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Abstract

Belugas  (Delphinapterus  leucas)  in  managed  care  have  been
reported  to  show  seasonal  variation  in  socio-sexual  behaviour,
hormone levels and respiration rates; however, little is known about
the social interactions of wild belugas when they are not in summer,
near-shore  congregations.  To  better  understand  if  belugas  show
seasonal  variation  in  social  interactions,  this  study  recorded  the
behaviour of 10 belugas (five females, five males, ranging from birth
to  10  years  of  age)  housed  in  managed  care.  Social  interactions
typically  peaked in the summer months but persisted at  very low
levels  during  the  rest  of  the  year.  Seasonal  variation  was  most
dramatic for socio-sexual behaviour but was generally mirrored in
pattern by agonistic and affiliative interactions.  Subjects closer to
maturity displayed more seasonal variation than younger subjects,
and males displayed more seasonal variation compared to females.
The  peak  in  social  interactions  found  in  this  study  aligns  rather
closely with wild belugas’ summer, near-shore congregations, where
belugas  have  increased  opportunities  for  socializing.  Although
belugas in managed care do not experience a seasonal  change in
habitat, they do show seasonal changes in social behaviour, which
are  likely  driven by  seasonal  fluctuations  in  hormone levels.  It  is
therefore expected that wild beluga populations would show similar
behavioural  patterns  if  they  were  observed  throughout  the
remainder of the year. This research has applications for belugas in
managed care and may provide a framework for understanding the
social behaviour of wild belugas.
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Introduction

Belugas (Delphinapterus leucas), Arctic-dwelling marine mammals,
live  in  varied  social  groupings  ranging  from a  few individuals  to
hundreds  of  individuals  (Hobbs  et  al. 2000;  O’Corry-Crowe  et
al. 2020)  but  congregate  during  the  summer  months  in  the
thousands  to  mate  and  calve  (Frost  &  Lowry 1990;  Lydersen  et
al. 2001;  O’Corry-Crowe  et  al. 2018).  Thus,  belugas  have  ample
opportunity to socialize with conspecifics. It is known that belugas in
both wild and managed care environments exhibit social behaviour
such as mother–calf interactions (managed care: Hill et al. 2013; Hill
&  Campbell 2014;  wild:  Krasnova  et  al. 2006, 2009;  Krasnova  et
al. 2014; O’Corry-Crowe et al. 2020), affiliative behaviours (managed
care: Nakahara & Takemura 1997; Hill et al. 2018; Hill et al. 2019;
wild:  Lomac-MacNair  et  al. 2016;  O’Corry-Crowe  et  al. 2020)  and
socio-sexual behaviours (managed care: Glabicky et al. 2010; Hill et
al. 2015;  Lilley  et  al. 2020;  wild:  Lomac-MacNair  et  al. 2016;
O’Corry-Crowe et al. 2020). In wild settings, the number of belugas
found in a group varies markedly, depending on migration (O’Corry-
Crowe  et  al. 2018).  Their  mass  migration,  which  results  in  large
social  groupings,  allows  for  increased  social  behaviour.  Seasonal
behaviour in cetaceans is seen in a wide variety of species, especially
in those that migrate and mate seasonally.

In some species, such as orcas (Orcinus orca), seasonal breeding
facilitates  increased  socializing  with  other  pods  and  allows  for
unique  socializing  experiences  (reviewed  by  Baird 2000).  For
example, juvenile orcas engage in socio-sexual play bouts that are
seen only when pods come together during the mating season. This
increase in socio-sexual  play is  paired with an overall  increase in
sexual  behaviour  as  well  (reviewed  by  Baird 2000).  Bottlenose
dolphins (Tursiops aduncus) in Australia’s Shark Bay have seasonal
mating behaviour peaking in austral spring/early summer (Connor et
al. 1996). Further, many populations of T. truncatus have been found
to  have  an  overall  decrease  in  social  behaviour  (play,  physical
contact and aggressive behaviours) as well as travelling and feeding
behaviour, depending on the season (Shane et al. 1986; Bräger 1993;
Möller & Harcourt 1998; Miller et al. 2010; Vermeulen et al. 2015).
In  managed  care,  dolphin  (T.  truncatus)  behaviour  also  varies
seasonally  (McBride  &  Kritzler 1951;  Essapian 1963;  Caldwell  &
Caldwell 1977;  Samuels  &  Gifford 1997),  with  some  populations
mating  seasonally  (McBride  &  Hebb 1948;  Caldwell  &

Jackson R. Ham, Malin K. Lilley et al.

"Seasonality of social behaviour among immature

be…"  
 

2



Caldwell 1977;  Urian  et  al. 1996).  Seasonal  differences  in  social
behaviour have also been observed in wild Commerson’s dolphins (C
ephalorhynchus  commersonii;  Coscarella  et  al. 2010)  and  Guiana
dolphins (Sotalia guianensis; Araújo et al. 2007).

Although  belugas  are  known to  reproduce  seasonally  (managed
care:  Robeck  et  al. 2005;  wild:  Doan  &  Douglas 1953;  Heide-
Jørgensen  & Teilmann 1994;  Shelden  et  al. 2020)  and  congregate
during the summer months, sociality throughout the year has yet to
be assessed. Socio-sexual behaviour (Glabicky et al. 2010; Lilley et
al. 2020) and respiratory rates (George & Noonan 2014) also vary
depending on the season, with both peaking in spring and summer.
Belugas in managed care were found to have seasonal changes in
the hormone levels (Montano et al. 2017), that is, in the testosterone
and progesterone levels (Robeck et al. 2005; Richard et al. 2017). In
wild belugas, the seasonal thyroid secretion was found to peak in
summer (St. Aubin & Geraci 1989), and the testes size suggests that
for  the  belugas  in  west  Greenland,  mating  begins  in  May  and
continues in the summer months (Heide-Jørgensen &Teilmann 1994).
Belugas calve seasonally,  and although it  varies depending on the
population,  calves  are  usually  born  from  June  to  July  in  wild
populations (Sergeant 1973) and June, July and August in managed
care settings. Morphological features of belugas such as epidermal
proliferation and moulting also cycle annually, seemingly correlated
with migration (St. Aubin et al. 1990; Smith et al. 1992). Further, the
movements  of  belugas  reflect  the  season  (Vacquié-Garcia  et
al. 2019), with belugas often inhabiting more shallow, brackish water
in the summer months and open waters in the winter months (Doan
& Douglas 1953; Sergeant 1973; Lydersen et al. 2001). Similarly, in
the  case  of  the  Cook  Inlet  beluga  population,  high-density
congregations are associated with foraging opportunities that peak
in June and early July (Castellote et al. 2020), and the proportion of
adults and juveniles within a group vary depending on the calendar
month  (McGuire  et  al. 2020).  Altogether,  the  annual  increase  in
certain behaviours and physiological changes that occur during the
summer months converges on a seasonal increase in social arousal.
This seasonal-based increase in social arousal is most likely related
to both the opportunity to socialize (mass gatherings in the summer
involving  migrations,  calving  and  potential  mating)  and  various
hormonal  changes  that  may  prompt  mating  and  calving.  As  the
evidence on seasonal  distribution on specific behaviours  amasses,
the social behaviours of belugas, with the exception of socio-sexual
behaviour, have yet to be examined for seasonality.
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For this study, we observed a group of belugas in managed care
from  2007  to  2019  to  determine  if  social  behaviours  fluctuated
seasonally.  The  study  group  comprised  mixed  sexes  and  ages,
allowing us to examine if  seasonality differed across age category
(i.e., calf, juvenile and sub-adult) and across sex. We expected the
rate that belugas initiated social behaviours (excluding mother–calf
interactions) to change seasonally, similar to the previously reported
beluga socio-sexual  behaviours (see Glabicky et  al. 2010;  Lilley et
al. 2020).  Knowing  the  fluctuation  of  socio-sexual  behaviours,  we
expected that this increase in sexual arousal might also affect other
social  behaviours;  we therefore also expected that engagement in
social behaviours would peak in the summer months as well. Further,
the rates at which immature belugas initiated social behaviour were
expected to vary depending on how old they were.  Older animals
were expected to engage in more social behaviour as beluga calves
spend most of their time swimming with their mothers (Hill 2009).
As  belugas  age,  they  begin  to  socialize  with  their  conspecifics,
especially with juveniles and sub-adults (Hill & Campbell 2014; Hill
et al. 2018). Further, males were expected to engage in more socio-
sexual  behaviour  than  females  as  well  as  in  other  agonisitic  and
affiliative  behaviour  as  previous  research  has  found  that  male
belugas engage in more socio-sexual behaviour than females (Lilley
et  al. 2020).  Additionally,  if  social  behaviour  is  driven  by
reproductive  hormones  (Montano  et  al. 2017),  the  seasonal  effect
would be expected to be stronger for older belugas as they approach
sexual maturity.

Methods

Subjects

This  study  followed  10  (five  females,  five  males)  belugas  in
managed care from birth to varying years of age, as determined by
facility  moves or  death (Table  1).  Daily  mixed sex and age social
groupings were created by animal care staff and ranged from two to
eight individuals at a time. The belugas in this study were primarily
housed at SWSA, although some observations were also made at GA.
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Table 1 Relevant demographics on the animal subjects in this
study.

Su
bject

Se
x

Loc
ation

Birth
date

Data
start date

Data
end date

Age

observeda

LU
N

F
SW

SA
24/6/

2000
7/8/200

8
10/4/2

010
SA

OLI M
SW

SA
23/6/

2007
24/6/20

07
8/1/20

19
C/J/SA

GR
A

M
SW

SA
26/6/

2007
25/7/20

07
8/11/2

010
C/J

    GA  
30/4/20

13
18/2/2

015
 

QIN F
SW

SA
31/7/

2008
26/8/20

08
15/11/

2010
C/J/SA

    GA  
12/11/2

013
4/3/20

15
 

BEL F
SW

SA
12/6/

2009
8/6/200

9
14/6/2

012
C

ATL F
SW

SA
23/6/

2010
29/6/20

10
12/2/2

014
C/J

SA
M

M
SW

SA
9/7/2

013
19/7/20

13
29/7/2

019
C/J/SA

STL F
SW

SA
26/7/

2013
10/8/20

13
3/11/2

015
C

KE
N

M
SW

SA
11/8/

2016
15/8/20

16
29/7/2

019
C

INK M
SW

SA
17/9/

2017
18/9/20

17
4/7/20

19
C

aCalf (C), juvenile (J) and sub-adult (SA).
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At SWSA, the belugas were housed in a series of seven connected
pools  that  held  approximately  2  million  gallons  of  water.  Belugas
were housed adjacent to the Pacific white-sided dolphins (Lagenorh

ynchus  obliquidens).  At  GA,  belugas  were  housed,  along  with
harbour seals (Phoca vitulina), in around 800 000 gallons of water in
a series of three interconnected pools.

Data collection

Data were collected via  video recordings from 2007 to  2019 at
SWSA  and  from  2013  to  2015  at  GA.  Video  recordings  included
continuous scan samples and focal follows (Altmann 1974) and were
conducted either from above water or through underwater viewing
windows. Focal follows lasted 15 minutes and followed the behaviour
of one individual, whereas scan samples were 20 minutes in length
and observed several  individuals with all  occurrence sampling.  To
address  potential  differences  in  data  collection  techniques,  we
standardized all of the samples by calculating the rates of behaviour
using the total visible observation time per animal. As we are looking
at social behaviour at large and not individual behaviour (individual
behaviour was controlled for with a linear model) and have a data
set across 12 years, we are confident that the two sampling methods
accurately represent the social behaviour of the belugas in our study.
The data collection was approved by the Institutional Animal Care
and  Use  Committee  at  St.  Mary’s  University.  All  observations
collected  for  this  study  are  considered  independent  data  points.
However, the observations were primarily made of the same social
grouping.

Video  recordings  were  taken  between  06:00  and  18:00,  when
trainers  were  not  present,  and  the  sample  included  recordings
spread across the day. Videos were recorded in every month from
June 2007 to June 2019, with the single exception of August 2015.
Each month varied in the number of videos scored, depending on
what was available in the video archive. Videos included in this study
were  selected  such  that  each  subject  had  two  observations  per
month  spanning  birth  to  three  years  of  life  and  four  videos  per
month for four years to 10 years of life. The discrepancy in videos
selected between age groups is  due to  both changes in  sampling
methods as animals age (beluga calves were documented primarily
by focal follows while juveniles were observed using scan sampling)
and  because  these  data  were  originally  selected  to  examine
individual  differences  as  a  part  of  previous  projects  that  did  not
explicitly  examine  seasonality  but  were  already  coded.  Additional
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videos were included based on the presence of  play behaviour in
order to increase the number of observations used for the present
analysis.  In  total,  1224  videos  were  analysed,  representing  more
than 304 hours of observations.

Video analysis

Videos were coded for three social behaviour types: (1) affiliative
(excluding mother–calf  swims),  (2) aggressive or agonistic and (3)
socio-sexual. These behaviours (Table 2) were coded by two primary
coders: M. Lilley and J.  Ham. The duration, initiator and receiver,
type of interaction and frequency of behaviours were evaluated for
all  interactions.  Information regarding the age of  the subject  and
identity of all other subjects present in the same enclosure was also
recorded.  Individual  belugas  were  identified  by  individual
characteristics by the observer recording the video. The sex and age
were recorded as well as the age category: calf (birth to three years
old), juvenile (4–6 years old), sub-adult (7–10 years old) and adult (11
years  old  and  older).  The  rate  at  which  adults  initiated  social
behaviour was recorded but was not used in this study as there were
not sufficient data.

 

Table 2 The social behaviours for which videos of belugas were
coded (adapted from Hill & Ramirez 2014; Hill et al. 2015; Hill et
al. 2016).

Type  of
behaviour

Behaviours

Affiliative
Rubbing  (body–body,  pectoral  fin–body),  pair

swims (excluding mother–calf swims), social play

Agonistic Open mouths, raking, chasing, head jerks

Socio-sexual
Thrust,  s-posturing,  genital  rub,  goosing,

sexual play

Inter-rater reliability was established by having secondary coders
(M. Miller and J. Lelekach) code 20% (about 60 hours) of the videos.
Using a  Bland-Altman plot  (Bland & Altman 1986),  we found that
100% (n = 243 videos) of the repeated observations fell within the
statistical limits [x ± 1.96s, 0.44 ± 1.96 (4.99), upper limit = 10.23,
lower limit = −9.34] of agreement, suggesting that there was high
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reliability among coders. Reliability was calculated by comparing the
total number of observations of behaviour per video, which resulted
in a very small mean difference (or bias) among scorers (mean = 0.4
4, SD = 4.99).

Statistical analyses

Because  the  number  of  immature  belugas  varied  between
observations, we calculated the average individual initiation social
frequency per animal by dividing the total number of interactions by
the number of belugas present for a given observation. The average
individual  initiation frequency was calculated for  each age group,
sex  and  behaviour  category  (as  well  as  overall  social  behaviour,
which  was  the  grand  total  of  all  three  behaviour  categories).  To
standardize  the  average  individual  frequency  across  observations
and years,  we divided the frequency by  total  observation time to
provide a rate. The rates were plotted against the calendar month to
visualize  seasonal  trends.  This  descriptive  analysis  was  done  for
three age categories: calf, juvenile and sub-adult and also for males
and  females.  Figures  were  constructed  in  RStudio  (R  Core
Team 2018) using the package ggplot2 (Wickham 2016).

Before  testing  for  seasonality,  we first  compared how each age
category  initiated  social  behaviour  (i.e.,  initiated  socio-sexual
behaviour,  initiated  agonistic  behaviour  and  initiated  affiliative
behaviour),  as  well  as  the  overall  social  behaviour  (all  three
behaviour categories summed), and a linear mixed effects model was
used. To assess the rate of behaviour, age category was considered
an independent fixed effect, while the initiator of the behaviour, total
animals present and sex of the initiator were considered as random
factors. To compare sex differences in the amount of socio-sexual,
agonistic, affiliative and overall social behaviour that was initiated, a
linear  mixed  model  was  used,  following  the  same  parameters  as
defined  above  except  that  the  sex  category  was  considered  an
independent  fixed  effect,  and  the  initiator  of  the  behaviour,  total
animals present and age category of the initiator were considered
random  factors.  Significant  effects  of  these  two  models  (age
comparison  and  sex  comparison)  were  evaluated  using  post  hoc
EMM test using the emmeans package (Lenth 2020).

To examine differences across calendar months, we conducted a
linear mixed effects model using RStudio and employed the lmerTest
package  (Kuznetsova  et  al. 2017).  In  this  model,  the  rate  of
behaviour (not standardized with the number of belugas present, as
this was used as a random factor) and the calendar month were used
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as the independent fixed effects, while a random factor was used to
account for the initiator of behaviour, total animals present and the
sex of the initiator. This procedure was performed for each of the
following  dependent  variables:  socio-sexual  behaviour,  agonistic
behaviour and affiliative behaviour. Effect sizes were not provided
for the linear mixed models as there is debate about whether the
effect sizes can be effectively calculated because of the way variance
is partitioned and used to compare studies (Rights & Sterba 2018).

Finally,  in  order  to  assess  differences  in  the  overall  seasonal
patterns, we used IBM SPSS Statistics, version 25 (IBM Corp., 2017)
to conduct curve estimations using the initiation rates for each type
of behaviour. Subjects that were not observed for at least 12 months
in  a  particular  age  group  were  excluded  from this  analysis.  The

model, R2, F value  and p value  for  the  best  fitting  distribution  are
reported for each type of behaviour for both sex and age categories

based on the lowest p value and the highest F value and R2 values.

Results

The results  first  detail  the comparisons between age categories
and  between  sex  for  the  three  behaviours  of  interest.  Then,
comparisons  across  the  calendar  months  for  each  demographic
group  are  reported.  Finally,  differences  in  seasonal  trends  across
demographic  groups  were  assessed  using  the  curve  estimation
analysis.

Age comparison

Immature  belugas  of  all  ages  (calves,  juveniles  and  sub-adults)
initiated socio-sexual, agonistic and affiliative behaviour throughout
the  year  (Fig.  1, Table  3).  A  linear  mixed  model  was  used  to
determine if there were significant differences among age categories
and behaviour category (Table 4). When using a post hoc EMM test,
it revealed that none of the age categories differed significantly from
each other in the initiation of the overall social behaviour (all three
behaviour types summed). When comparing the initiation of socio-
sexual  behaviour,  a  post  hoc test  (EMM) revealed that  sub-adults
initiated significantly more socio-sexual behaviour than juveniles (p 
<  0.0001)  and  trended  significant  (p =  0.06)  for  initiating  more
socio-sexual behaviour than calves. A post hoc (EMM) test revealed
that juveniles initiated significantly more agonistic behaviour than
sub-adults (p < 0.0001). Finally, a post hoc (EMM) test revealed that
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calves initiated less affiliative behaviour than juveniles (p = 0.0009)
and sub-adults (p < 0.0001), while juveniles tended (p = 0.051) to
initiate more affiliative behaviour than sub-adults.

 

Table  3 Number  of  events  observed,  mean  rate  per
individual  per  day  and  SD  for  behaviour  type  and  age
category.

 

Me
asure

Calf Juvenile Sub-adult  

N
M

ean
S

D
N

M
ean

S
D

N
M

ean
S

D
 

Ov
erall
social
beha
viour

8
25

0.
79

0
.24

1
351

2.
56

1
.17

1
480

3.
78

1
.97

 

Soc
io-
sexual
beha
viour

3
7

0.
35

0
.16

5
42

1.
00

0
.69

1
015

2.
61

1
.52

 

Ago
nistic
beha
viour

3
3

0.
03

0
.02

2
45

0.
47

0
.20

1
29

0.
32

0
.14

 

Affi
liative
beha
viour

4
17

0.
41

0
.24

5
64

1.
09

0
.47

3
36

0.
85

0
.47
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Table  4 Estimate, t value  and  linear  model  results  for
behaviour type and age category.

 

M
eas
ure

Calf Juvenile Sub-adult P
ost
hoc

 

β t p β t p β t p  

Ov
erall
soci
al
beh
avio
ur

2
57.
13

6
.67

0
.01

−
61.
97

−
2.0
8

0
.04

−
44.
26

−
1.4
2

0
.16

–  

So
cio-
sex
ual
beh
avio
ur

1
10.
19

2
.50

0
.09

−
17.
85

−
0.8
2

0
.41

5
5.5
0

2
.46

0
.01

J
<

SAa

C
<

SAb

 

Ag
onis
tic
beh
avio
ur

2
4.8
5

3
.59

0
.
00
03

2
9.9
8

3
.05

0
.09

−
2.3
1

−
0.3
1

0
.75

S
A
<

Ja

 

Af
filia
tive
beh
avio
ur

1
16.
16

5
.07

0
.
00
05

−
67.
60

−
3.8
3

0
.
00
01

−
94.
28

−
5.0
3

0
.
00
01

S
A
<

Jb

J/
SA
>

Ca

 

Post  hoc  test  results  are  reported  when  they  were
significant.

a
p < 0.0001. bp < 0.05.
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Fig. 1  The average daily rate that individual (a) calves, (b) juveniles
and (c) sub-adults initiated social behaviour across calendar months.

Sex differences

A linear  mixed  model  revealed  a  significant  difference  between
males  and  females  in  the  initiation  of  the  overall  or  total  social
behaviour (Table 5),  with males initiating significantly more social
behaviour than females (p = 0.03). A significant difference was also
found between males and females in the initiation of  socio-sexual
behaviour with males engaging in far more socio-sexual behaviour (p 
= 0.0009). The initiation of agonistic behaviour was not found to be
significantly  different  between  males  and  females.  Similarly,  no
difference was found between males and females in the initiation of
affiliative behaviour (Table 5).

 

Table  5 Estimate, t value  and  linear  model  results  for  behaviour
type  and  sex.  Post  hoc  test  results  are  reported  when  they  were
significant.

 

M
ea
sur
e

Overall
social
behaviour

Socio-sexual
behaviour

Agonistic
behaviour

Affiliative
behaviour

 

β t p β t p β t p β t p  

M
ale

3
53.
63

6
.08

0
.
00
01

2
78.
21

5
.62

0
.
00
02

−
0.2
1

−
0.0
1

0
.99

7
3.1
8

1
.42

0
.17

 

F
em
ale

−
82.
41

−
2.5
8

0
.02

−
99.
59

−
4.5
9

0
.
00
06

2
2.7
7

1
.46

0
.16

−
2.9
2

−
0.1
0

0
.92

 

P

ost

hoc

F < Ma F < Mb – –  

aFemale < male, p < 0.05. bFemale < male, p = 0.0009.  
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Seasonal changes for each age group

Calves. Calves  did  not  initiate  much  social  behaviour,  although
they  were  observed  initiating  some  socio-sexual,  agonistic  and
affiliative behaviour (Fig. 1a, Table 6). Much of the behaviour was
sporadic  throughout  the year  and did not  follow a cyclic  pattern.
Initiation  of  socio-sexual  behaviour  fluctuated  somewhat  from
month-to-month,  with  January  and  December  having  the  least
amount of behaviours and April and November having the greatest
amount  of  socio-sexual  behaviour.  Agonistic  behaviour  was  rarely
observed, and in some months (January and December), it was not
observed  at  all.  Affiliative  behaviour  also  varied  greatly  across
seasons. Affiliative behaviour peaked in August and December. When
analysed with a linear mixed effects model, socio-sexual behaviour,
agonistic  behaviour  and  affiliative  behaviour  did  not  significantly
vary from month to month (Table 7).

 

Table  6 Average  individual  rate  (per  day)  that  calves,
juveniles and sub-adults engage in socio-sexual (SS), agonistic
(Ag) and affiliative (Af) behaviour from month to month, as
plotted in Fig. 1.

 

Mo
nth

Calf Juvenile Sub-adult  

S
S

A
g

Af
S

S
A

g
Af

S
S

A
g

Af  

Ja
nua
ry

0.
14

0.
00

0.
42

1.
19

0.
56

1.
71

1.
42

0.
24

0.
84

 

Fe
bru
ary

0.
24

0.

07a
0.

42
1.

37
0.

63
1.

47
2.

59
0.

46
0.

60
 

Ma
rch

0.
45

0.
03

0.
25

0.
75

0.
59

0.
52

3.
74

0.
33

1.
18

 

Ap
ril

0.
60

0.
05

0.
31

0.
47

0.
34

0.
68

3.
86

0.
48

1.

67a  
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Table  6 Average  individual  rate  (per  day)  that  calves,
juveniles and sub-adults engage in socio-sexual (SS), agonistic
(Ag) and affiliative (Af) behaviour from month to month, as
plotted in Fig. 1.

 

Mo
nth

Calf Juvenile Sub-adult  

S
S

A
g

Af
S

S
A

g
Af

S
S

A
g

Af  

Ma
y

0.
20

0.
01

0.
33

1.
43

0.
07

1.
28

3.
03

0.
36

1.
00

 

Ju
ne

0.
40

0.
05

0.
35

1.
70

0.
54

1.

78a
6.

34a
0.

27
1.

59
 

Ju
ly

0.
21

0.
02

0.
29

2.

53a
0.

55
1.

48
2.

63
0.

26
0.

91
 

Au
gust

0.
43

0.
02

0.

86a
1.

02
0.

55
1.

06
0.

86
0.

50
0.

24
 

Se
pte
mbe
r

0.
45

0.
03

0.
22

0.
57

0.
44

1.
10

1.
22

0.
17

0.
34

 

Oc
tobe
r

0.
35

0.
04

0.
25

0.
41

0.
23

0.
65

2.
41

0.

50a
0.

81
 

No
vem
ber

0.

61a
0.

02
0.

26
0.

25

0.

57a
0.

40
2.

30
0.

17
0.

66
 

De
cem
ber

0.
14

0.
00

0.
94

0.
22

0.
31

0.
98

1.
22

0.
18

0.
31

 

aPeak in behaviour for the behaviour category throughout
the year for each age group.
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Table  7 Estimate, t value  and  linear  model  results  for
behaviour type and calendar month by age category.

 

Mea
sure

Calf Juvenile Sub-adult  

β t p β t p β t p  

Soci
o-
sexual
behav
iour

3.
00

0.
97

0
.34

−
2.7
1

−
1.2
7

0
.20

1.
38

0.
37

0
.71

 

Ago
nistic
behav
iour

−
0.4
7

−
0.7
4

0
.46

2.
32

1.
39

0
.17

0.
62

0.
81

0
.42

 

Affil
iative
behav
iour

1.
03

0.
25

0
.80

1.
79

0.
82

0
.42

−
1.5
0

−
0.8
1

0
.42

 

Juveniles. Initiation of social behaviour by juvenile animals varied
across the year, but the variation was not statistically different (Fig.
1b, Table  6).  Socio-sexual  behaviour  peaked  in  July.  Increased
initiation of socio-sexual behaviour was also observed in February,
May and June.  Agonistic  behaviour  followed a  similar  trend,  with
behaviour  peaking  in  June;  however,  rates  were  still  very  low
throughout the year, with the peak being less than one bout a day.
Affiliative  behaviour  followed  the  socio-sexual  behaviour  trend
closely.  Affiliative behaviour peaked in June and July and was the
lowest  in  March and November.  A  linear  model  found that  socio-
sexual  behaviour,  agonistic behaviour and affiliative behaviour did
not significantly vary from month to month (Table 7).

Sub-adults. Sub-adult animals initiated behaviour with descriptive
seasonal variation (Fig. 1c, Table 6). Socio-sexual behaviour peaked
in June (just under seven bouts a day) but was also high in March,
April and May. Agonistic behaviour was rare and occurred at a rate
of no more than one bout a day and remained consistent throughout
the year. Initiation of affiliative behaviour paralleled the increase in
socio-sexual  behaviour  in  April  and June  but  occurred at  a  much
lower rate than socio-sexual behaviour. When using a linear model,
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socio-sexual behaviour, agonistic behaviour and affiliative behaviour
did not significantly vary from month to month (Table 7).

Seasonal changes for each sex

Males. Males showed a seasonal trend, with all socio-sexual and
agonistic  behaviours  peaking  in  June,  while  affiliative  behaviour
peaked in April (Fig. 2a, Table 8). Agonistic behaviour remained low
throughout the year, with less than one bout a day, while socio-sexual
behaviour and affiliative behaviour occurred more frequently. All the
three behaviour types occurred with a similar pattern throughout the
year.

 

Table  8 Number  of  events  observed,  mean  rate  per
individual per day and SD for behaviour type and sex.

 

Measure

Male Female  

N
Me

an
SD N

Me
an

SD  

Overall
social
behaviour

312
5

2.49
0.5

9
529 0.81

0.2
0

 

Socio-
sexual
behaviour

180
8

1.43
0.5

1
123 0.20

0.1
2

 

Agonistic
behaviour

309 0.25
0.1

0
98 0.15

0.0
9

 

Affiliative
behaviour

100
8

0.81
0.2

2
308 0.46

0.2
0

 

Fig.  2  The  average  daily  rate  that  individual  (a)  males  and  (b)
females initiated social behaviour across calendar months.

Females. Although  females  initiated  far  less  social  behaviour,
socio-sexual  behaviour similarly  peaked in June (Fig.  2b, Table 8).
Agonistic behaviour varied throughout the year, peaking in August.
Affiliative behaviour peaked in June and August. Agonistic behaviour
remained low throughout the year, with less than one bout a day,
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while socio-sexual behaviour and affiliative behaviour occurred more
frequently.

Curve estimation analysis

Age  comparisons. As  shown  in Table  9,  the  initiation  rate  of
agonistic  behaviour  of  calves  was  best  described  by  a  quadratic
model,  despite  this  model  not  explaining  much  variability.  In
contrast,  no  statistically  significant  models  were  found  for  the
calves’  socio-sexual  and  affiliative  rates  of  initiation  across  the
calendar year. Juveniles’ initiation rate of socio-sexual behaviour was
best  described  by  a  quadratic  model  while  the  initiation  rates  of
affiliative  behaviour  and  agonistic  behaviour  did  not  produce
statistically significant models. Finally, for sub-adults, the initiation
rates of affiliative and socio-sexual behaviour were best described by
cubic models, and the initiation rate of agonistic behaviour was not
described by a statistically significant model.

 

Table 9 The model, R2, F and p values that best describe each
behaviour type across age and sex.

  Model R
2 F p

Calves

 Affiliative Quadratic 0.04 1.83 0.167

 Socio-
sexual

Logarithmi
c

0.01 0.78 0.381

 Agonistic Quadratic 0.08 3.32 0.041a

Juveniles

 Affiliative Cubic 0.18 2.29 0.097

 Socio-
sexual

Quadratic 0.20 4.14 0.025a

 Agonistic Quadratic 0.06 1.10 0.346

Sub-adults
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Table 9 The model, R2, F and p values that best describe each
behaviour type across age and sex.

  Model R
2 F p

 Affiliative Cubic 0.22 3.04 0.043a

 Socio-
sexual

Cubic 0.25 3.47 0.028a

 Agonistic
Logarithmi

c
0.04 1.26 0.269

Males

 Affiliative Inverse 0.02 1.09 0.302

 Socio-
sexual

Inverse 0.12 7.92 0.007a

 Agonistic
Logarithmi

c
0.06 3.39 0.071

Females

 Affiliative Linear 0.03 1.2 0.279

 Socio-
sexual

Cubic 0.08 1.31 0.279

 Agonistic
Logarithmi

c
0.03 1.38 0.247

a
p < 0.05.

Sex comparison. As shown in Table 9, when combining males of
all  ages,  the  initiation  rate  of  socio-sexual  behaviour  was  best
described by an inverse model, and no statistically significant models
were  found  for  the  initiation  rates  of  affiliative  and  agonistic
behaviour.  Females  were  not  found  to  have  any  statistically
significant models to describe the initiation rates of behaviour.
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Discussion

On the basis of previous knowledge of beluga behaviour both in
natural settings (e.g., Sergeant 1973; St. Aubin & Geraci 1989) and
in managed care (e.g., Robeck et al. 2005; Glabicky et al. 2010), we
expected social  behaviours,  specifically  socio-sexual,  agonistic  and
affiliative behaviours, to exhibit seasonal effects. Our results showed
that individuals of different age classes differed in the rates at which
they initiated social interactions and males and females differed in
the rates  at  which they initiated socio-sexual  behaviour.  Although
descriptive analyses showed the rate of social interactions to vary
across the calendar year, statistically significant differences were not
found using linear models, likely because of high variability. Follow-
up analysis using curve estimation found that the seasonal patterns
were best  described by different  models  across  different  types  of
social  behaviour  and  across  age  and  sex.  Specific  findings  are
described below.

Age and sex comparisons

When  comparing  age  classes,  calves  initiated  far  fewer  social
interactions  of  any  kind  (apart  from  mother–calf  pair  swims)
compared  to  juveniles  and  sub-adults,  although  these  differences
were  not  statistically  significant.  Sub-adults  initiated  significantly
more socio-sexual interactions than juveniles. In contrast, juveniles
initiated  significantly  more  agonistic  behaviour  than  sub-adults.
Finally,  calves  initiated  significantly  less  affiliative  behaviour  than
both juveniles and sub-adults. These patterns in activity likely reflect
belugas’  social  structure,  in  which  calves  spend  increasingly  less
time with  their  mothers  and  are  eventually  found in  a  variety  of
social groups, such as juvenile-only groups and/or groups comprised
of unrelated individuals (O’Corry-Crowe et al. 2020). In this study,
not  only  did  the  frequency  of  these  behaviours  change,  but  a
stronger seasonal variation appeared as belugas transitioned from
calves to juveniles to sub-adults. Likewise, males appeared to display
a  more  dramatic  seasonal  variation,  especially  for  socio-sexual
behaviours,  compared to females (Fig.  2).  Further,  males initiated
significantly  more  social  behaviour  overall  (all  three  behaviour
categories  summed:  socio-sexual,  agonistic  and  affiliative)  and
initiated  significantly  more  socio-sexual  behaviour  throughout  the
year.  These  patterns  are  likely  due  to  the  shifts  in  hormones  as
belugas  approach sexual  maturity  and may be particularly  strong
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drivers  of  socio-sexual  behaviour  in  males  (Richard  et  al. 2017;
Richard et al. 2019). However, research is needed to inform the gap
in knowledge regarding the mating system of belugas.

Seasonal changes in behaviour type

Overall,  from a  descriptive  perspective,  socio-sexual  behaviours
were found to fluctuate greatly depending on the season. Our results
of increased socio-sexual behaviour in March for sub-adults agree
with those of Glabicky et al. (2010) and match the testosterone and
luteal activity that has been reported in belugas in managed care
(Robeck et  al. 2005).  The peak in  June,  however,  also  aligns with
reports of  wild beluga behaviour during summer congregations in
shallow waters, which are usually made in July and include reports
of sexual behaviour similar to those reported for belugas in managed
care (O’Corry-Crowe et al. 2020). The slight variation in the month of
peak behaviour between managed care and wild environments may
be  related  to  sampling  differences.  Typically,  most  wild  beluga
populations are only observed during the months of July and August,
when  the  belugas  gather  in  shallow,  near-shore  waters,  whereas
belugas in managed care can be observed year round. The lack of
observations  prior  to  the  summer  congregation  months  makes  it
difficult to draw any clear conclusions about month-based seasonal
behaviour in wild belugas. However, it is possible that aspects of the
wild environment (e.g., water temperature, food availability, salinity,
and light cycle) can affect the seasonality of behaviour, which may
account for the slight difference in months. Despite the less dramatic
changes in environmental conditions for belugas in managed care,
the subjects in this study did show seasonal variation in behaviour.
The  socio-sexual  behaviour  of  both  juveniles  and  sub-adults  and
males of all  three age groups produced different curve estimation
models,  providing  partial  support  for  the  expectation  that  this
behaviour  would  become  more  entrained  by  season  as  belugas
approached adulthood. Not only did socio-sexual behaviour peak in
March  through  June,  agonistic  behaviour  generally  mirrored  the
descriptive pattern (Fig. 1) of socio-sexual encounters, which may be
related  to  increased  sexual  competition  or  the  courtship  process.
Additional  research  is  needed  to  clarify  the  mating  system  of
belugas.

Agonistic  encounters  increase  along  with  sexual  interactions  in
many species with sexual competition,  for example,  Arctic ground
squirrels  (Spermophilus  parryii;  Buck  &  Barnes 2003),  ring-tailed
lemurs (Lemur catta;  Gould & Ziegler 2007) and rhesus macaques
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(Macaca mulatta; Wilson & Boelkins 1970). The increase in agonistic
behaviour by the belugas in this study may also be associated with
increased sexual behaviour, which has been reported during summer
months for the wild beluga populations (O’Corry-Crowe et al. 2020).
Changes  in  hormone  levels,  opportunities  for  mating  and
congregations of conspecifics create conditions that facilitate these
behaviours in wild populations. Because the availability of mates and
the number of conspecifics remain relatively consistent across the
year  for  belugas  in  managed  care,  it  is  likely  that  changes  in
hormones,  daylight  and/or  air  temperature  are  drivers  of  these
behavioural changes. Another possible explanation for the increase
in social behaviour during the summer among belugas in managed
care could be the slightly increased daily activity at the facility at
which the animals are housed. We find this explanation to be less
likely  than  the  other  explanations  previously  discussed  because
similar levels of training activity are observed at other points during
the year (October, November and December). Additionally, seasonal
variation in behaviour has been documented in other odontocetes.
For  example,  increased aggression around the mating season has
been reported in bottlenose dolphins (Samuels & Gifford 1997), and
seasonal variation in sexual behaviour has been reported for orcas
(reviewed  by  Baird 2000).  However,  in  this  study,  only  calves’
initiated rate of agonistic behaviour was described by a statistically
significant model  using curve estimation,  which may indicate that
sexual competition or the courtship process is not closely linked to
agonistic  behaviour  in  juveniles  and  sub-adult  belugas.  It  is  also
important to highlight that overall, the agonistic behaviour occurred
relatively  infrequently.  Agonistic  behaviour  occurred  about  three
times less than the affiliative behaviour and five times less than the
socio-sexual  behaviour.  Most  agonistic  interactions  consisted  of
open-mouth displays,  head jerks  and brief  interactions  and rarely
included any form of physical contact between individuals. Further
study of wild belugas is necessary to know if agonistic behaviour is
similarly infrequent and mostly display-based (e.g., Ham et al. 2021).

Finally,  the  affiliative  behaviour  mirrored  the  same  descriptive
trends that socio-sexual and agonistic behaviours had in this study
and likely reflects the overall social arousal levels that accompany
socio-sexual  and  agonistic  behaviours.  Curve  estimation  analyses
showed that the initiation rate of sub-adults’ affiliative interactions
was described by  a  very  similar  model  as  socio-sexual  behaviour.
One interesting deviation from this pattern observed in this study is
that increased levels of affiliative behaviour, specifically for calves
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and juveniles, were also seen in winter months, when socio-sexual
and agonistic behaviours are generally not elevated. One explanation
is that this pattern could be related to species-specific, -ecological
changes such as increases in affiliative behaviours during migration
to winter grounds as beluga congregations separate into their sex-
and age-specific social groups (O’Corry-Crowe et al. 2018; O’Corry-
Crowe et al. 2020). Perhaps with the reduction of sexual activity and
related agonistic behaviour, affiliative interactions are more possible
in  these  more  segregated  groups.  However,  more  research  on
belugas  in  both  the  wild  and  managed  care  is  needed.  Seasonal
changes in hormone levels are a less likely explanation of affiliative
behaviour  in  sexually  immature belugas (i.e.,  calves),  as  hormone
levels typically change closer to sexual maturity (Robeck et al. 2005).
Although the belugas in this study are not affected by changes in
geography or sea ice as wild belugas are during migration, they do
experience changes in hours of daylight and ambient temperature,
which could act as external cues for certain behaviour.

Non-summer interactions

One  aim  of  this  study  was  to  fill  in  the  gap  of  beluga  social
behaviour during the non-summer months. Interestingly, the active
social  behaviour  observed  in  the  wild  congregations  of  belugas
during summer months (e.g., McGuire et al. 2020) coincides with the
summer peaks in social activity observed in this study. Although the
remainder  of  the  year  is  not  devoid  of  social  interaction,  social
activity  in  this  study  was  lower  during  the  non-summer  months
although not statistically different from summer months (Fig. 1). One
exception to this pattern was the affiliative behaviour of calves and
juveniles, which is discussed above. From an ecological perspective,
wild  belugas  likely  still  socialize  during  non-summer  months  but
presumably less between sexes and ages while migrating in smaller
groups  (O’Corry-Crowe  et  al. 2018).  Mechanisms  behind  these
patterns in a group of belugas that remains relatively stable in size
and  composition  throughout  the  year  and  is  not  subject  to
environmental pressures entailed by seasonal migrations will require
further research.  Further research should also examine if  specific
behaviours within each behavioural category change seasonally. For
example,  is  the  rate  at  which  belugas  initiate  ‘S’  postures  stable
throughout the year while the number of thrusts decreases in the
winter and, if these patterns are verified, what mechanism drives the
seasonal  trend?  Or,  conversely,  do  all  the  behaviours  within  a
category decrease proportionately in the winter months?
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Applications

This research adds to the literature on beluga behaviour during
non-summer  months,  a  seasonal  period  during  which  wild
populations  of  belugas  have  been  infrequently  observed.  The
consistency between this study and observations of wild populations
during summer months suggests that our observations collected over
a 12-year period in variable social structures of mixed age and sex
have external validity. Off the coast of Greenland, the decrease in
sea-ice coverage has changed the distribution of belugas, which may
result  in  belugas  utilizing  new  and  different  ecosystems  (Heide-
Jørgensen et al. 2010). As the Arctic sea ice decreases, especially in
the summer (Xia et al. 2014), seasonal movements and behaviour of
belugas  will  be  affected.  The  combination  of  recent  technological
advances (such as drones and underwater video), increasing access
to  free-ranging  belugas  (and  more  emphasis  on  their  behaviours
beyond migration patterns and foraging) and better knowledge of
social behaviours among belugas in managed care could clarify how
belugas might be affected by these environmental changes and, thus,
inform policy regarding beluga conservation (Alter et al. 2010). The
present findings can also inform facilities about housing belugas in
managed care. Social interaction rates differ by age, sex and time of
year,  which  are  useful  information  to  better  understand  what
behaviours to expect and how to manage animal compositions for
different  social  groupings.  For  example,  it  may  be  reasonable  to
expect that belugas display less social behaviour during the winter
months, especially sub-adults approaching sexual maturity.

Conclusion

Belugas have been previously reported to have seasonal hormone
levels  (e.g.,  Robeck  et  al. 2005),  socio-sexual  thrusting  rates
(Glabicky  et  al. 2010),  migration  (e.g.,  Lydersen  et  al. 2001),  and
mating and calving (e.g., Krasnova et al. 2009). Here we report that
a group of belugas in managed care observed over 12 years display
seasonal  behaviour  in  their  affiliative,  agonistic  and  socio-sexual
behaviours. These patterns were found to vary by age and sex, with
belugas  closer  to  maturity  and  males  displaying  more  seasonal
variation compared to younger belugas and females. This research
provides insight into belugas’  social  behaviour during times when
belugas in their natural habitats are not typically observed; however,
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further research is needed to determine if the patterns found here
are consistent across wild beluga stocks.
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