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Abstract
Dominance hierarchies play an important role in avoidance and/or solving
conﬂicts in gregarious species. In dabbling ducks (Anas species), dominance
allows for feeding-site monopolization in winter quarters where resources are
generally limited. In addition, male social rank should theoretically favour
access to mates. Dominance rank can be associated with morphological traits,
and is often correlated with aggressiveness, a behavioural trait generally related
to high testosterone levels. In this study, we investigated the existence of a
winter group structure based on dominance relationships and tested for a
linear hierarchy, in three species of captive male dabbling ducks (mallard Anas
platyrhynchos, pintail A. acuta and wigeon A. penelope). We then analysed the
relationship between dominance ranks, morphological parameters and testosterone levels measured in early (Oct.) and mid-winter (Dec./Jan.). We found
that the three male groups of the three species exhibited a linear hierarchy.
Testosterone levels diﬀered during winter and between species. Morphologic
measurements, body mass and body condition were not correlated with
individual dominance ranks, whereas dominant males had higher testosterone
levels than subordinates. The slopes of the relationships were similar between
species and winter period, but the y-intercepts diﬀered between species and
between early and mid-winter phases. The linear hierarchy found in the three
species indicates that dominance relationships strongly structure dabbling duck
groups in winter. Lack of correlation between rank and morphological
characters, but correlation of rank with testosterone levels suggests that social
rank is more dependent on behavioural traits such as aggressive behaviour.
The diﬀerences between species and winter periods are discussed in relation to
migration and wintering phenology.
Correspondence: Hervé Fritz, Centre d’Etudes Biologiques de Chizé, CNRS
UPR 1934, 79360 Beauvoir-sur-Niort, France. E-mail: fritzh@cebc.cnrs.fr
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Introduction
Many migratory bird species spend the winter in groups. There are several
advantages of group living and of gregarious behaviours in general, mainly
because of a reduction of individual vigilance time without an increase in
predation risk (e.g. Powell 1974; Bertram 1980; Lima 1995; Roberts 1996). There
may even be a decrease in the predation probability because of dilution and
confusion eﬀects (e.g. Hamilton 1971; Pulliam & Caraco 1984; Cresswell 1994).
However, living in groups also involves costs, such as competition for resources,
both in terms of accelerated food depletion (Goss-Custard 1980; Sutherland &
Allport 1994) and interference (Appleby 1980; Goss-Custard 1980; Ens & GossCustard 1984; Triplet et al. 1999). For most migratory birds, wintering time is a
crucial period both to restore fat reserves used during the post-breeding migration
and to accumulate fat for the pre-breeding migration and the breeding period
(Ebbinge & Spaans 1995; Tamisier et al. 1995). Consequently, minimizing the
costs of competition and acquisition of suﬃcient energetic reserves is of
paramount importance to each individual (Pravosudov & Lucas 2000).
Social organization may limit the costs of interactions with conspeciﬁcs,
through the reduction of aggressive interactions (Rowell 1974; Bernstein 1981;
Archer 1988). Indeed, building of a dominance hierarchy decreases ﬁghting in the
group as individuals learn to evaluate their chances in conﬂicts. Therefore, stable
dominance–subordination relationships may not only beneﬁt both dominants and
subordinates by diminishing the incidence of serious wounds but also by reducing
the time devoted to social interactions, thus increasing the time allocated to
foraging (Belthoﬀ et al. 1994; Guillemin et al. 2000; MacDonald et al. 2002).
In the Palearctic, wintering dabbling ducks (Anas species) gather in large
groups during daylight hours, resting, preening and sometimes feeding, and
spread in smaller groups at night mainly to feed. Winter quarters are often
characterized by non-renewable food supplies and are hence subject to quick
depletion. The competition for resources is potentially high (Zwarts 1976;
Guillemain & Fritz 2002), in particular, when low temperatures increase energy
demands (Frigerio et al. 2004). Consequently, the cost of wintering in groups
could be moderated by the existence of a social organization. Few studies have
been carried out on the subject, and they do not give consistent conclusions (Hepp
1989; Hoysak & Ankney 1996). Dominance seems to confer better access to food
sources in several wildfowl species (Ingold 1991; Kotrschal et al. 1993; Stahl et al.
2001). For dabbling ducks, winter is also the period of pair formation (Heitmeyer
1988; Tamisier et al. 1995; Tamisier & Dehorter 1999). Because of the general
male-biased sex ratio in wintering duck populations (Aldrich 1982; Hepp & Hair
1984), competition for mates becomes acute among males in winter, thereby
promoting the formation of a social hierarchy. High rank in males improves
access to females in several wildfowl species (Brodsky et al. 1988; Holmberg et al.
1989), although this is not always true (Sorenson & Derrickson 1994).
If social rank plays an important role in wintering dabbling ducks it should
be associated with individual morphological and/or behavioural traits. Several
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correlates of social dominance have been explored in birds (see Piper 1997 for a
review). In waterfowl, age, sex, breeding status (paired or single) and body size
all have been found to be related to dominance status (Hepp & Hair 1984;
Lamprecht 1986; Black & Owen 1987; Hepp 1989). Dominance is often
associated with more pronounced aggressive behaviours generally related to
high levels of testosterone (Wingﬁeld et al. 1987; Marler & Moore 1988).
Consequently, testosterone levels are related to social rank in some species,
including birds (Wingﬁeld et al. 1987, 1990; Tremblay et al. 1998; Guillemin
et al. 2000). However, although endocrine patterns linked with dominance and
reproductive behaviour have been fairly well studied in geese (e.g. Kotrschal
et al. 1998; Hirschenhauser et al. 1999, 2000), few studies have been carried out
in dabbling ducks (but see Hoysak & Ankney 1996; Davis 2002a,b), particularly
in winter.
In this study, we present the results of experiments carried out on captive
male mallard Anas platyrhynchos, pintail A. acuta and wigeon A. penelope, for the
existence of a linear hierarchy between adult male dabbling ducks and examine
the hormonal and morphological correlates of dominance. The experiments were
carried out in groups with slightly female-biased sex ratios, hence testing for
dominance relationship in a context of potential competition for food and water
resources, but not for mates.
While controlling for potential confounding eﬀects on individual testosterone
levels such as time of day, order of capture, handling time and body condition, the
following predictions were tested: (1) morphologically larger males are more likely
to be dominant, (2) males in better body condition have a dominant status, and
(3) dominant males are more aggressive, and have higher blood testosterone
levels. We assessed dominance once in mid-winter, and postulated that it was
stable since early winter because of social inertia (Wingﬁeld & Ramenofsky 1985
in Archawaranon et al. 1991; Sorenson et al. 1997). We then discuss the biological
signiﬁcance of the relationships between testosterone level and social hierarchy in
light of migration and mating phenology in the three species.

Methods
Birds and Observations

The experiments were carried out between September 2000 and February
2001 at the Centre d’Etudes Biologiques de Chizé (CEBC), in western France,
using adult ducks descended from individuals caught in the wild. This programme
was approved by the Ministry of the Environment and satisﬁed the requirements
of the Animal Welfare regulations from the Ministry of Research and Higher
Education. The birds were maintained at the CEBC for at least 3 yr before the
experiments, and were therefore accustomed to their environment. During the
day, mallards were free to move about in the ﬁeld station’s yard (approx.
1000 m2) with food and water provided ad libitum. Pintails and wigeons were
kept in separate 110-m2 enclosures (50 m2 grass, 60 m2 concrete) equipped with a
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10-m2 pool. At night, ducks were caged in three diﬀerent 200 m2 aviaries (100 m2
grass, 100 m2 concrete), one per species, equipped with a 25-m2 pool. Food in
aviaries (ad libitum) was composed of a mixture of crushed corn, wheat and
commercial duck food.
Mallards were reared together for >2 mo before the experiments, and ÔknewÕ
each other in the larger group (only 30 individuals) for 3 yr. For pintails and
wigeons, they were together for 3 yr prior to the experiment. In this context, the
hierarchy between individuals would have been well established, and if stable, well
conserved. No pairs were identiﬁed prior to or during the experiment.
During the experiments, birds were kept apart from late Aug. in three
separate 10 m · 10 m grass areas during the day and in 5 m · 10 m concrete
aviaries during the night, all equipped with a 10-m2 pool. We used all the available
wigeon (seven adult males and eigt adult females) and pintail (six adult males and
11 adult females); for mallard, we selected individuals randomly from a larger (i.e.
30 individuals) ﬂock to obtain an even sex ratio (eight males and eight females).
Food was provided ad libitum. Only the males, and their ranks, were considered
in the analyses and experiments.
The birds were marked individually with plastic badges glued to their backs
with non-toxic glue (3 cm · 6 cm, with black and white codes). The ducks were
observed in the morning (45 min) and in the afternoon (45 min) for ﬁve
consecutive days, from 18 to 22 December for mallards, 15 to 19 January for
pintails and 29 January to 2 February for wigeons. During each 45-min session,
the group of birds was placed in a 2 m · 4 m arena and videotaped using a
digital video camera recorder (Sony Digital Handycam; Sony, Tokyo, Japan)
positioned 2 m from the enclosure and 2 m from the ground level to facilitate
reading of the badge codes. No observer was visible to the ducks after the
camera was positioned. In the morning session, the camera ﬁeld (2 m · 2 m)
included a bowl of 400 g of wheat and a bowl with a surface of 700 cm2 of
water. In the afternoon, the bowl of water was replaced with a 1-m2 pool of
clear water and two cameras covered the complete area of the enclosure. All
interactions, close to the resources or elsewhere in the enclosure were noted in
the videotapes, in order to record all agonistic encounters. For each aggressive
encounter, we determined the winner and the loser, and the type of interaction:
threat, chase, ﬁght and/or avoidance. The birds were deprived of food the night
(10 h) before each day of observation to increase competition for resources so as
to obtain a suﬃcient number of interactions during each observation session.
This treatment engendered no injuries or abnormal body mass variations
(
x  SD: +0.18 ± 0.018%).
Blood Sampling

Blood samples were ﬁrst collected on 29 Sep. 2000 for mallards, 2 Oct. 2000
for pintails and 3 Oct. for wigeons (early winter). A second sample was collected
in mid-winter on 14 and 15 Dec. 2000 for mallards, 11 and 12 Jan. for pintails,
and 25 and 26 Jan. for wigeons, 3 d before the start of observation sessions for
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each species. Birds were individually captured with a net, one after the other.
Immediately after capture, we drew 600 ll of blood from the brachial vein into a
1-ml heparinized syringe using a 25-gauge needle. We completed the entire
capture and handling process as quickly as possible to minimize the eﬀects of
handling stress on circulating hormones. The handling time, i.e. time between
capture and completed blood sampling, never exceeded 350 s (x  SD: 160 ± 74).
Collection of blood samples in all males was carried out within the same time of
day (9:30 to 10:30 hours) to minimize the eﬀect of diurnal ﬂuctuations in
testosterone levels (Balthazart 1976). Testosterone levels were not correlated with
the time of day (regression analysis of testosterone level vs. time of day: early
winter for mallards: n ¼ 8, r ¼ 0.05, p ¼ 0.915; pintails: n ¼ 6, r ¼ 0.14, p ¼
0.768; wigeons: n ¼ 7, r ¼ 0.09, p ¼ 0.855; mid-winter for mallards: n ¼ 8, r ¼
0.10, p ¼ 0.811; pintails: n ¼ 6, r ¼ 0.32, p ¼ 0.554; wigeons: n ¼ 7, r ¼ 0.27,
p ¼ 0.565), which suggests that our protocol was eﬀective in minimizing these
sources of variation. Samples were centrifuged (5 min at 1800 g) immediately
after collection. The plasma was decanted and frozen at )20C until radioimmunoassay analysis.
Radioimmunoassays

Plasma testosterone levels were determined at the CEBC laboratory by
radioimmunoassay using a speciﬁc antibody for testosterone (Lormée et al. 2000).
Testosterone antiserum was provided by Dr Gérald Picaper (Medecine nucléaire,
CHU la Source, Orléans, France). Testosterone was extracted from a 50-ll
plasma sample with diethyl-ether with a recovery rate >95%. The extracts were
re-dissolved in 0.01 m phosphate-buﬀered saline (pH 7.4) containing 0.1%
phosphate-buﬀered saline–bovine serum albumin (PBS–BSA) and incubated
overnight at 4C with approx. 9000 cpm (counts per minute [¼ DPM
(disintegrations per minute) · eﬃciency of the spectrometer (env. 85%) of the
appropriate 3H-testosterone (F-91898 ORSAY; Amersham Pharmacia Biotech,
Orsay, France) and antiserum. The bound testosterone fraction was separated by
addition of dextran-coated charcoal and counted in a Packard scintillation
spectrometer (Packard Instruments Co., Meriden, CT 06450, USA). Only one
assay was performed and the intra-assay coeﬃcient of variation was 6.5% (n ¼ 3
duplicates). The lowest concentration detectable was 0.10 ng/ml. Two of the seven
wigeon samples from early winter fell below the detectable limit of the assay and
were assigned the lowest detectable value for testosterone (0.10 ng/ml).
Morphometric Measurements

Both in early and mid-winter, the ducks were weighed to the nearest gram
after blood collection. In mid-winter, tarsus and bill lengths were measured to the
nearest 0.01 mm using an electronic calliper. Wing length was measured to the
nearest millimetre with a ruler. All measurements were made by the same observer
(M. Poisbleau) to minimize observer biases.
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Body mass to wing length, bill and tarsus ratios are commonly used to assess
body conditions in birds (Chastel et al. 1995). However, as often happens in
captive conditions, we found the ducks to wear out their wings more rapidly than
in natural conditions, hence this parameter may not be representative of
structural size. Bill and tarsus length did not change seasonally. To estimate
body condition, a ratio of body mass (g) to (bill + tarsus length) (mm) was
therefore calculated (Kitaysky et al. 1999). High values represented individuals
that were relatively heavy for their respective body size and low values represented
those individuals that were especially lean for their size.
Statistical Analysis

Interactions between birds were organized in sociometric matrices from which
we calculated Kendall’s coeﬃcient of linearity (K), Landau’s index and the index
of linearity (h¢) (De Vries 1995), using MatMan 1.0 (MatMan, 1998; De Vries et al.
1993). Each index varies from 0 (absence of linearity) to 1 (complete linearity). h¢ is
based on h and takes into account the existence of unknown relationships, when
two members of a dyad were not observed to perform any agonistic interaction.
Statistical signiﬁcance of K is provided by a chi-square test. For the h¢ index, a
sampling process using 10 000 randomizations is performed (De Vries 1995).
When the dominance hierarchy was signiﬁcantly linear, individuals were reordered
by a two-step iterative procedure (10 000 sequential trials), ﬁnding the rank order
most consistent with a linear hierarchy by minimizing the number of inconsistencies and then minimizing the total strength of the inconsistencies (De Vries 1998).
The birds were ranked from 1 (most dominant) to 6, 7 or 8 (most subordinate).
In the statistical analysis, initial data were tested for assumptions required
by a parametric statistical test, and testosterone levels were log10-transformed
(Sokal & Rohlf 1981). In addition to time of day, other parameters can aﬀect
individual testosterone levels: order of capture, handling time and body
condition indexes. We ﬁrst tested for these eﬀects before constructing the
statistical models testing for dominance correlates. For that, factors (periods of
winter, species and order of capture) and covariates (handling time and body
condition) aﬀecting testosterone levels were examined with an ancova. First,
we tested a complete model with all biologically sensible interactions. Higher
order interactions were then removed one by one from the model when nonsigniﬁcant (p > 0.05). The parameters values for all statistical relationships
were those estimated from the ﬁnal model, i.e. with all variables being
signiﬁcant. As body condition was calculated from body mass and body size,
they could not be included in the same statistical model. Thus, secondly, we
built two models: one considering body mass and body size parameters (tarsus
and bill lengths), and one considering body condition, to test for their possible
eﬀects on dominance rank. Winter periods, species and log-transformed
testosterone levels were also included in the model. All statistical analyses
were performed using SYSTAT 7.0 (release 9 for Windows; SPSS Inc.,
Chicago, IL, USA; Wilkinson 1997). Values are presented as mean ± SE.
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Results
Determination of Dominance Status

Mallards
The analysis of the malesÕ sociometric matrix comprised 455 interactions and
revealed a clear linear hierarchy (Kendall’s linearity index K ¼ 0.9375, v2 ¼ 47.5,
df ¼ 21, p < 0.001). The values of Landau’s index and the corrected index were
particularly high (h ¼ 0.94, h¢ ¼ 0.95, improved linearity test using h¢,
p < 0.001) and clearly indicated that male ranking was linear. The matrix
contained 1.25 circular triads, or 6.25% of the maximum possible number of
circular triads (Fig. 1a).
Pintails
The matrix of males comprised 88 interactions and clearly revealed a
signiﬁcant linear hierarchy (K ¼ 0.906, v2 ¼ 49, df ¼ 30, p < 0.05; h ¼ 0.91,
h¢ ¼ 0.97, improved linearity test using h¢, p < 0.05). The matrix contained 0.75
circular triads, or 9.375% of the maximum possible number of circular triads, and
still indicated linearity (Fig. 1b).
Wigeons
The matrix of males comprised 303 interactions and showed a signiﬁcant
linear hierarchy (K ¼ 0.714, v2 ¼ 37.3, df ¼ 23, p < 0.05; h ¼ 0.714). As there
were no unknown interactions, we did not calculate any h¢. This matrix contained
four circular triads, or 28.571% of the maximum possible number of circular
triads and two eﬀective circular triads (e.g. A > B, B > C but C > A, under the
diagonal in the matrix) (Fig. 1c).
Confounding Eﬀects on Testosterone Levels

Order of capture, handling time and body condition indexes did not have a
signiﬁcant eﬀect on testosterone levels (Table 1). Conversely, testosterone levels
diﬀered between winter periods, with birds having higher testosterone concentration in mid-winter than in early winter (Table 1, Fig. 2). In addition, there was
a species eﬀect on testosterone levels, with values in pintail being systematically
lower than those of wigeon and mallard (Table 1, Fig. 2). Both species and winter
periods were therefore included in the analysis of dominance correlates, as
potential confounding factors for testosterone levels in the analysis.
Dominance Correlates

Body size parameters, body mass and body condition were not signiﬁcantly
related to rank (Table 2a,b). Conversely, testosterone levels (log10-transformed)
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(a)

Loser
C9 C16 C13 C14 C12 C11 C10 C15
C9

5/0 11/1 7/0

4/0 15/0 15/0 12/0

12/0 9/0

8/0 49/0 29/0 31/0

C16

Winner

C13

11/0 30/0 35/0 30/0 15/0

C14

1/0

C12

4/0

6/2

2/0

5/0

4/0

0/0

C11

50/0 23/9

C10

15/5

C15

Loser

(b)
P13
P13

P14

P17

P12

P15

P16

22/1

15/0

2/0

3/0

7/0

5/0

1/0

10/0

3/0

0/0

3/1

7/0

0/0

2/1

Winner

P14
P17
P12
P15

5/0

P16

(c)

Loser
S15

S15 S11

S9

S13 S10 S12

S14

7/0

8/0

7/0

13/0

Winner

S11

8/0

5/0

12/0 11/0

18/0

S9

16/0 20/0 39/1 27/0

S13

10/1 27/0 18/0

S10

6/0

S12

14/1

6/5

1/0
22/0

S14
Fig. 1: Dominance matrices for male (a) mallards (N total ¼ 88 interactions), (b) pintails (N total ¼
455 interactions) and (c) wigeons (N total ¼ 303 interactions). The birds are ranked according to
dominance; their scores decrease from left to right and from the bottom to the top. Each cell in the
matrix shows the number of encounters won by the bird in that row over the bird in the column. Where
a bird won a majority of the encounters, the proportion won by each is entered as a proportion in the
winner’s row. Inconsistencies are below the diagonal

were signiﬁcantly related to rank (p ¼ 0.001; Tables 2b and 3, Fig. 3), with the
dominant individual having a higher testosterone level than the subordinates
(F1,37 ¼ 17.775, p < 0.001 in the ﬁnal model with only signiﬁcant variables). As
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Table 1: Results of ancova on log10-testosterone levels with winter period and species as
factors, and order of capture, handling time and body condition as covariates (n ¼ 42,
r2 ¼ 0.425)
Source

SS

df

MS

F-ratio

P-value

Species
Period
Order
Handling
BC
Error

0.356
0.345
0.011
0.064
0.037
1.086

2
1
1
1
1
35

0.178
0.345
0.011
0.064
0.037
0.031

5.738
11.129
0.356
2.060
1.196

0.007
0.002
0.554
0.160
0.282

All interactions were non-signiﬁcant and therefore removed from the model during the
backwards stepwise procedure. Only period and species eventually had a signiﬁcant eﬀect
(see text).

Fig. 2: Variation in testosterone levels between species and between winter periods (mean ± SE)

expected from the analysis on testosterone levels, in the ﬁnal ancova model both
period of winter (F1,37 ¼ 4.881, p ¼ 0.034) and species (F2,37 ¼ 6.513, p ¼ 0.004)
aﬀected the relationship between testosterone and dominance. This can be
through their eﬀect of testosterone levels, but probably primarily because of the
fact that the average value of rank per species diﬀered initially as the numbers of
birds diﬀered. The slope of the relationship did not diﬀer between periods and
species as neither period–testosterone interaction nor species–testosterone interactions were signiﬁcant (F[1,33] ¼ 0.572, p ¼ 0.57 and F[2,34] ¼ 1.721, p ¼ 0.20,
respectively, when excluded from the model). The estimated relationships are
summarized in Table 3.
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Table 2: Results of ancova on dominance rank with winter period and species as factors
for (a) body mass, tarsus length, bill length and log10 testosterone as covariates (n ¼ 42,
r2 ¼ 0.418), and (b) body condition and log10 testosterone as covariates (n ¼ 42, r2 ¼
0.354)
Source

SS

df

MS

F-ratio

P

(a)
Species
Period
T (log)
Tarsus
Mass
Bill
Error

21.318
12.536
53.663
11.811
1.234
4.798
104.745

2
1
1
1
1
1
34

10.659
12.536
53.663
11.811
1.234
4.798
3.081

3.460
4.069
17.419
3.834
0.401
1.558

0.043
0.052
0.001
0.058
0.531
0.221

(b)
Species
Period
T (log)
BC
Error

28.448
13.140
57.198
1.009
117.484

2
1
1
1
36

14.224
13.140
57.198
1.009
3.263

4.359
4.026
17.527
0.309

0.020
0.052
0.001
0.582

All interactions were non-signiﬁcant and therefore removed from the model during the
backwards stepwise procedure. Only log10 testosterone, period and species remain in the
ﬁnal model (see text).

Discussion
Linearity of the Hierarchy

This is the ﬁrst study on behavioural dominance in waterfowl using
matrix-ranking procedures (MatMan; De Vries 1995), which takes into account
and combines all the diﬀerent principles developed in recent research on social
hierarchies. All three species show a high index of linearity, although in
mallards (h ¼ 0.94) and pintails (h ¼ 0.91) the hierarchies seemed to be more
stable and linear than in wigeons (h ¼ 0.71). Only two eﬀective circular triads
(e.g. A > B, B > C but C > A) were observed, both in wigeons. Our
observations, therefore, conﬁrm that dominance in male dabbling ducks is
organized according to a deﬁned social hierarchy, which is in agreement with
other studies on geese and ducks (Branta leucopsis Black & Owen 1987; Chen
caerulescens caerulescens Gregoire & Ankney 1990; six species of dabbling
ducks Hepp & Hair 1984; Anser indicus Lamprecht 1986; Branta canadensis
Raveling 1970). In addition, our experiments show that this social hierarchy is
extremely linear, an aspect of dominance that has been poorly investigated in
dabbling ducks (but see Hepp 1989; Hoysak & Ankney 1996), although it has
already been demonstrated for many other bird species (e.g. HarrisÕ sparrows
Zonostrichia quereula; Chase & Rohwer 1987; Oystercatcher Haematopus
ostralegus; Ens & Goss-Custard 1984). Our values of the coeﬃcients of
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Fig. 3: Relationship between plasma levels of testosterone and rank order. Black circles and solid line:
early winter. Open circles and dashed line: mid-winter; (a) mallards, (b) pintails and (c) wigeons

linearity (K and h) are consistent with the few published ones found for
captive American black ducks Anas rubripes (K between 0.78 and 0.99; Hepp
1989) and in the upper range of values found by Hoysak & Ankney (1996) for
American black ducks and Mallards (h between 0.44 and 0.83).
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Table 3: Estimated equation from the ancova models relating dominance rank to log10
testosterone, with species and period as factors (n ¼ 42, r2 ¼ 0.374)
Species

Period

Estimate

Mallard
Mallard
Pintail
Pintail
Wigeon
Wigeon

Early winter
Mid-winter
Early winter
Mid-winter
Early winter
Mid-winter

Rank
Rank
Rank
Rank
Rank
Rank

¼
¼
¼
¼
¼
¼

)2.819
)2.819
)2.819
)2.819
)2.819
)2.819

·
·
·
·
·
·

log
log
log
log
log
log

Testosterone
Testosterone
Testosterone
Testosterone
Testosterone
Testosterone

+
+
+
+
+
+

3.793
4.461
0.916
1.584
2.463
3.131

Confounding Eﬀects on Testosterone Levels

We acknowledge the fact that the protocol was not ideal, because blood
samples were collected sequentially from each species rather than simultaneously, as in most similar studies (Hoysak & Ankney 1996). However, this
did not aﬀect dominance ranks, as the correlation between dominance rank
and sampling order was not signiﬁcant. The testosterone levels were not
inﬂuenced by order of capture even if birds had seen their conspeciﬁcs being
manipulated before. Similarly, handling time was not related to individual
testosterone levels. Previous studies have shown that circulating levels of
testosterone decrease within few minutes after capture during the non-breeding
winter phase of white-crowned sparrows Zonotrichia leucophrys gambelii and
Z. l. pugetensis (Wingﬁeld et al. 1982); hence our levels of testosterone are not
likely to result from the stress linked to handling. Another possible source of
bias would be if our dabbling ducks perceived captures as aggressive
interactions, and increased their levels of testosterone: testosterone levels may
increase as soon as 10 min after aggressive male interactions (Wingﬁeld &
Wada 1989 in Sorenson et al. 1997). In our case, the total manipulation was
always <6 min (approx. 2 min on average); hence our recorded levels of
testosterone are not likely to be related to capture and handling.
Persistently high plasma testosterone levels are believed to be costly to males
because of their negative eﬀects on body condition in gregarious species (Ros
et al. 1997). Our results did not support this hypothesis, as in male yellow-legged
gulls Larus cachinnans (Alonso-Alvarez et al. 2002).
In mid-winter, testosterone levels were higher for all species. This most
probably has to be linked with mating behaviours, which start to be intense in all
three species at this period of the year (Guillemain et al. 2003). The testosterone
levels we recorded therefore may have been a combination of aggressive and
reproductive testosterone production. In each of the two periods, pintails have
signiﬁcantly less testosterone. Personal observations also revealed that pintail was
the species in which aggressive behaviours were the least intense during the
experiments.
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Correlates of Dominance

Larger body mass and/or structural size could be a physical advantage
during ﬁghts (e.g. Stahl et al. 2001) but this was not clear during our experiments
where no signiﬁcant correlation was observed between morphological parameters
and dominance ranks. Body condition could be the cause of this dominance: by a
more eﬃcient foraging, fatter birds could invest more in social behaviour.
However, the inverse hypothesis is also possible: high ranking birds may have a
better access to food, and therefore a better body condition. All these hypotheses
cannot be tested with our data as ducks had food ad libitum, and hence food was
not a limiting factor. There was no signiﬁcant correlation between morphological
parameters and dominance ranks. This is consistent with other studies: dominant
Anatidae generally appear not be morphologically diﬀerent (Sorenson &
Derrickson 1994; Hoysak & Ankney 1996). Despite our small sample sizes, the
lack of correlation between dominance rank and size clearly suggests that the
acquisition of rank may have more to do with behavioural traits such as
aggressive behaviour. However, we acknowledge the fact that causality in studies
such as ours is impossible to ascertain, as it is diﬃcult to know what comes ﬁrst
between dominance and testosterone.
According to the challenge hypothesis (Wingﬁeld et al. 1987, 1990),
testosterone levels are correlated with dominance rank during periods of high
aggression among males such as hierarchy formation, territory establishment or
mate guarding (Wingﬁeld & Farner 1978; Wingﬁeld 1984). Testosterone levels
remain low and uncorrelated with dominance rank once territory boundaries and/
or stable relationships have been established (Ramenofsky 1984; Wingﬁeld 1984).
In our study, carried out during early and mid-winter, mate guarding was an
unlikely explanation for the maintenance of high testosterone levels especially
because ducks were not paired in the aviaries at the time of the experiment.
Although the elevation of testosterone between early and mid-winter may be due
to the start of the courtship period, our results are more likely to be related to
hierarchy establishment, or hierarchy maintenance during the non-breeding
season. Because our groups were formed long before our behavioural observations, we could have expected that stable dominant relationships were established
and maintained by individual recognition and social inertia (Wingﬁeld &
Ramenofsky 1985 in Sorenson et al. 1997; Archawaranon et al. 1991), hence
minimizing aggression and therefore, ﬂuctuations of testosterone levels. The fact
that dominance was generally related to testosterone levels during winter suggests
that: (1) social hierarchies may be more labile than expected in dabbing ducks and
(2) therefore it may be possible for some individuals to improve their social status
through aggressive interactions with others.
Adaptive Signiﬁcance of the Hierarchy Formation during the Wintering Period

Our results on captive birds suggest that natural selection promoted the
establishment of aggressive behaviour when the birds arrive on the wintering
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grounds. In the wild, migratory ducks arriving at their wintering quarters often
experience a period of fairly unstable conditions, having to assess the quality of
the resources, but also mixing with a large number of strange individuals. In
addition, food is rarely renewable for dabbling ducks in winter and hence,
depletion can induce major changes in patch and habitat quality with time
(Guillemain et al. 2002). This would therefore be an important period during
which social hierarchies need to be deﬁned, and several studies on waterbirds
already show that dominance provides real advantages in access to resources
(Goss-Custard et al. 1984; Hepp & Hair 1984; Kotrschal et al. 1993; Stahl et al.
2001). We can expect that the relationship between testosterone, i.e. aggression,
and dominance may be the strongest when birds arrive in their wintering quarters,
in order to acquire a high social rank at the onset of the winter. If this is the case,
the intensity of the relationship may vary between species according to their
migratory phenology. Our data set was too small to really discriminate seasonal
changes in the slopes relating testosterone and dominance between species. The
fact that the relationship seemed stronger for pintail and wigeon in mid-winter
compared to mallard is consistent with their migratory pattern for western France
(Guillemain & Fritz 2002), and certainly calls for further investigation.
Our results show that male dabbling ducks are organized in a linear hierarchy
during winter, and spend time interacting to acquire and maintain their social
rank. This is presumably associated with a beneﬁt, such as an easier access to
mates (Hoysak & Ankney 1996; Sorenson et al. 1997) or access to better food
patches (Stahl et al. 2001). Further work is required to test the inﬂuence of
dominance on individual wintering strategies. This could include the manipulation of hormonal status in the wild, with testosterone implants on arrival in
wintering areas.
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