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Although first identified 120 years ago, knowledge of
the Toalean technoculture of Middle Holocene Sula-
wesi, Indonesia, remains limited. Previous research
has emphasised the exploitation of largely terrestrial
resources by hunter-gatherers on the island. The
recent recovery of two modified tiger shark teeth
from the Maros-Pangkep karsts of South Sulawesi,
however, offers new insights. The authors combine
use-wear and residue analyses with ethnographic
and experimental data to indicate the use of these
artefacts as hafted blades within conflict and ritual
contexts, revealing hitherto undocumented
technological and social practices among Toalean
hunter-gatherers. The results suggest these artefacts
constitute some of the earliest archaeological evidence
for the use of shark teeth in composite weapons.

Keywords: Southeast Asia, Indonesia, Toalean, weapons, residue analysis, use-wear, hafting

Introduction
Between c. 8000 and 1500 years ago, the south-western peninsula of Sulawesi was home to
the Toalean hunter-gatherers, a group identified from characteristic archaeological assem-
blages first excavated in 1902 (Sarasin & Sarasin 1905; Mulvaney & Soejono 1970a & b;
Glover 1976). These assemblages contain distinctive Maros points—small stone projectile
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points with pressure-flaked serrations and indented bases (Perston et al. 2021)—alongside
bone and tooth points, while backed microliths appear in later phases (Bulbeck et al.
2000; Bulbeck 2004; Olsen & Glover 2004; Suryatman et al. 2019; Perston et al. 2021).
The terminal phase of the Toalean technoculture remains poorly dated, but a period of
co-existence with the Austronesian-speaking ‘Neolithic’ societies that first spread into
Wallacea around 4000 years ago is likely (Bulbeck et al. 2000; Bulbeck 2004).

To date, the Toalean technoculture has only been recovered from an area of roughly
10 000km2 in South Sulawesi, comprising six per cent of the Indonesian island (McCarthy
1940; van Heekeren 1952; Mulvaney 1975; Bulbeck et al. 2000; Bulbeck 2004; Bellwood
2013, 2017; Fillios & Taçon 2016). Most of these Toalean assemblages have been excavated
from limestone caves and rock shelters in the Maros-Pangkep karsts (Bulbeck 2004). Owing
to the long and narrow morphology of Sulawesi’s southern ‘arm’, occupation sites in the cen-
tral mountain spine were never more than 50km from the nearest coastline. Nevertheless,
Toalean assemblages are characterised by the exploitation of inland terrestrial resources;
while the zooarchaeological record suggests a broad-spectrum economy, the endemic Sula-
wesi warty pig (Sus celebensis, weighing 40–85kg) was the most commonly hunted prey
(Simons & Bulbeck 2004). With the exception of shellfish harvested from estuarine and
other near-coastal zones, there are few indications of consistent exploitation of marine
fauna (Bulbeck et al. 2000; Bulbeck 2004; Simons & Bulbeck 2004).

Recent excavations at Leang Panninge and Leang Bulu’ Sipong 1 (Figure 1) have each
yielded a single perforated shark tooth from Toalean contexts dated to 7000–5000 cal BP.

Figure 1. Map with (inset) the location of Leang Panninge and Leang Bulu’ Sipong 1 (image by K. Newman).

Shark‐tooth artefacts from middle Holocene Sulawesi

© The Author(s), 2023. Published by Cambridge University Press on behalf of Antiquity Publications Ltd

1421

https://doi.org/10.15184/aqy.2023.144 Published online by Cambridge University Press

https://doi.org/10.15184/aqy.2023.144


These are the earliest modified shark teeth to have been found on Sulawesi and their broad
similarity in overall shape to the Maros points that characterise Toalean assemblages proposes
interesting questions around this serrated form (Figure 2f). Given the apparent preference for
inland terrestrial resources, the presence of shark teeth within Toalean contexts is unusual. To
explore the potential purpose of these artefacts, we present the results of use-wear and residue
analyses on both teeth. Combining these results with insights gained from ethnographic

Figure 2. Archaeological contexts of the perforated shark teeth: a) Leang Panninge cave; b) cave entrance at Leang Bulu’
Sipong 1, at the foot of the isolated limestone karst tower; c) stratigraphic profile, Leang Panninge (2019); d–e)
stratigraphic profiles, Leang Bulu’ Sipong 1 (2018); f) Maros point excavated from Leang Bulu’ Sipong 1 (Square
T9S1) above the Toalean-associated layer that yielded the shark tooth (scale bar is 10mm) (photographs and image
compilation by Y. Perston).
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comparisons and experimental reproductions of hafted shark-teeth blades indicates that these
artefacts were employed to cut flesh but were not suitable for extended or intensive use. The
investigation of these unique artefacts substantially expands our understanding of both Toa-
lean technology and the use of shark teeth across the wider Asia-Pacific region.

Materials and methods
The shark-tooth artefacts and their contexts

Two perforated shark-tooth artefacts were recovered from Toalean contexts during exca-
vations as part of a joint Indonesian-Australian archaeological research programme. The
artefacts, described here for the first time, are identified as the teeth of tiger sharks
(Galeocerdo cuvier) based on their distinctive morphology. The first tooth was excavated
at Leang Panninge in 2019, a large limestone karst cave located in the Mallawa district
in easternmost Maros (Hasanuddin 2017; Carlhoff et al. 2021; Figure 1). The
Indonesian-Australian team exposed a sequence of undisturbed and well-stratified arch-
aeological deposits to a depth of 3m, without reaching bedrock (Carlhoff et al. 2021;
Figure 2). Layer 1 (dated c. 1500 cal BP) contained a mix of Austronesian pottery
sherds and Toalean backed microliths. Below this was a sequence of pre-ceramic Toa-
lean occupation deposits (Layers 2–4) that accumulated between approximately 7900
and 3700 cal BP. No Toalean artefacts were found in the cultural layers below
(Layer 5, c. 9400–8700 cal BP, and Layers 6–8, as yet undated; Carlhoff et al.
2021). The perforated shark tooth was recovered from square S17T7 in Layer 4, the
earliest Toalean occupation deposit, at roughly the same depth (1.80–1.85m) as a
rare Toalean burial dated to 7300–7200 cal BP that provided material for aDNA ana-
lysis (Carlhoff et al. 2021). Layer 4 comprised a silty clay containing a rich Toalean
assemblage, including numerous Maros points. A burnt Canarium sp. seed recovered
from the same spit and in the same layer as the shark tooth (Spit 38, Layer 4) yielded
an AMS radiocarbon age of 7166–6977 cal BP (D-AMS 035758) at 95.4% probability
(Carlhoff et al. 2021). This result and other AMS dates obtained from charcoal samples
and burnt seeds in Layer 4 lead us to infer a time range of c. 7000–5000 cal BP for
the Leang Panninge shark tooth.

The second perforated shark-tooth artefact was recovered from Leang Bulu’ Sipong 1, a
small limestone cave in the lowland karst area of Pangkep (Figure 1). Indonesian-Australian
excavations in 2018 recovered the shark tooth in association with Toalean artefacts at a depth
of 0.9–1m below the surface in Spit 9 of Square T9S1 (Figure 2). Stratigraphic mixing of the
uppermost deposit is evident from two ‘modern’ radiocarbon dates returned on charcoal col-
lected from Spits 3 and 4. Below these near-surface levels, the Toalean deposit showed evi-
dence for ancient anthropogenic disturbance and reworking. The shark tooth belongs to an
occupation deposit of unambiguous Toalean association, and a charcoal sample collected
from Spit 8 (0.8–0.9m below surface), just above the find location of the shark tooth,
gives a radiocarbon age of 6920–6780 cal BP (Wk-14158) at 95.4% probability. This sug-
gests that the Leang Bulu’ Sipong 1 tooth potentially belongs to the same timespan as the
Leang Panninge specimen.
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Use-wear and residue analysis

Each tooth underwent minimal handling and only gentle washing in fresh water to remove
adhering sediment before transport to Griffith University. The artefacts were first examined
non-invasively using a Zeiss Stemi 508 stereomicroscope fitted with an Axiom 105 camera, as
well as an Olympus DSX1000 digital microscope, to identify patterns of microwear. Metrics
were collected using Mitutoyo CD-6" digital callipers. Next, in order to determine the pres-
ence of residues and characterise the material, a Fourier Transform Infrared (FTIR) spectros-
copy study was conducted using a Spotlight 400 infrared microscope (PerkinElmer) in
combination with the Spectrum 3 FTIR (PerkinElmer). The FTIR spectra were acquired
between 4000cm–1 and 650cm−1 with a resolution of 8cm−1 using the SpectrumIMAGE
software. Spectra from multiple locations were generated and analysed with the Spectrum
MultiSearch software and National Institute of Standards and Technology spectral database.

Each tooth was then subjected to more invasive residue analysis, in this case the removal of
residues onto pre-cleaned microscope slides using an ultra-purified water pipette guided by a
Dino-Lite microscope. This procedure was targeted, with most residues left in situ on the
artefact surface. High-powered microscopy (200–400×) of the residues was completed
using a Leitz Dialux 22 microscope with polarising capability. A Tucsen ISH 500 camera
was used to photograph lifted residues in plane, part polarised and cross polarised light at
magnifications of 250× and 400×.

Experimental use-wear analysis

To distinguish traces of wear produced anthropogenically from that accrued during the
life of the animal, we examined a sample of unaltered tiger shark teeth. Previously,
Becker and Chamberlain (2012: 112) had classified damage to serrated shark teeth
from a sample of 50 jaws belonging to great white shark (Carchaodon carcharias), bull
shark (Carcharhinus leucas) and tiger shark (Galeocerdo cuvier) in four categories: labial
damage on the tooth cusp apex; labial damage on the mesial edge; lingual damage on
the tooth cusp apex; and lingual damage on the mesial edge (Figure 3). Our own exam-
ination of 250 individual, unmodified tiger shark teeth bought from an ethical supplier
for this study found a similar distribution of damage, with approximately 40 per cent of
the teeth displaying some form of damage (from minuscule flakes to larger breakage of

Figure 3. Terms for describing serrated shark teeth, shown here on a modern tiger shark (Galeocerdo cuvier) tooth
(figure by M. Langley).
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the apical cusp). Analogous damage was also observed on three sets of intact tiger shark
jaws curated at the Queensland Museum.

Ethnographic examples suggest that shark teeth perforated through the root are, and were,
most commonly used to make knives and fighting tools, with teeth hafted one below another
in a series (Edge-Partington 1896; Roth 1904; Murdoch 1923; Dodge 1939; Martin et al.
1947; Borhegyi 1961; Maude & Maude 1981; Illidge 2002). To examine the accumulation
of damage to hafted teeth during use, we made three such tools using modern tiger shark
teeth that exhibited no prior damage (see online supplementary material (OSM), Section
4.2 for full details). To understand what kinds of damage shark-tooth tools accrue, we con-
ducted a small experiment. For each of the three replica tools, two teeth were perforated and
hafted to a plywood shaft, fitting snugly into a groove made to house the basal section (see
OSM Figure S5). Cotton twine was then passed through the perforations to tie them down.
To secure the teeth further, we used a commercial superglue to fill the groove around the
tooth base. The use of modern materials was deemed suitable for this experiment as the pri-
mary focus was the use-wear formed on the apical section of the shark teeth.

One tool was used to scrape fresh bamboo, the second to butcher a leg of uncooked pork
and the third in the striking manner of a fighting knife. As expected, the shark-tooth edges
were efficient for cutting softer surfaces. The tool used to butcher the raw pork easily man-
aged this task, but it developed significant chipping and crushing wear to the apex and mesial
serrations despite being used for fewer than 30 minutes. The tool used to scrape bamboo
similarly developed wear after 20 minutes, the mesial serrations wearing down to an almost
flat aspect. Finally, the tool used as a fighting knife—which we repeatedly struck into a leg of
fresh pork using a swift and forceful down-and-slicing motion—created deep, long gashes in
the flesh and fractured one of the shark teeth at the haft level on the 30th blow. The
remaining tooth suffered pronounced chipping to the cusp apex (see OSM Figure S5).
After use, each tooth was examined using the microscopes listed above. Results are compar-
able with patterns of use-wear reported from the experimental use of shark teeth as arrow-
heads and cutting, piercing, scraping and sawing tools (Gilson et al. 2021).

The Toalean tiger shark-tooth artefacts
The teeth of the tiger shark are distinctive to this species, their morphology consistent across
both their upper and lower jaws (Figure 3). The teeth differ only in size, with the largest sit-
ting in the anterior section and becoming progressively smaller towards the back of the jaw.
The Sulawesi archaeological specimens are similar in size and are estimated to have each come
from animals approximately 2m in length, that is, subadults close to adult size (see OSM Sec-
tion 1.2). Both artefacts are in an excellent state of preservation, with surfaces clear of obscur-
ing sediments, and have not been subject to post-depositional breakage. Anthropogenic
alterations are clearly visible under low magnification, allowing for detailed traceological
assessment (Figure 4).

The Leang Panninge artefact has two bilaterally drilled perforations through the basal sec-
tion of the tooth. The perforation walls exhibit concentric striations produced by a stone-
tipped drill bit (Figure 5; see also OSM Figure S9). The edges of these perforations display
wear from ligatures pulling down and to the sides of the tooth, as well as up towards the tooth
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shoulder. Notches and grooves leading from the perforation edges to these locations, as well as
between the perforations themselves, are evident (Figures 4 & 5b & d). A red residue is asso-
ciated with these features (Figure 4). Remnants of a cut notch also indicate that the distal side
of the root lobe was removed before use (Figure 5). This created a flat surface, a common
feature of archaeologically recovered shark-tooth tools (Cushing 1896; Furrey 1977;
Charpentier et al. 2009) that experimental reconstructions have shown to be important for
the stable hafting of the teeth (Gilson et al. 2021). The presence of a damaged plant fibre
adhering to the red stained area just above the basal ledge (Figure 5) gives an indication of
the type of ligature used. A halo of bright polish across the basal ledge on both the lingual
and labial surfaces is probably caused by the haft having covered the tooth up to this section
(Figure 4). Striations associated with ligatures and coarse inclusions are found across this
polish (see OSM Figure S11). All these traces testify to the use of tightly bound ligatures
overlaid with an adhesive that included a red colourant.

Figure 4. Distribution of anthropogenic manufacturing traces, use-wear and residues on the Leang Bulu’ Sipong 1 (a)
and Leang Panninge (b) tiger shark-tooth artefacts. Red shading indicates the presence of adhesive residue with red
colouring; light blue shading indicates bright polish; bright purple shading highlights grooves from ligatures; light
purple shading highlights ground facets; aqua shading at the tooth tip indicates a large chip; and grey shading is a
dense striation cluster (figure by M. Langley).
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We identified traces of use on the Leang Panninge tooth. A series of long, deep and sub-
parallel striations are visible on the lingual side of the apical section, as are cup-shaped flakes
(Figure 5a). Many of the mesial and distal serrations have worn down and a facet has been
ground on both the lingual and labial faces of the apex, using a fine-grained tool (Figure 5a).
This facet may have been produced to repair or otherwise resharpen the tooth. Residue

Figure 5. Use-related features of the Leang Panninge shark tooth: a) ground facet (indicated by red arrowhead) and
striations on the lingual surface; b) grooves between the perforation and tooth shoulder from ligatures; c) plant fibre
associated with hafting; d) cut notches along the base and grooves from ligatures (both indicated by red arrowheads)
on the labial surface. White scale bars = 1mm (image c by B. Stephenson; all other images by M. Langley).
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analysis of the tip found collagen structures, which, together with the use-wear present, indi-
cates that this tool is likely to have been used for piercing, cutting and scraping fresh flesh and
bone, consistent with the experimental results from the pork butchery (Gilson et al. 2021).

The distal side of the Leang Bulu’ Sipong 1 tooth was broken in antiquity, possibly during
use, and thus apparently resulting in its discard before it could develop the intensive wear
observed on the Leang Panninge artefact. A single perforation survives, drilled unilaterally
from the lingual surface with a stone-tipped drill (Figure 6a). It is impossible to determine
whether there was originally a second perforation, as its likely location would be on the miss-
ing part of the tooth; its presence might be inferred from the fracture itself as perforations
create weak points likely to cause breakage (Stiner et al. 2013; Tejero et al. 2021). As with
the previous artefact, a large notch has been worn into the lower mesial side of the perforation
edge, indicating tightly bound ligatures (Figure 4). Again, the presence of a damaged plant
fibre adhering to the perforation wall suggests that the ligature was composed of plant material

Figure 6. Use-related features of the Leang Bulu’ Sipong 1 shark tooth: a & b) location of plant fibre within the drilled
perforation; c) long flake scar and residues on the labial surface; d) collagen and isolated starch granule; e) remnant of
ligature fibre adhering to the tooth shoulder; f) remnant of adhesive used in hafting. White scale bars = 1 mm except for
(e) which is 0.5mm (images b and d by B. Stephenson; all other images by M. Langley).
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(Figure 6a & b). Plant and collagen fibres were also found just above the perforation on the
labial surface and wedged into the shoulder of the tooth (Figures 4 & 6e). As on the Leang
Panninge artefact, hafting was also assisted by the removal of the distal edge of the root lobe.

More evident on the Leang Bulu’ Sipong 1 artefact is the adhesive used to help secure the
tooth within its haft. Almost the entire root lobe is covered with remnants of an adhesive
which included a red colourant (Figures 4 & 6f). Microscopic analysis of this residue
shows collagenous structures and amorphous cellulose, while FTIR indicates the presence
of ozokerite (‘earth wax’). Together, these results suggest that the adhesive was probably a
combination of mineral, plant and animal material (specifically muscle tissue, see OSM Sec-
tion 5). Such mixing of materials has previously been observed in mastics dating to the Mid-
dle Stone Age in Africa (Wadley et al. 2004) and the Middle Palaeolithic in Europe (Boëda
et al. 2008; Degano et al. 2019). Just above this residue, a hafting halo of bright polish indi-
cates that about half of this tooth was covered by its haft, like the Leang Panninge specimen
(Figure 4).

The mesial serrations display chipping and rounding, though not as severe as on the Leang
Panninge tooth. Several shallow striations on both sides of the crown run from the tip, along
with small cup-shaped flakes. Most obvious is the removal from the lingual surface of a large,
shallow flake that stems from the apical tip (Figure 6c). Similar flaking damage was produced
through impact and piercing actions observed in reproduction experiments of tiger shark
teeth (Becker & Chamberlain 2012; see OSM Figure S5). This use-wear is thus consistent
with piercing, cutting and scraping of flesh and bone (Gilson et al. 2021).

Residues accumulated between the serrations and within the chip scars along the cutting
edges of the Leang Bulu’ Sipong 1 tooth (Figure 6c; see also OSM Figure S6). The analysis of
residues from the apical serrations found lipids, amorphous cellulose and muscle tissue,
damaged plant fibres, and an isolated starch granule. A lipid and plant fibre bundle as well
as a collagen fibre were also found on the lower mesial side of the cutting edge (Figure 4;
see also OSMTable S3). Residues accumulated during use also tend to become caught within
the hafts of the tools; the analysis of one section of adhesive on the labial surface found a large
collagen fibre bundle, part of a feather barbule, lipid structures and faecal spherulites
(Figure 4; see also OSM Table S3). These residues are consistent with the results of use-wear
analysis, indicating the cutting of animal and plant materials.

Discussion
The two perforated shark-tooth artefacts from Toalean contexts in South Sulawesi show a
range of manufacture and use traces. While the recovery of modified and utilised shark
teeth at coastal archaeological sites globally is not uncommon, such artefacts are generally
restricted to contexts less than 5000 years old (see OSM Table S1). Some modified teeth
have been recovered from older contexts: a solitary tiger shark tooth featuring a single perfor-
ation from Buang Merabak (New Ireland, Papua New Guinea) is dated to between c. 39 500
and 28 000 years ago (Leavesley 2007); 11 teeth with single perforations from Kilu (Buka
Island) are dated to between c. 9000 and 5000 years ago (Wicker 1990); and an unspecified
number of teeth from Garivaldino (Brazil) is dated to between c. 9400 and 7200 years ago
(Mentz Ribeiro & Torrano Ribeiro 2001). In these cases, the artefacts are interpreted as
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personal ornaments. Indeed, almost all shark-tooth artefacts recovered globally have thus far
either been found in contexts demonstrating their use as adornments (e.g. in burials) or their
alterations have been interpreted as indicative of an ornamental function (see OSM
Table S1). This is the case for seven teeth with single perforations found in a context and
of a date similar to that of our Sulawesi teeth in Pawon Cave (western Java, Indonesia),
but which are yet to be published and require further analysis (Yondri 2017).

Our two Toalean shark-tooth artefacts, dated to c. 7000–5000 cal BP, present a different
situation. Each was hafted and used as part of a composite cutting implement. Residue ana-
lysis suggests that the ligatures that bound the teeth were plant-based, while the adhesive
agent may have been a mix of mineral, animal and plant components. Combined use-wear,
residue and experimental analyses indicate that the teeth were used to pierce, cut and scrape
flesh and bone, and that bird and plant material may also have been handled. While these
residues may superficially suggest that Toalean people were using shark-tooth knives as every-
day cutting implements, a review of the ethnographic, archaeological and experimental data
finds this interpretation unlikely.

Numerous societies across the globe have integrated shark teeth into their material culture,
with those living on coastlines (and actively fishing for sharks) more likely to incorporate
greater numbers of teeth into a wider range of artefacts (see OSM Section 2). The ethno-
graphic literature indicates that, when not used to adorn the human body, shark teeth
were, almost universally, used to create blades for conflict or ritual. For example, the north
Queensland fighting knife, one of the best known Australian Aboriginal fighting tools, has
a single, long blade made from approximately 15 shark teeth placed one after the other,
and was used to strike the flank or buttocks of an adversary (Roth 1904). Weapons—
including lances, knives and clubs—armed with shark teeth are known from mainland
New Guinea and Micronesia (Edge-Partington 1896), while lances formed part of the
mourning costume in Tahiti (Illidge 2002). Further east, the peoples of Kiribati are
renowned for their shark-tooth daggers, swords, spears and lances, which were used in highly
ritualised, and often fatal, conflicts (Murdoch 1923; Maude & Maude 1981). In South
America, Gapar de Espina in 1516 described how the coastal peoples of Panama, “had
pikes and lances fashioned like pikes … studded for a distance of half a yard from the tip
with the teeth of the shark and other fish” (cited in Charpentier et al. 2009: 15). In Florida,
shark teeth are known to have been embedded into long, straight wooden handles to make
cudgels (Martin et al. 1947), while in western Asia a bull shark (Carcharhinus leucas) tooth
projectile point was found embedded in the lumbar vertebrae of an adult individual buried at
Ra’s al Hamra 5 in Oman (Santini 2002).

Shark teeth found in Mayan and Mexican archaeological contexts are widely thought to
have been used for ritualised bloodletting (Borhegyi 1961), and shark teeth are known to
have been used as tattooing blades in Tonga, Aotearoa (New Zealand) and Kiribati (Roth
1906; Drew et al. 2013). In Hawai‘i, so-called ‘shark-tooth cutters’ were used as concealed
weapons and for “cutting up dead chiefs and cleaning their bones preparatory to the custom-
ary burials” (Dodge 1939: 157). The well-preserved organic material culture of Florida
appears to be the only setting in which shark-tooth tools are not specifically linked to conflict
and/or ritual activities; there, shark-tooth blades were used as part of the woodcarving toolkit,
an art which was preeminent in the region (Cushing 1896; Furrey 1977; Steinen 1982).
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Our experiments found that tiger shark-tooth knives were equally effective in creating
long, deep gashes in the skin when used to strike (as in fighting) as when butchering a leg
of fresh pork. Indeed, the only negative aspect to the use of this material is that it becomes
blunt relatively quickly. This wearing of the tooth edge is observed in live sharks, but a con-
tinual cycle of tooth replacement serves to keep ahead of the quickly accumulating damage to
their primary teeth (Whitenack et al. 2011). This, as well as the sharks’ ability to inflict deep
lacerations, probably explains why shark teeth were largely restricted to weapons for conflict
and ritual activities in the ethnographic present and recent past.

To explore whether the Toalean shark teeth may have been part of a fighting knife (or
similar weapon), several ethnographic implements from north Queensland and Aua Island
(Papua New Guinea) were examined to compare design and use-wear (Figure 7; see also
OSM Section 2.1). While it is not possible to determine whether the shark teeth arming
the Queensland fighting knives were perforated before being fixed in resin adhesive, those
from Aua Island each feature a centrally located perforation in their basal section. One
Aua knife displays the dual use of ligature and adhesive. The perforations and cutting
edges of these fighting tools all demonstrate use-wear consistent with that of our Toalean
artefacts.

We argue that our Toalean shark-teeth artefacts were more than everyday knives on the
basis of: the traceological confirmation of hafting techniques; the results of residue and use-
wear analyses suggesting that the shark teeth were used to cut and scrape flesh and bones but
became blunt quickly; the preponderance of fighting and/or ritual use of shark-tooth blades
in the immediate and wider surroundings of Sulawesi; and the consistency in design and use-
wear between the archaeological teeth and ethnographic fighting tools. The flesh that these

Figure 7. Example of a shark-tooth knife from Aua Island, Papua New Guinea (University of Queensland
Anthropology Museum no. 1383). Red arrowheads highlight use-related wear. Note the ligatures passing through the
perforations in each tooth and forming a diamond pattern along the haft (photograph of the knife courtesy of the
University of Queensland Anthropology Museum; microscope images and figure by M. Langley).
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teeth cut could have been human, but this is conjectural at this stage. Whether they cut
human or animal flesh, our two artefacts could provide the first evidence for the antiquity
of a distinctive class of weaponry in the Asia-Pacific region. We do, however, suggest that
ancient shark teeth previously found in the region should be re-examined to determine
whether their interpretation as ornaments remains viable. In addition, as tiger shark corpses
sink rather than float, and therefore almost never wash up on beaches (Borhegyi 1961;
Baldridge 1970), the acquisition of their teeth to produce artefacts hints at marine fishing
and a seafaring capability for at least some Toalean groups. Finally, we draw attention to
the morphological resemblance between the outline of tiger shark teeth and Maros points,
especially the more asymmetrical points, and the denticulated margins that are characteristic
of both (Figure 8). While this similarity may be coincidence, it could also indicate that Toa-
lean people were drawn to using tiger shark teeth by their intriguing resemblance to their pro-
jectile points or vice versa.

Figure 8. Comparison of the Toalean shark-tooth artefacts with examples of Maros points found at Leang Panninge
(bottom left) and Leang Pajae (top and bottom right) (photographs of Maros points by Y. Perston; figure by M. Langley).
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Conclusion
The discovery of two modified and utilised tiger shark teeth in Toalean contexts in Sulawesi
expands our knowledge of the non-lithic material culture of these mid-Holocene hunter-
gatherers of Indonesia. They also provide what could be the earliest evidence in the region
for the use of shark teeth as components of hafted weapons, a use for which there are abun-
dant ethnographic examples in the Asia-Pacific region. Indeed, comparison with archaeo-
logical and ethnographic datasets regarding the use of shark teeth globally finds that these
artefacts were likely to have been linked to ritual and/or conflict activities, an aspect that arch-
aeological research dedicated to Toalean society has hitherto been unable to document. The
re-examination of similar finds from the region should throw further light on the manufac-
ture and use of shark-tooth artefacts in Australasia and the wider Pacific region.

Acknowledgements

The research was authorised by the State Ministry of Research and Technology (RISTEK)
and was conducted in collaboration with the Indonesian Research Centre for Archeometry,
BRIN (formerly the Pusat Penelitian Arkeologi Nasional (ARKENAS)). Indonesian archae-
ologists and students involved in the fieldwork include F.N. Shalawat, A.A. Qalam, K.M.
Prayoga, M. Sura, A. Belzoni, Isbahuddin, K.A. Anshari, Nur Ishan D., M.N. Taufik,
M.A. Oka, Suryatman and A.M. Saiful. Australian doctoral students Y. Perston and
K. Newman also participated. Local field assistants included Irwan, Amar and
Hardin. A. Crowther assisted with palaeobotanical identifications and R. Wood advised
on radiocarbon calibration. Photographs were taken by M. Langley unless otherwise
specified.

Funding statement

The excavations at Leang Panninge and Leang Bulu’ Sipong 1 were funded by an Australian
Research Council Future Fellowship awarded to Adam Brumm (FT160100119), along with
financial support from Griffith University.

Supplementary material

To view supplementary material for this article, please visit https://doi.org/10.15184/aqy.
2023.144.

References

BALDRIDGE, H.D. 1970. Sinking factors and average
densities of Florida sharks as functions of liver
buoyancy. Copeia 4: 744–54.
https://doi.org/10.2307/1442317

BECKER, M.A. & J.A. CHAMBERLAIN. 2012.
Squalicorax chips a tooth: a consequence of
feeding-related behavior from the lowermost
Navesink Formation (Late Cretaceous:
Campanian-Maastrichtian) of Monmouth

County, New Jersey, USA.Geosciences 2: 109–29.
https://doi.org/10.3390/geosciences2020109

BELLWOOD, P. 2013. First migrants: ancient migration
in global perspective. Chichester: Wiley.
https://doi.org/10.1002/9781119251583

– 2017. First islanders. Hoboken (NJ): Wiley.
BOËDA, E., S. BONILAURI, J. CONNAN, D. JARVIE,

N. MERCIER, M. TOBEY, H. VALLADAS & H.
AL SAKHEL. 2008. New evidence for significant

Shark‐tooth artefacts from middle Holocene Sulawesi

© The Author(s), 2023. Published by Cambridge University Press on behalf of Antiquity Publications Ltd

1433

https://doi.org/10.15184/aqy.2023.144 Published online by Cambridge University Press

http://doi.org/10.15184/aqy.2023.144
http://doi.org/10.15184/aqy.2023.144
http://doi.org/10.15184/aqy.2023.144
https://doi.org/10.2307/1442317
https://doi.org/10.2307/1442317
https://doi.org/10.3390/geosciences2020109
https://doi.org/10.3390/geosciences2020109
https://doi.org/10.1002/9781119251583
https://doi.org/10.1002/9781119251583
https://doi.org/10.15184/aqy.2023.144


use of bitumen in Middle Palaeolithic technical
systems at Umm el Tlel (Syria) around 70,000
BP. Paléorient 34: 67–83.
https://doi.org/10.3406/paleo.2008.5257

BORHEGYI, S.F. 1961. Shark teeth, stingray spines,
and shark fishing in ancient Mexico and Central
America. Southwest Journal of Anthropology 17:
273–96.
https://doi.org/10.1086/soutjanth.17.3.
3629046

BULBECK, D. 2004. Divided in space, united in time:
the Holocene prehistory of south Sulawesi, in
S.G. Keates & J.M. Pasveer (ed.) Quaternary
Research in Indonesia: 129–66. Leiden: A.A.
Balkema.
https://doi.org/10.1201/9780367810627-9

BULBECK, D., M. PASQUA & A. DI LELLO. 2000.
Culture history of the Toalean of south Sulawesi,
Indonesia. Asian Perspectives 39: 71–108.
https://doi.org/10.1353/asi.2000.0004

CARLHOFF, S. et al. 2021. Genome of a middle
Holocene hunter-gatherer from Wallacea. Nature
569: 543–47.
https://doi.org/10.1038/s41586-021-03823-6

CHARPENTIER, V., S. MÉRY, E. FORTINI & E. PELLÉ.
2009. Un chef est un requin qui voyage par terre:
fonctions et statuts des armatures de projectile en
dent de Carcharhinus leucas et aiguillon caudal de
raie dans l’Arabie des VIe–IIIe millénaires av. notre
ère. Arab Archaeology and Epigraphy 20: 9–17.
https://doi.org/10.1111/j.1600-0471.2008.
00308.x

CUSHING, F.H. 1896. Exploration of ancient key
dwellers’ remains on the Gulf Coast of Florida.
Proceedings of the American Philosophical Society
35: 329–448.

DEGANO, I., S. SORIANO, P. VILLA, L. POLLAROLO,
J.J. LUCEJKO, Z. JACOBS,K. DOUKA, S. VITAGLIANO

& C. TOZZI. 2019. Hafting of Middle Paleolithic
tools in Latium (central Italy): new data from
Fossellone and Sant’Agostino caves. PLoS ONE
14: e0213473.
https://doi.org/10.1371/journal.pone.0213473

DODGE, E.S. 1939. Four Hawaiian implements in
the Peabody Museum of Salem. Journal of the
Polynesian Society 48: 156–57.

DREW, J., C. PHILIPP & M.W. WESTNEAT. 2013.
Shark tooth weapons from the 19th century reflect
shifting baselines in central Pacific predator
assemblies. PLoS ONE 8: e59855.
https://doi.org/10.1371/journal.pone.0059855

EDGE-PARTINGTON, J. 1896. The ethnography of
Matty Island. Journal of the Anthropological
Institute of Great Britain and Ireland 25: 287–95.
https://doi.org/10.2307/2842028

FILLIOS, M.A. & P.S.C. TAÇON. 2016. Who let the
dogs in? A review of the recent genetic evidence
for the introduction of the dingo to Australia and
implications for the movement of people. Journal
of Archaeological Science: Reports 7: 782–92.
https://doi.org/10.1016/j.jasrep.2016.03.001

FURREY, J.F. 1977. An analysis of shark tools from the
Boca Weir site in south Florida. Florida
Anthropologist 30: 89–102.

GILSON, S.-P., C. GATES ST-PIERRE, M. LOMINY &
A. LESSA. 2021. Shark teeth used as tools: an
experimental archaeology study. Journal of
Archaeological Science Reports 35: 102733.
https://doi.org/10.1016/j.jasrep.2020.102733

GLOVER, I.C. 1976. Ulu Leang cave, Maros: a
preliminary sequence of post-Pleistocene cultural
development in south Sulawesi. Archipel 11: 113–
54. https://doi.org/10.3406/arch.1976.1271

Hasanuddin. 2017. Gua Panningnge di Mallawa,
Maros: kajian tentang gua hunian berdasarkan
artefak batu dan sisa fauna. Naditira Widya 11:
81–96. https://doi.org/10.24832/nw.v11i2.210

ILLIDGE, P. 2002. The Tahitian mourner’s costume: a
description of use, composition and relevant
artefacts from HMS Pandora. Journal of the
Australasian Institute for Maritime Archaeology 26:
65–74.

LEAVESLEY, M.G. 2007. A shark-tooth
ornament from Pleistocene Sahul. Antiquity 81:
308–15.
https://doi.org/10.1017/S0003598X00095193

MARTIN, P.S., G.I. QUIMBY & D. COLLIER. 1947.
Indians before Columbus. Chicago (IL): University
of Chicago Press.

MAUDE, H.C. & H.E. MAUDE. 1981. Tioba and the
Tabiteuean religious wars. Journal of the
Polynesian Society 90: 307–36.

MCCARTHY, F.D. 1940. A comparison of the
prehistory of Australia with that of Indo-China,
the Malay Peninsula and the Netherlands East
Indies, in F.N. Chasen & M.W.F. Tweedie (ed.)
Proceedings of the Third Congress of Prehistorians of
the Far East: 30–50. Singapore: Government
Printing Office.

MENTZ RIBEIRO, P.A. & C. TORRANO RIBEIRO. 2001.
Excavaçes arqueológicas no sítio RS-TQ-58,
Montenegro, RS, Brasil. Libro de Resúmenes del

Michelle C. Langley et al.

© The Author(s), 2023. Published by Cambridge University Press on behalf of Antiquity Publications Ltd

1434

https://doi.org/10.15184/aqy.2023.144 Published online by Cambridge University Press

https://doi.org/10.3406/paleo.2008.5257
https://doi.org/10.3406/paleo.2008.5257
https://doi.org/10.1086/soutjanth.17.3.3629046
https://doi.org/10.1086/soutjanth.17.3.3629046
https://doi.org/10.1086/soutjanth.17.3.3629046
https://doi.org/10.1201/9780367810627-9
https://doi.org/10.1201/9780367810627-9
https://doi.org/10.1353/asi.2000.0004
https://doi.org/10.1353/asi.2000.0004
https://doi.org/10.1038/s41586-021-03823-6
https://doi.org/10.1038/s41586-021-03823-6
https://doi.org/10.1111/j.1600-0471.2008.00308.x
https://doi.org/10.1111/j.1600-0471.2008.00308.x
https://doi.org/10.1111/j.1600-0471.2008.00308.x
https://doi.org/10.1371/journal.pone.0213473
https://doi.org/10.1371/journal.pone.0213473
https://doi.org/10.1371/journal.pone.0059855
https://doi.org/10.1371/journal.pone.0059855
https://doi.org/10.2307/2842028
https://doi.org/10.2307/2842028
https://doi.org/10.1016/j.jasrep.2016.03.001
https://doi.org/10.1016/j.jasrep.2016.03.001
https://doi.org/10.1016/j.jasrep.2020.102733
https://doi.org/10.1016/j.jasrep.2020.102733
https://doi.org/10.3406/arch.1976.1271
https://doi.org/10.3406/arch.1976.1271
https://doi.org/10.24832/nw.v11i2.210
https://doi.org/10.24832/nw.v11i2.210
https://doi.org/10.1017/S0003598X00095193
https://doi.org/10.1017/S0003598X00095193
https://doi.org/10.15184/aqy.2023.144


XIV Congreso Nacional de Arqueología
Argentina.

MULVANEY, D.J. 1975. The prehistory of Australia.
London: Pelican.

MULVANEY, D.J. & R.P. SOEJONO. 1970a.
Archaeology in Sulawesi, Indonesia. Antiquity 45:
26–33.
https://doi.org/10.1017/S0003598X00069015

– 1970b. The Australian-Indonesian archaeological
expedition to Sulawesi. Asian Perspectives 13:
163–77.

MURDOCH, G.M. 1923. Gilbert Islands weapons and
armour. Journal of the Polynesian Society 32:
174–5.

OLSEN, S.L. & I.C. GLOVER. 2004. The bone
industry of Ulu Leang 1 and Leang Burung 1
rockshelters, Sulawesi, Indonesia, in its regional
context, in S.G. Keates & J.M. Pasveer (ed.)
Quaternary Research in Indonesia: 273–300.
Leiden: A.A. Balkema.
https://doi.org/10.1201/9780367810627-14

PERSTON, Y.L., M. MOORE, M. LANGLEY, B. HAKIM,
A.A. OKTAVIANA & A. BRUMM. 2021. A
standardised classification scheme for the
Mid-Holocene Toalean artefacts of South
Sulawesi, Indonesia. PLoS ONE 16: e0251138.
https://doi.org/10.1371/journal.pone.0251138

ROTH, H.L. 1906. Tonga Islanders’
skin-marking. Man 6: 6–9.
https://doi.org/10.2307/2788065

ROTH, W.E. 1904. Domestic implements, arts and
manufactures, North Queensland Ethnography 7.
Brisbane: Government Printer.

SANTINI, G. 2002. Burial Complex 43 at the
prehistoric graveyard of Ra’s al-Hamra in
Northern Oman, in M. Tosi & J. Zarins (ed.)
Arabia Antiqua, essays on the late prehistory of the
Arabian Peninsula: 139–207. Rome: Istituto
Italiano per l’Africa e l’Oriente.

SARASIN, P. & F. SARASIN. 1905. Reisen in Celebes
ausgeführt in den Jahren 1893–1896 und 1902–
1903. Wiesbaden: Kreidel.

SIMONS, A. & D. BULBECK. 2004. Late Quaternary
faunal successions in South Sulawesi, Indonesia,
in S.G. Keates & J.M. Pasveer (ed.) Quaternary
Research in Indonesia: 167–89. Leiden: A.A.
Balkema.
https://doi.org/10.1201/9780367810627-10

STEINEN, K.T. 1982. Other nonceramic artifacts, in
W.H. Sears (ed.) Fort Center: an archaeological site
in the Lake Okeechobee Basin: 69–110.
Gainesville: University Press of Florida.

STINER, M.C., S.L. KUHN & E. GÜLEC. 2013. Early
Upper Paleolithic shell beads at Üçağizli Cave I
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