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Lizards possess epidermal glands which produce secretions playing a role as semiochemicals. Classic anatomical studies do
not give detailed information on the nature of the secretions. Here | used GC-MS analysis of gland secretions to focus on

the molecular structure of femoral gland secretions in two xeric-adapted agamid lizards, Uromastyx aegyptia and U. ornata.

Steroids, alcohols, carboxylic acids, alkanes, aldehydes, carboxylic acid esters and squalene were detected as lipidic compounds.

Monoglycerides of fatty acids and glycerol monoethers of long chain alcohols previously only detected in Lacertidae and

Gekkonidae were also identified. The compounds constituting femoral secretions are possibly an adaptation to hot and dry
habitats, with specific chemical profiles for each species. The presented data support the hypothesis that Uromastyx (and
lizards in general) use femoral gland secretions for chemical communication.
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INTRODUCTION

Vertebrates communicate chemically using a variety
of sources including excretions, secretions, and
material recycled from other organisms and the
environment (Muller-Schwarze, 2006). Among reptiles,
lizards evolved femoral or pre-anal glands which are
arranged in rows on the ventral surface of the hindlegs
or proximal to the cloacal shield. These glands are
more active in the breeding season, and generally
larger in males than in females (Khannoon, 2009). The
first author to discuss the femoral glands of lizards
was Otth (1833), before Schaefer (1902) and Abraham
(1930) provided morphological descriptions, followed
by a characterisation of the histology and ultrastructure
(Cole, 1966; Chiu & Maderson, 1975; Chauhan, 1986a;
Mouton et al., 2010; Khannoon et al., 2013) as well as the
chemical components secreted from these glands (Lopez
& Martin, 2005a, b; Gabirot et al., 2010; Martin et al.,
2011; Pellitteri-Rosa et al., 2014).

Femoral secretions are used for species recognition
and the marking of home ranges, and stimulate tongue
flicking to assess their chemical nature (Alberts, 1993;
Khannoon et al., 2010, 2011a); they thus serve a
pheromonal function (Aragon et al., 2001; Lopez et al.,
2006; Martin et al., 2007). Molecular techniques such
as gas chromatography-mass spectrometry (GC-MS)
revealed the lipophilic compounds in the femoral gland
secretions of lacertids, comprising alcohols, steroids,

carboxylic acids, esters, and squalene (Lépez & Martin,
2005a, b, 2009; Martin & Ldpez, 2006; Khannoon et
al., 2011b). Across a range of different lizard families,
Integumental secretions in general have been suggested
to participate in chemical signalling (Alberts, 1990,
1992; Alberts & Werner 1993), and consist of chemical
compounds which can widely differ across families
(teiids: Martin et al., 2011; cordylids: Louw et al., 2007,
2011; tropidurids: Escobar et al., 2001, 2003; gekkonids:
Khannoon, 2012). Typically, major lipophilic compounds
in femoral gland secretions of lizards are steroids and
carboxylic or fatty acids. High molecular weight fatty
acids are believed to maximise efficacy of substrate
scent marks. Being less volatile, they are favoured in
areas with high temperatures and high humidity (Alberts,
1992). Steroids, and cholesterol in particular, are used to
form an unreactive apolar matrix that holds and protects
other lipids in the scent marks (Escobar et al., 2003),
and the relative amount of cholesterol could suggest a
signalling function (Martin & Lépez, 2007; Khannoon
et al., 2011a). Alcohols may form waxy esters that help
femoral secretions to become more cohesive, enhancing
the durability of possible pheromonal signals in xeric
habitats (Lépez & Martin, 2005a; Khannoon et al. 2011a).

Agamid lizards are good candidates for studying
femoral gland secretions (e.g., Chauhan, 1986b; Martin
et al., 2012; Martin et al., 2013). Uromastyx aegyptia
and U. ornata are common xeric species ubiquitously
distributed in Egypt (Baha El Din, 2006), and only males
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Fig. 1. GC traces (selected parts) of femoral gland secretions collected in dichloromethane from male agamid lizards,
Uromastyx aegyptia and U. ornata. Compounds, detected as the respective trimethylsilylated, represented the highest

relative abundance are shown.

possess well-developed femoral glands (female U.
ornata, however, possess femoral glands in other areas
of their range, Martin et al., 2012). Here | investigate
the chemical composition of the epidermal glands of
U. aegyptia and U. ornata to determine whether 1) the
femoral secretion composition of xeric species differs
from previously studied mesic species 2) the chemical
fingerprint suggests the use of secretions in chemical
communication, and 3) the two selected species can be
discriminated based on their secretions.
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MATERIALS AND METHODS

Adult U. aegyptia (n=6) and U. ornata (n=5) were
collected by noosing in Sinai, Egypt during the breeding
season (May—June). Only adult males of similar sizes were
considered to avoid age effects (U. aegyptia: SVL=257+5
mm; U. ornata: SVL=135+5 mm). Individuals were housed
in transparent plastic cages (80x45x35 cm) and released
after the collection of secretions into glass vials with
Teflon-lined caps by gently squeezing the plugs of the
femoral pores. Secretions were then dissolved in 250 pl
of dichloromethane (DCM, Aldrich, GC grade), and kept
for 1-3 days at -18°C until processing. Control samples
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Table 1. Listof compoundsidentifiedinatleastonesample of Uromastyxaegyptiaand U. ornata. The gaschromatographic
retention time (RT) is also given. Alcohols and acids were detected as the respective trimethylsilylated compounds,
thus the RT shown is that of the respective derivative. The relative amount of each component was determined as the
percent of the total ion current (TIC) and reported as the average + standard error.*=Unknown alcohol.

RT Compound Uromastyx U. ornata RT Compound Uromastyx U. ornata
aegyptia (N = 6) (N=5) aegyptia (N = 6) (N=5)
14.88 2-Hydroxypropanoic acid 0.010.68 0.060.05 43.52 Glycerol 1-pentadecyl ether 0.11+0.55 -
14.98 Hexanoic acid traces traces 43.77 Glycerol 1-tetradecanoate 0.21+0.08 -
16.86 Oxopentanoic acid - 0.02+0.66 44.19 Tetracosane 0.09+0.08 0.47+0.46
18.61 Nonanal - Traces 44.33 Acetate (alcohol unknown) 0.2410.22 -
19.01 Decanal - 0.01+0.33 44.41 Eicosenoic acid 0.28+0.44 -
19.58 Octanoic acid - 0.03+0.32 44.57 Eicosanoic acid 3.8140.94 0.68+0.34
19.95 Glycerol 0.15+0.06 0.30£0.28 44.72 Glycerolmomoether* 0.01£0.13 -
22.65 2,3-Dihydroxypropanoic acid 0.06+0.11 - 44.91 1-Heneicosanol Traces 0.2740.11
23.1 Nonanoic acid traces 0.04+0.02 45.21 Glycerol 1-hexadecyl ether 4.79+2.04 0.68+0.28
24.16 Decanoic acid traces 0.03+0.02 45.45 2-Eicosenoic acid 0.08+0.08 -
25.26 Hexanedioic acid traces - 45.55 Pentacosane 0.52+0.33 0.510.12
25.87 Methyl dodecanoate 0.05+0.01 0.05+0.04 45.71 1,3-Eicosanediol 0.07£0.07 -
25.86 Dodecanoic acid 0.06%0.02 0.17£0.01 46.03 Heneicosanoic acid 1.14£1.11 -
26.59 Alcohol (unknown) 0.01+0.01 0.07£0.11 46.19 1-Docosanol 2.53+0.98 1.65
33.01 Heptadecane - 0.18£0.22 46.64 Glycerol 1-heptadecyl ether 0.01+0.66 0.41£0.21
33.24 Unknown 1.63+0.86 1.89+1.53 46.79 Glycerol 1-hexadecanoate 0.38+0.07 0.2710.44
33.45 12-Methytridecanoic acid - 0.24+0.12 46.81 Hexacosane 1.01+0.63 0.57£0.13
33.65 1-Tetradecanol 0.02+0.16 0.30+0.75 47.23 Docosenoic acid - 0.36+0.19
33.9 Octadecane 0.02+0.65 - 47.61 Docosanoic acid 3.24+0.33 =
33.99 12-Methytridecanoic acid 0.01+0.01 0.31+0.36 47.87 1-Tricosanol 0.6310.25 0.4010.16
34.21 Tetradecanoic acid 0.09+0.03 0.47+0.23 48.11 Glycerol 1-octadecyl ether 1.79+0.52 0.40+£0.25
34.45 13-Methyltetradecanoic acid 0.09+0.04 0.21+0.07 48.36 Glycerol 1-heptadecanoate 0.06+0.07 0.3610.77
34.69 12-Methyltetradecanoic acid 0.04+0.15 0.31+0.21 48.48 Heptacosane 0.73+0.53 0.45+0.06
34.89 Methyl hexadecanoate 0.01+0.16 - 48.61 1,3-Docosanediol 0.12+0.14 -
35.34 Nonadecane - 0.38+0.45 48.72 Tetracosen-1-ol 0.2043.11 -
355 Pentadecanoic acid 0.04+0.19 0.51+0.18 49.05 1-Tetracosanol 10.45+2.66 2.72+0.20
36.01 1-Hexadecanol 1.12+0.65 1.42+0.05 49.43 Glycerol 1-octadecadienoate 0.24+0.85 0.52+0.34
36.4 Eicosane - 0.41+0.55 49.57 Octacosane 0.64+0.42 0.38+13
36.74 14-Methylpentadecanoic acid  0.05+0.02 0.55+0.33 49.88 Squalene 1.03+1.33 -
37.35 Hexadecenoic acid 0.21+0.03 1.08+0.66 50.15 Tetracosenoic acid 0.16+0.64 -
37.52 Hexadecanoic acid 10.22+0.14 9.38+2.87 50.32 Tetracosanoic acid 1.61+0.55 Traces
37.77 1-Heptadecanol 0.1810.15 0.47+0.17 50.61 1-Pentacosanol 1.39+0.07 0.19+0.18
37.96 Acid (unknown) 0.05+0.23 0.54+0.45 50.71 Nonacosane 0.46+0.14 0.27+0.11
38.32 Acid (unknown) 0.02+0.10 0.30%0.28 51.49 Cholesta-3,5-diene 0.530.19 0.01+0.80
38.77 Heneicosane - 0.61+0.65 51.69 Hexacosen-1-ol 0.08+1.76 -
38.99 15-Methylhexadecanoic acid 0.07+0.001 0.2610.23 51.81 1-Hexacosanol 0.11+0.77 3.51+0.10
39.25 14-Methylhexadecanoic acid 0.09£0.01 0.77+0.17 52.45 Glycerol 1-eicosanoate 0.070.03 0.220.0.91
39.49 Methyl octadecanoate - 0.1340.59 52.74 Hexacosanoic acid Traces traces
39.7 Heptadecanoic acid 0.7240.65 0.9940.23 52.82 Triacontane 0.1940.12 0.27+0.18
39.68 1-Octadecanol 0.20£0.10 1.29+0.08 53.51 1-Heptacosanol 0.0110.44 0.0110.61
40.54 Docosane - 0.90+0.44 54.03 Hentriacontane - 0.21
40.67 Octadecadienoic acid 0.61+0.34 0.52+0.21 54.23 1-Octacosanol Traces trces
40.92 Octadecenoic acid 2.24+0.56 1.8340.32 54.36 Cholesterol 19.756.67 3.46+0.36
41.5 Octadecanoic acid 10.06%2.92 6.120.05 54.55 Cholestan-3-ol 2.10+0.37 1.46%0.50
41.95 Glycerol 1-tetradecyl ether 0.13£0.07 - 54.91 Cholesta-5,7-dien-3o0l 15.67+6.30 5.45+0.05
42.26 Tricosane 0.22+0.11 0.50%0.33 55.26 Steroid (unknown) 1.63+0.74 1.83+0.85
42.41 Glycerolmonoether* 0.01+0.26 - 55.42 Campesterol 1.08+0.20 0.87+0.13
42.85 2-Octadecenoic acid 0.02+0.23 - 55.75 Stigmasterol 0.11+0.22 0.21+0.01
42.94 1,3-Octanediol Traces - 56.23 Steroid (unknown) - 0.21+0.001
43.15 Nonadecanoic acid 0.18+0.09 - 56.76 B-sitosterol 0.58%0.29 0.57+0.02

43.31 1-Eicosanol 0.3240.28 0.53+0.12
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with the solvent at the same conditions of collecting the
secretion were used to exclude impurities. To identify
the polar compounds with poor elution properties,
the extracts were also derivatised with N-methyl-N-
trimethylsilyltrifluoroacetamide (MSTFA, Sigma-Aldrich)
before analyses (see Khannoon et al., 2011a, Khannoon,
2012). Fifty pL of the liquid secretion was placed ina 2 ml
vial, and the solvent was removed in a gentle stream of
nitrogen at 50°C. The residue was taken up in 10 pL DCM,
and 50 pL MSTFA was added. The mixture was heated to
50°C for 30—60 min in a vial with a closed cap. The solvent
and the remaining reagent were evaporated in a gentle
stream of nitrogen at 50°C and the residue was taken up
in 10 uL DCM.

One pl of the residue was injected into a Hewlett—
Packard model 6890 gas chromatograph connected to
a Hewlett—Packard model 5973 mass-selective detector
equipped with a 30 m x 0.32 mm BPX-5 column (0.25
um film thickness, SGE). The temperature program was
50°C for 5 minutes, followed by a 5°C/min increase
to 320°C and a final hold time of 30 minutes. Helium
was used as carrier gas with 1 ml/min in constant flow
mode. Accelerating voltage of MS was 70eV. Primarily,
identification of secretion components was done by
comparison of mass spectra in computerised mass
spectral library (NISTO2/NIH 2003). Identifications were
confirmed by comparison of mass spectra and retention
indices of derivatised and underivatised samples with
those of reference compounds purchased from Sigma—
Aldrich Chemical Company.

RESULTS

A total of 124 chemicals were identified in both species
(Table 1), comprising steroids, alcohols, carboxylic acids,
alkanes, amides, aldehydes, carboxylic acid esters,
squalene. Analysis after derivatisation with MSTFAto form
trimethylsilyl-derivatives also led to the identification
of glycerolmonoethers and monoglycerides. The major
compound groups present in the secretion of adult
male U. aegyptia in percentage of the total ion current
(TIC) were steroids (41.02%), carboxylic acids (17.28%),
alcohols (8.86%), glycerolmonoethers (7.55%), and
alkanes (3.12%). The other classes occurred only in minor
amounts. The most abundant chemical detected (Fig. 1)
was cholesterol (19.75%), followed by cholesta-3,5-dien-
3-ol (15.66%) and 1-tetraosanol (10.45%). A different
mixture of compounds was detected in the femoral
secretion of U. ornata. The major compounds were
acids (31.71%), steroids (14.43%), alcohols (11.54%), and
alkanes (4.75%). The most abundant chemical detected
(Fig. 1) was hexadecanoic acid (9.38%), followed by
octadecanoic acid (6.12%) and cholesta-3,5-dien-3-ol
(5.54%).

The following four groups were also detected.
Monoglycerides carrying the carboxylic acid at C-1
were identified by their characteristic ions at m/z
M-103 (M-(CH,),SiOCH,?), 103 ((CH,),SiOCH,*) and
205 ((CH,),SiOCH,(CH,),SIOCH?). Secondly, related
monoethers of glycerol connected at C-1 were identified
by showing a characteristic base peak at m/z 205 which
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is of low abundance in respective monoglycerides; an
ion m/z M-147 (M-(CH,),SiO(CH,),) is characteristic
together with M-205-2 H. Thirdly, 1, 3-alkanediols
were identified by the ions m/z 103 ((CH,),SiOCH,?),
219 ((CH,),SiOCH,CH,(CH,),SiOCH?), and M-117
(M-(CH,),SiOCH_CH,?). Finally, respective glycerol ethers
of the alkanediols connected terminally at both alcohols
were also found, indicating the presence of three
trimethylsilyl groups; a characteristic ion, e.g., m/z 313
in the mass spectra indicates the position of the silyloxy
group in the long chain, and the other ions can be
explained as above. These four groups were identified
by comparison with synthetic reference compounds (see
also Khannoon et al., 2011b).

DISCUSSION

The agamid lizards U. aegyptia and U. ornata are
xeric-adapted. The presence of high molecular weight
compounds in their femoral gland secretions was
therefore expected to reduce the evaporation of chemical
signals (Escobar et al., 2003). Steroids were the most
abundant component in the femoral secretions of U.
aegyptia, and the second-most common representative
in the secretion of U. ornata (Table 1). High molecular
weight steroids, and cholesterol in particular, were
suggested to function as fixatives for semiochemicals or
controlled-release carriers by constituting an unreactive,
polar matrix (Escobar et al., 2003). Cholesterol and
cholesta-3,5-dien-3ol (dehydrocholesterol) are indeed
abundant in the secretions of both studied species. Such
compounds might also reflect the physical condition of
individuals in the context of dominance detection and
mate choice (Martin & Lopez, 2006; Khannoon et al.
2011a, b). Carboxylic acids found in the present study
ranged between C, and C,.. High molecular weight
acids are likely compounds of low volatility, which could
be important for the persistence of scent markings
for territorial males. Tetradecanoic, hexadecanoic,
octadecanoic, and octadecenoic acids are also present
in internal tissue (Nicolaides, 1974), which confirms
the holocrine secretion of femoral glands. Alcohols are
usually found at high proportions in the femoral gland
secretion of lizards, but represent the most common
compounds only in lacertids (Lopez & Martin 20053, b;
Martin et al., 2007; Khannoon et al., 2011a, b). Alcohols
indeed occurred at lower proportions than cholesterol
and acids in the gland secretions of the agamids in the
present study.

The four groups of compounds described here
in detail (glycerolmonoethers, monoglycerides, 1,3
alkanediols, and glycerolethers of alkanediols) deserve
further attention. These groups were initially detected
in the lacertid Acanthodactylus boskianus (Khannoon et
al., 2011b), and only monoglycerides and 1,3 alkanediol
were found in geckos at rather low proportions
(Khannoon, 2012). The presence of these compounds
in the secretions of agamids parallels the xeric-adapted
A. boskianus, likely acting as preservatives or carriers
for other low volatile chemicals. For example glycerol
alkyl monoethers were only rarely previously identified



in other taxa (starfish, Snyder et al., 1969; rats, Paltauf
& Polheim, 1970; marine sponges, Quijano et al., 1994;
octopus, Jahnke et al., 2001; bacteria Ring et al., 2006;
clams and mussels, Hanus et al., 2009). Other compounds
which were detected at low proportions could play a
role as a communication signal, secured within the high
molecular lipids and protein secretions and thus slowly
released into the environment, similar to the volatiles of
house mice Mus domesticus which are released at slow
pace as triggered by major urinary proteins (Humphries
et al., 1999).

The two agamid lizard species showed different
bouquets of femoral gland chemicals. In U. aegyptia,
steroids are approximately twice as abundant as acids,
whereas acids are approximately twice more common
than steroidsin U. ornata. In addition to other differences
between groups and individual compounds, this leads
to both species having a specific chemical fingerprint
despite characteristic features common with other
members of the agamid family (e.g., Chauhan, 1986b). A
more recent detailed study on the agamid Acanthocercus
atricollis revealed the presence of ketones and steroids
not detected in the present study, but failed to detect
any alcohols (Martin et al., 2013). These differences
could be linked to phylogenetic divergence between
the studied genera as well as ecological differences
between north African deserts and southern European
habitats. The present study also revealed differences
in comparison with a previously studied U. aegyptia
population from the Qatar Desert (Martin et al., 2012),
where steroids represented a higher proportion of
femoral gland secretions (on average 58.6% compared
t041.02% in our study and also 83.2% in females, Martin
etal., 2012). Some compounds such as ketones detected
in the Qatar Desert population were not recorded
in the present study, whereas alcohols were under-
represented (0.5% in males and 0.1% in females in Qatar,
compared to 8.86% in the present study). Differences in
male secretion compounds could be due to differential
ecological conditions, geographic separation, or a
response to females also producing gland secretions.
Silylation enabled the identification of compounds such
as glycerolmonoethers and monoglycerides, which were
not previously detected in agamid lizards including U.
aegyptia (Chauhan, 1986b; Martin et al., 2012, 2013).
This reinforces the importance of specific techniques
used for characterisation of chemical compounds in
chemical ecology.

ACKNOWLEDGEMENTS

Many thanks go to Prof. Dr. Stefan Schulz (Technische
Universitat Braunschweig) for his help for identification
of some compounds. Thanks go to Dr. Robert Jehle
(University of Salford) for revising the manuscript.
The study was approved and permitted by the ethics
committee of the Zoology Department, Fayoum
University, Faculty of Science.

Femoral secretions of agamid lizards

275

REFERENCES

Abraham, A. (1930). Uber die Schenkeldriisen der Archaeo- und
Neolacerten. Stud Zool Budapest 1, 226—252.

Alberts, A.C. (1990). Chemical properties of femoral gland
secretions in the desert lguana, Dipsosaurus dorsalis.
Journal of Chemical Ecology 16, 13-25.

Alberts, A.C. (1993). Chemical and behavioural studies of
femoral gland secretions in iguanid lizards. Brain, Behavior
and Evolution 41, 255-260.

Alberts, A.C., Werner, D.I. (1993). Chemical recognition of
unfamiliar conspecifics by green iguanas: functional
significance of different signal components. Animal
Behaviour 46, 197-199.

Aragon, P., Lopez, P.,, Martin, J. (2001). Discrimination of femoral
gland secretions from familiar and unfamiliar conspecifics
by male Iberian rock-lizards, Lacerta monticola. Journal of
Herpetology 35, 346—350.

Baha El Din, S. (2006). A Guide to the Reptiles and Amphibians
of Egypt. The American University in Cairo Press, Cairo—
New York, p 359.

Chauhan, N.B. (1986a). Histological and structural observations
on preanal glands of the gekkonid lizard Hemidactylus
flaviridis. Journal of Anatomy 144, 93-98.

Chauhan, N.B. (1986b) A preliminary report on the lipid
components of pre-anal gland secretion of lizards.
Hemidactylus flaviviridis and Uromastix hardwickii. Journal
of Animal Morphology and Physiology 33, 73-76.

Chiu, KW., Maderson, P.F.A. (1975). The microscopic anatomy
of epidermal glands in two species of gekkonine lizards,
with some observations on testicular activity. Journal of
Morphology 147, 23-40.

Cole, C.J. (1966). Femoral glands in lizards: A review.
Herpetologica 22, 199-206.

Escobar, C.A., Labra, A., Niemeyer, H.M. (2001). Chemical
composition of precloacal secretions of Liolaemus lizards.
Journal of Chemical Ecology 27, 1677—-1690.

Escobar, C.M., Escobar, C.A,, Labra, A., Niemeyer, H.M. (2003).
Chemical composition of precloacal secretions of two
Liolaemus fabiani populations: are they different? Journal
of Chemical Ecology 29, 629—638.

Gabirot, M., Castilla, A.M., Lépez, P., Martin, J. (2010).
Differences in chemical signals may explain species
recognition between an island lizard, Podarcis atrata,
and related mainland lizards, P. hispanica. Biochemical
Systematics and Ecology 38, 521-528.

Hanus, L., Levitsky, D., Shkrob, |., Dembitsky, V. (2009).
Plasmalogens, fatty acids and alkyl glyceryl ethers of marine
and freshwater clams and mussels. Food Chemistry 116,
491-498.

Humphries, R.E., Robertson, D.H.L., Beynon, R.J., Hurst, J.L.
(1999). Unravelling the chemical basis of competitive scent
marking in house mice. Animal Behaviour 58, 1177-1190.

Khannoon, E.R. (2009). Comparative chemical ecology,
behaviour, and evolutionary genetics of Acanthodactylus
boskianus (Reptilia: Lacertidae). Ph.D. Dissertation, The
University of Hull, UK.

Khannoon, E.R. (2012). Secretions of pre-anal glands of
house-dwelling geckos (Family: Gekkonidae) contain
monoglycerides and 1,3-alkanediol. A comparative
chemical ecology study. Biochemical Systematics and



E.R. Khannoon

Ecology 44, 341-346.

Khannoon, E.R., EI-Gendy, A., Hardege, J.D. (2011a). Scent
marking pheromones in lizards: cholesterol and long
chain alcohols elicit avoidance and aggression in male
Acanthodactylus boskianus (Squamata: Lacertidae).
Chemoecology 21, 143-149.

Khannoon, E.R., Dollahon, N.R., Bauer, A.M. (2013). Comparative
study of the pheromone-manufacturing femoral glands in
two sympatric species of lacertid lizards (Acanthodactylus).
Zoological Science 30, 110-117.

Khannoon, E.R., Breithaupt. T., EI-Gendy, A., Hardege, J.D.
(2010). Sexual differences in behavioral response to
femoral gland pheromones of Acanthodactylus boskianus.
Herpetological Journal 20, 225-229.

Khannoon, E.R., Flachsbarth, B., EI-Gendy, A., Mazik, K., et al.
(2011b). New compounds, sexual differences, and age-
related variations in the femoral gland secretions of the
lacertid lizard Acanthodactylus boskianus. Biochemical
Systematics and Ecology 39, 95-101.

Lopez, P., Martin, J. (2005a). Age related differences in lipophilic
compounds found in femoral gland secretions of male
spiny-footed lizards, Acanthodactylus erythrurus. Zeitschrift
fiir Naturforschung C 60, 915-920.

Lopez, P.,, Martin, J. (2005b). Chemical compounds from
femoral gland secretions of male Iberian rock lizards,
Lacerta monticola cyreni. Zeitschrift fiir Naturforschung C
60, 632-636.

Lopez, P., Amo, L., Martin, J. (2006). Reliable signaling by
chemical cues of male traits and health state in male
lizards, Lacerta monticola. Journal of Chemical Ecology 32,
473-488.

Louw, S., Burger, B.V., Le Roux, M., Van Wyk, J.H. (2007). Lizard
epidermal gland secretions I: chemical characterization
of the femoral gland secretion of the sungazer, Cordylus
giganteus. Journal of Chemical Ecology 33, 1806-1818.

Louw, S., Burger, B.V., Le Roux, M., Van Wyk, J.H. (2011). Lizard
epidermal gland secretions Il. Chemical characterization of
the generation gland secretion of the sungazer, Cordylus
giganteus. Journal of Natural Products 74, 1364—-1369.

Martin, J., Lopez, P. (2006). Age-related variation in lipophilic
chemical compounds from femoral gland secretions of male
lizards Psammodromus algirus. Biochemical Systematics
and Ecology 34, 691-697.

Martin, J., Moreira, P.L., Lopez, P. (2007). Status-signalling
chemical badges in male Iberian rock lizards. Functional

276

Ecology 21, 568-576.

Martin, J., Chamut, S., Manes, M.E., Lépez, P. (2011). Chemical
constituents of the femoral gland secretions of male tegu
lizards (Tupinambis merianae) (fam. Teiidae). Zeitschrift fiir
Naturforschung C 66, 434—440.

Martin, J., Castilla, A.M., Lopez, P., Al Jaidah, M., Mohtar, R.
(2012). Lipophilic compounds in femoral gland secretions
of spiny-tailed lizard, dhub, Uromastyx aegyptia microlepis
(Reptilia, Agamidae) from the Qatar desert. Qatar
Foundation Annual Research Forum 2012, EEP53.

Martin, J., Ortega, J., Lopez, P. (2013). Chemical compounds
from the preanal gland secretions of the male tree agama
(Acanthocercus atricollis) (Family: Agamidae). Zeitschrift
far Naturforschung C 68, 253—-258.

Mouton, P.L.N., Van Rensburg, D.A.J., Van Wyk, J.H. (2010).
Epidermal glands in cordylid lizards, with special reference
to generation glands. Zoological Journal of The Linnean
Society 158, 312-324.

Nicolaides, N. (1974). Skin lipids, their biochemical uniqueness.
Science 186, 19-26.

Otth, A. (1833). Ueber die Schenkelwarzen der Eidechsen.
Tiedemanns Zeitschrift fiir Physiologie 5, 101-104.

Paltauf, F., Polheim, D. (1970). Occurrence of C20-alk-1-enyl and
C20-alkyl glycerol ethers in phospholipids of rat intestinal
mucosa. Biochimica et Biophysica Acta 210, 187-189.

Pellitteri-Rosa, D., Martin, J., Lopez, P., Bellati, A.,et al. (2014).
Chemical polymorphism in male femoral gland secretions
matches polymorphic coloration in common wall lizards
(Podarcis muralis). Chemoecology 24, 67-78.

Quijano, L., Cruz, F., Navarrete, |., Gomez, P, Rios, T. (1994). Alky!
glycerol monoethers in the marine sponge Desmapsamma
anchorata. Lipids 29, 731-734.

Ring, M.\W., Schwar, G., Thiel, V., Dickschat, J.S., et al. (2006).
Novel iso-branched ether lipids as specific markers
of developmental sporulation in the Myxobacterium
myxococcus xanthus. The Journal of Biological Chemistry
281, 36691-36700.

Schaefer, F. (1902). Ueber die Schenkeldriisen der Eidechsen.
Arch Naturges 68, 27—64.

Snyder, F., Malone, B., Blank, M.L. (1969). The biosynthesis of
alkyl glyceryl ethers by microsomal enzymes of digestive
glands and gonads of the starfish, Asterias forbesi.
Biochimica et Biophysica Acta 187, 302—-306.

Accepted: 11 November 2015



