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Abstract 

Background:  In lacertid lizards from Mediterranean islands, frugivory is common, particularly under prey scarcity, 
a characteristic of small islands. In several populations, the diet of the Balearic lizard, Podarcis lilfordi, is extremely 
variable and includes fleshy fruits. However, frugivory is sporadic and there are very few examples of dominant fruit 
consumption.

Results:  We describe the existence of an extraordinary fruit consumption of a single plant species, the juniper, 
Juniperus phoenicea, by the Balearic lizard, P. lilfordi. In addition, for the first time in Lacertidae, we describe the exist‑
ence of scat piling in the population of these lizards inhabiting Cabrera Island (Balearic Islands, Spain). Scat piling was 
detected in an isolated location with hundreds of scats deposited by several individuals at a particular place.

Conclusions:  The high population density of lizards at the island of Cabrera and the great versatility of foraging 
behavior of this species allows us to hypothesize that scat piles could act as an attractor for numerous individuals, that 
is, as inadvertent social information. If that hypothesis is correct, it would result in the concentration of several indi‑
viduals foraging on a single or a few ripening plants. We cannot, however, rule out that individuals concentrated due 
to the scarcity of ripening plants in other areas, without any influence of the presence of several lizards, as attractors 
to the site. Our findings modify previous descriptions of the diet of the Balearic lizard in Cabrera made with smaller 
samples. In some places and periods of the year, frugivory on a single plant species can be extremely intense and only 
large sample sizes of scats allow to find these particular trends in the foraging ecology of insular lizards.
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Introduction
Insectivory is the plesiomorphic condition of modern liz-
ard species [1], even if the trend towards herbivory has 
been frequently observed during the evolution of Squa-
mata [2]. However, the consumption of plant matter and, 
particularly, the consumption of fleshy fruits is frequent 
in insular lizards [3, 4]. It has been pointed out that 
frugivory can be a consequence of a low arthropod avail-
ability, as some studies suggest that islands can support 

fewer insect taxa, which might be less abundant than in 
equivalent continental areas [5–9].

Lizard diets are normally analysed based on low sam-
ple sizes from each population, and samples are often 
obtained in a particular season or year [3 and references 
therein]. Thus, dietary studies normally represent a snap-
shot of the true diet of a given species, considering that 
diet composition can differ among seasons and years 
[10–12]. A previous study from a single locality, Aire 
Island (Menorca, Spain), inhabited by the Balearic lizard, 
Podarcis lilfordi (Günther, 1874), showed that there is a 
very large variability among years, areas, and seasons, 
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precluding a reliable description of the diet with small 
sample sizes [13].

Cabrera Island, the main island of the National Park 
of Cabrera, in the southern coast of Mallorca (Balearic 
Islands, Spain, Fig.  1), exhibits one of the largest popu-
lations of P. lilfordi [14, 15]. Pérez-Cembranos et al. [15] 
described the diet of the Balearic lizard from a sample of 
318 faeces obtained in four different years: 2004, 2016, 
2017 and 2018 and from four different months: June, July, 
August and October. It was showed that there is a diffuse 
variability in the diet at different areas of Cabrera Island, 
but without significant differences among these areas, 
and even without significant differences among coastal 
islets and Cabrera Island [15]. In addition, a significant 
negative correlation was found between prey diversity 
and the amount of plant consumption among popula-
tions. Finally, the authors did not find any relationship 
between plant consumption and plant species diversity 
available in each population [15].

During August 2020 we sampled Cabrera Island, cover-
ing the whole surface and major vegetation types of the 
island (Fig. 1) and collected a large sample of faeces from 
different localities. Surprisingly, in one location, we found 

a scat pile (Fig.  2), that is, a very large accumulation of 
scats in a single small place [16]. This accumulation of 
faeces in piles is a common behavior of several mammal 
species and was also described in some lizards [17]. For 
example, the production of piles of scats was described 
in banded geckos that employ preferred sites for def-
ecation, speculating about the role of these scat piles as 
signposts [18]. The genus Egernia is also well-known as a 
producer of scat piles close to the refuge sites [17, 19, 20]. 
It was suggested that scat piles can facilitate avoidance 
of predator detection [21], but the main role is probably 
chemical communication [17]. In lizards, scat piles can 
play a role in recognition of territory boundaries or in 
social cohesion within a group of lizards [17, 19, 22]. Liz-
ard frugivory is particularly common in islands. Valido 
and Olesen [4], reported 470 species from 27 different 
families that include fleshy fruits in their diet. 62.4% of 
these species inhabit islands. Thus, lizard frugivory can 
be considered an “insular phenomenon” [4]. The objec-
tive of this study was to describe the diet of the Balearic 
lizard during August 2020 in Cabrera Island. During this 
study, the existence of scat piling behaviour was found. 
At the same time, we try to analyse the potential bias of 

Fig. 1  Situation of Cabrera Island (left), main vegetation types (simplified from Rita & Bibiloni, 1993) and sampling sites (red points) of lizard scats. 
The red arrow indicates the location of the scat pile within a malacophyllous shrubland of Western part of the island. The blue arrow indicates the 
situation of the sampling point corresponding to littoral vegetation type (Morro den Tià peninsula). Pinewoods were mixed with malacophyllous 
shrublands and were not separately sampled
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diet description because of the use of small sample sizes 
and a limited geographical coverage present in previous 
studies [15].

Results
From 610 faeces, we identified 1237 food items. The over-
all August diet of P. lilfordi from Cabrera Island includes 
17 food types (Table 1). Only ants and terrestrial Isopoda 
are relatively common prey (Table 1). In two scats from a 
locality of malacophyllous shrublands, we found remains 
from juveniles of P. lilfordi. The sporadic consumption 
of young lizards is common in the diet of the Balearic 
lizard [3, 13, 23]. There is an astounding dominance of 
seeds from juniper, Juniperus phoenicea (Cupressaceae) 
fruits. From 737 seeds (Table  1), only one single seed 
was identified as Juniperus oxycedrus (Cupressaceae), 
from the sample scats of sclerophyllous shrublands; 16 
seeds from the scat pile were from Pistacia lentiscus 
(Anacardiaceae). In addition, 4 seeds from Phillyrea 
media (Oleaceae) and 19 seeds from Rubia peregrina 
(Rubiaceae) were detected in faeces from the sample of 
former cultivated areas (Table  1). The remaining seeds 
belonged to J. phoenicea. In fact, seeds make up almost 
60% of the diet of P. lilfordi on Cabrera Island and are 
present in more than 86% of the scats. This dominance 
is common to samples from all vegetation areas, except 
for the sample from littoral vegetation (see below). In the 
two samples of the scat pile, almost all scats contained 
juniper seeds (Table  1). Because lacertid lizards do not 
chew their food items, seeds remain intact. These results 

suggest that the Balearic lizard is probably a legitimate 
seed-disperser of these plant species in Cabrera Island.

The scat pile showed the highest percentage of seeds 
from J. phoenicea in comparison with scats from the 
remaining vegetation areas. This scat pile was detected on 
a narrow track that leads from Cabrera Bay to the Ansiola 
Peninsula (Fig. 1). The area (Fig. 2) was a narrow edge of 
a track raised around 50 cm above the ground and whose 
outer edge is formed by a stone wall with numerous rocky 
crevices, excellent refuges for lizards. The surface cov-
ered with faeces was a narrow rectangle of 7 m long and 
0.2 m wide, that is, an area of 1.4 m2 (Fig. 2). The clear and 
gravel-covered path, and the rocks on its outer edge, are 
optimal sites for thermoregulation. The area is partially 
shaded by Pinus halepensis, with some shrubs of J. phoe-
nicea that, during August 2020, were fully ripening. On a 
first visit (24th August), we obtained a very large sample 
of 264 faeces (scat pile A). Only 6 days later, we were able 
to find 62 additional faeces at the same place. Moreover, 
on 29th August, there was a strong storm with heavy rain 
on Cabrera. Heavy rain washes the ground, dragging pre-
viously deposited faeces, especially when the ground has 
some slope (pers. obs.), such as the area where the scat 
pile was found (Fig. 2). Thus, this second sampling of 62 
faeces was deposited during a very short period of time, 
around 2 days and, consequently, by several individual 
lizards. In addition, that speed of deposition suggest a 
fast accumulation scats from the first sample.

The comparison among the six vegetation zones of 
the island and the two samples of the scat pile, showed 
that diet composition was significantly different among 

Fig. 2  The scat pile found in Cabrera Island. White arrows indicate the limits of the narrow scat pile (see dimensions in the text). Behind the left turn 
of the track, we can see a slope densely covered by malacophyllous shrubs, including Juniperus phoenicea. On the lower right corner, a detail of the 
accumulation of faeces, with 16 scats in a very reduced area
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samples (permutational MANOVA, F6,606 = 23.27, 
p = 0.0009). Pairwise comparisons indicate a similar diet 
composition between the two samples of the scat pile 
(pairwise adonis, F = 0.66, p = 0.575). In the remaining 
paired comparisons, the scat pile was significantly dif-
ferent to the rest of samples, including the sample from 
malacophyllous vegetation (p < 0.005, Table 2), the vege-
tation area where the scat pile was found. Among vegeta-
tion areas, we only found significant differences between 
the diet of the area of littoral vegetation and the rest of 
vegetation areas (Table 2).

The consumption of vegetal matter was signifi-
cantly different among samples (Kruskal-Wallis test, 
𝜒2 = 134.25, d.f. = 6, p = 2.2 × 10− 16), with the lowest con-
sumption of plant matter in the littoral vegetation area 
and the highest consumption in both samples of the scat 
pile (Table  2). Except in the case of littoral vegetation, 
juniper seeds make up this large proportion of vegetal 
matter in scats. The sample from littoral vegetation was 
obtained at Morro den Tià (Fig. 1), an almost completely 
isolated peninsula from western coast of Cabrera, where 
junipers are absent and where the diet and other ecologi-
cal traits of lizards are like those of coastal islets around 
Cabrera [15].

Discussion
The omnivorous diet of the Balearic lizard is well-
known [3, 13, 15, 23]. In all studied populations, we 
detected an important plant consumption. An exam-
ple is the case of frugivory on Helicodiceros muscivorus 
(Araceae) in Aire Island (Menorca, Balearic Islands), 
where P. lilfordi is the main seed-disperser [24]. How-
ever, to our knowledge, this is the first case where a 

single plant species, J. phoenicea, is so intensively con-
sumed during the summer season.

We detected only few differences in the diet of the 
Balearic lizard through the different vegetation areas 
of Cabrera Island, except for our more surprising find-
ing, the spectacular consumption of juniper fruits. The 
Balearic lizard is likely an important seed-disperser of 
this plant in Cabrera Island. We must note that a dra-
matic change of vegetation cover of Cabrera Island took 
place during the last century, with an increase in the area 
covered by trees and shrubs, after the eradication of large 
domestic herbivores such as goats [25]. Our results pro-
vide further evidence for the trophic generalism in forag-
ing behaviour of P. lilfordi.

The cones of Juniperus species, functionally analo-
gous to angiosperm fleshy fruits [26], are intensively 
consumed by lizards. J. phoenicea is mainly considered 
a bird-dispersed species [27, 28] and Traveset [29] men-
tions that it is an endozoochorous plant species. Salvador 
[30] and Sáez & Traveset [31] showed that the Balearic 
lizard eats the fruits of J. phoenicea. Additionally, Pérez-
Cembranos et al. [15] showed that seeds of J. phoenicea 
are currently present in scats from P. lilfordi of Cabrera. 
It is also known that the sister species of the Balearic 
lizard, the Ibiza Wall lizard, Podarcis pityusensis, is the 
main seed disperser of J. phoenicea in some populations 
[32]. Thus, this food item is not uncommon in the diet 
of lizards from the Balearic Islands. The uncommon fact 
is the strong intensity of consumption observed during 
August 2020 in Cabrera Island. In this way, the inclusion 
of two samples from a single locality of Cabrera Island, 
the scat pile, led to a dramatic change in the overall sum-
mer diet of the Balearic lizard, with a dominance of one 
plant species and a single prey item, terrestrial Isopoda.

Table 2  Vegetal matter consumption by the Balearic lizard from different vegetation areas

In the first column we give the average percentage volume per scat (mean ± SE) and, within parentheses, the number of scats analyzed. For each pairwise comparison, 
we give the Z-value and p-value of the post hoc Dunn test (see more details in the text). In bold, significant p-values

Scat pile A Scat pile B Malacophyllous Sclerophyllous Limestone Cultivated

Scat pile A
94.15 ± 1.08 (264)

Scat pile B
97.61 ± 0.93 (62)

Z = 5.38
p = 0.589

Malacophyllous
67.84 ± 4.13 (102)

Z = 6.637
p = 3.18 × 10−11

Z = 4.333
p = 1.47 × 10−5

Sclerophyllous
79.85 ± 3.29 (117)

Z = −5.052
p = 4.35 × 10−7

Z = −3.088
p = 0.002

Z = 1.569
p = 0.116

Limestone
70.56 ± 11.37 (16)

Z = 1.605
p = 0.108

Z = −1.202
p = 0.229

Z = 1.34
p = 0.18

Z = -0.554
p = 0.579

Cultivated
83.14 ± 7.36 (22)

Z = −1.381
p = 0.167

Z = −0.929
p = 0.352

Z = 1.987
p = 0.046

Z = 1.095
p = 0.273

Z = 0.324
p = 0.745

Littoral
7.96 ± 3.46 (27)

Z = 9.905
p = 3.95 × 10−23

Z = 8.349
p = 6.83 × 10− 17

Z = − 5.671
p = 1.41 × 10−8

Z = 6.745
p = 1.52 × 10− 11

Z = 5.033
p = 4.81 × 10− 7

Z = 5.90
p = 3.62 × 10−9
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In all populations of the Balearic lizards surveyed dur-
ing last 30 years, we observed a random distribution of 
scats only slightly concentrated in small rock crevices, 
but never in a number higher than four or five faeces 
[13, 23]. Surprisingly, our observations from 2020 in 
Cabrera Island showed an extraordinary concentration 
of scats in a particular location, the edge of a track to 
a lighthouse in the Western part of the island (Fig.  2). 
Thus, our data show that free-living Balearic lizards 
form scat piles in some locations, at least in Cabrera 
Island. This extraordinary accumulation of scats in a 
single site consisted almost exclusively of seeds of a sin-
gle plant species. This is probably the consequence of an 
intense foraging of several individual lizards on a few 
nearby plants with ripening fruits.

As we argued above, scat-piling was the result of the 
foraging activity of several individual lizards. Social for-
aging is not uncommon on abundant food items, where 
multiple lizards feed simultaneously [33, 34]. In the 
Balearic lizards we have several observations of aggrega-
tions of lizards around food resources, as it was observed 
in Aire Island [13]. Therefore, it is not difficult to imag-
ine the concentration of numerous lizards in one or 
more junipers with ripe fruits and the intense collective 
exploitation of this food resource during several consecu-
tive days. What is no longer so evident is the reason why 
many individuals deposited their faeces on a small area, 
leading to the formation of a scat pile. The place occu-
pied by the scat pile can be particularly favorable as a 
place for thermoregulation [35] and/or, as a rocky refuge, 
close to a temporarily abundant food resource. In well-
studied lizard species of the genus Egernia, scat-piling is 
a common behavior, with the accumulation of scats close 
to basking sites [17, 20]. In some species, as Egernia cun-
ninghami, an accumulation of 40–50 scats was recorder 
[17]. But we do not know any species where scat piles 
can accumulate hundreds of faeces in a single spot, as we 
recorded in Cabrera Island.

Communal faeces deposits can have a social role, at 
least in some lizard species. However, this role was dis-
carded in the case of some gekkonid lizards as Nephru-
rus milii [36], where scat piling is not apparently related 
with sociality. In fact, even employing a broad definition 
of sociality, no species of lacertid lizards have been found 
to form stable aggregations [37]. Moreover, despite of the 
observations that faeces of some species, such as Iberol-
acerta cyreni, are deposited on visually conspicuous sites 
and have an aggregated spatial distribution [38], there is 
no previous information on the existence of scat piling in 
lacertid lizards.

The area of faecal accumulation observed in Cabrera 
Island is not a particularly visually detectable place. This 
scat pile was not located at the top of a rocky site, but 

on the edge of a gravel path, where faeces accumulated 
in depressions of the ground and are not particularly 
conspicuous (Fig.  2). What was especially striking was 
the accumulation of faeces and not their situation on the 
ground (Fig. 2). From that point of view, we do not have 
any conclusive evidence that the function of scat-piling 
in this population of the Balearic lizard is to increase its 
visual detectability for conspecifics, as has been shown in 
other lacertid lizards [39].

The accumulation of faeces in a scat pile can by itself be 
an attractive factor for other lizards. A small area around 
the scat pile could have a high availability of ripening 
cones of J. phoenicea. It is a current fact that in Mediter-
ranean habitats there are important differences in cone 
availability among nearby areas [26]. The strong versatil-
ity of foraging behaviour of the Balearic lizard [13], allows 
this species to find locations with a particular abundance 
of a trophic resource, following behavioural “resource 
tracking”, as showed in frugivorous birds [26]. The faeces, 
mainly composed from seeds and remains of J. phoenicea 
ripen cones, have a penetrating odor due to highly vola-
tile terpenoids originating from berries [40], detectable 
at a great distance. It is well-known that lizards can use 
social information to learn how to enhance their foraging 
opportunities [41–44]. Even with high lizard densities, 
conspecifics can act as informers, rather than competi-
tors, sending out Inadvertent Social Information (ISI), 
sensu [45]. In this way, chemical signals from the scat 
pile could act as inadvertent social information, attract-
ing conspecifics to the area. Attracted conspecifics could 
detect shrubs with ripe fruits that are close by with a 
greater probability. This attraction, thanks to inadvertent 
chemical signals, would lead to a positive feedback loop: 
lizards exploit plants with ripening fruits for several days 
or weeks while using rocky crevices in the area immedi-
ately adjacent to the scat pile as safe refuges [46]. By doing 
so they continuously accumulate faeces and increase the 
attractiveness of the place for new lizards. Importantly, 
similar to some frugivorous birds, the strong reliance of 
the Balearic lizard on junipers we recorded in summer of 
2020 in Cabrera Island, could be an outlier of that year 
and population. Thus, we can expect extremely variable 
outcomes in time and space [24], with strong differences 
among years or even sites of Cabrera Island.

From the results obtained in this study, it is tempting to 
deduce that fleshy fruits of certain shrub plants, such as 
J. phoenicea, are always an essential element of the sum-
mer diet of the Balearic lizard in Cabrera Island. How-
ever, the spectacular contribution to the diet of this plant 
species has only become apparent in the summer of 2020. 
In previous studies, the seeds of J. phoenicea have never 
been an important element of the diet [15, 29, 30]. Even if 
there is a wide distribution and abundance of J. phoenicea 
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in Cabrera Island [25], fruit resources can be extremely 
patchy and each year ripening shrubs can be concen-
trated in some locations.

In many fruit-consuming vertebrates that are primar-
ily insectivorous, the importance of fruits in the diet 
undergoes annual variations. In fact, it is probable that 
in P. lilfordi, the intensity of consumption of the fruits 
of a given species, such as J. phoenicea, is a local and/or 
seasonal phenomenon, without a direct relationship with 
the abundance or the availability of these fruits. In their 
review, Valido & Olesen [4], pointed out that their results 
are only the tip of the “lizard-plant seed dispersal ice-
berg”. We agree with this view, but at the same time, we 
think that frugivory can be extremely variable through-
out years and locations.

Conclusions
The Balearic lizard, at least in Cabrera Island, showed a 
very intense frugivory at the end of summer, focusing its 
foraging behavior in a few ripening plants. This behav-
iour is not common in lacertid lizards and probably it is 
only present in some populations and years. As a result 
of strong frugivory by several lizards concentrated on a 
reduced area, a scat pile was formed in a particular site. 
This is the first case of scat piling known in Lacertidae. 
We propose that this scat pile can be employed by liz-
ards as Inadvertent Social Information (ISI), allowing a 
positive feedback in increasing concentration of lizards 
around ripening plants.

Methods
Study area and species
Cabrera gran is the main island of Cabrera Archipel-
ago, in Southeastern Mallorca (Balearic Islands, Spain). 
Cabrera gran has a surface of 1154.75 ha, with a maxi-
mum altitude of 173 m.a.s.l. [47]. The island is covered by 
a Mediterranean vegetation with a wide variety of vascu-
lar plants [48]. Cabrera has been inhabited for centuries 
and has suffered strong human pressure, with the exploi-
tation of various crops and with the pressure derived 
from the introduction of domestic livestock such as goats 
and sheep, the manufacture of charcoal and other uses 
[48, 49]. Fortunately, today, as a part of a National Park, 
the island is strictly protected.

The Balearic lizard, Podarcis lilfordi (Squamata, Lacer-
tidae) is a medium-sized Endangered lizard that inhab-
its the coastal islets of Menorca, Mallorca, and Cabrera 
Archipelago [50]. This lizard reaches high densities in 
Cabrera Island [14, 15]. Balearic lizards are active forag-
ers that hunt insects and other invertebrates, but they 
also consume vegetal matter, carrion, conspecifics, or 
leftovers carried by visitors [3].

Dietary study
From the 23rd to the 31st of August 2020, a total of 610 
scats were obtained directly from the ground. Because 
trophic availability could be different at different areas of 
a large island [13], we sampled Cabrera Island consider-
ing the main vegetation types (Fig. 1, [51]). We made sev-
eral transect along vegetation types, employing allowed 
narrow tracks. We tried to employ a similar time search-
ing at each vegetation area, even if some areas hold lower 
lizard densities and searching for faeces can be a longer 
task. According to these vegetation types, scats from 18 
sampling sites were grouped into samples from sclero-
phyllous shrublands, malacophyllous (i.e., plants living 
in dry regions and having soft or fleshy leaves in which 
water is stored) shrublands, limestone vegetation, litto-
ral vegetation, and former cultivated areas (Table  1). In 
one locality of malacophyllous vegetation we found a scat 
pile with an extraordinary accumulation of scats (Fig. 2). 
Two samples from this scat pile were obtained, on 24th 
August 2020 (scat pile A sample, Table  1) and on 31st 
August 2020 (scat pile B sample, Table  1, Fig.  2). These 
vegetation areas are relatively recent and caused by large 
changes in the vegetational composition during the last 
two centuries [25].

Faeces were analyzed under a binocular dissecting 
microscope. In lizards, diet reconstruction based on a 
meticulous scat analysis has been found to be highly 
comparable to those diet reconstructions based on gas-
tric contents removed from dissected stomachs, with 
soft-bodied prey and particularly insect larvae, being 
equally represented in faeces and gut contents [52]. 
Each scat was spread in a thin layer of less than 0.5 mm 
over the entire surface of a Petri dish, with some drops 
of 70° ethylic alcohol. The percentage of vegetal matter 
was visually estimated according to the surface occu-
pied by vegetal remains in the Petri dish. Plant families 
were arranged according to [53, 54]. Prey remains were 
identified up to Order or, on occasion to Family level. 
Prey number for each scat was conservatively estimated 
by counting only easily identifiable remains (see [13] for 
more details).

The diet of lizards living at different vegetation areas 
was compared with a permutational multivariate analy-
sis of variance (permutational MANOVA, [55]), using 
the ‘adonis’ function from ‘vegan’ R package [56]. The 
multivariate homogeneity of group dispersions (vari-
ances) was tested with the function ‘betadisper’ from 
‘vegan’ package, a multivariate analogue of Levene’s test 
for homogeneity of variances. We estimated and com-
pared diet diversities using the approach proposed by 
Pallmann et  al. [57]. Instead of describing diet diver-
sity through a given index as, for example, Simpson 
or Shannon indices, we converted these “raw” indices 
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into “true” diversities which all belong to one and the 
same mathematical family. That is, regarding different 
measures as special cases of Hill’s general definition 
of diversity measures [58]. In this way, to study dif-
ferences in diversity among diets of different sites, we 
performed two-tailed tests for integral Hill numbers. 
This selection included the transformed versions of the 
three following indices: the species richness index, Hsr 
(q = 0), the Shannon entropy index, Hsh (q → 1) and the 
Simpson concentration index, Hsi (q = 2, [59]). All com-
parisons among diversities were made with Tukey-like 
contrasts employing a resampling procedure. We did 
5000 bootstrap replications to obtain reliable p-values 
[60]. Methods described here are implemented in R 
package “simboot” [61] and are fully described in [58]. 
Due to the heterogeneity of variances among samples 
(Fligner test, 𝜒2 = 307.82, d.f. = 6, p = 2.2 × 10− 16), the 
percentages of plant matter in the diet were compared 
with a Kruskal-Wallis test and pairwise comparisons 
were done with Dunn tests from R-package “FSA” [62]. 
All calculations were done in R version 4.0.3 [63].

Abbreviations
ISI: Inadvertent Social Information; m.a.s.l.: Meters above sea level.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40850-​022-​00125-w.

Additional file 1. Raw data. File with all the data used and analyzed in this 
manuscript.

Acknowledgements
Lizards were studied under a permit to APC and VPM from the Servei de 
Biodiversitat, Conselleria de Medi Ambient of the Govern Balear. This permit 
included the approval of the Cabrera National Park to do fieldwork there and 
to collect lizard scats.

Authors’ contributions
Both authors contributed equally to the fieldwork, sample analysis, statistical 
analysis and final writing of the manuscript. The author(s) read and approved 
the final manuscript.

Authors’ information
APC and VPM are researchers at the University of Salamanca (Spain) and have 
been working for several years on the behaviour and ecology of lizards in the 
Balearic Islands (Western Mediterranean).

Funding
This study was supported by the Conselleria de Medi Ambient, Agricultura i Pesca, 
PNMTA de Cabrera under the research project entitled: Seguimiento de las pobla-
ciones de la lagartija balear, Podarcis lilfordi, en el Parque Nacional de Cabrera. This 
research project only covered travel expenses and accommodation in Cabrera 
National Park. The funding body did not participate in the design of the study 
and collection, analysis, and interpretation of data and in writing.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article (Additional file 1).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 10 April 2021   Accepted: 21 April 2022

References
	1.	 Cooper WE, Vitt LJ. Distribution, extent, and evolution of plant consump‑

tion by lizards. J Zool. 2002;257:487–517.
	2.	 King G. Reptiles and Herbivory. London: Chapman and Hall; 1996.
	3.	 Pérez-Mellado V, Corti C. Dietary adaptations and herbivory in lacertid liz‑

ards of the genus Podarcis from western Mediterranean islands (Reptilia: 
Sauria). Bonner Zoologische Beitrage. 1993;44:193–220.

	4.	 Valido A, Olesen J. Frugivory and seed dispersal by lizards: A global 
review. Front Ecol Evol. 2019;7:1–97.

	5.	 Gulick A. Biological peculiarities of oceanic islands. Q Rev Biol. 
1932;7:405–27.

	6.	 MacArthur RH, Wilson EO. The Theory of Island Biogeography. Princeton: 
Princeton University Press; 1967.

	7.	 Allan JD, Barnthhouse LW, Prestbye RA, Strong DR. On foliage arthro‑
pod communities of Puerto Rican second growth vegetation. Ecology. 
1973;54:628–32.

	8.	 Janzen DH. Sweep samples of tropical foliage insects: effects of sea‑
sons, vegetation types, elevation, time of day, and insularity. Ecology. 
1973;54:687–708.

	9.	 Heleno R, Vargas P. How do islands become green? Glob Ecol Biogeogr. 
2015;24:518–26.

	10.	 Gil V, Pinho CJ, Aguiar CAS, Jardim C, Rebelo R, Vasconcelos R. Question‑
ing the proverb “more haste, less speed”: classic versus metabarcoding 
approaches for the diet study of a remote island endemic gecko. PeerJ. 
2020. https://​doi.​org/​10.​7717/​peerj.​8084.

	11.	 Schoener TW, Slade JB, Stinson CH. Diet and sexual dimorphism in the 
very catholic lizard genus, Leiocephalus of the Bahamas. Oecologia (Berl). 
1983;53:160–9.

	12.	 Rodríguez A, Nogales M, Rumeu B, Rodríguez B. Temporal and spatial 
variation in the diet of the endemic lizard Gallotia galloti in an insular 
Mediterranean scrubland. J Herp. 2008;42:213–22.

	13.	 Pérez-Cembranos A, León A, Pérez-Mellado V. Omnivory of an Insular 
Lizard: Sources of Variation in the Diet of Podarcis lilfordi (Squamata, 
Lacertidae). PlosOne. 2016;11:e0148947. https://​doi.​org/​10.​1371/​journ​al.​
pone.​01489​47.

	14.	 Pérez-Mellado V, Hernández-Estévez JA, García-Díez T, Terrasa B, Ramón 
MM, Castro JA, et al. Population density in Podarcis lilfordi (Squamata, 
Lacertidae), a lizard species endemic to small islets in the Balearic Islands 
(Spain). Amphibia-Reptilia. 2008;29:49–60.

	15.	 Pérez-Cembranos A, Pérez-Mellado V, Terrasa B, Alemany I, Bassitta M, 
Ramon C. La sargantana Balear: un experiment evolutiu. In: Grau AM, 
Fornós JJ, Mateu G, Oliver PA, Terrasa B, editors. Arxipèlag de Cabrera: 
Història Natural. Monografies de la Societat d’Història Natural de les 
Balears, vol. 30; 2020. p. 635–62.

	16.	 Irwin MT, Samonds KE, Raharison J-L, Wright PC. Lemur latrines: observa‑
tions of latrine behavior in wild primates and possible ecological signifi‑
cance. J Mammal. 2004;85:420–7.

	17.	 Bull CM, Griffin CL, Johnston GR. Olfactory discrimination in scat-piling 
lizards. Behav Ecol. 1999;10:136–40.

	18.	 Carpenter GC, Duvall D. Faecal scent marking in the western banded 
gecko (Coleonyx variegatus). Herpetologica. 1995;51:33–8.

	19.	 Bull CM, Griffin CL, Lanham EJ, Johnston GR. Recognition of pheromones 
from group members in a gregarious lizard, Egernia stokesii. J Herp. 
2000;34:92–9.

https://doi.org/10.1186/s40850-022-00125-w
https://doi.org/10.1186/s40850-022-00125-w
https://doi.org/10.7717/peerj.8084
https://doi.org/10.1371/journal.pone.0148947
https://doi.org/10.1371/journal.pone.0148947


Page 9 of 9Pérez‑Cembranos and Pérez‑Mellado ﻿BMC Zoology            (2022) 7:22 	

	20.	 Chapple DG. Ecology, life-history, and behavior in the Australian scincid 
genus Egernia, with comments on the evolution of complex sociality in 
lizards. Herp Mon. 2003;17:145–80.

	21.	 Boonstra R, Krebs CJ, Kenney A. Why lemmings have indoor plumbing in 
summer. Can J Zool. 1996;74:1947–9.

	22.	 Fenner AL, Bull CM. The use of scats as social signals in a solitary, endan‑
gered scincid lizard, Tiliqua adelaidensis. Wild Res. 2010;37:582–7.

	23.	 Pérez-Mellado V. Estudio ecológico de la Lagartija Balear Podarcis lilfordi 
(GUNTHER, 1874) en Menorca. Revista de Menorca. 1989;80:455–511.

	24.	 Pérez-Mellado V, Riera N, Hernández-Estévez JA, Piccolo V, Potter C. A 
complex case of interaction between lizards and plants. The dead horse 
arum (Dracunculus muscivorus) and the Balearic lizard (Podarcis lilfordi). 
In: Corti C, Lo Cascio P, Biaggini M, editors. Mainland and insular Lacertid 
Lizards: A Mediterranean Perspective. Firenze: Firenze University Press; 
2007. p. 133–60.

	25.	 Rita J, Ruiz M, Bibiloni G, Traveset A. Canvis de la vegetació de l’illa de 
Cabrera al llarg del temps. In: Grau AM, Fornós JJ, Mateu G, Oliver PA, 
Terrasa B, editors. Arxipèlag de Cabrera: Història Natural, vol. 30. Palma: 
Monografies de la Societat d’Història Natural de les Balears; 2020. p. 
493–511.

	26.	 Jordano P. Geographical ecology and variation of plant-seed disperser 
interactions: southern Spanish junipers and frugivorous thrushes. Vegeta‑
tio. 1993;107(108):85–104.

	27.	 Traveset A, Sans A. Insect frugivory in Juniperus phoenicea (L.) (Cupres‑
saceae) in Cabrera island (Balearic Archipelago). Boll Soc Hist Nat Balears. 
1994;37:143–50.

	28.	 Caudullo G, de Rigo D. Juniperus phoenicea in Europe: distribution, 
habitat, usage and threats. In: San-Miguel-Ayanz J, de Rigo D, Caudullo G, 
Houston Durrant T, Mauri A, editors. European Atlas of Forest Tree Species, 
vol. 106. Luxembourg: Publ. Off. EU; 2016. p. e012f63.

	29.	 Traveset AXXXI. Les relacions entre plantes i animals a l’Illa de Cabrera. In: 
Alcover JA, Ballesteros E, Fornós JJ, editors. Història Natural de l’Arxipèlag 
de Cabrera. Palma: Consell Superior d’Investigacions Científiques, Edito‑
rial Moll; 1993. p. 473–85.

	30.	 Salvador A. La Alimentación de los reptiles de Cabrera. Degree Thesis. 
Madrid: University of Madrid; 1976.

	31.	 Sáez E, Traveset A. Fruit and nectar feeding by Podarcis lilfordi (Lacer‑
tidae) on Cabrera Archipelago (Balearic Islands). Herpetological Rev. 
1995;26:121–3.

	32.	 Pérez-Mellado V, Pérez-Cembranos A, Calvo J, Garrido M. Amfibis i Rèptils. 
In: Marí M, editor. Cala d’Hort i el seu entorn terrestre i marí. Eivissa: GEN- 
GOB; 2014. p. 179–98.

	33.	 Eifler DA, Eifler MA. Social foraging in the lizard Ameiva corax. Behav Ecol. 
2014;25:1347–52.

	34.	 Garrison G, Phillips M, Eifler M, Eifler D. Intraspecific variation in oppor‑
tunistic use of trophic resources by the lizard Ameiva corax (Squamata: 
Teiidae). Amphibia-Reptilia. 2016;37:331–4.

	35.	 Lancaster JR, Wilson P, Espinoza RE. Physiological benefits as precursors of 
sociality: why banded geckos band. Anim Behav. 2006;72:199–207.

	36.	 Shah B, Hudson S, Shine R. Social aggregation by thick-tailed geckos 
(Nephrurus milii, Gekkonidae): does scat piling play a role? Aust J Zool. 
2006;54:271–5.

	37.	 Gardner MG, Pearson SK, Johnston GR, Schwarz MP. Group living in 
squamate reptiles: a review of evidence for stable aggregations. Biol Rev. 
2016;91:925–36.

	38.	 López P, Aragón P, Martín J. Iberian Rock Lizards (Lacerta monticola cyreni) 
Assess Conspecific Information Using Composite Signals from Faecal 
Pellets. Ethology. 1998;104:809–20.

	39.	 Baeckens S, De Meester W, Tadic Z, Van Damme R. Where to do number 
two: Lizards prefer to defecate on the largest rock in the territory. Behav 
Proc. 2019;167:1–5.

	40.	 Nasri N, Tlili N, Elfalleh W, Cherif E, Ferchichi A, Khaldi A, et al. Chemical 
compounds from Phoenician juniper berries (Juniperus phoenicea). Nat 
Prod Res. 2011;2011(25):1733–42.

	41.	 Doody JS, Burghardt GM, Dinets V. Breaking the social–nonsocial dichot‑
omy: a role for reptiles in vertebrate social behavior research? Ethology. 
2013;119:95–103.

	42.	 Kis A, Huber L, Wilkinson A. Social learning by imitation in a rep‑
tile (Pogona vitticeps). Anim Cogn. 2014. https://​doi.​org/​10.​1007/​
s10071-​014-​0803-7.

	43.	 Noble DWA, Byrne RW, Whiting MJ. Age-dependent social learning in a 
lizard. Biol Lett. 2014. https://​doi.​org/​10.​1098/​rsbl.​2014.​0430.

	44.	 Pérez-Cembranos A, Pérez-Mellado V. Local enhancement and social 
foraging in a non-social insular lizard. Anim Cognition. 2015;18:629–37.

	45.	 Danchin E, Giraldeau L-A, Wagner RH. An information-dirven approach 
to behaviour. In: Danchin E, Giraldeau LA, Cézilly F, editors. Behavioural 
Ecology. Oxford: Oxford University Press; 2008. p. 97–130.

	46.	 Thompson SA, Pearson SK, While GM, Chapple DG, Gardner MG. Scat on 
the doorstep: Refuge choice in a group-living lizard is influenced by the 
presence of scat piles. Austral Ecol. 2020;45:426–34.

	47.	 Ginés J, Gómez-Pujol L. Fisiografia i geomorfologia de l’arxipèlag de 
Cabrera. In: Grau AM, Fornós JJ, Mateu G, Oliver PA, Terrasa B, editors. 
Arxipèlag de Cabrera: Història Natural, vol. 30. Palma: Monografies de la 
Societat d’Història Natural de les Balears; 2020. p. 17–43.

	48.	 Servera J. Generalitats fisiogràfiques. In: Alcover JA, Ballesteros E, Fornós 
JJ, editors. Història Natural de l’Arxipèlag de Cabrera, vol. 2. Palma: CSIC-
Editorial Moll, Mon. Soc. Hist. Nat. Balears; 1993. p. 25–32.

	49.	 Pons GX. El medio físico y biológico del Parque Nacional del archipiélago 
de Cabrera. In: Pons GX, editor. Las Aves del Parque Nacional marítimo-
terrestre del archipiélago de Cabrera (Islas Baleares, España). Palma: 
Ministerio de Medio Ambiente y Grup Balear d’Ornitologia i Defensa de la 
Naturalesa; 2000. p. 21–32.

	50.	 Pérez-Mellado V. Podarcis lilfordi (Günther, 1874). In: Salvador A, editor. 
Reptiles. Fauna Ibérica, 10. Madrid: Museo Nacional de Ciencias Naturales, 
CSIC; 1998. p. 272–82.

	51.	 Rita J, Bibiloni G. XIII La Vegetació. In: Alcover JA, Ballesteros E, Fornós JJ, 
editors. Història Natural de l’Arxipèlag de Cabrera, vol. 2. Palma: CSIC-
Editorial Moll, Mon. Soc. Hist. Nat. Balears; 1993. p. 207–55.

	52.	 Pérez-Mellado V, Pérez-Cembranos A, Garrido M, Corti C, Luiselli L. Using 
faecal samples in lizard dietary studies. Amphibia-Reptilia. 2011;32:1–7.

	53.	 Cronquist A. The evolution and classification of flowering plants. 2nd ed. 
New York: New York Botanical Garden; 1988.

	54.	 Angiosperm Phylogeny Group IV. An update of the Angiosperm Phylog‑
eny Group classification for the orders and families of flowering plants: 
APG IV. Bot J Linn Soc. 2016;181:1–20.

	55.	 Anderson MJ. A new method for non-parametric multivariate analysis of 
variance. Austral Ecol. 2001;26:32–46.

	56.	 Oksanen J, Guillaume-Blanchet F, Kindt R, Legendre P, Minchin PR, O’Hara 
RB. vegan: Community Ecology Package. R package version 2.2–1. Avail‑
able: http://​CRAN.R-​proje​ct.​org/​packa​ge=​vegan; 2015.

	57.	 Pallmann P, Schaarschmidt F, Hothorn LA, Fischer C, Nacke H, Priesnitz 
KU. Assessing group differences in biodiversity by simultaneously 
testing a user-defined selection of diversity indices. Mol Ecol Resour. 
2012;12:1068–78.

	58.	 Hill MO. Diversity and evenness: a unifying notation and its conse‑
quences. Ecology. 1973;54:427–32.

	59.	 Magurran AE. Measuring biological diversity. Malden: Blackwell Publish‑
ing; 2004.

	60.	 Westfall PH, Young SS. Resampling-based multiple testing: Examples and 
methods for p-value adjustment. New York: John Wiley & Sons, Inc; 1993.

	61.	 Scherer R, Pallmann P. simboot: Simultaneous inference for diversity 
indices. R package version 0.2–5. 2014. Available: http://​CRAN.​Rproj​ect.​
org/​packa​ge=​simbo​ot.

	62.	 Ogle DH, Wheeler P, Dinno A. FSA: Fisheries Stock Analysis. R package 
version 0.8.31, https://​github.​com/​drogl​enc/​FSA; 2020.

	63.	 R Core Team. R: A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austria. https://​www.R-​
proje​ct.​org/. 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1007/s10071-014-0803-7
https://doi.org/10.1007/s10071-014-0803-7
https://doi.org/10.1098/rsbl.2014.0430
http://cran.r-project.org/package=vegan
http://cran.rproject.org/package=simboot
http://cran.rproject.org/package=simboot
https://github.com/droglenc/FSA
https://www.r-project.org/
https://www.r-project.org/

	Scat piling and strong frugivory of the Balearic lizard, Podarcis lilfordi (Günther, 1874)
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Introduction
	Results
	Discussion
	Conclusions
	Methods
	Study area and species
	Dietary study

	Acknowledgements
	References


