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Non-synergistic sexual and geographical morphological
variation in the lacertid lizard Psammodromus algirus
(Linnaeus, 1758) from North Africa

Farouk Khelfaoui'”, Idriss Bouam?, Messaoud Saoudi?, Oussama Saadi®, and Larbi Tahar-Chaouch*?

Abstract. Broadly distributed lizard species may exhibit significant variation in the direction and magnitude of morphological
dimorphism. The Algerian Psammodromus, Psammodromus algirus, is a common and widely distributed lacertid lizard in
the Western Mediterranean region and research on sexual and geographical morphological variation in this species is uneven
across clades, with the North African populations being overlooked. In this study we investigated the sexual and geographical
dimorphism in two populations of P. algirus from Algeria. Although no morphological variation in SVL was detected in our
study, we observed that males had larger heads and longer hind limbs than females. Additionally, the two populations differed
in terms of pileus width, forelimb length, and hind limb fourth toe length, regardless of sex. We discuss the potential reasons for
these observed patterns in relation to selective pressures, such as predation, competition, or sexual selection. The findings of this
study suggest an intraspecific stability in morphological patterns across the geographic range of the species and emphasize the
need for further research to unravel the underlying mechanisms responsible for the observed patterns of sexual and geographical

morphological variations.
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Introduction

Sexual dimorphism refers to the differences in
physical characteristics between males and females of
a given species. These differences may be observed in
multiple phenotypic traits, including body size, which is
referred to as sexual size dimorphism (hereafter SSD)
(Mori et al., 2022). SSD has been widely documented
in various animal taxa, including lizards (Brafia, 1996;
Cox et al., 2003). Interestingly, sexual dimorphism in
lizards can exhibit significant variation in direction and
magnitude within the same species. This is particularly
evident in species with wide geographical ranges,
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where dimorphic traits may display strong phenotypic
plasticity and varying patterns of sexual dimorphism
(Cruz-Elizalde et al., 2020; Glavas et al., 2020; Muraro
et al., 2022). Such variation makes lizards ideal models
for investigating the extent and nature of sexual
dimorphism across different populations.

The Algerian Psammodromus, Psammodromus algirus
(Linnaeus, 1758), is a medium-sized lacertid lizard with a
Western Mediterranean chorotype; it is found throughout
the Iberian Peninsula, along the Mediterranean coast
of France, on Conigli Islet (Sicily, Italy), and in North
Africa, ranging continuously from southern Morocco
to the northern half of Tunisia (Uetz et al., 2022). It is
pervasively found across its range and occurs in a broad
array of habitat types (e.g., agricultural lands, coastal
sandy areas, open forests, maquis) and at varying
clevations from sea level up to 2600 m (Salvador,
2014; Martinez et al., 2019). Although six subspecies
were previously recognized along the species’ wide
distribution, primarily based on coloration differences,
these are now typically regarded as morphotypes (de
Faria, 2019). Phylogenetic analyses revealed that the
species consists of three distinct clades, namely the
African, the Iberian Northwestern, and the Iberian
Southwestern clades (Verdu-Ricoy et al., 2010; Mendes
etal., 2017, Faria and Harris, 2020).
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Despite the evident phylogeographic structure in P.
algirus and being one of the most commonly encountered
reptiles across much of its range, knowledge about
intraspecific morphological variation in this species
is currently uneven across clades and geographical
regions. Studies were exclusively conducted in the
Iberian Peninsula (Iraeta et al., 2011; Zamora-Camacho
et al., 2014; Salvador, 2015), while North African
populations remained unstudied. However, significant
intraspecific morphological divergence between Iberian
and North African lineages in other lacertid species (e.g.,
wall lizards, genus Podarcis) has been substantiated
(Kaliontzopoulou et al., 2012), highlighting the need
to explore the potential morphological variation in the
Algerian Psammodromus across its North African range.

In view of the above, we undertook a heuristic study
to analyse and compare SSD in two populations of
P. algirus from Algeria. Our study aims to assess
whether there is variability in SSD at a regional scale
in this widely distributed lacertid lizard. Additionally,
the obtained results are discussed in the context of the
previously published studies on Iberian clades.

Materials and Methods

Study area. This study was carried out at two locations
in Batna Province, northeastern Algeria (Fig. 1). The first
site, hereafter referred to as Belezma, is situated within
the Belezma Biosphere Reserve at an elevation of 1070
m (35.61°N, 6.20°E). It is a closed maquis type forest,
characterized by dense thickets of evergreen shrubs and
trees, mainly Aleppo Pine (Pinus halepensis), Mastic
Trees (Pistacia lentiscus), Rosemary (Rosmarinus
officinalis), and Holly Oak (Quercus ilex), and dense
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understorey vegetation (Bouam et al., 2016). The second
site, hereafter referred to as Chélia, is nested within the
Aurés Massif on Mount Chélia, approximately 51 km
southeast of Belezma (35.31°N, 6.62°E). It is located at a
higher elevation 0f 2090 m and is an open forest primarily
consisting of pure stands of Atlas Cedars (Cedrus
atlantica) and sparse mid- and understory vegetation
(Saoudi et al., 2017). Climate data for the two sites were
retrieved from WorldClim v2.1 at a spatial resolution
of 30 arc-seconds (Fick and Hijmans, 2017). Based on
these data, we derived the Emberger Quotient for each
site (Daget, 1977), which indicates that Belezma has an
inferior semi-arid climate while Chélia is characterized
by a sub-humid climate.

Sampling protocol. Sampling was performed during
favourable meteorological conditions (i.e., warm sunny
weather) in spring and summer, by walking slowly in a
single direction along random transects with relatively
homogeneous vegetation. The transects were spaced
more than 100 m apart, and each was surveyed only once
to avoid sampling the same lizards twice. We noosed or
hand-captured adult P. algirus (SVL > 55 mm, the size
for sexual maturity in both sexes; Carretero, 2002). Sex
was determined by visual examination of colour patterns
and femoral pore morphology following Diaz et al. (1994)
and Carretero (2002). Overall, 61 adult specimens were
examined (eight males and 11 females from Belezma,
16 males and 26 females from Chélia). The relatively
low sample size from Belezma was due to the dense
vegetation structure and the anti-predatory escape tactics
of P. algirus in this habitat (Martin and Lopez, 1995).

Morphometrics. We measured seven morphological
traits on each lizard to the nearest 0.01 mm using a

Figure 1. (a) Map of the sampling sites (red circles) for Psammodromus algirus in Batna Province, northeastern Algeria, with
sample habitats views of (B) Belezma and (C) Chélia.
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digital calliper. The traits included SVL, pileus length
(PL), pileus width (PW), head height (HH), hind limb
length (HLL, measured from the end of the most distal
toe to the point of connection with the body), forelimb
length (FLL, measured from the tip of the most distal
toe to the shoulder joint), and the length of the fourth
hind limb toe (HLT, measured from the end of the toe to
the point where it connects to the limb). Measurements
were taken on the right side of the specimens for
bilateral traits. Following measurements, lizards were
released at their initial capture locations.

Data analyses. A Principal Component Analysis
(PCA) was performed on all morphological variables
to explore patterns of morphological variation
between sexes and sites. Prior to performing PCA, all
measurements were scaled to unit variance to account for
substantial differences in mean and standard deviation
among them (Groth et al. 2013). Only components
with eigenvalues > 1.0 were retained, following the
Guttman-Kaiser criterion (Yeomans and Golder, 1982).
Subsequently, we investigated the variation of each
trait individually between sexes and sites, while also
considering interaction terms. The variation in SVL
was analysed using a two-way analysis of variance
(ANOVA) while a two-way analysis of covariance
(ANCOVA) was used for the other morphological traits
to control for the effect of body length by including SVL
as a covariate. HLL and HLT were log, -transformed
prior to analysis to fulfil the assumptions of parametric
tests. All statistical analyses were performed in the
RStudio interface (v2023.3.0.386) (Posit Team, 2023)
in R software v4.2.3 (R Core Team, 2023).

Results

The results of the PCA indicated a relatively
significant overlap in morphospace between males and
females within each site, while showing less overlap
between populations (Fig. 2A). All head traits (PL,
PW, HH) together with HLL contributed significantly
to PC1, which accounted for 65.18% of the variance,
with males being the larger sex. PC2 explained 16.70%
of the variance, and HLT was the most prominent
loading of that component, suggesting this trait may
differ between the two sites. SVL did not exhibit high
contribution values (Fig. 2B, Table 1), suggesting that
SVL is not a relevant variable in sex- or geography-
based morphological variation in P. algirus. These
findings are reflected in the results of the two-way
ANOVA and ANCOVA (Table 2). More specifically,
the two-way ANOVA showed no evidence of SSD in
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SVL, as there were no significant differences between
males and females nor between populations. However,
the two-way ANCOVA indicated a significant male-
biased SSD in all head dimensions (PL, PW, HH) and
HLL. Additionally, the effect of locality was significant
for PW, FLL, and HLT, but PW and FLL explained less
of the variation than HLT (Table 1). Populations from
Belezma had greater PW and FLL, while populations
from Chélia had greater HLT. No significant effect of
the interaction between sex and site was detected for
any of the morphological traits.

Discussion

The present study is one of the first to address
geographical and sexual dimorphism patterns in P.
algirus in North Africa. Results from regional scale
studies, such as the one presented here, are crucial
for understanding spatial patterns in morphological
variation of widespread lizard species (Muraro et al.,
2022). Our study revealed no geographical or sexual
dimorphism in SVL, which is consistent with the
findings of Carretero and Llorente (1997) and Iraeta et
al. (2011) from different regions of Spain. Interestingly,
P. algirus does not adhere to either the female-biased
sexual dimorphism in SVL reported in three of its
congeners (namely P. hispanicus, P. edwarsianus, P.
occidentalis; San-Jose et al., 2012), nor to the male-
biased sexual dimorphism in SVL that common among
lacertid lizards (Cox et al., 2007). A detailed study of
pre- and post-maturational processes in P. algirus
would be useful for understanding the lack of SSD in
SVL in this species (Stamps, 1993).

Our results showed a similar trend to previous studies,
in that P. algirus males had larger head dimensions than
females (Iracta et al., 2011; Zamora-Camacho et al.,
2014). Male lacertids typically have relatively larger
heads than females (Braiia, 1996; Kaliontzopoulou et
al., 2008; Liang et al., 2022). This has been interpreted
as a result of sexual selection providing benefits in
intrasexual duels, through enhanced fighting ability,
and/or intersexual encounters, through improved
grasping ability (e.g., Gvozdik and Van Damme, 2003;
Huyghe et al., 2005). Alternatively, other studies have
suggested that head size differences could contribute
to preventing intersexual competition when feeding
(e.g., Herrel et al.,, 1999; Verwaijen et al., 2002).
Salvador and Veiga (2001) demonstrated that male P.
algirus engaged in intense intrasexual competition to
access larger females, and that morphological traits,
including larger heads, increased pairing success.
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This fact, coupled with the absence of any observed
sex differences in the dietary habits of P. algirus
(Moreno-Rueda et al., 2018), could suggest that sexual
selection, rather than trophic segregation, may shape
the evolution of head size in male P. algirus. While
Iraeta et al. (2011) did not observe interpopulational
variability in head dimensions in this species, our
study found that individuals from Belezma had wider
heads than those from Chélia. Vanhooydonck and Van
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Figure 2. (A) Ordination plot of the first two principal
components for an analysis of adult male and female
Psammodromus algirus from two populations in northeastern
Algeria. Polygons with shading show the convex hull of
males and females in each of the two sites. (B) Contribution
in percentage of each morphological variable to the principal
component analysis; blue colour indicates low contribution
while red colour indicates high contribution.
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Damme (1999) and Kaliontzopoulou et al. (2010)
provided empirical evidence for an association between
head shape and the use of structurally different habitats
both at the inter- and intraspecific levels in lacertid
lizards. This has been explained by the hypothesis of
mechanical constraints related to refuge use (Arnold,
1973). However, behavioural studies are necessary to
interpret the functional significance of the observed
patterns in P. algirus.

Our findings support the previously reported SSD in
P. algirus, where males have longer hind limbs than
females (Iracta et al., 2011; Zamora-Camacho et al.,
2014). In P. algirus, there seems to be a consistent
pattern of positive association between longer hind
limbs and functional implications for locomotion.
While Zamora-Camacho et al. (2014) found a positive
relationship between hind limb length and sprint speed,
Martin and Lépez (2001) and Iraeta et al. (2011) did
not find such a relationship. Instead, Iraeta et al. (2011)
proposed an alternative perspective, suggesting an
association with endurance or manoeuvrability rather
than sprint speed. Male P. algirus occupy larger home
ranges than females, engage in prolonged periods
of territorial patrolling and courtship behaviours
(Diaz, 1993; Salvador et al.,, 1995), and display
brighter colouration during reproductive activity
(Carretero, 2002). However, this increased activity and
conspicuousness also make males more vulnerable to
predation, which may necessitate higher sprint speed,
endurance, or manoeuvrability.

The absence of statistically significant SSD in forelimb
length in our data contrasts with the findings of Zamora-
Camacho et al. (2014), who reported longer forelimbs
in males. This disparity could be due to methodological
differences, such as discrepancies in measurement

Table 1. Factor loadings (eigenvectors), explained variance,
and eigenvalues for the first two axes of a Principal Component
Analysis (PCA) of adult male and female Psammodromus
algirus of two populations in northeastern Algeria.

Trait PC1 PC2
SVL 0.72 0.19
PL 0.94 0.06
PW 0.88 -0.31
HH 0.89 0.02
HLL 0.92 0.07
FLL 0.69 -0.59
HLT 0.47 0.81
Variance (%) 65.18 16.63
Eigenvalue 4.56 1.16
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Table 2. Mean values + standard deviation and range of the morphological traits (measurements in mm) for adult male and female
Psammodromus algirus of two populations in northeastern Algeria (Belezma and Chélia), and ANOVA (for SVL) or ANCOVA
(rest of the morphological traits) results for the factors of sex, site, and their interaction. Significant differences are indicated by

an asterisk (7).

Belezma Chélia (se)él:iig)s(:;::i te)
Trait Males Females Males Females
(n=8) (n=11) (n=16) (n=26) Forwora p-value
70.69 £ 4.67 70.94 £ 7.44 68.63 £7.19 67.27 £5.81 0.255; 57 0.616
SVL  (64.86-76.96) (57.11-84.66) (55.24-83.28)  (55.83-78.29) 2.906; 57 0.094
0.201; 57 0.655
18.13 £1.12 16.15+£0.98 16.83 £1.61 15.57+1.25 28.8661 56 <0.001"
PL (16.39-19.71)  (14.64-18.02) (14.27-19.23)  (13.20-18.69) 2.8861 56 0.095
2.902 56 0.094
10.48 £1.02 9.45 +0.63 8.85+0.85 8.22+0.70 16.634 56 <0.001"
PW (8.68-11.78) (8.47-10.46) (7.13-10.40) (7.00-9.43) 41.856, 56 <0.001"
1.997, 56 0.163
9.40 £ 0.90 8.60 £ 0.96 8.85+1.07 7.94 £ 0.95 15.065, 56 <0.001"
HH (8.09-10.56) (7.45-10.10) (6.94-10.74) (5.95-9.85) 2.266; 56 0.138
0.010; 56 0.585
40.23 £4.28 37.04 +1.86 38.00 £ 3.37 35.00 £2.29 19.655, 56 <0.001"
HLL  (31.73-46.06)  (33.91-39.56) (32.25-43.52)  (28.58-38.83) 4.003 56 0.05
0.185 56 0.669
23.37+1.63 2222 +1.59 18.79 £ 1.45 1791 £1.74 4.885) 56 0.031
FLL (20.52-25.33)  (19.78-24.94) (16.82-21.65)  (13.48-20.97) 89.419, 56 <0.001"
0.200; 56 0.657
20.26 = 1.83 19.04 £ 0.83 21.76 £2.17 20.70 £ 1.47 7.144, 56 0.01
HLT  (17.90-23.48) (17.56-20.27) (18.29-26.37)  (17.65-23.77) 26.283 56 <0.001"
0.302 56 0.585

accuracy between our study (0.01 mm) and that of
Zamora-Camacho et al. (2014) (0.5 mm). Additionally,
while we controlled for statistical difference in forelimb
length based on SVL, Zamora-Camacho et al. (2014)
used occiput-vent length.

Interestingly, we observed that individuals from
Chélia had significantly longer hind limb fourth
toes and shorter forelimbs than those from Belezma.
Although information on lacertids is lacking, toe
length has been positively correlated with stride length
in Anolis lizards (Irschick, 2002). Martin and Avery
(1998) demonstrated that P. algirus increases speed
by increasing the stride length of the hind limbs. Our
results make sense in this context, as lacertids from
open habitats should run faster and tend to have shorter
forelimbs as the latter may prevent interference with the
locomotor cycles of the hind limbs (Vanhooydonck and
Van Damme, 1999). Future studies on P. algirus may
benefit from including data on hind limb toe length,

particularly in populations from different habitats,
as it may reveal interesting relationships with regard
to locomotor performance and adaptation to varied
environmental conditions.

Because our study was limited by a relatively small
population and sample size, particularly in Belezma,
the results should be treated as indicative rather than
conclusive. Nevertheless, our findings corroborate those
of previous studies on Iberian populations (Carretero
and Llorente, 1997; Iraeta et al., 2011; Zamora-Camacho
etal., 2014), which lend further weight to the validity of
our study. Our findings imply an apparent intraspecific
stability in morphological patterns across the geographic
range and the different clades of the species. Furthermore,
our study highlights several intriguing questions that
warrant further investigation to better understand the
underlying functional and evolutionary implications of
this variation in this widespread lacertid species.
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