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Abstract: The morphological and microscopic characteristics of dorsal guard hair of six species of the Indian goat-antelopes are described.
Although the cuticular characteristics of hair of all the six species studied are similar, the morphological, medulla and transverse section
characteristics of hair are varied between the species. The hair of Indian caprines can easily be identified on the basis of their unique
medulla and transverse section. The high-resolution microphotographs and key characteristics of hair are presented here and can be used
as an appropriate reference for species identification of the wild goats and sheep occurring in the Himalaya and Western Ghats of India.

Keywords: Argali, Bharal, caprines, Himalayan Goral, Himalayan Serow, Himalayan Tahr, Nilgiri Tahr, morphological characteristics,
microscopic characteristics, tricho-taxonomy.
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Dorsal guard hair of wild goats and sheep

INTRODUCTION

Both the morphological and  microscopic
characteristics of the hair are relatively significant in
the study of mammalian species identification along
with the diet-ecology and control of the illegal trade of
wildlife or its derivatives (Stains 1958; Brunner & Coman
1974; Koppikar & Sabins 1976). The tricho-taxonomy
(the study of mammalian hair) has been developed by
many workers of the world (Hausman 1920; Mathiak
1938; Mayer 1952; Adorjan & Kolenosky 1969; Moore
et al. 1974; Keogh 1983). In India, the tricho-taxonomic
studies on different orders of class Mammalia: Carnivora
(Chakraborty & De 2010), Primates (De 1993; Sarkar et al.
2011), and Rodentia (Bahuguna 2008) have been carried
out; however, very meagre information is available on
the species of wild goats and sheep (Indian caprines),
except for a few studies by Bahuguna & Mukherjee
(2000) (Tibetan Antelope), Sahajibal et al. (2010) (Capra
sp.), and Kamalakannan (2018) (Takin).

As per Wilson & Reeder (2005), there are 11 species
of the subfamily Caprinae under the family Bovidae
distributed in the Himalaya (10 species) and Western
Ghats (one species) of India, of which six species, namely
Himalayan Serow Capricornis thar (Hodgson, 1831),
Himalayan Tahr Hemitragus jemlahicus (C.H. Smith,
1826), Himalayan Goral Naemorhedus goral (Hardwicke,
1825), Nilgiri Tahr Nilgiritragus hylocrius (Ogilby, 1838),
Argali Ovis ammon (Linnaeus, 1758), and Blue Sheep
Pseudois nayaur (Hodgson, 1833) are available at the
National Zoological Collections of the Zoological Survey
of India (ZSl), Kolkata, India, as preserved skins.

Except for Bharal, the other species of Indian
caprines are the threatened as per the IUCN Red List
(2018), and are listed under Schedule | (except N. goral
in Schedule Ill) of the Indian Wildlife (Protection) Act,
1972. As per CITES (2018), C. thar and N. goral are
listed under the Appendix I. The aim of the study is
to give a complete morphological and microscopic of
characteristics of dorsal guard hair of Indian caprines for
species identification.

MATERIAL AND METHODS

The dorsal guard hairs were collected from the 4-5
identified specimens of each species housed at the
National Zoological Collections of Zoological Survey
of India (ZSl), Kolkata, India. The hair samples were
washed thoroughly with Acetone ((CHs),CO = 58.08)
and Carbon tetrachloride (CCl; = 153.82) to remove
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the dirt of exogenous materials. The morphological
characteristics of hair (n=20) such as colour, number of
bands, shape and length were recorded using a hand
lens and dial-caliper (Mitutoyo), and the diameter of
hair was measured using the digital camera fitted on an
optical microscope (Olympus BX41).

To study the characteristics of cuticula, the hair
samples (n=20) were washed with various grades (40—
90 %) of acetone; the processed hairs were chopped
into small pieces, placed over the clear varnish coated-
microscopic glass slide; after 2—3 hours, the dried hairs
were dragged gently with a fine forceps for leaving the
imprint or casts of scales over the microscopic glass slide.
To study the characteristics of medulla, the processed
hairs (n=20) were chopped into small pieces and whole
mounted over the microscopic glass slide with the help
of D.PX. To study the shape of transverse section,
a simple hand sectioning (slicing) method was done
and the slicing samples (n=20) were whole mounted
over the microscopic glass slide with the help of D.P.X.
The cuticular scale characteristics of hair such as scale
position, scale patterns, structure of scale margins
and distance between scale margins; the medullary
characteristics of hair such as width composition,
structure and form of margins of the medulla and
the shape of transverse section of hair was examined
under 400x magnification with the help of the digital
camera fitted an optical microscope (Olympus BX41)
and the observed microscopic characteristics of hair
were photographed. The measurement values include
minimum, maximum, average and standard deviation
records.

The methods and nomenclature of morphological,
cuticular, medullary and transverse sectional
characteristics of hair were followed according to the
descriptions provided by Brunner & Coman (1974) and
Teerink (1991) and the nomenclature of colour of hair
was followed as per Ridgway (1886).

RESULTS AND DISCUSSION

Morphological characteristics of hair (Table 1)

The colour of the coat and individual hair of the six
species had shown different shades of brown, black
and grey. Among the six species, the hair of C. thar,
H. jemlahicus and N. goral was observed as bicoloured
with two bands, whereas N. hylocrius, O. ammon, and
P. nayaur were observed as unicoloured and unbanded.
The pelage of H. jemlahicus and N. hylocrius adults are
sexually dimorphic thus, male and female have distinct
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Table 1. Morphological characteristics of dorsal guard hairs of Indian caprines.
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Species Coat colour Colour of hair No. of bands Profile Length (mm) Width (um)
Capricornis thar Black to red Elacszl‘o;l::r%' 2 Slightly wav 27.9-39.6 59.4-217.1
P ase: ; ghtly wavy (33.5¢4.7) (152.7+64.8)
tip: black
Deep copper brown Bicoloured,
. ) ) : ) ) 11.3-45.6 58.3-67.2
Hemitragus jemlahicus (male), light brown l:fase. taupe; 2 Undulated (30.3£12.5) (62.3£5.1)
(female) tip: tan
Bicoloured
. ! . 13.1-41.6 37.3-96.1
Naemorhedus goral Brownish-grey t{ase. tan; 2 Slightly wavy (20.111.1) (78.2£20.)
tip: black
Blue-black grizzled with
Nilgiritragus hylocrius white hairs (male), Battleship grey Unbanded Undulated 13.6-38 36.9-130.1
. (27.3%7.7) (70.3435.6)
greyish-brown (female)
. 24.6-38.6 74.9-256
Ovis ammon Grey-brown Wheat Unbanded Undulated (30.8£4.5) (182.7479.1)
) 27.3-51.1 66.6-88.1
Pseudois nayaur Slate blue Beaver Unbanded Undulated (42.2¢7.9) (74.2%4.4)

coat colour (Menon 2014). The shape of the hair of all
the six species was observed also slightly different: H.
jemlahicus, N. hylocrius, O. ammon, and P. nayaur were
undulated whereas C. thar and N. goral were slightly
wavy. The average length of hair of six species was
ranged from 27.3mm to 42.2mm, the maximum length
of hair was observed in P. nayaur (42.247.9 mm) and
minimum in N. hylocrius (27.3%7.7 mm). The diameter
of hair varied greatly from 182.7+79.1 pum as a maximum
in 0. ammon and 62.3£12.5 um as a minimum in H.
jemlahicus.

The specific morphological characteristics of hair
(Table 1) preliminarily distinguish the six species studied.
Teerink (1991) reported that the straight and undulated
types of hair are one of the features of hair of bovids
and according to Koppikar & Sabins (1976) and De &
Chakraborty (2013), the species of the family Bovidae
may be identified by their combination of physical and
microscopic characteristics of hair.

Cuticular scale characteristics of hair (Table 2; Image
1-6a)

Among the six caprine species, the cuticular scale
characteristics show no variations among the species
and were observed as the scale position - ‘transversal’,
scale patterns - ‘regular wave’, structure of scale margins
- ‘smooth’ (‘rippled’ in N. goral) and the distance
between scale margins - ‘near’. The measurement
values of cuticular scales of hair show great variations
between the species, average scale count per millimetre
length of hair were observed as maximum in N. hylocrius
(276.5220.1 um) and minimum in P. nayaur (113.6+ 23.2
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Image 1. Microscopic characteristics of dorsal guard hair of
Capricornis thar. (a) cuticula (400x), (b) medulla (400x), (c) transverse
section (400x). © M. Kamalakannan.

um). The average length of scale of hair vary greatly from
137.142.1 um as a maximum in O. ammon and 55.2+3.2
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Image 2. Microscopic characteristics of dorsal guard hair of
Hemitragus jemlahicus. (a) cuticula (400x), (b) medulla (400x), (c)
transverse section (400x). © M. Kamalakannan.

Mm as a minimum in C. thar. Similarly, the maximum
and minimum scale width of hair range was recorded
in 0. ammon (17.1+3.2 um) and C. thar (7.4+1.5 um),
respectively.

Although the cuticular scale characteristics are
almost similar in all the six species studied, the
measurement values can be considered for species
identification. According to Chakraborty & De (2010) the
cuticular scale values along with the other combination
of characteristics of hair should be taken for species
identification, if the cuticular scale characteristics of hair
are same between the species.

Medullary characteristics of hair (Table 2; Image 1-6b)

The medullary characteristics of hair show
substantial variations among all the six species studied.
The composition of the medulla was observed as
‘multicellular in rows’ in all species except in C. thar
(‘unicellular regular’). The structure of the medulla is
‘wide medulla lattice’ in H. jemlahicus, O. ammon and
P. nayaur; ‘simple’ in C. thar, ‘wide aeriform lattice’ in
N. goral, and ‘reversed cloisonné’ in N. hylocrius. The
form of the medulla margins observed as ‘straight’ in all

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 February 2019 | 11(3): 13304-13309
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Image 3. Microscopic characteristics of dorsal guard hair of
Naemorhedus goral. (a) cuticula (400x), (b) medulla (400x), (c)
transverse section (400x). © M. Kamalakannan.

species except in N. hylocrius (‘scalloped’). The average
width of the medulla also varies considerably from
120.8£2.1 um as a maximum in P. nayaur and 42.5+1.6
pm as a minimum in N. hylocrius. The medulla of hair of
the six species illustrate the different characteristics for
identification of the species.

Transverse section of hair (Table 3; Image 1-6c)

The shape of the transverse section of hair shows
variations among all the six species studied and was
observed as an ‘oval’ shape in C. thar and N. goral,
‘circular’ in P. nayaur, ‘biconvex’ in N. hylocrius and O.
ammon, and ‘dumb-bell’ in H. jemlahicus. The transverse
section of hair of 0. ammon (‘biconvex’) and P. nayaur
(‘circular’) only determines the species identity among
the six species in particular, as other characteristics are
similar between the species. Dharaiya & Soni (2012)
found in their study that the shape of the transverse
section is one of the important characteristics for hair
identification of the species.

Key characteristics of hair to identify the species
Apart from the morphological characteristics and
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Table 2. Cuticular scale characteristics of dorsal guard hairs of the Indian caprines.
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. . Structure of Distance Scale count/mm Length of scale Width of scale
Species Scale position | Scale patterns . between .
scale margins . length of hair (um) (um)
scale margins
. . 164-256 50.6-58.9 4.1-9.7
Capricornis thar Transversal Regular wave Smooth Near (187.5+24.2) (55.2¢3.2) (7.4+1.5)
Hemitragus Transversal Regular wave Smooth Near 159-200 70.2-79.8 9.7-13.9
jemlahicus € (177.2+10.4) (75.443.2) (10.742.2)
Naemorhedus Transversal Regular wave Rippled Near 108-146 85.1-98.5 10.6-20.5
goral 8 pp (127.6+11.4) (90.4+4.1) (14.9+2.8)
Nilgiritragus 254-320 96.0-125.0 6.9-17.4
hylocrius Transversal Regular wave Smooth Near (276.5420.1) (112.1411) (12.3£3.1)
. 96-152 134.1-140.1 13.9-23.7
Ovis ammon Transversal Regular wave Smooth Near (118.5¢17.6) (137.152.1) (17.1#3.2)
. 87-162 83.1-95.1 11.1-20.3
Pseudois nayaur Transversal Regular wave Smooth Near (113.6423.2) (87.53.7) (14.242.6)

Table 3. Medullary characteristics and shape of cross-section of dorsal guard hairs of the Indian caprines.

Species Composition of medulla Structure of medulla m:;i';;: of Width of medulla (um) :::t’i’:nOf transverse
Capricornis thar Unicellular regular Simple Straight 98.6-116 (107.745.3) Oval

Hemitragus jemlahicus Multicellular in rows Wide medulla lattice Straight 90.2-123 (103.449.9) Dumb-bell
Naemorhedus goral Multicellular in rows Wide aeriform lattice Straight 76.1-90.1 (85.1+4.9) Oval

Nilgiritragus hylocrius Multicellular in rows Reversed cloisonné Scalloped 40.4-46.3 (42.5+1.6) Biconvex

Ovis ammon Multicellular in rows Wide medulla lattice Straight 72.3-79.5 (76.4%2.5) Biconvex

Pseudois nayaur Multicellular in rows Wide medulla lattice Straight 117.5-124.3 (120.8+2.1) Circular

Image 4. Microscopic characteristics of dorsal guard hair of
Nilgiritragus hylocrius. (a) cuticula (400x), (b) medulla (400x), (c)
transverse section (400x). © M. Kamalakannan.
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Table 4. Key characteristics of hair to identify the species.

Species Key characteristics

Composition of medulla - unicellular regular; structure

Capricornis thar . .
P of medulla - simple; transverse section- oval

Hemitragus Structure of medulla - wide medulla lattice; transverse
jemlahicus section - dumb-bell

Naemorhedus Structure of scale margins - rippled; structure of

goral medulla - wide aeriform lattice; transverse section - oval
Nilgiritragus Structure of medulla- reversed cloisonné; margins of
hylocrius medulla - scalloped; transverse section - biconvex

Ovis ammon Transverse section - biconvex

Pseudois nayaur | Transverse section- circular

measurement values of cuticular scale and medulla of
the hair, the following important key characteristics may
help to identify the species of Indian caprines correctly
(Table 4).

Caprines are highly trafficked in the illegal trade
after carnivores, used mainly for local bushmeat
consumption, and for their skin and other derivatives
(Menon & Kumar 1999). On the other hand, they are
the chief prey to the large carnivores (Menon 2014).
Therefore, the identification keys along with high-
resolution microphotographs presented here may be
used in animal forensic science as well as food-habit
analysis of predator, as an appropriate reference for
species identification of Indian caprines.
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Image 5. Microscopic characteristics of dorsal guard hair of Ovis
ammon. (a) cuticula (400x), (b) medulla (400x), (c) transverse section
(400x). © M. Kamalakannan.

REFERENCES

Adorjan, A.S. & G.B. Kolenosky (1969). A manual for the identification
of hairs of selected Ontario mammals. Toronto: Research Branch,
Ontario Department of Lands and Forests 90, 64.

Bahuguna, A. (2008). Identification of Indian species of Callosciurus
Gray through dorsal guard hair (Mammalia: Rodentia: Sciuridae).
Biosystematica 1: 25-32.

Bahuguna, A. & S.K. Mukherjee (2000). Use of SEM to recognize
Tibetan antelope (Chiru) hair and blending in wool products. Science
and Justice 40: 177-182.

Brunner, H. & B. Coman (1974). The identification of mammalian hair.
Inkata Press, Melbourne, Australia, 176pp.

Chakraborty, R. & J.K. De (2010). Atlas on hairs Indian mammals. Part-
I: Carnivora. Zoological Survey of India, 141pp.

De, J.K. (1993). Study of surface structure of hair of some Primates
of Indian sub- continent. Records of the Zoological Survey of India
110: 21-25.

De, J.K. & R. Chakraborty (2013). Identification of dorsal guard hairs
of nine species of the family Bovidae (Artiodactyla: Mammalia).
Records of the Zoological Survey of India 93: 31-34.

Dharaiya, N. & V.C. Soni (2012). Identification of hairs of some
mammalian prey of large cats in Gir Protected Area, India. Journal
of Threatened Taxa 4(9): 2928-2932; https://doi.org/10.11609/
JoTT.03032.2928-32

Hausman, L.A. (1920). Structural characteristics of the hair of
mammals. American Naturalist 54: 496-523.

Kamalakannan, M. (2018). The identification of Takin Budorcas
taxicolor (Mammalia: Bovidae) through dorsal guard hair. Journal of
Threatened Taxa 10(15): 13014-13016; https://doi.org/10.11609/
jott.3357.10.15.13014-13016

Keogh, H.J. (1983). A photographic reference system of the
microstructure of the hair of southern African bovids. South African
Journal of Wildlife Research 13: 89-132.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 February 2019 | 11(3): 13304-13309

Image 6. Microscopic characteristics of dorsal guard hair of Pseudois
nayaur. (a) cuticula (400x), (b) medulla (400x), (c) transverse section
(400x). © M. Kamalakannan.

Koppikar, B.R. & J.H. Sabins (1976). Identification of hairs of some
Indian mammals. Journal of the Bombay Natural History and Society
73:5-20.

Mathiak, H.A. (1938). A key to hairs of the mammals of southern
Michigan. Journal of Wildlife Management 2: 251-268.

Mayer, W.V. (1952). The hair of California mammals with keys
to the dorsal guard hairs of California mammals. American
Midland Naturalist 38: 480-512.

Menon, V. (2014). Indian Mammals- A Field Guide. Hachette Book
Publishing India Pvt. Limited, Gurgaon, 528pp.

Menon, V. & A. Kumar (1999). Wildlife Crime: An Enforcement Guide.
Wildlife Protection Society of India, New Delhi, 111pp.

Moore, T.D., L.E. Spence & C.E. Dugnolle (1974). /dentification of the
dorsal guard hairs of some mammals of Wyoming. Game and Fish
Department, Wyoming, 177pp.

Ridgway, R. (1886). Nomenclature of colours. University Press, John
Wilson and Son, Cambridge, 129pp.

Sahajibal, V., S.P. Goyal, K. Singh & V. Tahkur (2010). Dealing wildlife
offences in India: role of the hair as physical evidence. International
Journal of Trichology 1: 18-26.

Sarkar, P.S., J.K. De & C.K. Manna (2011). Identification of dorsal
guard hair of five species of the family Cercopithecidae (Primates:
Mammalia). Current Science 100: 1725-1728.

Stains, H.J. (1958). Field key to guard hair of middle western furbearers.
Journal of Wildlife Management 22: 95-97.

Teerink, B.J. (1991). Hair of West-European Mammals Atlas and
Identification Key. Cambridge University Press, Cambridge, 223pp.

WiD

N
ZOGREACH
Threatened Taxa

13309



https://doi.org/10.11609/JoTT.o3032.2928-32
https://doi.org/10.11609/jott.3357.10.15.13014-13016

PLATINUM
OPEN ACCESS

www.threatenedtaxa.org

The Journal of Threatened Taxa (JoTT) is dedicated to building evidence for conservation globally by
publishing peer-reviewed articles online every month at a reasonably rapid rate at www.threatenedtaxa.org.
All articles published in JOTT are registered under Creative Commons Attribution 4.0 International License
unless otherwise mentioned. JoTT allows allows unrestricted use, reproduction, and distribution of articles
in any medium by providing adequate credit to the author(s) and the source of publication.

ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print)
February 2019 | Vol. 11 | No. 3 | Pages: 13251-13418

Date of Publication: 26 February 2019 (Online & Print)
DOI: 10.11609/jott.2019.11.3.13251-13418

Articles

‘Non-protected’ primates as bushmeat, pets and pests in southeastern
Democratic Republic of Congo
— Paul Kaseya Kazaba, Pp. 13251-13260

Diversity, structure and natural history of amphibians in the upper
Claro River basin, a buffer zone of the National Natural Park Los
Nevados, Central Cordillera of Colombia

—Julidn Andrés Rojas-Morales & Mateo Marin-Martinez, Pp. 13261—
13277

Communications

Medium and large-sized mammals in an Atlantic Forest fragment of
Brazil: recording of threatened species

— Vinicius Nunes Alves, Caroline Marques Maia, Telma Regina Alves &
Renata Cristina Batista Fonseca, Pp. 13278-13286
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