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Abstract Animal ritualized displays have been classically
viewed as behavioral characters that decrease signal ambiguity or that facilitate the evaluation of costly exhibitions. It has
been shown that their prevalence and level of complexity
across species can reflect phylogenetic relationships between
them, but the adaptive function of these behavioral traits is
poorly known. Here, I hypothesize that, given that the efficacy
of visual displays basically depends on conspicuousness and
level of performance, species with low levels of conspicuousness may be forced to perform more complex varieties of a
given display to get the same signal efficiency than other more
conspicuous species. Thus, the evolution of display complexity,
considered as the level of exaggeration of ritualized movements, may be explained as an adaptive trait and not only by
phylogenetic inertia. I illustrate and test this hypothesis with the
case of black-and-white plumage patches of pelecaniform
birds. As predicted, there was a negative correlation between
level of complexity and species conspicuousness (proportion of
unmelanized plumage) for two different social displays. This
indicates that classical ideas on the adaptiveness of ritualized
displays should be considered to understand the present
variation in signal form across species, which sheds light on
the evolution of multiple signals.
Keywords Melanin . Multiple signals . Pelecaniformes .
Plumage color . Ritualization
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Introduction
Animal displays comprising ritualized movements were one
of the subjects that captured the attention of early
ethologists (e.g., Huxley 1914). The classical explanation
for the function of these signals, from a tactic point of view
(sensu Rowe and Skelhorn 2004), was that they serve to
reduce message ambiguity (Cullen 1966). Zahavi (1979)
later applied his “handicap principle” to these behaviors
arguing that ritualized displays facilitate the evaluation by
receivers of the costs that ensure their reliability. At an
interspecific perspective, Lorenz (1941) proposed that the
prevalence of this type of displays can reflect phylogenetic
relationships, which has been demonstrated more recently
by showing that these traits are not more convergent than
biochemical or morphological characters (Kennedy et al.
1996). However, interspecific studies have rarely taken into
account ideas made from intraspecific perspectives that
consider the adaptive function of ritualized displays like
those of Cullen (1966) or Zahavi (1979; see Bókony et al.
2003; Ord and Blumstein 2002 for examples testing
adaptive hypotheses). Interspecific variation in prevalence
or complexity of ritualized displays may be explained not
simply by phylogenetic inertia (i.e., the effects of ancestors
on descendents) but also by variation in phenotypic traits
that affect the tactic aspects of displays and also reflect
phylogenetic relationships.
The efficacy of visual displays in eliciting a response
from a receiver depends on two elements: conspicuousness
and level of performance (Zahavi 1979; Hasson 1991;
Aragonés et al. 1999). “Conspicuousness” refers to the
capacity of a color patch to stand out against the
background (e.g., Livingstone 2002). In the case of displays
composed of ritualized movements, the terms “performance” or “complexity” refer to the level of exaggeration
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of such movements, given that they evolve from simple
movements resembling an initially unritualized act (e.g.,
intention movements to fly away or to copulate) to more
complex stereotyped movements (see for example Zahavi
1979; Kortlandt 1995). Hence, among a group of species that
share a given display but that differ in the level of performance
with which it is made, the most conspicuous species may be
less constrained to communicate efficiently through their
displays. These species should therefore need lower levels of
performance to get the same signal efficiency (i.e., should be
less complex) than less conspicuous species. I hypothesized
that variation in the expression of phenotypic traits that confer
animals with varying levels of conspicuousness could explain
variation in the level of display performance. In addition to
conspicuousness, the exaggeration of movements reflects the
motivation of the senders and affects the efficacy with which
visual displays are perceived (Wachtmeister 2001; Lander and
Chuang 2005; Ord et al. 2007; Peters 2008). In fact,
performance level is often related to copulation or breeding
success (Grønstøl 1996; Blomqvist et al. 1997; Torres and
Velando 2003).
An example of such phenotypic traits could be the
unpigmented (i.e., white) patches that can be observed in
several species of birds and mammals whose body integuments are otherwise covered by dark colors conferred by
melanins. As white is created by reflectance through all
wavelengths, these achromatic patches are very conspicuous
when exhibited over dark structures such as terrestrial backgrounds (Bókony et al. 2003; Beauchamp and Heeb 2001) or
the melanized surface of the body itself (Kenward et al.
2004; Wüster et al. 2004; Ljetoff et al. 2007). Several
authors that have studied white plumage or hair patches have
shown that they often function as signaling devices that
transfer many types of information, mainly the presence of
signalers or predators (e.g., Alvarez et al. 1976; Beauchamp
and Heeb 2001; Alvarez 2004; Ellis and Lish 2006; Ljetoff
et al. 2007; Penteriani et al. 2007b; Caro 2008) or signaler
quality (Ferns and Hinsley 2004; Doucet et al. 2005; Ljetoff
et al. 2007; Penteriani et al. 2007a, b). These patches are also
involved in other signaling functions such as sensory
exploitation (Jabloński 2001), countershading (Ruxton et
al. 2004), predator confusion (Kamler and Ballard 2006), or
deceptive attraction of prey (Negro et al. 2007).
Even if animals use the color per se of stimuli, the
contrast of the color may be more important than the color
per se in detection (Osorio et al. 1999; Schmidt et al. 2004).
In theoretical and empirical studies carried out with
humans, it has been shown that patterns of contrasting
colors facilitate the perception of size (Berglund 2000) and
of the direction of movement (Delicato and Derrington
2005; Lenoir et al. 2005). Animals also seem to have
sensory biases towards contrasting colors (Jabloński 2001),
perhaps because visual perceptions such as motion exhibit
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greater sensitivity to abrupt than to gradual color change
(Linvingstone 2002). Given these properties, the presence
of white color patches on melanized body structures could
be of particular importance in sexual and social displays in
which stereotyped movements are performed, as they may
improve the perception of such movements or simply the
presence of the attracting signaler. In fact, it has been
suggested that this signal design could have evolved as an
amplifier of individual quality because “odd” individuals
would stand out during the course of displays (Barber and
Folstad 2000; Ljetoff et al. 2007).
Therefore, I predicted that, in species that perform
terrestrial displays, the higher the proportion of white, the
more conspicuous the body surface and, hence, the more
efficient the visual displays in transferring information or in
carrying out any other function (e.g., sensory exploitation or
deception; see references above). A negative linear relationship between the proportion of white plumage and display
complexity was thus expected if this possibility is true.
It must be noted here that the negative relationship is
predicted irrespective of the type of information transferred
by visual displays (i.e., presence or individual quality; see
above). In the first case (i.e., if signals are “notices”), such a
relationship would indicate that selection is favoring the use
of either exaggerated movements or white color patches
because there would be only a certain amount of information that needs to be conveyed (e.g., Dale 2006). In the
second case (i.e., if signals are “advertisements”) a negative
relationship would indicate that the honesty of displays is
maintained because of the costs of repetitive exaggerated
costs (e.g., Zahavi 1979) or of white plumage patches (e.g.,
Kose et al. 1999), and, thus, selection would be favoring
one or the other honest indicator, but not both since the cost
would be prohibitive (Pryke et al. 2001).
As these hypotheses deal with the interaction of two
potentially signaling traits (i.e., ritualized movements and
plumage color), the results could be worthy for our
understanding of the evolution of multiple signals, an issue
that is aim of current research from both theoretical and
empirical approaches (e.g., Badyaev et al. 2002; Candolin
2003).
I tested this prediction by carrying out a comparative
study on the relationship between the proportion of
unmelanized plumage and display complexity in the order
Pelecaniformes. These birds constitute a good study model
because (a) their plumage is entirely composed of melanized and unmelanized feathers that create black- (or
brown) and-white patches, with the exception of red tail
feathers in red-tailed tropicbirds Phaethon rubricauda and
iridescent tones in some cormorants (del Hoyo et al. 1992;
Harrison 1996) and (b) the complexity of their social
displays has been studied in detail (van Tets 1965; Kennedy
et al. 1996).
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Materials and methods

Quantification of unmelanized plumage patches

Measurement of display complexity

As the displays of pelecaniforms imply stereotyped
postures in which practically all body parts are involved
(van Tets 1965), I quantified the proportion of white
plumage parts by examining illustrations of pelecaniforms
in del Hoyo et al. (1992) and Harrison (1996). Illustrations of both resting and flying birds were examined. I did
not consider neither iridescent plumage patches or
colored bare parts. I followed the method used by
Beauchamp and Heeb (2001) to obtain estimates of the
proportion of white present in the plumage of each
species, assigning scores that ranged from 0 (total lack
of white) to 5 (all white).
The 20 taxa of van Tets (1965) corresponded to three
genera and 17 species, so in the three genera reported, I
examined the proportion of unmelanized plumage for each
component that composed them and then assigned the mean
value to the genus for the analyses. Only illustrations
corresponding to adult birds in breeding plumage of the
nominate subspecies were examined, even when subspecies
differed in the degree of white (e.g., the great cormorant).
In the case of the red-footed booby Sula sula, which is
highly polymorphic, I only considered the white morph, as
this is the most common along the species’ range (Baião et
al. 2007). I only considered two species of darters (Anhinga
anhinga and Anhinga melanogaster) as reported by del
Hoyo et al. (1992). Sexual dichromatism is almost absent in
pelecaniforms (del Hoyo et al. 1992; Harrison 1996; Nelson
2006), but male and female frigatebirds and darters differ in
the proportion of white plumage. In those cases, I assigned
to each species the mean unmelanization score of male and
female. When the presence of white in a certain body part
was not composed of well-defined plumage patches but
limited to loose white flecks (double-crested cormorant
Phalacrocorax auritus) or filoplumes (Brandt’s cormorant
Phalacrocorax penicillatus) that gave the birds a “whitish
look”, I assigned an unmelanization score of 1. Although
all whiteness scores assigned to individual species were
discrete values that ranged from 0 to 5, I assigned a score of
1.5 to the great cormorant, as this species presents an
intermediate proportion of white between those species
only presenting white flecks or filoplumes and those with a
higher proportion of white like the brown booby Sula
leucogaster. The whiteness scores obtained for each taxon
are shown in Table 1.

I used the study of Kennedy et al. (1996) to obtain
information on the complexity of the social displays of
Pelecaniformes. These authors compiled detailed information on the different displays for 20 pelecaniform taxa
obtained by van Tets (1965) and showed that the
prevalence and complexity level of displays reflect the
phylogenetic relationships between the studied taxa. With
the exception of “locomotion on land”, all of them are
social displays performed by the sitting or perching birds
(i.e., terrestrial displays), some of them during the
breeding season only, and others all year round (Kennedy
et al. 1996).
I used the information for the only two displays for
which different degrees of complexity were established:
“male advertising” and “threat” (Kennedy et al. 1996).
While “male advertising” is a sexual display that serves to
attract females towards single males, the “threat display” is
performed by both males and females to frighten other
animals away and thus maintain the individual distance
(van Tets 1965). For the former display, there are five levels
of complexity: (0) absent, (1) sky pointing, (2) alternate
wings waved, (3) slow rate wing waving, (4) rapid flutter
wing waving, and (5) darting and throwback, while there
are eight levels for the latter one: (1) pecking and
screaming; (2) pointing or wagging bills; (3) move towards
intruder; (4) snapping and waving open bills; (5) raise,
open, and wave bills; (6) S-shaped expanded neck, open
bill; (7) head repeatedly thrown forward; and (8) repeated
head darting followed by head shake and gargling sound.
Although van Tets (1965) and Kennedy et al. (1996) did
not explicitly mention that these gradations correspond to
variations in display complexity because they were “only”
interested in how these categories are distributed among
taxa and it is difficult to make textual descriptions of
exaggeration levels, it can be inferred from these descriptions that the higher the score, the higher the exaggeration
of movements: There is a “default” stereotyped posture that
is subsequently complemented with additional exaggerations of movements like higher waving velocities or
strengthments of the neck. For example, van Tets (1965)
indicated that, in the case of the “male advertising display”,
the extent to which the tail is raised appears to be related to
the intensity of the display. A detailed description of
postures and movements performed during the different
display categories is shown in “Appendix”. Thus, it must be
pointed out that the terms “complexity” and “performance”
refer here to variations in the ritualization of displays and
not to display repertoire size like in other studies (e.g., Ord
and Blumstein 2002).

Comparative analyses
The scores obtained for both display complexity and
unmelanized plumage were log transformed (adding 1 in
the case of “male advertising” and plumage whiteness), and
the Pearson’s correlation coefficient between these two
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Table 1 Proportion of unmelanized plumage (whiteness), complexity
of two different displays (male advertising and threat) for the species
considered in the study
Species

Whiteness
score
Male

Phaeton aethereus
Phaeton rubricauda
Phaeton lepturus
Fregata aquila
Fregata andrewsi
Fregata magnificens
Fregata minor
Fregata ariel
Pelecanus
onocrotalus
Pelecanus rufescens
Pelecanus
philippensis
Pelecanus crispus
Pelecanus
conspicillatus
Pelecanus
erythrorhynchos
Pelecanus
occidentalis
Sula sula
Sula leucogaster
Sula dactylatra
Sula nebouxii
Sula variegata
Morus capensis
Morus serrator
Morus bassanus
Anhinga anhinga
Anhinga
melanogaster
Phalacrocorax
penicillatus
Phalacrocorax carbo
Phalacrocorax
olivaceus
Phalacrocorax
varius
Phalacrocorax
auritus
Phalacrocorax
aristotelis
Phalacrocorax
pelagicus
Phalacrocorax urile

Male
advertising
complexity

Threat
complexity

Female

4
5
4
0
1
0
0
1
4

4
5
4
0
2
2
2
2
4

0
0
0
0
0
0
0
0
0

1
1
1
4
4
4
4
4
5

4
4

4
4

0
0

5
5

5
3

5
3

0
0

5
5

4

4

0

5

3

3

0

5

4
2
4
3
3
4
4
4
1
1

4
2
4
3
3
4
4
4
1
3

1
1
1
1
1
0
0
0
2
2

2
2
2
2
2
2
2
2
3
3

1

1

4

7

1.5
1

1.5
1

3
3

6
6

3

3

3

6

0

0

3

6

0

0

5

7

1

1

4

8

1

1

4

8

In the analyses, the mean values for the genera Phaeton, Fregata,
Pelecanus, and Anhinga were used because van Tets (1965) did not
provide information on complexity and prevalence of displays for
each of the species belonging to those genera

variables was then calculated. An inspection of residuals
confirmed that the normality assumption was fulfilled.
In the case of “male advertising” display, the first
category of complexity (0) corresponded to an absence of
display (see above). Thus, I performed a correlation
analysis for the entire dataset and another for only taxa
with categories >0 in order to determine if the consideration
of the absence of display as the minimum complexity level
could affect the results.
I did not control for factors such as body size because
there are no a priori reasons to expect a relationship
between this variable and plumage whiteness. In fact,
Beauchamp and Heeb (2001) found that the level of
whiteness is not associated with body size across several
species of birds. Sexual dichromatism could be a confounding factor, but its occurrence among pelecaniform
birds is very low, limited to frigatebirds and darters, and in
these cases, its degree is also low (del Hoyo et al. 1992;
Harrison 1996; Nelson 2006). There are other possible
confounding variables. For example, cormorants might be
selected to be black because this helps to dry their feathers
quickly (Burtt and Ichida 2004), an effect of habitat or
diving lifestyle that might also affect their display performance (e.g., through predation pressure, see Johnson 2000).
However, it is likely that such a large birds as cormorants
are not under strong predation risk. On the other hand,
tropicbirds have a more aerial lifestyle: They catch fish by
hovering, so white plumage might give them better hunting
camouflage (Götmark 1987). Although several possibilities
may exist, only analyses between pairs of variables were
performed in the present study, thus increasing the degrees
of freedom and power of the tests.
The effect of common ancestry among taxa can lead to
an overestimation of degrees of freedom if phylogenetic
relationships are not taken into account (see Garland et al.
2005 for a recent review). Thus, I calculated a critical value
for the correlation coefficient from data simulated on the
basis of the phylogeny of taxa and following a particular
model of evolution. For this purpose, I introduced the
phylogenetic relationships and the values of both variables
in the module PDTREE of the software PDAP and then
used this information to generate 1,000 Monte Carlo
computer simulations with PDSIMUL (Garland et al.
1993). The branch lengths were set equal to unity, and the
simulations were made according to a speciational Brownian motion model of evolution (Garland et al. 1993).
The phylogenetic hypothesis used (Fig. 1) was obtained
from different phylogenies inferred from mitochondrial DNA
sequences. The phylogeny obtained by Kennedy et al. (2000)
was used to determine relationships among Phalacrocorax
species. Phylogenetic relationships between Sula species were
determined from Friesen et al. (2002). The results reported by
Friesen and Anderson (1997) were used to determine relation-
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ships between Morus species. Finally, relationships between
Phaeton, Pelecanus, Morus, Anhinga, Phalacrocorax, and
Fregata were inferred from the phylogeny obtained by
Kennedy and Spencer (2004) and relationships between
Morus and Sula from Kennedy et al. (2000).
I set the correlation between the traits to simulate as zero
in order to contrast the analyses with data on the traits
having evolved independently with those performed with
real data. I simulated the data adding a lower bound of 0 to
the evolution of all traits (see Lovegrove 2001 for an
example of bounded simulations) and upper bounds
corresponding to the logarithm+1 of the maximum values
obtained for all variables. The “replace” algorithm of
PSIMUL (Garland et al. 1993) was used during the course
of simulations. Thus, I calculated a correlation coefficient
for each set of simulated data, considering the 95th
percentile of the absolute values of this distribution as the
phylogenetically correct critical value. The P value was
then calculated as the number of absolute values of
coefficients that were higher than the absolute value
of the empirical coefficient divided by the number of
simulations performed (Garland et al. 1993). As a different

simulated distribution of correlation coefficients was used
for each analysis, it was not necessary to apply corrections
for multiple tests.

Results
I obtained a negative and significant correlation between
the complexity of male advertising display and proportion
of white plumage without controlling for phylogeny (r=
−0.66, n=20, P=0.002; Fig. 2a). The critical value from
conventional tables was a coefficient of −0.44 and was
increased up to −0.54 when calculated from the phylogenetically correct distribution of correlation coefficients.
Thus, the relationship remained significant when the effect
of common ancestry was considered, with an exact P value
of 0.012. The same relationship was found when data on
taxa in which male advertising is absent were removed
from the analysis (conventional tables—r=−0.76, n=14,
P=0.001; phylogenetically correct distribution—critical r=
−0.66, P=0.015).

Fig. 1 Phylogenetic hypothesis
for the 20 taxa used in the study

Fregata
Phaeton
Pelecanus
Anhinga
Morus bassanus
Morus capensis
Morus serrator
Sula sula
Sula leucogaster
Sula dactylatra
Sula variegata
Sula nebouxii
Phalacrocorax aristotelis
Phalacrocorax carbo
Phalacrocorax varius
Phalacrocorax penicillatus
Phalacrocorax pelagicus
Phalacrocorax urile
Phalacrocorax olivaceus*
Phalacrocorax auritus
*: as Phalacrocorax brasilianus in Kennedy et al. (2000).
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Log10 (male advertising display complexity score + 1)
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Fig. 2 a Relationship between male advertising display complexity
and male plumage whiteness. b Relationship between threat display
complexity and plumage whiteness. The size of the points indicates
the number of overlapping taxa. Lines are regression lines

When the complexity of the threat display was considered,
the correlation with the proportion of unmelanized plumage
was also significant (conventional tables—r=−0.74, n=20,
P<0.001; phylogenetically correct distribution—critical r=
−0.53, P=0.005; Fig. 2b). Therefore, the complexity of
displays decreased across taxa as the proportion of white
color on plumage increased.

Discussion
As predicted by the hypothesis that dark-and-white contrasts increase the efficacy of visual displays because they
enhance the perception of movements or the presence of the
signalers (see “Introduction”), the complexity of two

stereotyped displays (male advertising and threat display)
decreased as the proportion of unmelanized plumage
increased across 20 taxa of pelecaniform birds. These
displays are shared by the members of the order, but the
level of performance varies between species in a manner
that reflect the phylogenetic relationships between them
(Kennedy et al. 1996). The results of the present study
show that this variation can be also explained by a
phenotypic trait whose evolution may have been favored,
at least in part, by the benefits reported to signalers during
the course of displays, whatever their function is.
Conspicuousness and level of performance are two
elements that determine the efficacy with which visual
displays act on receivers (see “Introduction”). Therefore,
species in which natural selection has led to the conservation of highly melanized forms because of any of the
adaptive benefits reported by melanins to birds (mainly
related to an increase of stiffness and resistance to
abrasion, thermoregulation, protection against UV radiation, and different tasks of visual signaling; Bortolotti
2006; McGraw 2006; Prum 2006) may have been forced
to develop varieties of displays with high levels of
performance. This may explain why a stereotyped display,
whose presence is conserved throughout a phylogeny, can
vary in complexity across species. This interpretation
could fit well with the classic explanation of Cullen (1966)
that ritualized displays serve to decrease ambiguity. Of
course, the reversed direction (i.e., that the presence of
white patches has been favored because of constraints on
performance displays) is also possible. In any case, these
results agree with the idea that multiple signals can evolve
because the expression of one of the traits increases as a
compensation for a decrease in the expression of other
trait (Badyaev et al. 2002).
Another question that now arises is if the relevant
character for displaying birds is the contrast of melanized
and unmelanized plumage patches per se or the contrast that
the white plumage patches create against the environmental
background. This latter possibility is likely because all the
displays analyzed here are performed on the ground, which
is generally dark and thus contrasts with the white color of
birds (e.g., Bókony et al. 2003; Beauchamp and Heeb
2001), or on perchs that can be seen against the ground.
Indeed, it has been shown that white color per se increases
the conspicuousness of birds and thus has been favored in
species that benefit from communal foraging (Beauchamp
and Heeb 2001; but see Green and Leberg 2006). However,
the fact that there are no entirely white pelecaniforms, even
when there are white feathers on all body parts, and all of
them present melanized patches, means that there are
always black-and-white contrasts between body parts, and
this may suggest that these contrasts on the same body
structure may have evolved in part to precisely increase
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conspicuousness (Barber and Folstad 2000; Ljetoff et al.
2007). Future empirical studies should resolve this question
by determining if the location of melanized plumage
patches in pelecaniforms and other groups of birds with
dark-and-white contrasts depends on natural selection or on
(in addition to) signal selection effects.
It is noteworthy that theoretical studies have shown that,
when two different signals coevolve together with a
receiver system, they tend not only to be different but to
be opposed to each other as well (Hurd et al. 1995), and
this may explain the high prevalence of black-and-white
contrasts in nature. The present study shows that colored
patches that increase conspicuousness may have coevolved
together with ritualized movements, and the “opposing”
nature of black and white colors could make them one of

the best alternatives to increase the efficacy of stereotyped
displays, especially in species limited to generate other
types of colorations through different pigments or structures. This interaction between color and movement opens
a novel field to explore and suggests that these two
elements are probably essential to understand animal visual
communication.
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Appendix

Table 2 Descriptions of the different levels of complexity for “male advertising” and “threat” displays of Pelecaniformes, following van Tets
(1965)
Display
type

Display complexity

Description

Male
advertising

Absent
Sky pointing

No display observed
The head and neck are in a vertical position, while the body axis is in a horizontal
position. The wings are raised by humera rotation up and outwards. The tail is raised
Head, neck, and tail in a position similar to that in the “sky-pointing” display. It starts
with both wings moving up and down together as in the “sky-pointing” display, but
the wings are then raised alternately as a repetitive movement at a faster rate, two or
more cycles per second
The wing tips are raised simultaneously up and outwards with the primaries folded
behind the secondaries. The wings are waved less than twice per second. Head, neck,
and tail in a vertical position as in the “sky-pointing” display, but the head is held
above the back with the bill pointing upwards and forwards during the wing waving
and is moved up and down at the same rate as the wing tips. The head moves down
as the wing tips move up and vice versa
As in the “slow rate wing-waving display”, but the wings are waved faster than twice
per second
As in the “slow rate wing-waving display”, but the head is moved rapidly up and down
with more emphasis, while it is held above the back close to the base of the tail
The birds peck and scream at opponents
Closed bills are pointed, open bills are wagged, or birds lunge and snap at opponents
The birds walk or hop with the wings slightly spread and the bill open towards the
opponent. Snapping movements are made at intervals
The birds snap at opponents and wave open bills

Alternate wings waved

Slow rate wing waving

Rapid flutter wing waving
Darting and throwback
Threat

Pecking and screaming
Pointing or wagging bills
Move towards intruder
Snapping and waving open bills
Raise, open and wave bills
S-shaped expanded neck, open bill

Head repeatedly thrown forward
Repeated head pointing followed by
head shake and gargling sound

The neck is S-shaped, the throat is expanded and the mouth is open. The head is
moved irregularly from side to side and back and forth, while the bill is pointed
towards the opponent
The head is repeatedly thrown forward in a rapid and irregular fashion
The head is repeatedly darted back and forth, then the head is shaked in the
withdrawn position
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