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Abstract One of the important aspects of the animal social
behavior is the laterality in perception of conspecifics.
Spatial laterality in adult–infant interactions is usually re-
vealed in primates as a cradling/holding bias in adults or
nipple preference in infants. The origin and function of such
biases, however, remain unclear. Here, we investigated spa-
tial laterality in adult–infant pairs in beluga whales from two
geographically distinct locations using aerial photography
analysis. In addition, behavioral observations on individual-
ly identified mother–infant pairs at a belugas’ breeding
aggregation were conducted to assess the infants’ age influ-
ence on the lateralization in pairs. A general preference of
the calves to position themselves to the right of the accom-
panied adult was found. We failed to reveal any influence of
geographical location, presence or relative position of other
individuals escorting the adult–infant pair, and position of
the calf along the body of the escorting adult. A significant

right-sided bias in infants’ position was present in all age
classes, but 2–6 months-old belugas were found to be stron-
ger lateralized, than the newborns and 7–18 months-old
calves. That may reflect age-related changes in infants’
motor and social behavior. We argue that the revealed
laterality is associated with the calves’ left eye–right hemi-
sphere preference in perceiving social stimuli, and we then
discuss its possible advantages. Pronounced adult–infant
spatial laterality in condition (unlike that seen in primates)
when forelimbs do not directly determine subjects’ relative
positioning suggests sensory lateralization alone to be the
determining factor.
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Introduction

One of the aspects of social behavior, which recently has
received a considered attention of researchers, is its laterality
(Rosa Salva et al. 2012). Behavioral laterality―one-sided bias
in any behavioral response―usually originates from general
differences in information processing styles between the two
brain hemispheres (Vallortigara and Rogers 2005; Vallortigara
et al. 2011). While acknowledging species’ differences, the
general rule is that left eye–right hemisphere system is spe-
cialized for recognition and discrimination of social partners
in vertebrates that has been argued to derive from a more
general ability of the right brain to form a detailed and con-
textual representation of the observed objects. A preference
for left visual hemifield has been found in various manifesta-
tions of sociality ranging from sexual and aggressive interac-
tions to schooling and face recognition (Robins et al. 1998;
Peirce et al. 2000; Sovrano et al. 2001; Ventolini et al. 2005;
Karenina et al. 2013). The right eye–left hemisphere system
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may also play predominant role in some aspects of social
behavior, for instance, in categorization of a stimulus as a
conspecific (Rosa Salva et al. 2012).

Several studies clearly demonstrate that social laterality
may take place early in the ontogenesis. For instance, anuran
tadpoles and fish fry prefer to keep shoal mates in the visual
field of the left eye (Dadda et al. 2003; Sovrano and Andrew
2006; Karenina et al. 2013, but see Bisazza and Brown 2011
for interspecific and population differences). One of the earli-
est and strongest social bonds in mammals exists between
infants and parents. It is reasonable to suppose that like many
other aspects of sociality, the parent–infant interactions are
lateralized. In fact, it is now well established that in primates a
pronounced spatial lateralization takes place in relative posi-
tioning of adults and offspring (Damerose and Vauclair 2002).
The left-sided bias in infant holding has been found in humans
of various cultures and in different periods of history (e.g.,
Salk 1960; Saling and Tyson 1981; Saling and Cooke 1984;
Harris 2010). Intriguingly, human left-side cradling bias ex-
presses in different categories of holders: mothers (Salk 1960),
never-pregnant adult females (Saling and Tyson 1981), fathers
(Harris et al. 2007; Scola and Vauclair 2009), children (de
Château and Andersson 1976), and in different circumstances,
such as holding a real baby (Salk 1960), a doll (de Château
and Andersson 1976; Vauclair and Donnot 2005), and even a
dog (Abel 2010), or just during imagining of holding a baby
(Harris et al. 2000). The observational studies on non-human
primates (reviewed in Hopkins 2004) clearly showed that the
cradling laterality emerged definitely before Homo sapiens.
For instance, captive chimpanzees, Pan troglodytes, and go-
rillas, Gorilla gorilla, have population-level preferences to
cradle infants on the left (Manning and Chamberlain 1990;
Manning et al. 1994). Several primate species have been
studied in terms of infants’ preferences for one of the mother’s
nipples (reviewed in Hopkins 2004). A left-nipple preference
was reported for infants of wild chimpanzees (Nishida 1993),
captive rhesus macaques,Macaca mulatta (Tomaszycki et al.
1998) and bonobos, Pan paniscus (Hopkins and De
Lathouwers 2006); however, only individual nipple prefer-
ences were found in captive common marmosets, Callithrix
jacchus jacchus (Kaplan and Rogers 1998) and wild snub-
nosed monkeys, Rhinopithecus roxellana (Zhao et al. 2008).

Despite the growing body of evidence showing asymmetry
in parent–offspring positioning, the determining factors and
mechanisms of this phenomenon remain not fully understood.
A variety of hypotheses have been proposed to explain cra-
dling and nipple preferences (reviewed in Sieratzki and Woll
1996; Harris 2010). Some of them, currently discussed in the
literature, could be combined into two bunches: “handedness”
hypotheses and “sensory” hypotheses. The former are based
on the suggested link between parents’ or infants’ manual
preferences and positional asymmetry in a dyad (e.g.,
Hopkins 2004; Negayama et al. 2010; Scola and Vauclair

2010). For instance, Hopkins (2004) proposed that in primates
a greater strength of the right limbmay be a reason for infants’
positioning themselves preferably on the mother’s left side.
However, many empirical studies revealed the parent–infant
laterality to be unrelated to handedness (e.g., Salk 1960;
Bogren 1984; Reissland 2000; Bourne and Todd 2004;
Reissland et al. 2009). The “sensory” hypotheses rely on the
known dominate role of the left eye (ear)–right brain hemi-
sphere system in social responses like processing of emotions
and facial expressions (Sieratzki and Woll 1996). It has been
suggested that left-side cradling derives from the preference of
a parent to monitor the emotional state of the infant with the
left eye and ear (Manning and Chamberlain 1990; Manning et
al. 1997; Bourne and Todd 2004). Further, it has been pro-
posed that the cradling bias may have great significance for
the infant itself (Hendriks et al. 2011; Vervloed et al. 2011).
Left-sided positioning of the infant on the mother’s body is
argued to direct more maternal communication to the infant’s
right hemisphere, which is better in emotion recognition
(Sieratzki and Woll 1996). A more recent study showed that
visibility of the mother’s face from the infant’s point of view is
reduced when the infant is held on the right arm (Hendriks et
al. 2011). Thus, left-side cradling seems to provide optimal
flow of sensory information between the mother’s and the
infant’s right hemispheres what may provide significant ben-
efits to both and explain the emergence of such laterality in the
course of primate evolution. However, some studies do not
support the relationship between brain specialization and cra-
dling bias (e.g., Donnot and Vauclair 2007; Scola and Vauclair
2010), and after more than five decades of intensive research
(reviewed in Harris 2010), the issue about the nature of
parent–infant laterality remains open.

Primates are characterized by complex parent–infant spa-
tial interactions, partially due to a valuable involvement of
the forelimbs in the maintaining of proximity between in-
fants and adults. In many non-primate mammals, infants are
significantly more spatially independent from their parents,
and forelimbs are rarely or never used directly in parental
care. Investigation of such species can provide important
insight into the role of sensory perception in parent–infant
laterality. In a recent study (Karenina et al. 2010a), we
collected evidence of spatial asymmetry in mother–calf
pairs of wild beluga whales, Delphinapterus leucas.
Observations on one of the belugas’ breeding aggregation
in the White Sea revealed that the majority of calves spent
significantly more time on mother’s right side during both
surface swimming and diving. We argued that this bias was
a result of the calves’ preference to keep their mothers in the
visual field of the left eye caused by the right hemisphere
dominance in social information processing. Notably, dur-
ing the last two decades, a number of visually guided
behaviors were found to be highly lateralized in cetaceans
including common bottlenose dolphins, Tursiops truncatus
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(von Fersen et al. 2000; Kilian et al. 2000; Yaman et al.
2003; Kilian et al. 2005; Delfour and Marten 2006;
Thieltges et al. 2011; Blois-Heulin et al. 2012), Indo-
Pacific bottlenose dolphins, Tursiops aduncus (Sakai et
al. 2006), striped dolphins, Stenella coeruleoalba
(Siniscalchi et al. 2012), and beluga whales (Karenina
et al. 2010b). For instance, Kilian et al. (2000) and
Yaman et al. (2003) showed the right eye (left hemi-
sphere) prevalence for visual discrimination task, respec-
tively, in two and three captive individuals of common
bottlenose dolphins. Laterally placed eyes and the gener-
al tendency to use monocular vision spontaneously dur-
ing object examination (Delfour and Marten 2006)
underline naturalness and relevance of the eye prefer-
ences for cetacean behavior.

Studies in the wild may help to understand how
laterality is affected by natural environmental conditions,
and to shed some light on its nature and evolution.
Therefore, in the present study we aimed to investigate
the plasticity of adult–infant laterality in wild beluga
whales. Since our previous study (Karenina et al.
2010a) was conducted only on the animals in special
and unique conditions of a single breeding aggregation,
here we studied social laterality in belugas in the White
Sea beyond the aggregation. We further tested geograph-
ical variability comparing the expression of laterality in
adult–infant pairs of belugas from the White Sea and the
Sea of Okhotsk, which assumed to belong to different
populations (IWC 2000; Jefferson et al. 2012). Also, we
explored the influence of pair’s escort conditions (pres-
ence and position of other individuals near a pair), calf’s
age and position as regards to the adult on adult–infant
laterality.

Methods

Two methods of data collecting were used in this study:
analysis of aerial photographs and direct visual observations
on the belugas’ breeding aggregation.

Analysis of aerial photographs

Photographs were obtained during aerial surveys of the
distribution and abundance of beluga whales in the
White Sea (years 2007, 2008, 2010, and 2011) and the
Sea of Okhotsk (years 2009 and 2010) (Glazov et al.
2010; Glazov et al. 2012; Solovyev et al. 2012). All
aerial surveys were conducted with the aircraft specially
equipped for the instrumental aerial surveys of marine
mammals (see Chernook et al. 2008 for details).
Sampling was made using a method of serial standard
line transects, which was widely applied in animal

density studies (Buckland et al. 1993). Transects covered
the water area of the White Sea and the shore line of the
Sea of Okhotsk. Aerial surveys were carried out mainly
in good weather at altitudes of about 300 m in the case
of the White Sea and about 400 m in the case of the Sea
of Okhotsk. The mean flight lengths for all years of the
survey were 3,356±153 km in the White Sea and 4,784±
320 km in the Sea of Okhotsk. The minimum estimated
population size of Beluga whales in years of our study
was about 4,500–7,500 individuals in the White Sea
(Solovyev et al. 2012) and about 4,500 individuals in
the Sea of Okhotsk (Glazov et al. 2012).

The analysis of the entire set of photographs started from
determining the presence/absence of adult–infant pair. An
adult–infant pair was defined as an adult (white colored
normal size beluga whale) with a calf (an individual visually
estimated to be less than 2/3 of the length of the accompa-
nying adult and from grey to black in color) (Doidge 1990).
Beluga calves are known to form pairs not only with their
mothers, but also with other female relatives, “aunts”
(Krasnova et al. 2009), therefore, we use the term “adult–
infant pair” instead of “mother–infant pair”. We included in
the analysis only the images, on which the calf was situated
in close proximity to the adult (at the distance less than one
whale length separating the animals in the pair) and laterally
with regards to the adult. The relative positions of the calves
were classified as “to the left” or “to the right” of the adult.
In addition, we recorded positions of calves along the lon-
gitudinal axis of the adults’ body: (1) ahead of the adult, i.e.,
the position when the calf’s head was situated at the front of
the adult’s head (Fig. 1a), (2) side by side, i.e., the position
when the calf’s head was situated between the adult’s tip of
the head and the tail (Fig. 1b), and (3) echelon, i.e., the
position when the calf’s head was situated at the level of the
adult’s tail region (Fig. 1c). If there were two or more adults
at the distance less than one whale length from a calf, such
images were discarded. The position of other belugas ac-
companying the pair (located at the distance less than five
whale length from the adult–infant pair; Fig. 1d), in terms of
possible influence on laterality manifestation, were classi-
fied in four categories: to the left of the pair, to the right of
the pair, around the pair (when other individuals situated
both to the right and to the left of the pair), and other
positions (i.e., other rarely observed positions: behind and
in front of the pair). When a group of whales was detected
during the aerial survey, the long series of subsequent im-
ages were usually made. The detailed analysis of such image
series allowed revealing all the individuals accompanying
each adult–infant pair with a great degree of confidence. If
an adult–infant pair was depicted several times on a series of
images, the data on this pair were scored only once (image
series were recognized by timing and whales’ relative posi-
tions). The procedure of the aerial survey was aimed at
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avoidance of any repeated recordings of whales during one
season (except the series of subsequent images as described
above), thus the probability that the same adult–infant pair
was included into our analysis repeatedly was kept to the
absolute minimum. We could not completely exclude,
though, the possibility that the same pairs were present on
the photographs made in different years. Many more be-
lugas inhabited both study areas than our sample size and
the great majority of data was surely independent.

The photographs, on which a clear determination of the
calf’s position or the position of individuals accompanying
the pair was not possible (about 10 % from the White Sea
and about 17 % from the Sea of Okhotsk), were not included
into the analysis. The percentage of photos discarded from
the Sea of Okhotsk was slightly higher possibly because of
higher water turbidity in the region.

In order to assess positional laterality in adult–infant pairs
in the aerial survey, the number of pairs with the left posi-
tioned and the number of pairs with the right positioned calf
were compared using binomial test. Two-proportion Z test
was conducted to compare proportion of pairs with the calf
on the left and with the calf on the right side between the
White Sea and the Sea of Okhotsk, as well as between pairs
accompanied by other individuals and pairs traveling alone.
Chi-square contingency table tests were used to determine
influence of the calf position, as well as the position of other
individuals accompanying the pair, on laterality expression
in the pair (2×3 table in the case of calf position and 2×4
table in the case of companions’ position).

Behavioral observations

To investigate the effect of calves’ age on the laterality,
direct observations and video recording of adult–infant pairs
were carried out on belugas’ breeding aggregation near the

Beluzhiy Cape (65.07N 35.52E) of the Bolshoy Solovetsky
Island (Onega Bay, the White Sea, Russia). This aggregation
is situated uniquely close to the shore and is formed mainly
by females, calves, and juveniles that visit this area as stable
“family” groups (Chernetsky et al. 2011). Behavioral obser-
vations on adult–infant pairs were conducted during sum-
mer expeditions in July–August 2009 and 2010. Full details
of the methods have been published elsewhere (Karenina et
al. 2010a). We continually video recorded the behavior of
adult–infant pairs directly from the shore. The individual
identification of belugas was carried out using natural
markers on the whales’ bodies (Chernook et al. 2008;
Karenina et al. 2010a). Calves’ age was estimated by color-
ation characteristics, body size in relation to the adult belu-
ga, and other age-related features, e.g., behavioral patterns
(Kingsley 1996; Litzky 2001; Krasnova et al. 2006).

From the total time of observations, only the first minute
of video recording from each pair was included into analy-
sis. The data from the pairs video recorded for less than
1 min were discarded. The calves were classified into three
age classes, distinguished visually with great confidence on
the basis of skin coloration, breath pause time, and body size
relative to mother’s body size. Age classes included: new-
borns (0–1 month old; Fig. 2a), 2–6-month-old calves
(Fig. 2b), and 7–18-month-old calves (Fig. 2c). The time
spent by a calf to the left and to the right side of an adult was
scored. According to Kolmogorov–Smirnov test, the data
were not normally distributed (P<0.05). Therefore, we used
nonparametric tests (two-tailed) for further analysis. The
Kruskal–Wallis test of independent samples (with post hoc
Dunn’s tests for between-pair comparisons) was carried out to
estimate the effect of calves’ age on the laterality expression.
One-sample Wilcoxon signed–rank tests were performed to
explore group-level preference separately in three age
categories.

Fig. 1 Aerial photographs
illustrating different positions
of the infants along the
longitudinal axis of the adults’
body: a ahead of the adult, b
side by side, and c echelon
position; d an individual
accompanying an adult–infant
pair on the pair’s right side
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Results

Analysis of aerial photographs

A total of 279 adult–infant pairs (on 242 aerial photographs)
were included into analysis: 105 pairs from the White Sea
and 174 pairs from the Sea of Okhotsk. Two raters (KK and
AG) analyzed independently all aerial photographs selected
for this study. The degree of agreement between the two
raters was quantified by kappa. In determining the calf
position, the inter-rater agreement was 97.70 % (kappa=
0.960, SE of kappa=0.028) for the pairs with the left situ-
ated calf and 97.92 % (Kappa=0.959, SE of kappa=0.020)
for the pairs with the right situated calf. In determining the
position of other individuals accompanied, the pair on the
photo the inter-rater agreement was 97.14 % (Kappa=0.960,
SE of kappa=0.039) for the pairs with the left situated calf
and 95.45 % (Kappa=0.939, SE of kappa=0.030) for the
pairs with the right situated calf. Since the agreement be-
tween the two raters was extremely high, we took a data set
obtained by only one of the raters (KK) for further analysis.

No significant difference in proportion of left and right
positioned calves was found between beluga pairs in two
geographical locations (two-proportion Z test: Z=1.24,
P=0.214) with the prevalence of the pairs with the calf situ-
ated to the right of the adult in both locations (77 out of 105,
73 %; binomial test: Z=4.68, P<0.001, in the White Sea, and

115 out of 174, 66 %; Z=4.17, P<0.001, in the Sea of
Okhotsk; Fig. 3). Since no difference had been found between
the two geographical locations, further analysis was
conducted on combined set of photos from both locations.
Overall, the number of pairs with the right positioned calf (192
out of 279, 69 %) was significantly higher than the number of
pairs, where the calf was to the left of the adult individual (87
out of 279, 31 %; binomial test: Z=6.23, P<0.001).

Analysis failed to reveal any difference when compared
to laterality in calves in different positions (“ahead of the
adult”, “side by side”, or “echelon”) near to the adult beluga
(chi square test: χ2=1.09, df=2, P=0.578). Differences in
the proportions of the left situated vs. the right situated
calves between pairs accompanied by other individuals
and traveling alone were also not significant (two-propor-
tion Z test: Z=0.90, P=0.366). The position of these com-
panions (to the left of a pair, to the right of a pair, around a
pair, and other positions) had also no influence on propor-
tion of left situated and right situated calves (chi square test:
χ2=1.87, df=3, P=0.599). Thus, the position of compan-
ions did not affect the laterality within adult–infant pairs.

Behavioral observations

In total, we obtained 1 min-video clips from 47 individually
identified adult–infant pairs: 8 with newborns (0–1 month old;
Fig. 2a), 19 with 2–6-month-old calves (Fig. 2b), and 20 with
7–18-month-old calves (Fig. 2c). Analysis revealed that the

Fig. 2 Examples of adult–infant pairs classified by the age of the
infant: a a pair with a newborn (0–1 month old), b a pair with a 1–6-
month-old calf, and c a pair with a 6–18-month-old calf

Fig. 3 Percent distribution of pairs with the calf positioned to the left
(L) and to the right (R) of the adult in the White Sea (N=105) and the
Sea of Okhotsk (N=174). *P<0.001; NS non-significant, P>0.05
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age of calves significantly affected the laterality expression
(Kruskal–Wallis test: χ2=10.95, df=2, P=0.004). Dunn’s
post hoc tests showed that strength of laterality in
2–6-month-old calves was higher than in newborns
(0–1 month old) and 7–18-month-old calves (P<0.05;
Fig. 4). However, group-level preference of calves to swim
to the right of an adult was found in all three age classes, if
taken separately (one-sample Wilcoxon signed–rank test: Z=
34, P=0.021, n=8 for newborns; Z=169, P<0.001, n=19 for
2–6-month-old calves; Z=124, P=0.021, n=20 for 7–18-
month-old calves). In newborns, 7 out of 8 individuals were
right-biased (spent≥70 % of time to the right of the adult),
among 19 calves aging 2–6 months, 17 had a right bias, and
among 20 calves aging 7–18 months, 13 were right-biased.

Discussion

The results of the present study showed the spatial laterality
in adult–infant pairs in beluga whales from two geographi-
cal locations. Both in belugas from the White Sea and from
the Sea of Okhotsk, calves were found to situate on the right
side of adults significantly more often than on the left side.
We failed to reveal any difference between the populations,
and the combined data set confirmed the general right-sided
bias. Since the same directional bias was found in two
geographically distinct populations, it is suggestive that the
right-side preference in calves’ positioning is species-typical

characteristic of belugas. During aerial photography analy-
sis used in this study, only one observation from each pair
was taken into account. Continuous observations on the
individually recognized beluga mother–calf pairs on the
Solovetsky breeding aggregation in our previous work
(Karenina et al. 2010a) showed that in the great majority
of pairs, the individual calves spent significantly more time
on a particular side of the mother, and in 93 % of pairs, the
right-side preference was found. Thus, regardless of the
method used and the region studied, the pronounced spatial
laterality was found in beluga whale adult–calf pairs.

The revealed laterality appeared to be not affected by the
position of the calf in respect to the adult beluga in the pair
(ahead, side-by-side, echelon; Fig.1a–c). Taking into ac-
count a close bond between beluga mothers and infants
(Krasnova et al. 2006) and the fact that on the most of the
aerial photographs (56 %) used in the study, adult–infant
pairs were depicted traveling alone (i.e., no other belugas
were visible nearby the pair), we assumed that in most of the
cases, the observed adult animal in the pair was the mother
accompanied by its calf. In cetaceans, mother–calf joint
swimming is typically characterized by a high synchrony
and plays a critical role for calves’ survival (Mann and
Smuts 1999; Hill 2009). The positions “at the mother’s side”
and “at the mother’s tail” similar to the “echelon” and “side-
by-side” positions in the present study, respectively, have
been shown to prevail in the beluga calves of various age,
when accompanying their mothers (Krasnova et al. 2006,
2009). The same is true for bottlenose dolphin calves during
the first year of life (Gubbins et al. 1999). These positions,
especially the echelon one, have been argued to be benefi-
cial for a calf, because the pressure wave created by its
mother’s body facilitates calf’s swimming and consequently
reduces the cost of transport (Williams et al. 1992; Krasnova
et al. 2006). Despite the possible differences in the relative
significance for the calf between taken positions near to the
mother, they did not affect the lateral (right-sided) prefer-
ence. More specifically, no significant difference was found
between the “echelon” position, which is beneficial for the
calf, and “ahead of the mother” position, in which the calf
apparently had no hydrodynamic benefit from the mother
astir. This result confirms that the revealed laterality is not
associated with motor or morphological asymmetries of the
mothers that potentially could make the right-sided position-
ing preferable for the calves.

In our previous work (Karenina et al. 2010a), we pro-
posed that the spatial mother–calf bias in beluga whales is
caused by lateralization in sensory perception of social
stimuli in the species; and most likely, visual modality is
predominantly involved in the interactions between whale
mothers and calves at such close distances (less than 4 m).
The significance of visual inspection of the mother for the
calf is illustrated by the evidence that during monocular

Fig. 4 Mean time spent by the calves of different age classes:
0–1-month-old (N=8), 2–6-month-old (N=19), and 7–18-months-old
(N=20), to the right of their mothers at the breeding aggregation.
*P<0.05; NS non-significant, P>0.05
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sleep the dolphin calves preferably direct the open eye to
their mothers and the closed eye to the opposite side
(Lyamin et al. 2007). Notably, dolphin mothers do not
display such a preference as regards to their calves. In case
of beluga whales, behavioral analysis showed that calves
usually initiate changes in the position in relation to mothers
and are responsible for maintenance of the spatial asymme-
try in pairs, e.g., after a rapid direction change by their
mothers (Karenina et al. 2010a). This is in line with recent
data on captive belugas showing that calves of this species
exhibit independence and control proximity to their mothers
at very early ages (Hill 2009). From the first weeks of life,
beluga calves are mainly responsible for initiating separa-
tions and reunions with mothers, and, thus, are much more
independent than infants of many other mammalian species.

In the present study, we failed to reveal any influence of
external social context on the laterality in adult–infant pairs.
No differences were found between two situations: when a
pair traveled alone or when it was accompanied by other
individuals. Furthermore, the specific position of accompany-
ing whales in relation to the pair (to the left, to the right,
around, other) did not affect the within-pair laterality. These
results can be interpreted in favor of intra-pair origin of the
revealed laterality, because they contradict to the possibility
that calves prefer to swim on the right side of mothers (adults)
just to leave the right visual field free to monitor other con-
specifics. They also show that the mother is the object prefer-
able for monitoring, for which the “social” left eye is
predominantly used. Thus, taking all these into account, we
can conclude that revealed spatial laterality in beluga adult–
infant pairs is caused by calves’ preference to keep the mother
in the visual field of the left eye. Intriguingly, the pivotal role
of the left eye–right hemisphere system in social behavior can
be traced already in basal aquatic vertebrates―fish (reviewed
in Bisazza and Brown 2011). The preference to use the mon-
ocular field of their left eye when viewing a conspecific has
been found in adults of eight teleost species (Sovrano et al.
1999, 2001, but see Bisazza and Brown 2011 for inter- and
intraspecific differences). This lateralization may be triggered
in fish by the key element of the social stimulus (Karenina et
al. 2013). Much like in beluga whales, social lateralization
was showed to be expressed in fish already in infancy:
zebrafish fry demonstrated left-eye preference for observing
a group of conspecific fry (Sovrano and Andrew 2006).

Recent studies on captive (Blois-Heulin et al. 2012) and wild
(Siniscalchi et al. 2012) delphinids clearly confirmed that in
these animals, lateralized visual inspection originates from the
functional specialization of the brain hemispheres for processing
of different types of information. In both common bottlenose
dolphins, T. truncatus (Blois-Heulin et al. 2012), and striped
dolphins, S. coeruleoalba (Siniscalchi et al. 2012), stimuli of
different degrees of familiarity evoked different patterns of eye
use: unfamiliar objects were inspected preferentially with the

right eye (left hemisphere), while very familiar previously ma-
nipulated objects facilitated the use of the left eye (right hemi-
sphere). In the context of our study, the mother (or another
accompanied adult) apparently can be categorized as a familiar
social stimulus for the calf. Social stimulus familiarity has been
demonstrated to influence significantly on the expression of
lateralization (Vallortigara and Andrew 1991; Deng and
Rogers 2002; Zucca and Sovrano 2008; Lemasson et al.
2010). For instance, quails, Coturnix japonica, display the
preference to use their left eye to monitor well-familiar com-
panions, while when approaching unfamiliar conspecifics, they
prefer to use the right eye (Zucca and Sovrano 2008). Exactly
the same pattern of visual preferences in response to
familiar/unfamiliar stimuli has been shown in fish (Sovrano
2004). Thus, beluga whales reveal a similar visual preference
in response to the familiar stimuli with vertebrates studied to
date. However, in terms of lateralized reaction to novelty, there
is some inconsistency between the results on beluga whales and
other Odontoceti species. If two delphinid species inspect
unfamiliar objects predominantly with the right eye (Blois-
Heulin et al. 2012; Siniscalchi et al. 2012), beluga whales
prefer to use their left eye when viewing a novel unanimated
object (Karenina et al. 2010b). Notably, it is the left visual
preference that is typical for perceiving novel, unexpected
stimuli in vertebrates in general (MacNeilage et al. 2009).

Being able to recognize familiar conspecifics could be
especially important for species having a fission–fusion
social system (Blois-Heulin et al. 2012) such as beluga
whales. Spatial separations between mothers and calves
occur in belugas from very early ages (Hill 2009), and rapid
recognition of the mother or another familiar individual
could be crucial for infant belugas in complex underwater
environment. As we found the left eye preference in in-
teractions between infants and familiar elder individuals
(Karenina et al. 2010a), it is legitimate to hypothesize that
in beluga whales, like in many other vertebrates (reviewed
in Rosa Salva et al. 2012), the left eye–right hemisphere
system plays predominant role in individual recognition.

The present study provides evidence that laterality in beluga
adult–infant pairs on the breeding aggregation is influenced by
the calf’s age. The significant right-sided bias in infants’ posi-
tion was present in all three age classes (newborns (0–1 month
old), 2–6- and 7–18-month-old calves), if taken separately.
However, the calves in the middle age class (2–6 months old)
showed stronger laterality, than the newborns or 7–18-month-
old calves. We propose that this difference is linked with
general developmental changes in infants’ behavior. Studies
on the development of beluga calves in the wild showed that
the locomotion of newborn belugas is not well coordinated,
movements are imperfect and inaccurate (Krasnova et al. 2006,
2009). Insufficient development of motor skills can result in
some difficulties for a newborn calf in reaching the desirable
position near to the mother, and, thus, explains a lower degree
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of laterality expression as compared with elder calves. At the
age of 1 month, the calves noticeably improve and enrich their
locomotor and behavioral repertoire (Krasnova et al. 2006). In
1-month-old calves, interactions with their mothers became
more complex with prolific play elements and imitation of
mother’s behavior. Enhanced social activity in the middle-
aged calves increases the significance of a mother as a social
object. Thus, more developed motor abilities together with
increased social attention to the mother may result in more
pronounced laterality in positioning of infants relative their
mothers. With further growth and development, beluga calves
became more independent from mothers. From the second half
of the first year of life (third class of calves in the present study),
the swims and interactions with other conspecifics, besides the
mothers, steadily increase in beluga calves, whereas the fre-
quency of mother–calf joint swims decreases over time (Hill
2009). The slightly reduced laterality can be possibly associated
with decreased attention of 6–18-month-old calves to their
mothers as to the social partners.

Spatial asymmetries in adult–infant interactions have been
repeatedly shown in primate taxa (e.g., Salk 1960; Saling and
Tyson 1981; Saling and Cooke 1984; Damerose and Vauclair
2002; Harris 2010). To the best of our knowledge, only one
study has showed group-level laterality in social responses of
non-primate mammalian infants, besides our own study on
belugas (Karenina et al. 2010a). When facing an obstacle,
sheep lambs, Ovis aries, preferred to detour it to rejoin their
mothers while keeping them in the visual field of the left eye
(Versace et al. 2007). This bias has been argued to be caused
by the left visual field preference in recognition of familiar
faces typical for this species (Peirce et al. 2000). These reports,
together with the present study, demonstrate a pronounced
laterality in infants’ visual perception of their mothers and
confirm that social lateralization occurs in mammals already
in early ontogenesis. Our data indicate further that population-
level one-sided bias in adult–infant interactions can occur in a
situation when only sensory modalities are involved, and, in
contrast to primates, when limb preferences cannot determine
the subjects’ relative positioning. This finding underlines the
role of contralateral eye-hemisphere specializations in the
origination of adult–infant spatial laterality in mammals, first
hypothesized for asymmetric infant cradling in primates
(reviewed in Sieratzki and Woll 1996; Harris 2010).
Lateralized perception and processing of social information,
which can be traced in vertebrate evolution from fish to
mammals (e.g., MacNeilage et al. 2009; Bisazza and Brown
2011; Ocklenburg and Güntürkün 2012; Ocklenburg et al.
2013) together with the fact that mother–infant laterality is
found in such ecologically diverse groups as primates and
cetaceans, strongly favors the hypothesis that biased infant
positioning is related to lateralization in social cognition.

Laterality in infant cradling and holding is suggested to be
beneficial for both mother and infant (Sieratzki and Woll

1996). From the infant’s point of view, the left-side cradling
favors the visibility of the mother’s face (Hendriks et al. 2011)
and receiving of more maternal communication to the prefer-
able right hemisphere (Sieratzki and Woll 1996). We hypoth-
esize that in beluga infants, similarly lateralized positioning as
regards to adult companions may bear some benefits and have
an important impact in its welfare. Keeping conspecifics in the
left visual field may help whale infants’ survival (Karenina et
al. 2010a) because the right hemisphere has been repeatedly
shown to be more effective than the left in governing of some
social behaviors, especially those requiring an immediate
reaction (MacNeilage et al. 2009). One notable example illus-
trates the significance of perceptual laterality in conditions
most similar to those of the present study. Like beluga infant
in complex aquatic environment, pigeons in aerial medium
prefer to follow their partners on the right side, viewing them
with the left eye (Nagy et al. 2010). Analysis of flight trajec-
tories revealed that while keeping leaders in the left visual
field, the following pigeons adjust their behavior accordingly
to their movements more quickly and/or strongly. As a result,
pigeons flying at the partner’s right side better respond to the
changes in a flock and achieve coordination with conspecifics.
In a similar way, swimming on the right side of the mother or
another accompanied conspecific may allow beluga calves to
be more responsive to its movements and thus to benefit in
any rapidly changing situations.
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