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Friend or foe? The dynamics of social life

Natural history observations of complex social interactions in
many animal species have led to decades of research concerning
the origins and functionality of animal groupings. The settings of
such groups vary greatly, ranging from animals in close proximity
during foraging or hunting to grouped individuals exhibiting intri-
cate courtship displays, and have led to a diversity of explanations
for aggregation behaviour. Darwin (1859) discussed how such so-
cial groupings might emerge, along with their possible benefits
and costs, in the context of sterile insect castes. Many other consid-
erations about sociality have followed over the years, yet it is
remarkably difficult to find a formal definition of sociality or social
behaviour in biology or animal behaviour textbooks. The assump-
tion seems to be that social behaviour is so obvious that it needs
no definition. Perhaps, as social animals ourselves, we overlook
the large variability encompassed in the concept. However, it is
quite easy to observe a clear distinction among animals, that
some lead a solitary life, while others generally are found in groups.
Here, we will use the definition of a social group as ‘a collection of
individuals that actively cluster together, exist in close proximity in
both space and time, and engage in behavioral interaction; a social
group also is a discrete unit that is distinct from other such groups’
(Earley & Dugatkin, 2010, p. 285). However, for our purposes, we
interpret this definition perhaps more broadly than its original
intent, including animals whose territories are grouped together.
We interpret such occupation of the habitat to be an active choice,
giving rise to nonrandom patterns of clustering that result in many
types of social interactions, including competitive exchanges as
well as cooperative behaviours.

Unifying explanations for animal aggregations were lacking un-
til Wynne-Edwards (1962) published an explanation for social
behaviour that hinged on group selection. This work unintention-
ally engendered focused critiques that eventually led to greater un-
derstanding about the biological foundations of social evolution
(Hamilton, 1963, 1964; Trivers, 1971, 1972; Williams, 1966,
reviewed in Alexander, 1974). The theoretical framework proposed
in these classical publications spurred much empirical work
attempting to fill in the numerous gaps in knowledge about almost
all social animals.

The goal of this Special Issue is to update this scenario. Recent
studies have expanded explanations for the evolution and mainte-
nance of sociality in a wide array of animals. If there is one general
principle, it is that there is no single, all-encompassing explanation
underlying social evolution. Most broadly, a critical perspective
about sociality involves the assessment of the costs and benefits
for individual group members. The scale tilts in one direction or
the other, depending on how great the benefits and how dire the
costs. Thus, one finds that social groups vary greatly. They may

include unrelated or related individuals, members of only one
sex, a dominant male with a harem of females, or even groups
that contain individuals of different species.

In the contributions prepared for this Special Issue, authors take
a closer look at aggregations that occur in the specific context of
breeding. However, the broader context of sociality involves two
central issues that we briefly discuss below as a general introduc-
tion to the common theme of breeding aggregations. First is the
question of costs versus benefits as major selective forces that drive
animals into groups and maintain group membership. The second
issue is that of behaviours and mechanisms that evolve once ani-
mals are clustered, which are difficult to distinguish from benefits
derived from sociality. Within this category are many specific adap-
tations and specialized behaviours, such as helping activities or
alarm calling, among others, that make social living an attractive
option.

Costs of Sociality

A commonly held starting point for thinking about the biological
basis of sociality is that membership in groups generates benefits
that outweigh the costs for all involved individuals. An alternative
explanation is that sociality per se may generate no benefits, but
ecological constraints make solitary living either a less viable and
therefore costlier option, or completely unfeasible. Consequently,
some species exhibit facultative sociality, such that specific individ-
uals may be able to lead a solitary life, depending on their age, sex
or ecological conditions. Group size can have a significant and
multifaceted influence on many social parameters. For example,
group size is associated with stress and social conflict among group
members (Maestripieri & Georgiev, 2016; Pride, 2005; Snaith,
Chapman, Rothman, & Wasserman, 2008), disease transmission
(Côt�e & Poulin, 1995; Davies, Ayres, Dye, & Deane, 1991; Dobson
& Hudson, 1986; Loehle, 1995; Nunn & Heymann, 2005; Rifkin,
Nunn, & Garamszegi, 2012), and general patterns of breeding and
behaviour (Griffiths & Magurran, 1997; Nunn, Thrall, Bartz,
Dasgupta, & Boesch, 2009). Despite these different perspectives,
the costs of living socially are more intuitively obvious than are
the benefits.

Generally, it is assumed that larger groups have higher levels of
competition and therefore more social conflict (Alexander, 1974).
Empirical studies, however, have shown that the relation between
group size and social conflict is neither linear nor simple (Amsalem
& Hefetz, 2011; Clutton-Brock, Hodge, & Flower, 2008). This rela-
tionship was modelled by Shen, Akçay, and Rubenstein (2014) to
explore how different ecological and social conditions could influ-
ence the degree of conflict within groups. The model suggests that
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when groups form primarily because of the benefits of sociality,
there should be a positive relationship between social conflict
and group size. On the other hand, when groups form as a means
to access group-defended resources, there is no positive relation
between group size and conflict. Thus, the model suggests that
identification of the primary reason for group formation may yield
important clues relative to degree of social conflict.

The association between group size and social conflict has been
studied across many different taxa. Consider, for example, the be-
haviours exhibited by the communally breeding birds known as
anis, which exhibit both cooperative (e.g. nest building, alarm call-
ing) and competitive (e.g. egg ejection, infanticide) behaviours
(Davis, 1942). For these species the communal clutch size and the
number of ejected eggs increase with group size (Riehl, 2011;
reviewed in Macedo, Cariello, Graves, & Schwabl, 2004;
Vehrencamp & Quinn, 2004). Another example is a study focusing
on social behaviour of folivorous red colobus monkeys, Procolobus
rufomitratus, which concluded that differences in behaviour were
best explained by variation in group size, with the latter having a
higher impact on behaviour than environmental factors such as
rainfall or food availability. In species that establish dominance hi-
erarchies and that exhibit very sophisticated and complex patterns
of social behaviours, as do many primates, the costebenefit ratio of
group life may differ for group members (Maestripieri & Georgiev,
2016). In primate societies, benefits generally arise from protection
against predators as well as from the cooperative acquisition of
food (Wrangham, 1980; van Schaik, 1983). Despite such benefits,
undeniable costs generated by conflicts of interest have been docu-
mented, including increased competition for food and mating op-
portunities. Thus, the costebenefit equation that can drive the
evolution of sociality usually varies so that individual members
accrue different benefits and are subjected to varying degrees of
the costs imposed by group membership. The highest cost that
can be imposed upon the lowest-ranking individuals may well
determine group cohesion and fate.

Parasitism is frequently cited as one of the most serious costs of
sociality, imposing a limit on group size. A host of studies suggests
that dense aggregations of individuals increase the transmission of
parasites, often changing the functionality of entire ecosystems
(reviewed in Côt�e & Poulin, 1995; Dobson & Hudson, 1986; Rifkin
et al., 2012). Mathematical models developed to explore quantita-
tive predictions about the dynamics of disease transmission indi-
cate that the rate of new infections is density dependent and
nonlinear, signifying that a parasite can only be maintained in the
host population if the host's density is above a certain threshold
value. Despite the number of reports indicating a positive associa-
tion between group size and rates of parasitism, researchers have
been busy exploring the factors that may account for variation in
infection levels and diversity of parasites (reviewed in Kappeler,
Cremer, & Nunn, 2015). One expectation is that larger groups
should be associated with higher levels of infection by parasites
that depend on social transmission, whereas for mobile parasites,
such as biting flies, such an association may not exist (Côt�e &
Poulin, 1995). Echoing the overall result that larger groups result
in higher levels of disease transmission, Nunn, Jord�an, McCabe,
Verdolin, and Fewell (2015) reported that social substructuring e

effectively, the existence of smaller social groups within larger
ones e mitigates the negative effects of large groups on disease
and parasite transmission. Factors beyond group size, including so-
cial class and territoriality, have been found to be important in
determining levels of parasite infection risk for some taxa
(Ezenwa, 2004).

It is plausible that social evolution has also produced, at least in
some cases, an increased capacity to resist parasites and diseases
through social behaviours that reduce pathogen transmission.

Social behavioural mechanisms complement the numerous behav-
iours essential in reducing the risk of parasitism and disease, such
as feather preening, fur and wound licking, dust or mud bathing,
and cleaning of nests or dens, among others (reviewed in Loehle,
1995). Social adaptations might include social avoidance of individ-
uals that exhibit external signs of disease, avoidance of sick individ-
uals in the mate choice and monogamous long-term relations that
prevent sexually transmitted diseases (reviewed in Loehle, 1995).

Benefits of Sociality

Alexander's (1974, p. 326) pivotal explanation for social evolu-
tion upheld that ‘ … groups form and persist because all of the in-
dividuals involved somehow gain genetically.’ He then went on to
classify different types of groupings, emphasizing genetic related-
ness among group members. Alexander's coherent discussion sug-
gests that all benefits of grouping fall into two selective contexts,
which involve either decreased predation (e.g. through predator
mobbing) or better resource exploitation (e.g. defensive group
behaviour to monopolize resources).

Protection from predators is a powerful agent for the evolution
of sociality. Empirical support for this idea has accumulated for
many diverse taxa, ranging from insects and spiders to fish, birds
and mammals (Blumstein, Daniel, & Bryant, 2001; Blumstein,
Daniel, & Evans, 2001; Blumstein, Daniel, & McLean, 2001; Bono
& Crespi, 2006; Coster-Longmann et al., 2002; Hass & Valenzuela,
2002; Hess, Fischer, & Taborsky, 2016; McGowan & Woolfenden,
1989; Uetz & Hieber, 1994; Waterman, 1997; White & Cameron,
2009). For example, the cooperative antipredator behaviours of
species in the mongoose family (Herpestidae) include shared vigi-
lance, coordinated sentinel systems, predatormobbing and dilution
effects (Graw&Manser, 2007;Manser, 1999; Schneider& Kappeler,
2016).

The second major context where group living could be adaptive,
as suggested by Alexander (1974), is that of acquiring resources.
This could be further subdivided into situations where groups can
(1) forage more efficiently, for example by cooperatively capturing
large or difficult prey, or (2) obtain information about food sources.
Social hunting occurs in a broad array of taxa, from insects and spi-
ders to birds and terrestrial and aquatic mammals (Baird & Dill,
1996; Busse, 1978; Ford et al., 2005; Guinet, Barrett-Lennard, &
Loyer, 2000; G€otmark, Winkler, & Andersson, 1986; Hector, 1986;
Packer, 1986; Ward & Enders, 1985). Despite the advantages gained
by individuals in this context, it remains unclear whether sociality
in these cases evolved because of the advantages gained through
cooperative foraging/hunting. Rather, it is possible that the latter
might have evolved as an adaptation to sociality. Theoretical con-
siderations suggest that sociality based upon cooperative hunting
behaviour can only evolve when the per capita energetic intake
of the group exceeds what would be possible with solitary hunting
(Clark & Mangel, 1986; Sibly, 1983).

Alexander suggested that beyond the contexts of predator
avoidance and resource exploitation, grouped individuals are
forced into dense aggregations because of resource restrictions
and their localized distribution in the environment. Although these
arguments are still relevant to any discussion of sociality, recent
empirical studies suggest additional selective settings that favour
social life. Within the context of social foraging, a somewhat
neglected subject involves the use of conspecific group members
as sources of information about resources. This idea is rooted in
the observation that colonial birds typically consume prey available
in patches that are spatially and temporally unpredictable. Thus,
they could benefit from acquiring information about the location
of food patches before departing on foraging trips. Early accounts
strongly support the idea that communal roosts or colonies could
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