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Plant and animal individuals can have a random, regular, or clustered distribution across space. 

The analyses of these patterns are important to understand how environment influences the spatial 

structure of species communities. We studied the local spatial segregation in a lizard community 

that is composed by four species in Salamanca (Spain). We inferred if habitat and / or competition 

are segregating factors. We collected a total of 675 records with a high‐accuracy GPS unit. We used 

Ripley’s K function to determine the distance threshold of clustering of the whole community and 

of each species separately, Delaunay’s triangulation (using as clustering distance threshold the 

Nearest Neighbor Index) to identify spatial species’ clusters, and an overlapping analysis (using 

buffers around species records), as well as a distance comparison analysis (among intra‐species 

and inter‐species distances), to measure the species’ spatial segregation. The lizard community 

was distributed in 34 clusters, with 13 composed by only one species and 21 composed by two or 

more species. Our results indicated that species of the same genus segregated almost totally, in‐

habiting different habitats; on the other hand, species of different genera presented partial segrega‐

tion, sharing some habitats. Ground‐dwelling species had partial spatial segregation as they com‐

pete for similar habitats. Saxicolous species presented a high degree of spatial segregation due to 

their different habitat. 

Key words: GIS; Iberian Peninsula; lacertids; local distribution patterns, spatial statistics. 

Viviendo en grupos: segregación espacial local en una comunidad de lacértidos. Las plantas y 

los animales pueden tener una distribución aleatoria, regular o agrupada. Los análisis de estos 

patrones son importantes para entender cómo el ambiente influye en la estructura espacial de las 

comunidades de especies. Se estudió una comunidad de lacértidos en Salamanca (España), com‐

puesta por cuatro especies, con el fin de medir la segregación espacial local. Se determinó en qué 

medida el hábitat y / o la competencia son factores de segregación. Se recogieron un total de 675 

registros con una unidad GPS de alta precisión. Se utilizó la función K de Ripley para determinar 

el umbral de distancia de la agrupación de toda la comunidad y de cada especie, la triangulación 

de Delaunay (utilizando como umbral de distancia de agrupación el índice del vecino más cer‐

cano) para identificar espacialmente los grupos de especies, y un análisis de superposición 

(utilizando áreas de influencia alrededor de los registros de especies), así como un análisis de com‐

paración de la distancia (entre distancias intra‐especies e inter‐especies), para medir la segregación 
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The analysis of spatial patterns is an 

essential issue in ecology and provides 

insights about how organisms interact 

among each other or with their environ‐

ment (Pianka, 1973). In particular, study‐

ing the local spatial structure of a commu‐

nity composed of several species is im‐

portant to understand how individuals 

segregate spatially depending on the pres‐

ence of other species (competitors, preda‐

tors, preys) or other environmental re‐

sources (light, shelters, food, soil). The lo‐

cal spatial structure of a community can be 

random, regular or clustered (Gorton et 

al., 1979; Frost ӕ Bergmann, 2012). In a 

random pattern, the probability of finding 

an individual is equal everywhere and 

independent of the presence of others. In a 

regular pattern, the probabilities of finding 

individuals and empty areas are the same. 

In a clustered pattern, the probability of 

finding a second individual near the first 

one and of finding areas without individu‐

als are very high, but mutually exclusive: 

when one of these probabilities is high, the 

other one is low. Therefore, species can 

segregate locally inside a community fol‐

lowing either random, regular or clustered 

patterns, depending on which resources 

the species share or how they compete. 

Ideally, the local spatial segregation of 

individuals can be represented as a gradi‐

ent from no segregation at all to total seg‐

regation. Species will be distributed ran‐

domly if resources are abundant or wide‐

spread, regularly if resources are evenly 

distributed or if species are territorial, or 

in clusters if resources are distributed in 

patches. On the other hand, local spatial 

segregation may not exist if species do not 

compete even if they use similar resources. 

However, resource segregation is evolu‐

tionarily advantageous to minimise com‐

petition (Silvertown, 2004). Species can 

evolve towards the adoption of different 

resource use that might also lead into spa‐

tial segregation; if their niches become 

completely different, they will no longer 

compete (He et al., 1997; Martínez‐Freiría 

et al., 2008; Grey ӕ He, 2009). The interme‐

diate situation is partial segregation, 

where some degree of competition among 

species exists due to the similarity of nich‐

es, creating syntopic zones where species 

might coexist at some degree (He et al., 

1997; Martínez‐Freiría et al., 2008; Gray ӕ 

He, 2009). 

In order to completely understand the 

local spatial structure of a community of 

several species, it is important to analyse 

not only how individuals are distributed 

inside the community but also how species 

segregate locally. These analyses are per‐

formed using spatial statistics, the branch 

espacial de las especies. La comunidad se distribuyó en 34 grupos, con 13 grupos compuestos por 

una sola especie y 21 grupos compuestos por dos o más especies. Los resultados indican que las 

especies del mismo género se segregan casi totalmente, ocupando diferentes hábitats. Por otro 

lado, las especies de diferentes géneros presentan segregación parcial, compartiendo algunos há‐

bitats. Además, las especies más ligadas al suelo tienen segregación espacial parcial ya que compi‐

ten por hábitats similares, mientras que las especies saxícolas presentan un alto grado de segrega‐

ción espacial debido a sus diferentes hábitats. 

Key words: estadística espacial, lacértidos, patrones locales de distribución, península ibérica, SIG. 
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of statistic methods dealing with geo‐

graphical entities (Rogerson, 2001; Fortin 

ӕ Dale, 2005). Spatial statistical tests help 

identify how the individuals are distribut‐

ed, their relationship with the spatial fac‐

tors (i.e. the degree of autocorrelation with 

the resources), and the local patterns of 

autocorrelation and outliers. For instance, 

tree species tend to be clustered, but dead 

individuals are randomly distributed 

(Getzin et al., 2006). This pattern can change 

with age, from clustered distribution in 

younger plants to random in median‐aged, 

and then to regular in the oldest ones, ei‐

ther in trees (Wells ӕ Getis, 1999; Gray ӕ 

He, 2009) or shrubs (Phillips ӕ MacMa‐

hon, 1981; Haase et al., 1996). The main 

factor driving distribution patterns in 

plants is competition (Phillips ӕ MacMa‐

hon, 1981; Getzin et al., 2006), but it can be 

also substrate (Schenk et al., 2003). In ani‐

mals, there are few studies describing how 

species are locally distributed. The most 

frequent pattern is clustered (Underwood 

ӕ Chapman, 1996), with more or less inten‐

sity (Moody et al., 1997). Some species 

change from regular to clustered distribu‐

tion when density increases (Gorton et al., 

1979). Adults can be randomly distributed, 

whereas juveniles have frequently a regu‐

lar distribution, as they are excluded to 

less suitable habitats (Frost ӕ Bergmann, 

2012; Sillero ӕ Gonçalves‐Seco, 2014). 

The tests most frequently used in the anal‐

ysis of distribution patterns are related to 

point processes: Ripley’s K function, to 

determine the distribution pattern along 

distances (Ripley, 1976); the Nearest 

Neighbour Index, to measure the degree of 

aggregation of a point process (Clark ӕ 

Evans, 1954); Moran’s I index (Moran, 

1950), for global autocorrelation, i.e. the 

correlation of a point process related to a 

particular variable; and Local Indicators of 

Spatial Association (LISA) (Anselin, 1995), 

for local autocorrelation, in order to identi‐

fy internal spatial patterns of autocorrela‐

tion. 

The main objective of this work was to 

measure the local spatial segregation of a 

community of lizards in order to infer if 

habitat and / or competition are segregat‐

ing factors, due to the different species’ 

environmental requirements. The ad‐

vantage of using spatial statistics is that 

we can infer the influence of habitat or 

competition as segregating factors without 

data on those factors, only analysing dis‐

tances among individuals (Pielou, 1961). 

When measuring the local spatial segrega‐

tion inside a species’ community, habitat 

may be the main driving factor if the seg‐

regation is total (without sympatry areas), 

or there might be some degree of competi‐

tion if the segregation is partial (and thus 

areas of sympatry occur). We studied a 

lizard community in Salamanca (Spain), 

composed by four species, two ground‐

dwelling lizards (Podarcis carbonelli, 

Psammodromus algirus), one saxicolous lizard 

(Podarcis guadarramae guadarramae, hereafter 

P. guadarramae), and one active forager, large‐

sized lizard (Timon lepidus). Our predic‐

tions were: 

i) that species in the community are not 

distributed randomly or regularly along 

the study area, but in clusters, largely de‐

termined by the spatial structure of the 

area, as the resources are not evenly dis‐

tributed. 

ii) that clusters differ in their specific 

composition as a consequence of the 
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different distribution of the species. If clus‐

ters are composed by only one species, 

species may have evolved to use different 

resources and thus segregation is total. 

Therefore, we forecast that ground‐

dwelling species will present partial spa‐

tial segregation as they compete for the 

same habitats, whereas saxicolous species 

will present a high degree of spatial segre‐

gation as they live in a very different habi‐

tat. Finally, we predict that the large‐sized 

lizard will not be influenced by the pres‐

ence of the other species because of its 

higher trophic level. 

Materials and Methods 

Study area 

The study area was located at the Natu‐

ral Park of Batuecas‐Sierra de Francia, be‐

tween the villages of La Nava de Francia 

and El Casarito, south of Salamanca 

(Spain; Fig. 1). The study area included 

two different parts: an unpaved pathway 

(1.5 km) along an oak forest, and a rocky 

area, which delimits the pathway. The oak 

forest occupies 90% of the pathway and 

the remaining 10% corresponds to the 

rocky area border. We only surveyed the 

edges of the unpaved pathway because 

lizards use open and sunny places. As the 

oak forest of Quercus pyrenaica is very 

shaded due to the dominance of vegeta‐

tion, thermoregulation places are infre‐

quent. The pathway is part of the official 

tourist trips of the Natural Park of 

Batuecas‐Sierra de Francia, and it is also 

used by cars, although in reduced number. 

Species community composition 

The lizard community was composed 

of one large‐sized species (T. lepidus), one 

medium‐sized species (P. algirus) and two 

small‐sized species (P. carbonelli and P. 

guadarramae), all of them belonging to the 

Lacertidae family. Timon lepidus (the larg‐

est lacertid species of the Iberian Peninsu‐

la) is typically a Mediterranean species 

(Mateo, 2015); when in Atlantic regions, it 

is associated with open and sunny areas. 

Psammodromus algirus is a ground‐dwelling 

lizard of Mediterranean habitats, such as 

shrubby vegetation (Salvador, 2015). Po-

darcis guadarramae prefers rocky habitats and 

is found very frequently in human build‐

ings (Diego‐Rasilla ӕ Pérez‐Mellado, 

2003). Podarcis carbonelli is a ground‐

dwelling lizard of Atlantic habitats (Sá‐

Sousa, 2008). 

Surveys 

We performed 19 surveys of the study 

area during five days (Fig. 1), at the end of 

May and the beginning of June 2012 (only 

three surveys on the first day, and four 

daily surveys the following four days). As 

lizard activity follows daily and seasonal 

circadian cycles (Díaz ӕ Cabezas‐Díaz, 

2004), it is difficult to detect all the species 

present in a community with only one 

sampling. The only solution is thus to per‐

form multiple surveys, in order to guaran‐

tee that all species are detected. Repeating 

surveys on the same community may be 

considered pseudo‐replication, but this is 

not the case here. Pseudo‐replication oc‐

curs when multiple observations of the 

same item (in our case, the same individu‐

al) are taken on a single replicate of a treat‐

ment (here, each survey; Hurlbert, 1984; 

Heffner et al., 1996; Millar ӕ Anderson, 

2004). Pseudo‐replication is defined as 

“the failure to acknowledge the sequential 

measurement of multiple observations on 
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the same treatment replicate” (Millar ӕ 

Anderson, 2004). Thus, in our case, pseu‐

do‐replication should occur if multiple 

observations of the same individual are 

recorded inside each survey, but not 

across surveys. Each survey is independ‐

ent because each recorded event conveys 

no information about the others, at least 

for our measurement capacity (see below). 

Probably we recorded the same individual 

across several surveys, but only one time 

per survey. We acted in a similar way to 

home range studies, where the same indi‐

vidual is recorded several times across 

many surveys, but not in the same survey 

(Powell ӕ Mitchell, 2012). When analys‐

ing the spatial structure of a community, it 

is not necessary to identify each animal 

individually (Gorton et al., 1979; Phillips 

ӕ MacMahon, 1981; Haase et al., 1996; Un‐

derwood ӕ Chapman, 1996; Moody et al., 

1997; Wells ӕ Getis, 1999; Schenk et al., 

2003; Getzin et al., 2006; Gray ӕ He, 2009; 

Frost ӕ Bergmann, 2012). 

We performed several surveys each 

day: the first survey began at sunrise and 

the last one finished at sunset. The dura‐

tion of each survey was different depend‐

ing mainly on lizard activity. In spring, 

lizards have two periods of high activity, 

one in the morning and another one in the 

afternoon, dropping the activity considera‐

bly at noon (Díaz ӕ Cabezas‐Díaz, 2004). 

Therefore, noon surveys took less time as 

Figure 1: Location of the unpaved road between the villages of El Casarito and La Nava de 

Francia (southern Salamanca, Spain) and the rocky area with the point records of the four lacertid 

species (P. carbonelli, P. guadarramae, P. algirus and T. lepidus). 
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lizards were less active and thus less abun‐

dant. On average, each survey took 

around 2 hours, starting and finishing al‐

ternatively in one extreme of the study 

area. We also changed the direction of the 

surveys every day in order to sample uni‐

formly all the study area. We waited 15 

minutes between surveys in order to guar‐

antee that the lizards had enough time to 

recover their normal activity in the event 

that they were disturbed by our presence. 

In this way, we guaranteed the statistical 

independence of each survey. The species 

of each individual was visually identified 

without the necessity of capturing them. 

We recorded the position of each lizard 

with a GPS unit Trimble® GeoExplorer 

2008 HX (Trimble, Sunnyvale, California, 

USA), with an accuracy around 10 cm after 

post‐processing. We collected several data 

directly on the GPS database: species, age 

(adult, subadult or juvenile), and sex 

(male, female or undetermined). 

Species have different detection proba‐

bilities, but this does not introduce a bias if 

the researcher knows the species’ habitat 

preferences and thus where to look for 

individuals. Besides this, the four species 

of the studied community are easily de‐

tected if they are active, especially when 

thermoregulating in open spaces. Timon 

lepidus is a large lizard that usually ther‐

moregulates at the top of big boulders, 

making it easy to detect (Mateo, 2015). 

Both Podarcis species, as well as P. algirus, 

thermoregulate frequently close to rocks 

and vegetation (Diego‐Rasilla ӕ Pérez‐

Mellado, 2003; Sá‐Sousa, 2008; Salvador, 

2015). In our study area, P. guadarramae  

and T. lepidus occupy large rocky out‐

crops with very little vegetation, and P. 

cabornelli and P. algirus can be found in the 

unpaved pathway. Actually, P. carbonelli 

in the Iberian Central System is found 

mainly in ditches of roads and pathways 

crossing oak forests (Sá‐Sousa, 2008). 

Statistical analysis 

We performed the following sequence 

of analysis: (1) we determined the global 

spatial structure of the community, (2) we 

located the clusters (local spatial structure) 

and determined the specific composition 

of each cluster, and (3) we quantified the 

spatial segregation among species with 

two complementary methods (overlap and 

distance analyses). 

1) Global spatial structure of the com‐

munity. We applied several tests of spatial 

statistics to determine if the global com‐

munity distribution (the community as a 

whole) is random, regular, or clustered. 

We analysed the distance threshold of 

clustering for all the species together and 

for each species individually, using Rip‐

ley’s K distance function (Ripley, 1976; 

Rogerson, 2001; Bivand et al., 2008), which 

measures the distribution of pairwise dis‐

tances between events. Ripley’s K function 

was calculated using the envelope func‐

tion of the package “spatstat” (Baddeley ӕ 

Turner, 2005) within the R software (R 

Development Core Team, 2012). This 

function simulates repeatedly (with 999 

iterations) a complete spatial randomness 

(CSR) point process with the same estimat‐

ed intensity as the observed data, in order 

to test whether the empirical function is 

significantly different from random. An 

important element needed to estimate Rip‐

ley’s K is the spatial region (so‐called 

“window”), which has to be defined a pri‐
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ori. Here, we used the Nearest Neighbor 

Index as the distance to define a buffer 

around all recorded points. This buffer 

constituted the window for Ripley’s K 

function. 

2) Spatial location and specific compo‐

sition of clusters. We used Delaunay’s tri‐

angulation to identify and locate each clus‐

ter individually. The definition of what 

constitutes a cluster inside a cloud of 

points depends on a threshold distance, i.e. 

the distance above which any point includ‐

ed in a cluster is further from any point 

outside the cluster. Multiple solutions are 

possible, depending mainly on how many 

points are included in the cluster and on 

the size of the study area. Therefore, this 

threshold distance should be determined 

statistically, for example using distance 

functions like the K function (Ripley, 

1976). We used here the Nearest Neigh‐

bour Index (NNI) (Clark ӕ Evans, 1954) to 

determine the threshold distance because 

of its easier interpretation as compared to 

other functions. The NNI considers that 

points in a cloud are clustered when the 

mean nearest neighbour distance among 

points is lower than the expected value, i.e. 

the mean neighbour distance of a random 

cloud of points. NNI was obtained with 

the function “Nearest neighbour analysis” 

of QGIS 2.0. We computed the length of 

the lines of a Delaunay triangulation 

among all points, selecting those Delaunay 

triangles with lines shorter than the ex‐

pected nearest neighbour distance (Clark 

ӕ Evans, 1954). The points intersecting the 

selected Delaunay triangles were consid‐

ered as clustered. These analyses were per‐

formed in QGIS 2.0 using the functions 

“Delaunay triangulation”, “Select by 

attributes”, and “Select by location”. 

3) Quantification of spatial segregation 

by overlap analysis. We calculated the de‐

gree of overlap between pairs of species. 

We calculated buffers with a radius equal 

to the expected nearest neighbour distance 

(Clark ӕ Evans, 1954). Overlaps were cal‐

culated with the functions “Buffer” and 

“Intersect” of QGIS 2.0. We expected that 

species with a high overlap will corre‐

spond to clusters of several species with 

some degree of competition and hence seg‐

regating partially. On the other hand, spe‐

cies without overlap will correspond to 

clusters of only one species using different 

resources than the rest and thus segregat‐

ing completely. Therefore, we forecast that 

ground‐dwelling species will present par‐

tial spatial segregation as they compete for 

the same habitats, while saxicolous species 

will present a high degree of spatial segre‐

gation as they live in a very different habi‐

tat. 

4) Quantification of spatial segregation 

by distance analysis. In addition to the pre‐

vious method, we compared distances 

among records within a given species with 

Species Sex Age Total 
Female Male Unknown Adult Subadult Juvenile 

P. carbonelli 14 20 1 35 0 0 35 
P. guadarramae 153 271 32 384 70 2 456 

P. algirus 35 44 89 118 28 22 168 
T. lepidus 1 4 11 12 0 4 16 

Total 203 339 133 549 98 28 675 

Table 1: List of species detected and number of records per species, sex and age.  
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distances between that species and the 

other ones. We expected that distances 

among records within a spatially segregat‐

ed species would be significantly smaller 

than the distances between that species 

and the other ones, as the records of the 

segregated species will be clustered and 

little mixed with those of other species. 

Therefore, we used analyses of the vari‐

ance (ANOVAs) to compare the distance 

matrix within each species the matrix of 

distances with the remaining species, us‐

ing R software (R Development Core 

Team, 2012). 

Results 

We collected a total of 675 records, dis‐

tributed as follows (Table 1): 456 P. gua-

darramae, 168 P. algirus, 35 P. carbonelli, and 

16 T. lepidus. Podarcis carbonelli and P. al-

girus occurred mainly along the pathway, 

while P. guadarramae  was restricted to the 

rocky area. Timon lepidus occurred in the 

pathway and also in the border of the 

rocky area (Fig. 1). 

Global spatial patterns of the lizard com-

munity 

The K‐function for all the species 

showed that species locations had a clus‐

tered distribution: from the beginning of 

the graph, the curve was always above the 

CSR limits of the envelope analysis (Fig. 

2). This clustered pattern was visible also 

when considering each species separately 

(Fig. 2). 

Figure 2: Ripley’s K graphs of all records together and per species showing the relationship be‐

tween the Ripley’s K function (K(r), y axis) and the distance among points (r, x axis). The continu‐

ous line is the observed function of the species records, the dotted line is the theoretical function 

of a complete spatial randomness (CSR) point process, and the grey shadow shows the area be‐

tween the lower and higher limits of the CSR point process after 999 replications. The point pro‐

cess is considered as clustered if the observed function is above the higher CSR limit, as regular if 

the function is below the lower CSR limit, and as random if it is inside the limits. 
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Spatial location and specific composition 

of clusters 

The expected nearest neighbour dis‐

tance was 17.8 m. This distance was used 

to define the threshold distance of the clus‐

ters. We identified 597 species points in 34 

clusters (Fig. 3 and Table 2). Nineteen clus‐

ters were situated on the pathway and 15 

in the rocky area. There were 13 clusters 

composed by only one species, 13 by two 

species and seven clusters with three spe‐

cies (Table 2). Cluster 10 was the only clus‐

ter containing all species (Table 2) and also 

had the highest number of records (293; 

Fig. 3). Psammodromus algirus participat‐

ed in 25 clusters, P. guadarramae  in 23, T. 

lepidus in 10, and P. carbonelli in six.  

Quantification of spatial segregation 

among species 

Podarcis carbonelli was the most spatially 

segregated species (Table 3), while P. gua-

darramae and P. algirus were the species most 

commonly sharing space (Table 3). The 

differences between distances among rec‐

ords within a given species and distances 

to records from the other species were 

highly significant (ANOVA test for log‐

transformed data: F1,7 = 158.8, P < 0.001). 

The Tukey post‐hoc test (Fig. 4) showed 

that the results were highly significant for 

three species (P. carbonelli, P. guadarramae, 

and P. algirus; P < 0.0001) but not for T. lepi-

dus (P = 0.9996). 

Discussion 

As expected, the lizard community 

studied here, as well as each of its four 

species, were not distributed randomly 

but in clusters, probably because resources 

within home ranges are not distributed 

randomly but in patches (Kwiatkowski ӕ 

Sullivan, 2002). Clusters were composed 

by different sets of species, comprising one 

Figure 3: Distribution of clusters identified with Delaunay triangulation and the expected 

nearest neighbour distance (see methods for more details). Numbers refer to clusters listed in 

Table 2. 
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to four species, but with different frequen‐

cies. Our results showed that species of the 

same genus segregated almost totally, in‐

habiting different habitats; on the other 

hand, species of different genera presented 

partial segregation, sharing some habitats 

(MacArthur ӕ Pianka, 1966; Schoener, 

1974; Pianka ӕ Huey, 1978; Pianka, 1980). 

The pair of Podarcis species (P. car-

bonelli and P. guadarramae) presented the low‐

est overlap, while P. guadarramae  and P. 

algirus had the highest overlap. Also, P. car-

bonelli was the species with the lowest overlap 

across all species combinations. Podarcis 

carbonelli and P. algirus occurred not only in 

the pathway, but also in vegetated zones 

around and inside the rocky area, alt‐

hough P. algirus was not abundant there. 

These two species were located in the mid‐

dle of the segregation gradient. Timon lep-

Cluster P.car P.gua P.alg T.lep Total 

records 
N 

1     3   3 1 
2 4   1   5 2 
3 7       7 1 
4 4       4 1 
5 1   2 1 4 3 
6 1   2 3 6 3 
7     2   2 1 
8   5     5 1 
9   26     26 1 

10 5 259 28 1 293 4 
11   9 2 1 12 3 
12   1 3 2 6 3 
13   3 2   5 2 
14   48 3   51 2 
15   19 2 1 22 3 
16   2 1   3 2 
17   11     11 1 
18     3   3 1 
19   5 3 2 10 3 
20   3 2   5 2 
21   1 2   3 2 
22   1 21   22 2 
23   1 5   6 2 
24     3   3 1 
25   3 6   9 2 
26   11   2 13 2 
27   4 8   12 2 
28   2 1 2 5 3 
29   11     11 1 
30   7     7 1 
31   3   1 4 2 
32   1 8   9 2 
33     4   4 1 
34     3   3 1 

Total 22 436 120 16 594   

Table 2: Number of species 

records per cluster. A cluster is 

set of points whose distance to 

any point inside the cluster is 

further than the distance to 

any other point outside the 

cluster. Cluster distance was 

determined using the expected 

nearest neighbour distance 

(see methods for more details). 

In bold, the only cluster with 

four species. P.car: Podarcis 

carbonelli, P.gua: Podarcis gua-

darramae, P.alg: Psammodromus 

algirus, T.lep: Timon lepidus, N: 

number of species per cluster. 
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idus had low and high levels of overlap, be‐

cause it was not influenced by the pres‐

ence of other species. In fact, it appeared in 

the rocky area and also in the pathway 

although with less frequency. In addition, 

P. carbonelli was also the species with the larg‐

est difference between distances among its 

owns records and distances to the remain‐

ing species. Moreover, Ripley’s K function 

graph for this species showed the less clus‐

tered pattern. The other two species (P. 

guadarramae and P. algirus) presented low 

distance differences. Podarcis carbonelli 

clusters indicated a trend to segregate 

from the other species, as it clustered only 

with P. algirus (also a ground‐dwelling 

species) and T. lepidus, always in low 

numbers. Podarcis guadarramae  formed 

many clusters composed of numerous in‐

dividuals, frequently with P. algirus. 

Again, the spatial pattern of T. lepidus 

indicated an independent pattern, as it 

clustered equally with all species. 

Although both Podarcis species use 

preferentially some specific habitat, each 

of them can also be found in other habitats 

when its sister species is absent, a process 

called ecological character displacement. 

For example, Podarcis bocagei, a ground‐

dwelling species of Atlantic forests of the 

north‐western Iberian Peninsula, can also 

occupy rocky areas and human walls or 

buildings (Kaliontzopoulou et al., 2012). 

Even P. carbonelli, a species living on mar‐

gins of path‐walks crossing oak forests 

and in beach dunes (Sá‐Sousa, 2008), also 

inhabits walls when P. guadarramae  or P. 

bocagei are absent. However, there are exam‐

ples of strict syntopy between ground‐

dwelling and saxicolous Podarcis species: 

P. guadarramae was relegated to poor habitats 

by P. bocagei in a community in the north‐

ern limit of its distribution (Sillero ӕ Gon‐

çalves‐Seco, 2014). Actually, P. guadarra-

mae is probably the most habitat‐dependent 

species of all Iberian Podarcis group, as it 

is always associated with rocky areas 

(Diego‐Rasilla ӕ Pérez‐Mellado, 2003). 

In contrast, P. algirus, a species living in 

Species pair Area (m2) 
P.car – P.gua 1327.73 
P.car – T.lep 2359.64 
P.car – P.alg 6882.51 
P.alg – T.lep 7758.69 
P.gua – T.lep 8101.96 
P.gua – P.alg 22638.58 

Table 3: Space overlapping values by pairs 

of species, ranked from low to high surface 

area. P.car: Podarcis carbonelli, P.gua: Po-

darcis guadarramae, P.alg: Psammodromus al-

girus, T.lep: Timon lepidus. 

Figure 4: Tukey post‐hoc test results showing 

differences between log‐transformed distances 

among records of each given species and rec‐

ords of the other species. P.car: Podarcis car-

bonelli, P.gua: Podarcis guadarramae, P.alg: Psam-

modromus algirus, T.lep: Timon lepidus. 
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open forests and shrub‐lands (Salvador, 

2015), segregated partially from P. guadar-

ramae probably because of the presence of vege‐

tation within the rocky area, and segregat‐

ed more from P. carbonelli probably due 

to competition as they inhabit the same 

oak forests. The independent pattern 

showed by T. lepidus may be due to its 

higher trophic level and not to the use of 

different habitats (Mateo, 2015). Thus, 

ground‐dwelling species presented partial 

spatial segregation as they may compete 

for the same habitats, while saxicolous 

species presented a high degree of spatial 

segregation as they occupy different habi‐

tats. 

This study was performed during a 

short period of time in spring but with a 

high activity of lizards. The spatial struc‐

ture described for this community cannot 

be extrapolated to other seasons, as re‐

sources will change accordingly. Unfortu‐

nately, to our knowledge, there are not 

studies on how spatial structure of com‐

munities or individual species change over 

time. Efforts have focused on analysing 

differences on distribution patterns among 

age levels (e.g. Gray ӕ He, 2009). There‐

fore, further research in this issue should 

be performed in the future. 

Other studies presented similar results 

to ours, where local spatial segregation by 

habitat or competition is also associated 

with clustered distribution patterns 

(Underwood ӕ Chapman, 1996), with more 

or less intensity (Moody et al., 1997). Sever‐

al studies described reptile communities 

where habitat is the main factor of spatial 

segregation (Jones ӕ Droge, 1980; Mella‐

do, 1980; Scali ӕ Zuffi, 1994), and where 

lizard species segregated spatially due to 

their microhabitat (Ortega et al., 1982). 

Juveniles of Anolis aeneus live in open 

habitats instead of forests because of pre‐

dation by Anolis richard i (Stamps, 1983). 

In the case of birds, spatial segregation can 

be caused by intraspecific competition 

(Moody et al., 1997). Bats can also segregate 

spatially because of habitat selection 

(Nicholls ӕ Racey, 2006). More examples 

are available from plants, either about seg‐

regation by competition (Phillips ӕ Mac‐

Mahon, 1981; Haase et al., 1996; Getzin et 

al., 2006; Gray ӕ He, 2009) or by habitat 

(Schenk et al., 2003). 

Spatial statistics offers new insights to 

analyse the spatial structure of species 

communities. We can understand with a 

better statistical base how and why species 

segregate locally in space. New technolo‐

gies like aerial photographs of very high 

resolution taken from unattended aerial 

vehicles (the so‐called drones) will allow 

to analyse the influence of driving factors 

such as habitat and shelter distribution 

from a spatial point of view. In fact, what 

is lacking in our study is the analysis of 

habitat segregation as a continuous com‐

ponent of the environment. We hope that 

studies of spatial biology will be more fre‐

quent in a near future. 
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