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Abstract

Lizards have the broadest geographical distribution encompassing a wide
range of locomotor habitats. This is reflected in a large morphological
diversity of the general body form and of the locomotory apparatus among
these animals. So, the present study aimed to clarify the osteological
characteristics of the limb skeleton of two endemic species sharing the same
environment but differ in microhabitat and mode of their locomotion. Under
a dissecting microscope, the fore and hindlimbs of each animal were excised
by using iris scissors after narcotizing by doses of anesthetic. The specimens
were processed for staining with Alcian blue and alizarin stains to stain the
skeletal limbs. In the current study, intra- and interspecific variations were
observed in 2 species studied in measurements of limb elements. In
Chamaeleo calyptratus both the fore- and hind limbs were relatively equal
in length. While, the FOL, MAL, TOFL2, TOFL3, TOFL4 and TOFL5 were
significantly shorter than the hindlimb in Acantocercus adramitanus (t= -
5.60, -8.59, -3.84, -6.69, -6.12 and -8.35 respectively P= 0.000). A
significant pronounced variation in the length of the long bone in lizard
studied. Meanwhile, high significant variations were noticeable for
metacarpus and metatarsus measurements in A. adramitanus (Fs4s= 88.66,
P< 0.0001 and Fa4s= 32.07, P <0.0001 respectively). Slightly significant
variations were observed in metacarpus and metatarsus measurements of C.
calyptratus (Fass= 3.34, P<0.02 and Fasss= 3.42, P<0.02 respectively).
Except the centrale, the width of elements composing the wrist and ankle is
larger than length in A. adramitanus. High significant variations were
noticeable in the autopodium of C. calyptratus. The radiale and centrale had
larger length than width. However, C. calyptratus have relatively short
ulnare, distal carpus 5 and proximal tarsus. These variations in limb
elements of A. adramitanus and C. calyptratus may be due to the difference
in microhabitat.
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Introduction

Squamata is one of the largest orders of vertebrates with 11430
recognized species. In Yemen, the reptiles include 110 species of lizards [1].
Acantocercus adramitanus (Anderson, 1896) from the family Agamidae,
and Chamaeleo calyptratus (Dumeril, 1851) from the family
Chamaeleonidae are two common species in southwest Arabia, furthermore,
In Yemen, A. adramitanus is widespread from southwest of Yemen into
Dhofar in the east and abundant in the mountains up to 2300 m, it is
observed at Al Nabi Shuaib mountain (30 km west of Sana'a). The
etymology of this species was related to Hadhramaut governorate [2-5].

Recently, 12 genera and more than 220 species are recognized within the
family Chamaeleonidae [1,5-8], with members of this family distributed
across Africa into the Middle East, southern Europe, India, and across a few
small islands in the Indian Ocean [9]. In Yemen, the veiled or Yemeni
Chameleon, C. calyptratus, is found in the western mountains, is abundant
in the Taiz. It is native to the southwestern Arabian peninsula in western
Yemen and southwestern Saudi Arabia. This species has currently been
introduced into Hawaii and Florida, where it thrives and appears to be
flourishing [3,10-15].

Coordinated changes in anatomical systems are related with the diversity
of vertebrates. As the mode of locomotion changes, the loss of innovation
would be functionally advantageous and thus favored. However, to
determine if this pattern is generalizable, it would be appropriate to
investigate the resulting changes and trade-offs that occur during
evolutionary reduction and functional loss within a clade that displays a
spectrum of changes in a highly functional anatomical complex. Much of
what is known about the locomotor structures relates to limb loss and
reduction such as in lizards. The increase in the rate of evolutionary change
in these situations suggests that the origin of an elongate body likely led not
only to relaxed selection for the retention of limbs but also to rapid adaptive
selection, favoring both their loss and other associated morphological
changes. In these cases, it is expected that both the rate of morphological
evolution and the area occupied in phylomorphospace would increase [16-21].
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Biologists have long been attracted to locomotor extremes because they
provide an especially clear example of which determines the structure-
function relationship. The size, shape and action in living organisms are
very closely linked together. Furthermore, the limb morphology in tetrapods
is closely reflects locomotor performance and ecological characteristics.
Many studies have focused on the relationships between morphology,
ecology, and behavior. So, movement through the environment is the
behavior that most dictates the morphology and physiology of animals. The
gait an animal selects depends on the rate of travel; obstructions in the
terrain, maneuverability sought, and body size of the animal [22-25].

The connection between an animal’s morphology and ecological
parameters such as habitat characteristics emphasize the link between
phenotype and the environment but are often difficult to explain because the
functional consequence of morphological variations is frequently
unknown[26].

The movement is important factor during activities of animals such as
feeding, social interactions and predator avoidance. So, the locomotion is
considered one of the major functions within the ecology of an animal [27].
A number of osteological characteristics related to movement were
quantified, including the body size and bone length of the fore- and
hindlimbs.

The interspecific variation of modes of locomotion among lizards has
been explored by different authors [28-30]. The animals move through
heterogeneous physical environments at different speeds and using various
modes of locomotion. The lizards have the broadest geographical
distribution encompassing a wide range of locomotor habitats, and these
animals are an interesting model to study the effects of the variety in
locomotor habitat (e.g. climbing, swimming or digging vs running) on the
locomotory apparatus. This is reflected in a large morphological diversity of
the general body form and of the locomotory apparatus among these
animals. In Yemen, the topographical variations perhaps give rise to a wide
range of mode of lizard locomotion. So, the present study aimed to clarify
the osteological characteristics of the limb skeleton of two endemic species
sharing the same environment but differ in microhabitat and mode of their
locomotion.
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MATERIAL AND METHODS

Twenty samples were taken from adult individuals, 10 Acantocercus
adramitanus and 10 Chameleon calyptratus were caught from Taiz
governorate through the period of October 2017- December 2018 in the
present investigation at different lengths of snout-ventral length (SVL, 52-
125 mm and 90-200 mm respectively). Identification and systematic
classification of the specimens were carried out according to Arnold (1980),
Obady (1996) and Saleh (1997) [2, 4, 31].

Under a dissecting microscope, the fore and hindlimbs of each animal
were excised by using iris scissors after narcotizing by doses of anesthetic.
To stain the skeletal limbs, the specimens were processed for staining with
Alcian blue and alizarin stains according to Whitaker and Kathleen [32].

All osteometric measurements were taken for every individual to the
nearest millimeter on the left side by using dividers and ruler and a
calibrated eye-piece graticule by a dissecting microscope and they are
diagrammatically represented in Figure 1 with the same numbers mentioned
herein. The following osteological measurements were recorded for each
specimens:

I- Fore limb measurements:

1- Humerus length: The distance from the proximal surface of the head to
the distal articular surface with radio-ulna (HL).

2- Humerus width at proximal head: Maximum width of proximal humerus
epiphysis (HW1).

3- Humerus width at distal head: Maximum width of distal humerus
epiphysis (HW2).

4- Ulna length: The distance from the proximal articulation surface with the
humerus to the distal head of the ulna (UL).

5- Ulna width at proximal head: Maximum width of proximal ulna
epiphysis (UW1).

6- Ulna width at distal head: Maximum width of distal ulna epiphysis
(UW2).

7- Radius length: The distance from the proximal articulation surface with
the humerus to the distal head of the radius (RL).

8- Radius width at proximal head: Maximum width of proximal radius
epiphysis (RW1).
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9- Radius width at distal head: Maximum width of distal radius epiphysis
(RW2).

10- Metacarpal lengths: The distance from the proximal head to the distal
head (Mtcl- Mtcb).

11- Phalangeal lengths: The distance from the proximal articular surface to
the distal articular surface of each phalanx (ph).

12- Carpus element lengths: Length of each carpus bone (height-dcl).

13- Carpus element widths: The maximum width of each carpus bone (dcw).

I1- Hind limb measurements:

The hindlimb measurements were measured as in the forelimb.

Total forelimb length (FOL), hindlimb length (HIL), manus length
(MAL), pes (PEL), forelimb digit length (TOFL1-5) and hindlimb digit
length (TOHL1-5) are not measured directly from animals because the limbs
could not be straightened. These values were calculated: as the sum of the
humerus, ulna and manus lengths for the forelimb. As the sum of the carpus,
fourth metacarpus and digital fourth lengths for manus length. As the sum of
the phalangeal length of each toe for toe lengths 1-5. For long bone
hindlimb lengths, pes length and toe lengths 1-5 were measured as in the
forelimb.

Statistical analyses:

For elucidating interspecific variations, the osteometric data of the two
species considered were statistically analyzed and described by one-way
ANOVA and unpaired t-test using SPSS package release 9.0.0 (SPSS, Inc,
1998) and PAST package release 3.25 [33,34].

Results

Fore and hindlimbs are built on same pattern in A. adramitanus and C.
calyptratus, composed of 3 recognized regions. The autopodium, the distal
end of the limb, consists of numerous elements composing the wrist and
ankle, while the middle limb region is the zegopodium, with 2 bones: ulna
and radius of the forearm, tibia and fibula of hindarm. The limb region
closest to the body is the stylopodium, with a single element: the humerus of
the forelimb and the femur of the hindlimb. The skeleton of the fore-
hindlimb of both studied species was calcified.
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In A. adramitanus, the proximal carpus constitutes of three bones,
Trapezium ulnare, the radiale in rectangular shape with concave upper and
lower sides and the centrale bone with quadrangular shape. The distal
carpaus consists of carpals 3-5 with cone shape with carpal 1 in rectangular
shape and carpal 2 in quadrangular shape. The sesamoid elements are the
ulnar patella, pisiform, palmar sesamoid and dorsal sesamoid on the last
phalanges of each toe (Fig. 2). In the Pes region, the second and fifth distal
tarsal are missing. The distal tarsal 1 in triangular shape, distal tarsal 3 in
oval shape and distal tarsal 4 with triangular or triskelions shape. The
proximal tarsus is a rectangular shape. The sesamoid elements are the
Lunula in the knee region and on the last phalanges of each toe. The
phalangeal formula is 1-2-3-4-2 and 1-2-3-4-3 of manus and pes
respectively (Fig. 3).

In C. calyptratus, the carpal elements of the proximal series are almost
diamond radiale, semicircular ulnare and wedge centrale bones. Regarding
the distal series, only 3 bones are observed, carpal 1 being present in a
rectangular shape, the carpals 2+3+4 are fused with a spherical shape and
carpal 5 being present in a rectangular shape. The sesamoid elements are
missing. The phalangeal formula is 1-2-3-3-2 (Fig. 4). In the tarsus region,
the proximal tarsal is in a spherical shape. However, in the distal series, only
3 bones are observed, tarsals 1 and 3 being present with an almost oval
shape and spherical shape of tarsal 4. The phalangeal formula is 1-2-3-3-2

(Fig. 5).
The epiphyses of phalanges are calcified in the studied specimens. These

epiphyses are not fused with their shafts and are separated by a cartilaginous
zone. In A. adramitanus, the ulnar patella is located in dense fibrous tissue.

In C. calyptratus both the fore- and hind limbs were relatively equal in
length. While, the FOL, MAL, TOFL2, TOFL3, TOFL4 and TOFL5 were
significantly shorter than the hind limb in A. adramitanus (t= -5.60, -8.59, -
3.84,-6.69, -6.12 and -8.35 respectively P= 0.000).

There is a significant pronounced variation in the length of long bone in
lizard studied (Table 1). The C. calyptratus had significantly longer of FOL,
CAL, MAL, TOFL1, TOFL2, TOFL3, TOFL4, TOFL5, TAL, TOHL1 and
TOHL2 than in A. adramitanus. However, A. adramitanus was
discriminated from C. calyptratus in PEL.
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In stylopodium, the C. calyptratus has HL, HW2 and FW?2 longer than in
A. adramitanus. In addition, the C. calyptratus recorded significant largest
values in zegopodium of UL, UW1, UW2, RL, RW1, RW2, FIW1 and
FIW2.

High significant variations were noticeable for metacarpus and
metatarsus measurements in A. adramitanus (Fs45= 88.66, P < 0.0001 and
Fass5= 32.07, P <0.0001 respectively). The Mtc3 is the longest of the series
that decreases in sequences 3, 4, 2, 1, 5 for metacarpus, while Mtt4 is the
longest of the series that decreases in sequences 4, 3, 2, 1 and 5 for
metatarsus. Slightly significant variations were observed in metacarpus and
metatarsus measurements of C. calyptratus (Fsss= 3.34, P<0.02 and F445=
3.42, P<0.02 respectively). The Mtc4 is the longest of the series that
decreases in sequences 4, 3, 2, 1 and 5 for metacarpus, while Mtt3 is the
longest of the series that decreases in sequences 3, 2, 5, 4 and 1 for
metatarsus (Table 2).

Except for the central bone, the width of elements composing the wrist
and ankle is larger than the length in A. adramitanus (Table 3). High
significant variations were noticeable in the autopodium of C. calyptratus.
The radiale and central bones had larger lengths than width. However, C.
calyptratus have relatively short ulnare, distal carpus 5 and proximal tarsus.
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Table 1: The basic statistics (mean + SE, minimum and maximum) and t —test
of long bone osteometric characters of examined lizard (N=10 for each type).

Forelimb
FOL CAL MAL TOFL1 | TOFL2 TOFL3 TOFL4 TOFL5
54.91+2.52 18.51+0.72 1.94+0.16 4.05+0.16 7.05+0.25 9.97+0.44 10.49+0.44 6.53+0.27
A 45.5-73.7 16.05-23.7 1.25-2.75 3.25-5 6-8.75 8.5-13 8.8-13.7 5.5-8.25
77.98+4.75 4.86+0.5 21.78+1.47 7.51+0.64 10.5+0.67 12.37+0.83 12.93+0.79 11.37+0.78
B 57.25-99.53 3-8.5 15.25-30.75 4.95-10 7.25-13.25 8.75-15.75 10-17.25 8-15.5
t-test -4,29%** -5.51%** -2.01* -5.22%** -4.81%** -2.56* -2.68* -5.85%**
Hindlimb
HIL TAL PEL TOHL1 | TOHL2 | TOHL3 | TOHL4 | TOHL5
79.64+3.62 3.03+0.26 32.24+1.43 4.35+0.23 8.72+0.36 14.83+0.58 15.61+0.71 12.38+0.65
A 65.75-
104.75 2.25-5 26.75-41.75 3.5-6 7.25-11.25 12.5-18.75 13.25-20.75 9.75-16.5
75.15+4.83 4.15+0.27 21.45+1.3 8+0.56 11.08+0.79 13.86+0.94 13.8+0.96 12.01+0.87
B 52.75-97.25 2.5-5 14.75-27.25 5.5-11 8-15. 9.25-18.25 9.5-18.75 8.5-16.25
t-test 0.74 -3.02** 5.59*** -5.98*** -2.71* 0.88 1.52 0.34
Humerus Ulna Radius
HL HwW1 HW2 UL uwi uwz2 RL RW1 RW?2
19.5+1.06 6.38+0.31 5.35+0.46 16.9+0.87 2.79+0.19 2.22+0.13 15+0.52 1.95+0.14 1.5+0.14
A 15-27 5-8.25 3.75-8.5 13-23 2.25-4.25 1.7-3 12.-18 1.25-2.6 1-2.15
28.7+1.97 6.48+0.54 7.21+0.68 27.5+£1.59 4.44+0.42 3.74+0.26 26.5+1.81 3.31+0.38 2.38+0.2
? 20-37 3.5-85 4.75-10 21-37 2.75-7.5 2.5-5 18-35 1.75-5 1.5-3.25
t-test -4.12%** -0.17 -2.26* -5.85%** -3.58** -5.23*** -6.11%** -3.38** -3.61**
Femur Fibula Tibia
FL Fw1 FW2 FIL FIw1 FIw2 TIL TIW1 TIW2
A 25.8+1.29 4.45+0.43 4.4+0.21 21.6+1.14 1.2+0.08 1.62+0.14 21.6+1.14 3.32+0.26 2.74+0.14
21-35 2.75-75 3.5-55 18-28 0.75-1.5 0.9-2.5 18-28 2555 2-35
B 29.9+2.02 5.3+0.36 6.1+0.45 23.8+1.6 4.63+0.34 2.88+0.13 23.6+1.76 2.94+0.56 3.08+0.4
21-40 3.5-7 4.25-9 17-33 3.5-7 2.5-35 16-35 1.1-75 1.25-5
t-test -1.71 -1.51 -3.45%* -1.12 -9.74%** -6.45%** -0.95 0.61 -0.79

*- significant at P<0.05 **- significant at P<0.001 ***- significant at P<0.0001
A= A. adramitanus B= C. calyptratus
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Table 2: The basic statistics (mean + SE, minimum and maximum) of
metacarpus, metatarsus and phalanges for forelimb and hindlimb osteometric
characters of A. adramitanus and C. calyptratus (N=10 for each type).

Metacarpus
Mtcl Mtc2 Mtc3 Mtc4 Mtch
A 3.87+0.16 5.48+0.11 6.35+0.16 6.09+0.18 2.910.17
3.25-4.5 5-6.25 5.5-7 5.25-7.25 2.25-4
B 3.15+0.21 3.41+0.28 3.95+0.28 4+0.31 2.84+0.28
2.-4 2-4.5 2.25-5 2.25-5.5 1.75-4.25
Toel Toell Toelll
Phl Phl Ph2 Phl Ph2 Ph3
A 4.05£0.16 3.02+0.13 4.04+0.14 3.11+0.13 3.09+0.15 3.77£0.17
3.25-5 2.5-3.75 3.5-5 2.5-4 2.5-4 3.25-5
B 7.51+0.64 6.13+0.47 4.37+0.25 5.61+0.46 3.43+0.25 3.331£0.19
4.95-10 4.1-85 3.15-5.5 3.25-75 2.25-4.5 2.45-4
ToelV ToeV
Ph1 Ph2 Ph3 Ph4 Ph1 Ph2
A 2.57+0.1 2.19+0.09 2.48+0.11 3.25+0.16 2.58+0.12 3.95+0.15
2.25-3.25 1.75-2.7 2-3.25 2.75-4.5 2-3.25 3.5-5
B 5.93+0.47 3.55+0.24 3.45+0.23 - 6.47+0.54 4.9+0.35
3.5-8.25 2.5-5 2.75-4.75 - 4.25-9 3.5-6.75
Metatarsus
Mttl Mtt2 Mtt3 Mtt4 Mtt5
A 7.9+0.69 10.96+0.48 12.58+0.68 13.6+£0.98 4.43+0.22
2.25-10 9.25-14 9.25-16 10.75-21.25 3.5-6
B 3.38+0.25 4.13+0.23 4.62+0.23 3.54+0.24 3.96+0.37
2.5-5 3-5. 3.5-5.75 2.25-4.5 2.25-5.75
Toel Toell Toelll
Ph1 Ph1 Ph2 Phl Ph2 Ph3
A 4.35+0.23 4.31+0.17 4.41+0.2 5.78+0.2 4.35+0.18 4.7+0.22
3.5-6 3.75-5.5 3.5-5.75 5.-7 3.75-5.5 3.75-6.25
B 8+0.56 6.68+0.51 4.4+0.31 7.03+0.46 3.68+0.25 3.16+0.25
5.5-11 4.75-9.25 3.25-6.25 5-9. 2.5-5 1.75-4.5
ToelV ToeV
Ph1 Ph2 Ph3 Ph4 Ph1 Ph2 Ph3
A 4.63+0.27 3.43+0.15 3.4+0.14 4.16+0.18 4.08+0.24 4.05+0.19 4.25+0.23
3.75-6.5 3-4.5 2.75-4.25 3.5-5.5 3-55 3.25-5 3.5-6
6.45+0.47 3.85+0.25 3.5+0.26 - 6.93+0.53 5.09+0.34
B 45-9 2.5-5 2.5-4.75 - 4.75-9.5 3.75-6.75

A= A. adramitanus B= C. calyptratus
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Table 3: The basic statistics (mean = SE, minimum and maximum) and t —test
of carpus and tarsus osteometric characters of A. adramitanus and C.
calyptratus (N=10 for each type).

Proximal carpus
rel rew ull ulw cl CcW
A 0.69+0.05 1.62+0.12 0.83+0.03 1.86+0.08 0.38+0.07 0.45+0.04
0.5-1 0.9-2 0.75-1 15-2.5 0.2-0.9 0.25-0.6
t -test -7.22%%* -11.56%** -0.94
3 2.7240.25 1.64+0.16 1.37£0.17 3.3940.35 1.85+0.18 0.68+0.08
0.85-3.5 1-2.75 0.45-2 1.1-5 0.75-2.5 0.35-1.1
t -test 3.68** -5, 1%** 5.86***
Distal carpus
dcll dclw dc2l dc2w dc3l dc3w dcal dcaw dc5l dc5w
A 0.46+0.08 0.71+0.12 0.46+0.03 0.67+0.06 0.53+0.03 0.97+0.11 0.7940.07 1.23+0.11 0.95+0.07 1.17+0.06
0.2-1 0.35-1.5 0.3-0.65 0.45-1 0.4-0.75 0.5-1.6 0.5-1.35 0.75-2 0.65-1.25 0.85-1.5
t -test -1.75* -3.2%* -3.82%* -3.41%* -2.49*
B | 099:021 | 1165021 [ 3218029 [ 3982022 082:01 | 1514013
0.45-2.3 0.5-2.25 1.65-4.5 2.75-4.6 0.35-1.5 0.85-2
t -test -0.58 -1.01 -4.17%**
Proximal tarsus Distal tarsus
Ptl Ptw dtll dtlw dt3l dt3w dtal dtdw
A 1.940.12 4.35+0.27 0.48+0.04 0.81+0.12 0.95+0.1 1.39+0.11 1.76+0.13 2.36+0.14
1.25-2.25 3.5-6.5 0.35-0.75 0.55-1.75 0.6-1.5 0.75-2 1.1-25 2-3.25
t -test -8.39%* -2.68* -2.94* -3.14*
2.6610.21 3.9+0.26 0.3+0.13 0.4740.19 0.93+0.12 0.87+0.18 2.48+0.24 2.78+0.23
B 1.75-3.75 2.5-5 0.5-1 1-1.35 0.5-1.5 0.45-1.75 1.75-4 2-4.25
t -test -3.77** -0.71 0.28 -0.89

#- distal tarsus 2+3+4 *- significant at P<0.05 **- significant at P<0.001 ***-
significant at P<0.0001, A= A. adramitanus B= C. c. calyptratus.

de5L

Fig. 1: Hlustration of the osteometric measurements taken on the forelimb of A

adramitanus as representative of the two species studied. The bone measurements
were according to Fontanarrosa and Abdala [41] and Obady [45].
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Fig. 2: Photographic illustration of the forelimb elements of A. adramitanus (The
thick arrows indicate the magnification). A: Whole mount (dorsal view), B: Left
wrist joint (dorsal view), C: Right wrist joint (dorsal view), D: Wrist joint (ventral
view), E: Elbow joint (dorsal view) and F and G: Toes (lateral view).
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Fig. 3: Photographic illustration of the hindlimb elements of A. adramitanus (The
arrows indicate the magnification). A: Left whole mount (dorsal view), B: Right
wrist joint (ventral view), C: Right wrist joint (dorsal view), D: Left wrist joint

(ventral view), E: Left elbow joint (dorsal view) and F: Toes (lateral view)
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Fig. 4: Photographic illustration of the forelimb elements of C. calyptratus (The

arrows indicate the magnification). A: Left whole mount (dorsal view), B: Right

wrist joint (dorsal view), C: Right wrist joint (dorsal view), D: Right wrist joint
(dorsal view) and E: Right elbow joint (dorsal view).
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1 mm

D

Fig. 5: Photographic illustration of the hindlimb elements of C. calyptratus
(The arrows indicate the magnification). A: Left whole mount (dorsal view),
B: Right wrist joint (dorsal view), C: Right wrist joint (dorsal view) and D:

Right elbow joint (dorsal view).
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Discussion

Yemen is characterized by the high biodiversity in the Arabian Peninsula
which contains different types of microhabitats, and different morphological
features Obady [4], however, the studied species have been a model of study
in ecomorphology which Chameleon calyptratus a strictly arboreal species
was compared with Acantocercus adramitanus that inhabits the lower strata
of vegetation.

The limb skeleton was investigated as a trail to find out structural and
functional differences between A. adramitanus and C. calyptratus. The
modification of basic pattern of limb skeleton occur from group to group in
adult limbs include fusion or loss of its fundamental elements, elongation of
existing elements and the occasional appearance of new skeletal
components. These variations can be back to developmental modifications
within the underlying embryonic pattern [24].

Tetrapod limbs are all built on the same pattern, composed of three
recognized regions: stylopodium, zeugopodium and autopodium. The most
striking differences in the skeleton are at distal ends, autopodium, of the
appendages [24,35].

Mohammed [36] reported the homology of the carpus and tarsus in
several lizards. The present study showed that the lizard investigated has a
great similarity in the osteology of the limb skeletal. However, there are
interspecific differences in the number, measures and fusion of some
elements. In the present 2 species studied, the limb elements are generally
similar to that described by Stephenson and Stephenson [37] in Naultinus
elegans, Hoplodactylus duvaucelii and Hoplodactylus pacificus, EI-Wetery
[38] in Agamidae and Chamaeleontidae, Lima et al. [39] in Caiman yacare,
Yildirim et al. [40]) in Eumeces schneideri barani, Eumeces schneideri
princeps and Eumeces schneideri pavimentatus, Fontanarrosa and Abdala
[41], in several Squamata, Yildirim et al. [42] in Ablepharus kitaibelii and
Rios-Orjuela et al. [43] in Anolis heterodermus and Anolis tolimensis and
Ali et al. [44] in Acanthodactylus boskianus and Ptyodactylus guttatus.

The reduction or fusion of the carpal and tarsal elements is recorded for
current lizards. The ulnare, radiale and centrale bones were recorded in the
forelimbs of A. adramitanus and C. calyptratus. In A. adramitanus, the
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distal carpaus consists of 5 carpals, but the fusion of carpals 2, 3 and 4 were
identified in the forelimb of C. calyptratus. In the Pes region, the second
and fifth distal tarsal are missing A. adramitanus. In C. calyptratus, only
tarsals 1, 3 and 4 being present. On the other hand, there is variability in the
presence or absence of the sesamoid elements. The sesamoid elements are
the ulnar patella, pisiform, palmar, Lunula and dorsal sesamoid on last
phalanges of each toe. However, The sesamoid elements are missing in C.
calyptratus. These results have disagreement and concord faces with those
recorded by Obady [45], EI-Bakry et al. [46] and Molnar et al. [47].

The phalange formula is found in species of the A. adramitanus 1-2-3-4-
2/1-2-3-4-3.0n the other hand, the phalange formula of C. calyptratus is 1-
2-3-3-2/1-2-3-3-2.

The biomechanical theory, predict that limb proportions should differ
between animals with variety in lifestyles. Ground-dwellers should have
relatively long, with high tibia: femur ratios, and relatively short forelimbs.
Climbers should have relatively short limbs, with low tibia: femur ratios,
and equally long hind and forelimbs [26, 44, 48].

A wide range of the relation between the morpho- osteological
measurements and locomotors habitats maybe described by several authors
[25,48-56].

Fontanarrosa and Abdala [41] suggested that the morphological
distinction between graspers and non-graspers is demonstrating the
existence of ranges along the morphological continuum within which a new
ability is generated. These results support the hypothesis of the nested origin
of grasping abilities within arboreality. Thus, the manifestation of grasping
abilities as a response to locomotive selective pressure in the context of
narrow-branch eco-spaces could also enable other grasping-dependent
biological roles, such as prey handling.

In current study, intra- and interspecific variations were observed in the
two studied species in measurements of limb elements. In C. calyptratus
both the fore- and hind limbs were relatively equal in length. While, the
FOL, MAL, TOFL2, TOFL3, TOFL4 and TOFLS5 were significantly shorter
than the hind limb in A. adramitanus.
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A significant pronounced variation in the length of the long bone in the
lizard studied. Meanwhile, high significant variations were noticeable for
metacarpus and metatarsus measurements in A. adramitanus. Slightly
significant variations were observed in the metacarpus and metatarsus
measurements of C. calyptratus.

Except for the central bone, the width of elements composing the wrist
and ankle is larger than the length in A. adramitanus. High significant
variations were noticeable in the autopodium of C. calyptratus. The radiale
and centrale bones had larger lengths than width. However, C. calyptratus
have relatively short ulnare, distal carpus 5 and proximal tarsus. These
variations in limb elements of A. adramitanus and C. calyptratus may be
due to the difference in microhabitat.

Conclusion

Acantocercus adramitanus and Chamaeleo calyptratus are two common
species in Yemen. These two species differ in their limb skeleton and form
and these variations may be due to the difference in microhabitat and
lifestyles.
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