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Abstract Testosterone modulates male vertebrates’ sexual
and social behaviour. We experimentally investigated the
testosterone-sensitive behaviours in male greylag geese
(Anser anser) by implanting silastic tubes containing
crystalline testosterone during the mating season (Febru-
ary; 5 implanted and 5 control males) and in the early
winter (November; 7 and 7). Focal animals were part of a
semi-tame, unrestrained flock with fully intact social
relationships. Excreted testosterone and corticosterone
immunoreactive metabolites (TM, BM) were determined
by enzyme immunoassay. Individual faecal samples and
behavioural protocols were collected daily over a period of
5 weeks, including 1 control week before implantation. In
February, no significant behavioural effects of the supple-
mental testosterone were observed, which may be due to
the naturally occurring high systemic androgen levels in
spring. In November, however, implanted males had
higher TM excretion rates and performed status signalling
behaviour (“beak up”) more frequently than control males.
No differences between implanted and control males were
found with respect to BM, agonistic interactions or
vigilance behaviour. Furthermore, during the second
week after implantation, TM positively correlated with
the frequency of “beak up” of implanted males, whilst
their female partners were attacked with lower latency by
other members of the flock than the females of control
males. Hence, status signalling in greylag ganders seems

to be testosterone-sensitive year-long and “inappropriate”
status signalling of males may draw attacks towards their
females.

Keywords Anser anser . Corticosterone . Faeces . Status
signalling behaviour . Testosterone implantation

Introduction

Gonadal steroid hormones modulate sexual and agonistic
behaviour in vertebrates (e.g. fishes: Oliveira et al. 1996;
amphibians: Houck and Woodley 1995; reptilians: Moore
and Thompson 1990; birds: Wingfield et al. 1990; or
mammals: Woodroffe et al. 1997). Behaviour, in turn, can
produce feed-back modulation on the endocrine system
(e.g. Hegner and Wingfield 1986; Wingfield et al. 1990;
Knapp and Moore 1996; Wikelski et al. 1999). In
particular, studies on male birds have shown that testos-
terone (T) is involved in modulating sexual and social
behaviours, for example by mediating the trade-off
between sexual and parental investment (e.g. Rissman
and Wingfield 1984; Ketterson and Nolan 1992; Wikelski
et al. 1999). High T levels may also promote acoustic
communication (e.g. Ketterson et al. 1992; Hunt et al.
1997) and further social status (e.g. Searcy and Wingfield
1980; Hoysak and Ankney 1996).

Experimentally increased systemic T is known to
change the level of expression of androgen-sensitive
behaviours, for example by promoting polygynous mating
(e.g. Hegner and Wingfield 1987; Ketterson and Nolan
1992), inhibiting paternal care (e.g. Dittami et al. 1991;
Cawthorn et al. 1998) or facilitating territoriality (e.g.
Wingfield and Hahn 1994). However, elevated T may also
impose costs by suppressing immuno-competence and
increasing mortality (e.g. Saino et al. 1995; Ros 1999;
Wingfield et al. 1999) or by delaying moult (e.g.
Schleussner et al. 1985).

Although many studies demonstrated that T secretion in
spring was related to the expression of aggressive
behaviour (e.g. Wingfield and Ramenofsky 1985; Wing-
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field et al. 1990; Canoine and Gwinner 2002), aggression
and T are not always linked. Some temperate-zone birds,
for example, show aggressive and territorial behaviour on
their wintering grounds, when gonads are regressed and
plasma T is low (e.g. Silverin 1980; Schwabl 1992;
Gwinner et al. 1994). Furthermore, a seasonally dependent
androgen sensitivity was proposed for behaviours, such as
mate guarding and sexually dimorphic vigilance, which
seem to be T-dependent only during the reproductive
season (Saino and Møller 1995; Fusani et al. 1997).
However, in geese of both sexes, frequencies of agonistic
interactions co-vary with testosterone only outside the
breeding season (Dittami and Reyer 1984). Hence, T may
modulate aggression and other behaviours in a seasonally
dependent and species-specific context.

To investigate T-dependent male behaviours in greylag
geese (Anser anser), we compared the behavioural effects
of experimentally enhanced T levels during the mating
season in February and during the early winter flock
situation in autumn (November). The behaviour of
implanted and control males living in a natural flock
context was monitored and the amounts of excreted
testosterone and corticosterone immunoreactive metabo-
lites (TM, BM) were measured from faeces by enzyme
immunoassay (EIA; Krawany 1996). Implanted males
were expected to excrete higher concentrations of TM, to
be more aggressive and to perform a particular vigilance-
related, social status signalling behaviour (“beak up”;
Lazarus and Inglis 1978; Lorenz 1988; Waldenberger and
Kotrschal 1993) more frequently than their controls.
Furthermore, as altered T-dependent behaviours may
increase social stress (e.g. Sorenson et al. 1997; Schoech
et al. 1999), the social interactions of implanted indivi-
duals with other flock members as well as their cortico-
sterone levels may be affected. As the pairbond in geese is
continuous over the year (i.e. not restricted to the
reproductive season) and pairs act as social unit within
the flock, we expected the social interactions of the female
partners of the implanted males to be affected too.

Methods

Animals

The studied non-migratory flock of greylag geese was
introduced into the Upper-Austrian valley of the river Alm
by Konrad Lorenz and co-workers in 1973 (Lorenz 1988).
The geese are unrestrained and generally spend the days
close to the research station where they are provided with
supplemental food twice a day year-round. At night, the
birds roost on a nearby lake (Almsee). Natural predators
(mainly red foxes and golden eagles) take approximately
10% of the population per year (Hemetsberger 2001). All
individuals are marked with coloured leg rings and are
habituated to the close presence of humans. Social
behaviour and individual life-history have been monitored
since 1973. Approximately 20% of the flock members are
carefully hand-raised.

The flock consisted of 124 individuals in February 1996
and 133 in November 1998. The present study is based on
24 adult males (Table 1); 12 of them were implanted (Im)
with T and 12 were used as untreated controls (Co) in two
identical experiments in two different seasons. During the
first experiment, in February 1996, ten males (n1Im=5
implanted and n1Co=5 controls) of different age (age-range
implanted: 3–19 years; age-range controls: 3–23 years;
mean±SD = 10.7±7.7) and from different social categories
(6 unpaired, 4 paired without offspring) were considered
(Table 1). During the second season, in November 1998,
14 paired males without offspring (n2Im=7 implanted and
n2Co=7 controls) of different age (age-range implanted: 2–
11 years; age-range controls: 3–13 years; mean±SD = 6.2
±3.2) were used (Table 1). Sample size was constrained by
our ability to catch all of those unrestrained males within a
single day, which was necessary to ensure synchrony
between implanted individuals.

Implantation

In accordance with the annual pattern of excreted testos-
terone metabolites (TM; Hirschenhauser et al. 1999a), T
levels were manipulated in two different seasons: (1) at the

Table 1 List of the focal male Greylag Geese (Anser anser) (Im
implanted male, Co control male) considered in each experimental
situation (season 1 = mating, February 1996; season 2 = early
winter, November 1998), their age and social status at the time of
data collection. Behaviour of female partners of paired males was
also sampled

Individual N Season Age (years) Social status

1-Im 1 10 Unpaired
2-Im 1 3 Paired
3-Im 1 3 Paired
4-Im 1 19 Unpaired
5-Im 1 12 Unpaired
6-Co 1 3 Paired
7-Co 1 20 Unpaired
8-Co 1 23 Unpaired
9-Co 1 4 Unpaired
10-Co 1 10 Paired
11-Im 2 8 Paired
12-Im 2 11 Paired
13-Im 2 5 Paired
14-Im 2 5 Paired
15-Im 2 8 Paired
16-Im 2 2 Paired
17-Im 2 2 Paired
18-Co 2 13 Paired
19-Co 2 6 Paired
20-Co 2 6 Paired
21-Co 2 4 Paired
22-Co 2 8 Paired
23-Co 2 3 Paired
24-Co 2 6 Paired
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beginning of the mating season (February 1996), when
levels of TM are at maximum; and (2) during the winter
flock situation (November 1998) when levels of TM are
low. Silastic tubes (length 40 mm; i.d. 0.48 mm; o.d.
1.143 mm) were filled with crystalline T and sealed with
silicon glue at the ends. Twelve (n1Im = 5 + n2Im = 7;
Table 1) males were implanted with T-filled silastic tubes
at the inner side of the right thigh. The implantation
procedure involved local anaesthesia with chlorethylic
spray, feather removal, small cutting into the skin with a
bistoury, subcutaneous implantation and a final disinfec-
tion. The whole procedure took less than 2 min per
individual. Geese were caught by hand just before being
implanted. For ethical reasons, and to keep the disturbance
of the flock at a necessary minimum, we decided not to
sham-implant the control males. However, in similar
studies no significant differences were ever observed
between sham-implanted controls and non-implanted
controls (e.g. Dufty 1989; Saino and Møller 1995; Saino
et al. 1995). We are therefore confident that the presented
results are due to T effects rather than to the catching and
holding procedure in animals that are occasionally caught
and handled anyway (e.g. for ringing or weighing). As
removal would have meant additional stress, implants
were not removed after the experiments. However, as the
tubes are tiny compared to the size of a goose, they did not
seem to produce any adverse effect on the animal.

Data collection

In both experimental periods, individual behavioural
protocols and faecal samples were collected over 5
consecutive weeks, including 1 control week before the
implantation. Behavioural data were collected with a Psion
Organiser and The Observer 2.0 software (Noldus
Information Technology, Wageningen, Netherlands). Be-
havioural protocols consisted of 5 min continuous sam-
pling (Martin and Bateson 1986) of the focal male and its
partner, if present (Table 1). To standardise data collection,
observations started after all the food was distributed and
ended when the focal individuals began to rest after
feeding, i.e. approximately from 0800 to 0900 hours, and
from 1530 to 1600 hours. Times varied slightly according
to seasonal differences in light regime and activity of the
geese. During data collection, the observer (D.F.) stood at
the edge of the feeding area, approximately 5 m from the
focal individual or pair. On average, 44.2±7.4 (mean±SD)
protocols per individual were collected during the mating
season (i.e. February 1996; total n1=442) and 11.4±0.9
(mean±SD) during the early winter flock (i.e. November
1998; total n2=160).

Three behavioural categories have been considered: (1)
status signalling display, described as “beak up” in geese
(Lazarus and Inglis 1978; Lorenz 1988; Waldenberger and
Kotrschal 1993); (2) vigilance behaviour, including “head
up” and “extreme head up” (Lazarus 1978; Lazarus and
Inglis 1978; Lorenz 1988); and (3) agonistic interactions,
such as threats, attacks or fights (Raveling 1970; Lorenz

1988), distinguishing the passive or active role of the focal
male. The short duration of each of these events and their
recognisable onsets and ends allowed this form of data
collection. Therefore, the frequency of occurrence per 5-
min protocols was considered for behavioural categories
(1) and (2). For the third category, the latency was
considered (starting from the end of the food distribution,
i.e. the beginning of the observation period) and it was
recorded as a measure for aggressive motivation. The
difference between the latency of initiated agonistic events
and the latency of received aggression was then
determined. This parameter may provide information
about how fast an individual responded to a challenge
and whether it was faster in attacking or in being attacked.
The status signalling display was only recorded for the
males since it is hardly ever observed in females (Lorenz
1988; own unpublished observations).

For the assessment of excreted corticosterone and
testosterone immunoreactive metabolites (BM, TM),
faecal samples were collected from the resting individuals
approximately 90–180 min after the morning observations.
The time span corresponds to the expected peak of steroid
excretion following a physiological or behavioural chal-
lenge in geese (Krawany 1996; Hirschenhauser et al.
2000a; Kotrschal et al. 2000). Sampling was timed to
avoid the early morning peaks of adrenal activity (Schütz
et al. 1997; Rich and Romero 2001; Carere et al. 2003).
Samples were frozen at −20°C within 1 h of collection,
which avoided any changes in the faecal steroid contents
(Hirschenhauser 1998; own unpublished data). On average
32.4±1.6 (mean±SD) samples per individual were col-
lected during the mating season (i.e. February 1996; total
n1=324) and 24.3±1.3 (mean±SD) during the second
experiment (i.e. November 1998; total n2=340). Faeces
were collected from males only, therefore levels of BM
and TM are not known for the females.

Since repeated and regular collection of plasma in the
field was neither feasible nor advisable because of the
potential stress induction (Miller et al. 1991), plasma
levels are unknown. However, in agreement with other
studies (Bishop and Hall 1991; Cockrem and Rounce
1994; Palme et al. 1996), experiments with domestic geese
showed deterministic relationships between plasma ster-
oids and metabolites in the faeces (Hirschenhauser et al.
2000a; Kotrschal et al. 2000). Therefore, we are confident
that our faecal BM and TM levels are representative for
plasma corticosterone and T within 2–3 h before defeca-
tion.

Faecal steroid assays

Faecal samples (0.5 g) were extracted in methanol,
hydrolysed and both, excreted corticosterone and testos-
terone immunoreactive metabolites were assayed by
enzyme immunoassay (EIA; Möstl et al. 1987). Details
of the procedure and cross-reactivities are published
elsewhere (corticosterone: Kotrschal et al. 1998; testoster-
one: Hirschenhauser et al. 1999b). Specifically, the assay
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used for testosterone has cross-reactions with other 17β-
OH-androgens, as for example DHT. As testosterone and
corticosterone are not present in the samples, the sub-
stances detected by the assays are indicated as testosterone
or corticosterone immunoreactive metabolites and indi-
cated, respectively, with TM and BM. Concentration limits
for reliable measurements ranged from 0.45 ng/g to
112.2 ng/g for BM and from 0.12 ng/g to 45.8 ng/g for
TM. Intra-assay and inter-assay coefficients of variations
were determined from homogenised pool samples. Mean
intra-assay coefficient of variation was 13.8% for BM and
9.1% for TM; mean inter-assay coefficient of variation
was 15.7% for BM and 13.1% for TM. These values are in
the typical range for EIA procedures with faeces, because
the number of procedure steps involved increases total
variation.

Data analysis

Data were analysed using the SPSS statistical program
(Pfeifer 1991). Results of all tests are given two-tailed;
levels of significance were corrected according to
Bonferroni post hoc test whenever necessary (Rice
1989). Both, hormonal and behavioural data were not
normally distributed (Kolmogorov–Smirnov: BM, Z=4.53,
n=663, P<0.0001; TM, Z=3.37, n=664, P<0.0001; beak
up-frequency, Z=12.7, n=958, P<0.0001; vigilance-fre-
quency, Z=5.89, n=958, P<0.0001; agonistic interaction-

latency, Z=7.07, n=958, P<0.0001). To approach normal
distribution, a logarithmic (lnx) transformation was
performed for hormone values as well as for behavioural
data, where ln (x+1) was used to transform the values of
frequency of “beak up” and vigilance, while ln (x+299)
was used to transform the values of latency of agonistic
interactions, in order to avoid to calculate the logarithm of
zero (Zöfel 1992).

The individual mean value of TM, BM and behaviours
per week was taken into further analysis. One-way
ANOVA was performed to investigate the effects of
implantation on TM, BM and behaviours, as well as the
temporal patterns and the seasonal differences within male
categories. The same test was also performed to
investigate a possible age-effect within the male cate-
gories. As testosterone-sensitive behaviours were the focus
of the experiment, only correlations between TM and all
behavioural parameters were calculated using parametric
Pearson correlation coefficients.

Since the number of females associated with the focal
males (n1Im,Co=2,2; Table 1) was too small to perform any
statistics in the mating season (i.e. February 1996),
comparisons between females were only possible in the
second season (i.e. November 1998; n2Im,Co=7,7; Table 1)
and a Student’s t-test was used on individual means per
week.

Fig. 1 Patterns of a,b excreted
testosterone immunoreactive
metabolites (TM) and c,d ex-
creted corticosterone immuno-
reactive metabolites (BM) in
implanted (black circles; mean
+SE) and control males (open
circles; mean−SE) during the a,
c mating season (February 1996;
n1Im=5, n1Co=5 except the con-
trol week where n1Co=4) and the
b,d early winter experiment
(November 1998; n2Im=7,
N2Co=7). Data were collected 1
control week before the im-
plantation (Co) and four con-
secutive weeks thereafter (first
to fourth)
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Results

Mating season, February

No significant differences were found between the levels
of excreted testosterone immunoreactive metabolites (TM)
of implanted and control males (Table 2; Fig. 1a). The
same is true for levels of excreted corticosterone
metabolites (BM; Table 2; Fig. 1c) as well as for all
behavioural parameters, frequency of beak up (Table 2;
Fig. 2a), frequency of vigilance (Table 2; Fig. 2c) and
latency of agonistic interactions (Table 2; Fig. 2e).

When considering the temporal patterns, no significant
differences were found for TM or BM either among
implanted or control males (Table 2; Fig. 1a,c). The same
is true for two of the behavioural parameters considered,
i.e. frequency of beak up and frequency of vigilance
(Table 2; Fig. 2a,e). The temporal pattern of the frequency
of vigilance was in fact significantly decreasing in both
male categories (Table 2; Fig. 2c). Finally, an age-effect
was detected (F1,48=6.265, P=0.016).

The implantation did not produce any significant
hormonal or behavioural differences between male
categories (Figs. 1a,c, 2a,c,e), therefore implanted and
control males were plotted together in order to scan for
correlations. However, no significant correlation was
observed (TM and beak up: r=−0.34, n=10, P=0.34; TM
and vigilance: r=0.22, n=10, P=0.55; TM and agonistic
interactions: r=−0.19, n=10, P=0.586).

Early winter flock situation, November

In November, a significant difference was found between
the levels of excreted testosterone immunoreactive
metabolites (TM) of implanted and control males
(Table 2; Fig. 1b), but not between the levels of excreted
corticosterone immunoreactive metabolites (BM; Table 2;
Fig. 1d). Significant differences were observed between
implanted and control males in the frequency of “beak up”
(Table 2; Fig. 2b), but not in the frequency of vigilance
(Table 2; Fig. 2d), or in the latency of agonistic
interactions (Table 2; Fig. 2f).

During the sampling period, TM significantly increased
in implanted but not in control males (Table 2; Fig. 1b).
Specifically, TM of implanted males increased already in
the first week after implantation (Bonferroni post hoc test:
control-week vs first week after: P=0.02; control-week vs
second week after: P=0.033; control-week vs fourth week
after: P=0.004; Fig. 1b). With respect to behavioural
parameters, during the 5 weeks of data collection,
implanted males showed increased “beak up”, whereas
control males did not (Table 2; Fig. 2b). Specifically, in
implanted males the frequency of “beak up” was
significantly increased in the third week after the implan-
tation (Bonferroni post hoc test: control-week vs third
week after: P=0.025; first week after vs third week after:
P=0.019; Fig. 2b). In contrast, control males showed
increased frequency of vigilance (Table 2; Fig. 2d)T
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whereas implanted males did not. No further significant
difference could be observed within male categories in the
latency of agonistic interactions (Table 2; Fig. 2f). Also,
no age-effect was found (F1,69=0.606, P=0.439).

Furthermore, only during the second week after the
implantation did the mean frequency of “beak up”
positively and significantly correlate with TM levels in
implanted, but not in control males (implanted males:
r=0.86, n=7, P=0.014; control males: r=−0.46, n=7,
P=0.298; Fig. 3; implanted males: control-week, r=0.31,
n=7, P=0.498; first week after, r=−0.54, n=7, P=0.205;
third week after, r=0.04, n=7, P=0.939; fourth week after,
r=−0.14, n=7, P=0.761). As no other significant effect on
behaviour was observed in implanted males (Table 2;
Fig. 2d,f), the individual means were plotted over the
entire period when scanning for further correlations

between TM and behaviour. No significant correlations
were found (TM and vigilance: r=0.45, n=7, P=0.306; TM
and agonistic interactions: r=0.31, n=7, P=0.503). Simi-
larly in control males, individual means were plotted over
the entire period in order to scan for correlations between
TM and all behavioural parameters. No significant
correlations were found (TM and beak up: r=0.62, n=7,
P=0.136; TM and vigilance: r=0.025, n=7, P=0.958; TM
and agonistic interactions: r=−0.09, n=7, P=0.837).

Status signalling display such as “beak up” is directed
towards other members of the group. Therefore, the
latency of agonistic interactions of the female partners was
considered. During the second week after implantation, the
female partners of implanted males were attacked faster by
other flock members than the females of control males
(Student’s t-test: T=−2.49, nim,Co=7,7, P=0.028; Fig. 4;

Fig. 2 Patterns of a,b frequency
per 5 min of “beak up”, c,d
frequency per 5 min of vigilance
and e,f latency of agonistic
interactions in implanted (black
circles; mean+SE) and control
males (open circles; mean−SE)
during the a,c,e mating season
(February 1996; n1Im=5, n1Co=5
except the control week where
n1Co=4) and the b,d,f early
winter experiment (November
1998; n2Im=7, N2Co=7). Data
were collected 1 control week
before the implantation (Co) and
4 consecutive weeks thereafter
(first to fourth)
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control-week, T=−0.55, nim,Co=7,7, P=0.592; first week
after, T=0.88, nim,Co=7,6, P=0.397; third week after, T=
−0.55, nim,Co=7,7, P=0.595; fourth week after, T=1.37,
nim,Co=7,7, P=0.196).

Comparison between seasons

As expected, marked seasonal differences were found in
the levels of both steroids in both implanted and control
males. Excreted levels of testosterone immunoreactive
metabolites (TM) were significantly higher in the mating
season as compared to the winter situation (Table 2;
Fig. 1a,b). In turn, excreted levels of corticosterone
immunoreactive metabolites (BM) were significantly
lower in the mating season as compared to the winter
situation (Table 2; Fig. 1c,d). Furthermore, in implanted
males, the frequency of vigilance was significantly higher
during the mating season as compared to the early winter
(Table 2; Fig. 2c,d), while no other significant differences
could be found between the mating and the winter season
in behavioural parameters, frequency of “beak up”
(Table 2; Fig. 2a,b) and latency of agonistic interactions
(Table 2; Fig. 2e,f). In control males, significant differ-
ences could be found between the mating and the winter
season in the frequency of “beak up” (Table 2; Fig. 2a,b)
but not in the frequency of vigilance (Table 2; Fig. 2c,d) or
in the latency of agonistic interactions (Table 2; Fig. 2e,f).

Discussion

Only during the non-reproductive season (November),
testosterone-supplemented ganders excreted significantly
more testosterone immunoreactive metabolites (TM;
Fig. 1b) and showed a significantly higher frequency of
the status signalling “beak up” (Fig. 2b). The missing
effect of the implantation during the reproductive season
(February; Figs. 1, 2) might be due to seasonal T maxima
(Wingfield et al. 1990; Hirschenhauser et al. 1999a). The
system was probably saturated at the receptors’ level and
additional T did not produce any further effect (Hutchison
1976; Beletsky et al. 1990; Groothuis and Meeuwissen
1992). This is even more remarkable, as steroid excretion
seems to be more efficient in spring than in autumn
(Kotrschal et al. 2000). We assume that there may also
have been more carrier protein, which could have buffered
additional T and would have made circulating T inert to
inactivation and excretion. Bound T proportions in the
plasma may account for up to 90% of the total and may
therefore constitute a circulating pool that can intensify or
moderate the hormone’s action (Breuner and Orchinik
2002; see also Bentley 1998). Consistent with the known
seasonal patterns in geese (Hirschenhauser et al. 1999a),
levels of excreted TM decreased in control males while
they showed a slight increasing trend in implanted males
(Fig. 1a). It is unlikely that an insufficient size of our
implant caused these negative results, because the same
implant did produce significant and specific effects in
early winter (Figs. 1, 2), and similarly sized implants
(relative to body size) were successfully used in experi-
ments with other bird species (e.g. Wingfield 1984; Gyger
et al. 1988; Dufty 1989; Saino et al. 1995). However, our
implant was quite thick and probably released little

Fig. 3 In the early winter experiment, during the second week after
implantation, levels of excreted testosterone immunoreactive
metabolites (TM) of implanted males positively correlated with
the frequency of “beak up” (implanted males: black circles, r=0.86,
n2Im=7, P=0.014; control males: open circles, r=−0.46, n2Co=7,
P=0.298)

Fig. 4 In the early winter experiment, during the second week after
implantation, the latency of agonistic interactions was significantly
lower in the female partners of implanted males than in the female
partners of control males, i.e. female partners of implanted males
were faster attacked by other flock members than female partners of
control males (T=−2.492, nIm,Co=7,7, P=0.028). Full lines median
and inter-quartile ranges; dotted lines arithmetic mean; whiskers
range between 10th percentile and 90th percentile; full circles data
outside 10th percentile and 90th percentile
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testosterone, which could also explain the lack of an effect
in February.

Most of the recent T implantation experiments were
carried out during the late breeding season, at already
decreasing seasonal T levels (e.g. Searcy and Wingfield
1980; Schleussner et al. 1985; Hegner and Wingfield
1987; Beletsky et al. 1990), whereas we implanted shortly
after the onset of the mating period, at peaking seasonal T
levels (Hirschenhauser et al. 1999a, 2000b). In fact, the
time window available for us to implant was restricted to
the few weeks of male sexual activity during the mating
season.

Furthermore, during the mating season, both implanted
and control individuals belonged to different social
categories within the flock (Table 1). As T levels decrease
with age (in quail; Balthazart et al. 1984), and male
greylag geese from different social categories show
differences in amplitude and time course of seasonal T
patterns (Hirschenhauser et al. 1999a), considerable
individual variation among a small sample might have
affected the results (Fig. 1a). In fact, during the mating
season the results were affected by the age of the focal
geese. Hence, in November we focussed on males from
only one social category (Table 1), avoiding a possible
effect of age.

In early winter (November), T is significantly lower
than during the reproductive period, although not at
minimum, (Dittami 1981; Hirschenhauser et al. 1999a).
Yet, our implants produced a significant increase of TM
within a week (Fig. 1b; Schleussner et al. 1985; Dufty
1989; Saino et al. 1995). A significant effect on behaviour
was only observed after another week (Figs. 2, 3). This is a
typical time course for steroid-primed or steroid-modu-
lated behavioural changes (Nelson 1995) and supports the
hypothesis of a direct influence of T on male-type
behaviour (Owens and Short 1995; Fusani et al. 1997).

The only significant effect of experimentally enhanced
T was found for the “beak up” behaviour. This is a
vigilance-like action pattern, with body and neck vertically
stretched and the beak in an upward position, making a
male quite conspicuous. “Beak up” is performed mainly
by socially high-ranking individuals within the flock, i.e.
paired males with offspring (e.g. Lazarus and Inglis 1978;
Lamprecht 1986; Black and Owen 1986). It peaks from
mating until shortly after hatching of the young (Lorenz
1988) and hence parallels the annual peak in TM
(Hirschenhauser et al. 1999a). However, status signalling
may be important year-round in this permanent and long-
term pairbond system. As social pairing may occur year-
long (Hemetsberger 2001), any challenge by a male rival
would have also an indirect sexual context throughout the
entire year. Hence, the status signalling “beak up” is T-
sensitive. In reverse of this argument, the function of
“beak up” as a status signal rather than a vigilance posture
is supported by the lack of a clear effect of elevated T
levels on the frequency of vigilance behaviour of
implanted males (Fig. 2c,d). In this respect the decrease
in vigilance frequency in February might reflect seasonal

changes in the composition of the flock just ahead of the
breeding period (Lorenz 1988).

Furthermore, in early winter, the female partners of
implanted males were significantly faster attacked by other
flock members than the female partners of control males
(Fig. 4). At the mechanistic level, this may be a kind of
“redirected agonistic action” (Tinbergen 1940) caused by
the mismatch between the frequency of “beak up”
behaviour of the implanted males and their general status
(i.e. outside the reproductive season and without off-
spring). It was probably less risky to attack the females,
who are always slightly lower in rank than their males and
may be less prone to launch a counter-attack (Lamprecht
1986; Konrad Lorenz Forschungsstelle, unpublished
records).

In contrast to expectations, experimentally enhanced T
did not affect aggressive behaviour in the two seasons
(Fig. 2e,f). However, aggression and T are not always
correlated (e.g. Pröve 1978; Tsutsui and Ishii 1981;
Sapolsky 1983; Dittami and Reyer 1984). Several studies
showed that T-dependent aggressive behaviour may be
restricted to the reproductive season (e.g. Logan and
Wingfield 1990; Schwabl and Kriner 1991; Chandler et al.
1997; Hirschenhauser et al. 2000b). According to the
“challenge hypothesis”, androgens should, in fact, be
involved in reproductively motivated agonistic interac-
tions rather than in other forms of aggression (Wingfield et
al. 1990). In our study, T levels were at their annual
maximum during the mating season (Hirschenhauser et al.
1999a) and ganders were not responding to additional
hormonal stimulation (Wingfield et al. 1990; Hirschen-
hauser et al. 2000b). In November, the agonistic interac-
tions between flock members are, largely, motivated by
access to resources other than mates and, therefore, were
not T-sensitive.

Concluding, “beak up” as a status signal, but not
aggression per se is of year-long importance for greylag
ganders in a socio-sexual context. “Beak up” may be an
important signal in maintaining their pairbond and their
status within the flock. Hence, in the non-breeding season,
T may contribute to fitness through social interactions and
foraging success.
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