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Abstract

The social environment of animals influences individual social decisions, which in turn
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feeds back on the social environment. The two halves of this feedback loop are rarely
studied in conjunction. Here, | propose and review evidence for a positive feedback
loop between sociality and social competence. Because social competence increases
the performance during social encounters of all kinds, positive feedback between se-
lection on social competence and sociality seems plausible. In the first part, | present
evidence that social competence is an evolving trait: it exhibits consistent variation
between individuals, has fitness consequences and is genetically or non-genetically
transmitted across generations. In the second part, | propose that the feedback loop
between sociality and social competence may be mediated by a link to dispersal
propensity. | review the available evidence for this possible mechanism: higher so-
cial competence and philopatry may be part of the same social phenotype, and in
some social species dispersal propensity is heritable. Finally, | discuss the evolutionary

consequences of the proposed mechanism for the scenarios that social phenotype is
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1 | INTRODUCTION

Socially living animals may have hundreds of social encounters a
day with conspecifics. Individuals that are able to integrate social
information about the context of an encounter, the social position,
state and motivation of a social partner relative to one's own, and
consequently, to express appropriate social behaviours should ac-
crue fitness benefits compared to individuals not using social infor-
mation. The ability of an individual to optimize its social behaviour
depending on the available social information is referred to as social

transmitted genetically or plastically across generations.

cooperative breeding, dispersal, heritability, non-genetic inheritance, philopatry, social

competence (Oliveira, 2009; Taborsky & Oliveira, 2012). Benefits
from a higher social competence can include, for instance, more ef-
ficient or faster solutions of conflicts over resources, thereby saving
energy and time (Lehner et al., 2011) or reducing the risk of injuries
(Camerlink et al., 2019). Social competence may help, for instance, to
attract group mates to a cooperative task in order to gain a resource
(Dolivo & Taborsky, 2015; Schweinfurth & Taborsky, 2018), or it
may promote social tolerance by conspecifics (Fischer et al., 2017;
Taborsky et al., 2012). The benefits of a higher social competence
should increase with the number of social encounters an individual
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has each day. Social competence also comes with costs, which may
outweigh the potential benefits, in particular, when animals pursue a
predominantly solitary lifestyle.

Because social competence pertains to behaviours in the en-
tire social domain, it is an important determinant of social decisions
made by individuals. Social decisions can affect emergent prop-
erties at the population level like the structure of societies. Social
structure, in turn, can feedback on individual behaviour and social
decisions (Cantor et al., 2020). Feedback loops (i) from individual
behaviour to the structure of societies and (ii) from society back to
behaviour have rarely been considered in conjunction (Cantor et al.,
2020). Here, | develop the hypothesis that, through a positive feed-
back loop, selection for sociality can promote social competence
and vice versa. This hypothesis was first put forward by Taborsky
and Oliveira (2012). If the environment favours sociality this se-
lects for individuals with higher social competence; and because a
higher social competence allows for better outcomes (more benefits,
lower costs) of social encounters, individuals will tend to be more
social (e.g. engage in more encounters, join larger groups). This will
increase selection pressure for evolving even higher social compe-
tence, resulting in a positive feedback loop (Figure 1a).

Here, | will (1) investigate the evolutionary foundations of this
positive feedback, and (2) propose a potential evolutionary mech-
anism underlying this feedback loop, which assumes that philopat-
ric tendencies and social competence are linked. In part 1, | review
evidence that social competence is an evolving trait, that is, there
is variation in social competence selection can act on, social com-
petence has fitness consequences and social competence is trans-
mitted across generations, either genetically or non-genetically. The
variation and the costs and benefits of sociality have been exten-
sively reviewed elsewhere (e.g. Bourke, 2011; Koenig & Dickinson,
2016; Schradin, 2013).

In part 2, | propose that a positive feedback between social
competence and social evolution may arise if socially competence
is linked to philopatry. For instance, if in cooperatively breeding so-
cieties environmental conditions, such as limited space for breeding
territories or high predation, favour philopatry, and if these tenden-
cies are genetically or non-genetically transmitted to the next gen-

eration (cf. Kasper et al., 2017a), group size will increase over time. In
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societies, in which members have individualized relationships, group
size is a good proxy of the number and diversity of social interac-
tions (i.e. social complexity, Morrison et al., 2020; Taborsky, 2016).
With larger group sizes, within-group conflicts and competition will
increase, which will select for higher social competence as it allows
solving conflicts more efficiently. More socially competent indi-
viduals thus incur reduced costs of sociality and may tend to stay
as subordinates in their natal territory and queue for the breeder
position (Fischer et al., 2017), resulting in even further group size
increases (Figure 1b). Conversely, if the environment favours dis-
persal and dispersive tendencies are transmitted to offspring, group
sizes will remain small, which results in weakened selection for social

competence.

2 | PART I: SOCIAL COMPETENCE AS
EVOLVING TRAIT
2.1 | Variation
Social competent behaviour is widespread in animals. For instance,
information about own fighting performance in previous fights is fre-
quently used during subsequent contests; winner-loser effects are
ubiquitous across a wide range of taxa (Rutte et al., 2006). Results
from a recent evolutionary model suggest that they result from
generalization learning during hierarchy formation (Leimar, 2021).
Another example is social eavesdropping, which occurs when indi-
viduals observe contests between two conspecifics, and later adjust
their own behaviour when interacting with one of the observed in-
dividuals (Oliveira et al., 1998; Tibbetts et al., 2020). Likewise, inter-
acting animals may respond to the presence of observing bystanders
(“audience effect”) by changing their social behaviour according to
audience type and social context (e.g. Doutrelant et al., 2001; Pinto
et al., 2011). Finally, also cooperation conditional on previously re-
ceived help by other individuals (e.g. by direct or indirect reciprocity)
requires social competence (Taborsky et al., 2016).

To be an evolving trait, social competence needs to express
some persistent individual variation selection can act on, and which

may depend on the frequency of other behavioural strategies
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present in a population (frequency-dependent selection). This
is suggested by the results of an extended hawk-dove game (see
Maynard Smith 1982) investigating the benefits from using social
information gained from dyadic contests of two individuals. The
results of the extended model suggest that information use is most
beneficial if the frequencies of hawks and doves, two strategies
that do not use social information, occur at equilibrium frequencies
(Johnstone 2001).

Persistent variation in social competence can have a genetic
basis or can arise during ontogeny. Genetic variation appears to exist
in humans as suggested by twin studies (Kuo et al., 2004; McGuire
et al., 1999; see also section “inheritance”). In contrast to the sparse
evidence for genetic variation in social competence, there is robust
support of the ontogenetic origin of variation in social competence
in several vertebrates (reviewed in Taborsky & Oliveira, 2012 and
Taborsky, 2016a). Variation in social competence has been induced
by environmental parental effects (Arnold & Taborsky, 2010; Bastian
et al., 2003; Curley et al., 2009; Fischer et al., 2015; Levy et al., 2003;
Nyman et al., 2017; Taborsky et al., 2012), or by varying the social
rearing conditions animals incur during early life (Adkins-Regan &
Krakauer, 2000; Branchi et al., 2006; Camerlink et al., 2019; Fischer
etal., 2015) or adulthood (White et al., 2010). Ontogenetically induced
variation of social competence can affect, among others, the quality
of maternal behaviour towards pups in the nests (Curley et al., 2009),
how fast or efficient an individual finds its position in a social hierarchy
(Branchi et al., 2006; 2009; Fischer et al., 2015; Taborsky et al., 2012),
which rank is achieved (Bastian et al., 2003), and appropriate courtship
behaviour (Adkins-Regan & Krakauer, 2000; White et al., 2010).

Social competence does not represent a specialization to per-
form well in a particular social task, but it pertains to the entire
social domain (Taborsky & Oliveira, 2012). Thus, it leads to better
social performance across social contexts. Variation in social com-
petence across different social contexts has been demonstrated in
communally breeding laboratory mice and cichlid fish. Mice reared
in communal nests, where they were exposed to more social con-
tacts, showed more appropriate social behaviours as adults in the
contexts of dominance interactions and brood care, compared to
single-mother reared mice (Curley et al., 2009). After being reared
with parents and helpers, young of the cooperatively breeding cich-
lid Neolamprologus pulcher behaved more appropriately in two dif-
ferent competitive contexts (Arnold & Taborsky, 2010; Nyman et al.,
2017; Taborsky et al., 2012; Box 1) and when striving for acceptance
as helper by an unfamiliar breeder pair (Fischer et al., 2017; Taborsky
et al., 2012), compared to individuals reared among siblings only.
Furthermore, N. pulcher reared in large social groups with parents
and many helpers adopted a subordinate role in a hierarchy more
readily later in life than fish reared in small groups (Fischer et al.,
2015). Unexpectedly, the early social environment of N. pulcher in-
fluenced variation in the expression of appropriate social behaviours,
but the expression of non-appropriate behaviours such as fleeing
from aggression, which elicits chasing by the opponents and can re-
sult in complete eviction from a territory, did not differ between fish
with different early social experiences (Arnold & Taborsky, 2010).

Of course, not every variation of early social experience results
in an ability to show more appropriate behaviours across social con-
texts (i.e. higher social competence). Early life conditions may also
induce quite specific, potentially adaptive effects. For instance,
laboratory rats that received high-quality maternal care in the pup
stage directed more high-quality care also to their own offspring
(Francis et al., 1999; Liu et al., 1997), which can be considered appro-
priate social behaviour. However, they were less competitive during
social play and were less able to compete aggressively over a scarce
resource (Parent et al., 2013), suggesting they used social behaviour
inappropriately in competitive contexts.

2.2 | Fitness consequences

2.21 | Benefits

Having higher social competence should be beneficial during any
social encounter. As it improves social performance, higher social
competence should yield incremental benefits, however, small, from
each social encounter (relative to individuals with lower social com-
petence). Most animals are involved in some social encounters dur-
ing their lives, at least during mating, during which they could benefit
from this ability. Still, as social competence also bears costs to de-
velop and maintain the machinery for social information processing
(see “Costs” below), the more social encounters an individual has, the
more it can benefit from higher social competence. Therefore, the
benefits of social competence are expected to be most pronounced
in socially living species, where almost all behaviours during daily
life, including acquiring and defending resources, predator evasion,
and rearing offspring, involves social interactions.

Benefits of social competence arise if using social information
aids to solve conflicts with conspecifics more efficiently. For in-
stance, Norway rats (Rattus norvegicus) which previously had won
a contest, attacked other rats in future contests more readily, and
won more likely after a shorter time despite reducing their aggres-
sion sooner; accordingly, previous losers received less aggression
despite showing less submissive behaviour (Lehner et al., 2011).
Also, winner effects in mice of the genus Peromyscus reduced “los-
ing behaviour” (defined by the authors as retreats, jumps away and
freezes) in winners, but induced more losing behaviour in their
opponents, thereby increasing the efficiency of winners to solve
contests (Fuxjager et al., 2011). Finally, benefits may arise from
“dear-enemy effects,” when individuals reduce territorial defence
towards familiar neighbours met in a familiar place, thereby sav-
ing time or energy. American red squirrels (Tamiasciurus hudsonicus)
reduced their territorial behaviour and instead spent more time at
their nest when being surrounded by familiar neighbours (Siracusa
et al., 2019). Benefits may also be achieved by accounting for social
information obtained by observing conspecifics (eavesdropping,
Oliveira et al., 1998), or by being responsive to being observed:
When courting females at a lek, male sage grouse (Centrocercus
urophasianus) enhance copulation success when adjusting their
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BOX 1 Case study: Social phenotypes in the cooperatively breeding cichlid Neolamprologus pulcher

N. pulcher live in social groups of 3 to 220 group members. A large, dominant breeder pair is assisted in raising its offspring by related
and unrelated subordinate helpers, which engage in direct brood care (egg cleaning and fanning), territory maintenance and defend-
ing the territory against predators and space competitors (Taborsky, 2016b). Groups are structured by a size-dependent, linear
hierarchy. Until sexual maturity around an age of 1 year, all subordinate group members delay dispersal from their natal groups. In
the wild, N. pulcher can reach adult ages of up to 6-8 years (Jungwirth et al., subm). Many subordinates stay as helpers at the natal
territory long after sexual maturity, whereas others disperse rather soon afterwards. Subordinates appease dominant group mem-
bers, which direct aggressive behaviour towards them, either by showing submissive behaviour more readily or by engaging more
in helping behaviour (e.g. Bergmiiller & Taborsky, 2005). The propensities to show the submissive or helping social phenotype are
consistent within individuals over time (i.e. repeatable) and negatively correlated (Kasper et al., 2017b).

During three long-term rearing experiments (Table A), N. pulcher were reared either with parents, unrelated helpers and same-aged
siblings, which reflects a natural group composition (“with older fish” or “+F” treatment) or only with same-aged siblings, which repre-
sents a socially deprived rearing environment (“without older fish” or “-F” treatment). Individuals from the +F treatment had a higher
social competence, pursued more often a philopatric life history and eventually had a higher reproductive output (Table A). Fish from
the -F treatment showed the opposite traits. A long-term field study with marked individuals revealed that also in the wild, philopat-
ric fish, which inherit a breeder position later on, have higher lifetime fitness than dispersers do (Jungwirth et al., subm). While the
mechanistic underpinnings of animal social competence are still poorly understood, there is experimental evidence that in N. pulcher
social competence is related to the physiological stress axis. Pharmacological manipulation of the stress axis by applying a blocker
of the most important receptor of the glucocorticoid hormone “cortisol” modulated socially competent behaviour in a competitive
social challenge (Nyman et al., 2018). In line with this, -F and +F fish differed in various parameters related to stress axis regulation
(Antunes, Reyes-Contreras et al., 2021; Nyman et al., 2017).

TABLE A Summary of three rearing experiments manipulating the early social environment of N. pulcher during their first two months of
life. *Only results of +F and -F treatments in the absence predator cues are listed

Status of
Age focal fish Encounter with +F treatment (rel. to -F) Reference
1-2 month unknown same aged siblings more submission Arnold & Taborsky, 2010*
1-2 month unknown same aged siblings more aggression Arnold & Taborsky, 2010,
Fischer et al., 2017*
3 month, 4.5 subordinate same sized peer more submission per received Arnold & Taborsky, 2010
aggression
3 month dominant same sized peer more threat behaviour Arnold & Taborsky, 2010
4.5 month alone higher brain gene expression of  Nyman et al., 2017
GR, egrl, and BDNF
4.5-11 month winner same sized peer more overt aggression Taborsky et al., 2012
4.5-11 month loser same sized peer more submission Taborsky et al., 2012

5 month, 7.5-13 month

subordinate

unfamiliar breeder pair

more submission, higher
tolerance in a group

Fischer et al., 2017*, Taborsky
etal., 2012

10 month subordinate unfamiliar breeder pair less egg care Fischer et al., 2017*
3 years subordinate choice between breeder more philopatric Fischer et al., 2017*
pair (philopatry)
vs. mating partner
(dispersal)
4 years breeder mating partner of same more and larger eggs Antunes et al., 2020*
early experience
8 years alone higher baseline cortisol, (but Antunes, Reyes-Contreras et al.,

no difference in stress
response)

2021
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courtship effort to the presence (but not to the attention) of fe-
males (Perry et al., 2019).

Consistent differences in social competence acquired by learn-
ing during social encounters either during development or as adults
can result in fitness benefits. When keeping adult brown headed
cowbirds in groups of a dynamic composition, where members of
the group were exchanged regularly (White et al., 2010), or adults
were kept mixed with juveniles (White et al., 2002), adult males had
a higher courtship success, singing competence and copulation suc-
cess later on compared to adult males kept in socially less diverse
groups. Being reared in a more complex or diverse social environ-
ment also aided to establish social hierarchies faster (Mus domesticus,
Branchi et al., 2006, Camerlink et al., 2019), achieve higher tolerance
as subordinates by dominants in social groups (N. pulcher, Taborsky
et al., 2012, Fischer et al., 2015, 2017) or even to obtain a higher
rank (Macaca mulatta, Bastian et al., 2003). Moreover, N. pulcher
cichlids reared in small, semi-natural social groups solved contests
in a shorter time (Arnold & Taborsky, 2010) than fish reared only
with siblings but without parents and helpers. This should translate
into a fitness benefit for group-reared fish of reduced energy expen-
diture, as aggression against conspecifics increases metabolic rate
by almost the fivefold of the standard metabolic rate in N. pulcher
(Grantner & Taborsky, 1998). When competing with a same-sized
conspecific over a shelter, group-reared N. pulcher did not win more
often, but group-reared losers were tolerated closer to the shelter
and were less often evicted from a winner's territory. These fitness
gains of competing N. pulcher were owing to the ability of group-
reared losers to show more submission towards winners (Taborsky
etal., 2012; Table A).

The fitness benefits reviewed in the previous paragraph have
one feature in common: The benefit an individual can accrue during
a single social interaction is comparatively small. Showing more ap-
propriate social behaviour does not enable an individual a “winner-
takes-it-all” type of benefit. It does not help to obtain a mate, as
opposed to having no mate at all. It does not decide over winning
or losing a fight. However, it results in small, incremental benefits
which, when accumulating over hundreds of social encounters over
the life time, will add up to a substantial fitness increase. | argue
that incremental rather than large benefits per social encounter are
expected. If social competence were leading to very large benefits
per encounter, selection on social competence would be extremely
strong and variation in this trait would erode quickly. Directional se-
lection towards more social competence would also be attenuated, if

this ability has costs, which are addressed in the next section.

2.2.2 | Costs

By definition, social competence involves the processing of social in-
formation (Oliveira, 2009; Taborsky & Oliveira, 2012). This means so-
cial competence is based on a number of lower-level cognitive traits,
including the perception, encoding, storage and retrieval of informa-
tion in the brain (Varela et al., 2020). Besides the digestive tract, the

brain is most energy-demanding organ in the body (Laughlin et al.,
1998). Consequently, if social competence requires a higher com-
puting power of the brain and thus more expensive neural tissue,
this gives rise to energetic developmental and maintenance costs.
For instance, in cleaner wrasses Labroides dimidiatus, which adjust
their social information use to the presence of conspecific and cli-
ents in dependence of local abundance (Triki et al., 2019), forebrain
size increased with population densities are high (Triki et al., 2020).
Interestingly, however, potential cost of an increase in neural tissue
in certain brain parts in response to social cues may be partly or
fully compensated by a parallel reduction of the size of other brain
regions (Fischer et al., 2015; Triki et al., 2020).

Also, the time to acquire social competence is supposedly an
important cost factor during development. Juvenile N. pulcher ap-
pear to learn how to behave appropriately by interacting with their
same-aged peers. Group-reared fish, which become more socially
competent, engage in significantly more agonistic and submissive in-
teractions with their siblings at very young age than do young raised
without older group members. It is possible that young growing up
in the presence of guarding adult fish can afford to invest more time
in learning the adequate social responses towards conspecific en-
counters, a time costs young growing up without guards might not
be able to pay as they have to be more vigilant (Arnold & Taborsky,
2010). Also cowbirds, which displayed a more attractive courtship
display after being kept in more diverse social groups (White et al.,
2002, 2010) may have incurred time costs while learning to produce
higher quality courtship displays.

Besides costs caused by developing and maintaining social com-
petence, the flexible adjustment of social behaviour to context it-
self can be costly, both in terms of energy and/or time (“production
costs”; De Witt et al., 1998). In N. pulcher, socially competent indi-
viduals express a higher rate of submissive displays per received ag-
gression by a dominant peer or a breeder (Arnold & Taborsky, 2010,
Nyman et al., 2017, Table A), which effectively reduces conspecific
aggression. However, submissive displays are energetically costly:
these displays raise the energy expenditure by roughly six times the
standard metabolic rate (Grantner & Taborsky, 1998), an increase
of energy expenditure equivalent to the maximum metabolic rate
(MMR) achieved after the most intensive work possible as measured
in other fish (Rosewarne et al., 2016).

Because of energetic and temporal maintenance and production
costs of social competence, higher social competence may have to
be traded off against other, non-social competences, although it is
as yet unclear how these trade-offs may look like. As some costs
(time costs during acquisition, energetic costs to develop an infor-
mation processing machinery) have to be paid only once, typically at
the beginning of life, we should predict to find higher social compe-
tence and more variation in social competence in animals with a so-
cial lifestyle. Once they have paid the initial costs, they can reap the
incremental benefits per social encounter more often than animals
with predominantly solitary lifestyle. Ideally, this prediction would
be tested within a species, where populations live in environments

with either more or less social interactions. Such comparison has
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been done in the cleaner wrasse: living on intact, continuous reefs
these fish have more than twice as many interactions with clients a
day compared to cleaners living on isolated reef patches. Audience
effects, which modulate the willingness of these fish to feed against
a food preference, were significantly stronger and more variable in
individuals inhabiting the continuous reefs compared to individuals
from patch reefs (Wismer et al., 2014), suggesting that in the popula-
tion with a higher social encounter rate flexible adjustment to social

information plays a greater role.

2.3 | Inheritance

2.3.1 | Quantitative genetic studies
Evidence of a heritable, genetic basis of social competence in hu-
mans, investigated by questionnaire studies of twins, produced
partly contradictory results. A study of same-sex monozygotic and
dizygotic twins, full-siblings, half-siblings and stepsiblings detected
significant heritable genetic variance (h?) of about 0.5 during ado-
lescence. Interestingly, the non-shared experiences of siblings ex-
plained an almost equal magnitude of variance, whereas there were
almost zero effects of the environment shared by twins or siblings
(McGuire et al., 1999). A similar study with adolescent twins and sib-
lings pairs found sex differences in the heritability of social compe-
tence: while in boy pairs heritability was again around 0.5, in girls it
was on average only 0.24; these differences were not statistically
significant, however. The shared environment explained about 50%
of the variance in girls but only 20% in boys, whereas the non-shared
environment explained a bit less than 30% of the variance in both
sexes (Kuo et al., 2004). Finally, in a twin study targeting a much ear-
lier age of kindergarten children reported an overwhelmingly strong
effect of the shared environment (70%), which was attributed to
early parental support, whereas there was no evidence for genetic
heritability (Roisman & Fraley, 2012). The results for high vs absent
additive genetic variance are difficult to reconcile, whereas the rela-
tive higher impact of the non-shared environment on social compe-
tence in higher-aged children (Kuo et al., 2004; McGuire et al., 1999),
as compared to the shared environment, might possibly be explained
by increasing extra-family experiences of growing-up adolescents.
In non-human animals, the variance components explaining
social competence have not yet been studied. However, several
guantitative genetic studies have partitioned variance components
(see Kruuk & Hadfield, 2007 for methods) aiming at explaining the
expression of particular social behaviours. These studies identified
typically no, weak or moderate heritable genetic variation (h?) for
specific social behaviours. For instance, there was moderate to low
heritability for aggression in western bluebirds (Sialia mexicana,
Duckworth & Kruuk, 2009), greylag geese (Anser anser, Weiss &
Foerster, 2013) and spiders (Nuctenea umbratica, Kralj-Fiser et al.,
2019), and very weak, but significant, heritability for aggression in
crickets (Santostefano et al., 2017). In contrast, there was no evi-
dence for any genetic heritability in four aggressive behaviours and
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in submissive behaviour in N. pulcher (Kasper et al., 2017b, 2019).
Among the tested social behaviours, only one affiliative behaviour of
subordinates towards dominant was moderately heritable in these
cichlids (Kasper et al., 2019). This finding is interesting in connection
with social competence, as affiliative behaviour can be considered
as appropriate in the context it is expressed: it aids to improve the

conflict-laden relationship between subordinates and the dominants.

2.3.2 | Inheritance through non-genetic
parental effects

Quantitative genetics studies did not only show that behaviours are
genetically heritable to a quite varying degree, but they also identi-
fied non-genetic variance components explaining social behaviour,
including non-genetic parental effects. For instance, a weak but
significant effect of maternal identity on affiliative behaviour was
shown in N. pulcher (Kasper et al., 2019). Through parental effects,
social behaviour tendencies in parents, such as the quality of paren-
tal care behaviour, may be transmitted to offspring (e.g. Meaney &
Szyf, 2005). Opposite to genetically heritable effects, non-genetic
parental effects on social behaviour can be temporary and stage-
specific: parental effects on aggression and dominance rank were
particularly pronounced in juvenile grey lag geese, but almost ab-
sent in adults where the effects of the permanent environment were
more prominent (Weiss & Foerster, 2013). This is in line with the
observation that parental affects may fade away with age (Lindholm
etal., 2006).

Non-genetic inheritance of social competence can occur prena-
tally, by parental effects on ova, zygotes and developing embryos, or
postnatally by parental behaviour on offspring, or both (e.g. Groothuis
& Taborsky, 2015 and Taborsky, 2017 for review). For instance, co-
operatively breeding cichlids laying eggs in large groups with many
helpers reduce their egg size (Taborsky et al., 2007) and egg-mediated
parental effects in dependence of helper number also modulated off-
spring social competence in N. pulcher (Fischer et al., 2015).

Summarizing Part 1, evidence suggests that social competence
is an evolving trait: it exhibits consistent variation, it affects fit-
ness, and it has high potential to be heritable from one generation
to the next. Although the inheritance of social competence is still
greatly understudied, the existing evidence suggests there may be
at least weak to moderate genetic heritability of social competence
and a strong potential for non-genetic inheritance through parental

effects.

3 | PART 2: POSITIVE FEEDBACK
BETWEEN SOCIAL COMPETENCE AND
SOCIALITY

This part discusses the possible mutual evolutionary relationship
between social competence and sociality, and reviews the available
evidence. | will focus here on species that live in societies, defined
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as animals living in permanent groups, having individualized rela-
tionships between group members depending on their status, state
and/or relatedness (see also Glossary in Taborsky et al., 2021). The
core of the argument about the mutual relationship between social
competence and sociality considers the following: (1) When envi-
ronmental conditions are in place that favour sociality, being more
social, results in positive selection for higher social competence.
This is because with increasing sociality individuals face more and/
or more diverse social interactions (i.e. social complexity, Taborsky,
2016); in particular, social competition and conflicts increase. (2)
Social competence improves the performance in social encounters
and reduces the costs of sociality. (3) Therefore, social competence
facilitates the evolution of even higher levels of sociality (Figure 1a).
Thus under environmental conditions favouring sociality in the first
place, there will be concurrent positive selection on social compe-
tence and on sociality that reinforce each other. As a consequence,
group sizes will increase until reaching values near (even beyond,
Lerch & Abbot, 2020) the optimal group sizes in a given species and
environment. Focusing on group size as measure of sociality is of
course a gross oversimplification of the existing diversity of animal
social organizations (Schradin, 2013), but is used here for illustra-
tive purposes. Group size can be considered as suitable proxy for
social complexity in societies organized in permanent groups with
individualized relationships, which are the focus in this paper (see
above). Group size may be unrelated to social complexity, however,
when individualized relationships are absent, such as in fish schools
or some ungulate herds.

The feedback outlined in Figure 1a does not explain, however,
how groups increase in size. Here, | propose that this can happen
when social competence and philopatry are linked (Figure 1b), that
is being part of the same individual social phenotype. Several en-
vironmental factors are known to influence the reproductive and
survival prospects inside or outside the natal territory, and thereby
the decisions of animals whether to remain philopatric or whether
to disperse. Philopatry is favoured when possible breeding habitats
are saturated (Emlen, 1982; Komdeur, 1992) or when the risk of dis-
persal, for instance, due to predation (Groenewoud et al., 2016; Heg
et al., 2004), is high. Philopatry is also favoured as result of local ad-
aptation (e.g. Starrfelt & Kokko, 2012). If the propensity to be philo-
patric is transmitted to the offspring, over time groups will increase
in size. At the same time, within-group competition will increase. This
again will lead to positive selection on social competence, facilitating
social interactions and reducing costs of competition (Figure 1b).

Here, | review the evidence for this hypothesis. There are two
questions to be investigated. (i) Are social competence and philo-
patry, and conversely, low competence and dispersal part of the
same social phenotype? Animal social competence has still been
studied rather rarely, and almost never in conjunction to dispersal
(but see Fischer et al., 2017). Because of this unfortunate lack of
comparative evidence, | will review the links between social be-
haviour tendencies of individuals (aggressive, submissive, affiliative
and cooperative) and their dispersal propensity across animal so-
cieties and | will discuss how these social phenotypes may reflect

social competence. (i) What is known about heritability of dispersal
propensity, either genetically or non-genetically. After reviewing
evidence for these two questions, | will discuss their evolutionary

consequences.

3.1 | Isthere alink between social competence and
dispersal?

A literature search revealed that social competence or single social
skills thought to contribute to social competence have been related
most often to sociopositive and cooperative behaviours, but occa-
sionally also to higher aggression and dominance (Higley et al., 1996).
In over 30 primate species, several other mammals and one bird, the
existence of reconciliation, third party post-conflict affiliation and/
or consolation behaviour were reported as indicators of high social
competence (reviewed in Farooqi & Koyama, 2016). Furthermore,
a higher tolerance towards unfamiliar conspecifics (Gennuso et al.,
2018), fairness when sharing a resource (Schank et al., 2018), re-
sponse to other's needs (Dreiss et al., 2017) and cooperation during
predator inspection (Hesse et al., 2015), or simply aggregation and
sociability (Schausberger et al., 2017) have been associated with so-
cial competence in species ranging from invertebrates to mammals.
Finally, a lack of social competence has been diagnosed in individuals
showing inappropriate aggression, for example after affiliative ap-
proach (Kempes et al., 2008) or overly expressed aggression (Toth
et al., 2008).

From summarizing this literature, one might conclude that so-
cial competence always entails amicability and/or cooperation and
low aggression. Yet, social competence is a holistic concept of so-
cial behaviour, which integrates the performance across functional
contexts. It includes amicability and cooperation as well as compet-
ing aggressively for resources (Bshary & Oliveira, 2015; Taborsky &
Oliveira, 2012) as long as the respective social behaviour expressed
during an encounter is appropriate given available social informa-
tion. Thus, the flexible adjustment of behaviour is important, not the
propensity to show a particular behaviour more often than another.
One may still argue though that in general, social competence may
play a greater role in sociopositive contexts, because their animals
need to be especially attentive to social cues and signals emitted by
conspecifics to achieve tolerance and close contact. This does by
no means imply that social competence is restricted to sociopositive
behaviour. Social competent behaviour is likewise shown in aggres-
sive contexts, such as when obtaining or defending a resource by
efficient and appropriate aggressive displays (Arnold & Taborsky,
2010; Taborsky et al., 2012), or even when losing a contest over a
resource (Lehner et al., 2011).

Because of the lack of sufficient studies on social competence,
Table 1 summarizes accounts of studies demonstrating a link be-
tween social behaviours and philopatry in social species. There is
quite robust empirical and theoretical evidence that more sociable,
more cooperative and less aggressive behavioural tendencies are ac-
companied by philopatry (Cote et al., 2010; Duckworth et al., 2018;
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Mullon et al., 2018) both in social and solitary species. Table 1 re-
viewing social and facultatively social species confirms this trend by
and large, with a few exceptions: philopatric individuals of striped
mice show rather less amicable (but also less aggressive) behaviour
towards some classes of conspecifics (Schoepf & Schradin, 2012).
Subordinate group members of the philopatric phenotype of the
cichlid N. pulcher show less direct alloparental care, but instead, they
show more submission per received aggression by breeders (Fischer
et al., 2017; Table A).

In most of the social species listed in Table 1, philopatry goes
along with reduced aggression. The opposite is the case, however, in
hyenas and the cichlid N. fasciatus, in which higher aggression helps
dominant individuals to stay at a territory, whereas less competitive
individuals are dispersive. In N. fasciatus, this happens even though
dispersers are not attacked more often by dominants compared to
non-dispersers (Schradin & Lamprecht, 2002).

In one study, the link between social competence and philopatry
has been shown directly. In a rearing experiment, N. pulcher broods
were raised in two different social environments (Box 1). Later in life
fish from these two rearing treatments exhibited persistently two
divergent social phenotypes, a more socially competent, philopatric
type and a less competent disperser type, which showed more allo-
parental care before dispersal (Fischer et al., 2017, Table A).

Most examples in Table 1 reflect variation in social behaviour
and dispersive propensities only for one sex, either for males or for
females of a given species. In vertebrates, dispersal is often sexually
dimorphic, with males being the more dispersing sex in mammals
and some fish, and females dispersing more often in birds. While
these broad sexual dimorphisms in behaviour are probably geneti-
cally determined, the interesting variation in the links between social
competence and dispersal tendencies, as well as its subtle fitness
consequences, occurs intrasexually, and therefore, many of the
studies referred to in Table 1 covered one sex only.

A link between dispersal propensity and social behaviour can be
caused by genetic correlations, by environmental influences (e.g. de-
velopmental plasticity), or both. In the cooperatively breeding bark
beetle X. saxisenii, selecting for dispersal age revealed a genetic cor-
relation in adults between delayed dispersal and increased helping
behaviour (Biedermann, 2012). In male western bluebirds, the pos-
itive correlation between dispersal and aggression is partly genetic
(Duckworth & Kruuk, 2009) and partly induced by maternal effects
mediated by the laying order of sexes within a clutch (Duckworth
et al., 2015; Potticary et al., 2020). Finally, the social phenotypes
can be solely induced by developmental plasticity as in the study on
N. pulcher, where the genetic background of the fish was controlled
for by brood splitting (Fischer et al., 2017).

In summary, most often philopatry is related to more socially tol-
erant or to cooperative behaviour in social species (Table 1). This
suggests that also social competence and philopatry may be part of
the same social phenotype, as it has been often assumed that social
competence plays a greater role in sociopositive contexts (reviewed
above). This seems plausible, because when individuals get into close
proximity, they need to be especially attentive to social cues and

signals emitted by conspecifics to achieve tolerance. As pointed out
above, however, social competence is certainly not restricted to so-
ciopositive behaviour but pertains to all social behaviours and social
decisions.

While the collected evidence thus far suggests a possible asso-
ciation of social competence and philopatry in animal societies, the
question to which degree dispersal behaviour, in particular, pros-
pecting behaviour and forming relationships with members of a
new group (Jungwirth et al., 2015; Raihani et al., 2010; Young et al.,
2005), requires social competence will be a fascinating topic for fu-
ture research. Recent theoretical work suggests that social learning,
which is one important mechanism that can give rise to social com-
petence, may favour dispersal because it reduces local adaptation
(Sapage et al., 2021). However, dispersing individuals usually either
enter smaller, existing groups, like in babblers (Raihani et al., 2010) or
form new small groups with other dispersers. These smaller groups
have less potential for resource competition and conflicts, so that
after dispersal selection on social competence will be relaxed.

One may ask whether relatedness to other group members
would select for higher or lower social competence. Social compe-
tence facilitates social life and increases the benefits or lowers the
costs of social encounters (Part 1), but there is no reason why relat-
edness per se should affect social competence or vice versa, why so-
cial competence would increase indirect benefits. Indirect benefits,
but also kin competition, along with a suite of other environmental
factors influencing reproductive and survival prospects inside or
outside the natal territory, are important drivers of individual deci-
sions about whether stay or leave, but these factors are not directly
linked to social competence.

3.2 | Isdispersal heritable?

There is an unfortunate lack of quantitative genetic studies quan-
tifying proportions of variance explained by genetic and environ-
mental components of dispersal propensity. A notable exception is
the study on western bluebirds that found a high, significant genetic
heritability of dispersal (Duckworth & Kruuk, 2009) as well as ma-
ternal effects on dispersal (Duckworth et al., 2015). Also the above-
mentioned selection experiment in the bark beetle Xylosandrus
saxisenii is evidence of genetic heritability of dispersal (Biedermann,
2012).

Several studies estimated the genetically heritable component
of dispersal propensity through parent-offspring regressions, both
in social and solitary birds and mammals (Charmantier et al., 2011;
Doligez & Part, 2008). In their review, Doligez and Part (2008) re-
ported low to intermediate heritabilities of dispersal propensity in
birds. However, when estimated from observational data of natural
populations, these regressions are inherently limited in their abil-
ity to tease apart genetic inheritance from non-genetic effects of
the parental environment (Kasper et al., 2017b). Thus, even though
most reported heritabilities were rather low, slopes of parent-
offspring regressions tend to overestimate the genetic heritability
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component. In collared flycatchers (Ficedula albicollis) and great
tits (Parus major), dispersal propensity was found to be consistent
within life time (i.e. repeatable; reviewed in Doligez & Part, 2008).
In three social species, positive parent-offspring regressions for
other dispersal traits were reported. Sire-offspring regressions
revealed an additive genetic component of dispersal age in male,
but not female, red wolves (Sparkman et al., 2012) and in house
mice (Krackow, 2003), yet sample sizes were small. Likewise, there
were significant father-son regressions for natal dispersal distance
in red-cockaded woodpeckers: correlations were high in males dis-
persing right away from the natal territory, whereas they were in-
termediate in males which served as brood care helpers first before
dispersing; mother-daughter correlations were low but significant
(Pasinelli et al., 2004).

A genetic polymorphism determining the dispersal age has been
identified in rhesus macaque males: individuals that delayed dis-
persal carry the long variant of a serotonin transporter gene (SERT)
either as homozygotes or heterozygotes, resulting in higher tran-
scriptional activity of this gene as compared to the disperser morph,
which carries the homozygote short allele of this gene (Trefilov et al.,
2000).

Prenatal non-genetic inheritance of dispersal traits can be medi-
ated by maternal variation of egg composition. For example, a higher
transfer of maternal yolk androgens might result in a larger offspring
dispersal distance as simulated by androgen addition to great tit
eggs (Tschirren et al., 2007). In western bluebirds, multiple mater-
nal stressors including limited access to nest boxes, cold snaps and
a greater distance to kin at neighbouring territories resulted in an
increase of maternal corticosterone baseline levels (Potticary et al.,
2020). These stressors also caused mothers to produce more sons
early in the laying order, which have a higher dispersal propensity.
Also this effect is apparently caused by yolk androgens, which occur
in higher concentrations in early-laid eggs (Duckworth et al., 2015).

An interesting experiment testing for postnatal environment-
induced delayed dispersal was performed in carrion crows (Corvus
c. corone). Hatchlings from pairs of a biparental Swiss population
were transplanted into nests of cooperatively breeding Spanish
crows; half of each experimental brood were retained in the original
Swiss habitat as control. While the Swiss siblings left the natal ter-
ritory soon after independence, their transplanted siblings in Spain
delayed dispersal as did the native offspring from the Spanish pop-
ulation. One transplanted individual even joined alloparental care as
helper at the nest (Baglione et al., 2002). In this particular study, de-
laying dispersal after being transplanted might be a developmentally
plastic strategy when nestlings perceived cues by their foster par-
ents or the environment that induced delayed dispersal and helping.
Alternatively, it might represent a socially flexible response towards
the lack of opportunity to occupy an own territory after fledging.

In summary, there is good evidence in several social species that
the propensity to remain philopatric or to disperse is transmitted
across generations, and this inheritance can have a genetic and/or
environmental basis, even if both components together have been
rarely studied.

ERETR— V1 LE Y-

3.3 | Evolutionary consequences

Sections (a) and (b) of part 2 provide support that the precondi-
tions for a positive feedback between sociality and social compe-
tence mediated by dispersal propensity are met. There is at least
some evidence that high social competence and philopatry can be
part of the same individual social phenotype, and that dispersal
can be genetically and/or non-genetically transmitted across gen-
erations. Here, | discuss the potential consequences of the positive
feedback (see Figure 2). Using cooperative breeders as example,
philopatric, socially competent individuals may eventually obtain
the position of a dominant breeder at their natal territory (see left
side of Figure 2, green feedback). They will then transmit their so-
cial phenotype to offspring, which consequently will have a high
propensity to remain philopatric. Thus, over time group sizes of
this social phenotype as well as within-group competition will in-
crease, eliciting stronger selection on even higher social compe-
tence. So over several generations, social competence and the
level of sociality (in this simplified example represented by group
size) will both increase.

At the right side of Figure 2 (blue feedback), the opposite hap-
pens: a dispersive individual with low social competence produces
offspring that tend to disperse away from the natal territory; thereby,
these social groups rather remain small, and there is no strong selec-
tion pressure on improved social competence.

What could be the evolutionary consequences of the two feed-
backs depicted in Figure 2?

Genetic polymorphism: If social phenotypes, that is dispersal ten-
dency and social competence, were predominantly genetically trans-
mitted, disruptive selection could occur, leading to the evolution of
a behavioural polymorphism. This polymorphism could be stabilized
by negative frequency-dependent selection or by fluctuating envi-
ronmental conditions, and result in a bimodal distribution of group

sizes. If morphs would mate assortatively, gene flow between them

Philopatric, socially Dispersing, less
competent individuals competent individuals

! !

Obtain breeder position Disperse and become
in natal territory breeders elsewhere

Produce philopatric, Produce dispersing, less
competent offspring competent offspring

4 !

Groups get larger, Groups remain
sociality increases small

FIGURE 2 Hypothetical mechanism of how sociality and

social competence may co-evolve. Please refer to text for the
explanations of green (left side) and blue (right side) feedback loops.
Black, diagonal arrows become relevant when social competence
and dispersal tendencies are developmentally plastic (see text)
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would become more and more reduced, and ultimately large and
small group populations might become separated.

However, to my knowledge, there are no published accounts
of bimodal group-size distributions in social species within a pop-
ulation. In almost all published cases, group-size distributions are
unimodal. Bimodality might be expected in facultative cooperative
breeders. Here, the smaller mode has invariably a group size of two
(a monogamous breeder pair) and the larger mode follows the distri-
bution of helper numbers in addition to the two breeders. The only
example that comes near such bimodal distribution is the campo
flicker (Colaptes c. campestris), a facultative cooperative breeder, in
which roughly 60% of groups are pairs (group size of two) and the
other 40% are cooperative groups with a median size of four group
members. Dispersal in these birds is rare, and it has been described
only from the groups of the large group-size mode (groups with help-
ers) (Dias et al., 2013).

Developmental plasticity: If a social phenotype linking social com-
petence and philopatry is induced by developmental plasticity, as in
N. pulcher (see Box 1), the social phenotype can be transmitted non-
genetically: young develop their social phenotype according to their
social rearing condition (e.g. a large or a small group, Fischer et al.,
2015). They themselves will live and reproduce in a similar social en-
vironment as they grew up in, and thereby their offspring will adopt
a social phenotype resembling that of their parents (two feedbacks
in Figure 2). In case of developmental plasticity, the two feedbacks
will be interconnected, when a few individuals occasionally switch
from small groups to large groups (diagonal solid arrow) or from large
to small groups (diagonal dashed arrow). If that happens, offspring
of “group-size switchers” grow up in a different social environment
than their parents and will develop the opposite social phenotype
than their parents have.

Switching between group sizes by dispersers happens often
after a period of prospecting (meerkats, Young et al., 2005; pied
babblers, Raihani et al., 2010; N. pulcher, Jungwirth et al., 2015).
Field studies showed that in many social species fitness is consid-
erable higher in large than in small groups (e.g. N. pulcher, Brouwer
et al., 2005; apostlebirds, Struthidea cinerea, Woxvold & Magrath,
2005; pied babblers, Ridley, 2016; meerkats, Suricata suricatta,
Groenewoud & Clutton-Brock, 2020). In these species, positions
in large groups are highly competed for, so that switches from
small to large groups may be challenging. For instance, N. pulcher
adults, which successfully switch to larger groups, accomplish this
mostly when they had been already a dominant breeder, albeit in
small groups (Jungwirth et al., subm), whereas subordinates mostly
disperse into same sizes or smaller groups. When existing groups
are small, any additional group member reduces the workload for
dominants or for all members and increases safety from predation
(Brouwer et al., 2005; Groenewoud et al., 2016). Therefore, being
accepted as subordinate can be much easier in small groups than in
large groups (Ridley, 2016). Moving from larger to a smaller group
may also be beneficial if the move shortens one's own position in
the queue for a breeding position (Jungwirth et al., 2015) or if the
costs of within-group competition for resources become too high.

It may also happen if dispersers form a new breeder group, which
may initially consist only of a few animals dispersing together (Cant
et al., 2010).

Occasional switches between group sizes by developmental plas-
ticity should prevent the emergence of two group-size modes. This is
in line with published accounts on group-size distributions, which are
almost always unimodal. Typically, facultative cooperative breeders
(red-cockaded woodpeckers, Walters & Garcia, 2016; western blue-
birds, Dickinson & Akre, 1998, Potticary et al., 2018; white-browed
sparrow weavers, Plocepasser mahali, Harrison et al., 2013; alpine
marmots, Marmota marmota, Grimm et al., 2003), as well as coopera-
tive breeders with few helpers (carrion crows, Baglione & Canestrari,
2016; grey-crowned babbler, Pomatostomus temporalis, Edwards &
Kot, 1995) and communal breeders with small groups (greater ani,
Crotophaga major, Riehl, 2021) have unimodal, right-skewed group-
size distributions. Obligate cooperative breeders and communal
breeders with large groups and tend to have unimodal, symmetrical
group-size distributions (pied babblers, Ridley, 2016; grey-throated
babbler, Stachyris nigriceps, Kaiser et al., 2018; guira cuckoos, Guira
guira; Macedo, 2016, cichlids, N. pulcher Balshine et al., 2001).

4 | CONCLUSIONS

The social environment of animals influences individual social deci-
sions, which in turn feeds back on the social environment. In their re-
view, Cantor and colleagues (2020) pointed out that the two halves
of this feedback loop are rarely studied in conjunction. The positive
feedback between sociality and social competence proposed here is
such a loop, which has not yet been systematically studied. Because
social competence increases the performance during social encoun-
ters of all kinds, positive feedback between selection on social com-
petence and sociality seems plausible. Here, | reviewed the available
evidence for the existence of this feedback loop. | also highlighted
the enormous gaps in our knowledge, in particular, on the functional
significance of social competence, its heritability, and of its correla-
tions to life history traits (such as dispersal). With this review, | hope
to motivate research for a fuller understanding of social competence

and its evolutionary consequences.
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