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Abstract In animal societies, individuals face the dilemma of
whether to cooperate or to compete over a shared resource.
Two intertwined mechanisms may help to resolve this enduring evolutionary dilemma by preventing conflicts and thereby
mediating the costs of living in groups: the establishment of
dominance hierarchies and the use of ‘badge-of-status’ for
signalling dominance. We investigated these two mechanisms
in the sociable weaver (Philetairus socius), a colonial and
social passerine which cooperates over multiple tasks. We
examined the sociable weavers’ dominance structure in 2 years
by recording 2563 agonistic interactions between 152 individuals observed at a feeder at eight colonies. We tested which
individual traits, including sex, age, relatedness and two
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melanin-based plumage traits, predicted variation in social
status. First, using social network analysis, we found that
colonies were structured by strongly ordered hierarchies
which were stable between years. Second, medium-ranked
birds engaged more in aggressive interactions than highly
ranking individuals, suggesting that competition over food is
most pronounced among birds of intermediate social status.
Third, we found that colony size and kinship influenced
agonistic interactions, so aggression was less pronounced in
smaller colonies and among relatives. Finally, within- and
between-individual variation in social status and the presence
of an individual at the feeder were associated with variation in
bib size, as predicted by the badge-of-status hypothesis. These
results suggest that dominance hierarchies and bib size mediate conflicts in sociable weaver societies.
Keywords Dominance . Cooperation . Social status . Badge
of status . Conflict . Melanin

Introduction
Sociality involves conflicts of interests around vital resources
such as mates or access to food or nesting sites (Trivers 1974;
Huntingford and Turner 1987). Yet, individuals in a group
often also cooperate and share such resources. Social species
thus face the enduring dilemma to compete and cooperate
over resources, both of which have profound implications on
individual fitness (Székely et al. 2010). An understanding of
how individual conflicts within a given social environment are
resolved is of crucial importance to explain social evolution
(Aureli and de Waal 2000). Although social characteristics of
the environment, such as group composition (e.g. sex ratio),
group size, relatedness or connectivity among individuals, are
key parameters influencing the outcome of conflicts (Stearns
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2000; Ratnieks et al. 2006; Wolf et al. 2007; Liker et al. 2013),
behavioural mechanisms might also play a key role.
Two intertwined mechanisms may mitigate conflicts and
hence reduce their associated costs: the establishment of dominance hierarchies (Rowell 1974) and the evolution of phenotypic traits that signal social status (Maynard-Smith and
Harper 2003). Typically, hierarchies and status-signalling
traits define access to resources in relation to an individual’s
dominance status and may help individuals to adjust their own
behaviour accordingly. Additionally, individuals of high social status may get better access to or monopolize limited
resources (Herberholz et al. 2007) enhancing fitness components such as survival and reproductive success (NelsonFlower et al. 2011; Majolo et al. 2012).
Dominance hierarchies are found in many taxa ranging
from insects to primates, including humans (Chase 1980;
Izawa and Watanabe 2008), and are crucial for group stability
and cohesion (Poisbleau et al. 2005). Hierarchies can also be
affected by the social environment, including group size and
composition, or environmental factors influencing resource
distribution and availability (Isbell and Young 2002).
Hierarchies are marked by strong directional asymmetry (i.e.
one of the opponents wins more than 50 % of the conflicts)
within a dyad. Asymmetry is often linked to phenotypic
differences between the opponents (Parker 1974). Such phenotypic traits are associated with an individual’s resourceholding potential (i.e. fighting ability) or aggressiveness
(Parker 1974) and hence signal dominance status. In birds,
dominance has been reported to be linked to size (Laubach
et al. 2013), sex (Barkan et al. 1986), age (Poston 1997),
relatedness (Archie et al. 2006) or ornamentation (Senar
1999). Determining the phenotypic correlates of dominance
is of prime importance because these traits can help to make
predictions about the social organization of a group and ultimately about which individuals are likely to obtain the highest
fitness.
When phenotypic correlates of dominance are traits that
have evolved to signal social status, they are often termed
‘badge of status’ (Rohwer 1975; Senar 1999). This statussignalling system is based on the prediction that individuals
with larger badges are dominant over the ones displaying
smaller badges (Maynard-Smith and Harper 2003). Only
dominants are able to grow large badges as honesty of the
signal is maintained either by costs of displaying a badge of
dominance, so that subordinates displaying a large patch are
intensively aggressed by members of the group (Rohwer
1977; Tibbetts and Safran 2009; Laubach et al. 2013), or by
specific costs in the production of the dominance signal. For
instance, in house sparrows (Passer domesticus), the dominance signal (a melanin-based bib) is testosterone dependent
(Laucht and Dale 2012), and high levels of circulating androgens typically involve costs of high metabolic rates or immunosuppression (Ketterson and Nolan 1992; Muehlenbein and
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Bribiescas 2005). Badges of status have been found in many
taxa (reptiles, Anderholm et al. 2004; insects, Tibbetts and
Dale 2004; birds, Senar 2006; fishes, Dijkstra et al. 2009;
mammals, Bergeron et al. 2010). In birds, they often correspond to melanin-based plumage patches (Tibbetts and Safran
2009). Melanin-based plumage has, for example, been shown
to be linked to social status (status-signalling hypothesis) in
house sparrows (P. domesticus: Nakagawa et al. 2007),
Eurasian siskins (Carduelis spinus: Senar 1993) and great tits
(Parus major: Jarvi and Bakken 1984).
Group-living species with complex social systems, such as
cooperative breeders where helpers may assist parents in
raising the offspring, provide a particularly interesting case
to examine how the costs of sociality are averted. In this
context, group members are strongly dependent on each other
owing to the benefits that they gain from cooperative behaviours (Roberts 2005). As a result, group-living animals are
particularly expected to invest into conflict management strategies (Baan et al. 2014) such as the establishment of stable
dominance relationships (Preuscholt and van Schaik 2000).
Additionally, in cooperative species, quantifying and qualifying the structure of social dominance are crucial first steps to
test predictions about which group members are likely to get
the highest fitness benefits. Cooperative breeding systems are
characterized by significant reproductive skew, but detailed
assessment of social dominance structure will also help to
understand how individual investment into cooperative tasks
is distributed among group members (Richner 1989; Tiddi
et al. 2012). In many cooperative species, the level of help
provided by individuals within a group is often influenced by
individual variation in degree of kinship towards the receiver,
age, body condition (Clutton-Brock et al. 2000) and dominance status (Roulin et al. 2012; Tiddi et al. 2012).
Here, we investigate dominance hierarchies and phenotypic correlates of dominance in a highly social and colonial
passerine, the sociable weaver (Philetairus socius). Sociable
weavers are cooperative breeders that roost throughout the
year in a communal nest and cooperate over several tasks,
including provisioning of young, defence against predators
and nest construction (Maclean 1973b; Covas et al. 2006,
2008; van Dijk et al. 2014).
We used an artificial food source to investigate whether
access to food in sociable weavers is egalitarian or is organized according to a hierarchy. We examine the number of
asymmetrical dyads and the amount of reversals (i.e. the
number of encounters won by the individual of a dyad who
has won less than 50 % of encounters). We also quantify the
orderliness index of each colony. Orderliness (or ‘linearity’)
occurs when the dominance relationships between three individuals, for instance A, B and C, are transitive (A is dominant
to B and B to C, so A dominates C) as opposed to cyclic (A
dominates B, B dominates C but C dominates A; Landau
1951; Kendall 1962). Orderliness is an important feature of
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the hierarchal structure because ordered hierarchies tend to
remain stable over time when the composition of the group
does not change drastically (Senar et al. 1990). It is therefore a
cue of group stability and cohesion. While ordered hierarchies
have been well documented in small groups of various taxa
(e.g. Cant et al. 2006a), in cooperatively breeding birds and
mammals, their existence and structure have hitherto been
poorly investigated (Cockburn 1998, but see Chiarati et al.
2010), especially in contexts other than reproductive skew
(Johnston 2000; Cant and Field 2001).
Sociable weavers inhabit semi-arid savannahs, an environment where the availability of food is unpredictable (Maclean
1973b; Covas et al. 2008), and hence, competition for food is
likely to be common (Wrangham 1980; Isbell and Young
2002). We therefore predicted that sociable weavers should
not have egalitarian access to food resources. Instead, we
expected dominance relationships to mitigate conflicts and
predict access to food. As a result, we expected to find
structured dominance hierarchies in this species exhibiting a
high level of orderliness. On the other hand, since multiple
pairs breed in the same communal nests as opposed to a single
pair monopolizing reproduction, the system may be egalitarian, typically described by shallow, non-ordered hierarchies
(Vehrencamp 1983; de Vries et al. 2006). We also expected
relatedness among individuals, colony size and sex to influence the dominance structure as these factors may affect the
levels of competition between individuals. In particular, because colonies of sociable weavers are composed of many
related individuals (Covas et al. 2006), kinship plays an important role in the social and spatial organization of individuals within the communal nest (van Dijk et al. 2014), and
parents are often helped by relatives, we predicted related
individuals to interact less aggressively than unrelated individuals (Hamilton 1964). Based on theoretical models on the
evolution of fighting behaviour, we further expected more
aggressive interactions between individuals of similar strength
as both have a chance to win the fight (Parker 1974; Arnott
and Elwood 2009). We also expected more frequent conflict at
larger colonies because at these colonies, competition over
resources, such as occupancy of breeding chambers, and an
increased probability to encounter individuals with a similar
resource-holding potential may be expected. Although, we
acknowledge that the reverse, i.e. increased competition and
higher chance of encountering similarly ranked individuals at
smaller colonies, is also conceivable. Lastly, because sociable
weavers are sexually monomorphic with biparental care and
are not territorial, we had no a priori prediction about dominance relationship between sexes although in many passerines, males dominate females (e.g. better competitive ability
due to intra-sexual competition; Jarvi and Bakken 1984).
We further investigated whether phenotypic traits have the
potential to signal social status while accounting for relatedness among individuals within a group. Specifically, we
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investigated the function of two melanin-based plumage
patches displayed by both sexes: the size of the black bib
and the number of black feathers located on both flanks.
Under the badge-of-status hypothesis, we predicted that unequal access to food would be associated with phenotypic
variation between individuals in the size of the melaninbased bib, so individuals with larger patches and/or with more
black, flank feathers are expected to be dominant.

Material and methods
Species and study area
Sociable weavers are facultative cooperative breeders that
build large, communal thatched nests within which several
independent nest chambers are embedded (van Dijk et al.
2013). The chambers are used throughout the year for roosting
and for breeding. These communal nests are usually built on
Acacia erioloba trees (although other trees or human-built
structures may be used), and colonies may vary in size from
less than ten to hundreds of individuals (Maclean 1973a).
The study was conducted at Benfontein Nature Reserve
(28° 52′ S, 24° 50′ E) near Kimberley, Northern Cape province, South Africa, between September 2011 and February
2013, which encompassed two breeding seasons. The area
consists of about 15 km2 of Kalahari sandveld covered by
Stipagrostis grasses and Acacia sp. trees. It contains approximately 30 active colonies comprising between 5 and 80
individuals. As part of the long-term research on our study
population, these colonies have been captured, using mist
nets, every year since 1993 (see Covas et al. 2002 for more
details on the captures). These annual captures allow us to
accurately assess the age of individuals banded as nestlings or
to estimate the minimum age of individuals based on the date
of first capture when not banded as a chick. During capture,
birds are individually banded, using a uniquely numbered
metal band and three colour bands to allow visual individual
identification in the field. We took blood samples (c. 10 μl) by
puncturing of the brachial vein using a sterile needle and a
heparinized capillary tube. We weighed individuals to the
nearest 0.01 g and measured tarsus length to the nearest
0.01 mm and wing length to the nearest 0.5 mm.
Adults display two distinct types of melanin-based plumage traits: a black throat patch (the ‘bib’; Fig. 1) and black
feathers in the shape of scales located on both flanks (‘scaly
feathers’; Fig. 2). We distinguished between fully grown and
dark (counted as 1) and not fully grown, smaller and light
scaly feathers (counted as 0.5). We used the average number
of scaly feathers on each flank in our analyses. To estimate the
size of the black bib, we photographed each individual for
three times using a Canon EOS D500 digital camera. Digital
photographs were taken perpendicular to the head with each
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Fig. 1 Photographs of the black
bib for two different individuals. a
An individual displaying a small
bib (0.853 cm2) and b an
individual displaying a large bib
(1.804 cm2). The grey line
represents the scale of 1 cm

individual positioned against a neutral grey background (a
Kodak 18 % Gray Card) and aligned with a ruler (Fig. 1).
We used Photoshop CS5.1 (Version 12.1) to select the black
pixels of the bib and calculate its size (in cm2). The mean bib
size as measured from three pictures was used in the analyses.
Within-individual repeatability of bib size measurements was
0.782±0.028 (mean±SE; P<0.001, N=116) as calculated
using the package ‘rptR’ in R (Nakagawa and Schielzeth
2010).
One observer (MR) counted the scaly feathers, took the
photos and analyzed the photographs in both seasons. Males
and females did not differ significantly in any morphometric
measurements (wing length, tarsus length, body mass, bib size
and average number of scaly feathers; all P>0.050, all N>
136). There was no significant variation in morphological
traits between the two seasons except for the average number
of scaly feathers. The average number of scaly feather traits
was higher for season 2 (15.01±1.68) compared to season 1
(14.03±1.78, N=142, t=−3.104, P=0.002).
Genetic analyses and estimates of relatedness
Blood samples taken at capture were preserved in 1 ml of
absolute ethanol. We extracted genomic DNA using a precipitation of ammoniate acetate (Richardson et al. 2001) in
Fig. 2 Photographs of the ‘scaly
feather’ patch for two different
individuals. a An individual
displaying 14 scaly feathers on
the right side and b an individual
displaying 18 scaly feathers,
including two feathers counted as
0.5

preparation for polymerase chain reaction amplification. We
molecularly determined the sex of all individuals using P2–P8
sex-typing primers (Griffiths et al. 1998). We used 17 autosomal polymorphic microsatellite markers to genotype each
individual. Pairwise relatedness was estimated using Queller
and Goodnight’s genetic estimate of relatedness using
KINGROUP v. 2_090501 (Konovalov et al. 2004), with
reference to genotypes from the entire population across all
colonies (N=1138). For more details on the genotyping procedure and analyses, see van Dijk et al. (2014).
Behavioural observations and dominance
We recorded agonistic interactions (pecking, kicking, chasing,
displacing and avoiding; Table 1) at a feeder (a plastic redbrown plate, ∅ 20 cm) containing a mixture of bird seeds. The
study was conducted in two breeding seasons. Five colonies
were observed between September 2011 and March 2012
(season 1; colony size at capture 27.5±10.1 individuals, range
9–38). Three of these five colonies plus an additional two
colonies were also observed between September 2012 and
February 2013 (season 2; colony size at capture 21.3±8.8
individuals, range 9–32). The feeder was placed at a fixed
location on the ground underneath the centre of the colony. To
habituate the birds, a tripod and the feeder were positioned
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Table 1

Agonistic interactions used to determine individual David’s scores

Type of agonistic interaction
Aggression
Avoidance
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Description
Fight
Active displacement
Passive displacement

Individual A actively attacks individual B using bill, feet and/or wing movements.
Individual A moves towards individual B until individual B retreats from the feeder.
Individual B moves away from the feeder as individual A approaches the feeder. However,
A does not move directly towards B.

Individual A is dominant over B in these examples

underneath each colony with an ad libitum supply of a seed
mixture until the first individual was observed to feed from it
(3.3±2.1 days) and before dominance observations started.
Once the birds were habituated to the feeder, it was removed
between observations to increase the occurrence of agonistic
interactions for access to food. Two hours of observation was
conducted twice a day, between 8:30 and 10:30 hours and
between 16:00 and 18:00 hours. Observations were made
from underneath a hide, located approximately 5 m from the
nest, and/or using a video camera (Sony Handycam HD) on a
tripod 2–3 m from the feeder, which filmed all interactions
within a 1-m radius around the feeder. The presence (and
arrival) of the observer did not affect the number of individuals present at the feeder (generalized linear mixed model
(GLMM) estimate=0.059, N=24, P=0.651; analyses performed on a subsample including a total of 12 sessions with
observer and 12 sessions without at 4 different colonies).
Observations were carried out each day until no new dyadic
interactions were observed (total observation time per colony
40.1±10.9 h).
The number of agonistic interactions within dyads, the direction of the interactions and the identity of the birds involved (i.e.
identities of the ‘winner’ and the ‘loser’ for each interaction)
were scored. In order to avoid the inclusion of prospecting birds
(i.e. individuals which do not roost in the colony and are not
considered as colony members), only individuals seen interacting
at the feeder during at least three different observations were
included in our analyses. For three colonies in season 2, the
observer additionally recorded the identity of all individuals
present at the colony and not only at the feeder. Those individuals, which were also seen during three different observations but
did not approach the feeder, were considered as members of the
colony and qualified as ‘non-feeding’ individuals (as opposed to
the ‘feeding’ individuals). For season 2, we also qualified the
type of agonistic interactions between individuals. We defined a
passive dominance interaction as an interaction where the focal
individual approaching the feeder was avoided by another individual then left the feeder without direct interaction between
these two individuals and an active dominance interaction as an
interaction where the focal individual actively displaced or
aggressed its opponent (Table 1).
Agonistic interactions were distributed as follows: a total of
629 agonistic interactions were observed during season 1 for

91 individuals (30 females, 56 males and 5 of unknown sex),
and a total of 1915 agonistic interactions were collected during season 2 (61 individuals, 21 females, 38 males and 2 of
unknown sex), so we had 152 individuals for which we
calculated dominance scores. These 1915 interactions included a total of 835 avoidance events and 1080 acts of aggression.
Twenty-eight individuals were assigned in matrices for both
seasons. ‘Feeding’ and ‘non-feeding’ categories were qualified for 44 individuals (30 ‘feeding’ individuals and 14 ‘nonfeeding’).
We used the David’s score (David 1987) to describe the
dominance score of the 152 individuals. David’s score is
calculated by the sum of proportions of wins minus the sum
of proportions of losses of an individual weighted by the
relative strength of its opponents (Gammell et al. 2003). We
DS i DS min
scaled dominance scores within colonies (DS
; i
max DS min
representing an individual within its colony, DSmin the lowest
dominance score in that colony and DSmax the highest dominance score in that colony), so all scores ranged from 0 (the
most subordinate individual) to 1 (the most dominant individual) for each colony, thereby allowing comparison of dominance scores obtained from colonies of different sizes.
Structure of hierarchy
We used an orderliness index to assess how transitive and
consistent dominance relationships are within a colony. The
orderliness index was calculated based on triangle transitivity
(Ttri), a recently described technique (Shizuka and McDonald
2012) which is based on social network analyses but is similar
to classic linearity tests (Landau 1951; Kendall 1962; de Vries
1995, 1998). Ttri is the relative proportion of transitive triads
observed among all possible triad configurations within the
empirical matrix. Compared to previously developed linearity
tests, it offers the advantages to be less biased when dyads of
individuals fail to interact. Ttri was calculated using the R
package ‘statnet’ (Handcock et al. 2003), and the P value of
orderliness was obtained using randomization tests with 1000
permutations (Shizuka and McDonald 2012). Orderliness indices between 0 and 0.5 reflect egalitarian systems, 0.5 to 0.8
moderate hierarchies and 0.8 to 1 strong ordered hierarchies
(Bergstrom and Fedigan 2010).
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We tested between-year stability of dominance scores for
28 individuals observed at three colonies in both seasons by
fitting a linear mixed model with dominance score from
season 2 as response variable. Dominance score from season
1, sex and colony size were set as covariates. Colony identity
was included as a random factor.

Correlates of dominance
We investigated whether the number of aggression events
given by an individual was predicted by its sex, dominance
score, colony size and its average relatedness to the colony.
We fitted a generalized linear mixed model with a Poisson
distribution and colony identity as a random factor to account
for potential correlated behaviour between colony members.
We then used dyadic relatedness to test for the effect of
kinship on the likelihood of engaging in agonistic interactions
and on their frequency between two individuals. We fitted
generalized linear mixed models with colony size and the type
of the dyad (i.e. male-male dyad, male-female dyad or femalefemale) as covariates. Individual, colony and season identities
were set up as random factor to control for repeated measures.
We then examined which traits explained the variance in
dominance scores by fitting a linear mixed model. Covariates
included in the full model were sex, minimum age (individuals older than 8 years were grouped together to improve
homoscedasticity), bib size, average number of scaly feathers,
colony size and average relatedness to the colony. Body mass
and tarsus were included together as an estimate of body
condition (Green 2001; Cotton et al. 2004). None of the
covariates in this model were strongly correlated (maximum
significant correlation coefficient r between all covariates of
0.27; range 0.016–0.27). We also included the most relevant
interaction terms (the two-way interactions of age and sex, the
size of the bib and the number of scaly feathers, sex and the
size of the bib, sex and the number of scaly feathers and the
interaction between colony size and the size of the bib). The
size of the bib was centred to enable a better estimation of the
intercept. Season, colony identity and individual identity were
fitted as random factors. This model was performed on a
subsample of 116 individuals (out of 152 in total) consisting
of sexed and genotyped birds for which morphological measurements were available for the season of observation. We
repeated this model removing from our sample individuals
which interacted, respectively, only once (N=110) or twice
(N=101). We also conducted separate analyses of interactions
among males only (N=84) and between males and females
only (N=102) to test for sex-specific signalling function of
melanin-based plumage traits. Because only 7 % of dyads
observed at all colonies were among females, we are unable
to meaningfully assess the relationship between bib size and
dominance within females.
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We also investigated if the difference in dominance scores
between both seasons was predicted by a difference in the size
of the bib by fitting a linear model with within-individual
difference in dominance scores between season 1 and season
2 regressed against within-individual difference in the size of
the bib. Differences in body mass, wing length and average
number of scaly feathers were also included as covariates. Age
and tarsus length were excluded from this model (all individuals became 1 year older, and tarsus length is a fixed trait).
Finally, we tested whether the size of the bib predicted the
presence or absence of an individual at the feeder using a twotailed unpaired Student’s t test.
All statistical analyses were conducted in R version 2.15.0
(R Development Core Team 2012). For all models, we used
the generalized linear model approach with an identity link for
the Gaussian family and a log link for the Poisson family. We
used the maximum likelihood criterion for models containing
only fixed effects (LM) and the restricted maximum likelihood criterion with the package ‘lme4’ (Bates and Maechler
2009) for mixed effect models (LMM for the Gaussian family
GLMM for the Poisson family). Model selection was
achieved following a backwards stepwise procedure. We selected the set of best-fit models based on the corrected Akaike
information criterion (AICc) using the function ‘dredge’ from
the ‘MuMin’ package (Barton 2013). Only models with a
ΔAICc<2 were kept. P values and confidence intervals were
estimated using the ‘lmerTest’ package (Kuznetsova et al.
2014). We used model averaging estimation of effects, P
values and confidence intervals when the set of best-fit models
contained more than one model.

Results
Based on our dominance scores, there was a higher proportion
of medium-ranked individuals (60 %; dominance scores
0.333–0.667) than subordinates (10 %; dominance scores 0–
0.333) or dominants (30 %; dominance scores 0.667–1.000) at
the study colonies (chi-square test for contingency table,
χ2 =68.30, degree of freedom (df)=2, P<0.001).
Dominance scores were significantly positively associated
with the number of aggression interactions (Spearman’s rank
test rs =0.56, N=152, P<0.001) and with avoidance behaviour
(Spearman’s rank test rs =0.70, N=152, P<0.001). The number of aggressive interactions was significantly higher than
avoidance behaviours among medium-ranked individuals (ratio 1.097). Among dominant ones, the reverse was true (ratio,
0.886; chi-square test for contingency table, χ2 =3.074, df=2,
P=0.040), so high-ranked individuals were avoided, while
medium-ranked ones were actively and aggressively
approached.
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We found that the proportion of dyads engaging in agonistic interactions depended on the sex of the two opponents (chisquare test for contingency table, χ2 =16.58, df=2, P<0.001),
so the proportions of male-male dyads (43 %) or male-female
dyads (50 %) engaging in agonistic interactions were higher
than expected by chance, while this proportion was significantly lower than expected by chance for female-female dyads
(7 %). This can be explained by the fact that males were more
often involved in aggressive interactions than females
(GLMM estimate = −2.778 ± 0.734, N = 52, df = 203.45,
P<0.001), an effect that was stronger in large colonies than
in smaller ones (GLMM estimate=0.176±0.042, N=52, df=
17.07, P<0.001) and resulting in males having higher scores
than females (LMM, 0.334 ± 0.043, N = 116, t = 7.838,
P<0.001, Fig. 3).
We also found that kinship played an important role in
shaping the occurrence of agonistic interactions. First, our
results revealed that the likelihood of individuals to interaction
agonistically decreased with relatedness (GLMM estimate,
−2.574±1.054, N=900, p=0.014). Additionally, the number
of aggressive interactions between two individuals decreased
with their level of relatedness (GLMM estimate, − 0.436±
0.212, N=284, P=0.040).

Structure of hierarchies
In both seasons, 97.9 % of dyadic relationships were asymmetric and the percentage of reversals were low (2.1 %). We
obtained an index of orderliness varying from 0.61 to 1 when
considering all agonistic interactions. The index was not significant for three colonies in season 1 (all P>0.270; 0.43±
0.26), which is likely due to the high presence of missing

Fig. 3 The relationship between the size of the bib and inter-individual
variation in dominance score for each sex group is shown for 116
individuals from 7 colonies. Higher dominance scores indicate more
dominant individuals. Males are in black and females in grey. The dash
lines represent the estimated effect of the bib on dominance scores for
each sex
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dyads. For season 2, we differentiated between types of agonistic interactions (avoidance and aggression). When considering only avoidance relationships, the mean orderliness index
and the percentage of asymmetric relationships appeared
slightly higher (avoidance relationships: orderliness=0.885±
0.147; percentage of asymmetric relationships=96.4 %) compared to when accounting for aggression only (orderliness=
0.781±0.295, asymmetric relationships=94.4 %). In line with
these results, there were fewer reversals when accounting for
avoidance only than for aggression only (3.6 vs. 5.6 %).
The dominance score of individuals in season 2 was predicted by their dominance score in season 1 (LMM estimate=
0.631 ±0.177, N =28, t= 3.568, P= 0.002, Fig. 4). Males
tended to maintain more stable dominance scores than females, but this effect was not significant (LMM estimate for
the effect of sex, 0.160±0.093, N=28, t=1.729, P=0.097),
and colony size did not play a role in the stability of dominance (LMM estimate, 0.004±0.006, N=28, t=0.607, P=
0.592).
Correlates of dominance
On the whole data set, dominance scores were significantly
positively associated with the size of the bib (LMM estimate=
0.295±0.097, N=116, t=4.606, P=0.003; Table 2, Fig. 3).
The size of the bib also predicted the inter-individual variation
in dominance scores when removing individuals that
interacted only once (LMM estimate=0.338±0.109, N=110,
z = 3.052, P = 0.002) or when removing individuals that
interacted only twice (LMM estimate=0.332±0.105, N=
101, z=3.152, P=0.002). Dominance scores were significantly positively associated with the size of the bib when the
dominance scores were calculated based only on interactions
among males (LMM estimate, 0.410±0.035, N=84, z=1.324,
P=0.019) but not when based on interactions between males
and females only (LMM estimate, 0.138±0.117, N=102, z=
1.167, P=0.243). This result suggests that interactions between males and females are not mediated by bib size. In

Fig. 4 The relationships between the dominance scores of an individual
in season 1 (S1) and in season 2 (S2) illustrating stability (N=28). The
dash line represents perfect stability
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Table 2 Estimates of model
parameters for the single best-fit
model explaining the variation in
dominance scores for 116
individuals
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Variable

Model effect estimate (± SE)

95 % CI

t value

P value

Intercept
Bib size
Sex

0.196 (±0.042)
0.295 (±0.097)
0.401 (±0.045)

−0.403–0.8457
−0.0005–0.4730
0.2386–0.4047

4.606
3.042
8.908

<0.0001
0.0031
<0.0001

addition, ‘non-feeding’ individuals had significantly smaller
bibs (1.252±0.131 cm2) than those birds that did access the
feeder (1.359±0.173 cm2, Student’s t test, N=44, t=2.276,
P=0.029).
Finally, the within-individual variation in dominance status
between the two seasons was predicted by variation in the size
of the black bib (LM estimate=0.275±0.188, N=28, f1,21 =
5.778, P=0.027, Fig. 5; this effect remained significant when
the outlier, with a difference in dominance scores between the
2 years >0.6, was removed). The scaly feather patch (mean
number of scaly feathers) and body mass did not account for
inter- and intra-individual variation in dominance score
(P>0.220 for all these variables in both models). Average
relatedness of an individual with its opponents, tarsus length,
colony size, colony identity and minimum age did not explain
the inter-individual variation in dominance scores (all
P>0.102) in any of the models.

Discussion
We found that sociable weavers were not egalitarian over
access to a food resource. Instead, their social system was
characterized by ordered hierarchies where individuals competed over food by engaging in agonistic interactions that
were highly asymmetric with a low degree of reversal.
These results are consistent with the theoretical prediction that

Fig. 5 Within-individual change in dominance score between seasons is
predicted by a change in the size of the bib (N=28). The dashed line
represents the association, estimated by the model fit, between the
dominance scores of the previous year and the following one. The
exclusion of the outlier does not qualitatively alter the relationship
illustrated here

when resources are patchily distributed or scarce, social species establish hierarchies to mediate conflict (Wrangham
1980; Isbell and Young 2002). Bib size was correlated to both
between- and within-individual variation in dominance status
suggesting that it could be a badge of status. However, bib size
did not predict dominance scores when calculated only for
interactions between sexes, suggesting that this plumage trait
may thus have a sex-specific signalling function of dominance. Sex, colony size and relatedness also had a strong
influence on the occurrence and type of dyad interactions at
the colony. We conclude that both stable, ordered hierarchies
and badges of status may help to mediate conflicts and are
likely to be important for the stability of the cooperative
societies of sociable weavers.
Males were dominant over females, a pattern observed in
many passerines (e.g. Barkan et al. 1986; Chiarati et al. 2010;
Izawa and Watanabe 2008) and that suggests that males initiate interactions (Tarvin and Woolfenden 1997). Males also
exhibited more aggressive interactions than females, an effect
which was more pronounced at larger colonies. The proportions of male-to-female agonistic dyads were higher than
expected by chance, while female-female dyads represented
only 7 % of agonistic interactions. The latter is surprising
since in cooperative societies, female-female competition for
access to reproduction can be strong (Rubenstein and Shen
2009; Nelson-Flower et al. 2013). Our results, however, suggest that such reproductive competition may not be reflected
in competition over food.
Conflicts therefore appear to be more pronounced among
males because they interact more aggressively than females,
particularly medium-ranked males. This can explain why we
found that males were more involved in aggressive interactions at larger colonies as they are expected to contain higher
proportions of medium-ranked males (which we show to
engage more in aggressive interactions). Furthermore, as expected under theoretical predictions of fighting behaviours
(i.e. aggression is predicted to occur when dominance relationships are unsettled; Kaufmann 1983), we found that all
measures of dominance were less pronounced when based on
aggressive interactions only than when they were calculated
based on avoidance interaction only: lower average values of
dyad’s asymmetry, lower average values of orderliness and
lower correlation coefficients of the number of agonistic interactions with dominance score.
Conflicts among medium-ranked individuals are expected
to be more frequent than among either high- or low-ranking
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individuals for several reasons: Medium-ranked individuals
are more numerous and hence have more chance to encounter
an opponent with similar resource-holding potential (Parker
1974; Maynard-Smith and Parker 1976; Arnott and Elwood
2009), especially in larger colonies. Additionally, mediumranked individuals may engage more in aggressive interactions to raise their hierarchal position. Indeed, victory of
escalated fights could lead to important benefits such as
obtaining a breeding position (Thompson et al. 2014), while
dominant individuals have a higher probability to breed (MR
et al. unpublished data).
High-ranking individuals were mainly avoided by subordinates. Such conflict avoidance between familiar highranking and low-ranking individuals is common in social
species (Senar et al. 1990; Cant et al. 2006b). Both dominants
and subordinates may mutually benefit from each other and
are therefore expected to invest into conflict management
strategies. For instance, in cooperative species, subordinates
may provide help to high-ranking individuals so that they
diminish their risks of being evicted from the group by dominants (Zöttl et al. 2013).
Conflict management strategies to facilitate communal
lifestyle are predicted to take the form of well-structured,
stable dominance hierarchies (Preuscholt and van Schaik
2000). For instance, orderliness is expected to promote group
cohesion and stability (Poisbleau et al. 2005) and stable interactions (affiliations or agonistic encounters) between group
members which are important parameters to foster cooperation (Aureli and de Waal 2000). In line with this expectation
and as observed in other cooperative species across taxa
(insects, Cant et al. 2006a; primates, Bergstrom and Fedigan
2010; corvids, Chiarati et al. 2010), year-round colonies of
sociable weavers exhibit, overall, strictly ordered hierarchies
(orderliness indices obtained at each colony, 0.875±0.136).
Additionally, dominance hierarchies among group members
were stable between the 2 years of study. In contrast, in noncooperative species, group members are not as interdependent
of each other (e.g. for raising young or for hunting preys;
Roberts 2005). Consequently, they may not need to invest in
conflict management strategy to facilitate communal
lifestyle such as ordered and stable dominance relationships (Preuscholt and van Schaik 2000). Mexican jays
(Aphelocoma wollweberi) and Florida scrub jays
(Aphelocoma coerulescens), for example, both cooperative species, establish ordered dominance hierarchies
(Woolfenden and Fitzpatrick 1977; Barkan et al. 1986),
while this is not the case for the closely related, noncooperative blue jay (Cyanocitta cristata; Barkan et al.
1986).
In structured dominance systems, one or several phenotypic traits are expected to signal individual differences in dominance scores so that the asymmetry in resource-holding potential between two opponents can be assessed and escalated
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fights avoided. Because such phenotypic traits are often linked
to fighting ability, body size and condition are traits often
correlated to dominance status (but see Nakagawa et al.
2007). Yet, in our study, we did not find that rank position
was signalled by body size or condition. We also did not detect
an effect of age on dominance scores, although we acknowledge that our estimation of age using a minimum age proxy
may not have been accurate. However, we did find evidence
that inter-individual variation and within-male variation in
dominance status are signalled by a melanin-based plumage
trait, i.e. the size of an individual’s bib: Individuals displaying
larger bibs ranked higher in the hierarchy and had better
access to the feeder than individuals with a small bib. These
results suggest that the size of the melanin-based black bib has
the potential to be a badge of status.
Yet, the size of the bib did not significantly account for
variation in dominance scores when those scores were based
only on interactions between males and females. This implies
that our result of bib size signalling dominance may have been
driven by interactions among males and that bib size may be
less involved in the signalling of dominance status between
sexes. We cannot exclude the possibility that bib size has a
similar function within females, yet this appears less pronounced than in males (Fig. 3). Although we found that the
interaction between the size of the bib and sex was not
significant, the sample size of females being involved in
interaction was smaller than that for males, while there was
a greater spread of data around the predicted relationship
between bib size and dominance score in females than in
males (Fig. 3), so firm conclusions on the signalling function
of bib size in females cannot be drawn.
At the mechanistic level, previous studies pointed out that
individuals with larger melanin-based patches are usually
more aggressive and have higher circulating testosterone
levels than less pigmented individuals (Ducrest et al. 2008).
This relationship typically emanates from pleiotropic effects
of genes regulating melanin synthesis which are closely linked
to physiological pathways affecting behaviour (Ducrest et al.
2008). In sociable weavers, individuals with higher expression
of melanism may also exhibit higher level of androgens and
aggressiveness, which may explain why they obtain higher
dominance status (Bókony et al. 2008; Ducrest et al. 2008).
The link between social status and flexible traits, such as
condition and/or levels of circulating androgens, implies that
status-signalling traits are often dynamic rather than static.
Dynamic traits are sensitive to short-term condition and provide information about the current state of an individual. On
the contrary, static traits (e.g. body size) usually inform about
past condition or genetic quality (Kodric-Brown and Nicoletto
2001; Suk and Choe 2008). We found that even minor withinindividual differences in dominance status were predicted by a
difference in the size of the bib over the study period. These
results suggest that there may be a dynamic feedback between
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the social environment and a plumage-based status signal,
which corroborate the insights of recent studies where social
interactions drive rapid changes in status-signalling ornamentation (Karubian et al. 2011; Rhodes and Schlupp 2012; Dey
et al. 2014).
The expression of badges to signal dominance status is
expected to evolve mainly in groups of unfamiliar individuals
who have to compete for food. Examples of such groups
include wintering flocking species (Senar 2006). Groups that
remain together year round and thus are more likely to consist
of familiar individuals, signals of recognition and not badges
of status are expected to evolve. Our finding that a badge of
status is correlated with dominance in sociable weavers may
be explained by the fact that sociable weavers may live in
large groups (sometimes hundreds of individuals) and may not
have the cognitive capacity to recognize and memorize the
competitive ability of each member of their colony. Also, as
the size of the melanin-based bib appears to be a dynamic trait
in our system, its expression may help individuals to get an
updated dominance status on the members of a colony, including recent immigrants. Last, in groups exhibiting high
levels of relatedness, such as cooperatively breeding groups,
individuals may share interests of clear dominance signals to
avoid unnecessary conflicts over reproduction and instead
communally share associated benefits of dominance. In these
groups, clear hierarchies, mediated by badge size, may be a
mechanism to minimize costs while sharing benefits of group
living.
While our results suggested that kinship did not remove the
potential signalling function of the black bib, it did appear to
play an important role in the social organization of this species. The degree of kinship between two individuals influenced the occurrence of agonistic interactions between two
individuals: Relatedness was negatively associated with the
likelihood of aggression between two individuals and with the
number of interactions within a dyad (Hamilton 1964;
Ensminger and Meikle 2005). In sociable weavers, genetic
relatedness plays an important role in social organization (van
Dijk et al. 2014) and cooperation (Covas et al. 2006).
Nepotism could have major consequences in the distribution
of direct and indirect benefits of individuals according to the
social status of their relatives (Blumstein et al. 1997; Dobson
et al. 2012). For instance, relatives of highly dominant individuals could get enhanced access to food resources or to
chambers conferring better thermoregulatory benefits (van
Dijk et al. 2013). Related helpers at the nest provisioning
offspring from highly dominant breeders may also get higher
inclusive fitness if those dominants have higher reproductive
output than subordinates. Our results on the influence of
kinship on dominance interactions add to the understanding
of how relatedness plays a role in shaping and maintaining the
social organization of the complex cooperative societies of
sociable weavers.
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In sum, sociable weavers exhibit a strongly ordered hierarchy within colonies which appears to be stable across years.
Additionally, we found that the size of the bib predicts success
in social competition indicating the trait’s potential as a badge
of status in the cooperative sociable weavers. Hence, both
stable, ordered dominance hierarchies and a melanin-based
badge of status might be used as a conflict resolution strategy
of this highly social species. One important future avenue of
research would be to explore the consequences of dominance
hierarchies and status-signalling traits on cooperative behaviour, thus linking dominance, melanin-based coloration and
investment in cooperation.
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