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a b s t r a c t
Quantifying differences in aggressive behaviour across contexts can be useful in developing an understanding of life histories and breeding systems, as well as the relative costs and beneﬁts of such behaviour.
We investigated whether age, relative body size and colouration, sex, and breeding stage inﬂuenced levels of aggressive behaviour in two contexts, towards conspeciﬁc and heterospeciﬁc intruders (mounts)
around active nests of group living Crimson Finches (Neochmia phaeton). We found that when responding
to a conspeciﬁc mount, relative body size, and age were important in predicting the aggressive response
of males toward a conspeciﬁc, with older males and those close in size to their opponent showing a higher
aggressive response. On the other hand, factors relating to female aggression were not as clear. In contrast, response to a heterospeciﬁc mount was unrelated to age, colour or size in either sex. Additionally,
although birds were equally aggressive to conspeciﬁc and heterospeciﬁc mount types, we found no evidence that individuals are consistent in their level of aggression across these contexts. This suggests that
aggressive behaviour in Crimson Finches is at least partially plastic and that individuals may be capable
of assessing and responding to situations independently.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
Aggressive behaviour has been well studied in many species
across a variety of social contexts due to its conspicuous nature
and potentially high costs (e.g. dominance; Rohwer, 1975, resource
defence; Garcia and Arroyo, 2002, competition for mates; Hagelin,
2002, territoriality; and behavioural syndromes; Sih et al., 2004a).
The costs and beneﬁts of aggression, and thus the optimal level of
aggression can be inﬂuenced by internal and external factors such
as age, sex, class of competitors (conspeciﬁc or heterospeciﬁc), and
previous experience as winners or losers, of aggressive encounters
(e.g. Fedy and Stutchbury, 2005; Edler and Friedl, 2010). By examining differences in aggressive behaviour, we can develop a better
understanding of the relative costs/beneﬁts and gain insight into
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the evolution and maintenance of species life histories and breeding
systems.
For example, in conspeciﬁc territory or nest-site interactions, if
males are more abundant than females they are often also found to
be more aggressive in defence of their mating position (Fedy and
Stutchbury, 2005; Senar and Domènech, 2011). However, females
may also show high aggression towards male intruders if females
are the primary territory defenders (Illes and Yunes-Jimenez, 2009),
or the presence of another male decreases paternity certainty, leading to reduced paternal investment by the resident male (Westneat
and Stewart, 2003). Sex speciﬁc aggression towards intruders is
also common; males often defending more vigorously against male
intruders and females against female intruders (Freed, 1987; Cain
et al., 2011; Cain and Langmore, 2015). Additionally, reproductive
context such as nesting stage (nest building, incubation or nestling
feeding), brood value (nesting stage or clutch size), and date may
inﬂuence aggression around the nest (e.g. Margalida and Bertran,
2005; Jukkala and Piper, 2015; Cain and Langmore, 2015).
Many types of behaviours show limited plasticity, meaning an
individual’s responses across contexts are not always independent;
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i.e. a behavioural syndrome (Sih et al., 2004a,b; Bell et al., 2009).
This can mean for example, that individual display similar levels
of aggression regardless if it is in the context of a conspeciﬁc competitor or heterospeciﬁc intruder. However, while more aggressive
individuals may do well in competitive situations, aggression may
be costly in other contexts such as in the presence of a predator (Sih et al., 2004b; Bell, 2007). Consequently, costs in terms
of time and energy invested (Logue et al., 2011) as well as the
added costs associated with regulators of aggressive behaviour (e.g.
testosterone, Soma, 2006) and behavioural trade-offs (Duckworth,
2006), might exceed the beneﬁts gained from the interaction (Sih
et al., 2004a,b). Alternatively, different forms of aggression may
be decoupled, in which case individual levels of aggression across
contexts would be uncorrelated and vary according to context, e.g.
conspeciﬁc or heterospeciﬁc intruder (Sih et al., 2004a). Aggression in reproductive contexts is often mediated by testosterone
for both sexes (McGlothlin et al., 2007; Cain and Ketterson, 2012).
However, in many tropical birds the testosterone-aggression link
appears to be weaker (Hau, 2000; Apfelbeck and Goymann, 2011)
which may allow different forms of aggression to be mediated by
separate mechanisms.
Because aggressive behaviour is costly in terms of time, energy
and risk of injury, individuals may mediate the potential risks by
adjusting levels of aggression according to context (Brunton et al.,
2008). Logue et al. (2011) suggested that the beneﬁts of aggressive behaviour depend on the extent to which those behaviours
inﬂuence the outcome of a contest. For example, if relative body
size is important in winning aggressive interactions, individuals
who are unlikely to win due to their smaller size, would beneﬁt from curtailing displays early (Sih et al., 2004b). Consequently,
when assessing variation in aggression we need to take into account
the characteristics of both contestants and the way in which they
interact with each other (i.e. mutual assessment model, Arnott and
Elwood, 2009). Body size is often considered to be an honest indicator of quality because it is difﬁcult to fake (Maynard-Smith and
Harper, 1988; Taylor et al., 2000). Honest signals allow competitors
to assess each other from afar and determine dominance without
incurring the costs of direct confrontation (e.g. physical injury; status signaling hypothesis – Rohwer, 1975; reviewed in Santos et al.,
2011). For example, Hagelin (2002) found that body size in two
species of quail (Callipepla gambelii and C. squamata) was related to
dominance in paired contests. The same study found that in contests, larger males did not need to engage in aggressive behaviour
as often as small birds, in order to win contests.
Certain plumage colours have also been suggested to be honest signals of dominance or ﬁghting ability, and may inﬂuence
the behaviour observed between competitors (Dawkins and Krebs,
1978; Senar, 2006). In particular, red colouration, created from
carotenoid pigments, has been found to be a signal of aggression
and dominance in many species (Brush, 1981; Pryke, 2009). The
link between plumage carotenoids and diet (reviewed in Olson and
Owens, 2005) suggests that carotenoid-based plumage colouration
may also be an honest indicator of individual quality (Hill, 2006).
Consequently, differences in individual colouration (relative to an
opponent) may even be more important than absolute colour to
contest outcome and should be taken into consideration in the
context of each encounter (Pryke et al., 2001; Young et al., 2016)
In a previous study, we investigated the role of both plumage
colouration and body condition as predictors of male-male interactions and contest outcome in a group living passerine, the Crimson
Finch (Neochmia phaeton, Young et al., 2016). We found that during
the non-breeding season red plumage colouration was an important signal of dominance in staged dyadic contests in captive
males. However, it is unclear whether the relationship between
plumage traits and agonistic behaviour in the non-breeding season is retained in the breeding season or under natural conditions.

Crimson ﬁnches are well known for aggressive behaviour both in
the wild and in captivity (Forshaw et al., 2012; Young et al., 2016).
The function and mediation of this aggressive behaviour is still
poorly understood. In the current study we investigated factors
that may affect aggression towards both conspeciﬁc and heterospeciﬁc intruders around active nests in free-living Crimson Finches.
Further, we investigated whether conspeciﬁc and heterospeciﬁc
aggression are related, and whether there are differences in aggression levels between age and sex classes.
2. Methods
2.1. Study species and ﬁeld site
Crimson Finches are a sexually dimorphic grass ﬁnch native to
northern Australia (Higgins et al., 2006). They breed in colonies
of four to forty individuals and are socially monogamous with a
divorce rate of 2.9% within a breeding season and nil between seasons (Milenkaya et al., 2011). Pairs are not regarded as territorial
but will defend the small area around their nest, this appears to be
variable between individuals and populations but generally encompasses the 1–2 m directly around the nest (C. Young, pers. obs.).
Fieldwork was conducted in the East Kimberley region of Western
Australia (15o 34 S, 128◦ 09 E) between January and March 2014.
All birds used in this study (n = 40) were caught in mist nets and
banded with a numbered metal band from the Australian Bird and
Bat Banding Scheme as well as a unique combination of three colour
bands for individual identiﬁcation in the ﬁeld. Birds were aged as
‘young’ if they were in their ﬁrst breeding season or ‘old’ if they
were at least in their second breeding season. Young birds were
either known from the previous breeding season or distinguished
by the presence of juvenile primary covert feathers (described in
Milenkaya et al., 2011). Plumage colour measurements and morphometrics (tarsus, wing length, bill length, depth and mass) were
taken at the time of capture. Tarsus length (to 0.1 mm) was subsequently used as an indicator of skeletal size, hereafter referred
to as body size (Freeman and Jackson, 1990). At all nests, the sex
and age of the focal bird, brood size and nesting stage (eggs, young
nestlings [<9days] or old nestlings [>10days]) were also recorded.
Plumage colouration of both mounts and wild birds was quantiﬁed using a Jaz spectral sensing suite (Ocean Optics, Dunedin USA)
with illumination from a xenon Ocean Optics PX-2 light source
(Ocean Optics, Dunedin USA) and a ﬁbreoptic probe with a 4 mm
measuring diameter. The probe was ﬁtted with a 1 cm long tip
to standardise the distance between the plumage and the probe.
Measurements were taken for 18 males, 13 females and all Crimson Finch mounts (see below). The integration time was set to 40
milliseconds and boxcar to 10. All measurements were taken relative to dark and white standards (WS-2), which were scanned
immediately before each individual was measured. To get a good
representation of overall red colour, measurements were taken
from the face, back, rump and chest. Chest measurements were
only taken from males as Crimson Finches are sexually dimorphic
in colour and only males have a red chest (see Young et al., 2016).
Three measurements were taken from the centre of each of the
four areas and averaged for each individual between wavelengths
of 320 and 700 nm (the visual range of most birds, Bennett and
Théry, 2007).
2.2. Mount presentations
At active nests, free-living Crimson Finches were presented
with two taxodermic mounts in random order on different days:
one conspeciﬁc competitor (male Crimson Finch), and one heterospeciﬁc non-competitor, a Gouldian Finch (Erythrura gouldiae);
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as Gouldian ﬁnches are colour polymorphic and dichromatic, we
used black-head female mounts. Mounts were captive bred birds
that had died of natural causes, and were subsequently freezedried sitting in a natural position on a dowel perch (three Crimson
Finches and four Gouldian Finches). Due to high quality diet of captive birds, our Crimson Finch mounts were on average bigger than
the wild birds tested. However, the largest mount was still within
the natural size range of the wild population (tarsus length range;
wild population; males 16.51–19.05 mm, females 16.10–18.83 (C.
Young, unpublished data), focal birds; males 16.51–18.30 mm,
females 16.34–18.45 mm, mounts 17.8–19.04 mm). Although
Crimson Finches are sexually size dimorphic, with males being on
average larger, there is almost complete overlap in tarsus length
ranges (Milenkaya et al., 2011). Each mount was assigned a number and randomly selected for each experiment. The Gouldian Finch
was chosen as the non-competitor because of their overlap in distribution and ecology and because they are similar size and shape as
Crimson Finches, but are not known to be competitors for either
food or nesting sites (although both are seed eaters, they specialise on separate species in different microhabitats). All mounts
were positioned while the nest owners were away, level with the
nest height and within one metre of the nest. The order of conspeciﬁc versus heterospeciﬁc mount was randomised with 1–4
days between presentations, but within the same breeding stage.
Breeding stage was classiﬁed as eggs, young nestlings (<9 days,) or
old nestlings (>10 days); Crimson Finches ﬂedge at ∼21 days old.
Mounts were presented to twenty-four males and thirteen females
at a total of twenty-four nests in six colonies. However, some individuals were removed from some analyses as a number of colour
measurements were not available due to equipment malfunction
(three females and six males). This resulted in complete data for
thirteen females and eighteen males in response to the conspeciﬁc
mount, and ten females and eighteen males in response to the heterospeciﬁc mount. Presentations were all made before 9:30 a.m.
to minimise the effects of time-of-day and high daytime temperatures. The observer was blind to body size and redness scores during
the observation.
Behavioural observations (e.g. vocalisations, physical aggression) towards the mount were recorded for 10 min, starting
when the bird was within the observers’ visual range of the
nest (approximately 15 m). Each bird was given an aggression
score between 1 and 6 (following e.g. Duckworth, 2006): (1) no
aggressive response, ignores the mount and does not vocalise, (2)
marginal aggressive response, high latency to approach (>5 min),
few quiet vocalisations, no physical contact with mount, (3) modest
aggressive response, slight delay in approach (>2 min), moderate
vocalisations and close approach distance (1–2 m), (4) moderate
aggressive response, minimal delay in approach (∼1 min), high
levels of vocalisations and close approach, some physical contact (pecking), (5) high aggressive response, approached quickly
(<30 s) with nearly constant, loud vocalisations, lots of physical
contact (removing feathers from mount), (6) extreme aggressive
response, approached quickly (<30 s) with constant, loud vocalisations, extreme physical contact (mount damaged).
2.3. Analysis and statistics
We brieﬂy describe colour analysis methods here, but see Young
et al. (2016) for further details of parameters used. We applied
the Vorobyev-Osorio model (Vorobyev and Osorio, 1998; Siddiqi
et al., 2004) to the spectrometer measurements, which estimates
the difference between two areas (red plumage against a neutral
background – 30% grey) in units of discrimination threshold or “Just
Noticeable Differences” (JND’s, Vorobyev et al., 1998). This model
was used to analyse both chromatic (hue) and achromatic (brightness) differences with an ultra-violet sensitive (UVS) model (Hart
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et al., 2000; Endler and Mielke, 2005) taking into account photoreceptor noise (Vorobyev and Osorio, 1998; Osorio and Vorobyev,
2008, noise = neutral). To reduce the number of terms in the ﬁnal
model, we used a principal component analysis (PCA), to condense
the spectral scores of the red plumage areas measured (face, back,
rump and chest – chest for males only) for chromatic and achromatic measures. Separate models and principal component (PC)
scores of colour, were created for males and females, as well as PCs
of colour difference between focal birds and mounts (colour difference). Principal components analysis was conducted in JMP 11.0
while all other analyses were conducted in R (Maia et al., 2013,
R Development Core Team, 2014). Colour models were run in the
‘Pavo’ package (Maia et al., 2013).
To determine which factors might inﬂuence aggressive
behaviour in Crimson Finches in different social contexts, we used
general linear models (GLM) with Poisson error and model averaging techniques (Burnham and Anderson, 2002). Prior to analysis
we standardised variables using the package ‘arm’ (Gelman and Su,
2014) and checked for over dispersion prior to averaging (residual
deviance was not greater than the degrees of freedom). All models are ranked according to goodness-of-ﬁt to the data, based on
Akaike information criterion corrected for small sample size (AICc;
Grueber et al., 2011; Symonds and Moussalli, 2011). We calculated
the differences in AICc (AICc) between the best model (i.e. with
the lowest AICc) and every other model, including the null model
and averaged only the top models (AICc < 2) using the package
MuMIn (Bartońf, 2014). The relative importance of each variable in
the top models was calculated by summing the weights of all models containing that variable. This is a representation of how each
variable improves the model ﬁt and estimates the probability that
it is part of the best model (Symonds and Moussalli, 2011).
First, we analysed the inﬂuence of observer, brood size, nesting stage, presence of a partner and individual characteristics of
the focal bird (age, colouration and relative size) on aggressive
behaviour towards a conspeciﬁc mount. To test whether the reaction of the focal bird was dependent on the relative body size or
relative ornamentation/colouration of the intruder to themselves,
we used the differences in body size and colour measurements
between the conspeciﬁc mount and the focal bird in analysis.
Body size difference (from now on referred to as relative size)
refers to how much bigger the mount was compared to the focal
bird, while relative colour refers to if the focal bird was redder
(chromatic) or brighter (achromatic) than the intruder. As red
colouration has been shown to be a signal of aggression in Crimson Finches (Young et al., 2016) we also included the focal birds
colour measurements (absolute colour). We followed the same
analysis methodology with the heterospeciﬁc mount, using only
absolute colour rather than relative colour, as the heterospeciﬁc
mount lacked red plumage.
To look for relationships between age (categorical) and relative size or colouration (continuous) we used separate unpaired
t-tests for males and females towards each mount. Pearson’s correlations were used to examine the relationship between relative
size and colouration in the same way. Fractional degrees of freedom are displayed in these results as obtained by default from
Welch’s t-test conducted in R (R Development Core Team, 2014).
Welch’s test does not assume that the two samples have equal variance, instead estimating the variance and adjusting the degrees of
freedom accordingly. A GLM with Poisson error was used to investigate the relationship between aggression, sex and mount type,
with aggression score as the response variable. A Spearman’s rankorder correlation was used for males and females to investigate
consistency in aggression scores within individuals towards the
conspeciﬁc and heterospeciﬁc mounts.
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Fig. 1. The relationship between male aggression towards a conspeciﬁc mount and
(a) relative size (mm) of the mount to focal bird (the line indicates values predicted
from GLM model and 95% conﬁdence intervals); (b) focal male age, presented as
scatter plots of raw data. The size of the data point is relative to how many individuals
it represents (n = 18).

3. Results
3.1. Principal component analysis of plumage coloration
The principal components analysis (PCA) of red plumage areas
(face, back, rump and, for males only, chest) produced PCs for both
chromatic (hue) and achromatic a (brightness) measures in males
and females (Table 1). Only PCs with an eigenvalue >1 were retained
for analysis. The male PCA (differences in colour between the focal
bird and the conspeciﬁc mount) resulted in three PCs, two for chromatic and one for achromatic colour, explaining 76.4% and 56%
of the variance respectively. The female PCA for relative colour,
resulted in two PCs, one chromatic (52.7%) and one achromatic
(56.6%). The analysis of these absolute colour scores resulted in four
PC scores with an eigenvalue of >1 for both males and females, two
chromatic and two achromatic for each sex (male chromatic; 67.6%,
achromatic; 77.2%, female chromatic; 91.5%, achromatic 79.5%).
With the adult birds there were no detectable age differences
in body size (unpaired t-test, males; t (9.1) = 0.2, p = 0.81, females;
t (2.8) = −0.3, p = 0.77), or colour (chromatic colour; unpaired ttest, males PC1; t (14.2) = 0.5, p = 0.60, PC2; t (13.6) = −0.9, p = 0.36,
females PC1; t (3.1) = 0.2, p = 0.88, PC2; t (5.8) = 0.8, p = 0.47,
achromatic colour; t-test, males; t (6.8) = 0.5, p = 0.60, females;
t (2.5) = −0.1, p = 0.89). And there was no correlation between
body size and colour in either sex (Pearsons Correlation; chromatic colour; males PC1; r = 0.23, p = 0.36, PC2; r = −0.43, p = 0.08,
females PC1; r = 0.35, p = 0.32, PC2; r = 0.56, p = 0.09, achromatic
colour males; r = −0.43, p = 0.09, females; r = −0.31, p = 0.38).
3.2. Aggression towards conspeciﬁcs
For Crimson Finch males (n = 18), the best predictor of male
aggressive behaviour towards the conspeciﬁc mount was relative
size (Table 2a). Males were less aggressive when the size difference
was large, i.e. when the focal male was small relative to the mount
(Fig. 1a). Age was also shown to be important, appearing in two
of the top four models (Table 2); older birds were more aggressive than ﬁrst year birds (Fig. 1b). However, all models containing
age fell below the null model in AICc (Table 2a) and this variable was given an importance score of just 0.32 (Table 3) and so
should be interpreted with caution. We found no evidence to suggest that relative chromatic or achromatic colour scores inﬂuenced
aggressive behaviour of the focal birds towards the mounts and
found no effect of nestling stage, brood size, presence of a partner,
or focal male’s absolute body size on male aggression scores (model
selection Table S1a).

Fig. 2. Tukeys box plots displaying similarities between the aggressive behaviour of
male and female Crimson Finches towards conspeciﬁc (male = 18, female = 13) and
heterospeciﬁc mounts (male = 18, female = 10).

Supplementary material related to this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.beproc.2017.01.
017.
For female Crimson Finches (n = 13), there was weak evidence
that both absolute achromatic and chromatic colour were related to
aggression (Table 2a). The absolute achromatic colour (brightness)
of the focal bird was positively related to aggression scores, while
absolute chromatic (hue) scores were negatively related. However,
the importance scores for these variables were low (achromatic
0.21, chromatic 0.25; Table 3) and the null model was found to
be the best ﬁtting model based on AICc’s. None of the remaining
variables measured (age, relative achromatic and chromatic colour,
observer ID, presence of a partner, body size, relative size, nesting
stage or brood size) had an inﬂuence on the observed aggression
scores as none appeared in the top models (AICc < 2, model selection Table S1b).
3.3. Aggression towards heterospeciﬁcs
We found no relationship between aggression towards a heterospeciﬁc mount and any of the variables measured (focal bird
age, observer ID, chromatic/achromatic colour, presence of a partner, body size, relative size, nestling stage or brood size; model
selection Table S1c and d); for both sexes (males n = 18; females
n = 10) the null model was found to be the best ﬁtting model by >2
AICc’s (Table 2b).
3.4. Sex differences and aggression across contexts
Aggression towards mounts was not inﬂuenced by either mount
type (conspeciﬁc or heterospeciﬁc mount), sex of the focal bird
or the interaction between the two (n = 24 males, 11 females,
GLM (Wald test); mount type; estimate = 0.64, p = 0.31, sex; estimate = 0.85, p = 0.12, mount × sex; estimate = −1.13, p = 0.14). The
range of aggression scores assigned to females (coefﬁcient of
variance; conspeciﬁc 0.35, heterospeciﬁc 0.2) were more limited
than those assigned to males (coefﬁcient of variance; conspeciﬁc
0.4, heterospeciﬁc 0.4, Fig. 2). We did not ﬁnd any detectable
consistency in aggression within individuals between intruder
types (conspeciﬁc vs heterospeciﬁc mounts; Spearman’s rankorder males; −0.23, p = 0.86, females; −0.06, p = 0.57, Fig. 3).
4. Discussion
We examined the aggressive response of male and female
Crimson Finches towards conspeciﬁc and heterospeciﬁc intruders near the nest. We found male aggression towards conspeciﬁc
intruders could be explained by their size relative to the intruder
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Table 1
Results from principal components analysis for chromatic (hue) and achromatic (brightness) colour measures using a correlation matrix, including eigenvalue and percentage
variance explained by each PC. Separate PC’s are shown for males and females in relation to colour differences between focal birds and a conspeciﬁc intruder (relative colour)
as well as their absolute colour. Only PCs with an eigenvalue >1 are shown as they were retained for analysis.
Relative colour
Males (n = 18)
PC1 chromatic
PC2 chromatic
PC achromatic
Females (n = 13)
PC chromatic
PC achromatic
Absolute colour of focal bird
Males (n = 18)
PC1 chromatic
PC2 chromatic
PC1 achromatic
PC2 achromatic
Females (n = 10)
PC1 chromatic
PC2 chromatic
PC1 achromatic
PC2 achromatic

Face

Back

Rump

−0.33
0.62
0.41

−0.08
0.70
0.47

0.62
0.33
0.55

0.66
0.65

0.67
0.70

−0.33
0.31

0.38
0.64
0.53
−0.23

0.46
0.33
0.23
0.93

0.67
−0.13
0.57
0.11

0.56
−0.59
0.73
−0.11

0.77
0.11
0.62
0.50

0.31
0.80
−0.27
0.86

Chest

Eigen

Variance (%)

0.70
0.08
0.55

1.65
1.40
2.24

41.4
35.0
56.0

1.58
1.70

52.7
56.6

1.58
1.11
2.10
1.00

39.6
27.7
52.5
24.7

1.51
1.24
1.32
1.07

50.2
41.3
44.0
35.5

0.45
−0.68
0.58
−0.27

Table 2
Factors affecting the aggressive behaviour of Crimson Finch males (n = 18) and females (n = 13) towards (a) conspeciﬁc mounts (b) heterospeciﬁc mounts. Only models of
AICc < 2 are presented here.

(a) Conspeciﬁc mount
Males

Model

Variable

Estimate

Standardised coefﬁcient

AICc

AICc weight

1
2
3
4

SizeD
Null
Age
SizeD +
Age
Null
C2
A1

−0.44 ± 0.25

−1.71

0.00

−0.30 ± 0.24
−0.40 ± 0.25
−0.24 ± 0.24

−1.23
−1.56
−0.99

1.53
1.99

0.38
0.29
0.18
0.14

−0.35 ± 0.31
0.28 ± 0.30

−1.01
0.93

0.00
1.62
1.98

0.55
0.25
0.21

0.00
0.00

0.11
0.25

1
2
3
(b) Heterospeciﬁc mount
Males
1
Females
1
Females

Null
Null

C2 = principal component (PC) values for the second PC of chromatic scores from red plumage; A1 = PC1 values for achromatic scores from red plumage areas; Size = body
size (tarsus length); SizeD = difference in body size between focal bird and mount (relative size); Age = age of the focal bird (ﬁrst year or 2+).

Table 3
Summary of model averaging for the predictors of aggressive behaviour in Crimson Finches towards conspeciﬁc mounts. Only models of AICc < 2 were included in model
averaging. High relative importance indicates that the variable is more likely to be in the best ﬁtting model.

Males

Females

Variable

Estimate

Adjusted SE

Conﬁdence interval

Relative importance

Intercept
Relative size
Age

−1.48
−0.43
−0.27

0.13
0.28
0.27

−1.23, 1.73
−0.97, 0.12
−0.79, 0.25

0.52
0.32

Intercept
Chromatic
Achromatic

−1.21
−0.35
−0.28

0.15
0.32
0.30

−0.88, 1.55
−1.05, 0.35
−0.38, 0.95

0.25
0.21

and their age. Female aggressive behaviour was inﬂuenced by
plumage colouration, but the relationship was weak. None of the
variables examined predicted aggression towards heterospeciﬁc
intruders in either sex. Focal birds were equally aggressive to conspeciﬁc and heterospeciﬁc mounts. However, we found no links
between aggression, and sex of the focal bird or context (conspeciﬁc/heterospeciﬁc), and no evidence of individual consistency in
aggression across context.

4.1. Aggression towards conspeciﬁcs
Body size, relative to an opponent, is likely more important than
absolute body size in aggressive contests where mutual assessment is used, as individuals are expected to be able to overpower
only relatively smaller opponents (Arnott and Elwood, 2009; Logue

et al., 2011). In support of this hypothesis we found that male Crimson Finches showed higher levels of aggressive behaviour toward
mounts that were a similar body size to themselves. Males that
were smaller relative to the mount were less aggressive, meaning
they showed a higher latency to approach, maintained some distance and were relatively quiet when body size disparity was large.
In addition, we found evidence that older males showed higher levels of aggression than younger males (those in their ﬁrst breeding
season). The AICc values for the top four models were very close
together and included the null model (see Table 2) meaning these
effects are weak, however this is most likely due to the low sample
size. There is currently no published evidence relating to age based
dominance in Crimson Finches. However, age related dominance
structures are well known in birds and have been recorded across
many species, with older males commonly dominating younger
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Fig. 3. Scatter plot demonstrating the lack of relationship in aggression across context for each sex. Overlapping points have been jittered for clarity. The grey circles
and dashed line represent females while the black circles and solid line represent
males. The lines represent predicted values from the model.

defence, no change or even a negative trend in aggressive behaviour
over the nesting period is predicted (Gowaty, 1981). Our results
suggest that though Crimsons Finches appear to be defending nest
sites from competitors, they do not adjust the level of defence
according to nest value. We found no relationship between nesting stage (eggs, young nestlings, old nestlings) or brood size and
aggressive response to the conspeciﬁc mount for either sex. This
result is in concordance with Casa (1985), who found no difference
in aggression with nesting stage (incubation, hatching, nestlings)
in closely related Zebra Finches (Taeniopygia guttata). Although
we only tested birds at active nests, it is possible that Crimson
Finch nest defence against conspeciﬁcs in these stages (eggs and
chicks), is defence of the nest-site itself, rather than protection of
offspring or paternity. We do not know if intraspeciﬁc brood parasitism occurs in this species, but nest usurpation through continued
harassment was observed twice in the ﬁeld during this study and
has been recorded in aviculture. In addition, a recent study on Crimson Finch nest predation (Young et al., 2017) found that aspects of
nest site choice had strong effects on nest success, strengthening
the inference that nesting sites may be a valuable resource.
4.2. Aggression towards heterospeciﬁcs

conspeciﬁcs (e.g. Enoksson, 1988; Edler and Friedl, 2010). The inﬂuence of prior ﬁghting experience has been shown to have a large
inﬂuence on contest outcome (e.g. Ratner, 1961; Beacham and
Newman, 1987) and may further explain the higher levels of aggression observed in older birds. Because our mounts were reared in
aviaries with unlimited food, they were on average larger than the
focal birds. Thus we were unable to test whether the relationship
between relative size and aggression persists when the focal bird
is larger than the intruder.
Within female Crimson Finches we found some evidence that
red plumage colouration (chromatic and achromatic) was an indicator of aggressive behaviour. Less bright and ‘redder’ individuals
were shown to have higher levels of aggression. Female colour
often indicates dominance or quality (e.g. Murphy et al., 2009;
López-Idiáquez et al., 2016). In particular, red plumage is considered a signal of dominance, for example Pryke (2007) found that in
female Gouldian Finches, naturally red-headed females and naturally yellow-headed individuals manipulated to have red plumage
dominated other colour morphs (yellow and black-headed). Nevertheless, caution is warranted as the top model was the null
model, while the variables in the two models that followed (PC2 of
chromatic colour (hue), AICc 1.62 and PC1 of achromatic colour
(brightness), AICc 1.98), received very low importance scores in
the model averaging (<0.30). The importance value gives an indication of how likely each variable is to appear in the best model.
However, it is interesting to note that the only values that appeared
in the top models were the female’s absolute colouration, not
their colouration relative to the mounts. A number of studies have
suggested that females ignore the traditional signals of ﬁghting
ability such as relative size and colouration (Draud et al., 2004;
Elias et al., 2010). Instead, for females, resource value may be a
stronger motivator for aggressive behaviour than physical traits
and ornamentation of either themselves or their opponent (Dale
and Slagsvold, 1995). For example, Elias et al. (2010) found that
in Phidippus clarus jumping spiders, females rarely participated in
displays and differences in resource valuation rather than size or
weight predicted the outcome of contests, a pattern repeated in
other species (see Draud et al., 2004; Arnott and Elwood, 2009).
Under the parental investment hypothesis (Trivers, 1972),
aggression is predicted to increase with increasing brood value
(e.g. the intensity of nest defence may be positively related to the
number of offspring in the nest, their age and survival prospects
(Regelmann and Curio, 1983; Redondo, 1989). However, if aggression near the nest is related to nest-site/territory or food-resource

Despite the fact that Crimson Finches and Gouldian Finches
are not competitors for nest sites (Gouldians use hollow eucalypt
branches rather than pandanas) and have a small overlap in diet
(both are seed eaters but specialize on separate species in different microhabitats), both males and females responded strongly
towards the heterospeciﬁc mounts, showing high levels of vocalisations, close physical proximity and physical attacks. Although
the mounts represent a realistic bird, their lack of movement may
inﬂuence the aggressive response of the focal birds and we should
consider the fact that wild Gouldian Finches may ﬂy away on seeing
an approaching Crimson Finch. There is no apparent advantage for
Crimson Finches in displaying high aggression towards Gouldian
Finches. Instead, it is potentially costly in terms of energy spent,
time taken from other activities (e.g. foraging, feeding nestlings or
scanning for predators) and the potential for injury. Possibly there
is, or has been, more competition between Crimson and Gouldian
Finches for food or habitat, than we currently observe in the wild.
Oriand and Willson (1964) proposed that aggression towards heterospeciﬁcs suggests that securing a limited resource has selected
for the behaviour in the past, although this resource may not be limited in the present (e.g. food or water in times of severe drought). It
has also been suggested that heterospeciﬁc territorial aggression
is simply misdirected conspeciﬁc territorial aggression (Murray,
1971) for example where aggression is not plastic or only partially
plastic behaviour.
Alternatively, high levels of heterospeciﬁc aggression might be
advantageous in some cases. For instance, although in our study
sites Gouldian Finches were never seen around the nests of Crimson Finches, individuals of another species, the Long-tailed Finch
(Poephila acuticauda) are commonly observed near Crimson Finch
nests and are generally aggressively chased off by nest owners
(C.M. Young, pers. obs.). Long-tailed Finches will nest in cavities
or open sites and are known to outcompete Gouldian Finches for
nest sites (Brazill-Boast et al., 2011). Thus they may also represent a competitor to Crimson Finches. Similarly, many grassﬁnch
species use the same materials for nest construction, and we
have observed Crimson Finches taking nesting material from unoccupied nests, suggesting that this is a valuable resource. Thus,
aggression towards heterospeciﬁc ﬁnches may be a generalised
response to competition for nest-sites and nesting materials from
any potential competitor. Additionally, it may be advantageous to
deter any species from being near the nest if their presence could
attract predators. Finally, unlike aggression towards the conspeciﬁc
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mount, none of the measured variables was related to response
score, suggesting this behaviour is mediated by different mechanisms and is not simply a maladaptive carryover of aggression
towards conspeciﬁcs (Duckworth, 2006; Sih et al., 2004b).
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4.3. Individual consistency and sex differences in aggression
In many species, males generally respond more aggressively
towards intruders than females (Pryke, 2013). For example, in
a study on White-bellied Antbirds (Myrmeciza longipes), Fedy
and Stutchbury (2005) found that male birds responded more
aggressively than females towards playbacks regardless of season and stimuli (male/female song), however that also found that
females matched the aggression of males only in the resourcelimited dry season. A number of other studies report sex-speciﬁc
responses only to same sex intruders (e.g. Mays and Hopper, 2004;
Cain et al., 2011), or greater female response (Illes and YunesJimenez, 2009). In the current study, we found no difference in
the average aggressive response between male and female Crimson Finches regardless of context (heterospeciﬁc vs conspeciﬁc
intruder); females responded as aggressively as males to a conspeciﬁc (male) intruder. However, we did ﬁnd a difference in the
range of aggression scores, with males displaying a larger range of
scores than females. This suggests there may be other factors at
play in relation to sex speciﬁc aggressive behaviour. Additionally,
as we did not present a female conspeciﬁc intruder we cannot rule
out the possibility that sexes would respond differently in this context. Fedy and Stutchbury (2005) suggest that when mate switching
is rare, territory defence against all intruders should be equally
shared. This is consistent with Crimson Finch pairs in which divorce
rates appear to be extremely low, both within and between seasons
(Milenkaya et al., 2011). This ﬁnding adds weight to our suggestion
that in Crimson Finches, aggression near the nest is likely to be
predominantly related to nest site defence rather than protection
of reproductive investment.
Behavioural syndromes suggest that an individual’s response
in one context may be tied to what it does in other situations
(reviewed in Sih et al., 2004a,b). Although only a small number of
studies have investigated aggression across context in birds, many
have found consistency in aggressive behaviours (e.g. Duckworth,
2006; Cain et al., 2011). In contrast we found no evidence to support the idea that individual Crimson Finches are consistent in their
aggressive behaviour in relation to intruder type, despite all birds
tested in this study showing aggressive behaviour in some form
towards both conspeciﬁc and heterospeciﬁc intruders. This suggests that Crimson Finch aggressive behaviour is at least partially
plastic and adaptable depending on context.
In conclusion, we found that the aggressive response of wild
Crimson Finches to intruders was related to both the sex of the focal
bird and the type of intruder. While females were on average, as
aggressive as males towards intruders, they also showed a smaller
range of scores. Additionally, the different predictors of aggression shown for each sex, suggest there may be other non-sampled
sex-speciﬁc mechanisms inﬂuencing behaviour. The role of sex in
nest defence of tropical birds is poorly understood, as are the different factors that may mediate aggressive behaviour in females.
Further, investigating aggression at the egg laying stage would
draw additional insights into the function of aggressive behaviour
in this species. Although all birds responded aggressively to both
conspeciﬁc and heterospeciﬁc intruders, we found no evidence for
consistency of aggressive behaviours within individuals. This suggests that although they may not be truly independent, aggression
in these two contexts may be mediated by different mechanisms.
We suggest that Crimson Finches may assess different situations
and adjust their behaviour according to context.
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