
ORIGINAL PAPER

Multimodal sexual signals in male ocellated lizards Lacerta
lepida: vitamin E in scent and green coloration may signal
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Abstract The mechanisms that confer honesty to multiple
sexual signals of vertebrates remain less known. We
suggest that vitamin E in the scent (femoral secretions)
and carotenoids in coloration of Lacerta lepida lizards
might advertise quality because they are relevant in
metabolism as major antioxidants and have a dietary origin.
Results showed that there may be similar trade-offs
between immunity and both chemical and visual signaling,
as males with more vitamin E in secretions and those with
more greenish, darker, and saturated carotenoid-dependent
colorations had a higher immune response. This suggests
that only high-quality males can divert from metabolism
and allocate enough vitamin E to secretions and enough
carotenoids to coloration. Therefore, information provided
by visual and chemical signals is congruent. The use of
multiple sensory channels may allow signaling a male
quality under different circumstances or reinforce the
reliability of the signal when both signals are perceived
simultaneously. However, we also found that characteristics
of carotenoid-dependent coloration mirror the amounts of
vitamin E in secretions. This might support that carote-
noids, which are not true antioxidants in the organism,
would just reflect and “inform” on the actual contents of
metabolic antioxidant vitamin E, which is part of the true
system that prevent oxidation. We suggest that the
metabolic roles of vitamins might be the actual basis of
honesty of many sexual displays, and that carotenoid-based
signals might be just the visible part of the whole system.
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Introduction

Chemical signals (pheromones) play an important role in
intraspecific communication of many vertebrates such as
mammals and reptiles (Mason 1992; Wyatt 2003; Müller-
Schwarze 2006). In lizards, pheromonal detection, which is
often based on femoral gland secretions, occurs in many
species (e.g., Alberts 1993; Aragón et al. 2001). The
presence and relative concentration of chemical compo-
nents in femoral gland secretions may convey information
on a male's characteristics and function in sexual selection
processes (López et al. 2006; Martín and López, in press).
Secretions could advertise residence or dominance status to
other males (Aragón et al. 2001; Carazo et al. 2007; Martín
et al. 2007) and be used by females to choose compatible or
high-quality mates (Martín and López 2000, 2006a; Olsson
et al. 2003).

In spite of the potential importance of chemical signals,
only a few studies have described the composition of gland
secretions in a few species of lizards (reviewed in Weldon
et al. 2008). Secretions are composed of both proteins and
lipids, which are thought to be the main compounds
involved in communication (Mason 1992; Martín and
López in press). The role of specific chemicals as sexual
signals and the mechanisms that could confer reliability to
these signals remain less understood. However, it is
interesting that many of the lipids commonly found in
femoral secretions of lizards, such as some fatty acids,
tocopherol, or some steroids, function as signaling mole-
cules or lipid mediators, show potent biological activity,
and are important keys in many metabolic routes. More-
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over, many of these compounds, considered as essential
nutrients or vitamins, can only be obtained from the diet
(Bender 2009).

Particularly, tocopherol (vitamin E) is found in abun-
dance in femoral secretions of European lacertid “green
lizards” such as Lacerta schreiberi (López and Martín
2006), Lacerta viridis (Kopena et al. 2009), or Lacerta
lepida (this paper). Vitamin E consists of a group of
isoprenoid compounds of plant origin (Brigelius-Flohe and
Traber 1999), which were first described as essential
micronutrients for normal fertility in rats (Evans and Bishop
1922). Later studies have established a wide range of
functions for this vitamin family, especially the RRR-α-
tocopherol stereoisomer, the most biologically active form
(Burton and Traber 1990; Brigelius-Flohe and Traber
1999). Vitamin E is the main lipophilic antioxidant and
radical scavenger involved in membrane defense, both in
vitro and in vivo, (Winklhofer-Roob et al. 2003; Martínez
et al. 2008). The lipophilic nature of α-tocopherol, together
with its physiological relevance and the severe pathological
consequences of its deficiency, such as neurological
disorders or lung diseases, impose a major challenge to
animals for sustaining an adequate supply of this vitamin to
different tissues (Mardones and Rigotti 2004), particularly
those highly sensitive to α-tocopherol deficiency such as
the brain and gonads. In humans, α-tocopherol is a current
candidate in preventing pathological states concerning
cellular oxidative damage such as atherosclerosis, Alz-
heimer's disease, accelerated aging, and cancer (Brigelius-
Flohe and Traber 1999). All these important metabolic
functions, and the fact that tocopherol can only be obtained
from the diet (Bender 2009), suggest that allocation of
vitamin E to femoral secretions by lizards should be costly.
Therefore, the function of vitamin E in secretions should be
also of enough importance to induce lizards diverting it
from metabolism and secreting it away from the body.

Tocopherol is a well-known lipophilic antioxidant
(Brigelius-Flohe and Traber 1999; Martínez et al. 2008).
Therefore, the first possible function of tocopherol in
secretions of lizards might be to inhibit oxidation of other
glandular lipid components, thus, increasing chemical
stability of scent marks in wet environments (see Alberts
1992). However, we hypothesized that allocation of vitamin
E to secretions is likely very costly, and, thus, it is possible
that only males with an adequate supply of this vitamin
could do it. Thus, the presence of high proportions of
“costly” vitamins in secretions might be an honest
condition-dependent signal of a male's quality (Martín and
López 2006a, b). Nevertheless, the function of vitamin E in
secretions of lizards remains to be analyzed properly.

The energetic expenditure of producing and maintain-
ing components of the immune system may have a major
effect on condition, thus creating a link between immune

system and condition-dependent sexual advertisement
(Wedekind 1992; Wedekind and Folstad 1994). A trade-
off is expected such that resources are used up by both the
sexual advertisement and the immune system (Kotiaho
2001). Therefore, only individuals in good condition can
mount a strong immune defense and produce an extrav-
agant sexual ornament (Sheldon and Verhulst 1996;
Westneat and Birkhead 1998). For example, the experi-
mental activation of the immune system of male lizards
Podarcis hispanica affects negatively the expression of
both nuptial coloration and chemicals (pro-vitamin D3) in
femoral secretions of males (López et al. 2009a, b).
Vitamin E is an effective radical scavenger and has
immunostimulatory activity (Brigelius-Flohe and Traber
1999; Ortuño et al. 2000). We hypothesized that the
proportion of vitamin E in femoral secretions of male
green lizards might be a condition-dependent trait related
to the quality of the males' immune system.

On the other hand, many lizards have evolved colorful
visual sexual ornaments that are also used in sexual
selection (reviewed in Cooper and Greenberg 1992). For
example, adult male “green lizards” have green brilliant
dorsolateral colorations (Václav et al. 2007; Martín and
López 2009). Characteristics of this coloration, which is
often carotenoid-dependent, may reflect the health state of a
male (Ressel and Schall 1989; Václav et al. 2007; Martín et
al. 2008; Martín and López 2009) and might be potentially
used by females to select mates. This relationship could be
explained if allocating more carotenoids to sexual colora-
tion was costly because there is a trade-off with the role of
these pigments as antioxidants and in the maintenance of
the immune function (Faivre et al. 2003; López et al.
2009a). However, Hartley and Kennedy (2004) suggested
that the biological role of carotenoids might not be as
antioxidants per se. Given that oxidation of carotenoids
alters or destroys their color (i.e., bleaches them), preser-
vation of their color intensity would indicate the possession
of efficient means for their protection. Therefore, colorful
carotenoids would just reflect the healthy functioning of the
true systems that prevent oxidation, such as vitamins C and
E, which are, however, not “visually informative” (Hartley
and Kennedy 2004). Because vitamin E is part of the
system that prevents oxidation in tissues (Martínez et al.
2008), we hypothesized that in green lizards, some
characteristics of the carotenoid-dependent green coloration
might be related to the immune response of males, but if
carotenoids are reflected and “informed” on the actual
contents of antioxidant vitamin E, characteristics of
coloration related to health should mirror the amounts of
vitamin E in secretions.

To examine these hypotheses, we first described here the
chemical composition of femoral secretions and the
characteristics of carotenoid-dependent “green” coloration
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of males of the ocellated lizard (L. lepida). Then, we
analyzed the relationship between the quality of the
immune system of males, as suggested by the T cell
immune response, and (1) the proportions of different forms
of vitamin E in their femoral secretions, and (2) the hue,
brightness, and saturation of “green” coloration. Then, we
examined the relationship between these chemical and
visual signals and whether the potential information
provided by these multimodal signals is similar and
concordant.

Materials and methods

Study animals

The eyed or ocellated lizard L. lepida is the largest
European lacertid (snout-to-vent length, SVL, and total
length may reach 242 and 754 mm, respectively). This
lizard inhabits Mediterranean forests and scrublands of the
Iberian Peninsula, southern France, and northern Italy
(Castilla and Bauwens 1992; Pérez-Mellado 1998). These
lizards have a dorsolateral green ground color overlaid with
black stippling and blue spots on the flanks (Arnold and
Ovenden 2002; Font et al. 2009).

We captured by noosing and by hand 20 adult male L.
lepida lizards from May–June, coinciding with the mating
season of lizards in different places over a large area in the
Guadarrama Mountains (Madrid province, Central Spain).
Captured lizards were individually housed at “El Ventor-
rillo” Field Station (Navacerrada, Madrid province) close to
the capture sites in outdoor opaque plastic cages (80×
50 cm) containing rocks for cover. Lizards were weighed
(body mass X � SE ¼ 68:1� 8:3 g, range=11.7–111.8 g),
and their SVL was measured (X � SE ¼ 151� 6mm,
range=89–181 mm). Male lizards had an average (±SE)
of 12±1 (range=10–14) femoral pores on each leg.

Analyses of femoral gland secretions

In the field and immediately after capture, we extracted
femoral pores secretion by gently pressing with forceps
around the femoral pores and collected secretion directly
in glass vials with Teflon-lined stoppers. Vials were
stored at −20°C until analyses (see below). 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
lizard samples.

Samples of femoral secretions were analyzed using a
Finnigan-ThermoQuest Trace 2000 gas chromatograph
(GC) fitted with a poly(5% diphenyl/95% dimethylsilox-
ane) column (Supelco, Equity-5, 30 m length×0.25 mm ID,

0.25-μm film thickness) and a Finnigan-ThermoQuest
Trace mass spectrometer (MS) as detector. The samples
(2 μl of each sample dissolved in 250 μl of n-hexane,
Sigma, capillary GC grade) were injected in the splitless
mode. The gas chromatograph was programmed so that the
oven temperature was kept at 50°C for 10 min, then
increased to a final temperature of 280°C at a rate of
5°C/min, and kept at this temperature for 30 min. Impurities
identified in the solvent and/or the control vial samples
were not considered. Initial identification of secretion
components was done by comparison of mass spectra in
the NIST/EPA/NIH 1998 computerized mass-spectral li-
brary or based on their characteristic mass spectra (see
Kopena et al. 2009). When possible, identifications were
later confirmed by comparison of spectra and retention
times with those of authentic standards purchased from
Aldrich Chemical Co.

The relative amount of each component was deter-
mined as the percent of the total ion current (TIC). For
further statistical analyses, the relative areas of the peaks
were transformed following Aitchison's formula: [Zij=ln
(Yij/g(Yj)], where Zij is the standardized peak area i for
individual j, Yij is the peak area i for individual j, and g(Yj)
is the geometric mean of all peaks for individual j. This is
the recommended analysis for these compositional data
generally used in chemical ecology (Aitchison 1986;
Dietemann et al. 2003).

Color measurements

We measured reflectance of lizards' coloration from 350
to 700 nm using an Ocean Optics USB2000 spectroradi-
ometer with a DT-1000-MINI Deuterium–Halogen light
source (Ocean Optics, Inc., Dunedin, FL). This range of
wavelengths coincides with the spectral sensitivity mea-
sured for other lizard species, which includes visual
perception in the UV range (e.g., Fleishman et al. 1997;
Loew et al. 2002). To exclude ambient light and
standardize measuring distance, a cylindrical metallic
tube was mounted on the bifurcated fiber optic probe
(Montgomerie 2006). The probe was held at a 90° angle
to the skin, and reflectance was measured, always by the
same person (PL). We measured coloration on two
standardized spots on the flanks' background (i.e., the
“green” coloration outside the black reticulated pattern) at
each side of the body between the forelimbs and the hind
limbs. We measured coloration at three different points at
each spot, but because these three measurements as well
as the measurements on both body sides were highly
repeatable within each individual (intraclass correlation
coefficients, r>0.75, P<0.0001 in all cases), we calcu-
lated the mean values of the three measures and used the
mean values of both sides of the body.
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Reflectance was calculated relative to a white stan-
dard (WS-1-SS) with the OOIBase32 software (Ocean
Optics, Inc.). Then, to characterize color according to
the tristimulus color variables, hue, saturation, and
brightness, we transformed reflectance values following
formulas described in Montgomerie (2006). The hue
defines the color. Thus, for example, hue is negatively
correlated to redness. Saturation (also called chroma)
refers to the saturation or purity of the dominant
frequency of the light. The farther away it is from zero,
the more saturated the color is. Brightness (also called
lightness) of a reflected light signal is a function of both
the range of wavelengths reflected and the surface
structure of the skin (Montgomerie 2006).

Assessment of the immune response

To assess T cell-mediated immune (CMI) response, we
used a delayed-type hypersensivity test; the phytohe-
magglutinin injection (PHA) test. This is a reliable
measure of T cell-dependent immunocompetence in vivo
(Lochmiller et al. 1993; Tella et al. 2008), also in lizards
(Svensson et al. 2001; Belliure et al. 2004). We marked a
point with permanent ink on the footpad of both hind
limbs of lizards. We then measured three times the
thickness at this point with a pressure-sensitive spessim-
eter (to the nearest 0.01 mm). Immediately after, we
injected 0.02 mg of PHA dissolved in 0.01 ml of
phosphate-buffered saline (PBS) water in the right footpad
and the same volume of PBS in the left footpad. Lizards
were released in their terraria, and after 24 h, we measured
again three times the footpad thickness at the marked
points. Previous studies showed that repeatability of this
measure is high (J Martín and P López, unpublished data).
The CMI response was calculated as the difference
between pre- and postinjection measures on the right
footpad (PHA injected) minus the same difference on the
left footpad (control, PBS injected) (Belliure et al. 2004).
The only appreciable effect of the PHA injection was a
slight swelling of the skin, due to the immune response,
which disappeared after 48 h. No lizard showed any sign
of stress or pain for these tests, and all looked healthy
when they were thereafter released to their capture sites
3 days after being captured.

The CMI response was significantly related to body
mass (r=0.68, F1,18=15.55, P<0.001). Thus, we calculated
the CMI residuals by regressing CMI against log-body
mass. Thereafter, we calculated Pearson's correlations
between CMI residuals and the geometrical transformed
TIC areas (see above) of the forms of vitamin E found in
secretions or the means of hue, saturation, and brightness of
coloration. Analyses were performed with Statistica 6.0
software (StatSoft, Inc., Tulsa, OK).

Results

Chemical signals

A total of 59 lipophilic compounds were identified in femoral
gland secretions of male L. lepida (Table 1). The main
components were steroids (59.0% of TIC), four forms of
tocopherol (27.9%), and carboxylic acids, and some of their
ethyl esters ranged between C9 and C22 (12.2%), but we also
found five alcohols between C16 and C22 (0.7%), squalene
(0.15%), two lactones (furanones) (0.15%), one ketone
(0.02%), and one unidentified, but characteristic, compound
(0.04%). Major compounds were detected in all individuals,
although relative proportions of some chemicals show a high
interindividual variability. On average, the five most abun-
dant chemicals were D-α-tocopherol (25.4%), a probable
methyl derivative of ergostanol (15.9%), campesterol
(11.6%), cholesterol (10.8%), and ergostanol (6.3%).

We found four forms of tocopherol in secretions. The main
one was D-α-tocopherol (X � S ¼ 25:4� 3:2% of TIC,
range=12.0–30.7%), followed by 6-O-methyl-α-tocopherol
(X � S ¼ 2:27� 1:27% of TIC, range=0.06–0.39%), and
γ-tocopherol (X � S ¼ 0:2� 0:1% of TIC, range=0.73–
4.61%). Finally, we found much lesser amounts of an
unidentified form of tocopherol (X � S ¼ 0:09� 0:04%,
range=0.04–0.17%). Proportions of D-α-tocopherol were
significantly related to proportions of 6-O-methyl-α-tocoph-
erol (r=0.87, F1,18=53.82, P<0.0001) and γ-tocopherol (r=
0.54, F1,18=7.39, P=0.014).

The CMI response of male lizards (residuals on bodymass)
was significantly related to the proportions of D-α-tocopherol
(r=0.78, F1,18=27.39, P<0.0001) and 6-O-methyl-α-tocoph-
erol (r=0.47, F1,18=5.20, P=0.035) (Fig. 1). Thus, males
with a higher immune response had more D-α- and 6-O-
methyl-α-tocopherol in their secretions. However, the CMI
response was not significantly related to proportions of γ-
tocopherol (r=0.14, F1,18=0.35, P=0.56) or the unidentified
form of tocopherol (r=0.21, F1,18=0.81, P=0.38).

Visual signals

Male L. lepida lizards had flank colorations with hue values
that ranged between 533 and 604 nm X � SE ¼ 566��

4 nmÞ, saturation values between 14.6% and 20.0% X��

SE ¼ 17:0� 0:4%Þ, and brightness values between 67.4 and
77.2 X � SE ¼ 71:7� 0:6

� �
.

The CMI response of male lizards was significantly and
negatively correlated with hue (r=−0.64, F1,18=12.51, P=
0.0023) and brightness (r=−0.52, F1,18=6.81, P=0.018),
and positively correlated with saturation (r=0.55, F1,18=
7.99, P=0.011) of flank coloration (Fig. 2), Thus, males
with a higher immune response had flanks that were more
greenish, darker, and more saturated.
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Relationships between chemical and visual signals

Lizards with higher proportions of D-α-tocopherol in
secretions had flanks that were significantly more greenish
(hue, r=−0.48, F1,18=5.40, P=0.032) and more saturated
(saturation, r=0.50, F1,18=5.99, P=0.025), and that tended,
although not significantly, to be darker (brightness, r=
−0.43, F1,18=3.99, P=0.061) (Fig. 3). Partial correlations
showed that both proportions of D-α-tocopherol (r=0.69,
P=0.001) and hue of flanks (r=−0.49, P=0.001) were
significantly related to the immune response when control-
ling for the effect of the correlation between these variables.

Relationships between the three color variables and
proportions of 6-O-methyl-α-tocopherol, γ-tocopherol, or
the unidentified form of tocopherol were all nonsignificant
(−0.28<r<0.17, F1,18<1.57, P>0.22 in all cases).

Discussion

Our results show that male lizards L. lepida that have
higher proportions of α-tocopherol (vitamin E) in their
femoral secretions, but also those with more greenish
saturated colorations, have a higher immune response. This
suggests that only males of higher quality, as indicated by
their higher T cell immune response, are able to allocate
enough vitamin E to secretions and enough carotenoids to
coloration. Previous experiments with other lacertid lizard
species have shown that the experimental activation of the
immune system affects negatively the expression of both
coloration and chemicals in femoral secretions of males

Table 1 Lipophilic compounds found in femoral secretions of male-
eyed lizards, L. lepida

RT
(min)

Compound Mean ± S

25.3 Nonanoic acid 0.06±0.05

27.9 Decanoic acid 0.10±0.18

32.9 Dodecanoic acid 0.09±0.07

37.4 Tetradecanoic acid 0.09±0.06

39.4 Pentadecanoic acid 0.04±0.02

39.9 Hexadecanol 0.17±0.25

41.1 Hexadecenoic acid 0.24±0.11

41.5 Hexadecanoic acid 5.00±2.52

41.5 Hexadecanoic acid, ethyl ester 0.13±0.09

42.3 Heptadecanol 0.11±0.05

43.3 Heptadecanoic acid 0.11±0.08

43.8 Octadecanol 0.05±0.04

44.7 9.12-Octadecadienoic acid 0.17±0.06

44.8 Octadecenoic acid 2.56±0.80

45.2 Octadecanoic acid 2.74±0.82

45.8 Octadecanoic acid, ethyl ester 0.06±0.06

47.4 Eicosanol 0.20±0.13

47.8 2-Nonadecanone 0.02±0.01

48.3 Erucic acid 0.10±0.05

48.6 Eicosanoic acid 0.40±0.20

48.6 Eicosanoic acid, ethyl ester 0.04±0.04

47.4 Docosanol 0.13±0.11

51.3 4-Hydroxy-octadecanoic acid, γ-lactone 0.03±0.04

51.8 Docosanoic acid 0.05±0.04

51.8 Docosanoic acid, ethyl ester 0.02±0.03

53.8 Unidentified compound (179,291,403) 0.04±0.03

54.4 Unidentified lactone 0.12±0.02

55.7 Squalene 0.15±0.20

56.8 Cholesta-3.5-diene 0.10±0.06

57.6 unidentified form of tocopherol 0.09±0.04

59.2 6-O-methyl-α-tocopherol 2.27±1.27

59.4 γ-Tocopherol 0.18±0.14

60.8 Cholesterol 10.79±6.58

61.0 Cholestanol 12.30±1.54

61.2 D-α-Tocopherol 25.39±3.18

61.9 Cholestan-3-one 1.84±0.42

62.1 Ergost-22-en-3-ol 0.13±0.19

62.4 Unidentified steroid (367,385,401,430) 0.31±0.06

63.1 Ergosta-5,22-dien-3-ol 0.07±0.04

63.4 Campesterol 11.65±2.84

63.7 Ergostanol 6.30±3.40

64.0 Cholest-4-en-3-one 0.64±0.38

64.3 Stigmasterol 0.23±0.15

64.6 Unidentified steroid (271,299,314,355,401,445) 0.04±0.07

64.7 Cholestan-3-one, methyl derivative? 1.49±0.52

65.2 4,4-Dimethyl-cholesta-8,14-dien-3-ol 0.08±0.07

65.5 Stigmasta-5,22-dien-3-ol 0.39±0.45

Table 1 (continued)

RT
(min)

Compound Mean ± S

65.8 Ergost-22-en-3-ol, methyl derivative? 0.54±0.63

65.9 γ-Sitosterol 5.12±2.35

66.3 Ergostanol, methyl derivative? 15.94±5.02

66.9 20-Methyl-pregn-20-en-3-ol 0.55±0.25

67.3 Cholest-5-en-3-one 0.35±0.25

67.6 Cholestan-3-one, methyl derivative? 1.37±0.73

68.8 Cholest-4-ene-3,6-dione 0.51±0.25

69.1 Unidentified steroid (229,244,369,384,405,429) 0.07±0.05

70.6 Stigmast-4-en-3-one 0.27±0.20

73.2 Unidentified steroid (137,252,261,287,384,414) 0.36±0.17

73.5 Unidentified steroid (229,245,383,398) 0.07±0.07

74.3 Unidentified steroid (255,273,301,331,401) 0.07±0.07

The relative amount of each component was determined as the percent
of the total ion current (TIC) and reported as the average (±1S) for 20
individuals. Characteristic ions (m/z) are reported for unidentified
compounds

RT Retention time

Naturwissenschaften (2010) 97:545–553 549



(López et al. 2009a, b). These results would support the
hypothesis that it is costly to produce both chemical and
visual signals and suggests their potential role as condition-
dependent honest advertisements, which could be used by
females to choose mates (Grafen 1990; Kotiaho 2001).

Carotenoid-based sexual visual signals have been consid-
ered good examples of honest signaling of male quality
(Olson and Owens 1998). This is because carotenoids might
be scarce, and therefore might indicate the ability of males to
gather high-quality food and because they are involved in
important physiological functions (Olson and Owens 1998).
Moreover, males that can afford to produce more elaborate

carotenoid-dependent displays seem to be healthier individ-
uals with superior immunocompetence (Blount et al. 2003;
Faivre et al. 2003). For example, in other green lizard
species, male L. schreiberi with a higher immune response
had darker dorsal green coloration and more saturated
yellowish throats (Martín and López 2009). Similarly, less-
parasitized male Podarcis muralis lizards had brighter and
more yellowish ventral colorations, and males with a greater
immune response had more saturated coloration (Martín et
al. 2008). We have also found similar results in this study
with male L. lepida with a higher immune response having
flanks that are more greenish, darker, and more saturated.

There seem to be similar trade-offs for specific chemical
compounds allocated to chemical signals. In other lacertid
lizards, a precursor of vitamin D3 in femoral secretions has
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Fig. 2 Relationships between the cell-mediated immune (CMI)
response of male L. lepida lizards (residuals on body mass) and the
hue, brightness, or saturation of their flank colorationsFig. 1 Relationships between the cell-mediated immune (CMI)

response of male L. lepida lizards (residuals on body mass) and the
relative proportions (transformed TIC areas) of different forms of
tocopherol (vitamin E) in their femoral secretions

550 Naturwissenschaften (2010) 97:545–553



been considered as a potentially costly compound that
would ensure reliability and honesty of chemical signals;
males of two lizard species that allocate more pro-vitamin
D3 to secretions have higher immune responses (López and
Martín 2005; Martín and López 2006a), and challenging the
immune system results in a decrease in proportions of pro-
vitamin D secreted (López et al. 2009b). Moreover, male
lizards with a diet experimentally supplemented with
vitamin D may increase proportion of pro-vitamin D in
secretions (Martín and López 2006b), and females prefer
scent marks of males with higher proportions of this
compound in secretions (Martín and López 2006a, b). This
relationship could be explained because vitamin D has
important physiological functions in calcium metabolism

and as a potent immunomodulator (Fraser 1995; Hayes et
al. 2003), such that its allocation to femoral secretions
would be differentially costly or beneficial for males of
different quality.

Our current study suggests that vitamin E could have a
similar role in secretions of green lizards. The primary
function of vitamin E in secretions could be as a potent
antioxidant that would increase duration of scent marks,
and that even might just avoid the oxidation of other
chemicals in secretions that were the true semiochemicals
(Alberts 1992; Martínez et al. 2008). This function would
be especially useful in the wet grassy environments usually
occupied by green lizards. However, the allocation of
vitamin E to secretions has to be costly. First, because this
vitamin has a dietary origin (Bender 2009), such that only
lizards with a high-quality diet were able to obtain enough
amounts of vitamin E for metabolism functions and
elaboration of chemical signals. Thus, male L. viridis
lizards that received a dietary supplement of vitamin E
had femoral secretions with higher proportions of vitamin E
(R Kopena, G Herczeg, P López, and J Martín, unpublished
data). Second, because among these males, only those with
a good health condition would have enough vitamin E that
does not need to be used in the maintenance of the immune
system and can be available for secretions. Therefore, the
cost of allocating vitamin E to secretions, which should be
differentially costly for different individual males of
different quality, may be a mechanism that confers
reliability to scent marks of green lizards and allows their
evolution as sexual signals. Either by assessing directly the
contents of vitamin E, or thanks to the greater protection
provided to other semiochemicals, females might estimate
the quality of a male or of his territory.

The relationship between the cell-mediated immune
(CMI) response and proportions of vitamin E in secretions
was valid for DL-α-tocopherol and its methyl derivative,
which are the most abundant forms of vitamin E in
secretions, but not for γ-tocopherol. This may be explained
because α-tocopherol functions as an oxygen radical
scavenging, whereas γ-tocopherol has a different function
as a powerful nucleophile that traps electrophilic mutagens,
such as peroxynitrite in lipophilic compartments (Christen
et al. 1997). Thus, γ-tocopherol may protect lipids, DNA,
and proteins from peroxynitrite-dependent damage. It
seems that our measurement of CMI response was not
related to availability of γ-tocopherol, but high proportions
of this component in secretions might still signal a good
ability to avoid peroxynitrite-dependent damage.

Interestingly, we have found that information provided
by visual and chemical signals is congruent. Males with a
better immune response were those with more vitamin E
and with more greenish coloration. Similarly, less-
parasitized male P. muralis lizards had more yellowish
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Fig. 3 Relationships between the relative proportions (transformed
TIC areas) of α-tocopherol (vitamin E) in the femoral secretions of
male L. lepida lizards and the hue, brightness, or saturation of their
flank colorations
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ventral colorations and also femoral secretions with higher
proportions of two esters of octadecenoic acid (Martín et al.
2008). In addition, P. muralis lizards with a greater immune
response had more saturated coloration and secretions with
higher proportions of octadecenoic acid methyl ester
(Martín et al. 2008). This consistence between chemical
and visual signals would allow signaling the same
characteristics of a male in different contexts. For example,
colorful visual signals might be more important in long-
distance communication, whereas chemical signals may be
more important when two individuals are close together and
also provide information when the signaler has left the area
(e.g., López et al. 2002, 2003). Also, environmental
conditions (light levels, humidity, etc.) may render some
type of signals more effective than others in different
microhabitats (Alberts 1992; Endler 1992). Therefore, our
results support that in animals that use different multiple
sensory systems, such as lizards, different types of traits
may have evolved to signal similar characteristics of a male
quality using different sensory channels. The use of
multiple sensory channels may allow signaling a male
quality under different circumstances, but also may rein-
force the reliability of the signal when both types of traits
may be perceived simultaneously. If both types of signals
are not congruent, a cheating male may be easily detected
(López et al. 2003; Whiting et al. 2009).

We have also found that characteristics of coloration
produced by carotenoids mirror the amounts of vitamin E in
secretions. This might support the hypothesis of Hartley
and Kennedy (2004) that the biological role of carotenoids
might not be as antioxidants, but that colorful carotenoids
would just reflect and “inform” on the actual contents of
antioxidant vitamin E in the organism, which is part of the
true system that prevents oxidation. This may be explained
because oxidation of carotenoids alters or destroys their
color, and preservation of their color intensity would
indicate the possession of enough efficient antioxidants,
such as vitamin E, for their protection (Hartley and
Kennedy 2004).

We suggest that the metabolic roles of vitamins might be
the actual basis of honesty of many sexual displays, and
that carotenoid-based signals might be just the visible part
of the whole system informing in the visual channel on the
presence of “invisible” costly chemicals. Because lizards
also use their chemosensory system, they might directly use
vitamins to extend the signal to an additional sensory
channel. Nevertheless, we also found that both proportions
of vitamin E and hue of flanks were related to the immune
response when controlling statistically for the effect of the
correlation between these variables. This suggests that
although carotenoids in coloration might mainly reflect
the functioning of the antioxidant system in which vitamin
E is important, carotenoids might also signal per se some

other additional characteristics of the immune response in
which they participate (Hartley and Kennedy 2004).
However, to properly test these hypotheses, we would need
to manipulate the available contents of carotenoids and
vitamin E in the diet, and to examine whether visual and
chemical signals are expressed independently, or whether
coloration characteristics only mirror characteristics of
femoral secretions.

Acknowledgments We thank two anonymous reviewers for their
helpful comments and “El Ventorrillo” MNCN Field Station for use of
their facilities. Financial support was provided by the project MCI-
CGL2008-02119/BOS.

References

Aitchison J (1986) The statistical analysis of compositional data:
monographs in statistics and applied probability. Chapman and
Hall, London

Alberts AC (1992) Constraints on the design of chemical
communication systems in terrestrial vertebrates. Am Nat
139:62–89

Alberts AC (1993) Chemical and behavioral studies of femoral
gland secretions in iguanid lizards. Brain Behav Evol 41:255–
260

Aragón P, López P, Martín J (2001) Chemosensory discrimination of
familiar and unfamiliar conspecifics by lizards: implication of
field spatial relationships between males. Behav Ecol Sociobiol
50:128–133

Arnold ED, Ovenden DW (2002) A field guide to the reptiles and
amphibians of Britain and Europe. Collins, London

Belliure J, Smith L, Sorci G (2004) Effect of testosterone on T cell-
mediated immunity in two species of Mediterranean lacertid
lizards. J Exp Zool 301A:411–418

Bender DA (2009) Nutritional biochemistry of the vitamins, 2nd edn.
Cambridge Univ press, Cambridge

Blount JD, Metcalfe NB, Birkhead TR, Surai PF (2003) Carotenoid
modulation of immune function and sexual attractiveness in
zebra finches. Science 300:125–127

Brigelius-Flohe R, Traber MG (1999) Vitamin E: function and
metabolism. FASEB J 13:1145–1155

Burton GW, Traber MG (1990) Vitamin E: antioxidant activity,
biokinetics, and bioavailability. Annu Rev Nutr 10:357–382

Carazo P, Font E, Desfilis E (2007) Chemosensory assessment of rival
competitive ability and scent mark function in a lizard (Podarcis
hispanica). Anim Behav 74:895–902

Castilla A, Bauwens D (1992) Habitat selection by the lizard Lacerta
lepida in a Mediterranean oak forest. Herpetol J 2:27–30

Christen S, Woodall AA, Shigenaga MK, Southwell-Keely PT, Duncan
MW, Ames BN (1997) γ-Tocopherol traps mutagenic electrophiles
such as NOx and complements α-tocopherol: physiological
implications. Proc Natl Acad Sci USA 94:3217–3222

Cooper WE, Greenberg N (1992) Reptilian coloration and behavior. In:
Gans C, Crews D (eds) Biology of the Reptilia, vol 18. University of
Chicago Press, Chicago, pp 298–422

Dietemann V, Peeters C, Liebig J, Thivet V, Hölldobler B (2003)
Cuticular hydrocarbons mediate discrimination of reproductives
and nonreproductives in the ant Myrmecia gulosa. Proc Natl
Acad Sci USA 100:10341–10346

Endler JA (1992) Signals, signal conditions, and the direction of
evolution. Am Nat 139:125–153

552 Naturwissenschaften (2010) 97:545–553



Evans HM, Bishop KS (1922) On the existence of a hitherto
unrecognized dietary factor essential for reproduction. Science
56:650–651

Faivre B, Grégoire A, Préault M, Cézilly F, Sorci G (2003) Immune
activation rapidly mirrored in a carotenoid-based secondary
sexual trait. Science 300:103

Fleishman LJ, Bowman M, Saunders D, Miller WE, Rury MJ, Loew ER
(1997) The visual ecology of Puerto Rican anoline lizards: habitat
light and spectral sensitivity. J Comp Physiol A 181:446–460

Font E, Pérez i de Lanuza G, Sampedro C (2009) Ultraviolet
reflectance and cryptic sexual dichromatism in the ocellated
lizard, Lacerta (Timon) lepida (Squamata: Lacertidae). Biol J
Linn Soc 97:766–780

Fraser DR (1995) Vitamin D. Lancet 345:104–107
Grafen A (1990) Biological signals as handicaps. J Theor Biol

144:517–546
Hartley RC, Kennedy MW (2004) Are carotenoids a red herring in

sexual display? Trends Ecol Evol 19:353–354
Hayes CE, Nashold FE, Spach KM, Pedersen LB (2003) The

immunological functions of the vitamin D endocrine system.
Cell Mol Biol 49:277–300

Kopena R, López P, Martín J (2009) Lipophilic compounds from the
femoral gland secretions of male Hungarian green lizards,
Lacerta viridis. Z Naturforsch C 64:434–440

Kotiaho JS (2001) Costs of sexual traits: a mismatch between
theoretical considerations and empirical evidence. Biol Rev
76:365–376

Lochmiller RL, Vestey MR, Boren JC (1993) Relationship between
protein nutritional status and immunocompetence in northern
bobwhite chicks. Auk 110:503–510

Loew ER, Fleishman LJ, Foster RG, Provencio I (2002) Visual
pigments and oil droplets in diurnal lizards: a comparative study
of Caribbean anoles. J Exp Biol 205:927–938

López P, Martín J (2005) Female Iberian wall lizards prefer male
scents that signal a better cell-mediated immune response. Biol
Lett 1:404–406

López P, Martín J (2006) Lipids in the femoral gland secretions of
male Schreiber's green lizards, Lacerta schreiberi. Z Naturforsch
C 61:763–768

López P, Martín J, Cuadrado M (2002) Pheromone mediated
intrasexual aggression in male lizards, Podarcis hispanicus.
Aggress Behav 28:154–163

López P, Martín J, Cuadrado M (2003) Chemosensory cues allow
male lizards Psammodromus algirus to override visual conceal-
ment of sexual identity by satellite males. Behav Ecol Sociobiol
54:218–224

López P, Amo L, Martín J (2006) Reliable signaling by chemical cues
of male traits and health state in male lizards, Lacerta monticola.
J Chem Ecol 32:473–488

López P, Gabirot M, Martín J (2009a) Immune challenge affects
sexual coloration of male Iberian wall lizards. J Exp Zool A Ecol
Genet Physiol 311:96–104

López P, Gabirot M, Martín J (2009b) Immune activation affects
chemical sexual ornaments of male Iberian wall lizards. Natur-
wissenschaften 96:65–69

Mardones P, Rigotti A (2004) Cellular mechanisms of vitamin E
uptake: relevance in α-tocopherol metabolism and potential
implications for disease. J Nutr Biochem 15:252–260

Martín J, López P (2000) Chemoreception, symmetry and mate choice
in lizards. Proc R Soc Lond B 267:1265–1269

Martín J, López P (2006a) Links between male quality, male chemical
signals, and female mate choice in Iberian rock lizards. Funct
Ecol 20:1087–1096

Martín J, López P (2006b) Vitamin D supplementation increases the
attractiveness of males’ scent for female Iberian rock lizards. Proc
R Soc Lond B 273:2619–2624

Martín J, López P (2009) Multiple color signals may reveal multiple
messages in male Schreiber's green lizards, Lacerta schreiberi.
Behav Ecol Sociobiol 63:1743–1765

Martín J, López P (in press) Pheromones and reproduction in Reptiles.
In: Norris DO, Lopez KH (eds) Hormones and reproduction in
Vertebrates. Reptiles. Academic Press, San Diego, California

Martín J, Moreira PL, López P (2007) Status-signalling chemical
badges in male Iberian rock lizards. Funct Ecol 21:568–576

Martín J, Amo L, López P (2008) Parasites and health affect multiple
sexual signals in male common wall lizards, Podarcis muralis.
Naturwissenschaften 95:293–300

Martínez A, Rodríguez-Girones MA, Barbosa A, Costas M (2008)
Donator acceptor map for carotenoids, melatonin and vitamins. J
Phys Chem A 112:9037–9042

Mason RT (1992) Reptilian pheromones. In: Gans C, Crews D (eds)
Biology of the Reptilia, vol 18. University of Chicago Press,
Chicago, pp 114–228

Montgomerie R (2006) Analyzing colors. In: Hill GE, McGraw KJ
(eds) Bird coloration, vol 1. Mechanisms and measurements.
Harvard University Press, Cambridge, pp 90–147

Müller-Schwarze D (2006) Chemical ecology of vertebrates. Cam-
bridge University Press, Cambridge

Olson VA, Owens IPF (1998) Costly sexual signals: are carotenoids
rare, risky or required? Trends Ecol Evol 13:510–514

Olsson M, Madsen T, Nordby J, Wapstra E, Ujvari B, Wittsell H
(2003) Major histocompatibility complex and mate choice in
sand lizards. Proc R Soc Lond B (Suppl) 270:254–256

Ortuño J, Esteban MA, Meseguer J (2000) High dietary intake of α-
tocopherol acetate enhances the nonspecific immune response of
gilthead seabream (Sparus aurata L.). Fish Shellfish Immunol
10:293–307

Pérez-Mellado V (1998) Lacerta lepida (Daudin, 1802). In: Ramos
MA (ed) Fauna Ibérica, vol 10, Museo Nacional de Ciencias
Naturales. CSIC, Madrid, pp 198–207

Ressel S, Schall JJ (1989) Parasites and showy males: malarial infection
and color variation in fence lizards. Oecologia 78:158–164

Sheldon BC, Verhulst S (1996) Ecological immunology: costly
parasite defence and trade-offs in evolutionary ecology. Trends
Ecol Evol 11:317–321

Svensson E, Sinervo B, Comendant T (2001) Density-dependent
competition and selection on immune function in genetic lizard
morphs. Proc Natl Acad Sci USA 98:12561–12565

Tella JL, Lemus JA, Carrete M, Blanco G (2008) The PHA test
reflects acquired T-cell mediated immunocompetence in birds.
PloS ONE 3:e3295

Václav R, Prokop P, Fekiac V (2007) Expression of breeding
coloration in European green lizards (Lacerta viridis): variation
with morphology and tick infestation. Can J Zool 85:1199–1206

Wedekind C (1992) Detailed information about parasites revealed by
sexual ornamentation. Proc R Soc Lond B 247:169–174

Wedekind C, Folstad I (1994) Adaptive or nonadaptive immunosup-
pression by sex hormones? Am Nat 143:936–938

Weldon PJ, Flachsbarth B, Schulz S (2008) Natural products from the
integument of nonavian reptiles. Nat Prod Rep 25:738–756

Westneat DF, Birkhead TR (1998) Alternative hypothesis linking the
immune system and mate choice for good genes. Proc R Soc
Lond B 265:1065–1073

Whiting MJ, Webb JK, Keogh JS (2009) Flat lizard female mimics use
sexual deception in visual but not chemical signals. Proc R Soc B
276:1585–1591

Winklhofer-Roob BM, Rock E, Ribalta J, Shmerling DH, Roob JM
(2003) Effects of vitamin E and carotenoid status on oxidative
stress in health and disease. Evidence obtained from human
intervention studies. Mol Aspects Med 24:391–402

Wyatt TD (2003) Pheromones and animal behaviour. Cambridge
University Press, Cambridge

Naturwissenschaften (2010) 97:545–553 553


	Multimodal...
	Abstract
	Introduction
	Materials and methods
	Study animals
	Analyses of femoral gland secretions
	Color measurements
	Assessment of the immune response

	Results
	Chemical signals
	Visual signals
	Relationships between chemical and visual signals

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


