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Context matters: female aggression and
testosterone in a year-round territorial

neotropical songbird (Thryothorus leucotis)

Sharon A. Gill*, Elizabeth D. Alfson and Michaela Hau
Department of Ecology and Evolutionary Biology, Princeton University, Guyor Hall, Princeton, NF 08544, USA

Testosterone promotes aggressive behaviour in male vertebrates during the breeding season, but the
importance of testosterone in female aggression remains unclear. Testosterone has both beneficial and
detrimental effects on behaviour and physiology, prompting the hypothesis that selection favours an
association between aggression and testosterone only in certain contexts in which intense or persistent
aggression may be beneficial. We tested this hypothesis in a year-round territorial female buff-breasted
wrens (Thryothorus leucotis), by exposing free-living females to experimental intrusions in different social
(either single female or male, or paired decoys) and seasonal (pre-breeding or breeding) contexts. Females
responded more aggressively to intrusions by females and pairs than to males. However, female intrusions
elicited stronger responses during pre-breeding, whereas responses to pair intrusions were more intense
during breeding. Territorial females had elevated testosterone levels after female intrusions and
intermediate levels after pair intrusions during pre-breeding, but the levels of testosterone remained low
after these intrusions during breeding. These results demonstrate seasonal differences in circulating
testosterone following territorial aggression in female buff-breasted wrens and are suggestive of differences
according to social context as well. Context-dependent elevation of testosterone implies that selection acts
directly on female vertebrates to shape patterns of testosterone secretion.
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1. INTRODUCTION
Although often assumed to be subtle and inconspicuous,
females of many vertebrate species behave aggressively in
several of the same contexts that elicit aggressive
behaviour in males. Females use aggression to acquire
and defend resources (e.g. nest sites and territories;
Prosen er al. 2004; Heinsohn er al. 2005), to defend
partnerships and protect access to paternal care (e.g.
Sandell & Smith 1997) and to defend their offspring
(e.g. Gill & Sealy 1996; Wolff & Peterson 1998).
Accordingly, aggressive behaviour can profoundly affect
the fitness of females (e.g. Koskela ez al. 1997; Kokita
2002), their mates (e.g. Sandell 1998) and their offspring
(e.g. Groothuis ez al. 2005; Dloniak er al. 2006).
Whereas the function of female aggression is being
increasingly understood, the physiological mechanisms
underlying aggressive behaviour have remained ambiguous
(e.g. Woodley & Moore 1999a; Elekonich & Wingfield
2000; Davis & Marler 2003; Goymann & Wingfield 2004;
Hay & Pankhurst 2005; Rubenstein & Wikelski 2005). In
male vertebrates, the sex steroid hormone testosterone (T)
promotes aggression during reproduction (e.g. Wingfield
et al. 1990; Hirschenhauser & Oliveira 2006; Hau 2007): T
concentrations are elevated early in the breeding season
when males establish territories and can increase further
following aggressive interactions with other males (but
see Caldwell er al. 1984; Moore et al. 2004; Van Duyse
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etal. 2004). Similar to patterns observed in males, female T
concentrations in many species are seasonally elevated
shortly after their arrival on the breeding grounds when
mates and territories are acquired (e.g. Woodley & Moore
1999a; Ketterson ez al. 2005). The few attempts to more
directly link T'with aggressive behaviour in females have led
to conflicting results: circulating T concentrations in
females are associated with aggression in some species
(e.g. Hegner & Wingfield 1986; Woodley & Moore 1999a;
Langmore er al. 2002; Desjardins ez al. 2006), but not in
others (e.g. Elekonich & Wingfield 2000; Davis & Marler
2003; Hay & Pankhurst 2005; Jawor ez al. 2006). However,
female hormones have been sampled after a variety of
natural and experimental encounters (e.g. naturally
occurring interactions, Hegner & Wingfield 1986;
Rubenstein & Wikelski 2005; male decoys, Schwabl
et al. 2005; female decoys, Woodley & Moore 1999aq;
Hay & Pankhurst 2005; multiple decoys, Wingfield &
Lewis 1993), raising the possibility that T differentially
modulates the female aggression depending on the
context in which it occurs.

Elevated concentrations of testosterone may have
beneficial effects in boosting aggressive behaviour or
some other aspect of territorial aggression, such as the
persistence of aggression (e.g. Wingfield 1994) or the
probability of winning subsequent aggressive encounters
(e.g. Opyegbile & Marler 2005). However, elevated
circulating T may also negatively affect female reproduc-
tive physiology and parental behaviour (e.g. Searcy 1988;
Fite er al. 2005; Rutowska er al. 2005). Hence, selective
pressures might be expected to favour increased secretion
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of testosterone in association with aggressive behaviour in
females only during certain contexts, and a dissociation of
T and aggression in others. Indeed in male vertebrates,
territorial aggression is differentially hormonally regulated
depending on the seasonal context (breeding versus non-
breeding seasons, e.g. Caldwell et al. 1984; Soma er al.
2000; Canoine & Gwinner 2002; Wingfield & Soma 2002;
Buck & Barnes 2003; Hau er al. 2004). Evidence is scanty,
but different endocrine mechanisms may regulate breed-
ing and non-breeding territorial aggression in females as
well (Schwabl 1992; Hau et al. 2004; Scotti et al. 2007).

Tropical birds are ideal systems to examine a possible
context dependence in the relationship between aggressive
behaviour and testosterone in females because in many
species females express robust territorial aggression,
including song, throughout the year. We investigated
the behavioural and hormonal responses of free-living
neotropical buff-breasted wren (Thryothorus leucotis)
females by presenting intruders in different social settings
(single female or male, or paired male and female
conspecifics) during two reproductive stages (pre-breeding
and breeding). Like males, female buff-breasted wrens
establish territories, are strongly territorial and sing
throughout the year (Gill 2003; Gill & Stutchbury 2006).
If hormones and aggression vary according to context, we
would expect more intense aggressive responses and
elevation in circulating T (i) during intrusions by single
females as they pose the greatest threat to the status of
female territory holders and (ii) during pre-breeding when
challenges to territorial status are more probable (Gill &
Stutchbury 2006; unpublished data), but not during the
breeding period when elevated T may interfere with
parental behaviour (Wingfield er al. 2001). This study is
one of the few to examine the influence of a combination of
social and seasonal situations on hormonal and aggressive
responses in a free-living female vertebrate and is unique
in testing this question in a neotropical species with a
year-round territoriality.

2. MATERIAL AND METHODS

We studied a population of buff-breasted wrens around
Gamboa, Panama (Gill & Stutchbury 2005) during portions
of the pre-breeding (12-29 March 2004, 19 February-21
March, 2005) and breeding (16 June 2004-13 July 2004)
seasons. Pre-breeding observations were made approximately
four to six weeks prior to the onset of rains, which mark
the start of breeding in buff-breasted wrens (S. A. Gill,
unpublished data). With regard to territoriality, male and
female buff-breasted wrens are behaviourally similar, as both
sexes sing (during highly coordinated antiphonal duets or
when alone producing solo songs) and establish territories,
and lone individuals of both sexes maintain their territories
after mate loss. Once they have bred, males and females are
highly faithful to their territories and mates (Gill 2003; Gill &
Stutchbury 2006).

(a) Stmulated territorial intrusions

to free-living birds

We simultaneously presented live, caged decoys and song
playbacks to free-living buff-breasted wrens in the approxi-
mate centre of their territories for 30 min (simulated
territorial intrusions, hereafter STIs; female decoy: pre-
breeding, n=14; breeding, n=12; male decoy: pre-breeding,
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n=_8; breeding, n=12; paired decoys: =28 for both stages).
Both male and female territory holders were present during
these experiments; we present data on male responses
elsewhere (S. A. Gill & M. Hau 2004-2005, unpublished
data). We used two groups of focal females (one tested with
both single male and female decoys, the second tested with
paired decoys only), and within each group, we performed
STIs on the same pairs in the pre-breeding and breeding
seasons when possible (for a maximum of two STIs per pair
per season, separated by 9—10 days). Over the course of the
study, banded individuals disappeared and accessibility of
territories changed between seasons; thus, the number of
STTs used in paired comparisons (see below) was less than the
total number of experiments performed.

We coupled the presentation of decoys with playbacks of
sex-specific solo songs (for male and female decoys) or duets
(for paired decoys) using vocalizations recorded in 1998 by
SAG. Each playback (n=5 per song type) consisted of a
single vocalization from one individual or pair, repeated every
30s (mean =+s.d. song duration=4.2+0.73s) for 5 min,
with the playback loop repeated six times for a total of 30 min.
Before the start of trials, we set two to four mist nets in the
area in which the decoys were placed; these nets remained
closed during the STIs. We set cage(s) and a speaker near the
nets (less than 1m), and one of us then uncovered the
decoy(s) while SAG initiated the playback tape and began
behavioural observations. After 30 min of observation, we
removed the decoy(s). We then opened the mist nets and
attempted to catch focal birds using either the same stimulus
tape or one consisting of duet playback, or both. We recorded
the time at which the focal birds were caught to calculate total
duration of playback to which the birds were exposed (30 min
STI plus duration of playback until capture). We did not
present heterospecific STIs as controls because they typically
do not elicit any behavioural or hormonal responses (e.g. Hau
et al. 2004), but based on prior experience with this species
and casual observations prior to STIs, the experiments
elicited robust aggressive responses from females (S. A.
Gill, personal observation). For hormonal responses to STTs,
we compared experimental females with females randomly
captured at similar times of day in 2004-2005.

Most individuals were not banded at the onset of our
experiments in 2004; all received three coloured and one
numbered aluminium band after capture. We sexed all
individuals based on sex-specific songs (Gill er al. 2005)
during observations and on body size once captured; within
pairs, males are larger than their mates in wing chord, tarsus
length and mass (Gill & Vonhof 2006).

(b) Behavioural responses

We classified buff-breasted wren responses according to
previous observations (Gill 2003; Gill er al. 2005). We
calculated the latency (s) to first response as the time from
the beginning of the playback to the first female song or
approach within 10 m of the decoys. We recorded time (s)
females spent within 5 m of the decoy cages and time (s)
spent on the decoy cages. As individuals differed in response
latencies, we corrected for differences by presenting these
data as the proportion of time during STIs that females
spent within 5m of the decoys or on the cages. We
calculated female song initiation rate as the number of
duets initiated by females plus the number of solo songs by
females given during an STI. Song initiation rate was
expressed as the number per minute to correct for individual
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differences in latency of response. Responses of buff-breasted
wrens were recorded in real time on audiotapes by SAG and
transcribed onto data sheets later.

(¢) Blood sampling and hormone measurement

We took small blood samples (150-250 pl) from individuals
by puncturing the brachial vein with a sterile 26 guage needle
within 10 min of capture (mean+s.d.=6.1+5.1 min,
n=44). Blood was collected in heparinized microcapillary
tubes, expelled into labelled Eppendorf tubes and then stored
on ice until return from the field, at which time blood was
spun for 5-6 min in a microcentrifuge (within 3 h). The
plasma portion of the blood was aspirated using Hamilton
syringes and frozen at —20°C. We transported the samples on
dry ice from Panama to the USA under permission from
Panamanian and US authorities.

We extracted steroids from plasma using 5 ml re-distilled
dichloromethane in a single extraction. Unlike other species
with which we have worked, we did not observe lipids in the
plasma of pre-breeding or breeding females, suggesting that
lipid interference was minimal. Steroids were partially
purified using column chromatography to separate T from
other steroids and T concentrations were determined in two
radioimmunoassays, according to Wingfield & Farner (1975)
and Wikelski ez al. (1999). Samples were positioned randomly
within the assays with respect to date and STT type. Overall
recoveries were determined by adding 20 ul labelled T to
samples prior to extraction and calculating the percentage of
labelled T detected after separation; recoveries for the assays
were 71.0 and 72.9%. Lower detection limits of the assays
were determined by setting up standard curves with serially
diluted concentrations of stock T, and then estimating the
concentrations of the standard curve using the four-
parameter logistic curve fit in IMMUNOFIT v. 3.0 (Beckman
Inc., Fullerton, CA). The lower detection limits of the
standard curves was set as the first value outside the 95% CI,
and equalled 0.02 and 0.06 ng ml~! for the two assays. The
intra-assay coefficient of variation (CV) averaged 4.3% for
the two assays and was determined by including one cold
standard of the same concentration at the beginning and end
of the RIA. Inter-assay CV was 7.5% and was determined by
averaging CVs between assays for each of four cold standards.

For a small subset of females during the pre-breeding
period only (#=8), we determined baseline corticosterone
concentrations within 3 min of capture. Laboratory
procedures were as above, except that we performed a single
direct radioimmunoassay after extraction (recovery==88.7%).
Owing to the reduced sample size, we cannot analyse whether
plasma corticosterone is related to female aggression in the
same way as testosterone. However, within this subset of
females, there was no relation between plasma T and
corticosterone after STIs (log-transformed data, Pearson
correlation coefficient, r=0.066, n=8, p=0.9).

(d) Data analysis

Data were analysed using SPSS v. 12.0 (SPSS Inc., Chicago,
IL) and presented as mean +s.e. When analysing behavioural
data, we used non-parametric tests as assumptions of
normality, and equality of variances were not met in the
original dataset or after transformation (i.e. log, square root
or reciprocal). Within-group, paired comparisons were
analysed using Wilcoxon matched pairs tests, whereas
comparisons between groups were unpaired and analysed
using Mann—Whitney tests.
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We used general linear models (GLLM) and Bonferroni posz
hoc tests to analyse plasma T concentrations after log-
transforming the data. We could not group hormone data for
analyses because we did not capture all females that received
STIs; thus, plasma T concentrations were compared among
experiments, within seasons using univariate GLM and
between seasons using unpaired z-tests. We calculated estimates
of power (8) and effect size («w for ANOVA and r for r-tests, Field
2005) for the hormone analyses owing to low sample sizes.
Effect sizes provide a standardized measure of the magnitude of
an effect regardless of statistical significance (Field 2005); thus,
we used them to assess the relative size of the effect of social and
seasonal contexts of female T concentrations. Hormone
samples below the limit of detection of our assays were set at
the minimum detection limit for statistical analyses.

3. RESULTS

Female territory owners responded to 93.5% of STT trials
(n=62). Females approached within 10 m of caged decoys
during 96.2% of female STIs (n=26), 85% of male STIs
(n=20) and all pair STIs (n=16; x3=3.82, p=0.2).

(a) Behavioural responses to male versus female
intruders

Females responded to single decoys rather quickly in both
reproductive periods (Wilcoxon matched-pairs tests, pre-
breeding: Z=1.68, n=8, p=0.09; breeding: Z=1.73,
n=12,p=0.08; figure 1). Female territory owners initiated
more songs during female than male STIs regardless of the
time of year (pre-breeding: Z=2.51, n=8, p=0.012;
breeding: Z=2.59, n=12, p=0.01). Moreover, females
spent a greater proportion of trials within 5 m of female
than male decoys during pre-breeding (Z=2.51, n=S8,
p»=0.012), although when breeding, there was little
difference between STIs in close approach (£=0.71,
n=12, p=0.48). During both stages, females perched on
cages holding females, at which time they chased and
occasionally attempted to attack the decoys. Females
neither perched on cages holding males nor attacked
male decoys.

(b) Behavioural responses to single versus paired
intruders

During pre-breeding, females responded similarly to
female STIs and pair STIs in all aggressive responses
(Mann—Whitney tests, Z<1.64, n=22, p>0.1; figure 1).
By contrast, females responded more strongly to pair STIs
than male STIs during this period, as they spent a greater
proportion of trials within 5 m of decoys (Z=3.02, n=16,
p»=0.001), initiated more songs (£=3.26, n=16,
»=0.0001) and only sat on decoy cages during pair
STIs. There was no difference in response time between
pair and male STI (Z=1.37, n=16, p=0.2).

When breeding, females spent a greater proportion of
trials within 5 m of the decoys during pair STIs than
both female (Z=3.37, n=20, p=0.001) and male STIs
(Z=3.14, n=20, p=0.002). Whereas females tended to
respond more quickly (£=2.93, n=20, p=0.054) and
they initiated more songs (Z=2.01, n=20, p=0.047)
during pair than male challenges, there was no difference
between pair and female STIs in these responses
(Z<1.09, n=20, p>0.3), nor the proportion of trials
spent on cages (£=1.52, n=20, p=0.2).
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Figure 1. Female buff-breasted wrens were significantly more aggressive during pair and female intrusions than male intrusions
during both pre-breeding (grey bars) and breeding (white bars) periods (see text for details and sample sizes). (a) Latency (s) to
show first response to intrusions. (b) Song initiation rate (songs min~'). (¢) Proportion of trial spent within 5 m of the decoy(s).
(d) Proportion of trial spent on the decoy cage(s); females never sat on cages during male STIs. The line separates experiments

performed on two different groups of females.

(¢) Effect of breeding stage on responses

to intruders

Comparing female STIs between the two stages, females
responded more aggressively to female decoys during
pre-breeding than breeding, as they spent a greater
proportion of trials within 5 m of the decoy (£=2.63,
n=11, p=0.009) and initiated more songs (£=1.96,
n=11, p=0.05) during pre-breeding. Neither the latency
of first response (£=0.18, n=11, p=0.9) nor the
proportion of the trial spent on the cage (Z=1.26,
n=11, p=0.2) differed between stages.

During male STIs, by contrast, females initiated more
songs (Z=2.37, n=8, p=0.02) and tended to respond
more quickly (Z=1.82, n=8, p=0.07) during breeding
than pre-breeding. There was no difference between
stages in the proportion of trials spent within 5 m of
male decoys (Z=1.35, n=8, p=0.2).

Finally, females responded more aggressively to paired
intruders during breeding than pre-breeding, as they spent
more time within 5 m of the decoys (Wilcoxon matched-
pairs tests, Z=2.21, =6, p=0.027), initiated more songs
(Z=1.99, n=6, p=0.046) and tended to spend a greater
proportion of trials on the cages (Z=1.75, n=6, p=0.08)
when breeding (figure 2). There was no difference
between stages in the latency to respond to paired
challengers (Z=0.73, n=6, p=0.5).

(d) Hormonal responses to STIs

We captured a total of 38 female territory holders
randomly (as controls) and after STIs. Plasma T was
detectable in 87% of females (=38). However,
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detectability differed among females: in over one-third of
females caught after pair STIs (36.4%, n=11) and
random capture (42.9%, n=7), T levels were non-
detectable, whereas all females caught after single female
(n=14) or single male (n=6) STIs had detectable T
concentrations (x2=9.65, p=0.022; figure 2).

Unchallenged (control) females had very low concen-
trations of circulating T (mean+s.e.=0.06 +0.01 ng ml ™~ ?,
n=6; figure 2). Only one female was captured after
male intrusions in the pre-breeding season (plasma T=
0.21 ngml ™ !; this female was excluded from statistical
analyses). Plasma T concentrations differed significantly
among females exposed to different types of intrusions
during the pre-breeding season (ANOVA, F(, 5=5.93,
$»=0.011), with STT type having a large effect on female
T levels (w=0.57). Post hoc tests revealed that pre-breeding
females exposed to female intrusions had elevated concen-
trations of T compared with control females. T titres were
intermediate after pair STIs: they did not differ from T
titres of females exposed to female intrusions or of control
females. During the breeding period, plasma T concen-
trations were not statistically significantly different among
females exposed to different STIs (figure 2; F(5 ;5,=2.66,
p»>0.1, 6=0.44). However, STI type had a moderate effect
on female T levels during breeding (w=0.41), suggesting
that the differences in T levels among experimental females
may be biologically relevant, but not statistically significant
owing to sample size.

There was a seasonal difference in plasma T levels of
female territory owners after STIs. During the pre-
breeding season, females had higher T concentrations
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Figure 2. Concentrations of plasma testosterone (ng ml~ ') in
female buff-breasted wrens after simulated territorial intru-
sions during pre-breeding and breeding seasons. Bars refer to
mean plasma testosterone concentrations (+s.e.), whereas
circles indicate plasma testosterone concentrations of individ-
ual females (grey bars and filled circles, pre-breeding; white
bars and open circles, breeding). Numbers above the bars refer
to the percentage of females exposed to each intrusion type in
which testosterone was non-detectable in the assays.
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Figure 3. During the pre-breeding period, concentrations of
plasma testosterone (ng ml™ ') in female buff-breasted wrens
were positively correlated with the duration of playback to
which females were exposed (Spearman rank correlation,
p=0.4345, n=21, p=0.049).

compared with the breeding season after both female
(t=2.56,d.f.=13, p=0.013) and paired decoys (t=2.35,
d.f.=9, p=0.043). Seasonal differences in T responses
were of moderate effect size for both female (w=0.28) and
pair STIs (w=0.34).

The duration of exposure to territorial intrusions was
related to female T concentrations during pre-breeding
(figure 3, Spearman rank correlation, p=0.43, n=21,
$»=0.049), but not during breeding (p=0.01, =17,
$>0.9). No aggressive behaviour was correlated with
female T concentrations during either period (p>0.2).

4. DISCUSSION

We found that aggression and circulating testosterone in
female neotropical buff-breasted wrens varied with the
context of territorial challenges. Overall, females reacted
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more aggressively to simulated intrusions by single female
and pair decoys than single male decoys. These responses
varied seasonally, with more intense aggressive behaviour
to female intrusions during pre-breeding, but more
intense responses to pair and male intrusions during
breeding. After challenges by female intruders during pre-
breeding, territorial females had higher circulating T than
unchallenged females, whereas T levels of females exposed
to pair intrusions at this stage were intermediate between
unchallenged females and those that interacted with
female intruders. However, the intense aggressive
responses by territorial females elicited by pair intrusions
at breeding were not accompanied by an elevation in
plasma T. These results suggest that T may facilitate
aggression in female buff-breasted wrens when challenged
by same sex and paired intruders during pre-breeding, but
probably not during breeding when other mechanisms
may be important. Thus, the hypothesis that female
aggressive behaviour is accompanied by an elevation in T
only during particular contexts is supported.

(a) Context dependence in aggressive behaviour
Female buff-breasted wrens responded aggressively to all
intruders, indicating that same and opposite sex, and
paired, intruders were perceived as threats to territorial
ownership, partnerships or both. However, females were
more aggressive to female and pair intruders than males,
particularly during the pre-breeding period. During this
time, territory holders are more likely to encounter
challenges from prospecting birds than once breeding
has commenced because (i) offspring of both sexes that
delayed dispersing from their natal territories through the
non-breeding period typically do so during pre-breeding
(Gill 2004; S. A. Gill & B. J. M. Stutchbury, unpublished
data), (ii) territory holders are more likely to switch mates
and territories during this time (Gill & Stutchbury 2006),
and (iii) territorial vacancies are rapidly replaced during
pre-breeding, but not breeding, suggesting that more
floaters are prospecting for territories at that time (S. A.
Gill & B. J. M. Stutchbury, unpublished data). Thus,
female buff-breasted wrens responded more aggressively
to female and pair intruders at the time when the
likelihood of encountering prospecting females was
elevated and the benefits of intense, persistent aggressive
responses are likely to be greater. Interestingly, aggression
to female and pair intruders was similar during pre-
breeding, suggesting that females may have been
responding primarily to the presence of the female
decoy of the pair.

Male intrusions elicited relatively weaker aggressive
responses from females during both periods, mirroring
many studies that find greater intra- than intersexual
aggression (e.g. Sandell 1998; Mougeot et al. 1999;
Boydston er al. 2001; Hau ez al. 2004; Hay & Pankhurst
2005). Female aggression towards male intruders may
function to defend their mates against eviction by
prospecting males, which would be advantageous if
staying with current partners confers some benefit, such
as increased reproductive success with a familiar mate
(e.g. van de Pol er al. 2006). Similar to non-territorial
females, encounters with non-territorial males should be
more prevalent during pre-breeding, leading to the
prediction that female aggression should be more intense
then than during breeding. However, females were more
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aggressive to male challenges at the latter stage. Instead,
this finding is consistent with the hypothesis that females
respond aggressively to male intruders to maintain access
to paternal care, as both parents are required to
successfully fledge offspring and individuals that take
over territories do not assist in rearing already completed
clutches or broods (Gill 2003).

We did not remove males before conducting STTIs; thus,
it is possible that males may have influenced the
behavioural (e.g. Mougeot et al. 1999) as well as the
hormonal (Canoine & Gwinner 2005) responses of their
partners. Paired birds were typically in close proximity
during STIs, and some aggressive responses (e.g. time
spent close to the decoys), but not others (e.g. song
initiation rates), were consistently highly correlated within
pairs (S. A. Gill & M. Hau, unpublished data). However,
rather than males influencing the behaviour of their mates,
it appears that the reverse may be true, as males responded
more intensely to social challenges involving female than
male decoys (S. A. Gill & M. Hau, unpublished data).
Moreover, males did not closely guard their partners
during male compared with other intrusions, nor did we
witness within-pair aggression or copulation solicitation
during male STIs (S. A. Gill & M. Hau, unpublished
data). Thus, males appeared to be defending their mates
from usurpation by non-territorial females, rather than
guarding them against pursuit by intruding males. The
apparent lack of mate defence by males during male
intrusions is consistent with findings that buff-breasted
wrens exhibit a low incidence of extra-pair paternity even
in the absence of paternity guards (Gill ez al. 2005).

(b) Context dependence in testosterone response
After female and pair intrusions during pre-breeding,
territorial females had elevated T levels relative to
unchallenged or breeding females. By contrast, the intense
aggressive responses to pair intrusions during breeding
were not accompanied by increases in circulating T.
Moreover, the duration of challenge to which females
were exposed was positively related to circulating T during
pre-breeding, but not breeding. These results suggest a
seasonal difference in the secretion of T during aggressive
encounters in female buff-breasted wrens. T may be
involved in mediating high-intensity aggression in females
during pre-breeding at which time the likelihood of
territorial challenges and potentially territory loss is
elevated (Gill 2003; Gill & Stutchbury 2006). During
this period, T might act to facilitate the persistence of
aggression (Wingfield 1994) or to increase the probability
of winning future aggressive encounters (Oyegbile &
Marler 2005). Indeed, periods of elevated plasma T
coincide with heightened aggression in females of other
species (e.g. Woodley & Moore 1999a; Desjardins et al.
2006), although the action of T may be indirect following
its conversion to oestradiol (Woodley & Moore 1999b).
Experimental manipulation of T levels in female buff-
breasted wrens is necessary to determine the function of
these increases in T following territorial encounters.
Context-dependent increases in T suggest that alterna-
tive hormonal mechanisms support female territorial
aggression during the breeding season. If T promotes
persistent territorial aggression in female vertebrates, as it
does in males (e.g. Wingfield 1994), prolonged territorial
encounters might compromise the time females spend on
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caring for their offspring (Fite er al. 2005, but see
Clotfelter et al. 2004). Both short-term and prolonged
elevated T levels may also interfere with other aspects of
reproduction, such as egg production and brood patch
development (Searcy 1988; Clotfelter et al. 2004;
Rutowska ez al. 2005). This might compromise reproduc-
tive success of females and may select against an
association between T and aggression during breeding.

Relative to temperate-zone species (Ketterson et al.
2005), circulating levels of T in unchallenged (and
challenged) female buff-breasted wrens were low.
Although few data exist at present, T levels in female
buff-breasted wrens appear on par with T concentrations
in females of other tropical species (Wikelski et al. 2003;
Goymann & Wingfield 2004; see also Goymann et al.
2004). The function of these low T concentrations in
females needs more study, but evidence is emerging that
even low T concentrations might exert biological actions.
For example, in male neotropical spotted antbirds
(Hylophylax naevioides), androgen and oestrogen receptors
in brain regions associated with aggressive and reproduc-
tive behaviour are upregulated during the non-breeding
period, which may increase the sensitivity of the brain to
very low concentrations of sex steroids (Canoine ez al.
2007). Furthermore, females of sex-role reversed afro-
tropical black coucals (Centropus grillii) have lower
circulating T levels than males despite being more
aggressive, but have a higher density of androgen receptors
in brain regions associated with aggressive behaviour
compared with males (Goymann & Wingfield 2004;
Voigt & Goymann 2007).

Recent comparative analyses have suggested that T
concentrations of females reflect a correlated response to
direct selection on T levels in males, rather than direct
selection on females themselves (Ketterson ez al. 2005;
Mank 2007). Whereas absolute T concentrations in
females might be the result of correlated evolution, our
present data suggest an association between territorial
aggression and T in female birds in some contexts and a
dissociation between them in others. These findings may
point to natural selection acting directly to shape patterns
of testosterone secretion in female vertebrates.
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