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Abstract 

Bearded capuchin monkeys (Sapajus libidinosus) from Serra da Capivara 

National Park (Brazil), perform the widest range of activities using stone tools of all the 

non-human tool-using primates. The behaviours behind this range of tool use have been 

closely documented, but little is known about the characteristics of the tools themselves. 

Here we redress this imbalance and adopt an archaeological perspective to the analysis 

of capuchin pounding tools. We apply, for the first time, systematic microscopic 

techniques to the analysis of capuchin stone tools used for digging, cracking cashew 

nuts and seed processing to characterise their damage patterns combined with residue 

spatial distribution and micro-remains analysis. This work presents a standardized 

methodology for future primate archaeological use-wear studies as well as forming a 

reference collection which can be used to identify different activities within the primate 

archaeological record. Furthermore, understanding the archaeologically visible traces of 
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primate percussive behaviours represents an initial step in developing a methodology to 

investigate if similar activities were practiced by early hominins and to help identify 

these activities in the Plio-Pleistocene archaeological record.  

Keywords: Primate archaeology; Sapajus libidinosus; percussive activities; use-wear 

analysis; residues.  

1. Introduction 

During the last decade, primate archaeology (Haslam et al., 2009, 2017) has 

been established as a robust discipline to study past and present non-human primate 

tool-use. Research within this field has shown that chimpanzees (Pan troglodytes verus) 

have been using stones to crack nuts for at least 4,300 years (Mercader et al., 2007), 

whilst the earliest evidence of stone tool use for bearded capuchins (Sapajus 

libidinosus) is at least 3,000 years old (Falótico and Proffitt et al., 2019). Moreover, 

there have been reports of stone tool use to process shellfish (at least since the 19th 

century), to crack sea almonds, and more recently oil palm nuts, by long-tailed 

macaques (Carpenter,1887; Gumert et al., 2009; Tan et al., 2015; Falótico et al., 2017b; 

Luncz et al., 2017). The hominin archaeological record also preserves evidence of 

varying percussive behaviour including bone breaking (e.g. Blumenschine and 

Selvaggio, 1988), and nut cracking (Goren-Inbar et al., 2002), with the earliest reported 

flaked stone tools also possessing a significant percussive element (Harmand et al, 

2015). These parallels have led different scholars to underline the evolutionary 

implications that pounding activities had on the course of human evolution (Panger et 

al., 2002; DeBeaune, 2004; Marchant and McGrew, 2005; de la Torre and Hirata, 2015; 

Thompson et al., 2019). Hence, a key aim of primate archaeology is to investigate the 

similarities and differences between the percussive behaviour of extant primates and 

those of early hominins (Haslam et al, 2009).  

The earliest references to stone tool use by capuchin monkeys date to the 16th 

century (Urbani, 1998), with additional reports of tool-use in the 18th and 19th centuries 

(Visalberghi, 1990). However, systematic primatological studies of tool-use by wild 
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capuchin monkey (Sapajus spp. and Cebus spp.) were not undertaken until the 2000s, 

when long-term research studies were established at two locations in Brazil: Fazenda 

Boa Vista (FBV) and Serra da Capivara National Park (SCNP). Capuchin tool use is 

also known to occur at other areas within the Brazilian Cerrado and Caatinga 

environments including Serra das Confusões (Falótico et al., 2018), Serra Talhada (de 

Moraes et al., 2014) and various locations in Bahia (Canale et al., 2009). Additionally, it 

has been shown that some white-faced capuchins (Cebus imitator) from Panama also 

use stones to process encased foods (Méndez-Carvajal and Valdés-Díaz, 2017; Barrett et 

al., 2018; Monteza-Moreno et al., 2020), increasing substantially the geographic 

distribution of this behaviour among the New World primates.  

Capuchins at SCNP perform a range of stone tool use, including pounding 

cashew nuts (Anacardium occidentale), processing cactuses to consume the inner pith, 

and cracking seeds (Manihot sp. and Cordia rufescens) and fruits such as jatobá 

(Hymenaea courbaril) (Moura and Lee, 2004; Mannu and Ottoni, 2009; Falótico and 

Ottoni, 2016). In addition, stone are used to dig shallow holes to access small tubers 

(Thiloa glaucocarpa), roots (Ocotea sp.) and trapdoor spiders (Mannu and Ottoni, 2009; 

Falótico et al., 2017), as throwing implements for sexual displays (Falótico and Ottoni, 

2013), and as pounding tools to pulverize other quartzite cobbles (Mannu and Ottoni, 

2009; Proffitt et al., 2016).  

The use of stones to process plant food resources and underground storage 

organs (USOs) is a well-documented behaviour for capuchin monkeys at SCNP (Mannu 

and Ottoni, 2009; Falótico and Ottoni, 2016; Falótico et al., 2017). These activities 

provide a source of proteins and carbohydrates, although representing only a small 

percentage within their total foraging and feeding time strategy (Spagnoletti et al., 

2012). Plant food processing with stones has been considered as one of the main dietary 

adaptations in primates (Haslam, 2012) in which terrestrially, influenced by foraging 

strategy, would have played an important role in the development of tool use by 

capuchins (Visalberghi et al., 2005). 

This wide range of stone tool use in multiple primate species highlights that 

percussive tooluse is not exclusive to the Homo genus or indeed to hominins, but 

instead may be a characteristic adaptation of primates, including hominins. Despite 
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detailed reports describing the behavioural aspects of capuchin stone-use, little attention 

has been paid to the physical characteristics of the tools themselves, with only a few 

presenting comprehensive technological analyses (Visalberghi et al., 2007; Haslam et 

al., 2014; Proffitt et al., 2016; Falótico and Proffitt et al., 2019). 

Since the identification of capuchin stone tool use, nut cracking has been the 

focus of systematic studies at both SCNP and FBV. These studies have shown that 

capuchins select hammerstones based on weight and size depending on the hardness and 

type of nut processed (Visalberghi et al., 2009; Ferreira et al., 2010; Luncz et al., 2016). 

These hammerstones can weigh over three kilograms, with boulders and logs used as 

anvils (Fragaszy et al., 2004; Visalberghi et al., 2007). During nut cracking the monkeys 

adjust the position of the nut on the anvil to be stable (Liu et al., 2011; Fragaszy et al., 

2013) and then perform a motion in which they lift the hammerstone using both hands 

and use the kinetic energy generated when dropping to break the nut (Liu et al., 2009; 

Mangalam et al., 2018, 2019). When processing softer fruits and seeds, however, 

capuchins tend to select smaller tools and adjust the motion to pound them (Falótico and 

Ottoni, 2016). 

Microwear studies have long been used within the field of archaeology to 

characterize and differentiate the use related damage on prehistoric stone tools 

(Semenov,1964; Keeley, 1980; Vaughan, 1985). The first comprehensive use-wear 

studies applied to ground stone tools were undertaken in the 1980’s and highlighted the 

importance of plant-food processing activities to early humans (e.g. Adams, 1988, 1989; 

Dubreuil, 2004 among others). Recently it has been shown that these analytical 

techniques can be applied to various primate stone tool types, including hammerstones 

and anvils used for chimpanzee nut cracking (Benito-Calvo et al., 2015; Arroyo et al., 

2016; Proffitt et al., 2018) and hammerstones used by macaque during pounding 

behaviours (Haslam et al., 2013; Proffitt et al., 2018b). Within this framework, we aim 

to broaden the application of primate use-wear studies to the analysis of pounding tools 

used by wild capuchin monkeys. Here we present an integrated study of a used stone 

assemblage from Serra da Capivara National Park, describing the use-wear traces and 

residues developed on their surfaces and applying a microscopic methodology based on 

a low (<100×) and high (>100×) magnification approaches. This work contributes to 
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our understanding of the technological attributes associated with various percussive 

behaviours and establishes a reference collection of use-wear patterns for capuchin 

stone tools which can be used to identify activities within the primate archaeological 

record. The ultimate aim of this study, as with previous primate tool use-wear studies, is 

to develop a greater understanding of the damage patterns associated with a wide range 

of potential percussive behaviours, which in turn might allow greater insight into the 

range of percussive behaviours practiced by early hominins. 

2. Materials and Methods 

2.1 Capuchin groups from Serra da Capivara  

Serra da Capivara National Park, located in the State of Piauí (NE of Brazil) 

over an area of nearly 130 ha, is a nature reserve and World Heritage site well-known 

for its valuable natural and cultural heritage. The environment is dominated by the 

Caatinga, a biome exclusive to Brazil and characterized by a landscape predominated by 

xerophytic and scrub vegetation, as well as deciduous forest with a semi-arid climate 

(average rainfall between 240-900 mm/year). The Caatinga has been considered as a 

seasonally dry tropical forest biota (Santos et al., 2011). 

The pounding tool collection was conducted between 2007 and 2009 as part of a 

wider study of two groups of capuchin monkeys (Sapajus libidinosus) from SCNP: I) 

The Pedra Furada group, formed by forty-five individuals; II) The Bocão group, formed 

of twenty-seven individuals. Observations of these groups have documented that they 

are sympatric, and frequently met and foraged together (Falótico and Ottoni, 2016).  

2.2 The lithic assemblage 

The capuchin pounding tool assemblage analysed in this study was selected 

from a larger sample of capuchin tools (Falótico and Ottoni, 2016) and collected at 

SCNP by one of us (TF). All tools were collected immediately after an observed 

percussive behaviour event, and individually stored in plastic bags (see Falótico and 

Ottoni (2016) for details about the data collection during fieldwork). 
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An additional sample of six stone tools were collected during the 2019 field 

season at the Oitenta area (OIT) as a reference collection of tools where use-wear traces 

and residues were newly developed. A total of twenty-nine tools used exclusively for 

pounding (n = 16), digging for roots, spiders and arthropods (n = 12) and stone-on-stone 

(SoS) percussion (n = 1) were included in this analysis (see Fig. 1 and details in Table 

1). For comparative purposes between the three activities, we included additional data 

(general dimensions and macroscopic traces) from sixteen hammerstones used for SoS 

percussion formerly analyzed elsewhere (Proffitt et al., 2016). All pounded food 

resources (jatobá fruit, seeds and cashew nuts) were locally available and selected by 

the monkeys without human interaction.  

To geologically characterise the lithic specimens, a sample of available stones 

matching the size and raw material properties of the capuchin stone tools were collected 

from the study area. These were prepared as 30 µm petrographic thin sections and 

studied under the polarising light microscope. Their elemental composition was 

characterised via non-destructive portable X-ray fluorescence (pXRF).  

The technological analysis of the stone tool assemblage is based on the general 

classification of pounding tools proposed by Chavaillon (1979) that distinguish two 

categories: active and passive elements, used as synonyms for hammerstones and anvils 

respectively. Additional technological attributes were analysed, including general 

metrics, raw material, blank type and macroscopic surface traces such as fractures, 

impact points (and hertzian cones), battered areas (formed by superposed impacts) and 

location of the percussive marks. 

2.3 Residue analysis: sample preparation and spatial distribution 

Each tool was macro- and microscopically inspected to identify residues, six 

were selected for micro-remains analysis, including phytoliths, starches, pollens and 

non-pollen palynomorphs (NPP) analysis based on the abundance of residues present on 

their surfaces. To process the samples, we adapted standard protocols for preparation 

and extraction of different micro-remains from archaeological materials (e. g. 

Kooyman, 2015; Pearsall, 2019). The extraction process was done from the active 

surfaces. Each tool was deposited in a glass container with distilled water and sonicated 
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in an ultrasonic tank for fifteen minutes. All distilled water was decanted and 

centrifuged at 2500 rpm for three minutes. Finally, sediment remains were dried in a 

furnace at 40o for 24-48 hours. Dried residues were mounted homogenously on a slide 

with phenolated glycerin and sealed with a coverslip. Observations were made with an 

optical microscope IS.1152-PLi at 600× and photographs were taken with a CMOS 

10MP Euromex. At least three sections of each sample were analysed using plane 

polarized light (PPL) and cross polarized light (XPL). Phytolith identification and 

description follow the International Code for Phytolith Nomenclature (ICPN) 2.0 

(Neumann et al., 2019), while fossil pollen, spores and non-pollen palynomorphs  

(NPP) were identified using previous terms (Reille,  1995; van Geel, 1978, 1986; Jarzen 

and Elsik, 1986; Miola, 2012) and modern pollen reference collection. 

Spatial distribution analysis of the residues was done adapting the methods 

proposed by de la Torre and colleagues (2013). Digital images of the tools were 

georeferenced in a local spatial coordinate system. Then, single points were assigned for 

each residue cluster. Only on tools used to crack cashew nuts was it possible to draw 

and quantify the complete areas covered by oil residues. Finally, we computed spatial 

parameters such as distance of the clusters to the center of the tool (DAC), distance to 

the edge (DAE), residue area quantification and percentage of the surface covered by 

residues (PCR). 

 2.4 Microwear analysis: Stone sample cleaning and microscopic equipment 

Prior to microscopic analysis, protocols of stone tool cleaning were applied 

following the procedures outlined by Ollé and Vergés (2008, 2014). First, tools were 

cleaned in an ultrasonic bath in hydrogen peroxide (H2O2); then cleaned in neutral 

phosphate-free detergent Derquim®; and finally, an ultrasonic bath in acetone 

(CH3(CO)CH3) to eliminate residues from handling. We repeated the process several 

times at intervals of 15 minutes until surfaces were clean enough to conduct the 

microscopic analysis. 

Observations to characterize use-wear marks was done using three types of 

microscopes: 1) Euromex binocular microscope with a magnification range between 1× 

- 8× equipped with a Scemex camera and 10× lenses. 2)  Zeiss Axio Scope A1 reflected 
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light microscope with differential interference contrast (DIC) system, and a Nomarski 

interference contrast filter, that ensures better results with translucent materials (Pignat 

and Plisson, 2000; Araújo Igreja, 2009; Knutsson et al., 2015; Fernández Marchena and 

Ollé, 2016). This microscope is equipped with objectives EC Epiplan ranging from 5×/

0.13 to 50×/0.5 HD DIC, allowing observations from 50× to 500×. 3) HIROX KH-8700 

digital microscope supplied with MXG-5000REZ triple objective with a magnification 

range from 35× to 5000×. 

Terminology used to describe the microscopic traces follow nomenclature used 

when analyzing percussive objects (Adams et al., 2002, 2009; de la Torre et al., 2013; 

Arroyo and de la Torre, 2018). Among these we have focused on the identification of 

marks produced by the tribological mechanisms of fatigue wear (micro-fractures, crystal 

crushing, impact points) and by process of abrasive motion (linear traces, scratches, 

grain edge rounding), following Adams et al. (2009). Additionally, identified polish 

traces are based on descriptions of similar wear on quartzite raw materials (e.g. 

Sussman, 1988; Knutsson, 1988; Ollé et al., 2016). 

3. Results 

3.1 General characteristics of the wild capuchin assemblage 

Thin section petrographic analysis conducted on a sample of five stone samples 

collected at SCNP showed that they are composed almost entirely of interlocking 

recrystallized quartz and polycrystalline quartz with metamorphic foliation 

(Supplementary Online Material [SOM] Text 1). Geochemical characterisation via 

portable X-ray fluorescence spectrometry (pXRF) confirmed their extremely high silica 

content. It therefore appears that all wild capuchin pounding tool blanks were complete 

or fractured quartzite cobbles. This raw material is found in large quantities across 

SCNP, and belong to an extensive conglomerate deposited above the Palaeozoic 

sandstone massif that dominates the landscape (Oliveira and Santos, 2019). 

Pounded tools analysed here were used as active elements, as generally capuchin 

monkeys at SCNP use embedded conglomerates or large blocks as passive elements. 

Most of the tools (75.9%, n = 22) were used by males and six (20.7%) by females, 
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while it was not possible to determine the sex of the individual that used one tool 

(3.4%). Nineteen (65.5%) of the individuals that manipulated the tools were adult (> 7 

years old) and ten (34.5%) were juvenile (2-5 years old). Regarding laterality most 

individuals (41.4%, n = 12) tended to use tools bimanually, however, both  exclusively 

right-handed (34.5%, n = 10) and left-handed (13.8%, n = 4) tool use was also 

observed, not being possible to determine the laterality on three of the tools (10.3%) 

Previous analysis of a larger assemblage of pounded tools from SCNP has 

shown differences in the size of the pounding tools dependent on the properties 

(hardness and size) of the material being processed. Furthermore,  wild capuchins at 

SCNP select stones of particular size ranges compared to the locally available raw 

material (Falótico and Ottoni, 2016). Considering only the assemblage examined here, 

there is no significant difference in dimensions(see Fig. 2 and SOM Table S1) between 

the active elements used for pounding activities and those used for digging (see details 

in Table 2). Significant differences are found, however, when comparing all three 

activities, pounding, digging and SoS percussion (Table 2),  with SoS active elements  

possessing larger mean dimensions  (Fig. 2).  

3.2 Residue and micro-remains analysis 

Macroscopic remains of residues were documented on ten pieces (22.2%), and 

represent three types of residues: a) kernels/shell fragments adhering to the surface, 

possessing a compressed appearance and clustered distribution (Fig. 3A-C); b) oil 

residues (Fig. 3C); c) sediment patches adhered to the active areas of the digging tools 

(Fig. 3D). 

Active elements used to process cashew nuts showed the greatest frequency of 

residue remains caused by the oil located between the pericarp and the nut, which can 

be corrosive to the skin due to the anacardic acids (Akinhanmi et al., 2008; Sirianni and 

Visalberghi, 2013; Falótico and Ottoni, 2016). The oil residues of the nuts are present 

across large sections of the tools surface, covering up to 62.7% of the surfaces (see 

details on SOM Table S2). Occasionally, this residue coated the entire surface, as 

documented on two pounded tools. Indeed, even after significant and thorough cleaning 

of the tools, such oil residues were still clearly identifiable (Fig. 4).  
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The GIS spatial distribution of residue performed on ten tools indicated that seed 

pounding hammerstones possessed greater frequencies of residue clusters. These 

tended, however, to be clustered independently of the material processed (Fig. 5).Tools 

used to process cashew nuts and those used for digging differed, with residue located 

primarily on the peripheral areas of working surfaces. This is indicated by the low mean 

values of the distance to the tool edge (mean DAC< 0.60 cm, see details on Fig. 6 and 

SOM Table S2), and is reflected by the higher values for the distance of residue mean 

centre to the tool centre (EMNC-AC). 

Table 3 details the plant micro-remains identified on the selected tools 

highlighting the variability and richness of remains. Non-pollen palynomorphs are the 

most abundant remains, dominated by fungi forms such as Pluricellaesporites, hyphae, 

Polyadosporites and Polyporisporites. It is noteworthy that on three samples there is 

also atypical evidence of Pinus pollen, a species currently absent in SCNP and whose 

presence can be attributed to post-collection contamination (Fig. 7).  

Phytoliths are less abundant, identified only on one sample. Starch grains, 

however, are notable, showing homogeneous distributions across samples (Fig. 8). 

Although present on the stone tools themselves, the lack of a controlled reference 

collection for phytoliths and starch grains for SCNP prohibits detailed taxonomic 

identification. 

3.3 Use-wear characterization of wild capuchin pounding tools 

Pounding and digging tools are characterized by a low degree of modification. 

From a macroscopic perspective, all SoS percussive tools and one of the tools used to 

process seeds possessed concentrations of superimposed impacts, occasionally 

developing into battered areas. Overall, it was possible to identify impact points on 

71.1% (n = 32) of the tools, the majority on pounding and SoS active elements. Most 

digging tools (n = 9) showed no significant macroscopic modifications. Fracture 

negatives were not common among the analysed collection. We identified a total of 

eight tools (17.8%, tools for pounding = 5; SoS = 1; digging tools = 2) with non-

invasive, short and wide fractures , often with feather (and less frequently step) 

terminations (Fig. 9).  
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Digging stones 

Digging stones are characterized by a specific use-wear pattern (Fig. 10 and Fig. 

11). They possessed primarily one active zone of use (only one object was reoriented 

during its use and had two active zones). The morphology of the active zone is often a 

naturally occurring edge or pointed convex surface, with concentrated use wear marks 

located on these distal areas. 

From a microscopic perspective, tools used for digging possessed fewer 

conspicuous use-wear marks on their surfaces. Of the stone tools studied, three showed 

no significant use-wear traces. Crushing of the quartz crystals which were also  

occasionally associated with microfractures caused by impacts between the 

hammerstone and pebbles within the sediment were the most frequent (66.7%, n = 8) 

use wear traces. Both pits and incipient hertzian cones were absent on all digging tools. 

Overall, digging stones possessed worn and rough areas across their surfaces 

caused by natural weathering. However, five tools from this assemblage possessed 

traces that are not related to natural weathering processes. Three possessed small areas 

of polish with a scattered distribution within the active zone (Fig. 11C), and two 

possessed sub-parallel linear traces / scratches (Fig. 11F and G). These use wear traces 

can be seen as the result of an abrasive process caused by the motion performed during 

digging. 

Tools used to pound soft fruits and cashew nuts 

Soft fruit and cashew nut processing tools possess a wider spatial distribution of 

pounding marks compared to digging tools, however, they also possess a low degree of 

physical modification (Fig. 12). Microwear traces are characterized by the presence of 

singular impact points (with a low presence of incipient hertzian cones) and crushed 

crystals. These are frequently associated to micro-fractures with a stepped morphology 

and, less frequently, to small pits (caused by the detachment of small fragments) (Fig. 

10). Furthermore, use-wear traces related to abrasive motion, such as linear traces and 

polish, are completely absent in this category of pounding tools. Flat horizontal surfaces 

were primarily used on almost all stone tools within this category with only one 

example showing damage (crushed crystals and stepped microfractures) on both angular 
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ends (Fig. 12E). This contracts heavily with the observed preferential use of angular 

surfaces for digging tools. .  

Tools used on SoS percussion 

Only one active element collected during 2019 and used for SoS percussion was 

included in this study. Nonetheless, its use-wear analysis follows similar observations 

described by Proffitt et al. (2016), with impacts (incipient hertzian cones) and crushing 

on the ridges occasionally associated to detachments and stepped microfractures (Fig. 

13). Within the wild capuchin assemblage, incipient hertzian cones are more frequent on 

tools used for SoS percussion than other pounding tools, a similar use-wear pattern as 

identified in previous research (Proffitt et al, 2016). Following the terminology 

proposed by Byous (2013), the hertzian cones identified on the capuchin SoS tool show 

crushed craters surrounded by hackles that can also develop crushing. 

Particular use wear features also occur independently of the target material 

processed. These are associated with the mechanical processes of crystal crushing 

through impacts during a thrusting motion. First, we identified iridescences located on 

the outer areas of hertzian cones and around crushed areas (Figure 13C). This feature 

was identifiable only using an optical light microscope and is formed by the light 

reflexion when passing through fractured crystals (Fernández-Marchena and Ollé, 

2016). Additionally, fracture lines were identified towards the exterior zones of the 

crushed areas formed by the propagation of the impact force that produced fissuring of 

the crystals without being detached (see Fig. 12F). 

4. Discussion  

4.1 Characterization of primate use-wear patterns  

The analysis of the wild capuchin pounding tool assemblage presented here 

establishes patterns of use-wear traces based on different activity types and allows for 

an understanding of their formation processes. The main differences between the three 

activities centres on the location of the percussive traces. Pounding tools bear marks 

mainly on the horizontal surfaces, while digging tools are primarily used on distal and 

angular areas, indicating that capuchin monkeys adjust not only the size of the tools but 
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also the use of specific areas of the hammerstones based on the activity. This type of 

stone morphology mediated tool use has been identified amongst long-tailed macaques, 

where flat board surfaces are used for pounding and sharper edges used for oyster 

processing (Luncz et al., 2019; Gumert et al, 2009). This study highlights that, not only 

do capuchins, similarly to macaques and chimpanzees, select hammerstones based on 

the hardness of the target object, but also use specific stone morphologies for different 

tasks. This selection criteria, however, is less visible compared to macaque stone tool 

selection, as the raw material used at SCNP develops macro use-wear traces at a much 

lower rate compared to the limestone used by macaques (Luncz et al., 2019).  

The scattered patterns of microwear traces documented on the tools used to 

process soft fruits and seeds is explained by the frequent contact between the active and 

the passive element when performing the activity.   

The exceptionally low modification of the tools used for digging activities can 

be explained by the short duration of the activity itself, with more substantial use-wear 

traces potentially being formed when impacting pebbles embedded within the substrate. 

Additional marks were formed through abrasion produced by the motion of the activity. 

The formation of use-wear marks on digging tools is also highly dependent on the 

duration of the action. Digging is normally a quick (<5 min) activity in which the tool is 

abandoned after use, therefore, if use time is low and there is an absence of contact with 

other pebbles, very few wear traces will develop, making the recognition of this activity 

in the primate record challenging although in some cases, not impossible. 

Tools used for SoS percussion show higher surface modifications, as the activity 

requires striking two cobbles together. In this case, the presence of the hertzian cones 

and fractures on the surface of the stones can be used as an index to distinguish the 

activity, as they are highly frequent on tools used for this activity (Proffitt et al., 2016), 

whilst being less frequent on tools used for pounding and absent on digging tools. 

It is also significant that nine tools did not show any macroscopic modification, 

and four did not bear significant microwear traces. Most of these tools were used for 

digging, and one for pounding. The lack of clear physical damage patterns on these 

tools highlights the potential difficulties of identifying these pounding activities within 

the primate archaeological record. Furthermore, it is clear that the material processed 
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heavily influences the development of use-wear patterns on these tools. The evidence 

presented in this paper suggests that digging would be the most difficult to too use 

behavior to identify archaeologically, as it is performed against a softer and less 

consolidated  material producing  superficial microscopic marks. Based on these results 

it is likely that identification of such behaviours, which rely solely on the interpretations 

of associated stone tools, in a primate archaeological context will be under 

representative of the true frequency of primate tool use. Following this same argument, 

it is also likely that percussive tasks performed on soft targets by early hominins are 

also under represented in the plio-pleistocene archaeological record.  

Equally interesting are the results of the micro-remains analysis. On one side, it 

is noticeable that there is a low level of pollen from the seeds and fruits processed 

(Hymenaea sp., Buchenavia grandis and Anacardium occidentale), as they are all 

entomophilous species, with a restricted pollen production and dispersion. The low level 

of pollens can also be explained by the action of pounding, which may have 

mechanically “cleaned” the surface of the tools. Conversely, however, non-pollen 

palynomorphs and charcoal remains are representative of the local environmental 

conditions in which each tool was used. Moreover, the abundance of fungi spores and 

chitinous faunal remains from insects or acari can be explained by their high presence in 

the environment. The identification of palynomorphs and the limited dispersion of this 

type of micro-remains has the potential to characterize and differentiate the area and 

environment where tool use was undertaken.Phytolith and starch granules are the micro-

remains that can be considered as directly related to the pounding activities as they don

´t have a natural dispersal mechanism (Pearsall, 2019), and have been widely 

recognized in the analysis of ground stone tools in archaeological contexts (Dubreuil, 

2004; Pearsall et al., 2004; Revedin et al., 2010; Portillo et al., 2013). Despite the fact 

starch grains were recovered from all analysed tools, it was not possible for these to be 

taxonomically identified, making it difficult to correlate them to specific pounded fruits. 

Further, the near absence of phytolith remains in the capuchin pounding stone 

assemblage can be explained by multiple factors: i) fruits and seeds processed by 

capuchins have different production levels of phytoliths; ii) differences in the 

deterioration process of the organic element that allow the release of phytoliths; iii) the 

14



intensity of the activity was not enough in terms of length and/or concentration to allow 

the deposition of phytoliths on the surface. Having said this, however, the presence of 

substantial levels of starch grains highlights the potential for future studies, as they may 

represent better markers for identifying plant residues on primate pounding tools, as was 

also documented on chimpanzee pounding tools (Mercader et al., 2007). 

Considering a wider primatological record, variations in the size of the tools 

based on the type of food processed have been documented also by long-tailed 

macaques (Proffitt et al., 2018b; Gumert et al, 2009), while chimpanzees select their 

tools based on the nut hardness (Luncz et al., 2012, 2019b). Besides the differences in 

the activities, a Welch t test also revealed significant inter-species differences in the size 

of the tools (see Table 4). Bossou chimpanzee pounding tools show the largest mean 

dimensions (Fig. 14), although some variables can explain these differences such as raw 

material availability and the type of material processed. Nevertheless, chimpanzee (i.e. 

Benito-Calvo et al., 2015; Proffitt et al., 2018) and macaque tools (Haslam et al., 2013; 

Proffitt et al., 2018b) also have specific use-wear patterns that, along with the ones 

presented in this paper can be used as reference to recognise archaeological primate 

sites.  

4.2 Implications for understanding early hominin activities 

Pounding is a behaviour that does not require any intentional shaping of an 

object into a standardized form. Any suitable stone (or even wooden branch) available 

in the surrounding landscape can be selected and, as primatology has shown, their use 

can be based on a complex chaîne opératoire which include selection, transport, use and 

discard of the percussive tools (Carvalho et al., 2008). Comparative models involving 

extant primates are highlighting that the spectrum of percussive activities using movable 

tools within the early hominin record could have been far wider than previously 

expected, while the archaeological record supports that pounding activities may have 

been a significant behaviour during the Lower Pleistocene (Mora and de la Torre, 2005). 

Paleoanthropological evidence suggests that the consumption of plant food resources by 

early hominins was equally significant (Ungar, 2012; Ungar and Berger, 2018 among 
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others). A key aspect required for the identification of these behaviours in the hominin 

archaeological record will be the correlation of pounding tools and their food target.  

To date, analogies between early hominins and extant primate activities can be 

made for two behaviours: digging and nut cracking. Digging has been studied in four 

groups of wild capuchin monkeys from SCNP where the behaviour was directly 

observed (Mannu and Ottoni, 2009; Falótico et al., 2017). In addition, the use of 

digging tools made on organic raw materials by wild chimpanzees has been documented 

in Bulindi (Uganda; McLennan et al., 2020), through indirect evidence at Ugalla 

(Tanzania; Hernández-Aguilar et al., 2007) and on captive chimpanzees (Motes-Rodrigo 

et al., 2019). From an evolutionary perspective, it has been argued that digging for 

USO’s may have played a significant role in human evolution (e.g. Wrangham et al., 

1999; Laden and Wrangham, 2005), while environmental similarities between the 

Ugalla chimpanzees and Australopithecus spp. were considered as a significant factor in 

suggesting this type of behaviour in the latter (Hernández-Aguilar et al., 2007). 

However, the perishable nature of the potential wooden tools used makes the direct 

identification of this behaviour in the early hominin archaeological record increasingly 

difficult. The use of other materials as digging tools such as bones for termite foraging 

has been documented in the South African sites of Swartkrans, dated to 1.8-1 Ma 

(Backwell and d’Errico 2001, 2005), and Drimolen, with a chronology of 2-1.5 Ma 

(Backwell and d’Errico, 2008). The fact that a tool using primate species, capuchin 

monkeys, use stones as digging tools, opens up the potential for their use and 

identification in the archaeological record. A strength of primate archaeological studies 

lies in identifying uses of material that have previously been overlooked. Natural 

unmodified stones used as a digging implement is one such behaviour.  

The potential importance of nut consumption for early hominins has long been 

recognised (Peters, 1987).To date, direct evidence of nut consumption by ESA hominins 

is only identified at Gesher Benot Ya’aqov (Israel) (Goren-Inbar et al., 2002) and 

highlights the variability in the hominin diets. By developing a comprehensive 

characterisation of the macro and microscopic damage patterns associated with primate 

nut processing stone tools it increases the likelihood of identifying identify similar wear 

patterns in the hominin archaeological record. 
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Overall, increasing evidence from the primatological stone tools use record 

supports the possibility that there are a range of archaeologically ‘hidden’ activities that 

early hominins may have performed in relation to their foraging strategies. Analyses 

such as the one presented in this study can be taken as a proof of concept for a means of 

identifying these types of activities. The future application of analyses designed to 

identify these percussive behaviours on primate stone tools to the hominin 

archaeological record may elucidate a wider exploitation of plant resources and fallback 

foods for our earliest ancestors. Having said, this, however, merely identifying the 

characteristics of various percussive activities on a range of stone tools cannot be solely 

used to interrogate the ESA archaeological record. Future work must develop robust 

methods of understanding the effect that millennia scale post depositional factors have 

on ephemeral and fragmented hominins percussive assemblages.  

5. Conclusions 

This study represents the first work to systematically characterize the use-wear 

patterns of pounding tools produced by extant wild capuchin monkeys, applying a 

combination of microwear as well as residue spatial distribution and micro-remains 

analysis. 

Our results show that different patterns of use-wear marks can be distinguished 

between three stone tool activities performed by these primates. Micro-residue analysis 

applied to extant primate stone assemblages can offer a multiscale approach of local and 

regional vegetation, environment and the percussive activities. Although identification 

of phytoliths and pollen was not positive in all samples, starch grains and non-pollen 

palynomorphs extracted from the tools offered better results. We acknowledge that this 

represents just a small step within this field and that future work is required to expand 

the sample of tools, processed foods and behaviours, in which additional protocols 

should be established to implement an exhaustive sampling process and build a detailed 

reference collection. 

The analyses presented here have wider applications within the field of primate 

archaeology. These patterns can be tested on the earliest capuchin tools recently 
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documented (Falótico and Proffitt et al., 2019), to assess the persistence of specific 

activities through time. In addition, these techniques can be used to assess inter-group 

stone tool use variability of any of these behaviours between modern capuchin 

populations, as well as to identify capuchin activities in areas where populations are 

non-habituated or no longer present. 

Overall, as a common behaviour associated with early hominins and extant 

primates, the study of pounding activities can provide valuable information about the 

ecological factors that allowed the emergence of stone tool use, and has the potential to 

shed light on the identification of the subsistence strategies developed by different 

hominin species including past primates. While chimpanzees evolutionarily are the 

closest primate to our linage and have been extensively used to model past hominin 

behaviours, this work highlights that capuchin monkeys can also contribute to our 

understanding of hominin tool use.  
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List of Figures 

Figure 1. Overview of the different activities performed by capuchin monkeys from 

SCNP using quartzite pounding tools and the corresponding typical archaeological 

signature. A) Digging; B) Seed pounding; C) Stone-on-stone percussion; D) Nut-

cracking. 

Figure 2. Box plots for dimensions (A-C) and weight (D) of all analysed pounding 

objects in this study. Boxes represent the interquartile range, whiskers indicate 

variability outside the upper and lower quartiles. Outliers are represented by circles and 

stars. 

Figure 3. Residues observed on the surface of the tools used for processing seeds (A), 

jatobá (B), cashew nuts (C) and digging (D).  

Figure 4. General view of two pounding tools used to process cashew nuts before (left) 

and after (right) cleaning and microscopic remains of residues still adhered to the 

surface after cleaning (both images were taken at 50×, scale bars = 700 µm). 
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Figure 5. Residue spatial distribution on capuchin stone tools analysed in this study and 

used for pounding jatobá fruit (A), digging (B, C), pounding seeds (D-G) and 

processing cashew nuts (H-J). 

Figure 6. Main spatial indexes computed to quantify residue distribution across the 

surfaces of stone tools analysed in this study (see details in SOM Table S2). 

Figure 7. Residue micro remains: a) OIT2-4: hiphae (900×); b) OIT2-4: 

Polyadosporites (900×); c) OIT2-5: HdV 22 (600×); d) OIT2-4: Sporormiella (900×); e) 

PQB-48: Poaceae (600×); f) PQB-48: Pinus sp. (contamination, 600×).  

Figure 8. Examples of indeterminable starches identified on tools PQB-48 (a-a’ and b-

b’) and OIT2-1 (c-c’ and d-d’). All photos taken at 600× in plane polarized light (PPL) 

and cross polarized light (XPL). 

Figure 9. Patterns of macro-fracturing on pounding tools (arrows indicate the direction 

of extractions). 

Figure 10. Seriation with the use-wear marks identified on the capuchin lithic 

assemblage. Note that three capuchin digging tools and one tool used for pounding bear 

no significant microscopic traces. 

Figure 11. Use-wear patterns on digging tools. A-C) Object utilized on the lateral side 

showing a concentration of impacts points: general view (A), micro detail of an impact 

(B; 100×, scale = 350 µm), and small polished area (C; 500×, scale = 50 µm) located in 

association with the impacts. D-G) Digging tool utilized on the distal area: general view 

(D),and evidence of crushed crystals (E; 100×, 350 = µm), and  linear traces (F; 200×, 

150 = µm) in the form of scratches developed on the active area (G; Close up at 500×, 

50 = µm). 

Figure 12. Use-wear traces of tools used for pounding. A) Object with small disperse 

crushed areas associate occasionally with small detachments. Microscopic photos  

B and D are details of crushed crystals at 50× (scale = 700 µm), while photo C is a detail 

at 100× (scale = 350 µm). E) Pounding tool utilised on both ends with presence of 

crushing on the edges (F; 50×, scale = 700 µm) and stepped fractures (G; 30×, scale = 

800 µm). 

Figure 13. Use-wear marks on the SoS-percussion tool, characterized by surface 

modification characterized by: A) step fractures (10×, scale = 3 mm); B) Edge crushing 
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(50×, scale = 700 µm); C) Iridescence (200×, scale = 150 µm); D) Hertzian cones (50×, 

scale = 700 µm).  

Figure 14. Box plots comparing general dimensions of percussive tools from Bossou 

chimpanzees (BF1 and BF2) (Sakura and Matsuzawa, 1991; Humle and Matsuzawa, 

2004), long-Thai macaques (Falótico et al., 2017b; Haslam et al., 2013; Proffitt et al., 

2018b) and the capuchin assemblage analysed here.
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