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support the tested hypothesis that S. libidinosus are capa-
ble of differentiating snakes by level of danger: on the one 
hand they protect themselves from dangerous snakes, on the 
other hand they take opportunities to prey on non-dangerous 
snakes. Since capuchins and humans are both predators and 
prey of snakes, further studies of this complex relationship 
may shed light on the evolution of these traits in the human 
lineage.

Keywords  Predation · Evolution · Primates · Snake 
detection · Mobbing · Tool use

Introduction

Snakes are potential predators of primates, even of those 
that are primarily arboreal (Cisneros-Heredia et al. 2005; 
Quintino and Bicca-Marques 2013; Teixeira et al. 2015; 
Ribeiro-Júnior et al. 2016). Primates’ fear of snakes is 
acquired by a fast, strong and persistent conditioned learn-
ing process (Cook and Mineka 1989; Vitale et al. 1991; 
Emile and Barros 2009; Kawai and Koda 2016). One 
hypothesis explaining such quick learning is that recogni-
tion of snakes (and the elicitation of adequate responses) 
was so important for survival during primate evolution 
that learning to fear snakes is a facilitated response mech-
anism in primates. Snakes are a stimulus more strongly 
and persistently conditioned as aversive stimulus than are 
neutral ones, and snakes appear to have attentional pri-
ority in visual search tasks (Öhman 2009). Studies have 
shown that experimental lesions in early life of specific 
neural circuits, such as the superior colliculus, impair fast 
detection of threat responses by primates, as revealed by 
the lack of fear of a rubber snake in a threat-reward con-
flict task by young capuchin monkeys (Maior et al. 2011). 
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In Japanese macaques (Macaca fuscata) an experiment 
showed an attentional bias toward snakes, with quick 
detection and rapid fear learning limited to snake visual 
stimulus (Kawai and Koda 2016). Wild vervet monkeys 
(Chlorocebus pygerythrus) can easily detect snake skin 
patterns, even when only a couple of centimeters are visi-
ble (Isbell and Etting 2017). In wild white-faced capuchins 
(Cebus capucinus) subjects of all ages show anti-predatory 
behavior towards snake models, but infants show less dis-
crimination between predatory and non-predatory snake 
models (Meno et al. 2013). In humans (Homo sapiens) the 
visual system is capable of detecting and reacting to snake 
visual stimuli quicker than to other fear-related stimuli 
(Soares et al. 2017). Humans identify and react to a snake 
visual stimulus more readily than to a spider visual stimu-
lus, even when distracting neutral stimuli are presented 
(Soares et al. 2014).

According to Isbell’s snake detection theory (Isbell 2006, 
2009), snakes were an important evolutionary pressure for 
the evolution of primates’ visual and perceptual adaptations 
that increased their ability to detect and quickly react to 
snakes. Mobbing on snakes by primates usually involves 
approaching, gathering around, intently observing and har-
assing the snake, and sometimes vocalizing and attacking 
it (Crofoot 2012). Vervet monkeys react to snakes with dis-
tinct vocalizations and looking to the ground (Seyfarth et al. 
1980), and white-faced capuchins usually present mobbing 
behavior (Perry et al. 2003; Meno et al. 2013), and calls 
directed at dangerous snakes (Digweed et al. 2005).

Isbell (2006, 2009) also argues that the pressure of ven-
omous snakes was different during the evolution of platyr-
rhine and catarrhine primates. Since the various genera of 
platyrrhines had already differentiated by the time venomous 
snakes arrived in America, platyrrhines present more vari-
ability in the ability to detect and respond to snakes than 
catarrhines. In addition, since platyrrhines had less time to 
evolve under the pressure of venomous snakes, their visual 
system may not be as capable of detecting snakes; this might 
explain why platyrrhines are less terrestrial than catarrhines 
(Isbell 2006, 2009). However, studies concerning wild pri-
mates’ encounters with snakes are still limited (McGrew 
2015).

Although several primate species frequently hunt 
and eat vertebrates (Butynski 1982), they almost never 
eat snakes, possibly because of the life-threatening risk 
involved. In fact, we found only three reports of primate 
snake predation: one by wild Tarsius bancanus preying 
on Calliophis intestinalis (Niemitz 1973), and two by lion 
tamarins (Leontopithecus sp.), one captive Leontopithecus 
chrysomelas and one reintroduced Leontopithecus rosalia, 
that preyed on coral snakes (Pissinatti et al., in press). 
Both tamarins died as a consequence of envenomation. To 
our knowledge, humans are the only primate that regularly 

reverse this predator–prey relationship, and include snakes 
in their diet (Headland and Greene 2011).

We report here a compendium of 6 years of fieldwork, 
with several observations of snake interactions, includ-
ing predation and consumption, with different species 
of snakes, by four groups of bearded capuchin monkeys 
(Sapajus libidinosus) from two wild populations living 
in northeastern Brazil. Our hypothesis is that Sapajus 
monkeys, due to their cognitive capabilities, omnivorous 
diet, opportunistic foraging, high behavioral plasticity 
(Fragaszy et al. 2004) and having the most catarrhine-like 
vision (Isbell 2009), would be able to discriminate danger-
ous (capable of causing great harm or death) from non-
dangerous snakes (capable of causing no or little harm). 
We predicted that capuchin monkeys would:

1.	 Mob dangerous snakes more often than non-dangerous 
snakes.

2.	 Kill and consume non-dangerous snakes more often than 
dangerous ones.

3.	 Present a sex/age difference, with adult capuchins, 
especially males, being more involved than juveniles 
in snake consumption since it is a potentially danger-
ous activity, with youngsters being more involved in 
scrounging pieces of snake killed by older individuals.

Methods

Study sites

We collected data on four bearded capuchin monkey 
groups living in two distinct study sites. Both sites are 
located in the south of Piauí State, Brazil, and are 320 km 
apart. Serra da Capivara National Park (SCNP; 8°50′S, 
42°33′W) is the location of the Pedra Furada (PF) and 
Bocão (BC) neighboring groups. The climate is semi-
arid, with dry bush vegetation (Caatinga biome), and a 
long annual dry season from May to October/November 
(Falótico and Ottoni 2013).

Fazenda Boa Vista (FBV; 9°39′36″S, 45°25′10″W) is the 
location of the Chicão (CH) and Zangado (ZA) groups. FBV 
is a semiarid Cerrado-Caatinga ecotone, where rainfall is 
seasonally distributed, with a clear dry season from May to 
September and a wet season from October to April (Spag-
noletti et al. 2012).

There are reports from both sites on the presence of 
snakes, some of them posing a threat to capuchin monkeys 
by predation or accidental envenomation (Rodrigues and 
Prudente 2011; Cavalcanti et al. 2014; Pessis et al. 2014; 
see Supplementary material 1). Details on studied groups, 
locality, and hours of observation are reported in Table 1.
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Data collection

We recorded all occurrences of encounters between snakes 
and capuchin monkeys (Martin and Bateson 2007) during 
the data collection phase of several different behavioral 
studies (see Table 1) (Falótico and Ottoni 2016; Verderane 
et al. 2013; Mendonça-Furtado et al. 2014; Spagnoletti et al. 
2011). For each event, we recorded time and day, subject(s) 
involved (and/or age and sex), type of snake (visually identi-
fying species when possible), type of interaction (capuchins 
killing and eating snakes or behaving defensively), and the 
monkeys’ behavioral responses (prey sharing with group 
members, in the predation case, or mobbing behavior toward 
a snake, in the defense case). We used Fisher’s exact tests 
(two-tailed, α-value 0.05) to compare events by sex and age.

Results

Snakes as prey

Three out of the four studied groups were observed prey-
ing on snakes, and altogether there were 23 recorded events 
(Table 2; Fig. 1; Supplementary material 2). In 11 of them 
we identified the snake by sight, before the monkeys ate or 
took it away. All 11 were non-venomous colubrids.

Snake predation was performed more by adult males (16 
of 23 events for all groups, 70%), but the difference was only 
significant for the ZA group (p = 0.007) after controlling the 
expected values by group sex ratio. Females and juveniles 
were also recorded killing and eating snakes (Table 2; Sup-
plementary material 3).

In nine of 23 of the predation events (39%), we also 
observed scrounging from group members. Eleven out of 
the 15 scroungers (73%) were infants and juveniles (Sup-
plementary material 3). However, this age difference (adults/
subadults vs. juveniles/infants) in scrounging events was not 
statistically significant (p = 0.449).

Table 1   Group, study site, observation time, research period, group size range, number and sex ratio of adults and main data source

M Male, F female, SCNP Serra da Capivara National Park, FBV Fazenda Boa Vista
a  More than 5 years of age
b–e  Studies which were ongoing during the data collection
b  Capuchin monkey tool use (Falótico and Ottoni 2016)
c  Capuchin monkey socioecology (Verderane et al. 2013)
d  Capuchin monkey tool use (Spagnoletti et al. 2011)
e  Capuchin monkey behavioral endocrinology (Mendonça-Furtado et al. 2014)

Group Site Observation 
time (h)

Research period Group size range Adultsa Adult 
sex ratio 
(M/F)

Pedra Furada (PF)b SCNP 1288 September 2007–July 2009 30–45 15–29 0.93
Bocão (BC)b SCNP 426 February 2008–February 2009 25–28 13–15 1.00
Chicão (CH)c,d,e FBV 2811 May 2006–April 2008

January 2009–December 2010
18–21 10–12/

8–9
0.83
0.6–0.8

Zangado (ZA)c,d,e FBV 2981 May 2006–April 2008
January 2009–December 2010

14–18 4–9/
7–8

0.25
0.6–0.75

Table 2   Capuchin monkey 
groups, events and rates of 
predation on snakes, sex [M, 
F, unknown sex (U)] and 
age-class [adult (A), juvenile 
(J)] of the monkeys involved, 
and percentage of scrounging 
observed after predation on 
snakes for each group at both 
study sites

For other abbreviations, see Table 1

Group Predation on 
snakes, events

Predation on snakes, 
rate (events/100 h)

Sex Age Scrounging

PF 7 0.54 5(M), 1(F), 1(U) 4(A), 3(J) 3 (43%)
BC 0 0 – – –
Total SCNP 7 0.41 5(M), 1(F), 1(U) 4(A), 3(J) 3 (43%)
CH 7 0.25 6(M), 1(F) 6(A), 1(J) 1 (14%)
ZA 9 0.30 8(M), 1(F) 8(A), 1(J) 5 (55%)
Total FBV 16 0.28 14(M), 2(F) 14(A), 2(J) 6 (37%)
Total 23 0.31 19(M), 3(F), 1(U) 18(A), 5(J) 9 (39%)
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Snakes as danger

We recorded 35 snake encounters in which capuchin mon-
keys were alarmed and did not prey on the snake (Table 3; 
Supplementary material 4, 5).

We could identify 25 of 35 snakes (71%) that were 
attended to but not eaten, and 20 of those identified were 
potentially dangerous (Table  3; Fig.  2). The monkeys 
responded mainly to dangerous snakes (96%; 24 of 25 
events) by vocalizing, shaking and dropping branches, 
threatening, and even poking them with sticks [poking with 
sticks occurred only in the PF group in two events out of 
13 (Falótico and Ottoni 2014); see Supplementary material 
4]. Threat displays were mostly collective: 91% (n = 35) of 
the observed events involved mobbing by an average of 7.9 
individuals, of all ages (SCNP, 11.3, range 1–40; FBV, 4.6, 
range 1–16).

Mobbing events (Supplementary material 5) were vari-
able in duration (median 17 min, range 1–365 min). Most 
defensive responses were of short duration. However, two 
events lasted at least 1 h and involved the entire group, and 
another, directed at an injured snake, lasted several hours.

Although we did not measure snake length, the snakes 
that were eaten appeared to be shorter than those that were 
mobbed. Exceptions were the coral snakes (Micrurus sp.) 
we observed, which were both small (10–20 cm in length) 
and dangerous, that the monkeys mobbed and did not eat 
(see Supplementary material 4). We never witnessed a pre-
dation event by any predator on the monkeys.

Fig. 1   a Snake (unknown species) consumption by an adult male (Teimoso), observed by an adult female with her infant. b An adult female eat-
ing a snake (unknown species). Photos taken at Fazenda Boa Vista by Noemi Spagnoletti (a) and Luciano Candisani (b)



103Primates (2018) 59:99–106	

1 3

Discussion

Although events of encounters with dangerous and non-
dangerous snakes were rare, bearded capuchin monkeys 

presented different responses when interacting with these 
types of snake. When dealing with predatory and potentially 
dangerous non-predatory snakes (i.e., venomous snakes, 
such as coral snakes), or with mimics of venomous snakes 

Table 3   Snake mobbing events observed in the four studied groups of the two populations (SCNP and FBV), and the snake encounter rate

a  Encounter rates for FBV were calculated only with M. P. V.’s and O. M. F.’s data, using their contact times, totalling 2105 h (CH) and 2632 h 
(ZA)
b  Includes at least one encounter with a mimetic pit viper, Xenodon merremi
c  For the purpose of this table, we consider any coral-like snake as a possible Micrurus sp.

Group Snake species or genus Total Encounter rate 
(events/100 h)a*

Rattle snake 
(Crotalus 
durissus)

Pit vipers 
(Bothrops 
sp.)b

Boa snake 
(Boa con-
strictor)

Coral snakes 
(Micrurus sp.)c

Chicken snake 
(Spilotes pul-
latus)

Vine snake 
(Chironius 
sp.)

Unidentified

PF 1 2 4 2 2 0 2 13 1.009
BC 0 0 2 0 0 0 0 2 0.469
Total SCNP 1 2 6 2 2 0 2 15 0.875
CH 0 2 2 0 0 1 7 12 0.570
ZA 0 2 2 1 2 0 1 8 0.304
Total FBV 0 4 4 1 2 1 8 20 0.422

Fig. 2a–e   Some of the dangerous or mimetic-dangerous snakes 
encountered by the capuchin monkeys at Serra da Capivara National 
Park. a Boa constrictor, b coral snake (Micrurus sp.), c Thamnodyn-

astes sp. (a Bothrops mimic), d Spilotes pullatus, e Crotalus durissus. 
Photos by Tiago Falótico
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(i.e., Xenodon merremi and Thamnodynastes sp., genus 
Bothrops mimics), capuchins displayed mobbing behavior, 
including threat vocalizations and postures, looking for other 
monkeys nearby to join the threat (recruiting), and even 
using sticks to poke the snakes [15% events in the PF group 
(Falótico and Ottoni 2014)]. In contrast, non-dangerous 
snakes were readily killed and eaten, with no other behavio-
ral display other than the predatory one.

Predation on snakes

The rate of predation on snakes by PF was double that of 
the CH and ZA groups. This is probably due by the PF 
group being the largest group studied. If the PF group had 
the same group size as the FBV groups, then its estimated 
snake predation rate would have been 0.26 events/100 h; 
this value is close to the average values observed for snake 
predation in FBV groups (0.28 events/100 h). Other fac-
tors, such as variation in snake population density, not 
sampled at this time, could also affect the snake encounter 
and predation rate. We did not observe snake predation by 
a BC group that was equally habituated but observed for 
less time.

Snakes that were killed were often not identifiable 
because the monkeys took the carcass with them or con-
sumed it before we could identify it. However, in the cases 
where examination of the remains and/or visual assessment 
of the snake while it was being consumed was possible, they 
were clearly non-venomous snakes.

Adult males killed snakes more often (70%) than adult 
females and juveniles. In other primate species, e.g., chim-
panzees (Pan troglodytes) and baboons (Papio spp.) a bias 
toward adult males in predatory behavior has also been 
reported (Butynski 1982; Watts and Mitani 2002; Pruetz 
et al. 2015). These sex-biased predation rates could be due 
to males’ risk-prone behavior to obtain high-risk, energeti-
cally valuable food, independently of abundance of food. 
This behavior is predicted by the energetic costs and fitness 
potential from males’ and females’ different sexual roles, as 
females have more costs—pregnancy, lactation, and carrying 
infants—and are risk averse (Fedigan 1990). We did not have 
enough data to relate rates of predation on snakes to food 
abundance, thus future research should examine this issue.

Defensive behavior toward snakes

Most defensive behaviors involved the participation of 
several individuals and were directed largely at venomous 
snakes. Nevertheless, capuchins also behaved defensively 
toward two non-venomous snakes, the vine snake (Chironius 
sp.) in one instance and the chicken snake (Spilotes pullatus) 
in two instances. Although these snakes are non-venomous, 

both of them predate small vertebrates (usually rodents); 
moreover, S. pullatus is large (up to 2.7 m), aggressive 
(Freitas 2003) and has black and yellow aposematic colors 
(Fig. 1d) to warn predators.

The use of tools as weapons in mobbing contexts has been 
rarely observed in capuchins, e.g., using a club to attack 
a Bothrops snake [wild C. capucinus (Boinski 1988)], or 
to explore the response of the snake [captive Sapajus sp. 
(Vitale et al. 1991)]. The SCNP population exhibited the 
snake poking behavior probably because they regularly use 
stick tools (Mannu and Ottoni 2009; Falótico and Ottoni 
2014), and individuals were capable of generalizing the 
use of sticks from the usual foraging context to defensive 
behavior. The FBV population did not use poke sticks, pos-
sibly because they do not use stick tools (Cardoso and Ottoni 
2016).

Learning

Our data indicate that adult capuchin monkeys respond 
differently to snakes that can be preyed upon and snakes 
that can kill them. Several cues may account for this (Isbell 
2006). The size of the snake is a good predictor, especially 
of constrictors. However, small snakes, e.g., coral snakes, 
can also be dangerous (Pissinati et al., in press). For coral 
snakes, color (for trichromatic individuals), or contrast (for 
dichromatic individuals), could be a potential cue (Fig. 1b). 
Both types of information are available for the detection of 
S. pullatus, a large and aposematic snake. A third stimulus 
is the sound that some venomous snakes produce, e.g., the 
rattling sound of rattlesnakes (Crotalus spp.).

The learning of this discrimination must be fast, espe-
cially when dealing with dangerous snakes. Primates have 
a bias to learn a fear of snakes (Cook and Mineka 1989; 
Öhman 2009; Maior et al. 2011; Kawai and Koda 2016), 
and it has been argued that their visual system has evolved 
in response to the pressure to detect snakes (Isbell 2006). 
The social and conspicuous nature of capuchins’ defensive 
behavior toward snakes may provide a good learning con-
text for a young monkey. Our data show that most (91%) 
of the threatening events were collective. Observing older 
individuals dealing with dangerous snakes creates the oppor-
tunity to associate some characteristics, such as size, skin 
pattern, coloration and sound of these snakes to the threaten-
ing behavior exhibited by expert group members.

Similarly, scrounging and allowing others to share killed 
snakes, which occurred in at least one-third of predation 
events, provides information about which snakes to eat, and 
food reward. Immatures experiencing these opportunities 
may learn faster and in a less hazardous way than those that 
do not. An ontogenetic study examining how capuchins learn 
to distinguish between dangerous versus non-dangerous 
snakes is crucial to fully appreciate this phenomenon.
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Evolution

The capacity to detect snakes appears to be especially devel-
oped in primates that have a long evolutionary history of 
snake predation pressure (Isbell 2006). Isbell’s snake detec-
tion theory proposes that (1) different taxonomic groups of 
primates had different amounts of evolutionary time coexist-
ing with venomous snakes; and that (2) differences in time 
would affect the behavioral response, making Catarrhini 
more uniformly “wired” to detect and avoid snakes than 
Platyrrhini. Our data support Isbell’s view, showing that a 
New World monkey, although fearful of snakes, learns to 
discriminate non-dangerous snakes as potential prey.

Isbell also argued that the habitual terrestriality reported 
in some catarrhines (e.g., baboons, vervets, and patas mon-
keys) may not occur in platyrrhines because their visual sys-
tems in general are not as sensitive as those of catarrhines to 
snakes. Snakes can be extremely difficult to see, especially 
on the ground where they may be camouflaged by leaf lit-
ter. Thus, platyrrhines may be more hesitant to go onto the 
ground because they may not be able to detect snakes as well 
as catarrhines. Interestingly, among the platyrrhines stud-
ied to date, capuchins have the most catarrhine-like vision 
(Isbell 2009), and the groups studied here are among the 
most terrestrial of known populations of capuchin monkeys 
(Spagnoletti et al. 2009; Verderane 2010; Falótico 2011). 
Therefore, the high level of terrestriality could also be a con-
sequence of the ability to detect snakes, although ecological 
factors can also affect ground use by platyrrhines (Tabacow 
et al. 2009). Further studies should investigate the level of 
terrestriality in the genus Sapajus and the ability to prey on 
terrestrial vertebrates, as well as to discriminate dangerous 
from non-dangerous snakes.

Overall, our findings support the hypothesis that these 
populations of S. libidinosus can discriminate between 
dangerous and non-dangerous snakes and behave accord-
ingly, protecting themselves when necessary, but taking the 
opportunity to prey on snakes when it is safe to do so. This 
study shows that capuchin monkeys are, like humans, both 
predators and prey of snakes. As such, capuchins can offer 
a non-human primate model for further investigation into 
the evolution of complex predator–prey relationships in the 
human lineage.
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