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Sociality in the Marine Environment

INTRODUCTION
Sociality is ubiquitous within the animal kingdom (Krause and Ruxton, 2002). It is well-established
that social behavior serves a range of important evolutionary and ecological functions, from
coordinating collective behaviors, maintaining group cohesion, and reducing predation risk to
facilitating cooperation, reproduction, and establishing dominance hierarchies (Krause et al.,
2007; Croft et al., 2008; Schürch et al., 2010; Shizuka and McDonald, 2012). Despite this, our
current understanding of the structure, function, and mechanisms underpinning animal societies
is disproportionately biased toward terrestrial species. Sociality however, occurs broadly across a
diversity of marine taxa, some of which may hold the key to revealing the evolutionary origins of
tetrapod social behavior.
But how do marine societies establish themselves, how do animals find and communicate
with one another and how are long-lasting social bonds formed and maintained in such
a dynamic environment? For example, sound travels efficiently over long distances in the
marine environment, but visual signaling tends to be limited to very short distances. The
basic physical properties of the marine environment hamper our ability to accurately estimate
the size and structure of aggregations in marine animals, let alone determine how bonds are
formed, maintained, and disrupted. Considering recent technological and analytical developments,
this Research Topic (RT) is intended to showcase the very latest progress in revealing the
complex social lives of marine organisms, from large-bodied migratory cetaceans to small
territorial reef fishes. Bringing together 69 researchers from 55 institutions/organizations and 13
countries, the RT explores in 13 manuscripts the challenge of measuring meaningful associations
in different species, while considering the biological, reproductive, and environmental drivers
that structure marine animal groups. Contributions to this RT also reflect on anthropogenic
effects that may impact how animals socialize underwater. While the indelible footprint of
human activities on our marine ecosystems remains far from fully understood (Halpern et al.,
2019; Elliott et al., 2020), these studies complement the wider literature facilitating a better
understanding of population-scale processes that structure marine assemblages, an endeavor
crucial to marine and species conservation moving forwards (Villegas-Ríos et al., 2022).
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MEASURING ASSOCIATIONS

underwater however can be difficult. When studying the
surface behavior of marine cetaceans, photo ID, and observerbased counts are frequently used to quantify groups. Yet a
comparative study by Liu, Lin, Tang, et al. demonstrates that
group size estimates using both approaches, can be biased
by a combination of methodological and biogeographical
variances. From data on Indo-Pacific humpback dolphins
(Sousa chinensis), Liu, Lin, Lusseau, et al. document how
variable group size can be within a population displaying
fission-fusion behavior. Group size appeared to vary both
seasonally and inter-annually, as well as in response to the
number of mother-calf pairs present (Liu, Lin, Lusseau,
et al.), reiterating behavioral segregation in some cetacean
species groups (Galezo et al., 2018). Given the degree of both
intra-species and intra-population group size variability and
composition, it remains challenging to establish the functional
significance and mechanistic drivers of sociality in many species.
The link between this variation itself and other ecological
variables however, might also help reveal social mechanisms in
future studies.
Sociality can extend beyond one’s species. For example,
birds (Sridhar et al., 2009) and a range of mammals
(Goodale et al., 2017) are often in mixed species groups
(MSG). In reviewing 203 studies on the functional
significance of cetacean MSG, Syme et al. thus argue for
better standardization of methods, and put forward a
conceptual framework that outlines more distinct, shared
terminology across studies of MSGs. This is vital as mixedspecies associations will impact the costs and benefits of
group living.
Given the difficulties in tracking wide-ranging marine
organisms, other species, such as coral reef fishes, can shed light
on the evolutionary foundations of marine sociality. Rueger et al.
offer a comprehensive journey through the past two decades
of developments in this area; their review explores ways in
which some reef fishes have become model species with which
to test fundamental theories of social evolution including kin
selection, cooperative breeding, and sociality with mutualistic
partner species (Rueger et al.).
Throughout this RT, social network analyses (SNA) have
played a prominent role in better understanding marine
sociality. An extensive systematic review of social network
structure in toothed whales (Odontoceti), reveals the unifying
feature of this group as having relatively densely connected,
population-level social networks, with fairly rapid fissionfusion dynamics. Based on a subset of species within this
group that have been well-studied (pilot whales, killer whales,
sperm whales, and bottlenose dolphins), networks were
typically mixed sex units of maternal kin (Weiss et al.). In
another well-studied marine predator, Anderson et al. utilize
acoustic telemetry and SNA to demonstrate non-random
and non-resource-driven, co-occurrences, and community
structuring amongst juvenile white sharks (Carcharodon
carcharias), suggesting that even in wide-ranging, fissionfusion apex predators, group membership during early
ontogeny may serve important ecological functions in
later life.

In many instances, associations between organisms are defined
based on the proximity between pairs of individuals and
the longevity or frequency of this proximity (Franks et al.,
2010; Haddadi et al., 2011). For large, migratory species like
some cetaceans however, associations can be mediated over
considerably greater distances via complex acoustic repertoires
that underpin sophisticated social communities and even
cultures (Rendell and Whitehead, 2001). While previous work
on humpback whales (Megaptera novaeangliae) for example,
focuses almost exclusively on the feeding (e.g., Allen et al.,
2013) or breeding grounds (e.g., Pack et al., 2009), Franklin
et al. offer insights into the apparent “black box” of humpback
social behavior during their southern migration. Non-agonistic
social behaviors associated with resting, gestation, and parental
care, appear more prevalent than agonistic competitive social
behaviors, reflecting largely the demography (i.e., few mature
males) of the groups that form there (Franklin et al.).
Cusano et al. however, undertake acoustic recordings at
breeding grounds to shed light on how complex repertoires
of acoustic signaling in M. novaeangliae mediate conflict and
aggression when mature males are in direct competition for
mates. They report that vocal repertoire and visual displays
increased in complexity within “high intensity” groups with
frequent turnover.
Clearly defined associations, that consider both the ecological
and environmental context in which these associations occur,
are at the core of any study into animal social behavior
(Farine and Whitehead, 2015; He et al., 2019; Seebacher
and Krause, 2019; Sosa et al., 2021). Consequently, this RT
was intended to sit at the interface between methodological
and ecological developments (Figure 1). Aspillaga et al.
track the trajectories of 232 pearly razorfish (Xyrichtys
novacula) using a state-of-the-art, high-resolution acoustic
telemetry system to demonstrate harem-like social structure
within this small coastal wrasse. Measuring associations
from paired proximities down to a scale of 1 m, social
organization was hypothesized to be underpinned by male
agonistic behaviors (Aspillaga et al.). Further emphasizing
the link between movement and social behavior, a study
on the Mediterranean Rainbow Wrasse (Coris julis) used
in situ displacement experiments, focal follows, and stereovideography to measure female aggression toward displaced
neighboring (low aggression) and non-neighboring (high
aggression) female conspecifics routing back toward their own
territories (Goverts et al.).

GROUP SIZE, STRUCTURE, AND
COMPOSITION
The size of animal groups can have far-reaching implications
for individual social behavior, as well as population-level
social structure; in fact, it is often controlled for, both
experimentally and analytically, in studies of animal social
networks (Croft et al., 2011). Determining group size
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FIGURE 1 | The diversity of sociality in marine species. This RT collates papers from a broad range of species, with different social systems that occupy diverse
habitat types. There is an emphasis on the technological and analytical developments required to explore the implications of sociality in the context of ecology,
evolution, and conservation within an environment that is increasingly impacted by human activities.

ANTHROPOGENIC INFLUENCES ON
SOCIALITY

observed in this species, suggestive of a potential dominance
hierarchy when food is made available. The question of social
dominance is explicitly tested by Pini-Fitzsimmons et al., who
combine social network theory and hierarchy (heterarchy) to
explore the agonistic social interactions of smooth stingrays
(Bathytoshia brevicaudata) competing for food provisioned at a
shallow, coastal location. Heterarchy reveals a relatively stable,
linear dominance hierarchy in this species, with social network
structure centered around one particularly dominant individual,
interestingly not the largest.

Undeniably, humans are altering the marine environment,
from ocean chemistry (Andersson et al., 2005) and reef
habitat complexity (Perry and Alvarez-Filip, 2019), to marine
soundscapes (Duarte et al., 2021). In an attempt to better
connect people with some of the many threats facing the marine
environment and its fauna, diving, and boat-based ecotourism
has exploded in recent decades. This RT pulls together three
studies that reflect on both the opportunities offered and
potential consequences of tourism on the structure and behavior
of elasmobranchs provisioned with food for tourists. Jacoby et al.
explore aggregation behavior and the distinct social preferences
of wide-ranging tiger sharks (Galeocerdo cuvier) gathering at a
tourism provisioning site. Aggregations were longer lasting and
more frequent, and gregariousness more variable at tourist sites,
although non-random social preferences occurred outside of the
tourism season and were highly variable between individuals
potentially mitigating any long-lasting impacts of tourism
(Jacoby et al.). Two further studies took advantage of tourism
activities to quantify inter-individual interactions and hierarchies
in species that would be difficult under “normal” wild conditions.
From 13 years of dive observation and photo ID data, Bouveroux
et al. show preferred, long-term companionships in another
apex predatory elasmobranch, the bull shark (Carcharhinus
leucas), also measured using SNA that control for potential
non-social drivers of aggregation. Avoidance behavior was also
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CONCLUSION
The diversity of methods and study species presented within
this RT is testament to burgeoning interest within marine
ecology, to understand how population dynamics can be
mediated by social behavior (Figure 1). A number of these
papers call for more standardized terminology and procedure
to better facilitate comparative analyses that explore the
evolutionary mechanisms underpinning such widespread social
function in marine organisms. Technological developments
and associated analyses will continue to assist with the
remote measurement of associations and interactions between
individuals and at the appropriate scale. This will be key, as
we attempt to understand and mitigate the potential impacts of
widespread climate-related change to most marine habitats in the
near future.
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