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ARTICLE INFO ABSTRACT
A€ fis0y.4 The hypothesis that climate change paced modern human dispersal is complicated by newly found fossil evi-
Recelved 12 January 2017 dence from East Asia. Here we conduct a palynological analysis to a loessic Paleolithic site in Central China, span-
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- ! . ning past 240 ka, to investigate the vegetation history and assess the impact of climate change to human activity
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intensity. Our results show that steppe was dominant during glacial periods and local forest was recovered dur-

RA0 4 ing interglacial periods, pretty correlative to the quantity of stone artifacts. This correlation would suggest a cou-
Vegetation pling between human activity intensity and climate fluctuation in the study area. In addition, few stone artifacts
Climate change continuously occurred in the later Last Glacial period, being tentatively attributed to improved adaption of local
Loessic Paleolithic habitants or immigration of modern human.

Modern human dispersal © 2017 Elsevier B.V. All rights reserved.
Beiyao site
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Modern humans are broadly thought to expand to all continents ex-
cept to Antarctica and Americas and to replace or assimilate archaic
human species essentially by the Last Glacial Maximum (~20 ka BP). Ev-
idenced by both biogeographic scenarios of 4 ;0 s% s and numerical
modeling of human dispersal (
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ious layers, the simple core—flake technology sufficed throughout the
various cultural layers in the Beiyao site (Du and Liu, 2014). Alongside
the archeological squares a loess section was logged and sampled at
the interval of 10 cm. These samples were subjected to grain size and
palynological analyses.
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The Beiyao site is located on a terrace of a tributary of the Luohe = 8
River (Fig. 1b). On the northern slope of the Qinling Mountains, the ter- § .
race as well as surrounding hills is covered by thick eolian loess. A paleo- o1 |-
lithic survey in 1998 unearthed 771 stone artifacts and the lowest 10 ]
cultural layer was primarily estimated more than 200 ka BP (Liu and i —
Du, 2011). A systematic excavation was completed during 2007-2008. 11 -
Four squares were designedly excavated and consequently exposed a .
16-meter-thick outcrop. The upper part of the outcrop is a well-pre- 12 S
served loess-paleosol sequence, consisting of three paleosol and two 3
loess units, SO, L1, S1, L2 and S2 from top to bottom. On the base of lith-
ological features and OSL dating results these strata have been correlat- 14
ed to the Marine Isotope Stage (MIS) 1-MIS 7. The loess deposit reaches 2
to ca. 14 m thick. The basal part is reworked by fluvial processes. 15 ’
During the archeological seasons, a total of 719 paleolithics were col- 16
lected mainly from S2 and L1, including 49 cores, 180 flakes, 3 tools and
487 pieces of knapping debris. Although the lithics recovered from var- LEGEND [ |[e
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and S,. A possible explanation for this difference is human impacts since
the Neolithic period. The Luohe Valley, where the study site located, is
one of the agriculture origin centers in East Asia, and extensively utilized
at least during the past 8000 years. It is estimated quantitatively that,
during the middle Holocene, agricultural activities expanded from gen-
tle slopes along the river to hinterlands in middle and lower parts of the
valley, occupying 2-9% land area (Yu et al., 2012). These processes
would impact the regional vegetation components.
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To the underlying strata, the excavators have noticed that paleosol
and loess greatly differ from the number of their bearing artifacts (Du
and Liu, 2014). More than 95% lithics (691/720) are from S, and Sy,
which corresponds to MIS 7 and MIS 5 (Lisiecki and Raymo, 2005), re-
spectively. By contrast, only nine and four lithics are from L, and L;_s,
which corresponds to the MIS 6 and MIS 4, and few artifacts are sporad-
ically but continuously presented from L;_, to L;_;, correspondent to the
late Last Glacial period, the MIS 3 to MIS 2.

Placing the artifacts quantity into the associated paleoenvironmental
context will assist us to understand their interactions (Fig. 4). The
paleosol layers bearing abundant artifacts are generally of finer grain
size, higher magnetic susceptibility, and greater AP/NAP value than
those of loess layers with few artifacts. All these proxies lead to a well-
established paleoclimatic scenario in Chinese Loess Plateau. Grain size
of eolian loess at a specific location is dominated by the proximity of de-
sert (Ding et al., 1999) that is essentially controlled by the strength of
East Asian summer monsoon (Yang and Ding, 2008), i.e. during warmer
interglacial periods stronger summer monsoon retreats the desert-

loess boundary northward, resulting in finer dust deposited on the
loess plateau, and vice versa. Magnetic susceptibility is overwhelmingly
dominated by the concentration of magnetite. In the loess plateau, it
peaks in paleosols for the pedogenic origin of nano-sized magnetite,
which is enhanced by stronger summer monsoon (Liu et al., 2007;
Maher and Thompson, 1991; Zhou et al., 1990). As discussed earlier,
the increasing AP/NAP values would indicate the recovery of local forest
that, again, benefits from more summer monsoonal precipitation.

Assumed the frequency of Paleolithic being an indicator of human
activity intensity, it appears that humans intended to live around the
study area during warm periods instead of cold periods. Considering
the climatic contexts of the study area, warm periods host at least two
advantages for living during the Paleolithic period. First of all, the local
ecosystem in a warmer period has a more diverse ecosystem (Yang et
al., 2017; Zhao and Ding, 2014) and greater biomass (Yang et al.,
2015), offering ancient humans a stable ecosystem and diverse foods.
Moreover, it may be easier to survive winters during interglacial periods
than glacial periods.

A plausible mechanism has been tentatively proposed to explain the
human activity intensity in the study area: environmental pressures re-
distribute ancient inhabitants. During an interglacial period, East Asia
summer monsoon brought plentiful moisture to the study area, as
well as the Loess Plateau, feeding the terrestrial ecosystems and finally
allowing human to survive in acceptable circumstances. Conversely,
during a glacial period, weakened summer monsoon deteriorated local
environments, exerting great pressures over daily life of local habitants.
As a result, the human activities constrained and moved southward.

If valid, it is rational to expect more sites of glacial periods from the
region to the south. South China and Southeast Asia, however, are



notable for their scanty of fossil evidence. The most recent fossils also
came from relatively warm periods, such as the Daoxian human fossil
teeth from the Fuyan cave, Hunan Province, dated to 80-120 ka BP
(MIS 5. Liu et al., 2015), and a human cranium from Tam Pa Ling, Laos,
by ~46 ka BP (MIS 3. Demeter et al., 2012). Before convincing and con-
cluding evidence comes, the relationship between modern human evo-
lution and environmental changes in East Asia will be open to
continuous debate.

One more issue worthy of further consideration is the sparse but
continuous occurrence of artifacts during the MIS 3-2 periods. These ar-
tifacts are of a simple core-flake technology, just as the artifacts below
did. The excavators argued that these indicated increases in human ac-
tivity intensity in hush glacial conditions, showing some improved ad-
aptations of local habitants (Du and Liu, 2014). Most recently, a
contemporary Longquan Cave with radiocarbon dates of 40-30 ka BP
was found nearby. The Longquan Cave is featured by a polished bone
awl and structured space utilization (Du et al., 2016), both of which
are closely associated with modern human behaviors (Mellars, 2005).
Although conclusive fossil evidence is still absent, it is highly possible
that modern human dispersed to the study area by the last glacial
period.

6.0, ¢ 08

The pollen data of the Beiyao section, spanning the past 240 ka,
shows that the vegetation sequences were paced by glacial/interglacial
cycles. Af 14 §% —~Chenopodiaceae steppe dominates the glacial periods,
whereas local forests some recovered during the interglacial periods.
This pattern might be closely related to zonal vegetation migration in
response to summer monsoon.

Paleolithic was mainly presented in warm periods including MIS 7
and MIS 5, and continuously occurred within the last glacial stage, MIS
3-2, without marked technological innovations. Considering nearby

contemporary Longquan Cave, which featured by modern human be-
haviors, it might be associated with modern human immigration to
the study area.

The systematical investigation into the loess Paleolithic site at Beiyao
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