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ABSTRACT
Lizards are an interesting group to study how habitat use impacts

the morphology of the forelimb because they occupy a great diversity of
ecological niches. In this study, we specifically investigated whether habi-
tat use impacts the morphology of the forelimb flexor muscles in lizards.
To do so, we performed dissections and quantified the physiological cross
sectional area (PCSA), the fiber length, and the mass of four flexor
muscles in 21 different species of lizards. Our results show that only the
PCSA of the m. flexor carpi radialis is different among lizards with differ-
ent ecologies (arboreal versus non-arboreal). This difference disappeared,
however, when taking phylogeny into account. Arboreal species have a
higher m. flexor carpi radialis cross sectional area likely allowing them to
flex the wrist more forcefully which may allow them climb and hold on to
branches better. In contrast, other muscles are not different between
arboreal and non-arboreal species. Further studies focusing on additional
anatomical features of the lizard forelimb as well as studies documenting
how lizards use the arboreal niche are needed to fully understand how an
arboreal life style may constrain limb morphology in lizards. Anat Rec,
301:424–433, 2018. VC 2018 Wiley Periodicals, Inc.

Key words: adaptation; locomotion; ecomorphology; myology;
functional morphology

INTRODUCTION

Adaptive divergence in morphology driven by natural
selection is often illustrated by Darwin’s finch beak mor-
phology (Lack, 1947; Grant & Grant, 2006). However,
not only the cranial system but also the locomotor sys-
tem is subject to strong natural selection, thus driving
variation in limb anatomy in relation to variation in
habitat use (Losos, 1990a, 1990b; Losos et al., 1994;
Payne et al., 2006; Williams et al., 2007; Abdala et al.,
2008; Pinto et al., 2008; Tulli et al., 2012; Fabre et al.,
2015, 2017b). These differences in the morphology of the
locomotor apparatus observed in different ecological
contexts are driven by selection on the ability of animals
to move effectively in these different habitats, with

selection acting on locomotor performance rather than
on the anatomy itself (Aerts et al., 2000). Indeed, it has
been shown that increases in hind limb length in Anolis
lizards are associated with increases in sprinting and
jumping capability (Losos, 1990a) of species living on

*Correspondence to: Aur�elien Lowie, Mus�eum National d’His-
toire Naturelle, 55 rue Buffon, 75005, Paris, France. Phone:
133768073919. E-mail: lowie.a@hotmail.com

Received 13 July 2017; Revised 20 September 2017; Accepted
22 September 2017.

DOI 10.1002/ar.23739
Published online in Wiley Online Library (wileyonlinelibrary.
com).

THE ANATOMICAL RECORD 301:424–433 (2018)

VVC 2018 WILEY PERIODICALS, INC.

http://orcid.org/0000-0003-0065-7152
http://orcid.org/0000-0003-0991-4434
http://orcid.org/0000-0002-4615-5011
http://orcid.org/0000-0002-6862-857X
http://orcid.org/0000-0001-7310-1775


broader substrates. Conversely, species with shorter
forelimbs jump more frequently and are more stable on
narrow substrates (Losos, 1990b). The maximum jump
distance is also correlated with limb length and body
size (Losos, 1990b; Toro et al., 2003, 2004).

Lizards are an interesting group to study the anatomy
of the locomotor system in relation to their environment
because they are speciose and morphologically diverse
(Pyron et al., 2013; Uetz, 2016) and occupy a multitude
of ecological niches (Vitt & Caldwell, 2014). For example,
many lizards have radiated independently into an arbo-
real environment (Fontanarrosa & Abdala, 2016). The
main advantages of being arboreal are generally thought
to be related to reduced competition and predation
(Cartmill, 1985; Preuschoft, 2002). Climbing in trees
implies moving against gravity, which requires an
increased contribution of the forelimbs to locomotion
(Cartmill, 1974, 1985) and involves risks associated with
falling (Sinervo & Losos, 1991). Moreover, the arboreal
environment is discontinuous and branches are variable
in width, orientation, and compliance, creating a highly
complex three-dimensional habitat (Cartmill, 1974;
Kimura, 2002). To avoid falling in this habitat, many
organisms have developed a number of morphological
specializations including a prehensile tail, prehensile
hands and feet, claws, adhesive pads, long muscular
forearms, and relatively long forelimbs relative to the
hind limbs (Cartmill, 1974; Hildebrand & Goslow, 2001;
Preuschoft, 2002; Sustaita et al., 2013).

Most studies dealing with limb function and locomotion
in lizards have focused on quadrupedal locomotion and
the role of the hind limbs (Snyder, 1954, 1962, Losos,
1990a, 1990b, 1990c; Losos et al., 1994; Irschick & Jayne,
1999; Irschick & Garland, 2001) with only a handful of
studies focusing on the forelimbs (Zaaf et al., 1999, 2001b;
Zani, 2000; Herrel et al., 2008; Abdala et al., 2009; Tulli
et al., 2011; Foster & Higham, 2012, 2014). However, the
forelimbs do not have the same functional role during ter-
restrial locomotion compared to climbing (Zaaf et al.,
2001a, 2001b). During terrestrial locomotion the forelimbs
mostly support body weight, whereas during climbing
they act to pull the body toward the substrate in addition
to providing propulsion (Zaaf et al., 2001b). Goodman
et al. (2008) moreover showed that climbing speed and
clinging ability are positively correlated to forelimb length.
These results show that the forelimbs plays a crucial role
in the arboreal environment. Yet, our understanding of
the morphology and function of the limb muscles in rela-
tion to the specific constraints imposed by living in an
arboreal milieu remain poorly understood. Indeed, only a
handful of studies have provided quantitative data on the
limb muscles in lizards occupying different microhabitats
or in climbing versus terrestrial lizards (Zaaf et al., 1999;
Herrel et al., 2008) and no broad comparative studies
exist to date testing whether or not arboreal species are
different in the functional properties of the forelimb
muscles that would allow them to utilize the complex
three-dimensional arboreal environment more effectively.

Fig. 1. Pruned phylogenetic tree of Pyron et al. (2013) representing the relationship between the 21 species included in this study. The habitat
use and the family of the species are indicated.
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In this study we investigate morphological differences
in four flexor muscles in 21 species of lizards that differ in
habitat use (arboreal versus non-arboreal, Figs. 1 and 2).
Specifically we focus on the force generating capacity
and excursion range of the forelimb flexors. Being able
to generate larger forces may allow arboreal lizards to
grasp a diversity of substrates differing in diameter and
orientation, thus increasing stability and reducing the
risk of falling (Abdala et al., 2009). Having longer
muscles and muscles fibers may be advantageous for
climbing in enabling a greater reach of the limb and in
maintaining force over a large range of muscle length
(B€ohmer et al., in press). The architectural features of a
muscle including fiber length and physiological cross sec-
tional area define its functional properties (Hildebrand
& Goslow, 2001). Indeed, the physiological cross sectional
area of a muscle is directly related to the force generat-
ing capacity of a muscle, while the length of the muscle
fibers is correlated with contractile range (e.g., Zaaf
et al., 1999; Herrel et al., 2008; Van Daele et al., 2009;
Watson et al., 2014; Ferguson et al., 2015). Given the dif-
ferent role of the forelimbs in species occupying an arbo-
real habitat, we predict that arboreal lizards will have:
(1) a greater physiological cross sectional area of the
flexor muscles allowing them to grip the substrate more
firmly and (2) longer fibers of the long digital flexors

allowing a greater contractile range providing for an
enhanced reach and grasping ability.

MATERIALS AND METHODS

Specimens and Dissections

All specimens used in this study (42 individuals of 21
species; see Table 1) were fixed in a 30% aqueous forma-
lin solution and preserved in 70% ethanol before dissec-
tion. All of the specimens belong to the personal
collection of Anthony Herrel (Mus�eum National d’Histo-
ire Naturelle, MNHN). Before dissection the snout-vent
length was measured for each individual using digital
calipers (Mitutoyo Absolute IP 67). Flexor muscles of the
left forelimb were then removed unilaterally on each
specimen using a binocular microscope (Leica M3Z) and
stored in 70% ethanol. Muscles were blotted dry and
weighed on an electronic balance (Mettler AE100;
60.01 mg). We dissected four flexor muscles (m. flexor
carpi radialis, m. flexor carpi ulnaris, m. flexor digito-
rum longus and m. flexores digiti brevis superficialis).
The nomenclature of the muscles follows Abdala and
Moro (2006).

The species were divided into two groups: arboreal
and non-arboreal (including saxicolous, generalist, bur-
rowers, and terrestrial species) based on published sour-
ces. As arboreal we classified Anolis equestris (Schwartz
& Henderson, 1991), Polychrus acutirostris (Avila-Pires,
1995), Iguana iguana (Avila-Pires, 1995), Japalura
splendida (Das, 2010), Holaspis guentheri (Spawls et al.,
2002), Corucia zebrata (Parker, 1970), Gekko gecko (Das,
2010); as non-arboreal we classified Anolis sagrei
(Schwartz & Henderson, 1991), Oplurus cuvieri (Glaw &
Vences, 2007), Sauromalus ater (Stebbins, 2003), Dipso-
saurus dorsalis (Stebbins, 2003), Trapelus pallidus
(Schleich et al., 1996), Pogona vitticeps (Cogger, 2000),
Uromastyx acanthinura (Schleich et al., 1996), Varanus
niloticus (Spawls et al., 2002), Elgaria kingii (Stebbins,
2003), Gallotia galloti (Arnold et al., 1978), Eumeces
schneideri (Schleich et al., 1996), Cordylus rhodesianus
(Branch, 1998), Hemitheconyx caudicinctus (Chirio &
LeBreton, 2007).

Muscle Properties

The muscle bundles were transferred to a 30% aque-
ous nitric acid (HNO3 30%) solution for 24 hr to dissolve
the connective tissue. Next, the nitric acid was removed
and muscles were covered with a 50% aqueous glycerol
solution. Fibers were then gently teased apart using
blunt-tipped needles. The average fiber length was
determined by drawing at least ten fibers for every mus-
cle using a dissecting microscope with camera lucida
(Leica M3Z). Drawings were scanned and fiber lengths
were quantified using ImageJ 1.50i (Wayne Rasband,
National Institutes of Health, USA). Finally, the physio-
logical cross-sectional area (PCSA) of each muscle was
calculated as follows:

PCSA5
mass g

� �

muscular density g:cm23
� �

3fiber length cmð Þ

A muscular density of 1.06 g cm23 (Mendez & Keys,
1960) was used.

Fig. 2. Superficial view of the flexor muscles of the forearm of
Iguana iguana. Legend: Flex. dig. brev. sup.: m. flexores digiti brevis
superficialis; Flex. carp. uln.: m. flexor carpi ulnaris; Flex. carp. rad.:
m. flexor carpi radialis; Flex. dig. long. pars uln.: m. flexor digitorum
longus pars ulnaris; Flex. dig. long. pars rad.: m. flexor digitorum lon-
gus pars radialis.
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Table 1 provides the sample size and the means 6 SD
for the 13 variables (i.e., the length, mass, and PCSA of
the four flexor muscles in addition to the snout-vent
length) for the 21 species of lizards included in our data
set.

Statistical Analyses

For each species, means were calculated and Log10-
transformed before analyses to fulfill the assumption of
normality and homoscedasticity. All analyses were per-
formed in R (R Core Team, 2016). The significance
threshold was set at a 5 0.05.

Phylogeny

The phylogenetic tree used in our analyses is based on
Pyron et al. (2013). Full details of the phylogenetic
reconstruction can be found in this article. This tree was
pruned to include only the species included in our study.

Linear Regressions

In order to assess the effect of the snout-vent length
(svl) on the muscle traits, a regression of the Log10-trans-
formed snout-vent length on the Log10-transformed mus-
cle traits was performed. The results of this regression
was significant for all variables (all P < 0.001). Snout-
vent length was consequently used as a co-variate in all
subsequent analyses and residuals were calculated to be
used as input for our principal component analyses.

Phylomorphospace

A principal component analysis was performed on the
residuals of the linear regressions of muscle PCSA and
fiber length on snout-vent length. The phylogeny of Pyron
et al. (2013) was then plotted on the morphospace com-
posed of the first two axes using the “phylomorphospace”
function of the “phytools” library (Revell, 2012).

Phylogenetic Signal

To estimate the phylogenetic signal in the residual
data, a multivariate version of the K-statistic was used
using the “physignal” function from the “geomorph”
library (Adams & Otarola-Castillo, 2013; Adams, 2014).
The higher the K-value is, the stronger the phylogenetic
signal. The phylogenetic signal was also tested for each
variable separately using a univariate Pagel’s k with the
function “phylosig” in the “phytools” library (Revell,
2012). The higher the k, the stronger the phylogenetic
signal is.

Fig. 3. Scatterplot representing the results of a principal component
analysis performed on the PCSA of the flexor muscles. The phylogeny
is plotted on the morphospace to assess how phylogeny structures
species differences. Legend: black filled circles: arboreal species;
open squares: non-arboreal species. Species names are color-coded
by family.

Fig. 4. (A) Scatterplot representing the results of a principal compo-
nent analysis performed on the residual fiber lengths of the flexor
muscles. (B) Scatterplot representing the results of a principal compo-
nent analysis performed on the residual mass of the flexor muscles.
The phylogeny is plotted onto the morphospace to assess how phy-
logeny structures species differences. Legend: black filled circles:
arboreal species; open squares: non-arboreal species. Species names
are color-coded by family.
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Analysis of Covariance

First, multivariate analyses of covariance (MAN-
COVA) were performed on the Log10-transformed PCSA,
the mass, and the fiber length of the four muscles with
Log10-transformed snout-vent length as covariate to test
for differences in muscle properties between arboreal
and non-arboreal lizards. Next, each variable was tested
one by one using analyses of covariance (ANCOVA) with
habitat use (arboreal versus non-arboreal) as the inde-
pendent variable. These analyses were performed using
the 3.3.2 version of the R “stats” package (R Core Team,
2016). Finally, the phylogeny of Pyron et al.(2013) was
taken into account in the analyses to perform phyloge-
netic MANCOVAs and ANCOVAs using the “procD.pgls”
function of the “geomorph” library in R (Adams &
Otarola-Castillo, 2013).

RESULTS

Phylomorphospace

A principal components analysis performed on the
residuals of the PCSA and the fiber length of the four
muscles (Figs. 3 and 4) showed that all variables loaded
similarly on the first axis. However, the second axis
mainly represents the PCSA of the m. flexor carpi radia-
lis (Table 2). Arboreal species are situated towards the
positive side of the axis together with a few non-arboreal
species such as Hemitheconyx caudicinctus, Uromastyx
acanthinura and Anolis sagrei (Fig. 3). When the phy-
logeny is plotted in the morphospace it becomes clear
that related species are generally found in the same
area of the morphospace (Fig. 3). The principal compo-
nents analysis performed on the fiber length and the
mass data show little structure except for the extreme
position of Elgaria kingii (Fig. 4A,B). Moreover, species
do not appear to cluster by phylogenetic affinity on the
scatter plot of the first two axes (Fig. 4A).

Phylogenetic Signal

The multivariate phylogenetic signal calculated on the
residuals was significant for the PCSA and the mass but
not for the length of the four muscles (PCSA: Kmult 5 0.84,
P 5 0.005; mass Kmult 5 0.92, P 5 0.001; length:
Kmult 5 0.77, P 5 0.097). The Pagel’s k calculated showed
significant signal only for the PCSA of the m. flexor carpi
ulnaris (k 5 0.6, P 5 0.04) and the m. flexor digitorum
longus (k 5 0.8, P 5 0.04), for the mass of the m. flexor
carpi ulnaris (k 5 0.8, P 5 0.02), and for the length of the
m. flexor carpi ulnaris (k 5 0.99, P 5 0.03; Table 3).

Differences in Muscle Morphology between
Species with Different Ecologies

The MANCOVA analyses showed a tendency towards
significance for the PCSA and the mass of the flexor
muscles (PCSA: F1,17 5 2.78, P 5 0.07; mass:
F1,17 5 2.78, P 5 0.07; Table 4). The subsequent univari-
ate analyses of covariance showed that only the PCSA of
the m. flexor carpi radialis differed between arboreal and
non-arboreal species (F1,18 5 5.55, P 5 0.03; Table 5). An
inspection of the means of the PCSA of the m. flexor carpi
radialis shows that arboreal species have a higher PCSA
for a given size (Fig. 5). However, when taking into
account the phylogenetic relatedness among species the
differences between arboreal and non-arboreal species
were no longer significant (PCSA: F1,17 5 2.15, P 5 0.39;

TABLE 2. Loadings of the residual PCSA of the flexor
muscles on the first four principal components

PC1 PC2 PC3 PC4

PCSA fcr 0.36 0.89 0.27 0.1
PCSA fcu 0.5 0.03 20.83 0.23
PCSA fdl 0.49 20.11 0.06 20.86
PCSA fdb 0.61 20.45 0.48 0.44
Proportion of variance 0.71 0.14 0.09 0.06
Cumulative proportion 0.71 0.85 0.94 1
Mass fcr 0.39 0.63 20.61 20.27
Mass fcu 0.52 0.28 0.75 20.29
Mass fdl 0.50 0.03 20.03 0.86
Mass fdb 0.57 20.72 20.25 20.31
Proportion of variance 0.80 0.10 0.07 0.03
Cumulative proportion 0.80 0.90 0.97 1
Length fcr 0.42 0.88 20.14 20.14
Length fcu 0.52 20.16 20.26 0.80
Length fdl 0.52 20.13 0.83 20.09
Length fdb 0.53 20.42 20.46 20.57
Proportion of variance 0.75 0.14 0.06 0.05
Cumulative proportion 0.75 0.89 0.95 1

Abbreviations: fcr 5 m. flexor carpi radialis; fcu 5 m. flexor
carpi ulnaris; fdl 5 m. flexor digitorum longus; fdb 5 m. flex-
ores digiti brevis superficialis. Bolded variables are those
showing loadings >0.7.

TABLE 3. Summary of the Pagel’s k calculated on the
residual data

k P value

PCSA fcr >0.001 1
PCSA fcu 0.6 0.04
PCSA fdl 0.8 0.04
PCSA fdb 0.48 0.3
Mass fcr >0.001 1
Mass fcu 0.8 0.02
Mass fdl 0.77 0.12
Mass fdb 0.74 0.15
Length fcr 0.8 1
Length fcu 0.99 0.03
Length fdl 0.89 0.77
Length fdb 0.99 0.14

Abbreviations: fcr 5 m. flexor carpi radialis; fcu 5 m. flexor
carpi ulnaris; fdl 5 m. flexor digitorum longus; fdb 5 m. flex-
ores digiti brevis superficialis. Significant results are indi-
cated in bold.

TABLE 4. Summary of the MANCOVA results

F1,17 P value

PCSA Size 29.69 >0.001
Habitat use 2.78 0.07
Size 3 habitat use 0.58 0.68

Mass Size 25.74 >0.001
Habitat use 2.78 0.07
Size 3 habitat use 0.42 0.79

Length Size 7.75 0.002
Habitat use 1.56 0.24
Size 3 habitat use 0.21 0.93

Significant results are indicated in bold. Habitat
use 5 arboreal versus non-arboreal.
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mass: F1,17 5 0.99, P 5 0.639, length: F1,17 5 1.21,
P 5 0.57).

DISCUSSION

Links between Phylogeny and Morphology

The multivariate phylogenetic signal calculated shows
significant results for the PCSA and the mass of the
muscles. Species that are closely related appear to have
a similar PCSA and muscle mass, at least for the species
included in our study. Moreover, when the phylogeny is
taken into account in our multivariate analyses the dif-
ference between arboreal and non-arboreal animals dis-
appears. Tulli et al. (2012) found similar results for the
length of the m. flexor carpi ulnaris and observed no sig-
nificant differences between 50 species with different
ecologies when the phylogeny was included in the
analyses.

Distribution of the Species on the
Phylomorphospace

Arboreal species are positioned in the same area of
the scatter plot of the PCA and are thus characterized
by a higher relative m. flexor carpi radialis PCSA
(Fig. 3) suggesting that a stronger m. flexor carpi radia-
lis may be beneficial to arboreal lizards. However, some
non-arboreal species can also be found in this area of the
scatter plot. The most noticeable is U. acanthinura. This
non-arboreal species uses burrows extensive tunnel sys-
tems using its forelimbs (Wilms & B€ohme, 2007; Wilms
et al., 2010). The digging behavior of this species may
explain its position in the morphospace if indeed the m.
flexor carpi radialis is involved in digging. Given that
digging involves the flexion of the hand in many ani-
mals, the flexor muscle may indeed play an important
role (Lagaria & Youlatos, 2006; Warburton, 2006).
Although no quantitative data exist for lizards, in dig-
ging mammals the carpal flexors are indeed strongly
developed (Windle & Parsons, 1899; Gasc et al., 1986;
Lessa & Stein, 1992; Lagaria & Youlatos, 2006; Warbur-
ton, 2006), suggesting that this may also be the case for

Uromastyx. The non-arboreal species H. caudicinctus
also shows a relatively high m. flexor carpi radialis
PCSA. The large m. flexor carpi radialis PCSA in this
species may have been inherited from a common ances-
tor as other geckoes similarly have large m. flexor carpi
radialis PCSAs. Anolis sagrei and O. cuvieri are both
also scattered among the arboreal species in the graph.

TABLE 5. Summary of the ANCOVA results

F1,17 P value Variables F1,17 P value

PCSA fcr Size 111.08 >0.01 Mass fdl Size 89.73 >0.01
Habitat use 5.55 0.03 Habitat use 2.06 0.17
Size 3 habitat use 2.07 0.17 Size 3 habitat use 0.18 0.68

PCSA fcu Size 74.74 >0.01 Mass fdb Size 82.19 >0.01
Habitat use 0.1 0.76 Habitat use 0.04 0.85
Size 3 habitat use 0.66 0.43 Size 3 habitat use 0.52 0.48

PCSA fdl Size 88.29 >0.01 Length fcr Size 23.55 >0.01
Habitat use 1.06 0.32 Habitat use >0.01 0.97
Size 3 habitat use 0.32 0.57 Size 3 habitat use 0.02 0.9

PCSA fdb Size 86.4 >0.01 Length fcu Size 13.18 >0.01
Habitat use 0.03 0.87 Habitat use 1.07 0.31
Size 3 habitat use 1.29 0.27 Size 3 habitat use 0.38 0.54

Mass fcr Size 105.76 >0.01 Length fdl Size 24.31 >0.01
Habitat use 3.11 0.1 Habitat use 2.17 0.16
Size 3 ecolo habitat use 1.28 0.27 Size 3 habitat use >0.01 0.96

Mass fcu Size 57.31 >0.01 Length fdb Size 26.19 >0.01
Habitat use 0.02 0.88 Habitat use 0.03 0.87
Size 3 habitat use 0.13 0.72 Size 3 habitat use 0.17 0.68

Abbreviations: fcr 5 m. flexor carpi radialis; fcu 5 m. flexor carpi ulnaris; fdl 5 m. flexor digitorum longus; fdb 5 m. flexores
digiti brevis superficialis. Habitat use 5 arboreal versus non-arboreal. Significant results are indicated in bold.

Fig. 5. Boxplot representing the residuals of the PCSA of the m.
flexor carpi radialis for arboreal and non-arboreal species.
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Given that these two are semi-arboreal species also
occasionally climb, this may drive the development of
stronger flexor muscles. Finally the position of the non-
arboreal C. rhodesianus might similarly be explained by
the fact that it is a good rock climber (Branch, 1998; Vitt
& Caldwell, 2014) and thus needs forceful flexors to
climb rocks. The phylomorphospace of the residuals of
the mass of the flexor muscles does not appear to dis-
criminate between species with different ecologies. How-
ever, species do cluster by phylogenic affinity (Fig. 4A).
The phylomorphospace of the residuals of the fiber
length of the flexor muscles also does not appear to dis-
criminate between species with different ecologies (Fig.
4B). However, E. kingii appears to be an outlier which
may be explained by the fact that this lizard has an
elongated body with very small forelimbs.

Does Habitat Use Impact Flexor Muscle
Morphology and Function

Of all our variables, only the PCSA of the m. flexor
carpi radialis showed significant differences between
arboreal and non-arboreal species. Arboreal species
tends to have a higher PCSA for the m. flexor carpi radi-
alis, confirming the results of Abdala et al. (2009) that
suggested that wrist flexion is important when grasping
narrow substrate such as branches. Moreover, the
m. flexor carpi radialis has a slight action of pronating
the forearm which may help securing a grip on narrow
substrates like branches (Abdala et al., 2009). Yet, none
of the other flexor muscles showed differences between
arboreal and non-arboreal lizards. This suggests that
either the functional constraints imposed by an arboreal
life style are not as strong for lizards, or alternatively,
that functional trade-offs prevent a stronger develop-
ment of the other muscles due to the use of the forearm
in other functions (e.g., weight support, impact reduction
after jumping). Moreover, the individualization of the
different muscles and tendons may in fact play a bigger
role in the ability to grasp in lizards as suggested previ-
ously (Abdala et al., 2009). Finally, other anatomical
features may also be better indicators of an arboreal life-
style including the anatomy of other functionally impor-
tant muscles (other flexor muscles such as elbow or
shoulder flexors, as well as wrist extensors or rotators)
as well bone shape (e.g., Fabre et al., 2018a). Future
studies exploring the anatomy of the forelimb more
broadly, especially in relationship to in vivo measures of
gripping performance would be particularly insightful to
better understand the relationships between forelimb
muscle anatomy and habitat use.

In conclusion, our results on a broad comparative
sample of lizards show that the force generation capacity
of one of the flexor muscles is greater in arboreal species
possibly allowing a stronger flexion of the wrist allowing
a firm grasp of narrow substrates. However, no differ-
ences in fiber length were observed between arboreal
and non-arboreal species, suggesting that longer fibers
potentially allowing for a greater range of excursion are
not selected for in arboreal lizards. Future studies would
benefit from investigating other features of the forelimb
in order to fully understand how arboreality and habitat
use more generally may drive the morphology of the liz-
ard forelimb.
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