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La seleccion natural explicaria la evolucion deactares supuestamente adaptados
(Darwin, 1859). Darwin definié la seleccion natucaimo los procedimientos que permiten
preservar los caracteres Utiles para la luchagpsupervivencia con el objetivo de reproducirse.
Sin embargo otros muchos caracteres parecen mateada y aiun asi estan conservados por la
seleccion. Los caracteres sexuales de los maoho®, el plumaje vistoso de algunos pajaros o
un canto elaborado, podrian ser costoso en térndi@agipervivencia y energéticamente pero
sobre todo hacen parecer a los machos mas d@bigesl). Sin embargo, a pesar de su efecto
negativo sobre la viabilidad de los individuos sstaracteres han evolucionado y siguen
presentes. Estas observaciones condujeron a Darpiioponer la teoria de la seleccion sexual
(“the descent of Man, and Selection in relatiorséx”, 1871). Esta teoria sugiere que estos
caracteres aparentemente superfluos o costosodapsuervivencia, tendrian un beneficio a
nivel de la reproduccion, aumentando el éxito répetor del individuo. La seleccion sexual no
implicaria una lucha por la supervivencia, sino lutha entre individuos del mismo sexo por
el acceso a la reproduccién con individuos del séxmo.

Fig. 1: Ejemplos de caracteres sexuales segundamiases, reptiles, mamiferos y anfibios.

Los caracteres secundarios sexuales itggrnuna comunicacion entre machos y
hembras, para facilitar el intercambio de informdacntre individuos. La comunicacion sexual
se hace gracias a sefales utilizadas para aumentardular, la probabilidad de interacciones
sexuales entre individuos. Esta forma de comurdcasexual se encuentra en numerosos
organismos desde las bacterias hasta los humaross(Bin C & H, 1997).



Las sefiales favorecidas por la seleccidbn sexuaériigambién un papel importante en el
reconocimiento y la divergencia entre especies wibar 1871; Anderson, 1994). Los
mecanismos de reconocimiento sexual utilizan sefiglee pueden ser visuales, olfativas,
auditivas y/o tactiles.

La quimiorrecepcion es utilizada en multitud deteatos (Wyatt, 2003). En muchos
animales, las sefiales quimicas son importantesgbaeconocimiento de especies y para la
especiacion, como en algunas moscas (Mas & Ja@bg). Al igual que en los invertebrados,
en los reptiles las sefiales quimicas juegan un pajpeimportante. Es el caso de las lagartijas
y las serpientes, que poseen un sistema sensaifaiop muy bien desarrollado, donde los
estimulos podrian ser la base de un reconocimiatre-especifico y contribuir a procesos de
especiacion (Shinet al, 2002; LeMaster & Mason, 2003).

Muchas especies de lagartijas disponen, en posie@ral, de estructuras epidérmicas
similares a poros por medio de los cuales secsetatancias quimicas. Se trata de secreciones
holocrinas, producidas por glandulas femorales,eguespecialmente abundante en los machos
durante el periodo reproductivo (Fig.2) (Mason, Z98lberts, 1993). Se sabe que estas
secreciones podrian informar sobre el estatus dehmy su habilidad competitiva (Arageth

al., 2001; Lopez & Martin, 2002). También se ha viptie estas secreciones femorales podrian
transmitir a las hembras informacion sobre la ealidel macho (Lopeet al, 2002; Olssoret

al., 2003), o utilizarlo como una herramienta pareeebnocimiento entre especies (Goreéz

al., 1993; Cooper & Perez-Mellado, 2002). Por su ioagion en la seleccién sexual, estas
secreciones y su evolucion podrian llevar a pracdsaspeciacion.

Fig. 2: Fotos de los pores femorales de la lagdrtihispanicamachos (arriba y a la derecha) & las secreciones
que se recogen en un tubo especial para el croafatogn gas (abajo a la izquierda).

Ademas, el tipo de sefales utilizadas en comuidicamtraespecifica puede estar
sometido a seleccion, seleccionandose aquellasesediae estimulen el sistema sensorial del
receptor de manera mas efectiva, lo que puede depeiel medio ambiente (Hipotesis del
“Sensory drive”: Boughman, 2002). Asi, la diversidie sefiales observada puede evolucionar
porque especies 0 poblaciones distintas ocupantatg&bton diferentes condiciones que
favorecen el uso de uno u otro tipo de sefial. Yil@rgencia en las sefales utilizadas en
seleccion sexual puede deberse a que las condicambientales locales imponen seleccion
variable sobre estas sefiales 0 sobre los sistegnasrmles que las detectan. Las diferentes
propiedades de las sefales emitidas por los mafeotan a su conspicuidad y facilidad de
deteccién por conespecificos, pero otros factomsoc la capacidad de transmision o
persistencia en el habitat también son importaf@esghman, 2002; Leal & Fleishman, 2002;
Fox & Shipman, 2003). Se ha examinado esta idgzeces a sefales visuales que muestran
variacion en diferentes habitats (Leal & Fleishnm2004), y a como estas sefales han divergido
entre poblaciones alopatricas que ocupan distimabitats (Endler, 1980) llevando a procesos



de especiacién (Boughman, 2001). Aunque la quiméemcion modula una gran variedad de
comportamientos reproductivos en reptiles, se desmosi la variabilidad interpoblacional en
el uso de sefales quimicas y visuales implicadasektcion sexual puede explicar procesos
evolutivos de especiacion.

En este contexto, en este trabajo se pretende imxamobservacional vy
experimentalmente si existen variaciones poblatésnan el tipo y caracteristicas de las
sefales quimicas utilizadas en seleccion sexubidae la distinta efectividad de cada tipo de
sefales en habitats con condiciones ambientalesedies. Asi como si este uso diferencial en
el tipo de sefales empleado puede conducir a pedesdivergencia, aislamiento reproductivo
y especiacion mediados por seleccion sexual.

Estudios recientes morfolégicos y de biologia mualEr han sugerido la existencia de
procesos de especiacion en marcha en poblacione® dgie tradicionalmente ha sido
reconocida como una sola especie, la lagartijadd@Podarcis hispanica Se considera ahora
como una especie parafilética que forma un “coropiiej especies” con al menos cinco lineas
monofiléticas (Guillaume, 1987; Harris & Sa-Sou2a01), que ocupan distintas condiciones
ambientales, pero cuyas poblaciones estan en torgaadiversas partes, especialmente en el
Centro de la Peninsula Ibérica (Fig. 3).
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Fig. 3: Distribucion de los diferentes morfotipasRl hispanicaen la zona ibérica & Maruecos (imagen
simplificada a partir Pinhet al, 2008)



Esta especie ha desarrollado un sistema quimicdegpermite diferenciar entre especies y
sexos Psammodromus algiryssomezet al, 1993 -Podarcis carbonnelliCooper & Perez-
Mellado, 2002). Las hembras utilizan las secredode los machos como fuente de
informacion decisiva en su eleccion de pareja. &Sipteferencia de la hembra por las
secreciones del macho evolucionase de forma diferanéstas se podria dar el caso de
aislamiento reproductivo.

De modo que esta “especie” es una buena candidata gstudiar si la seleccién sexual
mediada por sefales quimicas puede explicar preceso aislamiento reproductivo y
especiacion.

Se han identificado dos tipos alopatricos en aleste y la parte central de la Peninsula Ibérica.
P. hispanicade tipo 1 se encuentra en sitios elevados del @¢tep donde las condiciones
ambientales son humedas mientras que el tipo 2aocelpcentro y sur de la peninsula cuyo
clima es mediterraneo (Sa-sousa, 2000; Sa-Szilesa 2002).

Sin embargo, estos dos tipos podrian estar en aonigeograficamente sin producirse
aislamiento. Por ejemplo, en la sierra de Guadar@hnorte de Madrid), viven poblaciones
separadas pero sin aislamiento geografico, es,desiindividuos de la poblacién 1 pueden
encontrarse con los individuos de la poblacion 2l@dio & Olmedo, 1981; Garcia-Pagtal.,
1989).

Recientemente se ha demostrado, mediante andligisico, que los machos de dos
poblaciones de la Sierra de Guadarrama, situadosordiciones ambientales diferentes,
poseen diferencias en la composicion y proporceéeetreciones (Martin & Lopez, 2006). Los
machos de tipo 1 que se encuentran en un microdiasahimedo, tienen mas ésteres céreos y
una abundancia mayor de acidos grasos de cadeyjmdae los de tipo 2 que viven en un
medio mas seco (Martin & Lopez, 2005). Este amahisiiestra la presencia y abundancia de
algunos compuestos como el colesterol, el dehitestayol (=provitamina B), el acido
hexadecanoico, hexadecanol, y octadecanol en fapatiaciones y como estos compuestos se
encuentran en diferentes proporciones. Los mackosada tipo pueden discriminarse entre
ellos anicamente por medio de las sefiales quinidagin & Lépez, 2005). Sin embargo esto
no esta tan claro en el caso de las hembras. Diéxeexperimentos de reconocimiento
guimiosensorial han demostrado que las hembras iswimdinan entre los dos tipos de
secreciones. Sin embargo eso no significa quedasfas no muestren preferencia por un tipo
de macho.

Es en este contexto en el cual este trabajo pretestddiar y conocer el reconocimiento
intra-especifico a nivel quimico y cuales son loscanismos de aislamiento reproductivo que
podrian dar lugar a un proceso de especiacionaleste complejo de especies en la zona de
Madrid.

Despues de caracterizar estas dos poblaciones aited de Madrid a nivel quimico y
morpfologico, examinaremos en laboratorio si lasi@s reconocen y elijen estar en un area
con olores de machos de la propia poblacion frentdra con olor de machos de la otra
pobalcion, o si las hembras seleccionan el areacadar por olores de machos segun
caracteristicas individuales de los machos, inddigetemente de la poblacidon de origen.

Para seguir investigando el posible aislamentoorkpmtivo entre estas dos poblaciones,
haremos cruces inter y intra poblacional entre lramip machos.

Si las hembras prefirieran reproducirse con madaosu poblacion, identificados por sefiales
caracteristicas de su poblacion, esto produciréarapida divergencia entre las poblaciones.
Sin embargo, si las hembras elejieran segun caisditas independemiente del origen de los
machos, esto podria impedir un aislamiento repitdauefectivo.



Ademas, en la segunda parte compararemos estg®lblasiones con una otra poblacionRie
hispanicaprocedente de Aranjuez en el sur de Madrid (Bigdta otra poblacion se encuentra
en un habitat diferente de las del norte, con wlosde yesos, una humedad mas baja y
tempeartura mas alta. Notamos tambien que a niggbiogico no se parece a las del norte de
Madrid. Asi que caracterizaremos esta poblacionsdelal nivel morfologico, genetico y la
compararemos con los rasgos de las poblacionerad. Observaremos tambien si existe
reconocimiento quimiosensorial entre estas tresapmmnes. A partir de estos datos podremos
estimar si existe un posible aislamento reprodacémtre las poblaciones mas alejadas del
complejo de especies &e hispanicaen la zona de Madrid.
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Fig. 4: zonas de capturas de los tres poblacioa®s dispanicautilizadas en este trabajo: en el valle de Fuanfri
(cerca del Puerto de Navacerrada), en el monta @®londrina (cerca de Cercedilla) & en los alredes de
Aranjuez.
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Speciation is considered to result from the evotutif reproductive isolating mechanisms that
prevent gene exchange between newly arising taggn@&& Orr, 2004). Reproductive
isolation often evolves as a consequence of divengatural selection on traits between
different habitats (Schluter, 2001; Rundle & No2005), which may be subsequently
amplified by sexual selection (Panhetsal, 2001). The progressive accumulation of
adaptations to different environments may alterst@ndary sexual traits used in mate
recognition, and/or the mating preferences, wharlead to reproductive isolation between
populations (Coyne & Orr, 2004). Alternatively, nil selection may promote the evolution of
different traits in different environments, leaditoggenetic differences between populations,
but if sexual traits and the criteria used in nrat@gnition and mate choice do not diverge,
sexual selection may preclude an effective prergagproductive isolation.

Interspecific recognition mechanisms use behavisual, olfactory, auditory and
tactile cues. Chemical signals are important fecgss recognition and may result in speciation
in many animals, such as in some flies (Mas & #alR905), beetles (Symonds & Elgar, 2004)
or spiders (Roberts & Uetz, 2004). Lizards and sediave a well developed chemosensory
system (Mason, 1992) and chemical stimulus camééasis of intraspecific recognition and
speciation in many species, such as in sympatecisp of sea snakes (Shiteal, 2002), in
different populations of red-garter snakes (LeMa&t&lason, 2003), or in closely related
species or populations of lizards (Cooper & Vi@86; Barbos&t al. 2005, 2006; Martin &
Lépez, 2006a,b).

In many lizards, chemical cues of males, suclib@se secreted by the femoral glands,
are used in intraspecific communication especiliging the reproductive season (Mason,
1992; Alberts, 1993). Chemical cues of males mé&yrin other males on a male’s status and
competitive ability (Aragoret al.,2001; Carazet al, 2007; Martiret al, 2007a), and also

transmit to females information on male’s qualltgttfemales may use to select potential mates



(Olssonet al, 2003; Martin & Lopez, 2006c¢). Thus, because dbainsignals of male lizards
are involved in female mate choice and male-matepsdition, they may also be relevant in the
context of interspecific recognition and reproduetisolation (Cooper & Vitt, 1986; Cooper &
Perez-Mellado, 2002; Barbosgaal 2005, 2006; Martin & Lépez, 2006a,b), provideatth
females from different populations based their npagderences on those male chemicals that
differ between populations.

Molecular studies have provided relationships agrketjc distances between populations
of several taxa, which suggest the existence obioiggspeciation processes within taxa
previously considered to be conspecific. For exammlolecular and morphological studies
suggest that the Iberian wall lizaRpdarcis hispanicais paraphyletic, and forms a species
complex with at least five monophyletic lineagesi{@aume, 1987; Harris & Sa-Sousa, 2001,
2002; Pinhcet al. 2007). This is a small (50-70 mm adult snout-¢oiength, SVL) lacertid
lizard common and widespread at rocky habitatslensaany different environments of the
Iberian Peninsula. This lizard has well developleenaical recognition abilities, and is able to
discriminate between conspecifics and heterospsdi€ooper & Pérez-Mellado, 2002;
Barboseet al, 2006), and between sexes by chemical cues éoraezet al, 1993; Lépez &
Martin, 2001; Lépeet al.,2002). Chemical cues of males are important iremaéle
interactions (LOpez & Martin, 2002; Caragoal 2007). Moreover, in at least one population,
females prefer to stay on areas scent marked bgsmath high proportions of cholesta-5,7-
dien-3-ol (=provitamin B) in their femoral secretions, which may signakétdr immune
response of those males (Lopez & Martin, 2005) r8foee, it seems that female mate choice
decisions are, at least partialy, based on charstits of chemical signals of males. We
hypothesized that interpopulational differenceshiemical signals of male lizar&s hispanica
and/or in female mate preferences, could be leadimgproductive isolation processes between

populations of this lizard species.



Recently, chemical analyses showed that two clpsedlations of. hispanicarom
the Guadarrama Mountains (Central Spain), inhalpiifferent environmental conditions,
differ in the chemical composition of femoral glasetretions of males (Martin & Lépez,
2006a). Males of the population inhabiting more idumicroclimates have secretions with
higher proportion of compounds (e.g., long chacohbls and waxy esters) that may favor
persistency and efficiency of chemical signalsumid environments. Moreover, different
rates of chemosensory exploration show that maeglscriminate by chemical cues alone
between males of their own and the other populdftitertin & Lopez, 2006a,b). In contrast,
females detected scent of males, but did not sédsrt@discriminate between scents of males
of the two populations (Martin & Lopez, 2006a,bimiarly, males ofP. bocageandP.
hispanicafrom the North of Portugal are able to discrimeehemically between conspecifics
and heterospecifics, but females are not (Barkbsh 2006). These results suggest that, even
if there are differences in chemicals in male femheecretions, females might be basing their
mate recognition, and mate preferences, on cherues that are shared by males from
different populations. However, the fail to detelsemical discrimination by females in these
tests does not discard that female still discrin@dand preferred to stablish in areas scent
marked by males of their own population, thus iasneg their opportunities to mate with these
males. Moreover, females may reject copulationsmfnaeales from different populations based
on chemical cues, or other type of additional cliée. lack of successful copulations bewteen
males and females from different populations isquisite for an effective pre-mating
reproductive isolation.

In this paper, we first explored whether malesaad populations oP. hispanicdizards
from the Guadarrama Mts., inhabiting different @amiments, morphological and/or chemical
signals characteristics. Then we examined in therktory whether females recognized and

chose to establish on areas scent marked by miahes own population against areas marked



by males of the other population, or whether femakdected scent marked areas based on
some characteristic of males’ scent, which coutijmt the “quality” of a particular individual
male, independently of the population of origirtlzdt male. Finally, to test for an effective
premating reproductive isolation between populajove staged intersexual encounters
between males and females of the same or diffpgmilation and analyzed their mating
behavior and whether copulations occur. We hypatbdghat female mating preferences for
certain features of a mating signal that charasmtdrmales of her own population could
promote a rapid divergence between populations.g¥ew if females based their mate choice
on characteristics shared from males from the tamufations, this lack of discrimination
might be precluding an effective reproductive ifola even if other selective pressures were

promoting genetic divergence between populations.

MATERIALS AND METHODS

Study animals

We captured by noosing during March, before the sfaheir mating season, adélt
hispanicalizards at two close localities in the Guadarravita. (Madrid Province, Spain). In

the upper part of the ‘Fuenfria’ Valley (40°47'N,08'W, 1750 m altitude), where lizards
occupy different rock-cliffs at the edge of thegiorest, we captured 10 males and 20 females,
and in a large oak forest near “Cercedilla” villggeé°44’'N, 4°02'W, 1250 m altitude), we
captured on rocky outcrops 10 males and 20 fem@lesse two areas are only 6 km distant and
they are not isolated geographically, althoughitbemediate area is not occupied by stable
populations oP. hispanicaMartin & Lépez, 2006a,b). These two sites diffethe altitudinal

range,which results in different microclimates, bath sites have similar rocky microhabitats



that are adequate f&. hispanicaunpublished data). Within each population, wetwagal
lizards in different places over large areas (18)kmensure that individuals had not had
previous interactions, which may affect their resges (Lopez & Martin, 2002).

Lizards were individually housed at “El Ventorrillbield Station, about 5 km from the
capture sites, in outdoor 80x50cm PVC terraria@oiig sand substratum, rock for cover and
waterad libitum They were fed every day mealworm larv@er{ebrio molitoy. The
photoperiod and ambient temperature were thodeecdurrounding region. Lizards were held
in captivity at least one week before testing tovalacclimation to laboratory conditions.
Cages of males and females were in different placasoid contact between them before the
experiments. All animals were healthy, did not stamverse behavioral or physiological
changes during the tests, and were returned todapture sites at the end of trials. The capture
and experiments were performed under licence fl@f€omunidad de Madrid”

Environmental Agency.

Morphological characteristics of males

We measured males’ body weight with a digital bedato the nearest 0.01 g, and the
snout-to-vent length (SVL) with a ruler to the resirl mm. We calculated individual values of
body condition as the residuals from the regressguration of In mass (g) on In SVL (mm),
which may represent an index of the relative amoiifait stored, and hence an estimation of
individual physical condition or nutritional stat(Bonnet & Naulleau, 1994). We also made
morphological measurements of the head of maleguBgital callipers (to the nearest 0.05
mm). Head length was the distance between thd tipecsnout and the posterior side of the
parietal scales. Head width was the greatest distaatween the external sides of the parietal

scales. Head depth was the greatest distance fr@mghest portion of the head to the bottom



of the lower jaw. To estimate relative size of kiead, we removed the influence of body size
on head measurements by regressing each againsta8whariables In-transformed) and used
the residuals in subsequent analyses.

We also counted under a magnifying glass the numidlemoral pores on the right and
left hindlimbs of males and calculated an averageber for both sides. Finally, we noted the
number of small but distinctive and conspicuou®ldpots that runs along each of the body
sides on the outer margin of the belly, and catedlan average number for both sides. These
spots seem to have a role in sex recognition anasexual social relationships between males

(Lopezet al 2002).

Analysis of femoral gland secretions of males

The femoral gland secretions of males were exttddayegently pressing with forceps around
the femoral pores immediately after capture. Wéect#d secretion in glass vials with Tetlon-
lined stoppers. Vials were stored at -20 °C umtdlgses. We used the same procedure without
collecting secretion in order to have blank contials. Before the analyses, we added 250 pl
of n-hexane to each vial. Samples were analyzedHimnigan-ThermoQuest Trace 2000 gas
chromatograph-mass spectrometer (GC-MS) equipptdar80 m Supelco, Equity-5 column,
and temperature programmed from 50-280 °C at 5 fiCmind kept at 280 °C for 30 min (see
Martin & Lépez 2006a for details of analyses). kifaration of compounds was done by
comparison of mass spectra in the NIST/EPA/NIH 188@&ry, and later confirmed with
authentic standards. The relative amount of eantpoond was determined as the percentage
of the total ion current (TIC). The relative ar@hshe peaks were transformed following

Aitchison’s formula: Zij=In(Yij/g(Yj)), where Zij  the standardised peak area i for the



individual j, Yij is the peak area i for individuphnd g(Y)) is the geometric mean of all peaks

for individual j (Aitchison, 1986; Dietemaret al, 2003).

Female choice of males’ scents

We placed in males’ terraria several absorbentpstpes (35x10 cm) fixed to the floor, and
left them there for three weeks to obtain the scépim males. Mate choice experiments were
performed at the end of April, coinciding with theating season of this lizard species.
Females’ cages had two basking platforms (two idahflat tiles) placed symmetrically at
each end of the cage, and rocks for cover in théeceAt the beginning of experiments (09.00
h, GTM; when females where still inactive) we fixakaring fresh gloves, on one tile one
paper strip from one male of one population, antherother tile a paper from a male of the
other population. Different papers from each madeenused in four choice tests against the
papers of other four males from the other poputatidhe males tested and the positions of
papers were randomly determined. Each female vgésdtéwice, once a day, with papers from
two different pairs of males (own vs other popwlaji Each trial lasted 5 h (from 11.00 h
GMT, shortly after females appeared from refugekswantil 16.00 h GMT when females hid
again). Females were monitored each 15 min from@en point. If a female was located on a
tile with paper strip, she was designated as hakiesen temporarily that particular paper,
whereas, if she located out side of the tiles,vea® designated as having made no choice
(Martin & Lépez, 2000, 2006c¢; Olssehal, 2003). At the end of the trials the papers were
removed and the cage was thoroughly rinsed withincleater.

We counted the number of times that each fematealiaerved on each particular
stimulus paper in each trial, and used a repeatasunes three-way ANOVA to test for

differences between the two days of the trial aglnvben types of males (male from her own



population vs. male from other population), botwékin-subject factors. The population of
origin of the female (‘Fuenfria’ vs ‘Golondrina’)ag included as a between subject factor to
test whether the responses varied between popudat®okal and Rohlf, 1995). Also, because a
previous study suggested that, at least, femabes Golondrina’ may prefer scents of males
with relatively higher amounts of cholesta-5,7-d&nl in secretions (Lépez & Martin, 2005),
we made a similar three-way ANOVA but classifyihg two males within each pair according
to the relative abundance of this lipid in theicretions (higher vs lower) independently of the
population of origin.

In addition, individual males were also classifeatording to the attractive of their
scent; the paper on which a female spent greaaear3h % of her time (excluding time in the
no choice) was designed as the preferred papaeitrial (Martin & Lopez, 2000). Each
individual male was assigned an attractivenessxinchdculated as the proportion of females
that preferred a paper with his scent. Then, we tis& morphological variables or the
transformed areas of chemical compounds in fensa@letions of males (see above) as
independent variables in forward stepwise genegeassion models (GRM) with

attractiveness indexes of males as the dependeabla

Mating behavior

We staged encounters between male and femaledifanth the same or from different
populations to study whether successful copulatamtsir and the differences in copulatory
behavior of males depending on the population omgithe female. Each male encountered
two females, once per day over two days. Half desiavere presented first with a female from
their own population and the day after with a femfabm the other population, and the

contrary for the other half of males. Each fema#s wsed only once with a single male.The



individual males and females used in each encowess choosen at random. In each trial. we
gently took a female from her cage and placedrarmale’s cage. From a blind we observed
whether or not a copulation occured, and recorbedluration of the copulation (i.e., since the
first cloacal contact with hemipenis intrusion bthie moment that cloacae of individuals were
physically separated). The female was removed tr@mmale’s cage immediately after the
copulation finished or after 30 min since the stétihe trial, if copulation did not occur,.

We used General Linear Mixed Models (GLMM) in #tatistic software of SAS (SAS
1989-96 Institute Inc., Cary, NC, USA) to test tependent variable with normal distribution
(i.e., duration of copulation; K-S P>0.1) and Getieed Linear Mixed Models (GLIMMIX)
when the dependent variable was binomial (i.e. tiadreor not a copulation occurred). In this
analysis, the male individual was used two timesasodefined it like a random factor. We also
included in the models the population of the male #he female and the order of presentation

as categorical predictors.

RESULTS

Morphology of male lizards

Males from the two populations showed significaiffedences when comparing their
morphological characteristics (weight, SVL, comtiti head size, number of femoral pores and
number of lateral blue oceli) (MANOVA,15¢=5.80 p=0.007) (Table 1). Males from Fuenfria
were significantly larger and heavier, and hadificantly higher body condition than males
from Golondrina. Also, Fuenfria males had signifita greater heads than Golondrina males

(Table 1).



The head measures (length, width and depth) wéereht between these two populations of
males (one-way ANOVA: F5=8.34, p=0.009). The head of Fuenfria males wereerfemgth
(F1,15=8.30, p=0.009), more width {ls=4.15, p=0.05) and more depth (&7.09, p=0.01)
than the head of Golondrina males.

However, Fuenfria and Golondrina males did ndedigignificantly in the number of

femoral pores or blue oceli (Table 1).

Chemicals in femoral gland secretions of males

The lipophilic fraction of femoral secretions of iméizardsP. hispanicaconsisted in several
fatty acids, alcohols, waxy esters, squalene aroists (Table 1). The most abundant
compounds were cholesterol and cholesta-5,7-dieh-Bae other compounds were found in
minor quantities. There were significant overaffetences between populations in the relative
proportion of compounds in femoral secretions ofen@dMANOVA, Wilk’'s A = 0.046,

Fs 1:=28.54 p<0.0001) (Table 1). Univariate protectedCABAs showed that males from
Fuenfria had significantly lower proportions ofwlonolecular weight (&-C,g) fatty acids,
cholesterol and campesterol, and significantly igrearoportions of alcohols and cholesta-4,6-
dien-3-one than males from Golondrina (Table 1)led&rom Fuenfria also tended, although
non significantly, to have greater proportionsatty acids with high molecular weight {&£

C.4) and of waxy esters than males from Golondrina.tke other compounds there were no

significant differences between populations.



Choice of males’ scent by females

There were no significant differences between wpent by females (log-transformed number
of observations) on paper strips scent markedrogle of her own population or by a male
from the other population (repeated measures tweeANOVA, F 3= 0.08, p = 0.77), the
population of the female had not significant effectthese responses; gg= 0.08, p = 0.77),

and the interaction between population of malefanthle population was not significant @
=0.07, p =0.79) (Fig. 1a). However, the overaliber of observations of females varied
significantly betwwen the two days of the trial gg= 5.09, p = 0.03). And the interaction
bewteen day and female population was significBisE 33.91, p < 0.0001), but this variation
between days did not affect the female choice pepatrips (interaction of male population x
day, k 3s= 0.01, p = 0.94; three way interactionsk= 1.64, p = 0.21).

Analyzing the attractiveness of males, considetiayr morphology, we found that
none of the morphological variables (weigh, sizmdition, head size, etc) had any significant
relation with the attractiveness indexes of thears (i.e. no variable entered the GRM model
with significance). A similar lack of relationshipss found when we analized separately each
population. However, when we analyzed the possdl&ionships between male attractiveness
and the major chemical compounds in femoral semrstiwe found a significant positive
relationship between the attractivenex index ofadenand the relative proportions of cholesta-
5,7-dien-3-ol in his secretions (GRM*R.42 F 17=12.55, p=0.0025) (Fig. 2). A relationship
that was similar when we calculated the attractgsnndexes of males from the responses of
females of each of the two populations separa®RN], Fuenfria females: 0.27 F.165.92,
p=0.027; Golondrina females?£0.33 k ;=8.23, p=0.011).

Moreover, in the trials of choice of males’ scbptfemales, when we classified the two

males within each pair according to the relativeratance of cholesta-5,7-dien-3-ol in their



secretions (higher vs lower) independently of thpydation of origin of the male, females
spent significantly more time on paper strips seeatked by the male, within each pair, with
the higher proportion of cholesta-5,7-dien-3-op@ated measures three-way ANOVA:
F135=14.58,P=0.0005) (Fig. 1b). This effect was similar indepenitly of the population of
origin of the female (F3g=0.09, p=0.77), and there were no significant ddifeces between
days £13¢=2.17,P=0.15), although the interaction between female fadjmn and day of the
trial was significant (F3g=35.40 p<0.0001). All the other interactions weoa significant

(p>0.16 in all cases)

Mating behavior

The overall frequency of successful copulationthia experiment was 0.58 (29 copulations
from 50 staged encounters) (Fig. 3a). The proldgimfioccurrence of a copulation was not
significantly dependent of the population of thelen&LIMMIX: F; 151.25 p=0.27) nor of the
population of the female (Ff=0.21 p=0.65), and the interaction was not sigaifto(R 15~ 0.09
p=0.76). The probability of copulation was sigradintly higher in the first encounter than in the
second one (order effectj f= 9.06 p=0.007), but this effect was independenhefpopulation
of the male or of the female (p > 0.2 for all irtetions of order with all other effects) (Fig. 3a).
The duration of successful copulations did ndiedibetween male populations
(GLMM, F1 26=3.60 p=0.06) or between female populationsFL.84 p=0.18) and the
interaction between male and female populationsneésignificant (fF26=2.71 p=0.11) (Fig.
3b). Moreover, the duration of copulation was nghiicant affected by the order of female
presentation (F»6 =0.39 p=0.54). All other interaction were not sfgant (p>0.40 in all cases)

(Fig. 3b).



DISCUSSION

Our results showed that males from these two ptipngofP. hispanicadiffer in some
aspects. Morpologically, males of Fuenfria are motrist and bigger than males of
Golondrina. Also, femoral secretions of males amposed by similar chemical compounds
but relative proportions of these chemicals arfediht (see also Martin & Lopez, 2006a).
Moreover, the genetic study showed that these tpulations are genetically different.
Therefore, these variations in morphology and fexheecretions could be related with genetic
differences between populations.

These differences might have arisen due to ttierdiit environments in the
geographical area occupied by each populationofigh lizards occupy similar rocky
microhabitats in the two populations, there ar@nous differences in elevation, temperature
and humidity (unpublished data). Lizards from Fu@ndccupy areas characterized by high
levels of humidity and cold, whereas males fromdadtina occupy more dry and hot areas.
For example, differences in body size may be sirdply to different growth rates or other life
history parameters of lizards promoted by altitueleted differences in thermal opportunities,
food availability, predation risk, etc (e.g. Se209€5; Iraetaet al. 2006), but also natural
selection may have favoured individuals with moidpgacal characters more adapted to each
environment. Similarly, differences in proportiohabemical compounds in femoral secretions
might be related to different microclimatic condits, reflecting selection for the persistency
and efficiency of chemical signals in different @omments; less volatile compounds and with
a higher chemical stability being favoured in ld=inhabiting more humid climatic conditions
(Alberts, 1992; Martin & Lopez, 2006a). The genelita suggest that selection on these
parameters have resulted in genetic differencesdsgt populations, and the question that

arises is whether differences are so great agotaqie reproductive isolation. In fact,



differences in chemical compounds seem relevarmdpulation recognition, because previous
experiments showed that m&ehispanicacan discriminate between scents from males from
their own or from the other population (Martin &pe&r, 2006a,b), which can have
consequences for rival recognition in intrasexaaitests.

In contrast to males, females did not seem taidisicate between male populations
basing on chemical cues, although females cleatigated scent of males of the two
populations from a baseline odour (Martin & Lop2@06a,b). Moreover, the results of this
paper further showed that females did not prefar reject, areas scent marked by males based
on the criterion of the population of origin of thele. Therefore, if a female established in a
male territory, independently of the male populatishe would have the same probability of
mating with males from their own or from the otpepulation. Furthermore, the results of
staged encounters showed that males and femalesj@aéy likely to copulate, and copulation
duration is similar, independently of their origiopulation. Therefore, our results indicate that
there is a lack of pre-mating and mating reprodedsolation between these two populations
in instead of significant differences in genetigrphological and chemical sexual signals.
Although it remains to be analyzed whether interpation mating result in the same
reproductive success and whether hybrids haveasiffitthess, our data suggest that
reproductive isolation between these two populatisrat least incomplete.

This lack of reproductive isolation might be fiygsexplained by an incapacity of female
P. hispanicao discriminate between populations of males,ashgps simply by a lack of
female mate choice criteria. Females might seteestablish in areas scent marked and accept
mating by any male with enough genetic relatednBss. would explain the occurrence of
gene flow and hybridization between related, b&nelvetween clearly distinct species, within
the Genud?odarcis observed in the laboratory (e.B.,bocagek P. carbonellj Galan, 2002)

and based on genetic analyses (Capula, 2002; etrddo 2007).



Our study showed that femdbe hispanicaselected scent of males using the proportion
of chemicals in femoral gland secretions. Fematefepmales with relatively higher amounts
of cholesta-5,7-dien-3-ol (= provitaminsDn femoral secretions. Previous studies showatl th
femaleP. hispanicacan actually detect changes in concentrationisflihid (Martin & Lépez,
2006d). This criterion may be explained by the pasirelationship between the amount of
cholesta-5,7-dien-3-ol in secretions and the gualithe immune response of a male observed
in this species (Lopez & Martin, 2005) and in otlaeertid lizard species (Martin & Lopez,
2006c¢). Cholesta-5,7-dien-3-ol is a precursor ftamain D; and, in humans and other
mammals, there is considerable scientific evidehaethe active form of vitamin D is a potent
immune system modulator with a variety of effeataramune system function that may
enhance immunity (Griffiret al, 2003; Haye®t al.,2003). In lizards, experimental dietary
supplementations and challenge of the immune systggest that there may exist a trade-off
between physiological regulation of the immune erystind the allocation of essential nutrients
(provitamins) to sexual ornaments (Martin & Lop2@06e; Martiret al. 2007b; Lépezt al,
unpublished data), which may allow to honestly algnale quality via chemical cues.

Interestingly, average amounts of cholesta-5,A-8i®| in males’ secretions did not
vary between our study populations, although intbvidual variability is high in both
populations. Therefore, if females used this sigoaelect a male, the population of origin
would not affect to the mate election, but ratlerindividual characteristics of each male. This
mate selection based on specific characteristichemical signals of males that not differ
between populations would lead to a lack of effecteproductive isolation. In fact, our results
confirmed that successful copulation with similaaacteristics can occur between males and
females of both populations.

In summary, in this study, we have seen that atst# clear differences in morphology

and chemical signals between two populationB.dfispanicdizards, which probably resulted



from small genetic differences, there are not det@rpopulational discrimination at the level
of chemical recognition and pre-mating reproducisaation. Females do not seem to
discriminate between male chemicals, nor show peates for the scent of males from their
own population, but seem to base their selectioarveria of individual male quality that are
shared by males of both populations. Also probiadsliof successful matings do not depend on
the origin population. All these results suppodttreproductive isolation and speciation

between types in the. hispanicacomplex is not clear and merits further studies.
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Table 1 Morphological measurements (mea®E) amd lipophilic chemical compounds

(mean+SE of TIC area) found in femoral gland séamstof malePodarcis hispanicafrom

Fuenfria and Golondrina populations. Results (Frgyh protected one-way ANOVAs on

transformed data (see methods) are shown.

Morphology:
Weight (g)

SVL (mm)

Condition (weight/svl)

Head length (mm)
Head width (mm)
Head depth (mm)
Femoral pores

Blue oceli

Chemicals:

Fatty acids (C12-Cys)
Fatty acids (C16-Cis)
Fatty acids (Cy0-Cy4)
Alcohols

Waxy esters
Squalene

Cholesterol

Fuenfria

51 0.2

63 £1

0.89 £ 0.01

14.90 £ 0.18

9.29 £ 0.25

6.28 £ 0.10

18.4 £ 0.4

3+1

1.58 £ 0.22

7.44 £ 1.87

1.49 £ 0.38

2.25 £ 0.36

2.01 £ 0.67

0.45 £ 0.12

52.14 £ 2.24

Golondrina

4.1+0.2

571

0.80 + 0.01

13.18 £ 0.15

8.12 £ 0.12

5.66 = 0.06

18.7 £ 0.5

4+1

2.91 £ 0.41

8.50 £ 0.97

0.73 £ 0.09

0.87 £ 0.05

0.62 + 0.28

0.42 £ 0.04

63.88 £ 1.22

F118

16.55
13.36
12.22
8.30
4.15
7.09
0.22

0.19

12.23
5.43
3.70

14.60
3.62
3.02

6.55

0.0007

0.0018

0.002

0.009

0.05

0.01

0.64

0.66

0.0026

0.03

0.07

0.0012

0.07

0.10

0.02



Cholesta-5,7-dien-3-ol
Ergosta-5,8-dien-3-ol

4,4-Dimethyl-cholesta-5,7-dien-
3-ol

Campesterol
Cholesta-4,6-dien-3-one
Cholestanol

Minor steroids

19.34 £ 0.97

3.37 £0.14

2.04 £0.17

0.33 £ 0.07

0.83 £ 0.15

0.46 £ 0.31

6.21 + 0.64

13.12 £ 1.14

2.43 + 0.08

1.01 £0.20

0.48 + 0.06

0.16 £ 0.05

0.61 £0.25

4.24 =+ 0.38

0.01

0.09

3.19

4.53

12.18

1.54

0.01

0.91

0.77

0.09

0.04

0.003

0.23

0.93



FIGURE LEGENDS:

Fig. 1. Percent number of times (mean+SE), during eatWw@f&cent’'schoice trials, that female
P. hispanicdizards from two populations (Fuenfria or Goloma) were observed on paper
strips scent marked by (a) males from the sameoar the other popualtion, or (b) by the male
within each pair with relatively higher or lowergportions of cholesta-5,7-dien-3-ol in its

femoral secretions, independently of the populatibarigin.

Fig. 2. Relationship between relative proportions of estd-5,7-dien-3-ol in femoral gland
secretions and the attractiveness index scoreslf imardsP. hispanicgrom two

populations, Fuenfria (0) or Golondrina ().

Fig. 3. Rate of successful copulations between maled&far hispanicdrom two populations
(Fuenfria or Golondrina) with females from theirmar from the other population, in two

successive copulation trials of the same male different individual females (see methods).
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El primer trabajo mostr6 que a pesar de las claras diferencias tgitas y de sefales
quimicas entre las dos poblacionesRiehispanicadel norte de Madrid, y de las posibles
pequefias diferencias genéticas, no existe una dig@iminacion interpoblacional entre
individuos ni tampoco un aislamiento reproductivoe-popula efectivo. Las hembras
consideran quimicamente a todos los machos pol, imgependientemente que sean de su
poblacion o no. Sobretodo, su eleccidn de pare@iante sefiales quimicas se basaria en un
compuesto presente en las secreciones femoraléss daachos de las dos poblaciones, el
Colesta-5,7-dien{8ol. Este compuesto es un precursor de la vitarbipacon importantes
funciones metabdlicas (absorcién del calcio y ragjdh del sistema inmune). Por lo que puede
existir un compromiso entre destinar este compuasteetabolismo general 0 a las secreciones
femorales. La secreccién de este compuesto sqyéxiabnente costoso para los machos de
baja calidad y por tanto podria ser un buen indeealidad individual de los machos para las
hembras a la hora de elegir parejas.

Pero en este estudio, hemos observado dos poldscimly cercanas. Sabemos que son
diferentes visual y quimicamente pero no conocesussdiferencias genéticas relativas. Los
analisis de las variaciones genéticas y flujo denééntre estas dos poblaciones podrian
explicar en parte los resultados etolégicos obtenid

Ademas, ¢que pasaria si cojieramos una poblaciés lejana geograficamente y con
individuos de morfologia aun mas diferente? ¢Lderaticias de las sefiales quimicas, y
visuales podrian ser mayores y, por tanto, elraislato reproductivo seria mas efectivo?

En el proximo trabajo, hemos cogido otra poblacion &®darcis hispanicadel sur de la
comunidad de Madrid (Aranjuez), donde el suelo eatacterizado por yeso y caliza, ademas
de estar situada a una altitud menor que las pobke de la sierra (Golondrina y Fuenfria).
Esta nueva poblacion también se diferencia al migatoloracion y del tamafio corporal. IRas
hispanicade la zona de Aranjuez son mas pequefias y deacmlormas clara.

Compararemos los rasgos morfologicos de las trefagiones deP. hispanica También se
analizaran las diferencias genéticas entre estlm@ones. Finalmente probaremos si existe
reconocimiento quimiosensorial entre ellas paraertean primer indice de aislamiento
reproductivo entre poblaciones mas diferentes jpcdds.



/ El reconocimiento basado en sefales quimicos emtligiduos de Phispanicade poblaciones
del sur y del norte de Madrid, muestra un pos@d$tamento reproductivo.

Marianne Gabirot, Pilar Lopez, Staffan Bensch &Jekartin



Morphological and genetic variability between poputions of Podarcis hispanica lizards

in the Madrid region: effects on intraspecific recgnition in this species complex

Marianne Gabirot, Pilar Lopez, Staffan Bensch and dsé Martin

Departamento de Ecologia Evolutiva, Museo NacideaCiencias Naturales, CSIC,

José Gutiérrez Abascal 2, 28006 Madrid, Spain

Short title: Interpopulational variations in lizardnd speciation

Address correspondence to Marianne Gabirot: mcnB@80ncn.csic.es
Tel.: 34-91-5 64 50 78 Ext: 1221

Fax: 34-91-5 64 50 78

No. of words in the text: 10334



1. INTRODUCTION

The concept that species are basic units of ewslugach with its own unique genetic makeup,
is widely accepted amongst evolutionary biologizison, 1957; Paterson, 1993; Drew, 2004;
Balakrishnan, 2005). The accurate identificatiod description of biological species is vital
and morphological taxonomists must continue todiagnostic systems that elucidate, or are in
agreement with genetic boundaries (Balakrishna@5®AIthough molecular methods, such as
DNA analyses, may assist in species resolutiontgletual, 2003), their values needs to be
assessed in light of what constitutes a speci¢zlikigh, 2006). Combining different sources of
information is essential for a complete understagaif the process of differentiation between
species.

Wall lizards specief?odarcisspp, are the predominant lizard group in southern Europe
Their taxonomy is complex and unstable, primarggduse species are morphologically similar
but exhibit substantial levels of intraspecificiasion (Arnold & Burton, 1978). Recently,
molecular studies have suggested the existenceguaiilng speciation processes within taxa
previously considered to be conspecific. For exammlolecular and morphological studies
suggest that the Iberian wall lizaRpdarcis hispanicais paraphyletic, and forms a species
complex with at least five monophyletic lineagesiffaume 1987; Harris & Sa-Sousa 2001,
2002). In the western and central parts of theldindPeninsula two allopatric types have been
described. In Northwestern IberR, hispanicaype 1 occurs, mainly in highlands and where
Atlantic humid environmental conditions prevail, ilehP. hispanicaype 2 occurs in Central
and Southern Iberia, where Mediterranean dry canditare typical (Sa-Sousa, 2000; S4-Sousa
et al, 2002). Although their populations are mainlypHtric, both types have been reported
from the Madrid Region (Central Spain). In thisaréistinct populations live close together
without geographical isolation, and individualsboth types may find each other easily

(Mellado & Olmedo 1981; Garcia-Pagsal, 1989). We can observe that there exist a variety



of morphologies in this relatively small geograathiarea. For example, in the northern
populations, where the habitat is compose by maustnd highlands, individuals are larger
and with darker colour than in the southern popaatwith gypsum type habitat and plain
relief (personal observ.). These distinct lizargyations contacting at this particular area
provide an excellent system to study whether mdagagical differences between populations
are due to actual genetic differences, and to Bdaranterpopulation recognition mechanisms
that might lead to reproductive isolation and sgtan processes within this species complex.

Chemosensory recognition is well-develope®irhispanicdizards. They can discriminate
between conspecifics and more genetically distatdrbspecificsK. bocage), and between
sexes by chemical cues alone (Goraeal, 1993; Lopez & Martin, 2001; Cooper & Pérez
Mellado, 2002; Lopeet al, 2002). Moreover, the aggressive response of thatéan wall
lizards to intruding individuals depends at clasege on pheromonally mediated sex
recognition; males impregnated experimentally witbnt of males were attacked by other
males, but males impregnated with scent of fendilbsot elicit aggressive responses (Lopez
et al, 2002), and females bearing male scents werekatlgLoépez & Martin, 2001).

Recently, a chemical analysis has demonstratedrthlgs of two closed populationsif
hispanicafrom the Guadarrama Mountains (Central Spainjliing different environmental
conditions, differ in the chemical composition efrforal gland secretions of males (Martin &
Lopez, 2006a). Males of the population inhabitingrenhumid microclimates have secretions
with more compounds (e.g., long chain alcohols\aagly esters) that may favor persistency
and efficiency of chemical signals in humid envirents. Moreover, different rates of
chemosensory exploration show that males can thgwie by chemical cues alone between
males of their own and the other population (Magtibdépez, 2006a,b). In contrast, females
detected but did not seem able to discriminate éetvscents of males of the two populations

(Martin & Lépez, 2006a,b). A similar study showattmales oP. bocageandP. hispanica



from the north of Portugal are able to discrimingtemically between conspecifics and
heterospecifics, but females are not (Barkaisal, 2006). These results suggest that, even if
there are differences in chemicals in male femseatetions, females might be basing their
mate recognition, and mate preferences, on simllamical cues shared by males from
different populations. Moreover, other experiméravged that males and females from these
two populations can copulate successfully withvrdiials from the other population (Gabirot
et al. unpublished data). Despite these two populati@iferdn morphological and chemical
characteristics, it seems that premating reprogeictolation does not entirely occur. Perhaps
the magnitude of these differences between thes@opulations are not enough large as to

lead to an effective reproductive isolation process

In this paper, we aimed to study distinct populaiofP. hispanicdizards inhabiting different
areas of Madrid Region, but where the phenotydiferinces between lizard populations are
more marked, and the habitats are different. Her tie captured individuals in two
populations in the north Mountains and one popaorteitn the south of the Madrid community.
First, we characterized and compared these popaokaby morphological (body size,
colouration) and molecular methods (DNA microségd). Moreover, we further analyzed
whether there were chemosensory recognitions betiese three populations of Iberian wall

lizards from the Madrid region.

2. METHODS

POPULATIONS SAMPLING

During March 2007, we captured by noosing malesfamalesP. hipanicaat three
close localities in the Madrid Province (Spain). ¢éptured 20 males and 21 females were

captured from a population occupying different gearock-cliffs at the edge of a pine forest in



the upper part of ‘Valle de la Fuenfria’ (40° 47, 4 03'W; 1750 m altitude). 19 males and 36
females were captured on rocky outcrops in a laegeforest near ‘Cercedilla’ village (40° 44’
N, 4° 02'W; 1250 m altitude). Finally, we caughirfdles and 12 females in the south of
Madrid, near to Aranjuez (40°2’'N, 3°37°0; 494 mitaltle) from populations encountered in
different rock in hills where the ground is congi by chalk and gypsum.

Within each population, we captured lizards ifdetént places over large areas (10 km?)
to ensure that individuals had not seen in prevammgact, which might affect their responses
(L6pez & Martin, 2002). All population types weerognized based on morphology and
colouration. Fuenfria lizards have flattened head lzody, reticulated or stripped dark dorsal
patterns and whitish pearly coloured belly, whe@akdrina lizards have head and body
moderately robust, light brown patterns and orarally and Aranjuez individuals have low
head and body robust, and they are more light-cetbwith a pattern more yellow-green than
mountain’s populations (for details see Pérez-Mell& Galindo, 1986; Guillaume, 1987; Sa-
Sousa, 2000; Sa-Soustal, 2002).

In the northern mountain area, the two study pafaris are 6 Km apart, occupying
different altitudinal ranges (Fuenfria: between @-A800 m; Golondrina: below 1500 m) with
different microclimates but with similar microhadtitstructural characteristics (P. Lépez & J.
Martin, unpublished data). Between these two pdjouls, there is an altitudinal area (aprox.
between 1500-1700 m) where no stable populatidh dispanicas found. However, suitable
habitat (i.e., rocky outcrops) is available andylapons of other similar lacertid lizard species
are present (Martin-Vallejet al, 1995), but also some, presumably wandefhdpispanica
individuals are occasionally found. For example hage found isolated individuals mathcing
the morphology of lizards from the lower populat{@olondrina) as close as 2 Km from the
higher population of Fuenfria (P. Lopez & J. Martinpublished data). These observations

strongly suggest that encounters between indivedofboth populations should not be rare.



However, the distance between the north and sayblations is of about 100 km., so the
probability of encounters between individuals frdma mountains and from the south is very
low.

All lizards were individually housed at “El Ventdlo” Field Station (Cercedilla,
Madrid) about 5 Km from the capture sites of thetlmern populations, in indoor 60 x 40 cm
PVC terrarium containing sand substratum and rémkeover. Cages were heated with 40 W
spotlights during 6 h/day, and overhead lightedB@ull-spectrum daylight tubes) on a 10:14
light/dark cycle, and were screened from each aiberg cardboard. Every day, lizards were
fed mealworm larvaelenebrio molitoy dusted with multivitamin powder for reptiles, and
water was providedd libitum Lizards were held in captivity at least one wbekore testing
to allow acclimation to laboratory conditions. Twdal that lizards had contact with the scent
and visual stimuli before they were tested, teararwith lizards of different populations were
housed separately. All lizards were healthy dutivegtrials. They did not show behavioural or
physiological changes due to possible stress aéraxyents, and all maintained or increased
their original body mass. Lizards were returneth&r exact capture sites at the end of
experiments. The captures and experiments wererpegtl under license from the
Environmental Agency of Madrid Government (“Consigelel Medio Ambiente de la

Comunidad de Madrid”, Spain).

MORPHOLOGICAL CHARACTERISTICS

For each population, we made morphological measafreach individual: weight, size
between nose and cloaca (snout-to-vent length, Sth¥)body condition, head size, number of
femoral pores in each side, number of blue ocatiach side. We used GLM models to analyze
differences in body mass between populations axeksséncluding the interaction between
sexes and populations. We corrected body mass hyoSNzards, thus, we refer through the

text indistinctly to body mass and body condition.



In this paper we used the body condition for tifieicknt analyse making the regression
of weight on SLV, both In corrected (Regression:0.60; k 113= 64.76; p<0.0001). The body
condition is the body mass corrected by the SVthis regression, but we also used the
residuals of this regression and named body camditidex (BCI). Similarly, we transformed
the head size measurements corrected by the Sli¥felanalysis, we used the residual of the

regression head size data on SLV.

MEASUREMENTS OF COLORATION

Male and femalé®. hispanicahave similar dorsal coloration (a brownish-olivaeckground,
presumably mimetic with the habitat) but differ sswinat in dorsal blackish patterns, which
were the same during all the seasons. Howeverralerioration is sexually dichromatic,
being bright orange to yellow to human observer) maximum reflectance values between
600 and 700 nm (see results), in adult males ektipepulations during the mating season
whereas it is white in females and juvenile malémtral coloration of males seems to be
dependent of androgens (i.e. more developed dthismghating season) and could be
considered as a secondary sexual signal. Intrédgpsex determination at long distance is
based on the presence/absence of this coloratie@d & Martin, 2001; Lépeet al.,2002).

As in other lizards, yellow, orange and red coliorat are probably produced by carotenoid and
pteridine pigments (Cooper & Greenberg, 1992; Mao&xkt al.,2000).

We measured reflectance of coloration from 30030 nm using an Ocean Optics
USB2000 spectroradiometer with a DT-1000-MINI Deiuten—Halogen light source (Ocean
Optics, Inc., Dunedin, FL). To exclude ambient tighd standardise measuring distance, a
cylindrical metallic tube was mounted on the bifited fibre optic probe (Montgomerie, 2006).
The probe was held at a 90° degree angle to time akd reflectance was measured, always by
the same person (MG). We measured coloration anstamdardized spots in the ventral part:

on the middle of the throat (between the last chirlds and the collar; ‘throat’), between the



two forelimbs (at the middle of the second row ehtral scales from the collar; ‘breast’), close
to the end of the vent (at the middle of the fouaw of ventral scales from the cloaca; ‘belly’)
and on the beginning of the ‘tail’; We also meadureloration on two standardized spots in the
dorsal part: one between the two forelimbs and@mteeen the hind legs. Reflectance (R) was
calculated relative to a white standard (WS-1-Sil) the OOIBase32 software (Ocean Optics,
Inc.). Mean reflectance was summarized over 6 memsstbinned’; Grill & Rush, 2000) before
statistical analysis.

We mathematically summarized the spectra usimgipal component analysis (PCA)
(Cuthill et al.,1999; Grill & Rush, 2000). This method makes naag#tions about how
reflectance variation is perceived or which aspetthe spectrum might be important (Cuthill
et al.,1999). In PCA of spectral data, PC1 represenigtan in intensity of coloration or
brightness, and subsequent PCs represent comlisatidnue and chroma (Cuthelt al.,1999;
Grill & Rush, 2000). Principal component analysassperformed including all spectra for all
males togetherbut separately for the ventral amgadl@aolorations. Then, we used GLMs to
examine the variation in PC scores between popuisitatnd between body positions (within
effect; ‘body’: throat vs. breast vs. belly vsltai

In addition, we used the segment classificatidd)(@ethod (Endler, 1990; Grill &

Rush, 2000) to calculate the relative contributimtotal spectra of four different ‘colour
classes’: UV (300-400 nm), blue-green (400-500 nyalljpw (500-600 nm) and orange-red
(600-750 nm). We first calculated the area underetfitire reflectance curve (i.e. the sum of the
reflectances at all measured wavelengths) by ustegral calculations. Then, we similarly
calculated the area within each of the above folow classes, and finally calculated the
relative contribution of each colour class to théaltreflectance area. Then, we used GLMs to
examine the variation in contribution of each cololass between populations and between

body positions (within effect; ‘body’).



POPULATIONS GENETIC STRUCTURING

We tested 27 lacertid microsatellites isolate®auarcis muraligNembrini &

Oppliger, 2003)Lacerta vivipara(Boudjemadiet al.,1999),Podarcis bocageiPinhoet al.,
2004),Podarcis erhardii(Poulakakiset al.,2005a) for cross-species amplificatiorPin

hispanica Tail samples were collected and preserved imelh®NA was extracted with the
DNeasy Tissue extraction kit (QIAGEN) fBr hispanicalnitially, the primers were tested in
sevenP. hispanicandividuals from the Madrid area. The PCR (polyaser chain reaction) mix
contained 4 pmol of each primer, 15 nmol MgQl25 nmol dNTP, 0.5 U Ampli-taq

polymerase and 10 ng template in aul@action. PCRs were done in a GeneAmp PCR system
9700 (Applied Biosystems) and the conditions waré#dows: 94°C for 2 minutes, then 35
cycles at 94°C for 30 &4 for 30 s/72°C for 30 s followed by 72°C for 10 mies, wherd,is

the locus specific annealing temperature. The éscent-labelled PCR products were separated
and alleles were detected in an ABI PRISM 3730lzapisequencer (Applied Biosystems).

Of the 27 primer pairs tested in the 7 test indiaid ofP. hispanicave deemed 14 to
be potentially useful since they had polymorphiedurcts. 4 loci were not further tested and 1
discarded due to unspecific amplification Rarhispanicd Runemarlet al.,, 2008). The
remaining loci were either monomorphic, did not &fgywr had unspecific products
(Runemarket al, 2008). The 9 apparently polymorphic and easityed loci inP. hispanica
were further tested in all individuals from Madacea: in 19 individuals from the Aranjuez
population, 20 from Fuenfria population and 20 frGmlondrina population.

Standard population genetic analyses were pertbtmeheck all samples for evidence
of linkage between loci and departure from randountdrossing) genotypic expectations. Tests
for significant genetic heterogeneity between samplhere performed using Exact Test of
allele and genotype frequencies, and via the deqgadf measures of genetic differenciation

(FST) from zero and population structure, using sbhéware computer progranGENEPOP



(Raymond & Rousset, 1995)sTAT (Goudet, 1995)ARLEQUIN 2.0(Schneideet al, 1999) and

STRUCTURE 2.1(Pritchardet al, 2000).

SCENTS RECOGNITION EXPERIMENT

Lizards have been shown to react to a variety efrébal stimuli with increased and
differential rates of tongue extrusions (Cooper @&dhardt, 1990). Tongue-flick (TF) rate can,
therefore, be used as a quantitative bioassaytettien of chemical cues (e.g., Cooper &
Pérez-Mellado, 2002). Thus, to test for differdn@gsponses to scents we made comparisons of
TF rate by lizards (males and females) in resptmsbemical stimuli arising from cotton
applicators impregnated with scents of male or fefRahispaniceof different populations
(Aranjuez, Golondrina and Fuenfria), or of maldesnaleP. muralis(used as a control of a
related but well distinct lizard species), or wilionized water (odorless control) (Cooper &
Burghardt, 1990). Water was used to gauge bas€kigerates in the experimental situation.
We tested lizard scents from the femoral poresaemor from the cloacal area of females
because these are the bodily areas most frequardiyntensely investigated by tongue-flicking
during social encounters (LOpez & Martin, 2001, 20Mpezet al, 2002). Therefore, after
first dipping the cotton tip (1 cm) of a wooden hggitor attached to a long stick (50 cm) in de-
ionized water, we rolled the tip over those boditgas (of one population and sex per
applicator). We used a new applicator in each.trial

Every lizard was exposed to each stimulus andraferesentation was
counterbalanced. One trial was conducted per dagefoh animal. Trials were conducted in
outdoor conditions during April, which coincidedtivihe mating season of lizards in their
original natural population (P. Lopez & J. Martimpublished data), and between 1100-1300 h
(GMT) when lizards were fully active.

To begin a trial, the experimenter slowly appraatthe terrarium and slowly moved

the cotton swab to a position 1 cm anterior toliteeds’ snout. Lizards usually did not flee



from the swab, but explore it repeatedly by tonfilwging or ignore it after the firsts TFs. The
numbers of TFs directed at the swab were recormie@X s beginning with the first TF.
Latency to the first TF was computed as the peslagsed between presentations of the cotton
swab to the first TF directed at the swab. To exandifferences in number of TFs directed at
the swab among treatments, we used repeated measorgray ANOVAS examining the
effects of scent stimuli (within factor: Fuenfria. Golondrinavs. Aranjuezvswatervs. P.
muralis) and population of the responding lizard (betwisaors). We included the interaction
in the model to analyze whether responses to ffereint scents differed as a function of the
population of the responding lizard. Analyses wesgle separately for responding males and
females. Data were log-transformed to ensure naymaksts of homogeneity of variances
(Levene’s test) showed that in all cases variamae not significantly heterogeneous after
transformation. Pairwise comparisons were planrsgurl ukey’s honestly significant

difference (HSD) tests (Sokal & Rohlf, 1995).

3. RESULTS

MORPHOLOGICAL CHARACTERISTICS

Weight, SVL, body condition and BCI were signifitly different between sexes
(ANOVA: F3 3= 6.43, p= 0.0003) and between populations (ANOW&s,7=9.32 p<0.0001),
and the interaction between population and sexasnet significant (MANOVA: k3,~0.75
p=0.60). Males were significantly greater than flEsagdANOVAs: weight, It 105~ 17.53
p<0.001; SVL, F1013.99 p=0.0003; Body condition; fs=13.98 p=0.0003; BCI, {F105=6.94
p=0.009).

Males from Fuenfria were significantly larger amehvier than males from Golondrina
and Aranjuez. Also, males from Fuenfria had sigaifitly higher body condition than

Golondrina and Aranjuez males (Table 1).



For females, we only found significant differenesween populations with respect to
SVL and body condition (ANOVAS: SVL,Js5=25,49 p<0.001; body condition; §=25.48
p<0.01). Females from fuenfria were larger thato@Gana’s females (Tukey’s test: p=0.0007)
and than Aranjuez’s females (p=0.00011), and Golaisdfemales were larger than Aranjuez
females (p=0.00018).

Respect to the head size (length, width, deptB)made a model with these three
variables and populations and sexes as categgrmaps. Males had significantly greater
heads than females (MANOVA; 3.7 p=0.02) but we did not find significant diféerce
between populations {15=1.00 p=0.40), and the interaction was not sigaiftq R »15=0.71
p=0.57; Table 1).

With respect to the number of femoral pores, madbsignificant more pores than
females (two-way ANOVA, F10545.98 p<0.001), moreover the population had aifscgmt
effect on the number of femoral pores without sexsideration (k104=6.00 p=0.003), and the
interaction between populations and sexes wasigrufisant (F,,10=1.04 p=0.35). Lizards
from Aranjuez had significantly less femoral potiesn lizards from Golondrina (Tukey'’s test:
p=0.017) or Fuenfria (Tukey'’s test: p=0.0012; Table

With respect to the blue oceli, present only inesathere was significant difference in
the number of blue oceli between populations (oag-WNOVA: F, 4~4.07 p=0.02). Males
from Aranjuez population had a higher number otldgeli than males from Fuenfria (Tukey’s
test: p =0.03). Males from Golondrina did not difsggnificantly in the number of blue oceli
with respect to males from Fuenfria (Tukey’s tpst0.11) and Aranjuez (Tukey's test: p

=0.57) (Table 1).

MEASUREMENTS OF COLORATION

Ventral coloration




The PCA on reflectance data of all spectra of antoloration produced three principal

components (PCs) that together accounted for 95.0Bfte variation in the original spectra.

The first PC (PC-1) accounted for 82.72% of vamiat{eigenvalue = 57.77). The coefficients
relating PC-1 to the original reflectance data wadtenegative and of similar magnitude (Fig.

la), so PC-1 represented achromatic brightnesatiaariin the original spectra. The second PC
(PC-2) accounted for a further 7.49% of the vaviat(eigenvalue = 4.87) in the original

spectra. The coefficients relating PC-2 to theinabreflectance values below 540 nm were all
positive, while above 540 nm they were negative.(Ea). PC-2 thus represented variation in
the relative amount of short- to long-wavelengtite@ance. The third PC (PC-3) accounted for
4.87% of the variation (eigenvalue = 3.17), and gatern of coefficients suggested it

represented variation in the relative amounts oflioma (410-600 nm) wavelengths in the

negative side to both short (300-410 nm) and I&@P{740 nm) wavelengths in the positive
side (Fig. 1a).

Overall characteristics of ventral coloration defil by all PCs differed significantly
between positions in the ventral area (MANOVA:35=3.09 p<0.0001) and between
populations (fF344~11.62 p<0.0001) and the interaction was signiti¢&ip 347~2.44 p=0.004)
(Table 2). Characteristics of ventral coloratiofimed by PC-1 (i.e, brightness) differed
significantly between populations (two-way ANOVA; £7=45.43 p<0.0001) and between
body positions ( £177=24.48 p<0.0001) but the interaction was not sigairit (k5 177=1.29
p=0.26). Brightness was significantly higher at tim@at than at the breast (Tukey’s test:
p=0.0002) and higher than at the belly and atahldpg<0.0001 in both cases). Brightness at the
breast was significantly higher than at the tadQ®02) (Table 3). Moreover the model showed
that the PC1 value of Fuenfria were higher tharo@diina (Tukey’s test: p=0.0003) and than
Aranjuez values in each body area (p=0.0001). Arahjaez PC1-scores were lower than

Golondrina scores (p=0.02) (Table 3; Fig. 2a).



Characteristics of ventral coloration defined I63+P (i.e. relative amount of short- to
long-wavelengths) differed significantly betweerdipgositions (two-way ANOVA:
F3,177=20.29 p<0.0001), and between populations {£6.04 p=0.003), but the interaction was
significant ( 5 177=2.57 p=0.02) (Table 2). Values of PC-2 scores \pesgtive and
significantly higher at the throat than at othesipons (Tukey’s tests: p<0.0001 in all cases),
while PC-2 score values were negative and similreabreast, belly and tail ( p>0.5 in all
cases). Values of PC-2-scores were significantkelan the Golondrina population than in
Fuenfria (p=0.01) and but not differ to Aranjuezptations (p=0.72). While Aranjuez and

Fuenfria PC-2 values did not differ (p=0.10) (TaBid~ig. 2a).

Characteristics of ventral coloration defined I3+ (i.e. relative amounts of medium to
both short and long wavelengths) differed signiitbabetween body positions (two-way
ANOVA: F31779.75 p<0.0001) and between populations; {f£37.43 p<0.0001), and the
interaction was not significant {f7=1.86 p=0.08) (Table 2). PC-3 values were positive
significantly higher at the throat than at othedyp@ositions (Tukey’s test: breast; p=0.0003;
belly: p=0.00001,; tail: p=0.0001), while PC-3 scoweere negative and similar at the breast,
belly and tail (p>0.5 in all cases). Moreover thed®l showed that the PC3 values of Fuenfria
were higher than Golondrina (Tukey’s test: p=0.0C0% than Aranjuez values (p=0.0001)
(Tables 2, 3). But there was no difference sigaificbetween Golondrina and Aranjuez PC3

values (p=0.19) (Table 3; Fig. 2a).

The analyse of colours classes in GLM showed tieaetwere significant effects of the
area and the lizard population on the relative rdoution of UV, Blue-Green, Yellow and
Orange-Red categories to ventral coloration, aadrtteractions were not significant (Table 4).

In more detail, we observed a lack of significaiffedences between populations in the



proportion of UV coloration in the throat, bellyatail (Table 5; Fig. 3), whereas in the breast
males from Aranjuez had significantly higher prapmors of UV coloration than males from the
other two populations (Table 5; Fig. 3).

We observed that the intensity of colour clas$esged between body areas (Tables 4,
Fig. 3). The UV values decreased from the throdhédaail, whereas the Yellow values
increased. The Blue-Green values for the Aranjugrifation were higher in the anterior part
(Throat, Breast and Belly) than in the posterioe Bbserved a similar, but less notable,
decrease for the other two populations. Finallg,drange-red coloration was more intense in
the posterior part of the body part than in theeaat part for all populations (Fig. 3).

In all body areas, Aranjuez individuals showedhgigant higher values of Blue-Green
coloration than Fuenfria and Golndrina individu@isickey’s tests: p<0.05 in all cases).
Moreover, Golondrina and Aranjuez males differe@lure-green coloration in all body areas
(p<0.05), but in the throat and tail (p>0.05). Blyreen coloration of Fuenfria and Golondrina
were different in throat and breast (p<0.05). Ciolythe breast, these three populations showed
significant difference between themselves (p<O(0aple 5).

For the Yellow coloration, the differences betwgepulation are less notable (Tables
4,5; Fig. 3). The only significant difference wastween Fuenfria and Golondrina populations
in throat, breast and tail (Tukey’s tests: p<0.@54dil) (Table 5).

Finally, for the orange-red coloration, Fuenfriales showed significantly higher values
than Aranjuez and Golondrina males (Tukey’s tgst§.05). But there were no significant
difference in this coloration type between Aranjaezl Golondrina populations in all the body
areas (p>0.05 for all). Only for the belly, orange-values of Golondrina males were not

different from Fuenfria males’ values, but diffenedh those of Aranjuez (Table 5; Fig. 3).

Dorsal coloration




The PCA for the spectra of dorsal coloration pastlthree principal components that
together accounted for 95.12% of the variationha original spectra. The first PC (PC-1)
accounted for 77.96% of variation (eigenvalue =630. The coefficients relating PC-1 to the
original reflectance data were all positive andrr@8 and of similar magnitude (Fig. 1b), in
the same way that for the ventral coloration, weladhink that PC-1 represented achromatic
brightness variation in the original spectra. Teeasmid PC (PC-2) accounted for a further
10.59% of the variation (eigenvalue = 6.88) in tinginal spectra. The values to PC-2 below
600 nm were all negative, while above 600 nm theyenwpositive (Fig. 1b). This represented
variation suggested it represented variation inréhative amounts of short-medium (350-600
nm) wavelengths in the negative side to long (600-7m) wavelengths in the positive side. in
the relative amount of short- to long-wavelengtite@ance. The third PC (PC-3) accounted for
6.57% of the variation (eigenvalue = 4.27), and ¢befficients relating PC-3 to the original
reflectance values between 400 nm and 600 nm wereegative, while below 400 nm and
above 600 nm, they were all positive (Fig. 1b). P@wus could represent variation in the
relative amount of short- to long-wavelength refiece of dorsal coloration.

There were not overall significant differencesha tharacteristics of dorsal coloration
between body positions (MANOVA:1s=0.14 p=0.70), but there were significant differesc
between populations £Es=12,51 p<0.0001). And the interaction was not digant (F, gs=0.91
p=0.40) (Table 4).

Univariate test showed that differences betweemnladpns were only significant for
PC-1 (i.e. brightness) §Bs=27.12 p<0.0001) and PC3 values (i.e. relative artsoaf medium
to both short and long wavelengths) between theljatipn origin of individuals (fFse=4.54
p=0.01 for PC3) (Table 2; Fig.2b). Lizards from Ajizez had significantly brighter (PC-1)
dorsal colorations than lizards from GolondrinaK@yis test: p=0.0009) and Fuenfria

(p=0.0001), and lizards from Golondrina had sigraifitly brighter dorsal coloration than



lizards from Fuenfria (p=0.00023). Respect to ti& Ralues, there were not significant
differences between Aranjuez and Fuenfria (p=0.63))izards from both populations had
significantly higher values than lizards from Galoina (p=0.02 for Aranjuez; p=0.04 for
Fuenfria).

When we analysed the contribution of the differasibur classes to dorsal coloration,
we did not find significant differences between pageas, but there were significant
differences between populations for all colour s#asbut for the yellow one (Table 5; Fig. 4),
and the interactions were not significant. Considgonly the effect of population on the
coloration classes, we observed that the valuéb/orom Fuenfria males were higher than
those from Aranjuez males (Tukey’s test, p=0.0db)ereas the values from Golondrina males
were intermediate and did not differ between theeotwo populations (p>0.05). For the Blue-
Green colour class, Fuenfria males had lower vaheas Aranjuez and Golondrina males
(Table 5; Fig. 4). While for the Orange-Red cololasses, Fuenfria males had higher values
than Aranjuez or Golondrina males (p<0.05). Findlly the Yellow coloration, there was not

significant difference between population (Tablé-ty. 4).

GENETIC DIVERSITY

Each pair of loci was tested for linkage disequilin and genotypic independance was
confirmed. Expected and observed heterozygotiesgdior each locus and each population are
reported in Tables. Hardy-weinberg was tested @t &xus for each population. We can note
significant heterozygote deficiencies for the lotnugd72, Pb47, Pb73 of the Aranjuez
population, for Lv472 and Lv4x of Fuenfria poputatiand for Pb10 of Golondrina population
(p<0.0006). It may be asumed that the deficit détmygotes most likely results from of a

presence of null alleles.

GENETIC STRUCTURE



Population differention oPodarcis hispanicgoppulations is presented by pairwaise FST
coefficient (Table 6). The comparison of structpopulation between the populations Fuenfria
or Golondrina with the Aranjuez population showSiFsuperior of 0.10. According to the
Wright (1978) range, we can consider that poputatiof Fuenfria and Golondrina have a
moderate to hight genetic difference with the Auaaj population. Moreover, the genetic
difference between Fuenfria and Golondrina popahatiould be considered like low (Table 6).
The gene flow between populations is shown by stienates of the number of migrants per
generation (Nm where N is the total effective nunidfdizards and m is the migrate rate). We
note that the estimates of the number of migraetgpneration is highter between Fuenfria
and Golondina (~6) than Golondrina or Fuenfria pafon with Aranjuez population (~2).
Analysing the microsatellites data with Structsoéware, we could be seen on the
graphics the population alleles’ structurePafdarcis hispanicavith both hypothesis of two
and three different subpopulations. We can obsiatethe hypothsis of two subpoplations was
the most probably. With the hypothesis of 2 subpetmns, Aranjuez in one side and Fuenfria
and Golondrina populations, in other side, havigiaificant different population structure. We
can note too a low different structure between Fieeand Golondrina populations (Fig. 5).
Moreover, we used the method of detecting the walae of number of populations
with structure software datas (Evaretaal, 2005) (Fig. 6). The distribution of In(k) (vakieut
from structure software, where k is the possibleiber of subpopulation) showed that the true
value could be 2 populations. This means that Glvloa and Fuenfria form one population but

different to Aranjuez population.

CHEMOSENSORY RECOGNITION EXPERIMENT

Responses of females to scent of males




All female lizards responded to swabs by tongio&ifig. There were signifcant
differences among male scent stimuli (repeated umeaswo-way ANOVA, k1,5130.70,
P<0.0001) and between populations of the resporfdmgles (k3=31.07, p<0.0001), but the
interaction was significant gf,s=17.23, p<0.0001) (Fig. 7).

All TF directed to scents of male lizards werendigantly higher than TF directed to
water (Tukey’s tests, p<0.05 for all cases). Fesélom Aranjuez population made more TF
directed to scents of males from their own popatathan to scent of males from Fuenfria and
Golondrina populations and than to mBlemuralis(p<0.05 in all cases). Moreover, directed
TF rates by females from Aranjuez to males fromd@dfina and Fuenfria and mdbe muralis
did not significantly differ between them (p>0.0ball cases) (Fig. 7).

In contrast, females from Golondrina or Fuenfragylations also directed significantly
more TF to scent of males from their own populaitran to males from Aranjuez or m&le
muralis(p>0.05 in all cases). However, although the nunatbdifs directed to males from
Aranjuez and mal®. muralisdiffered significantly (p<0.05), TF rates to mafemm Fuenfria

and Golondrina populations were not signifcantifedent (p>0.05 in both cases).

Responses of males to scent of males

All male lizards responded to swabs by tonguditig. There were signifcant
differences among males scent stimuli (repeatedsunea two-way ANOVA, F157~210.88,
P<0.0001) and between populations of the respondeigs (F 45=17.84, p<0.0001), but the
interaction was significant gks=16.28, p<0.0001) (Fig. 8a).

All TFs directed to scents of male lizards wegndicantly higher than TFs directed to
water (Tukey’s tests, p<0.05 for all cases). MooV Fs directed to scent of métemuralis
were significantly higher than to water (p<0.05}) bignificantly lower than to scents of males

from Aranjuez, Fuenfria and Golondrina populatigms0.05 in all cases). Males from



Aranjuez made directed significantly more TFs terds of males from their own population
than to males from Golondrina and Fuenfria popateti(p<0.05), and the number of TFs
directed to males from Golondrina and Fuenfriartbtsignifcantly differ (p=0.37) (Fig. 8a).

Males from Fuenfria population directed a sigrmifidy higher number of TF to scents
of males from their own population than to malesrfrGolondrina and Aranjuez populations
(p<0.05 in both cases). Moreover, Fuenfria malesctid significantly more TFs to scent of
males from Golondrina than to males from Aranjyez)05) (Fig. 8a).

TFs directed from Golondrina’s males to scentsafes from Aranjuez were
significantly lower than to males from their owngotation (p<0.05), but there were no
signifcant differences between TFs directed to mlem Fuenfria and Golondrina, nor

between males from Fuenfria and Aranjuez populat{pr0.05 in both cases) (Fig. 8a).

Responses of males to scent of females

There were signifcant differences among respoosesles to the different female
scent stimuli (repeated measures two-way ANOVA,7E185.9, P<0.0001) and between
populations of the responding males tested£428.17, p<0.0001), but the interaction was
significant (Fs,176=17.35, p<0.0001). Males directed significantly endFs to scent of females
from any population than to water or scent fromdéx®. muralis(Tukey’s tests, p<0.05 for
all cases), but TF directed to fem&emuraliswere significantly higher than to water (p<0.05)
(Fig. 8b).

Males from Aranjuez directed signifcantly more Téscent of females from their own
population than to scent of females from Golondand Fuenfria populations (p<0.05 in both
cases), and the number of TFs directed to femedes Golondrina and Fuenfria were not

significantly different (p=0.37) (Fig. 8b).



Males from Fuenfria directed a significantly lowemmber of TFs to scent of Aranjuez
females than to females from their own populatiwr0(0013), but TF directed to females from
Golondrina, Fuenfria and Aranjuez populations wesesignifiantly different (p>0.05) (Fig.
8b).

Males from Golondrina directed a significantly Inég number of TFs to females from
their own population than to females from Aranjaezl Fuenfria populations (p<0.05 in both
cases), but there were no signifcant differencevben TFs directed to females from Aranjuez

and Fuenfria (p=0.29) (Fig. 8b).

4. DISCUSION

Our results showed that individuals from thesedhgopulations d?. hispanicadiffer
in some aspects. Morphologically, there are difieesbetween these populations, especially
between Fuenfria and Aranjuez populations. Fueafi Golondrina could be characterised by
the northern populations and Aranjuez is the saatpepulation. And more specifically,
Fuenfria is northern than Golondrina populatione Tidividual from north populations are
more hight, more robust than individual from thetbdopopulation. Moreover the head of
individual from north population is larger, heavggeater than individual from Aranjuez
population. In addition, we noted that the numiddemoral pores was not the same between
these three populations. The significative diffeewas seen between the more distant
populations (Fuenfria & Aranjuez). Fuenfria malesd more number of pores than Aranjuez
individuals.

Moreover, we observed that the number of ocelnates did differ between
populations. Individual from the north of Madridveeless number of oceli than southern

individuals. These oceli could be a visual sigrediin intrasexual selection processes (Lopez



et al, 2004). Many animals display colour in fleshystures which may be accurate
indicators of quality due to their potentially rdpesponse to changes in condition (Lozano
1994; Faivreet al.,2003). In many lizards, males show a conspicuowsaf small distinctive
blue spots that runs along their body side on titeranargin of the belly. For example, blue
spots are present in several specie of the gescertaandPodarcis(Barbadilloet al.,1999).
Such colour spots might play an important role mlysexual selection because this is a
sexually dimorphic character (Lopetal, 2004). Blue spots may be a reliable signal &f se
body size/age and/or body condition, dominant/ofdate signal, like in the specieacerta

monticola(Lopezet al, 2004).

The analyses of coloration also showed differextitepns for these populations. We
observed ventral and dorsal colour differences etnpopulations. The brightness of ventral
coloration in the south population is higher tharhe northern populations. Moreover, the
major ventral colour differences were noted forhhes-green and orange-red ranges. The
populations from south of Madrid have ventral catmn characterized by higher proportions
of blue-green and lower proportions of orange-r@dwr than northern populations. Being the
differences greater between the most geographidatgnt populations (Fuenfria and
Aranjuez). We observed a similar result in the dbesloration. Populations from Fuenfria
have coloration with higher proportions of orangd;rwhereas Aranjuez and Golondrina
populations have higher proportions of blue-greersal coloration. For the yellow ventral and
dorsal colours and UV range, there were no diffeesrbetween these populations.

These differences in coloration and morphologyveen populations could be
explained by the different habitat where these faimns live. Firstly, northern and southern
populations are localized in two contrasting gephyesites; mountains (cold, humidity and
high altitude) vs. lowland (hot, dry and low alti®). Variation of body size of many animals,

and in particular in mammals, is often relatedlimatic factors. Many species show trends in



body size that conform to Bergmann's rule, indigidufrom colder environments being larger
than those from warmer areas (Yom-Tov & Nix, 1988preover, animal in cold sites could
have colour or adaptation in order to capture sumeat more efficiently For visual signals,
relevant ecological variables include the ambiggtitlspectrum in which a signal is viewed and
features of the visual background from which tlgmal must be discriminated. Studies of
guppies (Endler, 1991) and birds (Endler & TheB898@) have been important in demonstrating
the influence of habitat light and contrast on colsignal evolution. Moreover, Endler’s (1978,
1980, 1991) work on guppies has shown how diffezsnic spectral sensitivity between a
signalling species and its predators can seleadimur patterns that minimize predator
detection while remaining conspicuous to the sgeicievhich the signal has evolved.

In the southern areas, the light is more preseat the years, and the temperature is
higher than in the mountain sites. Perhaps indalg&lfrom mountain are darker than
individuals from the south. Perhaps for this reasalividuals from mountain need to be darker
to maximize light and heat absorption. Whereasénsouth, individuals could not need to
absorb all available light, but on the contrary Wdoeflect light and head. Thus, colouration of
lizards in the south of Madrid could have evolvednore vivid colouration.

In addition, Aranjuez individuals look more mimetuth their habitat. Closely related
Heliconiusspecies generally differ in mimetic colour pattexs though adaptive radiation has
occurred (Turner, 1976; McMillaet al, 1997). The sister specikls melpomenandH. cydno
are sympatric throughout Central America and thdefm foothills, where they differ in
mimicry and habitat use (Jijjiret al, 2001).Lizards from Aranjuez populations live in areas
with gypsum and sandy soil and they have a yelloseg vivid dorsal coloration that could be
and adaptation to this soil/habitat.

Considering the differences in number of femorakg between mountain and south

populations in the region of Madrid, we can supjpme more time that these populations could



be adapted to different habitats and in conseqeamee different type of communication
signals. Fuenfria population, or in general, popotes from high mountain, with habitat more
humid and cold, could have more evolved the usstemical cues than Aranjuez population
where the habitat is more dry and hot. These eleswamduct us to thinking that perhaps the
populations from mountains of north of Madrid coukk the chemical communication more
intensively than Aranjuez population. In contrastthe populations from south of Madrid
could prevail other type of communication suchhesvisual one. The humidity and
temperature are important for the persistency #indexncy of chemical secretions on
substrates (Alberts, 1992). So, in a habitat wkieedemperature is high and humidity is low,
the secretions will not have the same efficienag perhaps importance, than in mountain
population where the secretions will stay for lang@me and might have an important function

in communication.

In addition to these morphological results, theajie analyse showed a possible
boundaries between these populations. In factnilbeosatellites analyses showed that there
was genetic variability between these populatidine difference between both mountain
populations is very small, and we can not condidese populations like genetically different.
But south and north populations are significantffedent. Microsatellites measures

demonstrated that the genetic structure of theseptwpulations is different.

Furthermore, the chemical recognition betweeneipepulations demonstrated that
individuals of each population had more interestsftents from their own individual
population than scents of other populations. Pajulsa from the north (Golondrina and
Fuenfria) made more tongue flicks to scents fromh@sn population than to scents from the

southern population (Aranjuez) and we observedithimth sexes. Lizards could consider



individuals from the other population like belongito a different species. Perhaps, this
difference in recognition could induce to a higkelectivity for intrapopulation mate choice
and lead to a reproductive isolation. But with therent results we can not yet conclude that
reproductive isolation exists. All these resultsldanake think that populations from north and
from south of Madrid are two types very differentiahat they can be in a speciation process.
But to make a better conclusion we need more prdatpy experiment in order to know the
real or hypothetic boundary between these popuiatio

Research on reproductive isolation in African batfishes has focused olfactory cues
in mate recognition by females of a Lake Malawhtitt species. Femaleseudotropheus
emmiltoswere given a choice of spawning next to a con$ipeuiale or a male of the closely-
related sympatri®seudotropheus ainzilberHowever, Jordaat al (2003) found that females
of three Lake Malawi cichlids associated more wibhspecific males behind solid partitions
which prevented olfactory contact, even under marwuoatic light. This suggests that shape,
pattern and behaviour may have been more impdittantcolour in species discrimination in
this group. This suggests that divergence of atigcsignals may have been an important

influence on the explosive radiation of the Eagidsin species flock.

In summary, in this study, we have seen that &urttore of clear differences in
morphology and genetic between three populatios bfspanicdizards, but more especially
between the mountain and south populations in Maahea, there are clear interpopulational
discrimination at the level of chemical recognitidfales and females discriminate between the
scents from their own population and other popaitatihe different morphology, colour and
genetic results could be explained by an adaptadaiifferent habitat. These populations
living in distinct areas could have evolved in diffnt way and used different communication

signals or different cues in mate choice. All the=sults support the existence of ongoing



reproductive isolation and speciation between typelseP. hispanicacomplex, which merits

further studies.
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TABLES

Table 1 Morphological measurements (mea&E) of individualPodarcis hispanicdrom

Fuenfria, Golondrina and Aranjuez populations. Reg&, p) from protected one-way

ANOVAs on transformed data (see methods) are shown.

Golondrina Fuenfria Aranjuez F P
MALES
Weight (g) 4.15+0.14 5.27 +£0.20 3.59+0.25 16.47 <0.01*
SVL (mm) 581 61+1 52+1 19.29 <0.01~*
Body condition 1.38 £ 0.03 1.53+0.04 1.09 + 0.05 19.28 <0.01*
BClI 0.02 +£0.02 0.11 +£0.02 0.16 +£0.39 7.78 0.001*
Head length (mm) 13.7 + 0.1 14.4+0.2 124 +0.2 0.46 0.63
Head width (mm) 8.2 + 0.1 85+0.1 7.6+0.2 1.49 0.23
Head depth (mm) 5.8 + 0.1 6.1+0.1 54+0.1 0.67 0.518
Femoral pores 19+ 1 18+1 17+1 3.29 0.046*
Blue spots 3.5+0.6 1.8+0.5 46+0.8 4.07 0.02*
FEMALES
Weight (g) 4.41+141 3.66 +0.13 2.71+0.11 2.06 0.13
SVL (mm) 55%1 58+1 50+1 25.49 <0.01*
Body condition 1.23+0.03 1.40 +0.03 0.99 +£0.04 25.48 <0.01*
BCI -0.05+0.08 -0.11+0.01 -0.01 £ 0.03 0.35 0.70
Head length (mm) 11.2+0.1 11.8+0.1 109+0.1 16.09 <0.01*
Head width (mm)  6.8+0.1 7.0£0.1 6.5+£0.1 4.42 0.016*
Head depth (mm) 4.6 +0.1 48+0.1 47+0.1 7.70 <0.01*
Femoral pores 16+1 17+1 15+1 3.32 0.04*




Table 2 Results ofsLM models for the variations of colour characteristiefined by PCs from a
PCA on reflectance values, at four ventral bodyitmss (‘ventral area’) and populations

origin (‘population’) and at two dorsal positioriddrsal area’).

PC-1 PC-2 PC-3
Effect df F P F P F P
Ventral Area 3 24.48 <0.0001 20.29 <0.0001 9.75 <0.0001
Error 172
Population 2 45.43 <0.0001 6.04 0.0029 37.43 <0.0001
Error 172
Ventral area x Population 6 1.29 0.26 2.57 0.02 1.86 0.089
Error 172
Dorsal Area 1 0.19 0.66 1.93 0.16 2.81 0.09
Error 86
Population 2 27.12 <0.0001 2.73 0.07 4.54 0.01
Error 86
Dorsal area x Population 2 1.81 0.16 0.159 0.85 0.23 0.79

Error 86




Table 3 Mean = SE and comparision of PCs coloration (By pne-way ANOVA) between

the three populations (aranjuez, Fuenfria & Golarajc

ARANJUEZ  FUENFRIA  GOLONDRINA F P
VENTRAL PC1 Throat -1.97+0.55  -0.04+0.17  -0.85+0.20 11.57 <0D00
coloration Breast -1.05+0.36  0.53+0.10 -0.30 +0.17 16.72 <0.0001
Belly  -055+0.15  0.78+0.11 0.14 +0.19 13.96 <0.0001
Tail 0.02 +0.25 0.80 +0.10 0.29 +0.15 6.38 0.003
PC2 Throat 1.36+0.40 0.58 +0.16 0.79+0.21 2.22 0.12
Breast 0.45+0.33 -0.04+0.17  -0.55+0.18 453 0.01
Belly  -0.42+0.20  -0.01+019  -0.81+0.26 3.36 0.04
Tail -0.52+0.20  0.08+0.13 -0.50 +0.19 4.04 0.02
PC3  Throat 0.21+0.21 1.18+0.19 -0.015 + 0.15 13.31 <0.0001
Breast -0.89+0.36  0.57+0.17 -0.54 +0.23 10.92 0.0001
Belly  -1.24+0.43  0.33+0.17 -0.21+0.21 8.63 0.0007
Tail -0.49+0.16  0.19+0.13 -0.69 + 0.14 11.32 0.0001
DORSAL  PC1 1.08 + 0.26 -059+0.08  0.18%0.15 26.90 <0.0001
coloration  “pEa 0.27 £0.27 0.15+0.08 -0.29+0.21 2.76 0.068
PC3 0.39+0.14 0.16 +0.12 -0.36 +0.21 4.50 0.013




Table 4: Results ofsLM models for the variations of colour charactersstiefined by the
relative contribution of four colour classes to thtal reflectance spectra at three ventral
body positions (‘Ventral area’) and population ariPopulations’) and the same with

dorsal position (‘Dorsal area’).

uv Blue-Green Yellow Orange-Red

(300-400 nm)  (400-500 nm)  (500-600 nm) (600-750 nm)

Effect F p F p F p F p
Ventral areas; ., 45.06 <0.0001 9.49 <0.0001 11.67 <0.0001 11.74 <0.0001
PopulatiornF, -, 8.46 <0.0001 36.24 <0.0001 15.38 <0.0001 50.14 <0.0001

Ventral area x Population  0.55 0.76  1.45 0.19 0.49 0.81 1.02 0.41

Dorsal ared; g 0.041 084 1.22 0.27 0506 0479 2.03 0.157
PopulationF, g 381 0.026 9.11 0.0002 2.85 0.06 13.36 <0.0001

Dorsal area x Population  0.96 0.38 2.69 0.07 0.006 0.99 0.66 0.52




Table 5 Mean = SE and comparison of coloration classep fy one-way ANOVA) between

the three populations (Aranjuez, Fuenfria & Golonaly

ARANJUEZ  FUENFRIA  GOLONDRINA F P
VENTRAL UV Throat 0.15+0.008  0.126 +0.007 0.13 + 0.006 2.10 0.134
coloration Breast 0.11+0.009 0.059+0.009 0.07 +0.007 5.86 0.0056
Belly  0.07+0.009 0.015+0.02  0.04 +0.007 2.09 0.13
Tail 0.04+0.009 0.02+0.008 0.03 +0.007 1.12 0.33
Blue-  Throat 0.22+0.006 0.17 +0.005  0.20 + 0.005 22.73 <01000
Green  Breast 0.22+0.007 0.13+0.010 0.17 +0.007 15.61 <01000
Bely  0.20+0.009 0.13+0.013 0.145+0.009  7.12 0.002
Tail 0.18+0.006 0.13+0.007 0.16 +0.011 4.80 0.013
Yelow Throat 0.245+0.004 0.22+0.005 0.26 + 0.005 13.07 <0100
Breast 0.27+0.011 0.25+0.006  0.29 +0.007 8.96 0.00055
Belly  0.29+0.011 0.27+0.017  0.29 + 0.005 0.83 0.44
Tail 0.28+0.009 0.26+0.006  0.29 + 0.005 7.05 0.002
Orange- Throat 0.27+0.007 0.34+0.006  0.29 + 0.005 32.29 <01000
Red Breast 0.28+0.006 0.40+0.014  0.33 +0.007 21.15 <01000
Belly  0.30+0.008 0.39+0.017 0.36 +0.012 6.73 0.003
Tail 0.32+0.009 0.39+0.009 0.34+0.011 11.11 0.0001
DORSAL UV 0.06 +0.008 -0.09+0.05 0.017+0.017  3.84 0.025
coloration - “gie Green 0.17 £0.005  0.13+0.01 0.18 + 0.009 8.58 0.0004
Yellow 0.30+0.01  0.30+0.01  0.33+0.008 2.93 0.058
Orange-Red 0.35+0.006 0.44+0.01  0.34+0.015 15.95 <0.0001




Table 6. Population Structure between populations (Aranjieienfria & Golondrina), &t (at

the right of the diagonal) and Nm (at the leftloé diagonal) bysENEPOPaANdFSTAT soft

wares.
Populations  Aranjuez Fuenfria Golondrina
Aranjuez - 0.1027 0.1582
Fuenfria 2.18 - 0.0392
Golondrina 1.33 6.12 -

! Fsr=(Hr-Hg)/Hr
2 using the formula, Nm=(1d) / 4xFsr, derived by Wright (1969).

According to Wright (1978):

- 0 <Fks7t<0.05 : low genetic difference

- 0.05 < k1< 0.15: moderate genetic difference
- 0.15 < k7<0.25: high genetic difference

- 0.25 < ks7: very high genetic difference



FIGURES

Fig. 1: Coefficients of the first three principal comporsefiom a PCA on all the reflectance

spectra that characterize ventral coloration (d)dorsal (b) of male lizard®. hispanica
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Fig. 2 PCs components of ventral (a) and dorsal (b)wotd Podarcis hispanicdrom three
populations (Aranjuez, Fuenfria & Golondrina); m@&a&s captured in four body area:

Throat, Breast, Belly and Tail.
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Fig. 3 Variation in relative contribution (meanSE) of four different ‘colour classes’ to total
reflectance spectra of ventral coloration in foady site (Throat, Breast, Belly & Tail) of
male lizardsP. hispanicafrom three populations (Blue: Aranjuez PopulatioRed:

Fuenfria Population — Green: Golondrina Population)
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Fig. 4 Variation in relative contribution (meanSE) of four different ‘colour classes’ to total
reflectance spectra of dorsal coloration of maartisP. hispanicafrom three

populations (Aranjuez, Fuenfria & Golondrina Popiola).
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Fig. 5. Genetic Structure d?odarcis hispanicgopulations (Aranjuez: 1; Fuenfria: 2;
Golondrina: 4) considering the hypothesis of 3 syiyations (a) and 2 subpopulations

(b) by STRUCTURESOftware.
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Fig. 6: Description of the steps for the graphical methbbowing detection of the true number
of populations (k) (Evannet al, 2005). (a) Ln(k) data over 20 runs each k valog

Mean of In(k) over each k value.
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Fig. 7 Mean ¢SE) of the number of tongue-flicks directed to sia@ab by femaleB. hispanica
of three males populations (Aranjuez (gris), Fuanlack) & Golondrina (white)) in response
to control deionized water, or scents from femgtahd secretions of mak hispaniceof

their own or of different types, or of malBs muralis presented for 60 s on cotton-tipped

applicators
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Fig. 8 Mean ¢SE) of the number of tongue-flicks directed to $slaab by male®. hispanica
of three populations (Aranjuez (gris), Fuenfrisai{) & Golondrina (white)) in response to
control deionized water, or males scents from ferhgland secretionB. hispanicaof their

own (a) or males scents of different types (ajnafes scents &. muralis(a), and in response
control deionized water, or females scentP dfiispaniceof their own (b) or females scents of
different types (b), or females scentdofmuralis(b), to presented for 60 s on cotton-tipped
applicators
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El complejo de especies &e hispanicase compone de varios morfotipos que han sido
estudiados y definidos a nivel molecular (HarriS& Sousa, 2002; Pinleb al, 2006). Los tres
morfotipos ibéricos principales se distribuyen alentanera que en el centro de la Peninsula se
podria encontrar por lo menos dos de estos tipmsofdos como 1 y 2). En esta zona se
podrian observar fenomenos de aislamiento reprvduotal contrario hibridos de estos dos
tipos. Segun el nivel de especiacion entre estos tiflwos se observarian diferentes
comportamientos reproductivos.

En la regiébn de Madrid, se encuentra varias palas de esta especie. Estas
poblaciones pueden varian entre ellas a diferemteses: morfoldgico, quimico y genético. En
este trabajo, hemos estudiado individuos con cniatitas muy diferentes. Los individuos de
la Sierra de Guadarrama (Fuenfria y Golondrina)reés grandes y robustos que los del sur de
la region (Aranjuez). Ademéas hemos notado que lablapiones del norte estaban
caracterizadas por un mayor numero de poros feawmle los de Aranjuez. Estos datos
morfolégicos mostraron una gran diferencia enttasepoblaciones. Ademas, los andlisis de
microsatélites ayudaron a entender la variabiligadética entre ellas. Las poblaciones del
norte y la del sur tendrian una estructura gendifeaente y el flujo genético entre ellas parece
ser muy bajo. A estos datos moleculares, se affageimer experimento de reconocimiento
guimico que apoya el hecho que estas poblacioaesdiferentes. Las poblaciones del norte y
la del sur no mostraron el mismo interés a la hiwaexplorar quimiosensorialmente los
estimulos olorosos de otras lagartijas. Los indieglde cada poblacion mostraron un interés
mayor por los individuos de su propia poblacion poelos de la otra.

Estos datos morfolégicos, moleculares y de redamiento quimico, podrian indicarnos
que entre estas poblaciones del sur y del nortdatkid hay un inicio de aislamiento y quizas
exista una barrera reproductiva. Pero, de momemtsénpuede afirmar nada concluyente, se
necesitan mas analisis y experimentos de elec@baolates de los machos por parte de las
hembras, o de cruzamientos entre individuos deapabies distintas, para saber si existe
aislamiento reproductivo efectivo.

Ademas en este trabajo hemos estudiado mas a flondpe podria pasar entre
poblaciones mas cercanas. Antes hemos tratadootitescfpnes, norte y sur, que se encuentran
separadas por al menos 100 km. de distancia didse Bor eso, en el primer trabajo, hemos
estudiado dos poblaciones de la Sierra de Gudami@tanciados por unos 10 kilébmetros y que
se encuentran en contacto geografico. Estas domgmmies (Fuenfria y Golondrina) son
diferentes al nivel morfoldgico: los individuos Baenfria son mas grandes y robustos que los
de Golondrina. Ademas en la composicion de lasesemres femorales existen diferencias
importantes entre estas poblaciones. Al nivel derithinacion o reconocimiento quimico, los
machos diferenciaban entre la poblacion de origefadhembras y demostraban un interés
mayor por las de su poblacién que por las de k& &or el contrario, las hembras no parecian
mostrar un interés mayor por el olor de los macieosu propia poblacion.

Este trabajo mostré6 que a pesar de las diferem@$ologicas y quimicas, las dos
poblaciones se podrian reproducir sin diferenaidéireeuna pareja de su poblacién o de la otra.
Las hembras consideran “quimicamente” a todos lshis por igual, independientemente de



gue sean de su poblacion o no. Sobretodo, la éleate pareja de las hembras mediante
sefales quimicas se basaria en un compuesto gremerias secreciones femorales de los
machos de las dos poblaciones, el Colesta-5,73fienl- Este compuesto es un precursor de la
vitamina D3, con importantes funciones metabdli@ssorcion del calcio y regulacion del
sistema inmune). Por lo que puede existir un commo entre destinar este compuesto al
metabolismo general o a las secreciones femorakessecrecion de este compuesto seria
especialmente costosa para los machos de bajaaalidor tanto podria ser un buen indice de
calidad individual. Por lo tanto, las diferenciasdtipicas entre estas poblaciones cercanas no
implican un aislamiento reproductivo efectivo.

Finalmente, podriamos interrogarnos sobre la tigstbe este complejo de especies y
como una especie llegd a diferenciarse en variogotis con una posible especiacion
efectiva. El escenario biogeografico de la colotitaa deP. hispanicagpuede implicar al inicio
un morfotipo ancestral que se propagd por todaelsirBula Ibérica. Pero al establecerse en
diferentes habitats, los individuos han podido &atap por seleccidon natural. Un hébitat con
temperaturas bajas, altura y humedad alta no neglas mismas adaptaciones que un habitat
mas caluroso y menos humedo. Las diferencias ndgifis y quimicas entre los individuos de
la Sierra de Madrid, con un habitat mas fri6 y rhamedo, y los individuos de Aranjuez,
donde el habitat es mas calido y menos humedo,jgoder consecuencia de las diferentes
adaptaciones de cada poblacién a diferentes habitas individuos de las poblaciones de la
Sierra son mas grandes y mas oscuros, y con pigoiéntventral mas naranja, por lo que
podria mostrar una buena adaptacion al clima frideyaltura para poder tener suficiente
energia frente al fri0 y para captar suficient®icphra ser activos. Al contrario, los individuos
del sur de color mas claro y mas pequeios, podnissirar también una adaptacion al habitat
pero de tipo mas seco y caluroso. Ademas, se pesipiecular que el color de los individuos de
las poblaciones del sur podria resultar de un pmde mimetismo con el suelo de su habitat,
inducido por los depredadores.

Mas localmente, entre las poblaciones de la Sgereaocupan habitats similares pero de
altitud, humedad y temperatura diferentes, muestmaa variabilidad en la composicion
quimica de las secreciones femorale80s. Estagddes quimicas podrian también ser debidas
a la adaptacion a una zona con condiciones difesseAdemas, si consideremos las diferencias
en el numero de poros femorales entre las poblesioe la sierra y las del sur, podriamos
explicar una vez mas que estas poblaciones estfjrtaalds a diferentes habitats y que en
consecuencias podrian utilizar diferentes sefi@eathunicacion. Las poblaciones de la Sierra
habrian desarrollado caracteres quimicos de manasaimportante que las poblaciones del
sur. Al contrario, los individuos del sur utilizani mas otro tipo de comunicacién, como la
visual. La temperatura y humedad son esenciales lpampersistencia y eficiencia de las
secreciones quimicas sobre el substrato. Entoanas) habitat donde la temperatura es alta y
la humedad es baja, las secreciones no tendriaistaa eficiencia que en las poblaciones de la
Sierra, donde las secreciones podrian permanecetiendpo en el substrato y en consecuencia
tener mas importancia en la comunicacion.

Los resultados han sugerido que la separacior &#rpoblaciones de. hispanicaen
la zona de Madrid no esta tan clara como parecte Has poblaciones del norte se podria
pensar que por parte de los machos se esté iniciamgbroceso de especiacion, pero que de
momento la eleccion de pareja de las hembras bamadadices individuales de calidad
comunes a ambas poblaciones esta evitando un ast@meproductivo efectivo. Pero si las
diferencias entre las poblaciones e individuosmés notables o importantes se podria llegar a
un aislamiento reproductivo mas efectivo como pam@aurrir entre las poblaciones del sur y
las del norte. Un caso similar al observado eresgecies de ciclidos del lago Malawi (Jordan



et al, 2003). En estos peces, las hembras tendriarerenefa por emparejarse con

conespecificos con los que han tenido reconocimseytcontactos quimicos previamente. Pero
en el caso del complejo de especiesPdehispanicafalta realizar varios experimentos de

eleccion de pareja y cruzamientos entre poblacig@aea comprender lo que estad pasando.
Ademas un estudio preciso del habitat ayudariatendar como las diferencias de habitat
pueden explicar la diferenciacion entre las poblaes.
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