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			ABSTRACT

		

		
			The objective of this study was (1) to study gross morphological, osteometric and clinical important landmarks in the skull of adult Chinkara to obtain baseline data and (2) to study sexual dimorphism in male and female adult Chinkara through osteometry. For this purpose, after performing postmortem examination, the carcass of adult Chinkara of known sex and age was buried in the locality of the Manglot Wildlife Park and Ungulate Breeding Centre, Nizampur, Pakistan, after a specific period of time the bones were unearthed. Gross morpohological features and various osteometric parameters of the skull were studied in the University of Veterinary and Animal Sciencies, Lahore, Pakistan. The shape of the Chinkara skull was elongated and had thirty two bones. The skull was comprised of the cranial and the facial part. The facial region of the skull was formed by maxilla, incisive, palatine, vomar, pterygoid, frontal, parietal, nasal, incisive, turbinates, mandible and hyoid apparatus. The bony region of the cranium of Chinkara was comprised of occipital, ethmoid, sphenoid, interparietal, parietal, temporal and frontal bone. The foramina identified in the facial region of the skull of Chinkara were, infraorbital, supraorbital foramen, lacrimal, sphenopalatine, maxillary and caudal palatine foramina. The foramina of the cranium of the Chinkara skull were the internal acoustic meatus, external acoustic meatus, hypoglossal canal, transverse canal, sphenorbital fissure, carotid canal, foramen magnum, stylomastoid foramen, foramen rotundum, foramen ovale and jugular foramen, and the rostral and the caudal foramina that formed the pterygoid canal. The measured craniometric parameters did not show statistically significant differences (p>0.05) between male and female adult Chinkara except palatine bone, OI, DO, IOCDE, OCT, ICW, IPCW, and PCPL were significantly higher (p>0.05) in male than female Chinkara and mean values of the mandibular parameters except b and h were significantly (p< 0.5) higher in male than female Chinkara. Sexual dimorphism exist in some of the orbital and foramen magnum parameters, while high levels of sexual dimorphism identified in mandible. In conclusion, morphocraniometric studies of Chinkara skull made it possible to identify species specific skull and use clinical measurements during practical application.
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			Introduction

			The Chinkara (Gazella bennettii) is an ungulate species of antelope innate of the Indian subcontinent, described by (Groves, 1969), as sandy or tawny coloured body; midface dark chestnut; ears are dark sandy grey; nosespot, if present, rather smudgy; light face-stripes off-white, not extending above eyes, dark ones deep red. Ear reaches about halfway towards muzzle. More heavily built: male weighs about 23 kg, female 15-18 kg, for a height of 58-61cm (Mallon, 2008). Horns in male are rather straight, their tips slightly outturned, rings more prominent than in other species of this group; in female, fairly long and well-formed horns are present. They range  up to 1500 meters altitude in Pakistan. They occupy Kavir national park in Iran (Mallon and Kingswood, 2001). In 2001, the population of Indian Chinkara was projected 0.1 million along with eighty thousand existing in the desert of Thar. While in Pakistan the population of Chinkara was dispersed and was lessened in the result of shooting. In Iran, the population of this species was disjointed.  Among the wild ungulates of Pakistan, only the morphological and radiographic features of the tarsal bones are studied.

			Von den Driesch (1976) published measuring point’s guidelines to measure bone from sets (Plug, 2014) stated bone size measurements, in animals of similar size, often overlap, but the gross morphological features still differentiates between the species. Comparative skeletal gross anatomy and morphometry makes researchers to differentiate between closely related species (Brink, 2005). Animal gross morphological features show the significant dissimilarity with respect to age, breed, sex, environmental factors and nutritional condition among others. The measurements of these factors are important symbols for comparison. A lot of biometrical studies have been carried out in line to obtain a more objective genetic assessment, (Kunzel et al., 2003; Brombin et al., 2009). These metrical data are significant in anthropology (Bokonyi, 1974), regional anesthesiology (Olopade and Onwuka, 2005), taxonomy (Habel, 1982) and comparative gross anatomical and histological descriptions between and within breeds (Olopade et al., 2006). Bones can modify due to diverse lifestyles (Niven et al., 2004; Plug, 2014), which causes size modifications in a species (Soper, 2002). The skeletal system has been commonly used and still being using for the description of diverse species of animals, including humans (Guintard and Lallemand, 2003). This is because most of the parameters considered such as shape, height, length and size are easily accessible in the skeleton. On the basis of anatomical and osteometrical features species with distinct sexual dimorphism can be applied for estimation of sex ratio by sexing individual bones (Prummel and Frisch, 1986).

			 The head is a significant region for animals; therefore a gross morphological and radiographic investigation on the skull has been comprehensively studied. Most structures and vital organs as the brain, eyes, nose, tongue, ear, lips, horns, mouth and skull are located in the head region. Also, the health status of an animal depends on the normal functions of these vital organs (Olopade and Onwuka, 2003). The regional anatomy of the head region is needed for coordination, olfaction, deglutition and defiance of the body (Dyce et al., 2002; Olopade, 2003), particularly, the foramina in the skull bones are very helpful for clinical approach, surgical aspect and regional anesthesia. In the best of our knowledge, this was the first report on the morphology and regional clinical anatomy of the skull of adult Chinkara. Therefore, the aim of this study was planned to provide complete and comprehensive data on gross morphological, osteometric and clinical important landmarks in the skull of adult Chinkara to obtain baseline data and to study sexual dimorphisum in male and female adult Chinkara though osteometry.

			Materials and methods

			This study was assumed within the framework of Ph. D. Research. The study samples were collected from the Manglot Wildlife Park and Ungulate breeding center Nizampur, KPK, Pakistan. Manglot Wildlife Park and Ungulate breeding center park spread over about 1,756 acres, a natural sanctuary for wildlife, were established in 1990 near the Indus River in Nizampur, Nowshera, Khyber Pakhtunkhwa, Pakistan. The wild animals of the park include the Chinkara, hog deer, Black buck, Urial, Chital, common leopard, wolf, wild boar, jackal, porcupine and hare. The aims of this wildlife sanctuary are to conserve endangered species in a semi captive-breeding scheme like Chinkara, hog deer, Black buck, Urial and Chital and reintroductions of antelopes, when the population of these animals increases, into their former ranges to reverse the declining trend. In wild, wild life employees identify their presence through the presence and shape of fecal material. However, shape of fecal material modifies due to environmental conditions and thus specific species and sex identification impossible and to monitor the highest mortality rate in the form of male and female and type of wild herbivores. The skeletal remains are a main source for identification of an animal. In a wild environment their identification of their remains was difficult as the osteomorphological and osteometric features of these animals are not established. It is worthy to mention here, this area also provides grazing and browsing area for small ruminants and cattle. The Osseous remains of these antelopes are often encountered, but their specific identification poses considerable problems. To outcome this problem, this study was designed, Skull specimens were collected from 2014 to 2018 after natural mortality in a semi captive-breeding. The age and sex of the Chinkara were confirmed at the time of postmortem examination. After post mortem examination, skin was removed for stuffing purpose and the remaining carcass was buried in the park premises to obtain skull specimens. After elapse of 4 to 5 months specimens of the skull of each male and female Chinkara were unearthed. Subsequently, the specimens were put into clean, hot water for maceration and softening in a large aluminum container and were sun-dried subsequently for two to three days. After collection of all the required bones, they were kept in isolated boxes. The gross morphological and craniometric readings were measured according to (Von Den Driesch, 1976; Zedda et al., 2006; Chrószcz, 2007) at the University of Veterinary and Animal sciences, Lahore, Pakistan.

			Osteometric measurements

			The dimensions analyzed were: 

			Skull parameters

			Skull length, Skull width, Skull/Cephalic index (SI = Skull length / Skull width x 100) Supraorbital foramina distance, Distance between orbital rim to supraorbital foramina, Infraorbital foramina distance to orbit, Diameter of Infraorbital foramina, Distance from the process of the alveolar socket of canine tooth to the infraorbital canal, Infra-orbital canal to the root of alveolar tooth and between infraorbital foramina to the orbital rim (Figs.1, 2).

			[image: ]

			Fig. 1. Orbit length (a), orbital width (b), maxilla length (c) and width (d), lacrimal bone length (e), lacrimal bone width (f), infra-orbital canal to the root of alveolar tooth (g), incisive bone Width (h) incisive bone length (i) and nasal bone length (j). 
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			Fig. 2. Length of palatine bone (a), width of palatine bone (b), skull width (c) height of the foramen Magnum (e) and width of the foramen magnum (f).

			Orbital parameters

			Orbital parameters analyzed were (Fig.1): orbit height (LO), orbit length (WO), orbital depth (DO), orbital index (OI = Orbital length / Orbital breadth x 100), interorbital interval at different points: i) at rostral extent. (IORE) ii) at central extent (IOCE) iii) at the caudal extent (IOCDE).

			Nasal parameters

			Length of nasal bone, width across nasal bone.

			Foramen Magnum parameters

			Foramen Magnum parameters analyzed were (Figs.2, 3): height of the Foramen Magnum (FMH), width of the Foramen Magnum (FMW), Thickness of the occipital condyle (OCT), width of the intercondylar bones (ICW), width of the interparacondylar bones (IPCW), length of the paracondylar process (PCPL).
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			Fig. 3. Width of the foramen magnum (a), width of the Intercondylar bones (b), height of occipiatal bone (c) and width of occipital bone (d).
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			Fig. 4. Mandilbe of adult chinkara showing Interval from lateral alveolar root to the mental foramen (a), mental foramen (b) and space from mental foramen to the caudal mandibular border (c).

			Mandibular parameters

			Mandibular parameters analyzed were (Figs.4, 5): interval from lateral alveolar root to the mental foramen (a), distance between mental foramen and caudal mandibular border (b), mandibular length (c), distance between mandibular foramen to the base of the mandible (d), Space between the caudal border of mandible to below mandibular foramen (e), condyloid fossa to the height of the mandible (f), maximum mandibular height (g), condyloid fossa to the base of the mandible (h).

			The measurements were repeated three times by two independent observers, and the mean values were recorded. The bones were described using the terminology given by World Association of Veterinary Anatomists (2012).

			Statistical design

			All anatomic values were expressed as the mean±standard deviation (SD) and means between male and female were compared with student t-test. Analysis of data was conducted with SPSS version 20.0 and differences were considered significant at P < 0.05.

			Results

			In this section, we described the main features of the adult Chinkara skull collected from the same region and the entire studied specimens were fresh. This report at the best of our knowledge is first and the most comprehensive in the literature on the skull of adult Chinkara. 

			External morphology of the skull

			The shape of the Chinkara skull was elongated and had thirty two bones. The skull was comprised of the cranial and the facial parts. 

			The bones of the facial part of the skull

			This bony region of the skull was formed by maxilla and incisive (premaxilla) in lateral aspect, palatine, vomar and pterygoid in the ventral aspect, frontal, parietal, nasal and incisive bones in dorsal aspect, turbinates, mandible and hyoid apparatus in ventral aspect (Figs.6, 7). The lower jaw (mandible) was articulated with the skull by synovial joints and all the remaining bones of the skull except the mandible were immovably firmly united with the help of sutures (suturae) joint. Moreover, the hard palate and choana were present on the ventral side of the skull (Fig.7). The frontal bone had a prominent cornual process and extend caudal to the frontal process of the horns (Fig.6), whereas, the dorsal surface of skull beyond the cornual process was formed by the parietal bone. The horizontal plate of the palatine bone was narrow and present on the ventral aspect (Fig.7).
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			Fig. 5. Mandilbe of adult chinkara showing mandibular length (a), mandibular foramen to the base of mandible (b), caudal border of mandible to below mandibular foramen(c), condyloid fossa to the base of the mandible (d), condyloid fossa to the height of the mandible (g) and maximum mandibular height (e).
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			Fig. 6. Dorso-lateral view of the skull of male chinkara showing incisive bone (1), nasal process of incisive bone (2), maxilla bone (3), infraorbital foramen (4), parietal bone facial tuberosity (5), lacrimal (6), nasal process (7), nasal bone (8), orbital rim (9), cornual process of frontal bone (10), zygomatic bone (11), zygomatic arch (12), temporal fossa (13), tympanic bulle (14), paracondylar process (15) and orbit (16).

			The foramina of the facial region

			The foramina identified dorsally in the facial part of the skull of Chinkara were, the infraorbital, supraorbital and lacrimal foramina and rostrally maxillary, sphenopalatine and caudal palatine foramina, these rostral foramina were placed in the pterygopalatine fossa (Fig.6).

			The infra-orbital foramen was small, oval shaped, located in maxilla bone dorsally and oriented rostrally at the level of 2nd cheek tooth (Fig.6). The supraorbital foramen was positioned in the frontal bone in the supraorbital groove of the medial brim of the orbit (Fig.6). The supra-orbital foramen penetrated the root of the zygomatic process and opened into the orbit. The ethmoidal foramen was positioned completely in the frontal bone and was located through the coincidence of the orbital ramus of frontal bone and presphenoid wing of the spheniod bone. The diameter of ethmoidal foramen was smaller than optic foramen and orbitorotundum. The orbit through ethmoidal foramen, optic foramen and foramen orbitorotundum linked with the cranial cavity. The round foramen and orbital fissure unite to form foramen orbitorotundum. The minor palatine foramens were present completely on the horizontal process of the palatine bone while the major palatine foramina were located on the intersection of horizontal plate of palatine bone and the palatine process of maxilla (Fig.7).
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			Fig. 7. Ventral view of the chinkara skull showing incisive bone (1), palatine fissure (2), maxillary process of palatine bone (3), major palatine foramen(4), horizontal palate of palatine bone (5), hamalus of pteygoid bone (6), sphenoid of palatine bone (7), oval foramen (8), tympanic bulla (9), zygomatic arch (10), molar bone (11), alveoli (12) foramen magnum (13), vomar bone (14), paracondylar process(15) and muscular process (16).

			The bones of the cranial region

			The bony region of the cranium of Chinkara was comprised of sphenoid, occipital, ethmoid, parietal, interparietal, temporal and frontal bone (Figs.6, 7, 8). The occipital bone consisted of two occipital condyles and formed the ventral part of the nuchal surface (Fig.8) and nuchal crest. The temporal bone also contributed in the formation of the nuchal crest, lateral to the paramastoid process (Fig.9). The paramastoid processes were thin, prismatic shaped and had projected ventrally (Figs.6, 7, 8). The ethmoid bone was wedged between the nasal and cranial cavity. the ethmoid bone was sutured with the presphenoid caudally, with vomer and palatine rostro-ventrally and with the frontal bones dorso-rostrally (Figs.6, 7). The parietal bone enters into the formation of the roof of the cranial cavity and its dorsal part formed the extension of the frontal sinus. 
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			Fig. 8. Caudal view of the chinkara skull showing parietal bone (1), nuchal crest (2), external occipital protruberance (3), zig zag suture joint (4), paracondylar process (5), lateral part of the occipital bone (6), occipital crest (7), occipital condyle (8) and mastoid process (9).
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			Fig. 9. Lateral view of the chinkara skull showing tympanic bulla (1), external acoustic meatus (2), temporal fossa (3), oval foramen (4), spheniod bone (5), orbit (7) and alveolar border (8).

			Orbit

			The orbits were oval in shape, complete, formed by the zygomatic, frontal, and lacrimal bone and placed rostro-laterally; the highest share in the development of the bony orbit was predominantly by the frontal bones tailed by the zygomatic and the lacrimal. The orbital rim was nearly circular in shape (Figs.6, 9).

			The foramina of the cranial region

			The foramina of the cranial region of the skull of the Chinkara were the internal acoustic meatus, external acoustic meatus, hypoglossal canal, transverse canal foramen, sphenorbital fissure, carotid canal, foramen magnum, stylomastoid foramen, foramen ovale, foramen rotundum and jugular foramen, and the caudal and the rostral foramina that molded to form pterygoid canal. The foramen magnum (foramen occipital magnum) was large and roughly oval in shaped (Figs.7, 8). The oval foramen was present in the sphenoid bone. The ventral surface (Figs.7, 9) of the skull had foramen oval and present entirely in the sphenoid bone.

			Gross morphology of the mandible

			In the present study, it was observed that the mandibular symphysis (Fig.10) remained unossified in adult Chinkara. Slightly lateral curvedness was noted in the distal portion of the ramus (pars molaris) of the mandible of Chinkara. It was noted that the rostral (incisive) region of the body of mandible remains elevated from the ground surface in Chinkara. The alveolar border (limbus alveolaris) of the incisive part had three alveoli for incisor teeth and one for canine on each side in adult Chinkara (Fig.11). The molar region of the body had alveoli for six cheek teeth (three premolar and three molar teeth) and for each cheek teeth two alveoli were observed except last cheek teeth had three alveoli in Chinkara (Fig.10). On lateral surface (Fig.11) merely one mental foramen (foramen mentale) caudal to the base of the incisor tooth, was notified. The mandibular tuberosity (Fig.11) was observed on the lateral surface slightly caudal and distal to last molar teeth in Chinkara. In adult Chinkara, the ventral border of the body of the mandible was thick, smooth and convex in length (Fig.11). The caudal and perpendicular part of the mandible (ramus), was the non-tooth bearer part (Fig.10). The dorsal articular surface (caudal extremity) was comprised of the coronoid process and the condylar process with the paramount notch. The coronoid process of the ramus forms the highest point of the bone (Fig.11). 
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			Fig. 10. Medial view of the mandible of adult Chinkara showing alveolar sockets for incisors (1), first premolar (2), molar (4), mandibular foramen (5), coronoid process (6) and posterior border of ramus (7).

			[image: ]

			Fig. 11. Lateral view of the mandible of adult Chinkara showing mental foramen (1), first premolar (2), premolar (3, 4), molar (5), mandibular tuberosity (6), mandibular angle (7), coronoid process (8) and condylar process (9).

			Table I.- Measurements (cm, Mean±SD) of skull parameters of adult Chinkara based on sex.

			
				
					
					
					
					
				
				
					
							
							
							Male

						
							
							Female

						
							
							P-value

						
					

					
							
							Skull length

						
							
							21.65±0.14

						
							
							19.22±0.11

						
							
							0.38

						
					

					
							
							Skull width

						
							
							7.64±0.54

						
							
							7.59±0.52

						
							
							0.91

						
					

					
							
							Skull/Cephalic index

						
							
							35.26±0.05

						
							
							39.49±0.09

						
							
							0.64

						
					

					
							
							Supraorbital foramina distance

						
							
							3.31±0.10

						
							
							3.35±0.94

						
							
							0.05

						
					

					
							
							Distance between orbital rim to supraorbital foramina

						
							
							1.72±0.07

						
							
							1.50±0.04

						
							
							0.14

						
					

					
							
							Infraorbital foramina distance to orbit

						
							
							4.45±0.05

						
							
							4.12±0.04

						
							
							0.82

						
					

					
							
							Diameter of Infraorbital foramina

						
							
							0.53±0.06

						
							
							0.39±0.02

						
							
							0.008

						
					

					
							
							Infra-orbital canal to the root of alveolar tooth

						
							
							1.36±0.06

						
							
							0.96±0.09

						
							
							0.05

						
					

					
							
							between Infraorbital foramina to rim

						
							
							3.10±0.14

						
							
							3.05±0.15

						
							
							0.96

						
					

				
			

			Table II.- Measurements (cm, Mean±SD) of orbital and foramen magnum parameters of the skull of male and female adult Chinkara.

			
				
					
					
					
					
				
				
					
							
							
							Male

						
							
							Female

						
							
							P-value 

						
					

					
							
							Lo

						
							
							3.77±0.12

						
							
							3.64±0.08

						
							
							0.29

						
					

					
							
							Wo

						
							
							3.42±0.11

						
							
							3.29±0.08

						
							
							0.36

						
					

					
							
							OI

						
							
							90.84±0.12

						
							
							90.16±0.10

						
							
							0.05

						
					

					
							
							Do

						
							
							2.34±0.18

						
							
							2.41±0.06

						
							
							0.01

						
					

					
							
							IORE

						
							
							5.80±0.10

						
							
							5.34±0.09

						
							
							0.71

						
					

					
							
							IOCE

						
							
							5.44±0.42

						
							
							4.51±0.96

						
							
							0.25

						
					

					
							
							IOCDE

						
							
							8.25±0.62

						
							
							7.31±0.16

						
							
							0.00

						
					

					
							
							FMH

						
							
							1.65±0.04

						
							
							1.49±0.07

						
							
							0.12

						
					

					
							
							FMW

						
							
							1.75±0.11

						
							
							1.79±0.05

						
							
							0.15

						
					

					
							
							FMI

						
							
							89.64±0.04

						
							
							87.19±0.04

						
							
							0.20

						
					

					
							
							OCT

						
							
							1.52±0.17

						
							
							1.28±0.05

						
							
							0.05

						
					

					
							
							ICW

						
							
							4.46±0.20

						
							
							3.96±0.08

						
							
							0.04

						
					

					
							
							IPCW

						
							
							4.73±0.09

						
							
							4.31±2.19

						
							
							0.03

						
					

					
							
							PCPL

						
							
							2.70±0.27

						
							
							1.95±0.05

						
							
							0.001

						
					

				
			

			Orbit height (Lo), Orbit length (WO), Orbital index (OI), Orbital depth (Do), Interorbital interval at different points: i) at rostral extent. (IORE) ii) at central extent (IOCE) iii) at caudal extent (IOCDE). Height of the Foramen Magnum (FMH), Width of the Foramen Magnum (FMW), Index of foramen magnum (FMI), Thickness of the Occipital Condyle (OCT), Width of the Intercondylar bones (ICW), Width of the Interparacondylar bones (IPCW), Length of the Paracondylar Process (PCPL).

			Table III.- Measurements (cm, Mean±SD) of the facial bones of the skull of male and female adult Chinkara (n=20).

			
				
					
					
					
					
					
				
				
					
							
							Facial bones

						
							
							Male 

						
							
							Female

						
							
							P-value 

						
					

					
							
							Maxilla

						
							
							Lma

						
							
							1.25±0.12

						
							
							1.40±0.05

						
							
							0.09

						
					

					
							
							Wm

						
							
							1.47±0.16

						
							
							1.69±0.05

						
							
							0.08

						
					

					
							
							Premaxilla

						
							
							Lpm

						
							
							6.11±0.10

						
							
							5.09±0.14

						
							
							0.76

						
					

					
							
							Wpm

						
							
							3.77±0.08

						
							
							3.23±0.06

						
							
							0.80

						
					

					
							
							Lacrimal

						
							
							Lla

						
							
							1.25±0.12

						
							
							1.40±0.05

						
							
							0.04

						
					

					
							
							Wla

						
							
							1.47±0.16

						
							
							1.69±0.05

						
							
							0.08

						
					

					
							
							Nasal

						
							
							Lna

						
							
							5.96±0.22

						
							
							5.90±0.34

						
							
							0.52

						
					

					
							
							Wna

						
							
							1.41±0.06

						
							
							1.30±0.07

						
							
							0.39

						
					

					
							
							Palatine

						
							
							Lpa

						
							
							10.58±0.60

						
							
							9.16±0.24

						
							
							0.00

						
					

					
							
							Wpa

						
							
							2.83±0.22

						
							
							2.67±0.10

						
							
							0.01

						
					

				
			

			Length (Lma), Width (Wma), Length (Lpm), Width (Wpm), Length (Lla), Width (Wla), length (Lna), width (Wna), length (Lpa) ,Width (Wpa).

			Descriptive studies

			Various skull and mandibular parameters of both adult male and female Chinkara calculated were tabulated in TablesI, II, III and IV. Measurements of the facial bones of the skull of male and female adult Chinkara were tabulated in TableIII. The measured parameters did not show statistically significant differences (p>0.05) between male and female adult Chinkara except palatine bone. Various orbital parameters have been summarized in TableII. Descriptive statistics of the measured orbital parameters did not show statistically significant differences (p>0.05) between male and female adult Chinkara except Orbital Index (OI), Orbital depth (Do) and the Interorbital interval at the caudal extent (IOCDE). Foramen magnum parameters measured for male and female adult Chinkara were tabulated in TableII. The average mandibular values obtained in the current study were presented in TableIV. Mean values of the mandibular parameters except b and h were significantly (p< 0.5) higher in male than female Chinkara.

			Table IV.- Measurements (cm, Mean±SD) of the mandible of adult Chinkara (n=20).

			
				
					
					
					
					
				
				
					
							
							
							Male 

						
							
							Female

						
							
							LVS

						
					

					
							
							a

						
							
							1.58±0.29

						
							
							1.25±0.19

						
							
							0.03

						
					

					
							
							b

						
							
							12.03±0.24

						
							
							11.44±0.13

						
							
							0.09

						
					

					
							
							c

						
							
							14.18±0.48

						
							
							12.93±0.96

						
							
							0.00

						
					

					
							
							d

						
							
							2.66±0.18

						
							
							2.39±0.05

						
							
							0.00

						
					

					
							
							e

						
							
							1.54±0.08

						
							
							1.60±0.14

						
							
							0.00

						
					

					
							
							f

						
							
							2.62±0.05

						
							
							2.38±0.23

						
							
							0.00

						
					

					
							
							g

						
							
							8.21±0.33

						
							
							7.33±0.50

						
							
							0.01

						
					

					
							
							h

						
							
							5.75±0.25

						
							
							5.27±0.27

						
							
							0.67

						
					

				
			

			Lateral alveolar root to the mental foramen (a), mental foramen to the caudal mandibular border (b) Mandibular length (c) Mandibular foramen to base of mandible (d) Caudal border of mandible to below mandibular foramen (e) Condyloid fossa to the height of the mandible (f) Maximum mandibular height (g) Condyloid fossa to the base of the mandible (h).

			Discussion

			Literature on the gross morphological and osteometric descriptions of the skull of the Chinkara was not available. Morphological and morphometrical studies of the skeletal elements are used for assessment of animals’ age, identification of species, genetic and forensic exploration. In mammals, the skull is highly conservative, informative and adaptive structures, symbolized the most influential tool for biogeographic, phylogenetic and systematic studies afore the molecular investigations (Loy, 2007). In animals, specific parts of the skeletal system are often implied as reflective catalogues to define bodily proportions, physiological growth and confrontation to seasonal variations in food availability (Zanneśe et al., 2006b). Different researchers described the shape of the skull in different animals. In this research, the skull of adult Chinkara was elongated in shape analogous shape was narrated (Sarma, 2006) in kagani goat, (Ramswarup, 2011) in chital and (Choudhary et al., 2015) in blackbuck. While, in camels (Shahid and Kausar, 2005) reported that the skull was pentagonal in outline.

			The shape and location of the infra-orbital foramen and supraorbital foramen described in this study as in accordance to the observations (Parmar and Shrivastava, 2003) in chital and (Choudhary et al., 2015) in blackbuck, and (Bharti, 2016) in blue bull; whereas this study opposes the reports of (Nickel et al., 1973), in dog (Smuts and Bezuidenhout, 1987) in camel.

			The orbital shape of an animal defines the degree of visual field and the amount of shield gave to the eye and its contiguous tissue (Dyce et al., 2002). The gross morphology of the orbits of adult Chinkara was parallel to the reports of Sharma (2006) in Kagani goat and Choudhary et al. (2015) in blackbuck, while, contradiction to the current study was seen in reports of Taluja et al. (2000) in tiger, Getty (1975) in horse, Karimi et al. (2011) in Mehraban sheep and Prince et al. (1960) in dogs.

			The size, shape and location of the foramina identified in the facial region of the skull of Chinkara were analogous to reports of Parmar and Shrivastava (2003) and Choudhary et al. (2015) in blackbuck and Bharti (2016) in chital deer, but these conclusions were in disagreement with the findings of Smuts and Bezuidenhout (1987) in camel, and Joshi (2004) in tiger.

			Craniometric dimensions are used for the identification of species and finding of intraspecies variations (Yalçin and Kaya, 2009; Karimi et al., 2011; Sheremetyeva and Sheremetyev, 2008). The measured parameters of the facial bones of the skull did not show statistically significant differences (p>0.05) between male and female adult Chinkara except Palatine bone, which was in accordance with the findings in most of the craniometric dimensions in the Pyrenean chamois (Garcia-Gonzalez and Barandalla, 2002), in adult camels (Yahaya et al., 2012) and the goats found in the middle regions of Nigeria (Samuel et al., 2013), in which no marked sexual dimorphism was observed in most of the skull indices measured. In the present research, the skull length, skull width, and cephalic index were measured. Getty (1975) classical anatomist and Dyce et al. (2002) did not cite the measurements, they described the skull bones just morphologically in domestic animals, while, Yahaya et al. (2012) and Monfared (2013) cited that in camel. Cephalic/ skull index is an essential parameter in forensic medicine, anthropology and gender determinations (Lakshmi et al., 2015). Cephalic/skull index calculated in the current study in male and female adult Chinkara was 35.26±0.05 and 39.49±0.09, respectively, however, higher value of the skull index 66.05±0.05, 52.76±1.13 and 59.00±0.11 cm were reported in blue bull (Bharti, 2016), in Mehraban sheep (Karimi et al., 2011) and in blackbuck (Choudhary et al., 2015), respectively. The low skull index in the current investigation indicated the shape of the Chinkara skull was dolichocephalic, these findings were in line with the findings (Ramswarup, 2011) in chital, (Choudhary et al., 2015) in blackbuck and (Bharti, 2016) in blue bull, contrary to the current study, it was reported brachycephalic (Joshi, 2004) in tiger and mesaticephalic (Lieve et al., 2003) in dog. The cephalic/skull index described in this study, was on the basis of international anatomical description, depending upon this index, types of head shapes are: dolichocephalic (<75), mesaticephalic (75 to 83) and brachycephalic( > 83). The current study was in agreement to the reports of (Aragon et al., 1998) who reported that animals feed on woody shrubberies have shorter and broader crania than animals that feed mostly on herbaceous plants.

			In the current study, no bilateral variations were found in orbital parameters. These findings were consistent with the study of Olopade et al. (2011) in Nigerian local pig, however, in contrast to the studies of Choudhary et al. (2015) in blackbuck and Sarma (2006) in Kagani goat who notified bilateral variations in orbital parameters. Black buck and Chinkara are related wild ungulates, the difference observed in orbital parameters are highly important during practical approach. In the current study, mean of the right and left of all the orbital parameters was used as a measurement value in all statistical calculations, since no statistically significant difference (p>0.05) was found between the osteometric values. The orbital parameters had clinical importance is to ascertain the topographic anatomy, in order to perform surgical procedures in the area of the head, e.g. ophthalamectomy, dehorning and eyelid droopy (Allouch, 2008). A higher orbital index from the current study was reported in Blue bull (Bharti, 2016) and in tiger (Taluja et al., 2000), which was 111.93±0.38 and 155, respectively. However, lower orbital index of 21.46±0.68 cm described by Karimi et al. (2011) in Mehraban sheep.

			This study was novel in Chinkara, sexual dimorphism based on craniometric data was not yet reported in the literature. The measured anatomical standards were of clinical importance and aid in regional nerve blocks of mental and infraorbital nerves and hence it was ascertained in the current study to adopt the same approach to access cranial nerves in both sexes of adult Chinkara. Good information about the location of the foramen and the infraorbital nerve can offer a harmless clinical procedure, such as a surgical procedure, the practice of intra and extra oral anesthesia (Mozsary and Middleton, 1983; Lawrence and Poole, 1992; Zide and Swift, 1998). These conclusions in this study were of great clinical implication in relation to the infra-orbital nerve block. The injection of a local anesthetic agent through the infra-orbital foramen leads to the analgesia of the incisor, canine and the first two premolar teeth (Hall et al., 2000). This data will corroborate to the regional anesthesia of the areas innervated by the infra-orbital nerve in the adult Chinkara.

			The data created from above mentioned parameters were not reported already, in this species, which had great clinical significance and may be used as a landmark for tracing the infra-orbital nerve, mental nerve and mandibular nerve desirable for its desensitization during any type of procedures at the level of the foramen.

			In addition to species comparison, many researchers underlined the usefulness of foramen magnum diameter in differentiation of sex within the species (Göçmez et al., 2014; İlgüy, 2014; Simoens, 1994; Uthmanet et al., 2012) which is of high significance in forensic investigations. Among the seven parameters measured in the current investigations of the foramen magnum OCT, ICW, IPCW, and PCPL were significantly higher (p>0.05) in male than female Chinkara. These measurements may be used for sexual dimorphisum in Chinkara, along with other skull parameters identified in the current study. The height and width of the foramen magnum of the adult Chinkara measured in the current study were lower than shown in blackbuck (Choudhary et al., 2015) and in blue bull (Bharti, 2016). From this study, it may be proposed a divergence in morphology, like other measurements, the foramen magnum height and width showed variation from the other related wild ungulates. 

			In our study, mean values of the mandibular parameters except b and h were significantly (p< 0.5) higher in male Chinkara than female Chinkara. Similar to foramen magnum parameters, sexual dimorphisum was more evident in mandibular parameters. Sexual dimorphisum in closely related animals viz Black Buck, Chital, Hog deer, Urial and Blue Bull were still not specified. However, mandibular parameters studied in our study were lower than reported in blackbuck (Choudhary et al., 2015), in blue bull (Bharti, 2016) and in Iranian native cattle (Monfared, 2013).

			Conclusions

			No previous information on gross morphological and osteometric data on the skull and mandible of Chinkara deer were available, so the current study provides primary baseline data, we therefore consider that the data presented above will form vital standard for use by clinician working on wild animals and baseline for further research work and a good initiation for further interdisciplinary professional and scientific researchers (anatomists, archeozoologists, biologists, hunters, forensic scientists). The overall gross morphological and osteometric data obtained data showed similarities with others domestic mammals, but also several peculiarities in the Chinkara head osteology. Furthermore, in this research, osteometrical data derived was from modern populations are helpful as can be compared with ancient animal populations in archaeo-zoological assessments. However, this study describes an important preliminary step, more data regarding different age group and in different environmental condition and to include other species of game and protected mammals should be assembled; these will prove valuable in other research studies on deer metrics. 
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The objective of this study was (1) to study gross morphological, osteometric and clinical important Chinkara, Skull, Morphology, Mor-
landmarks in the skull of adult Chinkara to obtain baseline data and (2) to study sexual dimorphism hometrm—smfm
in male and female adult Chinkara through osteometry. For this purpose, after performing postmortem . ’ : ;
examination, the carcass of adult Chinkara of known sex and age was buried in the locality of the Manglot pOI' https'/ / dX.dOl.Ol‘g/ 10.17582/
Wildlife Park and Ungulate Breeding Centre, Nizampur, Pakistan, after a specific period of time the bones journal.pjz/20190207070209

were unearthed. Gross morpohological features and various osteometric parameters of the skull were *
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studied in the University of Veterinary and Animal Sciencies, Lahore, Pakistan. The shape of the Chinkara huddin7277 @ yah 00-com
skull was elongated and had thirty two bones. The skull was comprised of the cranial and the facial part. 0030-9923 /202 0/00 0 5.1723 §

The facial region of the skull was formed by maxilla, incisive, palatine, vomar, pterygoid, frontal, parietal,

nasal, incisive, turbinates, mandible and hyoid apparatus. The bony region of the cranium of Chinkara was 9.00/0
comprised of occipital, ethmoid, sphenoid, interparietal, parietal, temporal and frontal bone. The foramina Copyright 2020 Zoological Society
identified in the facial region of the skull of Chinkara were, infraorbital, supraorbital foramen, lacrimal, of Pakistan
sphenopalatine, maxillary and caudal palatine foramina. The foramina of the cranium of the Chinkara

skull were the internal acoustic meatus, external acoustic meatus, hypoglossal canal, transverse canal,

sphenorbital fissure, carotid canal, foramen magnum, stylomastoid foramen, foramen rotundum, foramen

ovale and jugular foramen, and the rostral and the caudal foramina that formed the pterygoid canal. The

measured craniometric parameters did not show statistically significant differences (p>0.05) between

male and female adult Chinkara except palatine bone, OI, DO, IOCDE, OCT, ICW, IPCW, and PCPL were

significantly higher (p>0.05) in male than female Chinkara and mean values of the mandibular parameters

except b and h were significantly (p< 0.5) higher in male than female Chinkara. Sexual dimorphism exist

in some of the orbital and foramen magnum parameters, while high levels of sexual dimorphism identified

in mandible. In conclusion, morphocraniometric studies of Chinkara skull made it possible to identify

species specific skull and use clinical measurements during practical application.

INTRODUCTION

he Chinkara (Gazella bennettii) is an ungulate

species of antelope innate of the Indian subcontinent,
described by (Groves, 1969), as sandy or tawny coloured
body; midface dark chestnut; ears are dark sandy grey;
nosespot, if present, rather smudgy; light face-stripes
off-white, not extending above eyes, dark ones deep red.
Ear reaches about halfway towards muzzle. More heavily
built: male weighs about 23 kg, female 15-18 kg, for a
height of 58-61cm (Mallon, 2008). Horns in male are
rather straight, their tips slightly outturned, rings more
prominent than in other species of this group; in female,
fairly long and well-formed horns are present. They range
up to 1500 meters altitude in Pakistan. They occupy Kavir
national park in Iran (Mallon and Kingswood, 2001). In
2001, the population of Indian Chinkara was projected 0.1
million along with eighty thousand existing in the desert

of Thar. While in Pakistan the population of Chinkara was
dispersed and was lessened in the result of shooting. In
Iran, the population of this species was disjointed. Among
the wild ungulates of Pakistan, only the morphological
and radiographic features of the tarsal bones are studied in
detail by Din et al. (2019).

Von den Driesch (1976) published measuring point’s
guidelines to measure bone from sets (Plug, 2014) stated
bone size measurements, in animals of similar size,
often overlap, but the gross morphological features still
differentiates between the species. Comparative skeletal
gross anatomy and morphometry makes researchers to
differentiate between closely related species (Brink, 2005).
Animal gross morphological features show the significant
dissimilarity with respect to age, breed, sex, environmental
factors and nutritional condition among others. The
measurements of these factors are important symbols for
comparison. A lot of biometrical studies have been carried
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