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and Whitehead 2013). As we strive to better understand the 
social and cultural lives of odontocetes, certain species, such 
as the bottlenose dolphin (Tursiops sp.), the sperm whale 
(Physeter macrocephalus), and the killer whale (Orcinus 
orca) have garnered much attention and have come to be 
well-characterized (Connor et al. 1998; Beck et al. 2012; 
Connor and Krützen 2015; Whitehead et al. 2024). Others, 
like the beluga, remain relatively poorly understood, possi-
bly due to the challenges inherent in observing marine ani-
mals in remote, often inhospitable habitats.

Belugas are circumpolar, occupying Arctic regions of 
Canada, Alaska, and Russia, although their distribution 
extends into temperate regions in some parts of the world 
(DFO 2023). They were initially thought to have a lifes-
pan of 30–35 years, but they are now known to reach 75–80 
years of age in the wild (Lesage et al. 2014; Waugh et al. 
2018). Belugas rely on seasonally available prey such 
as capelin (Mallotus villosus) and Arctic cod (Boreoga-
dus saida), but are generally opportunistic consumers of 
various fishes, cephalopods, molluscs, and other marine 

Introduction

Odontocetes, the toothed whales, have been widely recog-
nized as highly social animals where cultural traditions play 
an important role in ecology and behavior. Toothed whales 
possess a broad range of social structures (Mann et al. 
2000) and the evidence of cultural traditions among toothed 
whales has attracted much attention from the research com-
munity (Rendell and Whitehead 2001; Norris 2002; Cantor 
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Abstract
Beluga whales live in complex societies, but their social structure and cultural lives are poorly described compared to 
those of some other cetaceans. In this review, we summarize the evidence for fission-fusion social dynamics, sexual seg-
regation, male alliances, female social structure, multilevel sociality, and cultural traditions among belugas. We compile 
evidence of atomistic, individual-based social dynamics within beluga societies. We show that most beluga societies are 
sexually segregated, although there is considerable intra-specific variation in the social structure of belugas. Our review 
of research on male beluga sociality reveals that males sometimes associate closely, and that these associations can last 
for weeks to months. Further research is needed to determine whether these associations are stable and long-lived, as 
in other cetaceans. Our examination of female beluga sociality, including our assessment of the influence of maternal 
kinship, reveals equivocal findings. Growing evidence suggests that female beluga sociality is partly driven by maternal 
kinship, and that the degree to which female belugas associate with kin may vary seasonally. Therefore, female beluga 
sociality may be best defined as “matrifocal” rather than “matrilineal”. We review the evidence supporting a multilevel 
social structure among belugas and suggest four possible social levels: the mother-calf dyad, the group, the herd, and the 
community. Finally, we discuss migratory and vocal culture among belugas. Our review showcases the complex social 
lives of this enigmatic species and highlights important areas for future research.
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invertebrates (Loseto et al. 2009; Kelley et al. 2010; Lesage 
et al. 2020). Killer whales (Orcinus orca) and polar bears 
(Ursus maritimus) are the primary predators of belugas, 
although some populations have no natural predators (Free-
man 1973; Westdal et al. 2017). Most beluga populations 
undergo long seasonal migrations, generally summering 
in coastal areas, and wintering in more open-water areas 
when coastal areas become ice-bound (COSEWIC 2014). 
Even resident beluga populations show seasonal move-
ments within their estuarine habitats (DFO 2014). There are 
currently eight recognized beluga populations in Canada, 
although our understanding of their population structure is 
dynamic and subject to frequent revision (COSEWIC 2020; 
DFO 2022). Several populations are known to interbreed on 
common wintering grounds, suggesting that some popula-
tions may eventually be reassessed, while others were only 
recently recognized as distinct units, and more may be rec-
ognized in the future (DFO 2022; Parent et al. 2023).

In this review, we synthesize the available evidence for 
fission-fusion dynamics, sexual segregation, male social 
dynamics, matrifocality, multilevel social structure, and cul-
ture in belugas. We begin by examining the evidence for fis-
sion-fusion dynamics and sexual segregation in this species. 
We then delve into the social dynamics of male and female 
belugas, addressing controversies about whether female 
beluga societies are matrilineal. Next, we examine the evi-
dence of multilevel social structure among belugas. Finally, 
we review the evidence of culture in belugas. Throughout 
this review, we identify avenues for future research and 
techniques and technologies that will be crucial to further 
our understanding of beluga sociality and culture. As pre-
dominantly Arctic animals, belugas face diverse conserva-
tion challenges, many of which stem from anthropogenic 
activities. To implement appropriate conservation mea-
sures, it is imperative for us to better understand their social 
structure and culture. For example, evidence suggests that 
belugas show vertical transmission of migratory routes and 
summering areas (Colbeck et al. 2013), which may make 
them particularly vulnerable to anthropogenic disturbance 
in the changing Arctic. By deepening our understanding of 
beluga societies and culture, we also come to better appre-
ciate precisely what is at stake in our conservation efforts: 
the uncertain future of a socially-complex, highly cultural 
species.

A note on within-species variation

Although it may be tempting to assume that all beluga pop-
ulations share similar social structures and cultural behav-
iours, studies of other whales and dolphins teach us that 
this assumption may be incorrect. For example, different 

ecotypes of killer whales exhibit drastically different behav-
iors and social structures (Baird 2000). While beluga popu-
lations are not recognized to represent different ecotypes, 
they are nonetheless genetically distinct; some populations 
have been separated for over 30,000 years (O’Corry-Crowe 
et al. 2010) and exhibit differences in migratory behav-
iour (De March et al. 2002; Postma 2017). Bottlenose dol-
phins and sperm whales also exhibit compelling examples 
of within-species social variation (Whitehead et al. 2012; 
Gowans 2019). Population differences may manifest in dif-
ferent cultural traditions. For example, the resident Cook 
Inlet and St. Lawrence beluga populations are short-dis-
tance migrants and likely do not possess the same degree of 
migratory culture as beluga populations that undergo long-
distance migrations. As such, we are careful throughout this 
review to specify sampling locations and the populations 
being discussed. Where relevant, we comment on appar-
ent differences between populations and discuss possible 
evolutionary explanations for such differences. In supple-
mentary Table S1, we also outline the populations that show 
evidence of the phenomena being discussed. It is likely that 
future research will show us that different beluga popula-
tions exhibit different social strategies and unique cultural 
identities. Given the current lack of a general synthesis of 
beluga sociality and culture, we attempt in this review to 
sketch its broad outlines, with the hope that future research-
ers will refine our linework and color in the blank spaces.

Fission-fusion societies and beluga whales

Broadly, a fission-fusion society is any society where 
group size and composition changes quickly and periodi-
cally (Gowans 2019). While this definition has limitations, 
which are discussed in the penultimate paragraph of this 
section, it provides a useful starting point for examining 
beluga social structure. The term “fission-fusion” was first 
used to describe the social dynamics of non-human primates 
(Kummer 1971), but has since been adopted to describe the 
social structure of Asian elephants (Elephas maximus; de 
Silva et al. 2011), bottlenose dolphins (Connor et al. 2000), 
Bechstein’s bats (Myotis bechsteinii; Kerth et al. 2011), 
modern humans (Marlowe 2005), crows (Corvus ssp.; Uhl 
et al. 2019), common ravens (Corvus corax; Loretto et al. 
2017), and other animals. Fission-fusion societies are likely 
widespread due to the evolutionary advantages of flexible 
grouping patterns. Although living in social groups carries 
considerable advantages, it also carries important costs, 
such as increased competition, increased detectability by 
predators, and increased disease and parasite transmis-
sion (Dunbar 1989). By adjusting their grouping patterns 
dynamically, animals that live in fission-fusion societies are 
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able to modulate the trade-offs of social living by adjusting 
group size and membership (Kelley et al. 2011; Jordaan et 
al. 2021). Although belugas have been repeatedly character-
ized as a fission-fusion species (Karenina et al. 2013; Hill 
and Campbell 2014; Michaud 2014; O’Corry-Crowe et al. 
2020; Mayette et al. 2022), no single study provides defini-
tive evidence of such a social structure. In this review, we 
present two lines of evidence that support the widespread 
idea that belugas live in fission-fusion societies. First, 
beluga group sizes are highly variable and second, individu-
als have been observed moving between groups.

The terminology used by cetacean researchers to describe 
the social structure of whales is diverse. For example, killer 
whale researchers use terms such as “matriline” and “pod” 
(Baird 2000), whereas sperm whale researchers prefer “unit” 
and “group” (Whitehead and Weilgart 2000). There is currently 
no such widely accepted terminology among beluga research-
ers. In this review, we use the terms “group” and “herd”. Fol-
lowing Lemieux Lefebvre et al. (2018), we define a group as 
two or more individuals that are in relatively close proximity 
to each other and engaged in similar behaviours, and a herd as 
an assemblage of distinct groups, where the distance between 
individuals in a group is small, but the distance between groups 
is relatively large. These terms are functional definitions, largely 
based on visual observations of whales from boat decks and 
drones and may not fully capture the whales’ full social experi-
ence (see Box 1 for a discussion on defining groups in whales 
and dolphins). Despite their limitations, these terms serve as a 
stepping stone to a more cohesive understanding of beluga soci-
ality. Other authors have defined these terms differently, and we 
are therefore careful in interpreting these words in previously 
published works (for example, Colbeck et al.’s (2013) “groups” 
are defined as animals captured at the same site on the same 
day and are therefore likely more similar to our “herds”.) To 
preserve clarity, we use the term “aggregation” when discuss-
ing assemblages of belugas in a looser, more colloquial sense, 
unless citing authors that specifically use the term “group” in 
their published works.

Several authors have noted that belugas can be found 
alone or in small groups (Finley et al. 1982; Mayette et 
al. 2022), or in herds that can reach thousands of animals 
(Sergeant 1962; Sergeant and Brodie 1975; Ognetev 1981; 
Seaman 1981). These observations suggest that individu-
als and smaller aggregations periodically merge to form 
large aggregations. In their influential monograph on belu-
gas, Bel’kovitch and Sh’ekotov (1993) report on thousands 
of hours of observations of belugas in the White Sea and 
Amur River estuary. They found that belugas frequently 
formed ephemeral groups of 2–8 animals which sometimes 
joined to form groups of 15–20 animals (Bel’kovitch and 
Sh’ekotov 1993), quite similar to what was found in the 
St. Lawrence with average group sizes varying between 

2 and 5 individuals and average herd sizes between 6 and 
65 (Michaud 1993). Habitat and activity appear to impact 
beluga grouping patterns, with smaller groups and herds 
found in sheltered coastal habitats and larger gatherings 
forming during socializing and foraging activity (Michaud 
et al. 1990; Lemieux Lefebvre et al. 2018). In the White 
Sea, the largest beluga herds are typically observed in May 
through September (Krasnova et al. 2012). In the St. Law-
rence estuary, scattered groups of belugas reunite into large 
herds in the fall (Vladykov 1944; Pippard 1985).

Box 1

(Mann and Smuts 1998; Gero et al. 2016; Connor et al. 2017; Fig. 1

and narwhals, including a 10-metre chain rule (Mayette et al. 2022), 

a one-to-two-body-length chain rule (Cosens and Dueck 1991), 

and a one-body-length chain rule (Ausen et al. 2023). Within these 

frameworks, individuals are often considered to be alone if they are 

more than one to two body lengths away from other individuals.

-

ing large distances at a speed over 4 times as fast as in air, animals 

may be in close acoustic contact even when separated by much 

more than one body length. Therefore, although these chain rules 

beluga and other cetaceans. Adult beluga contact calls were found 

to have a median communication range of 6.7 km in quiet environ-

ments, and 2.9 km in noisy environments (Vergara and Mikus 2021). 

With this in mind, it may be worthwhile to use more liberal chain 

rules, such as the 200m chain rule that Augusto et al. (2017) used 

acoustic ranges (Parsons et al. 2009; Foster et al. 2012), or chain  

rules that include a behavioural component, similar to those used by 

Lemieux Lefebvre et al. (2018

Fig. 1  Example of a one-body-length chain rule being used to define 
beluga groups. In each group, every individual is less than one body 
length away from another group member. In this example, three groups 
are shown, represented in red, purple, and green. Every individual in 
each group is more than one body length away from all individuals in 
the other groups
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the nasal sound-production complex of diving odontocetes 
and high background noise in marine environments (Tyack 
2000; Ridgway et al. 2001). To overcome these obstacles 
and enhance individual distinctiveness, learning to modify 
acoustic characteristics of calls becomes crucial (Tyack 
1997). In temporary natural beluga entrapments in Cunning-
ham Inlet, the number of contact call types with unique ele-
ments was strongly correlated with the number of animals 
being recorded (Vergara and Mikus 2019). Similarly, among 
all-male groups in the White Sea, the number of unique 
contact call types recorded was strongly correlated with the 
number of animals observed (Panova and Agafonov 2023).

If belugas have individual vocal signatures, this suggests 
that they possess a communication system well-adapted to 
fission-fusion social dynamics. However, further research 
is needed to determine whether beluga contact calls repre-
sent individual or familial vocal signatures. Some evidence 
from captive belugas suggests that contact call types may 
be shared between related individuals (Vergara et al. 2010; 
Ames and Vergara 2020). Yet this may also arise from mim-
icry of the vocal signatures of others, as has been observed 
in bottlenose dolphins, who can copy the individually dis-
tinctive whistles of close associates (Tyack 1986; King et al. 
2013; King and McGregor 2016). Therefore, the potential 
for individual vocal signatures in belugas requires further 
investigation.

Nuances in fission-fusion dynamics

The term ‘fission-fusion society” has been criticized for 
being needlessly dichotomous (Aureli et al. 2008). Some 
societies that have not been traditionally considered to be 
fission-fusion societies exhibit fission-fusion dynamics, 
while other societies that are described as fission-fusion 
societies can vary drastically in the degree of fission-fusion 
dynamics. For example, the societies of bottlenose dol-
phins (Tursiops sp.) and chimpanzees (Pan troglodytes), 
which live in very flexible groups that may change mem-
bership over short time spans (Lehmann and Boesch 2004; 
Wiszniewski et al. 2009), and the stable matrilineal social 
units of female sperm whales and African elephants (Lox-
odonta africana), which may nonetheless join with other 
social units for short periods (Whitehead et al. 1991; de Silva 
and Wittemyer 2012), all possess some degree of fission-
fusion dynamics. Some authors have attempted to remedy 
this problem. Rodseth et al. (1991) suggested that fission-
fusion societies can be described as “atomistic”, where 
individuals are the smallest social unit that may leave and 
join others, or “molecular”, where stable, long-term groups 
are the smallest social unit that may leave and join others. 
Another characterization of fission-fusion societies focuses 
on the relative importance of the group. For example, van 

Direct observations of individuals joining and separat-
ing from other individuals also provides anecdotal evidence 
that belugas live in fission-fusion societies. In a reproduc-
tive gathering in the White Sea, an adult with individually 
distinguishing scars was observed twice alone, and three 
times as a member of three different groups (Alekseeva et 
al. 2013). In the same population, males have been observed 
temporarily joining aggregations of females with young 
(Kleinenberg et al. 1964), and juveniles have been observed 
moving between kindergarten groups and hunting groups 
(Bel’kovitch and Sh’ekotov 1993). In the St. Lawrence 
Estuary, “social congregating”, the meeting and interchange 
of groups, has also been observed (Pippard and Malcolm 
1978).

Identity calls and social organization

In cetacean societies, the nature of identity-related informa-
tion provided in contact calls is linked to social organization 
(Tyack 2000), and we may gain insight into beluga social 
behaviour by considering features of acoustic signals. Iden-
tity signals can either be individually unique or collectively 
shared. Shared contact calls that signal social membership 
tend to be favored in species characterized by long-term 
social stability (Tyack 2000) such as killer whale pods (Ford 
1991) and sperm whale units (Rendell and Whitehead 2003). 
Conversely, in socially dynamic species that maintain long 
term relationships in the context of fission-fusion social sys-
tems, contact calls tend to be individually distinctive, as in 
the well-studied bottlenose dolphin signature whistles (Say-
igh et al. 1998; Tyack 2003). Individual vocal signatures are 
well-adapted to fission-fusion sociality because they allow 
individuals to keep track of each other, especially in aquatic 
environments where vision is often ineffective (Sayigh et al. 
1998; Tyack 2003; Vergara and Mikus 2019).

Belugas have been suggested to have distinctive vocal sig-
natures in their contact calls (Morisaka et al. 2013; Mishima 
et al. 2015; Vergara and Mikus 2019; Panova and Aga-
fonov 2023). These calls, important in social cohesion, can 
be biphonal, including both a rapid broadband pulse train, 
and an overlapping tonal or pulsed element that potentially 
serves as an acoustic signature element (Vergara and Mikus 
2019). Although the pattern of the pulse train appears to be 
individually distinctive (Mishima et al. 2015), the potential 
signature element described by Vergara and Mikus (2019) is 
a more compelling candidate as a true vocal signature. True 
vocal signatures represent distinctive, learned acoustic fea-
tures that are unlikely to arise from morphological variation 
in voice characteristics (Boughman and Moss 2003). While 
subtle differences in voice characteristics are often effective 
for individual recognition, this may be insufficient in aquatic 
settings due to challenges like depth-induced alterations in 
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or space-use patterns, where individuals segregate them-
selves with other individuals of the same sex outside of the 
breeding period (Main et al. 1996; Michaud 2005a). Many 
hypotheses have been suggested to explain such patterns, 
including sex differences in predator avoidance, energetic 
requirements, foraging strategies, avoidance of intraspecific 
competition, and social preferences for same-sex interac-
tions, often due to male aggression and harassment (Main et 
al. 1996; Ruckstuhl and Neuhaus 2002; Galezo et al. 2018).

Biologists have long suggested that belugas live in sex-
ually-segregated societies (Vladykov 1944; Sergeant 1962; 
Kleinenberg et al. 1964; Brodie 1971; Pippard 1985). As 
early as 1944, Vladykov noted that, in summer, females 
of the St. Lawrence Estuary population primarily inhabit 
shallow inlets, while males concentrate in deeper waters. 
A clear spatial segregation was also described between 
all-adult herds, presumed to be mostly males, and herds of 
adults accompanied by young in the St. Lawrence Estuary 
(Michaud 1993; Ouellet et al. 2021). Richard et al. (1998) 
found sex differences in the movement patterns of six sat-
ellite-tagged belugas in the Canadian High Arctic: while 
four females remained near the tagging site, two tagged 
males both traveled north from the tagging site. In the East-
ern Beaufort Sea, Richard et al. (2001) found that tagged 
males and females occupied different habitats during the 
summer. Similarly, female and male belugas in the Chuk-
chi and Beaufort Seas were found to select different habitats 
(Hauser et al. 2017). In addition, during subsistence hunts 
around Hudson Bay, animals captured together tended to 
be of the same sex (Colbeck et al. 2013). Evidence from 
captive animals also supports the idea that belugas tend to 
congregate with members of the same sex. Among captive 
belugas, males were found to associate with other males 
seven times more often than they associated with females, 
while females were often alone (Hill et al. 2018).

Beyond sex, segregation in belugas appears to be par-
tially determined by reproductive state. In the St. Lawrence 
Estuary, lactating females with young frequently segregated 
themselves from males and other females (Sergeant 1986). 
Similarly, in the Canadian High Arctic, nursing females 
and presumed older female offspring were found to select 
estuarine habitats, while large males rarely frequented estu-
aries, and females with older calves and subadult males 
frequented ice-edge habitat (Smith et al. 1994). Use of 
estuaries and shallow bays by females with calves in the 
summer is widespread, and has been reported in multiple 
beluga populations, including the St. Lawrence Estuary 
population (Pippard 1985), the Eastern Beaufort Sea popu-
lation (Hauser et al. 2017), and the White Sea population 
(Krasnova et al. 2014). Several explanations have been 
put forth regarding the use of shallow estuaries by females 
with calves, including predator avoidance, prey access, and 

Schaik (1999) defined “group-based fission-fusion” societ-
ies as those where individuals live in permanent groups that 
can undergo fission, and “individual-based fission-fusion” 
societies as societies where individuals are often alone or in 
small groups, and the society itself can only be recognized 
on the basis of all association patterns. Aureli et al. (2008) 
suggest that fission-fusion dynamics should be ranked along 
three axes: (1) temporal variation in spatial cohesion, (2) 
temporal variation in group size, and (3) temporal varia-
tion in group composition. Societies that score highly on 
all three dimensions have higher-fission-fusion dynamics, 
while societies that score low on all dimensions have lower 
fission-fusion dynamics. This system has some limitations; 
both territorial, solitary species, and highly stable societ-
ies would be characterized as having lower fission-fusion 
dynamics, despite presenting important social differences.

Which characteristics best describe the fission-fusion 
sociality of belugas? We might recognize that atomistic 
societies generally tend to have individual-based, higher 
(sensu Aureli et al. 2008) fission-fusion dynamics, while 
molecular societies tend to have group-based, lower fis-
sion-fission dynamics. In the White Sea, lone belugas are 
sometimes observed in offshore areas (Kleinenberg et al. 
1964). In the Beaufort Sea and in the St. Lawrence Estuary, 
large percentages of belugas observed during aerial surveys 
were considered to be alone (i.e., no other animals nearby; 
Michaud 1993; Mayette et al. 2022). Considered together 
with the aforementioned evidence of fission-fusion dynam-
ics in belugas, these findings suggest that beluga sociality 
is more similar to the higher fission-fusion dynamics (as 
defined by Aureli et al. 2008) seen in bottlenose dolphins, 
chimpanzees, and spider monkeys, Ateles sp. (Chapman 
1990; Connor et al. 2000; Lehmann and Boesch 2004), than 
to the lower fission-fusion dynamics seen in animals with 
stable social structure, such as sperm whales and African 
elephants (Whitehead et al. 1991; de Silva and Wittemyer 
2012). Further investigations, using a variety of techniques 
and technologies, will be needed to fully characterize beluga 
societies (Fig. 2). In particular, photo-identification, passive 
acoustic monitoring, and acoustic tags will be helpful in 
disentangling the fission-fusion social dynamics of belugas.

Sexually-segregated societies and beluga 
whales

Sexually segregated societies are common among sex-
ually-dimorphic social mammals, including ungulates 
(Clutton-Brock et al. 1987; Ruckstuhl and Neuhaus 2000), 
primates (Chapman 1990; Surbeck et al. 2017), and ceta-
ceans (Michaud 2005a; Morteo et al. 2014). Sexually-seg-
regated societies show sex differences in social behaviour 
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and females were frequently photographed in the same 
areas, and in the same groups (given the reported sizes of 
these groups, they likely correspond to what we refer to as 
herds; McGuire et al. 2020). Intriguingly, adult males were 
seen in herds with calves almost as often as adult females 
in the Cook Inlet population (McGuire et al. 2020). It is 
unclear whether sexual segregation occurs in this popula-
tion outside of the ice-free season.

Although it is evident that sexual segregation is a key 
feature of some beluga populations, it may be premature 
to generalize this social structure to all beluga popula-
tions. Different beluga populations may exhibit different 
social structures, possibly due to different evolutionary 
pressures including prey availability, predation pressure, 
or population density. However, we are not aware of any 

thermal stress mitigation (Sergeant 1973; Fraker et al. 1979; 
Noel et al. 2022).

Other studies, in contrast, have found an absence of sexual 
segregation among belugas. Using stable isotope analysis of 
male and female belugas, Kelley (2014) found evidence of 
dietary overlap between male and female belugas outside 
of the breeding season in the Western Hudson Bay. How-
ever, males and females may be socially segregated and still 
show dietary overlap. In the same population, two estuar-
ies showed no evidence of segregation between adults with 
young, juveniles, and adults without young, suggesting that 
both estuaries were used by both males and females (West-
dal et al. 2022). Similarly, a multi-year photo-identification 
study of Cook Inlet belugas found no evidence of broad-
scale sexual segregation during the ice-free season: males 

Fig. 2  Field methods that provide insight into beluga social structure and culture. Each method is associated with several advantages and disad-
vantages, some of which are listed above
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characterized by fission-fusion dynamics rather than stabil-
ity, as in the case of giraffes (Giraffa camelopardalis sp.; 
Bercovitch and Berry 2013). Are these examples of matri-
focality, matrilineality, or something else? A broad range 
of social structures have been described as matrilineal. We 
suggest that matrifocality and strict matrilineality exist on a 
continuum, and that most species described as matrifocal or 
matrilineal can be placed somewhere along this continuum 
(Box 2, Fig. 3). Examples of species that can be broadly 
grouped as matrifocal include giraffes (Bercovitch and 
Berry 2013), bottlenose dolphins (Smolker et al. 1992; Frère 
et al. 2010; Tsai and Mann 2013), and narwhals (Monodon 
monoceros; Palsbøll 1997), all of which live in societies that 
are structured around maternal kin yet don’t live in stable 
matrilineal societies (Fig. 3). Species that can be classified 
as strictly matrilineal include resident killer whales (Ford 
1991), and perhaps, pilot whales (Alves et al. 2013; Nichols 
et al. 2020). Other, less strictly matrilineal species include 
sperm whales (Coakes and Whitehead 2004), pilot whales 
(Alves et al. 2013; Nichols et al. 2020), African elephants 
(McComb et al. 2001), spotted hyenas (Crocuta crocuta; 
Holekamp et al. 2012), and meerkats (Suricata suricatta; 
Griffin et al. 2003; Fig. 3).

Along a continuum from matrifocality to matrilineality, 
where do matriarchal societies belong, societies where older 
females tend to be socially dominant or hold leadership 
roles (Wittemyer et al. 2005; McHugh 2019)? We suggest 
that matriarchy is a quality of matrifocal and matrilineal 
societies, rather than a type of society onto its own (Fig. 
3). Examples of species known to be matriarchal include 
African elephants (McComb et al. 2001), giraffes (Berry 
and Bercovitch 2015), spotted hyenas (Smith et al. 2015), 
and killer whales (Brent et al. 2015). These species have 
also been described as matrilineal (elephants, killer whales, 
and hyenas) or matrifocal (giraffes). For many species, it 
appears that the question of whether a species is matriarchal 
has never been explored (Fig. 3).

By living with relatives, individuals can easily cooper-
ate with kin and benefit from kin selection (Hamilton 1964; 
Wild 2023). Many forms of cooperation have been observed 
in matrifocal and matrilineal societies, including food shar-
ing (Wright et al. 2016), collaborative defense (Graw and 
Manser 2007; Ponnampalam 2016), alarm calling (Rauber 
and Manser 2021), and offspring care (i.e., allocare; English 
et al. 2010; Konrad et al. 2019). A female living with mater-
nal kin might receive assistance with offspring rearing, as 
the survival and reproductive success of her offspring would 
increase the inclusive fitness of her associates. For animals 
such as odontocetes with extremely protracted periods of 
offspring dependence, such assistance from kin is likely an 
important factor driving the emergence of matrifocal and 
matrilineal societies (Rendell et al. 2019).

ecological pressures that consistently align with the pres-
ence or absence of sexual segregation in the populations 
described here, although this represents a rich area for 
future investigation. The lack of segregation described in 
some beluga populations may reflect differences in meth-
odology and terminology, or seasonal changes in beluga 
behaviour (see Fig. 4). While sexual segregation may not be 
ubiquitous among belugas, it is certainly widespread, and 
accordingly, it is worthwhile to evaluate male and female 
beluga social structures separately.

Females beluga societies: matrilineal, 
matriarchal, or matrifocal?

In many animal species, older females are socially cen-
tral or dominant. These societies are variably described as 
matrilineal, matriarchal, or matrifocal (Brown Gladden et 
al. 1997; Palsbøll 1997; Marcoux et al. 2006; Whitehead 
et al. 2017). These terms are often used interchangeably to 
describe female-dominated societies, without specific defi-
nitions. In Box 2, we define these terms and present exam-
ples of matrifocal, matrilineal, and matriarchal societies. 
One uniting feature of matrifocal societies is that females 
form strong connections with their daughters, but also with 
more distant kin and non-kin, resulting in societies where 
maternal kin tend to interact with each other, but where 
associates are not exclusively or primarily maternal kin 
(Rendell et al. 2019). Matrilineal societies, however, are 
composed of one or a few matrilines (Rendell et al. 2019). 
Matriarchal societies, whereby elder females are socially 
dominant or hold a leadership role can be matrilineal or 
matrifocal (McComb et al. 2001; Brent et al. 2015; see Box 
2 for more details).

The task of assigning these labels to different animal spe-
cies is not always straightforward. For example, is a spe-
cies truly matrilineal if groups include unrelated males, as is 
often the case in species with male-biased dispersal? Some 
killer whale ecotypes show the unusual phenomenon of 
bisexual natal philopatry, such that matrilines, the first social 
level, are composed of a matriarch, her sons, daughters, and 
her daughters’ offspring (Ford 2019). Similarly, in pilot 
whales (Globicephala sp.) both males and females show 
natal philopatry, and groups are typically composed of mul-
tiple matrilines, although the degree of relatedness between 
matrilines is unclear (Alves et al. 2013; Nichols et al. 2020). 
In the cases of sperm whales and elephants, mature males 
leave their mothers to roam or associate with other males, 
such that female social units are composed of matrilines of 
females and their immature offspring (McComb et al. 2001; 
Coakes and Whitehead 2004). In some species, social inter-
actions are structured by maternal kinship, but societies are 
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The social bonds and organization of female belugas 
remain a topic of much interest, particularly their long-term 
stability. Anecdotal evidence suggests that female belugas 
prefer to affiliate with specific individuals, and associa-
tions between individuals other than mothers and dependent 
calves can be long-lived. In the St. Lawrence Estuary, one 
adult female was repeatedly observed traveling with another 
adult of unknown sex and immature individuals (Pippard 
and Malcolm 1978). In addition, a large adult female and 
a large sub-adult female satellite-tagged together in Cun-
ningham Inlet were found to have travelled together for at 
least 21 days (Smith et al. 1994). Preliminary analyses of 
decades of photo-identification effort in the St. Lawrence 
Estuary also indicated that females have preferred compan-
ions (Michaud 1999, 2005b). It is not known whether these 
associates were maternal kin, such as a mother and a mature 
daughter, or non-kin.

Fig. 3  Matrifocal and matrilineal societies: a conceptual organization 
centering the influence of fission-fusion dynamics and the proportion 
of maternal kin in groups. Matriarchal societies are found among both 
matrifocal and matrilineal societies, and animals in both matrifocal 
and matrilineal societies show evidence of menopause

 

 Box 2 Matrifocal, matrilineal, and matriarchal societies

Matrifocal gence)

interactions tend to be structured around maternal kinship, although groups are not composed exclusively of maternal kin.

plays an important role in herd composition (Bercovitch and Berry 2013).

Female bottlenose dolphins appear to be weakly matrifocal; females tend to associate more with females from the same maternal lineage, and 

sometimes continue to associate with their mothers well into adulthood, although social interactions are also structured by home-range overlap 

and paternal kinship (Smolker et al. 1992; Frère et al. 2010; Tsai and Mann 2013 -

eties (Breed et al. 2017

Palsbøll 1997). Similar migration patterns are known in belugas.

3). Animals in matrifocal societies may 

Matrilineal (from the Latin linea for line)

relative (Rendell et al. 2019). In most cases, groups described as matrilineal are composed of multiple matrilines.

2019). Groups of closely related matrilines that frequently travel and for-

age together are known as pods (Ford 2019

which are typically composed of multiple related matrilines (Alves et al. 2013; Nichols et al. 2020). Animals that are not strictly matrilineal, 

but are often described as such, include African elephants, sperm whales, spotted hyenas, and meerkats. African elephant families and sperm 

2001; 

Coakes and Whitehead 2004). Spotted hyenas (Crocuta crocuta) and meerkats (Suricata suricatta) societies are often composed of a single 

2003; Holekamp et al. 2012).

Comments: In contrast to matrifocal societies, matrilineal societies are often composed of stable groups. Stable group structure is a prerequisite 

for matrilineal societies. A wide range of societies can be described as matrilineal, including societies composed of multiple related matrilines 

and societies that include unrelated males (Fig. 3). Nonetheless, the term “matrilineal” remains a useful term for distinguishing these societies 

from matrifocal societies and societies that are not structured by maternal kinship.

Matriarchal (from the Greek root ἀρχή (chief, leader, ruler)

2005; McHugh 2019, 2015).

Examples: Among African elephants, the presence of older females improves the reproductive success of their families, likely due to the social 

and ecological knowledge of older matriarchs (McComb et al. 2001, 2011).

Other examples of species where older females hold a leadership role include spotted hyenas (Smith et al. 2015

( ; Berry and Bercovitch 2015).

Comments: We consider that matriarchy is a quality of matrifocal and matrilineal societies, rather than a separate social category. It seems 

likely that many matrifocal and matrilineal species are also matriarchal; however, in many cases, questions of social dominance and leadership 

remain unexamined (Fig. 3).
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mothers beyond the period of offspring dependence, we 
should expect to find high relatedness among females. 
O’Corry-Crowe et al. (2020) did find that close maternal kin 
regularly interact and associate. However, they also regu-
larly associate with non-kin, paternal relatives, and distant 
relatives. O’Corry-Crowe et al.‘s (2020) findings clearly 
show that beluga societies are not strictly structured around 
maternal kinship. In this respect, belugas may be similar to 
bottlenose dolphins in the sense that adult daughters occa-
sionally associate with their mothers, but groups maintain 
high fission-fusion dynamics (Tsai and Mann 2013). As 
with bottlenose dolphins, beluga mother-daughter bonds 
may be socially important, without resulting in a matrilin-
eal social structure. Like bottlenose dolphins and narwhals, 
beluga societies may be best defined as matrifocal, rather 
than matrilineal (Fig. 3).

Other findings by O’Corry-Crowe et al. (2020) are 
broadly aligned with previous observations of beluga soci-
ality. Given that belugas show male-biased social disper-
sal (Colbeck et al. 2013; O’Corry-Crowe et al. 2018), we 
would not necessarily expect male belugas to associate with 
maternal kin. Similar patterns of low relatedness have been 
reported among bachelor groups of male sperm whales 
(Bond 1999) and bottlenose dolphin male alliances (Connor 
et al. 2011). Interestingly, adult male bottlenose dolphins 
appear to avoid associating with their mothers, despite often 
occupying overlapping home ranges (Tsai and Mann 2013). 
O’Corry-Crowe et al. (2020) also note that large herds of 
belugas are not composed exclusively of maternal kin. This 
is expected if herds represent assemblages of matrilines, 
rather than single matrilines, as suggested by Colbeck et 
al. (2013) and authors of earlier studies (Kleinenberg et al. 
1964; Bel’kovitch and Shekotov 1993).

The strength and relative stability of the mother-daughter 
bond among belugas remains a topic of considerable inter-
est. Several studies have suggested that mothers might asso-
ciate with offspring of various ages beyond the period of 
offspring dependence. Kleinenberg et al. (1964) reported 
the capture of a juvenile with an adult female and depen-
dent calf. All three animals shared the same rare feature, 
the presence of a fifth digit, suggesting that the juvenile 
may have been the female’s older offspring. This would 
imply that older offspring sometimes remain associated 
with their mother, even after the birth of a younger sibling. 
More broadly, Kleinenberg et al. (1964) remarked on the 
typical presence of small migrating groups of 2–4 individu-
als, usually one adult and 2–3 younger animals. The authors 
suggested that these small assemblages are maternal fami-
lies, and that they are likely maintained for several years. 
Sergeant (1962) also commented on the presence of small 
groups composed of an adult female with 2–3 offspring of 
various ages, presuming that these represent familial units. 

The question of whether belugas live in matrilineal soci-
eties has sparked controversy. O’Corry-Crowe et al. (2020) 
noted that some authors have mistakenly used the model 
of a “stable, matrilineal group” as a cornerstone of beluga 
society, citing works by Palsbøll et al. (2002), Krasnova et 
al. (2014), and Vergara and Mikus (2019). Palsbøll et al. 
(2002) found a high degree of genetic heterogeneity in 
Baffin Bay belugas, which they suggest might arise from 
a matrilineal pod structure similar to killer whales, a rea-
sonable interpretation of the data presented. Krasnova et al. 
(2014) described a “relatively stable community structure”, 
with females and their calves forming the “stable core of 
the group”. However, they later state that the structure of 
Solovetsky belugas is “labile and unstable”, where belugas 
“periodically form groups followed by their disjoining and 
rearrangement”. Similarly, Vergara and Mikus (2019) state 
that “large summering herds are assemblages of matrilineal 
groups of females, calves, and older female offspring”, but 
also note that “individuals from the various family groups 
regularly join and split”. Thus, both Krasnova et al. (2014) 
and Vergara and Mikus (2019) emphasize the fission-fusion 
dynamics of belugas, rather than emphasizing stable matri-
lineal societies. Palsbøll et al. (2002) meanwhile, only 
suggest that their observations could be consistent with a 
stable matrilineal social structure. Overall, while the idea 
of a stable matrilineal social structure in belugas has been 
suggested, it remains contentious and is far from widely 
accepted as a cornerstone of beluga society, highlighting the 
need for further research on female social behaviour.

Do belugas associate with maternal kin?

A compelling, data-rich picture of beluga social structure was 
presented by O’Corry-Crowe et al. (2020). Using genetic 
data from 10 different beluga populations, they found that 
different types of groups show different degrees of maternal 
relatedness. As expected, mother-calf dyads were almost 
always parent-offspring pairs, while groups composed of 
multiple mother-calf dyads showed intermediate relatedness 
(O’Corry-Crowe et al. 2020). Other types of groups, such 
as juvenile-only, adult male-only, and mixed-age, showed 
low relatedness. Groups were routinely composed of more 
than one matriline, and individuals sharing the same mito-
chondrial DNA lineage were not always closely related 
(O’Corry-Crowe et al. 2020). Overall, O’Corry-Crowe et 
al.’s (2020) findings are largely aligned with the majority of 
the available literature on beluga social structure, with one 
notable exception: groups of females with calves were no 
more closely related than groups of males.

The finding that groups of females with calves are no 
more closely related than groups of males (O’Corry-Crowe 
et al. 2020) is surprising. If daughters associate with their 
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producing new offspring themselves (Hawkes et al. 1998; 
Brent et al. 2015). Another hypothesis proposes that older 
females may forego reproduction in order to avoid com-
peting with their daughters (Lahdenperä et al. 2012; Croft 
et al. 2017). These hypotheses are not mutually exclusive; 
both factors may theoretically contribute to the emergence 
of menopause in the same population. Recent research 
suggests that odontocetes evolved menopause through a 
lengthening of lifespan uncoupled from a lengthening of the 
reproductive lifespan (Ellis et al. 2024). Ellis et al. (2024) 
emphasize that such an extended post-reproductive lifespan 
is beneficial when grandmothers provide intergenerational 
help or avoid intergenerational reproductive conflict, requir-
ing extensive social contact with maternal kin. However, our 
review suggests that such conditions are not only found in 
matrilineal societies with stable, long-term groups, but also 
in societies with fission-fusion dynamics, such as belugas.

The presence of menopause in a matrifocal species with 
fission-fusion dynamics underscores that stable matrilineal 
societies are not a prerequisite for menopause to evolve. For 
example, caring for grand-offspring may be more conducive 
to fitness than producing new offspring, even when grand-
mothers are not constant companions to their grand-offspring 
(Ellis et al. 2024). Allomaternal care has been observed in 
wild belugas (Aubin et al. 2021), but it is still unclear who 
provides allocare to offspring. In captivity, allonursing was 
reported when an unrelated adult female and a juvenile half-
sister both began lactating and nursed a calf (Leung et al. 
2010). In the St. Lawrence Estuary, one observation of an 
older, presumably post-reproductive female who was still 
lactating at an estimated age of 68 years (according to mod-
ern aging techniques, i.e., 1 growth-layer group per year, 
Waugh et al. 2018) suggests that grandmothers may some-
times nurse their grand-offspring (McAlpine et al. 1999). 
As emphasized by Ellis et al. (2024), menopause can evolve 
under various social contexts, and not only in stable matri-
lineal societies.

Post-menopausal females may be particularly likely to 
assume matriarchal roles. Post-reproductive female resident 
killer whales tend to lead collective movements, particularly 
in years of low salmon abundance (Brent et al. 2015). This 
suggests that post-menopausal females may hold important 
knowledge about the distribution and preferred habitats of 
prey species. Post-menopausal female resident killer whales 
also protect their adult sons from social conflict; adult 
males living with their post-menopausal mothers sustained 
fewer social injuries than males whose mothers were pre-
menopausal or deceased (Grimes et al. 2023). Given that 
both belugas and narwhals can be described as matrifocal 
and show evidence of post-reproductive lifespans, we pro-
pose that these species may also be matriarchal, with older, 
post-menopausal females acting as matriarchs. Beluga 

It is worth noting that these authors lacked the genetic data 
to substantiate such inferences.

Genetic data suggest that beluga societies may be struc-
tured around female kinship, at least some of the time. As 
previously stated, Baffin Bay belugas sampled at the same 
sites across years showed significant levels of genetic vari-
ability, which could arise as a result of a matrilineal social 
structure, although other explanations are also plausible 
(Palsbøll et al. 2002). Colbeck et al. (2013) found that belu-
gas, particularly females, tend to associate with kin during 
migration, but not after migration. In addition, Elharram 
(2011) found that females in one area of the St. Lawrence 
Estuary were highly related, suggesting maternally-directed 
philopatry. Given these findings, and other lines of evidence 
presented above, it seems likely that daughters continue to 
associate with their mothers, but not necessarily as a stable 
dyad.

Whether or not mature daughters associate with their 
mothers might depend on the mother and daughter’s repro-
ductive state, given the link between reproductive state and 
habitat selection previously discussed. Patterns of associa-
tion also appear to vary seasonally. Colbeck et al. (2013) 
found that female belugas tend to associate with kin during 
migration, but not after migration. O’Corry-Crowe et al.‘s 
(2020) genetic samples from 10 populations were obtained 
from a wide range of contexts, including summer and fall 
aggregations, migratory groups, resident populations, tem-
porary entrapments, and mass-stranding events. It would be 
illuminating to investigate how maternal relatedness varies 
across these different seasonal and environmental contexts, 
and across populations. Given the growing body of genetic 
data, it may be possible to determine how the relatedness 
of aggregations change across seasons and contexts. Given 
Colbeck et al.’s (2013) findings, we might expect to find 
higher relatedness among aggregations of mothers and 
calves during migration versus during the summer.

Menopause in matrifocal odontocetes

Belugas, like humans, are one of a few species that show 
evidence of menopause (Ellis et al. 2018). Other odontoce-
tes with post-reproductive lifespans include killer whales, 
short-finned pilot whales, false killer whales, and narwhals 
(Photopoulou et al. 2017; Ellis et al. 2018). Interestingly, 
both killer whales and short-finned pilot whales live in 
stable matrilineal societies (Baird 2000; Alves et al. 2013). 
Many of the hypotheses for the evolution of post-reproduc-
tive lifespans require that daughters remain closely associ-
ated with their mothers (Johnstone and Cant 2010). Older 
females may forego reproduction because they can increase 
their fitness more effectively by providing care and guid-
ance to their existing offspring and grandchildren than by 
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2020). These findings, together with the aforementioned 
photo-identification data, suggest that male belugas some-
times form long-lasting associations.

Strong male-male bonds have been documented in some 
odontocete species. Bottlenose dolphins in Western Aus-
tralia provide the most well-studied example, where pairs 
or trios of males form alliances that can last for several 
decades (Connor and Krützen 2015). These alliances fre-
quently persist until the presumed death of partners (Connor 
and Krützen 2015), and partners show convergence in the 
structure of their signature whistles over time (Smolker and 
Pepper 1999). These partnerships are thought to facilitate 
mating opportunities: in a three-dimensional, underwater 
environment, it would be difficult for a lone male to con-
trol access to a female, but two or three males may be able 
to influence her movements (Connor and Krützen 2015). 
Male sperm whales also appear to form bonds with other 
males, although these bonds are not as long-lived (White-
head and Weilgart 2000). Upon dispersing from their natal 
groups, young sperm whales form loose associations of 
similarly aged males sometimes called “bachelor schools” 
(Best 1979). However, as males age, these bachelor schools 
dissolve and males begin to avoid other breeding males 
(Whitehead and Weilgart 2000). It remains unclear whether 
the associations of male belugas are more similar to bottle-
nose dolphins, sperm whales, or other species. Studies using 
photo-identification data, satellite tracking, and acoustic 
monitoring (both from passive hydrophones and acoustic 
tags) will be instrumental in assessing the stability of male 
bonds, while genetic studies will reveal the influence of kin-
ship on male-only aggregations (Fig. 2).

Do belugas live in multilevel societies?

Multilevel societies emerge through the hierarchical nest-
ing of associations, where the fission and fusion of progres-
sively larger social levels contribute to the overall social 
structure of a population (Grueter et al. 2012, 2020; Cantor 
et al. 2015). There is some disagreement over the precise 
definition of a multilevel society. Grueter et al. (2012, 2020) 
consider that a primary stable social unit is a pre-requisite for 
the formation of multilevel societies, while others suggest 
that multilevel societies can emerge in the absence of well-
defined, stable social units (VanderWaal et al. 2014). Mul-
tilevel societies have been identified in African elephants 
(Wittemyer et al. 2005), killer whales (Tavares et al. 2017), 
sperm whales (Rendell and Whitehead 2003), plains zebras 
(Equus burchelli; Rubenstein and Hack 2004), bottlenose 
dolphins (Connor and Krützen 2015), and humans (Ham-
ilton et al. 2007). Multilevel societies have been suggested 
to emerge through various mechanisms, including cultural 

matriarchs could play important roles within their societ-
ies, possibly contributing to the maintenance of migratory 
routes (Brennin et al. 1997; Colbeck et al. 2013) and using 
their ecological knowledge to avoid deadly ice entrapments 
(McHugh 2019). Future studies should examine the roles of 
post-menopausal females in beluga societies.

Male beluga societies

Evidence suggests that belugas show male-biased dispersal; 
mature males leave their mothers to associate with other 
males (Colbeck et al. 2013; O’Corry-Crowe et al. 2018, 
2020). However, whether these groups represent loose asso-
ciations or stable alliances, as has been observed in male 
bottlenose dolphins (Connor and Krützen 2015), remains 
unclear. Conference presentations based on decades of 
photo-identification efforts in the St. Lawrence Estuary sug-
gest that males form long-lasting associations (Michaud 
1999, 2005b). These data, though unpublished, raise the 
possibility that belugas form long-term male-male affilia-
tions. Hill et al. (2018) note that there is no published evi-
dence that beluga males display male-male alliances. This is 
an important area for further careful study, possibly involv-
ing animals with tags that facilitate quantification of the sta-
bility and duration of male-male associations (Fig. 1).

Published accounts of male social structure support the 
idea that males, at least sometimes, form distinct aggrega-
tions. In Northern Québec, belugas can be found in “bach-
elor groups,” i.e., aggregations of large white individuals, 
presumed to be male, that are “tightly cohesive” and “strik-
ingly compact” (Finley et al. 1982). Smith et al. (1994) also 
commented on the presence of close-knit groups of 10–15 
males in Cunningham inlet, while Sergeant (1962) remarked 
on the presence of groups of 10–20 large animals, presum-
ably males, that remained segregated from other animals in 
the Canadian Arctic. In the White Sea, male-only aggrega-
tions comprised of dozens of animals have been observed 
(Kleinenberg et al. 1964). Whether these aggregations, and 
the relationships that structure them, are stable, remains to 
be determined through careful field studies.

Evidence from satellite-tagged males suggests that male 
aggregations may be stable at times, but that social stability 
may vary seasonally or be context-dependent. Three males 
captured in the same herd in the Eastern Chukchi Sea and 
equipped with satellite tags remained together while travel-
ing through heavy ice for up to 29 days and then separated 
upon arrival in areas of open water and looser ice (Suydam 
et al. 2001). Similarly, three males tagged together in Sval-
bard travelled together for up to 120 days thereafter (Lyder-
sen et al. 2001). Such long-lasting associations in males do 
not appear to be based on kinship (O’Corry-Crowe et al. 
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St. Lawrence Estuary, hunters were known to target young 
calves in order to secure their mothers, because mothers 
would not leave their wounded young (Vladykov 1944). 
Similarly, hunters in Churchill, Canada often preferentially 
targeted nursing females, because they swim more slowly 
and less erratically, presumably to ensure that they do not 
become separated from their calves (Douglas 1951). In the 
eastern Canadian Arctic, most beluga calves were found 
to be weaned between 1 and 3 years of age, although one 
sampled individual was weaned at 4 years of age (Matthews 
and Ferguson 2015). In Cook Inlet, offspring were typically 
observed alongside their mothers for up to 5 years, but one 
offspring was consistently photographed with its mother 
over a period of 8 years (McGuire et al. 2020). In captiv-
ity, one juvenile female continued to nurse until six years 
of age, while her half-brother was still nursing at 3 years 
of age (Leung et al. 2010). Our own observations in the St. 
Lawrence Estuary suggest that older, large juveniles con-
tinue to nurse, or attempt to nurse from their mothers (JAA 
pers. obs.). Young calves are dependent on their mothers for 
several years, and are almost always at the sides of their 
mothers (Brodie 1971; Krasnova et al. 2014). In and around 
Hudson Bay, a significant proportion of herds sampled 
throughout the year were found to contain mother-offspring 
pairs (Colbeck et al. 2013). Taken together, these findings 
suggest that the mother-calf dyad is a relatively stable social 
unit that typically persists over several years. Similar to 
African elephants (Wittemyer et al. 2005), we suggest that 
the mother-calf unit represents the core unit of beluga social 
hierarchy (Fig. 4).

Second level: the group

Beluga groups tend to be relatively small: in some areas of 
the St. Lawrence Estuary, 99% of groups are composed of 5 
animals or fewer (Michaud 1993). Female groups are typi-
cally composed of several mother-calf dyads, along with 
older offspring, and females not accompanied by offspring, 
some of which may be pregnant, and some of which may 
be post-reproductive (Bel’kovitch and Sh’ekotov 1993; 
Ellis et al. 2018; O’Corry-Crowe et al. 2020). We argue that 
the mother-offspring dyad is a building block of the female 
group. However, female groups are not stable and do not 
represent fixed social units as is seen among female sperm 
whales and killer whales. Instead, as we have discussed 
above, these groups undergo frequent fission and fusion, 
with animals moving from one group to another. How the 
relatedness of female groups might change with seasonal 
context and with reproductive state is an intriguing area 
for future research. As previously described, male groups 
are typically composed of several unrelated adult males 
(O’Corry-Crowe et al. 2020). Belugas show male-biased 

transmission (in sperm whales; Cantor et al. 2015), as a 
means of protection from intruding males (in non-human 
primates; Grueter et al. 2012), through sexual selection (in 
plains zebras; Rubenstein and Hack 2004), and as a result of 
limits to cognitive capacity (in non-human primates; Gru-
eter et al. 2012). Although belugas have been suggested to 
live in multi-level societies (O’Corry-Crowe et al. 2020; 
Panova and Agafonov 2023), the precise levels of beluga 
society have not been defined. Here, we propose four pos-
sible nested beluga social levels that may represent levels of 
a multilevel society (Fig. 4).

First level: the mother-calf dyad

There is no doubt that the mother-calf relationship is cen-
tral to beluga sociality. When belugas were hunted in the 

Fig. 4  Conceptual model of the levels of beluga multilevel sociality 
across the seasons. First level (center): the mother-calf dyad is the first-
level and core unit of beluga social structure. Second level (innermost 
ring): the group represents a second level of beluga social structure. 
Male and female groups tend to be sexually-segregated throughout 
most of the year, except possibly in winter. Third level (middle ring): 
the herd is an assemblage of groups. Herds tend to be sexually-segre-
gated during the summer and are likely not sexually-segregated during 
the winter. Female herds tend to be closely related during migration. 
Sexual-segregation also appears to be present during migration. Fourth 
level (outermost ring): social aggregations differ seasonally. In the 
summer, communities are thought to coalesce through natal philopatry 
of individuals to particular estuarine habitats. Although belugas show 
clear patterns of sexual segregation during the summer, it is unclear 
how the sexes differ in their community compositions, including in 
migration. Winter gatherings can be composed of individuals from 
multiple populations wintering in the same open-water areas. It is 
unclear whether social levels higher than the herd occur during spring 
and fall migrations
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months (Smith et al. 1994; Brennin et al. 1997; COSEWIC 
2020). For example, belugas summering in the Mackenzie 
River estuary consistently congregate into concentration 
areas during the summer calving season (Fraker et al. 1979). 
Cumberland Sound belugas enter the estuarine waters of the 
sound in the summer and these concentration sites have not 
changed in over 50 years (Brodie et al. 1981). Similarly, 
the belugas of  Northern Quebec use traditional estuarine 
habitats in the summer (Finley et al. 1982), the belugas of 
Western Hudson Bay summer in the Nelson, Churchill, and 
Seal River estuaries (Smith et al. 2017), and the belugas of 
the sea of Okhotsk summer in various estuaries (Mescher-
sky et al. 2018). Aggregating in estuaries during the sum-
mer calving season likely carries several important benefits. 
Warm estuarine waters may be less metabolically stressful 
to calves, which are born in and near estuaries during the 
summer (Sergeant 1973; Noel et al. 2022). Many estuaries 
are also rich in prey (Watt et al. 2016), and their use may 
reflect a predator avoidance strategy (Simard et al. 2014). 
Brackish warm waters and abrasive substrates may also 
facilitate epidermal moulting, a phenomenon observed in 
belugas in many estuaries during the summer (Aubin et al. 
1990; Smith et al. 1992).

Genetic analyses of belugas summering in the Gulf of 
Alaska, the Bering-Chukchi-Beaufort Seas, and the Sea 
of Okhotsk reveal direct evidence that belugas are philo-
patric to their summering grounds (O’Corry-Crowe et al. 
2018). Belugas sampled at 12 locations across Canada were 
found to show clear differentiation in their mitochondrial 
genotype, suggestive of maternally-directed philopatry to 
summering grounds (Brennin et al. 1997). Similarly, in the 
St. Lawrence Estuary population, evidence from 18 years 
of photoidentification suggests the presence of three clus-
ters that preferentially frequent three different portions 
of the population’s summer range (Bonnell et al. 2022). 
It seems likely that migratory routes and traditional sum-
mering areas are passed down from mother to offspring, an 
example of maternally-directed philopatry (Colbeck et al. 
2013). We suggest that the belugas sharing these traditional 
areas represent communities. Both fission-fusion dynamics 
and sexual segregation have been observed within beluga 
communities during the summer months (Kleinenberg et 
al. 1964; Krasnova et al. 2012; Alekseeva et al. 2013). The 
relationship of communities to herds is perhaps not strictly 
hierarchical: while herds are temporary assemblages of 
individuals in constant fission and fusion, the community is 
a stable assemblage of individuals seasonally sharing a geo-
graphic location. Further research emphasizing long-term 
monitoring of individual movement and social behaviour 
is needed to disentangle the social dynamics of herds and 
communities and better understand the nature and function 
of these communities. We suggest that the community, an 

dispersal; mature males disperse from their natal groups 
to associate with other mature males (Colbeck et al. 2013; 
O’Corry-Crowe et al. 2018, 2020). How male groups might 
change in composition seasonally remains unknown.

Third level: the herd

As we have previously discussed, herds are assemblages of 
groups (Lemieux Lefebvre et al. 2018). While groups are 
typically composed of fewer than 5 animals, herds can num-
ber a hundred animals or more, and even thousands of ani-
mals in some parts of the world (Sergeant and Brodie 1975; 
Michaud 1993; Chernetsky et al. 2011). Due to strong fission-
fusion dynamics, belugas frequently move between groups 
within a herd. It is unclear whether herds are socially deter-
mined, or represent the congregation of groups to advanta-
geous areas (i.e., areas that are safe from predators, or rich 
in prey). It seems likely that the congregation of groups into 
herds results from both social and environmental factors. 
In the St. Lawrence Estuary, three types of herds have been 
identified: adult-only herds (presumed to be herds of males), 
herds of adults with young (presumed to be herds of females 
with their offspring), and mixed herds (presumed to be com-
posed of both sexes; Michaud 1993). In the summer months, 
different areas of the St. Lawrence are frequented by dif-
ferent herd types, with a strong sexual segregation in herds 
apparent in most areas (Michaud 1993; Ouellet et al. 2021). 
Herds appear to vary in size seasonally: in the White Sea, the 
largest beluga herds are typically observed in May through 
September (Krasnova et al. 2012) while in the St. Lawrence 
Estuary the largest herds are observed in the fall (Vladykov 
1944; Pippard 1985). Evidence suggests that the relatedness 
of herds also varies seasonally. Most beluga populations are 
migratory, undertaking migrations between the open water 
areas where they winter and the estuarine habitats where 
they summer (Sergeant and Brodie 1975; Fraker et al. 1979). 
Evidence from subsistence hunts during migration suggests 
that herds tend to be composed of female kin (Colbeck et al. 
2013). However, for belugas sampled in summering areas, 
there was significantly higher than expected proportion of 
parent-offspring pairs, but not close-kin pairs. Colbeck et al. 
(2013) offer two explanations for this pattern: (1) closely-
related females (with the exception of mother-offspring pairs) 
disband upon arrival to the summering grounds and regroup 
before leaving again, or (2) migratory herds join with other 
herds on the summering grounds. Both explanations could be 
consistent with multilevel sociality.

Fourth level: the community

One of the most notable characteristics of belugas is their 
tendency to aggregate in estuaries during the summer 
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Migratory culture

Several lines of evidence suggest that beluga migratory 
routes and summering areas are culturally transmitted. 
Using data from satellite-tagged whales, Smith and Mar-
tin (1994) found that belugas in the Canadian High Arctic 
show similar patterns of movement across years, sugges-
tive of specific migratory routes. Among Hudson Bay 
belugas, individuals, particularly females, tend to migrate 
with kin (Colbeck et al. 2013). Colbeck et al. (2013) found 
that mothers and offspring tended to associate closely dur-
ing and after migration, suggesting that migratory routes, 
as well as summering areas, may be culturally transmit-
ted from mother to calf. The protracted period of offspring 
dependence among belugas (Brodie 1971; Krasnova et al. 
2014; Matthews and Ferguson 2015; McGuire et al. 2020) 
means that each calf undergoes multiple migrations with 
their mother, thereby facilitating the transmission of the 
migration route from mother to calf. Belugas sampled at 12 
locations across Canada were found to show clear differ-
entiation in their mitochondrial DNA, suggestive of mater-
nally-directed philopatry to summering grounds (Brennin et 
al. 1997). More recently, using genetic data from belugas 
in three different populations, O’Corry-Crowe et al. (2018) 
found evidence of natal philopatry to summering areas with 
limited dispersal from these areas, suggestive of migratory 
culture in belugas in the Gulf of Alaska, Bering-Chukchi-
Beaufort Seas, and the Sea of Okhostk. In the St. Lawrence 
Estuary, several decades of research suggest that belugas 
form multiple clusters of individuals each using preferen-
tially using restricted areas (Bonnell et al. 2022) and using 
predictable transit corridors to move between habitats (Pip-
pard 1985; Ouellet et al. 2021). If these routes and spatial 
preferences are acquired through social learning, they may 
be further evidence of culture in belugas (Fig. 5).

Vocal culture

There is no doubt that belugas are capable of vocal learn-
ing, a prerequisite for vocal culture. Belugas are exceptional 
vocal imitators, and have demonstrated the ability to imitate 
heterospecifics, including bottlenose dolphins (Panova and 
Agafonov 2017) and humans (Eaton 1979; Ridgway et al. 
2012). Their aptitude for mimicry is striking: a male cap-
tive beluga was found to be able to imitate human speech 
and computer-generated sounds (Murayama et al. 2014). 
But what of vocalizations learned socially, as our definition 
of culture requires? It seems likely that the beluga’s apti-
tude for mimicry stems from the importance of social vocal 
learning in this species. Evidence from captive whales also 
suggests that belugas acquire vocalizations from conspecific 
animals. In captivity, both a male beluga calf, Tuvaq, and 

aggregation of kin and non-kin that share seasonal fidelity 
to the same area could represent a high level of a multilevel 
beluga society.

A possible fifth level: the winter gathering

Much of the research on beluga sociality has focused on their 
behavior within summering areas and during migration, with 
little attention to their behavior during winter. The reasons 
for this are likely logistical: belugas winter in particularly 
remote areas, in particularly harsh conditions for the biolo-
gists who monitor them. Intriguingly, some beluga popula-
tions show clear differentiation in their mitochondrial DNA, 
but no differentiation in their nuclear DNA (De March and 
Postma 2003; Turgeon et al. 2012) suggesting that maternal 
kin show fidelity to summering areas but breed with males 
from different populations on their wintering grounds (Brown 
Gladden et al. 1999). Therefore, in some areas, winter gath-
erings may represent a social level higher than population. In 
such cases, winter gatherings may represent multiple popula-
tions coming together. For example, populations wintering 
in the Hudson Strait include the Western Hudson Bay, East-
ern Hudson Bay, and Ungava Bay populations (DFO 2022). 
Researchers are in the process of disentangling the popula-
tion structure of Northern Canadian belugas, and redefining 
important conservation units (e.g., Parent et al. 2023). The 
concept of the winter gathering may offer important biologi-
cal insights and serve as a valuable framework for advancing 
our understanding of beluga population structure.

Further research is needed to investigate the nature and 
functions of the social structures that we have outlined 
above. We emphasize the need for long-term, multi-year 
datasets examining the bonds between individuals and their 
relatedness. Genetic sampling, satellite tracking, photo-iden-
tification, and acoustic monitoring studies could expand our 
understanding of beluga social structure and multilevel soci-
ality (Fig. 2).

Culture in belugas

Although various definitions of culture exist (see Rendell 
and Whitehead 2001), here we use the definition proposed 
by Boyd and Richerson (1996) and rephrased by Rendell 
and Whitehead (2001): “culture is information or behaviour 
acquired from conspecifics through some form of social 
learning”. We argue that belugas are cultural animals show-
ing evidence of both migratory and vocal culture. Further-
more, the importance of socially-acquired traits, and the long 
period of offspring dependence seen in this species suggests 
that belugas may also possess other forms of culture still 
unknown to us and calling out for further investigation.
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determine whether belugas show evidence of vocal varia-
tion consistent with dialects.

Beluga culture and conservation

Our understanding of beluga culture may help inform con-
servation strategies for beluga populations. Although belu-
gas, as a species, are currently listed as “least concern” on the 
IUCN Red List (Lowry et al. 2017), many populations are 
endangered, including the Cook Inlet (Hobbs et al. 2008), 
Cumberland Sound, Ungava Bay, and St. Lawrence Estu-
ary populations (COSEWIC 2014, 2020). Climate change 
is likely to negatively impact beluga populations worldwide 
(Watt et al. 2016; Noel et al. 2022).

Horizontally-transmitted culture- culture transmitted 
within generations- may facilitate more rapid adaptation 
to changing environments than vertically or obliquely-
transmitted culture (Whitehead et al. 2004). Understanding 
how culture is transmitted in belugas may therefore provide 
insight into the resilience of different beluga populations. 
In addition, distinct communities may possess different cul-
tural traits that that influence their vulnerability to anthro-
pogenic threats (Brakes et al. 2021). For example, beluga 
populations whose traditional migratory routes overlap with 
areas of heavy marine traffic may have a greater exposure to 
disturbance than populations traveling along quieter routes 
(Chion et al. 2021). The degree to which belugas adhere 
to their migratory routes might in turn impact how they 
respond to new shipping routes in the changing Arctic.

In addition, if belugas possess regional dialects, vocal 
differences between communities may be shaped by local 

his half-sister appear to have acquired one of their mother’s 
calls (Vergara and Barrett-Lennard 2008). However, in this 
case it is difficult to determine whether the vocalization was 
learned or genetically inherited. Compellingly, Tuvaq also 
acquired one of his father’s calls, but only after being held 
in the same tank as his father, suggestive of social vocal 
learning (Vergara and Barrett-Lennard 2008).

Some evidence also suggests that belugas may possess 
vocal dialects, similar to those of killer whales (Ford 1991), 
sperm whales (Weilgart and Whitehead 1997), and short-
finned pilot whales (Van Cise et al. 2018; Fig. 5). Vocal 
dialects are a compelling example of culture in wild ani-
mals, and are thought to arise as a result of vocal learning, 
among other factors (Marler and Tamura 1962). Follow-
ing Conner (1980) we define dialects as vocal differences 
between neighbouring, potentially interbreeding animals. 
This differs from geographic vocal variation, which arise 
as a result of geographic distance between animals and 
reproductive isolation. Belugas in Canada and Russia are 
known to display geographic vocal variation (Panova et 
al. 2016; Booy et al. 2023), and some vocal differences 
have been identified among the belugas of the White Sea, 
although it is unclear whether the animals sampled rep-
resent geographically isolated or potentially interbreeding 
groups (Panova et al. 2019). Intriguingly, belugas were 
first suggested to possess dialects in 1979. In the first 
recorded beluga playback study, Morgan (1979) found that 
playback of non-local beluga sounds to belugas did not 
elicit a response, whereas playback of local sounds did. 
Morgan (1979) suggested that this may be due to belugas 
possessing different dialects. Further study is required to 

Fig. 5  Migratory and vocal 
culture in belugas. Evidence 
suggests that belugas possess 
migratory culture in the form 
of well-established migratory 
routes and summering areas that 
are passed down from mother to 
calf. Preliminary evidence also 
suggests that belugas may pos-
sess vocal culture in the form of 
vocal dialects, although definitive 
evidence of dialects in belugas is 
still lacking
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possess migratory culture, and moderate evidence that belu-
gas possess vocal culture. Further investigation is needed 
to determine whether belugas possess vocal dialects. As 
highly gregarious social learners with protracted periods of 
offspring dependence and long post-reproductive lifespans, 
belugas may also possess many other forms of culture that 
are yet unknown to us.
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