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Introduction

One of the most widely studied forms of cooperative behaviour is
the phenomenon of cooperative breeding, where ‘helpers’ care
for young that are not their own (Cockburn 1998; Pacheco et al.
2008). Cooperative systems are present in taxa as diverse as slime
mould, eusocial insects and a broad-range of vertebrates, includ-
ing mammals, fish, reptiles and birds (Queller and Strassmann
1998; Clutton-Brock 2002; Mehdiabadi et al. 2006). Fittingly, a
large body of research has been devoted to understanding the
causes and consequences of cooperative interactions (e.g. Cock-
burn 1998; Lehmann and Keller 2006), stemming back to Darwin
himself who pondered if eusociality might be a fatal flaw in his
theory of natural selection (Darwin 1859). Interest in this research
question has not been lost over time; a recent article (Nowak et al.
2010) prompted a joint reply fromno less than 137 authors (Abbot
etal. 2011)!

These issues are relevant to Emu: Austral Ornithology as this
region is ideally placed to contribute to the field, because of a
disproportionately high prevalence of cooperative avifauna, par-
ticularly in South Africa and Australia (Cockburn 1998; Jetz and
Rubenstein 2011). Famous Australian examples include the
diverse mating systems of Maluridae fairy-wrens (Margraf and
Cockburn 2013), distinctive Corcoracidae societies built on long-
term associations (Beck ez al. 2008; Griesser et al. 2009), and
the extraordinarily complex societies of Manorina honeyeaters
(Dow and Whitmore 1990; Wright et al. 2010). In Africa, the
Turdoides babblers have attracted considerable interest (Zahavi
1977; Ridley 2007) whereas Merops bee-eaters have long been
a model system (Emlen and Wrege 1988). This extensive
research effort has elucidated spectacular life histories, such
as the identification of some of the world’s least faithful birds
(Double et al. 1997; Durrant and Hughes 2005) and feats of
extraordinary cooperative behaviour, such as broods of two to
four Noisy Miner (Manorina melanocephala) nestlings being
fed by as many as 20 helpers (Pdldmaa et al. 1995)!

Despite this long history of research, few broad-scale factors
that favour cooperative breeding have been uncovered, other than
helpers tend to favour relatives. By contrast, there is compara-
tively little consensus on why cooperative breeding involving
non-relatives has evolved (e.g. Clutton-Brock 2009). Although
it is possible that there are no common drivers favouring coop-
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erative breeding across taxa beyond kinship, I do not believe that
present data allow us to definitively reach this conclusion. I
therefore first investigate the evidence for any emerging consen-
sus on cooperative breeding between non-relatives, before dis-
cussing suggestions as to how researchers might maximise the
likelihood of uncovering, or at least refuting, non-kin based
hypotheses for the evolution and maintenance of cooperative
breeding.

Inclusive fitness is important, but not the only driver
of cooperative breeding

How can selection favour the evolution and maintenance of
such an apparently costly behaviour as feeding other’s offspring?
Instead of incurring fitness costs, helpers might accrue a net
benefitif they preferentially aid individuals with whom they share
at least some genes, whether through random chance or kinship,
termed ‘inclusive fitness theory’ (Hamilton 19644, 1964b; May-
nard Smith 1964; see Marshall 2011 for a useful review). This
theory has been extraordinarily successful when applied to
animal societies (Emlen 1995; Cockburn 1998; Clutton-Brock
2002), shaping patterns both across different species (Cornwallis
et al. 2009) and also the cooperative efforts of individuals within
species (Wright et al. 2010; Browning et al. 2012).

Despite this, inclusive fitness theory has not provided a
standalone answer that explains cooperative breeding. Conser-
vative estimates place cooperation between non-kin as regularly
occurring in as many as 20% of avian families or 9% of coop-
erative species (Hatchwell 2009), with many systems displaying
helping behaviour between both kin and non-kin (e.g. McDonald
etal.2009; Westetal. 2011). Thus, whereas kin selection benefits
are clearly a common driver for cooperative breeding in many
systems, determining whether or not there are similar common-
alities in non-kin based explanations for the evolution and
maintenance of cooperative breeding remains a challenge for the
field.

How can cooperative breeding involving non-relatives
be explained?

This is not a trivial problem, given that help is, in virtually all
cases, energetically costly to provide. Simply invoking unselect-
ed care or misdirected care (Jamieson 1991) is neither satisfying
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nor a particularly likely explanation. Instead, multiple direct
benefits of helping behaviour have been proposed, all of which
identify pathways by which helpful donors could increase their
‘direct fitness’, that is, the number of offspring that they them-
selves produce (see West et al. 2011 for a readable summary). In
a landmark review, in addition to inclusive fitness, Cockburn
(1998) identified five other distinct categories of hypotheses
proposed to account for cooperative breeding by some form of
direct benefits (Table 1).

Even when collated into these groups, it is clear that there are
many proposed pathways by which helpers might accrue direct
benefits. Further, there is currently very little consensus on the
broad applicability of these hypotheses, as Fig. 1 demonstrates.
The data used to develop this figure are split into two time periods
either side of Cockburn’s influential review: 1998 and earlier
(136 papers), and 1999 through to the end of 2012 (424 papers).
Contrary to my expectations, there is no significant change in the
research effort devoted to each category of hypothesis across
the two time frames (x’s=3.273, P=0.658). If cooperative
breeding research was converging on a consensus as to the most
important direct benefit hypothesis or hypotheses as a field, we
might expect increasing bias towards investigation of areas
receiving frequent and broad support. Conversely, interest in a
group of hypotheses should logically decline if negative
evidence was continually reported. Neither process appears to
be happening.

Two, non-mutually exclusive factors are likely to drive this
result. First, there may well be no common explanation across
species or at least groups of taxa that consistently underpins
cooperation outside of kinship. Recent advances suggest that
this might be a pessimistic outlook, as there appear to be at least
some common factors (Jetz and Rubenstein 2011; but see
Gonzalez et al. 2013). An alternative explanation may be that
the types of studies and approaches being undertaken may be
confounding attempts to effectively identify broad direct benefit-
based hypotheses for cooperative breeding.

What factors might confound attempts to generate
commonalities across taxa?

While acknowledging that direct benefits will be, by their very
nature, somewhat specific to the ecological and behavioural traits
of a given species, many direct benefit hypotheses have been
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developed without reference to more general cooperative theory
(Bergmiiller et al. 2007). Given this, formulating their precise
empirical predictions, and thus points of difference, is not always
straight forward. For example, empirically separating group
augmentation v. reciprocal or mutualistic-based helping is per-
haps unattainable (Wright 2007). Further, there is considerable
debate about kin selection and how it may or may not overlap
with the various forms of group selection, yet mathematically they
are different ways of describing the same process (Marshall 2011;
West et al. 2011).

This overlap in predictions and thus expected outcomes
between hypotheses is relevant, as it can result in studies
claiming support for one hypothesis, when another or others may
have also been relevant but not considered. Inclusive fitness
theory provides a good example, as frequently direct pathways
are subsequently ignored once kin-directed aid has been
identified in at least part of a population. Previous research into
Manorina honeyeaters illustrates this, concluding the group was
a largely kin-based helping system, whereas significant levels of
help actually occurs between non-relatives (Wright ez al. 2010;
McDonald and Wright 2011). This issue is also prevalent if one
of the hypotheses favoured is considered more ‘exciting’ or
novel. For example, social prestige suggests that helpers may be
showing off their prowess within a group to gain prestige and
later benefits based on their status (Zahavi 1977). Although
intuitive to humans, the process is likely highly cognitively
demanding and requires significant information that might be
difficult for most species to obtain (Wright 2007; McDonald et al.
2008). Evidence supporting the hypothesis has been claimed in
only two avian studies (Carlisle and Zahavi 1986; Doutrelant
and Covas 2007), yet both are likely more parsimoniously
explained by either observer-induced disturbance (McDonald
et al. 2007) or responses to potential predators (as noted by the
authors: Doutrelant and Covas 2007). When viewed with other
negative experimental results (e.g. McDonald et al. 2008;
Nomano et al. 2013), support for social prestige has thus far
been very limited at best, yet research in this area continues

(Fig. 1).
Suggestions on the way forward

Given that many direct benefit based hypotheses are very difficult
to separate empirically, and the considerable debate over even

Table 1. The six categories of hypotheses detailing benefits to helpers that may accrue through cooperative breeding, as per Cockburn (1998)

Broad benefits to helpers Potential pathways

Example hypotheses

Increased production of collateral kin
Payment of rent or mutualism
Access to mating opportunities

Improvement of local conditions

Helping enables alliance formation
Improved reproductive skills

Either immediate or deferred benefits

Access to the group or advantages of group living

Shared reproduction in social group

Access to reproduction outside of social group

Ability to court future mate(s).

Enhancement of groups increases territory size and
defence, enhancing or enabling reproduction

Helping increases the probability that donors will be
aided by recipients in the future

May be based on ‘privilege’

By practice or copying others

Acquiring skills through prolonged parental
investment

Kin selection and inclusive fitness theory
Pay to stay hypothesis, habitat saturation hypothesis
Reproductive skew theory

Group augmentation, cross-generational mutualism,
various forms of reciprocity

Social prestige theory, coalition formation
Acquisition of skills hypothesis
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Fig. 1. The percentage of assessed papers published pre-1999 (n=112)
and 1999-2012 (n=294) that investigated each of the six categories of
Cockburn’s (1998) cooperative breeding hypotheses. Note that papers
were counted regardless of whether or not the results supported the
hypothesis, and that papers could be counted in multiple categories if they
examined more than one hypothesis. Data were obtained by searching for
‘cooperative®” and ‘breed*” under ‘topic’ in the Web of Knowledge database
across all years (Thomson Reuters, http://apps.webofknowledge.com/,
accessed 7 August 2013). The initial 4002 papers identified were refined
to ensure relevance to Emu: Austral Ornithology by filtering so only
references that stated ‘bird’ or ‘avian’ in one of the above fields were
retained (n=>560). Papers that did not present new data (e.g. reviews), or
clearly mention a hypothesis investigated (e.g. a primer note, or research
simply noting the presence of cooperative breeding), were not counted.

the terms of reference in this field (West ef al. 2007), how can
ornithology move forward to definitively define, or exclude,
common traits underpinning cooperative breeding involving
non-relatives? I recommend three strategies that researchers
should consider before embarking on a study investigating
cooperative breeding in birds, or indeed other taxa to ensure
maximum explanatory power when testing hypotheses in this
field, and thus contribute effectively to the search for common-
alities in direct-benefit based cooperative breeding.

1. The assessment of underlying mechanisms that shape
cooperative interactions

Science routinely has areas that fall in and out of favour in terms
of popularity and, in avian cooperative research, an area that has
been under utilised recently is the elucidation of the mechanisms
behind cooperative interactions. This is unfortunate, as under-
standing mechanism remains as important now as it was when
flagged by Tinbergen as one of the four key questions in beha-
vioural research (Tinbergen 1963). In cooperative breeding re-
search, elucidating mechanisms shaping cooperative decisions
offer a way forward in differentiating between hypotheses with
similar empirical predictions, but different mechanistic pathways.
For example, if kin selection is driving helping behaviour, some
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form of kin discrimination, be that a simple rule-of-thumb such
as ‘help familiar or nearby individuals’ in viscous populations
(Hatchwell 2009), through to complex, fine-scale kin differenti-
ation capabilities in more dispersed systems is required (McDo-
nald and Wright 2011). Further, the degree of kin recognition in
systems appears to be modulated by the costs of helping, as kin
recognition capabilities are greater in species where the costs of
incorrectly aiding non-kin are highly detrimental (Cornwallis
et al. 2009). Thus, by extension, identifying the kin recognition
capabilities in a system likely identifies the relative importance of
inclusive fitness theory in the focal society, yet this method has not
been routinely utilised by researchers.

The same logic applies to direct benefit hypotheses as well.
Many require a potential donor to differentiate between two
groups of recipients, thus if test subjects cannot achieve this
differentiation, the theory is extremely unlikely to be relevant. For
example, under direct reciprocity, an individual must discern
between those that have helped it previously and those that have
not. If individuals in such a system cannot differentiate between
past helpers and past cheaters, than this direct benefit hypothesis
would seem to be on very shaky ground as an explanation for the
maintenance of help. The modality of interest will differ between
taxa, but in birds, acoustic discrimination (Boeckle ef al. 2012;
McDonald 2012) seems the most likely pathway to investigate;
however, visual and even olfactory cues are increasingly being
recognised as important (Bonadonna and Sanz-Aguilar 2012).

If understanding mechanism is given priority in studies, it
simplifies the task of testing potentially relevant hypotheses, as
many can be ruled out before devoting limited resources to their
study. Second, it enables subsequent experiments and correla-
tional work to target the key variables of interest, something that
has become increasingly important in academia. Finally, if
researchers are aware of an animal’s capabilities and discrimi-
natory powers, even null results in an experiment become highly
informative and enable not only support for, but crucially defin-
itive evidence against, particular hypotheses. Take a hypothetical
acoustic playback experiment where receivers are exposed to two
types of stimuli as an example. Null results in this context might
be due to either poor equipment being unable to replicate appro-
priate signal details, the subjects being unable to differentiate
between the stimuli (i.e. both groups sound functionally identical
to receivers) or the subjects might identify differences in the
stimuli, but the observable response to both in the experimental
context is identical. These possibilities lead to very different
conclusions, but can be effectively resolved by better identifying
the abilities of the focal animal, and thus the mechanism(s) behind
cooperative behaviour that are likely important. By doing so, a//
results, not just significant differences, become helpful in under-
standing the social system.

The importance of elucidating mechanisms applies beyond
acoustic examples, such as understanding the feeding effort of
unrelated helpers in a system. Social prestige-based helping is
predicted to occur independently of brood demand, as helpers
gain benefits through showing off to others in the group, not
through nourishing offspring (McDonald e al. 2009). In contrast,
group augmentation theory (Woolfenden and Fitzpatrick 1978)
predicts helpers should aid all nestlings that will improve group
size or composition, and should therefore feed hungry chicks
more to improve their condition. Both scenarios predict that
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unrelated helpers should provide significant amounts of help to
offspring, but crucially by very different mechanistic pathways.
Only by monitoring help and a likely mechanism (in this scenario
brood demand changes) can the two be separated and the correct
conclusion reached.

2. Examine the society as a whole

Regardless of the species involved, understanding cooperative
breeding necessarily involves understanding the interactions that
occur in an entire society. Although these are often modelled and
discussed as a two-party system for convenience, cooperation
typically involves groups of many more individuals (Cockburn
2007). Ignoring this might result in over-simplification and risks
throwing out critical information fundamental to understanding
cooperative breeding. Instead, adopting frameworks such as
multi-level selection that can account for selection pressures
across all relevant levels in a society offers a more informative
approach (Okasha 2006).

Further, cooperative breeding behaviour is typically just one
facet ofinteraction in highly social systems. Typically individuals
frequently cooperate in contexts away from the nest, such as
predator mobbing or social foraging (Kennedy et al. 2009; Sorato
et al. 2012). Indeed, many austral species live in year-round
groups that cooperate outside of the breeding season (Cockburn
1998; Arnold et al. 2005). Understanding these cooperative
events is critical to understanding a species social behaviour and
thus any broad-scale patterns shaping cooperative breeding, as
evidence exists that not all members of a population contribute
equally to each cooperative modality (Arnold et al. 2005).

Fortunately, powerful tools for analysing these types of
relationships do exist and have been developed in other fields.
For example, social network analysis (Croft e al. 2008) or tools
focussing on information use (Dall et al. 2005) offer a way of
assessing multiple players simultaneously, and technological
advances such as automatic monitoring systems provide research-
ers with ever more affordable and powerful research tools (Blum-
stein et al. 2011). Deploying these approaches in future research
will likely unravel previously cryptic facets of societies, and thus
provide a new understanding of cooperative breeding behaviour
that may assist in reaching broad conclusions.

3. Detailed methodology is crucial

Researchers should also learn from the mistakes of the past, and
directly test for important, but cryptic factors that have been
shown to shape behaviour. The effect of disturbance is a key
example, setting equipment too close to a sensitive area such as a
nest site (McDonald ef al. 2007) can be easily ruled out, yet few
papers explicitly test for these effects. This can lead to difficulty
interpreting unusual behaviours that may simply be a by-product
of displacement behaviour. Likewise, there is considerable mis-
understanding and misapplication of molecular tools, and
researchers should be aware of the limitations and resolution of
the molecular assessments that they use to determine kinship. For
example, raw estimates of relatedness are often fitted as a linear
covariate in analyses, when either threshold assessments or
likelihood modelling is typically more appropriate (Blouin
2003; Rollins et al. 2012). Methodological issues such as these
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are simple to ameliorate, yet critical to generating datasets that
allow unambiguous cross-species comparisons.

Concluding remarks

Some of these recommendations are challenging to undertake —
elucidating the mechanisms behind cooperative breeding is not
a trivial task. However, failure to at least begin to do so risks
overlooking and misinterpreting the key factors driving cooper-
ative breeding. This also decreases the likelihood of partitioning
out common direct benefits important in avian societies, if they
truly exist. Calls for an integration of mechanism and function are
neither unique to cooperative breeding research nor new (McNa-
mara and Houston 2009); however, this approach is critical if
researchers are able to both falsify or find support for direct benefit
hypotheses broadly, without violating assumptions associated
with an over-extension of the ‘behavioural gambit’ (Fawcett et al.
2013). There is hope, as holistic and detailed approaches can
elucidate detailed pictures of societal structure in even reasonably
short time frames (e.g. Russell ef al. 2007; Kingma et al. 2011).
By clarifying mechanistic pathways, researchers can also sim-
plify the equation by identifying the key variables that need to
be monitored to ensure that experimental procedures are fully
interpretable. By coupling this approach with analysis of all
relevant cooperative behaviours for a given species, the appro-
priate molecular tools and choosing suitable model systems that
abound in our region, austral ornithologists are well placed to
contribute to the next major breakthroughs in the study of
cooperative breeding and cooperation more generally. Whether
consensus on the important direct benefits will ever reached is
debatable, but I argue that these approaches should make the
search more definitive and efficient.
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