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Influence of comfort and social stimuli on a comfort movement and a display
derived from it
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Abstract. We tested the extent of emancipation of the Whistle-shake display of male shelducks, Tadorna
tadorna, from causal factors controlling its presumed evolutionary precursor, the Body-shake, a
comfort movement. Both motor patterns show similarities in form and alternate in a yearly rhythm.
First, in an artificial rain experiment, we analysed the influence of a stimulus controlling comfort
movements. In spring almost exclusively Whistle-shakes were induced even in the absence of social
stimuli, while in summer the birds performed predominantly Body-shakes. This is probably related to
the seasonal production of sex hormones. Second, we tested the influence of social stimuli by
confronting shelducks with displaying and non-displaying males. During moult when males almost
exclusively perform Body-shakes we found no influence of social stimulation on the frequency or form
of shakes. However, an effect of social stimulation was found in a period when the drakes gradually
replace the Body-shake by the Whistle-shake which is after moult in autumn. In this experiment, birds
were confronted with either an empty cage (control), artificial rain, a non-displaying or a displaying
male conspecific. In relation to the control situation the birds performed more Whistle-shakes when
stimulated socially and more Body-shakes when stimulated with artificial rain. The extent to which both

shaking patterns share the same causal factors is discussed.

In ethology it is generally accepted that during the
course of evolution a social display can become
independent of the causal factors controlling its
precursor patterns (Tinbergen 1952; Baerends
1975). Although the degree of this emancipation
can give valuable information on the evolution
and proximate causation of displays, it has not
been the subject of much experimental testing.
Recently Duttmann & Groothuis (1996) com-
pared the proximate causation of the Whistle-
shake display of male shelducks with that of its
evolutionary precursor, the comfort movement of
Body-shaking. They found that males perform
both the Whistle-shake and the Body-shake
after wetting their plumage. This suggests an
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influence of comfort stimuli on the occurrence of
the display pattern. Consequently, Dittman &
Groothuis concluded that the Whistle-shake is not
emancipated from the causal factor for its evolu-
tionary precursor, the Body-shake. However, their
comparison of the causation of both motor pat-
terns was incomplete because: (1) these birds were
tested when housed in groups of conspecifics and,
therefore, the influence of social stimuli was not
excluded; (2) the Whistle-shake appeared to be
sensitive to social stimulation but the sensitivity of
the Body-shake for social stimuli was not tested;
(3) the experiments were carried out either in
spring when the Whistle-shake predominates or in
summer when the Body-shake is almost exclu-
sively performed. Therefore the results may be
confounded by an influence of season. In sum-
mary, these reasons make it impossible to draw a
conclusion about the extent to which the shaking
patterns differ in their causation. Therefore our
aim in this paper was (1) to test whether the
Whistle-shake can be triggered by comfort stimuli
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Figure 1. Form of shaking patterns of adult male shelducks: (a) Body-shake; (b) Deep Intermediate form; (c) High
Intermediate form; (d) Whistle-shake with trill (inset). Modified after Ratermann et al. (1990).

only, (2) to test whether the Body-shake can be
triggered by social stimuli, and (3) to compare the
influence of comfort and social stimuli on the
Whistle-shake and the Body-shake more directly
during the period in which both patterns are
simultaneously present in the repertoire.

The Body-shake is a typical comfort movement
in all Anatidae. It removes water from the plum-
age and rearranges the body feathers (McKinney
1965). The Whistle-shake is a display given by
males during courtship and territorial interac-
tions. In ontogeny the Whistle-shake emerges
gradually via intermediate forms from the Body-
shake (Duttmann 1992). In the display all shaking
components are unchanged, except for the last
part of the movement. Instead of taking back the
head directly, a bill-tipping component is added
while the drake utters a trill (Fig. 1; see Duttmann
& Groothuis 1996). Body-shake and Whistle-
shake alternate in a yearly rhythm: the Whistle-
shake is performed almost exclusively for most of
the year. During moult in summer, however,
sheldrakes perform the Body-shake, never the
Whistle-shake display. During a couple of weeks
before and after moult all shaking patterns are

present in one bird including intermediate forms
(Ratermann et al. 1990; Ratermann 1991). The
clear relationship between the Body-shake and the
Whistle-shake, and the fact that comfort stimuli
are relatively easy to manipulate, make these
motor patterns an excellent model to study the
extent of emancipation in social displays.

EXPERIMENT I: ARTIFICIAL RAIN
EXPERIMENTS IN SPRING AND
SUMMER

This experiment was designed to investigate to
what extent the display has been emancipated
from one of its presumed original causal factors.
In particular, we tested whether the Whistle-
shake is sensitive to a comfort stimulus relevant
for the Body-shake, even in a situation where
social factors are absent. Therefore we carried out
artificial rain experiments with socially isolated
birds. To compare the results for the Whistle-
shake with data from the Body-shake, we did
similar experiments in April when birds predomi-
nantly perform Whistle-shakes and in June when
the Body-shake is almost exclusively present.
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Methods

For both experiments in April and June we used
the same five male shelducks. They were obtained
from professional breeders and were at least 2
years of age. Around the time of the experiments
they were housed individually in visual isolation
from other ducks in outdoor aviaries that
included a 0.75m? water basin. The aviaries
measured 1.5 x 3 x 2.5 m high in all experiments.
The water was refreshed almost daily. The ani-
mals were fed ad libitum with grain and pellets as
used in duck and geese farms.

In the tests we sprayed the birds with water
from a hide next to the aviary 10 times in succes-
sion for 1 s each 5 min to release shaking patterns.
We recorded the behaviour of the birds on video-
tape from a hide 5 m away.

We classified the different forms of shaking on
the basis of the amplitude of the head movement
when the head is taken back after the completion
of the head-neck-shaking component. In the
Body-shake the head is taken back directly to the
normal relaxed position. In the Whistle-shake
the head is raised until the neck is stretched
vertically and the bill is pointing upwards. The
movement is accompanied by a whistling trill. In
the High Intermediate-shake the neck is stretched
while the bill is not raised above the horizontal
line. In the Deep Intermediate-shake the neck is
stretched less extensively than in the two previous
forms (Fig. 1).

Results

In both spring and summer the isolated males
responded in nearly 100% of the sprays with a
shaking pattern (Fig. 2). A paired t-test did not
show a difference between the seasons in this
respect (t,=3.07, Ns). However, there was a clear
effect of season on the type of the shaking
response. In spring all males reacted exclusively
with Whistle-shakes, whereas in summer only
Body-shakes and Deep Intermediate forms were
elicited by artificial rain stimuli (Fig. 2). The
difference in the frequency of Whistle-shakes
between periods was highly significant (paired
t-test: t,=31.62, P<0.001). During the tests in
both periods none of the isolated males was ever
seen to perform other social displays. In conclu-
sion, the Whistle-shake display is still under the
control of factors affecting plumage condition and
influencing the performance of the Body-shake.
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Figure 2. Percentages of artificial rain stimuli in spring
and summer in which shaking responses (X = SE)
occurred. Data are from five isolated adult sheldrakes.
H: Whistle-shake; [J: Deep Intermediate-shake and
Body-shake.

EXPERIMENT I1: SOCIAL
STIMULATION IN SUMMER

In spring the Whistle-shake is, in addition to
comfort stimuli, sensitive to social stimulation
(Diuttmann & Groothuis 1996). The possible
influence of social factors on the Body-shake is,
however, still unknown. Therefore we confronted
adult males with different social stimuli in sum-
mer, when they predominantly perform the Body-
shake.

Methods

During moult in summer nine shelduck pairs
were housed separately in rows of three adjacent
aviaries as described above (experiment I). Within
a row the aviaries were separated by wire-netting,
so that the birds could see each other but did not
establish a rank order. Birds of one row could not
see the birds in another row. In each row the male
in the middle was the stimulus bird that should
stimulate the test males to the left and the right.
To obtain an actively displaying stimulus bird it
was implanted with testosterone propionate. We
applied 30 mg of the hormone in silicon tubes
(inner diameter=1 mm, outer diameter=3 mm,
length 3.5 cm), which we implanted subcutane-
ously in the neck using lidocaine as local anaes-
thetic. Because the effect of the hormone on
behaviour develops gradually within about 4 days,
we started observations 4 days after implantation.
As the control, the same test birds, housed in the
same cages, were confronted with an untreated
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male in the middle cage. We tested six pairs in this
way but analysed only the data of the males. Four
pairs were confronted with the implanted stimulus
bird first. Thereafter we had to exchange the
stimulus males since they continued to display
after we removed the hormone-filled tubes and
therefore could not be used as stimulus birds in
the control phase. The other two pairs were first
observed in the control situation and subsequently
confronted with the same, now implanted, stimu-
lus birds in the experimental situation. The con-
trol as well as the experimental period lasted
2 weeks.

We observed all birds 10 h a week from a hide
5 m away. Observations took place between 0900
and 1200 hours and between 1300 and 1700 hours.
During these hours we observed two test males of
the same row simultaneously and recorded the
different forms of shaking behaviour (see exper-
iment I). The frequency of shaking was calculated
for every week separately to control for an effect
of set-up changes.

All data were log(x+1) transformed to achieve
a normal distribution. For statistical analyses
we carried out a three-factor MANOVA, with
repeated measures for all factors. One factor
represented the form of the shaking patterns (four
levels), the second factor the experimental condi-
tion (two levels) and the last factor the week of the
control or test phase (two levels). We tested for
the effects of stimulus condition and week and for
the interaction effects of shaking form x stimulus
condition and shaking form x week. In all these
cases df within cells was 5. Additionally, we per-
formed power analyses for the tests at the 0.05
level of significance and with an 80% chance of
detecting differences between the means.

Ethical note

Experiments 11 and 111 (see below) involved the
application of testosterone proprionate to sexually
inactivate male shelducks. Both experiments were
carried out in line with the Dutch legal require-
ments for animal experiments and in line with
the ASAB guidelines for the use of animals in
research. By restricting the hormonal treatment to
only 3 weeks and by using implants that give
plasma testosterone levels within the physiological
range of adult males, we reduced the impact of the
hormone which did not significantly affect the
birds’ welfare. Furthermore we treated only four
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individuals which we used as displaying stimulus
birds. All birds became normally reproductive in
the next breeding season.

Results

The total frequencies of all shaking patterns in
the test males did not differ significantly between
the stimulus conditions (effect of stimulus condi-
tion: F; 5=0.33, ns; effect of week: F; 5=2.22, Ns).
Whistle-shakes were hardly performed at all and
with regard to the form of shaking we could not
find differences between the test situations (Fig. 3;
interaction effect of form x stimulus condition:
F315=0.74, Ns). There was also no significant
effect of the set-up changes (interaction effect of
form x week: F;,5=1.92, Ns). A power analysis
revealed that detectable differences between the
groups were very small, often less than 10% of
the average observed frequencies. (Body-shake:
detectable difference: 0.044, observed difference:
0.0074; Deep Intermediate form: detectable differ-
ence: 0.136, observed difference: 0.0082; Whistle-
shake: detectable difference: 0.350, observed
difference: 0.014). The High Intermediate form
was the only exception (N=6, detectable differ-
ence: 0.032, observed difference: 0.1063).

In conclusion social stimulation does not influ-
ence the frequency of the Body-shake. So,
although the Whistle-shake is sensitive to comfort
stimulation in spring as the Body-shake is in
summer (experiment 1), the Body-shake is not
sensitive to social stimulation in summer (exper-
iment 11), in contrast to the Whistle-shake in
spring (DUttmann & Groothuis 1996). Owing to a
possible strong effect of season, constraining the
performance of Whistle-shakes in summer, the in-
fluence of social stimulation on the Whistle-shake
could not be assessed reliably during this period.

EXPERIMENT Il1l: SOCIAL
STIMULATION AND ARTIFICIAL
RAIN IN AUTUMN

The previous experiments were done at the times
of year when birds show almost exclusively either
the Whistle-shake or the Body-shake. To compare
the causation of both motor patterns more
directly we tried to assess the influence of artificial
rain and social stimulation in a period during
which all shaking patterns are present in one bird.
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Figure 3. Frequencies (X+sE) per h of different shaking patterns of six male shelducks, which were confronted with
a sexually inactive shelduck pair (control weeks) and an actively displaying pair (test weeks).

Methods

We tested adult male shelducks under five con-
ditions: (1) control (no stimulation); (2) weak
comfort stimulation (1 s artificial rain); (3) strong
comfort stimulation (10 s artificial rain); (4) weak
social stimulation (confrontation with an un-
treated male in the adjacent cage); (5) strong
social stimulation (confrontation with a testos-
terone propionate-treated, displaying male in the
adjacent cage).

All five tests lasted for 100 min. In the control
situation we observed the birds in the experimen-
tal cage (see below) without any stimulation. For
conditions 2 and 3 we sprayed all birds with water
10 times for 1 and 10s, respectively, at 10-min
intervals in the experimental cage. For conditions
4 and 5 the birds were confronted with another
male, presented in the cage next to them. This
adjacent cage was similar to the experimental cage
and separated from it by wire-netting. In condi-
tion 5 the stimulus bird was implanted with tes-
tosterone propionate (see experiment Il for

details), whereas in condition 4 we used a bird in
the same phase of the yearly rhythm as the tested
birds. To induce shaking-patterns in the stimulus
birds, we showered them 10 times at 10-min
intervals for 1s: only the hormone-treated bird
produced complete Whistle-shakes, whereas the
untreated stimulus male predominantly per-
formed intermediate forms when sprayed with
water. Neither of the two stimulus birds per-
formed displays other than (in)complete Whistle-
shakes. Owing to the hormonal implantation,
the stimulus males differed in morphology. The
testosterone propionate-treated stimulus male had
a big cherry-red bill-knob characteristic of adult
males in spring which was lacking in the untreated
stimulus bird.

All tests were carried out in the same cages,
which were about 0.75 x 1 x 1.5 m. The test and
stimulus birds were transferred from their home
cages, described above (experiment 1), to the test
cages 1 h before the test started, to give them time
to recover from the stress of transport and to
become used to the new environment without
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Figure 4. Total number of shakes (X+sE) of six male shelducks given as a response to different social and comfort

stimuli.

well-known conspecifics. We tested six males,
receiving control, comfort and social stimuli. All
tests were carried out within 2 weeks. Tests with
the same birds were separated by at least 1 day.

We recorded the behaviour of the stimulus and
test birds continuously. In the analysis we first
log(x+1) transformed the data and subsequently
tested the differences between the stimulus condi-
tions by means of a two-factor MANOVA, in
which one factor represented the stimulus condi-
tion (five levels, repeated measurement) and the
other the form of the shaking pattern (four levels,
repeated measurement). Degrees of freedom
within cells was 5.

Results

An overall MANOVA on the frequency of total
shaking yielded a significant difference between
the five stimulus conditions (Fig. 4; overall effect
of stimulus condition: F, ,,=6.55, P<0.05). Arti-
ficial rain increased the number of shakes (weak
comfort stimulus versus control: t;=7.97, P<0.01;
strong comfort stimulus versus control: t;=11.83,
P<0.001), in contrast to social stimuli (all Ns). In
addition we found a highly significant interaction
effect between stimulus condition and form of the
shake (Fi,60=7.88, P<0.01). Thus, the different
forms of shaking behaviour were affected differ-
ently by comfort and social stimuli. Each shaking

form had its peak in a different test situation: the
Body-shake occurred most often in the 10s rain
test, the Deep Intermediate form in the 1s rain
test; High Intermediate forms were observed most
often in the weak social stimulus test, whereas
Whistle-shakes were predominantly performed in
the strong social test (Fig. 5). Post-hoc one-way
MANOVA:s, testing the effect of stimulus condi-
tion (repeated factor) for each shaking form,
revealed significant effects for each of the forms
(in all cases, F, ,,>3.11, P<0.05).

In conclusion the Whistle-shake was induced by
social stimuli and was almost lacking in artificial
rain tests, whereas the Body-shake was released by
comfort stimuli and inhibited in the social tests.
The Deep Intermediate form was sensitive to rain
stimuli, whereas the High Intermediate form was
elicited by weak social stimuli.

DISCUSSION

Form analysis suggests that the Whistle-shake
display in male shelducks has been phylogeneti-
cally derived from the Body-shake, a comfort
movement (Dittmann & Groothuis 1996). Since
the Body-shake can easily be manipulated by
external stimuli such as artificial rain, the Whistle-
shake is an excellent model to investigate whether,
during the course of evolution, the derived pattern
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has been emancipated from the original causal
factors.

In experiment | we showed that in spring
socially isolated sheldrakes react exclusively with
Whistle-shakes when sprayed with water, whereas
the same birds in isolation respond to spraying
in summer with Body-shakes and Intermediate
forms. This confirms the findings of Diittmann &
Groothuis (1996) that this display is not emanci-
pated from the causal factors controlling its pre-
sumed evolutionary precursor. In spring, when
birds exclusively perform the Whistle-shake,
this display is sensitive to social stimulation
(Duttmann & Groothuis 1996). We showed that
in summer, when the birds mainly perform the
Body-shake, social stimulation neither influenced
the frequency of Body-shakes nor induced
Whistle-shakes (experiment I1). In autumn, when
all shaking patterns are present in one bird, arti-
ficial rain induced predominantly Body-shakes
and Deep Intermediate forms while social stimu-
lation induced almost exclusively Whistle-shakes
and High Intermediate forms (experiment I11).

The lack of emancipation in the Whistle-shake
display is in line with the claim of Baerends (1975)
that no good evidence for complete emancipation
of social displays exists. In the case of the Whistle-
shake display, the evolution and the proximate
control are much clearer.

Causation of the Whistle-shake

One may ask whether the Whistle-shake can be
released by social stimulation without the pres-
ence of comfort stimuli. The results of experiment
111 suggest that this might not be the case:
although social stimulation led to an increase in
the performance of Whistle-shakes, the total
number of shakes did not change, compared with
the control situation. This result suggests that
social stimulation is not sufficient to release more
shakes than the basal level in the control situation,
in which normally occurring comfort stimuli
induce a shake from time to time. Social stimula-
tion, as occurred in our experiment 11, then only
adds the display component, the Bill-tipping with
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trill, to a shake, which was primarily induced by
comfort stimuli. However, one could also argue
the other way around. The Whistle-shake might
be primarily induced by the social stimuli of our
test. The lack of increase of total shaking might
then be explained by the fact that the Whistle-
shake is equally effective in caring for the plumage
as the Body-shake is. Thus there would be no need
to give an additional Body-shake after a socially
induced Whistle-shake.

Both explanations are valid only when one
assumes that vocal stimulation from conspecifics
in experiment 111 did not affect the basal level of
shakes in the control situation. This is very likely
for two reasons: (1) in playback experiments
H.-H. Bergmann (personal communication) could
not find evidence that sheldrakes react to
whistling trills of conspecifics; and (2), owing to
the season, conspecifics almost never performed
Whistle-shakes or other display patterns.

Evidence for the possibility that the Whistle-
shake can be primarily triggered by social stimuli
is given by results of previous experiments.
Duttmann & Groothuis (1996) found an increase
in the frequencies of Whistle-shake in spring
under the influence of the presentation of a caged
intruder. Furthermore, this increase was accom-
panied by an increase in other social displays,
whereas the frequencies of several comfort move-
ments such as Wing-flapping and Wing-stretching
did not change. This indicates that the increase in
the Whistle-shake in their experiment was not due
to an increase in comfort stimuli, for example
resulting from body contact with the cage of a
caged intruder, but was specifically the result of
social stimulation. Why then did we not find an
increase in total shakes in our experiment of social
stimulation in autumn when all shaking patterns
are present in one bird? We can think of three
possible explanations: (1) birds in autumn are less
sensitive to social stimuli than in spring; (2) birds
in autumn, lacking the pronounced bill-knob of
birds in spring, were inhibited by the testosterone-
treated stimulus bird showing such a cherry-red
bill-knob; and (3) our birds were placed in un-
familiar cages, in contrast to the birds in the
experiment of Dittmann & Groothuis (1996).

In contrast to the situation in autumn and
spring, social stimulation did not induce any
Whistle-shakes in summer when the birds were in
moult. This effect of season is likely to depend on
the endogenous production of testosterone, which
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is low during moult, intermediate during autumn
and high during the reproductive period in spring
(Ratermann 1991). Testosterone might influence
the Whistle-shake in at least two ways: (1) it may
lower the threshold for the addition of the bill-
tipping with trill component to the Body-shake
when the latter is performed because of comfort
stimuli and (2) it may increase the impact of social
stimuli on the induction of the display. Both
possibilities seem to exist. The first is indicated by
the finding that in spring (but not in summer)
birds reacted to artificial rain with almost exclu-
sively Whistle-shakes even without the presence of
social stimuli (experiment I). The second possi-
bility is indicated by the increase in the total
number of shakes consisting almost entirely of
Whistle-shakes in spring because of social stimu-
lation (Duttmann & Groothuis 1996).

We used only one stimulus bird in treatments 4
and 5 of experiment Ill (confrontation with a
weak and a strong social stimulus) which might
have led to pseudoreplication in the sense that
behavioural differences of the test birds in treat-
ments 4 and 5 might be due to differences in some
individual characters of the two stimulus birds,
and not to differences in testosterone-dependent
behaviours. However, the difference in social
stimulus between these treatments was very con-
spicuous; similar but independent experiments
revealed similar results (Groothuis & Dittmann
1996). Furthermore, in any case the test males
reacted on the basis of a difference in a social
stimulus which has been the aim of experiment 111.

Causation of the Body-shake

The Body-shake is clearly under the control of
comfort factors. In summer, rain stimulation
induced Body-shakes in almost 100% of the tests.
Furthermore, the Body-shake is clearly more sen-
sitive to artificial rain than the Whistle-shake: in
autumn, rain stimulation induced a clear increase
in the frequency of the Body-shake and not in
the frequency of the Whistle-shake. We could
not find evidence that the Body-shake in males
is sensitive to social stimulation (experiments Il
and I11).

In conclusion, the Whistle-shake display is not
emancipated from the factor controlling its pre-
sumed precursor. The display is, however, sensi-
tive to social stimuli and testosterone, in contrast
to the Body-shake.
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