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Social Behaviour: Males Help When Mates Are Rare
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In cooperatively-breeding animals, some individuals may postpone or completely forego independent
reproduction to help others reproduce. A recent large-scale manipulation of adult sex ratio in wild
nuthatches suggests that male birds postpone breeding because of a shortage of potential mates.

Cooperative breeding, whereby sexually mammals and fishes [1]. Most notably, in  altruistic behaviour, and to this day,
mature individuals postpone reproduction  many bird species helpers give up food evolutionary biologists are still faced with

and instead help another breeding pairto  that they could eat themselves to feed the challenge of understanding why
raise their young, occurs in a wide range  dependent offspring. Charles Darwin [2] individuals would sacrifice their own
of animals including humans, birds, was already puzzled by this seemingly reproduction to help others [1,3]. To solve
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Figure 1. Brown-headed nuthatches.
Photo: David Blevins (blevinsphoto.com).

the puzzle, evolutionary and behavioural
ecologists typically compare the benefit
of helping others to the benefit of leaving
home and trying to reproduce
independently [1,3]. For example,
subordinates may stay and help in their
natal territory because family members
allow them to use the resources on the
territory [1,3]. A new study by James Cox
and colleagues [4] opens an exciting line
of investigation by showing that the
decisions to help (or leave) are modulated
by skewed sex ratios that reflect a
shortage of mates.

Adult sex ratio is a central concept in
population demography [5], and as the
number of males and females influences
the interactions between those of the
same and opposite sex, the adult sex
ratio is increasingly recognised as a
demographic variable that can drive
behavioural variability within and
between the sexes [6,7]. Moreover,
researchers are increasingly realising the
potential of adult sex ratio in explaining
social behaviours such as mate choice,
pair-bonding and parenting [8,9]. In their
new large-scale study, Cox and
colleagues [4] highlight the role of adult
sex ratio in cooperative breeding by
testing whether the limited availability of
mates due to skewed sex ratio may
constrain young individuals to leave the
family and breed independently. The
ambitious field-based study of Cox and
colleagues [4] provides experimental
evidence that a shortage of potential

mates due to a skewed adult sex ratio
leads to cooperative breeding,
something that had never been observed
at this scale before.

Cox and colleagues [4] investigated a
small passerine bird, the brown-headed
nuthatch (Sitta pusilla; Figure 1), that
exhibits cooperative breeding. Instead of
establishing a territory on their own,
young nuthatches, nearly always males,
sometimes help breeding pairs in their
reproductive duties by feeding their new
batch of young. Across several years, the
researchers manipulated brood sex ratio
in two forest plots. Male nestlings born in
the first plot were swapped with females
born in the second plot, resulting in a
female-skewed and a male-skewed plot,
respectively. This led to local populations
with skewed adult sex ratios the year
after.

The result of the experiment was
profound: in the male-skewed plot,
cooperative breeding became nearly
twice as common as in a control plot
where no manipulation took place. This
was the result of young male nuthatches
in male-skewed plots being more likely to
stay and help to rear the young of others
(Figure 2), presumably due to constrained
mating opportunities. In the plots where
male nestlings were removed,
cooperative breeding became rare.
Strikingly, the incidence of cooperative
breeding was a direct function of the
proportion of adult males in the
population (Figure 2).

This experimental study complements
a recent comparative analysis which
found that helper sex ratio is related to
adult sex ratio, likely due to mate
shortages for the common sex [8]. The
work of Cox and colleagues [4] goes
beyond the comparative analysis by
showing that the link between adult sex
ratio and cooperative breeding is in fact
causal — something that is difficult to
determine in comparative analyses
(Figure 2). To manipulate adult sex ratios
in the nuthatch populations, the field
team faced major challenges: first, male
and female nuthatch young look
identical, making it impossible to visually
recognise nestlings that needed
transferring to a different plot. The
authors overcame this obstacle by using
molecular markers to sex newly-hatched
young; they teamed up with a local
genetics laboratory that was capable of

providing the sex of offspring within a
matter of days before moving male and
female nestlings between plots as
required. In addition, manipulating adult
sex ratios in a wild population of birds or
mammals requires huge effort, as it
requires large-scale manipulation of the
entire population. Cox and colleagues
[4] overcame this hurdle by investigating
an unusually large forest, 850 hectares
in total. Local differences in habitat
quality could be another pitfall for a well-
designed experiment, because such
characteristics could have driven the
effects, rather than differences in adult
sex ratio. The researchers elegantly
circumvented the latter problem by
reversing the sex-ratio skew between
forest plots after two years of
investigation: after a ‘wash-out’ year
between the swaps when no
manipulation took place, the
experimental male-skewed plot became
the female-skew targeted plot and vice
versa; the effect appeared similar
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Figure 2. Sex ratio and cooperative
breeding in brown-headed nuthatches.

(A) Adult sex ratio (proportion males; black bars)
and the proportion of pairs that have helpers
(grey bars) in the years (n = 4) after translocation
of nestlings to female-skewed plots and male-
skewed plots, and control plots. Error bars reflect
standard errors over the four years. (B) The
proportion of pairs with helpers appeared a direct
result of skewed adult sex ratio (each dot reflects
one plot in one year of study). Graphs were
created using the data provided in Cox and
colleagues [4].
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regardless of where in the forest the
male- and female-skewed populations
were located. Finally, manipulating adult
sex ratios in large populations of mobile
organisms such as birds seems perilous,
as the animals are likely to disperse and
balance out the targeted local sex ratio
biases. To some extent, this was the
case for female-skewed plots (where
females dispersed from them and
consequently the adult sex ratio became
close to even; Figure 2), but male
brown-headed nuthatches did not
disperse far, leading to heavily male-
skewed plots.

Intriguingly, the presence of surplus
males had a self-reinforcing effect: male
offspring that hatched in the male-
skewed plots were more likely to stay,
and, surprisingly, male-skewed plots
appeared to attract males from the
outside. The result not only provides the
key information that mate shortage
leads to postponed independent
breeding but also raises intriguing new
questions: how do animals perceive
skewed adult sex ratios? Do young

individuals use social information to help
them decide whether to stay as
subordinate in a group or disperse and
became an independent breeder? The
presence of surplus males may attract
more males because in natural settings
it would reflect a high-quality habitat. As
nuthatch helpers are often unrelated to
the family they join, the direct benefits of
helping, such as access to food and
mates and to a potential territory in the
future, may thus be important drivers for
individuals to stay and help. Therefore,
Cox and colleagues [4] made a major
step towards uncovering the role of a
demographic trait (adult sex ratio) in a
puzzling social behaviour (cooperative
breeding), and their results open an
exciting avenue for future research into
how social information affects breeding
systems.
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The complete description of the expression of gap junction proteins in the nervous system of the worm reveals
a great complexity of their distribution amongst different neuronal classes, opening an unprecedented
opportunity to expose the functional diversity of electrical synapses.

Interconnected neurons communicate
with each other at structures named
synapses, where information is mediated
via either the release of a transmitter
substance (‘chemical synapses’) or the
spread of electrical currents at a direct
communicating pathway formed by
aggregates of intercellular channels
known as ‘gap junctions’ (‘electrical
synapses’), a prevalent form of signaling
in neurons (Figure 1A). Chemical

synapses are known to be functionally
diverse by combining different modalities
of release, neurotransmitters and
receptors. In contrast, the diversity of
electrical synapses is less known. A
potential mechanism for diversity in
electrical synapses lies in the identity of
the gap junction channel-forming
proteins, named ‘connexins’ and
‘innexins’ in vertebrates and
invertebrates, respectively [1]. Since the

R372 Current Biology 29, R358-R380, May 20, 2019 © 2019 Elsevier Ltd.

intercellular channel is formed by the
docking of two channels, or
‘hemichannels’, each provided by one of
the contacting cells, it is possible to have
intercellular channels made by
hemichannels formed by a single protein
(homotypic intercellular channel), two
different proteins (heterotypic intercellular
channel) or by heteromeric channels in
either homotypic or heterotypic
configurations (Figure 1B) [2].
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