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i) “broadcast or assertion displays”, which appear to be
a declaration of the lizard´s presence to any other lizard
in the immediate area, also occurring in absence of an
audience; ii) “challenge displays”, usually performed by
dominant males towards other males in an agonistic
context; and iii) “courtship display”, produced by males to
females during reproductive activity (Carpenter, 1961a,
b; 1962; 1967, Carpenter & Ferguson, 1977). However,
Decourcy & Jenssen (1994) stated that choosing a display
label that reflects a perceived function or causation could
be problematic since other functions for a display can be
uncovered, and several labels could be assigned to the
same display or several displays may go undifferentiated
being assigned the same label. During what has been
referred to challenge displays, the use of static modifiers
(Jenssen, 1979) may be common. These modifiers
change the appearance of the displayer and are used
during encounters between males. They include inflation
of the gular region, back arching and lateral compression.
Most studies on visual display communication have
been conducted on Anolis (Jenssen 1971, 1977; Jenssen
et al., 2012) and Sceloporus (Carpenter, 1978; Martins
1993a, b; Rothblum & Jenssen, 1978). The genus Liolaemus
(Iguania: Liolaemidae) comprises 257 described species
to date (Frost et al., 2001; Abdala & Quinteros, 2014),
and offers further potential for research in visual
communication (Martins et al., 2004; Halloy & Castillo,
2006; Labra et al., 2007). The genus is distributed from
the Peruvian Andes to Tierra del Fuego, displaying wide
variation in habitat preferences, reproductive strategies
and feeding habits; little is however known about visual
displays and functions (Halloy, 1996, Martins et al., 2004;
Labra et al., 2007; Halloy, 2012; Halloy et al., 2013).
Here, we analyse male headbob display structure in the
recently redescribed Liolaemus pacha (Juárez Heredia
et al., 2013), previously known as L. quilmes (Etheridge,
1993), in its natural environment. Our objectives were
to describe and analyse the structure and form of its
headbob displays and to compare these in relation to
two social contexts in which they were given, a male in
the presence of another male (MM) and a male without
an apparent audience (MA).

Visual communication is important in many lizard species.
One conspicuous visual signal is the headbob display,
which consists of a stereotyped up and down movement
of the head and/or torso. We analysed male headbob
displays in the neotropical lizard, Liolaemus pacha, in its
natural environment. Our objectives were to describe and
analyse the structure and form of these headbob displays
and to relate these to two social contexts: male without
an apparent receiver (MA context) and male responding
to another male (MM context). We measured duration
of each headbob bout, its maximum amplitude, duration
of intervals, number of headbob bouts and presence
or absence of three modifiers (gular inflation, back
arching and lateral compression). We found two types
of triple headbob displays, corresponding to what has
been previously reported as the challenge headbob and
the broadcast headbob display. Duration and maximum
amplitude were significantly greater in headbob displays in
the MM context compared to the MA context. We did not
observe modifiers when a male was in the MA context but
there was at least one modifier present in the MM context.
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V

isual signalling is an important form of communication
in many lizards, involving changes in colour and/or
posture, as well as movements of the head, limbs or tail.
In many species, the use of headbob displays is common
and conspicuous. Headbob displays consist of stereotyped
up-and-down movements of the head and/or torso
(Carpenter & Ferguson, 1977). They are used in different
contexts such as territorial defence, agonistic interactions
and courtship (Stamps & Barlow, 1973; Carpenter
& Ferguson, 1977; Martins, 1991, 1993a; Decourcy
& Jenssen, 1994; Martins et al., 2004). In addition,
headbob displays may provide information related to
species, sex, or individual recognition (Carpenter, 1962;
Hunsaker, 1962; Jenssen, 1971; Stamps & Barlow, 1973;
Rothblum & Jenssen, 1978; Martins, 1991). Traditionally,
headbob displays have been classified into three types:
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Liolaemus pacha (Juárez Heredia et al., 2013) is a
diurnal, insectivorous, and oviparous lizard (Ramirez
Pinilla, 1992; Halloy et al., 2006). It shows marked sexual
dichromatism, with males being more colourful than
females (Juárez Heredia et al., 2013). According to Ramirez
Pinilla (1992), the reproductive season occurs during the
austral spring (October to December) followed by a postreproductive season during the austral summer (January
to March). The study site is located at 'Los Cardones'
(26°40"1.5' S, 65°49"5.1' W, datum: WGS84; 2725 m),
Tucumán province, Argentina, and it is characterised by
the presence of tall cacti, low shrubs and a firm rocky
substrate.
We define a lizard headbob display as a succession of
ups and downs of the head, separated from subsequent
displays by at least two seconds. The headbob display
corresponds to what has been called a “display-actionpattern” or DAP sensu Carpenter & Grubitz (1961). Thirtynine adult males were filmed with a digital camcorder
(Sony DVD-DCR 508), in their natural environment,
during October and November 2012. However, only 14
males were used in the analysis, considering those that
were filmed from lateral view to obtain good quality
videos. Eighteen headbob displays and three hours and
thirty minutes of video recordings were obtained of
which we analysed 63 headbob bouts. Active lizards were
filmed between 1000 and 1700 hours, during sunny or
partially cloudy days. We conducted focal observations
for 15 minutes or until the lizard moved out of sight. The
observer was located at approximately four metres from
the focal subject to minimise interference. The observer
never sampled the same area twice in order to avoid
filming the same lizard multiple times. We recorded
the use of static modifiers such as gular inflation, back
arching and lateral compression, and the social context.
The social context was given by the presence or
absence of other male lizards of the same species near
the displayer. We considered two contexts: when the
observer could see a second male responding to the
displayer (MM context) and when the observer could
not see any other male in the proximity of the displaying
animal (within a 5 m radius, MA context).
Headbob displays were analysed using the software
Tracker (Brown, 2009) which has a video resolution of 30

frames per second. Graphs were obtained (DAP graphs)
marking the position of the snout, frame by frame,
through time. Techniques used to estimate amplitude
vary considerably (e.g., Stamps & Barlow, 1973;
Jenssen, 1975; Rothblum & Jenssen, 1978; Macedonia
& Clark, 2003; Brandt & Allen, 2004; Labra et al., 2007).
We estimated the absolute amplitude using the tool
“calibration stick” in the Tracker program. This tool
estimated the ratio of the real head height in millimetres
to the image distance in pixels between two points
(Brown, 2009) independently of the distance between
recordings. Because individual measurements of head
height were lacking, we used the average height for adult
males presented in the description of this species (Juárez
Heredia et al., 2013, 8.3 mm, SD=0.8 mm). The amplitude
of each headbob bout was measured taking the initial
position of the snout as the point of reference.
The following variables were measured: i) duration
of each headbob bout within a headbob display, ii)
maximum amplitude of each headbob bout within a
headbob display, iii) duration of the intervals or pauses
between headbob bouts, iv) number of headbob bouts
per headbob display, and; v) presence or absence of
three modifiers: gular inflation, back arching and lateral
compression.
To compare maximum amplitude and duration of
headbob bouts and intervals between contexts we
performed generalised linear mixed-effects models
(GLMMs), for normal and gamma distribution when
appropriate (Pinheiro & Bates, 2000; Crawley, 2007) using
the software R v. 3.0.1 (R Core Team, 2013). We tested
for the assumptions of normality and homogeneity of
variance using Shapiro-Wilk´s and Fligner-Killeen´s tests,
respectively. For duration and maximum amplitude of
headbob bouts and duration of intervals, we used the
nlme package (Pinheiro et al., 2013), and included the
duration of headbob bouts, maximum amplitude of
headbob bouts and duration of intervals as response
variables. In all cases the social context was a fixed
effect, and individual and headbob displays were random
effects. Fixed effects influenced the mean of the response
variable and random effects influenced only the variance
of the response variable (Crawley, 2007). To compare the
number of headbob bouts per headbob display between

Table 1. Parameter estimates±standard error (PE±SE) and t values from linear mixed-effects models reporting variation
in duration of headbob bouts (sec), maximum amplitude of headbob bouts (mm) and duration of intervals (sec), for
males of Liolaemus pacha without an apparent audience (MA) and in male-male (MM) contexts. Significant p values
are shown in italic.
Response variable

Explanatory variable

PE±SE

t

p

Duration

MM context

0.59±0.02

29.85

0.0014

n=63

MA context

0.46±0.05

-4.11

Amplitude

MM context

8.19±0.67

12.14

n=63

MA context

4.76±1.58

-3.77

Interval

MM context

1.54±0.11

12.95

n=46

MA context

1.22±0.28

-1.85
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0.0027

0.63
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Fig. 1. Graphic representations of the two typical headbob displays in male Liolaemus pacha: above, when no apparent
audience could be detected; below, when another male was present (more details in the text).
contexts, we estimated averages per individual. Because
they did not satisfy the assumptions of normality and
homogeneity of variance, a Mann-Whitney test was
conducted (Siegel & Castellan, 1988). For each headbob
display, frequencies of modifiers were counted. In all
cases, our alpha level was p<0.05.
Previously, L. pacha was reported to perform headbob
displays that included double headbob bouts (Halloy,
1996; Martins et al., 2004). However, using motion
analysis software and video-recording technology we
found that male headbob displays in this species included
triple headbob bouts (Fig. 1). Within a headbob display
we distinguished two types of headbob bouts: Type A,
the head is raised up and down quickly, followed by two
high amplitude up and down movements of the head,
in quick succession, forming a triplet; and Type B, the
head is slowly raised, followed by a pause of less than 1
second, continuing with two high amplitude headbobs
(Fig. 1). In most cases (94%, 17 headbob displays), a
headbob display started with a type A headbob bout,
followed by one or more of type B headbob bouts.
From the 18 headbob displays (14 males), 10 occurred
in the MA context and 8 in the MM context. The duration
of headbob bouts were significantly greater in the MM
context, lasting 0.59±0.02 sec, compared to 0.46±0.05
sec in the MA context (p=0.001, Table 1). Considering
maximum amplitude, we found that in the MM context,
the snout rose significantly higher (on average 8.19±0.67
mm), than in the MA context (on average 4.76 (±1.58
mm) (p=0.003, Table 1). The duration of intervals was

longer in the MM context (1.54±0.11 sec) compared to
the MA context (1.22±0.28 sec). However, these were
not significantly different (p>0.05, Table 1).
Taking the number of headbob bouts per headbob
display into account, we observed more headbob bouts
per headbob display in the MM than in the MA context
(Mann-Whitney, W=43, p=0.012, n1=7, n2=7). On
average, a headbob display in the MA context included
almost three headbob bouts versus almost five when the
context was MM.
Static modifiers were not used in the MA context.
However when a male was in the presence of another
male (MM context), at least one modifier was used in all
of the headbob displays (100%). Gular inflation occurred
in 86% of cases, followed by back arching (57%) and
lateral compression (29%).
The L. pacha headbob display is similar in general
form to that described for other species of Liolaemus
(L. pseudoanomalus, L. cuyanus, L. loboi, L. monticola,
L. pictus: Martins et al., 2004; L. lemniscatus: Labra et
al., 2007). In the study of Martins et al. (2004), although
a good approximation of typical headbob displays in
several species of Liolaemus is shown, their structure
was not quantified. In Labra et al. (2007), however, the
male headbob structure of L. lemniscatus was quantified
in a male-male context in experimental conditions. As in
L. pacha, the species performed triple headbob bouts,
although specific parameters are difficult to compare
since different methods of measurement were used.
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We found that the pattern of headbob displays in
L. pacha (headbob bout type A at the beginning of the
display followed by one or more headbob bouts type B)
remain similar regardless of social context. Headbob bout
Type A is characterised by a sharp drop which marks the
beginning of the display, possibly to attract the attention
of potential recipients of the display. In some lizards
of the genus Anolis, wide variation in the introductory
part of a display precedes the species-specific headbob
(Jenssen, 1971; Stamps & Barlow, 1973; Fleishman,
1992). Because the detailed headbob display structure
of females still needs to be studied, we cannot make such
generalisations for L. pacha.
Despite rather stereotyped displays observed we
can distinguish two general types of headbob displays
occurring in a different context (MA or MM). The headbob
display given in the MM context was characterised by
longer durations and higher amplitudes of headbob
bouts, a greater number of headbob bouts per
headbob display, and the presence of static modifiers.
The headbob display given in the MA context was
characterised by shorter durations and lower amplitudes
of headbob bouts, fewer headbob bouts per headbob
display, and the absence of static modifiers. These
two contexts corresponded to what has traditionally
been referred to “challenge” and “broadcast” headbob
display, respectively (Carpenter, 1961a, b; 1962; 1967;
Martins 1993a). Modifiers were not used in any of the
MA contexts whereas at least one of these was present
in any of the MM contexts. Modifiers made the display
more complex, changing the appearance of the displayer
and possibly the information that was being conveyed.
Considering the three modifiers separately, inflation of
the gular region was most common, followed by the
arched back and finally the lateral compression. These
may occur separately, but they usually followed this
sequence.
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