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In many primate species, bipedal stance is a factor increasing manual laterality. To understand this
phenomenon better, there is a need to investigate forelimb preferences in nonprimate mammals with
bipedal locomotion as the preferred gait, such as bipedal hopping marsupials. We studied laterality in
forelimb use in 27 adult red-necked wallabies during their usual daily activity in ﬁve zoos. During feeding
from the bipedal position adult wallabies displayed group-level left-forelimb preference with the
majority of individuals being lateralized. However, no lateralization was found at the group level during
feeding from the quadrupedal position, with only a few animals expressing individual preferences.
Wallabies showed signiﬁcant group-level bias while using the right forelimb for supporting the body in
the tripedal stance, with nearly half the individuals being lateralized. On a smaller sample of nine
wallabies forelimb preferences in unimanual snout autogrooming were studied: seven individuals
preferred to use their left forelimb and two displayed no preference. Additionally, we studied asymmetrical limb use during milk suckling in six young-at-foot wallabies. Here, all subjects more often
pulled down the mother’s pouch edge with the left forelimb and simultaneously supported the body
with the right paw. Our results show that marsupials can display motor laterality at both individual and
group levels, comparable with those observed in placentals. Moreover, in red-necked wallabies, much as
in primates, the bipedal posture favours the expression of manual laterality, while its direction depends
on the functional nature of the motor action. Evolutionary scenarios such as the postural origin theory of
behavioural lateralization are discussed.
Ó 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Limb preferences at both individual and group levels have
been described in a number of vertebrate species ranging from
amphibians to mammals (Rogers & Workman 1993; Hook 2004;
Malashichev 2006; Stancher et al. 2006). Given the early evolutionary roots of vertebrate lateralization (Andrew & Rogers 2002;
MacNeilage et al. 2009), it is no wonder that even ﬁsh seem to
display laterality in the use of their ventral ﬁns, for example
touching the substrate in an aquarium (Fine et al. 1996; Bisazza
et al. 2001). Nevertheless, a great many studies on vertebrate
motor asymmetries have been conducted on mammalian species,
predominantly primates (reviewed in Ward 1995; Hook 2004;
Hopkins 2006), to help understand the origins of human brain
asymmetry and handedness. Hence nonprimate mammals have
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received insufﬁcient attention, which has limited evolutionary
interpretations.
A large taxon devoid of researchers’ attention is marsupials. To
the best of our knowledge, only two studies of motor laterality in
marsupials have been published. In one (Megirian et al. 1977),
captive brush-tailed possums, Trichosurus vulpecula (Diprotodontia) had to reach into a tube with a forepaw to receive a food
reward. Although the majority of individuals showed consistent
forelimb preferences, no population-level task specialization was
found. Ivanco et al. (1996) reported left-limb preference for skilled
reaching in grey short-tailed opossums, Monodelphis domestica
(Didelphimorphia), although they were cautious in their conclusions owing to a small sample size. In addition, one study reported
a kind of sensory laterality in a marsupial: stripe-faced dunnarts,
Sminthopsis macroura (Dasyuromorphia) were signiﬁcantly more
reactive to a model predator entering their left monocular visual
ﬁeld than one in the right or binocular visual ﬁelds (Lippolis et al.
2005). Importantly, this visual lateralization was consistent with
the lateralized perception of a fear stimulus found in placental
mammals, birds, reptiles, amphibians and ﬁsh (Cantalupo et al.
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1995; Rogers 2000; Lippolis et al. 2002; Rogers & Kaplan 2006;
Austin & Rogers 2007; Martín et al. 2010).
Despite such under-representation, marsupials demonstrate
a great number of ecological adaptations, lifestyles and preferred
locomotory habits and postures. Thus, they are vitally important
not only to ﬁll the gap in our knowledge of phylogenetic continuity
of manual laterality, but also to compare data on lateralized limb
use between the placentals and marsupials, two groups that
developed in parallel during evolution (see Luo et al. 2003; Karlen &
Krubitzer 2007); this could reveal common factors in determining
motor laterality expression. Furthermore, a number of morphofunctional brain peculiarities, including interhemispheric connections alternative to those seen in placental mammals (Heath &
Jones 1971; Karlen & Krubitzer 2007), make the investigation of
behavioural lateralization in marsupials of special interest.
For instance, sensory and motor cortex areas are considered to be
fully or partially overlapped in marsupials, whereas in placental
mammals the motor and sensory cortical regions tend to be
more spatially independent (Haight & Neylon 1979; Karlen &
Krubitzer 2007).
The most notable feature of the marsupial brain is the lack of the
corpus callosum. It has been inferred from studies in placental
mammals that expression of brain asymmetry is associated with
variation in the size of the corpus callosum (reviewed in Bloom &
Hynd 2005). In primates, neuroanatomical and functional asymmetries are inversely related to the corpus callosum size in both
intra- and interspeciﬁc comparisons (Hopkins & Rilling 2000;
Hopkins et al. 2007). In other words, as the degree of connectivity between homotopic regions of the cerebral hemispheres
decreases, the degree of laterality increases. The lack of interhemispheric commissural connections between the distal fore- and
hindlimb representative areas is typical of the sensorimotor cortex
of most placentals (Jones & Powell 1968; Iggo 1973). Birds, which
like many other vertebrates lack the corpus callosum (Spurzheim &
Willis 1826), do show highly pronounced motor lateralization
(reviewed in Giljov et al. 2011). One widely known example is
‘footedness’: population-level unilateral hindlimb preference, for
example in food manipulation in parrots (and some other birds;
Harris 1989; Rogers & Workman 1993; Tommasi & Vallortigara
1999; Csermely 2004; Baciadonna et al. 2010; Brown & Magat
2011). In the avian brain, the tectal and posterior commissural
system plays the role of an interhemispheric connector that was
found to suppress brain functional lateralization in chickens, Gallus
gallus domesticus (Parsons & Rogers 1993): sectioning of these
commissures led to increased pecking of small beads preferentially
in the right visual hemiﬁeld in one-eye test procedures.
As an alternative for the hemispheric cross-talk, interhemispheric connections are realized in marsupials via enlarged anterior
commissures and, in diprotodont marsupials (such as kangaroos
and wallabies), additionally via a unique pathway, the fasciculus
aberrans (Heath & Jones 1971; Karlen & Krubitzer 2007). The role of
the between-hemispheric connection in the appearance of lateralization in marsupials is unknown, but in contrast to placentals,
there is no part of the marsupial motor cortex that has no interhemispheric connections (Heath & Jones 1971). Taking into account
the inverse relationship between the degree of interhemispheric
connectivity and brain lateralization found in placentals and suspected for birds, the low level of independence between the
hemispheres of the marsupial brain could predict relatively weak
expression of motor asymmetry in this taxon. Whether it is indeed
so is not known.
One of the best documented factors inﬂuencing the expression
of manual laterality discovered in primates is the subject’s posture.
An increase in one-hand preference has been observed when
experimental subjects had to reach a food item from a bipedal

compared to a quadrupedal position (reviewed in Ward 1995;
Westergaard et al. 1998a). This phenomenon took place irrespective of the particular direction of preference. While in monkeys
and great apes the bipedal posture favours the use of the right hand
(Olson et al. 1990; Hopkins 1993; Hopkins et al. 1993; Spinozzi &
Truppa 1999; Blois-Heulin et al. 2006, 2007), in prosimians it is
associated with preferential use of the left hand (Larson et al. 1989;
Ward et al. 1990; Dodson et al. 1992; Ward et al. 1993). Moreover, in
prosimians a correlation was found: the more vertical body orientation a species had, the stronger was the bias to use one hand
(Ward et al. 1993; Ward 1995). Somewhat similar tendencies can be
traced in the great apes. The bipedal stance is relatively more
characteristic of chimpanzees, Pan troglodytes, and bonobos, Pan
paniscus, than of gorillas, Gorilla gorilla, and orang-utans, Pongo
pygmaeus (Tuttle 1986); and indeed it is in chimpanzees and
bonobos that population-level manual laterality is most
pronounced among the great apes (Hopkins 2006). Finally,
extremely pronounced handedness is a notable characteristic of the
most bipedal primate species, the human (Perelle & Ehrman 1994;
Annett 2002). Thus, it seems that bipedal posture may inﬂuence in
a certain way the strength of manual laterality; however, the
reasons for this phenomenon are still unknown and demand
further investigation.
According to the postural origins theory of neurobiological
asymmetries (MacNeilage et al. 1987; MacNeilage 1991, 2007) in its
simpliﬁed form, primate handedness evolved through selection
pressures that favoured lateralized forelimb use for postural
support and feeding. Initially, in arboreal primates the right-hand
(left brain hemisphere) preference for postural support evolved
together with the left-hand (right hemisphere) preference for
visually guided prey capture movements. In the second stage, in
semiterrestrial and then terrestrial species, postural demands
became less important and the right hand took the dominating role
in ﬁne manipulation and bimanual coordination. However, it is
argued that the left hand remained preferred in tasks with low
manipulatory requirement such as simple reaching for food items.
In spite of a number of conﬂicting ﬁndings, many modern studies
support the postural origins theory and it is still the only theory
that most fully explains how pronounced handedness emerged and
evolved within the primate order (MacNeilage 2007). In the context
of this theory, motor lateralization of terrestrial marsupials with
arboreal ancestry, to which wallabies belong, could be compared
with that of terrestrial primates. Marsupials and particularly
wallabies and kangaroos could therefore serve as a valuable
comparison because of their bipedalism, which can only be found
in a few mammalian clades (Walton 1989).
Hence, the main aim of this study was to explore whether
a representative of bipedal hopping marsupials, the red-necked
wallaby, shows forelimb preference at the individual and/or population level, and investigate possible postural effects on such
preference. The chosen species is a member of the Macropodidae
family, containing kangaroos and wallabies, the animals that use
bipedal locomotion as their primary gait, but move on all four legs
at slow speeds (Windsor & Dagg 1971; Hume et al. 1989). The ability
to maintain quadrupedal and bipedal postures equally successfully
makes the red-necked wallaby a particularly suitable species for the
study of postural effects on motor asymmetry.
METHODS
Subjects
Data were collected from 13 adult males and 14 adult females
(2 years old) and six immature (sex was not deﬁned) red-necked
wallabies. All the immature individuals were 7e10 months old,
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total each individual was ﬁlmed for approximately 24e50 h
depending on its activity.
Individual identiﬁcation was based on natural scars and individual features of colour pattern. In addition to natural markings, in
Zoobotánico Jerez and Tierpark Berlin we also used the pre-existing
artiﬁcial individual earmarks. Data collection proceeded with
permission from each zoo administration, and did not lead to any
changes in the usual housing conditions. To minimize the
researcher’s inﬂuence on the animal’s behaviour, video recordings
were conducted from outside the enclosure.
Mature and immature wallabies differed in the number of
behaviours for which unimanual actions could be evaluated. For
mature individuals laterality in forelimb use was studied in three
types of behaviour. From video recordings we scored the number of
times a subject used the right or the left forelimb to reach a food
item, to support the body in the tripedal stance and in autogrooming. Preference in unimanual food reaching was assessed by
noting the forelimb used to pick up freshly cut grass or hay, which
was placed daily by the zoo staff in the enclosures. The body
position (bipedal or quadrupedal) from which the individual
reached the food item was registered. The bipedal position was
deﬁned as standing on hindlimbs only with both forelimbs
free before starting unimanual feeding (Fig. 1a). Reaching from a
quadrupedal position was counted as such when the subject
maintained all limbs on the ground prior to using one of the forelimbs to grasp the food (Fig. 1b).
The tripedal stance, achieved with asymmetrical forepaw use, is
deﬁned as follows: the individual was resting on its hindlimbs and
one forelimb, holding the other forelimb over the surface of the
ground (Fig. 1c). The same posture has previously been described as
species typical for Mongolian gerbils, Meriones unguiculatus, and
has been compared to the posture of a hunting dog, Canis familiaris,
while on point (Clark et al. 1993). However, red-necked wallabies

when the young at foot still continued suckle feeding. The sample
consisted of individuals from ﬁve zoos: Kaliningrad Zoo, Russia:
three males (subjects 9e11 in Table 1), six females (14e19), six
juveniles; Moscow Zoo, Russia: seven males (1e3, 5e8), two
females (22, 23); Zoobotánico Jerez, Spain: two males (12, 13), four
females (24e27); Tierpark Berlin, Germany: two females (20, 21);
Leningradsky Zoopark, Russia: one male (4). Observations were
carried out in August 2008 in Leningradsky Zoopark, in August
2009 in Moscow Zoo, in June 2010 in Tierpark Berlin, in July 2010 in
Kaliningrad Zoo and in March 2011 in Zoobotánico Jerez. All
animals were captive born and were kept in open-air enclosures
(50e210 m2) with a covered sleeping compartment. The male in
the Leningradsky Zoopark was housed solitarily, while animals in
other zoos were living in mixed-sex social groups. Animals were fed
daily in the morning. The diet was dependent on the zoo, but
mostly consisted of vegetables, fruits, bread, hay and fresh grass.
Procedure
We video recorded the unimanual behaviours of red-necked
wallabies during their usual daily activities. In each zoo, observations were carried out for 4e6 h per day during 10e12 consecutive
days, with the exception of Zoobotánico Jerez, where observations
lasted 4 consecutive days. Observations consisted of morning and
evening sessions, corresponding to periods of the animals’ highest
activity. Video recordings were carried out from two standpoints
with two video cameras simultaneously, which allowed ﬁlming the
behaviour of several individuals at the same time. We ﬁlmed those
animals that were active and performed unilateral actions. The total
time of recording depended on the activity of an animal and the
number of acts recorded. When we had collected enough acts from
active animals, we shifted attention to others that were less active,
that is, those from which not enough acts had yet been collected. In

Table 1
Individual forelimb preferences for feeding from the bipedal/quadrupedal position and supporting the body in the tripedal stance
Subject

Sex

Feeding

Tripedal stance

Bipedal

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

M
M
M
M
M
M
M
M
M
M
M
M
M
F
F
F
F
F
F
F
F
F
F
F
F
F
F

Quadrupedal

HI

z

Pref

HI

z

Pref

HI

z

Pref

0.50
0.67
0.75
0.42
0.67
0.58
0.92
0.58
0.42
0.17
0.50
0.83
0.50
0.25
0.75
0.42
0.50
0.00
0.75
0.58
0.33
0.08
0.67
0.75
0.58
0.67
0.58

2.45
3.27
3.67
2.04
3.27
2.86
4.49
2.86
2.04
0.82
2.45
4.08
2.45
1.22
3.67
2.04
2.45
0.00
3.67
2.86
1.63
0.41
3.27
3.67
2.86
3.27
2.86

L
L
L
L
L
R
L
L
L
A
L
L
L
A
L
L
R
A
L
L
A
A
L
L
L
L
L

0.17
0.00
0.17
0.08
0.17
0.25
0.50
0.08
0.17
0.08
0.25
0.17
0.42
0.08
0.33
0.17
0.17
0.08
0.17
0.00
0.00
0.25
0.17
0.50
0.25
0.33
0.08

0.82
0.00
0.82
0.41
0.82
1.22
2.45
0.41
0.82
0.41
1.22
0.82
2.04
0.41
1.63
0.82
0.82
0.41
0.82
0.00
0.00
1.22
0.82
2.45
1.22
1.63
0.41

A
A
A
A
A
A
L
A
A
A
A
A
L
A
A
A
A
A
A
A
A
A
A
L
A
A
A

0.77
0.25
0.47
0.70
0.21
0.51
0.09
0.55
0.89
0.06
0.66
0.92
0.74
0.43
0.62
0.09
0.13
0.02
0.06
0.58
0.17
0.21
0.40
0.47
0.55
0.74
0.36

5.63
1.79
3.43
5.08
1.51
3.71
0.69
3.98
6.46
0.41
4.81
6.73
5.36
3.16
4.53
0.69
0.96
0.14
0.41
4.26
1.24
1.51
2.88
3.43
3.98
5.36
2.61

R
A
R
R
A
R
A
L
R
A
R
L
R
R
R
A
A
A
A
R
A
A
R
R
R
R
L

HI: handedness index; z: z score: positive values indicate leftward bias, negative values indicate rightward bias; Pref: forelimb preference; L: left forelimb; R: right forelimb;
A: ambipreferent.
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Figure 1. Unimanual actions of red-necked wallabies: (a) feeding from the bipedal position, (b) feeding from the quadrupedal position, (c) supporting the body with one forelimb in
the tripedal stance and (d) one forelimb use during milk suckling in immature individuals.

took this position by putting one of the forelimbs on the ground,
while previously being in the bipedal position, whereas dogs and
gerbils raise one of the forelimbs while being initially in the
quadrupedal position. We recorded which forelimb was used for
body support and which one was held in the air.
To reveal forelimb preference during autogrooming, we counted
only the acts in which the subject groomed the snout, the area that
by deﬁnition is equidistant from either forelimb (Fig. 2). This
behaviour was observed only in the bipedal position, while the
grooming action in the quadrupedal position was performed rarely
and entirely by a hindlimb.
In immature wallabies we recorded one forelimb use, during
milk suckling, since other unimanual behaviours (including those
typical for mature individuals) were observed very rarely. Prior to
suckling, the young at foot put their head into the mother’s pouch
and simultaneously pulled down the edge of the pouch with both
forelimbs. When it started suckling the young wallaby usually put
one of the forelimbs on the ground, while the other forelimb
remained in the pouch (Fig. 1d). We registered which forelimb it
used to pull down the pouch and which forelimb was lowered on
the ground.
To obtain discrete responses for each behaviour (of both mature
and immature individuals), a single unimanual act was taken into
account if the subject moved into a new location (made at least four
or ﬁve steps) within the enclosure after the previous response was
scored. Cases when the unimanual action was performed from
a biased position, for example when the animal’s body was initially
turned to one side, were discarded from the analysis.
Data Analysis
Since the observations were never characterized by any disturbances in conditions (light, equipment, etc.) inside or outside the
enclosures with animals, and because the observations were
carried out from the outside, that is, the side of the zoo visitors, we
assumed that the possible inﬂuence of the researchers was kept to
a minimum. Also, we recorded natural behaviours, which had taken

Figure 2. Typical posture during the unimanual autogrooming of the snout area.
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place before and lasted after the period of observations, not
repeated measures in experimental conditions; hence, we assumed
that the effect of learning could be ignored, and that all sets of data
were random. Therefore, for each type of behaviour from a total
number of unimanual acts obtained per individual, we used for data
analysis only the ﬁrst n acts recorded and this n equalled the
smallest value obtained per individual in the group in the respective type of behaviour. This further allowed us to maximize
comparability of between-individual scores. Thus, we obtained an
equal number of unimanual acts per individual within each
behaviour type before the analysis began. Further analysis depended on the type of behaviour of the wallabies.
For unimanual feeding (separately for bipedal and quadrupedal
positions) and maintaining of the tripedal stance we used the
following set of statistics for data analysis.
First, the direction of forelimb preference in each type of behaviour for each animal was determined by calculating an individual z
score on the basis of the total number of left and right forelimb
responses using the binomial test. Based on their z scores, the
subjects were categorized as left-hand preferent (z  1.96), righthand preferent (z  e1.96) or ambipreferent (e1.96 < z < 1.96) in
a given type of behaviour. An alpha value of 0.05 was adopted for all
analyses. Chi-square analysis was then performed to determine
whether the distribution of left-preferent, right-preferent and
ambipreferent individuals differed from chance. Comparison
between the numbers of left- and right-lateralized individuals was
carried out using a G test (log-likelihood ratio chi-square test).
Second, the degree of individual lateral bias was identiﬁed by
calculating an individual handedness index (HI) using the formula:
(left forelimb use e right forelimb use)/(left forelimb use þ right
forelimb use). The HI varied between e1.0 and 1.0, indicating right
and left forelimb bias, respectively. Absolute values of HI (ABS-HI)
reﬂect the strength of individual manual preference without
considering the direction of the preference.
Third, the effect of sex on both the direction (based on HI scores)
and the strength (based on ABS-HI scores) of limb preferences in
each type of behaviour was examined using ManneWhitney
U tests. In addition Friedman’s test (based on HI scores for direction
and based on ABS-HI scores for strength) was carried out to estimate the effect of behaviour type on laterality. Post hoc Dunn’s
multiple comparison tests were subsequently conducted to
compare both the direction and the strength of limb preferences
between pairs of types of behaviours. One-sample t tests with zero
as the hypothetical mean value were run using the individual HI
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scores to explore population-level preference of the three behaviour types.
Fourth, KruskaleWallis tests were used to determine possible
inﬂuence of the subjects’ location (different zoos) on their forelimb
preferences (direction based on HI scores and strength based on
ABS-HI scores) for each type of behaviour.
Finally, a Pearson productemoment correlation was used to
examine whether the subjects’ paw preference across the types of
manual actions was stable or changing.
Several authors have noted that assessment of only one or two
types of unimanual actions cannot clearly characterize motor
lateralization of a species (MacNeilage 1993; Rogers 2009). Thus,
we tried to explore as many behaviour types, in which one forelimb
is used, as possible. Two types of behaviours, unimanual snout
autogrooming in adults and milk suckling with asymmetrical
forelimb use in immature individuals, were observed relatively
rarely. Therefore, owing to the limited amount of data, individual HI
scores were not calculated for these behaviours and analysis was
based on the actual number of observed unimanual acts. For
subjects that performed 10 or more unimanual acts limb preferences were estimated using a binomial test.
RESULTS
Feeding and Tripedal Stance Support
Distribution of limb preferences
The individual forelimb preferences for unimanual feeding are
shown in Table 1. After we reduced the data for each subject to the
smallest value obtained in the group, there were 24 unimanual acts
per individual both for feeding from the bipedal position and for
feeding from the quadrupedal position. For feeding from the
bipedal position the sample was divided into three categories on
the basis of individual binomial z scores for lateralization: 20
wallabies (74.1%) were classiﬁed as left-hand preferent, two (7.4%)
as right-hand preferent and ﬁve (18.5%) as ambipreferent (Fig. 3).
This distribution of forelimb preferences differed signiﬁcantly from
chance (c22 ¼ 20.67, P < 0.001). Signiﬁcantly more individuals were
lateralized than were ambipreferent (G1 ¼ 11.56, P < 0.001). The
great majority of lateralized individuals demonstrated left-hand
preference (G1 ¼ 17.09, P < 0.001). In contrast, when feeding from
the quadrupedal position 24 animals (88.9%) had no preferred
forelimb and only three individuals (11.1%) showed a preference to
use the left forelimb (Fig. 3). Signiﬁcantly more individuals were

Distribution of individual
preferences (%)

100
90
80
70
60
50
40
30
20
10
0

L

R

A

Feeding from
bipedal position

L

R

A

Feeding from
quadrupedal position

L

R

A

Supporting of
tripedal stance

Figure 3. Percentage distribution of left-handed (L), right-handed (R) and ambipreferent (A) individuals for unimanual feeding from bipedal and quadrupedal positions and
supporting of tripedal stance. N ¼ 27.
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ambipreferent than lateralized (G1 ¼ 18.59, P < 0.001). Comparison
of the number of lateralized individuals for feeding from the
bipedal versus quadrupedal position showed that signiﬁcantly
more wallabies were lateralized for feeding from the bipedal
position (G1 ¼ 16.31, P < 0.001).
The individual forelimb preferences for supporting the body in
the tripedal stance are shown in Table 1. After data cutting, we
obtained 53 cases of tripedal positioning per individual. On the
basis of individual binomial z scores three animals (11.1%) were
classiﬁed as left-hand preferent (i.e. preferred to lean on the left
forelimb), 14 (51.9%) as right-hand preferent (i.e. preferred to lean
on the right forelimb) and 10 (37.0%) were ambipreferent (Fig. 3).
This distribution of manual preference differed signiﬁcantly from
that expected by chance (c22 ¼ 6.89, P ¼ 0.032). The number of
lateralized and nonlateralized subjects did not differ signiﬁcantly
(G1 ¼ 1.84, P ¼ 0.176). However, among the former signiﬁcantly
more wallabies were classiﬁed as right-hand preferent (G1 ¼ 7.72,
P ¼ 0.006).
Direction of limb preferences
Comparison of HI scores for individuals from different zoos
failed to reveal any difference, either in the unimanual feeding
(KruskaleWallis test: from bipedal position: H4 ¼ 4.95, P ¼ 0.293;
from quadrupedal position: H4 ¼ 1.68, P ¼ 0.794) or in the supporting of the tripedal stance (H4 ¼ 1.59, P ¼ 0.816); therefore we
further analysed the group as a whole.
The direction of limb preferences for feeding from bipedal and
quadrupedal positions and maintaining of the tripedal stance was
not signiﬁcantly inﬂuenced by the animals’ sex (ManneWhitney U
test: feeding from bipedal position: U ¼ 82.00, N1 ¼ 13, N2 ¼ 14,
P ¼ 0.678; feeding from quadrupedal position: U ¼ 86.50, N1 ¼ 13,
N2 ¼ 14, P ¼ 0.845; maintaining of the tripedal stance: U ¼ 74.00,
N1 ¼ 13, N2 ¼ 14, P ¼ 0.423). However there was a signiﬁcant effect
of the type of behaviour on the direction of forelimb preference
(Friedman’s test: c22 ¼ 30.52, P < 0.001).
The HI values for feeding from the bipedal position were
signiﬁcantly more leftward than HI values for feeding from the
quadrupedal position (post hoc Dunn’s test: P < 0.01), while HI
values for supporting of the tripedal stance did not differ signiﬁcantly from HI values for feeding from the quadrupedal position
(post hoc Dunn’s test: P < 0.01). At the same time direction of
manual preferences during bipedal feeding and supporting the
body in the tripedal stance differed signiﬁcantly (post hoc Dunn’s
test: P < 0.001).
Signiﬁcant population-level left-forelimb preference was found
for feeding from the bipedal position (mean HI ¼ 0.45  0.07; onesample t test: t26 ¼ 6.28, P < 0.001), while for feeding from the
quadrupedal position no population bias was revealed (mean
HI ¼ 0.08  0.04; one-sample t test: t26 ¼ 1.81, P ¼ 0.082; Fig. 4).
For supporting the body in the tripedal stance wallabies preferred
to use the right forelimb (mean HI ¼ e0.27  0.08; one-sample t
test: t26 ¼ 3.17, P ¼ 0.004; Fig. 4).
Strength of limb preferences
No statistically signiﬁcant differences were revealed between
ABS-HI scores of individuals from different zoos, either in the
unimanual feeding (KruskaleWallis test: from bipedal position:
H4 ¼ 7.33, P ¼ 0.120; from quadrupedal position: H4 ¼ 8.88,
P ¼ 0.064) or in the supporting of the tripedal stance (Kruskale
Wallis test: H4 ¼ 6.37, P ¼ 0.173).
ManneWhitney U tests failed to reveal any signiﬁcant effect of
sex on the strength of manual preferences either in supporting of
the tripedal stance (U ¼ 55.00, N1 ¼ 13, N2 ¼ 14, P ¼ 0.085) or in
feeding from the bipedal (U ¼ 79.00, N1 ¼ 13, N2 ¼ 14, P ¼ 0.574) or
quadrupedal (U ¼ 89.00, N1 ¼ 13, N2 ¼ 14, P ¼ 0.940) positions.
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Figure 4. Direction of limb preferences (N ¼ 27). Mean HI scores SE for unimanual
feeding from bipedal and quadrupedal positions and supporting of tripedal stance
(positive values indicate left lateral bias, negative values indicate right lateral bias).
*P < 0.01.

However, the strength of manual preferences was signiﬁcantly
associated with the type of behaviour (Friedman’s test: c22 ¼ 18.30,
P < 0.001). In feeding from the bipedal position and supporting the
body in the tripedal stance wallabies demonstrated stronger forelimb preferences than when feeding from the quadrupedal position
(post hoc Dunn’s test: P < 0.001 and P < 0.05, respectively), while
there was no difference in strength of laterality between supporting the body in the tripedal stance and feeding from the bipedal
position (post hoc Dunn’s test: P > 0.05).
Consistency between types of behaviour
A signiﬁcant positive correlation was found between the HI
scores for feeding from the bipedal and quadrupedal positions
(Pearson productemoment correlation: r25 ¼ 0.48, P ¼ 0.011).
There was no signiﬁcant correlation between bipedal feeding and
supporting the body in the tripedal stance (r25 ¼ 0.03, P ¼ 0.872),
and between quadrupedal feeding and supporting the body in the
tripedal stance (r25 ¼ e0.23, P ¼ 0.247).
Autogrooming and Milk Suckling
For the subset of nine wallabies (ﬁve males and four females)
that performed 10 or more unimanual acts, the majority (seven of
nine) displayed signiﬁcant individual preferences to use the left
forelimb in autogrooming (binomial z scores: 2.07e3.91, P < 0.039).
The remaining two wallabies showed no forelimb preferences in
this type of behaviour (binomial z scores: z ¼ 0.60, P ¼ 0.549 and
z ¼ 1.45, P ¼ 0.146).
Milk suckling with asymmetrical forelimb use was studied in six
immature wallabies. After pulling down the mother’s pouch with
both forelimbs all individuals more often put their right paw on the

Author's personal copy

A. Giljov et al. / Animal Behaviour 83 (2012) 525e534

ground and continued to pull down the pouch with the left paw. For
two of these animals 10 and more acts of asymmetrical hand use
were recorded. Both preferred to pull down the mother’s pouch
with the left forelimb simultaneously supporting the body with the
right paw (10/10 acts; binomial z score: z ¼ 3.09, P ¼ 0.002; 11/12
acts; binomial z score: z ¼ 2.73, P ¼ 0.006). Another four animals
used their left forelimb for pulling down the mother’s pouch in 8/8,
4/7, 5/5 and 4/5 recorded acts, respectively.
DISCUSSION
We have shown that captive red-necked wallabies displayed
pronounced individual and population-level preferences in forelimb use during two types of their usual daily activity, feeding from
the bipedal position (left forelimb preferred) and supporting of the
tripedal stance (right forelimb preferred). Additionally, on a smaller
sample, we found that most wallabies displayed signiﬁcant individual preferences to use the left forelimb in autogrooming. During
milk suckling, all the immature individuals more often used their
left forelimb for pulling down the mother’s pouch and simultaneously supported the body with the right forelimb. Along with
previous reports (Megirian et al. 1977; Ivanco et al. 1996; Lippolis
et al. 2005), our results thus indicate that members of at least
three marsupial orders (Didelphimorphia, Diprotodontia, Dasyuromorphia) show some kind of behavioural laterality. Moreover,
despite the considerable differences in brain organization
compared to placentals, marsupials showed clear functional
asymmetries at the level of individual and population. Despite an
assumption of probable low level of expression of motor asymmetry in marsupials, the results of our study indicate that this
asymmetry is actually comparable to that observed in placentals.
Notably, adults and young wallabies seemed to demonstrate
a similar pattern of division of functions, and, therefore, the motor
lateralization of their forelimbs. Indeed, age could be a factor
affecting manual laterality (Ward et al. 1990; Boesch 1991;
Westergaard & Suomi 1993). In various primate species, young
individuals demonstrate weaker (Ward et al. 1990; Westergaard &
Suomi 1993) or stronger (Boesch 1991) hand preferences than
adults. However, in most cases researchers have failed to reveal
signiﬁcant age differences in lateralized motor activity (Byrne &
Byrne 1991; Hopkins 1993; King 1995; Vauclair et al. 2005;
Meguerditchian et al. 2010). Although we did not aim to compare
limb preferences in red-necked wallabies of different ages, and we
obtained insufﬁcient data for qualitative statistical analysis, the
immature individuals showed a tendency in asymmetrical forelimb
use resembling that seen in adults. Namely, during milk suckling
from the mother’s pouch, all individuals more often put their right
paws on the ground to support the body and used their left paws to
pull down the edge of the pouch. For two subjects such a division of
functions between forelimbs was signiﬁcantly preferred. In
a similar manner, adult wallabies preferred to support the body in
tripedal stance with the right forelimb, whereas they fed bipedally
and groomed the snout with their left forelimb. Thus, adult and
young individuals tended to display the same pattern of motor
lateralization: support with the right forelimb and manipulation
with the left forelimb.
In snout autogrooming seven of nine adults displayed a signiﬁcant preference to use their left forelimb, whereas the remaining
two wallabies showed no preference. In primates the expression of
hand preferences for self-directed manual actions varies across
species. Like most of the red-necked wallabies in snout grooming,
free-ranging orang-utans demonstrated signiﬁcant left-hand preference for scratching and for ﬁne manipulation of parts of the face,
and this preference was stronger than observed in touching
other parts of the body (Rogers & Kaplan 1996). However, no
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population-level biases were found for self-touching in bonobos,
chimpanzees and gorillas (Hopkins 2006; Meguerditchian &
Vauclair 2009). It appears that grooming and self-touching are
behaviours that can be lateralized in relation to a speciﬁc aspect of
the species’ behaviour. In addition, in tufted capuchins, Cebus
apella, the presence of individual lateral bias for self-directed
behaviour is associated with using tools (Westergaard et al. 1998b).
We also did not ﬁnd a signiﬁcant effect of sex on either direction
or strength of wallabies’ limb preferences. Sex differences in motor
laterality have been reported in many mammalian species (Ward
et al. 1990; Betancur et al. 1991; Clark et al. 1993; Hopkins &
Leavens 1998; Bianki & Filippova 2000; Wells 2003; Quaranta
et al. 2004; Murphy et al. 2005; Bennett et al. 2008; Humle &
Matsuzawa 2009; Wells & Millsopp 2009; McGreevy et al. 2010).
In domestic cats, Felis catus, and dogs, for instance, males and
females show oppositely directed task specializations for forelimb
use (Wells 2003; Wells & Millsopp 2009; McGreevy et al. 2010),
while in primates sex differences in manual laterality are usually
less pronounced (Ward et al. 1990; Bennett et al. 2008; Humle &
Matsuzawa 2009). Furthermore, in a number of studies comparison of limb preferences between the sexes revealed no signiﬁcant
differences at all (Lehman 1980; Vauclair & Fagot 1987; King 1995;
Harrison & Byrne 2000; Vauclair et al. 2005; Meunier & Vauclair
2007; Lhota et al. 2009). Our analysis did not reveal noticeable
sex differences in limb preferences either.
The left-forelimb preference for simple actions such as food
reaching (in bipedal stance) or autogrooming in red-necked
wallabies is consistent with part of MacNeilage’s theory of
postural origin of behavioural lateralization in primates, which
describes the left-hand specialization not only in prey capture in
arboreal species, but also in simple reaching in terrestrial species.
Since red-necked wallabies are mainly herbivorous and do not
usually display complex manipulative or bimanual actions, the
right forelimb performs the supportive function revealed by the
preference to lean on the right paw in the tripedal stance. The
absence of any correlation between the manual biases in feeding
and supporting the body in the tripedal stance emphasizes the
independence of these two lateralized functions. If the neural basis
of manual laterality in primates and marsupials is in general the
same, it may be suggested that, much as in primates, at a certain
step of evolution, two separate functional systems emerged in
marsupials: the right-hemispheric control of reaching movements
and the left-hemispheric control of posture support. If this is the
case, such laterality most likely ﬁrst appeared in arboreal ancestors
of kangaroos and wallabies (Dawson 1995), because the arboreal
lifestyle favoured the emergence of increased manual laterality in
early primates (MacNeilage et al. 1987; MacNeilage 1991). As a good
example of the same separation of functions between forelimbs in
arboreal primates, as we saw in wallabies, sifakas (Propithecus spp.)
show a left-hand bias for feeding and right-hand bias for postural
support (Milliken et al. 2005). Thus, it is possible that in the
evolution of their motor laterality, macropod marsupials partly
followed similar steps to those made independently by primates.
Alternatively, given the early divergence and parallel evolution of
marsupial and placental orders (Luo et al. 2003; Karlen & Krubitzer
2007), the division of functions between the hemispheres to
control body posture and manipulatory activity by contralateral
hemispheres could have evolved even before the marsupialseplacentals split.
Lateralized forelimb actions with simultaneous postural
demand, somewhat similar to those observed in mammals, have
been noted even in amphibians. However, other mechanisms seem
to govern the increase in motor laterality in this taxon. For example,
in frogs, when they wipe a wet paper or other object from the
snout, one forelimb is used to manipulate the object, while the
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other one supports the forepart of the body in a transient tripedal
stance. Semiaquatic species, such as ﬁre-bellied toads, Bombina spp.
do not show pronounced laterality in snout-wiping tests (Goree &
Wassersug 2001; Malashichev & Nikitina 2002). This low laterality has been explained by weakness of the forelimbs in semiaquatic species, and by being more inﬂuenced by the asymmetric
structure of the shoulder girdle, rather than brain hemispheric
specializations (Malashichev 2002). On the other hand, in species
with more robust forelimbs, such as terrestrial toads and arboreal
treefrogs, the degree of motor laterality in this task, requiring
involvement of both forelimbs, is substantially higher and sometimes could be comparable with that found in mammals (Bisazza
et al. 1996, 1997; Robins et al. 1998; Robins & Rogers 2002;
Malashichev 2006). In these amphibians, the interspeciﬁc differences in the expression of motor lateralization in snout-wiping
tests are associated with the type of preferred gait (symmetric
versus asymmetric), and not with the particular phylogenetic
position or ecological specialization, such as an arboreal lifestyle
per se (Malashichev 2006). Although the particular direction of the
behavioural asymmetry varies between Bufo species, this
phenomenon is still not properly explained (Bisazza et al. 1996;
1997; Malashichev 2002, 2006; Sovrano 2007).
The hypothesis regarding the division of forelimb functions in
wallabies remains controversial, because of the lack of laterality in
feeding from a quadrupedal position. A signiﬁcant positive correlation was found between individual biases in feeding from the
quadrupedal and bipedal positions. However, 95% of subjects did
not demonstrate individual limb preferences for feeding from
a quadrupedal position. The analysis revealed no signiﬁcant population bias either. Performing reaching actions from the quadrupedal position was similar to performing these actions from the
bipedal position, and postural demands were comparable with
those in the tripedal stance (Fig. 1aec). Taking into account the
left-paw preference for feeding (from the bipedal position) and
right-paw preference for body support, one would expect the same
lateralized division of functions between the forelimbs during
feeding from the quadrupedal position; however, this was not the
case. One possible explanation of these results could be the effect of
posture on manual laterality.
The inﬂuence of bipedal posture on the expression of hand
preference for reaching is well documented in primates. In many
species bipedal position has been determined as a factor increasing
manual laterality (Larson et al. 1989; Olson et al. 1990; Ward et al.
1990, 1993; Dodson et al. 1992; Hopkins 1993; Hopkins et al. 1993;
Ward 1995; Westergaard et al. 1998a; Spinozzi & Truppa 1999;
Blois-Heulin et al. 2006, 2007). Moreover, bipedal actions have
been shown to favour not only hand preferences, but also lateralized foot use in at least one primate species (Zhao et al. 2008). The
common experimental procedure for exploring the posture effect
includes placing a food item either at the level of the cage ﬂoor to
induce quadrupedal reaching or at the level corresponding to the
shoulder height of an upright subject to induce bipedal reaching
(reviewed in Westergaard et al. 1998a). In the present study captive
red-necked wallabies were observed during their usual daily
activity and bipedal or quadrupedal actions were not artiﬁcially
facilitated. There was no signiﬁcant effect of location (zoo) either on
the direction or on the strength of limb preferences. All unimanual
behaviours of the adult subjects could be divided into those performed from the bipedal and from the quadrupedal posture. Only
during feeding from a quadrupedal posture did the animal hold the
position prior to using one of the forelimbs. In contrast, to take
a tripedal stance, wallabies, initially bipedal, stepped down on one
of the forelimbs. Initial bipedal positioning was also typical for
autogrooming and feeding from the bipedal position. Thus, the
unimanual actions started in the bipedal position demonstrated

a lateralization, whereas the actions started from the quadruped
position did not. Similar to primates, in red-necked wallabies the
bipedal posture could favour the expression of motor preferences,
while the direction of these preferences depended on the nature of
the task.
Investigators of primate behaviour have so far not come to
a consensus concerning possible mechanisms mediating a postural
effect on manual laterality. The postural instability of the body and
speciﬁc neural activation associated with balance maintenance
have been suggested to promote an increased strength of lateralization in primates (Larson et al. 1989; Ward et al. 1993; Ward 1995).
However, this does not seem to be an appropriate explanation of
the postural effect found in wallabies, since the striking disproportion between fore- and hindlimbs allows them to maintain
a bipedal stance continuously. Thus, as our results indicate, the
bipedal position can increase the laterality in forelimb use even if it
does not lead to postural instability. Nevertheless, we cannot
exclude a possible inﬂuence of postural instability on neural system
laterality during early (and arboreal) evolution of macropods.
According to another hypothesis, postural differences in the degree
of forelimb preferences in apes may be caused by the use of
different types of grips in the bipedal and quadrupedal positions
(Hopkins et al. 2002). However, this explanation is not applicable
for wallabies, since they apparently do not display ﬁne manipulation and precision grips comparable with those observed in
primates.
Overall, the ﬁndings of the present study demonstrate remarkable parallels in the expression of forelimb preferences between
macropod marsupials and primates, which perhaps were deﬁned
by similar steps of their evolution, speciﬁcally by the transition
from an arboreal to a terrestrial lifestyle. These results give
potential grounds to search for common mechanisms or factors
inﬂuencing the expression of laterality in marsupial and placental
mammals.
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