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ABSTRACT
In this study, we present the first data on the diet of two sympatric lizard species Psammodromus 
algirus and Podarcis vaucheri of the Djurdjura Mountains. The analysis of 100 feces (43 Ps. algirus 
and 57 P. vaucheri) allowed us to identify 560 prey items (254 for Ps. algirus and 312 for P. vaucheri) 
distributed across 17 operational taxonomic units. Insects were most commonly consumed by 
both species, but spiders were also preferred by P. vaucheri. The five most commonly ingested 
categories of prey among insects were: Coleoptera, Hymenoptera, Homoptera, Heteroptera and 
Orthoptera. During the study period, the interspecific diet overlap was very high (CH = 0.86). But 
the diet of P. vaucheri (BA = 0.50) was slightly more diversified than that of Ps. algirus (BA = 0.41). 
The diets of both species were, however, not strongly different. A significant influence of seasonal 
variation on diet was detected.

Introduction

Understanding the ecology of species is a necessary 
condition for the proper management and preserva-
tion of natural sites. In this context, food resources are 
a critical parameter to consider in conservation biology 
(Tatin et al. 2013). Among the three classic dimensions 
of the niche (diet, space, and time), diet is without a 
doubt the most studied in lizards (Carretero et al. 2006, 
2010; Luiselli 2008). In general, lacertid lizards are gen-
eralist opportunist predators (Arnold 1987; Lo Cascio 
and Capula 2011; Mou 1987; Pérez-Mellado and Corti 
1993). Consequently, terrestrial invertebrates, especially 
insects, occupy a predominant part of their diet (Arnold 
1987; Carretero 2004). However, the feeding ecology of 
the family shows an impressive variability and numerous 
factors appear to affect prey choice (Carretero 2004).

An animal’s niche is often studied in the context of 
interspecific competition and the patterns of resource 
use (Pianka 1981). Several studies have examined the 
diet of sympatric species and have suggested that the 
partitioning of trophic resources may be important for 
regulating coexistence in lizard communities (Luiselli 
2008). However, differences in resource use by two 
sympatric species of lizards may not necessarily indi-
cate the existence of competition (Znari et al. 2000). 
In his review Luiselli (2008) concludes that the trophic 
niche is not a resource generally partitioned by sym-
patric lizards.

In the Mediterranean basin lacertids are the dominant 
group of lizards. Their role in the transfer of matter and 
energy from arthropods and other small invertebrates to 
birds and mammals constitutes a major function within 
Mediterranean ecosystems (Carretero 2004). Among, the 
phylogenic and phylogeographic studies conducted on 
North African and Mediterranean lizards over the last 
decade, many have been devoted to the systematic 
of Algerian species (see Carranza et al. 2006; Carretero 
2008; Fonseca et al. 2008, 2009; Kaliontzopoulou et al. 
2008, 2011; Kaliontzopoulou, Carretero, and Llorente 
2012; Larbes, Carretero, and Brito 2007; Lima et al. 2009; 
Verdú-Ricoy et al. 2010). However, information on the 
biology and ecology of these lizards in Algeria is scarce 
(but see Arab and Doumandji 2003; Carretero et al. 2011; 
Rouag, Berrahma, and Luiselli 2006; Rouag et al. 2007). 
The aim of the present study is to fill this gap and pro-
vide qualitative and quantitative data about the trophic 
spectrum of two lacertid lizards: the Algerian sand lizard 
Psammodromus algirus (Linnaeus, 1758) and the wall liz-
ard Podarcis vaucheri (Boulanger, 1905) living in sympatry 
in the Djurdjura National Park, Algeria.

Materials and methods

Study site

Tala Guilef is located in the western part of the northern 
slope of the Djurdjura Mountain (Djurdjura National Park), 
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Data analysis

In order to characterize the diet of the two species, we 
calculated relative abundance (%N), relative occurrence 
(%P), and the standardized index of Levin (BA) to estimate 
the taxonomic diversity as follows:

%N = (pi/p) × 100, where (pi) is the number of prey of 
categories (i) and (p) is the total number of prey (Zaime 
and Gautier 1989).

%P = (ni/N) × 100, where (n) is the number of feces con-
taining the prey category (i) and (N) is the total number 
of feces. Prey were further grouped according to the 
classification used by Bigot and Bodot (1973):

•  Constant prey of which the occurrence is equal to 
or higher than 50%;

•  Common prey of which the occurrence varies 
between 25 and 50%;

•  Accidental prey of which the occurrence varies 
between 10 and 25%;

•  Very accidental prey of which the occurrence is less 
than 10%.

BA = (B − 1)/(n − 1), where (n) is the number of prey 
categories and (B) is the Levin’s index of niche breadth: 
B = 1/

∑

p2i , (pi) is the proportion of each category (i). This 
index describes the breadth of the trophic niche where a 
value of ‘1’ indicates a generalized diet and a value of ‘0’ 
indicates a specialized tendency (Krebs 1999).

The food niche overlap (or similarity) was evaluated 
using the Morisita-Horn index (Horn 1966): CH = 

2
∑

pijpik
∑

p2ij+
∑

p2
ik

, 

where (pij) is the proportion of categories (i) in the diet 
(j) and (pik) the proportion of categories (i) in the diet (k). 
This parameter varies from ‘0’ for no similarity to ‘1’ for a 
complete similarity (Krebs 1999).

To examine the relation between occurrence of the 
ingested prey and their abundance, we used a Spearman 
rank correlation between relative abundance (%N) and 
relative occurrence (%P) of prey categories. We also used 
the chi-squared test (χ²) to study seasonal and interspe-
cific variations in the diet and the Mann–Whitney test for 
the comparison of the number of items per feces.

Results

Diet composition

A total of 566 preys were identified in the overall sam-
ple (100 feces). The 43 feces of Ps. algirus revealed the 
presence of 254 items grouped in 15 OTUs. The diet of  
P. vaucheri was composed of 16 OTUs and contained 
312 prey from 57 feces. The mean number of prey con-
sumed per feces did not differ between the two species 
(Ps. algirus: 5.91 ± 0.66; P. vaucheri: 5.47 ± 0.51; Mann-
Whitney U test: Z = −0.278, p = 0.781).

Levin’s index showed that the food spectrum of 
P. vaucheri (BA = 0.50) was more diversified than that of 
Ps. algirus (BA = 0.41), but the statistical analysis on the 

Kabylie, Algeria. It is located approximately 140 km south-
east of Algiers and 45 km southwest of Tizi Ouzou (36°39′ 
N, 4°01′ e). The region is characterized by a mountain cli-
mate influenced by the Mediterranean Sea and belongs 
to the humid climate scene (Hamdine et al. 1993).

The samples were collected in two types of habi-
tats that seem attractive for the two lizard species. The 
first habitat is characterized by the presence of stones 
and rocks from the Haizer massif and bushy vegetation 
including: hawthorn (Crataegus monogyna and Crataegus 
laciniata), elmleaf blackberry (Rubus ulmifolius), dog rose 
(Rosa canina), Mediterranean rose (Rosa sicula), moun-
tain cherry (Prunus prostrata) and Spanish barberry 
(Berberis hispanica). In grass stratum, we essentially 
find: camomile (Anthemis kabilica), absinthe (Artemisia 
absintium), astragalus (Astragalus armatus), sea holly 
(Eryngium tricuspidatum), spurges (Euphorbia luteola) 
and giant fennel (Ferula communis). The second habitat 
is a river situated between the first rocky habitat and a 
cedar forest and often frequented by the lizards during 
warm hours and/or days. It is characterized by very dense 
vegetation including: Montpelier maple (Acer monspes-
sulanum), common alder (Alnus glutinosa), elmleaf black-
berry (Rubus ulmifolius), white willow (Salix alba), black 
poplar (Populus nigra), hawthorn (Crataegus laciniata), 
southern polypody (Polypodium cambricum), wild mint 
(Mentha arvensis), pennyroyal (Mentha pulegium), false 
yellowhead (Inula viscosa) and maidenhair spleenwort 
(Asplenium trichomanes).

Methods

The study was conducted in spring (May–April) and sum-
mer (June–July) of 2013–2014. The lizards were caught 
by hand or by noose and taken to the laboratory. Feces 
were obtained by keeping individuals in a terrarium 
44  cm  ×  55  cm  ×  77  cm, heated with a lamp (160 W) 
placed above one end. Water was provided ad libitum. 
After a day of observation, lizards were taken back to 
their site of capture.

The analysis of the feces was done by placing them in 
an aqueous ethanol solution to dissolve them. Preys were 
identified using a binocular microscope with 10–40×. 
Sclerotized parts of invertebrates such as mandibles, 
heads, thorax, wings and legs were counted. The items 
were classified in groups called operational taxonomic 
units (OTUs; Carretero 2004; Sneath and Sokal 1973) and 
their determination was performed down to the lowest 
possible taxonomic level. The following abbreviations 
were used to indicate the OTUs in the text and figures: 
Aca, Acari; Ara, Aranea; Dict, Dictyoptera; Dip, Diptera; 
Col, Coleoptera; For, Formicidae; Gas, Gasteropoda; Hem, 
Hemiptera; Het, Heteroptera; Hym: Hymenoptera (other 
than Formicidae); Hom, Homoptera; Iso, Isoptera; Lep, 
Lepidoptera larvae; Odo, Odonatoptera; Opil, Opilionida; 
Orth, Orthoptera; Vegt, Vegetal matter.
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proportion of consumed prey showed that the two diets 
were not different (χ² = 20.763, p = 0.188, df = 16). The 
index of Morisita-Horn showed a high similarity in the 
two trophic spectra (CH = 0.86).

The diets of both species were clearly dominated by 
insects (Table 1). In contrast, the proportion of spiders in 
the diet of P. vaucheri seemed important (%N = 12.3%). 
Among the insects, five categories (OTUs) were com-
monly consumed: Col, Hym (other than Formicidae), 
Hom, Het and Orth. In Ps. algirus, Coleoptera were the 
most commonly consumed prey followed by Hym, 
Het, Hom and Orth, Ara and For. The proportions of the 
other categories did not exceed 5%. Among beetles, the 
family of Scarabaeidae dominated with 55%. The gen-
era we could identify were: Onthophagus sp., Aphodius 
sp. and Rhizotrogus sp. Two families of Hymenoptera 
were most commonly consumed: Formicidae 29.09%, 
in which we determined Camponotus sp., Tapinoma 
sp., Messor sp., Crematogaster sp., Aphenogaster depilis, 
and Ichneumonidae (21.82%). For Heteroptera, the 
most important family was Pentatomidae with 51.52%: 
Sciocoris sp., Sehirus sp. and Aelia sp. were identified. For 
Homoptera, the Cicadellidae (73.91%) family was the 
most often consumed and the genera identified were: 
Eupelix sp. and Cicadella sp. Regarding Orthoptera, 
Acrididae were highly consumed (86.96%), and the 
genera and species identified were: Calliptamus sp., 
Omocestus sp., Pezottetix giornae, Dociostaurus jagoi jagoi 
and Thysiocetrus littoralis.

In P. vaucheri the two most abundant categories (OTUs) 
had similar proportions: Col and Hom, and were followed 
by Ara, Hym, Orth, For and Dip. The proportions of the 
other categories did not exceed 5%. For Coleoptera, 
most prey belonged to two families: Staphylinidae 
(32.79%) with two identified genera: Quedius sp. and 
Philonthus sp., and Scarabaeidae (19.67%) with only one 
determined genus: Aphodius sp. Among Homoptera, 
Cicadellidae (98.33%) were most commonly consumed 

(only one prey belonged to Aphidiidae family), and rec-
ognized genera and species were: Agallia sp., Eupelix 
sp. and Macrosteles septemnotatus. The dominant fam-
ilies of Hymenoptera were: Formicidea (47.45%) with 
several genera and species that could be identified 
(Pheidole pallidula, Tapinoma sp., Messor sp., Messor 
barbarus, Monomorium sp. and Camponotus sp.) and 
Ichneumonidae (35.59%). Concerning Orthoptera, two 
families were ingested: Acrididae (58.62%) with sev-
eral genera identified (Calliptamus sp., Omocestus sp., 
Pezottetix giornae, Dociostaurus jagoi jagoi, Oedipoda 
sp. and Acrotylus sp.) and Gryllidae (48.28%) for which 
we could identify two genera: Gryllus sp. and Gryllulus sp.

The occurrence of the different prey categories in 
both lizard species were in accordance with their rela-
tive abundance (Figure 1). However, Araneae formed an 
exception in their occurrence in both species (P. vaucheri: 
%P = 56.14%; Ps. algirus: %P = 37.21%) despite their low 
values of relative abundance.

Using the classification of Bigot and Bodot (1973) we 
see that Col and Het were constant preys in the diet of 
Ps. algirus. The common preys were Hym, Orth, Ara and For. 
Three categories were accidental, Hom, Lep and Dip. The 
other categories can be considered very accidental prey.

In the diet of P. vaucheri, only Aranea were constant. 
Six categories of prey were common: Col, Orth, For, 
Hym, Hom and Dip. Three categories were accidental: 
Het, Hem and Lep. The others can be considered very 
accidental. A significant positive correlation between 
relative abundance (%N) and the occurrence (%P) of 
prey groups was observed in both species (Ps. algirus: 
rs = 0.965, p < 0.0001; P. vaucheri: rs = 0.942, p < 0.0001).

Seasonal variation

No significant difference in the mean number of items 
per feces was observed between the two seasons 
(Ps. algirus: in spring: 5.40 ± 1.10, in summer: 6.18 ± 0.84; 

Table 1. descriptive parameters of the diet in the two species.

notes: %P: occurrence; %N: abundance; n: number of identified items; and Ba: standardized index of levin.

OTUs

Ps. algirus P. vaucheri

n %N %P n %N %P
opilionida 0 0.00 0.00 1 0.32 1.75
araneae 16 6.3 37.21 39 12.5 56.14
acari 1 0.39 2.33 2 0.64 1.75
dictyoptera 4 1.57 9.30 5 1.6 8.77
orthoptera 23 9.06 39.53 29 9.29 43.86
Formicidae 16 6.3 25.58 28 8.97 31.58
Hymenoptera 39 15.35 41.86 31 9.94 29.82
coleoptera 76 29.92 58.14 61 19.55 45.61
Hemiptera 1 0.39 2.33 11 3.53 15.79
Heteroptera 35 13.78 51.14 13 4.17 21.05
Homoptera 23 9.06 18.60 60 19.23 29.82
Isoptera 3 1.18 2.33 0 0.00 0.00
lepidoptera larvae 7 2.76 16.28 8 2.56 14.04
diptera 7 2.76 13.95 20 6.41 29.82
odonatoptera 0 0.00 0.00 1 0.32 1.75
gasteropoda 2 0.79 4.65 1 0.32 1.75
Vegetal matter 1 0.39 2.33 2 0.64 3.51
Sum 254 312
Ba 0.41 0.50
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categories ingested and an important seasonal var-
iation. Several authors have reported a dominance of 
arthropods in other populations of Ps. algirus (Arab and 
Doumandji 2003; Carretero and Llorente 1993; Castilla, 
Bauwens, and Llorente 1991; Diaz and Carrascal 1990; 
Mellado et al. 1975; Ortega-Rubio 1991; Pérez-Mellado 
1982; Pérez-Quintero and Rubio-García 1997; Pollo 
and Perez-Mellado 1988; Rouag et al. 2007; Seva 1984; 
Valverde 1967) and in other species of the genus Podarcis 
(Adamopoulou, Valakos, and Pafilis 1998; Capula and 
Luiselli 1994; Capula, Luiselli, and Rugiero 1993; Carretero 
et al. 2006, 2010; Lo Cascio and Capula 2011; Maragou 
et al. 1996; Mou 1987; Rugiero 1994; Vincente, Araujo, and 
Barbault 1995). The only previous study on P. vaucheri 
(Carretero et al. 2006) revealed that the population of 
the Oukaïmeden Plateau in Morroco has a similar diet 
compared to what we describe here for Djurdjura, with 
a slight difference manifested by a high consumption of 
Diptera in the Moroccan population.

However, particular adaptations to periods of food 
scarcity can be observed in some populations, mainly 
in insular ecosystems. For example, Di Palma (1984) 
reported that vegetal matter and ants are the most 
commonly consumed prey by Ps. algirus on an island in 
the Sicily Channel. The same holds for lacertids of the 
genus Podarcis for which several populations in the 
Mediterranean region were studied and where her-
bivory and myrmecophagy are commonly observed 
on islands (Adamopoulou and Legakis 2002; Bombi 

Mann–Whitney U test: Z = −1.04, p = 0.30; P. vaucheri: 
in spring: 6.00  ±  0.72, in summer: 5.12  ±  0.71; Mann-
Whitney U test: Z = 1.34, p = 0.18). Within the catego-
ries of prey (OTUs), we observed a significant influence 
of seasonal variation on diet in both species in the Tala 
Guilef sector (Ps. algirus χ² = 42.94, p < 0.0001, df = 14 and 
P. vaucheri χ² = 60.68, p < 0.0001, df = 15).

Figure 2 illustrates the seasonal variation for Ps. algirus. 
In spring, this species showed a specialized diet 
(BA = 0.25), and among the 12 OTUs ingested, two cate-
gories were strongly consumed: Col and Hym. However, 
in summer this species became an opportunist and the 
consumed prey among the 14 OTUs listed were: Col, Het, 
Orth, Hom, Hym, For. The other proportions were lower 
than 5%.

For P. vaucheri, the seasonal variation in different prey 
categories is illustrated in Figure 3. In spring, BA = 0.42 and 
12 OTUs were identified. The most consumed were: Col, 
Hym, Ara and Dip. In summer, we observed an important 
difference in the diet and a light reduction in trophic 
niche breadth (BA = 0.37). Among the 15 OTUs consumed, 
the most common were: Hom, Orth, For, Ara and Col.

Discussion

Our results indicate that (1) the diet of both species 
is composed of arthropods and principally of insects 
and (2) both species express an opportunistic feeding 
behavior which is translated by a great number of prey 

Figure 2. Seasonal variation among the different food categories in the diet of Ps. algirus.

(A) (B)
0

Figure 1. occurrence of the different prey categories in the diet of the two species: (a) Ps. algirus, (B) P. vaucheri.
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other ecologic niche dimensions (time and space). Shifts 
in daily activity cycles and difference in the use of micro-
habitats can allow coexistence even if dietary overlap 
is high. Finally, the difficulty to identify the ingested 
preys (especially insects and other arthropods) at the 
specific level. If the lizards consume different species 
(e.g. Coleoptera) and the identification is done only at 
the level of order, then the two species may show high 
dietary similarity at the level of Coleoptera (Luiselli 2008; 
Ortega-Rubio, González-Romero, and Barbault 1995) 
despite eating different species of Coleoptera.

Food opportunism constitutes an adaptation to 
the variation in environmental conditions. Seasonal 
variations in the prey consumed by the two lizards 
were prominent during the period of study. This is 
probably a response to seasonal changes in prey avail-
ability. Alternatively, this may reflect a reduction in 
activity during the hot months. The seasonal variation 
is driven by the strong consumption of Homoptera, 
Heteroptera and Orthoptera in summer when they are 
most common. Homoptera and Heteroptera are likely 
the easiest prey to catch, relatively soft, and become 
really abundant in summer (Mou 1987). Therefore, 
temperature can be considered an important abi-
otic factor that may impact diet in lizards (Tracy and 
Christian 1986).

The analysis of seasonal variation also shows an impor-
tant difference in the feeding strategies of the two liz-
ards. Podarcis vaucheri presents an eclectic diet, variable 
over time and consuming principally the available prey. 
This may allow this species to reduce the energy used 
in its search for food. This is reminiscent of an ‘optimal 
foraging’ approach, defined as the difference between 
energetic contribution of prey and expended energy 
by predator to catch and ingest it, relative to the time 
needed to capture a prey (Schoener 1971). This strategy 
was also met in the ocellated lizard Timon pater in Oléron 
Island (France) (Thirion, Grillet, and Cheylan 2009). But 
Lo Cascio and Capula (2011) describe a selective preda-
tion in Podarcis raffonei, endemic to the Aeolian island 
(Aeolian Archipelago, Sicily).

et al. 2005; Carretero 2004; Carretero et al. 2010; Herrel 
et al. 2008; Ouboter 1981; Pérez-Mellado and Corti 
1993; Van Damme 1999). extreme diets, including 
cannibalism (Adamopoulou and Legakis 2002; Bombi 
et al. 2005; Burke and Mercurio 2002; Capula and Aloise 
2011; Carretero et al. 2010; Pérez-Mellado and Corti 1993; 
Simović and Marković 2013; Žagar and Carretero 2012), 
oophagy (Brock, Donihue, and Pafilis 2014; Dappen 
2011), and the consumption of marine prey (Castilla, 
Herrel, and Gosa 2009; Castilla, Vanhooydonck, and 
Catenazzi 2008; Lo Cascio and Pasta 2006), as well as 
small mammals and reptiles (Capula and Aloise 2011) 
are sometimes observed.

Many lacertids prefer Coleoptera (Adamopoulou, 
Valakos, and Pafilis 1998; Amat et al. 2008; Angelici, 
Luiselli, and Rugiero 1997; Carretero and Llorente 1993; 
Carretero et al. 2006; Castilla, Bauwens, and Llorente 
1991; Hódar, Campos, and Rosales 1996; Lo Cascio and 
Capula 2011; Maragou et al. 1996; Perera et al. 2006; Pollo 
and Perez-Mellado 1988; Rouag, Berrahma, and Luiselli 
2006; Rouag et al. 2007; Sagonas et al. 2015; Tatin et al. 
2013; Thirion, Grillet, and Cheylan 2009; Vincente, Araujo, 
and Barbault 1995). This dominance is also seen in the 
species included in our study. It is, however, important 
to note that we included only adults in this study, which 
may explain the dominance of Coleoptera. According to 
Carretero et al. (2006), hard preys are more common in 
adults than in immature animals. Indeed, experimental 
studies have highlighted ontogenetic and sexual differ-
ences in bite force linked to jaw muscles mass (Herrel 
et al. 1999, 2001). This may provide a proximate explana-
tion for the dominance of hard prey in adults.

Despite their difference in size, the comparison of 
consumed prey types revealed a high dietary overlap 
between the two species. However, this does not mean 
necessarily strong competition for dietary resources 
(Barbault 1981; Luiselli 2008; Znari et al. 2000), and this 
is for three reasons. First, we lack quantitative data on 
food availability. If food abundance is high, then animals 
may not compete for food resources despite strong sim-
ilarities in diet. Second, we lack data on the use of the 

Figure 3. Seasonal variation among the different food categories in the diet of P. vaucheri.
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1981; Pérez-Mellado and Corti 1993; Van Damme 
1999).

This study enabled us to elucidate a part of the ecol-
ogy of two lacertid lizards living in sympatry. However, 
our results do not allow us test the hypothesis of a 
trophic competition between these species due to 
a lack of data on prey availability. Nevertheless, our 
data do suggest that the feeding strategy and trophic 
niche of these two lizards are determined by the envi-
ronmental conditions and ecological needs rather than 
by interactions of competition as is suggested by the 
seasonal changes in diet. Future studies examining 
food availability and temporal and spatial aspects of 
the niche are needed to better understand how these 
species are able to coexist despite their close phyloge-
netic and morphological proximity.
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