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			ABSTRACT

		

		
			Dorsal guard hairs from three canid species that included red fox (Vulpes vulpes), golden jackal (Canis aureus), and gray wolf (Canis lupus) found in Turkey were characterized using light microscopy to study hair features, including cuticle and medullary patterns, medullary index, and hair length and root. The morphological features of the medulla and cuticle structures were quite similar for the three species, but a distinct difference was observed in the medulla structure. While the medullary structures of both C. aureus and C. lupus had a vacuolated structure, a multiseriate structure was observed in the V. vulpes. The average longest hairs (means ± standard errors [SE]) were observed to be 6.66 ± 1.22, 6.02 ± 0.75, and 5.56±5.57 cm in C. aureus, V. vulpes, and C. lupus, respectively. The highest medullary index (0.72 ± 0.52 μm) was recorded in C. aureus followed by V. vulpes (0.70 ± 0.56 μm) with the lowest in C. lupus (0.42 ± 0.64 μm). Hair root diameter values were determined as 136.27±29.25, 102.30±17.19, and 62.23±10.37 μm in C. lupus, C. aureus, and V. vulpes. Based on the one-way analysis of variance, significant differences were identified in both hair length and diameter, medullary diameter and index, and hair root diameter values among the three species (P <0.05).
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			Introduction

			Microanatomical hair identification of mammalian species has relevant applications in forensic medicine, taxonomy, paleontology, zooarchaeology, anthropology, and wildlife studies (Lyne and Short, 1965; Hardy, 1992; Meyer et al., 2002; Chang et al., 2005; De Marinis and Asprea, 2006; Tridicio et al., 2014). The purpose of morphological and morphometric identification of animal hair is to classify animal species from an unknown hair pattern in a special taxon based on well-defined, genetically-based features (Tridicio et al, 2014).

			For identification of species on the basis of animal hair, dorsal guard hairs are generally used. De Marinis and Asprea (2006) noted that hairs from other body regions show similar characteristics to dorsal hair but are often less distinctive thus making identification more problematic. Hairs exhibit different morphological characteristics according to the animal species, and they are generally composed of the root, shaft, and tip. Furthermore, hair tissue consists of three layers from outside to inside: (1) the cuticle; (2) cortex; and (3) medulla (Oli, 1993). The size and shape of medullary cells, cortex thickness and shape, and size and sequence of cells in the hair cuticle display individualized structures (Fırat et al., 1998). The cortex consists of longitudinal and shrunken cells, which appear under a light microscope as a homogenous mass without any details. This layer provides limited information for differentiating different species (Teerink, 1991). The medulla is composed of shriveled dead cells, but unlike the cortex, these cells are clearly visible (Hausman, 1920; Teerink, 1991). The outermost layer, which is the cuticle, is composed of many overlapping transparent keratin scales (Teerink, 1991). The form of this layer and its structural characteristics and measurements are also used for species definition. Morphological and morphometric characteristics of hair, such as hair length and width, medullary scale and cuticle patterns, medullary index (MI), hair root, and other variables based on microscopy often help identify the origin of the hair and characterize the species, and it provides the opportunity to compare the hair structures of different species (Sato et al., 2006, 2010; Sahajpal et al., 2008; Yates et al., 2010; Tridico et al., 2014; Tremori et al., 2018). In defining the hair characteristics of the species, which belong to the same family, especially in the same genus, the morphological definition of only the medulla and cuticle characteristics is sometimes insufficient. In this case, performing morphometric measurements on the characteristics of medulla and cuticle would yield more accurate results.

			Although several authors have contributed to this area of research (Moore et al., 1974; Koppiker and Sabnis, 1976; Debrot et al., 1982; Keller, 1984; Teerink, 1991; Wallis, 1993; Venkatraman et al., 1994; Chakraborty and De, 2001; Tóth, 2002; Debelica and Thies, 2009; Sarı and Arpacık, 2018), knowledge of tricho-taxonomic studies of the family Canidae is still insufficient. Many of these studies include definitions of the morphological structures of only the medulla and cuticle. Detailed morphometric measurements have not been performed on these structures.

			Turkey is home to three species of Canidae family (i) red fox (V. vulpes); (ii) golden jackal (C. aureus); and (iii) gray wolf (C. lupus). Among these species, hunting of C. lupus has been prohibited by the Ministry of Agriculture and Forestry (MAF, 2019). Other species are available for hunting within the scope of hunting tourism (MAF, 2019). Despite the fact that these species prefer different habitats and foods, they usually share the same land in our country (Turan, 1984). Especially, large hunting mammals, game birds, and endangered wild animals are quite frequently hunted by these species (Turan, 1984). Furthermore, these species, especially V. vulpes, are sometimes subject to the illegal fur trade (IHA, 2018).

			The purpose of this study was to use light microscopy on hair samples obtained from canid species with the aim of identifying their characteristics and differentiating between them. In order for the hair identification to conclude with more accurate results, morphometric measurements were performed on the structural characteristics of the hair and comparisons were made among the species. Hair study has been used in wildlife studies for species distribution, population density, dietary habits of the species, and illegal fur trading.

			Materials and methods

			Samples collection

			In this study, hair samples obtained from V. vulpes, C. aureus, and C. lupus, which are the three common species in Turkey, were used (3 individual per species). Samples, which belonged to the male members of the canid species used in the study, were obtained from the Wildlife Museum located in the Wildlife Ecology and Management Department of Karadeniz Technical University. These samples were obtained from the members that were brought to the museum from the Eastern Black Sea Region of Turkey during autumn months. The hair samples were collected from the dorsolateral body of each specimen (Wallis, 1993). Dorsal guard hairs were collected from interscapular, lumbar and croup regions (IN, L, and C, respectively) were collected from adult animals (Senthilkumar et al., 2018). From the IN, L, and C regions of the dorsal guard areas of each canid species, 30 hair samples were taken (1 individual per species). Therefore, a total of 270 hair samples were obtained from three canid species.

			Preparation of hair samples

			Each hair sample was cleaned with distilled water 2–3 times to remove dust and debris and then put in ether/alcohol (50:50) for 2 to 3 min to remove any fatty materials and then blot-dried (Kshirsagar et al., 2009). Each dried hair strand was treated with 70% hydrogen peroxide and 30% ammonia for about 1 to 2 h to bleach the hair, which helped form the line of differentiation between the cortex and medulla lucid, at which point the hair becomes transparent (De Marinis and Agnelli, 1993; Kshirsagar et al., 2009). The samples were placed in water to be thoroughly washed and then a series of samples were placed on the gelatin-treated solution while some were placed in liquid paraffin (Teerink, 1991). A morphological analysis was performed under the light microscope (Olympus bX41) with the 10X zoom for the hair root structure and 40X zoom for the medulla and the cuticle structures.

			Microscopic examination

			The mounted slides containing the hair were examined for morphological characteristics and micrometry (Kshirsagar et al., 2009). Microscopic characteristics of hair medulla and cuticula, such as composition, structure, pattern, margin form, and scale position, pattern, margin, and margin distance of hair were studied with help of the digital camera fitted on top of an optical light microscope (Kamalakannan, 2017). In this study, the hair classification system that was proposed by De Marinis and Asprea (2006) and Teerink (1991) was used. This classification was based on medulla margins, cortex width, and cellular structure, composition, and pattern (Teerink, 1991).

			Hair measurement

			The medullary, cuticle, cortex, and hair root structures from a total of 270 hair samples, which were obtained from the three different parts of the dorsal guard area of the V. vulpes, C. aureus, and C. lupus, were examined under the light microscope using both the 10X and 40X zoom; images were scaled and saved in JPEG format. A total of 270 hair samples, which were saved in JPEG format, were transferred to the Digimizer image analysis software (www.digimizer.com), and measurements were obtained from each photo. The diameter of the medulla and maximum diameters of the shaft and hair root values were measured in mµ on each hair sample, and the resulting measurements were transferred to the Excel database (version 2013). In the present study, the maximum lengths of hair samples were measured with the help of a ruler and were recorded. In the present study, MI values were also calculated. MI  is a ratio obtained by dividing the width of the medulla by the diameter of the hair at the point of the greatest shaft width (Carrlee and Horelick, 2011). 

			Statistical analyses

			Data and measurements from all specimens were recorded and analyzed with the SPSS software (version 23). Due to the frequent occurrence of normal homogeneous distribution of samples, it was decided to use SPSS parametrical, dependent statistics. Data were statistically analyzed using SPSS with one-way analysis of variance (ANOVA). The differences among the means were determined using Duncan’s and post-hoc tests. Statements of statistical significance were based on p< 0.05.

			RESULTS

			The images belonging to the medulla, cuticle, and hair roots of the canid species under the light microscope are given in Figure1 along with their corresponding hair structures. While the medullary structures of C. aureus and C. lupus had a vacuolated structure, a multiseriate structure was observed in the V. vulpes. Particularly, the medullary structures of the middle parts of certain hairs  obtained from C. aureus were observed to be amorphous. Therefore, when analyzing the medullary structure of the hair belonging to the C. aureus, the hair had to be examined from the root to the tip under the light microscope instead of examining a certain part. Medullary compositions of the
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			Fig. 1. Medullary, cuticle and hair root features of Canid species.

			canid species displayed an irregular unicellular structure. This structure was observed very prominently in V. vulpes and C. lupus. The medullary patterns of the canid species have a continuous structure. However, fragmented structures could sometimes be observed in the root and tip parts of the hair. The medullary sides of the species were observed to have irregular structures in general. The position of the cuticle scales was observed as transversal in position and showed a smooth scale margin. In general, the cuticle structure scale pattern the species was observed to be an irregular wave form. However, in some hair samples belonging to C. lupus, this structure was observed to be in an irregular mosaic form. Moreover, the scale pattern structure of V. vulpes was observed to be in regular form in some hair samples. The cortex widths of the both C. lupus and C. aureus were medium. V. vulpes had a narrower cortex width than the other two species. It was observed that the hair root shapes of the canid species were conical. The hair follicles of C. lupus were observed to be in the catagen stage with round root ends and attached follicular tissues. In V. vulpes and C. aureus, the hair samples were observed to have telogen structures with bulbous root tips without follicular tissue (Fig.1).

			TablesI andII show comparison of hair characteristics among the species and morphometric measurements of these characteristics from the three different parts of the dorsal guard areas. 

			Table I.- Intra-species analysis of variance (one way ANOVA) of mid shaft portion for dorsal guard hair features in canid species.

			
				
					
					
					
					
				
				
					
							
							Hair features

						
							
							Species

						
							
							Mean ± SEM (n=90)

						
							
							Min-Max

						
					

					
							
							Hair length

						
							
							V. vulpes

						
							
							6.02±0.07a

						
							
							3.90-7.90

						
					

					
							
							C. aureus

						
							
							6.65±0.12b

						
							
							3.50-9.50

						
					

					
							
							C. lupus

						
							
							5.56±0.11c

						
							
							3.70-7.90

						
					

					
							
							Medulla diameter

						
							
							V. vulpes

						
							
							33.16±1.04a

						
							
							12.51-55.80

						
					

					
							
							C. aureus

						
							
							78.32±2.14b

						
							
							35.85-123.29

						
					

					
							
							C. lupus

						
							
							32.59±0.99a

						
							
							15.25-58.22

						
					

					
							
							Hair diameter

						
							
							V. vulpes

						
							
							47.01±1.34a

						
							
							21.37-73.60

						
					

					
							
							C. aureus

						
							
							107.63±2.58b

						
							
							55.08-157.58

						
					

					
							
							C. lupus

						
							
							77.17±1.45c

						
							
							38.41-110.22

						
					

					
							
							Medullary index

						
							
							V. vulpes

						
							
							0.70±0.005a

						
							
							0.52-0.81

						
					

					
							
							C. aureus

						
							
							0.72±0.005b

						
							
							0.58-0.82

						
					

					
							
							C. lupus

						
							
							0.42±0.006c

						
							
							0.23-0.56

						
					

					
							
							Hair root diameter

						
							
							V. vulpes

						
							
							62.23±1.06a

						
							
							40.64-89.86

						
					

					
							
							C. aureus

						
							
							102.30±1.75b

						
							
							61.20-145.19

						
					

					
							
							C. lupus

						
							
							136.27±2.98c

						
							
							69.93-206.72

						
					

				
			

			a, b, c, means for groups in homogeneous subsets are displayed (Subset for alpha = 0.05). The differences among means were determined using the Duncan test from Post-Hoc Test. Statements of statistical significance were based on p < 0.05.

			Looking at the average hair lengths of the canid species, it was observed that the longest hair mean value (mean ± standard error [SE]) was in C. aureus (6.66 ± 1.22 cm) followed by V. vulpes (6.02 ± 0.75 cm) and finally C. lupus (5.56 ± 5.57 cm). When the three different parts of the dorsal guard area were compared, the mean value for the longest hair was obtained in V. vulpes with IN = 6.36 ± 0.75 cm > L=5.91 ± 0.78 cm > C = 5.78 ± 0.61 cm in the INpart followed by C. aureus with L = 7.24 ± 0.61 cm > IN = 6.37 ± 1.78 cm > C = 6.36 ± 0.74 cm in the lumbar part and finally, by C. lupus with L = 6.21 ± 0.65 cm > C = 5.62 ± 0.48 cm > IN = 4.87 ± 1.31 cm in the L part. While the shortest hairs in V. vulpes and C. aureus were identified in the C area, C. lupus had the shortest hair in the IN. As a result of the one-way ANOVA, significant differences were observed among the hair lengths of the species (p< 0.05). Duncan’s test for homogeneity of variance (one-way ANOVA) in the data for hair length values between different species showed significant homogeneity (p < 0.05). Duncan’s test also showed significant differences (p < 0.05) in hair length values of the canid species.

			The average medullary diameter were 78.32±20.96, 33.16±10.18, and 32.59±9.70 μm in C. aureus, V. vulpes, and C. lupus, respectively. The widest medullary diameters were found in V. vulpes (C = 40.06 ± 8.81 μm> IN = 29.78 ± 9.34 μm> L = 29.66 ± 8.89 μm) in the C part followed by C. aureus (L=93.16 ± 15.80 μm> IN = 77.37 ± 18.30 μm> C = 64.44 ± 18.27 μm) in L and in C. lupus (L = 36.71 ± 9.69 μm> IN = 31.97 ± 9.96 μm> C = 29.11 ± 8.04 μm) in the L part. According to the results of the one-way ANOVA, significant differences were determined among the medullary diameter values (p< 0.05). According to Duncan’s test of variance analysis, no significant difference was observed between the medullary diameters of C. lupus and V. Vulpes; however, the medullary diameter of C. aureus displayed significant differences when compared to these other two species (p < 0.05) as shown in TablesI andII. This study has shown that medullary diameter values by themselves cannot be used to differentiate among the canid species. Particularly, in determining the species of the species that belong to the same family with similar medullary structures, the MI should be taken into consideration.

			Average hair diameter values were observed to be 107.63 ± 25.34, 77.17 ± 14.24, and 47.00±13.18 μm in C. aureus, C. lupus, and V. vulpes. When the parts were analyzed, the average widest hair diameters were found in C in V. vulpes (C = 55.17 ± 12.14 μm> IN = 43.49 ± 11.81 μm> L = 42.37 ± 11.90 μm) followed by C. aureus in L (L = 123.91 ± 20.07 μm> I = 108.79 ± 20.48 μm> C = 90.18 ± 23.57 μm) and C. lupus in L (L = 81.16 ± 13.65 μm> C = 76.23 ± 11.98 μm> I = 74.14 ± 16.28 μm). The one-way ANOVA concluded that there were significant differences among the hair diameter values of the species (p< 0.05). 

			Table II.- Intra-species analysis of variance (one way ANOVA) of mid shaft portion of dorsal guard hair from interscapular (IN), lumbar (L) and croup (C) regions in canid species.

			
				
					
					
					
					
					
				
				
					
							
							Hair features

						
							
							Species

						
							
							Region

						
							
							Mean ± SEM

							(n=30)

						
							
							Min-Max

						
					

					
							
							Hair length

						
							
							V. vulpes

						
							
							IN

						
							
							6.36±0.13a

						
							
							5.00-7.90

						
					

					
							
							L

						
							
							5.91±0.14b

						
							
							3.90-7.50

						
					

					
							
							C

						
							
							5.78±0.11b

						
							
							4.50-6.80

						
					

					
							
							C. aureus

						
							
							IN

						
							
							6.37±0.31a

						
							
							3.50-9.50

						
					

					
							
							L

						
							
							7.24±0.11b

						
							
							6.10-8.20

						
					

					
							
							C

						
							
							6.36±0.13a

						
							
							5.00-8.20

						
					

					
							
							C. lupus

						
							
							IN

						
							
							4.86±0.23a

						
							
							3.70-7.90

						
					

					
							
							L

						
							
							6.21±0.11b

						
							
							5.00-7.50

						
					

					
							
							C

						
							
							5.61±0.08

						
							
							5.00-6.70

						
					

					
							
							Medulla diameter

						
							
							V. vulpes

						
							
							IN

						
							
							29.78±1.65a

						
							
							12.51-50.05

						
					

					
							
							L

						
							
							29.65±1.57a

						
							
							13.47-55.80

						
					

					
							
							C. aureus

						
							
							IN

						
							
							77.37±3.23a

						
							
							35.85-104.65

						
					

					
							
							L

						
							
							93.16±2.79b

						
							
							52.37-123.29

						
					

					
							
							C

						
							
							64.43±3.23c

						
							
							37.19-109.04

						
					

					
							
							C. lupus

						
							
							IN

						
							
							31.97±1.76a

						
							
							15.25-57.24

						
					

					
							
							L

						
							
							36.71±1.71b

						
							
							22.62-58.22

						
					

					
							
							C

						
							
							29.10±1.42a

						
							
							18.66-56.91

						
					

					
							
							Hair diameter

						
							
							V. vulpes

						
							
							IN

						
							
							43.49±2.09a

						
							
							24.25-73.60

						
					

					
							
							L

						
							
							42.37±2.10

						
							
							21.37-70.27

						
					

					
							
							C

						
							
							55.17±2.14b

						
							
							26.38-70.89

						
					

					
							
							C. aureus

						
							
							IN

						
							
							108.79±3.62a

						
							
							60.92-139.50

						
					

					
							
							L

						
							
							123.91±3.54b

						
							
							70.44-157.58

						
					

					
							
							C

						
							
							90.18±4.17c

						
							
							55.08-148.75

						
					

					
							
							C. lupus

						
							
							IN

						
							
							74.13±2.88a

						
							
							38.41-110.22

						
					

					
							
							L

						
							
							81.15±2.41a

						
							
							53.80-109.40

						
					

					
							
							C

						
							
							76.23±2.12a

						
							
							53.99-108.97

						
					

					
							
							Medullary index

						
							
							V. vulpes

						
							
							IN

						
							
							0.68±0.01a

						
							
							0.52-0.81

						
					

					
							
							L

						
							
							0.69±0.008a

						
							
							0.59-0.79

						
					

					
							
							C

						
							
							0.72±0.008b

						
							
							0.63-0.81

						
					

					
							
							C. aureus

						
							
							IN

						
							
							0.70±0.01a

						
							
							0.58-0.79

						
					

					
							
							L

						
							
							0.75±0.008b

						
							
							0.61-0.82

						
					

					
							
							C

						
							
							0.71±0.007a

						
							
							0.64-0.80

						
					

					
							
							C. lupus

						
							
							IN

						
							
							0.43±0.01a

						
							
							0.23-0.54

						
					

					
							
							L

						
							
							0.44±0.01a

						
							
							0.34-0.56

						
					

					
							
							C

						
							
							0.37±0.008b

						
							
							0.29-0.52

						
					

					
							
							Hair root diameter

						
							
							V. vulpes

						
							
							IN

						
							
							62.58±1.59a,b

						
							
							49.04-89.86

						
					

					
							
							L

						
							
							57.85±1.55a

						
							
							43.74-78.12

						
					

					
							
							C

						
							
							66.27±2.05b

						
							
							40.64-85.43

						
					

					
							
							C. aureus

						
							
							IN

						
							
							107.50±2.68a

						
							
							76.54-134.72

						
					

					
							
							L

						
							
							107.13±2.76a

						
							
							74.03-145.19

						
					

					
							
							C

						
							
							92.26±2.94b

						
							
							61.20-136.57

						
					

					
							
							C. lupus

						
							
							IN

						
							
							134.19±4.68a

						
							
							75.61-193.02

						
					

					
							
							L

						
							
							157.21±4.75b

						
							
							117.21-206.72

						
					

					
							
							C

						
							
							117.38±3.40c

						
							
							69.93-152.48

						
					

				
			

			For statistical details, see Table I. 

			Duncan’s test for homogeneity of variance (one-way ANOVA) in the data for hair diameter values among different species showed significant homogeneity of variance (p < 0.05). Duncan’s test also showed significant differences among hair diameter values of canid species (p < 0.05) as shown in TablesI andII. 

			Average MI values were identified to be 0.72 ± 0.52, 0.70±0.56, and 0.42±0.64 μm in C. aureus, V. Vulpes, and C. lupus, respectively. When the parts were analyzed, the average widest MI values were found in C in V. vulpes (C = 0.73 ± 0.04 μm> L = 0.70 ± 0.05 μm> IN = 0.68 ± 0.07 μm) followed by C. aureus in L (L = 0.75 ± 0.04 μm> C = 0.71 ± 0.04 μm> IN = 0.70 ± 0.06 μm) and C.lupus in L (L = 0.45 ± 0.06 μm> IN=0.43±0.07 μm> C = 0.38±0.05 μm). The one-way ANOVA concluded that there were significant differences between the MI values of the species (p < 0.05). Duncan’s test for homogeneity of variance (one-way ANOVA) in the data for MI values among different species showed significant homogeneity of variances (p < 0.05). Duncan’s test also showed significant differences in MI values of canid species (p < 0.05) as shown in TablesI andII. The morphological structures of the medulla and cuticles of C. lupus and C. aureus were very similar to each other. In this study, it was observed that the MI values could be successfully used for differentiating members of the canid species.

			Diameter measurements of the widest parts of the hair roots of the canid species concluded that the average root diameter values were 136.27±29.25, 102.30±17.19, and 62.23±10.37 μm in C. lupus, C. aureus, and V. vulpes, respectively. When the parts were analyzed, the average widest hair root diameter value was found in the C part in V. vulpes (C = 66.27 ± 11.60 μm> IN = 62.58 ± 9.0 μm> L = 57.85 ± 8.78 μm) followed by the C. aureus in the IN area (IN = 107.51 ± 15.16 μm> L = 107.13 ± 15.60 μm> C = 92.26 ± 16.64 μm) and C. lupus in the L area (L = 157.22±26.90 μm> IN=134.19±26.48 μm> C = 117.39 ± 19.26 μm). The one-way ANOVA indicated that there were significant differences among the hair root diameter values of the species (p < 0.05). Duncan’s test for homogeneity of variance (one-way ANOVA) applied to the data for hair root diameter values among different species showed significant homogeneity of variance (p < 0.05). Duncan’s test also showed significant differences in hair root values of canid species (p<0.05).

			Discussion

			Identification of the medulla and cuticle structures of the dorsal guard hairs of wild animals is one of the cheapest and easiest methods for species determination. Previous studies addressing the medulla and cuticle features of canid species presented similar results as the present study (Moore et al., 1974; Koppiker and Sabnis, 1976; Teerink, 1991; Wallis, 1993; Keller, 1984; Chakraborty and De, 2001; Tóth, 2002; Debelica and Thies, 2009; Sarı and Arpacık, 2018). The medullary structure of V. vulpes was shown to be vacuolated by many authors (Teerink, 1991; Chakraborty and De, 2001; Debelica and Thies, 2009). However, it was shown to have amultiseriate structure (Tóth, 2002; Sarı and Arpacık, 2018). In study by Koppiker and Sabnis (1976) concerning C. aureus, it was explained that the medullary pattern of the hair had a fragmented structure. In the present study, it was observed that medullary patterns of the middle parts of the hair structures in canid species were generally continuous; however, fragmented structures were observed in the areas close to the hair root and the tip (Koppiker and Sabnis, 1976). Debelica and Thies (2009) defined the scale pattern of C. lupus as a regular wave. In the present study, this structure was identified as an irregular wave as a general trend. However, in some of the examined hair, this structure was identified as an irregular mosaic form as demonstrated by Keller (1984). Keller (1984) determined that the scale pattern in the C. aureus was an irregular mosaic; however, in the present study, this structure was not observed in C. aureus.

			Hair length and diameter and medullary diameter and MI of the hair vary not only in the overall group of canid species but also within same species. Furthermore, the medullary and cuticle structures of hair may be different in the root, shaft, and tips of the hair in addition to the hair from the different parts of the body. The studies on hair structure measurements of the canid species are quite limited. In studies on the hair lengths, medullary index, and the hair diameters in the dorsal guard of the V. vulpes, Teerink (1991) found the maximum length as 6 cm and hair diameter between 90 and 120 μm, while Fırat et al. (1998) calculated the average hair diameter as 57.75 μm, and Chakraborty and De (2001) found an average hair length of 5.2 cm, average hair diameter of 42.7 μm, and average MI of 0.72. Tóth (2002) concluded that the average hair length was 4.54 cm, average hair diameter was 106.5 μm, and the average MI was 0.74. Debelica and Thies (2009) identified the average hair diameter as < 82 μm. In the present study, in contrast to other studies, it was determined that the average hair length in the dorsal guard of the V. vulpes was 6.02 cm, which is longer than mentioned in the literature. In the present study, the average diameter of the hair in the middle area was identified as 47 μm, which was similar to the results obtained by Chakraborty and De (2001). In the present study, determined the average medulla index was determined as 0.70, which was close to the results obtained by Chakraborty and De (2001) and Tóth (2002).

			In the studies on the C. aureus, in terms of hair lengths, MIs, and hair diameters in the middle parts in their dorsal guard areas, Venkatramanet et al. (1994) measured the average hair diameter as 63.8μm. Chakraborty and De (2001) determined the average hair length as 5.2 cm, hair diameter as 76.5 μm, and average MI as 0.67. In the present study, the identified diameter value was higher than the value measured by Venkatramanet et al. (1994) and Chakraborty and De (2001) with respect to the average hair diameters (107.63 μm). Average hair length and MI values, which were higher than the values obtained by Chakraborty and De (2001) for average hair length and average medulla index values (6.66 cm and 0.72), were measured.

			In the studies on the C. lupus, in terms of the lengths, MI, and hair diameters in the middle parts in their dorsal guard areas, Fırat et al. (1998) found the average hair diameter was 55.25 μm. Chakraborty and De (2001) determined the average hair length as 10.7 cm, average hair diameter as 116 μm, and average medulla index as 0.55. Debelica and Thies (2009) measured the average hair diameter as 133 μm. In the present study, unlike the other studies, the average hair length was determined as 5.57 cm, diameter of the hair in the middle part as 77.17 μm, and the average medullary index as 0.42.

			With respect to the identification of the hair in canid species, the diameter of the hair root can also be used. These values also vary according to the species. As a result of the measurements made on the diameters of the widest parts of the hair roots in canid species, the average root hair diameter values were 136.27, 102.30, and 62.23 μm in C. lupus, C. aureus, and in V. vulpes, respectively. When the hair roots of these three species were examined, they were found to have a conical structure.

			Morphological analysis of the medulla and cuticle structures by themselves may not provide accurate results in the diagnosis of hair structures of C. aureus and C. lupus among the canid species. Medullary and cuticle structures of these two species have quite similar characteristics. However, morphometric measurements performed on these structures would give more accurate results for species identification. The statistical analysis concluded that there were significant differences between hair lengths, medullary diameters, hair diameters, MIs, and hair roots of C. aureus and C. lupus.

			Differences were observed between the findings in the present study and findings from the previous studies on morphological structures and measurements of hair structures in canid species. These differences may have occurred due to the factors related to the environment, geography, temperature, age, gender, and subspecies. Obtaining hair samples from different parts of the body, examining different parts of the hair, and the number of samples are among the factors that may create differences in the results. With respect to the diagnosis of these species and while taking the literature studies as a reference, it seems that selecting those studies that were conducted in regions close to the study area would conclude with more accurate results. 

			Conclusions

			This study concluded that the medulla and cuticle structures of C. aureus and C. lupus were morphologically similar to each other; however, V. vulpes differed from these two species presenting a multiseriate characteristic with respect to its medullary structure, in particular. Especially, in order to obtain more accurate results in the diagnosis of the hair structures of C. aureus and C. lupus, measurements, and statistical analyses should be performed on the hair characteristics. Measurements of the hair structures of canid species provide important information for the diagnosis of the species with respect to statistical analyses. Therefore, it was concluded that by combining all microscopic characteristics, it would be possible to characterize the hair of canid species at the species level. It was concluded that this study on canid species can be used effectively in forensic, taxonomic, paleontological, archaeological, anthropological, wildlife, and ecological studies.
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Dorsal guard hairs from three canid species that included red fox (Vulpes vulpes), golden jackal (Canis 9.00/0
aureus), and gray wolf (Canis lupus) found in Turkey were characterized using light microscopy to study Copyn'ght 2021 20010gica1 Society
hair features, including cuticle and medullary patterns, medullary index, and hair length and root. The of Pakistan
morphological features of the medulla and cuticle structures were quite similar for the three species, but

a distinct difference was observed in the medulla structure. While the medullary structures of both C.

aureus and C. lupus had a vacuolated structure, a multiseriate structure was observed in the V. vulpes.

The average longest hairs (means + standard errors [SE]) were observed to be 6.66 + 1.22, 6.02 = 0.75,

and 5.56+5.57 cm in C. aureus, V. vulpes, and C. lupus, respectively. The highest medullary index (0.72

+ 0.52 pm) was recorded in C. aureus followed by V. vulpes (0.70 + 0.56 pm) with the lowest in C.

lupus (0.42 + 0.64 pm). Hair root diameter values were determined as 136.27+29.25, 102.30+17.19,

and 62.23+10.37 um in C. lupus, C. aureus, and V. vulpes. Based on the one-way analysis of variance,

significant differences were identified in both hair length and diameter, medullary diameter and index, and

hair root diameter values among the three species (P <0.05).

INTRODUCTION

Microanatomical hair identification of mammalian
species has relevant applications in forensic
medicine, taxonomy, paleontology, zooarchaeology,
anthropology, and wildlife studies (Lyne and Short, 1965;
Hardy, 1992; Meyer et al., 2002; Chang et al., 2005; De
Marinis and Asprea, 20006; Tridicio et al., 2014). The
purpose of morphological and morphometric identification
of animal hair is to classify animal species from an
unknown hair pattern in a special taxon based on well-
defined, genetically-based features (Tridicio ef al, 2014).
For identification of species on the basis of animal
hair, dorsal guard hairs are generally used. De Marinis and
Asprea (2006) noted that hairs from other body regions
show similar characteristics to dorsal hair but are often less
distinctive thus making identification more problematic.
Hairs exhibit different morphological characteristics
according to the animal species, and they are generally
composed of the root, shaft, and tip. Furthermore, hair
tissue consists of three layers from outside to inside: (1) the
cuticle; (2) cortex; and (3) medulla (Oli, 1993). The size
and shape of medullary cells, cortex thickness and shape,
and size and sequence of cells in the hair cuticle display
individualized structures (Firat ef al., 1998). The cortex
consists of longitudinal and shrunken cells, which appear

under a light microscope as a homogenous mass without
any details. This layer provides limited information for
differentiating different species (Teerink, 1991). The
medulla is composed of shriveled dead cells, but unlike
the cortex, these cells are clearly visible (Hausman, 1920;
Teerink, 1991). The outermost layer, which is the cuticle,
is composed of many overlapping transparent keratin
scales (Teerink, 1991). The form of this layer and its
structural characteristics and measurements are also used
for species definition. Morphological and morphometric
characteristics of hair, such as hair length and width,
medullary scale and cuticle patterns, medullary index
(M), hair root, and other variables based on microscopy
often help identify the origin of the hair and characterize
the species, and it provides the opportunity to compare the
hair structures of different species (Sato et al., 2006, 2010;
Sahajpal et al., 2008; Yates et al., 2010; Tridico et al., 2014;
Tremori ef al., 2018). In defining the hair characteristics of
the species, which belong to the same family, especially
in the same genus, the morphological definition of only
the medulla and cuticle characteristics is sometimes
insufficient. In this case, performing morphometric
measurements on the characteristics of medulla and cuticle
would yield more accurate results.

Although several authors have contributed to this
area of research (Moore et al., 1974; Koppiker and Sabnis,
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