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Abstract 

In most bird species, male courtship behavior is controlled by testosterone (T) and its metabolites. In species breeding in temperate and arctic 
regions T circulates at high levels during a relatively short courtship period because high levels of T can be costly in terms of immunocompetence 
and parental care. Few studies have investigated androgen modulation of courtship behavior in tropical birds. Male golden-collared manakins 
(Manacus vitellinus) aggregate in leks for several months and perform spectacular, acrobatic courtship displays. Here we examined whether T is 
elevated in golden-collared manakins during the displaying period and if courtship behavior is modulated by androgen action on androgen 
receptors. We measured T levels in displaying males at the beginning of the breeding season and again, one month later. In addition, both wild and 

captive males were treated with the anti-androgen, flutamide, and their courtship behavior was recorded for several weeks. T levels were relatively 
high shortly after leks were established but decreased substantially a month later, even though the amount of courtship did not change. Flutamide 
reduced male courtship activity for one week, but display behavior then increased after two weeks of flutamide treatment. Our studies show that 
androgens modulate male manakin courtship, but the amount of courtship is not directly correlated with the concentration of circulating T. These 
results suggest that the relationships between androgen and courtship might differ between tropical and temperate birds. 
© 2006 Elsevier Inc. All rights reserved. 
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Introduction 

In species breeding in temperate and arctic regions males 
often have high circulating concentrations of testosterone (T) 
during a relatively short breeding season (Wingfield and Farner, 
1993). The highest concentrations of Tare recorded in the initial 
phases of the breeding season, during the establishment of 
territories, courtship, and pair formation (Wingfield et al., 
1990). T decreases afterwards, probably because elevated T 
concentrations are costly in terms of parental care (reviewed in 
Wingfield et al., 2001) and immunocompetence (Folstad and 
Karter, 1992). By contrast, males of many tropical species with 
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prolonged breeding seasons typically have low levels of plasma 
T (reviewed by Goymann et al., 2004; Levin and Wingfield, 
1992; Wikelski et al., 2003), unless they live at high elevations 
(Moore et al., 2002). However, high levels of T have been found 
in some tropical species during courtship (Chastel et al., 2005; 
Levin and Wingfield, 1992; Wiley and Goldizen, 2003). 

The golden-collared manakin (Manacus vitellinus) is a 
suboscine passerine bird found predominantly in lowland or 
foothill rainforests of Panama. Males of this species perform 
some of the most elaborate and spectacular courtship displays 
among birds (Chapman, 1935; Schlinger et al., 2001). During 
the long courtship season (January to July), males aggregate in 
leks within forests, clear a display arena on the ground between 
small vertical saplings and spend most of the day in and around 
the arena performing a variety of courtship and territorial 
displays that include production of mechanical sounds with 
their wings ("wingsnaps") (Chapman, 1935). 

We have substantial evidence that androgens activate 
courtship in males of this species. During the non-breeding 
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season, when T levels are basal, males abandon their leks but 
display occasionally. Implantation with T, however, increases 
displaying activity up to breeding levels (Day et al., 2006). Sex 
steroids accumulate to a greater degree in the spinal cords of 
males than females (Schultz and Schlinger, 1999) and the 
motoneurons that innervate the wing muscles used for 
producing the wingsnaps contain androgen receptors (AR) 
(Schultz et al., submitted for publication). In addition, golden- 
collared manakins have a unique pattern of expression of AR in 
the brain, which may be related to the control of their elaborate 
displays (Fusani et al., 2003). Despite this evidence for 
androgen effects in males, we do not know whether courtship 
activity is correlated with high T levels during the lekking 
period. In the few lekking species of temperate regions that have 
been studied, males have high levels of androgen as long as they 
are actively displaying on their leks (Alatalo et al., 1996; Lisano 
and Kennamer, 1977). A recent study reported that in manakins 
T is elevated in males during parts, but not all, of the long 
breeding season (Wikelski et al., 2003), although the courtship 
activity of the individuals was not recorded. 

In this report, we studied the relationships between 
androgens and the courtship activity of male golden-collared 
manakins. We measured T levels of male manakins that were 
actively displaying in their courts at the beginning of the 
breeding season and one month afterwards. According to the 
typical pattern of lekking birds in the temperate zones 
(Wingfield et al., 1990), we predicted that plasma levels of T 
would remain high throughout the courtship season. We then 
implanted some of these males with the anti-androgen flutamide 
(Miranda et al., 2002) and compared their courtship behavior 
with that of control males. We predicted that the treatment with 
flutamide would reduce courtship activity. 

We found that T was elevated at the beginning of the 
displaying season but decreased significantly one month 
afterward although courtship activity did not change. In 
addition, we found that flutamide reduced courtship activity 
in the first week of implantation but the difference disappeared 
in the second week and was inverted in the third week, with 
flutamide implanted birds displaying more than untreated ones. 
To verify these unexpected effects of flutamide, we performed 
an additional experiment in which we implanted flutamide in 
captive manakins in which courtship behavior had been induced 
by T implantation. This study confirmed that courtship behavior 
may increase after two weeks of implantation with flutamide. 

Materials and methods 

Experimental design 

The experiments were conducted near Gamboa, Republic of Panama, where 
we have studied manakins since 1996. In January, at the beginning of the dry 
season, golden-collared manakins establish leks in which each male clears a 
small arena on the forest floor between thin vertical saplings. In 2002, males 
began occupying leks in mid January. Over the next 4 weeks, we located 4 
separate leks and we trapped 2 or 4 males from each of these leks using mist- 
nets. Courtship activity was initiated at slightly different times across leks but 
males were caught within one week of the beginning of evident courtship 
activity. Males were weighed and color banded. A blood sample (~ 100 ut) was 
taken from the wing vein and the bird was then randomly assigned to the 

flutamide (n=6) or Control group (n=6) (see below). The birds were released 
immediately after implantation and were seen displaying in their arenas as early 
as the day following capture. Behavioral observations were then conducted for 
three weeks as described below. Within a week after the conclusion of 
behavioral observations, all birds were recaptured. They were found to be in 
excellent conditions, a second blood sample was collected and the birds were 
euthanized by exposure to isofluorane and tissues collected for use in a separate 
study. We measured the length of tarsus, the weight of the syrinx, the length and 
diameter of the cloacal protuberance from which we calculated the cloacal 
volume using the formula for cylinders (nab ; a = length, b=diameter/2) and the 
length and width of testes from which we calculated testis volume using the 
formula for ellipsoid cylinders (4/3na b\ a = length/2, 6=width/2). We 
minimized the impact on natural populations by using the same animals for 
behavioral, endocrinological and neurobiological studies. Golden-collared 
manakins are common in central Panama and the collection of individuals 
was evaluated by the Smithsonian Tropical Research Institute and authorized by 
the Autoridad Nacional del Ambiente (ANAM) of the Republic of Panama and 
the University of California Chancellor's Animal Care and Use Committee. 

Flutamide treatment 

Flutamide birds were implanted with time release pellets (1.6 mm x 5.0 mm; 
Innovative Research of America, Sarasota, FL) designed to release 167 ug/day of 
flutamide for 60 days. The manakins were implanted subcutaneously at the base of 
the neck. The entire operation required less than 30 s and is comparable to a 
subdermal injection. Control birds were sham implanted. Each lek had an equal 
number of birds (I or 2) assigned to each group. We released the birds immediately 
after the implantation and we did not observe any adverse effect of the 
implantation and/or flutamide. The efficacy of the pellets was tested in the 
laboratory by implanting one flutamide pellet in 3 male zebra finches. After 
4 weeks the pellets were removed and sent to the laboratory of Dr. Isidore 
Caraballo, University of Sevilla, Spain, for measurement of flutamide by means of 
HPLC (details in Miranda et al., 2002). Samples were analyzed in 3 replicates. The 
implanted pellets contained (mean ± SEM) 3.25 ± 0.17 mg of flutamide, i.e., 47.8% 
of the new pellet, which is very close to the 46.7% expected after 28 days of 
implantation. There was no sign of degradation of the flutamide as that the peak 
corresponding to its main catabolic product, hydroxyflutamide, was almost absent. 

Behavioral observations 

The courtship behavior of the golden-collared manakin has been described 
in detail previously (Chapman, 1935; Schlinger et al., 2001). We focused our 
observations on 3 independent behaviors that could be identified unambigu- 
ously. In the "jump-snap" display, the male jumps between the vertical saplings 
that delimit the arena while producing loud "wingsnaps" in mid-air. The 
"rollsnap" is produced by perched manakins by a rapid fluttering of the wings. 
The "cheepoos" are vocalizations usually emitted following rollsnaps, but also 
independently of other courtship behaviors. 

We did focal 30-min observations from the 2nd to the 21st day after 
implantation, performing at least 2 observations/bird for each 3-day period. 
Observations were done between 7:00 and 9:00 and between 12:30 and 15:30, 
when activity is known to peak within the lek (Chapman, 1935; Stein and Uy, 
2006; personal observations). The observer sat about 10 m from the arena, from 
where he/she could always see the focal male in his arena. After 15 min, the 
observer recorded the behavior of the focal male on a notebook and on a tape 
recorder for 30 min. We recorded the number of (1) jump-snap displays; (2) 
wingsnaps during a jump-snap display; (3) rollsnaps; and (4) cheepoos. In 
addition, for each male we selected up to 5 displays on the tape recordings made 
during the first and third week of implantation. The interval between wingsnaps 
was measured on the oscillogram of the digitized recordings with an accuracy of 
5 ms using Canary 1.2.4 (Cornell Laboratory of Ornithology, Ithaca, NY). 

Flutamide implantation in captive birds 

Because of an unexpected increase in displaying activity in flutamide- 
implanted birds in the third week (see Results), we conducted an additional 
experiment under controlled laboratory conditions in which six green-plumaged 
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manakins (2 females and 4 juvenile males, sexing procedure as described in Day 
et al., 2006) were implanted with T to activate courtship behavior and then with 
flutamide. Adult males do not display in captivity at this time of year (Day et al., 
2007) however wingsnaps and rollsnaps can be induced in female and juvenile 
males by treatment with T (Day et al., 2006). Immediately upon capture, a blood 
sample was taken from the wing vein and birds were implanted with T pellet 
(1.5 mg, 60-day release, Innovative Research of America, FL) and housed in 
individual cages (details in Day et al., 2006). We recorded the behavior for 7 days 
after the T implantation, we took a blood sample, and we continued observations. 
At 13 to 23 days after T implantation (average: 18.5) all birds were bled again and 
implanted with flutamide pellets from the same lot of those used in the field 
experiment without removal of T implants. The behavior was observed for 
another 3 weeks, and after taking a final blood sample and removing the implants 
the birds were released at the original site of capture. Behavior was recorded on a 
Sony CCD-TRV68 camcorder for 2 h daily between 06:30 and 08:30. For each 
bird, we calculated the number of wingsnaps and roll snaps per minute during the 
recording sessions: Tl=testosterone period 1 (days 1-7); T2=testosterone 
period 2 (days 8-17); Flul=flutamide week 1; Flu2=flutamide week 2; and 
Flu3 = flutamide week 3. Some birds had been implanted with T up to 23 days 
before flutamide implantation; however, we analyzed the behavior only up to 
17 days post T implant so that all birds would have similar numbers of 
observations for the late T period. 

Hormone measurement 

After centrifugation of the blood, plasma was collected, stored on dry ice and 
transported to the Research Centre for Ornithology of the Max-Planck Society, 
Andechs, Germany. T and 17(i-estradiol (E2) were measured by radioimmuno- 
assay (RIA) as described previously (Fusani et al., 2000). We measured E2 to 
check whether the implantation of flutamide would affect the rate of conversion 
androgen into estrogen. The detection limits of the RIAs were 30 pg/ml for T and 
26 pg/ml for E2. Water blanks were always below the lower detection limit. The 
average recoveries were between 87.3 ±0.3% for T and 71.6±0.3% for E2. The 
intra-assay variation was <8% for all assays. Inter-assay variation is not 
applicable because all the samples were run in a single assay. 

In samples from the laboratory implantation experiments T levels were 
analyzed with a Coat-A-Count RIA kit (Diagnostic Products Corporation, Los 
Angeles, CA) previously validated for manakins (Day et al., 2006). Where 
possible, we used 50 ul duplicate samples for each individual. We could not 
calculate the samples intra-assay variation as only one sample measured in 
duplicate was above the lower detection limit. The coefficient of variation for 
this sample was 13%. The intra-assay variation calculated for the standard curve 
was 1% and for 3 additional T plasma standards was 7%. The upper and lower 
detection limits were 10 pg/ml and 1600 pg/ml, respectively. 

Statistical analysis 

Analyses were performed using SPSS 11.0 (SPSS, Inc.). The behavioral 
variables were analyzed with a two-way repeated measures ANOVA comparing 
between treatment groups (between-subj ects) and between weeks of observation 
(weeks 1-3, within-subjects) using the individual week means. For the 
hormonal analysis the time of sampling (before implantation and at recapture) 
was the within-subjects factor. When there was a significant interaction effect, 
we performed post-hoc paired comparisons between groups and between weeks 
with one-way (repeated measures) ANOVA followed by Bonferroni-corrected 
pairwise comparisons. Significance was set at a=0.05. The interval between 
wingsnaps was not normally distributed, and was compared between groups 
with a Mann-Withney U test. 

For the laboratory implantation experiment, analyses were done with Prism 
4.00 for Windows (GraphPad Software, San Diego, CA, USA). We used the 
Friedman Test to examine changes in behavior and in T levels across the 
treatment period. Post-hoc analysis was performed with a Dunn's multiple 
comparison test (Dunn, 1964). In particular, we compared behavior between the 
first and last week of flutamide treatment, and T levels between the first week of 
T treatment and the end of the flutamide treatment. We limited the paired 
comparison to two time points because the power of the Dunn's test depends on 
the number of paired comparisons (Dunn, 1964; Siegel and Castellan, 1988). 

Results 

Plasma hormone levels 

Plasma T levels were significantly higher in all birds at the 
beginning of the courtship season than four weeks later 
(^^7 = 8.38, p<0.03) (Fig. 1). There was no significant effect 
of the implantation (^7 = 0.14, NS) and no significant 
interaction (F1 7 = 0.00, NS) (Fig. 1). E2 was below the lower 
detection limit of the assay (26 pg/ml) in all birds except 3 males 
before implantation (2 Control, 33.7 and 26.1 pg/ml; 1 
flutamide, 55.0 pg/ml) and in one flutamide male at the end 
of the experiments (28.2 pg/ml). 

Courtship behavior 

The courtship activity of untreated birds did not change 
significantly during the three weeks of observations (Fig. 2). 
Courtship activity was intense and we recorded about 2-3 dis- 
plays with 20-30 wingsnaps during each 30-min observation 
(Fig. 2). Flutamide significantly reduced courtship activity 
during the first week of the treatment (Fig. 2). Overall, the 
ANOVA showed that courtship activity was not affected by the 
treatment (jump-snap displays, f\jo = 0.01, NS; wingsnaps, 
f\ io = 0.65, NS; rollsnaps, F,10 = 0.00, NS; cheepoos, 
F, ,Q=1.82, NS). There was a significant effect of the week on 
the number of rollsnaps and of cheepoos (F2,20=6.22, p<0.0l, 
and 7*2,20=3.87, p<0.05) but not on the number of jump-snap 
displays and/or wingsnaps (^2,20 = 1 • 19, NS, and ^2,20=3.01, 
NS). However, for all variables except the number of cheepoos 
there was a significant effect of the interaction between week and 
treatment (jump-snap displays, 77

2j2o=4.69,/»<0.03; wingsnaps, 
^2,20=9.64, f<0.001; rollsnaps, F2j20=4.93, p<0.02; chee- 
poos, ^2,20 = 3 -26, NS). The post-hoc tests showed that in the 
untreated birds there was no significant change for any be- 
havioral variable during the whole duration of the experiment. 
The number of jump-snap displays, wingsnaps and rollsnaps of 
flutamide birds was lower during the first week of implantation 
compared to untreated birds (Fig. 2). This difference disap- 
peared in the second week and was inverted in the third week 
(Fig. 2). 

-*— Control 

•*- Flutamide 

first sample at recapture 

Fig. 1. Plasma levels of testosterone before implantation with flutamide and at 
the end of the experiments. In both flutamide-treated and control birds plasma 
testosterone levels were lower at the end of the experiments compared to pre- 
implantation levels. */><0.03, before implantation vs. at recapture, two-way 
repeated measures ANOVA. 
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Fig. 2. Courtship displays of flutamide and control birds during the three weeks of treatment. The number of jump-snaps, wingsnaps, and rollsnaps was lower in 
flutamide birds during the first week of treatment. There was no difference between groups at week 2. During the third week, there was a reversal of the effects seen 
during the first week and flutamide birds displayed more than control birds. The courtship behavior of Control birds did not change during the experiments, with the 
exceptions of the number of cheepoos. */><0.05, flutamide vs. control males; a/)<0.05, week 3 vs. week 1, flutamide birds only. Two-way repeated measures ANOVA 
followed by post-hoc pairwise comparisons. 

During both the first and third weeks, we found no 
significant difference between untreated and flutamide 
implanted birds for the interval between wingsnaps (week 1: 
untreated, 0.884±0.082 s, flutamide, 0.708±0.075 s, Mann- 
Whitney [/test, z= 1.43,^=0.15; week 3: untreated, 0.844 ± 
0.092 s, flutamide 0.753 ±0.034 s, z=0.64, p = 0.52). Paired 
comparisons also showed no significant differences in the 
interval between wingsnaps between weeks 1 and 3 (Wilcoxon 
signed ranks test z= 1.35, p = 0.18). 

Morphological variables 

We found no difference between groups for any of the 
morphological parameters. Flutamide implanted birds did not 
differ from untreated birds for body mass (mean±SEM, 
respectively: 18.5=1=0.3 vs. 18.9±0.3 g, t=0.97,p = 0.35), tarsus 
length (21.53±0.14 vs. 21.54i0.20 mm, f=0.06, p = 0.95), 
average testis volume (52.83±7.20 vs. 48.40±5.44 mm2, 
(=0.49, p = 0.63), cloacal protuberance volume (30.11 ±3.30 
vs. 37.47±3.07, (=1.51, p = 0A6) or syrinx weight (84.17± 
5.59 vs. 86.40±4.09, f=0.32,;,=0.75). 

Laboratory implantation experiment 

T treatment elevated plasma T concentrations in all 
implanted birds (Fig. 3). In one sample taken at the time of 
capture T was outside of the assay standard curve and was 
excluded from the analysis. The Friedman test showed a 
significant change in T levels over the treatment period 
(FT= 10.33, « = 6, p<0.002; Fig. 3). Plasma T concentrations 
decreased significantly from the first week of T implantation 

(Tl) to the end of the flutamide implantation (Flu3) (Dunn's 
Test,p<0.01). There were significant changes in the number of 
wingsnaps (FT= 13.73, « = 6, p<0.0l) and roll snaps 
(FT= 12.43, n = 6, p<0.02) during the experimental period 
(Fig. 3). Paired comparisons showed that there was a significant 
increase in wingsnaps between Flul and Flu3 (Dunn's test, 

field   T1    T2   Flu1 Flu2 Flu3 

Fig. 3. Wingsnap and rollsnap frequency (top) and plasma levels of T (bottom) 
in captive female and juvenile male manakins implanted with T and flutamide. 
Time points are as follows: at capture=field; after implantation with T, days 1- 
7=T1; days 8-17=T2; and T+flutamide, days 1-7=Flul; 8-14=Flu2; 15- 
21 =Flu3. ##/><0.01, Flu3 vs. Flul, Friedman Test followed by Dunn's post-hoc 
comparison; /><0.02, Friedman test. **/><0.01, Flu3 vs. Tl, Friedman's test 
followed by Dunn's post-hoc comparison. 
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p<0.0\) (Fig. 3). For roll snaps there was a numerical increase 
between Flul and Flu3 but the difference did not reach 
significance (Fig. 3). 

Discussion 

Our data show that in the golden-collared manakin there is 
no direct relationship between plasma hormone levels and the 
intensity of the courtship displays. Whereas levels of display 
changed little over the first month of the breeding season, 
levels of T in plasma were initially relatively high and then 
decreased dramatically. Thus, the intense courtship behavior of 
adult male manakins is maintained by relatively low levels of 
circulating T. On the other hand, our work also shows that 
AR-mediated action influences the expression of courtship in 
male golden-collared manakins. Treatment with the AR 
antagonist flutamide caused an expected reduction in courtship 
behaviors, including vocal and mechanically produced acous- 
tic features. Unexpectedly, most of the behaviors increased in 
frequency after 2 weeks treatment with flutamide. To test 
whether the paradoxical effects of flutamide were repeatable 
under more controlled conditions, we implanted flutamide into 
captive birds that had previously received a T implant to 
activate display behavior as shown in previous experiments 
(Day et al., 2006). The effects of flutamide were very similar 
to those found in adult manakins in the field. Courtship 
behaviors such as wingsnaps and rollsnaps showed a 
numerical decrease in the first week of flutamide implantation, 
followed by an increase in the third week that was significant 
for the wingsnaps. 

Testosterone and display 

Birds breeding in temperate zones tend to have high levels of 
T during relatively short periods of reproductive activity 
(Wingfield et al., 1997). In the few lekking species that have 
been studied, males have high levels of androgen as long as they 
are actively displaying on their leks (Alatalo et al., 1996; Lisano 
and Kennamer, 1977). In general, tropical birds differ from their 
temperate-breeding counterparts by having relatively low levels 
of circulating T throughout the reproductive season (Goymann 
et al., 2004; Gwinner and Scheuerlein, 1999; Hau et al., 2000; 
Levin and Wingfield, 1992; Wikelski et al., 2003). This is 
particularly the case of species that, like the golden-collared 
manakin, live at low altitudes and have a long breeding season 
(Goymann et al., 2004). Golden-collared manakins seem to 
differ also from lekking species in the temperate-zone in that 
plasma levels of T declined significantly although the males 
continued to court females and interact with neighboring males. 
There is evidence that some tropical birds secrete T in high 
amounts for a brief period at the onset of reproduction (Chastel 
et al., 2005; Moore et al., 2002; Wiley and Goldizen, 2003). 
Results from our lab are consistent with this view. In this study, 
T levels at the time of lek establishment were around 0.75 ng/ 
ml, with levels in 2 additional males above 3.5 ng/ml (Fusani 
and Schlinger, unpublished). T levels are consistently low 
during the non-breeding season (Day et al., 2007). Presumably, 

elevated T levels at the beginning of the courtship period are 
important for initiating breeding or result from social instability 
during lek formation (see also Day et al., 2007; see also 
Wikelski et al., 1999). According to this hypothesis, in lekking 
species such as the golden-collared manakin males might 
require an increase in circulating androgen for a few weeks at 
the time of lek formation, when each male establishes his 
courting arena. After this initial period, T levels would decrease 
because of costs associated with long-term elevated T levels 
(Wingfield et al., 2001). 

Flutamide treatment 

Previous studies have shown that flutamide reduces 
territorial and sexual behavior of male birds (Bottjer and 
Hewer, 1992; Hegner and Wingfield, 1987; Schwabl and 
Kriner, 1991). Our results during the first week after treatment 
of wild males are consistent with these other studies. Despite its 
effects on courtship activity, flutamide had no effect on the 
interval between wingsnaps suggesting that this feature of the 
courtship behavior is not directly modulated by androgen. This 
is consistent with previous studies that indicate that androgens 
influence the overall amount of courtship but have little effect 
on the nature of the displays themselves (Fusani and Hutchison, 
2003; Hews and Moore, 1997). 

We do not know why flutamide treatment stimulated an 
increase in courtship behavior after 3 weeks. The simplest 
explanation is that flutamide was no longer released by the 
pellets after the first week of implantation. The following 
increase in courtship behavior above control levels might have 
resulted from an increased sensitivity to androgen because of 
the up-regulation of AR expression described previously after 
anti-androgen treatment (Chen et al., 2004). 

Several observations, however, indicate that indeed the 
pellets released flutamide throughout the experiments. The 
pellets were designed for a 60-day release, though they were 
only used for the 21-day experimental period. Furthermore, all 
pellets were in place at the end of the experiments and they were 
not encapsulated by connective tissue that might have impeded 
drug release. Finally, flutamide pellets implanted into zebra 
finches for 4 weeks showed no degradation of the drug and the 
expected amount of flutamide, as measured by HPLC, remained 
in the pellet. 

Similarly, there are no reasons to suspect that the increase in 
courtship during the 3rd implantation week is due to an 
increased conversion of androgen into estrogen. In the field 
experiment we showed that plasma levels of both T and 17(i- 
estradiol, the main estrogen metabolite of T, were low in 
flutamide birds and did not differ from those of controls. We did 
not combine the flutamide treatment with aromatase inhibitors 
such as Fadrozole or androstratenedione (ATD) that block the 
conversion of T into E2 because such a treatment would not 
allow distinguishing between androgen and estrogen modula- 
tory effects on courtship. In addition, treatment of intact male 
birds with aromatase inhibitors invariably results in an increase 
in circulating levels of T because neural aromatization is likely 
essential to create the negative feedback from circulating T (see 
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Fusani et al., 2001). Such an increase in peripheral T would 
mask the effects of flutamide due to its action as a competitive 
androgen receptor antagonist. For the same reasons, the increase 
in courtship behavior seen two weeks after the beginning of 
flutamide treatment cannot be accounted by an increase in 
circulating T. This was particularly evident in the laboratory 
experiment in which T levels decreased during the flutamide 
treatment, ruling out that the behavioral effects were due to a 
reduction in the flutamide/T ratio. In any case, it should be noted 
that the dose of flutamide used in the present study was 
relatively low, and was calibrated to obtain a modulation of 
androgen-dependent action rather than a complete inhibition. It 
is possible that flutamide became an androgen agonist after 
2 weeks in vivo. Flutamide and other anti-androgens have been 
reported to have such time-dependent, paradoxical effects 
(reviewed in Shet et al., 1997; reviewed in Wirth and 
Froschermaier, 1997). Recent studies showed that anti-andro- 
gen can lead to a substantial upregulation of androgen receptor 
mRNA and protein expression, which results in a hypersensi- 
tization of tissues to very low concentration of androgen (Chen 
et al., 2004). Clearly, further experiments will be necessary to 
understand the mechanisms responsible for these paradoxical 
effects. 

General conclusions 

Male manakins have some of the most complex and 
spectacular displays among birds making them excellent 
models to study the link between male courtship and T in 
tropical birds. Our work shows that the courtship behavior of 
male golden-collared manakins is influenced by androgen 
receptor-mediated action, but its maintenance does not require 
elevated T concentrations. These results are in agreement with 
those of another series of studies from our laboratory where we 
tested T-activation of courtships (Day et al., 2007). T treatment 
of adult males during the courtship season did not increase the 
amount of courtship behavior either in the field or in captivity 
(Day et al., 2007). Altogether, our studies show that courtship 
of male manakins is activated by T (Day et al., 2007) but high 
levels of T are not required to maintain courtship (this study) 
and treatment with T of males already engaged in courtship 
does not affect the amount of courtship behavior (Day et al., 
2007). We are currently examining structural aspects of the 
courtship display (the specific elements of the display 
choreography) to determine if individuals differ and whether 
males are selected preferentially by females based on display 
characteristics. Finally, because of the potential for agonist 
effects like the ones we saw in this study, we suggest 
examination of long-term flutamide treatments with other 
bird species. 
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