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1. Abstract

The  evolutionary  origins  of  human  handedness  are  still  unknown.  The  study  of
lateralized behaviour in our closest relatives, the nonhuman primates, is useful to clarify
how this trait  appeared and evolved in our species.  In the present  study, lateralized
behaviour was assessed in a population of 32 free-ranging Mexican mantled howler
monkeys  (Alouatta  palliata  mexicana) for  thirteen  spontaneous  motor  patterns,  at
individual and group levels, as well as the effect that age, sex and posture have on its
strength and direction. The studied population of howler monkeys displayed only few
significant lateral biases at the individual level with single motor patterns (Binomial
tests, p≤0.05). No biases towards the use of a particular limb or side of the body were
found at a population level. Therefore, even though some individuals showed significant
limb/side preference with single motor patterns, no signs of task specialization, side
specialization,  or  true  handedness  were  found.  Similarly,  no  effects  of  sex,  age  or
posture were found on the direction or strength of lateralized behaviour. The general
absence of limb/side preferences found in this population may be due to the constraints
imposed by the arboreal life and/or the type of diet. Possible causal agents of the few
significant  individual  biases  found  here  may  be  the  presence  of  handicaps  and/or
experience. Further research is needed in order to assess whether the lack of human-like
handedness reported in this study is only specific to the studied population, a general
phenomenon of the genus Alouatta or perhaps of all the Platyrrhini.

Keywords:  lateralized  behaviour,  limb/side  preference,  mantled  howler  monkeys,
motor patterns, non-human primates.

2. Introduction

The term lateralized behaviour (i.e. behavioural asymmetries) refers to a bias towards
the use of a specific side in an individual or a population when performing a behaviour.
However, functional asymmetries are found not only at the behavioural level, but also at
the perceptual and cognitive levels (e.g. visual, auditory and processing of emotions).
Functional asymmetries have been reported to be associated with neurochemical and
anatomical asymmetries of the brain, such as differences in cortical thickness, dendrite
length and cytoarchitecture between hemispheres, among others. The above indicates
that each of the hemispheres is specialized in different functions to a different degree,
and this phenomenon is known as lateralization of brain function  (Hutsler & Galuske
2003, Toga & Thomson 2003, Fitch & Braccini 2013).

Since we live in a symmetrical and rather unpredictable world (stimuli, resources, pre-
dators, competitors appear randomly from all directions), it is reasonable to think that
behaviourally and perceptually lateralized  individuals  might  be at  a  disadvantage  in
comparison to non-lateralized individuals (Vallortigara & Rogers 2005, Ghirlanda et al.
2009, Fitch & Braccini 2013). Despite the above, it has been widely discussed that late-
ralized brain function benefits individuals by increasing their brain efficiency. For ins-
tance, by enhancing cognitive capacity enabling simultaneous processing of informati-
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on, reducing interferences between functions and avoiding the duplication of neural cir-
cuity for a same function in the two hemispheres, among others (Ghirlanda & Vallorti-
gara 2004, Vallortigara & Rogers 2005, Ghirlanda et al 2009). In fact, lateralized indivi-
duals have been reported to be more efficient than non-lateralized individuals in various
functions (Güntürkün et al. 2000, Magat & Brown 2009, Dadda et al. 2010, Bandyo-
padhyay et al. 2013).

Although the above-mentioned individual benefits can explain the existence of laterali-
zed functions at an individual level, they cannot explain lateralized functions at a popu-
lation level. As a matter of fact, the alignment of the direction of functional asymmetries
in a population or a species may represent an evident disadvantage, since this uniformity
might make their behavioural responses predictable to other organisms, such as potenti-
al predators or competitors (Vallortigara & Rogers 2005). To explain the existence of la-
teral biases in behaviour and perception at a population level, several researchers have
proposed that these can arise as evolutionarily stable strategies under particular con-
texts. More specifically, under those contexts in which lateralized individuals have to
coordinate their behaviour with that of other lateralized individuals that can be of the
same (cooperative and competitive interactions) or of different species (predator-prey
and competitive interactions) (Vallortigara & Rogers 2005, Ghirlanda et al. 2009).

For many years lateralized behaviour, and lateralized brain function in general, was be-
lieved to be exclusively human. However, in the past two decades it has been found that
behavioural asymmetries, both at an individual and a population-level, are a widespread
phenomenon among vertebrates (Vallortigara et al. 2011) and a variety of invertebrates
(Frasnelli  et  al.  2012).  For  example,  paw preferences  in  toads (Bisazza et  al.  1996,
1997) and dogs (Tan 1987, Wells 2003, Quaranta et al. 2004), preferred turning side
when bottom feeding in humpback whales (Clapham et al. 1995, Canning et al. 2011)
and individual foot preferences correlated with eye preferences in some species of par-
rots (Brown & Magat 2011), among others.

Nevertheless, the most conspicuous form of lateralized behaviour is human right-han-
dedness, a universal behavioural trait exhibited at both individual and population-level.
Approximately 80-90% of the human population shows a strong preference for the use
of the right hand, particularly, in complex motor actions (Porac & Coren 1981, Perelle
& Ehrman 1994, Annett 2002, Michel et al. 2013). It was speculated that right-handed-
ness emerged as a consequence of the evolution of bipedalism (Westergaard et al. 1998,
Braccini et al. 2010), tool use and manufacture (Greenfield 1991), coordinated bimanual
actions (Wundrum 1986, Hopkins et al. 2003) and, specially, language (ANNETT 2002,
Corballis 2002). However, the evolutionary origins of human right-handedness are still
unknown. The study of lateralized behaviour in our closest relatives, the non-human pri-
mates, is therefore useful to clarify how this trait appeared and evolved in our species.

To explain how human handedness evolved, several hypotheses have been proposed re-
lating it with primate locomotion patterns, type of diet, learning, as well as complexity
of behaviour and cognition (Warren 1980, 1987; MacNeilage et al. 1987, Fagot & Vau-
clair 1991). However, in order to form hypotheses or theories about its origin and evolu-
tion in primates, it is necessary to know which species of this order present lateralized
behaviour and under which circumstances.
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McGrew and Marchant (1997) proposed a theoretical framework to classify the diffe-
rent levels of preferential hand use, which is widely used by researchers as a reference
for the study of behavioural asymmetries  (for exceptions see e.g Hopkins 1996, Hop-
kins et al. 2004). According to this framework, at an individual level the term “hand
preference” refers to one individual having a preferred hand in a single behaviour whe-
reas “manual specialization” refers to the consistent preference of a specific hand in one
individual across behaviours. At a population level, “task specialization” refers to the
presence of the same hand preference in most (proportion values that are statistically
different from the chance level ratio 50:50) individuals of a population in a single beha-
viour whereas “true handedness” refers to most individuals of a population having the
same preferred hand consistently across behaviours.

Whether nonhuman primates show lateralized behaviour at different levels (especially
true handedness) is still controversial. Several studies carried out in a variety of primate
species have reported lateralized behaviour at an individual level, for example in chim-
panzees (Pan troglodytes), gorillas (Gorilla gorilla), orangutans (Pongo pygmaeus), bo-
nobos (Pan paniscus), olive baboons (Papio anubis), rhesus macaques (Macaca mulat-
ta) and in several species of the superfamily Lemuroidea (chimpanzees: Boesch 1991,
Sugiyama et al. 1993, Colell et al. 1995, McGrew & Marchant 1999, Fletcher & Weg-
horst 2005; gorillas: Byrne & Byrne 1991, Parnell 2001, Lambert 2012; orangutans: Ro-
gers and Kaplan, 1996; bonobos: Shafer 1997, Chapelain et al. 2011; olive baboons:
Meguerditchian & Vauclair 2009, Meunier et al. 2011; rhesus macaques: Deuel et al.
1980; Lemuroidea: Ward et al. 1990, Milliken et al. 2005, Scheumann et al. 2011). Late-
ralized behavior at a population level has been reported in chimpanzees, gorillas, oran-
gutans, bonobos, olive baboons, rhesus macaques and in a few species of the family Le-
muridae,  among  others (chimpanzees:  Hopkins  1993,  Hopkins  et  al.  2003b,  2003b,
2004, 2011, Lonsdorf & Hopkins 2005; gorillas: Meguerditchian et al. 2010, Hopkins et
al.  2011; orangutans: Rogers & Kaplan 1996; Hopkins et  al.  2003b, 2011; bonobos:
Hopkins et al. 1993; olive baboons: Meguerditchian et al. 2011; rhesus macaques: Fagot
et al. 1991, Westergaard & Suomi 1996, Westergaard et al. 2001; Lemuridae: Ward et al.
1990, Nelson et al. 2009).

However,  other  studies  have  found  no  significant  behavioural  asymmetries,  e.g.  in
chimpanzees (Marchant & McGrew 1996, 2007), gorillas (Harrison & Nystrom 2010),
hanuman langurs (Presbytis entellus) (Mittra et al. 1997) and red-fronted lemurs (Eule-
mur rufifrons) (Schnoell et al. 2014). Factors such as body posture, sex, age, kinship and
captivity, among other factors, have been reported to have a significant effect on the
strength and direction of lateralized behaviour (body posture: Hopkins 1993, Colell et
al. 1995, Forsythe et al. 1988, Hook-Costigan & Rogers 2000; sex: Milliken et al. 1991,
Meunier et al. 2011; age: Boesch 1991, Westergaard & Suomi 1996, Chapelain et al.
2011; kinship: Matoba et al. 1991; captivity:  Marchant & McGrew 1996; McGrew &
Marchant 1997, Panger 1998). This might, at least partly, explain the contradictory fin-
dings mentioned above.

Comparatively few studies on lateralized behaviour have been carried out in the Platyrr-
hini (commonly known as “New World monkeys”). Behavioural asymmetries have been
reported at an individual level in squirrel monkeys (Saimiri sciureus), tufted capuchins
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(Sapajus apella) and common marmosets (Callithrix jacchus) (squirrel monkeys: Laska
1996a, Laska & Tutsch 2000; tufted capuchins: Spinozzi & Truppa 1999, Meunier &
Vauclair 2007; common marmosets: Hook-Costigan & Rogers 2000, 2008, Cordeiro de
Sousa et al. 2001), and at a population level in squirrel monkeys (Aruguete et al. 2005),
tufted capuchins (Spinozzi et al. 1998, Spinozzi & Truppa 1999) and cotton-top tama-
rins (Saguinus oedipus) (Diamond & McGrew 1994, King 1995). Little is known regar-
ding lateralized behaviour in the platyrrhine family Atelidae. It has been reported that
spider monkeys (Ateles geoffroyi) present a bias in their hand use at the population level
(Laska 1996b) and in the use (Laska 1998) and resting posture (Laska & Tutsch 2000)
of their prehensile tail at an individual level. One of the very few publications regarding
lateralized behaviour in howler monkeys (Alouatta sp) is the study carried out by Laska
and Tutsch (2000) in which the authors reported no preferred side for tail wrapping in
howler monkeys. A more recent study conducted on this genus, however, reported signi-
ficant individual hand preferences in a food-reaching task (Sfar et al. 2014). With the
exception of the above-mentioned cases, no studies have been published so far regar-
ding lateralized behaviour in any species of howler monkeys, neither in captive nor in
free-ranging groups.

In order to better understand the origin and evolution of lateralized behaviour in the Or-
der Primates, more studies need to be carried out in other groups apart from the family
Hominidae. This is specially important in free-ranging populations, in which spontane-
ously occurring motor patterns and postures can be assessed in their natural context, un-
derstanding motor pattern as “a co-ordinated set of movements involving both voluntary
and reflex actions” (Jennet 2008).

Therefore, it was the aim of the present study:

1. to assess whether free-ranging Mexican mantled howler monkeys (Alouatta palliata
mexicana) show lateralized behaviour at the individual and/or the population level for a
variety of spontaneously occurring motor patterns.

2. to evaluate whether variables such as sex, age or posture affect the strength and direc-
tion of lateralized behaviour in free-ranging Mexican mantled howler monkeys.

In the present study, the nomenclature proposed by McGrew and Marchant (1997) re-
garding preferential hand use has been adapted. In order to include not only preferential
hand use but also other forms of lateralized motor activities, the terms “side preference”
and “side specialization” will be used to refer to the levels of lateralized behaviour re-
ferred as, respectively, “hand preference” and “manual specialization” by McGrew and
Marchant.
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3. Material and methods

3.1 Study site

Field  observations  took place  on  Agaltepec  island  (18°24'51.5"N  95°05'33.4"W),
located  in  the  Catemaco  lake  (Near  Catemaco,  Estado  de  Veracruz,  Mexico)  at  an
elevation of 360–390 m above sea level. The island is approximately 815 m long and
190 m wide at its widest point, resulting in a total extension of about 8.3ha (Figure 1).
The area is characterized by tropical monsoon climate (category “Am” in the Köppen
climate classification), with two main seasons: dry (February-May) and humid (June-
January), an average annual temperature of 20.8ºC and an average annual precipitation
of 1980 mm. The main type of vegetation of the island is the semi-evergreen seasonal
forest dominated by Ficus cotinifolia, Mastichodendron capiri, Ceiba aesculifolia, and
Cecropia obtusifolia, although there  are  also some areas  of  tropical  and subtropical
secondary vegetation (López-Galindo & Acosta- Pérez 1998). Agaltepec island is today
a protected biological reserve managed by the Universidad Veracruzana.

Figure 1 (A and B): A (left) → Frontal view of the most occidental side of Agaltepec island. B
(right) → Aerial view of Agaltepec island, Catemaco and part of Catemaco lake, taken from
google maps.

3.2 Subjects

The studied subspecies was the Mexican mantled howler monkey (Alouatta palliata ssp.
mexicana)  (Merriam  1902)  (Figure  2).  Its  geographic  range  includes  south-eastern
Veracruz, central and western Tabasco, western Chiapas and eastern Oaxaca. It is listed
as critically endangered in the IUCN's red list, presenting a decreasing population trend
mainly due to habitat loss (Cuarón et al. 2008).
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Figure 2: Juvenile (left) and adult female (right) Mexican mantled howler monkeys.

Between 1988-1989 the Universidad Veracruzana released 10 Mexican mantled howler
monkeys on Agaltepec island as part of a translocation project (Rodríguez-Luna et al.
1993).  Currently, the free-ranging population of howler monkeys living on Agaltepec
island consists of approximately 55-65 individuals, which are distributed in one group
(A) of 32 individuals and a second group (B) of around 25 individuals, both groups
containing members of all  ages and sexes. In this  project only group A, which was
composed of 21 adults (seven males and 14 females), five juveniles (15-29 months old)
and six infants (0-14months old), was studied (Figure 3). All the members of group A
were catalogued before data collection in order to be able to identify them individually.

Figure 3 (A and B): A → In the front, an adult female resting with an infant on her back; in the
back, an adult male. B → Juvenile howler monkey. All individuals are members of the group A.
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3.3 Definition of the studied motor patterns (Ethogram)

To assess lateralized behaviour in Mexican mantled howler monkeys,  eight different
spontaneous motor patterns in which the use of one of the limbs is involved (self groom,
hold, pull, eat, smell, urine-wash, urine-smell and leading limb), as well as five motor
patterns in which individuals use a particular side of the body for its execution (side of
leaning, side of carrying infant, side of suckling, tail wrap and tail wrap mother) were
considered. Further, the body posture adopted by the individual at the moment of the
execution of each motor pattern was documented:  sit,  lay,  stand (tripedal),  stand on
hind-limbs (bipedal) and hang. The different motor patterns and postures registered in
this study are named and explained in table 1 and figure 4, respectively.

Table 1. Name and definition of the assessed motor patterns.

Motor pattern Description

Self Groom A subject  uses  a  particular  limb  to  scratch  itself  or  to  remove
parasites/dirt from its body.

Hold A subject uses a particular limb to sustain or carry an object or to
sustain its own body weight by holding on to an object or surface.

Pull A subject uses a particular limb to grab or reach for an object or
another individual.

Eat A subject uses a particular hand to introduce an item into its mouth.

Smell A subject brings a particular hand to its nostrils and inhales.

Urine-wash A subject  uses  a  particular  hand  to  retrieve  its  own  urine  while
urinating.

Urine-smell A subject  uses  a  particular  hand  to  smell  its  own  or  another
individual's urine.

Leading limb First limb used by a subject to start locomotion.

Side of leaning A subject leans its body against a surface or another individual.

Side of carrying infant An individual carries an infant on a particular side of its body, while
resting or moving.

Side of suckling An infant or juvenile suckles one of the mother's nipples.

Tail wrap Resting posture in which a subject wraps its tail around its own body.

Tail wrap mother Resting posture in which an infant-juvenile wraps its tail around its
mother's body.
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Figure  4:  Name  and  definition  of  the  assessed  postures.  A)  Stand  (Tripedal):  the  animal
supports its body by three limbs (usually, a forelimb and the two hind-limbs). B) Lay: the animal
supports its body by maintaining a dorsal, lateral or ventral position on a horizontal or oblique
surface. C and F) Hang & Cling: the animal suspends its body by the tail  and/or limb(s) or
adheres its body to a vertical or oblique surface by three limbs (usually, a forelimb and the two
hind-limbs). D) Stand on hind-limbs (Bipedal): the animal supports its body by the two hind-
limbs. E) Sit: the animal supports its body by the hindquarters, maintaining its back in an upright
position. (Drawing made by the author)

3.4 Data collection

Data collection took place 6 hours a day, 5 days per week, during 4 months, resulting in
a total of 510 hours of observation. Observations were done either during the morning
(7-13h) or the afternoon (12-18h) on alternate days in order to be able to observe as
many types of motor patterns as possible. The animals were observed using a pair of
8x25 binoculars.  Preferential  use of a limb or a side was recorded individually (for
males and females of all ages) for 13 different motor patterns by means of behaviour
sampling with continuous recording. Both,  the side (left-right)  used and the posture
adopted when performing a motor pattern were recorded. A data point for the tail resting
postures “tail wrap” and “tail wrap mother” was assigned to the left when an individual
chose to curve the base of its tail to the left, relative to the mid-sagittal plane of its body
(figure 5). In order to preserve the independence of data points, a bout finished after an
individual  stopped  performing  that  motor  pattern,  shifted  to  some  other  activity  or
changed body posture.
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Figure 5 (A and B): A → Lateral view of a mantled howler monkey performing tail-wrapping
towards its left side. B → Posterior view of a mantled howler monkey performing tail-wrapping
towards its left side. (Drawings made by the author)

3.5 Data analysis

3.5.1 Individual strength and direction of limb/side preference

In order to evaluate whether each of the studied howler monkeys used a particular limb
or side of the body more often than expected by chance with single motor patterns, a
Binomial test was performed for each individual and for each specific motor pattern
considering a 0.5 chance level. Those individuals with significant positive Z-scores (Z ≥
1.96)  were  considered  to  have  a  preference  for  their  right  limb/side,  those  with
significant negative Z-scores (Z ≤ -1.96) were considered to have a preference for their
left  limb/side  and  those  with  non  significant  Z-scores  (-1.96  <  Z  <  1.96)  were
considered to not have a preference towards the use of a particular limb or side of their
body. Binomial tests were not performed for those motor patterns observed less than six
times (N < 6) in a particular individual, since there should be at least six data points to
be able to get statistically significant results in the Binomial test  (P, .05, two-tailed)
(McGrew and Marchant 1997).

To assess whether each individual presented the same side bias (side specialization)
consistently across motor patterns, those motor patterns that require a fine motor use of
the hand/foot  (e.g.  those that  require  finger/toe mobility)  were pooled together  in a
group named H&F: self-groom, hold, pull, eat, smell, urine-wash and urine-smell. For
this group of motor patterns, the absolute frequencies of left limb/side preference were
calculated by summing up the number of pooled motor patterns in which an individual
showed a significant left-preference. The same procedure was used to calculate the total
number of significant right preferences and the total number of non-preferences for each
individual regarding the group H&F. Binomial tests were not performed to compare the
number of left versus right preferences inside the group H&F due to a small sample size
(N < 6). Therefore, these data were only analysed descriptively. The remaining six as-
sessed motor patterns (leading limb, side of leaning, side of carrying infant,  side of
suckling, tail-wrap and tail-wrap mother) were not pooled in the anterior group or any
other group due to the fact that, a priori, they do not seem to be mechanically or functi-
onally related to each other (e.g. leading limb and suckling side).
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3.5.2 Group strength and direction of limb/side preference

To evaluate  whether  this  particular  group of  howler  monkeys  showed  a  significant
preference for the use of a particular limb or side at a group level, Binomial tests were
performed comparing the number of significantly right-lateralized individuals against
the number of significantly left-lateralized individuals for each of the studied motor
patterns.  Likewise,  binomial  tests  were carried out in  order to compare whether  the
number of non-lateralized individuals inside this group was significantly different than
that of lateralized individuals, for each of the motor patterns.

3.5.3 Effects  of  sex,  age and posture on the direction and strength of  limb/side
preference

As explained in 3.5.1, the Z-scores obtained in the assessment of lateralized behaviour
at the individual level were used as a parameter indicative of the direction (sign of the
Z-score) and the strength (numerical value of the Z-score) of lateralized behaviour for
each individual and for each motor pattern. In order to assess the possible effects of the
variables “age”, “sex” and “posture” on the direction of lateralized behaviour, the obtai-
ned individual Z-scores were compared between the different group categories (male
and female for “sex”; infant, juvenile and adult for “age”; sit, lay, stand, stand on hind
limbs and hang&cling for “posture”). Likewise, to assess the possible effects of the afo-
rementioned variables on the strength of lateralized behaviour, the absolute values of the
Z-scores (abs.Z-scores) were compared between the different group categories. Mann-
Whitney U tests were performed for “sex” and Kruskal-Wallis tests were carried out in-
dependently for the variables “age” and “posture” (with the exception of those cases in
which only two categories were available to analyse - e.g. Juveniles vs Infants in the
“Suckling side” motor pattern- In such cases, Mann-Whitney U tests were used instead
of Kruskal-Wallis tests). 

All tests were two-tailed and the significance level was set at 0.05.

4. RESULTS

4.1 Individual strength and direction of limb/side preference

Seventeen of the 32 studied howler monkeys did not present any individual preference
for the use of a particular limb or side of the body in any of the assessed motor patterns.
A statistically significant bias (Binomial test; Z  ≥ 1.96 and Z  ≤ -1.96; p  ≤ 0.05) was
found in 15 out of the 32 howler monkeys, for at least one of the 13 studied motor
patterns (Table 2). Only two individuals of the group showed lateralized behaviour in
three out of the seven motor patterns for which enough data points were obtained to be
able to perform binomial tests. Eight individuals presented a preference for a particular
limb or side of the body in two out of seven (five individuals) and two out of eight
(three  individuals)  statistically  analysed  motor  patterns.  Five  individuals  showed  a
preferred limb or side in only one out of the three (one individual) one out of six (two
individuals),  one out  of eight  (one individual)  and one out  of nine (one individual)
statistically analysed motor patterns. 
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Table 2.  Proportions of the use of the left vs right limb/side of the body for each individual
(rows) in all the studied motor patterns (SG = self groom, UW = Urine wash, US = Urine smell,
LL = leading limb, SoL = side of leaning, SoCI = side of carrying infant, SoS = side of suckling,
TW = tail wrap, TWM = tail wrap mother) (columns). Ratios marked in bold show significant re-
sults (*: 0.05 ≥ p-value >0.01; **: p-value ≤ 0.01). A hyphen inside a table cell indicates that a
particular motor pattern was not observed for that individual. Ratios in italics indicate that a par-
ticular motor pattern was not statistically tested due to a N<6.

H&F

Adult M SG Hold Pull Eat Smell UW US LL SoL SoCI SoS TW TWM

Cicatriz 62:41* 36:48 142:87** 132:73** 3:1 1:2 1:1 23:23 34:37 - - 7:9 -

Machete 29:22 27:39 97:111 94:103 - 0:3 0:1 29:20 19:21 - - 13:7 -

Eskorbuto 44:44 32:24 62:44 53:35 4:3 1:9* - 17:24 33:27 - - 7:12 -

Manguito 26:23 43:30 80:88 57:56 2:2 3:1 0:2 18:27 37:44 - - 8:15 -

Webos 38:27 23:28 100:48** 100:39** 4:1 6:2 4:0 21:20 21:24 - - 6:1 -

Joker 47:44 18:31 79:69 76:53* 2:0 3:2 - 12:32** 20:39* - - 7:5 -

Pinto 24:26 33:29 44:118** 36:119** 0:4 1:1 1:1 20:22 23:28 - - 7:5 -

Adult F SG Hold Pull Eat Smell UW US LL SoL SoCI SoS TW TWM

Lupe 38:39 46:31 66:52 53:42 2:0 - - 13:13 34:28 37:28 - 2:4 -

Tumorosa 30:36 39:36 60:82 59:65 1:0 - - 20:12 21:25 12:8 - 2:2 -

Lemmy 22:26 25:16 45:70* 39:68** 3:1 - - 6:4 22:22 28:37 - 4:5 -

Llum 28:23 20:27 43:52 38:45 1:0 - - 4:14* 14:21 - - 2:1 -

Lois 36:34 32:48 79:96 68:83 - - - 11:17 24:28 9:10 - 4:2 -

Parda 31:48 52:43 140:126 122:106 1:0 - - 16:21 22:30 - - 9:4 -

Choncha 27:24 26:37 59:42 56:37* 1:2 1:2 - 8:14 13:11 - - 0:3 -

Pulgarcita 25:51** 29:32 49:75* 46:64 - - - 12:11 32:22 1:0 - 4:6 -

Eskorbuta 29:32 23:30 66:45* 58:42 0:1 1:0 1:0 18:16 20:19 - - 3:16** -

Pompa 57:32** 37:34 108:88 98:70* 2:3 2:1 1:0 8:10 23:25 - - 4:2 -

Saruman 40:40 34:30 60:66 50:48 1:1 0:1 - 17:11 29:21 1:2 - 2:1 -

Thai 29:34 17:11 32:37 22:27 2:0 - - 6:7 19:13 - - 2:6 -

Ladridos 22:25 27:29 94:99 84:85 2:1 1:0 1:0 9:11 9:15 - - 3:2 -

Quiebra 17:26 39:30 56:61 48:43 1:1 - - 11:16 13:10 - - 2:0 -

Juveniles SG Hold Pull Eat Smell UW US LL SoL SoCI SoS TW TWM

Choncho 56:46 65:44* 98:126 75:107* 1:4 - - 15:23 49:47 - 9:6 9:17 0:2

Frodo 58:47 30:34 76:59 39:38 2:0 - - 21:16 32:26 - 4:2 9:9 1:1

Pompo 63:46 29:44 71:82 62:62 0:6* - 1:0 8:12 28:32 - 2:2 3:10 2:1

Siam 42:30 14:29* 72:52 50:35 2:1 - - 7:6 21:38* - 2:1 5:7 0:2

Pardo 36:32 31:26 56:70 61:47 3:1 1:1 - 4:11 15:16 - - 2:1 1:1

Infants SG Hold Pull Eat Smell UW US LL SoL SoCI SoS TW TWM

Café (†) 10:8 1:2 9:6 4:1 - - - 0:1 1:0 - 2:1 - 1:1

Manchita 45:46 20:13 36:48 8:12 0:2 - - 8:4 7:11 - 9:6 - 7:6

Osa 36:42 12:14 35:34 8:7 3:1 - - 6:5 10:11 - 15:9 1:0 4:0

Gollum 71:55 35:31 58:69 30:33 3:0 - - 10:12 36:39 - 9:6 4:6 5:3

Stewie 64:47 18:9 27:30 5:10 1:1 - - 13:10 17:11 - 9:9 0:1 0:1

Sam 26:48* 4:0 17:30 0:1 0:2 - - 2:1 1:3 - 10:17 - 2:1
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For each motor pattern (or group of motor patterns), individual preferences regarding
the use of a particular limb or side of the body are shown in Table 3. 

With respect to the presence of a consistent individual preference across motor patterns,
it is worth mentioning the following case: for those motor patterns that require a fine
motor use of the hand or the foot (group H&F), Cicatriz preferred to use his left limb in
three out of four statistically analysed motor patterns and displayed no preference in the
remaining motor pattern (Table 3). Nevertheless, as mentioned in the Material and Met-
hods section, side preference was not assessed by means of statistical tests due to a N <
6 in all individuals (being N, in this case, the total number of motor patterns of the
group H&F in which individual performances were available to be statistically analy-
sed) with the exception of Eskorbuto (N = 6), who did not show a consistent preference
across motor patterns.

Table  3.  Summary  table  containing  the  total  number  of  significant  limb/side  preferences
(columns) of every individual (rows) for each of the 13 motor patterns (self-groom, hold, pull,
eat, smell, urine-wash and urine-smell pooled in the group H&F; Tail wrap and tail wrap mother
displayed in the group TW&TWM). L = left, R = right, NB = no bias.

H&F Leading
limb

Side of
leaning

Side of
carrying infant

Side of
suckling

TW&TWM

L R NB L R NB L R NB L R NB L R NB L R NB

Adult 

Males

Cicatriz 3 0 1 0 0 1 0 0 1 - - - - - - 0 0 1

Machete 0 0 4 0 0 1 0 0 1 - - - - - - 0 0 1

Eskorbuto 0 1 5 0 0 1 0 0 1 - - - - - - 0 0 1

Manguito 0 0 4 0 0 1 0 0 1 - - - - - - 0 0 1

Webos 2 0 3 0 0 1 0 0 1 - - - - - - 0 0 1

Joker 1 0 3 0 1 0 0 1 0 - - - - - - 0 0 1

Pinto 0 2 2 0 0 1 0 0 1 - - - - - - 0 0 1

Adult

Females

Lupe 0 0 4 0 0 1 0 0 1 0 0 1 - - - 0 0 1

Tumorosa 0 0 4 0 0 1 0 0 1 0 0 1 - - - - - -

Lemmy 0 2 2 0 0 1 0 0 1 0 0 1 - - - 0 0 1

Llum 0 0 4 0 1 0 0 0 1 - - - - - - - - -

Lois 0 0 4 0 0 1 0 0 1 0 0 1 - - - 0 0 1

Parda 0 0 4 0 0 1 0 0 1 - - - - - - 0 0 1

Choncha 1 0 3 0 0 1 0 0 1 - - - - - - - - -

Pulgarcita 0 2 2 0 0 1 0 0 1 - - - - - - 0 0 1

Eskorbuta 1 0 3 0 0 1 0 0 1 - - - - - - 0 1 0

Pompa 2 0 2 0 0 1 0 0 1 - - - - - - 0 0 1

Saruman 0 0 4 0 0 1 0 0 1 - - - - - - - - -

Thai 0 0 4 0 0 1 0 0 1 - - - - - - 0 0 1

Ladridos 0 0 4 0 0 1 0 0 1 - - - - - - - - -

Quiebra 0 0 4 0 0 1 0 0 1 - - - - - - - - -

Juveniles

Choncho 1 1 2 0 0 1 0 0 1 - - - 0 0 1 0 0 1

Frodo 0 0 4 0 0 1 0 0 1 - - - 0 0 1 0 0 1

Pompo 0 1 4 0 0 1 0 0 1 - - - - - - 0 0 1

Siam 0 1 3 0 0 1 0 1 0 - - - - - - 0 0 1

Pardo 0 0 4 0 0 1 0 0 1 - - - - - - - - -

12



Infants

Café 0 0 2 - - - - - - - - - - - - - - -

Manchita 0 0 4 0 0 1 0 0 1 - - - 0 0 1 0 0 1

Osa 0 0 4 0 0 1 0 0 1 - - - 0 0 1 - - -

Gollum 0 0 4 0 0 1 0 0 1 - - - 0 0 1 0 0 2

Stewie 0 0 4 0 0 1 0 0 1 - - - 0 0 1 - - -

Sam 0 1 1 - - - - - - - - - 0 0 1 - - -

ALL 11 11 106 0 2 28 0 2 28 0 0 4 0 0 7 0 1 21

4.2 Group strength and direction of limb/side preference

For all the studied motor patterns, a majority of the howler monkeys failed to display
significant biases at the individual level. The number of non-lateralized howler monkeys
was  significantly  higher  (Binomial  test;  Z  ≥ 1.96;  P  ≤  0.05)  than  the  number  of
lateralised howler monkeys for all the motor patterns that could be analysed statistically
(self-groom,  hold,  pull,  eat,  leading limb,  side  of  leaning,  side  of  suckling  and tail
wrap). Regarding those motor patterns that could not be tested due to an N < 6, the
proportions of individuals who presented a bias towards the use of a particular limb or
side of the body were: one out of two for “smell”, one out of three for “urine-wash”,
zero out of four for “side of carrying infant” and zero out of two for “tail wrap mother”
(Table 4). Equally, for those motor patterns and group of motor patterns with an N ≥ 6
(“pull”, “eat” and “H&F”), no statistically significant differences (Binomial test; -1.96 <
Z < 1.96; P > 0.05) were found between the number of howler monkeys who preferred
to use their left limbs and the number of howler monkeys who preferred to use their
right  limbs. With  regard  to  the  motor  patterns  “side  of  carrying  infant”,  “side  of
suckling” and “tail-wrap mother”, no individuals of the group were found to show a
significant preference for the use of a particular side of the body (Table 4).

Table 4. Number of individuals that showed: a significant preference towards the use of the left
limb/side, a significant preference towards the use of the right limb/side, no bias towards the
use of a particular limb/side and a bias towards the use of a particular limb/side of the body
(rows), in each motor pattern and group of motor patterns (SG = self groom, UW = Urine wash,
US = Urine smell, LL = leading limb, SoL = side of leaning, SoCI = side of carrying infant, SoS =
side of suckling, TW = tail wrap, TWM = tail wrap mother) (columns). Significant values of the Z-
score  (Z-score  S  for  comparisons  between  the  number  of  left-biased  and  right-biased
individuals;  Z-score  B  for  comparisons  between  the  number  of  biased  and  non-biased
individuals) are marked in bold (*: 0.05 ≥ p-value >0.01; **: p-value ≤ 0.01). A hyphen inside the
cells indicates lack of data points for a particular motor pattern and lack of data points to be able
to perform statistical tests.

SG Hold Pull Eat Smell UW US LL SoL SoCI SoS TW TWM H&F

Left 2 1 3 5 0 0 - 0 0 0 0 0 0 11

Right 2 1 3 3 1 1 - 2 2 0 0 1 0 11

Z-score S - - 0 -0.71 - - - - - - - - - 0

Bias 4 2 6 8 1 1 - 2 2 0 0 1 0 22

No bias 28 28 26 22 1 1 - 28 28 4 7 19 2 106

Total 32 30 32 30 2 2 - 30 30 4 7 20 2 128

Z-score B 4.24** 4.75** 3.54** 2.56* - - - 4.75** 4.75** - 2.65** 4.02** - 7.42**
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4.3  Effects  of  sex,  age  and  posture  on  the  direction  and  strength  of  limb/side
preference

4.3.1 Effects of sex

No effect of sex was found on the direction of the lateralized behaviour, since there
were no significant differences between the Z-score medians of males and females for
any of the analysed motor patterns (Mann-Whitney U test; P > 0.05), with the exception
of “self-groom”. For “self-groom”, the direction of the lateralized behaviour was signi-
ficantly different between the sexes (Mann-Whitney U test, U = 18.5; z = -2.24; P =
0.025 two-tailed); the males (mean rank = 2.21) used their left limb more often than the
females (mean rank = 8.79). Nevertheless, no effect of the variable sex was found on the
strength of the lateralized behaviour (abs.Z-scores) for any of the analysed motor pat-
terns (Mann-Whitney U test; P > 0.05).

4.3.2 Effects of age

Regarding a possible effect of age on the direction of the lateralized behaviour, no signi-
ficant differences were found between the three different age groups (adults, juveniles
and  infants)  for  any of  the  analysed  motor  patterns  (Kruskal-Wallis  test;  P >  0.05.
Mann-Whitney U test; P > 0.05), with the exception of “self-groom”. For “self-groom”,
a tendency towards statistical significance was found between the medians of the three
groups (Kruskal-Wallis test; H(Chi2) = 5.53; P = 0,063). With regard to the strength of
the lateralized behaviour, no significant differences were found between groups for any
of the analysed motor patterns (Kruskal-Wallis test; P > 0.05. Mann-Whitney U test; P >
0.05). Therefore, no effect of age was found neither on the direction nor on the strength
of the lateralized behaviour of the studied individuals.

4.3.3 Effects of posture

No effect of posture was found on the direction of the lateralized behaviour, since no
significant differences were found between the different postural categories, for any of
the analysed motor patterns (Kruskal-Wallis test; P > 0.05. Mann-Whitney U test; P >
0.05).  Equally,  no  effect  of  posture  was  found  on  the  strength  of  the  lateralized
behaviour,  since  the  statistical  tests  performed  revealed  no  differences  between  the
different postural categories,  for any of the analysed motor patterns (Kruskal-Wallis
test; P > 0.05; Mann-Whitney U test; P > 0.05).
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5. Discussion

The studied group of Mexican mantled howler monkeys showed only few significant
lateral  biases  at  the individual  level  for  the studied spontaneous motor  patterns.  No
biases  towards  the  use  of  a  particular  limb  or  side  of  the  body  were  found  at  a
population level. Therefore, even though some individuals showed limb/side preference
with some motor patterns, no signs of side specialization, task specialization, or even
true handedness were found. 

5.1 Lateralized behaviour at an individual and at a population level

Only 15 out of 32 howler monkeys showed a side preference with single motor patterns.
This indicates that individual side preferences were the exception rather than the rule in
this population. In addition, although not statistically tested, the individuals that showed
such individual preferences did not seem, in general, to have a consistent limb preferen-
ce across motor patterns. As a matter of fact, only six of these 15 monkeys had the same
limb preference in, at least, two motor patterns and only one of them had a consistent
preferred limb in the majority of the analysed motor patterns of the group H&F (three
out of four). The results suggest that, although a few individuals might have a preferred
limb across different motor patterns, it is likely that the majority of the individuals that
present side preferences do not present side specialization. Regarding the presence of la-
teralized behaviour at a population level, as seen in table 4, the number of individuals
that displayed side preferences was significantly lower than that of those who did not
display side preferences, in all the motor patterns (Binomial test; Z ≥ 1.96; P ≤ 0.05).
The above indicates an evident absence of lateralized behaviour at a population level in
this group of howler monkeys.

In a similar study, also conducted on Agaltepec Island's howler monkeys, Tutsch (1998)
reported no limb or side preferences, neither at an individual nor at a population level,
for any of the ten naturally occurring motor patterns she assessed. Furthermore,  the
author  contrasted  these  results  with  the  ones  she  obtained  with  six  captive  howler
monkeys.  Interestingly,  she  observed  that,  whereas  the  animals  did  not  show  a
significant  lateral  bias  with  the  naturally  occurring  motor  patterns,  they  displayed
significant  individual  preferences  for  their  left  hand  to  perform experimental  food-
reaching tasks. For this same species, Zandonà et al. (published abstract 2006) assessed
the lateralization of the spontaneous motor patterns “tail resting posture” and “branch-
reaching”  in  35  free-ranging  individuals  and reported  no  significant  individual
preferences in both motor patterns. Similarly, Laska and Tutsch (2000) did not find a
significant side preference for tail  resting posture in the vast majority of the howler
monkeys they studied. 

Overall, the results obtained in the present study agree with the ones reported by the
above mentioned studies, indicating a general lack of significant side and limb preferen-
ces of mantled howler monkeys when performing spontaneous motor patterns at, both,
individual and group levels. However, in a recent study that assessed lateralized behavi-
our in captive red howler monkeys  (Alouatta seniculus), Sfar et al. (2014) reported a
significant hand preference in the twelve studied individuals when reaching for food in
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two different experimental tasks. Unlike the results obtained by Tutsch (1998) on capti-
ve mantled howler monkeys, a majority of these subjects (nine out of twelve) displayed
a significant bias towards the use of their right hand, when performing the experimental
food-reaching tasks. Sfar et al. (2014) also reported that red howler monkeys used the
mouth to obtain food more frequently than the other species they studied, the yellow-
breasted capuchin monkeys  (Sapajus xanthosternos). A relatively frequent use of the
mouth to obtain the food instead of bringing a hand to the mouth was observed as well
in the present study, although not qualitatively assessed. This happened specially when
the monkeys needed to use both of their hands in a similar way to separate two small
branches where they could find little fruits (e.g. fruits from Ficus sp). In addition, the
studied individuals were observed to perform bimanual feeding in those occasions in
which they needed to hold on a big fruit (e.g. fruits from Andira sp) and this was not
possible by using only one of the hands. Despite the few data on the genus Alouatta, re-
sults so far indicate that, whereas experimental tasks might elicit biases in some individ-
uals, there is a general absence of a preferred side when performing behaviours that are
part of their natural motor repertoire. This might have an ecological meaning that will
be further discussed in section 5.3.

With  regard  to  the  other  genus  of  the  family  Atelidae,  Laska  (1996b)  reported  a
significant preference at a population level towards the use of the left hand for three
different experimental food-reaching tasks in 13 captive Geoffroy's spider monkeys. An
individual side preference was also reported for semi-naturally housed spider monkeys
in the use (Laska 1998) and resting posture (Laska & Tutsch 2000) of their prehensile
tail.  More recently,  Nelson et al.  (2015) reported individual hand preferences in two
experimental tasks (unimanual reaching task and bimanual “tube” task), although no
biases at the population level, in ten Colombian spider monkeys.  For other species of
Platyrrhini, individual side preferences in a single motor pattern have been reported in
squirrel  monkeys  (Laska  1996a,  Laska  & Tutsch 2000), capuchin  monkeys  (Panger
1998, Meunier & Vauclair 2007, Pouydebat et al. 2014) and common marmosets (Hook-
Costigan  &  Rogers,  2000,  2008,  Cordeiro  de  Sousa  et  al.  2001), whereas  group
preference in single motor patterns has been reported in squirrel monkeys (Aruguete et
al. 2005, Pouydebat et al. 2014), capuchin monkeys (Spinozzi et al. 1998, Spinozzi &
Truppa 1999) and cotton-top tamarins (King 1995). 

Behavioural asymmetries have also been reported in some Strepsirrhini. For instance,
several species of the genus Eulemur (Forsythe & Ward 1988, Ward et al. 1990), gray
mouse lemurs (Microcebus murinus) (Scheumann et al. 2011) and sifakas (Propithecus
sp) (Milliken  et  al.  2005)  have  been  found  to  display  individual  preferences  when
reaching for food, whereas ring-tailed lemurs  (Lemur catta),  black lemurs  (Eulemur
macaco), collared brown lemurs  (Eulemur collaris) (Ward et al. 1990) and black-and-
white  ruffed lemurs  (Varecia  variegata) (Nelson et  al.  2009)  have been reported  to
present task-specialization as well in food-reaching. Nevertheless, Schnoell et al. (2014)
recently reported the absence of lateralized behaviour in red-fronted lemurs.

A considerable number of studies have been carried out in the Catarrhini, especially in
the family Hominidae, in comparison with the other primate groups. Hand preference,
although not manual specialization, has been reported in guinea baboons (Papio papio),
olive  baboons,  barbary  macaques  (Macaca  sylvanus),  rhesus  macaques,  snub-nosed
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monkeys  (Rhinopithecus bieti),  red-capped mangabeys  (Cercocebus torquatus),  grey-
cheeked mangabeys  (Lophocebus albigena),  De Brazza monkeys  (Cercopithecus ne-
glectus) and siamangs (Symphalangus syndactylus), among other species (guinea babo-
ons: Vauclair & Fagot 1987; olive baboons: Meguerditchian & Vauclair 2009, Meunier
et al. 2011; barbary macaques: Schmitt et al. 2008; rhesus macaques: Lehman 1970, De-
uel et al. 1980; snub-nosed monkeys: Zhao et al. 2008, Pan et al. 2011, 2013; red-cap-
ped and grey-cheeked mangabeys: Blois-Heulin et al. 2006, 2007; De Brazza monkeys:
Trouillard & Blois-Heulin 2005; siamangs: Redmond & Lamperez 2004). Task speciali-
zation has also been found in a variety of Catarrhini: olive baboons, pig-tailed macaques
(Macaca nemestrina), rhesus macaques, snub-nosed monkeys, De Brazza monkeys, lar
gibbons (Hylobates lar) and siamangs, among others (olive baboons: Meguerditchian &
Vauclair  2006,  Meguerditchian  et  al.  2011;  pig-tailed  macaques:  Westergaard  et  al.
2001; rhesus macaques: Fagot et al. 1991, Westergaard & Suomi 1996, Westergaard et
al. 1997; snub-nosed monkeys: Zhao et al. 2010; De Brazza monkeys: Schweitzer et al.
2007; lar gibbons: Olson et al. 1990; siamangs: Morino 2011). Regarding the family
Hominidae, hand preferences have been reported in chimpanzees, bonobos, gorillas and
orangutans (chimpanzees: Boesch 1991, Sugiyama et al. 1993, Colell et al. 1995, Mc-
Grew & Marchant 1999; bonobos: Shafer 1997, Chapelain & Hogervorst 2009, Chape-
lain et al. 2011; gorillas: Byrne & Byrne 1991, Parnell 2001, Pouydebat et al. 2010,
Lambert 2012; orangutans: Rogers & Kaplan 1996), and manual specialization has been
reported in chimpanzees (Fletcher & Weghorst 2005). At a population level, task specia-
lization has been reported in chimpanzees, bonobos, gorillas and orangutans (chimpan-
zees: Hopkins 1993, Hopkins et al.  2003a, 2003b, 2004, 2011, Lonsdorf & Hopkins
2005; bonobos: Hopkins et al. 1993, Hopkins & de Waal 1995; gorillas: Meguerditchian
et al. 2010, Hopkins et al. 2011, Tabiowo & Forrester 2013; orangutans: Hopkins 1993,
Rogers & Kaplan 1996, Hopkins et al. 2003B, 2011).

True handedness has been claimed to be a feature of a few non-human primate species.
For instance, a study reported that cotton-top tamarins present right-handedness, since
the  number  of  consistently  right  hand-preferent  individuals  was  significantly higher
than the number of consistently left hand–preferent individuals for most of the assessed
motor patterns (Diamond & McGrew 1994). As mentioned above, different studies on
chimpanzees have reported task specialization for the right hand in different behaviours
and some researchers interpreted this as a clear evidence that this species displays real
right-handedness (e.g.  Hopkins  1996). However,  others  have  criticised  not  only the
methods of data collection and small sample sizes of the studies that found such task-
specializations  but  also of  the  employed data  analysis  (McGrew & Marchant  1997,
Palmer 2002, Papademetriou et al. 2005). In addition, there are studies conducted on,
both,  cotton-top  tamarins  (Roney  &  King  1993)  and  chimpanzees  (Boesch  1991,
McGrew & Marchant 2001) that do not report population-level biases. Therefore, it is
still highly controversial whether true handedness is really present in some non-human
primate species or not.

In general,  the limb/side preferences displayed by non-human primates are different
depending on the species and the studies, whose results are often contradictory. As a
matter of fact, several studies have failed to find any behavioural asymmetries in taxa
that have been reported to display lateralized behaviour at an individual or population
level by other researchers.  Such is  the case with studies conducted on chimpanzees
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(Marchant & McGrew 1996, 2007) and gorillas (Harrison & Nystrom 2010), among
others. Another aspect to take into account, according to Palmer (2000), is the fact that
studies that do report significant biases regarding lateralized behaviour are more likely
to be published than those studies that do not. Provided that were true, it would mean
that there is an over-representation of positive results in the literature in detriment of
negative findings, which would be biasing our knowledge regarding this subject. 

5.2 Factors affecting the strength and direction of lateralized behaviour

A large  number  of  studies  have  reported  that  there  are  factors  that  can  affect  the
direction and/or the strength of lateralized behaviour in non-human primates. This might
explain some of the contradictory findings for the same species in the above-mentioned
studies.

Very few studies have found the sex of the studied individuals to have a significant
effect on the direction and/or the strength of lateralized behaviour  (e.g. Milliken et al.
1991, Meunier et al. 2011), whereas their age has repeatedly been reported to have a
significant  effect  (e.g. Westergaard  & Suomi 1996;  Hook-Costigan & Rogers  2000,
Chapelain et al. 2011, Meunier et al. 2011). Some researchers have linked the effect of
age to the experience acquired across time (Boesch 1991). However, the factor that has
been reported in more studies to have a significant effect on lateralized behaviour is
body posture. Some researchers have reported that unstable or unnatural positions elicit
stronger lateralization on individuals than stable or natural positions (Fagot et al. 1991,
Hopkins  1993,  Hopkins  et  al.  1993,  Spinozzi  et  al.  1998,  Blois-Heulin  et  al.  2007,
Hook-Costigan & Rogers 2008), whereas others have found the opposite (e.g. Miller &
Paciulli 2002). In addition, a few studies have reported a shift of the preferred hand used
in a given behaviour, when an animal changes posture (e.g. Pan et al. 2013).

In the present study, sex, age and posture were assessed and none of them had a signifi-
cant effect on the strength and the direction of the lateralized behaviour of the studied
group of Mexican mantled howler monkeys, for any of the analysed motor patterns. The
only exception was an effect of sex on the direction of lateralized behaviour in the mo-
tor pattern “self-groom”, in which males used their left side more often than females.
Nonetheless, this isolated finding is not regarded as relevant, since it might probably be
an effect of chance due to small and unbalanced sample sizes. In any study the compa-
red groups, e.g. males and females, should provide a similar number of data points. Ho-
wever, in the case of the present study, the different groups inside the factors “sex”,
“age” and “posture” were not balanced at all (e.g. in the case of the factor “age”, the
number of adults was comparatively higher than the number of juveniles and the num-
ber of infants). As an example, from all the observations made on the studied howler
monkeys an average of 70,4% occurred in a sitting position, 17% hanging, 5.7% stan-
ding, 5.6% laying and only 1% standing on hind legs, which shows an obvious imbalan-
ce between the categories of the factor “posture”. In any case, the findings of this study
regarding the absence of a significant effect of the factors sex, age and posture conform
with the results found by Tutsch (1998) and Zandonà et al., (published abstract 2006) in
free-ranging mantled howler monkeys. The only published study carried out on captive
howler monkeys assessed the effects of posture (but not sex or age) on the strength and
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direction of hand preference on two food-reaching tasks and the authors failed to find a
significant effect of this factor (Sfar et al. 2014).

Other factors,  not considered in the present study,  have also been reported to affect
lateralized behaviour in non-human primates to varying degrees. For instance, captivity
(Marchant  &  McGrew  1996;  McGrew  &  Marchant  1997,  Panger  1998),  kinship
(Matoba et al. 1991), novelty and complexity of behaviour (Boesch 1991; Trouillard &
Blois-Heulin 2005, O'Malley & McGrew 2006, Schweitzer et al. 2007, Dapeng Zhao et
al. 2010) and target animacy (Forrester et al. 2011, Pouydebat et al. 2014). Interestingly,
behavioural  types have  also  been  reported  to  be  related  to  hand  preference,  which
suggests  a  relation  between  motor  function  and  the  hemispheric  specialization  of
emotional states (Cameron & Rogers 1999, Westergaard et al. 2001b, Hook & Rogers
2008, Braccini & Caine 2009).

5.3 Ecological significance of lateralized behaviour in howler monkeys

Anatomical asymmetries have been found in non-human primates' brain hemispheres
(Falk et al.  1990, Hopkins & Rilling 2000, Pilcher et  al.  2001, Iturria-Medina et al.
2011) and have been reported to be associated with functional asymmetries, such as per-
ceptual (Heffner & Heffner 1986, Peyrin et al. 2004, Wey et al. 2014) and motor asym-
metries  (Nudo et  al.  1992,  Hopkins & Cantalupo 2004,  Phillips  & Sherwood 2005,
Sherwood et al. 2007, Gorrie et al. 2008, Wey et al. 2014), among others. In turn, motor
asymmetries (e.g. preferential hand use) have been suggested to reflect underlying he-
mispheric specializations of functions in non-human primates such as cognition (Hop-
kins & Washburn 1994, Hopkins et al. 2007, Meguerditchian & Vauclair 2009, Meguer-
ditchian et al. 2012) and behavioural types. If lateralized brain function is a shared cha-
racteristic of vertebrates and has an ancient origin, as suggested by various researchers
(e.g. Andrew 2002, Vallortigara & Bisazza 2002, Fitch & Braccini 2013), then howler
monkeys should not be an exception. It is not far-fetched to assume, then, that howler
monkeys most possibly present lateralized brain function. However, having a lateralized
brain does not imply that brain asymmetries will certainly be manifested in motor asym-
metries. In fact, behavioural asymmetries have been reported less frequently than per-
ceptual asymmetries in vertebrates (Fitch & Braccini 2013).

As previously stated, the present study did not find any evidence neither for lateralized
behaviour  at  a  population  level  nor  for  consistent  individual  biases  across  motor
patterns.  This  suggests  that  either  howler  monkeys  do  not  present  hemispheric
specialization that accounts for lateralized motor function or that,  despite presenting
hemispheric specialization that cause the lateralization of several motor patterns to some
degree, howler monkeys' side/limb use is mainly determined by other factors. 

Howler monkeys are a quadrupedal arboreal species that mainly inhabit the middle and
upper strata of the forest (Gebbo 1992) and tree trunks and branches are the principal
substrate whereby they stay or move to get from one place to another. One of the main
characteristics of the arboreal substrate is its discontinuity; since there are numerous
gaps between branches, arboreal species face the risk of falling from a high elevation to
the ground during motion. In terrestrial substrates, animals mostly move in a two-di-
mensional horizontal plane. However, the tree branches and trunks through which arbo-
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real species have to move are generally distributed haphazardly in the three-dimensional
space and can be oriented horizontally, vertically and obliquely. This three-dimensiona-
lity precondition can have consequences on balance, because the effect of gravity on in-
dividuals is different depending on the orientation of the branches they are on. Another
important characteristic of arboreal substrates is the fact that tree trunks and branches
have different  diameters and this  can also have an effect on an individual's  balance
(Cartmill 1974). For instance, in a horizontally placed branch, the narrower the branch,
the less clamping surface and the harder it is for an individual to maintain its equilibri-
um, whereas in a vertically placed branch, the relatively narrower its diameter, the easi-
er it is for an individual to cling to it and obtain stability (Cartmill 1974). Due to the
aforementioned characteristics of the arboreal life, howler monkeys often need to adopt
precarious body postures (e.g. stand on hind legs, hang, etc.) that require the use of one
or more extremities (including limbs and tail) for additional support. The above might
explain the general absence of lateralization in spontaneous motor patterns reported in
howler monkeys, since the individuals may require both sides of the body equally able
to face unpredictable spatial challenges. 

Another explanation that might help understand the absence of motor asymmetries in
some primate species is that their type of diet, a priori, does not require high cognitive
or manipulative abilities.  As mentioned in section 5.2, the mechanical and cognitive
complexity of a behaviour has been reported to influence the strength of lateralization. It
has been proposed that motor patterns that require a high cognitive and/or manipulative
processing, such is the case of novel tasks and tasks that imply complex motor coordi-
nation (i.e. “high-level” tasks), elicit stronger lateralization in individuals and populati-
ons than those that are highly practised, routinised and/or low-demanding at the cogniti-
ve and/or motor levels (i.e. “low-level tasks”), such is the case of simple reaching and
pulling (Fagot & Vauclair 1991). Howler monkeys mainly eat leaves (56.7%) and fruits
(31.4%) (Dias & Rangel-Negrín 2015) that practically need no manipulation prior to
consumption. Similarly, Hanuman langurs (Semnopithecus entellus), a colobine species
with both terrestrial and arboreal habits, have a diet mainly composed by leaves (52-
61%) and fruits (15-25%) (Koenig & Borries 2001). Interestingly, free-ranging Hanu-
man langurs have also been reported to have an overall lack of hand preference for
spontaneous manual motor patterns (Mittra et al. 1997). In contrast, capuchin monkeys
(genera  Cebus and  Sapajus)  and squirrel  monkeys  (both arboreal  platyrrhines)  have
been reported by several researchers to have individual hand preferences in some com-
plex food-manipulation spontaneous motor patterns (capuchins: Panger 1998, Pouyde-
bat et al. 2014; squirrel monkeys: King & Landau 1993, Pouydebat et al. 2014). Capu-
chin monkeys and squirrel monkeys are omnivorous and their diet is mainly comprised
by fruits and arthropods in different proportions, depending on the population and sea-
son (Lima & Ferrari 2003, Fragaszy et al. 2004, Pinheiro et al. 2013). Therefore, their
diets  include food items  that  need relatively complex manipulation  before ingestion
such as cracking fruit/nut shells and capturing fast-moving preys. This suggests that the
complexity of manipulation of the foods comprising a species' diet might also have an
influence on its manual preferences, conforming with the ideas proposed by Fagot and
Vauclair (1991). Thus, both, the mechanical constraints imposed by the arboreal life and
the type of diet seem to be plausible reasons that may help to explain why howler mon-
keys, in general, do not present limb/side preferences for spontaneous motor patterns.

20



5.4 Possible causal agents of individual side preferences 

The few individual limb/side preferences with single motor patterns observed in the pre-
sent study might have different causal agents; for instance, an inherent trait of the indi-
vidual. Studies on the inheritance pattern and heritability of lateralized behaviour in dif-
ferent animal species suggest that it has some genetic basis, although results are incon-
clusive (Schaafsma et al. 2009). Manual preference in humans has been suggested to fo-
llow a complex polygenic inheritance pattern. The heritability of manual preference in
humans has been estimated to be around 0.24 (Medland et al. 2009) and a recent study
by Hopkins et al. (2015) estimated a heritability between 0.2-0.4 for a tool-use task in
chimpanzees. Therefore, even in humans, whose handedness is evident, variation in ma-
nual preference can be largely explained by environmental factors despite having a ge-
netic background. Environmental factors during pre- and post-natal development that
can influence animals' lateralized behaviour include maternal effects (e.g. prenatal expo-
sure to stress hormones) (Rogers 2006, Pfannkuche et al. 2009) and asymmetric sensory
input (e.g. due to foetal orientation) (Konishi et al. 1987, Andrew et al. 2009), among
others. In addition, different congenital diseases (mainly due to genetic mutations, chro-
mosomal abnormalities and particular environmental exposures during embryonic deve-
lopment) can cause physical and functional asymmetries in several vertebrate species,
including primates (Morris & Kerr 1971, Ito et al. 1988, Lee et al. 2004, Turner et al.
2008, Dimitrov et al. 2010, Ema et al. 2010, Gold et al. 2011, Sugiyama et al. 2014).
Therefore, even before birth, an individual might present an inherent handicap or just a
predisposition (e.g. different motor ability between sides, bias caused by a shorter limb
or its absence, etc.) to use a particular limb/side of its body more often than the other.

An individual side bias might also be an acquired trait of the individual, for example,
caused by a handicap as a result of an injury that happened after birth. In fact, a few of
the studied individuals presented handicaps (broken fingers, tumours, furuncular myia-
sis, etc.) that might have influenced them towards the use of the limb/side of the body
that was not affected, for obvious practical reasons. Another factor that may be an un-
derlying cause of individual preferences is learning. As Warren (1980) proposed, indivi-
duals might prefer to use a particular limb or side as a result of experience, by getting
used to the employment of the same side/limb for a particular activity. It has been repor-
ted in humans that there can be a social influence on side preferences due to, for instan-
ce, parental effects (e.g. cradling) and social pressure (Schaafsma et al. 2009). In the
case of non-human primates,  social  modulation of lateralized behaviour might come
from parents' behaviour (specially maternal) and/or simply from imitation of conspeci-
fics through social interactions. Ultimately, the reason why some individual preferences
were found in the present study might be chance (e.g. an individual might have been
seen using a particular limb more often than the other just by pure coincidence) and/or
the result of a not big-enough sample size that may be biasing the results. 

Independently of the causes underlying individual preferences regarding some motor
patterns, it is clear that the studied group of Mexican mantled howler monkeys showed
just few individual preferences towards the use of a particular limb or side, to perform
different spontaneous motor patterns that are part of their natural repertoire. 
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5.5 Conclusions

With so few data regarding lateralized behaviour in howler monkeys, it cannot be com-
pletely confirmed that a hemispheric specialization that accounts for asymmetries in
motor control does not exist in this species. However, if it exists, its effect is most pro-
bably masked by a stronger effect of other factors, which ends up in the expression of a
really weak lateralized behaviour at an individual level in this population of mantled
howler monkeys. The general absence of lateralized behaviour in howler monkeys (pro-
vided the findings reported here and in the above-mentioned studies are applicable to
the whole genus) might be explained by the fact that the ecological constraints to which
they are subject to (e.g. arboreal life, type of diet) may actually be most influential in
shaping their side preferences. For now, the most plausible explanations to answer why
some individuals display a preference for some motor patterns, whereas others do not,
are the influence of internal and/or external handicaps/predispositions and of learning
by means of experience and imitation. 

Unless more studies are performed on, both, captive and wild groups assessing the who-
le repertoire of spontaneous motor patterns as well as experimental tasks with different
degrees of complexity, it will not be possible to determine the causal agent(s) of laterali-
zed behaviour in howler monkeys and under which circumstances it appears. Further re-
search is needed in order to assess whether the lack of human-like handedness found in
the present study is only specific to the studied population of Mexican mantled howler
monkeys, a general phenomenon of the genus Alouatta, or perhaps of all the Platyrrhini.

5.6 Societal & ethical considerations 

The study reported here complies with the guidelines of the Association for the Study of
Animal  Behaviour  (ASAB) and  with  current  Mexican  and  Swedish  laws.  It  was
performed  according  to  a  protocol  approved  by  the  ethical  board  of  the  Federal
Government  of  Mexico’s  Secretariat  of  Environment  and  Natural  Resources
(SEMARNAT; Official permits no. 09/GS-2132/05/10). Neither the studied animals nor
the environment where data collection took place were harmed by the present study. The
subjects were habituated to the presence of human observers and showed no signs of
stress or disturbance during the data collection. 

As mentioned in the Material and Methods section, the studied population of howler
monkeys comes from a founder population that was brought to the protected area of
Agaltepec island as part of a translocation project in 1988. Since then, this population
has been living on the island in absence of humans, with the exception of a few resear-
chers (e.g. biologists and archaeologists). The existence of protected areas in which hu-
man presence is forbidden is extremely important for the well-being of the different spe-
cies' populations that live there, specially for those that are part of conservation pro-
grams. At the same time, the allowance of scientists in some of these protected areas is
equally important for different reasons. Primarily, investigators can gain knowledge of
the flora, fauna and ecological conditions of these particular areas and obtain valuable
information regarding the physiological, ethological and demographic characteristics of
the studied populations and their responses in front of ecological variations. An exhaus-
tive knowledge and tracing of these populations (including catalogues of individuals
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and pedigrees) can also open a door to studies that may be harder to perform in the wild,
such as genetic and physiological studies. In addition, protected areas from which ex-
haustive information is available represent a great opportunity for students and early-s-
tage researchers to become familiar with field-research in natural environments. In some
cases, giving a practical use to such zones (i.e. research, education) can contribute to the
retention of their status as protected areas, since they represent areas of public interest.
In the case of Agaltepec, the frequent presence of a few investigators and students on
the island might be also crucial to prevent this place from being damaged by some lo-
cals, who often cut trees for private use or leave trash on the beach of the island after
having a picnic. It is equally important to restrict human access to the island and thus
avoid the population of monkeys from being affected by, both, locals and tourists. Ho-
pefully, Agaltepec island will continue being a protected biological area and perhaps, in
a near future, part of the population of Mexican mantled howler monkeys will be rein-
troduced to the wild and luckily become a self sustaining population.
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