is a problematic concept. However, because the term Early Paleolithic

(sensu Gao and Norton 2002) extends further than the period of this study,

we will use the term pre-Upper Paleolithic (pre-UP) to describe the period

of interest from about 100,000-30,000 years ago.

<b>Describing and explaining pre-UP lithic wvariability<b>

Many Paleolithic studies emphasize spatial and temporal

techno-typological differences as ameans of distinguishing culture areas,

then tracing so-called cultural connections between regions. For several

decades the pre-UP stone tool industry of China has been divided into

two systems: North China and South China (Zhang 1987). The South China

system is characterized by the chopper and chopping tools tradition (Wu

et al. 1989; Wang Y. 1997), with occasional reference to the large flake

cleaver-trihedral point tradition. North China is further divided into

another two sub-systems: the Kehe-Dingcun tradition and the

Zhoukoudian-Shiyu tradition (Jia and Wei 1976). There is also some

reference to the small boat bottom-shaped scraper and burin tradition.

In general, variation in sizes of lithic artifacts is ascribed to regional

differences in vegetation. That is, larger stone tools would be used in

forest environments, whereas smaller ones would be preferred in

grasslands (Wang 2012). This argument implies that large stone tools were

used to cut trees or manufacture other organic tools (e.g., bamboo tools

12



[Pope 1989]).

However, the rapid increase in discoveries of archaeological

materials in recent decades provide detailed results from across wider

expanses. These new discoveries suggest that two so-called industrial

traditions existed concurrently in the same area. In the Luonan basin

of Shaanxi, the cave site Longyadong is dominated by a flake tool industry

consisting of light duty tools and tens of thousands of flakes, but

completely lacks heavy duty tools (Wang et al. 2004; Wang 2008). In

contrast, several hundred open-air sites in the same area are

characterized by an Acheulean-like industry (Wang 2007) consisting of

heavy-duty tool types such as handaxe, pick, cleaver, spheroid and chopper.

This is reminiscent of the relationship between the Clactonian and the

Acheulean in England (Ashton et al. 1994): for years these were regarded

as two traditions, but were then discovered in the same level at a single

site. The European case suggests that, rather than habitat

characteristics like vegetation type, stone tool forms are strongly

conditioned by accessibility and quality of rawmaterials, site function,

and immediate circumstances and technological demands. The case of Luonan

likely invalidates the dualistic classification of lithic industries in

North China.

In rejecting the former scheme we can view extant data in a new light:

in the well-known Zhoukoudian site (Loc.l), stone tools produced from

13



blocky blanks account for 56.8 percent of the tool assemblages at the

early stage, and still comprise 26.1 percent in the late stage (Pei and

Zhang 1985) . Heavy duty tools include varieties of choppers, some of which

could also termed as cleavers, picks or even handaxes. The designations

depend on the taxonomy and the extent of rigor in classification criteria.

Whether the Paleolithic of North China has handaxes or not has long been

subject to debate (Gao 2012; Huang 1987; Lin 1996). About 100,000 years

later than Loc.l, the representative “Middle Paleolithic” site of

Zhoukoudian Loc. 15 (Jia 1984) has a lithic assemblage that is definitely

smaller, but still contains heavy duty tools like spheroids, cleavers

and choppers (Gao 2001).

Another site known for small stone tools is Xujiayao. In the site report,

Jia and Wei (1976) claim two traditions in North China: the Xiujiayao

site represents the smaller tool tradition, and Dingcun site the larger.

Interestingly, three years after the report’s publication, a new

excavations at Xuijiayao revealed a rich array of heavy duty tools

including more than a thousand spheroids (Jia et al. 1979). Meanwhile

at Dingcun, the type site for the large tool tradition, smaller light-duty

tools in fact account for 32.86 percent of assemblages from twenty “Middle

Paleolithic” localities (Wang 2014). Thus evidence from Xiujiayao and

Dingcun also contradict the argument for the so-called two lithic tool

traditions. The lithic products from low-quality gquartz are certainly

14



very small. In contrast, where there are high-quality gravels, as in the

Luonan basin, an experimental study suggests that a set of tool blanks,

large or small, could be obtained with the simple method of throwing

sizeable nodules onto anvils (Chen and Chen 2015). Different tools would

be manufactured according to the forms of blanks and immediate

technological needs.

Lithic tools are task-oriented products designed to solve actual

problems. Raw material, weight, and form directly influence tool

portability, flexibility and efficiency in use. Hunter-gatherers of the

UP would have resembled ethnographically known hunter-gatherers in that

their mobility demands would to some extent condition the features of

stone tools. Highly mobile foragers who are faced with a high degree of

uncertainty and risk would prefer portable, high-quality, flexible tools

rather than weighty heavy-duty tools. Other environmental conditions such

as rugged topography and dense vegetation would also influence the

mobility of hunter-gatherers. Among these factors, subsistence and

resource density are strong conditioners, with hunting-dependent

foragers generally more mobile than those dependent upon plants (Binford

2001) . North China habitats show a general increase in grassland from

south to north, thus the availability of ungulates and the proportion

of hunting in subsistence would also increase. This corresponds with the

lithic industry of abundant scrapers and burins. But North China is also

15



geographically a mosaic, especially in the wooded upper valleys which

have denser vegetation as well as large gravels. Here, heavy duty tools

could therefore be made and used, as shown in Dingcun (Wang et al. 1994;

Wang 2014) and Luonan basin (Wang 2007, 2008; Wang et al. 2004). Thus

we argue that the very mobility of hunter-gatherers would have permitted

movement across ecotones to access a variety of North China habitats,

thus lithic tools are not expected to vary strictly according to

vegetation zone but rather with functional demands and raw material

availability.

Several basic features characterize the pre-UP lithic industries of

North China. Few exotic raw materials have been found; most come from

riverbeds and floodplains near occupation sites. Secondly, both heavy

and light duty stone tools co-exist in the same sites. The relative

proportions largely depend on accessibility of rawmaterials, topography,

vegetation as well as subsistence. Thirdly, stone tools show a wide range

of variation in form. Many scrapers are found in each assemblage, but

they are lack invasive retouch, as seen in Zhoukoudian loc. 15 (Gao 2000,

2001la) . The utilization of raw materials is not economical in that there

are few finely retouched tools (Gao 2001b). According to Binford’s

differentiation between curated and expedient technology (Binford 1980),

these pre-UP industries seem to resemble the latter. The Acheulean-1like

industry of Luonan basin consists of a wide variety of tool types with

16



some seemingly definite forms, but all could be produced quickly in a

very simple manner (Chen and Chen 2015). In a word, pre-UP lithic

industries reflect short-term technological responses to immediate

circumstances. The adaptations represented by these materials are not

indicative of specialization and the organization of residential mobility

is also simple, unlike the complex features seen in the Chinese UP.

<a>The Upper Paleolithic of North China: Discoveries, Dates and Stages<a>

It is important to remember that the concept of the UP of North China

was established using the European model as a frame of reference, with

a beginning date presumed at c. 40 kya (Tang and Gai 1986). In Early

Humankind in China, the classic work on Chinese Paleolithic archaeology

and paleoanthropology published in 1989 (Wu et al. 1989), Salawusu is

described as the earliest UP site in North China. Salawusu typifies the

small tool tradition of North China, inherited from Zhoukoudian Loc.1l

and Loc. 15. Salawusu also exhibits new characteristics including

pressure retouch technology (Huang 1989; Huang and Hou 2003) . However,

recent infrared thermoluminescence dating for the Salawusu site has

yielded a date of no later than 70 kya (Yin and Huang 2004), younger than

a prior thermoluminescence date of 124 - 93 kya (Dong et al. 1998) but

older than the radiocarbon date of 35 kya (Li et al. 1984) and the U-series

date 50 - 37 kya (Yuan et al. 1983).

17



At this time, relatively reliable dates for the early UP of North China

come from Zhoukoudian Upper Cave (Pei 1940; Chenet al. 1989, 1992), Shiyu

(Jia et al. 1972; Yuan et al. 1993), Wangfujing (Li et al. 2000),

Shuidonggou (Jia et al. 1964; Li et al. 2013; Madsen et al. 2001; Morgan

et al. 2014; Nian et al. 2014a; Ningxia Institute of Archaeology and

Cultural Relics 2003; Pei et al. 2012; Penget al. 2012; Wang et al. 2007),

Xiaogushan (Huang and Fu 2009; Zhang et al. 2010), and recently excavated

sites such as Laonainaimiao, Zhaozhuang and Huangdikou (Wang J. et al.

2012; Wang and Wang 2014) (Figure 1) . Of the above, Upper Cave AMS upper

levels date as early as 28 kya, and the date of the lowest component is

34 kya, believed to be more consistent with the faunal assemblage (Chen

et al. 1992). Another important UP site, Shiyu, excavated in the 1970s,

was dated by AMS to about 32 kya (Yuan 1993), earlier than its conventional

radiocarbon date of ca. 28 kya (IA-CASS 1983) . Similarly, new dating

techniques like OSL (optically stimulated luminescence) used in the

Xiaogushan site has changed the earliest date of its UP layer (layer 2),

from ca. 43 kya (Huang and Fu 2009), to nearly 50 kya (Zhang et al. 2010).

18
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Figure 1. The major UP sites of North China

The Shuidonggou site has a long research history. Its major component

is characterized by blade technology dated to between 29 and 24 kya (Madsen

et al. 2001) . However, new radiocarbon dating on bones found in original

contexts suggests that Shuidonggou is probably older, since blade

technology shows up in the lowest cultural layer (CL7) of Loc. 2, dated

up to 41 kya by AMS and OSL (Chen et al. 2012; Gao et al. 2013; Liu D.

et al. 2009), and Locality 1, dated up to 43 kya (Morgan et al. 2014;

19



Nian et al. 2014a). The blade industry represented at Shuidonggou has

long been an unusual case, with similar remains found only in Ningxia

basin and the Hetao region (the big bend area of Yellow River). New

fieldwork suggests that the Shuidonggou techno-complex, which also

includes Levallois technology and some Mousterian artifact types, extends

eastward along the Mongolian grassland (Wang et al. 2010) and reaches

the Korean Peninsula (Seong 2009) . Moreover, in southwest China, the Dahe

site has also yielded lithic artifacts characteristic of Levallois

technology, thus having Mousterian affinities. The AMS and U-series dates

for Dahe are within the range of 36 - 44 kya (Ji 2007).

According to the techno-typological classification system, UP stone

tool industries of North China have been grouped into two categories:

“small tool tradition” and “small flake tool - blade/microblade

tradition” (Zhang 1987). These categories have also been adopted for the

UP of Korea (Seong 2009) although the categories vary slightly (e.g.,

“small tool tradition”, “blade technology” [Huang 1989], “microblade

technology”, and others [Li 1993]). Following Clark’s five-mode system

of lithic technology (Clark 1969), the North China UP assemblage would

include at least three industry types: flake (Mode III), blade (Mode 1IV),

and microblade (the latter corresponding to Clark’s microliths or Mode

V). According to Shea’s classification scheme, North China’s UP

assemblage includes flake and blade (D) and microblade (D4) categories.

20



However, temporal-spatial relationships among the industries are not

clearly demonstrated by these systems of classification. In general these

industries are thought to be regional wvariants of the UP that were

distributed variably in time. Nevertheless, in the case of Shuidonggou,

blade technology existed in the same area with small flake tools,

interestingly, the latter replaced the former (Chen et al. 2012; Pei et

al. 2012; Li et al. 2013).

The small flake tool industry, the most traditional and prevalent

lithic technology of early UP North China, was gradually replaced by

microblade technology. The latest date for the small flake tool industry

comes from the Xibaimaying site at 18 kya (U-series dating), but this

date should probably be earlier based on other aspects of the site (Xie

and Yu 1989). Other small flake tool industry sites are similar to

Zhoukoudian Upper Cave (originally radiocarbon dated to 18 kya, later

corrected to 28 kya and 34 kya). One typical site of this industry,

Xiaonanhai, has upper strata (layers 2 and 3) dating as early as 11£0.5

kya. However, An (1965) found no difference in lithic materials between

the upper and the lower layers (layer 6, dated about 24 - 19 kya), thus

he grouped them together typologically -- the younger Xiaonanhai lithic

materials may actually have originated in the lower layers. In sum, there

are no reliable data to suggest that the small flake tool industry

persisted until 18kya.
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As far as microblades are concerned, discoveries in Shizitan (Shi and

Song 2010; Shi et al. 2002; Song and Shi 2013; Xie et al. 1989; Yuan et

al. 1998; Zhang 1990), Longwangchan (Yin and Wang 2007; Zhang J. et al.

2011) and Xishi (Wang and Zhang 2011) show that the earliest microblade

technology appeared in the southern part of North China as theoretically

predicted by co-author Chen (Chen 2008) . Three radiocarbon dates at Xishi

cluster around 22 kya, fairly close to the OSL dates (Wang and Zhang 2011) .

One exception is a single earlier radiocarbon date for microblade

technology that comes from Chaisi 77:01 site in Shanxi Province, at 26.4

+ 0.8 kya or earlier than 40kya (Wang et al 1994), but the geological

context is still in debate. The newest fieldwork at Xishahe (Guan,

personal communication), Xiachuan (Du, personal communication) and

Youfang (Nian et al. 2014b) extend the earliest microblade technology

to ca. 27 kya, with some even earlier dates. Nevertheless, most of sites

with microblade technology date later than 22 kya, around the Last Glacier

Maximum (LGM). In other words, the major components of this technology

existed in rudimentary form before the LGM, but became dominant only

afterward. Ultimately the microblade industry overwhelmingly replaced

all variants of early UP industries of North China (Table 1).
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Table 1. Late Pleistocene archaeological sequences and major sites of North China

Time (kya) Stage Major Sites
ca.25-10 Upper Paleolithic Microblade Technology: Chaisi; Dagang;
Late Upper Daxianzhuang; Hutouliang; Jijitan; Lingjing
Paleolithic (LUP) Longwangcan; Shizitan; Tingsijian; Xiachuan;
Xishi; Xueguan

ca. 45/50 - 25 Early Upper Blade Industry: Shuidonggou
Paleolithic (EUP) Small Flake Industry: Laonainaimiao; Liujiacha
Mengjiaquan; Salawusu; Shiyu; Shuidonggou;
Tashuihe; Ulan Moron; Upper Cave; Wangfujing;
Xiaogushan; Xiaonanhai; Xiaokongshan;
Xibaimaying; Xujiacheng; Xujiayao; Zhaozhuang;
Zhijidong

ca. 120 - 45/50 Middle Paleolithic Longyadong; Gezidong; Lingjing; Zhoukoudian
loc.15

References not mentioned in the text

Dagang (Zhang and Li 1996); Jijitan (Xie 1993); Lingjing (microblade technology, see Zhou
1974); Xueguan (Wang et al. 1983); Mengjiaquan (Xie et al. 1991); Taishuihe (Chen 1989);
Xiaokongshan (Wang et al. 1988); Gezidong (Gezidong Field Team 1975)

<a>The Process of UP Adaptations<a>

<b>The Emergence of UP in North China<b>

From the ambiguous Middle Paleolithic record to the distinctive Upper
Paleolithic, North China underwent a revolutionary change - not only in
lithic technologies and forms but in the face of culture itself. A suite
of new characteristics emerged that are comparable to the western regions
of the Eurasian continent (e.g., west Asia and Europe). Together, these
cultural and technological innovations constitute a clear picture of

revolutionary change at the onset of the UP (Table 2).
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Table 2 The Upper Paleolithic innovations of North China against the Western Eurasia (Mellars

2005)

Western Eurasia

North China

Improved (punch-struck) blade and
bladelet technology

General size reduction in stone tools; finer
raw materials; blade technology;

New end-scraper and burin forms

Finely retouched end scraper, thumb-nail
scraper, and burin

Increased “imposed form” in tool
manufacture (appearance of new
“type-fossil” forms)

As shown in end scraper, backed knife and
other formal tools; pressure retouch

Complex, highly shaped bone, antler and
ivory tools

Harpoons of Xiaogushan; bone awls of
Shuidonggou; bone needles of Upper Cave

Appearance of personal ornaments
(perforated teeth, marine shells, shaped
stone, and ivory beads)

Ornaments found in nine sites in North China,
ochre found in Wangfujing, Upper Cave,
Shuidonggou and Lingjing

Appearance of complex and varied art
forms (engravings, sculptures, cave
paintings)

Antler bars of Upper Cave, possible rock
carvings of Shizitan

Appearance of symbolic “notation”
systems

Inscribed bones of Wangfujing and possibly
Shiyu, Shuidonggou

New musical instruments (bird-bone
flutes)

Not found

Long distance distribution and exchange
networks (for marine shells, high quality
stone, etc.)

Finer flint of Shuidonggou (CL2) probably
exotic; seashells of Upper Cave

Improved projectile technology

e.g., “arrowheads” from Shiyu

Rapid changes in technological patterns

Very distinctive from earlier lithic industries

Increased population densities

Larger size of sites; more site complexes

More highly structured occupation sites

more complex site structure, e.g.,
Shuidonggou, Laonainaimiao

Increased “specialization” in some animal
exploitation patterns

e.g., a large number of caprid bones found at
Shiyu

Many, if not most, technological innovations are difficult to discern

in the archaeological record. For instance, UP hunters most likely
employed intensified capture technologies such as traps, nets and poison,
but most elements would have been organic. New DNA analyses and
archaeological evidences suggest that the UP foragers probably hunted

with help of dogs (e.g., Germonpré et al. 2012; Larson et al. 2012) but
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the earliest archaeological evidence of domesticated dogs dates only to

10 kya, found in the incipient Neolithic site of Nanzhuangtou in North

China (Xu et al. 1992). In any case, it is not possible to know the date

of the first use of dogs as hunting partners (versus camp followers).

Another example of UP intensification is the discovery of antler

harpoon points at Xiaogushan, indicating the utilization of aquatic

resources. Fishing diversifies subsistence -- sometimes spectacularly,

as with anadromous fish migrations - and requires sophisticated

multi-component toolkits. Formal bone and antler tools that facilitated

mobility and dispersal in harsh climates appeared in the UP: the bone

awls of Shuidonggou and bone needles of Zhoukoudian Upper Cave were likely

used to make fur or leather clothing for cold Late Pleistocene winters

(Y1 et al. 2013).

Among the many innovations of the UP, the most important aspect of

tool technology is hafted composite tools which are shown in the general

size reduction in stone tools, as well as more likely in the blade

components of Shuidonggou and the finely retouched small tools of Shiyu.

Hafted tools are characterized by reduced time needed for repair and

replacement, as well as more flexibility in dealing with different tasks

such as batch processing of food. Blades and microblades are generally

produced to replace cutting edges or tips of hafted tools. Easily

replaceable cutting tools would help reduce risk in losing time-sensitive
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resources (e.g., meat, fish) that require rapid processing.

Key adaptive features of the UP reflected by lithic technologies of

North China show several tendencies.

(1) UP foragers, particularly in the LUP, made use of extensive

foraging ranges in that they used the lightest microblades to facilitate

tool transport and economical use of high gquality raw materials. This

may relate to resource reduction and fluctuation in the LGM, or/and

reduced access to lithic raw material sources due to population packing

in desirable areas of the landscape (Barton et al. 2007).

(2) UP foragers stressed multi-purpose functions of tools to cope with

uncertainties of foraging a diverse range of resources across an extensive

range of mobility.

(3) They also sought to reduce tool manufacture and repair time by

hafting tools to process seasonal or contingent resources quickly or in

batches. This in turn reduced total handling time.

(4) Durability was less important than portability and flexibility

in the UP toolkit, likely because foragers did not stay long in residential

camps.

In the UP of western Eurasia, the archaeological record indicates a

broad spectrum of prey, including small terrestrial animals like hare

and aquatic resources such as fish and mollusks (Stiner et al. 1999).

A roughly similar intensification sequence is seen from the Early to Late
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UP of North China, where faunal assemblages show a decrease in the average

size of animal prey and increased degree of bone fragmentation. However,

contrary to expectations of expanding diet breadth with resource

intensification, the number of prey species decreases. Evidence of these

tendencies is fairly clear in EUP sites of Shiyu, Zhoukoudian Upper Cave,

and Xiaogushan, which contain abundant faunal remains. Comparatively,

the faunal remains found in LUP sites of Shizitan (Shi and Song 2010;

Shi et al. 2002; Song and Shi 2013; Xie et al. 1989; Yang et al. 1998;

Zhang 1990), Hutouliang (Gai and Wei 1977), and Xiachuan (Wang et al.

1978) are poor and mostly fragmentary. However, site function and

post-depositional processes can also influence the composition and

preservation of faunal assemblages: for instance, animal bones at

Shuidonggou are fragmentary and relatively scarce but eight species of

large animals are represented (Ningxia Institute of Archaeology and

Cultural Relics 2003).

Except for the above comparisons, the UP is generally marked by clear

developments in social organization, information transmission, and

belief systems. With regard to social organization, the UP evolved into

greater maturity in individual identity, self-consciousness and social

exchange networks (Gamble 1999), which are reflected archaeologically

in personal ornaments, exotic artifacts and raw materials, and

regionalized styles of lithic technologies and assemblages. These
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features are seen in North China, including the presence of personal

ornaments at nine sites. Transmission of language in the UP is indicated

by archaeological discoveries of symbolic notation. In this regard North

China does not yet have many discoveries, with the only suggestive

evidence being marked or inscribed animal bones at the sites of Wangfujing

(Li et al. 2000; Feng et al. 2006), Xiaogushan and Shiyu. Inscribed marks

have also been detected microscopically on a stone found at Shuidonggou

(Peng et al. 2012) although their significance is unclear.

Belief systems are indicated archaeologically by various evidence for

art, especially cave painting, rock art, carvings and so on. To date,

Western Europe is home to the most spectacular discoveries, which seem

to reach their apex prior to the termination of the last ice age. To a

large extent, these types of artistic expression seem to be specific to

certain environmental and cultural circumstances (Straus 1995). In North

China, the polished antler bar unearthed in Zhoukoudian Upper Cave (Pei

1940) and rock art found in Shizhitan (Xie et al. 1989) are tantalizing

clues, but the rock art remains undated and we do not know what the antler

bar symbolized.

<b>Adaptive specializations of the Early Upper Paleolithic<b>

So far, archaeologists have not found adequate evidence to confirm that

modern H. sapiens were the sole authors of the Upper Paleolithic

“revolution.” We do know that humans entered new and unfamiliar habitats
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such as the Americas, and regionalization of human adaptations became

more apparent. This process 1s comparable to adaptive radiation among

other species, in that expansion into new habitats conditions for

increasingly diverse characteristics adapted to local demands and

opportunities. In North China, the evolutionary pattern of the Late

Pleistocene/Early Holocene is manifested in four phases: (1)

diversification of adaptations in the EUP; (2) development and widespread

diffusion of microblade technology in the LUP; (3) expansion of human

populations into more marginal habitats throughout the UP; and (4)

initiation of food production in the terminal LUP.

In the EUP, foragers equipped with new technologies had expanded into

unfamiliar habitats that were marginal for humans. For instance, humans

colonized Siberia during this period, reaching the extremely cold zone

of 55°N (Hoffecker 2005). There is an even more extreme northern site,

Yana RHS, at 71°N, dated to 27 kya (Pitulko et al. 2004). In North China,

EUP people moved into marginal environments where resources generally

were scarce, including the western plateaus, desert margins, grasslands

of Inner Mongolia, and boreal coniferous forests of Northeast China. In

Shuidonggou, foragers using blade technologies lived in the ecotone

between grassland and desert, where ostriches persisted. Similar sites

have also been found in the northwestern margin of North China including

Liujiacha (Xie 1982), Xujiacheng (Li et al. 2012) in Gansu. Moreover,
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EUP foragers appear to have reached the fringe of Tibetan Plateau (Madsen

et al. 2006), represented in Xiao Chadam (Huang et al. 1987) and Lenghu

Loc. 1 (Brantingham et al. 2007).

In the UP of North China, hunter-gatherer subsistence was not

homogeneous: in the EUP alone there were at least four subsistence

patterns evidenced at Shuidonggou, Shiyu, Wangfujing and Xiaogushan

(Figure 2, Table 3). This division springs from diverse local habitats

and associated cultural-ecological adaptations, varying site

organization, artifact inventories and faunal assemblages. The first EUP

pattern, the Shuidonggou, demonstrates adaptation to the relatively

marginal environment between forest-grassland and desert, where primary

productivity is low because of aridity (although the paleoenvironment

probably was warmer and wetter than at present [Gao et al. 2008]). The

site organization of Loc. 2 shows a pattern of open-air distribution with

the debris scatters in the northwest (Chen et al. 2012), indicating that

the wind blew from southeast. Shuidonggou site could have been used in

summer when the southeast summer monsoon prevails. In this cold, dry

environment, foragers focused subsistence on terrestrial hunting rather

than gathering. The Shuidonggou lithic assemblage is characterized by

a blade industry indicative of high mobility, and multiple occupations

of this site reveal a pattern of repetitive, ephemeral occupations.
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Figure 2 Four adaptive patterns of North China during the EUP

Apparently Shuidonggou was in a desirable location. Site structure in each
component is basically the same, and a few similar localities in the vicinity
probably represent residential foraging type mobility within a certain

territory, sensu Binford (Binford 2001). Moreover, recent residue analysis
for stone tools from Shuidonggou Loc. 2 is suggestive of a “broad-spectrum

revolution”, as starch grains of wild wheat (Triticeae) have been detected
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on some tools. The damage pattern in samples of plant remains is consistent

with grinding and heating of seed foods (Guan et al. 2012). Foragers coped

with this kind of marginal environment by expanding their range and food

spectrum to cope with scarcity and unpredictability of resources.

Table 3 about here
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Table 3  Four major sites representing adaptive patterns of North China

Shuidonggou Shiyu Wangfujing Xiaogushan
Location 38°21'N; 106°21'E 39°25'N; 112°17'E 39° 55' 26"N; 116°25' 8"E 40°34'53"N; 122°58' 3"E
Altitude 1200m asl. (above sea level) 1230m asl. 50m asl. 150m asl.
Geography Margin of Muus Desert Loess Plateau Hilly flank with plain Low-hilly land of Liaodong
Peninsula

Paleoenvironment

Steppe savanna
Warmer and wetter than the present

Steppe with shrubbery
Colder than the present

Steppe with conifer forest
Colder and drier than the present

Conifer forest
Warmer and wetter than the present

Loc.1, 36200+ 140 (layer 3),

28945+1370 , **C

24240+ 300 (upper layer), **C

33360+ 666 cal. “C; 39982+ 1623

Date (BP) AMS *C; 32220+625, AMS *C 24890+ 350 (lower layer), *C | cal. *C; 40400+3500, TL;
22000-+2000~46000+3000, OSL 31700+ 2400~50100+ 3600, OSL
Loc.2, 34395+ 625 cal. (upper
CL7); 414454213 (lower CL7) cal.,
AMS “C
>10000 lithics; high-quality flint of | 15000 lithics; raw materials 1098 lithics; flint dominated, 12226 lithics; raw materials from
Tool CL2 probably exotic; blade including quartz, quartzite, jasper, | from river bed; small flake local sources; 1 antler harpoon, 3
> assemblage | technology coexistent with flake siliceous limestone, and igneous tools; a generalized assemblage | bone needles; diverse lithic
% tools; 1 bone needle rocks; fine retouch; assemblage including both heavy and
E microblade-technology-like light tool
E Site Loc.2, 11 hearths (CL1-4), open-air | Burnt stones and bones, open air | 6 hearths, open-air site cave site
% organization | site site
% Faunal Loc.2, very fragmentary, mostly 12 species; >5000 teeth, most from | Six species, a forest-steppe 40 species from two layers; forest
= remains from a highly mobile fauna wild horse (MNI=120) and onager | fauna including bos, deer, species dominated
including wild horse, wild ass, and (MNI1=88, and other 400 milk teeth) | ostrich, hare, fish, peasant;
gazelle

Notes:

Shuidonggou: loc. 2 site report (Chen et al. 2012); loc.1 AMS date (Peng et al. 2012); OSL date (Nian et al. 2014); loc. 2 dates (Liu et al. 2009); paleoenvironment (Gao et al. 2008). CL.:




cultural layer
Shiyu: site report and paleoenvironment (Jia et al. 1972); the upper layer date (IA-CASS 1983); the lower layer date (Yuan 1993).
Wangfujing: site report and dates (Li et al. 2000); Lithic analysis (Feng et al. 2006); paleoenvironment (Mo et al. 2000).

Xiaogushan: site report, paleoenvironment and dates (Huang and Fu 2009; Zhang et al. 2010), all the dates from layer 2. TL: thermal luminescence



The second subsistence pattern, termed the Shiyu, corresponds to a habitat

with higher primary productivity: the forest-grassland zone. Terrestrial

game and wild plant food resources were more accessible than at

Shuidonggou. A more diverse lithic assemblage includes arrowheads and

exquisitely retouched scrapers. The rich faunal assemblage consists of

nine herbivore mammal species and three others (two carnivores and one

rodent), but is dominated by horse (Equus przewalskii Poliakov) and

Mongolian ass or onager (Equus hemionus Pallas), with an MNI of 120 and

88 individuals respectively (Jiaetal. 1972). Asimilar faunal assemblage

at Salawusu has more than 300 antelope horns representative of at least

150 individuals (Huang and Hou 2003). Both assemblages indicate that

hunting grassland animals was a major subsistence activity. The brief

report for Salawusu mentions an ash layer about 2.5 cm of maximum depth

along with a large number of stone artifacts and faunal remains, and some

burned stones in a cultural layer at 0.9 - 1.5 m depth. These

archaeological remains probably resulted from redundant use of the site.

The third pattern, called Wangfujing (Dongfang Plaza), is marked by

the most diverse lithic assemblage and probably longest duration of the

four patterns. This subsistence adaptation was located in the temperate

deciduous forest zone (Mo et al. 2000), where plant food gathering is

expected to be more productive than the former two pattern areas.

Generalized foraging was more favored, and is reflected in remains found
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at sites such as Wangfujing, Upper Cave, Laonainaimiao and Xiaonanhai.

These EUP faunal assemblages are more diverse than those of Shiyu and

Salawusu, where one or two species predominate. Furthermore, intense

fieldwork in Henan Province in the past decade suggests some

differentiation of sites (Wang and Wang 2014). For instance,

Laonainaimiao was likely a base camp, where diverse and abundant lithic

and faunal remains have been revealed around hearths, up to ten in Layer

3B and six in Layer 3F (Wang 2012). Zhaozhuang was a site specially used

for ritual activities. A skull of wild elephant (genus Palaeoloxodon)

was intentionally surrounded by large purple quartzite rocks that had

been transported from a source five kilometers distant. A nearby site,

Huangdikou, is a location that could have been used temporarily for

butchering or other activities, as only one hundred artifacts were found

in excavations (Wang et al. 2009). The mobility of foragers in the

Wangfujing adaptive pattern seems to be lower than the Shuidonggou and

Shiyu.

The fourth EUP subsistence pattern, Xiaogushan, corresponds with a

colder, more humid forest environment (Huang and Fu 2009). Aquatic

resources are prominent, unlike other UP sites. Fishing tools including

harpoons have been found in Xiaogushan toolkits. All other things being

equal, subsistence marked by aquatic resources is more stable, which

implicates mobility that is at least seasonally tethered to aquatic

34



resource areas (e.g., rivers, estuaries, etc.) and probably lower overall

(Binford 2001) . Although fishing in the EUP is not comparable with central

place-based foraging of riparian resources for which the earliest

evidence is about 11 kya (e.g., at Angangxi [Chen 2012]), this EUP adaptive

pattern does initiate a new and significant lifeway. The utilization of

aquatic resources eventually became predominant in Northeast China

(ibid.) . The tool assemblage from the Xiaogushan cave site encompasses

both heavy and light-duty tools which were involved with the forest

environment, and with lower foraging mobility.

In sum, from west to east, we show that the subsistence and mobility

of EUP foragers changed from terrestrial hunting-dominated to mixed

hunting and gathering (more hunting in Shiyu), to foraging focused on

aquatic resources. These patterns represent an interesting geographic

spectrum of foraging intensification, predicated on the different

constraints and opportunities offered by the varied habitats of North

China.

<b>Microlithization of the Late Upper Paleolithic<b>

Current evidence suggests that microblade technology first emerged in

North China not long before the LGM, and then may have diffused into North

Asia, the Japanese archipelago, and North America (Elston and Kuhn 2002;

Kuzimin et al. 2007). This technology is appropriate for highly mobile

foraging subsistence in that it produces high-performance tools using
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small quantities of raw material (Goebel 2002). The emergence and

diffusion of microblade technology may have facilitated expansion of

human habitats across ecotones and into marginal environments (Chen 2008),

as well as cold environments (Yi et al. 2013). This is supported by the

persistence of microblade technology in the transitional zone between

Northeast and Southwest China as late as the historical period. Blade

and microblade technologies rank high in the dimensions of portability,

effectiveness (e.g., rate of capture in hunting), maintainability,

flexibility (multi-purpose uses) and durability when compared with other

lithic tool types. Blade andmicroblade manufacture produces standardized

cutting edges that are easily maintained and flexible in many different

tasks. However, these benefits come at the expense of durability, as thin

sharp cutting edges are relatively fragile.

The tools of the LUP indicate that mobile foragers valued certain tool

attributes above durability, a trait arguably more valuable among

sedentary groups. Microblade technology began to prevail throughout North

China in the LUP, in line with a global pattern of UP microlithization.

Technologically, microblade technology is better suited to high-mobility

foraging and ideal for the environmental fluctuations of the LGM. We

assert that North Chinese microlithization represents the climax of

highly mobile, intensified foraging. Microblades likely resulted from

combination between bifacial flaking and prismatic core technologies
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somewhat before the LGM. The dominance of microblade technology from the

LGM verify co-author Chen’s theoretical prediction based on

cultural-ecological conditions around the period and advantages of

microblade technology for mobile foraging (Chen 2008). Other current

research (Barton et al. 2007) indicates that foragers of the LUP

undergoing the harsh conditions of the LGM may have adapted initially

by increasing frequency and distance of mobility, followed by growing

focus around desirable resource areas. This pattern of mobility and

settlement eventually came to span the entire landmass of North China,

with LUP microblade technologies fully replacing more diverse EUP

techno-complexes by 18 kya.

Though microblade technology expanded across habitat boundaries,

there are some interesting regional variations. Two types have been

described, primarily based on core forms (Xie 2000). The first, located

on the Loess Plateau and represented by Xiachuan and Hutouliang sites,

is characterized by wedge-shaped microblade cores that are relatively

large. The other regional variant in the eastern part of North China is

marked by boat-shaped microblade cores that typically produce smaller

microblades (for instance, at the Tingsijian [Li et al. 1992; Wang E.

1997] and Daxianzhuang [Ge and Lin 1985] sites). As with EUP subsistence

patterns, the differentiation in microblade technologies probably

reflects adaptation to localized habitat conditions. Hunting was more
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important in the grasslands of Loess Plateau, where ungulates were

abundant and accessible. Likewise, aquatic resources were more abundant

in the well-watered drainages of eastern North China. Nevertheless, this

division is not simplistic: for example, a new discovery at Shizitan

suggests that the earliest microblade cores were boat-shaped, then

replaced by wedge-shaped cores in upper components (Song and Shi 2013).

Considering that wedge-shaped cores are usually made on bifacial blanks

that were used as multi-purpose tools (Kelly 1988), this versatile

microblade technology reflects an adaptation to higher mobility than

boat-shaped cores. Thus, we propose that LUP foragers in the western part

of North China practiced long-distance, frequent mobility with focus on

key resource areas, and those in the eastern regions were mapping onto

aquatic resources, reducing mobility at least seasonally.

The clear contrast between microblade technology and the polished

stone tools that increase in frequency at the terminal UP indicates that

durability became a desirable attribute in certain tools, even at the

expense of portability, flexibility of use contexts, and ease of

maintenance and repair. Ground or polished stone tools are typically used

for pounding and grinding functions that extend the value of animal foods

(e.g., bone grease processing) and plants (e.g., pounding of nuts,

grinding of fibrous roots and grains): both are indicative of

intensification of wild food resources. Given some assurance of returning
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to a given location, ground stone tools can be left in camp as site

furniture and even handed down through lineages as in ethnographically

documented foragers. Polished stone implicates a new pattern of mobility

at the Terminal UP, where ‘settling in’ to key territories leads to long

term re-occupation of desirable sites.

<a>Discussion: UP Adaptations and the Emergence of Food Production<a>

With regard to the regional variation of North China, we now can see that

there is a difference in the UP foraging mobility in which western groups

depended more on hunting and eastern groups began to utilize aquatic

resources. Although North China was almost entirely microlithized in the

LUP, regional differentiation developed continuously. Interestingly, in

the intermediate regions of the Loess Plateau and the hilly flanks with

extended plains, a significant differentiation occurred that resulted

in emergence of food production in the latter zone. In the zone of the

Loess Plateau, foragers maintained high mobility which is reflected in

the dominance of microblade technology, as we see at the sites of Shizitan

and Xiachuan. In contrast, the hilly flank zone is characterized by the

decline of microblade technology and new patterns of site organization,

artifact inventories, and faunal assemblages. These features are

fundamentally different from highly mobile foraging of the LUP, as shown

in the sites such as Lijiagou (Wang et al. 2011; Zhang S. et al. 2011),

Donghulin (Zhao 2006), Zhuannian (Li et al. 1998), Ma’anshan (Xie et al.
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2006) and Nanzhuangtou (Li et al. 2010). These discoveries suggest that

foragers in the hilly flank/extended plain zone preferred a collector

strategy. Consequently, they would need durable tools and facilities,

which were worth the investment only when people lived long enough in

base camps and/or returned often. Thus, foragers would become more

familiar with, and dependent upon, resources around their base camps.

This series of responses built the foundations of the origin of food

production.

We here propose that foragers living on North China’s hilly flanks

and river basins first experimented with food production, with the

earliest plant crops mostly centered on millets (Setaria italica and

Panicum miliaceum). Food production quickly spread in this region,

growing in sophistication andutility. Microblade technology practically

disappeared in eastern North China during the early Holocene: only a few

microblades have been found in early Neolithic sites such as Cishan (Sun

et al. 1981) and Jiahu (Zhang 1999) . Once established, the early Neolithic

food-producing economies became adopted throughout most of western North

China (Bettinger et al. 2007; IA-CASS 2010) and the Yanshan-Great Wall

transitional zone (Chen 2011), both of which are marginal environments

for food production. Several early Neolithic cultures such as Cishan,

Peiligang, Houli, and Laoguantai flourished in the hilly flank and plain

region (Liu X. et al. 2009), which was also the nuclear region of Chinese
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civilization.

However, not all habitats are equally conducive to food production.

Mobile foraging persisted in cold, arid grassland habitats like the Loess

Plateau in western North China as late as the middle Holocene. In fact,

microblade technology was still used until the historical period in

northeast and southwest China and Tibetan Plateau, where nomadic

pastoralismevolved. Variation in the pace of the food production in North

China is subject to increasing efforts at explanation; for instance, a

recent analysis of the Dadiwan area (Bettinger et al. 2007) asserts that

the apparent variation in adoption of agriculture is due to a) the overall

adaptive advantage of agriculture for feeding large, sedentized

populations; b) the lack of local archaeological evidence for foraging

predecessors; and c) stipulated social conventions of foraging groups

against the establishment of territories, the holding of private plots

and the hoarding of food (ibid.). Social conventions are cited to explain

why areas already populated by foragers would be slower to develop

intensive wild plant use (and later, domesticated crops). In landscapes

presumed to be vacant (due to the lack of pre-Neolithic evidence) there

would have been few barriers to colonization by intensified plant users

already pre-disposed to agriculture.

This argument, while provocative, 1s not conclusive. Absence of

archaeological evidence for highly mobile foragers in the harsh
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environments of Late Pleistocene North China does not equal evidence for

absence. Further, the ethnographic literature is full of information

about foraging groups who establish and maintain territories, hold

exclusive rights of use to resource and resource areas, and store food

for private and family use. This is more common in areas where resources

are seasonally abundant, can be procured and processed in bulk, and

environmental conditions favor storage (Binford 2001). In addition, the

‘social convention’ scenario does not address the probability that

dis-incentives to food production (clearly described by foragers

themselves [Binford 1983; Kelly 1995; Yu 1997]) might vary the pace and

process of agricultural spread. Opportunity costs to foragers include,

among other things, the loss of mobility. As mentioned above, this reduces

or eliminates access to highly ranked wild resources (Yu 2015) and more

importantly, information about local resources and social conditions

(Binford 2001).

Recently, the costs andbenefits of food production to foraging peoples,

and predictive models for variability in agricultural spread (such as

vegeculture or proto-domestication) have been productively explored

using human behavioral ecology approaches (e.g., Winterhalder and Golan

1997, Winterhalder and Kennett 2006) . The onset of the Neolithic in North

China was certainly multi-factorial, but we argue that much of the

variability can be explained by pre-existing adaptive patterns of the
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UP. For example, the higher mobility of foragers in the western part of

North China did not condition for the same adaptive changes (e.g., plant

based intensification) as in the hilly flank region. Decreasing mobility

and variation in the organization of mobility are reflected in lithic

technologies, site structures, and settlement patterns. Unlike

prehistoric social conventions, these data have the advantage of being

recoverable archaeologically for use in hypothesis testing.

<a>Summary and Conclusion<a>

The domination of North China’s Paleolithic archaeology by a

techno-typological paradigm has delayed our ability to explore

adaptations of ancient foragers. Yet despite the limited resolution of

current archaeological records (which remain largely centered on lithic

forms and technologies), a holistic perspective that assesses data over

long time scales can be used to explore adaptive patterns of the UP.

Starting from the crucial variable in the adaptive strategy of

hunter-gatherers - e.g, mobility - we then re-examined major

archaeological materials including new discoveries. The dualistic

division of pre-UP lithic industries appears to lack sufficient

warranting evidence; rather, pre-UP technology represents a generalized

adaptive pattern that used a variety of tool forms and materials to meet

short-term demands. We agree with Gao and Norton (2002) that the Middle
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Paleolithic is not a valid culture stage. Presently, the UP archaeology
of North China can be separated into two stages, the EUP and LUP. In the
EUP apparent diversification in adaptations resulted in four recognizable
patterns. These diversified responses can be explained by differences
in UP hunter-gatherer mobility: those who lived in the hilly flank region
of North China were able to intensify on plant foods and practiced lower,
collector-style mobility compared to the western region. Thus foragers
of the hilly flank region initiated food production earlier - a
system-level transformation of subsistence with ramifications that would
eventually extend across the continent. At large scales of analysis,
patterns of UP adaptations and changes permit us to understand the
important roles that regionally conditioned cultural evolution wouldplay

at a prehistoric crossroads: the onset of the Neolithic.
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