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1. Introduction

More than 3 million years of excavated archaeological evidence
(Harmand et al., 2015) underlies most major insights into the
evolution of human behaviour. However, we have seen almost no
use of archaeological excavation to similarly broaden our under-
standing of behaviour in other animal lineages. The few published
examples include recovery of a late Holocene assemblage of stones
from the Ivory Coast, attributed to the agency of both humans
(Homo sapiens) and chimpanzees (Pan troglodytes verus) (Mercader
et al., 2002, 2007), and exploration of the occupation sites of non-
tool-using species such as penguins (Emslie et al., 2014) and other
birds (Burnham et al., 2009). The development of viable methods
for identifying and interpreting past non-human tool use
landscapes is essential if we are to gain a better understanding of
technological evolution within other animals, including our close
relatives, the primates. Recently, the growth of primate archaeology
has built on the close phylogenetic relationship between humans
and other primates to begin filling in this lacuna (Haslam et al.,
2009; Carvalho, 2011; Stewart et al., 2011; Haslam, 2012, 2014;
Visalberghi et al., 2013; Haslam et al., 2014; McGrew et al., 2014;
Benito-Calvo et al., 2015; Luncz et al., 2015; Kühl et al., 2016).

Here, we present the first report on an archaeologically exca-
vated Old World monkey tool use site, which was created by wild
Burmese long-tailed macaques (Macaca fascicularis aurea)
(Bunlungsup et al., 2016) during shellfish-processing activities in
coastal Thailand. These macaques use stone and shell pounding
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tools to access a wide variety of coastal and inter-tidal resources,
including shellfish, crabs and nuts (Fig. 1) (Malaivijitnond et al.,
2007; Gumert et al., 2009, 2011; Gumert and Malaivijitnond,
2012; Tan et al., 2015), and previous work has demonstrated that
use-wear on the stone tools permits reconstruction of past ma-
caque activities (Haslam et al., 2013). Uncovering the history of this
foraging behaviour opens up opportunities to study its evolution
within the macaque lineage and, more broadly, to retrieve
comparative data for researchers studying human and primate
coastal exploitation (e.g., Marean, 2014; Russon et al., 2014).

2. Methods

The excavation site was designated Laem Son 5 (LS5), and is
located on the small island of Piak Nam Yai (PNY), in Laem Son
National Park, Thailand (N 9� 34.629, E 98� 28.239). This hilly island
has an area of 1.7 km2 and 5.4 km of coastline, which includes rocky
areas, sandy beaches and mangroves. In December 2013, when this
study was conducted, there were approximately 200 unhabituated
macaques living in nine groups on PNY (Gumert et al., 2013). The
excavationswere conducted in sandy sediments on the east coast of
PNY, close to Thao Island (Gumert et al., 2013) and facing a shel-
tered bay at the mouth of the Kapoe Estuary. The site was located in
an area where two of the tool-using macaque groups e named the
Mangrove and Bayside Groups e overlapped in their ranges
(Gumert et al., 2013). There are no known human activities that
employ stone tools at PNY.

The LS5 site was selected because it sits beneath an over-
hanging, large basalt boulder (Fig. 1). The boulder has abundant
oysters on the underside that faces the water, giving potential for
monkeys to drop oyster-processing tools at the site following their
use. The boulder has a sloped upper surface, which may have
resulted in any stone tools used on that surface (i.e., with the
boulder as an anvil) also falling down and accumulating at the site.
The boulder is inundated by high tides.

Excavation was by hand, using trowels and hand-shovels. All
sediment was wet sieved through a 5 mm mesh in the adjacent
Andaman Sea. All shell and stone recovered from sieving was
collected for analysis. The site was excavated as three 0.5 � 0.5 m
squares (designated LS5A, LS5B and LS5C, forming a 1.5 � 0.5 m
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Figure 1. (a) Site LS5 at low tide, Piak Nam Yai, facing north along the island's east coast. The site is situated beneath the large boulder on the left. (b) Use-damage on tools collected
after use by PNY macaques, showing (clockwise from top) pitting, crushing and fracture damage, with the use-wear highlighted by dashed white lines in each instance. Modified
from Haslam et al. (2013, Fig. 4). (c) Burmese long-tailed macaque using a stone tool to open and eat oysters from an intertidal basalt boulder, Piak Nam Yai, Thailand. (d) LS5B
during excavation, with a buried boulder visible at the base of the excavation (along with the rising water table), and the boulder that overhangs the site present at the left of the
photograph. The scale on the buried boulder is 5 cm.
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site) over three days in December 2013. This strategy was needed
because the tide covers the site twice daily in a metre or more of
water. We found that 0.25 m2 was the maximum area that could be
excavated to the water table in the time between exposure of the
site by the receding tide, and intrusion into the site by the returning
tide. Excavation stopped upon reaching the water table at
approximately 60 cm depth each day.

Macaque tools were identified from among the stone debris at
the site via their distinctive use-wear patterns, particularly pitting,
crushing and fracturewear.We took a conservative approach in this
study, whereby stones with no visible damage, or with damage that
was superficial or not localized to specific parts of the stone, were
not considered tools. As a means of quantifying the abundance of
tools and non-tool stones, we counted all stones over 3 cm in
maximum dimension from the tool-bearing levels, with the 3 cm
cut-off chosen as it constitutes the lower size boundary for known
macaque tools (Gumert et al., 2009; Haslam et al., 2013).

Employing the Use-Action Index (UAI) previously developed at
PNY (Haslam et al., 2013) we reconstructed the most probable
former use of each tool, by monkeys pounding open either (i)
oysters (Saccostrea cucullata) attached to the rocky substrate, or (ii)
unattached prey such as gastropods. For a full list of the more than
40 knownprey species openedwith tools by the PNYmacaques, see
Gumert and Malaivijitnond (2012). The UAI is applied to each tool
by dividing it into 10 zones, and recording the intensity of use-
damage (specifically, crushing damage) on the faces and narrow
ends of a tool. At PNY, tools with greater damage to the face are
considered hammers for opening unattached prey, and those with
greater damage on the points have been found to be typically oyster
processing tools (Gumert et al., 2009; Haslam et al., 2013). All tools
were digitised using a NextEngine 3D laser scanner.

The National Research Council of Thailand and the Department
of National Parks, Wildlife and Plant Conservation of Thailand
provided permits to carry out research activities at Laem Son Na-
tional Park. Methods for collecting stones used by the macaques
were reviewed and approved by the NTU-Institutional Animal Care
& Use Committee (IACUC) in Singapore (ARF SBS/NIE-A 0138 AZ).
3. Results

LS5 sediments consist of sub-horizontally stratified fine to
coarse sands and shell grit, with the density of broken shell ma-
terial varying between layers. The upper 45e50 cm of the site is
brownish yellow sand (10YR 6/6, wet), while the basal ±10 cm is
grey silty sand (10YR 5/1, wet). The basal sediments have a
contribution of fine grey silt from a large basalt boulder (Fig. 1),
which is weathering in situ, as well as an increased concentration of
pebbles and cobbles. The full dimensions of the buried basalt
boulder are unknown. The buried boulder had a similar covering of
attached barnacle and oyster shells to boulders currently exposed
by low tide at PNY, albeit the shells on the buried rock were empty
and less numerous.

Oysters make up approximately 30e40% by weight of all shell
debris from the surface down to 45 cm depth, increasing to 50e60%
below this depth, partially as a result of oysters detached from the
buried boulder in the basal levels. Non-tool stones follow a similar
pattern, with total stone weights increasing from around 2e7
kgm�3 near the surface, to over 60 kgm�3 in the basal levels. From
this distribution, we conclude that the basal material comprises a
lag deposit of stones prevented from moving by surrounding
boulders. Similar lag deposits can be seen around exposed boulders
in the vicinity of the site today, where stones have been accumu-
lated by the tides and the surrounding sands winnowed away.

Ten stones identified as macaque tools were recovered from the
site (Table 1; Fig. 2; Supplementary Online Material [SOM]), one
from 15 to 20 cm depth in LS5C, and the remaining nine from the
grey basal sands at 50e60 cm depth in LS5B and LS5C. The mean
weight of these tools is 48.3 g, and they include nine basalt tools
and one quartz tool. Tools constituted 4.3% of recovered stones from
tool-bearing levels (10 of 233), using a 3 cm size cut-off. None of the
non-tool stones shows use-damage that could be attributed to
macaque behaviour.

Applying the UAI (Haslam et al., 2013) indicated that the narrow
ends of all but one of the stones had been used by monkeys to
process molluscs (most probably oysters), the exception being a



Table 1
Macaque tools excavated from LS5, Piak Nam Yai, Thailand.

Tool ID Square; depth (cm) Material Weight (g) Length (mm) Width (mm) Thickness (mm) UAI; Actiona

PNY065 5C; 15e20 Basalt 45.8 43.7 31.9 31.6 3.62; A
PNY064 5C; 50e55 Basalt 70.8 69.0 60.8 14.4 �2.58; P
PNY075 5C; 50e55 Quartz 35.5 45.4 36.8 21.2 3.92; A
PNY076 5C; 50e55 Basalt 34.1 42.6 37.8 17.4 2.86; A
PNY077 5C; 50e55 Basalt 19.3 44.8 42.5 8.7 4.16; A
PNY079 5C; 55e60 Basalt 21.4 51.1 32.8 10.4 3.05; A
PNY080 5C; 55e60 Basalt 31.6 46.7 43.6 12.2 1.52; A/P
PNY081 5C; 55e60 Basalt 33.8 65.4 35.2 11.2 1.64; A
PNY082 5C; 55e60 Basalt 14.6 36.5 32.1 8.9 3.15; A
PNY062 5B; 55e60 Basalt 175.8 86.8 66.0 25.0 0.50; A/P

a UAI¼Use-Action Index, see (Haslam et al., 2013) for details. Action: A ¼ ‘axe’ hammering; typically using the narrow end of a tool to open sessile oysters; P ¼ ‘pound’
hammering, typically using the broad face of a tool to open unattached prey such as gastropods.

Figure 2. 3D scans of selected macaque tools excavated from LS5, Piak Nam Yai, Thailand: (a) PNY065, (b) PNY064, (c) PNY076, (d) PNY079, (e) PNY080, (f) PNY062, (g) PNY082. (a)
and (ceg) have crushing and/or fracture wear on their narrow ends; (b) and (eef) have pitting wear on the tool face. Each tool is shownwith both a photorealistic and surface-only
scan, to illustrate use damage. For further details on the tools see Table 1. The scale bar is 1 cm. For 3D models of the macaque tools recovered from LS5, see the SOM.

Table 2
Radiocarbon ages obtained on oyster shells for LS5, Piak Nam Yai, Thailand.

Sample Depth (cm) Species d13C Datea

OxA-29312 15e20 Saccostrea cucullata 0.01 1.03181 ± 0.00262
OxA-29313 50e55 S. cucullata �0.31 1.03586 ± 0.00258
OxA-29314 50e55 S. cucullata �0.26 1.02845 ± 0.00261
OxA-29315 55e60 S. cucullata �0.09 1.04984 ± 0.00265
OxA-29316 55e60 S. cucullata �1.31 1.02267 ± 0.00263

a Modern date (post 1950) reported as F14C (fraction of modern).
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tool from the basal sediments that was most likely used to pound
open unattached prey on a stone anvil. We anticipate that the UAI
will misclassify tool function around 10% of the time (Haslam et al.,
2013), however this does not affect our conclusion that themajority
of the recovered tools from LS5weremost likely used in the past for
oyster processing by wild macaques.

We obtained five radiocarbon ages on four undamaged oyster
shells from LS5C, the square that yielded the majority of macaque
tools (Table 2). All of the samples returned modern ages, i.e., post
1950. The sequence of coarse to fine sediments in the upper part of
LS5 is consistent with reports of surface deposition from the major
2004 tsunami in Thailand (Kendall et al., 2006; Szczucinski et al.,
2006), where such sediments averaged around 12 cm close to the
coast. However, based on data from Ko Ra island south of Laem Son
National Park, the location of LS5 on the protected east coast of PNY
suggests that any impact was likely to have been minor (Kendall
et al., 2006). In any case, the basal lag deposits and their enclosed
tools at LS5 do not share any characteristics with reported tsunami
sediments, indicating that their deposition is unrelated to, and
therefore pre-dates, the 2004 tsunami.
4. Discussion

The recovery of buried stone tools used by wild macaques in the
past demonstrates the validity and viability of an archaeological
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approach to Old World monkey tool use. The age of the excavated
tools at 65 years or less does not extend the known antiquity of long-
tailed macaque oyster processing, which currently stands at around
120 years (Carpenter,1887), but they are the first OldWorldmonkey
tools to be archaeologically excavated from a secure context. Re-
constructions suggest that sea-levels have been decreasing to their
present level since an early-mid Holocene maximum (Horton et al.,
2005; Scheffers et al., 2012). Sites in the current intertidal zone, like
LS5, are therefore likely to have been either formed within the past
thousand years, or be older than 7000 years, justifying further pri-
mate archaeological exploration of this zone.

As this is the first report of excavated macaque tools, and the
first report of any OldWorld monkey archaeological excavation, we
believe that it is useful to spend a little extra time outlining the
reasons why we have identified these ten stones as macaque tools,
rather than as naturally-modified stones. First, our conclusion is
based on hundreds of hours of observation of the wild macaques on
PNY island, including explicit focus on the tool use-damage that
occurs, and comparisons between natural stones and macaque
tools (e.g., Gumert et al., 2009). Second, prior to commencing ex-
cavations we formulated a use-wear protocol that allows us to
reconstruct macaque tool behaviour with a high degree of accuracy
(Haslam et al., 2013) (Fig. 1b). Third, we only considered stones that
had repeated, localized damage visible to the naked eye (e.g.,
multiple pits, extensive crushing, or step-terminated fractures) as
tools. Our conservative screening process excluded stones from the
LS5 excavation that displayed either random or superficial damage,
even though macaques conceivably may also have used those
stones in the past. Fourth, we have conducted replication experi-
ments with the PNY stones to observe how use-wear forms on
previously undamaged stones, both from use as mollusc-opening
tools and from movement within the tidal zone. The latter pro-
duces little to no damage, and none that can be mistaken for
intensive macaque tool use, within the sandy environment sur-
rounding LS5. In particular, repeated pitting on the centre of a
stone's flat face (e.g., Fig. 2b, 2e, 2f), and crushing confined solely to
the narrow ends of a tool (e.g., Fig. 2a, 2c, 2d, 2f, 2g) does not occur
on the natural stones in the sandy beach area. The development of
pitting, crushing and fracture wear on tools used by PNY macaques
was illustrated in Haslam et al. (2013) and is reproduced in
Figure 1b; note that the tools in this image were all observed in use
by wild macaques immediately prior to their collection, and the
identified damage was unambiguously caused by macaques.

The recovered tools fit within the size range of known oyster-
processing tools on PNY (Gumert et al., 2009), although they fall
at the lower end. Our knowledge of modern macaque tool use
behaviour and transport (Gumert and Malaivijitnond, 2013) sug-
gests that most of the tools from the basal deposits at LS5 were
likely last used within a fewmetres of the locationwhere theywere
found, although at present we cannot exclude their having been
brought to the site from a wider radius. One tool (PNY064), iden-
tified via use-wear as most likely having been used to pound un-
attached prey, may have been used in a hammereanvil
combination with either the discovered boulder or other unknown
buried boulders nearby. Given the debris build up around present-
daymacaque oyster sites on PNY, the increase in oyster debris in the
basal LS5 sediments probably at least partially resulted from ma-
caque use of stone tools to harvest these shellfish.

The lone oyster-processing tool found higher in the site sedi-
ments could not have been used in conjunction with the buried
boulder. Instead, a monkey may have used it to obtain oysters from
the boulder that currently overhangs the LS5 site. However, at this
stage we cannot rule out the possible influence of tsunami or tidal
forces on the upper parts of LS5, and we are cautious not to assign a
precise behavioural narrative to these tools.
The role of coastal and aquatic foraging in human evolution has
long been a topic of debate (Colonese et al., 2011; Archer et al.,
2014; Thomas, 2015), with some even suggesting that coastal
resource use spurred the development of modern human behav-
iour (Marean, 2014). We anticipate that the extension of the ma-
caque archaeological record back into the past, of which this study
is the first step, will help reveal how a non-human animal has
developed a technological response to accessing prey in what can
be an inhospitable and variably accessible environment. In
conjunction with evidence of aquatic foraging from primates such
as great apes (Russon et al., 2014) and Neanderthals (Cort�es-
S�anchez et al., 2011), the macaque record will eventually provide
both a unique source of comparative data and a long-term record of
how coastal environments may be exploited by technologically
proficient animals other than modern humans.
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