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In this paper we examine the distribution of amphibians and reptiles over the islands of the
newly founded Lastovo Archipelago Nature Park (Lastovsko oto~je), Croatia. On several field trips
between 1996 and 2008, we encountered five species of lizards (Podarcis sicula, P. melisellensis, Dal-
matolacerta oxycephala, Hemidactylus turcicus and Pseudopus apodus), one species of snake (Dolichophis
caspius), one species of sea turtle (Caretta caretta) and one species of toad (Bufo viridis). We confirm
literature data on the presence of some of these species on different islands of the archipelago, and
add distributional records for several other islands and islets. Logistic regression analyses show
that the variables predicting presence/absence from different islands vary among species. Within
species, populations from different islands noticeably vary in body size and shape, scalation, dorsal
and ventral coloration, behaviour and density. This observation adds to the value of the study area
as a »natural laboratory« for future research into the ecology and evolution of island populations.
Although most species seem to be doing well presently, we list a number of possible hazards and
concerns.
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U ovom radu istra`ujemo distribuciju vodozemaca i gmazova novoosnovanog Parka prirode
»Lastovsko oto~je«, Hrvatska. Tijekom vi{estrukih terenskih posjeta u periodu od 1996. do 2008. go-
dine zabilje`ili smo pet vrsta gu{tera (Podarcis sicula, P. melisellensis, Dalmatolacerta oxycephala, Hemi-
dactylus turcicus i Pseudopus apodus), jednu vrstu zmije (Dolichophis caspius), jednu vrstu morske
kornja~e (Caretta caretta) i jednu vrstu `abe (Bufo viridis). Potvrdili smo prisutnost odre|enih vrsta
na pojedinim otocima Lastovskog oto~ja, te dodali nalaze na mnogim drugim otocima i oto~i}ima.
Logisti~kom regresijskom analizom smo pokazali da varijable koje predvi|aju prisutnost / odsutnost
s razli~itih otoka variraju izme|u vrsta. Unutar vrste, populacije s razli~itih otoka zapa`eno varira-
ju u veli~ini i obliku tijela, broju i izgledu plo~ica, le|noj i trbu{noj obojenosti, pona{anju i gusto}i.
Ova opa`anja pove}avaju vrijednost istra`ivanog podru~ja kao »prirodnog laboratorija« za budu}a
istra`ivanja ekologije i evolucije oto~kih populacija. Iako se ~ini je ve}ina vrsta u dobrom stanju,
navodimo listu mogu}ih opasnih i zabrinjavaju}ih ~imbenika.

Klju~ne rije~i: distribucija vrsta, stupanj izolacije

INTRODUCTION

In September 2006, the Croatian parliament declared the Lastovo Archipelago
(Lastovsko oto~je) a Nature Park, thus granting protection to the natural richness of
an area covering 195 km2. Besides 143 km2 of superb marine habitat, the new nature
Park also encloses 52 km2 of terrestrial environments on Lastovo, Su{ac and 42
smaller islands (Fig. 1). The main island of Lastovo consists of wooded hills (mostly
holm oaks, Quercus ilex and Aleppo pines, Pinus halepensis), and typical karst fields
(»poljes«). Of the smaller islands, some are wooded, while on others the vegetation
is restricted to Mediterranean herbs (mainly Crithmum maritimum, Silene inflata, Lotus
edulis, Portulaca oleracea, Chenopodium spp., Cynodon dactylon) and/or shrubs (Pistacia
lenticus, Juniperus communis).

Reptiles, especially lizards, make up an important and conspicuous part of the
fauna of this archipelago. On many of the islands, lizards are the most abundant, if
not the sole terrestrial vertebrates. As such, they most likely play a vital role in the
islands’ community dynamics, as important secondary consumers, but probably
also as pollinators (cf. ELVERS, 1977; TRAVESET & SÁEZ, 1997; NYHAGEN et al., 2001)
and dispersal agents (cf. VALIDO & NOGALES, 1994; PÉREZ-MELLADO & TRAVESET,
1999) for the local flowering plants. From a scientific point of view, lizards on is-
lands have proved excellent models for studying a variety of ecological and evolu-
tionary questions (e.g. island biogeography: DARLINGTON, 1957; extinction and colo-
nisation dynamics: SPILLER et al., 1998; food web dynamics: SPILLER & SCHOENER,
2007; morphological evolution: LOSOS et al., 2001; MALHOTRA & THORPE, 1991; ge-
netic differentiation: THORPE et al., 1994).

The reptiles and amphibians of the Lastovo Archipelago have received consider-
able attention. The unusual diversity of the Balkan herpetofauna attracted early
herpetologists such as Franz WERNER (1892, 1902, 1908), Otto VON TOMASINI (1894),
Paul KAMMERER (1926), Robert MERTENS (1937), and especially Milán RADOVANOVI]

(1951, 1954, 1956, 1964). These pioneers noted the remarkable variability of the in-
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sular forms and proposed the first hypotheses on their taxonomy, distribution and
evolution. In the 1970s, lizard populations of the archipelago were sampled in a pi-
oneering study regarding the evolution of genetic diversity on islands (GORMAN et
al. 1975, CLOVER 1979) and two of the smaller islands were involved in a reciprocal
translocation experiment, set-up to test the hypothesis of competitive exclusion be-
tween two Podarcis species (NEVO et al., 1972). More recently, lizard populations on
Lastovo and surrounding islands featured in studies on functional ecology and be-
havioural ecology (IRSCHICK et al., 2005; HUYGHE et al., 2007; VERVUST et al., 2007,
2008a,b; BRECKO et al., 2008). A follow-up on the reciprocal transplant experiment
revealed surprisingly fast evolutionary morphological and physiological differentia-
tion (VERVUST et al., 2007; HERREL et al., 2008). PODNAR and co-workers (2004, 2005,
2006) sampled several of the Podarcis populations in the area as part of a broad-scale
phylogeographical study of the genus using mitochondrial DNA. One of their main
conclusions was that many of the subspecies described by earlier taxonomists based
on morphological differences do not hold in the light of genetic evidence. Both the
P. melisellensis and P. sicula populations in the area seem to belong to homogenous,
distinctive clades within the respective species, further adding to the uniqueness of
the archipelago’s herpetofauna.

Despite this long-standing interest in the amphibian and reptile community of the
Nature Park, many uncertainties remain. Many of the smaller islands do not figure
in distributional lists, and others have not been investigated for decades. Given the
natural instability of island populations (HANSKI & GILPIN, 1991) and their vulnera-
bility to anthropogenic perturbation (CASE et al., 1992), an update of the distribution
data seemed warranted. Moreover, possibly because of problems with the identifi-
cation of the different species, historical accounts of species presence contradict one
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Fig. 1. Map of the islands belonging to the Lastovo Archipelago Nature Park. Numbers
refer to islands in columns.
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another on several occasions. The reliability of the (older) literature is also jeopar-
dized by the confusing geographical nomenclature of land bodies in the Adriatic
Sea. Many islands and islets are known under different names, and often the same
name is used for different islands.

In this paper, we report our observations on amphibians and reptiles of the La-
stovo Archipelago Nature Park during repeated visits of the islands in the period
spanning 1996-2008. We also attempt to explain the presence/occurrence of the
more common species on the constituting islands, using variables of the biotic and
abiotic environment. We hope that these observations will be helpful for future con-
servational practice and for further scientific work on the nature Park’s herpetofauna.

MATERIAL AND METHODS

Data were gathered during multiple visits to the archipelago in the years 1996,
1997, 1998 and 2001 (IG, NT) and 2004, 2006, 2007 and 2008 (BV, JB, RVD). Habitats
on the main island of Lastovo were censused both during the day and at night; the
smaller islands were visited during daytime only. Weather conditions were always
such to permit activity. We also frequently turned over rocks and stones to look for
inactive specimens. The number of man-hours searched varied among islands and
ranged between 10 and 650, but we are confident not to have missed any species
on the islands visited. To permit identification, animals were caught by noose, by
hand or in traps (plastic bottles with reversed necks) baited with soft fruits (peach
or grapes). They were released at the exact place where they were caught.

We used stepwise logistic regression analysis to examine which biotic and abio-
tic factors can predict the presence/absence of Podarcis melisellensis, Dalmatolacerta
oxycephala and Hemidactylus turcicus from the sampled islands in the Nature Park.
We considered the following characteristics: island surface area, island perimeter,
distance to the main island (Lastovo) and maximal height of the island. Island sur-
face area and perimeter were taken from LEDER et al. (2004) for most of the larger
islands. For islands not listed in this paper, we digitised the perimeter from digital
copies of a nautical map (Admirality Charts, The United Kingdom Hydrographic
Office, Taunton, UK, scale 1:100 000) and then obtained its length and the area of the
island using the tpsDig software (R. J. Rohlf, http://life.bio.sunysb.edu/morph/).
We used the same software to measure the smallest distance to the nearest point on
Lastovo Island, and to estimate the area of land within circles with radius of 500
and 1000 m, placed at the centre of mass on the island. The latter variables are con-
sidered indicative for the island’s »degree of isolation«. The maximal height of each
island was taken from a nautical map. »Presence of competitors« and »presence of
buildings« (inhabited or recently abandoned) were introduced as dichotomous bio-
tic factors. Because stepwise regression methods tend to »overfit« the data to noise,
we used the Bayesian Information Criterion (BIC) to select the most parsimonious
model explaining the variation in the dependent variable.

To avoid problems of multicolinearity among dependent variables in the logis-
tic regression analyses, we introduced the Area, Perimeter, Distance, Land500 and
Land1000 variables (log10-transformed) into a principal components analysis, using
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the Varimax rotation method. This resulted in two composite variables that ex-
plained 67% and 21% of the total initial variation, respectively. The first composite
variable correlated positively with Distance (r = +0.84) and negatively with Land500
(r = –0.77), Land1000 (r = –0.90), and we will refer to it as »Degree of isolation«.
The second axis correlated positively with Area (r = +0.96) and Perimeter (r = +0.96)
and we will name it »Size«. The distribution of the islands within the first principal
components plane is illustrated in Fig. 2.

RESULTS

During our stays in the Lastovsko oto~je Nature Park, we encountered five spe-
cies of lizards (Podarcis sicula, P. melisellensis, Dalmatolacerta oxycephala, Hemidactylus
turcicus and Pseudopus apodus), one species of snake (Dolichophis caspius), one spe-
cies of sea turtle (Caretta caretta) and one amphibian (Bufo viridis). We also found
one single specimen of Hermann’s tortoise (Testudo hermanni), which was most
probably released from captivity.

Podarcis sicula

Populations of the Italian wall lizard (Podarcis sicula pelagosae Rafinesque –
Schmaltz, 1810 – originally described as P. s. cazzae Schreiber, 1912, but put in syn-
onymy with P. s. pelagosae Rafinesque – Schmaltz, 1810 by HENLE & KLAVER in 1986,
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Fig. 2. Projections of the islands on the first principal component plane. The first axis
(X-axis) is an »isolation« axis, islands to the right being more remote. The second axis is
a »size« axis, running from small (bottom) to large (top) surface area. The numbers on

the symbols are the same as those listed in Fig. 1.
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and later with P. s. adriatica (Werner, 1902) by PODNAR LE[I] & TVRTKOVI], 2006), occur
on the western islands of the archipelago: Su{ac Island (Cazza: KOLOMBATOVI], 1903;
KAMMERER, 1926; PODNAR et al., 2005), Bijelac (KAMMERER 1926), Kopi{te (KAMMERER,
1926), Pod Kopi{te (KAMMERER, 1926; NEVO et al., 1972; PODNAR et al., 2005) and Pod
Mr~aru (NEVO et al., 1972; GORMAN et al., 1975; VERVUST et al., 2007; HERREL et al.,
2008). The presence of the species on the latter islet is remarkable, as it was intro-
duced there in the context of an ecological experiment in 1971 (NEVO et al., 1972).
Although the founder population consisted of ten adult specimens (five males and
five females) only, the species has successfully colonized the island, eradicating the
original population of Podarcis melisellensis in the process. The newly founded pop-
ulation of P. sicula on Pod Mr~aru is extremely dense and differs considerably from
its source on Pod Kopi{te in aspects of average body size and shape (VERVUST et al.,
2007), pholidosis (VERVUST et al., 2008a), physiological performance (VERVUST et al.,
2007; HERREL et al., 2008) and behaviour (Vervust et al., 2007, submitted).

Podarcis melisellensis

We confirm the presence of the Dalmatian wall lizard (Podarcis melisellensis Braun,
1877) on Mr~ara (KAMMERER, 1926), Mali Rutvenjak (KAMMERER, 1926), Veli Rutvenjak
(KAMMERER, 1926), Lastovo (WERNER, 1902; KAMMERER, 1926; RADOVANOVI], 1956;
PODNAR et al., 2004), Tajan Veli (KAMMERER, 1926), Vela Sestrica (KAMMERER, 1926;
PODNAR et al. 2004), Smokvica (KAMMERER, 1926), Srednji Vla{nik (KAMMERER, 1926;
PODNAR et al., 2004), Stomorina (PODNAR et al., 2004), Kru~ica (PODNAR et al., 2004)
and Glavat (KAMMERER, 1926; PODNAR et al., 2004). In addition, we report the fol-
lowing new distributional records for this species: Vla{nik, Bratin, Makarac, Pre`ba,
Mali Maslinjak, Veli Maslinjak, Zaklopatica, Petrovac, ^e{vinica, Saplun, Veli Ar`e-
njak, Mali Ar`enjak, Gornji Lukovac, Srednji Lukovac and Srednji Vla{ki. As men-
tioned above, Podarcis sicula has replaced P. melisellensis completely on Pod Mr~aru
(KAMMERER, 1926; RADOVANOVI], 1956; NEVO et al., 1972; TIEDEMANN & HENLE, 1986).
The species is very varied in coloration. A dark, reticular dorsal coloration pattern
is characteristic of P. melisellensis on Veli Rutvenjak, an observation already made by
Kammerer back in 1926. We did find specimens with similar dorsal patterns on
Makarac, Mali and Veli Maslinjak. On Srednji Lukovac, we found a (semi) melanis-
tic population of P. melisellensis. The population of Lastovo Island exhibits an in-
triguing polymorphism in vent color; males may have white, yellow or orange col-
ored bellies, females are usually white or yellow (HUYGHE et al., 2007; BRECKO et al.,
2008). On the smaller islands, one or more of these color morphs seem to be miss-
ing. Specimens on Glavat, for instance, all have a white-greenish vent color (as
mentioned by KAMMERER 1926, p. 72), whereas on Tajan Veli and ^e{vinica all indi-
viduals of both sexes have reddish bellies (also noted by KAMMERER 1926, p. 73).
On Vela Sestrica, males have red bellies, while all females are white (again as ob-
served by KAMMERER 1926, p. 72). Although we have no quantitative data to sup-
port this, populations clearly also differ strongly in density and shyness. For exam-
ple, on ^e{vinica the lizards occur in very high densities and are extremely tame.
The Srednji Lukovac population is also dense, but the animals are extremely shy
and difficult to capture. The nearby island of Gornji Lukovac also harbors high
densities, but lizards are obviously less shy. On the other hand, Mali and Veli
Ar`enjak and Saplun harbors low densities and lizards are extremely shy.
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A model that includes »Presence of P. sicula«, »Maximal height of the island«
and »Degree of Isolation« best predicts the presence/absence of P. melisellenis on
the islands within the Nature Park (fit of final model: Nagelkerke-pseudo r2 = 0.78,
BIC = 36.93, c2

3 = 37.7, P < 0.001). »Island size« and »Presence of building« did not
enter the final equation. Inspection of the model’s parameters learns that P. melisel-
lensis is more likely to be absent from islands that are remote (parameter estimate
for Degree of isolation: B = –1.678), have a limited maximal height (Maximal height:
B = –15.93) and contain no P. sicula (B = –36.81). The model successfully predicts
the species’ occurrence in 38 of the 44 islands (91%). The model places P. melisel-
lensis on Crnac and D. Vla{nik, where we failed to find the species, and predicts its
absence from Mali Ar`enjak, where in reality we observed it.

Dalmatolacerta oxycephala

The sharp-headed lizard (Dalmatolacerta oxycephala Duméril and Bibron, 1839) in-
habits most islands of the Lastovsko oto~je Nature Park. We confirmed this species’
presence on Lastovo (WERNER, 1892, 1908; KOLOMBATOVIC, 1903; MÜLLER, 1902;
RÖSSLER, 1919; KARAMAN, 1921, 1939; KAMMERER, 1926; RADOVANOVI], 1951, 1954,
1956), Veli Rutvenjak (KAMMERER, 1926; RADOVANOVIC, 1956), Mali Rutvenjak (KAM-

MERER, 1926; RADOVANOVI], 1956), Pod Mr~aru (KAMMERER, 1926; RADOVANOVI],
1956; NEVO et al. 1972, GORMAN et al. 1975), Kopi{te (KAMMERER, 1926; Radovano-
vi}, 1951), Mr~ara (Kammerer, 1926), Tajan Veli (Kammerer, 1926), Vela and Mala
Sestrica (KAMMERER, 1926), Smokvica (KAMMERER, 1926), Glavat (KAMMERER, 1926)
and Su{ac (KOLOMBATOVI], 1903; WERNER, 1908; KAMMERER, 1926). In addition, we
found the species on Vla{nik, Bratin, Makarac, Pre`ba, Mali Maslinjak, Veli Maslinjak,
Zaklopatica, Petrovac, Kru~ica, ^e{vinica, Saplun, Veli Ar`enjak, Mali Ar`enjak,
Stomorina, Gornji Lukovac, Srednji Lukovac, Srednji Vla{ki, Mali and Veli Golubi-
njak. As far as we know, all these constitute new distributional records.

The most parsimonious model for D. oxycephala contains only »Maximal height
of the island« as a useful predictor (fit of final model: Nagelkerke-pseudo r2 = 0.48,
BIC = 34.66, c2

1 = 18.13, P < 0.001). The model predicts that species will be absent
from very flat islands only (Fig. 3). In seven islands (Bijelac, Pod Kopi{te, Crnac,
Skoj od Mrca, Hr. Uska, Barje, D. Vla{nik), we could not confirm the existence of
populations D. oxycephala where it was predicted by the model. In three other is-
lands (Mali Golubinjak., Sestrica Vela and Mala) there exist populations where the
model predicts none.

Densities of D. oxycephala apparently vary considerably among islands. Although
the occurrence of other lacertids does not appear in the species’ presence/absence
model, it is clear that P. melisellensis and especially P. sicula specimens are competi-
tively superior over D. oxycephala. We noted that on small islands were species
co-occur, D. oxycephala often retreats to the peripheral zone of almost barren rocks.
Even there, it can often be seen chased by individuals of the Podarcis species. The
idea that interspecific competition may constrain the density and distribution of D.
oxycephala within islands is further corroborated by the fact that on two particularly
harsh islands (Mali and Veli Golubinjak) without Podarcis, the species occurs in
very high density.
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Hemidactylus turcicus

The Mediterranean house gecko or Turkish gecko (Hemidactylus turcicus Lin-
naeus, 1758) was found on Lastovo (WERNER, 1908; KAMMERER, 1926; KARAMAN,
1939), Pre`ba, Glavat, Mr~ara, Srednji Lukovac and Su{ac (Cazza: KOLOMBATOVI],
1903).

Confirming its man-driven distributional pattern, the only independent variable
that enters the equation predicting this species’ presence/absence is »Presence of
buildings« (fit of final model: Nagelkerke pseudo r2 = 0.81, BIC = 38.8, c2

1 = 25.75,
P < 0.001). Islands with inhabited or recently abandoned human constructions (n = 5)
all house populations of this species, while most uninhabited islands (n = 38) do
not. The only island without buildings where H. turcicus was found is Lukovac Sr.

Pseudopus apodus

The presence of European glass lizards (Pseudopus apodus Pallas, 1775) on the main
island of Lastovo has been documented long time ago (WERNER, 1908; KARAMAN,
1939; RADOVANOVI], 1964). This species was restricted only to Lastovo. We encoun-
tered these large lizards in great numbers, especially in spring, and mostly in culti-
vated areas near human habituation, such as vineyards.

Dolichophis caspius

The Caspian whip snake (Dolichophis caspius Gmelin, 1789) has been reported from
Lastovo (WERNER, 1902, 1903, 1904, 1908, 1913; SCHREIBER 1912; ZFMK – collection;
RADOVANOVI], 1964) and from Kopi{te (KAMMERER, 1926). We can confirm these dis-
tributional records, and we also found the species on Mr~ara. We could not corrobo-
rate this snake’s current presence on Su{ac Island (KAMMERER, 1926). People from the
island’s lighthouse remember its probable extermination in the recent past.
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Fig. 3. Effect of island height on the probability of occurrence of Dalmatolacerta oxycephala.
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Hierophis viridiflavus

POZZI (1966) mentions the western whip snake (Hierophis viridiflavus Lacépède,
1789) on Su{ac. We did not encounter this species there or anywhere else in the
Lastovo Archipelago.

Testudo hermanni

Although KLETECKI (2006) reported Hermann’s tortoise (Testudo hermanni Gmelin,
1789) from Lastovo Island, we are unable to confirm its natural occurrence on
Lastovo Island. Local farmers also deny its presence. We found one tortoise speci-
men in Lokavje polje (Lastovo) in 1997, and several captive tortoises in 2007 and
2008 (closed gardens in Ubli, Lastovo and Zaklopatica), which were presumably
brought from the mainland.

Caretta caretta, Chelonia mydas, Dermochelys coriacea

Sea turtles are commonly observed in the seas Archipelago. LAZAR & TVRTKOVI]

(1995) reported 18 sightings between 1989 and 1993, including the observation of a
school of about 30 specimens of Caretta caretta westward from Lastovo Island, in
the winter of 1990. In the summer of 2007 we observed one loggerhead turtle
(Caretta caretta Linnaeus, 1758) in the strait between Pod Mr~aru and Pod Kopi{te.
We never observed the more rare green turtle (Chelonia mydas Linnaeus, 1758) or
leatherback turtle (Dermochelys coriacea Vandelli, 1761), but it should be noted that
our censuses primarily centered on terrestrial reptiles.

Bufo viridis

We found large numbers of green toad (Bufo viridis Laurenti, 1768) on Lastovo Is-
land (WERNER, 1908; KAMMERER, 1926; RADOVANOVI], 1956). Breeding occurs in
fresh water ponds found on Vino Polje (Ubli) and Lokavje (Lastovo). Most probably
because of the lack of fresh water, this species is absent from all smaller islands of
the Archipelago.

DISCUSSION

Our results on the occurrence of reptilian and amphibian species within the
Lastovo Archipelago are in general agreement with earlier findings. We were able
to confirm the presence of the distinct species on most of the islands that had been
visited by earlier students, although some of the records in the literature date from
considerable time ago. That we also report a fair amount of »new« distributional
data probably reflects the fact that previous expeditions did not land on the islands
and islets in question, and most surely does not indicate recent colonisation.

In addition, our statistical analyses suggest that the occurrence (or absence) from
some of the more widely distributed species can be predicted on the basis of a few
environmental variables, which make sense considering the natural history of the
species in question. For instance, the presence of both P. melisellensis and D. oxyce-
phala requires islands to be sufficiently high, probably because lizards on lower is-

Nat. Croat. Vol. 18(1), 2009 121

M:\NATURA\natura_1-09\vervust-grbac-brecko.vp
30. lipanj 2009 12:21:46

Color profile: Disabled
Composite  Default screen



lands run the risk of being swept into sea by waves during storms. The finding that
the presence of P. sicula is fatal for P. melisellensis is in agreement with the old idea
that competitive exclusion prevents these two ecologically similar species to co-ex-
ist on most smaller islands (RADOVANOVI], 1956; NEVO et al., 1972). The syntopy of
D. oxycephala with P. melisellensis species on many of the islands suggests a smaller
niche overlap between these two species. However, these simple presence/absence
censuses do not assure that there is no competition at all. Our observations on the
peripheral distribution of D. oxycephala on islands inhabited by P. melisellensis (or P.
sicula) and the frequent aggressive interactions suggest quite the opposite. They in-
dicate that D. oxycephala on these islands is restricting its fundamental niche breadth,
in an attempt to make the best of a bad situation. Comparing the realized niche
widths of D. oxycephala along different resource axes (thermal, trophic, microhabi-
tat, etc) on islands with and without competing Podarcis species would be a valu-
able line of research. It would also be of great interest whether the presence of these
competitors also translates in altered life history and demographic characteristics.

The fact that most historically reported populations were still present when we
censused the area, and the fact that models with (mostly) natural variables predict
the distribution of the species well, may suggest that the Archipelago’s terrestrial
herpetofauna is doing well. With the clear exception of the P. melisellensis popula-
tion on Pod Mr~aru, none of the insular populations seems to have gone extinct in
the last few decades. The remarkable observation that populations on some of the
smaller islands exhibit particular features (coloration, degrees of shyness) already
described by authors many decades ago, adds to the belief that the populations are
stable and have not been replaced or invaded by conspecifics from other islands. It
will be most instructive to learn about the phylogenetic relationships between the
different island populations. However, we wish to stress again that our current data
do not fully allow assessing the well being of the amphibian and reptilian popula-
tions in the area. We merely report presence/absence. Future studies should gauge
more reliable indicators of vulnerability, such as population densities, genetic diver-
sity, physiological condition etc.

Meanwhile, several observations warrant some disquietude. First, the rapid dis-
appearance of P. melisellensis from Pod Mr~aru following introduction of P. sicula
demonstrates how fast and drastically invasive species may affect indigenous pop-
ulations. The Italian wall lizard is renowned in this respect; it has displaced several
other lacertid species on islands and other habitats throughout the Mediterranean
(CAPULA, 1993; ARNOLD, 1997; CAPULA et al., 2002). It seems not unlikely that the
current populations of the species on Su{ac, Kopi{te and Pod Kopi{te have also re-
placed native P. melisellensis populations in historical times. Adding to its threat as
an invasive species is the fact that perhaps more than any other lacertid, P. sicula
feels at home in anthropogenic habitats. This probably aids its accidental dispersal
to islands aboard vessels (PODNAR et al., 2004). If it is a goal to protect the native
populations of P. melisellensis in the Lastovo Archipelago, measures should be taken
to prevent P. sicula from expanding its distribution eastwards Pod Mr~aru.

Second, preliminary observations on several islands suggest that lizards may
suffer from the introduction of mammals, whether intended (e.g. sheep, goats) or
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accidental (e.g. rats, cats). Grazing by sheep or goats may considerably alter an is-
land’s physical habitat structure, often leading to a decrease in the availability of
vegetative protection against aerial predators (VERVUST et al., 2007). This may lead
to increased predation pressure and, unless the lizards can adapt to this new cir-
cumstances (VERVUST et al., 2007), may result in reduced viability of the population.
In addition, we noted that lizards on islands with sheep tend to have higher ecto-
parasite (tick) loads. Although we have no direct evidence for any effects on the
condition of the lizards, this may constitute an additional burden. Rats and cats can
predate lizards (KAMMERER, 1926). A few islands in the archipelago that are fre-
quently visited (e.g. Saplun, Mrcara) by locals and tourists for recreational purposes
carry considerable amounts of trash and may therefore house threatening populations
of rats. Littering should be prevented as much as possible. Cats presumably present
a hazard in populated areas of Lastovo only. Preliminary observations showed a
much higher incidence of tail breaks in P. melisellensis from the town of Pasadur com-
pared to a rural site in the centre of the island (Huyghe, personal communication).

Third, many islands of the archipelago are breeding places for gulls, mainly yel-
low legged gulls (Larus michahellis). Despite the generalist feeding habits of this
species, pellets often contain remnants of lizards (Vervust, unpubl.). However, liz-
ards on islands with high densities of breeding gulls are not less shy compared to
populations on islands with lower densities (e.g. VERVUST et al., 2007; unpubl.). The
presence of gulls may even relax predation pressure on lizards because gulls tend
to chase away other, perhaps more dangerous bird predators, and this benefit may
outweigh the putative greater risk of predation by the gulls themselves (WHEEL-

WRIGHT et al., 1997). Some authors (e.g. KAMMERER, 1926) has even suggested a
mutualistic relationship between breeding seagulls and lacertid lizards, in which
the gulls would refrain from attacking lizards near their nest because they would
help reduce the chicks’ ectoparasite load (GRUBER, 1986; SALVADOR, 1986). This is
contradicted by the experimental study of CASTILLA & LABRA (1998), who showed
that the predation intensity on Podarcis atrata increased near a gull colony. Overall,
the importance of gulls as predators of lizards is debated (e.g. MARTINEZ-RICA &
CIRER, 1982; PÉREZ-MELLADO et al., 1997) and demands investigation.

One of the most intriguing aspects of the Archipelago’s herpetofauna is the high
degree of interpopulational differences in body size, shape, coloration, behaviour
and density. Insular populations can diverge from their source on the mainland or
nearby islands for a variety of reasons, genetic and plastic, adaptive and non-adap-
tive, but the exact pressures and mechanisms involved are rarely known (for a re-
cent review, see WHITTAKER & FERNÁNDOZ-PALACIOS, 2007). The Lastovo Archipelago
may constitute an excellent natural laboratory (sensu WHITTAKER, 2003) in which to
study these matters. Earlier herpetologists (references above) have used the differ-
ences in size, scalation and colour to delineate subspecies of P. melisellensis and P.
sicula. However, their intraspecific classification is not well supported by recent
studies using mitochondrial DNA (PODNAR et al., 2004; 2005). Further genetic analy-
ses using different regions of the genome will be necessary to learn the exact rela-
tionships among the different island populations. Such information will be most
valuable in analyses of evolutionary patterns, as well as for conservational decisions.
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The disparate distribution of smaller lizards over the whole of the Archipelago is
fascinating, but the main island of Lastovo also holds a number of interesting
herps. Pseudopus apodus was seen on Lastovo Island only. Also elsewhere in the
Adriatic, this species seem restricted to larger bodies of land (S^ERBAK & BÖHME,
1993). The European glass lizard is extremely abundant, especially near human set-
tlements. Lastovo seems an ideal study area to learn more of the biology of this elu-
sive species. Locals are known to kill legless lizards. Here’s an excellent opportu-
nity for nature education; farmers should be explained that this species is harmless
and valuable because it eats snails. The status of D. caspius is difficult to assess be-
cause of its secretive habits. It does not seem to suffer from deliberate persecution,
as locals are aware that it is non-poisonous. The increased availability of asphalted
roads may present a problem as the warmth of the road in the evening attracts
snakes that consequently get run over by traffic.

We also encountered numerous individuals of Bufo viridis on Lastovo. This spe-
cies is apparently thriving, but this situation may change rapidly through the loss
of suitable habitat (especially breeding ponds and wetlands) due to drainage (COL-

LINS & STORFER, 2003). A number of relatively small measures (e.g. creation/mainte-
nance of breeding pools) could easily help prevent such calamity.

In summary, the Lastovo Archipelago Nature Park is home to a most interesting
collection of reptilian and amphibian populations. We hope that our observations
will instigate further research into the system and may provide a basis for conser-
vational plans and practices.

ACKNOWLEDGEMENTS

Research was carried out under research permits UP/I 612-07/04-33/267, UP/I
612-06/04-33/187 and UP/I-612-07/08-33/0190 issued by the Croatian Ministry of
Culture. This study is part of larger projects supported by the FWO – Flanders
(project nr. G.0111.06) and the previous Research Found of the Ministry of Science
of Republic of Croatia (former project nr. 183007/ today nr. 183-1193080-0831).

Received October 30, 2008

REFERENCES

CAPULA, M. 1993: Natural hybridization in Podarcis sicula and P. wagleriana (Reptilia: Lacerti-
dae). Biochemical systematics and ecology. 21, 373–380.

CAPULA, M., LUISELLI, L., BOLOGNA, M. A. & CECCARELLI, A., 2002: The decline of the Aeolian
wall lizard, Podarcis raffonei: causes and conservation proposals. 21, 373–380.

CASE, T. J., BOLGER, D. T. & RICHMAN, A. D., 1992: In Conservation Biology: The Theory and
Practice of Nature Conservation, Preservation and Management (eds FIEDLER P. L & JAIN S.
K.) 91–125 (Chapman and Hall, New York).

CASTILLA, A. M. & LABRA, A., 1998: Predation and spatial distribution of the lizard Podarcis
hispanica atrata: an experimental approach. – Acta Oecol. 19, 107–114.

124 Vervust, B. et al.: Distribution of reptiles and amphibians in the Nature Park Lastovo Archipelago

M:\NATURA\natura_1-09\vervust-grbac-brecko.vp
30. lipanj 2009 12:21:46

Color profile: Disabled
Composite  Default screen



CLOVER, R. C., 1979: Phenetic relationships among populations of Podarcis sicula and P. melisel-
lensis (Sauria: Lacertidae) from islands in the Adriatic sea. Systematic Biology. 28, 284–298.

COLLINS, J. P. & STORFER, A., 2003: Global amphibian declines: sorting the hypotheses. Diver-
sity and Distributions. 9, 89–98.

BRECKO, J., HUYGHE, K., VANHOOYDONCK, B., HERREL, A., GRBAC, I. & R. VAN DAMME, 2008:
Functional and ecological relevance of intraspecific variation in body size and shape in the
lizard Podarcis melisellensis (Lacertidae). Biological Journal of the Linnean Society. 94, 251–264.

DARLINGTON, P. J., 1957: Zoogeography. Wiley. New York.
ELVERS, I., 1977: Flower – visiting lizards on Madeira. Bot. Notiser. 2, 231–234.
GORMAN, G. C., SOULÉ, M., YANG, S. Y. & NEVO, E., 1975: Evolutionary genetics of insular

Adriatic lizards. Evolution 29, 52–71.
GRUBER, U., 1986: Podarcis erhardii (Bedriaga, 1876) – Ägäische Mauereidechse. – In: W. BÖHME

(Ed.): Handbuch der Reptilien und Amphibian Europas; Bd. 2/II: Echsen III (Podarcis) –
Aula, Wiesbaden, pp. 25–49.

HANSKI, I. & GILPIN, M., 1991: Metapopulation dynamics: brief history and conceptual do-
main. Biological Journal of the Linnean Society. 42, 3–16.

HENLE, K. & KLAVER, C. J. J., 1986: Podarcis sicula (Rafinesque-Schwaltz, 1810) – Ruineneidechse.
In: BÖHME W. (1986 (Ed.): Handbuch der Reptilien und Amphibien Europas, Bd2/II, Echsen
(Sauria) III, Lacertidae III: Podarcis; Wiesbaden (Aula); pp. 254-343.

HERREL, A., HUYGHE, K., VANHOOYDONCK, B., BACKELJAU, T., BREUGELMANS, K., GRBAC, I., VAN

DAMME, R. & IRSCHICK, D. J., 2008: Rapid large scale evolutionary divergence in morphol-
ogy and performance associated with exploitation of a different dietary resource. Proceed-
ings of the National Academy of Sciences 105, 4792–4795.

HUYGHE, K., HERREL, A., HUSAK, J. F. & R. VAN DAMME, 2007: 4.P12 Testosterone and perfor-
mance in the different colour morphs of the Dalmatian wall lizard. Comparative Biochem-
istry and Physiology – Part A: Molecular and Integrative Physiology. 148, S23.

IRSCHICK, D. J., Herrel, A., Vanhooydonck, B., Huyghe, K. & R. Van Damme, 2005: Locomotor
compensation creates a mismatch between laboratory and field estimates of escape speed
in lizards: a cautionary table for performance – to – fitness studies. Evolution 59, 1579–
1587.

KAMMERER, P., 1926). Der Artenwandel auf Inseln und seine Ursachen ermittelt durch den
Eidechsen der Dalmatischen Eilande –Wien and Leipzig pp. 332 (26–01).

KARAMAN, S., 1921: Beitrage zur Herpetologie von Jugoslavien. Glasn. Hrv. prir. dr. 1921, 33,
194–209.

KARAMAN, S., 1939: Über die Verbreitung der Reptilien in Jugoslavien. Skoplje.
KLETE^KI, E., 2006: Hermann’s tortoise (Testudo hermanni) In: Crvena knjiga vodozemaca i

gmazova Hrvatske. HUTINEC, B. J., KLETE^KI, E., LAZAR, B., PODNAR, M., SKEJI], J., TADI], Z.
& TVRTKOVI], N. (Ed.). Ministarstvo Kulture. Drzavni zadod za zastitu prirode. Republika
Hrvatska. pp. 71.

KOLOMBATOVI], G., 1903: Contribuzioni alla fauna dei vertrebrati della Dalmazia. Glasnik
hrvatskoga naravnoslovnoga dru{tva 15, 182–201. Zagreb.

LAZAR, B. & N. TVRTKOVIC, 1995: Marine turtles in the eastern part of the Adriatic Sea: prelim-
inary research. Nat. Croat. 4, 59–74.

LEDER, D. T., UJEVIC, T. & CALA, M., 2004: Coastline lengths and areas of islands in the Croatian
part of the Adriatic sea determined from the topographic maps at the scale of 1 : 25 000.
Geoadria 9, 5–32.

LOSOS, J. B., SCHOENER, T. W., WARHEIT, K. I. & CREER, D., 2001: Experimental studies of adap-
tive differentiation in Bahamian Anolis lizards. Genetica 112, 399–415.

Nat. Croat. Vol. 18(1), 2009 125

M:\NATURA\natura_1-09\vervust-grbac-brecko.vp
30. lipanj 2009 12:21:46

Color profile: Disabled
Composite  Default screen



MALHORTA, A. & THORPE, R. A., 1991: Experimental detection of rapid evolutionary response
in natural lizard populations. Nature 353, 347–348.

MARTINEZ-RICA, J. P. & CIRER, A. M., 1982: Notes on some endangered species of Spanish
herpetofauna, 1: Podarcis pityusensis Bosca. – Biol. Conser. 22, 295–314.

MERTENS, R., 1937: Neues über die Eidechsenfauna Istriens. Zoologisches Anzeiger, Leipzig.
119, 332–336.

MÜLLER, L., 1902: Die echte und die vermeintliche Spitzkopfeidechse (Lacerta oxycephala DB
und Lacerta serpa Rafin.). Blätter für Aquarien und Terrarienkunde. 13, 158–160, 169–171;
182–185.

NEVO, E., GORMAN, G., SOULÉ, M., YANG, S. Y., CLOVER, R. & JOVANOVI], V., 1972: Competitive
exclusion between Insular Lacerta species (Sauria, Lacertidae). Oecologia 10, 183–190.

NYHAGEN, D. F., KRAGELUND, C., OLESEN, J. M. & JONES, C. G., 2001: Insular interactions be-
tween lizards and flowers: flower visitation by an endemic Mauritian gecko. Journal of
Tropical Ecology. 17, 755–761.

PÉREZ – MELLADO, V., CORTI, C. & CASCIO, P. L., 1997: Tail autotomy and extinction in Mediter-
ranean lizards: A preliminary study of continental and insular populations. – J. Zool. 243,
533–541.

PÉREZ-MELLADO, V. & TRAVESET, A., 1999: Relationships between plants and Mediterranean
lizards. Natura Croatica 8, 275–285.

PODNAR, M., MAYER, W. & TVRTKOVI], N., 2004: Mitochondrial phylogeography of the Dalma-
tian wall lizard, Podarcis melisellensis (Lacertidae). Org. Divers.Evol. 4(4), 307–317.

PODNAR, M., MAYER, W. & TVRTKOVI], N., 2005: Phylogeography of the Italian wall lizard,
Podarcis sicula, as revealed by mitochondrial DNA sequences. Mol Ecol 14, 575–588.

PODNAR LE[I], M. & TVRTKOVI], N., 2006: Jadranska primorska gu{terica. In: TVRTKOVI] N. et al.
Crvena knjiga vodozemaca i gmazova Hrvatske. Ministarstvo kulture, Dr`avni zavod za
za{titu prirode, Zagreb, 77–78.

POZZI, A, 1966: Geonemia e catalogo ragionato degli Anfibi e dei Rettili della Jugoslavia.
Natura (Milano) 1966, 57(1), 5–54.

RADOVANOVI], M., 1951: Zur Kenntnis der Herpetofauna des Balkans’. Zoologischer Anzeiger.
Akademische Verlagsgesellschaft Becker and Erler Kom. – Ges. Leipzig, D.D.R.

RADOVANOVI], M., 1954: Die Variabilität der morphologischen Merkmale bei den Eidechsen
der adriatischen Inseln. Verhaltung Deutsche Zoologischen Geschichte 300–306.

RADOVANOVI], M., 1956: Rassenbildung bei den Eidechsen auf Adriatischen Inseln. Oster-
reichischen Akademie der Wissenschaften, Mathematisch – Naturwissenschaftliche Klasse,
Denkschriften, Band 1110, 2. Abhandlung. Pp. 82 Springer – Verlag Vienna, Austria.

RADOVANOVI] M. (1964). Die Verbreitung der Amphibien und Reptilien in Jugoslawien. Seck.
Biol. Frankfurt am Main, 45: 553–561.

RÖSSLER, E., 1919: Die Lazerten einiger süddalmatinischer Inseln. Glasnik hrvatskog priro-
doslovnog dru{tva, 31(1–4), 25–67, 173–217. Zagreb.

SALVADOR, A., 1986: Podarcis lilfordi (Günther, 1874) – Balearen – Eidechse. In: W. BÖHME (Ed.):
Handbuch der Reptilien und Amphibian Europas; Bd. 2/II: Echsen III (Podarcis) – Aula,
Wiesbaden, pp. 83–110.

S^ERBAK, N. N. & BÖHME, W., 1993: Coluber caspius Gmelin, 1789 – Kaspische Pfeilnatter oder
Springnatter. In: BÖHME, W. (Ed.): Handbuch der Reptilien und Amphibien Europas. Schlan-
gen (Serpentes) I. – Aula Verlag, Wiesbaden, 83–96.

SCHREIBER, E., 1912: Herpetologica europaea. 2. Aufl., Jena, Gustav Fischer.
SPILLER, D. A., LOSOS, J. B. & SCHOENER, T. W., 1998: Impact of a catastrophic hurricane on is-

land populations. Science 281, 695–697.

126 Vervust, B. et al.: Distribution of reptiles and amphibians in the Nature Park Lastovo Archipelago

M:\NATURA\natura_1-09\vervust-grbac-brecko.vp
30. lipanj 2009 12:21:46

Color profile: Disabled
Composite  Default screen



SPILLER, D. A. & SCHOENER, T. W., 2007: Alteration of island food-web dynamics following
major disturbance by hurricanes. 88, 37–41.

TOMASINI, O. R., 1894: Skizzen aus dem Reptilienleben Bosniens und der Herzegovina. Wis-
sensch. Mittheil. Bosniens 2, 80–93.

THORPE, R. S., MCGREGOR, D. P., CUMMING, A. M. & JORDAN, W. C., 1994: DNA evolution and
colonization sequence of island lizards in relation to geological history: Mtdna Rflp, Cyto-
chrome B, Cytochrome oxidase, 12 s RRNA sequence, and nuclear rapid analysis. Evolu-
tion 48, 230–240.

TIEDEMANN, F. & HENLE, K., 1986: Podarcis melisellensis (Braun, 1877) – Adriatische Mauerei-
dechse. In: BÖHME, W. (Ed.): Handbuch der Reptilien und Amphibien Europas, Bd2/II,
Echsen (Sauria) III, Lacertidae III: Podarcis; Wiesbaden (Aula); pp. 111-141.

TRAVESET, A. & SAEZ, E., 1997: Pollination of Euphorbia dendroides by lizards and insects: spatio
– temporal variation in patterns of flower visitation. Oecologia 111, 241–248.

VALIDO, A. & M. NOGALES, 1994: Frugivory and seed dispersal by the lizard Gallotia galloti
(Lacertidae) in a xeric habitat of the Canary Islands. Oikos 70, 403–411.

VERVUST, B., GRBAC, I. & R. VAN DAMME, 2007: Differences in morphology, performance and
behaviour between recently diverged populations of Podarcis sicula mirror differences in
predation pressure. Oikos 116, 1343–1352.

VERVUST, B., VAN DONGEN, S., GRBAC, I. & VAN DAMME, R., 2008a: Fluctuating asymmetry,
stress and physiological performance in island populations of the Italian wall lizard (Pod-
arcis sicula). Journal of Herpetology. 42, 369–377.

VERVUST, B., LAILVAUX, S., GRBAC, I. & VAN DAMME, R., 2008b: Do morphological condition in-
dices predict locomotor performance in the lizard Podarcis sicula? Acta Oecologica 34,
244–251. Doi: 10.1016/j.actao.2008.05.012.

WERNER, F., 1892: Herpetologische Lokalfaunen der österreichischen Erzherzogtümer. Abh.
Naturw. Ver. Magdeburg, 2, 117–121.

WERNER, F., 1902: Beiträge zur Kenntnis der Fauna einiger dalmatischer Inseln. Verh. k.-k.
zool.-bot. Ges. Vienna, Austria. 52, 362–388.

WERNER, F., 1908: Die Zoologische Reise des Naturwissenschaftlichen Vereines nach Dalma-
tien im April 1906. Spezieller Teil: Reptilien und Amphibien. Mitt. Naturwiss. Ver. A.d.
Univ. Wien NR. 4–5, 44–53.

WHEELWRIGHT, N. T., LAWLER, J. J. & WEINSTEIN, J. H., 1997: Nest – site selection in Savannah
sparrows: Using gulls as scarecrows? – Anim. Behav. 53, 197–208.

WHITTAKER, R. J. & J. M. FERNANDOZ-PALACIOS, 2007: Island Biogeography: Ecology, Evolu-
tion, and Conservation (second ed), Oxford University Press, Oxford.

WHITTAKER, R. J., 2003: Island Biogeography. Oxford University Press, Oxford.

Nat. Croat. Vol. 18(1), 2009 127

M:\NATURA\natura_1-09\vervust-grbac-brecko.vp
30. lipanj 2009 12:21:46

Color profile: Disabled
Composite  Default screen


