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Abstract
Hand preference is the preferential use of one hand for a single task. Its study provides insight into the neural mechanisms 
underlying motor skills, perception, and cognitive functions. From a comparative perspective, it also offers a window into 
evolutionary history, shedding light on whether manual preferences stem from genetics, environmental influences, or a 
combination of both. However, there is a paucity of information on preferential hand use for several primate taxa. Here we 
examine hand preference for the first time in mantled howler monkeys (Alouatta palliata) to determine if there is preferential 
hand use at the individual and population level as well as sex differences in hand use. We followed 17 wild adult individuals 
for 10 months and used focal animal sampling (506 focal samples) to record hand use in two types of self-directed behaviors, 
touching (1246 events) and scratching (1115 events). According to the binomial tests, four individuals were right-hand-
preferent, two were left-hand-preferent, and 11 were ambilateral during touching, whereas for scratching seven individuals 
were right-hand-preferent, two were left-hand-preferent, and eight were ambilateral. At the population level, there was 
ambilaterality in both behaviors. At the individual level, according to the HI index, hand preference in touching and scratch-
ing were not associated and did not vary between sexes. These findings concur with previous studies with howler monkeys 
and other taxa suggesting that population-level hand preference is not a universal trait across primates.
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Introduction

Lateralized behavior, exhibited as preferential hand use in 
humans, has also been observed in numerous animal species, 
including fish, amphibians, reptiles, birds, and mammals 
(e.g., Bisazza et al. 1997; Hoso et al. 2007; Ehret 1987). 
Understanding lateralized behavior through preferential hand 
use provides insight into the neural mechanisms governing 
motor skills, perception, and cognitive functions (Fitch and 

Braccini 2013). From a comparative perspective, it also 
offers a window into evolutionary history, shedding light 
on whether manual preferences stem from genetics, envi-
ronmental influences, or a combination of both (McGrew 
and Marchant 1998).

Several primate species show preferential hand use at 
the population level, such as chimpanzees (Pan troglo-
dytes; Hopkins et al. 2004; Lonsdorf and Hopkins 2005), 
rhesus macaques (Macaca mulatta; Westergaard et  al. 
1998), baboons (Papio anubis; Vauclair et  al. 2005), 
Hanuman langurs (Semnopithecus entellus; Dutta et al. 
2024), and black-striped capuchins (Sapajus libidinosus; 
de Andrade and de Sousa 2018). However, rather than 
being a static trait, hand preference can vary with age (e.g., 
Westergaard and Suomi 1993), sex (e.g., Milliken et al. 
1991), the complexity of the manual task being performed 
(Fagot and Vauclair 1991), and species. For instance, bon-
obos (Pan paniscus) show population-level left-hand bias 
in complex tasks, such as carrying objects, and a popula-
tion-level right-hand bias to initiate locomotion (Hopkins 

 * Ricardo J. Ortíz-Zárate 
 ricardojesus.ortiz@upaep.mx

 * Pedro A. D. Dias 
 pedroaddias@gmail.com

1 Primate Behavioral Ecology Lab, Instituto de Neuro-
Etología, Universidad Veracruzana, Av. Dr. Luis Castelazo 
Ayala S/N, CP 91190 Xalapa, México

2 Department of Basic Psychological Processes and Their 
Development, University of the Basque Country, Donostia, 
Spain

http://orcid.org/0000-0003-2623-4633
http://orcid.org/0000-0003-3539-3652
http://orcid.org/0000-0002-2799-8638
http://orcid.org/0000-0002-2919-6479
http://crossmark.crossref.org/dialog/?doi=10.1007/s10329-024-01141-9&domain=pdf


 Primates

and de Waal 1995). Chimpanzees (P. troglodytes) exhibit 
hand preference at the individual level both when reach-
ing for food and in complex tasks (Collel et al. 1995). 
Nevertheless, neither ape species shows hand preference 
in self-directed behaviors such as touching body and 
face/head at the population level (Aruguete et al. 1992; 
Hopkins et al. 1993; Hopkins and de Waal 1995), while 
orangutans (Pongo pygmaeus pygmaeus) use their left 
hand preferentially for such tasks at the population level 
(Rogers and Kaplan 1996), but show no population-level 
hand preference for complex tasks, like reaching out and 
taking food items, and manipulating food items with fine 
finger movement. In addition, characteristics like arboreal 
lifestyle and vertical posture may demand asymmetries 
in hand use (MacNeilage 1991), and tool use is related to 
hand preference due to the skills required for their manipu-
lation (van Schaik et al. 1999).

While investigating the variability of preferential hand 
use within and across primate species offers valuable 
insights into the evolutionary pressures that might have 
shaped these preferences (Fitch and Braccini 2013; McGrew 
and Marchant 1998) and associated neurological structures 
(e.g., Cooper 2006), at the moment there is a paucity of 
information on preferential hand use for several primate 
taxa. Such is the case of howler monkeys (Alouatta), a plat-
yrrhine genus of at least 12 species and for which there is a 
single study on preferential hand use (Sfar et al. 2014). That 
study reported no hand preference at the population level 
among 12 captive red howler monkeys (A. seniculus; five 
adult females, three adult males, two juvenile females, one 
female infant, and one male infant) during reaching-for-food 
tasks. In the current study, we focused on mantled howler 
monkeys (A. palliata) to further our understanding of inter-
specific variation in primate preferential hand use.

Although howler monkeys are arboreal primates, a life-
style that may lead to asymmetrical postures that favor later-
alization (MacNeilage 1991), they do not: (i) use tools; (ii) 
manipulate their environment, aside from foraging (Milton 
1980) and while displaying behaviors like branch shaking 
or branch breaking, which is rare (Jones and Van Cantfort 
2007); and (iii) have very low rates of overt social interac-
tions (Crockett and Eisenberg 1987). Given that these traits 
should not favor the emergence of hand preferences (Prieur 
et al. 2019), we hypothesized that mantled howler monkeys 
are ambilateral. To test this hypothesis, we focused on self-
directed behaviors, which have been used in previous studies 
to assess hand preference in primates (Aruguete et al. 1992; 
Hopkins et al. 1993; Hopkins and de Waal 1995; Rogers and 
Kaplan 1996), and can be reliably observed in free-ranging 
howler monkeys. We predicted no hand preference in self-
directed behaviors (touching and scratching) at both the 
individual and the population level, and that there are no 
differences between sexes in hand preference.

Methods

Study site and subjects

We conducted the study at La Flor de Catemaco, a ca. 
100-ha forest fragment located in Los Tuxtlas (Mexico, 
18°26′43’’ N, 95°02′49’’ W). Mantled howler monkeys 
living in this area have been studied since 2002 and are 
habituated to the presence of researchers (Dias et  al. 
2023). We studied 17 adults (ten females and seven males) 
belonging to two neighboring groups that we individually 
recognized by natural markings in the fur and other physi-
cal traits, such as scars, broken fingers, and facial features.

Behavioral sampling

Between July 2022 and April 2023, we used focal-animal 
sampling with continuous recording for 1-h periods (Alt-
mann 1974) to assess all occurrences of two self-directed 
behaviors, touching (contact between the hand and any 
part of the body) and scratching (repetitively rubbing the 
skin with a hand). We collected 506 focal samples, with a 
mean ± SD of 29.8 ± 9.6 observation hours per individual.

Data organization and analysis

To avoid bias in hand use associated with difficulty in 
accessing certain body areas (e.g., back), we considered 
for analysis only touches and scratches directed at the fron-
tal plane area of the body. We also excluded from analysis 
actions that obligatorily require the use of a specific hand 
(e.g., the right forearm can only be scratched with the left 
hand) and events in which one of the hands was involved 
in a competing task (usually support).

We calculated the handedness index (HI) per individ-
ual (Hopkins 2013) as HI = (R − L)/(R + L), in which R 
is the number of right-handed actions and L is the num-
ber of left-handed actions. HI varies between 1 and – 1, 
with positive values indicating right-hand preference and 
negative values, left-hand preference (Hopkins 2013). We 
calculated HI per individual and across individuals (i.e., 
population-level HI) for the two behaviors. We then used: 
two-tailed binomial tests to classify individuals as left-
hand-preferent, right-hand-preferent, or ambilateral based 
on the frequencies of hand use; one-sample t tests on HI 
indices to determine population-level hand preference; 
assessed consistency in HI between touching and scratch-
ing with a Spearman correlation; and examined differences 
between sexes in HI with Mann–Whitney tests.
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Results

We recorded a total of 1246 touches and 1115 scratches, 
with an average ± SD of 73.3 ± 31.2 touches and 65.6 ± 27.7 
scratches per individual. According to the results of bino-
mial tests, four individuals were right-hand-preferent, two 
were left-hand-preferent, and 11 were ambilateral for touch-
ing, whereas for scratching seven individuals were right-
hand-preferent, two were left-hand-preferent, and eight 
were ambilateral (Table 1). At the population level, there 
was ambilaterality in both touching (t(16) = 1.43, P = 0.171) 
and scratching (t(16) = 1.03, P = 0.328). HI indices per indi-
vidual were not consistently associated between touching 
and scratching (rs = 0.10, n = 17, P = 0.701; Fig. 1), and there 
were no significant differences between sexes in HI indi-
ces (touching HI W = 41, P = 0.591; scratching HI W = 31, 
P = 0.732; total HI W = 34, P = 0.961).

Discussion

We examined preferential hand use in wild mantled howler 
monkeys in the context of two self-directed behaviors, touch-
ing and scratching. Although some individuals showed hand 
preference, as expected, there was no consistent preferential 

hand use at the population level nor differences between 
sexes in hand preference. Hand preference at the individual 
level was also not comparable between behaviors, with very 
few individuals consistently preferring their right or their left 
hand across the two tasks studied here. These findings con-
cur with previous studies in howler monkeys and other taxa 
suggesting that handedness is not an universal trait across 

Table 1  Frequency of behaviors 
performed with left and right 
hands, Handedness Index (HI), 
and hand preference according 
to binomial test results in 
mantled howler monkeys 
(Alouatta palliata) in two self-
directed behaviors

L:R frequency of behaviors performed with left (L) and right (R) hands, HI handedness index, R right-hand 
preference, L left-hand preference, A ambipreference
a Hand preference determined with binomial z-score tests

Subject Sex Touching Scratching

L:R HI Hand  preference* L:R HI Hand 
 preferencea

H1 Female 13:14 0.04 A 10:21 0.35 R
HA Female 20:49 0.42 R 38:39 0.01 A
HB Female 28:15 − 0.30 L 46:26 − 0.28 L
HCC Female 23:24 0.02 A 16:34 0.36 R
HF Female 33:31 − 0.03 A 25:45 0.29 R
HN Female 14:9 − 0.22 A 6:15 0.43 R
HPG Female 36:51 0.17 A 46:90 0.32 R
HPM Female 34:47 0.16 A 76:61 − 0.11 A
HS Female 28:29 0.02 A 42:30 − 0.17 A
HSp Female 38:44 0.07 A 32:23 − 0.16 A
M2 Male 23:48 0.35 R 26:42 0.24 R
MCN Male 58:84 0.18 R 58:44 – 0.14 A
MJ Male 36:41 0.06 A 37:40 0.04 A
ML Male 23:21 – 0.05 A 18:22 0.10 A
MM Male 38:19 – 0.33 L 46:28 – 0.24 L
MP Male 34:53 0.22 R 35:53 0.20 R
MT Male 28:29 0.02 A 31:45 0.18 A
Population 507:608 0.09 A 588:658 0.06 A
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Fig. 1  Association between handedness indices (HI) of 17 mantled 
howler monkeys in two self-directed behaviors, touching and scratch-
ing
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primates (e.g., Marchant and McGrew 1996; Mittra et al. 
1997; Motes Rodrigo et al. 2018; Sfar et al. 2014).

The absence of preferential hand use at the population 
level in mantled howler monkeys may result from the fact 
that we based our study on behaviors that are not manipula-
tively complex and generally do not require visual guidance. 
Touching and scratching correspond to low-level tasks, as 
defined by Fagot and Vauclair (1991), which are loosely 
regulated, familiar, practiced, and cognitively undemanding 
behaviors. In contrast to more demanding high-level tasks, 
low-level tasks are not expected to elicit preferential hand 
use (Fagot and Vauclair 1991), a prediction that is supported 
by evidence of ambilaterality in self-directed behaviors 
across primates (McGrew and Marchant 1998). For instance, 
squirrel monkeys (Saimiri sciureus) are ambilateral when 
touching their face or scratching their own body (Aruguete 
et al. 1992) but display hand preferences at the population 
level in manipulative tasks associated with picking up food 
(e.g., King and Landau 1993; Laska 1996).

However, red howler monkeys are ambilateral in diverse 
reaching-for-food tasks (Sfar et al. 2014). This lack of hand 
preference at the population level may be explained by the 
fact that howler monkeys do not execute manual actions that 
demand high precision (Milton 1980). Therefore, ambilat-
erality in howler monkeys may result from behavioral and 
morphological traits that are independent of task complex-
ity. First, howler monkeys typically consume whole plant 
parts that they pick up from trees directly with their mouths. 
Likewise, howler monkeys eat fruits without any processing 
or individual selection (Milton 1980). They also exchange 
social interactions at very low rates and grooming, which 
requires high-level hand precision and visual attention, is 
rare (e.g., Ho et al. 2014). Additionally, howler monkeys 
do not use tools (Prieur et al. 2019), which require some 
level of hand dexterity for their manipulation (van Schaik 
et al. 1999). Thus, food processing and manipulation dur-
ing socialization, which are two behavioral contexts that 
associate with preferential hand use in other primate spe-
cies (Byrne and Byrne 1991; Marchant and McGrew 1996; 
McGrew and Marchant 1998), are likely weak selective 
pressures for preferential hand use in howler monkeys. Sec-
ond, although howler monkeys are arboreal quadrupeds, a 
locomotion mode that may have favored the evolution of 
manual laterality (MacNeilage et al. 1987), they also have 
a prehensile tail. Howler monkeys use their tail for support 
during feeding and locomotion (Lawler and Stamps 2002), 
which may have decreased the likelihood of evolving lateral-
ity for support vs. manipulation (MacNeilage et al. 1987). 
The paucity of studies on laterality conducted with animals 
with prehensile tails limits the testing of this hypothesis, but 
it is worth noting that Geoffroy’s spider monkeys (Ateles 
geoffroyi), another ateline species, similarly lack population-
level preferential hand use (Motes Rodrigo et al. 2018).

Given the above, the types of manipulative actions that we 
studied should be little influenced by positional effects. Yet, 
as posture unavoidably determines which limbs are avail-
able for manipulation (McGrew and Marchant 1998), future 
research on howler monkey preferential hand use should 
account for positional behavior, with particular attention 
to hand preference while using the tail. Ontogenetic effects 
(Hopkins 1994; Prieur et al. 2019; Westergaard and Suomi 
1993) should also not account for the observed patterns, as 
all subjects were fully grown adults belonging to the same 
population. However, as some females were observed in dif-
ferent reproductive states (e.g., gestating and lactating), a 
factor that could affect laterality either through hormonal 
modulation (Westergaard et al. 2000) or via postural con-
straints (Tomaszycki et al. 1998), variation in preferential 
hand use through the reproductive cycle of females, which 
could not be assessed here due to small sample size, remains 
to be determined. For now, our study contributes evidence 
of individual hand preferences but lack of population-level 
preferential hand use in mantled howler monkeys.
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