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			ABSTRACT

		

		
			The outer surfaces of scales have provided significant adaption and functional value in lizards. In this paper, we examined the microornamenation of the outer surface of the dorsal scales from the mid-body region of Acanthodactylus opheodurus (Lacertidae), Mesalina guttulata guttulata (Lacertidae) and Trapelus ruderatus blanfordi (Agamidae). Skin specimens were prepared and investigated by using scanning electron microscopy. The microornamenation of the examined species exhibited different pattern in the same microhabitat. Variety was observed in the two related species, having a common family, Lacertidae. Whereas, Agamaidae sp. showed different pattern of microstructures. So, we conclude that there are other factors, which influence scale surface structures not only with microhabitat.
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			Introduction

			The scale morphology of reptiles varies greatly among species. In crocodilian, keeled scales with a central, elevated corneous ridge showed minor overlapping (Alibardi and Thompson, 2000, 2001, 2002; Alibardi, 2003, 2006a, b; Alibardi and Toni, 2006). Keeled scales were also observed in some armored agamid lizard, Lacerta angilis, L. viridis, L. praticola and Cerastes cerastes (Arnold, 2002; Rocha-Barbosa and Moraes a Silva, 2009; Allam et al., 2016). In squamates, the non-overlapping scales are present on the heads of snakes and lizards although, the most frequently occurring scales are the overlapping scales, which have distinct outer and inner surfaces. Scales with ridges are found on the back of skink or the neck of anole, while the round scales (tuberculate scales) are present on the sides of the body of the green iguana (Alibardi, 1996; Chang et al., 2009).

			The scales of squamates are covered by the oberhaϋhtchen forming the outer surface of the scale. The outer layer of the oberhaϋhtchen showed a complex microscopical structures (Leyding, 1872, 1873). The oberhaϋhtchen are folded structures producing ridges on the scale surface (Harvey, 1993). The overall structures and features of the oberhaϋhtchen surface and epidermal folding is termed microornamentation (Ruibal, 1968; Arnold, 2002) or microstructure (Perret and Wuest, 1983; Allam and Abo-Eleneen, 2012; Allam et al., 2017).

			Many authors have studied the microornamentation of squamate scales on the dorsal body with the help of scanning electron microscopy showing their functional significance (Peterson and Bezy, 1985; Renus et al., 1985; Bea, 1986; Bowker et al., 1987; McCarthy, 1987; Stille, 1987; Bezy and Peterson, 1988; Irish et al., 1988; Vaccaro et al., 1988; Chiasson and Lowe, 1989; Lang, 1989; Price and Kelly, 1989; Renus and Gasc, 1989; Harvey, 1993; Harvey and Gutberlet, 1995; Arnold, 2002; Gower, 2003; Allam and Abo-Eleneen, 2012) .

			Although microornamentation did not correlate closely with known environmental parameters (Price, 1982; Peterson, 1984a, b), several studies correlated the function of the microornamentation with ecological variation. Gower (2003) found close relationship of microornamentation with general ecology. Crowe-Riddell et al. (2016) concluded that the microstructure features of the scales may be the result of direct adaptation pressures and could be reliable indicators of interspecific relationships. On the contrary, Price (1982) reported that microornamenation structures reflect the phylogenetic relationship, rather than environmental or habitat impacts and there was no evidence of correlation between microornamenation and habitat or environment.

			In spite of these extensive studies, no assessment of the evolution of the different patterns of microornamenation have been made. In lacertid, there are only a few studies on microornamenation (Bryant et al., 1967; Peterson, 1984a; Bowker et al., 1987). Harvery and Gutberlet (1995) supported some phylogenetic utility of outer surface of scales. Arnold (2002) investigated briefly the microornamenation of some lacertid lizard explaining the variation in microornamenation morphology through the phylogenetic and functional analysis. The present study was aimed to show the variation and adaptation of microornamenation of the superficial surface of scales of three different lizard species inhabiting similar habitat establishing the hypothesis that the pattern of lizard scales have no association with habitat.

			Materials and methods

			The procedures conducted were in accordance with the standards set forth in the guidelines for the care and use of experimental animals by the Committee for the Purpose of Control and Supervision of Experiments on Animals by The National Institutes of Health (NIH). Three adult specimens of three lizard species were investigated. The specimens captured during spring of 2015-2017 from Majmaaha district, Kingdom of Saudi Arabia (KSA). The specimens were anesthetized by inhalation anesthetics (Bertelsen, 2007). Skin samples from the mid-dorsal region were washed with distilled water to remove any impurities. The skin samples were left to dry at room temperature. Samples were fixed in 4% glutaraldehyde and washed in 0.1M cacodylate buffer and postfixed in a solution of 1% osmium tetraoxide at 37°C for 2h. This procedure followed by dehydration, critical point drying and platinum-palladium ion sputtering. The specimens were examined under a scanning electron microscope JEOLJSM 6510 lv using different magnifications.

			Acanthodactylus opheodurus (Arnold, 1980), the striped fringe-toed lizard is widespread in Kingdom of Saudi Arabia inhabiting open desert rocky terrain. These lizards have a basic back pattern consisting of five dark stripes. The dark vertebral stripe extends simple (unforked) from hind limbs to occiput in females. Mesalina guttulata guttulata (Lichtenstein, 1823), seen on the lower slopes of rocky escarpments. It has two disconnected dorsal lines on both sides of vertebral line; possessing irregular black blotches with white ocelli. The ventral side is bluish gray. Tail may have dark vertebral bars on the sides. The female small-spotted lizard has a proportionately longer body and slightly smaller head than the male. Preanal plate are large in males, smaller in females, bordered by two semicircles of small plates. Trapelus ruderatus blanfordi (Blanford, 1881), Anderson’s Agama, is common in different habitats in KSA. When approached, these lizards displayed their blue chin. It has a large triangular head. It appears light gray with dark specific lines on the back. Dark brown rings characterize the tail which are interrupted by light vertebral spots. This pattern is sometimes indistinct in males. Males have light blue cast on chin (at least seasonally). Throat seems pink in females though males have longitudinal gray stripes.

			Results

			In A. opheodurus, the dorsal scales are tough and keeled. They are triangular arranged in longitudinal rows with dorsal and lateral overlap. The posterior edge is raised (Fig.1A). The dorsal scale surface appears graded (strap-shaped) (Fig.1B). Its posterior border is slightly raised without denticulation (the posterior border is straight). In addition, large number of pits observed. At high magnification, the scale surface display indefinite structures, hair-like and papilla (Fig.1B, C).

			In M. guttulata guttulata, the dorsal scales are smooth, polygonal and Juxtaposed in regular transverse rows without raised posterior edge (Fig.1D). The dorsal scale surface is broad graded (strap-shaped) (Fig.1E). Its hind margin projects backward to overlap the cell behind. The posterior edge of the strap-shaped appears notched (Fig.1F). At high magnification, many “minute” pits observed (Fig.1F).

			In T. ruderatus blanfordi, the dorsal scales are rough and keeled (Fig.1G). They arrange in oblique rows with lateral and dorsal overlapping. The posterior edge margin projects upward at a steeper angle (Fig.1J). The dorsal scale surface is graded (strap-shaped) (Fig.1H). Its posterior border is wavy. At high scale, micro-villi, papillae, pustules and multiple deep pits observed (Fig.1J, K).

			Discussion

			In lizards and snakes the microstructure and microornamenation plays an important role in intraspecific and interspecies variations associated with the ontogeny, scales and habitat (Gower, 2003; Roch-Barbosa and Moraes e Silva, 2009; Allam and Abo-Eleneen, 2012).

			T. ruderatus blanfordi feeds on insects and invertebrates inhabiting different habitats. The micro-villi, papillae, pustules and multiple deep pits are observed on the dorsal scale surface. In contrast no microstructures or microornamenation was found on the S. stellio a primitive agama lizard which lives in mountainous area of the desert (Baig et al., 2012; Allam et al., 2017).

			A. opheodurus, inhabits open desert rocky terrain. The superficial layer of scales appear (strap-shaped) and wavy without denticulation. In addition, large number of pits, indefinite structures, hairs and papilla were observed. In A. boskianus a hay-like structures and a large number of pits were seen. The hay-like structures enable it to live under the hay where it is densely distributed in vegetated deserts (Allam et al., 2017).
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			Fig. 1. Scanning electron photomicrographs of scale ornamentation in lizards. A, shows the keeled scales of mid-dorsal trunk skin of Acanthodactylus opheodurus (15x); B, shows the pits on the outer surface of mid-dorsal trunk skin scales of A. opheodurus (3000x); C, shows indefinite structures, hair-like and papilla on the outer surface of mid-dorsal trunk skin scales of A. opheodurus (10000x); D, shows the outer surface of mid-dorsal trunk skin scales of Mesalina guttulata guttulata (500x); E, shows the outer surface of mid-dorsal trunk skin scales of M. guttulata guttulata (1000x); F, shows the minute pits on the outer surface of mid-dorsal trunk skin scales of M. guttulata guttulata (10000x); G, shows the keeled scale of mid-dorsal trunk skin of Trapelus ruderatus blanfordi (150x); H, shows the outer surface of mid-dorsal trunk skin scales of T. ruderatus blanfordi (500x); J, shows the microstructure of mid-dorsal trunk skin scales of T. ruderatus blanfordi (5000x); K, shows the microstructure of mid-dorsal trunk skin scales of T. ruderatus blanfordi (30000x).

			M. guttulata guttulata is usually seen on the lower slopes of rocky escarpments. Its dorsal scale surface is broad graded (strap-shaped) with posterior notched border. In addition, pits were observed. The dorsal scale surface of M. guttulata guttulata resembles with those of Lacerta monticola cantabrica (Arnold, 2002) which inhabit the rocky habitat but has no pits on the scale surface.

			Generally, the scale surface of M. guttulata guttulata is smoother than the two other species which are without microvilli, papillae, hair-like and deep pits. The differences in microornamenation allowed a functional interpretation (Stewart and Daniel, 1973). In uropeltid snakes, the smooth scales minimized the friction when burrowing (Gans and Baic, 1977). The smooth scales of laticaudine (sea snakes) reduced the possibility of the skin being colonized by marine algae and other organisms (McCarthy, 1987). Whereas, the very rough scale of surface on the tail of uropeitid snakes encouraged the accumulation of a plug of earth which helps in preventing predators following the snakes in their burrows (Gans and Baic, 1977). Conversely, a complex microornamenation on the body and tail were potentially likely to increase locomotry friction. The dorsal body scales of lizard appeared smoother in their exposed areas (Irish et al., 1988; Maderson et al., 1998).  As strong microornamenation were absent on the most exposed parts of the body scales of lacertids, it is unlikely to have much importance in gaining creep because it depends on limbs for locomotion. However, general smoothness may permit significant reduction in friction when passing through vegetation or through narrow cavities. In most skinks, which frequently retreats into very narrow crevices relatively smooth scales were noticed (Harvey and Gutberlet, 1995).

			In squamata, skin roughness creates more friction allowing undulating locomotion (Hazel et al., 1999; Jayne, 1986; Gasc and Gans, 1990) which requires ventral skin to provide high, directional friction in order to support forward motion, and slide along the substrate (Hu et al., 2009). Baeckens et al. (2019) demonstrated that the roughness increases with body size in A. cristatellus.

			A relatively smooth scale surface limits such adhesion and permits dirt to wipe off easily. The scales in Adolfus alleni and Holapis allows them to brush against objects in their environment. In contrast, dirt particles are likely to settle down in the concavities of complex microornamenation in Psammodromus algirus, Ichnotropis and Ophisops (Arnold, 2002). In geckos, the rough surfaces enable self-cleaning (Watson et al., 2015).

			A complex microornamenation were found on the dorsal scales of three different species of lizards Takydromus, Gastropholis tropidopholis and Poromera which climbe extensively in vegetation matrices and are out of contact with ground much of the time (Arnold, 1987). In Mauritian skink, more three- dimensional microornamenations tend to produce coherent reflection (Arnold, 2002).

			In the three examined species, the surface of dorsal scales appeared as strap-shaped as shown by Stewart and Daniel (1973) in some Anguids; by Stewart and Daniel (1975) and Peterson (1984a) in Sphenodon; by Peterson and Bezy (1985) in Xantusiid lizard; by Harvey and Gutberlet (1995) in gerrhosaurids; by Maderson et al. (1998) in Lepidosaurian, and by Arnold (2002) in Lacerta monticola cantabrica.

			In the present study, the pits are minute and highly dispersed in M. guttulata guttulata whereas, in A. opheodurus and T. ruderatus blanfordi are large and deep. Many investigations have revealed that the low level of pitting is a primitive state in the lacertidae (Stewart and Daniel, 1975; Peterson, 1984a; Peterson and Bezy, 1985; Vaccaro et al., 1988). Some partly aquatic natricine snakes, have pores on their dorsal body scales that exude lipids that collect in hollows in the scale helping the skin waterproof (Chiasson and Lowe, 1989). In Pseuderemias and Pedioplanis undata, the dense pitting is mostly found in dry habitat where adhesion is less of a problem because pitted surface are more prone to hold dirt Arnold (2002). Moreover pitting makes epidermis less producer by reducing the amount of B-keratin needed.

			In the strap-shaped cells, the hind cell margin projects backward to overlap the cell behind in M. guttulata guttulata while in A. opheodurus it is slightly raised but projects upward at a steeper angle in T. ruderatus blanfordi. Lizards occupying relatively mesic area showed strong raised posterior cell edge (Arnold, 1987, 1989, 2002),  whereas, in Teiioidea which live in moderate temperature areas the posterior cell edges are not markedly raised (Stewart and Daniel, 1975; Peterson, 1984a; Peterson and Bezy, 1985; Vaccaro et al., 1988). The shine is greatly reduced at steeper angles compared with forms with primitive microornamenation in many predator lizards (Arnold, 2002).

			In the present study, the scales of T. ruderatus blanfordi and A. opheodurus are rough and keeled whereas in M. guttulata guttulata, the scales are smooth without keeling. In Lacerta angilis, L. viridis and L. praticola (lacertidae lizard), the keeled scales were detected on the dorsal surface, while they disappeared on the sides of the body to limit shine (Arnold, 2002). The keeled scales could be adaptation linked to the stress produced by desert habitat (Rocha-Barbosa and Moraes a Silva, 2009). In addition, the rough and keeled scales were detected in Cerastes cerastes inhabiting dry, sandy areas with sparse rock outcroppings areas (Allam et al., 2016).

			In gecko which is nocturnal feeding on insects, hairs, papilla and microvilli-like structures were observed on the dorsal scale surface (Allam et al., 2017).  In Algyroides, the pustules interfere with coherent reflection from scale surface. Denticulation abundantly developed in Gallotia stehlini showing the same effect of pustules in Algroids  (Arnold, 2002).

			Conclusion

			In conclusion, the smooth surface of scales in Mesalina guttulata guttulata permits hiding in shallow holes in the hard ground and easy escape from spiders (Latrodectus, Theridiidae) preying on lizards and Psammophis schokari which are considered as possible predators. The predation by a shrike (Lanius sp.) on the lizard M. adramitana is being reported for the first time. In T. ruderatus blanfordi and A. opheodurus, the scale surface is rough and keeled with strap-shaped cells to limit the shine. The latter two species are found on ground not in holes so pitting is dispersed on the surface of the scales where adhesion is less. In addition, papillae, pustules and indefinite structures tend to produce coherent reflection.
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The outer surfaces of scales have provided significant adaption and functional value in lizards. In thiKey words
paper, we examined the microornamenation of the outer surface of the dorsal scales from the mid'bOdMicroomamenation Scale. Lizard

region of Acanthodactylus opheodurus (Lacertidae), Mesalina guttulata guttulata (Lacertidae) an
Trapelus ruderatus blanfordi (Agamidae). Skin specimens were prepared and investigated by usin
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that there are other factors, which influence scale surface structures not only with microhabitat.
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INTRODUCTION

he scale morphology of reptiles varies greatly among

species. In crocodilian, keeled scales with a central,
elevated corneous ridge showed minor overlapping
(Alibardi and Thompson, 2000, 2001, 2002; Alibardi,
2003, 2006a, b; Alibardi and Toni, 2006). Keeled scales
were also observed in some armored agamid lizard,
Lacerta angilis, L. viridis, L. praticola and Cerastes
cerastes (Arnold, 2002; Rocha-Barbosa and Moraes a
Silva, 2009; Allam ef al., 2016). In squamates, the non-
overlapping scales are present on the heads of snakes and
lizards although, the most frequently occurring scales are
the overlapping scales, which have distinct outer and inner
surfaces. Scales with ridges are found on the back of skink
or the neck of anole, while the round scales (tuberculate
scales) are present on the sides of the body of the green
iguana (Alibardi, 1996; Chang et al., 2009).

The scales of squamates are covered by the
oberhathtchen forming the outer surface of the scale.
The outer layer of the oberhabhtchen showed a complex
microscopical structures (Leyding, 1872, 1873). The
oberhavhtchen are folded structures producing ridges on
the scale surface (Harvey, 1993). The overall structures
and features of the oberhavhtchen surface and epidermal
folding is termed microornamentation (Ruibal, 1968;
Arnold, 2002) or microstructure (Perret and Wuest, 1983;
Allam and Abo-Eleneen, 2012; Allam et al., 2017).

Many authors have studied the microornamentation
of squamate scales on the dorsal body with the help of
scanning electron microscopy showing their functional
significance (Peterson and Bezy, 1985; Renus ef al., 1985;

Copyright 2022 Zoological Society
Bea, 1986; Bowkerof/Pakijst®87; McCarthy, 1987; Stille,
1987; Bezy and Peterson, 1988; Irish et al., 1988; Vaccaro
et al., 1988; Chiasson and Lowe, 1989; Lang, 1989; Price
and Kelly, 1989; Renus and Gasc, 1989; Harvey, 1993;
Harvey and Gutberlet, 1995; Arnold, 2002; Gower, 2003;
Allam and Abo-Eleneen, 2012) .

Although microomamentation did not correlate
closely with known environmental parameters (Price,
1982; Peterson, 1984a, b), several studies correlated
the function of the microornamentation with ecological
variation. Gower (2003) found close relationship of
microornamentation with general ecology. Crowe-Riddell
et al. (2016) concluded that the microstructure features
of the scales may be the result of direct adaptation
pressures and could be reliable indicators of interspecific
relationships. On the contrary, Price (1982) reported that
microornamenation structures reflect the phylogenetic
relationship, rather than environmental or habitat impacts
and there was no evidence of correlation between
microornamenation and habitat or environment.

In spite of these extensive studies, no assessment of the
evolution of the different patterns of microornamenation
have been made. In lacertid, there are only a few studies
on microornamenation (Bryant er al., 1967; Peterson,
1984a; Bowker et al.,, 1987). Harvery and Gutberlet
(1995) supported some phylogenetic utility of outer
surface of scales. Arnold (2002) investigated briefly the
microornamenation of some lacertid lizard explaining
the variation in microornamenation morphology through
the phylogenetic and functional analysis. The present
study was aimed to show the variation and adaptation of
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