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0305-1978/$ – see front matter � 2009 Elsevier Ltd
doi:10.1016/j.bse.2009.05.006
a b s t r a c t

Many lizards produce chemical secretions that may be used as pheromones in reproduc-
tive behavior, but only a few studies have identified chemical compounds in secretions. By
using GC–MS, we found only 20 lipophilic compounds in femoral glands secretion of male
lizards, Psammodromus hispanicus. Main compounds were six steroids (mainly cholesterol
and campesterol) and seven n-C9 to n-C18 carboxylic acids (especially dodecanoic acid),
and minor components were six alcohols between C16 and C29 and squalene. We compared
these chemicals with those previously found in secretions of the closely related sister
species Psammodromus algirus and other lizard species.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Chemical signals (pheromones) are important in reproductive behavior of many reptiles (Mason, 1992). Males of many
lizard species produce during the reproductive season copious amounts of holocrine chemical secretion from the femoral
glands (Alberts, 1993; Weldon et al., 2008). Behavioral studies indicate that femoral secretions function in intraspecific
communication, signaling the characteristics and health state of males (López et al., 2006; Martı́n et al., 2007a), which may be
useful in female mate choice (Martı́n and López, 2000, 2006a,d; López et al., 2002, 2003b; Olsson et al., 2003; López and
Martı́n, 2005c) and intrasexual relationships between males (Carazo et al., 2007; Martı́n et al., 2007b).

However, chemicals that may function as pheromones of lizards are only known for a few species (reviewed in Weldon
et al., 2008). Lipids seem to play a major role in pheromonal communication (Mason, 1992; Martı́n and López, 2006a). Major
classes of lipophilic compounds in secretions are similar between lizard species (e.g., steroids, carboxylic acids and alcohols,
among others), but the presence and abundance of specific compounds and the total number of compounds are characteristic
of each species, and show a high interspecific variation (Weldon et al., 2008). Also, the average number of femoral glands is
characteristic of each species and varies widely between species. The relative importance of chemical communication might
affect both the amount of secretion produced, which might depend on the number of femoral glands, and the diversity of
lipids. Interspecific variation may be due to phylogenetic differences, but it might also have an environmental component if
the persistence of scent marks in different habitats required different chemicals with different properties (Alberts, 1992;
Escobar et al., 2003; Martı́n and López, 2006b).

In Europe, there are two closely related species of Lacertid lizards within the Genus Psammodromus. The large psam-
modromus (Psammodromus algirus) is a medium sized (until 9 cm of snout-to-vent length) lizard inhabiting Mediterranean
forests of the Iberian Peninsula and Northwest Africa (Böhme, 1981). Lizards become sexually mature in their second spring
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and can reproduce during several years, showing ontogenetic changes in males’ reproductive strategies (Pérez-Quintero,
1996; Salvador and Veiga, 2001; López et al., 2003a). Secretions of males contain 59 lipophilic compounds, mainly carboxylic
acids between C9 and C20, and steroids (mainly campesterol, ergosterol and cholesterol), and minor components such as
alcohols, aldehydes, squalene, a-tocopherol, ketones, and a furanone (Martı́n and López, 2006c). Chemoreception seems very
important in social behavior of P. algirus (López et al., 2003a; Martı́n et al., 2007a).

In contrast, the Spanish psammodromus (Psammodromus hispanicus) is a very small (about 5 cm of snout-to-vent length)
diurnal lizard, almost restricted to the Iberian Peninsula (Salvador, 1981). It occupies littoral sand hills or degradated garriges
with patchy covering of dense humid grassland and low bushes. Lizards acquire sexual maturity at an age of 8 months and
reproduce only once in their life (Pascual González and Pérez-Mellado, 1989; Pérez-Quintero, 1996). The role of chemical
signals in social behavior of this species is unknown, but the low tongue-flick rates during foraging showed that lizards can
recognize prey chemicals but have a low use of this ability (Verwaijen and Van Damme, 2007).

In this paper, we report the results of an analysis by gas chromatography–mass spectrometry (GC–MS) of the lipophilic
fraction of femoral secretions of male Spanish psammodromus lizards (P. hispanicus) from a Central Spanish population
occupying humid grasslands. We compared the current data on femoral secretions of P. hispanicus with previous data on the
related P. algirus (Martı́n and López, 2006c) and other lizard species (Weldon et al., 2008).

2. Materials and methods

We captured by hand 15 adult male P. hispanicus during May 2007, from a population in the region of ‘‘Campo Azálvaro’’,
close to El Espinar (Segovia province, Central Spain; 40�400N, 4�200W, 1300 m a.s.l.). The habitat is extensive montane
grassland dominated by large Stipa gigantea perennial herbs and other small annual or semiperennial herbs. Only adult males
with intact or fully regenerated tails were considered. Lizards were weighed (body mass, mean � SE ¼ 3.1 � 0.5 g,
range ¼ 2.8–4 g) and their snout-vent length (SVL) was measured (mean � SE ¼ 50 � 1 mm, range ¼ 50–52 mm), and the
number of femoral pores of both legs counter under a magnifying glass.

Immediately after capture in the field, we extracted secretion from femoral glands of male lizards by gently pressing with
forceps around the femoral pores, and collected secretion directly with glass vials, later closed with Teflon-lined stoppers.
Vials were stored at�20 �C until analyses. We also used the same procedure on each sampling occasion but without collecting
secretion, to obtain blank control vials that were treated in the same manner to compare with the lizards samples, and be able
to exclude contaminants from the handling procedure or from the environment where lizards were found, and for further
examining impurities in the solvent. Thereafter, lizards were immediately released to their exact capture sites.

Samples were analyzed using a Finnigan-ThermoQuest Trace 2000 gas chromatograph (GC) fitted with a poly(5% diphenyl/
95% dimethylsiloxane) column (Supelco, Equity-5, 30 m length � 0.25 mm ID, 0.25-mm film thickness) and a Finnigan-
ThermoQuest Trace mass spectrometer (MS) as detector. Sample injections (2 ml of each sample dissolved in n-hexane) were
performed in splitless mode using helium as the carrier gas, with injector and detector temperatures at 270 �C and 250 �C,
respectively. The oven temperature program was as follows: 50 �C isothermal for 10 min, then increased to 280 �C at a rate of
5 �C/min, and then isothermal (280 �C) for 30 min. Mass spectral fragments below m/z ¼ 39 were not recorded. Impurities
identified in the solvent and/or the control vial samples are not reported. Initial identification of secretion components was
done by comparison of mass spectra in the NIST/EPA/NIH 1998 computerized mass spectral library. All identifications were
confirmed by comparison of spectra and retention times with those of authentic standards. Authentic samples were
purchased from Sigma–Aldrich Chemical Co.

3. Results

Male lizards P. hispanicus had an average (�SE) of 10� 1 (range¼ 9–11) femoral pores on each leg that produce secretions.
Females in the same population also had a similar number (range ¼ 9–11) of smaller vestigial femoral pores but these pores
did not produce any visible secretion.

We found and identified only 20 lipophilic compounds in femoral gland secretions of male P. hispanicus (Table 1). The main
components were six steroids (72.6% of TIC) and seven carboxylic acids ranged between n-C9 and n-C18 (23.5%), but we also
found six alcohols between C16 and C29 (3.8%), and squalene (0.1%). Major compounds were detected in all individuals,
although relative proportions of some chemicals show interindividual variability. On average, the two most abundant
chemicals were cholesterol (31.5% of TIC) and campesterol (25.6%), followed by dodecanoic acid (10.2%) and stigmast-7-en-3-
ol (9.6%).

4. Discussion

The low number of compounds found in P. hispanicus contrasts with other lacertid lizards, including the closely related
P. algirus (i.e., compounds ranged between 44 and 62; López and Martı́n, 2005a,b, 2006; Martı́n and López, 2006b,c).
However, a similar low number (18 compounds) was found in the distantly related Lacerta vivipara, a species that also has few
femoral pores (mean ¼ 10 pores/leg) (Gabirot et al., 2008). It is possible that scent marks are of little importance in P. his-
panicus and L. vivipara because these lizards live in meadows and grasslands where persistence of scent marks would be very



Table 1
Lipophilic compounds found in femoral secretions of male lizards, Psammodromus hispanicus.

Number in Fig. 1 RT [min] Compound mean � 1SE

1 25.3 Nonanoic acid 1.15 � 0.37
2 32.9 Dodecanoic acid 10.16 � 1.80
3 37.4 Tetradecanoic acid 0.24 � 0.05
4 40.1 Hexadecanol 0.12 � 0.03
5 41.5 Hexadecanoic acid 3.23 � 1.32
6 43.9 Octadecanol 0.82 � 0.15
7 44.7 9,12 Octadecadienoic acid 2.90 � 0.41
8 44.8 Octadecenoic acid 2.71 � 0.37
9 45.2 Octadecanoic acid 3.16 � 1.22
10 50.8 Docosanol 0.27 � 0.11
11 53.8 Tetracosanol 1.34 � 0.13
12 55.7 Squalene 0.09 � 0.01
13 56.7 Hexacosanol 1.06 � 0.45
14 60.1 Nonacosanol 0.18 � 0.05
15 60.8 Cholesterol 31.50 � 5.64
16 63.3 Ergosta-7,22-dien-3-ol 3.61 � 1.20
17 63.4 Campesterol 22.94 � 4.52
18 64.9 Ergost-7-en-3-ol 2.73 � 0.82
19 66.0 Sitosterol 2.17 � 1.10
20 67.8 Stigmast-7-en-3-ol 9.61 � 3.32

The relative amount of each component was determined as the percent of the total ion current (TIC) and reported as the average (�1SE) for fifteen
individuals.
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low (Alberts, 1992). Nevertheless, chemical secretions may still be important in short distance interactions (López and Martı́n,
2002; Martı́n and López, 2007).

Similarly to other lizards, femoral gland secretions of P. hispanicus have carboxylic acids and steroids as predominant
components (reviewed in Weldon et al., 2008). Among steroids, cholesterol was the main steroid, which was also found in
abundance in secretions of most lizard species (Weldon et al., 2008). Campesterol, a steroid of vegetal origin that has to be
obtained from the diet, is another major steroid in secretions of P. hispanicus. This might be characteristic of psammodromus
lizards because campesterol is also the most common steroid in the related P. algirus (Martı́n and López, 2006c).
Fig. 1. Representative total ion chromatogram (GC–MS) of an extract of femoral gland secretion of a male P. hispanicus. Numbers on each peak indicate
compounds listed in Table 1.
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Carboxylic acids found in P. hispanicus have a low number of carbons and should be highly volatile and, thus, might be
mainly used in short-distance communication. Especially, it is noteworthy the high abundance of dodecanoic acid. In contrast,
hexadecanoic, octadecanoic and octadecenoic acids are the most abundant ones in most lacertids (López and Martı́n, 2005a,b,
2006; Martı́n and López, 2006b,c). Other compounds, such as alcohols and squalene, are found in very low proportions in
secretions of P. hispanicus. In other lizards, squalene is considered to limite oxidation of other lipids (Gabirot et al., 2008). A
similar function was suggested for tocopherol and waxy esters in other lizards inhabiting grassy and humid areas (López and
Martı́n, 2006; Martı́n and López, 2006b; Gabirot et al., 2008). Tocopherol and waxy esters were not found in P. hispanicus,
suggesting that avoiding lipid oxidation in scent marks may be difficult or unimportant for this lizard. Finally, it is also
noteworthy the absence of other compounds that appear ‘‘regularly’’ in other lizards, including the related P. algirus, such as
aldehydes, ketones, or furanones (Martı́n and López, 2006c; Weldon et al., 2008).

We suggest that phylogenetic affinities alone might not explain the compounds found in secretions, and that environ-
mental and social organization factors might also influence the composition of femoral secretions. Further studies are clearly
needed to understand the patterns of presence and abundance of different chemicals in femoral secretions of lizards.
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López, P., Martı́n, J., 2005c. Female Iberian wall lizards prefer male scents that signal a better cell-mediated immune response. Biol. Lett. 1, 404–406.
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López, P., Muñoz, A., Martı́n, J., 2002. Symmetry, male dominance and female mate preferences in the Iberian rock lizard, Lacerta monticola. Behav. Ecol.

Sociobiol. 52, 342–347.
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