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Visual display variations in
neotropical lizards, Liolaemus
quilmes (Iguania: Liolaemidae):
relation to sex and season

2006, and references therein). Other displays that may
be observed but were not included in the present study
are occasional lateral movements of the tail and mouth
gapings. Here I investigate headbob and forelimb wave
displays in a neotropical lizard species, Liolaemus
quilmes, Liolaemidae, from northwestern Argentina. The
objectives of this study were (i) to identify the presence
of both displays in male and female L. quilmes, and (ii)
to compare display rates in males and females during the
reproductive and post-reproductive seasons. I expected
males to perform more headbob displays than females
as reported in many iguanian species (e.g., Carpenter &
Ferguson, 1977; Martins, 1991), and that male display rates
would be higher during the reproductive season because
of the association of display and courtship behaviour or
agonistic encounters between males (e.g., Carpenter &
Ferguson, 1977; Carpenter, 1978; Halloy, 1996; Fox et
al., 2003; Martins et al., 2004). It is not clear what results
might be expected in forelimb wave displays since it is
not as common as the headbob display, and its function is
still being discussed (Halloy & Castillo, 2006). The final
objective (iii), is to determine if a relationship between
headbob display rates and home range sizes exists.
Headbob displays are associated with territorial defence
(e.g., Carpenter & Ferguson, 1977; Halloy, 1996; Martins
et al., 2004). Therefore, I expected a positive relationship
between headbob display rate and home range size.
The Liolaemus genus (Liolaemidae) belongs to an
iguanian group of lizards from South America (Frost et
al., 2001), ranging from Peru and Bolivia in the north
to Tierra del Fuego in southern Argentina (Cei, 1986;
Etheridge & De Queiroz, 1988). Liolaemus quilmes
belongs to the darwinii complex (Etheridge, 1993) and
is found in northwestern Argentina, between altitudes of
1600 m and approximately 3000 m, in arid to semi-arid
regions of the phytogeographic province of the Monte
(Cei, 1993; Etheridge, 1993) and the Prepuna (Halloy
et al., 1998; for phytogeographic provinces, see Cabrera
& Willink, 1980). Liolaemus quilmes is active during
the austral spring and summer. It is a diurnal, oviparous
(Ramirez Pinilla, 1992), insectivorous lizard (Halloy
et al., 2006), with marked sexual dichromatism, males
being more colourful than females (Etheridge, 1993).
The activity period includes the reproductive season
(October to December), and the post-reproductive season
(January to March; Ramirez Pinilla, 1992). The study site
was located at Los Cardones (26°40’1.5” S, 65°49’5.1”
W, datum: WGS84; 2725 m), in the Tucumán province,
Argentina, well within the distribution of the species
(Etheridge, 1993). It is characterized by firm substrate,
scattered large rocks, low shrubs, and tall cacti.
Sixty-one males and 54 females were filmed with a
Sony Hi8 video camera (CCD-TR600), within their home
ranges, in spring and summer, from October to March,
between 1999 and 2005. The lizards were filmed when
active, generally on sunny to partially cloudy days,
between 1000 and 1700 hours. They were filmed in their
natural surroundings from a distance of 4 to 5 metres. The
lizards were habituated to the presence of an observer
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Visual displays in lizards are used to convey information
related to species, sex, reproductive state, context and
even individuality. Two displays that have been reported
are headbobs, up and down movements of the head, and
forelimb waves, circular movements of the forelegs, the
former display generally being more conspicuous and
frequent than the latter. Here I investigated these two
displays in an iguanian neotropical species, Liolaemus
quilmes, from northwestern Argentina. One-hundredand-fifteen males and females were filmed over six years,
in their habitat, during their daily activities. Headbob and
forelimb display rates were compared between males
and females and between the reproductive and postreproductive seasons. In addition, the relation between
headbob display rates and home range size was explored.
As reported for many iguanian lizards, males made
significantly more headbob displays than females in both
the reproductive and post-reproductive seasons. They
also performed more forelimb waves than females in
both seasons. Finally, no correlation was found between
headbob display rates and home range sizes in any of the
two seasons, suggesting that although headbob displays
have been associated with territorial defence it does not
seem to be associated with the size of the defended area.
Key words: forelimb waves, headbobs, Liolaemus
quilmes, neotropical lizards, visual displays
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isual displays are characteristic of many lizard
species and may be part of elaborate species-specific
communication systems (Carpenter, 1978; Fox et al.,
2003). One of these displays is the headbob (consisting
of stereotyped up and down movements of the head,
Carpenter & Ferguson, 1977; Halloy, 1996; Martins
et al., 2004). They may contain information related to
territorial defence, courtship, sex, social context and
even individual identity (e.g., Carpenter & Ferguson
1977; Martins 1991, 1993). Another important visual
display is the forelimb wave display (circular movements
of one or two of the forelegs). It has been reported in
several Liolaemus species (Halloy & Castillo, 2006) and
agamid species (e.g., Carpenter et al., 1970; Brattstrom,
1971; Gibbons, 1979; Ord et al., 2002) among others.
Its function may vary between an overt challenge, to
conflict, to an appeasement signal (Halloy & Castillo,
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Table 1. Average headbob and forelimb wave display rates (X)+one standard error (SE) of male and female
Liolaemus quilmes, filmed a minimum of 15 minutes each. n=number of lizards filmed during the reproductive
and post-reproductive seasons, from October to March, between 1999 and 2005. See text for further details.
Reproductive seasons

Post-reproductive seasons

HEADBOBS

n

X+SE

n

X+SE

males

38

102.1+12.1

23

65.0+17.4

females

25

36.8+8.7

29

6.5+3.3

38
25

45.1+4.7
18.0 + 3.3

23
29

34.4+6.7
24.3 + 5.1

FORELIMB WAVES

males
females

Videos were analyzed in the laboratory, recording all
occurrences of headbob and forelimb wave displays for
each individual. Male and female headbob and forelimb
display rates (based on the number of headbobs or forelimb
wave displays, per individual per hour) were compared
using the Kruskal-Wallis analysis of variance (InfoStat,
free version 2008) to test for differences between sexes
and seasons. The Spearman rank-order correlation test
was used to examine the relationship between headbob
display rates and home range sizes (Siegel & Castellan,
1988).
Both headbob and forelimb wave displays were
performed by male and female L. quilmes during the
reproductive and post-reproductive seasons. When
comparing headbob display rates, with respect to sex
and season, the result was very significant (H=47.40;
p<0.0001, df=3, Table 1). Males displayed significantly
more than females in both seasons. They also displayed
significantly more during the reproductive than during
the post-reproductive season. Females also performed
significantly more headbobs during the reproductive than
during the post-reproductive season.
When comparing forelimb wave display rates, with
respect to sex and season, the result was also very
significant (H=19.58; p<0.0002, df=3, Table 1). Males
also performed significantly more forelimb wave displays
than females during both seasons but males or females
were not significantly different when comparing seasons.

due to regular censuses performed three times a day, four
to five days a month, which required walking slowly
throughout the study area (e.g., Halloy & Robles, 2002,
2003; Robles & Halloy, 2009, 2010). Between these
censuses, I searched and filmed any lizard that was active
for a minimum of 15 minutes or until lost to the camera,
after which I would search another lizard and start filming
once again. I knew the identification of the lizards and
their home ranges from previous and current studies on
this species. The lizards had been marked with a unique
combination of two coloured beads attached at the base of
the tail with a surgical steel monofilament strand (Fischer
& Muth, 1989; Halloy & Robles, 2002) and their home
ranges had been calculated using the minimum convex
polygon method based on a minimum of 9 sightings
(CALHOME, Home Range Analysis Program, MS-DOS,
Version 1.0, 1994; e.g., Halloy & Robles, 2002; Robles &
Halloy, 2009, 2010).
A total of 59.78 hours were obtained, divided into 27.33
h for males and 11.06 h for females in springs (October
to December, corresponding to the reproductive season,
Ramirez Pinilla, 1992) and 9.41 h for males and 11.98 h
for females in summers (January to March, corresponding
to the post-reproductive season, Ramirez Pinilla, 1992).
These close to 60 hours of filming included only the
video-samples for which I had a minimum of 15 minutes
per lizard. Lizards filmed less than 15 minutes were not
used in the data analysis.

Table 2. Average home range areas (m2) and average headbob display rates (HB) + one standard error (X+SE) per
reproductive and post-reproductive seasons, based on individuals filmed a minimum of 15 minutes each, having
areas with a minimum of 9 sightings (Halloy & Robles, 2002; Robles & Halloy, 2009, 2010). n=number of lizards
filmed during the reproductive and post-reproductive seasons, from October to March, between 1999 and 2005.
rs=Spearman rank-order correlation coefficient (Siegel & Castellan, 1988). NS: not significant.
AREAS & HEADBOBS (REPRODUCTIVE SEASONS)

males
females

n

Areas (X+SE)

HB (X+SE)

rs

p

19
4

107.3+18.9

120.6+15.1

10.7+3.9

25.2+21.0

0.16
-0.60

NS
NS

AREAS & HEADBOBS (POST-REPRODUCTIVE SEASONS)

males
females

n

Areas (X+SE)

HB (X+SE)

rs

p

6

94.6+21.5
20.1+5.0

62.1+17.4
2.2+1.1

- 0.09
0.15

NS
NS

7
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Finally, no correlation was found between headbob
display rates and home range sizes, in males and females,
during the reproductive or the post-reproductive season
(Table 2).
Overall, male L. quilmes performed significantly more
headbob displays than females regardless of season. This
has been reported in many other iguanian species (e.g.,
Carpenter & Ferguson, 1977; Martins, 1991). Headbobs
typically occur during courtship or during agonistic
encounters between males (e.g., Carpenter & Ferguson,
1977; Carpenter, 1978; Halloy, 1996; Fox et al., 2003;
Martins et al., 2004). Thus, I expected male L. quilmes to
perform more headbobs than females and that they would
perform this display more often during the reproductive
than during the post-reproductive season (courtship and
territory defence occurring largely during the reproductive
season, e.g., Carpenter & Ferguson, 1977; Carpenter,
1978; Halloy, 1996; Fox et al., 2003; Martins et al., 2004).
With respect to forelimb wave displays, males
performed more forelimb waves than females during
both seasons. If this display is related to signalling
conflict and/or appeasement (Halloy & Castillo, 2006,
and references therein), forelimb wave displays should
occur at higher rates in males than females considering
male-male agonistic encounters and the need to approach
and possibly appease females. When comparing males or
females, with respect to seasons, there were no significant
differences.
Finally, no correlation was found between headbob
display rates and home range size. This suggests that
although headbob displays are associated to territorial
defence (e.g., Carpenter & Ferguson 1977; Martins 1991,
1993), headbob display rate may not be related to the size
of the territory.
Acknowledgements: I thank the numerous field assistants
who have accompanied me to the field site throughout
the years, Recursos Naturales y Suelos of the Tucumán
province for permission to work in the field (permits
394-98, 95-2000, and 539-RN), and PIP-CONICET
(4966/97; 2668/01), CIUNT, National University of
Tucumán (G218) and Fundación Miguel Lillo, Tucumán,
for financial support.

REFERENCES
Brattstrom, B.H. (1971). Social and thermoregulatory behavior
of the Bearded Dragon, Amphibolurus barbatus. Copeia
1971, 484–497.
Cabrera, A.L. & Willink, A. (1980). Biogeografía de América
Latina, 2nd edn. Washington, D.C.: Secretaría General
de la Organización de los Estados Americanos, Programa
Regional de Desarrollo Científico Tecnológico.
Carpenter, C.C. (1978). Ritualistic social behaviors in lizards.
In Behavior and Neurology of Lizards, 253–267. Greenberg,
N. & McLean, P.D. (eds.). Bethesda, Maryland: NIMH.
Carpenter, C.C. & Ferguson, G.W. (1977). Variation and
evolution of stereotyped behaviour in reptiles. In Biology of
the Reptilia, 335–554. Gans, C. & Tinkle, D.W. (eds.). New
York: Academic Press.
Carpenter, C.C., Badham, J.A. & Kimble, B. (1970). Behavior
patterns of three species of Amphibolurus (Agamidae).
Copeia 1970, 497–505.

269

Cei, J.M. (1986). Reptiles del Centro, Centro-Oeste y Sur de la
Argentina. Herpetofauna de las Zonas Áridas y Semiáridas.
Torino: Museo Regionale di Scienze Naturali, Monografie
IV.
Cei, J.M. (1993). Reptiles del Noroeste, Nordeste y Este de la
Argentina. Torino: Museo Regionale di Scienze Naturali,
Monografie XIV.
Etheridge, R. (1993). Lizards of the Liolaemus darwinii complex
(Squamata: Iguania: Tropiduridae) in Northern Argentina.
Bollettino del Museo Regionale di Scienze Naturali, Torino
11, 137–199.
Etheridge, R. & De Queiroz, K. (1988). A phylogeny of
Iguanidae. In Phylogenetic Relationships of Lizard Families:
Essays Commemorating Charles L. Camp, 283–368. Estes,
R. & Pregill, G.(eds.). Stanford: Stanford University Press.
Fischer, M.& Muth, A. (1989). A technique for permanently
marking lizards. Herpetological Review 20, 45–46.
Fox, S.F., McCoy, J.K. & Baird, T.A (eds). (2003). Lizard
social behaviour. Baltimore & London: The Johns Hopkins
University Press.
Frost, D.R., Etheridge, R., Janies, D. & Titus, T.A. (2001). Total
evidence, sequence alignment, evolution of polychrotid
lizards, and a reclassification of the Iguania (Squamata:
Iguania). American Museum Novitates 3343, 1–38.
Gibbons, J.R.H. (1979). The hind leg pushup of the Amphibolurus
decresii species complex (Lacertilia:Agamidae). Copeia
1979, 29–40.
Halloy, M. (1996). Behavioral patterns in Liolaemus quilmes
(Tropiduridae), a South American lizard. Bulletin of the
Maryland Herpetological Society 32, 43–57.
Halloy, M. & Castillo, M. (2006). Forelimb wave displays in
lizard species of the genus Liolaemus (Iguania: Liolaemidae).
Herpetological Natural History 9, 127–133.
Halloy, M., Etheridge, R. & Burghardt, G. (1998). To
bury in sand: Phylogenetic relationships among lizard
species of the boulengeri group, Liolaemus (Reptilia:
Squamata: Tropiduridae), based on behavioral characters.
Herpetological Monographs 12, 1–37.
Halloy, M. & Robles, C. (2002). Spatial distribution in a
neotropical lizard, Liolaemus quilmes (Liolaemidae): site
fidelity and overlapping among males and females. Bulletin
of the Maryland Herpetological Society 38, 118–129.
Halloy, M. & Robles, C. (2003). Patrones de actividad y
abundancias relativas en un lagarto del noroeste argentino,
Liolaemus quilmes, (Iguania: Liolaemidae). Cuadernos de
Herpetología 17, 67–73.
Halloy, M., Robles, C. & Cuezzo, F. (2006). Diet in two syntopic
neotropical lizard species of Liolaemus (Liolaemidae):
interspecific and intersexual differences. Revista Española
de Herpetología 20, 47–56.
Martins, E.P. (1991). Individual and sex differences in the use
of the push-up display by the sagebrush lizard, Sceloporus
graciosus. Animal Behaviour 41, 403–416.
Martins, E.P. (1993). Contextual use of the push-up display
by the sagebrush lizard, Sceloporus graciosus. Animal
Behaviour 45, 25–36.
Martins, E.P., Labra, A., Halloy, M. & Tolman Thompson,
J. (2004). Large-scale patterns of signal evolution: An
interspecific study of Liolaemus lizard headbob displays.
Animal Behaviour 68, 453–653.
Ord, T.J., Peters, R.A., Evans, C.S. & Taylor, A.J. (2002). Digital
video playback and visual communication in lizards. Animal
Behaviour 63, 879–890.
Ramirez Pinilla, M.P. (1992). Ciclos reproductivos y de cuerpos
grasos en dos poblaciones de Liolaemus darwinii (Reptilia:
Sauria: Tropiduridae). Acta Zoologica Lilloana 42, 41–49.
Robles, C. & Halloy, M. (2009). Home ranges and reproductive
strategies in a neotropical lizard, Liolaemus quilmes (Iguania:

M . Ha lloy

Liolaemidae). South American Journal of Herpetology 4,
253–258.
Robles, R. & Halloy, M. (2010). Core area overlap in a neotropical
lizard, Liolaemus quilmes (Iguania: Liolaemidae):
relationship with territoriality and reproductive strategy.
Herpetological Journal 20, 243–248.

Siegel, S. & Castellan, N.J. Jr. (1988). Nonparametric Statistics
for the Behavioral Sciences, 2nd edn. New York: McGrawHill.
Accepted: 22 June 2012

270

