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Abstract

The present study investigated the social affilia-
tions of young beluga whales (ages 1 to 5 years).
The results indicated that young males were found
significantly more often in the proximity of other
males (both juvenile and adult) than found in the
proximity of females. Young females were found
less often with other whales than were males, and
they did not show a difference based on sex. These
results mimic the male-affiliative patterns found
in both wild and captive adult belugas, suggest-
ing that the tendency for males to group together
develops at an early age in this species.
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Introduction

Maestripieri & Ross (2004) have argued that sex
differences in juvenile associations and play
behavior can be predicted in diverse species by
characteristics of adult behavior and social struc-
ture. Specifically, if physical differences (e.g., size
or weaponry), behavioral differences (e.g., hunt-
ing techniques or timing, predator avoidance, care
taking, or tool use), or social preferences (e.g.,
strong bonds with same sex or opposite sex indi-
viduals) exist between the two sexes in adulthood,
then sex differences in the behavior of developing
offspring could be expected. These predictions
have been supported by research with a number
of mammals. For example, in a number of non-
human primates, juvenile males prefer same sex
and age partners more frequently than juvenile
females in ways that seem to foreshadow subse-
quent adult behaviors (Macaca mulatta, Ehardt
& Bernstein, 1987; Gorilla gorilla, Maestripieri
& Ross, 2004; Pan paniscus, Mendoza-Granados
& Sommer, 1995; Palagi, 2006). Similarly, juve-
nile males of some artiodactyl species have been

observed to display greater levels of aggressive
behavior than juvenile females and usually direct
it at other juvenile males (Bison bison, Rothstein
& Griswold, 1991; Hippotragus niger, Thompson,
1996; Capra ibex, Byers, 1980; Ovis canadensis,
Hass & Jenni, 1993). By contrast, measures of
early sex differences in the social activities of lan-
gurs (Presbytis entellus), including time in prox-
imity, physical contact, and grooming, all appear
to relate to female-based bonds and natal philopa-
try along with male dispersal (Nikolei & Borries,
1997).

Sex differences in social development that cor-
respond to adult social patterns have also been
identified in at least two species of dolphin. Adult
male bottlenose dolphins (Tursiops truncatus
and Tursiops aduncus) are known to form long-
term, same-sex alliances, while adult females
form looser networks with each other (Connor
& Kriitzen, 2015; Ermak et al., 2017), and those
sex-differentiated social patterns are reflected in
the patterns of reciprocal touching (Dudzinski
& Ribic, 2017) and in the spatial associations of
immature male and female calves (reviewed by
Stanton & Mann, 2014).

Specific knowledge about the behavior of
beluga whales (Delphinapterus leucas) in their nat-
ural habitat is limited compared to what is known
about many other cetacean species. Belugas char-
acteristically inhabit Arctic waters where they are
often seen near the edge of polar ice (Kleinenberg
et al., 1964; Huntington et al., 1999). Belugas are
considered a highly gregarious species that are
found in large, mixed sex aggregations during
their springtime breeding season and during part of
the subsequent summer (Kleinenberg et al., 1964;
Brodie, 1971; Sergeant, 1973; Heide-Jgrgensen
& Teilmann, 1994; O’Corry-Crowe et al., 1997;
Brown-Gladden et al., 1999; Huntington et al.,
1999; Mymrin et al., 1999; Boltunov & Belikov,
2002; Michaud, 2005; Loseto et al., 2000;
Chernetsky et al., 2011; Krasnova et al., 2012;
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Colbeck et al., 2013; Citta et al., 2017; Smith
et al.,2017). However, those same animals appear
to divide into sex-segregated groups during winter
months and during their migrations between win-
tering and summering areas (Boltunov & Belikov,
2002; Michaud, 2005; Krasnova et al., 2006, 2009;
Chernetsky et al., 2011; Karenina et al., 2013).
Evidence for similar sex segregation in captive
belugas was obtained when the social affiliations
of two mixed-sex social groupings were exam-
ined (Hill et al., 2018). Outside of their breeding
season, adult males swam in proximity of other
adult males at seven times the rate in which they
were in the proximity of adult females. By con-
trast, females were much less often in the presence
of other whales and did not show a sex difference
in their associations. These results indicated that
non-breeding adult male belugas showed a clear
preference for associating with other adult males
over adult females.

In free-ranging beluga populations, immature
animals of both sexes appear to remain in the
same groups as their mothers until around 4 to
5 y of age, after which time males emigrate into
seasonal, male social groupings (Krasnova et al.,
2006, 2009; Karenina et al., 2013). Anecdotal
reports from field researchers have suggested
that immature belugas are highly social and
often engage in playful chases with each other
(Krasnova et al., 2009, 2014), behaviors that
have also been documented for immature belu-
gas in managed care (Hill, 2009; Hill et al.,
2013, 2015a). Despite these observations, how-
ever, research on the development of any sex-
based social segregation in this species does not
yet exist. The objective of the present investi-
gation therefore was to ascertain whether sex
differences in social affiliations occur in young
beluga whales as it does in other mammals with
similar social structures.

Methods

Subjects

For the purposes of this study, an animal was
considered to be juvenile if it was less than 6 y
old. It was considered adult if it was 6 y of age
or more. Nineteen juvenile belugas housed at two
independent facilities served as the subjects of
this investigation. Fifteen subjects (5 males, 10
females) between 1 and 5 y of age were housed at
Marineland of Canada (ML), and four subjects (1
male, 3 females) between 1 and 4 y of age were
housed at SeaWorld San Antonio (SW). During
the periods of observation, the subjects were
housed in stable, mixed sex, mixed age social
groups that ranged in size between five and 17
whales. The groupings from year to year are sum-
marized in Table 1.

Data Collection

A scan sampling protocol was used to docu-
ment the social state of each juvenile whale on
a repeated basis. During each scan, each subject
successively became the focal individual, and the
identity of any whales within one body length of
the focal whale was recorded. At both facilities,
observations took place opportunistically between
the years 2013 and 2017. Subjects were observed
during those years as their housing and avail-
ability allowed. At ML, observations were made
via underwater viewing windows in real time at
intervals of approximately 10 min between suc-
cessive scan samples of the same subject. At SW,
observations were made from video recordings
looking down through the water surface at inter-
vals of 1 min between successive scan samples
of the same subject. At ML, the number of scans
per subject per day ranged between three and 10,
and the number of days of observation per subject
ranged between eight and 18. At SW, the number
of scans per subject per day ranged between 10
and 20, and the number of days of observation per
subject ranged between two and 40.

Table 1. Beluga whale (Delphinapterus leucas) groupings by location and observation year

Year Location # adult males # adult females # juvenile males # juvenile females
2013 ML Pool 1 1 7 3 2
2013 ML Pool 2 2 9 3 3
2013 SW 1 2 0 2
2014 ML Pool 2 2 8 3 3
2014 SW 1 4 1 1
2015 ML Pool 2 2 7 2 5
2015 SW 1 4 1 1
2017 ML Pool 1 2 7 2 3
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For each subject, on each observation day, four
separate adjusted proportions were computed,
representing the four possible sex-age categories:

1. With Adult Male — The number of scans
for that subject in which it was within one
body length of an adult male, divided by the
number of adult males in the pool, divided by
the number of scans on that day.

2. With Juvenile Male — The number of scans
for that subject in which it was within one
body length of a juvenile male, divided by
the number of juvenile males in the pool other
than itself, divided by the number of scans on
that day.

3. With Adult Female — The number of scans
for that subject in which it was within one
body length of an adult female other than
its mother, divided by the number of adult
females in the pool other than its mother,
divided by the number of scans on that day.

4. With Juvenile Female — The number of scans
for that subject in which it was within one
body length of a juvenile female, divided by
the number of juvenile females in the pool
other than itself, divided by the number of
scans on that day.

These data were then averaged across days,
thereby creating four values per subject repre-
senting its mean for each of the partner sex-age
categories. Since the number of scans varied over
days, this procedure was used to ensure that the
scan days were weighted evenly.

Results

The results of a mixed model ANOVA was con-
ducted with subject sex (male vs female) and loca-
tion (ML vs SW) as between-subject variables,
and partner sex-age category (with adult male,
with juvenile male, with adult female, and with
juvenile female) as a within-subjects variable are
presented in Table 2. Although the mean adjusted
proportion of scans in which juvenile male belu-
gas (M =0.062, SEM = 0.009) were in the proxim-
ity of any other beluga was 1.6 times greater than
that for juvenile female belugas (M = 0.038, SEM
= 0.006), the main effect for subject sex was not
significant, F(1, 14) = 2.7, ns. The main effect of
partner sex-age category reflected significant dif-
ferences in the adjusted proportions with which
all subjects were in the proximity of other whales.
Those proportions were highest for With Juvenile
Male and lowest for With Adult Male. The signifi-
cant interaction between partner sex-age category
and location was explored using independent # tests
with a Bonferonni correction for each partner sex-
age category. The only significant difference found
was a significantly higher overall proportion for
being with adult females at ML (M = 0.069, SEM
= 0.013) than at SW (M = 0.003, SEM = 0.002)
for both male and female subjects, #(14.91) =5.01,
p < 0.001. Hereafter, the data were pooled across
locations.

Subsequently, a priori t tests were performed
comparing the male and female juvenile subjects
for each partner sex-age category separately. The
results are summarized in Table 3 and Figure 1.
Juvenile males were significantly more often in
the proximity of adult males and other juvenile
males than were juvenile females. Juvenile males
did not differ from juvenile females in the propor-
tions with which they were with adult females or
juvenile females.

Table 2. ANOVA comparing adjusted proportions by subject sex (male vs female) and location (ML vs SW) as between-
subject variables, and partner sex-age category (with adult male, with juvenile male, with adult female, and with juvenile

female) as a within-subjects variable

Variables MS df F sig
Subject sex 0.005 1 2.7 ns
Location 0.003 1 1.7 ns
Partner sex-age category 0.016 3 109 0.001
Subject sex by location 0.001 1 0.0 ns
Subject sex by partner sex-age category 0.003 3 29 ns
Location by partner sex-age category 0.014 3 9.5 0.001
Subject sex by location by partner sex-age category 0.001 3 0.1 ns
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Table 3. Juvenile beluga sex differences in social affiliation as a function of sex and age of partner

Male (n =6) Female (n = 13)
Partner category M SEM M SEM t P
With adult male 0.05 001 001 0.01 3.54 0.015
With juvenile male 0.11 0.03 0.04 0.02 2.00 0.031
With adult female 0.05 001 0.06 0.02 < 1.00 ns
With juvenile female 0.04 0.01 0.03 0.01 <1.00 ns

W Juvenile male
MJuvenile female

Adjusted proportion
o
o
m

0.02

With juvenile With adult With juvenile

With adult
male female female

Figure 1. Juvenile beluga social proximity as a function
of partner sex and age; adjusted proportion is average
proportion of scans per day in each category divided by
the number of possible partners in that category. * indicates
significant differences at p < 0.05, 1-tailed.

Discussion

The present study provides clear evidence that
juvenile male belugas prefer to be in proximity
to other males (both juvenile and adult), while
juvenile females do not show a preference. These
results indicate that the sex segregation that is char-
acteristic of adult beluga society is already emerg-
ing in immature belugas ranging between 1 and 5
y of age.

Despite there being some anecdotal reports that
adult male belugas become more vocal during their
breeding season and that they sometimes chase
subadult males from females presumed to be sexu-
ally receptive (H. Hill, M. Noonan, and V. Vergara,
pers. obs.), the reproductive behavior of belugas
is poorly understood. Unlike their closest rela-
tives, the narwhals (Monodon monoceros), belugas
do not appear to engage in strong physical-based
intrasexual competition (Gerson & Hickie, 1985;
Michaud, 2005), an observation that appears to
argue against a need in juvenile males to engage
in motor training as an explanation of the observed
sex-based affiliations.

On the other hand, since adult male—adult male
social interactions are commonly seen in socio-
sexual interactions by belugas in managed care
(Glabicky et al., 2010; Hill et al., 2015b) and
possibly in their natural habitat (Lomac-MacNair
et al., 2015), the same-sex preference observed in
the juvenile males in the current study is compat-
ible with a social bonding explanation. Juvenile
male belugas may be developing their social
bonds for their future social affiliations through
these early sex-based socialization preferences.
A similar pattern has been suggested for social
development in the bottlenose dolphin (Stanton
& Mann, 2014; Connor & Kriitzen, 2015; Ermak
etal., 2017).

Finally, the juvenile females in the present
study showed less social affiliations overall com-
pared to the juvenile males. These results simi-
larly appear to foreshadow future social patterns
since adult female belugas are also reported to
have weaker social bonds than males both in the
wild (reviewed in Michaud, 2005) and in man-
aged care (Hill et al., 2016, 2018).

Future research should examine the nature of
the social interactions of juvenile belugas to better
understand the relationship between this devel-
opmental period and future behavior. It will be
interesting to learn more about the nature of the
calf interactions and whether there is any segre-
gation along familial lines. That latter possibility
is suggested by the genetic relatedness of beluga
populations displaying fidelity in their migration
patterns (O’Corry-Crowe et al., 2018). The more
that is learned about these social preferences,
the better social groupings of belugas in human
care can be managed to enhance beluga welfare.
Moreover, such knowledge may inform critical
decisions about subsistence harvests, especially
for endangered populations. If juvenile animals,
especially males who appear to be highly social,
demonstrate a preference for same-sex adults and
peers, then removing adult males from a popula-
tion may be particularly harmful to that popula-
tion’s stability and growth since it is likely that
relationships formed as immature animals play
critical roles for future fitness.
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