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Abstract Female mate choice based on visual traits
appears to be rare in lizards. Field observations suggest
that females of the lizard Lacerta monticola preferred to
mate with larger/older males. Although older males are
usually green and larger, and younger males brown and
smaller, there is some overlap in size and coloration
between age classes. Thus, visual cues may not always be
reliable indicators of a male’s age. We hypothesized that
female mate-choice preferences may be based on males’
pheromones, which might transmit information about
characteristics such as age. In a laboratory experiment, we
analyzed the effect of age of males on attractiveness of
their scents to females. When we offered scents of two
males of different age, females associated preferentially
with scents of older males. This suggested that females
were able to assess the age of males by chemical signals
alone, and that females preferred to be in areas scentmarked by older males. Thus, females may increase their
opportunities to mate with males of high quality, or may
avoid harassment by sneaking young males. This result
agreed with field observations on females mating with old
males, and rejection of advances by young males. Our
results also suggested that female preference for older
males may depend on their own body size. Large females
showed a strong preference for older males, whereas
smaller females were not so selective. This, together with
males’ preference for large females, might lead to sizeassortative matings. We suggest that the quality and/or
quantity of male pheromones could communicate to the
female heritable male genetic quality (i.e. age) and
thereby serve as the basis of adaptive female choice in
lizards.

Communicated by W.E. Cooper
P. Lpez ()) · P. Aragn · J. Martn
Departamento de Ecologa Evolutiva,
Museo Nacional de Ciencias Naturales, CSIC,
Jos Gutirrez Abascal 2, 28006 Madrid, Spain
e-mail: Pilar.Lopez@mncn.csic.es
Fax: +34-91-5645078

Keywords Chemoreception · Lizards · Female mate
choice · Femoral glands · Male mating success

Introduction
Female choice based on visual quantitative traits such as
coloration has rarely been demonstrated in reptiles
(Olsson and Madsen 1995, 1998; Tokarz 1995; Baird et
al. 1997; McCoy et al. 2003). However, female choice
based on male body size has been demonstrated in some
lizard species (Cooper and Vitt 1993; Wikelski et al.
1996; Censky 1997; Martn and Forsman 1999). Females
might choose larger/older males based on male quality
reflecting superior genes (Cooper and Vitt 1993), or on
the quality of the resource that the male holds (Hews
1990) because these resources affect the female’s survival
or fecundity. Alternatively, females may choose large
males to avoid harassment from other males, which would
allow females to increase foraging time (Censky 1997).
In species, such as lizards, in which males provide only
sperm to females, it is widely held that females should
prefer to mate with older males because viability selection
leads to older males of higher genotypic quality than
younger males (Kirkpatrick 1987; Andersson 1994;
Brooks and Kemp 2001). However, age and body size
may be poorly correlated in some lizards, and thus size
would be a poor indicator of male longevity (Olsson and
Shine 1996). Even though bright male colors might be
important in social interactions between males, they do
not always vary consistently with age (Olsson 1994;
Olsson and Madsen 1995; Smith and Zucker 1997; Martn
and Forsman 1999). Thus, female choice of older males
might be rare because visual cues of male age are poor or
inaccurate (Olsson and Madsen 1995, 1998).
Although communication by chemical signals is
widespread (Stoddart 1980), research on sexual selection
and mate choice has focused mainly on visual signals,
ignoring chemical communication (Bateson 1983; Møller
and Thornhill 1998). However, many species rely on
chemical signals to attract mates, and male odors convey
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a great amount of information in many animals, such as a
male’s age, dominance status, health, parasite load, or
genetic quality (e.g., Moore et al. 1997; Penn and Potts
1998; Osada et al. 2003). Chemical cues also play an
important role in intraspecific communication of lizards
(Halpern 1992; Mason 1992; Cooper 1994; Fox and
Shipman 2003). Pheromonal detection has been demonstrated in several different species, and is often based on
precloacal and femoral-gland secretions (e.g., Cooper and
Vitt 1984; Alberts 1989; Lpez et al. 1998; Aragn et al.
2000, 2001a, 2001b). The presence and relative concentration of pheromone components in the gland secretions
vary, not only between sexes, but also consistently among
individuals, which may convey information on individual
identity and serve a variety of functions (Alberts 1990,
1992, 1993; Aragn et al. 2001a, 2001b). Males’ secretions might transmit chemical information about an
individual’s quality, and this information may be used
by females in their mate-choice process. For example,
when scents from two males of similar body size were
offered, female Lacerta monticola associated preferentially with scents of males with low asymmetry in their
femoral pores (Martn and Lpez 2000) or with better
body condition (Lpez et al. 2002). This suggests that
females were able to discriminate the quality and
condition of males by chemical signals alone, and that
females preferred to be in areas marked by these males,
thus increasing their opportunities to mate with males of
high quality.
The Iberian rock-lizard (L. monticola) is a small,
diurnal lacertid lizard found mainly in rocky habitats of
some high mountains of the Iberian Peninsula (Martn and
Salvador 1992; Prez-Mellado 1998). Within sexually
mature male L. monticola, there are distinct ontogenetic
classes. Recapture observations and skeletochronology
data indicate that most, but not all, older males show
dorsal green coloration (4–5 years old; snout-to-vent
length, SVL: X̄+SE=73+1 mm, range=67–78 mm, n=30),
and are on average larger, although the body-size ranges
overlap with younger males, which always show dorsal
brown coloration (3 years old; SVL: X̄+SE=67+1 mm,
range=61–79, n=28) (see also Moreira et al. 1998; PrezMellado 1998; Aragn 2001). Therefore, body size and
coloration do not always reliably signal age in males.
Young males are sexually mature, based on observations
of spermatogenic activity (Elvira and Vigal 1985),
courting behavior, and attempted copulation (Aragn
2001; unpublished data, see Results). Males are aggressive and defend their territories, which can contain several
female home ranges, although overlap between males’
home ranges is extensive (Martn and Salvador 1993,
1997; Aragn 2001). Agonistic encounters between males
of both types are frequent during the mating season,
suggesting intense competition for access to females
(Aragn et al. 2001d).
Male L. monticola deposit fecal pellets and femoral
secretions on specific sites, and are able to detect and
discriminate individuals based on chemical cues alone
(Lpez et al. 1998; Aragn et al. 2001a, 2001b).

Substrates marked with feces and femoral-gland secretions may serve as scent marks in the field and probably
function also in home-range advertisement (Alberts 1992;
Lpez et al. 1998; Aragn et al. 2001c). They might be
used by females to estimate mate quality (Martn and
Lpez 2000; Lpez et al. 2002). We hypothesized that if
females preferred to mate with older males, nonvisual
cues to male age should be important due to the
unreliability of body size and color. Females might be
able to assess the age of males by chemical signals,
associate preferentially with scent marks of older males,
and use this information to allow or reject matings by
courting males.
We present field observations on differences between
old and young male L. monticola in mating success with
females, as indicated by the propensity of females to
accept courtship and copulations from males, and by the
frequency of observations of females allowing males to
guard them. Also, we conducted a laboratory experiment
to analyze the effect of age of male L. monticola on
attractiveness of their scent marks to females.

Methods
Male mating success in the field
We performed the study from May to June 1998–2001 in the
Guadarrama Mountains (Madrid Province, central Spain) at an
elevation of 1,900 m. Granite rock boulders and scree interspersed
with shrubs (Cytisus oromediterraneus and Juniperus communis)
predominated at the study site, together with meadows of Festuca
and other grasses (Martn and Salvador 1992). The field study was
conducted on a 0.2-ha plot (5040 m) located in this area at “Alto
del Telgrafo”. Lizards were captured by noosing, weighed with a
Pesola spring scale, their SVL measured with a ruler, and their sex
and coloration (green vs brown) were noted. Lizards were
individually marked permanently by toe-clipping and temporarily
with small dots of acrylic paint on the dorsum. They were released
at the capture site within 5 min. Additional field work was done in
the subsequent mating seasons to study survival, growth, and
changes of coloration of individuals studied in previous years
(Aragn 2001; unpublished data). Age estimation was possible by
using previously marked lizards from earlier years (i.e. 1st-year
juveniles of known age identified by their blue tails).
We searched for lizards by walking the area between 0700 and
1200 hours (G.M.T.) each day during May and June, which
coincided with the mating season (Aragn et al. 2001d). All
observed sexual interactions between marked males and females
were noted. We used binoculars to identify marked lizards at long
distances. To avoid pseudoreplication, only the first observation of
each individual male was considered for analyses. During courtship
displays, the male approached the female slowly and began to
tongue-flick her body or tail, or the surrounding substrate. He next
gripped and shook the female’s tail with a gentle bite, and then
attempted mounting. If the female was receptive, she allowed this
courtship and posterior copulation. However, females sometimes
tried to escape from the male, even by biting him. Some males were
able to force the copulation, anyway. Female rejection behaviors
are easy to identify in many lizards and can be used to test matechoice preferences of females. Thus, we noted for each attempt
whether the male was successful and completed a copulation, or
was unsuccessful, either because the female escaped from the male
or because another older male appeared and chased the male that
was courting the female, thus preventing copulation. We also noted
those males found close to females and following female move-
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ments closely (<0.1 m apart continuously during more than 5 min),
which were defined as mate guardings (Olsson and Shine 1998).
To compare the number of copulation attempts and mate
guardings performed by old and young males, we conducted twotailed binomial tests (Siegel and Castellan 1988), assuming
frequencies to be equally probable for each male category because
the proportion of males in each category in the population did not
differ from a 1:1 ratio (Aragn 2001; unpublished data).
Scent-choice experiments
During May 2001, we captured by noosing 20 adult males marked
in the study plot in previous years. Eighteen adult females were
captured in different places over a large area (“Puerto de
Navacerrada”, Guadarrama Mountains, central Spain) to ensure
that females had not been in previous contact with males, which
might affect the outcome of the experiment. Lizards were captured
before the start of the mating season. We confirmed that females
had not mated yet by their lack of characteristic mating scars on the
belly (unpublished data). The experiments were carried out during
May and June, which coincided with the mating season of lizards in
their original natural population (Aragn et al. 2001d).Lizards were
weighed and their SVL was measured (males: SVL: X̄+SE=
72+1 mm, range=69–77 mm; body mass: 7.8+0.2 g, range=6.5–
9.5 g; females: SVL: X̄+SE=75+1 mm, range=68–86 mm; body
mass: 6.3+0.3 g, range=4.5–9 g). Based on recapture observations,
we classified the males into two age classes (young males:
X̄+SE=70+1 mm, range=69–71 mm, n=12; old males: X̄+SE=
76+1 mm, range=75–77 mm, n=8). Lizards were individually
housed at “El Ventorrillo” Field Station (Navacerrada, Madrid
Province) 5 km from the capture site in outdoor plastic cages
(8050 cm) containing rocks for cover. Cages of males and females
were set in different places to ensure no contact between sexes.
Food (mealworms and crickets dusted with a multivitamin powder)
and water were provided ad libitum. Lizards were held in their
home cages for at least 1 week to familiarize them with the novel
environment prior to testing. All the animals were healthy during
the trials and at the end of the experiments were released to their
initial locations.
To obtain the scents and secretions from the femoral and cloacal
glands of lizards, we placed in each male’s cage several absorbent
paper strips (3510 cm) fixed to the floor of the cage, and left them
there for 10 days. Males were often observed depositing feces and
rubbing the cloaca and the femoral pores on this paper substrate.
Papers were removed to be placed in females’ cages immediately
before each experiment began. Paper strips were manipulated with
fresh rubber gloves to avoid contaminating them with human odors.
Females’ cages (8050 cm) had two basking platforms (two
identical flat tiles) placed symmetrically at each end of the cage,
and rocks for cover in the center. At the beginning of each
experiment (0700 hours GMT), when females were still inactive
and hidden in the refuge, we fixed on one tile one paper strip from
one young male, and another from an old male on the other tile. The
individual male tested within each age category and the position of
the tiles in the cages were randomly determined. Each female was
tested on two different days, with papers from four different males
(two different pairs of a young and an old male). Each paper strip
was used only in one test to avoid contamination by females. We
used the instantaneous scan sampling method: females were
monitored each 30 min from a hidden point, and their locations
in the cages were recorded. Each trial lasted 8 h (between 0800 and
1600 hours GMT, when lizards hid again in the refuge). At the
conclusion of each trial, the papers were removed and the cage was
thoroughly rinsed with clean water. Female L. monticola have
limited movement rates, spending long time periods stationary, and
use more often a sit-and-wait foraging strategy than males (Martn
and Salvador 1997). Thus, the locations observed on each of the 17
scans were considered to be representative of females’ space use of
the cages.
If a female was located on either of the two tiles with the paper
strip, she was designated as having chosen that particular paper,

whereas if she was located off the tiles or inside the refuge she was
designated as having made no choice. To ensure that females were
exposed to both males’ tiles and were aware of both males’ stimuli,
at least one recording in each male’s section was considered
necessary for a trial to be valid. This presumption was fulfilled in
all tests.
We determined a female choice to be the side on which she was
on the tile in greater than 50% of scans. Differences between
treatments were assessed for significance using binomial tests,
assuming frequencies to be equiprobable on each side. We also
used Wilcoxon matched-pairs tests to compare the number of times
that females were recorded on each side. We used Pearson’s
correlation to analyze the relationship between body size of females
and number of times that they were recorded on the side containing
scents from the old male (Sokal and Rohlf 1995).

Results
Male mating success in the field
In spite of a similar proportion of old and young males in
the population (see Methods), more old than young males
were observed attempting to copulate with females (24
old vs 10 young; two-tailed binomial test, P=0.026).
Moreover, old and young males were not equally
successful at obtaining matings. Of the successful copulations observed, old males performed 14 (58.3% success)
and young males only 2 (20% success) (c2=4.16, 1 df,
P=0.04). Unsuccessful copulations were due to female
rejection (36.4% in unsuccessful copulation attempts of
old males vs 62.5% in young males), or to interference by
another old male (63.6% in large males vs 37.5% in
young males). In addition, in two cases an old male tried
to interrupt copulation by another old male without
success. Thus, young males had significantly lower
mating success than old males (restricting the analysis
to those cases in which females rejected a male: c2=4.41,
1 df, P=0.036), whereas males of the two age groups did
not significantly differ in mating success when the
analysis is restricted to those cases unsuccessful due to
male interference (c2=0.87, 1 df, P=0.35). Additionally,
old males were observed performing a significantly
higher number of mate guardings than young males (16
old vs 4 young; two-tailed binomial test, P=0.011).
Scent-choice experiments
Females clearly selected the paper strips scent-marked by
old males. In the first test, 12 females selected the side
with the scent of old males, whereas the other 6 females
did not select either side (two-tailed binomial test,
P=0.0005). In the second test, 14 females selected the
side with the scent of old males, 2 selected the side with
the scent of young males, and the other 2 females did not
select either side (two-tailed binomial test, P=0.004).
Moreover, females were observed significantly more
frequently on the side with scents of old males in both
tests (Wilcoxon matched-pairs test, first test: z=3.06,
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Table 1 Number of times that female Lacerta monticola were
observed on the sides with scent of the older or the younger male,
or in the non-choice area in two different tests
Female

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

1st test

2nd test

Old

Young

Neither

Old

Young

Neither

4
8
1
4
1
8
4
5
4
8
3
11
4
5
12
1
4
8

1
8
1
4
1
1
1
5
1
1
1
1
1
4
1
1
1
1

12
1
15
9
15
8
12
7
12
8
13
5
12
8
4
15
12
8

8
16
7
4
11
4
8
15
8
4
1
1
8
11
16
3
4
4

4
1
4
1
4
1
4
1
4
1
1
8
4
4
1
1
4
5

5
0
6
12
2
12
5
1
5
12
15
8
5
2
0
13
9
8

Fig. 1 Time spent by female Lacerta monticola on the side
containing chemicals from the older male (the average number of
times that females were recorded on that side in the two trials) as a
function of female snout-to-vent length

df=17, P=0.002; second test: z=2.84, df=17, P=0.004)
(Table 1).
One piece of evidence suggests that although females
preferred the scent of old males, females may also tend to
associate assortatively with males’ scents according to
their own body size. The average number of times that
females were recorded on the side with chemicals from
the old male in the two trials was significantly correlated
with SVL of females (Pearson correlation, r=0.50,
F=5.29, P=0.03) (Fig. 1). Thus, large females spent more
time on the side scent-marked by old males, whereas
smaller females did not show such a pattern. The
relationship between time spent on the side of old males
and body mass of females was also positive, but not
significant (r=0.43, F=3.56, P=0.08).

Discussion
Previous field observations indicated that in agonistic
interactions, larger/older males were dominant over
smaller/young males and had a higher access to mates
(Martn and Salvador 1993; Aragn 2001). The present
results show that males use two different mating strategies. More old than young males were observed guarding
or at least staying close to females, who later usually
accepted copulations from these old males without
apparent resistance. In contrast, young males used
alternative reproductive tactics, and obtained access to
some unguarded females by sneaking. In many animals,
including other lizards, sneak matings are typically an
ontogenetic alternative to guarding, performed by younger or subordinate phenotypes (Koprowski 1993; Olsson
1994; Baird and Timanus 1998; Martn and Forsman
1999). Males of many species exhibit alternative mating
strategies depending upon age and/or local social conditions (Dominey 1984; Caro and Bateson 1986; Moore
1991). These age-related differences may be selected
because some behavior patterns may be adaptive at one
life stage, or under one set of local conditions, but
disadvantageous during others (Baird and Timanus 1998).
Dominant old males may exclude subordinate young
males from access to females by guarding these females,
and by interfering with attempts at copulation by young
males (Baird and Timanus 1998; Martn and Forsman
1999). However, the chance of successful copulation by
young male L. monticola was low even in the absence of
other males because females rejected copulation attempts
by young males, which were only successful in getting
forced copulations if they were able to subdue the females
(see also Cooper and Vitt 1987; Martn and Salvador
1993; Martn and Forsman 1999). Nevertheless, old males
also attempted forced copulations with females other than
those that they courted and guarded. This strategy may
enhance their reproductive success if the risk of cuckoldry
is small because males may devote less time to guarding
and more time to seeking copulations with other females.
These field observations suggest that female L. monticola prefer to mate with older males. Body size and
coloration may be the first indication of a male’s age for a
female, especially at long distance. In many cases, these
visual signals would be enough and reliable (i.e., a large
green male is always an old male). However, the
laboratory experiment suggests that females are also able
to discriminate between old and young males by chemical
cues alone. Pheromonal identification may be the most
important and confirmatory cue when two individuals are
close together, or when a conflict between the meaning of
the visual and scent signals arises (i.e., a large brown male
can be either an old or a young male). A similar
identification procedure is used by other lizards when
visual and chemical signals conflict (Lpez and Martn
2001; Lpez et al. 2003).
The properties of lizard pheromones are propitious for
use in identification by females. Femoral-gland secretions
are composed of both lipids and proteins (Alberts 1990).
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Lipids have a high degree of molecular diversity, which
increases the potential information content of a pheromone, and individual differences in protein secretion
chemistry are consistent over time (Alberts 1992). Thus,
femoral-gland secretions could potentially function in
individual recognition (Glinsky and Krekorian 1985;
Aragn et al. 2001a, 2001b), but also indicate the
characteristics, age, and quality of the male.
Moreover, the quantity or concentration of pheromonal
secretion also might vary with age or body size in the
scent marks of a male. As in insects (Breed et al. 1980;
Thornhill 1992) and mammals (Drickamer 1992; Osada et
al. 2003), the quality or quantity of male pheromone
could communicate to the female heritable male genetic
quality. Thus, it could serve as the basis of adaptive
female choice. This agrees with the preference by female
L. monticola for scents of old males. This preference
suggests that female L. monticola may increase their
opportunities to mate with males of high quality by
selecting areas scent-marked by these males (see also
Martn and Lpez 2000; Lpez et al. 2002). Alternatively,
even if females did not intend to mate with these males,
they could use males’ chemical signals to select highquality territories if larger/older males maintain territories
of high quality in terms of food availability and
thermoregulatory opportunities (Hews 1990), or to avoid
costly harassment from males seeking forced copulations
(Censky 1997).
Costs associated with female mate choice may reduce
the likelihood that female preferences are expressed
(Beck and Powell 2000). Thus, it has been proposed that
female insectivorous lizards do not exercise mate choice
very often because it will be costly in terms of time and
energy to assess multiple males as potential mates
(Stamps 1983). However, in L. monticola density of
males is high, their home ranges have a high degree of
overlap, and males seem to scent-mark their home ranges
with feces and femoral secretions (Lpez et al. 1998;
Aragn et al. 2000, 2001a, 2001b, 2001c). Thus, females
may have the opportunity to sample the scent markings of
several males within a short enough period to recall
differences. Pheromone components in scent marks may
provide detailed and reliable information on the male
about traits such as age, body size, or competitive ability
(Alberts 1992; Aragn et al. 2000, 2001a, 2001c).
Therefore, this and previous studies suggest that mate
choice in at least some species of lizards may be based on,
or complemented by, chemical cues (Martn and Lpez
2000; Lpez et al. 2002). However, this possibility has
been largely ignored in studies of mate choice in lizards
(Tokarz 1995), despite pheromonal recognition being
widespread among lizards (Halpern 1992; Mason 1992).
Our results also suggest that female preference for old
males may also depend on the female’s own body size.
Large females showed a strong preference for large/old
males, whereas smaller, often younger, females were not
as selective. Younger females might be inexperienced in
discriminating or selecting scents of old males. Alternatively, these differences could result from males’ prefer-

ence for large females, as female body size may be a
correlate of fecundity (Olsson 1993; Whiting and Bateman 1999). In fact, clutch size is correlated with female L.
monticola body size (Prez-Mellado 1982; Braa 1996).
Although further studies on male preferences are needed,
it is possible that smaller females are not courted often by
old males, and these females might have to accept
copulations from young males to ensure being fertilized.
Both female and male preferences for older individuals
(or for a larger body size) might lead to size-assortative
mating in this lizard.
We conclude that, because most species of lizards
seem able to detect pheromones from conspecifics
(Mason 1992), female mate choice based on chemosensory cues may be more widespread than previously
expected among lizards. Our findings point out the need
for further studies of mate choice in lizards, taking into
account the different roles and relative importance of
morphological, color, and chemical cues.
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