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The Edwards’s sand racer (Psammodromus edwarsianus) was recognised as distinct from the 

Spanish sand racer (P. hispanicus) a decade ago, but both their distributions and interspecific 

range limits are poorly defined.  Results of sampling both species along 70km of the Conquense 

Drove Road (Central Spain) indicate a clear North/South segregation, with P. edwarsianus inhabit-

ing the area North of Las Pedroñeras and P. hispanicus the South. The segregation corresponds 

with lithological and vegetation differences, hard calcareous substrates in the North and softer 

sandy sedimentary material in the South. The latter is associated with more intensive agricultural 

land-use in contrast to the persistence of copses and scrub on the calcareous terrain. The results 

provide new data on the regional distribution of both species. They also highlight the potential 

value of this species-pair as a model for study of interactions and habitat segregation in lacertids.  
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Psammodromus hispanicus. 

Comprehensive knowledge of taxono-

my and species distribution is key to their 

conservation, given that it enables a focus 

on particular species and sites as well as 

on the most effective interventions 

(Groves et al. 2002, Mace 2004). Regarding 

reptiles, knowledge about distributions, 

even within Europe, is still fragmentary 

for many elusive species and further com-

plicated by recent taxonomic revisions 

based on molecular analyses that have 

resulted in significant changes to the spe-

cies list (Speybroeck et al. 2020). Identifying 

species distributions and the factors relat-

ed to them is thus a priority in the conti-

nent, which is subject to intense anthropic 

pressures and climate change (Falaschi et 

al. 2019). 

The Iberian Peninsula is an important 

region at the European scale for lacertid 

diversity, with 8 genera and 27 native spe-

cies (García-Porta et al. 2019, Speybroeck 

et al. 2020). This diversity arises both from the 

confluence of taxa of Mediterranean and 

Atlantic affinities and the strong processes 

of evolutionary divergence of lacertids and 



SEGREGATION OF SAND RACER SPECIES ALONG A DROVE ROAD 

2 

other reptile groups recorded in the south-

east and on both sides of the Strait of Gi-

braltar (Kaliontzopoulou et al. 2011, Mar-

tínez-Freiría et al. 2020). Recent taxonomic 

revisions of lacertids have resulted in the 

recognition of new Iberian species of the 

genera Podarcis, Psammodromus and Timon 

(Speybroeck et al. 2020). Nevertheless, infor-

mation on the distribution of these species 

is very incomplete, even at a 10km-square 

scale (SIARE 2022), and their actual distri-

bution ranges are conditioned by recent 

taxonomic changes, such as species-

splitting. Investigating species distribu-

tions across contact zones between phylo-

genetically sister or cryptic species of the 

above genera is thus of outstanding rele-

vance.  

Sand racers of the Psammodromus his-

panicus group constitute a paradigm in this 

respect. Three species have recently been 

recognised as independent entities accord-

ing to morphological, genetic and ecologi-

cal data (Fitze et al. 2011, San-José et al. 

2012): P. occidentalis inhabits western Spain 

and Portugal, P. hispanicus occupies a 

central belt in Spain and the known distri-

bution of P. edwarsianus extends from 

southeast Spain along the Mediterranean 

coastlands as far as southwestern France, 

as well as large areas of inland Spain 

(Bisbal-Chinesta & Garcia-Marsà 2015, 

Faria et al. 2021). Two species are thus en-

demic to the Iberian Peninsula but the 

range limits of all three are still poorly de-

fined and suggest large areas of potential 

overlap. Phenotypic differences between 

P. occidentalis and P. hispanicus are small and 

they are thus difficult to separate in the 

field (Fitze et al. 2011). Therefore, uncertain-

ty regarding their distribution limits, and 

the factors that underlie these, may persist 

for some time yet. In contrast, P. edwarsi-

anus can be readily identified by the presence 

of a supralabial scale below the subocular 

scale (Fitze et al. 2011, San-José et al. 2012), 

enabling its distribution relative to that of 

P. hispanicus to be clearly established within 

the vast expanse of potential range contact 

suggested by the most up to date infor-

mation on their ranges (Faria et al. 2021, 

SIARE 2022). 

Consequently, these latter two Iberian 

sand racer species may conform an inter-

esting model to study spatial patterns of 

overlap and segregation in phylogenetical-

ly close species (Gomes et al. 2016, 

Cordero et al. 2021). Divergence of these 

species is dated around 4.78 (1.5–8.7) Mya, 

coinciding with the profound geographical 

and climatological changes that followed 

the opening of the Strait of Gibraltar after 

the Messinian salinity crisis (Fitze et al. 

2011). Distribution models of both species 

at the Iberian Peninsula scale point to P. 

edwarsianus inhabiting drier, warmer areas 

with less shrub cover (Fitze et al. 2011), 

although such predictions may well differ 

at smaller spatial scales (Brambilla et al. 

2019, Goudarzi et al. 2021). Both species 

have extensive ranges and are associated 

with grasslands having some degree of 

shrub cover, that therefore may be ana-

lysed along extensive, relatively continu-

ous gradients that may respond quite rap-

idly to environmental changes.  

Drove roads (termed ‘Cañadas’ in Span-

ish), the traditional tracks used to move 

livestock between villages and grazing 

areas, have attracted scientific attention 

since they function as ecological corridors 

or wildlife reservoirs across highly dis-
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Figure 1: Spatial arrangement of sampling in relation to the known distribution of Psammodro-

mus hispanicus (red) and P. edwarsianus (blue) according to Faria et al. 2021 (Map A). The black rectangle 

in map in A) is enlarged in B) to show in greater detail the two known localities of each species 

(red and blue stars, respectively) together with their distribution limits in the region (P. hipanicus 

to the west of red broken line, P. edwarsianus east of blue broken line), as well as the Conquense 

Drove Road in green. Thin black lines correspond to province limits. C) Locations of sampling 

points along the drove road with confirmed presence of P. hispanicus (red dots) and P. edwarsi-

anus (blue dots) during this study. White dots correspond to locations with confirmed presence of sand 

racers where no capture was achieved, and empty circles show where no sand racers were ob-

served. Red and blue lines and stars same as in B).  
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turbed landscapes (Azcárate et al. 2013a, 

Hilty et al. 2020, Malo & Mata 2021). 

They are continuous strips of land, 20–75m 

wide, cutting across the whole territory, 

which were preserved for livestock move-

ments and have remained unploughed 

since remote times. They have thus pre-

served ancient grasslands and their inte-

gral ecological processes (e.g., Manzano & 

Malo 2006) and may serve as refuges for 

invertebrates or small vertebrates alike 

(Azcárate et al. 2013b, Hevia et al. 2013, 

2016). In areas such as La Mancha (Central 

Spain), where most of the countryside is 

cropped, they are one of the few areas pro-

tected from ploughing and that may inter-

connect surviving small patches of natural 

grasslands, forests and scrub. The ‘Cañada 

Real Conquense’ is outstanding in this re-

spect since it connects the protected wood-

lands of the Sierra Morena with the Ser-

ranía de Cuenca, cutting across over 

200km of the plains of La Mancha in the 

Provinces of Ciudad Real and Cuenca 

(Oteros-Rozas et al. 2013); one of the areas of 

the Iberian Peninsula known to have least 

connectivity for wildlife (Rodríguez et al. 

2018). This drove road was thus selected 

for study since it has the potential to act as 

a refuge for sand racers, and it could be a 

good location for extending knowledge of 

sand racer distributions in their area of 

contact and for analysing the factors un-

derlying the species limits between P. his-

panicus and P. edwarsianus. In addition, it is 

one of the areas where the distribution 

limits between both species are least 

known (Bisbal-Chinesta & Garcia-Marsà 

2015, Faria et al. 2021). 

This study relies on the morphological 

differentiation of P. hispanicus and P. ed-

warsianus to improve the knowledge on their 

distributions (Molina et al. 2020, Faria et 

al. 2021). Specifically, the main aims of this 

study are (i) to determine the spatial distri-

bution of P. hispanicus and P. edwarsi-

anus along the Cañada Real Conquense in the 

Cuenca province, from the sierra foothills 

across to the cultivated plains, and (ii) to 

identify the spatial patterns of overlap 

and/or segregation for both species at the 

local scale. Finally, we aim to characterise 

the landscape of the study area (lithology, 

vegetation) and (iii) determine its influ-

ence on species distributional patterns. 

Materials and Methods 

Study area 

The study was carried out along a 

70km sector of the Cañada Real Con-

quense, between Fresneda de Altarejos 

and Las Pedroñeras (Cuenca Province, 

Figure 1). This corresponds to a known 

area of contact between P. hispanicus and 

P. edwarsianus where no records attributed to 

each species exist (Faria et al. 2021). This 

stretch spans a landscape and land use 

gradient from the foothills of the Sierra de 

Cuenca, with their abundant forest patch-

es and little anthropic influence, to the in-

tensively cultivated valley floor, where 

practically no unploughed terrain exists 

away from the drove road itself. These 

changes in terrain and land use accompa-

ny a change in lithology (Table 1, IGME 

1985), with hard substrata of Cretaceous 

origin (limestones, dolomites and sand-

stones) predominating in the sierra and 

softer, sedimentary Neogene and Quater-

nary material (sand and silty soils, con-

glomerates) in the valley bottom. The 
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drove road here is well preserved, having 

continuous cover of grassland and scrub 

with scattered trees, only small areas hav-

ing been tilled or otherwise modified.  

Sampling 

The area was first prospected in July 

2020 when reptiles were searched for 20 

minutes along each of the 13 transects and 

sand racer presence was confirmed along 

the length of the drove road. In April 2021, 

under optimum sampling conditions (12–

18ºC temperatures and high reptile activi-

ty), 20 points of the drove road, including 

the original 13, were sampled. These were 

evenly spaced along the drove road 

(Average ± SD intersample distances 3329 ± 

3890m, Figure 1). Two fieldworkers con-

ducted an intensive search for sand racers 

along a transect at each sample point, 

checking habitat features regularly used by 

lizards, such as stone piles, walls and scrub 

patches, as well as looking under stones 

and other objects under which they might 

shelter. The transects spanned 500m along 

the drove road, centred on it and extending 

to either side to include its entire breadth 

(20–40m at most sites). Each transect was 

searched for 40 minutes. On transects 

where sand racers were present, all ob-

served sand racers were annotated and 

attempts were made to capture up to three 

individuals to examine for the presence (P. 

edwarsianus) or absence (P. hispanicus) of a 

supralabial scale below the subocular scale 

(Fitze et al. 2011, San-José et al. 2012). All 

captives were released unharmed where 

they were found, after identification.  

Habitat characterization 

The area occupied by different substrate 

types, associated with distinct geological 

periods (see Table 1), was measured, as 

well as the different extents of plant cover 

(woodland, scrub, grassland, crops), in or-

der to investigate for environmental factors 

that might determine the segregation of the 

two species.  These data were obtained for a 

500m buffer zone centred on the midpoint 

of each transect employing a GIS. All spa-

tial analyses were performed using geopro-

cessing tools under ArcGIS for Desktop 

10.7 (Environmental Systems Research In-

stitute, Redlands, CA) and official car-

tographies of lithology (IGME 1985) and 

vegetation from the CLC 2018 dataset in 

Geological Era / System Lithology 

Cenozoic / Quaternary Gravels, conglomerates, sands and silts 

Cenozoic / Miocene – Pliocene Sandstones, conglomerates, clays, limestones and 

evaporites 

Cenozoic / Paleogene – Neogene Conglomerates, sandstones, clays, limestones and 

evaporites 

Mesozoic / Cretacic Dolomites, limestones, marl and sandstones 

Mesozoic / Jurasic – Cretacic Limestones, dolomites, marl, sandstones and con-

glomerates 

 
Table 1: Geochronology of main lithologies present in the study area according to IGME (1985). 
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the CORINE landcover project (EEA, 2022). 

The small altitudinal range of the study 

area (685–991m a.s.l.) relative to that known 

for the two species, and its limited spatial 

extent, precludes the occurrence of signifi-

cant differences in large-scale climatic fac-

tors, such as those analysed by Fitze et al. 

(2011). 

Statistical analyses 

The GIS data obtained were converted 

to percentage cover and examined by non-

parametric statistical analysis, given the 

low number of available observations. 

Spearman’s r correlations were employed 

to assess relationships detected between 

lithographic and vegetational variables, 

while Mann-Whitney U tests were used to 

compare different cover values between 

observations for each species. The analyses 

were carried out with STATISTICA 8.0 

(StatSoft, 2007). 

Results 

The April 2021 sampling found 57 sand 

racers in total on 17 of the 20 transects. 

Captures were successful on 11 transects, 

the species captured being P. edwarsianus 

(8 individuals) on five transects and P. his-

panicus (13 individuals) on six transects. In 

seven transects we captured more than 

one sand racer, but there were no instanc-

es where both species were caught on the 

same transect. As evident in Figure 1C, all 

P. edwarsianus observations were in the north-

ern part of the sampled area, at altitudes of 

856–911m a.s.l., and those of P. hispanicus 

were in the south, at 685–750m. a.s.l. The 

transects that marked the confirmed sepa-

ration of the two species were 6.14km 

apart, including in the middle one transect 

where no individuals could be captured. 

For the 11 transects where lizards were 

captured taken together, the increase in 

crop cover correlates with reduced wood-

land (R = -0.81; p  = 0.002), scrub (R = -068; 

p = 0.022) and grassland (R = -0.88; p  < 0.001) 

cover; and the cover of grasslands is asso-

ciated with those of woodlands (R = 0.68; p  

= 0.021) and scrub (R = 0.77; p  = 0.006). 

Moreover, there is a positive association 

Figure 2: Average cover (+SD) of vegetation (left panel, A) and lithology (right panel, B) on 

transects with observations of Psammodromus edwarsianus (empty bars) and P. hispanicus 

(filled bars) along a section of the Conquense Drove Road. 
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between Cretaceous substrate cover and 

grasslands (R = 0.091; p < 0.001) and a nega-

tive association between such substrate 

and cultivation (R = -0.85; p  = 0.001). How-

ever, at the scale of buffers the extent of 

different lithologies shows no correlation 

with each other (p  > 0.1 in all cases). 

The observations of both species show 

differences between them with respect to 

lithology and vegetation (Figure 2), alt-

hough the small sample sizes and the vari-

ability present within the buffer zones re-

stricts the clarity of the results. Neverthe-

less, there is a significant association of P. 

hispanicus with high cover values of Quater-

nary substrates (adjusted Z = -2.12, p  = 

0.034); and a marginal tendency of P. ed-

warsianus to occur in areas of greater tree cov-

er (adjusted Z = 1.69; p  = 0.091). 

Discussion 

The results provide detailed infor-

mation on the distribution of the two spe-

cies in a previously poorly defined contact 

area and they point to a spatial pattern of 

no overlap, likely mediated by distinct 

habitat selection. These last data may be 

useful in refining species distribution 

models at small spatial scales, such as it 

has been the case with various taxonomic 

groups (Brambilla et al. 2019, Goudarzi et 

al. 2021). They also offer the possibility of us-

ing Iberian sand racers as model species 

for studying niche segregation (Rouag et 

al. 2007, Fasola et al. 2020). 

Our data supply an initial but rather 

detailed definition of the distribution lim-

its of the two species in central Cuenca 

province, though a more intense survey 

could refine it at a more local scale. To be 

specific, our observations indicate a North/

South segregation here, such that P. ed-

warsianus detections happened from the sierras 

to north of Las Pedroñeras, while P. his-

panicus occurs further south from there. This 

amounts to a small westward extension of 

the previously known inter-specific 

boundary that was based on genetic analy-

sis of a few individuals (Faria et al. 2021, 

Figure 1). Thus five 10-km UTM squares 

(WK50, WJ49, WJ48, WJ38, WJ37) are add-

ed to the known Iberian distribution of P. 

edwarsianus (SIARE 2022). There are existing 

records of P. hispanicus from two of them 

(WJ49 and WJ38) although both may date 

from before the species were split. Our 

captures show that one of the new squares 

(WJ37) is shared by P. hispanicus and P. 

edwarsianus and they also add one new square 

(WJ25) to the known range of P. hispani-

cus. It is emphasised that all the sampled sites 

form part of the continuous strip that is the 

Cañada Real Conquense or “de los Chor-

ros” drove road and that there are no ob-

stacles to species dispersal along it. The 

morphological differences that allow in-the

-hand differentiation of the two species 

will facilitate intensive studies of their dis-

tribution and ecology (San-José et al. 2012, 

Molina et al. 2020), which will not only per-

mit the inter-species boundaries to be 

mapped rapidly but also will allow these 

lacertids to serve as a model for studying 

segregation by habitat among sister spe-

cies. Such studies at fine scales will require 

the complementary use of genetic tools 

(e.g., microsatellites) to assess potential 

gene flow between species in their contact 

zone, as it occurs in other reptiles 

(Carretero 2008, Speybroeck et al. 2020). 

Our results suggest that the two species 
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are segregated on a landscape scale (in the 

range of one to a few kilometres) as a func-

tion of substrate type and land use. In the 

study area, substrate type has historically 

conditioned human use and restricted 

cropping to softer and deeper soils, and 

the relevance for sand racer distributions 

of lithology and vegetation structure can 

thus not be disentangled. Psammodromus 

edwarsianus is associated with harder sub-

strates of non-Quaternary origin subject to 

less human impact and offering habitat 

mosaics with copses, scrub and patches of 

permanent grassland. In contrast, P. his-

panicus occupies more modified areas; 

croplands with patches of grassland on 

softer substrata (see however Bisbal-

Chinesta & Garcia-Marsà 2015). There is 

an altitudinal difference between the cap-

ture sites of the two species but in view of 

the wider distribution of both, and since P. 

edwarsianus inhabits low altitude sites 

throughout its Mediterranean distribution 

(Fitze et al. 2011, Faria et al. 2021), this may 

just indicate local co-variation with sub-

strate types and vegetation. Their separa-

tion according to landscape factors refines 

previous eco-evolutionary descriptions 

regarding the species limits on a regional 

scale, rooted in their evolutionary diver-

gence around the Miocene-Pliocene transi-

tion and reflected at present on the more 

pronounced Mediterranean macroclimate 

of the eastern area occupied by P. edwarsi-

anus (greater seasonality of precipitations, 

higher temperatures during the wettest 

quarter and milder winters; see Fitze et al. 

2011). 

Within the framework of a hierarchical 

habitat selection of species (Morin et al. 

2020), such differentiation at the geograph-

ical scale defines the broad East/West seg-

regation of the two species. Meanwhile 

factors linked to lithology and landscape 

structure correspond with the North/South 

segregation detected in our study area at a 

kilometric scale. There may possibly also 

be some fine-scale differentiation of habi-

tat selection between the two species in-

volving competition and/or some other 

distinct community context, which would 

merit closer investigation. At this scale, 

very local variables related to microcli-

mate, plant cover, productivity and refuge 

should be also included to fully under-

stand the underlying variables responsible 

of segregation, which could be also linked 

to morphological variables of the species 

(Bombi et al. 2009, Gomes et al. 2016). The 

small morphological differences between 

the two species (Fitze et al. 2011, San-José 

et al. 2012) may be significant in this regard: 

in particular, P. hispanicus is somewhat 

larger and heavier with a broader head 

whereas P. edwarsianus is slender and 

proportionately longer-tailed.  Alongside 

this, the plant communities of the lime-

stone and other hard substrates where P. 

edwarsianus was found largely consist of per-

manent grassland and dwarf scrub, where-

as annual grasses and bare ground pre-

dominate on the drier, sandier substrates 

occupied by P. hispanicus (Mateo Sanz 

1996). Such vegetational differences have 

been found elsewhere to be important for 

lacertid segregation (Mizsei et al. 2020), 

although other features such as differences 

in aggressiveness may also be involved in 

interspecific segregation at local scales 

(Vanhooydonck et al. 2000, Downes & 

Bauwens 2002). 

Finally, this study offers a new perspec-
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tive on the processes that underlie spatial 

segregation between sand racer species, 

and it suggests interesting avenues for 

further investigation. In the first instance, 

it would be useful to replicate this type of 

sampling at other locations where P. his-

panicus and P. edwarsianus meet, in order to 

refine distribution maps and to confirm 

the significance of landscape variables that 

may determine species limits. A more in-

tense survey of our study area could also 

refine the definition of range limits of the 

species there and confirm or not their local 

segregation described here, which is based 

on a small sample size. The value of a de-

tailed study of competition/segregation 

between these two sister species at a spa-

tial scale of a few tens of metres is also 

highlighted, given that our results suggest 

that there may exist sites of practically di-

rect contact between individuals of both of 

them (Elstrott & Irschick 2004, Rouag et 

al. 2007, Carretero 2008, Gomes et al. 

2016). The same situation would permit 

the existence of reproductive isolation 

based on phenotypic features between the 

two species to be investigated (Gabirot et 

al. 2012, San-José et al. 2012). Drove roads 

would be outstandingly useful for such 

studies since these strips of land represent 

large experimental transects that cross 

landscapes, traversing all manner of sub-

strate and vegetation types, serving as bio-

logical corridors for all organisms, particu-

lar small or medium-sized ones such as 

lacertids relying on grasslands (Hilty, et 

al. 2020). 

Acknowledgements 

This study is funded by LIFE Cañadas 

EU project (LIFE 18 NAT/ES/000930). The 

Dirección General de Medio Natural y Bio-

diversidad of the Junta de Comunidades 

de Castilla-La Mancha provided permis-

sion to work on drove roads. The Comuni-

dad de Madrid supports the research 

group through the REMEDINAL TE-CM 

Research Network (P2018/EMT4338). 

Comments by two anonymous reviewers 

to a previous version of the manuscript 

improved the final text. 

References 

Azcárate, F.M.; Robleño, I.; Seoane, J.; 

Manzano, P. & Peco, B. (2013a). Drove 

roads as local biodiversity reservoirs: 

effects on landscape pattern and plant 

communities in a Mediterranean re-

gion. Applied  Vegetation Science  16: 

480–490. 

Azcárate, F.M.; Seoane, J.; Castro, S. & 

Peco, B. (2013b). Drove roads: Keystone 

structures that promote ant diversity in 

Mediterranean forest landscapes. Acta 

Oecologica 49: 107–115. 

Bisbal-Chinesta, J.F. & Garcia-Marsà, 

J.A. (2015). Nueva cita para la dis-

tribución de Psammodromus edward-

sianus en el sur de Aragón. Butlletin Socie-

dad Catalana Herpetologia 22: 24-28. 

Bombi, P.; Salvi, D.; Luiselli, L. & Bolo-

gna, M.A. (2009). Modelling correlates 

of microhabitat use of two sympatric 

lizards: a model selection approach. 

Animal Biology 59: 109-126. 

Brambilla, M.; Gustin, M.; Cento, M.; 

Ilahiane, L. & Celada, C. (2019). Pre-

dicted effects of climate factors on 

mountain species are not uniform over 

different spatial scales. Journal o f Avi-



MALO ET AL. 

10 

an Biology 2019: e02162. 

Carretero, M.A. (2008). An integrated 

assessment of a group with complex 

systematics: the Iberomaghrebian liz-

ard genus Podarcis (Squamata, Lacer-

tidae). Integrative Zoology 3: 247-266. 

Cordero, G.; Maliuk, A.; Schlindwein, X.; 

Werneburg, I. & Yaryhin, O. (2021). 

Phylogenetic patterns and ontogenetic 

origins of limb length variation in eco-

logically diverse lacertine lizards. Bio-

logical Journal of the Linnean Society 132: 

283-296. 

Downes, S. & Bauwens, D. (2002). An ex-

perimental demonstration of direct be-

havioural interference in two Mediter-

ranean lacertid lizard species. Animal 

Behaviour 63: 1037-1046. 

Elstrott, J. & Irschick, D.J. (2004). Evolu-

tionary correlations among morpholo-

gy, habitat use and clinging perfor-

mance in Caribbean Anolis lizards. Bio-

logical Journal of the Linnean Society 83: 

389-398. 

EEA -European Environment Agency- 

(2022). Copernicus Land Monitoring 

Service CORINE Land Cover. User 

Manual. Available online: https://

land.copernicus.eu/user-corner/

technical-library/clc-product-user-

manual (accessed on 7 July 2022). 

Falaschi, M.; Manenti, R.; Thuiller, W. & 

Ficetola, G.F. (2019). Continental‐scale 

determinants of population trends in 

European amphibians and reptiles. 

Global Change Biology 25: 3504–3515. 

Faria, J.F.; Carretero, M.A. & Harris, 

D.J. (2021). Further molecular assess-

ment of the distribution of Spanish 

sand racers (Lacertidae; Psammodro-

mus). Basic and Applied Herpetology 35: 

77-83 

Fasola, M.; Razzetti, E.; Sindaco, R.; Zili-

ani, U.; Delle Monache, D.; Pellitter-

i-Rosa, D.; Raquel Vasconcelos, R. & 

Carranza, S. (2020). Ecological prefer-

ences of the endemic reptile communi-

ty of Socotra. Rendiconti Lincei. Scien-

ze Fisiche e Naturali 31: 687-701. 

Fitze, P.S.; González-Jimena, V.; San-José, 

L.M.; San Mauro, D.; Aragón, P.; 

Suárez, T. & Zardoya, R. (2011). Inte-

grative analyses of speciation and di-

vergence in Psammodromus hispani-

cus (Squamata: Lacertidae). BMC Evolu-

tionary Biology 11: 347. 

Gabirot, M.; López, P. & Martín, J. (2012). 

Differences in chemical sexual signals 

may promote reproductive isolation 

and cryptic speciation between Iberian 

wall lizard populations. International 

Journal of Evolutionary Biology 2012: 

698520. 

García-Porta J.; Irisarri, I.; Kirchner, M.; 

Rodríguez, A.; Kirchhof, S.; Brown, 

J.L.; MacLeod, A.; Turner, A.P.; Ah-

madzadeh, F.; Albaladejo, G.; Crnobr-

nja-Isailovic, J.; De la Riva, I.; Fawzi, 

A.; Galán, P.; Göçmen, B.; Harris, D.J.; 

Jiménez-Robles, O.; Joger, U.; Glavaš, 

O.J.; Kariş, M.; Koziel, G.; Künzel, S.; 

Lyra, M.; Miles, D.; Nogales, M.; 

Oğuz, M.A.; Pafilis, P.; Rancilhac, L.; 

Rodríguez, N.; Rodríguez Concepción, 

B. Sanchez, E. Salvi, D.; Slimani, T.; 

S’khifa, A.; Qashqaei, A.T.; Žagar, A.; 

Lemmon, A.; Moriarty Lemmon, E., 

Carretero, M.A.; Carranza, S.; 

Philippe, H.; Sinervo, B.; Müller, J.; 

Vences, M. & Wollenberg Valero, 

K.C. (2019). Environmental tempera-

tures shape thermal physiology as well 



SEGREGATION OF SAND RACER SPECIES ALONG A DROVE ROAD 

11 

as diversification and genome-wide 

substitution rates in lizards. Nature  

Communications 10: 4077. 

Gomes, V.; Carretero, M.A. & 

Kaliontzopoulou, A. (2016). The rele-

vance of morphology for habitat use 

and locomotion in two species of wall 

lizards. Acta Oeco logica 70: 87-95. 

Goudarzi, F.; Hemami, M.R.; Malekian, 

M.; Fakheran, S. & Martínez-Freiría, 

F. (2021). Species versus within-species 

niches: a multi-modelling approach to 

assess range size of a spring-dwelling 

amphibian. Scientific Reports11: 597. 

Groves, C.R.; Jensen, D.B.; Valutis, L.L.; 

Redford, K.H.; Shaffer, M.L.; Scott, 

J.M.; Baumgartner, J.V.; Higgins, J.V.; 

Beck, M.W. & Anderson, M.G. (2002). 

Planning for biodiversity conservation: 

putting conservation science into prac-

tice. BioScience  52: 499-512. 

Hevia, V.; Azcárate, F.M.; Oteros-Rozas, 

E. & González, J.A. (2013). Exploring 

the role of transhumance drove roads 

on the conservation of ant diversity in 

Mediterranean agroecosystems. Biod i-

versity and Conservation 22: 2567-2581. 

Hevia, V.; Bosch, J.; Azcárate, F.M.; Fer-

nández, E.; Rodrigo, A.; Barril-

Graells, H. & González, J.A. (2016). 

Bee diversity and abundance in a live-

stock drove road and its impact on pol-

lination and seed set in adjacent sun-

flower fields. Agriculture, Ecosystems 

and Environment 232: 336–344. 

Hilty, J.; Worboys, G.L.; Keeley, A.; 

Woodley, S.; Lausche, B.; Locke, H.; 

Carr, M.; Pulsford I.; Pittock, J.; 

White, J.W.; Theobald, D.M.; Levine, J.; 

Reuling, M.; Watson, J.E.M.; Ament, 

R. & Tabor, G.M. (2020). Guidelines for 

conserving connectivity through ecological 

networks and corridors. Best Practice Pro-

tected Area Guidelines Series No. 30. 

IUCN. Gland, Switzerland. 

IGME. (1985). Mapa Geológico  de la Pen-

ínsula Ibérica, Baleares y Canarias. Insti-

tuto Geológico y Minero de España, 

Madrid. https://www.igme.es/ 

(accessed on 14 November 2022). 

Kaliontzopoulou, A.; Pinho, C.; Harris, 

D.J. & Carretero, M.A. (2011). When 

cryptic diversity blurs the picture: a 

cautionary tale from Iberian and North 

African Podarcis wall lizards. Biologi-

cal Journal of the Linnean Society 103: 779

-800. 

Mace, G. (2004). The role of taxonomy in 

species conservation. Philosophical 

Transactions of the Royal Society London B 

359: 711-719. 

Malo, J.E. & Mata, C. (2021). The poten-

tial role of drove roads as connecting 

corridors for birds between Natura 

2000 Sites. Birds 2: 314–328. 

Manzano, P. & Malo, J.E. (2006). Extreme 

long-distance seed dispersal via sheep. 

Frontiers in Ecology and the Environment 

4: 244–248. 

Martínez-Freiría, F.; Freitas, I.; Zuffi, 

M.A.L.; Golay, P.; Ursenbacher, S. & 

Velo-Antón, G. (2020). Climatic refu-

gia boosted allopatric diversification in 

Western Mediterranean vipers. Journal 

of Biogeography 47: 1698-1713. 

Mateo Sanz, G. (1996). Sobre la flora y 

vegetación de las Hoces del Cabriel 

(Cuenca-Valencia). Flora Montiberica 3: 

34-44. 

Mizsei, E.; Fejes, Z.; Malatinszky, A.; 

Lengyel, S. & Vadász, C. (2020). Reptile 

responses to vegetation structure in a 



MALO ET AL. 

12 

grassland restored for an endangered 

snake. Community Eco logy 21: 203-212. 

Molina, C.; Tamar, K.; González de la 

Vega, J.P.; Burriel-Carranza, B.; Fer-

nandez Guiberteau, D. & Carranza, S. 

(2020). New records on the distribution 

of the Spanish sand racer species 

(Squamata, Psammodromus) in Spain, 

Iberian Peninsula. Basic and  Applied 

Herpetology 34: 59-66. 

Morin, S.J. Bowman, J.; Marrotte, R.R. & 

Fortin, M.J. (2020). Fine-scale habitat 

selection by sympatric Canada lynx 

and bobcat. Ecology and  Evolution. 10: 

9396-9409. 

Oteros-Rozas, E.; Ontillera-Sánchez,R.; 

Sanosa, P.; Gómez-Baggethun, E.; 

Reyes-García, V. & González, J.A. 

(2013). Traditional ecological 

knowledge among transhumant pastor-

alists in Mediterranean Spain: learning 

for adaptation to global change. Ecolo-

gy and Society 183, 33. 

Rodríguez, G.; Mateo, M.C.; Gastón, A., 

Saura, S. & Gurrutxaga, M. (2018). 

Autopistas salvajes: propuesta de WWF 

España para una Red Estratégica de Cor-

redores Ecológicos entre espacios Red 

Natura 2000. WWF/Adena. Madrid, Espa-

ña. 

Rouag, R.; Djilali, H.; Gueraiche, H. & 

Luiselli, L. (2007). Resource partition-

ing patterns between two sympatric 

lizard species from Algeria. Journal o f 

Arid Environments 69: 158-168. 

San-José, L.M.; Gonzalez-Jimena, V. & 

Fitze, P.S. (2012). Patterns of phenotyp-

ic variation reveal substantial differen-

tiation in sexual dimorphism of three 

Psammodromus (Squamata, Lacertidae) 

species. Contributions to  Zoology  81: 

181-197. 

SIARE (2022). Servidor de Información de 

Anfibios y Reptiles de España. Asociación 

Herpetológica Española, Madrid http://

www.herpetologica.es (accessed on 14 

November 2022) 

Speybroeck, J.; Beukema, W.; Dufresnes, 

C.; Fritz, U.; Jablonski, D.; Lymberakis, 

P.; Martínez-Solano, I.; Razzetti, E.; 

Vamberger, M.; Vences,M.;  Vörös, J. & 

Crochet, P.A. (2020). Species list of the 

European herpetofauna – 2020 update 

by the Taxonomic Committee of the 

Societas Europaea Herpetologica. Am-

phibia-Reptilia 41: 139-189. 

StatSoft, Inc. (2007). STATISTICA (data 

analysis software system), version 8.0. 

Statsoft, Inc. Tulsa, Oklahoma. USA. 

Vanhooydonck, B.; Van Damme, R. & 

Aerts P. (2000). Ecomorphological cor-

relates of habitat partitioning in Corsi-

can lacertid lizards. Functional Eco logy 

14: 358-368.  

http://www.herpetologica.es
http://www.herpetologica.es

