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Abstract

Recent archaeological investigations in Sri Lanka have reported evidence for the exploita-
tion and settlement of tropical rainforests by Homo sapiens since c. 48,000 BP. Information
on technological approaches used by human populations in rainforest habitats is restricted
to two cave sites, Batadomba-lena and Fa-Hien Lena. Here, we provide detailed study of
the lithic assemblages of Kitulgala Beli-lena, a recently excavated rockshelter preserving a
sedimentary sequence from the Late Pleistocene to the Holocene. Our analysis indicates in
situ lithic production and the recurrent use of the bipolar method for the production of micro-
liths. Stone tool analyses demonstrate long-term technological stability from c. 45,000 to
8,000 years BP, a pattern documented in other rainforest locations. Foraging behaviour is
characterised by the use of lithic bipolar by-products together with osseous projectile points
for the consistent targeting of semi-arboreal/arboreal species, allowing for the widespread
and recurrent settlement of the wet zone of Sri Lanka.

Introduction

During the Late Pleistocene, hominins reached new geographical areas as they expanded out
of Africa, populations eventually extending to the far western [1-5] and eastern edges of Eur-
asia [6-9]. As groups extended their range, they modified their toolkits to introduce novel
technologies and subsistence strategies as they engaged with new climatic zones and terrestrial
ecosystems [10-16]. In the last few decades, archaeologists have placed increasing emphasis on
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the role that environmental variability played in influencing the emergence and evolution of
Homo sapiens [17,18]. Our species appears to demonstrate increased levels of behavioural
plasticity that enabled populations to adapt to extreme environments such as those of the
arctic, high-altitude plateaus, and tropical rainforests [17,19,20]. There has been increasing
archaeological interest in the technological and behavioural strategies employed by Homo
sapiens in different parts of its increasingly global distribution between 100 and 45,000 years
ago [9,21-24].

Traditionally, tropical rainforests were seen as ecological barriers for Pleistocene human
occupation based upon the perceived scarcity of carbohydrate-rich plants and fat- and pro-
tein-rich fauna [25-27]. Colonization of these ecosystems was considered to only have been
possible with specialized Holocene toolkits or cultivated resources [28,29]. Recent investiga-
tions in Sri Lanka (South Asia), however, have been part of a wider body of research that has
challenged this hypothesis, providing concrete, multi-disciplinary evidence of specialized for-
aging and hunting activities from 48,000 years ago [30-34] along with early microlithic [35-
40] and bone toolkits that have been hypothesized to relate to the development of projectile
technologies to target arboreal prey [30,33,41]. These discoveries are important for under-
standing how technologies allowed early groups of Homo sapiens to exploit challenging habi-
tats. Although tropical rainforests have a high primary biomass, that is less impacted by
seasonality, the exploitation of their resources is not an easy task. Fruits are located high above
the ground, and seeds often contain toxins and tough outer coats needing intense processing
to become edible [42,43]. Moreover, dense forested vegetation makes the identification and
attainment of possible prey difficult [42]. Late Pleistocene occupation of tropical rainforests
would therefore likely have necessitated specialized subsistence strategies, planning, and
honed toolkits.

In the past few decades, fieldwork in caves and rockshelters of Sri Lanka’s Wet Zone has
expanded our understanding about human settlement [35,39,44]. Three sites—Batadomba-
lena, Fa-Hien Lena, and Kitulgala Beli-lena-preserve horizons from the Late Pleistocene to the
Holocene [35,39] as well as the oldest human remains of Homo sapiens in South Asia [45,46].
Multidisciplinary studies on the preserved remains at these sites have revealed continuous
exploitation of the rainforest supported by the hunting of arboreal and semi-arboreal faunal
species [31-33] and the collecting of freshwater/terrestrial molluscs [34,37] and wild fruits
(e.g. breadfruit, kekuna nut) [34,37,47]. Reassessment of cultural materials have demonstrated
that technical behaviours were associated with the consistent production of bone points and
quartz microliths (< 40 mm) [30,33,34,36,41,48]. Thus far, detailed descriptions have been
reported for the lithic assemblages of Batadomba-lena [36,48] and Fa-Hien Lena [38]. How-
ever, comparable work on the site of Kitulgala Beli-lena has not been conducted. In order to
develop a broad understanding of the adaptive strategies employed by early groups of Homo
sapiens to the Sri Lanka’s rainforest, here we undertake a comprehensive technological study
of the lithic industries of Kitulgala Beli-lena. This information enables examination of the
development of foraging in tropical environments and discussion of the behavioural complex-
ity of the human toolkit evident since the onset of the settlement in the rainforests of Sri Lanka
in the Late Pleistocene.

Mobility and hunter-gatherer tool-kits

Ethnographic observations of hunter-gatherers point to a close relationship between subsis-
tence strategies and inhabited ecosystems [42,49,50]. In his seminal paper, Binford [51] formu-
lated the forager-collector continuum as a theoretical framework for estimating the responses
of hunter-gatherers to the distribution of resources (e.g. food, water, fuel) across the landscape
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and through time. In areas where resources are scattered, hunter-gatherers tend to move their
residential camps frequently. In contrast, in a high biomass environment, hunter-gatherers
often settle in foraging zones where resource accessibility allows for frequent logistical forays
and few residential moves per year [42,49,51]. These different types of land use patterns are
reflected in various levels of investment and planning in technological organization, explored
by Binford [52] through the concept of curation. Curated technologies are characterized by a
high-level of investment in manufacture and maintenance. Conversely, expedient technologies
are typified by a low-level of investment of time and effort in their productive process, and
after use, the artefacts are quickly discarded [52]. In high-mobility contexts, curated artefacts
are preferred in order to anticipate unexpected needs. In low-mobility contexts, the risk of
food shortage is reduced and a strategy of expediency is favoured because artefacts are made
on an on-needed basis [52].

Ethnographic data indicate that the composition of transported toolkits is dynamic and
strongly influenced by the availability of resources and the tasks to be accomplished [52-59].
Oswalt [57,58] pointed out that toolkits for the acquisition of food are composed of different
‘subsistants’ that can be classed as instruments (e.g. sticks), weapons (e.g. harpoons, arrow
points) and facilities (e.g. deadfall trap). The total amount of ‘subsistants’ indicates the diver-
sity of the toolkit, and its complexity is measured by the total number of techno-units, that is,
the different parts comprising a finished artefact [58]. Comparing the toolkits of several
hunter—gatherer groups, Oswalt [58] argued that groups relying on hunting for their subsis-
tence generally have more diversified and complex gear than those dependent on plant diets.
However, placing hunting as the main activity of food acquisition can be a risky tactic because
it requires more time for searching and chasing animal prey that may not ultimately be suc-
cessfully captured. Torrence [59-61] hypothesized that as time-stress increases, hunter—gath-
erers tend to be more efficient, producing more specialized tools that enhance toolkit richness
and complexity, and reduce the risk of failure. A similar hypothesis was advanced by Bleed
[54], who explored several hunting toolkits and determined their diversity by applying the
concepts of ‘reliable’ systems and ‘maintenance’ systems. While the maintenance approach
generally has low failure costs because the gear can be easily turned into a different functional
state, a reliable hunting kit must work when needed, and it is designed in such a way that func-
tion is guaranteed [54].

It has been noted, however, that this strict specialization of the toolkit limits the possibility
of it being used for other tasks, suggesting that other tools need to be transported or crafted
[54]. For example, the! Kung San [62], the Pumé [63], and Yanomano Amazonian hunters
[64] craft light and portable weapons characterized by generalized tools that can be efficiently
applied within a variety of circumstances without the need for ad hoc modifications. The hunt-
ing gear of the! Kung San and Yanomano are composed of poisoned arrows, spare arrowheads,
and spears that do not change during the seasons or for different types of game [62,64]. A simi-
lar pattern is documented among the Pumé who often use spears as digging sticks, and arrow-
heads as butchering knives [63]. Conversely, the hunting gear of the Nunamiut is composed of
more specialized tools produced in high number to fully exploit, during a short period, caribou
migrations every year [65]. Shott [66] has pointed out that more generalized tools are used in
groups that move frequently and in contrast with groups that move less frequently, as tools can
be used for a broader range of tasks. Study of toolkit complexity among hunter—gatherers has
indicated that technological richness tends to be correlated more with increased environmen-
tal risk and resource failure than with an increase in population size or residential mobility
[67,68]. However, in certain conditions, these latter two variables may also have effects on cul-
tural evolution [68,69].
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Hunter-gatherers in tropical forests exhibit a great homogeneity in their technological
responses for obtaining food [58,63,70-72]. Although poisoned arrows, blowpipes, and snares
are used [63,71,73,74], hunting toolkits in tropical environments are thought to be less elabo-
rate in comparison with forager gear in high latitudes [52,58,60]. This low elaboration pattern
is present in the archaeological record; for example, though debated, the core and flake tech-
nology of the Hoabinhian of tropical Southeast Asia has been noted for its ‘simplicity’ [75-80].
The use of expedient technologies has often been explained as a result of either a loss of techni-
cal knowledge, the absence of fine-grained rocks, or the utilization of organic materials (e.g.
wood, bamboo) which is unlikely preserved over the long-term [27,77,79,81,82]. According to
the latter argument, the bamboo hypothesis was historically developed to explain the absence
of handaxes in East Asia in the Middle Pleistocene [82,83]. Indeed bamboo residues have been
found on some stone tools in archaeological contexts [84,85], and experimental work has dem-
onstrated that bamboo may provide viable cutting edges, though stone artefacts are more effi-
cient in keeping their edges sharper for a longer time [83,86].

Since the advent of processual archaeology, ethnographic data has been largely used as anal-
ogies for understanding the archaeological record (e.g. [65,87,88]). This approach fostered
intense debates [89-92] and rejections as researchers [93-95] questioned to what extent the
behaviours of contemporary hunter-gatherers, co-existing in modern economic systems,
could reflect foraging and mobility patterns of past human communities [28,96]. Current
views are that ethnographic analogies should be assessed on a context-by-context basis [89,97]
or when cultural continuity between the archaeological and historic evidence can be demon-
strated [98,99]. Recent investigations of Palaeolithic sites show that the composition of trans-
ported gear often diverges from ethnographic models [100-102]. Adaptive strategies to
particular environments, including particular reactions to subsistence stress, were likely varied
and not always operating optimality (e.g. [103-105]). From this perspective, exploitation strat-
egies in rainforests during the Late Pleistocene and Holocene could have been wide-ranging.
However, there is a gap in our knowledge about prehistoric settlement strategies in tropical
forests. The well-preserved archaeological record in the rainforests of Sri Lanka provides an
opportunity to examine the behavioural variability of Homo sapiens over time.

Kitulgala Beli-lena rockshelter

Kitulgala Beli-lena is located c. 85 km east of Colombo in Sabaragamuwa Province, in the low-
land Wet Zone of Sri Lanka (Fig 1). The rockshelter is a large (30 x 15 m) northwest-facing
natural cavity formed from gneiss bedrock, part of the high-grade metamorphic terrain of Sri
Lanka’s Highland Complex [106]. Since the 1960s, several seasons of fieldwork has been car-
ried out at the site revealing a long Late Pleistocene and Holocene archaeological sequence and
an abundance of lithics [35,107,108]. In 2017, a new excavation was conducted through a col-
laboration between the Max Planck Institute for the Science of Human History (Jena, Ger-
many) and the Department of Archaeology, Government of Sri Lanka (Fig 1). All relevant
permits for this work were obtained from the Department of Archaeology, Government of Sri
Lanka. The aim of the research was to apply multidisciplinary methods to refine the chronol-
ogy of the sequence and to examine subsistence strategies and technical behaviours of foraging
groups through time [34].

The excavation was situated in the inner western section of the rockshelter, about 5 m from
the wall. Following the excavations in the rockshelter in 1985, the exposed sections were cov-
ered by stone walls to preserve the integrity of the site. The only portion that was not protected
was a 2 m” excavation square (grid code: G12-G11) which was sampled for micromorphology
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Fig 1. Location of Kitulgala Beli-lena and other Sri Lankan rainforest sites mentioned in the text as well as the stratigraphic sequence from the 2017
excavation (base map modified from https://commons.wikimedia.org/wiki/Category:SVG_topographic_maps_of_Sri_Lanka; data of vegetation zones
adapted from Ashton, P. S. & Gunatilleke, C. V. S. New light on the plant geography of Ceylon. I. historical plant geography. J. Biogeogr. 14, 249-285
(1987), and Erdelen, W. Forest ecosystems and nature conservation in Sri Lanka. Biol. Conserv. 43, 115-135 (1988); photos taken by NA and stratigraphic
section drawn by NA from original section drawings made by JB, AP and OW).

https://doi.org/10.1371/journal.pone.0273450.9001

in 2005 and 2009 [44,108]. The new excavation extended this unprotected square southward,
opening excavation square G12 and the previously unexcavated squares H14 and 114 (Fig 1).

The stratigraphic sequence of the site (Fig 1) has been divided into three main chronologi-
cal phases [34]. The Late Pleistocene phase, dating between c. 45,000-31,000 years cal BP, is
composed of 16 sub-horizontal layers of yellowish brown sandy clay to sandy silt sediments
that overlay pebbly clayey loams with angular gneiss slabs atop the bedrock (context 36). At
the bottom lies context 25, a firm mid yellowish brown (7.5 YR 6/6) clast supported conglom-
erate with well-rounded imbricated pebbles. This context may have been deposited by the
stream that, at present, flows 60 m below the level of the cave entrance. Context 23 sits above, a
firm yellowish brown (7.5 YR 6/8) sandy clay with presence of small to medium gneiss angular
slabs. A radiocarbon date on a charcoal from this context yielded an estimate of 44,902-42,539
cal BP [34]. The sedimentary sequence continues with context 24, a compact mid brown (7.5
YR 5/4) sandy loam with the presence of medium to big angular gneiss slabs, overlain by con-
text 22, a firm yellowish brown (7.5 YR 6/6) sandy loam with presence of medium to large
gneiss slabs. This deposit was disturbed by termite bioturbation.

Context 21 is found on the left of square H14, a medium compact mid brown (7.5 YR 4/3)
sandy clay with the presence of very few small gneiss slabs, overlain by context 39, a compact
yellowish brown (7.5 YR 4/6) sandy clay, and context 19, a firm very dark brown (7.5 YR
2.5/3) sandy clay with the presence of small angular gneiss slabs that extend to the right side of
square H14 and in square I14. In context 19, at the edge between H14 and 114 and on the NW
quadrant of I14, two areas of fire use (respectively 0.20 m x 0.16 m; 15 m x 10 m) with some
burning sediment, but without the presence of charcoal, ashes or burnt material were dis-
cerned. In this area, a small pit (cut 40) was recognized near the section truncating context 19,
39, 21 and 22. The pit has an extension of 0.23 m x 0.16 m, and it was filled with a yellowish
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brown sandy clay (fill 41). In square G12, above context 19 lies context 26, a hard mid yellow-
ish (7.5 YR 5/6) sandy clay with the presence of occasional gneiss slabs fallen from the cave
roof.

In contrast, in squares H14 and 114, above context 19 the sequence continues with context
18, a mid compact dark brown (7.5 YR 3/4) sandy clay with the presence of small gneiss angu-
lar slabs, context 17, a firm dark yellowish brown (7.5 YR 3/4) with presence of gneiss slabs
fallen from the cave roof, and context 16, a firm dark yellowish brown (7.5 YR 4/4) sandy clay.
On top, is found context 13 comprised of a firm dark yellowish brown (7.5 YR 6/8) sandy clay,
context 15, a firm dark yellowish brown (7.5 YR 5/6) sandy clay with the occasional presence
of gneiss slabs, and context 20, a very firm dark yellowish brown (7.5 YR 5/8) sandy clay with
the occasional presence of gneiss slabs fallen from the roof of the cave. The Late Pleistocene
sequence ends with context 14, a firm pale greyish yellow (7.5 YR 5/6) sandy clay with little
trace of anthropogenic activities, and context 12, a very firm mid orangish red (2.5 YR 4/4)
silty clay. This context was a post-depositional altered clay similar to context 13 and 14, discol-
ored and compacted by burning in overlying sediments.

The Terminal Pleistocene phase, dating between 17,157-11,314 years cal BP, comprises a
stratigraphic succession of sub-horizontal layers of dark greyish brown sandy loam and silty
clay. Context 10 is a moderate dark greyish brown (7.5 YR 2.5/2) sandy loam with the rare
presence of gneiss spalls up to 10 cm in size, and occasional discrete clay mottles. Four poten-
tial hearths and some darker patches were also identified but without discrete charcoals. Con-
text 9 is a moderate mid greyish brown (7.5 YR 3/4) sandy silt with the occasional presence of
small/ medium size gneiss slabs fallen from the cave roof. The context was interpreted as a hab-
itation deposit with abundant lithic material, almost all lying flat.

The Holocene Phase, dated 10,577-8,029 year cal BP, includes a compact mid-yellowish
brown (7.5 YR 2.5/3) sandy loam layer with angular gneiss slabs at the bottom (context 8),
superimposed by several nearly horizontal loamy clay and silty sand horizons [34,39,108].
Context 6, was a firm mid brown (7.5 YR 2.5/3) loamy clay with occasional inclusions of gran-
ite slabs, is overlain by context 5, a firm mid brownish yellow (7.5 YR 3/3) loamy clay including
occasional granite slabs, and context 7, a firm mid greyish brown (7.5 YR 3/4) sandy silt, com-
monly sorted with granite chunks and grit. The sequence continues with context 27, a firm
dark brown (7.5 YR 3/3) silty clay including 20% moderately sorted round pebbles and occa-
sionally shells, followed by context 4, a loose mid brown (7.5 YR 5/3) silty sand with occasional
snail shells and grit, and context 3, a loose mid brownish grey (7.5 YR 4/2) sandy silt supported
by angular/ sub angular pebbles with occasional presence of shells and, rarely, with fine char-
coals. The extraction of guano to be used as fertilizer on neighbouring rubber plantations dur-
ing the colonial period has resulted in a 10 cm of silty sand deposit that caps the sequence
(context 1) [39].

Archaeobotanical analysis from the site indicates a persistent use of wild breadfruit (Arto-
carpus nobilis) and possibly of kekuna nut (cf. Canarium zeylanicum) from the oldest layers
[34]. Animal bone remains were documented only in the Holocene layers, and zooarchaeologi-
cal and taphonomic studies confirm the exploitation of semi-arboreal and arboreal primates
and squirrels at this time, a hunting behaviour common in the archaeological record of the
other Pleistocene/Holocene sites on the island, such as at Fa-Hien Lena and Batadomba-lena
[33,34,37]. Within the bone assemblage, several osseous tools (e.g. unipoints, bipoints and geo-
metrics) were found and were probably used as projectile points, as seen at Fa-Hien Lena (Fig
2) [30,33,41]. A preliminary study of the lithic material showed some similarities with the
assemblages of other Pleistocene sites in the Wet-Zone of Sri Lanka [34]. A deeper examina-
tion of the technological approaches used at Kitulgala Beli-lena allows a broader
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Fig 2. Example of bone implements recovered from the Holocene layers of Kitulgala Beli-lena. A- unipoint manufactured from cercopithecid fibula
(context 3), B-D bipoints made from cercopithecid femur shaft fragments (B: context 5; C-D: context 27).

https://doi.org/10.1371/journal.pone.0273450.g002

understanding of the processes of adaptability in the early and later phases of the site, and
more widely, the exploitation of tropical environments in South Asia.

Materials and methods

The aim of the current research is to examine technological trajectories present in Late Pleisto-
cene and Holocene sites situated in the rainforests of Sri Lanka. Detailed technological studies
have only been undertaken for stone tool assemblages recovered from Batadomba-lena [36,48]
and Fa-Hien Lena [38] revealing lithic production oriented towards microlithic blanks. A pre-
liminary report on the lithic assemblage of Kitulgala Beli-lena was published in Wedage and
colleagues [34], though information on lithic production was not described. Here, we describe
raw material selection strategies and knapping methods, using statistical analyses of metric
attributes on cores and lithic by-products across different archaeological layers. The informa-
tion drawn from Kitulgala allows for comparison with technical behaviours obtained from
other archaeological sites in the rainforest zones of Sri Lanka, and more generally, Southeast
Asia. Furthermore, the archaeological results may be compared to ethnographic data, with an
aim to understand behavioural flexibility of Homo sapiens populations in rainforest habitats.

In this study, analysis is carried out on the lithic assemblages recovered from Kitulgala
Beli-lena during the 2017 excavation season.
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We analyse the lithic material following the chaine opératoire concept, a methodological
framework that defines the reconstruction of the various processes of flake production from
the procurement of raw materials through the phases of manufacture and utilization until final
discard [109,110]. The categories analysed include cores, flakes, bladelets, fragments and chips
(fragments < 10mm). The presence of cortex on the lithic items was categorised into three dif-
ferent classes: cortical (>50% cortex), semi-cortical (>50% cortex), and no cortex.

We divide the quartz pebbles in five main categories based on their petrological features
[128]: crystal-a translucent automorphic quartz; milky-a grainy xenomorphic quartz charac-
terized by chalky/cloudy colour tonalities; rose-a grainy xenomorphic quartz characterized by
light pink colour tonality; vein—a grainy xenomorphic quartz characterized by few reddish lin-
ear inclusions; granular-a course-grained xenomorphic quartz.

The metric attributes and the weights of all lithic artefacts were measured in order to assess
the general features of the assemblage and to evaluate the degree of core reduction, débitage
size, and discard thresholds. The maximum dimension and weight of the lithic items was mea-
sured and compared statistically using the free software PAST [111]. We first tested the nor-
mality of the data using Shapiro-Wilk tests (S3 Table); based on these results we employed a
non-parametric test (Mann Whitney test, o = 0.05) to estimate the difference in average weight
and maximal size between cores and blanks among the different raw materials. When the
number of artefacts was lower than 20, descriptive statistics were used for comparisons. We
also compared the relations between the length and the weight of different core categories by
chronological phase using a linear regression model.

Here, we use the term ‘microlithic’ to refer to lithic knapping methods aimed at the produc-
tion of small blanks, following the criteria proposed by Pargeter and Shea [112], rather than
limiting the definition to small and backed artefacts (geometric or non-geometric). Following
the demonstration of the bimodal distribution of blade sizes in southern India [113], we
employ a 40 mm size threshold and describe flakes, blades (bladelets), and retouched tools
smaller than 40 mm as microlithic (see [38]).

Previous technological studies of Pleistocene lithic assemblages from Sri Lanka document
the use of the bipolar-on-anvil (henceforth bipolar) and freehand methods [36,38]. In this
study, bipolar knapping is interpreted as the technique of placing a core with a bare hand on a
stationary anvil and striking it with a hammerstone in perpendicular planes from the top. The
force applied from the hammerstone produces two opposed impact points, one on the upper
face of the core and the second on the lower face that is in contact with the anvil. Since in this
percussion technique (bipolar sensu stricto) the core is perpendicular to the anvil, flakes are
produced by the hitting of the hammerstone with the upper face and by the counterstrikes of
the core with the anvil [114].

The morphology of the nodules among different raw materials can influence the position of
how a pebble is placed on an anvil (Fig 3). In this study, two modalities are distinguished: a)
vertical axial knapping, when the pebble is oriented along the longer axis, and b) horizontal
axial knapping, when the pebble is oriented along his shorter axis. During reduction events,
the striking angle tends to be ~90° although some variations in the angulation between the
hammer and the striking platform can be produced due to fractures, rotation of the core, or
re-organization of the core volume [115]. In this case, the vertical and horizontal modalities
are classified as non-axial.

The striking of the hammerstone with the proximal surface of the core could produce bat-
tering marks, a hertzian cone, a linear striking platform complemented by scaled or invasive
bifacial detachments, or a pointed striking platform [114-117]. The hitting of the core with a
hard anvil produces splintering and pointed platforms, as well as battering marks. If the anvil
used is soft (e.g. wood) or the core is resting simply on the ground, opposing bulb or other
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Fig 3. Schematic model of the reduction systems and the terminology used in this paper.
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counterblow fractures will be absent [118,119]. Beyond the recurrent quadrangular, sub-
quadrangular and cylindrical forms with opposing scars, the core morphologies could vary on
the basis of the degree of reduction resulting in: a) a core without a proper striking platform
and characterized by two opposed acute angles, or b) a core with a pointed percussion point
and flat lower surface, generally resulting from a horizontal no-axial reduction [117,120,121].

The anvil-rested modality is distinguished when the core is only stabilized on the anvil
before the flake detachment, but it is missing the higher compressive stress and degree of
immobilization, characteristic of bipolar reduction [122-124]. In this manner, the point of
contact between the hammer/core and core/anvil may not aligned.

The bipolar technique differs from freehand knapping in terms of fracture mechanics, and
in the former this includes wedging initiations, compression—-propagation and preferential
axial terminations [125]. In terms of direction of the detachments, freehand reduction is often
secant to one of the core axes and, when it is parallel, it requires the preparation of a striking
platform [126,127]. The identification of by-products of bipolar percussion has been a matter
of debate [116,118,127-133]. The main issue is that bipolar knapping does not focus on con-
trolling blank production, thereby producing a large volume of lithic by-products (e.g. basal,
parasitic or irregular flakes and fragments). Generally, bipolar flakes show various different
morphologies and sizes in comparison to freehand percussion, characterized by diffuse bulbs
of percussion, shattered platforms and opposed fracture edges (e.g. hinge, step). Typical by-
products of bipolar reduction include bdtonnet flakes (or bipolar spalls), non-cortical flakes
with longitudinal fractures and triangular/quadrangular sections [134], splinter flakes, [128]
and siret knapping accidents. Splinter flakes are not considered retouched artefacts but pieces
retaining small portions of the core on distal sides that are characterized by more or less pro-
nounced traces of longitudinal fracture [128]. Siret knapping accidents were distinguished fol-
lowing the criteria of Mourre [115] (Fig 3): a) siret sensu strico (x1) is considered a fracture
parallel to the flaking axis that divides the blank in two parts, more or less equal; b) siret sensu
lato (x2) is considered a fracture that removes a portion of the flake proximal side secant to the
direction of the flaking axis; c) siret sensu lato (x3) is considered a fracture that removes two
opposed portions of the flakes proximal side obliquely to the direction of the flaking axis.
Often, the remaining part of the platform shows a pointed morphology.

Analysis of lithic products and by-products from Kitulgala Beli-lena is examined by chro-
nological phase, i.e., sub-divided into Late Pleistocene, Terminal Pleistocene, and Holocene
categories.

Results
Late Pleistocene (c. 45,000-31,000 cal BP)

The Late Pleistocene lithic assemblage includes 5,012 artefacts (4,992 lithic items and 20 ham-
mers) (Tables 1, S1 and S2). The raw material used most is crystal quartz, followed by milky
quartz and other quartz varieties in lower percentages (Table 1, Fig 4). Two flakes and four
fragments of chert are also found in the collection (Table 1). Technological analysis of cores
indicates that the main knapping strategy used is the bipolar method (Table 2, Fig 5). Gener-
ally, heterogeneous quartz pebbles of different sizes were collected for flake production. In
only two cases (milky quartz, crystal quartz) were the nodules probably tabular blocks. In these
latter cases, the striking platforms and the distal surfaces are flat, and production was carried
out on one lateral flaking surface. Although the shape of the blocks allows a secure contact
with the anvil during vertical knapping procedures, these cores were not fully exploited, and
were abandoned, although flake production could have continued. In the remaining assem-
blage, two cores in crystal quartz, five cores in milky quartz and one in rose quartz are partially
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Table 1. Total number and percentages of lithic artefacts in the Late Pleistocene.

Crystal % Milky % Veiny % Rose % Grainy % Chert % Total %
Cortical flake >50% 8 0.3 18 1 4 2 2 0.3 32 0.6
Cortical flake <50% 50 2.1 32 1.8 1 12.5 14 6.9 8 1.3 105 2.1
Cortical core-edge flake 1 0.05 1 0.1 0.5 3 0.1
Flake 254 10.5 106 6.1 4 2 21 3.5 2 33.3 387 7.8
Splinter flake 7 0.3 6 0.3 13 0.3
Core-edge flake 1 0.1 1 0.02
Bladelet 2 0.1 2 0.04
Cortical fragment 52 2.1 83 4.8 17 8.3 18 3 1 16.7 171 3.4
Siret x1 5 0.2 9 0.5 1 0.5 1 0.2 16 0.3
Siret x2 3 0.1 2 0.1 5 0.1
Siret x3 1 0.1 2 0.3 3 0.1
Fragment 878 36.2 617 35.4 4 50 94 46.1 316 52 3 50.0 1912 38.3
Siret x1 101 4.2 41 2.4 1 12.5 3 1.5 17 2.8 163 3.3
Siret x2 11 0.5 7 0.4 18 0.4
Siret x3 20 0.8 11 0.6 2 1 4 0.7 37 0.7
Chips 983 40.6 742 42.6 59 28.9 214 35.2 1998 40
Core 20 0.8 35 2 1 12.5 2 1 1 0.2 59 1.2
Core fragment 29 1.2 30 1.7 1 12.5 3 1.5 4 0.7 67 1.3
Total 2424 100 1742 100 8 100 204 100 608 100 6 100 4992 100

https://doi.org/10.1371/journal.pone.0273450.t001

fractured on the distal and/or proximal sides, probably due to internal flaws or to the impact
of heavy hammerstones. Although the knapping modality applied could be identified, these
artefacts are incomplete and were excluded in the subsequent statistical comparison.
The majority of cores are reduced along their longest axis followed by the vertical axial
modality (Table 2); 43% of the artefacts retain a portion of cortex on their dorsal side. Com-
pression between the hammerstones and the anvils created cores characterized by bidirectional
detachments on the flaking surfaces (Fig 5). Among seven cores (crystal n = 2, milky n = 4,
grainy n = 1), flake production is limited to the ventral surface. In other samples, the battering

of the hammerstone and recurrent counterstrikes with the anvil also produced reduction

100%
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60% u Granular
“ Veiny
" Rose
40% = Milky
u Crystal
20%
0%
Late Pleist. Terminal Pleist. Holocene
Fig 4. Frequency of quartz types by chronological phases recorded at Kitulgala Beli-lena.
https://doi.org/10.1371/journal.pone.0273450.9004
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Table 2. Total number and percentages of the types of cores by different raw materials in the Late Pleistocene phase.

Crystal % Milky % Veiny % Rose % Grainy % Total %
Vertical 11 55 24 68.6 1 100 2 100 1 100 39 66.1
Horizontal 4 20 3 8.6 7 11.9
Horizontal non-axial 1 5 2 57 3 5.1
Orthogonal 3 15 5 14.3 8 13.6
Anvil-rested 1 2.9 1 1.7
Unidirectional 1 5 1 1.7
Total 20 100 35 100 1 100 2 100 1 100 59 100

https://doi.org/10.1371/journal.pone.0273450.t002

schemes on the dorsal surface. Among two crystal quartz and milky quartz cores, the distal
surface was flat, created probably by previous detachments or fractures. The cores were most
likely rotated on the flat side in order to take advantage of a more stable surface on the anvil.
However, evidence of previous reduction sequences are absent, suggesting that the cores were
reduced intensively after rotation and the use of new striking platforms. Although crushing,
fractures and hertzian cones are common in the assemblage, it is worth noting a core in crystal
quartz characterized by a denticulate delineation of the distal side. This feature is often related
to uneven resting or eccentric impact points that caused a failure in detaching the counter-
strike flakes.

With the exception of two large artefacts in milky quartz (layer 34, n°: 319—weight: 183.8 g;
length: 55 mm, width: 63.8 mm, thickness: 65.5 mm; layer 35, n* 1259—weight: 423.6 g; length:
71.1 mm, width: 92.3 mm, thickness: 39.4 mm), comparison of the mean values between crys-
tal and milky vertical axial cores reveals no obvious differences (Table 3). A similar pattern is
found comparing the mass and size of a grainy core (weight: 15.3 g; length: 30.2 mm, width:
24.6 mm, thickness: 17.1 mm) whereas the veiny (weight: 3.4 g; length: 19.7 mm, width: 17.5
mm, thickness: 11.8 mm) and rose cores (mean values: weight: 0.9 g; length: 18.6 mm, width:
8.2 mm, thickness: 7 mm) are smaller.

The second largest technological group in the assemblage includes cores reduced along
their smaller axis (horizontal) (Table 2). In seven cores (crystal n = 4, milky n = 3), the resting
point is located on the vertical line in relation to the percussion point (axial). In this group,
four artefacts (crystal n = 3, milky n = 1) are characterized by a flat distal surface indicating
that this particular feature of the cores was pursued by the knappers regardless of the size of
the by-products. Previous reduction events were absent in the flaking surfaces. In the remain-
ing three cores of the assemblage (crystal n = 1, milky n = 2) (Table 2), the resting and contact
points are off-axis producing an uneven exploitation of the nodule. The distal surfaces are flat
whereas the proximal sides are pointed yielding a pyramidal morphology. Descriptive statistics
suggest no substantive difference between the weight and size of the cores in crystal and milky
quartz (Table 3).

In a few examples, bipolar cores were rotated 90° degrees, producing orthogonal scars on
the flaking surface and shaping the outline into a quadrangular morphology (Table 2). In four
cores (crystal n = 1, milky n = 3), the rotation was promoted by a fracture along the knapping
axis (siret-type accident) and this latter axis was then used as new distal surface. In the other
cores (crystal n = 2, milky n = 2), orthogonal reduction was more recurrent with several
changes of the striking platform. Comparison of the metric attributes indicate no difference
between the artefacts in crystal and milky quartz (Table 3). Although the orthogonal modality
is thought to reduce the core volume greatly due to the exploitation of different striking plat-
forms, the length and width values of orthogonal cores falls back within the range of variability
of vertical and horizontal artefacts (Fig 6). Moreover, the linear regression model reveals that,
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Fig 5. Bipolar cores (1-7) and flakes (8-12) from the Late Pleistocene contexts of Kitulgala Beli-lena.
https://doi.org/10.1371/journal.pone.0273450.g005

in similar length values, the cores reduced with the vertical modality are weightier than the
others although the difference between the slopes is not significant (F = 0.707521, DFn = 2,
Dfd = 41, p = 0.4988) (Fig 7).
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Table 3. Counts, mean (p) and standard deviation (o) of the metric attribute (mm) of the bipolar-on-anvil cores of Kitulgala Beli-lena in the Late Pleistocene phase.

Vertical

Horizontal

Orthogonal

https://doi.org/10.1371/journal.pone.0273450.t003

Attributes

Weight
Length
Width
Thickness
Weight
Length
Width
Thickness
Weight
Length
Width
Thickness

Late Pleistocene

Length

Crystal Milky

N° n Y N° n Y
10 18.9 22 17 19.2 17.8
26.7 6.3 29.5 4.8
25.7 9.4 26.1 7.2

17.4 7.5 19.5 6.3
4 17.3 10.1 5 40.7 25.1
28.4 L5 37.7 8.9

25.8 8.4 32.6 8
18.9 3.8 24.6 7.6
3 17 4.6 5 30.1 34.4
31.5 8.2 31.6 15.3
28.1 7.7 334 17.1
18.6 3 26.7 18.1

An anvil-rested core in milky quartz and a unidirectional core were present in the assem-
blage (Table 2, S2 Fig). The former artefact (weight: 116.8 g; length: 49.3 mm, width: 55.2 mm,
thickness: 33.6 mm) is characterized by an initial knapping event that split the pebble in two
pieces, and then the ventral surface was used as new striking platform for the production of
three flakes. The analysis of the scars and striking platform support the hypothesis that the
core was reduced using the rested on anvil modality. The freehand core is, in contrast, a large
pebble (weight: 388 g; length: 91.1 mm, width: 55.6 mm, thickness: 45.1 mm) that was firstly
decorticated, and then discarded after the detachment of one flake.

Analysis of the cortical flake assemblage indicates that the phases of decortication were car-
ried out on site for most of the quartz varieties (Table 1). Semi-cortical flakes are more numer-
ous whereas the cortical core-edge flakes are limited (Table 1). Splinter pieces are recorded in
one cortical flake in rose quartz, three semi-cortical flakes in clear quartz, and in three cortical
fragments. The data on crystal and milky quartz show the largest frequencies of cortical and
unbroken flakes (Table 1). In this latter category, the diacritic reading of the scars on the dorsal
surfaces reveals that most of the blanks are characterized by a bidirectional (53.4%) and unidi-
rectional pattern (46%) whereas the orthogonal examples (0.6%) are found only in crystal and
milky quartz flakes. The technological features of the flakes suggest that nearly the totality of
the blanks were by-products of the bipolar method (Fig 5) whereas only two flakes could be
associated with freehand reduction. Together with flakes, other typical by-products of the
bipolar technology are also found such as splinter flakes and siret knapping accidents
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Fig 6. Plot of the relation between the length (mm) and the width (mm) of different categories of cores of Kitulgala Beli-lena by chronological phases.
https://doi.org/10.1371/journal.pone.0273450.9006
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(Table 1). The fractures siret sensu stricto (x1) are common in the different quartz varieties

whereas the other siret breakages sensu lato are more frequent in crystal and milky quartz
(Table 1).

Comparison of the length distribution shows that the bulk of the flake assemblage is smaller
than 20 mm (Fig 8, Tables 4 and 5). A statistical comparison reveals a significant difference in
the median values of cortical flakes in crystal and milky quartz (Mann-Whitney test,

p =0.0026), and in crystal and rose quartz (Mann-Whitney test, p = 0.0289), and between
complete flakes in crystal and milky quartz (Mann-Whitney test, p = 0.0202).

Terminal Pleistocene (17,157-11,314 cal BP)

The lithic assemblage of the Terminal Pleistocene phase is comprised of 6,577 artefacts (6,571
lithic items and 6 hammers) (Tables 6, S1 and S2). The primary raw materials used are crystal
quartz and milky quartz (Fig 4). Four complete flakes, one fragment, two chips and one core-
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Fig 8. Histogram of the frequency of complete flakes by length intervals during the different chronological phases
at Kitulgala Beli-lena.

https://doi.org/10.1371/journal.pone.0273450.g008
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Table 4. Count, mean (n) and standard deviation (o) of the length (mm) of cortical flakes in Kitulgala Beli-lena.

Phase Crystal Milky Veiny Rose Grainy
N° u [ N° n [ N° [T [ N° n o N° [T 4
Holocene 45 22.6 7.2 43 27.9 12.2 2 28.1 6.3 1 26.5 2 35.86 18.1
Terminal Pleistocene 45 21.2 6.9 92 25.5 9.3 1 27.3 7 16.7 3.3 1 314
Late Pleistocene 59 18.4 5.6 51 22.6 7.3 1 21.3 19 22.9 9.4 10 19.9 7.3

https://doi.org/10.1371/journal.pone.0273450.t004

on-flake in chert were also present in the collection (Table 6). Three cores in clear quartz and
four cores in milky quartz are partially fractured on the proximal and/or distal sides and are
excluded from the descriptive statistical analysis. Technological analysis indicates that the
main flaking method used was the bipolar in the vertical axial modality (Table 7, Fig 9). Two
cores in milky quartz show production limited to the flaking surface, whereas the dorsal sides
are cortical. Conversely, the other cores present a reduction of the dorsal sides owing battering
of the hammerstone and counterstrikes on the anvil; 36% of the cores (crystal n = 3, milky

n = 13, rose n = 1) retain small portions of cortex. Within common examples of the modality
vertical axial, four cores in crystal quartz and four in milky quartz are characterized by a flat
distal side, probably caused by previous detachments or by vertical fractures similar to siret-
type accidents. The opportunistic use of the flat surface was probably beneficial for a more sta-
ble contact of the core on the anvil. In another two cores in crystal and milky quartz, the strik-
ing platforms are battered and, although the use of other striking platforms were not detected,
the final morphologies are sub-quadrangular.

The core-on-flake in chert (weight = 10.8 g, length = 33.5 mm, width = 28 mm, thick-
ness = 9.59 mm) is a cortical blank characterized by the three unidirectional removals in the
ventral surface, probably detached using the bipolar vertical axial modality.

The other knapping modality applied is horizontal (Table 7). In six artefacts (crystal n = 2,
milky n = 4), the reduction pattern is axial, with four cores (crystal n = 1, milky n = 3) charac-
terized by a flat distal surface in contact with the anvil. In this group, 40% of the blanks present
portions of cortex. In three other artefacts (crystal n = 2, milky n = 1) (Table 7), the directions
of the point of contact hammerstone/core and core/anvil were not aligned, favouring the
development of artefacts with sub-pyramidal morphologies and elongated removals.

Another reduction modality applied to seven artefacts (crystal n = 1, milky n = 6) is orthog-
onal axial, characterized by recurrent bipolar flake production and the rotation of the flaking
surfaces 90° degrees for better exploitation of the core volume. Changes in the striking plat-
form shaped the cores into quadrangular morphologies, and some of them preserve traces of
cortex (crystal n = 1, milky n = 2). One artefact in milky quartz is very large (weight = 173.8 g,
length = 51.5 mm, width = 53 mm, thickness = 44.2 mm) in comparison to the other samples,
which is excluded in the descriptive statistical analysis as it is an outlier. One artefact in crystal
and one in milky quartz in the assemblage shows the presence of a flat distal side, produced by
a previous knapping accident similar to the siret-type breakage. As in previous examples from
the vertical and horizontal axial groups, the use of the flat distal side was opportunistic and

Table 5. Count, mean (n) and standard deviation (o) of the length (mm) of complete flakes in Kitulgala Beli-lena.

Phase Crystal Milky Veiny Rose Grainy Chert
N° n Y N° u Y N° n c | N n Y N° n Y N n Y
Holocene 301 20 6.7 105 24.2 8.1 2 34.1 16.8 2 21.1 6.1 3 26.1 6.2
Terminal Pleistocene 208 183 | 52 | 206 | 214 | 7.2 1 15.9 2 15.5 4.7 1 23.5 3 227
Late Pleistocene 245 19 6.8 106 20.5 6.7 4 18.7 2.6 21 22.7 9.7 2 19.4 52

https://doi.org/10.1371/journal.pone.0273450.t005

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 16/36


https://doi.org/10.1371/journal.pone.0273450.t004
https://doi.org/10.1371/journal.pone.0273450.t005
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

Table 6. Total number and percentages of lithic artefacts in the Terminal Pleistocene.

Crystal % Milky % Veiny % Rose % Grainy % Chert % Total %

Cortical flake >50% 10 0.3 28 1 1 59 2 0.8 1 0.6 42 0.6
Cortical flake <50% 35 1 64 2.4 5 2.1 1 12.5 105 1.6
Flake 213 6.2 210 7.8 1 59 2 0.8 2 1.3 3 37.5 431 6.6
Splinter flake 3 0.1 10 0.4 13 0.2
Core-edge flake 1 0.04 1 0.02
Bladelet 1 0.03 1 0.02
Batonnet 1 0.03 1 0.02
Cortical fragment 61 1.8 107 4 4 23.5 7 2.9 2 1.3 181 2.8
Siret x1 4 0.1 9 0.3 13 0.2
Siret x2 2 0.1 2 0.1 1 59 5 0.1
Siret x3 2 0.1 2 0.03
Fragment 1038 30 1045 38.9 8 47.1 73 30.7 65 40.6 1 12.5 2230 33.9
Siret x1 87 2.5 87 3.2 1 59 3 1.9 178 2.7
Siret x2 6 0.2 5 0.2 11 0.2
Siret x3 6 0.2 8 0.3 14 0.2
Chips 1971 56.9 1028 38.3 143 60.1 86 53.8 2 25 3230 49.2
Core 20 0.6 46 1.7 1 0.4 1 12.5 68 1

Core fragment 3 0.1 35 1.3 1 59 5 2.1 1 0.6 45 0.7
Total 3461 100 2687 100 17 100 238 100 160 100 8 100 6571 100

https://doi.org/10.1371/journal.pone.0273450.t006

limited to one striking platform; in this assemblage, the presence of even distal surfaces in two
cores are combined with orthogonal detachments.
Comparison of metric attributes indicates no significant difference between the mean val-
ues between crystal and milky cores knapped using vertical and horizontal modalities
(Table 8). However, the distribution of the length and width values demonstrates that vertical
axial artefacts have the broadest variability (Fig 6) and a significant correlation exists between
the length and width values (n = 40, r = 0.7816, p = < 0.0001). Conversely, orthogonal bipolar
cores are clustered in the range between 20-40 mm whereas horizontal artefacts are scattered
and less standardized (Fig 6). The linear regression model shows that with similar length val-
ues, horizontal cores are weightier than the others, even if the difference between the slopes is
not significant (F = 0.283224, DFn = 2, Dfd = 52, p = 0.7545) (Fig 7).
Analysis identified two exhausted bipolar vertical axial cores (crystal n = 1, milky n = 1),

and before discard, they were exploited opportunistically for short flake production sequences.
In the first crystal quartz example (weight: 12.5 g; length: 26.7 mm, width: 22.9 mm, thickness:
16.9 mm), the striking platform fractured during reduction and a final unidirectional flake was

Table 7. Total number and percentages of the types of cores by different raw materials in the Terminal Pleistocene phase.

Crystal % Milky % Rose % Chert % Total %

Vertical 14 70 32 69.6 1 100 1 100 48 70.6
Horizontal 2 10 4 8.7 6 8.8
Horizontal non-axial 2 10 1 2.2 3 4.4
Orthogonal 1 6 13 7 10.3
Bipolar + unid. 1 1 22 2 2.9
Unidirectional 2 4.3 2 2.9
Total 20 100 46 100 1 100 1 100 68 100
https://doi.org/10.1371/journal.pone.0273450.t007
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Fig 9. Bipolar cores (1-5) and flakes (6-1) from the Terminal Pleistocene contexts of Kitulgala Beli-lena.

https://doi.org/10.1371/journal.pone.0273450.9009

produced by freehand percussion. In the second core in milky quartz (weight: 16.2 g; length:
29.5 mm, width: 24 mm, thickness: 18.7 mm), a portion of the blank broke and the fracture
was used as a new striking platform for the detachment of two unidirectional flakes by
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Table 8. Counts, mean () and standard deviation (o) of the metric attribute (mm) of the bipolar-on-anvil cores of Kitulgala Beli-lena in the Terminal Pleistocene

phase.

Attributes

Vertical Weight
Length
Width
Thickness

Horizontal Weight
Length
Width
Thickness

Orthogonal Weight
Length
Width
Thickness

https://doi.org/10.1371/journal.pone.0273450.t008

Crystal Milky
N° n Y N° n Y
11 20 12.4 28 28 22.8
29.3 5.3 33.5 9
26.8 5.9 29.2 10.1
19.3 6 20.6 7
4 26 15.3 5 47.8 35.7
28.5 2.3 34.3 124
33.5 10.5 36.4 10.3
22 3.4 24.8 7.8
1 23.4 5 19.6 11.6
30.8 30.2 37
36.4 25.4 37
21.3 19.8 54

freehand percussion. Other examples of opportunistic exploitation are: one flake in milky
quartz (weight: 30.7 g; length: 40.1 mm, width: 24.1 mm, thickness: 21.5 mm) in which the
semi-cortical portion was used as striking platform for the production of one small flake; one
cortical pebble (weight: 159 g; length: 56 mm, width: 62.1 mm, thickness: 39.5 mm) that was
first split along the longest axis followed by one unidirectional flakes removal from the ventral
surface by freehand percussion (Table 7).

Analysis of the flake assemblage documents larger frequencies of items in crystal and milky
quartz (Table 7, Fig 9). Cortical flakes and cortical fragments corroborates the import of peb-
bles at Kitulgala Beli-lena and primary decortication activities at the site (Table 7). Splinter
pieces are also recorded in two semi-cortical flakes in crystal quartz, and in one cortical and in
four semi-cortical flakes in milky quartz. Chert artefacts are few in number, and by-products
of different knapping events, probably transported as components of the toolkit (Table 7).
Examination of the direction of removals on the flakes’ dorsal side reveals the presence of bidi-
rectional (64%) and unidirectional (35%) patterns while orthogonal removals are found in
only one flake in crystal quartz and one in milky quartz. The technological characteristics of
the complete flakes support the association with bipolar reduction and only one flake could be
related with freehand knapping. Other typical bipolar by-products are splinter flakes, a bdton-
net flake and siret knapping accidents. These latter blanks are more numerous during the later
phases of reduction and siret fractures sensu strico are more frequent than siret fractures sensu
lato (Table 7).

Examination of the frequency of complete flakes by length intervals shows that production
is aimed towards blanks smaller than 20 mm, and larger artefacts are few (Fig 8, Tables 4 and
5). Statistical comparison reveals a significant difference in the median values of cortical and
complete flakes in crystal quartz (Mann-Whitney test, p = 0.0050) and milky quartz (Mann-
Whitney test, p = 0.0003), and in the median values of cortical flakes (Mann-Whitney test,

p =0.0110) and complete flakes (Mann-Whitney test, p = <0.0001) in crystal and milky
quartz.

Holocene (10,577-8,029 cal BP)

The lithic assemblage of the Holocene phase includes 3,603 artefacts (3,596 lithic items and 7
hammers) (Tables 9, S1 and S2). The primary raw materials used are crystal and milky quartz

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 19/36


https://doi.org/10.1371/journal.pone.0273450.t008
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

Table 9. Total number and percentages of lithic artefacts in the Holocene.

Crystal
Cortical flake >50% 11
Cortical flake <50% 34
Flake 303
Splinter flake 4
Bladelet 9
Cortical fragment 14
Siret x1 4
Siret x2 3
Siret x3 1
Fragment 1810
Siret x1 106
Siret x2 5
Siret x3 7
Chips 534
Core 20
Core fragment 22
Total 2887

https://doi.org/10.1371/journal.pone.0273450.t009

%
0.4
1.2

10.5
0.1
0.3
0.5
0.1
0.1
0.03
62.7
3.7
0.2
0.2
18.5
0.7
0.8
100

Milky % Veiny % Rose % Grainy % Chert % Total %

12 2 2 5.7 1 5 1 1.6 27 0.8
31 53 1 1.6 66 1.8
106 18 3 15 3 4.9 3 60 418 11.6
7 1.2 11 0.3
9 0.3
25 4.3 5 14.3 3 15 47 1.3
5 0.9 1 2.9 1 5 11 0.3
3 0.1
1 0.03
276 46.9 23 65.7 6 30 37 60.7 1 20 2153 59.9
26 4.4 2 5.7 2 10 1 1.6 1 20 138 3.8
5 0.1
3 0.5 10 0.3
66 11.2 1 2.9 2 10 17 27.9 620 17.2
22 3.7 1 1.6 43 1.2
9 1.5 1 2.9 2 10 34 0.9
588 100 35 100 20 100 61 100 5 100 3596 100

with other quartz varieties being knapped in lower percentages (Table 9, Fig 4). Chert artefacts
comprise three flakes, one fragment and one siret sensu stricto (Table 9). The knapping method
most frequently used is bipolar (Fig 10); only two cores were reduced by freehand percussion
(Table 10). Ten cores show partial fragmentation of the proximal and/or distal side and are
excluded in the descriptive statistics. The modality, vertical axial of the bipolar method, is doc-
umented in a higher frequency, followed by orthogonal and horizontal modalities (Table 10).
Examination of vertical axial cores shows typical morphologies derived by compression of the
artefacts between the hammer and the anvil, with detachments on the proximal and distal
sides and removals on the dorsal surfaces with a low portion of cortex (26%). Production is
limited to one flaking surface, while the dorsal side remains cortical; this is only documented
by one core on milky quartz. Cores exploited until exhaustion total to only two artefacts (crys-
tal = 1, milky = 1), and one core in milky quartz is characterized by a flat distal surface. Com-
parison between metric attributes of the vertical axial cores in crystal and milky quartz reveal
significant differences in weight (Mann-Whitney test, p = 0.0245) and in length (Mann-Whit-
ney test, p = 0.0108).

The second main reduction strategy used in the assemblage is the orthogonal modality
(Table 10). During bipolar knapping, cores were rotated 90° degrees, and at least two striking
platforms were used for the production of small blanks. Owing to rotation, the flaking surfaces
show the presence of crossed removals, and the cores’ outlines are shaped as a quadrangular
morphology. A crystal quartz core shows exploitation until exhaustion, while another core
shows turning after the fracture of the first striking platform. Descriptive statistics suggest no
substantive difference between the weight and size of the artefacts in crystal and milky quartz.

Some bipolar cores show exploitation using the horizontal modality (Table 10). Three cores
in crystal quartz are characterized by an axial reduction in which the points of contact ham-
mer/core and core/anvil are vertically aligned. Conversely, the points of contacts of the core in
milky quartz are off-axis, shaping the blank into a pyramidal morphology and producing elon-
gated blanks.
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Fig 10. Bipolar cores (1-5, 7) and flakes (6, 8, 9-12) from the Holocene contexts of Kitulgala Beli-lena.
https://doi.org/10.1371/journal.pone.0273450.9010

Other types of cores are also found in the assemblage (Table 10). A bipolar core fragment
(vertical axial) in milky quartz was recycled for a short knapping sequence by freehand, and
the production of three small flakes (Table 10). Analysis reveals one unidirectional core in
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Table 10. Total number and percentages of the types of cores by different raw materials in the Holocene phase.

Crystal % Milky % Grainy % Total %
Vertical 11 55 17 77.3 28 65.1
Horizontal 3 15 3 7
Horizontal non-axial 1 4.5 1 2.3
Orthogonal 25 3 13.6 8 18.6
Bipolar + unid. 1 4.5 1 2.3
Unidirectional 5 1 100 2 4.7
Total 100 22 100.0 1 100 43 100

https://doi.org/10.1371/journal.pone.0273450.t010

crystal quartz (weight: 38.8 g; length: 29.7 mm, width: 43.4 mm, thickness: 25.5 mm) and one
small pebble in grainy quartz (weight: 8.2 g; length: 22.8 mm, width: 17.6.4 mm, thickness:
21.1 mm) that present three removals, probably produced by freehand or anvil-rested action.

Comparison of metric attributes indicates no significant differences between the knapping
modalities of bipolar cores (Table 11). However, the distribution of length and width values
presents a broader variability, suggesting different degrees of artefact reduction (Fig 6).
Orthogonal cores show a decreasing trend in size as reduction continues whereas vertical and
horizontal cores reveal different lengths while maintaining similar width values (Fig 6). This
pattern is also evident in the linear regression model although the difference between the
slopes is not significant (F = 0.882869, DFn = 2, Dfd = 24, p = 0.4266) (Fig 7).

Analysis of the flake assemblage indicates that phases of decortication and production were
carried out at the site. Cortical and semi-cortical flakes are more numerous in crystal and
milky quartz and four splintered pieces retain a small portion of cortex on their dorsal side
(Table 9). Technological study indicates that flakes were produced with the bipolar method
(Fig 10) and blanks that could potentially be related with freehand were not present. Although
the bipolar orthogonal modality is common in the assemblage, only two orthogonal flakes in
crystal quartz were identified. The main patterns of scar removals on the dorsal side of com-
plete flakes are unidirectional (51.4%) and bidirectional (48.3%). These unbroken flakes dis-
play diffuse bulbs, battered platforms, and fragmented distal sides. Other observed by-
products typical of bipolar knapping are splintered pieces, and siret knapping accidents, in
particular the category siret sensu stricto (Table 9).

Table 11. Counts, mean (u) and standard deviation (o) of the metric attribute (mm) of the bipolar-on-anvil cores of Kitulgala Beli-lena in the Terminal Pleistocene

phase.

Phase Attributes

Vertical Weight
Length
Width
Thickness

Horizontal Weight
Length
Width
Thickness

Orthogonal Weight
Length
Width
Thickness

https://doi.org/10.1371/journal.pone.0273450.t011

Crystal Milky
N° n [ N° n [
4 6.6 1.9 15 21.5 17.5
20.7 2.8 33.6 7.1
21.2 3.7 284 9.7
13.3 2.9 18.5 59
3 10.4 7.8 1 18.9
25.8 6.7 25
26.6 9.3 27.1
13.1 34 19
5 23.1 8.5 3 24.9 19.9
33.0 3.3 29.1 7.7
31.9 8.9 28.6 12
20.7 2.8 18.2 4.6
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Fig 11. Frequency of the weight of the quartz type by chronological phases recorded at Kitalgala Beli-lena.
https://doi.org/10.1371/journal.pone.0273450.9011

Comparison of the frequency of complete flakes by length intervals shows that most of the
blanks are smaller than 20 mm whereas the items falling within the interval of 30 and 40 mm
are documented in lower percentages (Fig 8, Tables 4 and 5). Statistical comparison reveals a
significant difference in the median values of cortical and complete flake in crystal quartz
(Mann-Whitney test, p = 0.0083), between cortical flakes (Mann-Whitney test, p = 0.0182),
and between complete flakes (Mann-Whitney test, p = <0.0001) in crystal and milky quartz.

Summary

Analysis of the Kitulgala Beli-lena lithic assemblage reveals long-term technological stability
from c. 45,000 to 8,000 years BP (Tables 1-11, Figs 8 and 11). Even if a hiatus is present at the
site between 31 and 17,000 cal BP [34], climate change at the end of MIS 3 and the Last Glacial
Maximum do not appear to have driven the development of new technical behaviours. The
bipolar method was chosen for the production of small tools throughout occupation of the site
(Figs 6 and 8). Technological continuity from the Late Pleistocene to the Holocene is rein-
forced by the maintenance of certain technically expedient practices during the knapping pro-
cesses. Siret-type fractures could occur during the cores’ reduction but the patterns of rotating
the core and using the flat surface of the fracture for a more stable placing on the anvil is an
approach found only at Kitulgala Beli-lena. This approach is absent, for example, at nearby Fa-
Hien Lena [38]. From the Late Pleistocene onwards, the frequency of crystal quartz increases
as the other quartz varieties decrease substantially (Fig 4). However, comparison of weight per-
centages indicates larger values for milky quartz, especially during the Terminal Pleistocene
(Fig 11). This result may be related to higher fragmentation rates of nodules in crystal quartz,
whereas the reduction of pebbles in milky quartz produced fewer, but larger and heavier
blanks. This pattern is documented in all of the chronological phases among cores, and also
among complete cortical and non-cortical flakes (Tables 3-5, 8 and 11). Comparison of techni-
cal behaviours shows that the quartz pebbles were reduced mostly on their longer axis, while
recurrent rotation of the cores is documented in similar frequencies throughout the sequence
(Tables 2, 7 and 10). Although backed microliths have not been recovered, the occurrence of
flakes shorter than 20 mm supports the microlithic character of the assemblage (Fig 8). This
pattern could not be considered accidental owing to the reduction strategy employed, since
the bipolar method could also be used to produce larger by-products (e.g. [104,135]).
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Furthermore, the main raw material, quartz, can be knapped using a broad array of technolo-
gies [102,136,137]. The continuous use of the bipolar knapping method, without variations for
millennia, underlines the significant efficacy of this technical behaviour in the subsistence
strategies in the rainforest habitat of Sri Lanka.

Discussion

The expansion of Homo sapiens out of Africa from MIS 6 onwards [5,9,138-141] has been
equated with the development of projectile technologies [142-144], enabling the hunting of a
broad variety of prey while adapting to a wide-range of environments. From ~60,000 years
ago, microlithization was clearly an additional component of the technical package used by
Homo sapiens during the dispersal of populations across Eurasia [112,113,145]. Together with
laminar/lamellar technologies, the bipolar method was broadly used in different ecological
habitats given its ability to consistently generate straight blanks suitable for hafting with mini-
mal modification of the edges [124]. However, under the bipolar umbrella, regional differences
have been documented in the use and the modification of by-products (e.g. Uluzzian [146]).
Shedding light on this variability in different environmental contexts is particularly pivotal for
understanding the foraging success of Homo sapiens in some of the more ‘extreme’ habitats it
came into contact with during the Late Pleistocene. Analysis of the lithic assemblages from
Kitulgala Beli-lena indicates long-term technological continuity in the tropical rainforest of Sri
Lanka from c. 45,000 years ago BP to the Holocene. This evidence suggests that, since the
onset of settlement of the Sri Lankan tropical rainforest by Homo sapiens, the combined use of
the bipolar method with bone tool technology allowed successful, resilient resource exploita-
tion in this part of South Asia [32-34,37,38].

Tropical rainforests tend to have high primary biomass and a broad range of medium- and
small-sized animals, and edible fruits (e.g. breadfruit) are available year-round if technological
strategies are developed to exploit them. However, due to the high-density of vegetation cover
and the elusive nature of prey, foragers may need to move frequently [42,82]. The distance cov-
ered between relocations could be small, however, in contrast to examples in more seasonal
habitats. For example, in Malaysia, 20™ century observations indicated that the Semang relo-
cate their residential camp 26 times a year trekking ~11 km; in contrast, the Penan perform 45
moves per year covering a distance of only ~8 km [42,49]. The arrival of the monsoon and
months of intense rains could seasonally influence the route and frequencies of these displace-
ments in different parts of Asia. Present day Mani hunter-gatherers in Thailand, for instance,
retreat in caves during the rainy periods, while they prefer to live in temporary encampments
in the cool rainforest during the dry season [147,148]. Thus, during the monsoon period, daily
forays from the camp or moves between different natural shelters could occur [147]. Generally,
tropical foragers acquire a large proportion of their calories from meat and in lesser percent-
ages from fish or plants/fruits [42]. Since small animals can hide in the dense vegetation, forag-
ing activities require planning ahead, with toolkit production in advance of anticipated use
[42,49,52]. From this perspective, light and portable toolkits, characterized by generalized
tools and organic materials (e.g. bamboo, bones) are preferred and useful in seeking opportu-
nistic game (e.g. residential moves [42]).

In lithic studies, technological organization and the patterns of raw material acquisition are
used as general proxies for estimating the mobility of prehistoric hunter-gatherers [149,150].
Systematic mapping of raw material distributions over the Sri Lankan’ wet zone is unfortu-
nately still missing. However, preliminary surveys indicate that quartz pebbles are readily
found in nearby streams and in open sedimentary sections, in the vicinity of Kitulgala Beli-
lena. Examination of the lithic assemblage reveals diachronic changes in raw material
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procurement (Fig 4). From the Late Pleistocene, the frequency of crystal quartz increases
whereas other quartz varieties decrease substantially (Fig 4). This pattern may be related to
changes in the availability of quartz varieties in the stream or a shift in the areas of procure-
ment. Ethnographic data indicate that rainforest foragers move their residential base fre-
quently [42,151]. Thus, it is likely that through time, hunter-gatherers exploited different
ecological zones in the proximity of Kitulgala Beli-lena. During these forays, quartz pebbles
from other outcrops could have been gathered following embedded raw-material procurement
strategies. However, comparison of the number of the cores shows a greater quantity of milky
quartz artefacts during the Late and Terminal Pleistocene (Tables 2 and 7), whereas the num-
ber of complete flakes and fragments is more numerous in crystal quartz (Tables 1 and 6).
Generally, crystal quartz fractures more easily than other varieties, and this discrepancy
between the number of cores and flakes in the milky quartz assemblage could be related to an
export of the by-products off-site. Other information on the patterns of toolkit transport may
be drawn from the chert artefacts. These items comprise simple flakes, fragments and one
core-on-flake, recovered in the Terminal Pleistocene phase (Tables 1, 6 and 9). These chert
artefacts were not curated and comprise knapping by-products and blanks, which are generally
interpreted as waste in lithic production with little utility value (Tables 1, 6 and 9). However,
they reflect events of knapping activities carried out in the rainforest and imported to the
rockshelter.

Study of the Kitulgala Beli-lena lithic assemblage reveals the absence of curated or multi-
functional stone artefacts (e.g. scrapers, points) (Tables 1, 6 and 9). The bulk of the toolkit is
composed of quartz flakes and fragments (Tables 1, 6 and 9). The use of retouch for reshaping
or modifying the shape of the blanks is also lacking. Although these quartz microliths could be
inserted into sophisticated composite projectiles with bone points [30,33,38,41], the gear for
accomplishing extractive tasks is apparently restricted to small unmodified blanks. The
demand of fresh cutting edges for coping with domestic activities (e.g. carcass butchering) was
thus seemingly met by the import of quartz pebbles to be reduced on site. In previous field-
work at the site, only 27 backed microlithic were found [35], a number that is extremely low in
comparison to the tens of thousands of quartz lithic items discovered. A similar pattern was
also observed at Fa-Hien Lena [38] and Batadomba-lena [36] where the number of backed
microliths is extremely limited and retouched tools absent. These data indicate that the pro-
duction of retouched stone tools or the resharpening of the quartz flakes was unnecessary for
the exploitation of the tropical environment.

At Kitulgala Beli-lena, the high-density of lithic materials and the complete core reduction
sequences on site are in accordance with the recognized criteria for interpreting long-term
occupations [152]. Isotopic data on human remains from Batadomba-lena, Fa-Hien Lena and
Balangoda Kuragala indicate that forest resources were exploited year-round [32]. Given the
similarity of the archaeological remains found at Kitulgala Beli-lena to these sites, it is likely
that this site was also one of the main residential bases of Homo sapiens living in the Sri Lankan
rainforest.

Although these caves and rockshelters could have been more intensively occupied during
the rainy seasons, the occupational redundancy at Kitulgala Beli-lena and the other sites in the
wet zone shows behaviours that do not align completely with ethnographic observations. Gen-
erally, foragers in contemporary rainforests are highly mobile and frequently move their home
base during the year. The Punam of Borneo or the Guayaki of Paraguay will not even relocate
their camps closer to previously used locations [51,153,154]. This comportment makes their
residential sites barely visible and very ephemeral [51]. Conversely, in Sri Lanka, the abun-
dance of archaeological materials and the repeated use of the caves and rockshelters
[35,36,38,39,44] is a behaviour closer to the model proposed by Binford in which foragers in a
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high biomass environment tend to settle in foraging zones that allow frequent logistical forays
and few residential moves per year. From another perspective, the prolonged settlement is also
similar to the examples of tethered nomadism, in which foragers are dependent on particular
resources or features of the landscape, and occupy such places for a long period of time (e.g.
water sources in deserts or highly seasonal environments) [155]. Even if the presence of a
stream close to the sites would have provided access to clean water and freshwater resources all
year long, it is more likely that in the locations of the caves and rockshelters most of the
resources had a degree of reproducibility that could withstand relatively high rates of con-
sumption without being depleted.

Animal bone remains in the 2017 excavations at Kitulgala Beli-lena were found only in the
early Holocene contexts [34] whereas in other areas of the rockshelter, they were documented
throughout the sequence [39,108]. The most parsimonious explanation for this suggests either a
difference in soil acidification or that prey butchering and consumptions was performed in differ-
ent locations of the site. Overall, the current data indicate that arboreal and semi-arboreal species
were preferred [34]. Comparison of this assemblage with the faunal variety found at Fa-Hien Lena
[33] and Batadomba-lena [31,32] indicates strong similarities implying that analogous types of
prey were hunted during the Late and the Terminal Pleistocene, and Holocene. As in the other
cave sites of the wet zone, hunting activities were complemented by the gathering of molluscs and
fruits (e.g. wild breadfruit, kekuna nut) [34] and by the use of snares and traps [30].

Recent functional studies point out that small quartz fragments could be inserted unre-
touched into composite projectiles and therefore play an important role in hunting strategies
[156]. Thus far, microwear analysis has not been performed on the collection of Kitulgala Beli-
lena. However, the abundance of microliths, and the discovery of some of the earliest human
use of bow and arrow technology at Fa-Hien Lena by ~48,000 years ago in the form of bone
points [30,33] corroborates the hypothesis that the lithic production was aimed to produce ele-
ments for hunting weapons.

All of these data highlight that the persistent utilization of the bipolar method at Kitulgala
Beli-lena, and Sri Lanka more widely, was key to the adaptation of early groups that modified
their technologies to respond to the unique environment of the rainforest zone. From this per-
spective, the Kitulgala toolkits should not be interpreted as having a lower degree of complex-
ity due to the reduced number of components [58] or in the absence of curated stone-tools
[52]. Instead, the toolkit should be understood as result of a process of technical selection in
which the bipolar method was chosen among a diverse array of technological choices. As
Homo sapiens dispersed across South Asia prepared-core or laminar technologies that were
deployed in more seasonal habitats [13,157], were abandoned in favour of the use of the bipo-
lar method in tropical, humid forests. This transition was probably driven by the higher bene-
fits that these simpler lithic items provided in the exploitation of a high biomass environment.
This alternative viewpoint would avoid interpretation of unstandardized artefacts in the rain-
forest as a cultural issue, and instead include them in a broader group, together with bone
point projectile technologies, as part of diverse, sophisticated foraging strategies. In compari-
son with other tropical areas of South-East Asia (e.g. Indochina, Borneo, East Timor, Philip-
pines), Sri Lanka reveals similar trajectories of adaptation to the rainforest, comprising: 1) the
maintenance of expedient/amorphous stone tools across time, 2) the development of bone
projectile technologies, 3) the hunting of semi arboreal/arboreal species, and 4) the use of a
variety of plants. Within this foraging behaviour, regional variabilities are, however, recorded.
In Indochina, the Hoabinhian is characterized by simple flake-core technology, choppers and
unifacial flaked pebble tools, called Sumatraliths [158-162]. In Borneo, the lithic assemblages
are categorised by the production of simple freehand cores, flakes, and choppers with very few
retouched artefacts [163,164]. In East Timor, the bipolar assemblage is supplemented by core-
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on-flakes, truncated faceted pieces and simple cores [165] whereas in the Philippines and
Indonesia non formal lithic artefacts are common [166-168].

From a broader perspective, the process of adaptation to various rainforests settings by
Homo sapiens in the Late Pleistocene often seems to have involved the selection of low-cost
technologies for achieving a higher foraging efficiency. Carbonell and colleagues [169] postu-
lated a progressive development of early technical systems in which the loss of homogeneity in
lithic production drove the consolidation of variability and diversity. In Late Pleistocene tropi-
cal forests, the processes of stabilization of low-cost lithic behaviours seems to follow a differ-
ent trajectory. Despite the diversity of knapping technologies used by Homo sapiens
populations during their expansion into South Asia and South-East Asia, there is an apparent
convergence towards the use of expedient artefacts. This broad technical homogeneity subse-
quently consolidated into different regional toolkits. In local contexts, the establishment of the
rainforest “package” may have followed different paths owing to the interplay between demo-
graphic and cultural dynamics and variations in the availability of alternative resources
through time (e.g. wood, bamboo) [78,166].

Study of the lithic assemblages of Kitulgala Beli-lena shows the recurrent use of the bipolar
technique, indicating technological stability spanning from the Late Pleistocene to the Holocene.
Even if the utilization of expedient tools is often interpreted to be the result of a lower degree of
behavioural complexity, our data from the Pleistocene and Holocene contexts of Kitulgala Beli-
lena point out the successful exploitation of the rainforest since c. 45,000 years BP. Similar
approaches to lithic production were also documented at Fa-Hien Lena [38] and Batadomba-lena
[48]. The combination of bipolar by-products with osseous projectile points and the targeting of
semi-arboreal/arboreal species was part of a wide-ranging, specialized foraging strategy that
allowed the widespread and recurrent settlement of the wet zone of Sri Lanka.

Supporting information

S1 Fig. Diacritical schemes of bipolar cores (1-7) and flakes (8-12) from the Late Pleisto-
cene contexts of Kitulgala Beli-lena.
(PDF)

S2 Fig. Picture and diacritical scheme of the bipolar anvil-rested from context 19 of Kitul-
gala Beli-lena.
(PDF)

S3 Fig. Diacritical schemes of bipolar cores (1-5) and flakes (6-1) from the Terminal Pleis-
tocene contexts of Kitulgala Beli-lena.
(PDF)

$4 Fig. Diacritical schemes of bipolar cores (1-5, 7) and flakes (6, 8, 9-12) from the Holo-
cene contexts of Kitulgala Beli-lena.
(PDF)

S5 Fig. Histogram of the frequency of complete flakes by width intervals during the differ-
ent chronological phases at Kitulgala Beli-lena.
(PDF)

S1 Table. Total number of lithic artefacts by chronological phase at Kitulgala Beli-lena.
(PDF)

$2 Table. Total number of cores by chronological phase at Kitulgala Beli-lena. Categories:
Bipolar Vertical; Bipolar Horizontal; Bipolar Horizontal non-axial; Bipolar orthogonal; Bipolar

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 27/36


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273450.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273450.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273450.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273450.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273450.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273450.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273450.s007
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

anvil-rested; Bipolar + free hand unidirectional; Free hand unidirectional.
(PDF)

S3 Table. P values of Shapiro-Wilk normality test (alpha = 0.05) from cores and unbroken
flakes by chronological phase at Kitulgala Beli-lena. Values in bold are normally distributed.
(PDF)

S1 File.
(XLSX)

Acknowledgments

We dedicate this work to the memory of our co-author Prof. Siran Deraniyagala who recently
passed away. We acknowledge Prof. S. Dissanayake, Prof. P.B. Mandawala, Mr. S.A.T.G.
Priyantha, and other members at the Excavations Branch of the Department of Archaeology,
Sri Lanka, for assistance and the support of our fieldwork. We thank Mr L.V.A. De Mel, Mr. K.
K. Ruwan Pramod, Mr. P.G. Gunadasa, Mr Suranga Jayasinha, Mr. K.A.S Lakmal, Mr. Tiran
Ananda and Mr. J. Perera for their participation in the fieldwork. For support, we thank Prof.
Alexander Kapukotuwa and other faculty members of the Department of History and Archae-
ology of the University of Sri Jayewardenepura. We appreciate the cooperation of Mr. Sunil
Kannangara (District Secretary of Colombo).

Author Contributions

Conceptualization: Andrea Picin, Oshan Wedage, Nicole Boivin, Patrick Roberts, Michael
Petraglia.

Data curation: Andrea Picin, Oshan Wedage.
Formal analysis: Andrea Picin, Oshan Wedage, James Blinkhorn, Noel Amano.
Funding acquisition: Nicole Boivin, Michael Petraglia.

Investigation: Andrea Picin, Oshan Wedage, James Blinkhorn, Noel Amano, Siran Deraniya-
gala, Patrick Roberts, Michael Petraglia.

Methodology: Andrea Picin, Oshan Wedage, James Blinkhorn, Patrick Roberts, Michael
Petraglia.

Project administration: Oshan Wedage, Nicole Boivin, Michael Petraglia.
Resources: Nicole Boivin, Michael Petraglia.

Supervision: Siran Deraniyagala, Nicole Boivin, Patrick Roberts, Michael Petraglia.
Visualization: Noel Amano.

Writing - original draft: Andrea Picin, Oshan Wedage.

Writing - review & editing: Andrea Picin, James Blinkhorn, Noel Amano, Nicole Boivin, Pat-
rick Roberts, Michael Petraglia.

References

1. Parfitt SA, Ashton NM, Lewis SG, Abel RL, Coope GR, Field MH, et al. Early Pleistocene human occu-
pation at the edge of the boreal zone in northwest Europe. Nature. 2010; 466:229. https://doi.org/10.
1038/nature09117 PMID: 20613840

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 28/36


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273450.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273450.s009
https://doi.org/10.1038/nature09117
https://doi.org/10.1038/nature09117
http://www.ncbi.nlm.nih.gov/pubmed/20613840
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Carbonell E, Bermudez de Castro JM, Parés JM, Pérez-Gonzalez A, Cuenca-Bescos G, Ollé A, et al.
The first hominin of Europe. Nature. 2008; 452(7186):465-9. https://doi.org/10.1038/nature06815
PMID: 18368116

Bermudez de Castro JM, Martinén-Torres M, Rosell J, Blasco R, Arsuaga JL, Carbonell E. Continuity
versus discontinuity of the human settlement of Europe between the late Early Pleistocene and the
early Middle Pleistocene. The mandibular evidence. Quaternary Sci Rev. 2016; 153:51-62. http://dx.
doi.org/10.1016/j.quascirev.2016.10.010.

Hublin J-J. The modern human colonization of western Eurasia: when and where? Quaternary Sci
Rev. 2015; 118:194-210. https://doi.org/10.1016/j.quascirev.2014.08.011.

Hershkovitz I, Weber GW, Quam R, Duval M, Griin R, Kinsley L, et al. The earliest modern humans
outside Africa. Science. 2018; 359(6374):456-9. https://doi.org/10.1126/science.aap8369 PMID:
29371468

Zhu Z, Dennell R, Huang W, Wu Y, Qiu S, Yang S, et al. Hominin occupation of the Chinese Loess Pla-
teau since about 2.1 million years ago. Nature. 2018; 559(7715):608—12. https://doi.org/10.1038/
s41586-018-0299-4 PMID: 29995848

ZaimY, Ciochon RL, Polanski JM, Grine FE, Bettis EA, Rizal Y, et al. New 1.5 million-year-old Homo
erectus maxilla from Sangiran (Central Java, Indonesia). J Hum Evol. 2011; 61(4):363-76. https://doi.
org/10.1016/j.jhevol.2011.04.009 PMID: 21783226

Yang S-X, Deng C-L, Zhu R-X, Petraglia MD. The Paleolithic in the Nihewan Basin, China: Evolution-
ary history of an Early to Late Pleistocene record in Eastern Asia. Evolutionary Anthropology: Issues,
News, and Reviews. 2020; 29(3):125—42. https://doi.org/10.1002/evan.21813 PMID: 31859441

Liu W, Martinon-Torres M, Cai Y-j, Xing S, Tong H-w, Pei S-w, et al. The earliest unequivocally modern
humans in southern China. Nature. 2015; 526(7575):696-9. https://doi.org/10.1038/nature 15696
PMID: 26466566

de Lombera-Hermida A, Bargallé A, Terradillos-Bernal M, Huguet R, Vallverdi J, Garcia-Anton M-D,
et al. The lithic industry of Sima del Elefante (Atapuerca, Burgos, Spain) in the context of Early and
Middle Pleistocene technology in Europe. J Hum Evol. 2015; 82:95-106. https://doi.org/10.1016/j.
jhevol.2015.03.002 PMID: 25847842

Yang S-X, Petraglia MD, Hou Y-M, Yue J-P, Deng C-L, Zhu R-X. The lithic assemblages of Donggu-
tuo, Nihewan basin: Knapping skills of Early Pleistocene hominins in North China. PLOS ONE. 2017;
12(9):e0185101. https://doi.org/10.1371/journal.pone.0185101 PMID: 28934295

Zaidner Y, Weinstein-Evron M. The emergence of the Levallois technology in the Levant: A view from
the Early Middle Paleolithic site of Misliya Cave, Israel. J Hum Evol. 2020; 144:102785. https://doi.org/
10.1016/j.jhevol.2020.102785 PMID: 32428731

Clarkson C, Harris C, Li B, Neudorf CM, Roberts RG, Lane C, et al. Human occupation of northern
India spans the Toba super-eruption ~74,000 years ago. Nature Communications. 2020; 11(1):961.
https://doi.org/10.1038/s41467-020-14668-4 PMID: 32098950

Norton CJ, Bae K, Harris JW, Lee H. Middle Pleistocene handaxes from the Korean Peninsula. J Hum
Evol. 2006; 51(5):527-36. https://doi.org/10.1016/j.jhevol.2006.07.004 PMID: 16949133

Morisaki K, Izuho M, Terry K, Sato H. Lithics and climate: technological responses to landscape
change in Upper Palaeolithic northern Japan. Antiquity. 2015; 89(345):554—72.

Rockman M, Steele J. Colonization of unfamiliar landscapes: the archaeology of adaptation. London:
Routledge; 20083.

Roberts P, Stewart BA. Defining the ‘generalist specialist’ niche for Pleistocene Homo sapiens. Nature
Human Behaviour 2018;(2):542-50. https://doi.org/10.1038/s41562-018-0394-4 PMID: 31209320

Potts R, Dommain R, Moerman JW, Behrensmeyer AK, Deino AL, Riedl S, et al. Increased ecological
resource variability during a critical transition in hominin evolution. Science Advances. 2020; 6(43):
eabc8975. https://doi.org/10.1126/sciadv.abc8975 PMID: 33087353

Pitulko VV, Tikhonov AN, Pavlova EY, Nikolskiy PA, Kuper KE, Polozov RN. Early human presence in
the Arctic: Evidence from 45,000-year-old mammoth remains. Science. 2016; 351(6270):260-3.
https://doi.org/10.1126/science.aad0554 PMID: 26816376

Roberts P, Amano N. Plastic pioneers: Hominin biogeography east of the Movius Line during the Pleis-
tocene. Archaeological Research in Asia. 2019. https://doi.org/10.1016/j.ara.2019.01.008.

Bae CJ, Douka K, Petraglia MD. On the origin of modern humans: Asian perspectives. Science. 2017;
358(6368):eaai9067. https://doi.org/10.1126/science.aai9067 PMID: 29217544

Clarkson C, Jacobs Z, Marwick B, Fullagar R, Wallis L, Smith M, et al. Human occupation of northern
Australia by 65,000 years ago. Nature. 2017; 547(7663):306—10. https://doi.org/10.1038/nature22968
PMID: 28726833

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 29/36


https://doi.org/10.1038/nature06815
http://www.ncbi.nlm.nih.gov/pubmed/18368116
http://dx.doi.org/10.1016/j.quascirev.2016.10.010
http://dx.doi.org/10.1016/j.quascirev.2016.10.010
https://doi.org/10.1016/j.quascirev.2014.08.011
https://doi.org/10.1126/science.aap8369
http://www.ncbi.nlm.nih.gov/pubmed/29371468
https://doi.org/10.1038/s41586-018-0299-4
https://doi.org/10.1038/s41586-018-0299-4
http://www.ncbi.nlm.nih.gov/pubmed/29995848
https://doi.org/10.1016/j.jhevol.2011.04.009
https://doi.org/10.1016/j.jhevol.2011.04.009
http://www.ncbi.nlm.nih.gov/pubmed/21783226
https://doi.org/10.1002/evan.21813
http://www.ncbi.nlm.nih.gov/pubmed/31859441
https://doi.org/10.1038/nature15696
http://www.ncbi.nlm.nih.gov/pubmed/26466566
https://doi.org/10.1016/j.jhevol.2015.03.002
https://doi.org/10.1016/j.jhevol.2015.03.002
http://www.ncbi.nlm.nih.gov/pubmed/25847842
https://doi.org/10.1371/journal.pone.0185101
http://www.ncbi.nlm.nih.gov/pubmed/28934295
https://doi.org/10.1016/j.jhevol.2020.102785
https://doi.org/10.1016/j.jhevol.2020.102785
http://www.ncbi.nlm.nih.gov/pubmed/32428731
https://doi.org/10.1038/s41467-020-14668-4
http://www.ncbi.nlm.nih.gov/pubmed/32098950
https://doi.org/10.1016/j.jhevol.2006.07.004
http://www.ncbi.nlm.nih.gov/pubmed/16949133
https://doi.org/10.1038/s41562-018-0394-4
http://www.ncbi.nlm.nih.gov/pubmed/31209320
https://doi.org/10.1126/sciadv.abc8975
http://www.ncbi.nlm.nih.gov/pubmed/33087353
https://doi.org/10.1126/science.aad0554
http://www.ncbi.nlm.nih.gov/pubmed/26816376
https://doi.org/10.1016/j.ara.2019.01.003
https://doi.org/10.1126/science.aai9067
http://www.ncbi.nlm.nih.gov/pubmed/29217544
https://doi.org/10.1038/nature22968
http://www.ncbi.nlm.nih.gov/pubmed/28726833
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Westaway KE, Louys J, Awe RD, Morwood MJ, Price GJ, Zhao J-x, et al. An early modern human
presence in Sumatra 73,000—63,000 years ago. Nature. 2017; 548(7667):322. https://doi.org/10.
1038/nature23452 PMID: 28792933

Hershkovitz I, Marder O, Ayalon A, Bar-Matthews M, Yasur G, Boaretto E, et al. Levantine cranium
from Manot Cave (Israel) foreshadows the first European modern humans. Nature. 2015; 520
(7546):216-9. https://doi.org/10.1038/nature14134 PMID: 25629628

Bailey RC, Head G, Jenike M, Owen B, Rechtman R, Zechenter E. Hunting and gathering in tropical
rain forest: Is it possible? American Anthropologist 1989;(91):59-82. https://doi.org/10.1525/aa.1989.
91.1.02a00040.

Gamble C. Timewalkers: the prehistory of global colonization. London: Penguin Books; 1993.

Mercader J. Forest people: The role of African rainforests in human evolution and dispersal. Evolution-
ary Anthropology. 2002;(11):117-24.

Headland TN, Reid LA. Hunter-Gatherers and Their Neighbors from Prehistory to the Present [and
Comments and Replies]. Curr Anthropol. 1989; 30(1):43-66. https://doi.org/10.1086/203710

Rambo AT. Primitive polluters: Semang impact on the Malaysian tropical rain forest ecosystem: Uni-
versity of Michigan Museum; 1985.

Langley MC, Amano N, Wedage O, Deraniyagala S, Pathmalal MM, Perera N, et al. Bows and arrows
and complex symbolic displays 48,000 years ago in the South Asian tropics. Science Advances. 2020;
6(24):eaba3831. https://doi.org/10.1126/sciadv.aba3831 PMID: 32582854

Roberts P, Perera N, Wedage O, Deraniyagala S, Perera J, Eregama S, et al. Direct evidence for
human reliance on rainforest resources in late Pleistocene Sri Lanka. Science. 2015; 347
(6227):1246-9. https://doi.org/10.1126/science.aaa1230 PMID: 25766234

Roberts P, Perera N, Wedage O, Deraniyagala S, Perera J, Eregama S, et al. Fruits of the forest:
Human stable isotope ecology and rainforest adaptations in Late Pleistocene and Holocene (~36 to 3
ka) Sri Lanka. J Hum Evol. 2017; 106:102—18. https://doi.org/10.1016/j.jhevol.2017.01.015 PMID:
28434535

Wedage O, Amano N, Langley MC, Douka K, Blinkhorn J, Crowther A, et al. Specialized rainforest
hunting by Homo sapiens ~45,000 years ago. Nature Communications. 2019; 10(1):739. https://doi.
org/10.1038/s41467-019-08623-1 PMID: 30783099

Wedage O, Roberts P, Faulkner P, Crowther A, Douka K, Picin A, et al. Late Pleistocene to early-Holo-
cene rainforest foraging in Sri Lanka: Multidisciplinary analysis at Kitulgala Beli-lena. Quaternary Sci
Rev. 2020; 231:106200. https://doi.org/10.1016/j.quascirev.2020.106200.

Deraniyagala SU. The Prehistory of Sri Lanka: An Ecological Perspective, 2nd ed. Colombo: Depart-
ment of Archaeology; 1992.

Lewis L. Early Microlithic Technologies and Behavioural Variability in Southern Africa and South Asia.
Oxford: BAR;2017.

Perera N, Kourampas N, Simpson IA, Deraniyagala SU, Bulbeck D, Kamminga J, et al. People of the
ancient rainforest: Late Pleistocene foragers at the Batadomba-lena rockshelter, Sri Lanka. J Hum
Evol. 2011; 61(3):254—69. https://doi.org/10.1016/j.jhevol.2011.04.001 PMID: 21777951

Wedage O, Picin A, Blinkhorn J, Douka K, Deraniyagala S, Kourampas N, et al. Microliths in the South
Asian rainforest ~45—4 ka: New insights from Fa-Hien Lena Cave, Sri Lanka. PLOS ONE. 2019; 14
(10):e0222606. https://doi.org/10.1371/journal.pone.0222606 PMID: 31577796

Wijeyapala W. New light on the prehistory of Sri Lanka in the context of recent investigations of cave
sites. Peradeniya: University of Peradeniya; 1997.

Roberts P, Boivin N, Petraglia M. The Sri Lankan ‘Microlithic’ Tradition c. 38,000 to 3,000 Years Ago:
Tropical Technologies and Adaptations of Homo sapiens at the Southern Edge of Asia. Journal of
World Prehistory. 2015; 28(2):69—112. https://doi.org/10.1007/s10963-015-9085-5

Perera N, Roberts P, Petraglia M. Bone Technology from Late Pleistocene Caves and Rockshelters of
Sri Lanka. In: Langley MC, editor. Osseous Projectile Weaponry: Towards an Understanding of Pleis-
tocene Cultural Variability. Dordrecht: Springer Netherlands; 2016. p. 173-88.

Kelly RL. The Foraging Spectrum. Diversity in Hunter-Gatherer Lifeways. Washington D.C.: Smithso-
nian Institution Press; 1995.

Hutterer KL. The Natural and Cultural History of Southeast Asian Agriculture: Ecological and Evolu-
tionary Considerations. Anthropos. 1983; 78(1/2):169-212.

Perera HN. Prehistoric Sri Lanka: Late Pleistocene Rockshelters and an Open-air Site. Oxford:
Archaeopress; 2010.

Kennedy KAR, Deraniyagala SU. Fossil Remains of 28,000-Year-Old Hominids from Sri Lanka. Curr
Anthropol. 1989; 30(3):394-9. https://doi.org/10.1086/203757

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 30/36


https://doi.org/10.1038/nature23452
https://doi.org/10.1038/nature23452
http://www.ncbi.nlm.nih.gov/pubmed/28792933
https://doi.org/10.1038/nature14134
http://www.ncbi.nlm.nih.gov/pubmed/25629628
https://doi.org/10.1525/aa.1989.91.1.02a00040
https://doi.org/10.1525/aa.1989.91.1.02a00040
https://doi.org/10.1086/203710
https://doi.org/10.1126/sciadv.aba3831
http://www.ncbi.nlm.nih.gov/pubmed/32582854
https://doi.org/10.1126/science.aaa1230
http://www.ncbi.nlm.nih.gov/pubmed/25766234
https://doi.org/10.1016/j.jhevol.2017.01.015
http://www.ncbi.nlm.nih.gov/pubmed/28434535
https://doi.org/10.1038/s41467-019-08623-1
https://doi.org/10.1038/s41467-019-08623-1
http://www.ncbi.nlm.nih.gov/pubmed/30783099
https://doi.org/10.1016/j.quascirev.2020.106200
https://doi.org/10.1016/j.jhevol.2011.04.001
http://www.ncbi.nlm.nih.gov/pubmed/21777951
https://doi.org/10.1371/journal.pone.0222606
http://www.ncbi.nlm.nih.gov/pubmed/31577796
https://doi.org/10.1007/s10963-015-9085-5
https://doi.org/10.1086/203757
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Kennedy KAR, Deraniyagala SU, Roertgen WJ, Chiment J, Disotell T. Upper pleistocene fossil homi-
nids from Sri Lanka. American Journal of Physical Anthropology. 1987; 72(4):441—61. https://doi.org/
10.1002/ajpa. 1330720405 PMID: 3111269

Kajale MD. Mesolithic exploitation of wild plants in Sri Lanka: Archaeobotanical study at the cave site
of Beli-Lena. In: Harris DR, Hillman GC, editors. Foraging and farming: The evolution of plant exploita-
tion. London: Unwin Hyman; 1989. p. 269-81.

Lewis L, Perera N, Petraglia M. First technological comparison of Southern African Howiesons Poort
and South Asian Microlithic industries: An exploration of inter-regional variability in microlithic assem-
blages. Quatern Int. 2014; 350:7-25. https://doi.org/10.1016/j.quaint.2014.09.013.

Binford LR. Constructing frames of reference: an analytical method for archaeological theory building
using ethnographic and environmental data sets. Berkeley and Los Angeles: Univ of California Press;
2001.

Fitzhugh B, Habu J. Beyond foraging and collecting: Evolutionary change in hunter-gatherer settle-
ment systems. New York: Plenum Press; 2002.

Binford LR. Willow smoke and dogs’ tail: Hunter-gatherer settlement system and archaeological site
formation. Am Antiquity. 1980; 45(1):4—20. https://doi.org/10.2307/279653

Binford LR. Organization and Formation Processes: Looking at Curated Technologies. J Anthropol
Res. 1979; 35(3):255-73.

Binford LR. In Pursuit of the Past: Decoding the Archaeological Record New York: Thames and Hud-
son; 1983.

Bleed P. The Optimal Design of Hunting Weapons: Maintainability or Reliability. Am Antiquity. 1986;
51(4):737-47. https://doi.org/10.2307/280862

Odess D, Rasic JT. Toolkit Composition and Assemblage Variability: The Implications of Nogahabara
I, Northern Alaska. Am Antiquity. 2007; 72(4):691-718. Epub 2017/01/20. https://doi.org/10.2307/
25470441

Osborn AJ. From global models to regional patterns: possible determinants of Folsom hunting weapon
design diversity and complexity. In: Amic DS, editor. Folsom Lithic Technology: Explorations in Struc-
ture and Variation. Ann Arbor, MI: International Monographs in Prehistory; 1999. p. 188-213.

Oswalt WH. Habitat and technology: the evolution of hunting. New York: Holt, Rinehart and Winston;
1972.

Oswalt WH. An anthropological analysis of food-getting technology. New York: Wiley and Sons;
1976.

Torrence R. Time-Budgeting and Hunter-Gatherer Technology. In: Bailey GN, editor. Hunter-Gatherer
Economy in Prehistory: a European Perspective,. Cambridge: Cambridge University Press; 1983. p.
11-22.

Torrence R. Hunter-gatherer technology: macro-and microscale approaches. In: Panter-Brick C, Lay-
ton RH, Rowley-Conwy P, editors. Hunter-gatherers: An interdisciplinary perspective. Cambridge:
Cambridge University Press; 2001. p. 73-98.

Torrence R. Thinking Big about Small Tools. Archaeological Papers of the American Anthropological
Association. 2002; 12(1):179-89. https://doi.org/10.1525/ap3a.2002.12.1.179

Lee RB, DeVore |. Kalahari Hunter-Gatherers. Study of the! Kung San and Their Neighbors. Cam-
bridge, Massachussetts: Harvard University Press; 1976.

Greaves RD. Hunting and Multifunctional Use of Bows and Arrows. In: Knecht H, editor. Projectile
Technology. Boston, MA: Springer US; 1997. p. 287-320.

Hames RB. A comparison of the efficiencies of the shotgun and the bow in neotropical forest hunting.
Human Ecology. 1979; 7(3):219-52. https://doi.org/10.1007/bf00889493

Binford LR. Nunamiut Ethnoarchaeology: A Case Study in Archaeological Formation Processes. New
York: Academic Press, New York; 1978.

Shott M. Technological Organization and Settlement Mobility: An Ethnographic Examination. J Anthro-
pol Res. 1986; 42:1—15.

Collard M, Kemery M, Banks S. Causes of toolkit variation among hunter-gatherers: a test of four com-
peting hypotheses. Canadian Journal of Archaeology. 2005:1-19.

Collard M, Buchanan B, O’Brien MJ, Scholnick J. Risk, mobility or population size? Drivers of techno-
logical richness among contact-period western North American hunter—gatherers. Philosophical
Transactions of the Royal Society B: Biological Sciences. 2013; 368(1630). https://doi.org/10.1098/
rstb.2012.0412 PMID: 24101622

Collard M, Buchanan B, Morin J, Costopoulos A. What drives the evolution of hunter-gatherer subsis-
tence technology? A reanalysis of the risk hypothesis with data from the Pacific Northwest.

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 31/36


https://doi.org/10.1002/ajpa.1330720405
https://doi.org/10.1002/ajpa.1330720405
http://www.ncbi.nlm.nih.gov/pubmed/3111269
https://doi.org/10.1016/j.quaint.2014.09.013
https://doi.org/10.2307/279653
https://doi.org/10.2307/280862
https://doi.org/10.2307/25470441
https://doi.org/10.2307/25470441
https://doi.org/10.1525/ap3a.2002.12.1.179
https://doi.org/10.1007/bf00889493
https://doi.org/10.1098/rstb.2012.0412
https://doi.org/10.1098/rstb.2012.0412
http://www.ncbi.nlm.nih.gov/pubmed/24101622
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Philosophical Transactions of the Royal Society B: Biological Sciences. 2011; 366(1567):1129-38.
https://doi.org/10.1098/rstb.2010.0366 PMID: 21357235

Jones R, Schrire C. Hunters and history: a case study from western Tasmania. In: Schirire C, editor.
Past and present in hunter gatherer studies. Walnut Creek: Left Coast Press; 1984. p. 27-65.

Griffin PB. Technology and Variation in Arrow Design among the Agta of Northeastern Luzon. In:
Knecht H, editor. Projectile Technology. Boston, MA: Springer US; 1997. p. 267—-86.

Gonzalez-Ruibal A, Hernando A, Politis G. Ontology of the self and material culture: Arrow-making
among the Awa hunter—gatherers (Brazil). J Anthropol Archaeol. 2011; 30(1):1-16. https://doi.org/10.
1016/j.jaa.2010.10.001.

Kuchikura Y. Efficiency and focus of blowpipe hunting among Semagq Beri hunter-gatherers of Penin-
sular Malaysia. Human Ecology. 1988; 16(3):271-305.

Rival L. Blowpipes and spears: the social significance of Huaorani technological choices. In: Descola
P, Palsson G, editors. Nature and Society. London: Routledge; 2003. p. 155-74.

Ford A. Late Pleistocene lithic technology in the lvane valley: A view from the rainforest. Quatern Int.
2017; 448:31—43. https://doi.org/10.1016/j.quaint.2016.05.030.

Holdaway S. Stone artefacts and the Transition. Antiquity. 1995; 69(265):784. PMID: 1293756835.

Mellars P. Going East: New Genetic and Archaeological Perspectives on the Modern Human Coloni-
zation of Eurasia. Science. 2006;(313):796—800. https://doi.org/10.1126/science.1128402 PMID:
16902130

Moore MW. Simple stone flaking in Australasia: Patterns and implications. Quatern Int. 2013;
285:140-9. https://doi.org/10.1016/j.quaint.2011.09.030.

Rabett RJ. Human adaptation in the Asian Palaeolithic: hominin dispersal and behaviour during the
Late Quaternary. Cambridge: Cambridge University Press; 2012.

White JP. Crude, Colourless and Unenterprising Prehistorians and Their Views on the Stone Age of
Sunda and Sahul. In: Allen J, Golson J, Jones R, editors. Sunda and Sahul: Prehistoric studies in
Southeast Asia, Melanesia and Australia. London: Academic Press; 1977. p. 13-30.

Lycett SJ, Norton CJ. A demographic model for Palaeolithic technological evolution: The case of East
Asia and the Movius Line. Quatern Int. 2010; 211(1):55-65. https://doi.org/10.1016/j.quaint.2008.12.
001.

Watanabe H. The chopper-chopping tool complex of eastern asia: An ethnoarchaeological-ecological
reexamination. J Anthropol Archaeol. 1985; 4(1):1-18. https://doi.org/10.1016/0278-4165(85)90011-
X.

Bar-Yosef O, Eren MI, Yuan J, Cohen DJ, Li Y. Were bamboo tools made in prehistoric Southeast
Asia? An experimental view from South China. Quatern Int. 2012; 269:9-21. https://doi.org/10.1016/j.
quaint.2011.03.026.

Barker G, Barton H, Bird M, Daly P, Datan |, Dykes A, et al. The ‘human revolution’ in lowland tropical
Southeast Asia: the antiquity and behavior of anatomically modern humans at Niah Cave (Sarawak,
Borneo). J Hum Evol. 2007; 52(3):243-61. https://doi.org/10.1016/j.jhevol.2006.08.011 PMID:
17161859

Xhauflair H, Pawlik A, Gaillard C, Forestier H, Vitales TJ, Callado JR, et al. Characterisation of the
use-wear resulting from bamboo working and its importance to address the hypothesis of the exis-
tence of a bamboo industry in prehistoric Southeast Asia. Quatern Int. 2016; 416:95-125. https://doi.
org/10.1016/j.quaint.2015.11.007.

West JA, Louys J. Differentiating bamboo from stone tool cut marks in the zooarchaeological record,
with a discussion on the use of bamboo knives. J Archaeol Sci. 2007; 34(4):512-8.

Yellen JE. Archaeological approaches to the present: models for reconstructing the past. Cambridge
(Massachusetts): Academic Press; 1977.

Amick DS. Regional patterns of Folsom mobility and land use in the American Southwest. World
Archaeology. 1996; 27(3):411-26. https://doi.org/10.1080/00438243.1996.9980317

Currie A. Ethnographic analogy, the comparative method, and archaeological special pleading. Stud-
ies in History and Philosophy of Science. 2016; 55:84-94. https://doi.org/10.1016/j.shpsa.2015.08.
010 PMID: 26774072

Lane PJ. Hunter-gatherer-fishers, ethnoarchaeology, and analogical reasoning. In: Cummings V, Jor-
dan P, Zvelebil M, editors. The Oxford Handbook of the Archaeology and Anthropology of Hunter-
Gatherers Oxford: Oxford: Oxford University Press; 2014. p. 104-50.

Binford LR. Smudge pits and hide smoking: the use of analogy in archaeological reasoning. Am Antig-
uity. 1967:1-12.

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 32/36


https://doi.org/10.1098/rstb.2010.0366
http://www.ncbi.nlm.nih.gov/pubmed/21357235
https://doi.org/10.1016/j.jaa.2010.10.001
https://doi.org/10.1016/j.jaa.2010.10.001
https://doi.org/10.1016/j.quaint.2016.05.030
http://www.ncbi.nlm.nih.gov/pubmed/1293756835
https://doi.org/10.1126/science.1128402
http://www.ncbi.nlm.nih.gov/pubmed/16902130
https://doi.org/10.1016/j.quaint.2011.09.030
https://doi.org/10.1016/j.quaint.2008.12.001
https://doi.org/10.1016/j.quaint.2008.12.001
https://doi.org/10.1016/0278-4165
https://doi.org/10.1016/j.quaint.2011.03.026
https://doi.org/10.1016/j.quaint.2011.03.026
https://doi.org/10.1016/j.jhevol.2006.08.011
http://www.ncbi.nlm.nih.gov/pubmed/17161859
https://doi.org/10.1016/j.quaint.2015.11.007
https://doi.org/10.1016/j.quaint.2015.11.007
https://doi.org/10.1080/00438243.1996.9980317
https://doi.org/10.1016/j.shpsa.2015.08.010
https://doi.org/10.1016/j.shpsa.2015.08.010
http://www.ncbi.nlm.nih.gov/pubmed/26774072
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

92,

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.
110.

111.

112.

113.

114.

Gould RA, Watson PJ. A dialogue on the meaning and use of analogy in ethnoarchaeological reason-
ing. J Anthropol Archaeol. 1982; 1(4):355-81. https://doi.org/10.1016/0278-4165(82)90002-2.

Wobst HM. The archaeo-ethnology of hunter-gatherers or the tyranny of the ethnographic record in
archaeology. Am Antiquity. 1978; 43:303-9. https://doi.org/10.2307/279256

Hayter M. Hunter-gatherers and the ethnographic analogy: theoretical perspectives. Totem: The Uni-
versity of Western Ontario Journal of Anthropology. 1994; 1(1):8.

Wylie A. 3—The Reaction against Analogy. In: Schiffer MB, editor. Advances in Archaeological
Method and Theory. San Diego: Academic Press; 1985. p. 63—111.

Kent S. The Current Forager Controversy: Real versus Ideal Views of Hunter-Gatherers. Man. 1992;
27(1):45-70. https://doi.org/10.2307/2803594

French JC. The use of ethnographic data in Neanderthal archaeological research. Hunter Gatherer
Research. 2019; 4(1):25-50.

Lewis-Williams JD. Believing and seeing: symbolic meanings in southern San rock paintings. London:
Academic Press; 1981.

d’Errico F, Backwell L, Villa P, Degano |, Lucejko JJ, Bamford MK, et al. Early evidence of San material
culture represented by organic artifacts from Border Cave, South Africa. Proceedings of the National
Academy of Sciences. 2012. https://doi.org/10.1073/pnas.1204213109 PMID: 22847420

Dibble HL, Holdaway SJ, Lin SC, Braun DR, Douglass MJ, lovita R, et al. Major Fallacies Surrounding
Stone Artifacts and Assemblages. J Archaeol Method Th. 2017; 24(3):813-51. https://doi.org/10.
1007/s10816-016-9297-8

Vaquero M, Romagnoli F. Searching for Lazy People: the Significance of Expedient Behavior in the
Interpretation of Paleolithic Assemblages. J Archaeol Method Th. 2018; 25(2):334—67. https://doi.org/
10.1007/s10816-017-9339-x

Picin A, Chacén MG, Gémez de Soler B, Blasco R, Rivals F, Rosell J. Neanderthal mobile toolkit in
short-term occupations at Teixoneres Cave (Moia, Spain). Journal of Archaeological Science:
Reports. 2020; 29:102165. https://doi.org/10.1016/j.jasrep.2019.102165.

Mico C, Arilla M, Rosell J, Villalba M, Santos E, Rivals F, et al. Among goats and bears: A taphonomic
study of the faunal accumulation from Tritons Cave (Lleida, Spain). Journal of Archaeological Science:
Reports. 2020; 30:102194. https://doi.org/10.1016/j.jasrep.2020.102194.

Picin A, Blasco R, Arilla M, Rivals F, Chacén MG, Gomez de Soler B, et al. Short-Term Neanderthal
Occupations and Carnivores in the Northeast of Iberian Peninsula. In: Cascalheira J, Picin A, editors.
Short-Term Occupations in Paleolithic Archaeology: Definition and Interpretation. Cham: Springer;
2020. p. 183-213. https://doi.org/10.1007/978-3-030-27403-0_8.

Rios-Garaizar J, San Emeterio A, Arriolabengoa M, Aranbarri J, Rofes J, Marin-Arroyo AB, et al. Spo-
radic occupation in Armifia cave during the Upper Magdalenian: What for? Journal of Archaeological
Science: Reports. 2020; 30:102271. https://doi.org/10.1016/j.jasrep.2020.102271.

Cooray PG. An introduction to the geology of Sri Lanka (Ceylon). Colombo: National museums of Sri
Lanka publication. Vol. 38; 1984.

Abeyratne M. TL dating of Sri Lankan archaeological sites. Quaternary Sci Rev. 1994; 13(5):585-8.
https://doi.org/10.1016/0277-3791(94)90081-7.

Kourampas N, Simpson IA, Perera N, Deraniyagala SU, Wijeyapala WH. Rockshelter sedimentation
in a dynamic tropical landscape: Late Pleistocene—Early Holocene archaeological deposits in Kitulgala
Beli-lena, southwestern Sri Lanka. Geoarchaeology. 2009; 24(6):677—714. https://doi.org/10.1002/
gea.20287

Inizian M-L, Roche H, Tixier J. Technology of Knapped Stone. Meudon: CREP; 1992.

Pelegrin J, Karlin C, Bodu P. "Chaines Opératoires": un outil pour le préhistorien. Technologie Préstor-
ique Notes et Monographies Techniques. Paris: Editions du CNRS; 1988. p. 55-62. PMID: 3218565

Hammer &, Harper DAT, Ryan PD. PAST: paleontological statistics software package for education
and data analysis. Palaeontologia Electronica. 2001; 4(4-9).

Pargeter J, Shea JJ. Going big versus going small: Lithic miniaturization in hominin lithic technology.
Evolutionary Anthropology: Issues, News, and Reviews. 2019; 28(2):72—85. https://doi.org/10.1002/
evan.21775 PMID: 30924224

Petraglia M, Clarkson C, Boivin N, Haslam M, Korisettar R, Chaubey G, et al. Population increase and
environmental deterioration correspond with microlithic innovations in South Asia ca. 35,000 years
ago. Proceedings of the National Academy of Sciences 2009;(106):12261-6. https://doi.org/10.1073/
pnas.0810842106 PMID: 19620737

Crabtree D. An Introduction to Flintworking. Occasional Paper Series No. 28. Pocatello: Idaho State
Museum; 1972.

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 33/36


https://doi.org/10.1016/0278-4165
https://doi.org/10.2307/279256
https://doi.org/10.2307/2803594
https://doi.org/10.1073/pnas.1204213109
http://www.ncbi.nlm.nih.gov/pubmed/22847420
https://doi.org/10.1007/s10816-016-9297-8
https://doi.org/10.1007/s10816-016-9297-8
https://doi.org/10.1007/s10816-017-9339-x
https://doi.org/10.1007/s10816-017-9339-x
https://doi.org/10.1016/j.jasrep.2019.102165
https://doi.org/10.1016/j.jasrep.2020.102194
https://doi.org/10.1007/978-3-030-27403-0_8
https://doi.org/10.1016/j.jasrep.2020.102271
https://doi.org/10.1016/0277-3791
https://doi.org/10.1002/gea.20287
https://doi.org/10.1002/gea.20287
http://www.ncbi.nlm.nih.gov/pubmed/3218565
https://doi.org/10.1002/evan.21775
https://doi.org/10.1002/evan.21775
http://www.ncbi.nlm.nih.gov/pubmed/30924224
https://doi.org/10.1073/pnas.0810842106
https://doi.org/10.1073/pnas.0810842106
http://www.ncbi.nlm.nih.gov/pubmed/19620737
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

115.

116.

117.

118.

119.

120.

121.

122,

123.

124.

125.
126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Mourre V. Les Industries en Quartz au Paléolithique. Terminologie, Méthodologie et Technologie.
Paléo. 1996; 8:205-23. https://doi.org/10.3406/pal.1996.1160.

de la Pefia P. A Qualitative Guide to Recognize Bipolar Knapping for Flint and Quartz. Lithic Technol-
ogy. 2015; 40:1-16. https://doi.org/10.1080/01977261.2015.1123947.

Sanchez-Yustos P, Garriga JG, Martinez K. Experimental Approach to the Study of the European
Mode 1 Lithic Record: The Bipolar Core Technology at Vallparadis (Barcelona, Spain). European
Journal of Archaeology. 2017; 20(2):211-34. Epub 01/09. https://doi.org/10.1017/eaa.2016.9

Kuhn SL. Mousterian Lithic Technology: An Ecological Perspective. Princeton: Princeton University
Press; 1995.

Soriano S, Villa P. Early Levallois and the beginning of the Middle Paleolithic in central Italy. PLOS
ONE. 2017; 12(10):e0186082. https://doi.org/10.1371/journal.pone.0186082 PMID: 29053710

Curtoni RP. Experimentando con bipolares: indicadores e implicaciones arqueoldgicas. Relaciones
de la Sociedad Argentina de Antropologia. 1996; 21:187-214.

de Lombera-Hermida A, Rodriguez-AIvarez XP, Peiia L, Sala-Ramos R, Despriée J, Moncel M-H,

et al. The lithic assemblage from Pont-de-Lavaud (Indre, France) and the role of the bipolar-on-anvil
technique in the Lower and Early Middle Pleistocene technology. J Anthropol Archaeol. 2016; 41:159—
84. https://doi.org/10.1016/j.jaa.2015.12.002.

Faivre J-P, Geneste J-M, Turq A. La fracturation en split, une technique de production dans l'industrie
lithique des Tares (Sourzac, Dordogne). PALEO Revue d’archéologie préhistorique. 2010;(spé-
cial):133—42.

Hiscock P. Making it small in the Palaeolithic. Bipolar stoneworking, miniature artefacts and models of
core recycling. World Archaeology. 2015;(47):158—69. https://doi.org/10.1080/00438243.2014.
991808.

Callahan E. An Evaluation of the Lithic Technology in Middle Sweden during the Mesolithic and Neo-
lithic. Uppsala: AUN 8. Societas Archaeologica Uppsaliensis; 1987.

Cotterell B, Kamminga J. The formation of flake. Am Antiquity. 1987; 52(4):675-708.

Boéda E. Tech-logique & Technologie. Une Paléo-histoire des objects lithiques tranchants. Paris:
@rchéo-éditions.com; 2013. https://doi.org/10.1083/jcb.201206010 PMID: 23382461

Pargeter J, Eren MI. Quantifying and Comparing Bipolar Versus Freehand Flake Morphologies, Pro-
duction Currencies, and Reduction Energetics During Lithic Miniaturization. Lithic Technology. 2017;
42(2-3):90-108. https://doi.org/10.1080/01977261.2017.1345442

Brun-Ricalens FL. Les pieces esquillées: état des connaissances apres un siecle de reconnaissance.
PALEO Revue d’archéologie préhistorique. 2006;(18):95-114.

de Lombera Hermida A. The scar identification of lithic quartz industries. In: Sternke F, Costa L-J,
Eigeland L, editors. Non-flint Raw Material Use in Prehistory Old Prejudices and New Direction Pro-
ceedings of the XV World Congress of the UISPP. Oxford: BAR International Series, Archaeopress;
2009. p. 5-11.

Donnart K, Naudinot N, Le Clézio L. Approche expérimentale du débitage bipolaire sur enclume: car-
actérisation des produits et analyse des outils de production. Bulletin de la Société préhistorique fran-
caise. 2009:517-33. https://doi.org/10.3406/bspf.2009.13873.

Jeske RJ, Lurie R. The archaeological visibility of bipolar technology: an example from the Koster site.
Midcontinental Journal of Archaeology. 1993; 18(2):131-60.

Kobayashi H. The experimental study of bipolar flakes. In: Swanson E, editor. Lithic technology: mak-
ing and using stone tools. Mouton: The Hague; 1975. p. 115-27.

Shott MJ. On bipolar reduction and splintered pieces. North American Archaeologist. 1999; 20
(8):217-38. https://doi.org/10.2190/0VP5-TT1E-3WLC-9RCA.

Tixier J. Typologie de I'Epipaléolithique du Maghreb. Paris: Arts et Métiers Graphiques; 1963.

Soriano S, Robert A, Huysecom E. Percussion bipolaire sur enclume: choix ou contrainte? L’exemple
du Paléolithique d’Ounjougou (Pays dogon, Mali). PALEO Revue d’archéologie préhistorique. 2010;
(spécial):123-32.

Aubry T, Barbosa AF, Luis L, Santos AT, Silvestre M. Quartz use in the absence of flint: Middle and
Upper Palaeolithic raw material economy in the Coa Valley (North-eastern Portugal). Quatern Int.
2016; 424:113-29. https://doi.org/10.1016/j.quaint.2015.11.067.

Villeneuve Q, Faivre J-P, Turq A, Guadelli J-L. Etude techno-économique du Moustérien de Pradayrol
(Caniac-du-Causse, Lot): entre mobilité des ressources lithiques et adaptation aux matériaux locaux,
un exemple de gestion complémentaire des quartz et silex au Paléolithique moyen récent en Quercy.
Comptes Rendus Palevol. 2019; 18(2):251-67. https://doi.org/10.1016/j.crpv.2018.10.002.

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 34/36


https://doi.org/10.3406/pal.1996.1160
https://doi.org/10.1080/01977261.2015.1123947
https://doi.org/10.1017/eaa.2016.9
https://doi.org/10.1371/journal.pone.0186082
http://www.ncbi.nlm.nih.gov/pubmed/29053710
https://doi.org/10.1016/j.jaa.2015.12.002
https://doi.org/10.1080/00438243.2014.991808
https://doi.org/10.1080/00438243.2014.991808
https://doi.org/10.1083/jcb.201206010
http://www.ncbi.nlm.nih.gov/pubmed/23382461
https://doi.org/10.1080/01977261.2017.1345442
https://doi.org/10.3406/bspf.2009.13873
https://doi.org/10.2190/0VP5-TT1E-3WLC-9RCA
https://doi.org/10.1016/j.quaint.2015.11.067
https://doi.org/10.1016/j.crpv.2018.10.002
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.
150.

151.
152.

153.
154.

155.

156.

157.

158.

159.

160.

Grin R, Stringer C, McDermott F, Nathan R, Porat N, Robertson S, et al. U-series and ESR analyses
of bones and teeth relating to the human burials from Skhul. J Hum Evol. 2005; 49(3):316—34. https://
doi.org/10.1016/j.jhevol.2005.04.006 PMID: 15970310

Vandermeersch B. Les Hommes fossiles de Qafzeh (Israél). Editions du CNRS. Cahiers de paléonto-
logie (Paléoanthropologie), Paris. 1981.

Westaway KE, Louys J, Awe RD, Morwood MJ, Price GJ, Zhao Jx, et al. An early modern human pres-
ence in Sumatra 73,000-63,000 years ago. Nature. 2017; 548:322. https://doi.org/10.1038/
nature23452 PMID: 28792933

Westaway KE, Morwood MJ, Roberts RG, Rokus AD, Zhao Jx, Storm P, et al. Age and biostratigraphic
significance of the Punung Rainforest Fauna, East Java, Indonesia, and implications for Pongo and
Homo. J Hum Evol. 2007; 53(6):709—-17. https://doi.org/10.1016/j.jhevol.2007.06.002 PMID:
17706269

Sahle Y, Hutchings WK, Braun DR, Sealy JC, Morgan LE, Negash A, et al. Earliest Stone-Tipped Pro-
jectiles from the Ethiopian Rift Date to >279,000 Years Ago. PLoS ONE. 2013; 8(11):e78092. https://
doi.org/10.1371/journal.pone.0078092 PMID: 24236011

Shea JJ, Sisk ML. Complex projectile technology and Homo sapiens dispersal into western Eurasia.
PaleoAnthropology. 2010; 2010:100-22. https://doi.org/10.4207/PA.2010.ART36

Yaroshevich A, Zaidner Y, Weinstein-Evron M. Projectile Damage and Point Morphometry at the Early
Middle Paleolithic Misliya Cave, Mount Carmel (Israel): Preliminary Results and Interpretations. In:
lovita R, Sano K, editors. Multidisciplinary Approaches to the Study of Stone Age Weaponry. Dor-
drecht: Springer Netherlands; 2016. p. 119-34.

Kuhn SL, Elston RG. Introduction: Thinking Small Globally. Archeological Papers of the American
Anthropological Association. 2002; 12(1):1-7. hitps://doi.org/10.1525/ap3a.2002.12.1.1

Sano K, Arrighi S, Stani C, Aureli D, Boschin F, Fiore |, et al. The earliest evidence for mechanically
delivered projectile weapons in Europe. Nature Ecology & Evolution. 2019; 3(10):1409—14. https://doi.
0rg/10.1038/s41559-019-0990-3 PMID: 31558829

Endicott K. The Batek of peninsular Malaysia. In: Lee RB, Daly R, editors. The Cambridge Encyclo-
paedia of Hunters and Gatherers. Cambridge: Cambridge University Press; 1999.

Higham C. Hunter-Gatherers in Southeast Asia: From Prehistory to the Present. Human Biology.
2013; 85(1/3):21-44, 24.

Kuhn SL. The evolution of Paleolithic technologies. Oxon: Routledge; 2020.

Andrefsky W. Raw material availability and the organization of technology. American Antiquity 1994;
59:21-34.

Kelly RL. Hunter-gatherer mobility strategies. J Anthropol Res. 1983; 39:277-306.

Picin A, Cascalheira J. Introduction to Short-Term Occupations in Palaeolithic Archaeology. In: Cas-
calheira J, Picin A, editors. Short-Term Occupations in Paleolithic Archaeology: Definition and Inter-
pretation. Cham: Springer International Publishing; 2020. p. 1-15.

Harrisson T. Notes on some nomadic Punans. Sarawak Museum Journal. 1949; 5(1):130—46.

Clastres P. The Guayaki. In: Bicchieri MG, editor. Hunters and gatherers today. New York: Holt, Rine-
hart,and Winston; 1972. p. 138-74.

Taylor WW. Tethered nomadism and water territoriality: an hypothesis: Acts of the 35th International
Congress of Americanists; 1964.

de la Pefia P, Taipale N, Wadley L, Rots V. A techno-functional perspective on quartz micro-notches
in Sibudu’s Howiesons Poort indicates the use of barbs in hunting technology. J Archaeol Sci. 2018;
93:166-95. https://doi.org/10.1016/j.jas.2018.03.001.

Blinkhorn J, Achyuthan H, Petraglia M, Ditchfield P. Middle Palaeolithic occupation in the Thar Desert
during the Upper Pleistocene: the signature of a modern human exit out of Africa? Quaternary Sci
Rev. 2013; 77:233-8. https://doi.org/10.1016/j.quascirev.2013.06.012.

Ji X, Kuman K, Clarke RJ, Forestier H, Li Y, Ma J, et al. The oldest Hoabinhian technocomplex in Asia
(43.5 ka) at Xiaodong rockshelter, Yunnan Province, southwest China. Quatern Int. 2016; 400:166—
74. http://dx.doi.org/10.1016/j.quaint.2015.09.080.

Sophady H, Forestier H, Zeitoun V, Puaud S, Frere S, Celiberti V, et al. Laang Spean cave (Battam-
bang province): A tale of occupation in Cambodia from the Late Upper Pleistocene to Holocene. Qua-
tern Int. 2016; 416:162—76. http://dx.doi.org/10.1016/j.quaint.2015.07.049.

Forestier H, Zeitoun V, Winayalai C, Métais C. The open-air site of Huai Hin (Northwestern Thailand):
Chronological perspectives for the Hoabinhian. Comptes Rendus Palevol. 2013; 12(1):45-55. http://
dx.doi.org/10.1016/j.crpv.2012.09.003.

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 35/36


https://doi.org/10.1016/j.jhevol.2005.04.006
https://doi.org/10.1016/j.jhevol.2005.04.006
http://www.ncbi.nlm.nih.gov/pubmed/15970310
https://doi.org/10.1038/nature23452
https://doi.org/10.1038/nature23452
http://www.ncbi.nlm.nih.gov/pubmed/28792933
https://doi.org/10.1016/j.jhevol.2007.06.002
http://www.ncbi.nlm.nih.gov/pubmed/17706269
https://doi.org/10.1371/journal.pone.0078092
https://doi.org/10.1371/journal.pone.0078092
http://www.ncbi.nlm.nih.gov/pubmed/24236011
https://doi.org/10.4207/PA.2010.ART36
https://doi.org/10.1525/ap3a.2002.12.1.1
https://doi.org/10.1038/s41559-019-0990-3
https://doi.org/10.1038/s41559-019-0990-3
http://www.ncbi.nlm.nih.gov/pubmed/31558829
https://doi.org/10.1016/j.jas.2018.03.001
https://doi.org/10.1016/j.quascirev.2013.06.012
http://dx.doi.org/10.1016/j.quaint.2015.09.080
http://dx.doi.org/10.1016/j.quaint.2015.07.049
http://dx.doi.org/10.1016/j.crpv.2012.09.003
http://dx.doi.org/10.1016/j.crpv.2012.09.003
https://doi.org/10.1371/journal.pone.0273450

PLOS ONE

Homo sapiens lithic technology at Kitulgala Beli-lena (c. 45 — 8,000 years ago)

161.

162.

163.

164.

165.

166.

167.

168.

169.

Zeitoun V, Forestier H, Pierret A, Chiemsisouraj C, Lorvankham M, Latthagnot A, et al. Multi-millennial
occupation in northwestern Laos: Preliminary results of excavations at the Ngeubhinh Mouxeu rock-
shelter. Comptes Rendus Palevol. 2012; 11(4):305—13. http://dx.doi.org/10.1016/j.crpv.2011.11.001.

Moser J. Hoabinhian: Geographie und Chronologie eines steinzeitlichen Technocomplexes in Stidos-
tasien. Koéln: Lindensoft; 2001.

Grenet M, Sarel J, Fauzy R, Oktaviana AA, Sugiyanto B, Chazine J-M, et al. New insights on the late
Pleistocene—Holocene lithic industry in East Kalimantan (Borneo): The contribution of three rock shel-
ter sites in the karstic area of the Mangkalihat peninsula. Quatern Int. 2016; 416:126-50. https://doi.
org/10.1016/j.quaint.2015.11.044.

Maloney TR, Dilkes-Hall IE, Setiawan P, Oktaviana AA, Geria IM, Effendy M, et al. A late Pleistocene
to Holocene archaeological record from East Kalimantan, Borneo. Quaternary Sci Rev. 2022;
277:107313. https://doi.org/10.1016/j.quascirev.2021.107313.

Marwick B, Clarkson C, O’Connor S, Collins S. Early modern human lithic technology from Jerimalai,
East Timor. J Hum Evol. 2016; 101:45-64. https://doi.org/10.1016/j.jhevol.2016.09.004 PMID:
27886810

Patole-Edoumba E, Pawlik AF, Mijares AS. Evolution of prehistoric lithic industries of the Philippines
during the Pleistocene. Comptes Rendus Palevol. 2012; 11(2):213-30. https://doi.org/10.1016/j.crpv.
2011.07.005.

Yamaoka T, Sato H, Mijares AS. Multifaceted analyses of lithic artifacts from Callao Cave in northern
Luzon (Philippines). Quatern Int. 2021; 596:93—108. https://doi.org/10.1016/j.quaint.2021.01.027.

Ono R, Fuentes R, Amano N, Sofian HO, Sriwigati, Aziz N, et al. Development of bone and lithic tech-
nologies by anatomically modern humans during the late Pleistocene to Holocene in Sulawesi and
Wallacea. Quatern Int. 2021; 596:124—43. https://doi.org/10.1016/j.quaint.2020.12.045.

Carbonell E, Sala R, Barsky D, Celiberti V. From Homogeneity to Multiplicity: A New Approach to the
Study of ArchaicStone Tools. In: Hovers E, Braun DR, editors. Interdisciplinary Approaches to the Old-
owan. Dordrecht: Springer Netherlands; 2009. p. 25-37.

PLOS ONE | https://doi.org/10.1371/journal.pone.0273450 October 13, 2022 36/36


http://dx.doi.org/10.1016/j.crpv.2011.11.001
https://doi.org/10.1016/j.quaint.2015.11.044
https://doi.org/10.1016/j.quaint.2015.11.044
https://doi.org/10.1016/j.quascirev.2021.107313
https://doi.org/10.1016/j.jhevol.2016.09.004
http://www.ncbi.nlm.nih.gov/pubmed/27886810
https://doi.org/10.1016/j.crpv.2011.07.005
https://doi.org/10.1016/j.crpv.2011.07.005
https://doi.org/10.1016/j.quaint.2021.01.027
https://doi.org/10.1016/j.quaint.2020.12.045
https://doi.org/10.1371/journal.pone.0273450

