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Abstract

Behavioural syndromes have been identified in a large number of species,

yet our understanding of them in an ecological context remains poor. Spe-

cifically, there are few data that relate behavioural syndromes to other

biologically important behaviours and, ultimately, to reproductive suc-

cess. In this field study, we examined the aggressiveness and boldness of

free-living male house wrens (Troglodytes aedon) and found a statistically

significant positive relationship between these two behaviours (i.e. a

behavioural syndrome). When we examined the two axes of this behavio-

ural syndrome in relation to the male’s share of provisioning, we found a

negative relation between a male’s aggressiveness and his provisioning

rate, but no relationship between male boldness and provisioning behav-

iour. These differences in provisioning behaviour among males with dif-

ferent levels of aggression may reflect differences in reproductive

strategies or different life-history trade-offs among males. Moreover, these

results indicate that while some behavioural traits may be correlated, this

does not mean that traits that compose the behavioural syndrome cannot

evolve independently of one another.

Introduction

Behavioural syndromes are correlations in a popula-

tion that occur within individuals when two behav-

iours are compared or when the same behaviour is

compared at different times (see Sih et al. 2004; Sih &

Bell 2008; Sih et al. 2010 for reviews). Many authors

use the terms ‘personality’ and ‘behavioural syn-

drome’ synonymously. However, there are two subtle

differences between personalities and behavioural

syndromes: (1) personalities have a demonstrable her-

itable element and (2) personalities are correlations

between behaviours in different contexts and at dif-

ferent times (they are repeatable). Conversely,

behavioural syndromes assume no genetic relation,

and a syndrome can be either a correlation between

two behaviours in different contexts or in the same

behaviour at different times (Sih et al. 2010).

Behavioural syndromes have been described in many

taxa (Wilson et al. 1994; Boissy 1995; Gosling & John

1999; Koolhaas et al. 1999; Gosling 2001; Sih et al.

2004; Groothuis & Carere 2005; Réale et al. 2007;

Logue et al. 2009; Cain et al. 2011; Conrad et al.

2011), and avian models have contributed extensively

to this research. However, the majority of studies

have been laboratory based, so behavioural syn-

dromes in ecological contexts need more study (e.g.

Hollander et al. 2008; Garamszegi et al. 2009; but see

van Overveld & Matthysen 2010).

The correlation between aggressiveness (e.g. an

individual’s response to a conspecific competitor) and

boldness (e.g. an individual’s reaction to a nest preda-

tor; see Réale et al. 2007 for a discussion of our inter-

pretation of aggressiveness and boldness) is one of the

most widely studied syndromes in animals (see Sih &

Bell 2008 for a review). However, there have been no

studies that have examined this behavioural

syndrome in relation to parental care in birds,

although some studies have examined aggressiveness

in relation to parental care (or some other measure

that relates to reproductive success). Duckworth

(2006) examined aggressiveness in two contexts in
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western bluebirds (Sialia mexicana) in relation to male

provisioning behaviour. She found that male aggres-

siveness was negatively correlated with the number of

feeds the male made to the female during incubation,

but not with the number of feeds he made to his

young during the nestling period. Wingfield et al.

(1990) has shown that testosterone (T) can, under

some circumstances, increase male aggressiveness and

concomitantly reduce parental care, which has been

confirmed in other species (e.g. Ketterson & Nolan

1999). Similarly, there have been a small number of

studies that have examined boldness in relation to

parental care and reproductive success. Budaev et al.

(1999) examined boldness in relation to paternal care

in convict cichlids (Amatitlania nigrofasciatum) and

found that bold and active males tended to provide

more care to their offspring. Kontiainen et al. (2009)

examined the nest defence behaviour of female Ural

owls (Stryx uralensis) in response to human intruders

(boldness). Bolder females recruited more offspring

into the breeding population than females with less

obvious defence behaviour. Therefore, parental care

could be related to personality types and could lead to

different parenting styles (Roulin et al. 2010).

Behavioural syndromes need not be adaptive (see

Sih & Bell 2008; Sih et al. 2010 for discussion),

although much personality research (and an increas-

ing amount of research on behavioural syndromes)

has focussed on understanding the life history and

fitness benefits of different behavioural types

(Dingemanse et al. 2004; Smith & Blumstein 2008).

For example, in great tits (Parus major), exploration

has been used as an index of personality, and

evidence suggests that it is related to other ecologi-

cally important behaviours (e.g. Hollander et al.

2008; van Overveld & Matthysen 2010). Birds that

explore new environments quickly (fast explorers)

have also been shown to invest more in nest defence

than slow explorers (Hollander et al. 2008), and there

are links between exploration rate and fitness (Dinge-

manse et al. 2004; Quinn et al. 2009). Therefore,

these differences in fitness could be explained by dif-

ferences in behavioural type leading to different

parental care strategies. Patrick & Browning (2011)

examined this suggestion in great tits and found that

there was no association between exploration behav-

iour and parental care. However, the relationship

between parental care and different behavioural types

requires further research.

Our study had two aims: (1) to determine whether

there was a relationship between male aggressiveness

and boldness (i.e. a behavioural syndrome) and

(2) to relate any such syndrome to male nestling

provisioning behaviour. Assuming that a behavioural

syndrome between aggressiveness and boldness

exists, there are two complementary hypotheses that

we can test. The first hypothesis is that an individual’s

behavioural type might relate to its share of nestling

provisioning with more aggressive and bold individu-

als valuing reproductive events more than less bold

and aggressive individuals, leading the former to

invest more than the latter in each reproductive event

(Roulin et al. 2010; Patrick & Browning 2011). This is

because aggressive and bold individuals may achieve

higher reproductive success per breeding attempt, but

have shorter lifespans than less bold and aggressive

individuals (e.g. Benus & Rondigs 1996). The second

hypothesis is that behavioural type might relate to

nestling provisioning behaviour with more aggressive

and bold individuals investing less in provisioning

than less bold and aggressive individuals. This is

because there is a trade-off between the investment in

provisioning and levels of aggressiveness (e.g.

Ketterson & Nolan 1999; but see Class & Moore

2010). Therefore, males that provide a lower share of

the total provisioning effort may invest more in other

forms of parental investment (e.g. nest defence).

Moreover, aggressiveness and boldness have been

found to be correlated (Sih & Bell 2008) and may

have a common physiological basis (see Koolhaas

et al. 2010 for a review), which suggests that boldness

may relate to parental investment in a similar manner

to aggressiveness. To test these hypotheses, we

examined the aggressiveness (reaction to a simulated

territory intrusion by a conspecific male) and boldness

(reaction to a human intruder) of a free-living popu-

lation of male house wrens. We then explored

whether a male’s share of nestling provisioning was

related to either of these behavioural traits to

determine which hypothesis better explained these

data.

Material and Methods

Study Species and Site

The house wren is a small (10–12 g), migratory, insec-

tivorous passerine that breeds throughout much of

temperate North America. Both sexes provision the

nestlings, but only females incubate the eggs and

brood the nestlings. Our study was conducted at the

Mackinaw study site in McLean County, Illinois (40°
40′N, 88°53′W), which has 700 nestboxes distributed

in a grid pattern (density 5.4 boxes/ha) in secondary

deciduous forest surrounded by cultivated fields (see

appendix 1 of Lambrechts et al. 2010 for dimensions
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and other details of nestboxes). Males arrive before

females near the end of April, and immediately begin

placing twigs in a nestbox and singing to attract

mates. Pairs typically raise two, occasionally three,

broods of between four and eight nestlings each

breeding season (for additional information, see

Johnson 1998).

We used only males in this study for a number of

reasons. First, males respond more readily to

simulated conspecific territory intrusions (SCTIs) than

females, and they are behaviourally more conspicu-

ous than females (C. A. Barnett, pers. obs.). Second, it

is difficult for a single person to observe a pair of birds

simultaneously. Finally, males exhibit much greater

variation in their provisioning behaviour among indi-

viduals than females (i.e. the coefficient of variation

in provisioning is greater in males than in females; see

DeMory et al. 2010; Barnett et al. 2011 for examples),

making it easier to detect whether either aggressive-

ness or boldness is correlated with parental care.

Breeding Phenology

We assessed the behavioural syndrome of males

within breeding attempts during the 2009 breeding

season. The egg-laying period was defined as the time

from when the first egg was laid in the nest

(egg-1 day) to when no further eggs were laid.

Although we did not always observe the actual

egg-1 day, we were able to extrapolate the date that

the first egg appeared because females typically lay

one egg/day near dawn until the clutch is complete

(Johnson 1998). Once the female had stopped laying

and the eggs were warm to the touch, we considered

incubation to have begun. Females normally incubate

eggs for 12–13 d before they hatch. To determine the

day on which the first egg hatched (brood-day 0), we

began checking the nests daily after the tenth day of

incubation.

Capture and Ringing of Birds

Males were captured the day before the SCTI took

place (brood-day 2) using a sample of conspecific song

to draw them into a mist net placed near the nestbox.

Captured birds were ringed with a numbered US Fish

and Wildlife aluminium band (both sexes) and three

colour bands (on males) to aid in individual identifica-

tion. We weighed adults and nestlings to the nearest

0.1 g (Acculab Pocket Pro 250, Acculab, 8 Pheasant

Run, Newtown, PA, USA) and measured their tarsus

(tarsometatarsus) to the nearest 0.1 mm with vernier

callipers. Wing length and tail length of adults were

measured to the nearest 0.5 mm with a stopped rule.

After processing, we released adults near where they

had been captured.

Behavioural Assays

We assayed the aggressiveness and boldness of male

birds, which enabled us to build behavioural profiles

for each individual. We achieved this using two assays:

(1) the SCTI to assess aggressiveness and (2) the

human territorial intrusion (HTI) to assess boldness.

While there might be similarities in how birds respond

to these different threats, we used a well-established

dichotomy between boldness and aggression (Hun-

tingford 1976; Sih et al. 2004; Réale et al. 2007; John-

son & Sih 2007; but see Duckworth 2006; Cain et al.

2011 for alternative interpretations). Boldness is an

individual’s reaction to a risky situation (such as a

predator or a human), whereas aggressiveness is an

individual’s agonistic response to a conspecific.

We were also conscious that parents’ nest defence

behaviour may change over the course of the breed-

ing attempt (Montgomerie & Weatherhead 1988).

Therefore, we standardized the age of the nestlings for

each assay among nests. We also examined the

relationships between the birds’ behavioural profiles

and the share of provisioning that males provided at

their primary nest.

We designed the experiment to standardize the stim-

uli between individuals so that individuals’ responses

were not affected by differences in stimuli. This inten-

tional standardization is common in the studies of

behavioural syndromes and personality in relation to

exploration (e.g., Patrick & Browning 2011).

Simulated Conspecific Territory Intrusions

We performed this assay using a bespoke mount of a

conspecific male in concert with a playback of the spe-

cies’ song, which was recorded at our study site over

15 yr before this study. This method has been shown

to elicit a more extreme stress response from birds

than the use of live and caged conspecifics (Scriba &

Goymann 2008). We conducted SCTIs on brood-day

3, an age at which nestlings are still vulnerable to

being killed by intruding conspecifics and predators.

The day before the SCTI (before they were captured

and banded), the male’s territory was watched to

determine where they were active. This prior

mapping was important to eliminate the possibility

that the SCTI was conducted in an area not used by

focal males. Before the trial began, we stripped a

suitable branch of obstructing leaves and branches so
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that the focal bird had an unrestricted view of the

simulated intruder from within his territory. This

branch was between 5 and 7 m from the nestbox and

at a height of between 1.2 and 2.0 m. We fastened the

mount to the stripped branch using fine galvanized

steel wires that were attached to the mount’s tarsi.

We also broadcast a sample of song (which was the

same for all birds) from an MP3 player with a built-in

speaker to simulate a singing conspecific intruding

into the focal bird’s territory (playback amplitude was

75 dB at 1 m from the speaker). When the MP3

playback was initiated, the observer retired a further

10–15 m from the nestbox to observe the male’s

response (placing the observer 15–23 m from the

nestbox). The focal male had 10 min from the time

the observer was in place to respond to the intruder.

Once the focal male had been spotted, we noted the

time and visually identified him using binoculars. The

response time (the time at which the male was first

recorded) was normally within two minutes of the

trial start (�x ± SE: 48.1 ± 8.23 s). He was then observed

using binoculars for up to a further 10 min and every

hop, jump, flight, alarm call, song, approach, wing

flutter and attack was noted. Periods of time during

which the male was out of view were excluded from

the analysis (even when he could be heard singing or

calling). In addition, the minimum approach distance

(to the nearest 1 m) and the number of approaches

the male made towards the mount were recorded.

Although we attempted to watch the birds for a simi-

lar amount of time, this was not possible in all cases,

so we standardized the values among individuals to

actions noted while the bird was observable/total time

the bird was in view (expressed as actions/min). We

censored the data after 7 min because males normally

responded most vigorously within the first 7 min of

the start of the trial, after which their agitation

declined (C. A. Barnett, pers. obs.).

Human Territorial Intrusions

We conducted HTIs (method modified from Hollander

et al. 2008) on brood-day 6, which is approximately

one-third of the way through the nestling period. The

assay began when the observer walked through the

territory to the nestbox, opened the lid of the nestbox

to peer in, closed it and then stepped back 1 m. At this

stage, the trial started, and the male was given 15 min

to respond. The female usually responded before the

male. Indeed, her alarm calls probably alerted the

male that there was a threat in the territory. The time

at which the focal male was first seen or heard was

noted, and he was visually identified using binoculars.

The male was then watched and every hop, jump,

flight, alarm call, song, wing flutter and attack was

noted for a further 6 min. Males that did not respond

after 15 min were classified as having no response.

Provisioning

On brood-day 6 (directly after the HTI was com-

pleted), we filmed the nest so that we could calculate

the male provisioning rates and share of the total

number of provisioning visits. Twenty-four hours

before filming the nest, we erected a dummy camera

on a 1.5-m steel pole at a distance of 2 m and at 45°
from the perpendicular plane of the nestbox opening

hole to habituate the birds to the presence of a cam-

era-like object close to the nest (see DeMory et al.

2010 for further details). At the completion of the

HTI, we replaced the dummy camera with a pocket

video camera (Kodak Zx1, Eastman Kodak Company,

Rochester, NY, USA).We filmed nests for approxi-

mately 120 min to ensure that we obtained at least

60 min of footage of the males from when they

started visiting the nest again after the disturbance of

setting up the camera. Females normally returned to

the nest within 5 min of human departure and males

normally visited the nest at the same time or shortly

after the first female visit. Therefore, we calculated

the male visit and provisioning rate from either the

first male visit or when he was heard singing at or

around the nest on the recording. A male’s singing

could be determined because the amplitude of his

song was much greater than those of his neighbours,

and from this time, we scored all male provisioning

and nest visits. These data were standardized between

individuals as hourly rates for later analysis. This

method has been used successfully in the previous

studies to generate significant effects and is a good

indicator of relative male parental effort in this species

(see DeMory et al. 2010; Barnett et al. 2011).

Statistics

We usedWilcoxon matched-pairs signed-ranks tests to

compare the frequencies of an individual’s behaviours

between the contexts. We then tested the hypothesis

that the overall behaviours between contexts were dif-

ferent by conducting a transformed-z test. To correlate

aggressiveness with boldness in association with a

male’s provisioning contribution, it was first necessary

to reduce the data using a principal components analy-

sis. We conducted within-assay principal components

analyses on both the aggressiveness and boldness

data. For the aggressiveness analysis, we included the
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following behaviours: (1) attacks, (2) approaches, (3)

wing flutters, (4) songs, (5) flights and (6) hops.

Attacks, approaches, wing flutters and songs tended to

indicate aggressiveness. Flights and jumps were

included as measures of activity. For the boldness

analysis, we included the following behaviours: (1)

attacks, (2) approaches, (3) wing flutters, (4) alarm

calls, (5) flights and (6) hops. We interpreted attacks,

approaches, wing flutters and alarm calls to indicate

boldness, whereas we interpreted flights and hops to

indicate activity.

We conducted a Spearman correlation analysis

between aggression and boldness to examine the

relationship between these two factors. To examine

the relationship between the males’ contributions to

provisioning, we ran a generalized additive mixed

model (GAMM). We used a binomial distribution and

a logit link function in the model. We included the

male’s share of provisioning as the dependent variable

and their boldness and aggressiveness scores as

smoothed factors. We also included clutch size, start

time of provisioning recording and egg-1 day in the

model to control for these effects on male provision-

ing. Bird identity was included as a random factor to

control for the non-independence of data. We

conducted analyses using the ‘gamm’ command in

the mgcv package of R (R Development Core Team

2010). We also examined the relationship between

structural body size and behavioural type by conduct-

ing regression analyses of male tarsus length as a

predictor variable, and aggressiveness scores, boldness

scores and proportion of male feeds/h (√ [x + 0.5]) as

the dependent variables. All analyses were performed

using SPSS version 15.0 for Windows® (SPSS Inc.,

Chicago, IL, USA) and R version 2.11.1 (R Develop-

ment Core Team 2010).

Results

Behavioural Differences Across Contexts

Comparisons of behaviour between contexts that we

assayed (aggressiveness and boldness) revealed signif-

icant differences in five of seven behaviours that we

examined and a non-significant trend in another

(Table 1). These results suggest that birds construed

the two assays differently and responded in different

ways in each assay. Moreover, it suggests that the

birds were not responding to the human observer in

the SCTI as they did in the HTI. Although the birds’

behaviour was different between contexts (Table 1),

individual levels of response were similar between

contexts. We combined the probabilities for all the

comparisons made in Table 1 to test the overarching

hypothesis that there are differences in behaviour

between contexts and found that there were

differences in the behaviours expressed between

contexts (transformed-Z: Z = 7.416, p < 0.001). The

differences in behaviours noted in Table 1 led to them

loading differently for the factors in the principle

component analyses that we used to obtain our index

of aggressiveness and boldness (Table 2).

Principle Components of Aggression and Boldness

We extracted three principal components from the

SCTI data and two principle components for HTI data

with eigenvalues >1. The way in which the measured

behaviours loaded for each first principle component

was consistent with aggressiveness for SCTIs and bold-

ness for HTIs (Table 2). This is because the behaviours

that were related to aggressiveness and boldness (e.g.

attacks, approaches and wing flutters) loaded more

strongly than would be expected if the factors

Table 1: Median (minimum–maximum) frequencies/min for the behav-

iours measured in the aggressiveness and boldness assays that were

obtained from the behavioural assays and Wilcoxon tests for differences

across contexts

Behaviour Aggressiveness Boldness Statistics

Attacks 0 (0–14.77) 0 (0–1.18) W = 10, p = 0.061

Approaches 0.38 (0–1.5) 0 (0–0.70) W = 4, p < 0.001

Wing

flutters

0.63 (0–8.31) 0 (0–3.24) W = 56, p < 0.001

Flights 2.4 (0.39–8.86) 2.97 (0.81–8.54) W = 181, p = 0.195

Hops 1.2 (0–4.15) 3.06 (0–9.87) W = 61, p < 0.001

Songs 4 (0.13–8.99) 0 (0–6.89) W = 12.5, p < 0.001

Alarm calls 0.58 (0–8.33) 6.14 (0–15.25) W = 62, p < 0.001

Table 2: Factor loadings for measures of aggressiveness and boldness

extracted using PCA from our behavioural assays. Figures in brackets

are the amount of variation that each factor explains. Behaviours that

loaded above 0.6 are emboldened. Dashes (–) indicate that behaviour

was not included in the factor

Behaviour

Factor

Aggressiveness (36.0%) Boldness (47.2%)

Eigenvalue 2.162 2.834

Attacks 0.556 0.831

Approaches 0.909 0.858

Wing flutters 0.684 0.314

Flights 0.613 0.930

Hops 0.081 0.232

Songs 0.420 –

Alarm calls – 0.624
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represented another behavioural context. Therefore,

we used the first principle components extracted from

the SCTI and HTI data as our indices of aggressiveness

and boldness, respectively. All behaviours that were

included in the PCA loaded positively onto our factors

for aggression and boldness (Table 2). The factor that

was used for aggressiveness explained 36.0% of the

variance in the data, and the factor for boldness

explained 47.2% of the variance in the data (Table 2).

Relationships Among Aggressiveness, Boldness and

Provisioning Behaviour of Males

There was a significant positive relationship between

aggressiveness and boldness in male house wrens

(rs = 0.583, N = 31, p = 0.001, Fig. 1a). This result con-

firms the behavioural syndrome between aggressiveness

and boldness in house wrens. We then ran a GAMM

on parental care to examine its relationship with bold-

ness and aggressiveness while controlling for brood

size, time of day and egg-1 day (as an indicator of

time within the breeding season). There was a signifi-

cant negative relationship between aggressiveness

and male provisioning behaviour (r = �0.391,

N = 31, p = 0.0371, Fig. 1b). Individuals that were

more aggressive reduced their share of provisioning

visits that they made to nests. However, males’ bold-

ness scores were not related to their share of

provisioning of nestlings (r = �0.145, N = 31,

p = 0.3726, Fig. 1c). None of the co-variates included

in the model explained a significant amount of varia-

tion: brood size (p = 0.4200), time of day

(p = 0.9518) or egg-1 day (p = 0.7010). Finally,

structural body size (tarsus length) was not a signifi-

cant predictor for neither aggression (F1,28 = 0.055,

p = 0.816, r2 = 0.002), boldness (F1,28 = 0.014,

p = 0.917, r2 = 0.001), nor the male share of provi-

sioning behaviour (F1,28 = 1.586, p = 0.218, r2 =
0.064).

Discussion

We examined the aggression/boldness syndrome in

males in association with their proportion of the total

number of feeds they made. We found a significant

correlation between aggressiveness and boldness,

which we interpret as a behavioural syndrome for

these two behavioural traits. We also found that

aggressiveness was negatively related to the share of

provisioning that the male provided. Therefore, these

data suggest that there may be a trade-off between

male aggressiveness and the share of provisioning that

he provides, as suggested by Ketterson & Nolan

(1999), but not found in all bird species (e.g. Class &

Moore 2010). However, there was no relation

between boldness and the male’s share of provision-

ing. This is despite the possibility that the significant

relationship we found between aggressiveness and

boldness derives from common physiological
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Fig. 1: The correlation among aggressiveness, boldness and provision-

ing rates: (a) boldness versus aggressiveness, (b) male share of provi-

sioning versus aggressiveness and (c) male share of provisioning versus

boldness.
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processes involved in these behavioural responses

(Koolhaas et al. 2010).

This is among the first studies that have examined

provisioning effort in relation to personality and

behavioural syndromes in birds despite suggestions

that there may be links (Roulin et al. 2010). A recent

study found that there was no relationship between

exploration behaviour and provisioning behaviour in

great tits (Patrick & Browning 2011). Other studies

suggest that boldness and exploration behaviour are

positively correlated in many species (e.g., Groothuis

& Carere 2005). However, we do not know how bold-

ness relates to exploration behaviour in house wrens.

Therefore, more research is required to examine the

links between provisioning contributions towards

offspring and links with other aspects of birds’

behaviour.

It has also been recently suggested that trade-offs

between behavioural and life-history traits could lead

to correlational selection where traits are selected

together, thus leading to behavioural syndromes

(Stamps 2007). Aggressiveness and boldness may

facilitate faster development and younger age of

reproduction at the cost of higher mortality (Wolf

et al. 2007), although empirical evidence for this is

lacking. Another way this trade-off might be mani-

fested is in the mating strategies that males of different

behavioural types employ.

Although we collected no data on the house wren’s

breeding system, it is possible that there are different

breeding strategies among house wrens with different

behavioural types. Duckworth (2006) found that

more aggressive western bluebird males did not have

higher numbers of extra-pair young compared with

less-aggressive males and had lower overall reproduc-

tive success than less-aggressive males. This suggests

that more aggressive males are less effective at guard-

ing their primary mates during their fertile periods

because they may range over larger areas, but are

unable to compensate for their poorer mate guarding

by increasing their number of extra-pair copulations.

Male house wrens are also socially and genetically

facultatively polygynous (Forsman et al. 2008), and

so, bolder and more-aggressive males may also be

attempting to gain secondary females and extra-pair

matings. In bighorn sheep (Ovis canadensis), there is

evidence that bolder males may have greater repro-

ductive success than shyer males, although more

docile (i.e. less aggressive) males had lower levels of

reproductive success (Réale et al. 2009). Finally, a

study of a cooperative breeding cichlid (Neolamprolon-

gus pulcher) from Lake Tanganyika showed that some

helpers invest more in territory defence while others

invest more in territory maintenance. Interestingly,

the defending helpers were also more aggressive and

explorative than helpers that maintained territories

(Bergmüller & Taborsky 2007). These studies all

suggest that the aggressiveness/boldness syndrome

may be related to reproductive investment in males,

but more research is clearly required to establish these

links more fully and to determine how the aggressive-

ness/boldness syndrome relates to other behavioural

and life-history traits.

We also found no relationship between a male’s

boldness and his contribution to nestling provisioning.

While it is possible that individuals with different

behavioural types were taking food items of differing

size back to the nest, we find this unlikely (Wright

et al. 1998; Brodmann & Reyer 1999; Schwagmeyer

& Mock 2008; Barnett et al. 2011). An earlier study

(Barnett et al. 2011) in this population of wrens

found that food size was related to seasonal changes

in insect abundance rather than the males’ invest-

ment in parental care. Other studies that have

examined the relationship between boldness and

parental care and other aspects of parental care have

generally found that bold individuals have greater

levels of reproductive investment than less bold indi-

viduals. For example, bolder (in response to humans)

female Ural owls recruited greater numbers of off-

spring into the breeding population (Kontiainen et al.

2009). Bold and active male convict cichlids also

tended to provide more care to their offspring

(Budaev et al. 1999). Such results suggest that aggres-

siveness negatively affects parental care, whereas

boldness has a positive relationship with parental

care, and so, these two traits may be antagonistic with

one another. Our results also show that aggressive-

ness is negatively related to provisioning behaviour,

but that there was no relation between boldness and

provisioning. Therefore, more research is needed to

elucidate the relationship between the aggressive-

ness/boldness syndrome and the rest of the male’s

behavioural phenotype in house wrens.

In birds, male care is often essential in increasing

the condition and survivorship of nestlings (see Kett-

erson & Nolan 1994 for a review). We found that

more-aggressive males tended to reduce their contri-

butions to offspring care, suggesting a trade-off

between aggressiveness and parental care that is well

documented in avian species (Ketterson & Nolan

1999; Stoehr & Hill 2000; Tuttle 2003). Generally,

these studies find that males that invest more in

aggressive behaviour have fewer resources to invest

in provisioning their nestlings. However, Benus &

Rondigs (1996) found that aggressive female house
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mice (Mus domesticus) tended to nurse their pups more

than less-aggressive dams, but that this did not translate

to higher masses for pups of the more-aggressive

females. Therefore, it is evident that the associations

between both aggressiveness and boldness to provi-

sioning effort are complex.

There is growing evidence that the reproductive

success of pairs of birds can be related to their person-

ality or the mix of personality of both birds (reviewed

by Schuett et al. 2010). For example, a study in great

tits found that pairs of birds that were at the extremes

for exploration behaviour of a novel environment

(i.e. fast and slow parents) raised nestlings that were

larger, heavier and had higher levels of nest success

than birds with intermediate exploratory levels (Both

et al. 2005). Because we did not measure female

responses, we were unable to test how different pair

combinations of behavioural traits interact with one

another. However, females that were paired with

aggressive males contributed a greater proportion of

the total provisioning. While females do compensate

for males that provide little care (DeMory et al. 2010),

more research is required to understand how person-

ality is related to mate choice and reproductive suc-

cess in birds.

Our methods revealed no discrete styles of behav-

iour as have been found in other studies (e.g. Albers

et al. 1999; Carere et al. 2005). This may be because

our method of combining many different behaviours

may have reduced the apparent differences among

individuals so that the behavioural measures were

expressed along a continuum. However, it is possible

that there are discrete behavioural styles among indi-

viduals in our population. Indeed, one reason that

drew us to initiate this study in this species was the

propensity of a subset of ‘hyperbold’ individuals to

physically strike people as they approached their nests

for periodic checks. These hyperbold individuals also

tended to be consistent in their behaviour between

years, because banded males have been known to

strike nest checkers in different years (C. F. Thomp-

son, unpubl. data). Whether these hyperbold males

exhibit other behaviours that are unique and may be

considered unique behavioural styles requires further

study.

Behavioural syndromes might represent constraints

on the evolution of plasticity in behaviour (Riechert &

Hedrick 1993) or, alternatively, complex integrated

suites of behaviours that more fully reflect how

behavioural phenotypes are selected (Sih et al. 2004,

2010). Selection acts on the entire behavioural

phenotype of an individual, which makes studying

behaviours in an integrated manner an important

advance in increasing our understanding of how

selection acts on the behaviour of free-living animals.

This could lead to significant relationships developing

between parents’ wider behavioural phenotypes and

their provisioning behaviour (correlational selection

Price & Langen 1992). Here, we examined the aggres-

sion/boldness syndrome in male house wrens in

relation to their contribution to provisioning behav-

iour. Our results show that aggression and parental

care also form a syndrome because males’ contribu-

tion to parental care tended to decline with increased

aggressiveness. These data support the hypothesis

that there is a trade-off between aggressiveness and

a male’s provisioning effort. However, more research

is needed to elucidate the relationships between

boldness and the male’s wider behavioural phenotype.
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