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KURZFASSUNG

Okologische Aspekte des Ausbreitungsverhaltens der Mauereidechse, Podarcis muralis (LAURENTI, 1768),
wurden unter den Kurzzeitbedingungen gegebener Populationsdichte und individueller Verfassung (BCI) unter-
sucht. Die Beurteilung der individuellen Ausbreitungsbereitschaft erfolgte durch den Vergleich von Emigrati-
onsraten in zwei alternativen Szenarien: (i) bei méafiger Anfangsdichte (augmentation design) und (ii) hoher
Anfangsdichte (colonization design). Die Versuchsanordnung bestand aus zwei durch Korridore miteinander ver-
bundenen, seminatiirlichen Enclosures, die zwei Vorkommensstellen simulierten.

Die Ausbreitungsaktivitit der untersuchten Art war von der anfinglichen Populationsdichte in den
Enclosures beeinflufit. Die Tiere zeigten kein Ausbreitungsverhalten im Versuchsaufbau ‘Augmentation’ und ein
dichteabhidngiges Ausbreitungsverhalten im Versuchsaufbau ‘Colonization’. Allerdings wechselten Mannchen
héufiger zwischen den Enclosures als Weibchen, wihrend weder das Geschlecht noch die Korperverfassung (BCI)
die Ausbreitungsrate beeinfluiten. Dabei zeigte Podarcis muralis Verhaltensédhnlichkeiten mit P siculus
(RAFINESQUE-SCHMALTZ, 1810), obwohl bei letzterer Art eine hohere Dispersionsrate festgestellt wurde, und die
Wechsel zwischen den Enclosures bei geringeren Populationsdichten einsetzten. Anders als P. siculus zeigte P.
muralis einheitliches Dispersionsverhalten bei gegensitzlichen Dichtebedingungen: dabei verlieBen P. muralis
stark bevolkerte Gebiete ebenso wie von Artgenossen unbewohnte Orte; sie vermieden es also, sich ldngere Zeit an
urspriinglich von Artgenossen nicht bewohnten als an bewohnten Orten aufzuhalten.

ABSTRACT

Ecological aspects of the dispersal behavior of Common Wall Lizards, Podarcis muralis (LAURENTI, 1768),
were studied under the short-term effects of population density and individual body condition. The individual dis-
persal attitude was assessed by comparing emigration rates between two alternative scenarios of (i) moderate start-
ing density (augmentation design) and (ii) high starting density (colonization design). The study system consisted
of two interconnected seminatural enclosures simulating two habitat patches linked by corridors.

The study revealed that the dispersal activity in the study species was influenced by the starting lizard den-
sity in the enclosures. The study species showed no dispersal behavior in the augmentation design and a density-
dependent pattern in the colonization design. Moreover, males moved more frequently between enclosures than
females, whereas neither sex nor body condition influenced the dispersal rate. Podarcis muralis showed behav-
ioral similarity with P. siculus (RAFINESQUE-SCHMALTZ, 1810), although for this latter species dispersion rate was
found to be higher and movements between enclosures to start at lower population densities. Unlike P. siculus, P.
muralis exhibited different dispersal behavior at opposite density conditions: the lizards moved away from enclo-
sures both highly crowded and unpopulated by conspecifics, i.e., avoided to stay longer in initially empty than in
occupied enclosures.
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INTRODUCTION

The dispersal of an individual from  geography (DUNNING et al. 1995; HANSKI
one habitat patch to another has conse-  1999; CLOBERT et al. 2001). From an eco-
quences not only for individual fitness, but  logical point of view, dispersal is under the
also population dynamics, genetics, and bio-  influence of multiple selective pressure



138 L. VigNoLl & V. VUERICH & M. A. BOLOGNA

(e.g., environmental, populational; PERRIN
& GouDET 2001). Ecological and experi-
mental studies of dispersal have demonstrat-
ed that dispersal rate increases with popula-
tion density for a variety of taxa (insects:
Doak 2000; vertebrates: LENA et al. 1998;
AARS & IMs 2000). Dispersal is a process
dependent on emigration of individuals
from a habitat patch, successful inter-patch
movement, and immigration into an other
habitat patch (IMs & Yoccoz 1997). Theory
explains the potential benefits of dispersal
(JOoHNSON & GAINES 1990) which may re-
flect (i) the variation in environmental con-
ditions between habitat patches (i. e., habi-
tat quality and resource competition; Mc-
PeEex & Horr 1992), (ii) the avoidance of
intraspecific competition or inbreeding in
the natal habitat patch, (PERRIN & MAZALOV
1999) due to increasing population density
(LENA et al. 1998) or low resource availabil-
ity (KENNEDY & WARD 2003). Also, factors
such as sex (BEIRINCKX et al. 2006; VIGNOLI
et al. 2012) and age (ALTWEGG et al. 2000)
can influence the individual’s dispersal atti-
tude. Indeed, the population density is a
prominent factor controlling dispersal as it
can be considered as an indication of both
intraspecific competition and habitat quali-
ty. Moreover, characteristics of the in-
dividuals themselves (age, size, sex, and
relatedness) can influence how the density is
perceived (CLOBERT et al. 2004). In a local
population, dispersal could result in either
colonization of empty habitat patches (fol-

lowing local extinction) or augmentation
(when habitat patches are already occupied
by co-specifics) (LEVINS 1969; EBENHARD
1991; Ims & Yoccoz 1997; LE GALLIARD et
al. 2005). Immigrants may suffer from
asymmetric competition due to a prior-resi-
dent’s advantage (e.g., social dominance:
ANDERSON 1989; familiarity with the habi-
tat: MASSOT et al. 1994), as well as take
advantage by reducing competition for lim-
iting resources directly with those already
present in the habitat patch and later with
other immigrants (‘beneficial colonization’
scenario - LAMBIN et al. 2004; LE GALLIARD
et al. 2005). Conversely, the colonization of
an empty habitat patch can be costly to im-
migrants if the absence of resident con-
specifics increases the costs of settlement in
unfamiliar habitats (‘costly colonization’
scenario - GREENE & Stamps 2001).

The aim of this study is to investigate
the ecological aspects of animal dispersal
comparing immigration between the two
alternative scenarios of colonization and
augmentation. The short-term effects of
increasing population density and individ-
ual body condition on dispersal are assessed
in the Common Wall Lizard Podarcis mu-
ralis (LAURENTL, 1768). The two key ques-
tions were: (i) does population density drive
individual patterns of dispersal activity be-
tween the habitat patches in the two experi-
mental designs, and (ii) do factors such as
sex, size or body condition affect the indi-
vidual pattern of dispersal?

MATERIALS AND METHODS

Study area.—  The experiments
took place in the World Wildlife Fund for
Nature (WWF) oasis “Macchiagrande®, a
protected coastal area of Latium (central
Italy) near Maccarese (Fiumicino munici-
pality). The study plots were in a wide
glade covered with the typical Mediterra-
nean maquis shrubland (41°49°30.77” N,
12°13° 14.13” E) (VIGNOLI et al. 2012).

Study species.— The present re-
search focused on a European lizard spe-
cies, Podarcis muralis (LAURENTI, 1768),
protected by the Berne Convention, and
specifically, on a population belonging to
the subspecies nigriventris BONAPARTE,

1836, endemic to the coastal Tyrrhenian
area of Latium and Tuscany (Italy). The
species shows a typical lacertid body shape
with males larger than females. Although
ecological habits may vary among loca-
tions, adult P. muralis are usually associated
with shaded wooded or rocky habitats
(GruscHwITZ & BOHME 1986; BIAGGINI et
al. 2010).

Protocol. —  Specimens for the
augmentation and colonization experiments
were collected within the study area or in
the immediate surroundings in April and
July, 2006. The collecting periods were as-
sociated with two distinct reproductive peri-
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Figure 1: Both augmentation (above) and colonization (below) experimental designs consisted of
interconnected enclosures (A and B). Individuals fallen in the pit at the end of the source
enclosure corridors (black rectangles) were put in the target enclosures. Black rectangles — pit traps;
bricked rectangles — refugia (see material and methods) (modified from VIGNOLI et al. 2012).
Initial population size and sex ratio (m:f) are indicated. E — no lizards present.

Fig. 1: Beide Versuchsanordnungen - Augmentation Design (oben) und Colonization Design (unten)
bestanden aus verbundenen Enclosures (A und B). Individuen, die in die Fallen (schwarze Rechtecke)
an den Korridorenden der Quell-Enclosures gingen, wurden in die Ziel-Enclosures gesetzt.
Schwarze Rechtecke — Fallen; gepflasterte Rechtecke — Refugien (sieche Material und Methoden)
(verdndert nach VIGNOLI et al. 2012). Populationsgréen und Geschlechterverhaltnisse (m:w)
zu Versuchsbeginn sind angegeben. E — keine Eidechsen.

ods in late spring and summer, respectively.
Thus, the reproductive status of females col-
lected could have been slightly different be-
tween the two experiments and this might
have caused a different behavior in female
lizards. At the beginning of each treatment
(for experimental design see below), speci-
mens were sexed, measured (snout-vent-
length, SVL) and weighed, and the individ-
ual body condition index (BCI) was esti-
mated as the residuals from the log-log
regression between body mass and SVL
(ViGNoLI et al. 2012). The measurements
were not repeated during the experiment to
avoid potential uncontrolled bias due to
stress from individual collection and manip-
ulation. Moreover, the tail status was
recorded, as tail autotomy is known to affect
different aspects of lizard ecology (social
status, predation risk, home-range size,
locomotory ability; OPPLIGER & CLOBERT
1997; Capizzi et al. 2007).

Experimental design.— The
experimental system consisted of two enclo-
sures representing two habitat patches each,
connected by dispersal corridors used by
lizards to move between enclosures (LE-
COMTE & CLOBERT 1996; CLOBERT et al.
2001; VigNoLI et al. 2012) (Fig. 1). The ex-
perimental system has been used already for
testing analogous hypotheses on a congen-
eric species (P. siculus [RAFINESQUE-
ScHmaLrz, 1810]) (ViGNoLI et al. 2012). To
exclude a potential bias distorting the results
due to obvious deviation from natural condi-
tions, the enclosures built try to mirror the
size of the lizard’s home range/territory in
nature. The available data on territorial be-
havior reported the territory size of the study
species to range from 6 to 52 m2, not strong-
ly different for males and females, with high-
ly variable overlap of 8 - 60 % among home
ranges (GRUSCHWITZ & BOHME 1986). Each
enclosure was composed of a pair of en-
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closed boxes (7 m x 7 m), connected by two
independent one-way corridors (14 m x 1 m),
each ending with a pit trap, allowing the cap-
ture and identification of dispersing individu-
als. All the enclosures and corridors were
fenced by one meter high translucent poly-
ethylene walls. The width of the corridors
was large enough to allow lizards to disperse,
but small and exposed enough to be unattrac-
tive, preventing any attempt of settlement
(LECOMTE et al. 2004). Enclosures had a
typical Mediterrancan maquis shrubland
habitat, providing lizards with refugia (rocks
and wood branches) and sites for thermoreg-
ulation. Food (mostly grasshoppers and
ants) and water were given ad libitum. Each
individual caught in a pit trap was placed in
the enclosure towards which it was moving.

Before being placed in the enclosures,
the lizards were maintained in fauna boxes
(50 cm x 40 cm) and fed with grasshoppers
for one week for captivity acclimatization.
Each lizard was individually marked by
both temporary (color blotches on the dorsal
body surface) and permanent (photographs
of the gular pigmentation) methods (see
VIGNOLI et al. 2012 for marking details).
Lizards promptly acclimatized in the enclo-
sures and showed natural behavior (territo-
rialism, mating, etc.).

Two experimental designs simulated
different density starting conditions (EBEN-
HARD 1991; IMs & Yoccoz 1997):

(i) Augmentation design — (April
28 - May 28, 2006). Both enclosures of a
pair started with an experimental population
of 10 lizards each, and the individuals at-
tempting to disperse found the reached en-
closure already colonized (LECOMTE & CLO-
BERT 1996; VIGNOLI et al. 2012). The exper-
imental starting density of 10 lizards per en-
closure (sex ratio m/f: enclosures A = 1.0, B
= 1.0) (Fig. 1, above) was slightly higher
than that estimated under natural conditions
(VERBEEK 1972; BoAG 1973; BARBAULT &
Mou 1988; BROWN et al. 1995). Sex ratio
was assessed similar to that found at the col-
lection site. The experiment ended after 30
days.

(i) Colonization design — (May
18 - July 12, 2006). One enclosure (A) of a
pair started with a population of 25 lizards
(18 males, 7 females), simulating an over-
populated condition, whereas, the other was

free from lizards (Fig. 1, below). Based on
the available literature data on sex ratio
under natural conditions (e.g., BARBAULT &
Mou 1988), sex ratio was biased towards
males (m/f: 2.57) that are expected to be
more prone to move than females (VIGNOLI
et al. 2012). The experiment ended after 56
days when the system entered a balanced
dynamic equilibrium in terms of movements
between enclosures (see below).

Two lizard populations were tested in
the two experimental designs. Lizard body
size and body condition did not differ be-
tween treatments at the start of the experi-
ments (ANOVAs of treatment effect, p =
0.41). Observations on the experimental
system were made daily and at two levels
(VigNoLI et al. 2012): (a) individual level:
the number of individual between-enclosure
movements was recorded; and (b) enclosure
level: the lizard density within each enclo-
sure and the dispersal rate (number of dis-
persal events divided by the number of indi-
viduals in each enclosure) were computed at
the beginning and at the end of each experi-
mental day. As evidenced in VIGNOLI et al.
(2012), this protocol of analysis might gen-
erate data pseudoreplication, i.e., the num-
ber of daily movements between enclosures
would be non-independent from each other
if an individual moved between enclosures
more than once per day. This type of behav-
ior was however, not observed (see Results);
hence, the possible bias due to this aspect is
irrelevant. Experimental observations lasted
until movements between enclosures ended
or entered a balanced dynamic equilibrium
(VignoLl et al. 2012). Individuals were
grouped into three classes based on their dis-
persal activity: the residents (individuals
that never leave their initial enclosure), the
emigrants (dispersers that settled in the
arrival enclosure), and the transients (dis-
persers that moved at least twice between
enclosures) (LE GALLIARD et al. 2005;
VIGNOLI et al. 2012).

Statistical analyses.— The pat-
tern of dispersal at individual level (i. e.,
number of individual movements and class-
es of dispersal activity) was modelled by
means of the Generalized Linear Models pro-
cedure (MCCULLAGH & NELDER 1989). Two
models were built, respectively, selecting as
dependent variables the number of individ-
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ual movements (Poisson distribution and
log link function) and classes of dispersal
activity (multinomial distribution and cu-
mulative log link function) as dependent
variables. The sex, the tail status and the
experimental design (binary variables) were
included in the model as factors (categorical
predictors), and SVL as covariate (scale pre-
dictor); the model design included the main
effects for each variable, and all 2-way in-
teractions between the three factors and the
covariate (fractional factorial design) (Mc-
CULLAGH & NELDER 1989). Univariate tests
were used to analyze the size and the body
condition of the lizards (normal distribution,
t-test and ANCOVA on log-weight and log-

SVL as covariate) and the number of disper-
sal events (Poisson distribution, non-para-
metric tests) and the classes of dispersal
activity (multinomial distribution; non-
parametric tests). The observed movement
pattern between enclosures was estimated
by nonlinear regression models with both
sides of the equation log-transformed (ViG-
NoLI et al. 2012). At enclosure level, the
influence of population density on the total
number of between-enclosure dispersal
events and dispersal rate was tested using
Spearman rank correlations. All statistical
analyses were performed by Statistica
(Statsoft version 7.0), with two tails and
alpha set at 5 %.

RESULTS

Overall analyses

Statistically, male (m) and female (f)
individuals [N = 43] did not differ in SVL
59.26; SD, = 5.38; t = -1.43; p = 0.161;
t-test), and body condition (x ,, 59 = 0.014;
SD ,, = 0.072; x ¢ 14 = -0.025; SD ;= 0.076;
F 14 = 2.847; p = 0.099; ANCOVA), but
varied in body mass [g] (X, 20 = 5.96; SD
2715 X ¢ 16 = - 4.39; SD ;= 1.15; t—-220
p=0. 033) the males being heavier than fe-
males. Tail status did not differ between
sexes (42 = 0.15; df = 1; p = 0.703; Chi-
square test).

The experimental design clearly influ-
enced the lizard dispersal behavior: the aug-
mentation design did not produce any
between-enclosure movement, whereas in
the colonization design, 39 attempts to
move between the enclosures occurred. As
for the number of dispersal attempts, most
individuals (36/43) were classified as
residents (2 = 19.56; df = 1; p < 0.001), this
pattern was true also for males and females
analyzed separately.

Augmentation design

The experiment started with equal
numbers (10), densities (0.20 individuals/
m?) and sex ratios (1:1) in both enclosures

Table 1: The number of individuals and dispersal events between enclosures A and B (both directions) for

the experimental designs ‘Augmentation’ and ‘Colonization’.

Initial N — number of individuals at the beginning

of the experiment; Final N — number of individuals at the end of the experiment; A-B — dispersal events from enclo-
sure A to enclosure B; B-A — dispersal events from enclosure B to enclosure A.

Tab. 1: Anzahl der Individuen in und Ortswechsel (in beiden Richtungen) zwischen den Enclosures A und

B fiir die Versuchsanordnungen ‘Augmentation’ und ‘Colonization’.

Initial N — Anzahl Individuen zu Beginn des

Experiments; Final N - Anzahl Individuen zu Ende des Experiments; A-B — Ortswechsel von Enclosure A zu
Enclosure B; B-A — Ortswechsel von Enclosure B zu Enclosure A.

Design / Enclosure Number of dispersal events /
Experiment Anzahl Ortswechsel
A B Total Males / Females /
Mainnchen Weibchen
Initial N Final N Initial N Final N A-B  B-A A-B  B-A A-B B-A
Augmentation 10 10 10 10 - - - -
Colonization 25 14 0 11 25 14 22 13 3 1
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(Fig. 1, above). The experiment was stopped
after 30 days because no movement was ob-
served between enclosures. All the individ-
uals behaved as residents.

Colonization design

The experiment started with 25 (18 m,
7 f) lizards at a density of 0.51 individu-
als/m? and a sex ratio of 2.57 (m/f) (enclo-
sure A; Fig. 1, below). The final numbers,
densities and sex ratios in the two enclosures
after a total of 39 between-enclosure disper-
sal events (0.70 per day) were 14 (9 m, 5 1),
0.29 individuals/m? and 1.8 (m/f) (enclosure
A)and 11 (9 m, 2 f), 0.22 individuals/m? and
4.5 (m/f) (Table 1). The number of dispersal
events per day decreased significantly with
time (» = -0.378; N = 56; p < 0.01). As for
overall dispersal attempts made by the indi-
viduals, the sexes behaved differently, males
displaying a higher propensity to disperse.
Neither size nor body condition influenced the
individual tendency to disperse (Table 2).
Overall, dispersal types did not show differ-
ences in terms of number of individuals (y2 =
2.24; df=2; p=10.326). Although there was
a higher tendency to relocate among males,

no statistically significant differences were
found between male and female dispersal
types (2 = 3.08; df = 2; p = 0.205) (Fig. 2).
Moreover, any of the considered parameters
(BCI, SVL, and tail status) had an effect on
dispersal types (Table 3). In the starting
enclosure (A), a significant effect of the pop-
ulation density on the dispersal rate (r =
0.452; N = 56; p = 0.0004) and on the daily
number of dispersal events towards enclo-
sure B (= 0.481; N = 56; p = 0.0001) was
found, whereas in enclosure B, lizard disper-
sal behavior was not related to density (dis-
persal rate: » = -0.133; N = 56; p = 0.329;
number of dispersal events per day r = -0.104;
N = 56; p = 0.445). Although lizards in
enclosure B did not show an overall density-
related tendency to move, a closer inspection
of this pattern revealed that: (i) individuals
that emigrated to the empty enclosure B re-
turned to the enclosure of origin (A) as long
as the density in enclosure B was below a
threshold of 0.18 individuals/m2 (11 move-
ments/26 days); (ii) at higher densities (0.20-
0.24 individuals/m?2), movements from enclo-
sure B to A largely ended (3 movements/28
days); these differences were statistically
significant (y2 = 4.571; df = 1, p = 0.032).
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g 6 5 5
k= 4
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2 1 1
0 _l i __l_‘
RESIDENT IMMIGRANT TRANSIENT

Figure 2: Number of dispersal events between enclosures performed by lizard individuals
during the colonization design. Black bars — total individuals; white bars — males;
grey bars — females. The individuals are categorized into three types of disperser:
Resident — no dispersal event; Immigrant — one dispersal event; Transient — more than one dispersal event.

Abb 2: Anzahl der Ortswechsel zwischen Enclosures, die von den Untersuchungsindividuen
im Colonization Design Experiment durchgefiihrt wurden. Schwarz — Ménnchen + Weibchen,
weill — Ménnchen; grau — Weibchen. Die Individuen sind drei Ausbreitungstypen zugeordnet:

Resident — Kein Ortswechsel; Immigrant — ein Ortswechsel; Transient — mehr als ein Ortswechsel.
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Table 2: Synopsis of the Generalized Linear
Model (fractional factorial design) results, showing
that only ‘Sex’ among the studied parameters (includ-
ing between-effects) significantly influenced the indi-
vidual dispersal movements between enclosures. BCI
— body condition index; SVL — snout-vent-length; Tail
— tail status.

Tab. 2: Die Ubersicht der Ergebnisse der
Generalized Linear Model Statistik (Teilfaktorenplan)
zeigt, daf der Einfluf} der untersuchten Variablen (ein-
schlieBlich ihrer Interaktionen) auf die Haufigkeit in-
dividueller Ortwechsel zwischen den Enclosures nur
fir den Parameter Geschlecht signifikant war. BCI —
Body Condition Index; SVL — Kopf-Rumpf-Linge;
Tail — Schwanzstatus.

Table 3: Synopsis of the Generalized Linear
Model (fractional factorial design) results, showing the
influence of the studied parameters (including be-
tween-effects) on the dispersal types (residents, immi-
grants, transients). BCI — body condition index;
SVL — snout-vent-length; Tail — tail status.

Tab. 3: Die Zusammenfassung der Generalized
Linear Model Statistik (Teilfaktorenplan) zeigt den
EinfluB der untersuchten Variablen (einschlieBlich
ihrer Interaktionen) auf die Dispersionstypen resident,
immigrant und transient. BCI — Body Condition
Index; SVL — Kopf-Rumpf-Lange; Tail — Schwanz-
status.

Model Wald Chi-Square df p
Model Wald Chi-Square df P (Intercept) 0.849 1 0.357

Sex 2422 1 0.120
(Intercept) 2.815 1 0.093 Tail 1.341 1 0.247
Sex 5.441 1 0.020 SVL 0.105 1 0.746
Tail 2.305 1 0.129 BCI 0.397 1 0.528
SVL 1.399 1 0.237 Sex * Tail 0.353 1 0.553
BCI 1.047 1 0.306
Sex * Tail 0.031 1 0.861

DISCUSSION

Although animal dispersal patterns are
widely studied in several taxa, reptiles were
rather neglected in this respect (CLOBERT et
al. 2001), Podarcis lizards in particular
(VignoLn et al. 2012). The present study
showed that the dispersal of adult P. muralis
was influenced by both population (density,
intraspecific relationships) and individual
(sex) parameters, as previously revealed for
P siculus (VIGNOLI et al. 2012) and other
animals (Travis et al. 1999; Ims & HIJER-
MANN 2001; CADET et al. 2003).

The augmentation design did
not lead to any dispersal. The lack of dis-
persal activity was probably due to the habi-
tat features in the corridors connecting the
enclosures. The corridor physical environ-
ment was left completely exposed, not to
make dispersal particularly attractive to
lizards. Indeed, the Common Wall Lizard is
typically a wood and shrub dweller (GRu-
SCHWITZ & BOHME 1986; BIAGGINI et al.
2010). For the dispersal pattern comparison
with another Podarcis species (P. siculus)
studied in the same experimental system
(VIGNOLI et al. 2012), one has, however, to
take into account that the threshold between
the “cost to stay” and the “benefit to move*
can be different in different species con-

fronted with the same habitat type. Expect-
ing population density to be among the main
factors driving the dispersal processes, the
authors suppose that the effect of the start-
ing density in the experimental design was
too weak to compensate the costs of moving
through the unattractive and potentially un-
safe corridor landscape connecting the en-
closures. Due to the lack of any attempt to
move between enclosures by individuals (=
no between-enclosure interaction), one can
consider the experimental setting of two en-
closures as two replicates of the same start-
ing density condition, corroborating the out-
come of this experiment.

The colonization design evi-
denced that settlement probability was in-
fluenced by the presence of conspecifics:
lizards avoided staying longer in initially
empty rather than in occupied patches. The
present short-term study did not allow for
measuring real fitness variation in relation
to dispersal benefits/costs (LECOMTE &
CLOBERT 1996; LE GAILLARD et al. 2005).
However, the observed pattern could be
explained by the expected fitness increase at
low to moderate population densities, and
decrease at moderate to high densities due
to the Allee effect (ALLEE 1951). Moreover,
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immigrants can benefit from the presence of
resident conspecifics, i. e., profiting from
their selection of suitable refugia and reduc-
ing settlement costs (SAETHER et al. 1996;
but see DANIELSON & GAINES 1987 for an
opposite trend). Thus, newcomers may use
conspecifics to assess the relative quality of
the new habitats (Stamps 1987, 1991, 2001,
BOULINIER et al. 1996; DANCHIN & WAGNER
1997). Indeed, the settlement benefits/costs
are expected to follow an Allee effect pat-
tern as a function of density, because for
latecomers: (i) the effort required to assess
habitat quality is smaller than for the first
arrivals at low to moderate densities
(Stamps 1987, 1988, 1995), and (ii) the
chance to find a suitable unoccupied site is
reduced compared with the first arrivals at
high densities (Stamps, 1994; GREENE &
Stamps, 2001; CLOBERT et al. 2009). Densi-
ty-independent handicaps such as increased
effort for efficiently using the new habitat
patches (Stamps 1995) may add to the set-
tlement costs in unfamiliar habitats. The
observed behavioral pattern of hesitant col-
onization can decrease the costs of settle-
ment in unfamiliar habitats (StTamps 1988;
GREENE & Stamps 2001).

Sex was found to influence the disper-
sal behavior in the studied lizard species as
previously evidenced in P. siculus (VIGNOLI
et al. 2012). This occurs in several taxa
(reviewed in LoMNICKI 1988), often in rela-
tion to reproductive strategy. In some mam-
mals (GREENWOOD 1980) and amphibians
(SiNscH 1992), males are less prone to dis-
perse than females; conversely, in many
other species the females show higher site
fidelity than males (Lomnicki 1988; birds -
GREENWOOD 1980; amphibians - DELLA

Rocca et al. 2005; reptiles - TUCKER 1998).
Although little data is available, Podarcis
lizards seem to develop sex-dependant dif-
ferences in home range size which is larger
in males (BEArRzI 1989), whereas other
authors found the territorial conditions to be
highly variable and not strongly different
among sexes (GRUSCHWITZ & BOHME 1986).
That could affect dispersal behavior. In
general, territoriality is affected by the
degree of overlap between home ranges
(BROWN & ORIANS 1970). Lack of informa-
tion on sex-specific differences in site
fidelity of lizards, makes the authors specu-
late that the finally observed male-biased
distribution could be the result of stronger
competition between males due to their ter-
ritorial behavior (HUEY et al. 1983; VIGNOLI
et al. 2012). The observed dispersal pattern
could also be a matter of scale given that
dispersing Podarcis females made long dis-
tance (long term) dispersals (between aban-
doned and new home ranges) whereas males
performed short distance dispersals within
their bigger home ranges (BROWN 1995;
DIEGO-RASILLA & PEREZ-MELLADO 2003).
Individual efforts to leave a habitat
patch and settle in a new one are doubtlessly
species-specific and likely to depend on habi-
tat conditions, 1. e., external cues such as den-
sity, habitat quality and phenotype, dispersal
propensity, thereby correlating with a suite of
phenotypic traits (e.g., DENNO & RODERICK
1992; MATTHYSEN 2005; CLOBERT et al.
2009; VIGNoLI et al. 2012). No phenotypic
attributes were found globally characterizing
dispersers compared to residents (e.g., dis-
persers are larger or display a more aggres-
sive behavior than residents - CLOBERT et al.
2009), but most dispersers were males.

ACKNOWLEDGMENTS

The authors are grateful to the Italian “WWF
Oasi” managers who permitted the installation of the
experimental enclosures within the protected area of
Macchiagrande, Giulia Gracceva who helped with the

sampling and Martin Bennet for the English revision.
Leonardo Vignoli is gratefully inspired by Roger
Federer and worried about his backache in preparartion
of the Davis final.

REFERENCES

AArs, J. & Ims, R. A. (2000): Population
dynamic and genetic consequences of spatial density-
dependent dispersal in patchy populations.- The
American Naturalist, Chicago; 155:252-265.

ALLEE, W. C. (1951): The social life of animals.
Boston, MA (Beacon Press), pp. 293.

ANDERSON, P. K. (1989): Dispersal in rodents: a
resident fitness hypothesis. Manhattan, Kansas (Allen
Press), American Society of Mammalogists Special
Publication, 9: 1-139.

BARBAULT, R. & Mou, Y. P. (1988): Population
dynamics of the common wall lizard, Podarcis muralis,



Dispersal behavior in Podarcis muralis (LAURENTI, 1768) 145

in southwestern France.- Herpetologica, Lawrence; 44:
38-47.

BEARzI, M. (1989): Osservazioni sull’estensio-
ne dell’home range e sulle capacita di homing in
Podarcis sicula campestris DE BETTA, 1857 (Reptilia,
Lacertidae) all’interno dell’area di Tombolo (Pisa).
Unpublished degree thesis. Universita degli Studi di
Padova, Facolta di Scienze, pp. 145. (M.EN., AA.
1988-1989).

BIAGGINI, M. & BowmBl, P. & CapuLa, M. &
Corry, C. (2010): Podarcis muralis (LAURENTI, 1768);
pp. 391-401. In: Corrl, C. & CAPULA, M. & LUISELLI,
L. & Razzerti, E. & Smpaco, R. (Eds.): Reptilia.
Fauna d’Italia XLV. Bologna (Calderini).

BoaG, D. A. (1973): Spatial relations among
members of a population of wall lizard.- Oecologia,
Berlin; 12: 1-13.

BOULINIER, T. & DANCHIN, E. & MoONNAT, J. &
DoutreLant, C. & Capiou, B. (1996): Timing of
prospecting and the value of information in a colonial
breeding bird.- Journal of Avian Biology, Copenhagen;
27:252-256.

BOWLER, D. E. & BENTON, T. G. (2005): Causes
and consequences of animal dispersal strategies: relat-
ing individual behaviour to spatial dynamics.-
Biological Reviews, Oxford; 80: 205-225.

BrOwWN, R. M. (1995): Home Range Ecology of
an Introduced Population of the European Wall Lizard
Podarcis muralis (Lacertilia; Lacertidae) in Cincinnati,
Ohio.- The American Midland Naturalist, Notre Dame;
133: 344-359.

BRrROWN, J. L. & Orians, G. H. (1970): Spacing
patterns in mobile animals.- Annual Review of
Ecology, Evolution and Systematics, Palo Alto; 1: 239-
262.

BrownN, R. M. & GisT, D. H. & TAYLOR, D. H.
(1995): Home range ecology of an introduced popula-
tion of the European Wall Lizard Podarcis muralis
(Lacertilia; Lacertidae) in Cincinnati, Ohio.- The
American Midland Naturalist, Notre Dame; 133: 344-
359.

CADET, C. & FERRIERE, R. & METZ, J. A. J. &
VAN BAALEN, M. (2003): The evolution of dispersal
under demographic stochasticity.- The American
Naturalist, Chicago; 162: 427-441.

Carizzi, D. & LuiseLLl, L. & VieNoLl, L.
(2007): Flight initiation distance in relation to substra-
tum type, sex, reproductive status and tail condition in
two lacertids with contrasting habits.- Amphibia-
Reptilia, Leiden; 28: 403-407.

CLOBERT, J. & DANCHIN, E. & DHONDT, A. A. &
NicHoLs, J. D. (2001): Dispersal. Oxford (Oxford
University Press), pp. 452.

CLOBERT, J. & IMs, R. A. & Rousskr, F. (2004):
Causes, mechanisms and consequences of dispersal;
pp. 307-335. In: HaNskl, 1. & Gacalorrl, O. E. (Eds.):
Ecology, genetics and evolution of metapopulations.
London (Elsevier Academic Press), pp. 696.

CLOBERT, J. & LE GALLIARD, J. F. & COTE, J. &
MEYLAN, S. & MAssoT, M. (2009): Informed dispersal,
heterogeneity in animal dispersal syndromes and the
dynamics of spatially structured populations. Ideas and
Perspectives.- Ecology Letters, Hoboken; 12: 197-209.

DANCHIN, E. & WAGNER, R. H. (1997): The evo-
lution of coloniality: the emergence of new perspec-
tives.- Trends in Ecology & Evolution, London; 12:
342-347.

DANIELSON, B. J. & GAINES, M. S. (1987): The
influences of conspecific and heterospecific residents
on colonization.- Ecology, Ithaca; 68: 1778-1784.

DELLA Rocca, F. & ViGgNoLl, L. & BOLOGNA,
M. A. (2005): The reproductive biology of Salaman-
drina terdigitata (Caudata, Salamandridae).- Herpeto-
logical Journal, London; 15: 273-278.

DENNO, R. F. & RODERICK, G. K. (1992): Density-
related dispersal in planthoppers - effects of inter-
specific crowding.- Ecology, Ithaca; 73: 1323-1334.

DIEGO-RASILLA, F. J. & PEREZ-MELLADO, V.
(2003): Home range and habitat selection by Podarcis
hispanica (Squamata, Lacertidae) in western Spain.-
Folia Zoologica, Brno; 52: 87-98.

Doak, P. (2000): Population consequences of
restricted dispersal for an insect herbivore in a subdi-
vided habitat.- Ecology, Ithaca; 81:1828-1841.

EBENHARD, T. (1991): Colonization in metapop-
ulations: a review of theory and observations.-
Biological Journal of the Linnean Society, London; 42:
105-121.

GREENE, C. M. & Stamps, J. A. (2001): Habitat
selection at low population densities.- Ecology, Ithaca;
82:2091-2100.

GRUSCHWITZ, M. & BOHME, W. (1986): Pod-
arcis muralis (LAURENTI, 1768) — Mauereidechse; pp.
155-208. In: Boume, W, (Ed.): Handbuch der Rep-
tilien und Amphibien Europas. Vol. 2/, Echsen
(Sauria) III, (Lacertidae III: Podarcis).- Wiesbaden
(AULA Verlag).

Hanski, 1. (1999): Metapopulation Ecology.
Oxford (Oxford University Press), pp. 313.

HUEY, R. B. & P1ANKA, E. R. & SCHOENER, T. W.
(1983): Lizard ecology: Studies of a model organism.
Cambridge, MA (Harvard University Press), pp. 501.

Ims, R. A. & HiERMANN, D. @. (2001): Con-
dition-dependent dispersal; pp. 203-216. In: CrLo-
BERT, J. & DANCHIN, E. & DHONDT, A. A. & NICHOLS,
J. (Eds.): Dispersal. Oxford (Oxford University
Press).

Ims, R. A. & Yoccoz, N. G. (1997): The study
of transfer processes in metapopulations: emigration,
dispersal and colonization; pp. 247-265. In: HANSKI, 1.
& GiLeiN, M. E. (Eds.): Metapopulation dynamics:
Ecology, genetics and colonization. San Diego, CA
(Academic Press).

LamBIN, X. & AARS, J. & PIERTNEY, S. B. &
TELFER, S. (2004): Inferring patterns and process in
small mammal metapopulations: insights from ecolog-
ical and genetic data; pp. 515-540. In: Hanskl, I &
GaalotTy, E. (Eds.): Ecology, genetics and evolution of
metapopulations. London (Elsevier).

LECOMTE, J. & CLOBERT, J. (1996): Dispersal
and connectivity in populations of the common lizard
Lacerta vivipara: an experimental approach.- Acta
Oecologica, Paris; 17: 585-598.

LECOMTE, J. & BOUDJEMADI, K. & SARRAZIN, F.
& CaLLy, K. & CLOBERT, J. (2004): Connectivity and
homogenisation of population sizes: an experimental
approach in Lacerta vivipara.- Journal of Animal
Ecology, London; 73: 179-189.

LE GALLIARD, J. F. & FERRIERE, R. & CLOBERT
J. (2005): Effect of patch occupancy on immigration in
the Common Lizard.- Journal of Animal Ecology,
London; 74: 241-249.

LENA, J. P. & CLOBERT, J. & FRAIPONT, DE M. &
LECOMTE, J. & Guyor, G. (1998): The relative influ-



146 L. VigNoLl & V. VUERICH & M. A. BOLOGNA

ence of density and kinship on dispersal in the common
lizard.- Behavioural Ecology, Oxford; 9: 500-507.

LeviNs, R. (1969): Some demographic and
genetic consequences of environmental heterogeneity
for biological control.- Bulletin of the Entomological
Society of America, Baltimore; 15: 237-240.

MassoT, M. & CLOBERT, J. & LECOMTE, J. &
BARBAULT, R. (1994): Incumbent advantage in com-
mon lizards and their colonizing ability.- Journal of
Animal Ecology, London; 63:431-440.

MATTHYSEN, E. (2005): Density-dependent dis-
persal in birds and mammals.- Ecography, Kebenhavn;
28: 403-416.

McCULLAGH, P. & NELDER, J. A. (1989):
Generalized Linear Models, 2nd Edition. London
(Chapman and Hall/CRC), pp. 532.

OPPLIGER, A. & CLOBERT J. (1997): Reduced tail
regeneration in common lizard Lacerta vivipara para-
sitized by blood parasites.- Functional Ecology,
London; 11: 652-655.

PERRIN, N. & GOUDET, J. (2001): Inbreeding,
kinship, and the evolution of natal dispersal; pp. 123-
142. In: CLOBERT, J. & NICHOLS, J. D. & DANCHIN, E.
& DHONDT, A. A. (Eds.): Dispersal. Oxford (Oxford
University Press).

SAETHER, B. E. & RINGSBY, T. H. & ROSKAFT,
E. (1996): Life history variation, population processes
and priorities in species conservation: towards a
reunion of research paradigms.- Oikos, Cophenagen;
77: 217-226.

Stamps, J. A. (1987): Conspecifics as cues to
territory quality: a preference of juveniles lizards

DATE OF SUBMISSION: November 8, 2013

(Anolis aeneus) for previously used territories.- The
American Naturalist, Chicago; 129: 629-642.

Stamps, J. A. (1988): Conspecific attraction and
aggregation in territorial species.- The American
Naturalist, Chicago; 131: 329-347.

Stamps, J. A. (1991): The effect of conspecifics
on habitat selection in territorial species.- Behavioural
Ecology and Sociobiology, Heidelberg; 28: 29-36.

Stamps, J. A. (1994): Territorial behavior: test-
ing the assumptions.- Advances in the Study of
Behavior, San Diego; 23: 173-232.

Stamps, J. A. (1995): Motor learning and the
value of familiar space.- The American Naturalist,
Chicago; 146: 41-58.

Stamps, J. A. (2001): Habitat selection by dis-
persers: integrating proximate and ultimate approach-
es; pp. 243-260. In: CLOBERT, J. & NIcHOLS, J. D. &
DANCHIN, E. & DHONDT, A. A. (Eds.): Dispersal. Ox-
ford (Oxford University Press).

Travis, J. & McManus, M. G. & BAEr, C. F.
(1999): Sources of variation in physiological phenoty-
pes and their evolutionary significance.- American
Zoologist, Lawrence; 39: 422-433.

VERBEEK, B. (1972): Ethologische Untersu-
chungen an einigen Europdischen Eidechsen.- Bonner
Zoologische Beitrdge, Bonn; 23: 122-151.

ViGNoLL L. & VUERICH, V. & BoLoGNA, M. A.
(2012): Experimental study of dispersal behaviour in a
wall lizard species (Podarcis sicula) (Sauria Lacerti-
dae).- Ethology, Ecology & Evolution, Firenze; 24:
244-256.

Corresponding editor: Heinz Grillitsch

AUTHORS: Leonardo ViGNoLl (Corresponding author < leonardo.vignoli@uniroma3.it >) 1. 3), Virginia

VUERICH 2), Marco A. BOLOGNA 1)

D) Dipartimento di Scienze, Universita degli Studi “Roma Tre”, Viale G. Marconi, 446 - 00146, Roma, Italy.

2) Via E. Silber, 7 - 00050, Roma, Italy.

3) Center for Evolutionary Ecology, Largo S. Leonardo Murialdo, 1 - 00146, Roma, Italy.



