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Testosterone is assumed to be the key hormone related to resource-defence aggression.While this role has been

confirmed mostly in the context of reproduction in male vertebrates, the effect of testosterone on the

expression of resource-defence aggression in female vertebrates is not so well established. Furthermore,

laboratory work suggests that progesterone inhibits aggressive behaviour in females. In this study, we

investigated the hormonal changes underlying territorial aggression in free-living female African black coucals,

Centropus grillii (Aves; Cuculidae). Females of this sex-role reversed polyandrous bird species should be

particularly prone to be affected by testosterone because they aggressively defend territories similar to males of

other species. We show, however, that territorial aggression in female black coucals is modulated

by progesterone. After aggressive territorial challenges female black coucals expressed lower levels of

progesterone than unchallenged territorial females and females without territories, suggesting that

progesterone may suppress territorial aggression and is downregulated during aggressive encounters. Indeed,

females treated with physiological concentrations of progesterone were less aggressive than females with

placebo implants. This is one of the first demonstrations of a corresponding hormone–behaviour interaction

under challenged and experimental conditions in free-living females. We anticipate that our observation in a

sex-role reversed species may provide a more general mechanism, by which progesterone—in interaction with

testosterone—may regulate resource-defence aggression in female vertebrates.

Keywords: territorial aggression; females; testosterone; progesterone; sex-role reversal;

classical polyandry
1. INTRODUCTION

Testosterone represents a key hormonal player in the

modulation of resource-defence aggression in males

(Harding 1981; Balthazart 1983; Wingfield et al. 1990,

2006; Wingfield & Silverin 2002; Oliveira 2004;

Hirschenhauser & Oliveira 2006; Hau 2007) and is often

assumed to play a similar role in females. Testosterone

levels of females sampled after experimental encounters

with female decoys increased in some instances (Desjardins

et al. 2006; Gill et al. 2007) but not in others (Elekonich &

Wingfield 2000; Davis & Marler 2003; Rubenstein &

Wikelski 2005; Jawor et al. 2006; see also review

in Voigt & Goymann 2007). Thus, testosterone may be

affected differently depending on the species or context

(see also Gill et al. 2007), just as in males (see reviews in

Goymann et al. 2007 and Landys et al. 2007). Similar to

males, testosterone implants may increase song and

aggression in female birds (reviewed in Staub & de Beer

1997; Fusani et al. 2003; Ketterson et al. 2005; but see

Kriner & Schwabl 1991). Yet, it is important to note that

many testosterone implantation studies aimed at investi-

gating the pharmacological mechanisms of testosterone

action (and often use females as a model for males to

distinguish organizational from activational effects).

Hence, the testosterone levels generated by such implants
r for correspondence (goymann@orn.mpg.de).

13 December 2007
11 January 2008

1053
often by far exceed the levels present in the circulation of

unmanipulated females. As a consequence, the results of

such pharmacological studies—while being interesting as

such—may be of limited relevance for questions related

to effects of physiological levels of testosterone in

ecologically relevant contexts. Recently, however, Sandell

(2007) demonstrated that free-living female European

starlings (Sturnus vulgaris) treated with presumably

physiological levels of testosterone respond more aggre-

ssively towards female competitors than controls, indi-

cating that testosterone mediates aggressive behaviour in

female starlings.

While testosterone facilitates territorial aggression in

males, the main effect of steroid hormones on female

aggression has been instead described as suppressive

(Simon 2002). For example, high-dosage injections of

progesterone decrease territorial aggression in captive

female rodents that have had their ovaries removed (Fraile

et al. 1988; Meisel et al. 1988; Meisel & Sterner 1990;

Kapusta 1998; Kohlert & Meisel 2001). Yet again, the

focus of most of these studies was pharmacological, using

implants that often exceeded progesterone levels present

in the circulation of unmanipulated females. During

experimental challenges progesterone levels have been

described to decrease in some species (Davis & Marler

2003), whereas there was an increase (Rubenstein &

Wikelski 2005) or no change at all in others (Elekonich &

Wingfield 2000).
This journal is q 2008 The Royal Society
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We are convinced that the conundrum of the hormonal

control of female aggression will only be solved when we

use physiological levels of hormones and apply them in an

ecologically relevant context (e.g. Sandell 2007). This is

why we decided to study and manipulate territorial

aggression in intact free-living black coucals. Black coucals

(Centropus grillii) are non-parasitic cuckoos (Cuculidae)

and belong to the less than 1% of bird species with

reversed sex roles in which females compete over males

who raise the offspring. Female black coucals are 70%

larger than males and display conspicuous ‘male-like’

behaviours, such as aggressive defence of breeding

territories and singing. Moreover, they typically mate

with more than one male in a breeding system termed

classical polyandry (Vernon 1971; Goymann et al. 2004,

2005). Black coucals thus represent an excellent model

system to study the hormonal modulation of resource-

defence aggression in females. Analogous to males,

testosterone represents an obvious candidate for the

modulation of territorial aggression in females of sex-role

reversed species. However, in all those species investigated

so far—including black coucals—males have far higher

levels of testosterone than females, thus resembling

socially monogamous birds with conventional sex roles

(reviewed in Eens & Pinxten 2000; Goymann & Wingfield

2004). Furthermore, GnRH injections in female black

coucals did not elevate testosterone concentrations

(Goymann & Wingfield 2004), indicating that testoster-

one may not increase during territorial challenges. The

aim of this study was to elucidate the hormonal

mechanisms that regulate female aggression. First, we

elicited aggressive behaviour in free-living female black

coucals using a standardized stimulus (a simulated

territorial intrusion or STI)—induced by placing a stuffed

female black coucal (the decoy) into a focal female’s

territory and playing back the two main vocalizations

typically uttered by females during territorial displays.

After the challenge, we caught the focal female to take a

blood sample for steroid hormone measurements. Having

identified progesterone as the main hormone influenced

by such challenges (see §3), we then as a next step

manipulated progesterone levels to test for a causal

relationships between territorial aggression and this

hormone.
2. MATERIAL AND METHODS
(a) Study area

We studied black coucals in the Usangu plains in south-

western Tanzania (8841 0 S, 3485 0 E; for details see Goymann

et al. 2004). The experiments were conducted between

January and February 2004, February and April 2006

(hormonal response to STIs), and February and March

2007 (progesterone implant study).

(b) Hormonal response to STIs with female

black coucals

STIs were conducted with one of two stuffed female black

coucals. We played back territorial vocalizations of a female

(‘whoot’ and ‘k’tuc’; see Goymann et al. 2004) with a Sony

TCD-D100 DAT-recorder and a Pignose 7-100 speaker

placed underneath the stuffed decoy using recordings. For

each trial, we selected one playback out of seven recorded

from seven different females. After onset of the playback, we
Proc. R. Soc. B (2008)
collected for 15 min the following behavioural responses

towards the decoy: latency to respond (time interval between

onset of playback and first movement towards the decoy),

closest approach (the estimated closest perching distance

between territory owner and decoy), number of attacks and

flights over the decoy, and the number of whoot and k’tuc

vocalizations. After the 15 min observation period we briefly

interrupted the playback, opened a mist net close to the decoy

and then continued the playback to attempt to catch the focal

female. We successfully caught 7 of the 11 tested females after

a mean catch time (mean G s.e.m.) of 26.7G3.1 min (range

22–45 min). A 10-min challenge is the minimum time

required to measure changes in plasma sex steroids in

response to STIs in male song sparrows (Wingfield & Wada

1989). Assuming a similar time window for female black

coucals, we compared steroid hormone levels of these 7 STI

females to those of 17 unchallenged territorial females either

caught passively without playback (nZ7) or with a short

playback of less than 8-min duration (nZ10; mean catch

timeGs.e.m.Z3.9G0.9 min). Because hormone levels of the

two categories of control females did not differ, we pooled the

data into one control category. In addition, as a third

category, we included four non-territorial female floaters

that were caught passively in the comparison of hormones

(none of the results change when this third category is

excluded). The plasma hormone levels of these behaviourally

very cryptic birds supposedly reflect the levels of a completely

non-territorial context. Blood samples of all birds (STI-

challenged and controls) were usually taken within 3 min

after capture (meanGs.e.m.Z2.8G0.3 min). For the analysis

of corticosterone, we included only those 11 controls and all 7

STI-challenged birds that were bled within less than 3 min

after capture (1.7G0.1 min). The STI and control birds did

not differ in body mass (separate variance t-test: t10.0Z0.525,

pZ0.525), tarsus (t14.9Z0.853, pZ0.407) or wing length

(t13.1Z0.765, pZ0.458), indicating that we did not select for

a specific class of females when we conducted the STIs.

(c) Effect of progesterone on territorial aggression

of female black coucals

In 2007, we caught 16 female black coucals using mist nets

and playback, which were alternately assigned either to the

control or the experimental group. Because only territorial

females respond to playback we could exclude capturing

non-territorial females. Upon capture they were measured

(Goymann et al. 2004) and ringed with a numbered

aluminium ring (Vogelwarte Radolfzell; size G) and

coloured plastic rings for individual identification. Females

(nZ8) assigned to the progesterone group and those

assigned to the control group (nZ8) did not differ in

body mass (t13.6Z0.867, pZ0.401), tarsus (t13.4Z0.165,

pZ0.871) or wing length (t13.4ZK0.950, pZ0.359). Also,

the latency between the onset of playback and capture was

not different between birds assigned to the progesterone-

and control group (t14.0Z1.308, pZ0.212), suggesting that

birds were equally likely to respond to a STI before the

treatment. Females were implanted with time release pellets

from Innovative Research of America (Sarasota, FL).

Individuals of the control group received a placebo pellet

and individuals of the progesterone group received a 21-day

constant release pellet containing 7.5 mg of progesterone

with a release rate 0.35 mg dK1. Pellets were applied

through a small incision of the skin on the lower back

which was closed with tissue glue (Histoacryl, Braun
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Figure 1. MeanGs.e.m. concentrations of progesterone in
ng mlK1. Females subjected to STIs had significantly lower
levels of progesterone than territorial females not subjected to
STIs and non-territorial females. For graphical presentation,
data were back-transformed resulting in asymmetrical stan-
dard error bars. Numbers above bars indicate sample sizes.
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Surgical; GmbH). Because coucals spend a lot of time

hidden in dense vegetation they cannot be located reliably

based on sight. Hence, before release, black coucals were

fitted with a radio transmitter as described in Goymann

et al. (2004). All females were then monitored on a daily

basis for at least three weeks to observe their territorial and

mating status. After 3–4 days of implantation, territorial

aggression between control- and progesterone-implanted

female black coucals was tested by STIs as described above

and the behaviour was recorded for 15 min. The initial

distance between the focal bird and the decoy did not differ

between progesterone-treated and control birds (t10.5Z1.3,

pZ0.223), i.e. the possibility for each bird to detect and

respond to the auditory and visual stimuli was similar for

both treatment groups. Vocalization data were only available for

seven control and seven progesterone-treated females. Territory

sizes were calculated as described in Goymann et al. (2004)

using 13.2G0.8 GPS data points for the calculation.

The effectiveness of the progesterone pellets was tested by

implanting them into female Japanese quail (Coturnix

japonica) that are slightly larger than black coucals. We used

quail instead of coucals, owing to logistic and animal welfare

considerations. It would have been necessary to keep coucals

in captivity for at least 3 days. In quail, the progesterone

pellets significantly increased levels of progesterone from

0.8G0.5 ng mlK1 (range: 0.5–3.0 ng mlK1) before implan-

tation to 2.0G0.5 ng mlK1 (1.4–4.0 ng mlK1) after 3 days

of implantation (one-tailed paired t-test, nZ5, tZ3.523,

pZ0.012), indicating that the increase was within a

physiological range. The maximum value of progesterone

we measured in a female black coucal was 10 ng mlK1

(C. Muck & W. Goymann 2005, unpublished data).

(d) Hormone assays

Radioimmunoassays of progesterone (P4), testosterone (T),

dihydrotestosterone (DHT), oestradiol (E2) and corticos-

terone (Cort) were performed using a modification

(Goymann et al. 2001) of the method established by

Wingfield & Farner (1975). All samples were analysed in

two assays. The detection limits were 4.9–6.7 pg per tube for

P4, 0.6–0.8 pg per tube for T, 1.1–1.4 pg per tube for DHT,

0.5 pg per tube for E2 and 6.1–6.8 pg per tube for Cort. The

intra-assay variations were 10.4 and 5.7%, 3.2 and 8.9%, 9.3

and 3.4%, 15.8 and 16.4%, 11.2 and 10.0% for P4, T, DHT,

E2 and Cort, respectively. Inter-assay variations were 2.4,

13.1, 4.7, 16.7 and 10.8% for P4, T, DHT, E2 and Cort,

respectively. All except three samples for oestradiol were non-

detectable and thus not included in the statistical evaluation.

(e) Statistical analyses

Statistical analyses were performed with SYSTAT v. 12 (Systat

Software, Inc., Erkrath, Germany). Data and model residuals

were tested for normality. If necessary, data were transformed

to meet criteria for parametric statistical tests (general linear

models or separate variance t-tests). Data on closest approach,

territory size, T, DHT and Cort levels were log-transformed,

P4 data were transformed using a reciprocal square root

transformation (Lamprecht 1992). If transformation was not

feasible (catch latency, approach latency and k’tuc rate) we

followed the recommendation of Ruxton (2006) and

performed the separate variance t-test on ranks. Data are

presented as meanGstandard error (s.e.m.) or medianG

quartiles; the significance level was set at aZ0.05. The p

values are two-tailed for comparison of hormones during the
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STI tests. Based on the results of the STI tests, we expected a

decrease in aggression when manipulating progesterone and

thus used one-tailed tests for the comparison between placebo

and progesterone-implanted female black coucals.
3. RESULTS
Female African black coucals showed a clear aggressive

response immediately after the onset of the STI. They

immediately flew towards the stimulus (meanGs.e.m.

latency to respond 98G26 s; nZ11) and approached the

decoy (closest approach, 0.6G0.3 m). On average,

females spent 5.3G1.5 min (one-third of the 15 min

observation period) within 1 m distance of the decoy.

They flew over the decoy 1.2G0.3 times, and 7 of the 11

tested females physically attacked the decoy by repeatedly

picking its head from 8 to more than 30 times. They

mainly attacked head, eyes and the back of the respective

decoy. Attacks were so intense that the skullcaps of the

decoys were damaged within the first trials and the glass

eyes had to be fixed frequently. Challenged females called

84.5G13.5 times whoot and 53.3G14.2 times k’tuc.

After a 15-min observation period, we caught 7 of the 11

challenged females within 26.7G3.1 min after onset of the

STI. Females challenged with a STI had significantly lower

levels of progesterone than unchallenged territorial females

(caught either passively without decoy and playback (nZ7)

or within 3.9G0.9 min (nZ10) after a short playback

presentation), and passively caught non-territorial females

(figure 1), suggesting that acute territorial challenges led to

a decrease in progesterone levels. Also, unchallenged

territorial females tended to have lower levels of pro-

gesterone than non-territorial females ( pZ0.10). The

model (F2,25Z6.906, pZ0.004) explained 35.6% of the

variance in the data. None of the other hormones, including

testosterone, differed between challenged territorial

females and unchallenged territorial or non-territorial

females (table 1).

To establish whether the decrease in progesterone

levels during STIs was causally related to acute territorial

challenges, we then manipulated circulating progesterone

concentrations of territorial females. All females

implanted with either a control or progesterone pellet

remained territorial and were paired to at least one male



Table 1. Hormone concentrations (ng mlK1) following territorial challenges (concentrations refer to back-transformed mean
concentrations in ng mlK1 (lower s.e.m.; upper s.e.m.)) of testosterone and 5a-dihydrotestosterone (DHT) of 7 females
challenged with a STI, 17 unchallenged territorial females and 4 non-territorial female black coucals. (For corticosterone, we
considered only those individuals for which a blood sample was obtained within 3 min after capture (7 STI and 11 control
females). 17b-Oestradiol concentrations were non-detectable.)

hormone STI-females unchallenged females non-territorial females statistics

testosterone 0.23 (0.17; 0.30) 0.18 (0.13; 0.23) 0.23 (0.12; 0.44) F2,25Z0.19; pO0.8
DHT 0.08 (0.07; 0.09) 0.09 (0.08; 0.10) 0.11 (0.09; 0.14) F2,25Z0.75; pO0.4
corticosterone 13.4 (10.3; 17.6) 13.8 (11.6; 16.6) t13.9Z0.5; pO0.6
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Figure 2. Behavioural responses of control- and progesterone-implanted (P4) female black coucals during STIs.
(a) P4-implanted females take longer to approach the decoy, (b) P4-implanted females do not come as close to the decoy,
and (c,d ) they vocalize less than control-implanted female black coucals during a 15-min STI. Numbers above bars indicate
sample sizes and asterisk indicates significant differences. Please note that the bars in (a,c) represents the median and error bars
indicate the interquartile range, whereas bars in (b,d ) show back-transformed means and standard errors. Numbers above bars
indicate sample sizes.
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after the treatment and until the end of the study. Three to

four days after the manipulation, we tested whether

progesterone implants decreased the aggressive response

to STIs. As predicted, we found that progesterone-treated

birds responded to STIs less strongly than control birds:

their latency to approach the decoy was significantly

longer than that of controls (t12.5ZK2.181, pZ0.024;

figure 2a), they did not come as close to the decoy

(t11.2ZK2.564, pZ0.013; figure 2b), and they uttered

fewer territorial vocalizations (‘k’tucs’ (t12Z1.898,

pZ0.041; figure 2c) and ‘whoots’ (t7.4Z2.121, pZ0.034;

figure 2d )) than control birds. The cooing call that

expresses the highest level of vocal aggressive display
Proc. R. Soc. B (2008)
(Goymann et al. 2004) was heard only five times and

only from two control females. However, territory sizes did

not differ between progesterone-treated (meanGs.e.m.Z
4.1G0.6 ha) and control birds (5.8G1.7 ha, t8.5Z0.932,

pZ0.189), although the variance was higher in the control

group (F7.7Z9.247, pZ0.009), mainly due to the very large

territory of one female.
4. DISCUSSION
Free-living female African black coucals showed a clear

aggressive response to STIs with stuffed decoys and

playback. We found evidence that progesterone is directly
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involved in the modulation of this kind of territorial

aggression. First, females subjected to territorial chal-

lenges had lower levels of progesterone than unchallenged

females, indicating that acute territorial aggression leads

to a decrease in progesterone levels. Second, external

progesterone decreased territorial aggression. To our

knowledge, this is the first demonstration of a potential

hormonal mechanism that modulates resource-defence

aggression in females of a sex-role reversed species.

Recently, Davis & Marler (2003) conducted STIs in

captive female California mice (Peromyscus californicus)

and, like our study, found that progesterone levels

decreased during territorial encounters. In contrast,

progesterone and oestradiol levels were higher in female

Galápagos marine iguanas (Amblyrhynchus cristatus) during

fights for places suitable for egg-laying (Rubenstein &

Wikelski 2005). We are aware of just one other study

investigating progesterone levels during STIs in birds:

Elekonich & Wingfield (2000) did not find changes in

progesterone concentrations after STIs in female song

sparrows (Melospiza melodia). Thus, progesterone may be

affected differently in different species or depending on the

context of aggression. Nevertheless, these studies and our

results suggest that behavioural feedback mechanisms on

progesterone secretion may be of similar importance for

the fine-tuning of territorial aggression in females as it has

been postulated for testosterone in males (Wingfield

et al. 1990).

None of the other hormones measured, including

testosterone, differed between territorially challenged

and unchallenged female black coucals. With regard to

testosterone, female black coucals may secrete this

hormone at a maximal level that cannot be further

modulated during territorial challenges. This idea is

supported by earlier results demonstrating that the female

black coucals do not further increase testosterone levels

after injections of gonadotrophin-releasing hormone

(GnRH; Goymann & Wingfield 2004). With respect to

the predictions of the challenge hypothesis (Wingfield

et al. 1990), the dynamics of plasma testosterone levels of

polyandrous female black coucals represent an interesting

analogue to males of polygynous bird species: polygynous

males that do not provide parental care express testoster-

one levels close to maximum throughout the breeding

season with no further modulation during territorial

conflicts. Female black coucals may represent the

polyandrous equivalent of such polygynous males: they

do not provide parental care and they may secrete

testosterone on a female specific maximal level that is

not further modulated during territorial challenges.

Similar to black coucals, there was no association

between territorial aggression and testosterone in

female white-browed sparrow weavers (Plocepasser mahali:

Wingfield & Lewis 1993), dark-eyed juncos ( Junco hyemalis;

Jawor et al. 2006), California mice (Davis & Marler 2003)

and spiny damselfish (Acanthochromis polyacanthus: Hay &

Pankhurst 2005). In female song sparrows (Elekonich &

Wingfield 2000), eastern bluebirds (Sialia sialis; Navara

et al. 2006) and Galápagos marine iguanas (Rubenstein &

Wikelski 2005), testosterone even decreased during

STIs. To our knowledge, only female buff-breasted wrens

(Thryothorus leucotis) in prebreeding condition (Gill et al.

2007) and females of the cichlid Neolamprologus pulcher

(Desjardins et al. 2006) increased testosterone levels during
Proc. R. Soc. B (2008)
STIs. High levels of testosterone have been shown to be

detrimental for the fecundity of females (Rutkowska et al.

2005), possibly preventing many female vertebrates to use

this hormone for the modulation of aggression.

Most previous studies have found a suppressive effect of

progesterone on territorial aggression in females (Fraile

et al. 1988; Meisel et al. 1988; Meisel & Sterner 1990;

Albert et al. 1992; Kohlert & Meisel 2001, but see Kapusta

1998). These studies were innovative and new, but unlike

our study they were done on gonadectomized females in

artificial environments, and often used higher than

physiological doses of progesterone. Given that the effects

of progesterone are dose-dependent and differ between

intact and gonadectomized animals (Young et al. 1991;

Witt et al. 1994), the implications of such laboratory

studies are limited. We are convinced that our treatment

was physiological, even if we did not use coucals for the

validation, but quails (see §2). Since the pellets used

should have a constant release rate regardless of the

species, we expect that the release rate in coucals was

similar to that in quails. The female quails we used were

slightly larger (253G9.8 g) than the female black coucals

(174G2.9 g) and in quail, the average increase in

progesterone was 1.2 ng mlK1. Adjusting for the

difference in size, this should have resulted in an

approximate increase of progesterone in the range

of 1.8 ng mlK1 in coucals. Based on the average value of

0.7 ng mlK1 (figure 1), this would have increased levels to

approximately 2.5 ng mlK1 in female black coucals. The

highest level of progesterone we ever measured in a female

black coucal during breeding was 10 ng mlK1 (C. Muck &

W. Goymann, unpublished data). We are thus confident

that the treatment was well in the physiological range of

black coucals. Our current results thus provide evidence

that physiological levels of progesterone may exert

suppressive effects on territorial aggression in an ecologi-

cally relevant context.

Currently we do not know how progesterone may

reduce territorial aggression in female black coucals.

Because external progesterone attenuates aggression, it is

unlikely that the hormone is locally converted to

testosterone during territorial challenges. Progesterone

could act indirectly via interactions of progesterone

metabolites with g-aminobutyric acid type A (GABAA)

receptors (Rupprecht & Holsboer 1999; Miczek et al.

2003) or more directly by binding to the progesterone

receptor or even to the androgen receptor (Bullock et al.

1978; Crews et al. 1996). Progesterone has been

demonstrated to affect the expression of androgen receptor

mRNA in male guinea-pigs (Cavia porcellus; Connolly &

Resko 1989) and whiptail lizards (Cnemidophorus inornatus:

Crews et al. 1996). Further, progesterone attenuates

testosterone-induced behaviours in male birds (Erickson

et al. 1967; Bottoni et al. 1985) and female mammals

(Barfield 1984; Albert et al. 1992), and it protects female

guinea-pigs from the masculinizing actions of testosterone

(Diamond & Young 1963). Thus, testosterone and

progesterone may be team players in the regulation of

androgen-induced territorial aggression. In a previous

study, we have shown that female black coucals express

higher levels of androgen receptor mRNA than males in the

nucleus taeniae—a brain area known to be involved in the

control of aggressive behaviour (Voigt & Goymann 2007).

In combination with the results of the current study,
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we propose that testosterone and progesterone interact to

modulate territorial aggression in female black coucals.

Constant, but relatively low levels of testosterone in

combination with high expression of androgen receptors

in the nucleus taeniae may be sufficient to sustain a default

level of territorial aggression during the breeding season.

Progesterone may be used by black coucals to fine-tune, i.e.

decrease this default level of aggressive behaviour. We

propose that progesterone may represent a key hormone in

the modulation of territorial aggression in sex-role reversed

female black coucals and possibly in other female

vertebrates, thus substituting testosterone as the main

modulator of resource-defence aggression (but see Sandell

2007). However, while testosterone in general facilitates

resource-defence aggression, the effects of progesterone

appear to be mainly suppressive instead. Thus, in a

reproductive context, females may use this steroid

hormone to decrease a testosterone-induced default level

of aggressive behaviour.

Currently we know little about the dynamics of

progesterone during the reproductive cycle of female

black coucals. As in other birds, progesterone is most

likely to be involved in ovulation with higher levels during

the period around laying (Silver et al. 1974; Sharp 1980;

Sockman & Schwabl 1999). If the suppressive effect of

progesterone on territorial aggression is not counter-

balanced by other mechanisms, this means that female

black coucals should be least aggressive when they lay a

clutch. The most detailed information about how different

sex steroids interact to modulate aggression in females is

available from a study by Albert et al. (1992). In rats, these

authors found quite complex interactions between oestra-

diol, testosterone and progesterone. Compared with

ovariectomized female rats implanted with high levels of

oestradiol and testosterone (mimicking oestrus), female

rats implanted with high levels of oestradiol, testosterone

and progesterone (mimicking late pregnancy) were less

aggressive towards a female intruder. This indicated that

progesterone suppresses aggressive behaviour induced by

testosterone and oestradiol. However, when the high-

concentration implants of oestradiol and testosterone

were exchanged with low-concentration implants, and

the progesterone implant was removed completely

(mimicking the situation after parturition), aggression

decreased in females previously implanted with high levels

of oestradiol and testosterone. In contrast, those females

that were previously implanted with high levels of

oestradiol, testosterone and progesterone showed an

increase in aggression after switching to low-level implants

of testosterone and oestradiol (Albert et al. 1992). These

results suggest complex interactions between the sex

steroids during the oestrus cycle of rats and indicate that

progesterone buffers aggression induced by oestradiol and

testosterone. Generally, such interactions between

different sex hormones could represent a means by

which female vertebrates may maintain appropriate

aggressive responses to challenges while at the same time

sex hormone levels change depending on the oestrus state.

The complexity of hormonal effects on behaviour may

be mirrored by similar impacts of behaviour on hormones.

Such impacts could, for example, be responsible for the

differences that were observed in the hormonal response to

STIs in female Galápagos marine iguanas, California

mice, buff-breasted wrens, song sparrows or black coucals
Proc. R. Soc. B (2008)
(see above). Recent work suggests that even males of many

bird species do not show the expected rise in testosterone

after territorial challenges and that the differences between

species may be related to natural history parameters

(Goymann et al. 2007; Landys et al. 2007). Possibly,

similar factors may be responsible for variation in the

testosterone and progesterone response of females to

territorial challenges (see Moore 2007). Furthermore, a

closer look at other steroids such as progesterone may

provide some answers regarding so far unexplained

patterns in the testosterone response to territorial

challenges in males (see also Crews 2005; Andersen &

Tufik 2006).

This study complies with the laws of Tanzania.
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