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a b s t r a c t

We use models from human behavioral ecology to examine stone artifacts from 23 sites in Korea to
investigate mobility and site occupation patterns during the Late Pleistocene. This is an important period
because new tools, such as stemmed points and blades, appeared in the archaeological record. We focus
on two questions: what changes in foragers’ landscape use were associated with the introduction of new
tools? And what changes in mobility and the way people used habitation sites were associated with the
new technology? To answer these questions we present quantitative analyses of artifact volumetric
density, retouch frequency, composition of toolkits, and artifact raw materials. We explore environ-
mental and demographic contexts by applying paleoclimate simulations and summed probability dis-
tribution models. We find that quartz and side scrapers, in addition to cores and choppers, remain
dominant in assemblages before and after the introduction of stemmed points throughout the Late
Pleistocene. Our results show that forager groups using stemmed points may have been associated with
occupation of marginal or extreme environments. Groups with stemmed points were associated with
expedient technologies, indicating residential and less mobile behaviors. The environmental context of
this technological innovation was a gradual decrease in temperature into the LGM. Population increased
before the appearance of stemmed points.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

The appearance of stemmed points (Fig. 1) in the Late Pleisto-
cene (ca. 42e35 ka) in Korea is often assumed to have transformed
forager lifeways because it was thought to have indicated more
specialized hunting practices (Chang, 2013; Seong, 2008). Stemmed
points are projectile points made from an elongated flake or blade
with slight retouch on the proximal end to shape an acute tip and
on the distal end to make a stem, which connects to a shaft. These
types of artifacts are often called tanged points in the western
hemisphere (Ivanovait _e et al., 2020; Serwatka and Riede, 2016), but
we use ‘stemmed point’ here to distinguish from Bronze Age stone
projectile points that have long been called ‘tanged points’ in Korea.
Stemmed points are likely to have been projectile weapon tips
because the stem of these tools is considered to represent a hafting
projection used for joining the lithic to a wooden shaft. If these
artifacts were projectile weapon tips, then stemmed points repre-
sent the first appearance of hafting technology in Korea. However,
most open sites in Korea do not preserve organic remains due to
acidic soil, so shafts have not been found. There are very few
limestone cave sites containing human fossils or faunal remains
(e.g. Durubong and Jeommal Cave), which are located in restricted
areas in North Korea, or have been rarely analyzed (Bae, 2013).
Therefore stone artifacts such as stemmed points are our only
window to examine hunting and subsistence strategies. Here we
apply a behavioral ecological framework to explore questions about
the implications of the appearance of this new technology. We use
data from 23 sites in South Korea to explore changes in the way
people occupied the landscape, the way people used sites, and the
social and ecological contexts associated with the appearance
stemmed points, and the blade industry that followed.

Previous work on this technological change in Korea has focused
on issues of the transition from the Early to the Late Paleolithic and
modern human dispersals (Bae, 2010, 2017; Norton and Jin, 2009;
Seong and Bae, 2016). To our knowledge, the implications of the
appearance of stemmed points for forager mobility and site use
have not been explored in detail. Here, we attempt to identify
patterns of mobility and site occupation through analysis of the
stone artifact assemblages using Human Behavioral Ecology (HBE)
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Fig. 1. Stemmed points from Yongsandong site.
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models. Drawing on established relationships between lithic
technology and forager mobility (Capriles et al., 2018; Hiscock,
1994; Kuhn et al., 2016; Kuhn, 1994, 2004; Kuhn and Miller, 2015;
Seong, 2008, 2015; Shott, 1986), we hypothesize that the appear-
ance of the new hunting tool might reflect a preference for more
portable and efficient technologies, that were part of a broader
strategy of moving frequently and further, possibly as an adaptation
to environmental or population changes.
1.1. Late Pleistocene lithic technologies in East Asia

In the Eastern hemisphere, some of the most striking techno-
logical innovations during the Late Pleistocene are found in
Northeast Asia, such as northern China, Japan and Korea. These
innovations include blade technology, high frequencies of
retouched blade tools, several novel tools such as projectile points,
stemmed points, end scrapers, burins, denticulates, ground stone
tools etc, and frequent use of high-quality raw materials (Bae et al.,
2017; Bae, 2017; Bar-Yosef, 2002; Bar-Yosef and Kuhn, 1999;
Brantingham et al., 2001; Lee et al., 2017; Nakazawa and Bae, 2018).
Previous work has argued that the appearance of new stone artifact
technologies in this region may be linked to modern human dis-
persals (Bae et al., 2017; Bae and Bae, 2012; Bae, 2010; Seong, 2008).
For example, recent dating results from Zhoukoudian Upper Cave
from northern China (35.1e33.5 ka) and material evidence such as
ornaments and hominin fossils show close relation to one of mul-
tiple dispersal events out of Africa into Eurasia (Li et al., 2018).

The Shuidonggou site in northern China is an important
example of the transition from cobble to blade tool industries in the
Late Pleistocene of Northeast Asia (Brantingham and Perreault,
2010; Gao et al., 2010; Pei et al., 2012). Shuidonggou Locality SDG
2, which dates to around ca. 32 ka, contains faunal specimens, os-
trich eggshell beads, and stone artifacts including blades, retouched
flakes, cores, and debris along with well-preserved hearths. In Lo-
cality 9 dated to ca. 29 ka, there is a small scatter of stone artifacts
consisting of blades, Levallois flakes, cores and other retouched
flakes. Excavations at Locality 12 shows that its archaeological
context, dated to 13,078e13,296 cal BP, includes ground stone and
more than 30,000 microlithics made out of a variety of raw
2

materials such as fine-grained and siliceous rocks. In addition, more
than 10,000 animal fossils and bone tools including a tool for
fishing nets, an awl, and two needles were excavated (Gao et al.,
2014; Pei et al., 2012; Zhang et al., 2016). Shuidonggou shows
that although stemmed points are not present at all, a blade tech-
nology came from Siberia and/or Mongolia at 41 ka (SDG Locality 1
and 9). Advanced core and flake tools were likely to have been
locally developed at 33 ka (SDG Locality 2 and 8), and at 10.8 ka
microblade technology appears, but the origin is uncertain (SDG
Locality 12) (Li et al., 2019; Yi et al., 2014). The microblade tech-
nology is argued to have appeared related to changes in mobility
associated with colder climates towards the Last Glacial Maximum
(LGM) (Yi et al., 2014).

In Japan, Early Upper Paleolithic (EUP) technologies appeared in
different regions of the archipelago around 38 ka, accompanied by
remains of Homo sapiens found in Okinawa Island (ca. 36 ka) (Izuho
and Kaifu, 2014; Yamaoka, 2012). These technologies include trap
pits, cobble concentrations, hearths, charcoal concentrations, and
toolkits including trapezoids, pointed-shaped backed blades,
backed points, burins, end scrapers, side scrapers, wedges, beak-
shaped tools, axes, edge-ground axes, hammerstones, cobble
tools, and anvils (Bae et al., 2017; Izuho and Kaifu, 2014). These
innovations have been interpreted as evidence of new foraging
methods such as watercraft (marine transport of obsidian from the
Kozu Island) and bow-and-arrow technology, driven by increased
population and ecological changes and led to the megafaunal ex-
tinctions (Bae et al., 2017; Bae, 2017; Kaifu et al., 2019; Morisaki
et al., 2019; Nakazawa, 2017; Nakazawa and Bae, 2018; Norton
et al., 2010; Yamaoka, 2012). Hafted trapezoids were likely multi-
functional tools adapted to the specific environmental settings of
the different Japanese Islands (Ono et al., 2002; Yamaoka, 2012). An
important example is Ishinomoto 8-ku, which is one of the earliest
sites, dated to 39,690e34,790 cal BP, located in Takuma upland of
Kumamoto Prefecture. A total of 500 stone artifacts, mostly chert
and andesite, were discovered including trapezoids, side scrapers,
flakes, flake cores, edge-ground axes, and cobble tools (Izuho and
Kaifu, 2014). Stemmed points appear in Japan much later than in
Korea, dated to between about 15,500 and 13,800 cal BP (Ono et al.,
2002; Tsutsumi, 2007).
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What makes the Korean Late Pleistocene technological transi-
tion distinctive from what we see at Shuidonggou and in Japan?
The key difference is that the earliest signs of new technologies in
Korean assemblages are stemmed points, followed by blade tech-
nologies. This contrasts with China and Japan where stemmed
points appear after their first appearance in the Korean Peninsula.
Stemmed points from the Bonggok site are currently accepted as
the oldest stemmed points, dated to ca. 41.5 ka, and made on
elongated flakes (Bae et al., 2017; Seong, 2009, 2015). After blades
became widespread in Korea at ca. 27 ka, they were used to make
the stemmed points, and the shape of points became more stan-
dardized with one or two ridges on the dorsal side and a triangular
cross section. Replacing flakes with blades as blanks of the stem-
med points led to an increase in quantity of the points over time. In
addition to the stemmed points, flake tools became more complex,
with a greater diversity in both type and size along with continu-
ously used core tools during the Late Pleistocene (Bae, 2010; Lee,
2013, 2016). A notable exception to this pattern is the recently
excavated Hajinri sitewhich is an outlier with both stemmed points
and blades appearing together at 42 ka (Lee et al., 2018).

There have been several attempts to explain this technological
transition and they can be summarized into two competing
models: ‘heterogenic’ migration (Bae, 2010) or in situ evolution
(Seong, 2009). The migration model argues that the new blade
industry including stemmed points, and the earlier coarse flake
tradition including large cores, polyhedrons, choppers, and even
handaxes, came from different origins as the result of continuing
influx of modern human migration from two routes. Bae (2010)
explains that blade and stemmed points arrived in the Korean
peninsula from Siberia, Mongolia, or other regions of northeast
China following the Liaohe and Sunghe rivers around 35 kawith the
earliest evidence of blades in those regions. He assumes that core
and flake industry come from southern China based on the exis-
tence of similar assemblages in both Korea and southern China. In
addition, the genetic studies of two “Asian-specific” Y-chromosome
haplogroups (O3-M122, D-M174), mtDNA and autosomal SNPs, and
other analyses verify that modern humans initially arrive in
southern China and the population migrated to northward (Bae
et al., 2013; Lee, 2013).

The alternative model, which we call the ‘in situ’ model claims
that stemmed points and other Late Paleolithic technologies,
including blade industries, autonomously emerged in the south of
the Korean peninsula, with no apparent external influence (Seong,
2008). This claim is supported by Korea having the earliest
appearance of stemmed points in Northeast Asia, at sites such as
Bonggok, Hwadaeri, Hopyeongdong, and Yonghodong dated to
approximately 42e35 ka BP (Seong, 2009). Seong (2009) presents
the increased blade-to-flake ratios of lithic assemblages after the
appearance of stemmed points as support of the in situ model,
based on the premise that the blade industry represents a new
exogenous technology while flakes indicate a continuing local one.

1.2. Behavioral ecology and forager land use behaviors

Our brief review of Late Pleistocene technological innovations in
Northeast Asia shows that previous work has largely focused on the
timing, location, origins and description of these new tools (Bae,
2010; Lee, 2013, 2016; Seong, 2008, 2009). Modeling the land-use
behaviors associated with these assemblages has rarely been un-
dertaken. We focus on the appearance of stemmed points in Korea
because these are a new technology that likely represented new
3

hunting behaviors. This is because the hafting implies throwing
techniques that can reach long-distance targets (Keeley,1982; Kuhn
and Miller, 2015). We draw on behavioral ecological theory to
model the effects of this technological change. Behavioral ecology
theory is well established in international archaeology and offers
structured models and testable hypotheses based on optimality
assumptions derived from principles of economic rationality and
environmental adaptation (Prentiss, 2019;Winterhalder and Smith,
1992). Specifically, we use the standard patch choice model, which
is built around the widely-used marginal value theorem, to predict
that forager mobility between patches and inter-patch travel times
will increase when resource patch productivity decreases
(Bettinger and Eerkens, 1997; Llano, 2015; Smith, 1991; Smith et al.,
1983; Wolverton et al., 2015). We model individual artifact types as
a kind of resource patch. Foragers may find a more costly and
complicated technology (such as stemmed points, relative to flakes)
optimal if they have a long cumulative time in use, if they are
maintainable and reusable in a landscape where lithic rawmaterial
supply is uncertain (Bleed, 1986; Torrence, 1983). That is, foragers
maymove to a patch where they can stay longer (i.e. prefer tomake
and use an artifact type that has a long and extendible use-life)
when they are not certain of the productivity and travel times of
other patches (i.e. the productivity and use-life of other artifact
types) (Kuhn and Miller, 2015).

We ask two questions to investigate the period around the
introduction of stemmed points in Korea. First, what changes in
foragers’ landscape use were associated with the introduction of
the new tools? Specifically, was the use of stemmed points asso-
ciated with occupation of marginal or extreme environments? Our
assumption here is that this new technology, and the ability to
reach long-distance targets, might have allowed foragers to explore
and sojourn in less productive landscapes by increasing their
mobility. For example, in Australia during the mid-Holocene, His-
cock et al. argue that the first appearance of microlithics in many
locations represent a portable and multi-functional toolkit that
minimize travel expenses and increase tool readiness to adapt to
patchy and unpredictable resources associated with environmental
change (Hiscock et al., 2011; Hiscock, 1994). Similarly, in Japan,
Morisaki et al. (2015) argue that the transition from trapezoid to
blades and projectile points around 25 ka in north Paleo-Honshu
Island enabled the foragers to extend their occupation into cold
grassland landscapes.

Second, we ask what changes in people's mobility and use of
habitation sites were associated with the new technology? After
the appearance of these new tools, did people tend to be more or
less mobile? The stone artifact assemblage from a site can inform us
how long individuals or groups stayed and give insights into their
activities (Binford, 1979; Holdaway and Davies, 2019; Kelly, 1995;
Kuhn et al., 2016). For example, stone artifact density and the fre-
quency of retouched pieces (scaled to the volume of excavated
sediment) can be used as proxies to represent occupation patterns
(Barton et al., 2011; Clark and Barton, 2017). Assemblages with low
density but a high proportion of retouched and backed pieces may
indicate the remains of ‘short-term camp,’ which is a site for small
and ephemeral overnight camp or limited activity station. On the
other hand, the combination of high density and low retouched
pieces might be expected at logistically organized ‘base camp,’
which is a sitewith greater residential stability, long site occupation
and occupied by larger groups (Clark et al., 2019; Clark and Barton,
2017).
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2. Methods

2.1. Archaeological sites

After the first Paleolithic sites such as Dongkwanjin and Yon-
daebong were discovered during the mid-1930s, more than 200
Paleolithic sites have been discovered in South Korea (Lee and Sano,
2019; Lee et al., 2017; Norton, 2000). We selected sites dated to
before and after the transition period (42e35 ka) to analyze the
process of technological change. It is important to note that the
quality of excavation and reporting of Paleolithic sites in Korea
varies greatly. Furthermore the stratigraphic integrity of the de-
posits is also variable, as the sites are open-air localities formed as
loose accumulation of artifacts in fluviatile condition or within a
colluvium developed at the edge of low-angled slope. To ensure our
analysis employs reliable data, we applied a chronometric hygiene
protocol (described below) to exclude sites with problematic
Fig. 2. Korean Paleolithic site
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chronologies and stratigraphy. After applying our protocol to the
200þ sites currently known, we produced a sample of 35 assem-
blages from 23 sites spanning 49e24 ka (Fig. 2). We identified
multiple assemblages in a site where culturally sterile deposits
separated artifact-bearing deposits, or where stratigraphic units
could be identified by major differences in the texture and
composition of the sedimentary deposit containing the stone arti-
facts. For example, the Hwadaeri site has three cultural layers. The
lowest horizon at the bottom, dated to 39,000 ± 1400 BP by OSL,
contains coarse flake tools made of vein quartz and quartzite. The
middle cultural horizon has stemmed points made of porphyry,
with quartz and quartzite dominating the assemblage. This layer
was dated to 31,200 ± 900 BP by radiocarbon dating and
30,000 ± 1700 BP by OSL. The uppermost layer, dated to
22,000 ± 100 BP by OSL, contains blades, scrapers, awls, and den-
ticulates (Seong, 2009). We obtained the data from published
excavation reports held by provincial museums.
s mentioned in the text.
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2.2. Stone artifact assemblages

The 35 assemblages consist of (non-blade) cores, blade cores,
blades, flakes, debris, hammers, choppers, planes, polyhedrals, side
scrapers, end scrapers, notches, cleavers, stemmed points, awls,
denticulates, burins, handaxes, blanks, knives, handadzes, peaks,
flatters, flakers etc. (see Fig. 6).We excluded some artifacts from our
sample because of uncertainty about their typology. The stone ar-
tifacts from all of these sites are stored in museums located
throughout South Korea, and have been briefly described in Korean
language excavation reports. We have visited most of these col-
lections to obtain permission to study the materials directly.
2.3. Methods for analyzing stone artifact assemblages

To answer our two research questions, we compiled information
about artifact density, retouch frequency, toolkit composition, raw
materials, site elevation, and radiocarbon ages for the sites in our
sample.

Artifact volumetric density is defined as the total number of
artifacts per cubic meter of excavated sediment, and serves as a
proxy for the accumulation ratio of artifacts (Clark et al., 2019; Clark
and Barton, 2017). We used these density values to evaluate
mobility and land-use practices of hunter-gatherers during the Late
Pleistocene. Retouch frequency is the number of retouched tools
divided by the total number of artifacts in an assemblage. This value
represents mobility and duration of site occupation based on the
assumption that tool reduction is a tactic to extend the use-life of a
tool by generating sharp, useable edges while minimizing the cost
of transporting tools or bulky raw materials by reducing the total
load weight (Buvit et al., 2014; Clark et al., 2019; Kuhn, 1990). In
other words, producing and carrying highly retouched tools
increased tool portability and efficiency by decreasing the size of
both individual tools and the assemblages so that hunter-gatherers
could move often or further, or both (Andrefsky, 1994; Davies et al.,
2018; Kuhn, 1991, 1994, 2004). Combining these two proxies, the
artifact volumetric density and the retouch frequency, we infer
whether or not the hunter-gatherers were residentially mobile or
logistically organized. If the assemblage in a site has a high artifact
density and small proportion of retouch, we interpret it as a more
expedient assemblage that represents “base camps” or “resi-
dences,” while lower artifact densities with higher proportions of
retouched pieces shows a more curated assemblage and indicates
either residential mobility or certain task groups away from resi-
dential sites (Clark and Barton, 2017; Riel-Salvatore and Barton,
2004).

We calculated toolkit composition by analyzing tool and debit-
age frequencies to identify changes in the assemblages during the
study period. Toolkit composition helps us answer the question of
how site occupation patterns changed before and after the
appearance of new technology. The type and proportion of
retouched tools and knapping products, including debris and
hammerstones, provide information about settlement patterns
based on a premise that more activities are conducted with a wider
range of tool types for longer occupation (Buvit et al., 2014; Centi
et al., 2019; Garcıa-Medrano et al., 2017). For example, we inter-
pret small sized assemblages with a low diversity of tools as rep-
resenting a short duration of site occupation (Buvit et al., 2014;
Shott, 2010).
5

Our study of raw material consumption patterns assumes that
stone tool was transported and utilized to optimize mobility and
minimize risks of not having artifacts when they were needed
(Andrefsky, 1994; Brantingham, 2003; Brantingham et al., 2000;
Yue et al., 2020). It follows that the representation of raw materials
in an assemblage can be an indicator of site occupation patterns. For
example, a large variability of raw materials in a site can suggest
long-term settlement, while a small assemblage of exotic raw
materials can indicate higher mobility (Valde-Nowak and Cie�sla,
2020). Here we quantify the specific raw materials that relate to
the appearance of a new technology, and investigate site occupa-
tion patterns by examining changes in the proportions of raw
material types in the assemblages.
2.4. Methods for analyzing environmental context

In addition to these data on human behavior from the stone
artifact assemblages, our HBE models require environmental
proxies to build hypotheses of behavioral change influenced by the
surrounding environment. However, there are few paleoenvir-
onmental proxies in Korea relevant to our study period. For
example, geoarchaeological observations simply suggest that
environment of the period was overall cooler and drier during MIS
3 (Bak and Lee, 2017; Chang, 2013; Choi, 2011; Han, 2008; Im and
Choo, 2015; Seong, 2008). To supplement the limited availability
of high-resolution local proxies, we used climate information from
a simulated data set of paleoclimate including global monthly
temperature, covering the last 120,000 years (Beyer et al., 2020).
We extracted annual temperature values from the data generated
by Beyer et al. (2020) for all site locations in our sample. In addition,
we extracted site elevation values from a raster, as a proxy to
represent environmental variation at local scales, to assist in
identifying how these impact mobility and site occupation, and
their relationship with the stemmed points.
2.5. Methods for analyzing demographic context

We used radiocarbon dates as a proxy for human population to
infer the demographic context of technological change. Summed
probability distributions (SPD) of radiocarbon dates are widely
used by archaeologists to infer temporal trends in past human
populations (Bamforth and Grund, 2012; Contreras and Meadows,
2014; Rick, 1987; Riris and Arroyo-Kalin, 2019; Shennan et al.,
2013; Timpson et al., 2014). Despite concerns about limitations of
the validity of SPD (Bamforth and Grund, 2012; Carleton, 2021;
Williams, 2012), several studies have shown good agreement be-
tween SPDs and other archaeological indicators (e.g. site counts,
settlement size) so this method may allow a first approximation of
population fluctuations (French and Collins, 2015; Palmisano et al.,
2017). Although this is often used with samples of thousands of
ages, this method can also be useful for small sample sizes. For
instance, Timpson et al. (2014) apply SPD to 93 ages from Eastern
Middle Sweden and demonstrate that the result is equivalent to a
larger sample size (n ¼ 243). In addition to the 93 radiocarbon ages
from our targeted sites, we included all available dating results (540
ages) from other Korean Paleolithic sites that have younger and
older assemblages. We compiled a total of 633 dates from 113 sites
and applied a chronometric hygiene protocol to assess the reli-
ability of radiocarbon determinations in relation to target events.



Fig. 3. Artifact volumetric density over time. The size of data points represent the total
number of artifacts from each assemblage and the color indicates the presence of
stemmed points. The inset plot shows direct comparison of artifact densities for as-
semblages with and without stemmed points. (For interpretation of the references to
color in this figure legend, the reader is referred to the Web version of this article.)
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Following the criteria from Napolitano et al. (2019) and Fitzpatrick
(2006), we kept ages from dating short-lived terrestrial material
(i.e., plant remains) and charcoal, and having a laboratory name and
number. We excluded OSL dates and sites with only one date. This
resulted in a sample of 400 radiocarbon ages from 23 sites which
we use to examine connections between population trends during
the Late Pleistocene in Korea and technological innovation.

There is a debate about whether past population growth has
played a role in technological change (Hosfield, 2005; Kline and
Boyd, 2010; Shennan, 2001). Shennan (2009) observed a correla-
tion between population decrease and technological simplification
in his study of lithic arrowheads from the southern Scandinavian
Mesolithic. He found that the lithics became less complex, and
point shape changed as the population level dropped. By proposing
the generalized null demographic model built on cultural trans-
mission theory, Lycett and Norton (2010) also claimed that rela-
tively lower effective population sizes in East Asia could be strongly
associated with a lower frequency of handaxe sites, a lower per-
centage of bifaces, and morphological difference between East
Asian handaxes and classic Acheulean artifacts. They also suggested
that a lack of Levallois technologies in East Asia might be similar to
the previous example of handaxe. On the other hand, Collard et al.
(2013) argue that regional archaeological data do not support the
population-driven models. For example, Buchanan et al. (2016)
concluded that changes in point types from >13,000 years ago to
400 years ago in Texas were related to environmental risk, and not
dependent on population size.

We used SPD to test for correlations between population,
environmental proxies and technological change. We used the R
package ‘rcarbon’ (Crema and Bevan, 2021) to perform statistical
analyzes and conduct model testing using Monte Carlo methods
(Crema et al., 2016; Palmisano et al., 2020; Timpson et al., 2014).We
generated exponential, uniform, linear, and logistic models and
evaluated the models' goodness-of-fit by applying Akaike's Infor-
mation Criterion (AIC) as a ranking criterion (Bevan et al., 2017;
Riris and Arroyo-Kalin, 2019; Sakamoto et al., 1986).

2.6. Reproducibility and open source materials

The entire R code (Team, 2019) used for all the analysis and
visualizations contained in this paper is openly available at https://
doi.org/10.17605/OSF.IO/JXWY5 to enable re-use of materials and
improve reproducibility and transparency (Marwick, 2017). Also in
this version-controlled compendium (Marwick et al., 2018) are the
raw data for all the visualizations and tests reported here. All of the
figures, tables, and statistical test results presented here can be
independently reproduced with the code and data in this re-
pository. The code is released under the MIT license, the data as CC-
0, and figures as CC-BY, to enable maximum re-use.

3. Results

3.1. Artifact volumetric density and retouch frequency

Fig. 3 shows that there is no strong directional temporal pattern
of changes in artifact density. The upper bound of artifact density
increases in more recent periods. For example, the density of some
assemblages are two or three times higher than others, especially
after 30 ka. The inset figure shows that assemblages with stemmed
points have higher artifact densities than the assemblages without.
With the newer tools, hunter-gatherers may have stayed in the
6

same location for longer duration. We may be seeing site occupa-
tion patterns in this sample that represent the long term trend of
the use of both base camps or residences, represented by the higher
artifact densities, and more briefly occupied camps with lower
densities. The most striking result here is that maximum size of
base camps increases in more recent periods.

Fig. 4 shows a strong pattern of artifacts from less dense as-
semblages having higher retouch frequencies while more dense
assemblages have lower retouch frequencies (t (31) ¼ �2.162,
p ¼ 0.038), further showing a spectrum of site functions in this
sample. As we saw for artifact density, there are no clear directional
chronological trends in retouch frequencies. Assemblages con-
taining stemmed points tend to have substantially fewer retouched
pieces compared to assemblages without stemmed points (t
(27.009) ¼ 2.752, p ¼ 0.01) (see Fig. 5).
3.2. Toolkit composition

In Fig. 5 we see that side scrapers are the major part of most
assemblages and are present in all assemblages. For example, more
than 70 percent of the two assemblages from Hwaderi are side
scrapers. The proportion of side scrapers shows a striking trend
over time, rising to a peak at 38e39 ka, and declining thereafter. In
addition to side scrapers, cores also exist in all assemblages, often
as a high proportion. The proportion of choppers is lower in more
recent assemblages. Stemmed points first appeared in Hajinri
around 42 ka and were typically found in assemblages that contain
blades, except for Songamri-A. The earliest blades and blade cores
are also recorded from Hajinri but the date of this site is an unusual
outlier because the stemmed points and blades are highly

https://doi.org/10.17605/OSF.IO/JXWY5
https://doi.org/10.17605/OSF.IO/JXWY5


Fig. 4. Relationship between artifact density and retouch frequency. The color of the data points indicate the age of the assemblage, point size indicates assemblage size, and shape
indicates presence or absence of stemmed points. Assemblages with higher proportions of retouched pieces and lower densities indicate curated technologies, and assemblages at
the other end of the spectrum indicate expedient technologies (Riel-Salvatore and Barton, 2004). The inset plot on the bottom left shows the proportion of retouched pieces in the
assemblages over time. The inset plot on the bottom right shows the proportion of retouched pieces in the assemblages with or without stemmed points. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)
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standardized and refined, which are only found at other sites much
later in time. Bonggok site, which is the second-earliest site for
stemmed points in our sample, also includes blades but it has not
been demonstrated that those artifacts, as well as other earlier
blades, are actual blades or elongate flakes without accompanying
blade core. Aside from the outlier site Hajinri, blade cores first
appeared in Suyanggae-C at 34.3 ka. Other artifacts, including bu-
rins, denticulates, end scrapers, handaxes, knives, notches, planes,
and polyhedrals made up a small proportion of the assemblages
and show no directional chronological change.
3.3. Raw materials

Quartz, quartz vein and quartzites were the most frequently
found rawmaterials, and theywere constantly used throughout the
Late Pleistocene (Fig. 7). For example, both Galdamri-A, dated to 44
ka with a small assemblage, and Hopyeongdong-B, dated to 27.5 ka
with a larger assemblage, consist of only the quartz related mate-
rials. The use of chert, hornfels, rhyolite, and shale increased after
42 ka, but these raw materials remained a small proportion of as-
semblages until 25 ka. They are very suitable to make elongate
7

blades and stemmed points because of the predictability of flaking
afforded by their fine-grained texture. For example, Hajinri has the
largest number of stemmed points (n¼ 86) among the assemblages
studied here, andmost stemmed points fromHajinri aremade from
shale. Other raw materials, such as porphyry and sandstone, were
found in just a few assemblages in small proportions.
3.4. Environmental context

Fig. 8 shows that people occupied sites located at a wide variety
of elevations from around 0 to 200 m above sea level. Elevation
correlates with the ecological diversity of plants and animals in
Korea (Park and Kim, 2020; Sohn et al., 2019) and thus elevation is a
suitable proxy for the environmental context of human behavior. As
we saw for artifact density, there is an increase in the upper bound
of site elevation in more recent times. The most striking pattern in
the elevation data is the substantial difference in elevation between
sites with stemmed points and sites without. The distribution of
elevations of sites without stemmed points is generally lower than
the elevations of sites with stemmed points. Although not a sta-
tistically significant difference in elevations (t (25.702) ¼ �1.695,



Fig. 5. The composition of each assemblage. We excluded artifacts related to
manufacturing processes such as pebbles, hammers, flakes and debris, and artifacts
that appeared only in a few assemblages including points, beak shaped pieces, awls,
and anvils, and unknown pieces. The color represents different types of tools and the
assemblages are placed in chronological order. (For interpretation of the references to
color in this figure legend, the reader is referred to the Web version of this article.)
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p ¼ 0.102), this may indicate that forager groups who used stem-
med points were generally more able to occupy higher altitudes,
while the groups without stemmed points tended to prefer lower
altitudes. According to our locally weighted regression, sites
without stemmed points reach a maximum elevation of about
150 m at around 39 ka. Sites containing stemmed points reach a
maximum elevation of 175 m at 28 ka. While the elevation differ-
ence is well within the total range of elevation throughout the
Korean Peninsula (which exceeds 500 m in the more mountainous
eastern regions), the slightly higher elevation sites occupied by
stemmed point users probably provided better views of the valleys
for people in search of large game.

Among the sites in our sample there is a variation of about 5�C in
the mean annual temperature (MAT), mostly controlled by eleva-
tion (Fig. 9). Through MIS 3, the temperature gradually decreased
until the Last Glacial Maximum (LGM, 26.5e20 ka) (Clark et al.,
2009). The MAT of MIS 2, including the LGM, was relatively stable
(Fig. 9C). The temperature increased again from late MIS 2 towards
MIS 1. Compared to the east side of the Korean Peninsula, the west
side tends to be relatively warmer. The range of MAT at the sites
over our study period is 2e10�C. Gihwari and Gigok sites have the
lowest (3�C) and Jeungsan-ri site has the highest MAT (8�C). The
mean MAT for all sites fluctuated within 4�C between 50 ka and 10
ka. The first appearance of stemmed points occurred in the middle
of the decreasing MAT trend in MIS 3, at 40e35 ka. Fig. 9D shows a
8

negative relationship between temperature and elevation. For
example, Gihwari Cave site, with one of the lowest MAT distribu-
tions, is located in the highest elevation around 300 m above sea
level. Jeungsanri is located at a lower elevation and has one of the
highest MAT distributions.

3.5. Demographic context

Fig. 10 shows the summed probability distribution (SPD) of the
radiocarbon ages from the sites in our sample overlaid with dis-
tributions (indicated by the grey envelopes) generated from four
models of demographic change for the period 50 ka to 10 ka (linear,
exponential, logistic, and uniform). The fit of models to our
observed SPD was computed using 1000 simulations, and the
resulting global p-values indicate significant deviations in the
observed SPD from the modeled distributions. Overall, the linear
model is the best fit with the observed SPD, having the lowest AIC
value of the threemodels wherewe could compute this. We can say
that the population did not grow or decline strongly logistically,
exponentially or linearly during the Late Pleistocene, but instead
followed a noisy distribution. The most striking results here are the
SPD showing a steady growth rising to a peak at about 43 ka,
indicated by the positive deviations from the three null models
(shaded in red), except for the logistic model. During the transition
period, SPD hits another peak at about 35ka. Then the SPD goes
down with minor deviations to a lower level at 31.5 ka. From 27 ka
the SPD constantly fluctuates with temporary positive deviation
until 20ka.

4. Discussion

Our study focused on two questions: (1) what changes in for-
agers' landscape use were associated with the introduction of the
new tools? and (2) what changes in people's mobility and use of
habitation sites were associated with the new technology? Overall,
our results show that assemblages with stemmed points tend to
have higher artifact densities and lower proportions of retouched
pieces. Quartz and side scrapers, in addition to cores and choppers,
remain dominant in assemblages throughout the late Pleistocene.
The environmental context of this technological innovation was a
gradual decrease in temperature into the LGM. Analysis of radio-
carbon ages suggest a population increase before the appearance of
stemmed points.

4.1. Artifact volumetric density and retouch frequency

We examined the artifact volumetric density and retouch fre-
quency to understand the difference in mobility strategies and site
occupation patterns associated with the introduction of stemmed
points. The analyses are based on the premise, established on global
ethnographic data, that highly mobile groups carried lightweight
toolkits with more retouched and easily replaceable composite
tools, and left smaller amounts of artifacts at sites as a result of
short-term occupations. These curated technologies reflect an in-
vestment of time and effort in stone artifact manufacturing and
maintenance to minimize travel costs of carrying the tools for high
mobility or special purpose foray groups. On the other hand, less
mobile groups produced fewer retouched tools and left higher
densities of artifacts generated from long-term occupations. These
expedient technologies are more typical for groups with greater



Fig. 6. Stone artifacts from Songamri site. 1. Blade core, 2e4. Blades, 5e6. Stemmed points, 7. Side scraper, 8. Chopper, 9e10. Side scrapers.
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residential stability who can make, use, abandon, and remake their
tools frequently in the same location (Binford, 1979; Clark et al.,
2019; Kuhn, 1994, 2014; Meignen et al., 2006; Torrence et al.,
1989; Vaquero and Romagnoli, 2018). As mentioned above, the
sites we addressed here are all open-air localities with limited
material remains to infer the clear view of subsistence strategies,
nevertheless, our data are highly consistent with these concepts of
curated and expedient technologies, showing a strong pattern of
artifacts from less dense assemblages having higher retouch fre-
quencies, and more dense assemblages having lower retouch fre-
quencies. In general, the new technology of stemmed points was
more associated with expedient technological strategies. Our re-
sults show that foragers with stemmed points tended to stay in the
same site for longer periods with higher artifact densities and fewer
retouched pieces, compared to assemblages without stemmed
points.

If stemmed points were primarily a hunting tool, as prior work
has assumed, we might expect foragers to have been using stem-
med points in highly mobile groups and stemmed points mostly
found in small assemblages at task-specific sites (Chang, 2013; Lee
and Sano, 2019). However, our results show the opposite, namely
that this new technology wasmore often associatedwith expedient
technological strategies, implying that the tools may have been
multipurpose. Furthermore, our results show that different sites
represent different occupation patterns during the time of tech-
nological transition, making it difficult to characterize this period
with a single land use strategy. Seong claims that transitions from
9

the expedient to curated technology in the Late Pleistocene were
neither a straightforward nor unilineal processes and diverse site
types can be more related to different occupation purposes
including hunting camps, limited activity stations, caches, and so
forth (Seong, 2015). Our findings support Seong, with some sites
such as Bonggok and Yonghodong containing only two stemmed
points, while Yongsandong has 38 points including broken tips and
a base. Yongsandong stemmed points are made from blades,
dominating the tool kit with 233 blades and other byproducts
related to lithic manufacturing including cores and debris made of
the same raw materials (i.e. hornfels) (Bae and Bae, 2012; Kim,
2004). In the specific case of Yongsandong it seems likely that
stemmed points were manufactured for hunting purposes, which
dominated the function of the site. On the other hand, at Bonggok
and Yonghodong stemmed points were only a minor part of ac-
tivities there.

4.2. Toolkit composition and raw materials

Previous work on toolkit composition during the Late Pleisto-
cene of Korea attempted to divide it up into multiple chronological
sub-periods. Seong divides five successive assemblage types for the
Late Paleolithic in Korea: (1) quartzite and quartz vein artifacts; (2)
mostly small quartzite and quartz vein artifacts with some large
artifacts such as cores and choppers; (3) stemmed points domi-
nant; (4) typical blade assemblages including stemmed points; and
(5) microblades after 30 ka (Seong, 2015). Lee focuses on the



Fig. 7. The composition of raw material type in each assemblage. We excluded raw
materials that are included in less than 5 assemblages including crystal, basalt, ironore,
slate, limestone, granite, gneiss, tuff, amphibolite, andesite, grit, metamorphic-rock,
quartzitic-gneiss, siliceous-schist, and unidentified ones. Hornfels are shown in four
assemblages but since it occupies more than half of the Yongsandong and Yongband
assemblages, we included it in the plot. The color represents different types of raw
materials, and the assemblages are placed in chronological order. (For interpretation of
the references to color in this figure legend, the reader is referred to the Web version of
this article.)

Fig. 8. Site elevation by the age of the deposit. Color indicates presence/absence of
stemmed points. The lines display a locally weighted regression. The inset plot shows a
direct relationship between the site elevation and stemmed points. (For interpretation
of the references to color in this figure legend, the reader is referred to the Web version
of this article.)

G. Park and B. Marwick Quaternary Science Reviews 277 (2022) 107312

10
Honam region in southwestern Korea and divides the same time
frame into two phases; ‘core tool industry with large flake knap-
ping’ during early MIS 3 (59�40 ka), and ‘blade industry with
tanged point chiefly’ during late MIS (40�24 ka) (Lee, 2012). Both
Seong and Lee mention that core tools made of quartz or quartz
vein never disappeared and they point out the appearance of
stemmed points and blade technology as an addition, rather than
replacement. Our results, covering 49e24 ka and corresponding to
the first three types of Seong's divisions, show that the divisions are
subtle, with the continuation of core tools abundantly throughout
the Late Pleistocene. In addition, our data show that side scrapers
remained as major tools while other tools occupied only a small
portion of the assemblages. As stemmed points and blades
increased in the toolkits, both choppers and side scrapers went
through minor decreases but still remained abundant.

Changes in raw material composition were closely associated
with the appearance of stemmed points. Previous studies claim
that the existing tools, including choppers, polyhedrals, handaxes
and coreswere usuallymade of locally acquired quartzite, while the
new tools including stemmed points and other blade assemblages
were made of more fine-grained materials such as siliceous shale,
hornfels, and obsidian which might be brought from distant sour-
ces (Chang, 2013; Seong, 2015). Our data also show that quartz,
quartz vein and quartzite were consistently dominant and the use
of fine-grained materials including chert, hornfels, rhyolite, and
shale, increased after 42 ka, around the time that stemmed points
appear. Projectile points, such as stemmed points, benefit fromhigh
quality materials which enable high flaking quality, durability and
effectiveness of an edge, as well as the creation of well-defined
outline forms (Bamforth, 2009). The increased use of finer-
grained raw materials likely changed forager mobility patterns to
ensure their movements over the landscape supplied them with
the materials needed to make stemmed points.
4.3. Environmental and demographic contexts

We hypothesized that the introduction of stemmed points
might reflect a preference for more portable and efficient hunting
tools, as an adaptation to environmental or demographic changes.
As the first composite tool appearing on the Korean Peninsula,
stemmed points represent a major change in stone artifact tech-
nology. An important quality of composite tools is that the user can
easily replace damaged parts, contributing to an increased main-
tainability of the tool (Cardillo, 2010; Kuhn and Miller, 2015).
Combining the stone projectile with a wooden shaft further ma-
terials enhances functionality of the tool by improving penetration
by increasing weight and sharpness (Browne, 1940). We predicted
that the functional advantage of the new composite tool would
have allowed foragers to be more effective in less productive or
more marginal landscapes. To explore the environmental and de-
mographic contexts related to the technological transition, we
examined the distribution of site elevations, and simulated MAT
during the Late Pleistocene. The results show that groups with
stemmed points generally reached higher elevations, where the
MAT was generally lower. This supports our hypothesis that
stemmed points were associated with the occupation of more
challenging habitats. Furthermore, through MIS 3 the temperature
gradually decreased until the LGM, suggesting that stemmed points
may have been part of a suite of adaptations to cooler temperatures
at any elevation. We see a similar pattern of new technologies



Fig. 9. Mean Annual Temperature (MAT) of the Korean Paleolithic assemblages mentioned in the text. A: Site locations and their MAT. B: MAT distributions for each site during the
period they were occupied. C: MAT from 50 ka to 10 ka. The grey lines indicate the MAT for each site and the black line is the mean temperature of all sites. The light grey area in the
middle of the plot indicates the duration of MIS 2, and the dark grey area represents the duration of the LGM. D: The relationship between MAT and site elevation. The blue line is a
linear regression on elevation and MAT with the grey area showing the 95% confidence interval. (For interpretation of the references to color in this figure legend, the reader is
referred to the Web version of this article.)
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enabling expansion into marginal areas at a later time in north
Paleo-Honshu Island, Japan, where the appearance of blade and
projectile points at about 25 ka were associated with foragers
moving into cold grassland areas (Morisaki et al., 2015).

We investigated forager population dynamics to assess if de-
mographic change might be a relevant mechanism to explain the
appearance of stemmed points. The output of our SPD models
indicate population increasing before the appearance of stemmed
points and remaining at the peak with minor deviations until 35ka
and then declining after 35 ka. If population dynamics were a key
11
driver, then we expect population to see more frequent and con-
stant positive deviations during the transition period. We conclude
that population dynamics were not a major mechanism in the
appearance of this new technology. Bae claims that stemmed
points are the result of the continuous influx of modern humans
from a Siberian migration (Bae, 2010). Our results are partly
consistent with this scenario, showing a gradual increase in pop-
ulation before the appearance of stemmed points, however with
the evidence currently available we cannot discern if this is
endogenous population growth or external migration.



Fig. 10. Summed probability distribution of 400 radiocarbon dates. The black solid line represents actual radiocarbon ages. The grey shaded region shows the Monte Carlo envelope
that encompasses the 95% confidence interval for the null models. The red and blue vertical bands highlight the portions of the SPD where positive and negative deviations are
detected. We applied linear, exponential and logistic to AIC along with the logistical growth model (fit) to evaluate each model (Riris and Arroyo-Kalin, 2019). We excluded the
uniform model because it has no fitted curve or surface to evaluate. The best fit model has the lowest AIC score. In this case, the linear model is the best fit for the observed data. (For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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5. Conclusion

To understand the change in mobility and site occupation
related to the appearance of new technologies during the late
Pleistocene in Korea, we examined stone artifacts from 23 sites
dated to 49e24 ka. The results show that the forager groups with
stemmed points tended to be located at higher elevations. The
temperature gradually decreased during the technological transi-
tion and after the appearance of stemmed points. Overall, the result
indicates that the use of stemmed points was associated with
occupation of marginal environments. In addition, the groups with
stemmed points had expedient technologies which reflect resi-
dential and less mobile land use patterns.

Our findings are limited by the relatively small number of sites
and radiocarbon ages currently available. The absence of detailed
stratigraphic data limit the chronological resolution for the as-
semblages in our sample. Furthermore, we currently lack functional
data on individual artifact assemblages to support our conclusions
about site use to evaluate whether stemmed points were primarily
hunting projectiles, or multipurpose, as we have proposed here.
12
With future work we may be better able to distinguish a high
density of stone artifacts resulting from a long-term/small group
occupation versus a short-term/large group occupation. We
acknowledge that our coarse resolution of environmental data is
not fully resolve the subsistence strategies of forager groups.
Therefore we aim to increase the spatial resolution of the data from
the sites in our future work. Further research should also aim to
identify the mechanisms behind the population increase that we
have reported here, was it local population growth, or a result of
new groups arriving from outside of Korea?
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