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Supplemental Information 
 
Pre-Columbian monkey tools 
 
Michael Haslam, Lydia V. Luncz, Richard A. Staff, Fiona Bradshaw, Eduardo B. Ottoni, Tiago Falótico 
 
Figure S1 (related to Figure 1). Capuchin cashew processing at Serra da Capivara National Park. (A) Juvenile 
wild capuchin monkey using a quartzite hammer to pound open a cashew on a sandstone anvil. (B) Quartzite hammer 
covered in dried, yellow-brown, cashew nut residue, collected from the surface of the Caju BPF2 site. The stone is 
naturally gray in colour, as seen in the central striking area, where the residue has been removed by repeated use. (C) 
Phase II stone tools partially exposed in the foreground at western part of the Caju BPF2 site (arrowed; scale is 30 cm); 
the eastern part of the excavation is visible in the background. Both of the visible large trees are cashews, and the 
above-ground portion of the roots of the nearest tree was used extensively as an anvil by modern capuchins to process 
cashew nuts. (D) The western part of the Caju BPF2 site, facing south, with a partially exposed Phase III tool (arrowed, 
see Figure 1(I)) 
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Table S1 (related to Figure 1). Radiocarbon ages and output of Bayesian statistical modeling from the Caju 
BPF2 site, Serra da Capivara National Park. Summary data for each of the four depositional units (model Phases) 
are given in bold font 
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(±1σ) 
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probability 

       (68.2% 
probability 
range) 

(95.4% probability 
range) 

 

I       AD 1973-2014 AD 1890-2014  
II G2 7.9 221879 OxA-31432 -26.3 109 ± 21 AD 1701-1916 AD 1695-1931 3% 
 G2 12.3 221916 OxA-31433 -26.0 160 ± 21 AD 1694-1891 AD 1679-1947 3% 
       AD 1693-1923 AD 1615-1959  
III G3 16.5 221934 

(sub-sample 1) 
OxA-31858 -23.2 647 ± 22 AD 1321-1392 AD 1315-1400 3% 

 G3 16.5 221934 
(sub-sample 2) 

OxA-31859 -23.7 624 ± 22 AD 1321-1392 AD 1315-1400 4% 

 G2 21.0 221947 OxA-31434 -23.5 698 ± 22 AD 1306-1382 AD 1292-1389 3% 
 G2 26.0 221963 OxA-31860 -23.7 706 ± 23 AD 1305-1381 AD 1289-1388 3% 
 G13 31.1 221526 OxA-31437 -26.6 676 ± 25 AD 1307-1388 AD 1301-1390 3% 
 G2 34.6 221974 OxA-31861 -23.4 670 ± 22 AD 1311-1388 AD 1303-1391 3% 
       AD 1310-1385 AD 1266-1423  
IV G2 39.3 221988 OxA-31435 -25.8 2432 ± 25 533-402 BC 746-395 BC 4% 
 G12 63.2 219514 OxA-31436 -25.4 2741 ± 26 891-809 BC 912-800 BC 5% 
       997-276 BC 1465 BC- AD 533  
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Supplemental Experimental Procedures 
 
Mapping of cashew processing sites 
Stones were mapped across 100 m2 at each of four sites in the southeast of Serra da Capivara National Park (SCNP), 
Piauí, Brazil. These sites and their locations were Caju Baixão da Pedra Furada 1 (Caju BPF1; S 08° 49.476’, W 42° 
33.331’), Caju BPF2 (S 08° 49.740’, W 42° 33.292’), Caju BPF3 (S 08° 50.036’, W 42° 33.286’), and Baixao das 
Mulheres (S 08° 50.326’, W 42° 33.873’). Mapping included all stones over 30 mm length (with hammer and anvil 
stones distinguished from among these), all cashew trees, and non-cashew trees with a basal diameter of >10 cm. We 
also mapped locations where damaged and stained cashew branches revealed their previous use as off-ground anvils. To 
analyze peak tool densities, we recorded the highest number of hammers and anvils that would fit within a circle of area 
1 m2 placed anywhere within the mapped locality. All mapped stones were sequentially numbered with paint markers to 
permit future assessment of stone transport and site disturbance. 
 
Cashew residue extraction and analysis 
Three types of residues were analyzed in this study: (i) residues removed in the laboratory from stones that had been 
collected immediately after observation of their use at SCNP by a wild capuchin to process cashew nuts (and 
subsequently stored for 5-6 years, n=5); (ii) residues removed in the laboratory from stones found at cashew processing 
sites, for which direct use was not observed (n=4); and (iii) brittle, cracked residue removed in the field as dry material 
from a suspected capuchin tool (n=1). These residues were compared to reference samples of cashew sourced from the 
SCNP area, and a tool used by the monkeys to pound jatoba (Hymenaea courbaril) seed pods. 
 
All samples (1mg) were placed in dichloromethane (DCM) for lipid extraction then blown down to dryness under a 
gentle stream of nitrogen. 50µl of N, O-bis(trimethylsilyl)triflouroacetamide (BSTFA) was added to each sample and 
heated at 70°C for 40mins, for derivitization by silylation. The samples were filtered and transferred to vials with 
inserts. DCM was added where necessary to make up 200µl. 
 
All samples were analyzed by gas chromatography-mass spectrometry (GC-MS), using an Agilent 7820A GC system 
coupled with an Agilent 5975 Series MSD. The GC was fitted with an HP-5ms (5% Phenyl)-methylpolysiloxane 30m x 
25mm x 25µm capillary column, and helium as the carrier gas with a constant flow rate of 1.2mL/min. 1µl of analyte 
was injected splitless onto the column, with the GC inlet maintained at 300°C. The oven temperature was held at 50°C 
for 2 mins, then increased at 10°C/min to 290°C, where it was held for 10mins. The MS used electron ionisation (EI), 
obtaining data at 70 eV, and was set to scan from mass 50-800 amu. The MS source was at 230°C. Chromatograms and 
mass spectra were recorded and analyzed using ChemStation. Mass spectra were compared to published data [S1,S2] 
and the NIST11 mass spectral library. 
 
We found the most robust markers for cashew processing to be cardanol-3 and cardanol-4. Cardanol-3 and -4, along 
with various other known markers for cashew nut shell liquid (CNSL) were found in all cashew processing tools with 
the exception of one stone collected from a suspected cashew processing area and the control stone that had been used 
to process jatoba, neither of which displayed any markers for cashew. Anacardic acid-3 and -4 were found in the same 
samples as cardanol-3 and -4, except for two of the hammers that were observed being used by capuchins to open 
cashews, suggesting the complete degradation of the anacardic acids to cardanols in these cases, highlighting the 
vulnerability of these compounds. 
 
We tested several excavated stones for cashew residue using the same procedure, but the tests returned negative results 
for any of the CNSL markers, establishing that cashew derivatives are not recoverable from those stones in sufficient 
quantities to be characterized by this method. We attribute these results to mechanical removal and water-based dilution 
of the residues over time, as the buried stones do not retain the often-dense cashew residue that appears in such 
abundance on the tools found on the site surface. 
 
Excavation 
Caju BPF2 was excavated by hand, using trowels, hand brushes and small shovels. All material was sieved through a 
5 mm mesh screen. The site was excavated in two main portions, east and west, separated by an unexcavated section 
(see Fig. S1). The site as a whole slopes gently downwards from east to west, away from the nearest sandstone 
escarpment. Sediments are a silty sand, with occasional pebbles typically 0-2 cm in maximum size, ranging in color 
from 7.5YR 4/3 (brown) at the surface to 7.5 YR 6/3 (light brown) at the base of the excavation. 
 
Stones greater than 3 cm in maximum dimension had their position recorded in three dimensions using a total station, 
and were each bagged separately. Bagged artefacts were given unique specimen numbers in accordance with Fundação 
Museu do Homem Americano (FUMDHAM) procedures. All collected stones were assessed separately by T.F., M.H. 
and L.V.L. based on experience with capuchin tool use at SCNP, and only those stones that were (i) anomalously large 



	
   4	
  

for the site sediments (i.e., equal to or greater than 50 mm, with two exceptions of stones 47.7 and 48.3 mm), and (ii) 
determined to be capuchin tools by all three researchers based on factors such as use-damage and tool shape, were 
recorded as capuchin tools. Use-damage took the form of either a series of closely-clustered individual incipient 
percussion marks on the tool surface, or crushing and surface removal concentrated on the center of large, flat surfaces 
of tools (see Fig. 1). When there was any doubt, to be conservative, stones were not recorded as being capuchin tools. 
All excavated material, including stones not deemed to be tools by our screening procedure, has been archived with 
FUMDHAM in São Raimundo Nonato, Brazil. 
 
Stone measurement 
Stones that had previously been observed in use as cashew processing tools by wild capuchins [S3] were collected, 
measured and weighed. Length was measured along the longest axis of the stone. Width was measured as the average of 
three equidistant perpendicular measures to that axis along the widest side of the center of the stone. Thickness was 
determined by the average of three measures taken perpendicularly to the three width measures. For control stones, 44 
GPS points were randomly picked inside the home range of the wild capuchin monkey groups at SCNP. If any location 
was inaccessible (such as the top of a plateau), then the nearest reachable position was used. In each location a 50 cm 
radius area was marked, and all loose stones larger than 2 cm in length were measured using the same method as 
described for the stone tools.  
 
Fisher’s exact tests, two-tailed with alpha set at 0.05, demonstrated that quartzite is significantly preferred as a hammer 
material (p<0.001), and sandstone is significantly preferred as an anvil material (p<0.001). We found that that the 
monkeys are selecting larger than natural stones for both anvils and hammers, with the median anvil weight larger than 
that for hammers by around a factor of 4.4, and the same for median hammer weights over natural, unused stones found 
at SCNP. 
 
Naturally occurring stones had a median weight of 32 g, with a mean of 58.3±94 g (n=549). Capuchin surface anvils 
had a median of 615.5 g, with a mean of 628.3±344.2 g (n=49), and capuchin surface hammers had a median of 140 g, 
and a mean of 205.2±216.4 g (n=270). Excavated capuchin tools at Caju BPF2 have the following weights: Phase I 
(n=30, median 122.9 g, mean 147.6±94.2 g, range 35.7-447.6 g); Phase II (n=25, median 239.5 g, mean 941.6±1324.9, 
range 31.4-5490 g); Phase III (n=14, median 175.5 g, mean 883.7±1449.4 g, range 64.3-4420 g). 
 
To assess whether or not the excavated tools from Caju BPF2 possessed similar weight properties as those recorded 
during our survey, as a measure of whether the capuchins were selecting for the same weight characteristics now as in 
the past, we combined the hammer and anvil sample from the surface survey at the Caju BPF2 site (n=39), and 
compared the weight of these stones to that of the recovered tools (n=69). A two-tailed Mann-Whitney U test with 
alpha set to 0.05 showed that there is no significant difference between the two samples (n1= 69, n2=39, U=1682.5, 
Z=0.041, p=0.9681). Dividing Phases I-III into separate samples using the same test parameters also revealed no 
significant differences: Phase I p=0.066 (n1= 39, n2=30, U=552.2, Z=1.8385); Phase II p=0.089 (n1= 39, n2=25, U=463, 
Z=-1.7029); Phase III p=0.503 (n1= 39, n2=14, U=384, Z=-0.67). 
 
Radiocarbon dating 
Nine charcoal samples from Caju BPF2 were selected for accelerator mass spectrometry (AMS) radiocarbon (14C) 
dating at the Oxford Radiocarbon Accelerator Unit (ORAU, University of Oxford, UK). Of these samples, two were 
from Phase II, five from Phase III (the principal phase of interest, being the oldest unit with associated capuchin stone 
tools), and two from Phase IV (Table S1). The surface of each sample was physically cleaned (with a clean scalpel 
blade) prior to sub-sampling. A minimum of 70 mg of clean, black charcoal was taken for each sub-sample. Two sub-
samples were taken from one of the samples (FUMDHAM no. 221934), to produce duplicate 14C measurements (part of 
ORAU’s internal laboratory quality assurance protocol). 
 
A standard acid-base-acid (ABA) chemical pre-treatment for 14C dating was subsequently applied, following the 
method of ref. [S4]. The three main stages of this process (successive acid-, base-, and acid washes) are similar across 
most radiocarbon laboratories and are respectively intended to remove: (i) sedimentary- and other carbonate 
contaminants; (ii) organic (principally humic- and fulvic-) acid contaminants; and (iii) any dissolved atmospheric CO2 
that might have been absorbed during the preceding base wash. In this way, any potential secondary carbon 
contamination is removed, leaving the samples pure for subsequent combustion, graphitization and AMS 14C dating. At 
ORAU, ABA chemical pre-treatment of charcoal samples (laboratory pre-treatment code ‘ZR’) involves successive 1 M 
HCl (20 mins, 80 °C), 0.2 M NaOH (20 mins, 80 °C) and 1 M HCl (1 hr, 80 °C) washes, with each stage followed by 
rinsing (≥3 times) with ultrapure MilliQ™ deionized water. Finally, AMS 14C dating was performed, using the 2.5 MV 
HVEE tandem AMS system at ORAU [S5,S6]. 
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All ten 14C sub-samples provided good pre-treatment yields (with all but one sample, OxA-31436, providing >65% pre-
treatment yield), and combustion yields (between 52% and 70% combustion yields). Stable carbon isotope values (δ13C) 
were all in the range -23‰ to -27‰. As detailed in Table S1, 14C ages varied between 109±21 14C years before present 
(BP) at the top of the sequence, and 2741±26 BP at the base, and the duplicated sample (OxA-31858/ OxA-31859) 
provided ages in good statistical agreement.  
 
The 14C data were analyzed with the Bayesian statistical software OxCal ver.4.2 [S7], applying the Southern 
Hemisphere SHCal13 [S8] and Bomb13SH3 [S9] calibration curves. A simple four ‘Phase’ model was applied within a 
‘Sequence’ deposition model [S10], specifying only that the four Phases (I-IV) followed the law of stratigraphic 
superposition (i.e. that deeper depositional units must pre-date overlying sedimentological units), but making no 
assumption as to the relative ordering of samples from within each deposition unit (model Phase). Such Sequence and 
Phase models are the most suitable in such sedimentological settings where the rate or continuity of deposition is 
unknown [S11], in contrast to lacustrine or marine sediment profiles, for example, that might exhibit more regular 
deposition [S12]. ‘Boundaries’ were applied at the start and end of each of the four model Phases, and a constraining 
date of AD 2014 was included at the top of the Sequence to mark the date of field sampling. ‘Outlier analysis’ was 
applied using the ‘General’ ‘Outlier_Model’ described by ref. [S13], with a prior ‘Outlier’ probability of 5% applied to 
all of the 14C determinations (since there was no reason, a priori, to believe that any samples were more likely to be 
statistical outliers than others). Finally, summary statistics were included for each of the four Phases, through inclusion 
of ‘Date’ functions within each Phase, providing the likely time ranges represented by each of the depositional units. 
 
The model output demonstrates the excellent agreement between the modeled and unmodeled data, with none of the ten 
14C measurements identified as being statistical outliers (all posterior Outlier probabilities ≤5%). The modeled age 
ranges for the four Phases are: Phase I – AD 1973 to 2014 (68.2% highest probability density range, i.e. approximately 
equivalent to a 1 sigma range), AD 1890 to 2014 (95.4% range, i.e. approximately equivalent to a 2 sigma range); Phase 
II – AD 1693 to 1923 (68.2% range), AD 1615 to 1959 (95.4% range); Phase III – AD 1310 to 1385 (68.2% range), AD 
1266 to 1423 (95.4% range); and Phase IV – 997 to 276 BC (68.2% range), 1465 BC to AD 533 (95.4% range), 
respectively. The span of Phase III (75 years at the 68.2% highest probability density range; 157 years at the 95.4% 
range), the principal phase of interest, is particularly well constrained, giving strong confidence in the ages of the 
associated capuchin archaeology. This is both a function of the sampling strategy adopted (i.e. five of the nine dated 
samples picked from this unit), as well as the evidently short period of sediment deposition represented. 
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