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Abstract

Helping behavior occurs when an animal helps to rear the offspring of others by providing food, defense, or other forms of allo-
parental care to the brood. In birds and mammals, helpers are typically young animals who delay their own reproduction for at least
one breeding season but eventually produce offspring later in life. Helpers in cooperative societies therefore differ from workers in
eusocial societies such as those of ants, since they are not permanently sterile. Most cooperative breeders live in family groups in
which helpers are related to the brood that they rear, but many societies also contain unrelated immigrants. When helpers are re-
lated to breeders, they can gain indirect fitness benefits (by increasing the reproductive success of their kin) that partially offset the
direct fitness costs of delaying their own reproduction. Both related and unrelated helpers may also gain direct fitness benefits from
group membership, including increased survival prior to dispersal and/or the opportunity to inherit their natal breeding territory. In
some species, helpers may gain additional direct fitness by co-breeding with the dominant breeders, creating a continuum between
cooperative breeding (in which helpers are non-reproductive) and communal breeding (in which multiple individuals reproduce in
the same brood and cooperatively provide parental care). Helping behavior is often sex-biased, reflecting differences in dispersal
patterns and differences in reproductive opportunities between males and females. Cooperative breeding has evolved many times in
vertebrates and is unevenly distributed across lineages, leading to strong phylogenetic patterns. Large-scale comparative analyses
have revealed that family living and constraints on independent reproduction – including a lack of reproductive opportunities and
harsh or unpredictable environmental conditions that make it difficult to rear young alone – are associated with an increased likeli-
hood of helping behavior.

Keywords: Behavioral ecology; Cooperation; Cooperative breeding; Direct fitness; Dispersal; Ecological constraints; Hamilton’s rule; In-
clusive fitness; Indirect fitness; Kin selection; Life history; Mating system; Monogamy; Parent-offspring conflict; Philopatry; Sex ratio;
Social evolution

Key points

• Helping behavior occurs when an animal provides alloparental care to the offspring of others, but does not itself reproduce. This is also
known as cooperative breeding.

• Helping behavior may be favored by indirect fitness benefits, direct fitness benefits, or a combination of both.
• Cooperative breeding has evolved many times in vertebrates and is unevenly distributed across lineages, leading to strong phylogenetic

patterns.
• Recent research has identified life-history traits, evolutionary history, and ecological conditions as drivers of cooperative breeding in

birds and mammals.

Introduction

Cooperatively breeding animals live in social groups in which some individuals help to raise the offspring of others. In many species, these
societies are family groups in which a single breeding pair is assisted by one or more non-breeding “helpers” who are genetically related
to the brood that they help rear (Skutch, 1935; Koenig and Dickinson, 2004). In other species, several adults contribute offspring to
a shared brood and cooperatively provide parental care, often with non-breeding helpers. (Here we refer to these as “communal” breed-
ers to distinguish them from “cooperative” species with one breeding pair.) Cooperative breeding groups are typically sedentary, stable in
membership – at least during a given breeding season – and occupy well-established, permanent territories. Within this general framework,
though, cooperative species vary greatly in mating system, group composition, and kin structure. They encompass nuclear families with
monogamous mating (e.g. Florida scrub-jay Aphelocoma coerulescens, cotton-top tamarin Sanguinus oedipus), pairs assisted by both re-
lated and unrelated helpers (e.g. white-winged trumpeters Psophia leucoptera, the cichlid fish Neolamprologus pulcher), communal groups
containing multiple breeders and non-breeding helpers (e.g. acorn woodpecker Melanerpes formicivorus, greater ani Crotophaga major),
and colonial breeders in which helpers may tend several broods simultaneously (e.g. noisy miner Manorina melanocephala, superb starling
Lamprotornis superbus). The frequency of cooperative breeding varies within and across species, ranging from predominantly pair-breed-
ing populations in which helping occurs only occasionally (e.g. western bluebird, Sialia mexicana) to specialized cooperative breeders in
which pairs almost never breed without helpers (e.g. white-winged chough Corcorax melanorhamphos, meerkat Suricata suricatta). Co-
operative parental care has arisen many times across the vertebrate phylogeny. Closely related species often differ strikingly in their social
structures, and, conversely, similar societies have evolved convergently in unrelated lineages (Riehl, 2013). Cooperative breeding is thus
an umbrella term that encompasses a diversity of social structures, selective pressures, and evolutionary origins (Cockburn, 1998).
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2 Helping behavior in birds and mammals

Societies with related helpers have provided some of the strongest empirical tests of Hamilton’s (1964) mathematical representation
of kin selection theory, since the indirect fitness benefits helpers gain by raising kin can partly compensate for the direct fitness losses they
suffer by delaying their own personal reproduction (Box 1 and Glossary). Studies of these systems have generally concluded that helping
is a “best-of-a-bad-job” strategy for young birds that are unable to breed independently; that is, the indirect fitness gained by rearing kin
is typically less than their direct fitness would be if they could reproduce, but higher than it would be if they dispersed and attempted to
breed on their own (reviewed in Koenig and Dickinson, 2004). Helpers’ reproductive opportunities within their family groups are often
constrained by inbreeding avoidance and by behavioral conflict with dominant breeders, who may limit helper reproduction by infanticide
or physiological suppression (Cant, 2012).

In addition to the indirect fitness benefits gained by increasing the reproductive output of related breeders, helpers may gain direct fit-
ness benefits – including increased survival or future inheritance of a breeding territory – by remaining with their natal group (Hatchwell
and Komdeur, 2000). Delayed reproduction therefore reflects a trade-off between the helper’s current and future reproductive prospects
and between direct and indirect components of their inclusive fitness (Cant, 2012). In some species, helpers may gain additional direct
fitness by co-breeding with the dominant breeders, illustrating the continuum between cooperative and communal breeding as well as the
difficulty in drawing clear distinctions between different types of societies. Although this review primarily focuses on cooperative species
with related helpers, we also discuss those with unrelated helpers and multiple breeders, since studies of these societies reveal the direct
fitness benefits favoring sociality and alternative routes to group formation.

Cooperative breeding occurs in at least 9% of birds, 2–3% of mammals, and an unknown number of fishes, the best-studied of which
include cichlids (Neolamprologus spp. and Julidochromis spp.) and clownfish (Amphiprion percula). Given that the parental care systems
of many vertebrates have yet to be described, estimates of the prevalence of different types of cooperative societies within these taxa are
imprecise. Of 213 cooperative bird species with reasonably well-described group compositions, approximately 74% nest in groups with
one breeding pair and non-breeding helpers and 26% in groups containing multiple breeders (Riehl, 2013). Of 57 mammal species with
comparable data, 60% breed in groups with a dominant breeding female and non-reproductive helpers and 40% in groups with multiple
breeding females (Lukas and Clutton-Brock, 2012a). Much of our knowledge of cooperative breeding comes from detailed long-term
studies on a subset of these species, often involving decades of field observations on generations of individually marked and pedigreed
animals. Here we highlight several questions to which these studies have contributed unique insights, including the selective pressures fa-
voring helping behavior, sex differences in helping and reproductive opportunities, and the evolutionary origins of cooperative breeding in
birds and mammals.

Why cooperate? An inclusive fitness framework

The first studies of avian cooperative breeders focused on the perplexing behavior of non-breeding helpers, who apparently sacrificed
their own reproductive opportunities to help others. Such seemingly altruistic behavior poses a challenge to Darwinian evolution by nat-
ural selection, but might be resolved via kin selection, assuming that the helper is related to the brood that it helps and that its actions
benefit its relatives’ fitness (Box 1). For example, Emlen and Wrege’s (1991) classic study of white-fronted bee-eaters (Merops bul-
lockoides) in Kenya showed that male helpers had such a positive effect on the survival of their younger siblings that the indirect fitness
benefits achieved by helping could equal or exceed the expected direct fitness of a pair breeding alone. This approach relies on a counterfac

Box 1
Hamilton’s Rule

Box 1
Hamilton’s Rule describes the theory that a costly behavior or trait can be evolutionarily stable if the direct fitness costs of performing the
behavior are offset by indirect fitness benefits, when the donor and the recipient of the behavior are genetically related. It was formalized
mathematically by William D. Hamilton (1964) and is typically written as the inequality:

where r is the coefficient of relatedness between the donor and the recipient, B is the fitness benefit to the recipient, and C is the fitness cost
to the donor. In practice, Hamilton’s Rule is rarely used as a mathematical formula since these costs and benefits are difficult to quantify, but
it makes simple predictions that can be tested empirically. Studies of cooperative breeding and helping behavior have focused on testing the
predictions that, all else being equal, close kin should be more likely to cooperate (and less likely to compete) than distant kin or non-kin. It
can therefore be used to understand situations in which relatives cooperate (i.e. when the above inequality holds true), as well as situations in
which family members are in conflict over their fitness interests (i.e. when the above inequality does not hold true). Hamilton’s Rule is based
on the key insight that individuals share their gene copies – alleles –with their own offspring as well as with other “non-descendant” relatives.
For example, since a male bird is equally closely related to his full siblings as to his own offspring (r = 0.5 in both cases, since he shares
half of his alleles, on average, with either his son or his brother), his inclusive fitness should be equal if he raises one son or one brother. For
Hamilton’s Rule to be satisfied, his help must enable his parents to raise one additional brother than they would be able to rear without his
help.
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tual: the comparison of observed indirect fitness of helpers with their inferred direct fitness if they were to breed independently without
helpers. Subsequent studies have shown that even modest gains in indirect fitness can favor helping in family groups, since the actual direct
fitness gains that helpers would realize by dispersing are often lower than that achieved by pairs breeding singly. If attaining a reproduc-
tive position is difficult, or if breeding territories or mates are limited such that a young bird is forced into an inferior site or fail to breed
altogether, then delayed dispersal may be the more attractive option (Emlen, 1982). Helpers are therefore not “forgoing” a reproductive
opportunity, but rather making the best of a bad job by helping kin when independent reproduction is unlikely to be successful.

A key prediction of this ecological constraints hypothesis is that helpers should disperse to breed if given suitable opportunities. This
was tested by several influential studies on cooperative birds in the 1970s and 1980s, which found a positive association between the sever-
ity of constraints – such as high dispersal costs or a shortage of high-quality breeding territories or mates – and delayed dispersal (Brown,
1974). Experimental studies provided even stronger support for a causal role of ecological constraints by artificially relaxing (or increasing)
such constraints and observing subsequent changes in dispersal patterns. For example, in red-cockaded woodpeckers (Picoides borealis),
in which breeding is limited by the availability of suitable nesting cavities, provision of artificial nest cavities induced helpers to leave their
natal group and establish breeding territories (Walters et al., 1992a). In acorn woodpeckers (M. formicivorus), which breed in polyg-
amous groups with related non-breeding helpers, experimental removal of the sole breeder of one sex led to prolonged fights (known as
“power struggles”) over the resulting reproductive vacancy (Hannon et al., 1985). Power struggles typically involve helpers from neigh-
boring territories competing in coalitions of same-sex siblings and can last for days, providing clear evidence that breeding positions in the
population are in short supply and that helpers are willing to fight to attain them when they arise. Crucially, both red-cockaded and acorn
woodpeckers breed on permanent territories in which the primary resource typically takes years to construct (nest cavities in living lon-
gleaf pines and enormous granaries containing thousands of stored acorns, respectively). Achieving a breeding position in these populations
therefore means inheriting not just a safe location or a social mate, but a valuable physical commodity that enables successful reproduction
and survival.

A natural experiment on Seychelles warblers (Acrocephalus seychellensis), a species restricted to a few small islands in the Indian
Ocean, provided a compelling demonstration of the importance of ecological constraints. By 1940, anthropogenic disturbance had pushed
this species to the verge of extinction and only a few individuals remained on a single island. Following a habitat restoration program,
the population grew until all the suitable habitat appeared to be occupied by breeding pairs by the early 1970s. Further population growth
resulted in young birds delaying dispersal and staying on their natal territories – that is, by becoming helpers and breeding cooperatively –
rather than by colonizing new habitat. In other words, young Seychelles warblers delayed dispersal and stayed in their natal territories, but
only once the habitat became saturated with territories. When breeding adults were removed from occupied territories and translocated to
neighboring islands as part of a reintroduction program, the resulting breeding vacancies were immediately filled by same-sex helpers from
their own or neighboring groups (Komdeur, 1992).

Successful dispersal requires both a vacant territory and a mate. In superb fairy-wrens (Malurus cyaneus), an Australian songbird, the
creation of breeding vacancies through removal of breeding males prompted subordinate male helpers to immediately abandon their natal
group and fill the vacancies. However, when vacant territories without a breeding partner were created by removal of the breeding pair,
male helpers did not disperse, demonstrating that habitat and mate availability are both important constraints in this species (Pruett-Jones
and Lewis, 1990). Dispersal can also be induced (or prevented) by manipulating resource abundance. In a unique experiment, Dickinson
and McGowan (2005) experimentally reduced mistletoe (Phoradendron villosum) berries, a key winter food resource, in territories of
western bluebird families. After removal of half the mistletoe, sons (the philopatric sex) left depleted territories. Conversely, offspring in a
Spanish population of carrion crows (Corvus corone corone) that were given supplemental food in their natal territory were more likely to
delay dispersal (Baglione et al., 2006). These experiments show that offspring are more likely to stay when their natal territories contain
higher-quality food resources.

Delayed dispersal in mammals appears to be driven not by habitat saturation, as suitable habitat is often unoccupied, but rather by the
dangers of leaving home. Many cooperatively breeding mammals live underground or in arid, inhospitable environments, such that dis-
persers face high rates of predation or attack by conspecifics when outside their natal territory (Cant, 2012). For meerkats in the Kala-
hari Desert, the odds of surviving dispersal are so low that female helpers never leave voluntarily but only when evicted by the dominant
breeders, typically at the age at which the helpers would attempt to reproduce. Eviction therefore reflects parent-offspring conflict between
daughters (who would otherwise benefit from staying and attempting to reproduce in their natal group) and mothers (who increase their
own inclusive fitness by avoiding reproductive competition with their daughters).

When ecological constraints favor delayed dispersal, helpers in both birds and mammals may accrue a variety of direct and indirect ben-
efits of philopatry from remaining on their natal territory. Of the many direct fitness benefits that have been proposed, the most important
and widespread appear to be increased future reproductive success via territory inheritance when the same-sex dominant breeder dies, and
increased survival while still on the natal territory. In red-cockaded woodpeckers (P. borealis) of the southeastern United States, Walters
et al. (1992b) estimated the relative fitness payoffs that accrued to first-year males if they remained on their natal territories as helpers or
dispersed to search for a breeding opportunity. Helpers had higher survival than dispersers, and dispersers typically had low reproductive
success in their first year even when they acquired a breeding territory. From the natal territory, helpers could disperse to fill vacancies on
neighboring territories (~13% per year) or inherit a breeding position when the dominant breeder died (17% per year). Therefore, helpers
and dispersers differed primarily in their timing of dispersal rather than their timing of breeding; that is, helpers searched for breeding op-
portunities while remaining on the natal territory, while dispersers did so away from home. Strikingly, the two strategies yielded roughly
equal inclusive fitness returns. These benefits appear sufficient to favor helping even in the absence of kinship, likely explaining the 3–8%
of helpers that are immigrants and thus unrelated to the brood they help.
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Helping by non-relatives is typically uncommon in family groups that form through delayed dispersal, often reflecting (as in the
red-cockaded woodpeckers) the difficulty of living independently. In some species, young birds preferentially help relatives when they are
available, but will help non-relatives at low frequencies if they are evicted from their natal group or if kin are not available. Societies are
most likely to include non-relatives when it benefits not just the helpers, but also the dominant breeders in the group. This occurs when
helpers make significant contributions to territory size or offspring survival, benefits referred to as group augmentation (Kokko et al.,
2001). Perhaps the most famous example occurs in white-winged choughs, an obligate cooperative breeder of Australian woodlands. Due
to the difficulty of finding food, pairs require the assistance of at least two helpers to rear nestlings. Group size is strongly correlated with
reproductive success, and helpers are so valuable that groups will “kidnap” unrelated fledglings from neighboring families, thus increasing
their future workforce (Heinsohn, 1991). As in red-cockaded woodpeckers, inheritance of a breeding position is a prime benefit of help-
ing. Following the death of a dominant breeder, subordinate choughs compete among themselves to inherit the breeding position as well as
the labor provided by their younger siblings. The combination of severe constraints on independent breeding and the possibility of territory
inheritance may explain why helping by non-kin is significantly more common in obligate cooperative breeders like white-winged choughs
than in facultative cooperative breeders that have helpers only some of the time (77% vs 38% of species; Riehl, 2013).

From the fitness perspective of the helper, helping an unrelated pair is a best-of-a-bad-job strategy (or perhaps a “best of an even worse
job”) compared with helping kin. However, helping non-relatives may also be advantageous when breeding on the natal territory would
entail risking incest. White-winged trumpeters in northern South America, for example, live in cooperatively polyandrous groups with one
breeding female and several breeding males. Young birds are evicted from their natal territories at about 2 years of age and join other groups
as unrelated subordinates. Female subordinates must wait for the dominant breeder to die before inheriting a breeding position, while male
subordinates may gain some reproductive success by copulating covertly with the breeding female. As in white-winged choughs, this un-
usual breeding system appears to be driven by the difficulty of raising young as a lone pair, since groups must defend very large territories
against conspecifics to ensure access to adequate fruit resources during the dry season. Tolerating unrelated subordinates is therefore in the
interests of the dominant breeders since group size is paramount to territory defense (Sherman, 1995).

Helping by non-relatives is relatively rare compared to helping by kin, presumably because related helpers can gain indirect fitness
by increasing the survival of the brood. Although this hypothesis is straightforward in principle, it is surprisingly hard to test, since com-
parisons of breeding pairs with and without helpers may be confounded by other underlying differences such as breeder or territory qual-
ity (Koenig and Dickinson, 2004). However, there is abundant evidence to suggest that in many cases helping significantly increases
breeder reproductive success and the inclusive fitness of the helper. Experimental manipulations altering the ratio of helpers to offspring
have demonstrated positive effects of helping in gray-crowned babblers, cichlid fishes, Florida scrub-jays, and meerkats. Some correlational
studies controlling for potential confounds, including territory quality and the prior reproductive success of the pair, have found similar
effects. A meta-analysis by Downing et al. (2020), which included only studies that controlled for these effects, found that helpers had a
positive effect on breeder fitness in 16 of 19 studies, although the effect was statistically significant in only 7.

Presumably due to variation in resources over time, the effects of helpers can vary markedly between years. In acorn woodpeckers,
male helpers have positive effects on brood survival only in resource-rich years, suggesting that in times of scarcity, helpers decrease their
contributions to the brood or even compete with the brood for limited food on the territory (Koenig et al., 2019). Similarly, removal
experiments in Seychelles warblers demonstrated that while the presence of one helper increased the reproductive success of its parents,
more than one helper had the opposite effect, apparently due to competition between helpers and the brood or breeders (Komdeur, 1994).

Helpers may also accrue indirect fitness benefits by increasing the survival of the breeders rather than the brood, either by group aug-
mentation effects that reduce the likelihood of predation or by load-lightening effects that reduce the parents’ workload. Such effects are
difficult to detect in unmanipulated field data, but are well supported by a number of correlational studies. Several of these have shown
that breeders adjust their parental care when the ratio of helpers to offspring is experimentally manipulated, and some have been able to
detect significant effects of workload relief on breeder survival (reviewed in Downing et al., 2021). Nevertheless, a lack of evidence
for load-lightening does not necessarily imply a lack of benefits to breeders, since the additional work provided by helpers may trade off
with breeder effort in ways that are difficult to detect (for example, in investment in eggs) or may affect the reproductive output of helped
offspring later in life.

The importance of indirect fitness benefits has been elegantly demonstrated in long-tailed tits (Aegithalos caudatus), in which groups
form not through delayed dispersal but via “redirected” help by failed breeders. In populations studied in the United Kingdom and Japan,
approximately 25% of adults (typically males) leave their own territories after breeding failure and act as helpers at the nests of nearby
genetic relatives. This situation is unusual, since helpers have already dispersed and thus any benefits of helping must come from help-
ing behavior per se rather than delayed dispersal. Furthermore, helpers may assist relatives that are not located at their natal nest and gain
neither mating opportunities nor the chance of acquiring a territory in the future. Failed breeders preferentially help close relatives, and
their provisioning significantly increases nestling body condition and survival after fledging. Despite this, average genetic relatedness be-
tween helpers and the broods they help is low (r = 0.17), and the indirect fitness achieved by helping represents only a small fraction of the
helper’s lifetime inclusive fitness (13.4% for males and 1.5% for females; Green and Hatchwell, 2018). These relatively modest gains
in inclusive fitness nevertheless appear sufficient to favor a high frequency of redirected helping behavior.
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Sex differences in helping and reproductive opportunities

The propensity of males and females to act as helpers varies across species and taxa. In most birds, sons are more likely to delay dispersal
and help than are daughters. Of 68 species with family-based cooperative breeding, help was male-biased in 31 species and female-biased
in only 3, with both sexes helping in 35 species (Riehl, 2013). The opposite pattern prevails in mammals, in which helpers are more likely
to be female. This variation is often attributed to sex-biased dispersal, since males tend to be more philopatric in birds but more dispersive
in mammals (Greenwood, 1980). However, sex-biased dispersal is likely to be only part of the explanation, since helping by unrelated
immigrants is equally male-biased in birds (Cockburn, 1998). Sex biases in helping behavior may therefore reflect differences between
males and females in their opportunities for direct reproduction and territory inheritance in addition to sex-biased dispersal.

A meta-analysis by Downing et al. (2018) supported this hypothesis by investigating differences in the amount of help provided
by male vs female helpers in cooperatively breeding birds with helpers of both sexes. Their sample contained 7 species in which females
helped more, 9 species in which males helped more, and 4 species in which both sexes contributed equally. Variation in relatedness did
not explain variation in helping effort, since all 20 species lived in family groups formed through delayed dispersal, so males and females
should accrue equal indirect fitness from rearing kin. However, helping effort was correlated with the probability of territory inheritance,
with the more helpful sex more likely to inherit a reproductive position in the group that they helped.

In theory, when males and females differ in their propensity to help – and when this help benefits their parents – breeders might be
expected to adaptively alter the sex ratios of their brood to produce more of the helping sex, an idea known as the “repayment” hypothesis.
(Emlen et al., 1986). The repayment hypothesis assumes that offspring of the helping sex are less costly for breeders to produce, since
they will provide future help that increases their parents’ fitness, and it predicts that brood sex ratios should be biased towards the more
helpful sex at either the population level, in which case the overall sex ratio of the population should be biased, or the individual level, in
which case the overall sex ratio of the population may be even but the sex ratio of individual groups might be biased; for example, pairs
suffering from a lack of helpers might be relatively more likely to produce the helping sex than those already with helpers. Several early
studies found sex ratio biases consistent with the repayment hypothesis, and a meta-analysis of 11 species by Griffin et al. (2005) found
that the degree of bias was predicted by the magnitude of fitness benefits provided by helpers, suggesting that adaptive bias of sex ratios
might be widespread in cooperatively breeding vertebrates.

Subsequent evidence, however, has been mixed, with many studies finding unbiased sex ratios even in species whose natural history
fits the assumptions of the repayment hypothesis (Hendrix and Riehl, 2023). A more recent meta-analysis by Khwaja et al. (2017),
which included 28 bird species, failed to find support for adaptive sex ratio biases at either the population or individual level. Unbiased
sex ratios were at least as common as biased sex ratios, and the average effect size of helper presence on offspring sex was close to zero.
Khwaja et al. (2017) also noted that the proportion of studies reporting unbiased sex ratios had increased over time, suggesting an earlier
publication bias against negative results. Therefore, although some studies of birds and mammals have found significant biases in off-
spring sex ratio that are consistent with the repayment hypothesis, this pattern is by no means universal in cooperatively breeding animals
(Komdeur, 2004).

Evolutionary origins of helping behavior

The above selective pressures favoring delayed dispersal and helping behavior, including ecological constraints on independent breeding,
direct fitness benefits, and indirect fitness benefits, are all well supported, but their relative importance has been hotly contested. Early
debates focused on ecological constraints on dispersal vs the benefits of philopatry as alternative hypotheses to explain delayed dispersal,
while recent papers have viewed these as two sides of the same coin, focusing instead on the relative importance of indirect vs direct fitness
benefits to helpers. These distinctions matter, particularly in trying to identify macroevolutionary patterns that underlie the occurrence of
cooperative breeding across taxa. For example, a comparative analysis across the avian phylogeny by Cornwallis et al. (2010) found that
kin-based helping behavior was most likely to evolve in lineages with monogamous mating, suggesting that the close genetic relatedness
resulting from monogamy, and hence indirect fitness, plays a key role in the origins of cooperative behavior. This finding was echoed in
similar analyses of cooperatively breeding mammals by Lukas and Clutton-Brock (2012a,b), which found that kin-based helping was
restricted to socially monogamous lineages with multiple offspring per litter. Combined with the evidence for indirect fitness benefits from
empirical studies, these comparative analyses provide strong support for the importance of kin selection in the initial formation of family
groups and for a link between family living and cooperative breeding (Griesser et al., 2017).

There is equally strong evidence, however, that indirect fitness benefits alone cannot fully explain the persistence of cooperative breed-
ing. Even in groups that form through delayed dispersal, realized levels of genetic relatedness between helpers and the brood can be low
due to extra-pair mating, replacement of the adult breeders, and the presence of unrelated immigrants acting as helpers. This suggests
that, although monogamous mating and high genetic relatedness may have played a role in the origins of cooperative breeding, direct
benefits have subsequently become important, allowing cooperation to persist despite low genetic relatedness (Cockburn, 2013; Riehl,
2013). This hypothesis posits that polygamous mating is a derived behavior that evolved after cooperation was already established, sim-
ilar to the evolutionary dynamics that have been proposed for eusocial insects with multiple mating (Boomsma, 2009). Such a scenario
might apply to the crows and jays (family Corvidae), in which delayed dispersal and family living are apparently ancestral. Kin-based
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helping has evolved independently several times in this lineage, but group composition and kinship are variable. In brown jays (Psilorhinus
morio), for example, cooperative breeding occurs in large groups composed of extended families and unrelated immigrants. Due to immi-
gration and extra-group mating, ~40% of helpers are unrelated to the young they care for. Female helpers appear to benefit primarily by
inheriting a breeding position in the social group, although this may entail several years of waiting. Male helpers may either inherit a breed-
ing position or attempt to mate with the breeding female (Williams and Hale, 2006). Although groups initially form through delayed
dispersal and an underlying signature of kinship persists in social groups, it seems likely that the importance of indirect fitness benefits has
been greatly diminished by the opportunities for direct breeding that group membership provides. Similar patterns are observed in several
other cooperative breeders, including superb fairy-wrens and white-throated magpie-jays (Calocitta formosa).

One test of the relative importance of indirect or direct fitness benefits in cooperative societies is to examine the extent to which helper
effort depends on genetic relatedness between the helper and the brood. If helpers primarily accrue indirect fitness by helping, their efforts
should correlate with their kinship to the offspring that they feed, whereas this correlation should be weaker or absent if direct fitness bene-
fits drive helping. Green et al. (2016) tested this prediction in 36 cooperatively breeding bird species, finding that helper effort did indeed
correlate with kinship, consistent with indirect fitness benefits. However, this analysis was restricted to species breeding in nuclear family
groups with high relatedness and excluded species with unrelated helpers or substantial extra-pair paternity, such as the superb fairy-wrens
and brown jays discussed above. It therefore did not consider cooperative species in which relatedness between helpers and the brood is
low, effectively ruling out the subset of species for which direct fitness benefits are predicted to be important.

Kingma (2017) examined a larger set of 44 species encompassing both related and unrelated helpers. He found that future reproductive
opportunities, specifically the likelihood of a helper subsequently inheriting a breeding territory, was correlated with interspecific variation
in kin discrimination and levels of helping behavior. Helpers tended to provide more help and were less likely to adjust their effort based
on kinship in species where territories were limited and territory inheritance was a strong benefit of group membership. By contrast, helper
effort was lower and more dependent on kinship in species where helping typically does not lead to territory inheritance. Thus, kinship
explained more of the variation in helping behavior in species in which kin selection appears to be the main driver of cooperation (~30%)
than in those with direct fitness benefits via future territory inheritance (~10%).

Much of the apparent disagreement over the relative importance of direct and indirect fitness results from differences in how the data
are categorized and questions are framed. For example, if one is testing the hypothesis that high levels of kinship lead to the evolution of
cooperative family groups, it is reasonable to restrict the data set to species that live in nuclear families, as did Cornwallis et al. (2010)
and Green et al. (2016). However, the danger of such an approach is that it cannot explain the rich diversity of social systems with more
complex kin structures, many of which appear to have evolved after cooperation was already established. Given what we know about these
societies, it should not be surprising that direct fitness benefits are relatively more important when genetic relatedness is low, as predicted
by Hamilton’s rule (Box 1). Importantly, though, direct and indirect fitness benefits are additive, not mutually exclusive, and in most
species they act in concert to favor group formation and cooperative brood care.

Effects of life history, ecology, and phylogeny

As described above, the formation of family groups appears to be a key step in the transition to cooperative breeding, with monogamous
mating (and high genetic relatedness) creating opportunities for kin selection to act on helping behavior. But what conditions lead to the
formation of family groups? Although case studies support the hypothesis that ecological constraints favor delayed dispersal, no phylo-
genetic comparative analyses have been conducted to determine whether ecological constraints can predict the occurrence of cooperative
breeding across vertebrate taxa. This is largely because different constraints are hypothesized to be important in different species, and no
single metric captures this variability across species. However, competing hypotheses have been proposed that focus on different types of
ecological constraints. Importantly, these hypotheses are not mutually exclusive – individuals may face more than one constraint on inde-
pendent reproduction – but they make different assumptions about which constraints are most important, and hence different predictions
about how environmental conditions should affect cooperative breeding (Emlen, 1982).

First, certain life history traits – particularly long lifespan and delayed age at first reproduction – might be associated with a lack of
reproductive opportunities, and hence favor the evolution of cooperative breeding (Arnold and Owens, 1998). The logic behind this
prediction is that species with these “slow” (or “k-selected”) life histories live in populations that are “saturated” and close to their eco-
logical carrying capacities, such that rates of adult mortality and territory turnover are relatively low. Young birds may therefore benefit
from remaining on their natal territory and waiting for reproductive vacancies to arise. This life history hypothesis assumes that the major
constraint on independent breeding is a lack of vacant territories, created (at least in part) by long-lived breeders with low annual mortality.
Such species might, therefore, be expected to live in stable environments with relatively benign conditions and predictable resources.

Alternatively, if independent breeding is mainly limited by the difficulty of raising offspring without helpers, then a different set of
assumptions and predictions applies (Emlen, 1982). When food is limited and additional caregivers are needed to rear young, as in the
white-fronted bee-eaters and white-winged choughs discussed earlier, delayed dispersal should be advantageous for two reasons: it is less
likely that dispersing offspring will be able to rear their own young unaided, and their help should provide significant survival benefits
to the brood, resulting in increased indirect fitness. This hypothesis predicts that cooperative breeding should be favored in harsh, unpre-
dictable environments, such as semi-arid environments in which interannual variability in rainfall is high. The presence of helpers in such
cases might be a bet-hedging strategy, reducing the probability of reproductive failure in poor years, and enhancing reproductive success
in resource-rich years. These seemingly disparate drivers of cooperative breeding – ecological constraints leading to saturated habitats in



UN
CO

RR
EC

TE
D

PR
OOF

Helping behavior in birds and mammals 7

which reproductive vacancies are difficult to come by and harsh, unpredictable habitats requiring assistance to breed successfully – present
an enduring paradox for workers attempting to understand the ecology of cooperative breeding (Shen et al., 2017).

One approach has been to test the effects of climatic conditions in large-scale comparative analyses. This is difficult, however, since
these hypotheses predict that cooperative breeding can evolve in either harsh/unpredictable or benign/stable environments via different
types of constraints. A second challenge is that cooperative breeding in both birds and mammals is distributed unevenly throughout their
respective phylogenies, resulting in strong phylogenetic signals that overwhelm the effects of other variables (Cockburn, 2020). Within
clades that share similar life-history traits, however, environmental variables may have detectable effects on the evolution of cooperative
breeding. One of the most compelling of these analyses was performed by Rubenstein and Lovette (2007), who examined the corre-
lation between cooperative breeding and ecological factors in 45 species of starlings (Sturnidae) in Africa. This lineage is ideal for such
a comparison, since starlings are found in different habitats that vary in precipitation and seasonality and show interspecific variation in
cooperative breeding. Rubenstein and Lovette found that cooperative breeding was more likely to occur in species living in semi-arid sa-
vanna habitats with seasonal and unpredictable rainfall, and less likely in those living in desert or forest habitats. These results point to
unpredictable resources as a key driver of cooperative breeding, consistent with Emlen’s (1982) suggestion that helpers might buffer the
effects of inter-annual variability in harsh environments. A follow-up analysis across the entire avian phylogeny found similar patterns,
again indicating that low and variable rainfall is significantly associated with the global distribution of cooperative breeding (Jetz and
Rubenstein, 2011). Although the magnitude of this effect was small compared to the influence of phylogenetic history, the fact that it
was detectable at all in such a large-scale analysis is striking.

The relative influences of life history and ecology are perhaps easier to disentangle in cooperatively breeding mammals than in birds,
since helping by non-breeding subordinates is rare (occurring in <1% of mammals) and restricted to socially monogamous lineages that
produce multiple offspring per litter (Lukas and Clutton-Brock, 2012a,b). Such patterns are more noticeable in mammals than birds,
since the predominant, and likely ancestral, mating system of mammals is polygyny, whereas social monogamy is rare (~5% of mammals).
Within socially monogamous lineages, however, helping by non-breeders appears to be more likely in species that face low and unpre-
dictable rainfall. In an analysis of 117 socially monogamous species and 32 cooperative breeders, low rainfall was the only climate variable
that significantly predicted helping behavior (Lukas and Clutton-Brock, 2017). One possibility is that food scarcity in arid environ-
ments makes it difficult for females to raise young without helpers, favoring delayed dispersal and territory inheritance – that is, ecological
constraints on rearing young. A non-mutually exclusive alternative is that unpredictable resources favor high fecundity – multiple offspring
per litter – creating the opportunity for offspring to increase their indirect fitness via helping (Lukas and Clutton-Brock, 2017). As in
birds, a full understanding of the occurrence of cooperative breeding must include both evolutionary history and environmental variation,
which can interact with each other to promote sociality.

Conclusion

Helping behavior has evolved many times independently in birds and mammals. It typically occurs when young animals remain with their
natal group to assist in rearing relatives, or when unrelated immigrants join a breeding individual or pair to form a cooperative social
group. Helping behavior usually involves the helper delaying its own reproduction to provide alloparental care to the offspring of others,
although in some cases helpers may reproduce as well and produce a communal brood. Cooperative societies have provided rich opportu-
nities for testing the predictions of kin selection theory, as well as for understanding the selective pressures that favor cooperation between
unrelated individuals. Long-term case studies of cooperatively breeding birds and mammals have suggested that ecological constraints on
independent breeding promote helping behavior, and large-scale comparative analyses have identified phylogenetic history, harsh and un-
predictable environmental conditions, and life-history traits (including year-round territoriality and long lifespan) as additional correlates
of cooperative breeding.

Glossary

Benefits of philopatry hypothesis The hypothesis that delayed dispersal is favored by the benefits of remaining on the natal territory
(such as increased survival prior to dispersal or the chance of inheriting the natal breeding site).

Cooperative breeding A social breeding system in which a reproductive individual or group of individuals is assisted by non-breed-
ing individuals (“helpers”). In some societies, helpers also reproduce and contribute offspring to the brood, creating a continuum
between cooperative and communal breeders.

Communal breeding A social breeding system in which multiple breeders contribute offspring to a single brood or litter and share
parental care.

Direct fitness The genetic contribution made by an individual to the next generation that is represented by its own offspring. Direct
fitness benefits are those that increase an individual’s own reproductive output (or its own survival, since this increases its chance
of reproduction).
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Ecological constraints hypothesis The hypothesis that delayed dispersal is favored by environmental or social factors that prevent
an individual from breeding independently (such as a shortage of mates or breeding sites).

Group augmentation hypothesis The hypothesis that delayed dispersal is favored by the direct, mutualistic fitness benefits of in-
creasing group size (such as a reduced risk of predation or increased ability to defend a common territory).

Indirect fitness The genetic contribution made by an individual to the next generation that is represented by its relatives’ offspring.
Indirect fitness benefits are those that increase the survival or reproduction of a focal individual’s genetic relatives (since these
relatives share alleles – gene copies – that are identical by descent from their common ancestor).

Inclusive fitness The sum of direct and indirect fitness of an individual. In practice, inclusive fitness is difficult to calculate, but it is
conceptually useful to think of inclusive fitness as a combination of an individual’s own reproductive output as well as that of its
relatives.

Load-lightening hypothesis The hypothesis that helpers increase the fitness of breeders by reducing their workload, which may in-
crease breeder survival or future reproductive output.
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