OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

Research Article

Forensic Identification of some Wild Animal Hair using Light and
Scanning Electron Microscopy

MavapA RaGgaB FArRAGY™, MERVAT HAassAN GHONIEM!, AL HEIDER ABoU-HADEED!, KULDEEP DHAMA?
b b b

'Department of Forensic Medicine and Toxicology, Faculty of Veterinary Medicine, Zagazig University, Egypt; *Di-
vision of Pathology, Indian Veterinary Research Institute, Izatnagar, Bareilly, 243122, Uttar Pradesh, India.

Abstract | The present study was conducted to investigate some morphological and numerical features of hair samples
of some wild animal species using light and scanning electron microscopy to make a key for their identification. Sam-
ples of hair were obtained from different body regions (dorsal neck, dorsum and flank) of American black bear (Urus
americanus), Blue Nile monkey (Ceropithecus mitis), Barbary sheep (Amotracus lervia), Bactrian camel (Camelus bactri-
anus) and Llama (Lama glama). The measurements and indices used are the diameter of hair shaft at three positions
(proximal, middle and distal parts of hair shaft), medulla and cuticular indices, as well as the scale count and the ratio
of scale width to scale height (X/Y feret). The diameter of the proximal part of hair shaft showed very small variations
in dorsal neck, dorsum or flank between the individuals of the same species and the same observed for the diameter of
middle and distal parts, where the differences in the hair thickness among species were clearly observed by changing
the part of hair and body region. The medullary and cuticular indices of individuals from the same species showed
very small variations by changing the body region, but on the species level they showed significant differences. The
animals of the same species are more likely to have similar scale patterns and count along the shaft of hair and even in
the different parts of the body. On the other hand scale patterns and count showed great variations between different
species along the hair shaft and also according to the body region. The species differences in the numerical features of
cuticular scales were more frequently observed at the tip side than at the root. Barbary sheep has the largest X/Y feret
value among species. In conclusion, the differences in the morphological and numerical features of hair used in this
study could be of great value for species identification.
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INTRODUCTION

he mammalian hair fibers represent an interesting bio-

logical material which can be easily sampled, collected
and transported as well as resist putrefaction and remain for
very long periods of time so could provide long-term in-
formation (Nowak, 1998; Tridico et al. 2014). Moreover, in
forensic casework the present hair samples are sometimes
the only available evidence found at a crime scene (Brauner
et al., 2001; Farah et al., 2014). Furthermore, the hair mor-
phology is useful for the study of evolution and domestica-
tion of various mammals in zoology, morphology, phyloge-
netic, taxonomic, textile testing, archeological studies and

forensic sciences (Meyer et al., 2002; Farag et al., 2015).

'The macro and microscopic structure features are widely
used for identification of hair and investigation of their
role in adaptation of animals to life conditions. The former
include the degree of hair cover the body with different
coloration, shape, length and width, as well as position, ar-
rangement in groups and direction of villi. The latter com-
prise the specific features of the hair shaft architectonics
(ratio of development of three layers, cuticle, cortex and
medulla; heterogeneity and pigmentation of cortical layer;
cuticular pattern; shape of cuticular scales; and the shape,
size, pigmentation and position of medullar cells and cav-
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ities between or inside them) (Chernova, 2002; Nadia,
2012; Monica et al., 2015).

Most studies on mammalian hair was done using plastic
impressions of cuticular scales and direct observation of
whole mounts using light microscopy (Brunner and Co-
man, 1974; Valente, 1983; Wallis ,1993; Oli, 1993; Taru
and Backwell , 2013), and scanning electron microscopes
(SEM) which provide new technology that allowed for
greater magnification and resolution (Andy and Tillman,

2006; Aris and George, 2008).

This study aims at using light and scanning electron mi-
croscopy to obtain some features of hair samples from
different body regions (dorsal neck, dorsum and flank) of

some wild animals in trying to differentiate between them.

MATERIALS AND METHODS

THE TESTED SPECIES

Samples of hair were obtained from five animal species
trom Giza Zoo, Giza, Egypt. All species used in this study
were listed in Table 1.

ExaminaTION OF HAIR SAMPLES USING LIGHT AND
ScANNING ELECTRON Microscopry (L.M.AND SEM)
Hair samples were collected from each of five adult healthy
males of selected species (Table 1).Ten hairs were collected
from each of three different body regions, that is dorsal
neck, dorsum and flank. All samples were morphologically
and numerically examined in this study.

WHOLE MOUNTS

'The samples were cleaned thoroughly in an ether-alcohol
mixture (1:1) and were dried between two filter papers. The
samples were placed on a clean microscope slides. Then the
samples were mounted in Canadabalsam with (refractive in-
dex: 1.53),and were examined under light microscope (VM
250) with magnification of 400X according to Oli (1993)
then photographed using (SONY, DSC-5950) camera.

ScANNING ELECTRON MICROSCOPE

In order to examine the pattern of the cuticular scales and
to calculate the scale counts per (100pm) unit length and
the ratio of scale width to scale height (X/Y feret): un-
treated hairs from different types of animals mentioned in
Table 1 were cleaned according to the procedure of Hess et
al. (1985) which is as follows, hair samples were placed in
small petri dishes with distilled water containing a drop of
detergent (Baby Johnson) and sonicated for 5 min. Hairs
were then washed in distilled water and sonicated for 5
minutes in absolute acetone. Hairs left to be air dried then
mounted on SEM stubs. All the specimens were placed
in a vacuum champer and gold coated (Edwards sputter

coater S150 B) before being examined with a JEOL JSM-
T100 Scanning Electron Microscope. The micrographs
were taken at 20 KV and 1,000 X.

Table 1: The names and classification of animal’s source of
hair samples

Common Order Family Scientific name
name

American Carnivora Ursidae Urusamericanus
black bear

Blue nile Primates Ceropith-  Ceropithecus-
monkey ecidae mitis

Barbary sheep  Artiodactyla Bovidae Amotracuslervia
Bacterian Artiodactyla Camelidae  Camelusbactri-
camel anus

Llama Artiodactyla Camelidae Lama glama

MEASUREMENTS AND INDICES USED IN THIS STUDY

The measurements and indices used were calculated accord-
ing to Sato (2002) and Sato et al. (2006) as given below:

1. 'The diameter of hair shaft at three positions (proximal,
middle and distal parts of hair shaft) (L.M).

2. 'The medulla index is a ratio of medullary diameter to
hair diameter X 100 (L.M).

3. 'The cuticular index is a ratio of cuticular diameter to
hair diameter X100.

4. 'The scale count denotes the number of free edges of
hair scale per unit length (100 pm field of view) (SEM).

5. X/Y feret measured by SEM (Areida et al., 2006)

These features were measured at three positions of the hair
shaft i.e. the proximal, middle and distal parts. These parts
were objectively controlled as follows, the proximal part
was at the proximal one third of the hair shaft (toward the
tip of hair), the middle part was at the central part along
the hair shaft, the distal part was at the maximum width
point near the root of the hair, and the measurements ob-
tained were adjusted to the actual size of the sample using
ultra structure size calculator (SPI supplies, Divisions of
structure probe, Inc. USA, units of measurements 1mm=
1000pm, 1pm= 10,000 A°, 1 nm= 10 A°).

STATISTICAL ANALYSIS

Data were statistically analysed using general linear models
procedure adapted by SPSS for user’s guide with one-way
ANOVA. The differences among means were determined
using the student Newman keuls test. The Mean values and
standard error (SE) were reported. Statements of statistical
significance were based on P < 0.05.

RESULT'S AND DISCUSSION

Morphological examination of hair samples is the first step
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Table 2: The measurements of the hair shaft (basal, middle and proximal parts) from dorsal neck, dorsum and flank

regions of American black bear (Urus americanus)

Basal part Middle part Proximal part
Parameters Dorsal neck Dorsum Flank Dorsal neck Dorsum  Flank  Dorsal neck  Dorsum  Flank
region region region region region region  region region region
Diameter (um)  56.6x 0.66* 54.66= 57.6+ 37.8+0.16* 38.0+ 38.6+ 31.1+ 30.3+ 31.3+
2.6% 0.66* 0.57* 0.42 0.7 0.32 0.7
Medullary index 36.7+ 34.5+ 41.0+ 44.7+ 41.0+ 413+ 379+ 36.3+ 36.7+
1.5P 0.28P 0.572 0.32 0.572 0.6 0.32 0.88* 1.8¢
Cuticular index 6.8+ 7.0 7.5+ 6.5+ 6.46+ 6.5+ 7.3+ 7.33+ 7.30+
0.16" 0.00° 0.00* 0.11* 0.21¢ 0.24¢ 0.20® 0.182 0.22
Cortical index 31.0+ 31.0+ 31.3+ 30.0+ 30.0+ 30.6+ 30.8+ 0.052 30.7+ 30.3+
0.0 0.05* 0.882 0.0 1.00* 1.28 0.08* 0.42
Scale counts per 25.0% 24.3+ 24.3+ 20.0+ 0.57* 20.3% 20.0+ 12.0+ 0.572 11.0+ 12.3+
(100pm) 0.0 1.33% 0.66* 1.452 2.0 0.57* 0.32
X/Y feret 3.4+ 3.4+ 3.4+ 2.4x 2.5+ 2.3+ 1.1+ 1.10+ 1.2+
0.08® 0.03® 0.06* 0.052 0.00® 0.24¢ 0.03* 0.572 0.08®

Means within the same row in each item within each group carrying different superscripts are significantly different at (p< 0.05)

Table 3: The measurements of the hair shaft (basal, middle and proximal parts) from dorsal neck, dorsum, and flank

regions of Blue Nile monkey (Ceropithecus mitis)

Parameters  Basal part Middle part
Dorsal neck  Dorsum  Flank  Dorsal neck
region region region  region

Diameter 45.83+1.01* 45.83x  45.00x 42.76+0.14*

(pum) 0.44 1.52*

Medullary 49.86 1.39* 47.66x  49.00  48.16x0.60*

index 1.85¢ +1.522

Cuticular 3.10£ 0.10*  3.10= 320+  3.1%

index 0.05* 0.11° 0.57°

Cortical 32.00+ 0.57* 32.00+  32.66  32.00 £1.00°

index 1.55¢ +1.76*

Scale counts  25.33+0.33* 25.00+  26.33  22.33+1.20*

per (100pm) 2.51° +0.33°

X/Y feret 3.50+.288*  3.60=+ 4.00+  3.00+0.00°

0.20* 0.00*

Proximal part

Dorsum  Flank Dorsal neck  Dorsum  Flank
region region region region region
4183+ 4196+  31.00+0.57* 31.00% 29.00
1.16* 0.54¢ 1.15° 0.57
4833+  49.83+  50.00+0.57* 49.66+ 50.33+
1.20° 0.16* 0.88* 0.33*
3.5+ 3.4+ 4.00+ 0.057* 3.96= 4.00+
0.11* 0.172 0.08* 0.057*
32,90+  33.00+  33.20+0.05" 32.80+ 34.33+
0.73 0.75 0.41° 0.16*
22.00+  23.66+  18.33+0.33* 19.33+ 21.00+
1.00* 0.88¢ 0.33" 0.00¢
3.13+ 3.10« 3.00+ 3.10+ 3.10x
0.033* 0.00* 0.00* 0.00* 0.05*

Means within the same raw in each item within each group carrying different superscripts are significantly different at (p< 0.05)

in forensic hair examination. The main medico-legal con-
cerns with hair examination include identification of the
species origin, ascertainment of the hair’s provenance from
the body and, finally, comparison of the hair sample from
the victim to the hair sample from the crime scene (Za-
farina and Panneerchelvam, 2009). It is well-known that
based on morphological features some hairs and conse-
quently some animal species can be discriminated without
any trouble, that makes the morphological examination of
hairs is an important method that can be used in forensic

medicine (Sato, 2002; Sato et al., 2006).

Two of the features that make hair a good subject for es-
tablishing individual identity are its resistance to chemical
decomposition and its ability to retain structural features

over long period of time. Much of resistance and stability
is attributed to the cuticle or outside covering of hair (Ber-

nadette et al., 1996; Nowak et al., 1998).

Our investigation concerning the diameter of hair revealed
that the diameter of the proximal part of hair shaft showed
very small or no variations when compared in the three
examined body regions (dorsal neck, dorsum and flank)
between the individuals of the same species. There were
also non-significant differences in the diameter of middle
and distal part of hair shaft in the three body regions of
the same species but with comparing the diameter of hairs
on the species level the differences in the hair thickness
among species were clearly observed by changing the part
of hair and body region. Similar results were obtained by
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Table 4: The measurements of the hair shaft (basal, middle and proximal parts) from dorsal neck, dorsum and flank

regions of Barbary sheep (Amotracus lervia)

Basal part Middle part Proximal part
Dorsal neck  Dorsum Flank Dorsal neck Dorsum Flank Dorsal neck  Dorsum Flank
Parameters region region region region region  region  region region region
Diameter (um) 126.66 £1.20 126.00x 127.00 + 95.00 £0.00* 95.33 95.66 + 67.50 +0.28> 67.00+ 68.33+
2 1.522 2.082 +1.852 1.86* 0.00° 0.332
Medullary 86.13+ 0.88* 86.23+ 87.16+ 86.5+0.10* 86.4= 86.2+ 81.166+ 81.66+ 82.00+
index 0.62° 0.44* 0.057*  0.43® 0.162 0.33® 0.572
Cuticular index 3.03+0.03*  2.93% 3.06+ 3.03+ 0.033> 3.10+ 3.23+ 3.60+ 0.57* 3.50+ 3.63+
0.03® 0.14® 0.00" 0.033* 0.10°® 0.145*
Cortical index  8.06+ 0.033* 8.20+ 8.20+ 7.7+ 0.058* 7.5+ 7.4+ 7.30+ 0.05>  7.40+ 7.60+
0.05® 0.05® 0.145*  0.06® 0.05° 0.00*
Scale counts per 143.33+ 141.33+ 143.33 88.33+3.33* 88.34+ 86.66x 90.00+2.88* 91.66= 92.33+
(100pm) 6.66° 1.20* +3.332 4.40* 3.33® 3.332 6.17*
X/Y feret 7.00+ 0.00*  7.00+ 7.00+ 5.00+ 0.057* 5.00+ 4.90+ 5.33+0.71*  6.03+ 6.03+
0.01°® 0.152* 0.00°® 0.25° 0.03® 0.032

Means within the same raw in each item within each group carrying different superscripts are significantly different at (p<05).

Table 5: The measurements of the hair shaft (basal, middle and proximal parts) from dorsal neck, dorsum and flank

regions of Llama (Lama glama)

Basal part Middle part Proximal part
Dorsal neck  Dorsum  Flank  Dorsal neck Dorsum Flank Dorsal neck Dorsum  Flank
Parameters region region region  region region region region region region
Diameter (um)  44.66x 1.33*  46.00= 4713+ 37.66x0.33* 37.66x 38.00+ 34.00+ 0.57* 34.33x  34.00+
0.572 0.18* 0.16* 0.57* 0.06* 0.57*
Medullary index 34.16+ 0.44*  33.33+ 3416+ 33.96+ 0.31* 33.33+ 33.36+ 34.90+ 0.49* 34.00+ 35.10+
0.282 0.442 0.88* 0.31% 0.57 0.012
Cuticular index  3.00+ 0.00* 3.00+ 3.03+ 3.13+0.08* 3.13+ 3.20+ 3.26+0.122 3.23+ 3.26+
0.052 0.122 0.06* 0.05* 0.122 0.06¢
Cortical index 42.36+ 0.31* 42.63+ 42.00+ 32.00+1.00*0 42.50+ 42.10+ 42.30+ 0.25* 42.53+ 4213+
0.682 1.732 0.76* 0.442 0.26* 0.40¢
Scale counts per  13.00+ 0.57*  12.66+ 12.66+ 23.33+2.02* 23.33+ 23.66+ 35.00+ 1.15* 33.33+ 33.00+
(100pm) 1.20* 1.45° 0.08* 1.332 0.88* 1.52¢
X/Y feret 1.56+0.03* 4.80+ 1.50+ 2.03+ 0.03* 2.10+ 2.00+ 1.26+ 0.033* 1.23+ 1.30+
3.35% 0.10° 0.052 0.00? 0.066% 0.00?

Means within the same raw in each item within each group carrying different superscripts are significantly different at (p< 0.05)

(Sato et al., 2006) who found that numerical features such
as hair diameter can clearly be used to differentiate be-
tween hairs of dog and cat. Our results also in agreement
with the results of Aris and George (2008) who studied
the morphology of hairs of Capra prisca (goat) and the
sheep wool and found that the diameter of hairs of goat
and the diameter of wool varied greatly, they concluded
that hair diameter could be useful for hair identification
of mammalian species. Moreover, Jones et al. (2001) stated
that diameter of hair shaft between species can vary from
10-250 pm and are influenced by the metabolic and nutri-
tional status of the animal, which may play indirect role in
the variability of hair diameter observed among different
species used in our study.

This study also revealed that the medullary index of in-

dividuals from the same species showed very small or no
variations by changing the body region but comparing
medullary index on the species level showed significant
differences and was less than 1/3 in human hairs while
that of animals was greater than 1/3 except for bactrian
camel which have medullary index less than 1/3. These re-
sults are in agreement with Gaudette (1999) and Deedrick
and Koch (2004) who stated that the medulla of hairs also
valuable for species identification, animal medullary index
is greater than human’s. Moreover the differences in med-
ullary index and patterns observed between difterent spe-
cies may be explained by Chernova (2003) who stated that
the different structure of the medulla could be returned to
structural and functional adaptation because the medulla
is related to the thermal insulation of hair coat of different
animals.
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Table 6: The measurements of the hair shaft (basal, middle and proximal parts) from dorsal neck, dorsum and flank

regions of Bacterian camel (Camelus bactrianus)

Basal part Middle part Proximal part
Dorsal neck  Dorsum Flank  Dorsal neck  Dorsum Flank Dorsal neck  Dorsum  Flank
Parameters region region region  region region  region region region region
Diameter (pm)  47.33% 45.66+ 47.66x 43.16+ 0.44> 42.73x 44.23= 33.00+0.57*  31.33+ 31.00+
1.20° 0.88¢ 0.57¢ 0.14° 0.14° 0.88* 1.15¢
Medullary index 16.66+ 17.70+ 1746+ 16.63+0.49* 16.73+ 16.86% 16.50+0.28*  16.66+ 16.80+
0.44° 0.05* 0.16" 0.27 0.28 0.44° 0.40°
Cuticular index  2.30£0.11* 2.30+0.17* 2.30+  2.80+0.05* 2.86x  2.56= 2.70+ 0.25*  2.60= 2.66x
0.05° 0.032 0.17¢ 0.15¢ 0.14
Cortical index ~ 33.00= 33.83= 3416+ 34.83£0.16* 34.70+ 34.16= 33.33+0.33*  33.50+ 34.00+
0.57¢ 0.60° 0.44 0.30° 0.60° 0.76* 1.15¢
Scale counts per 13.00+ 12.33 + 12.00+ 11.66+0.33* 11.66+ 11.00x 9.00+ 0.57*  8.33+ 7.66+
(100pm) 0.00° 0.88* 1.00? 0.66 1.52¢ 0.66* 0.66*
X/Y feret 1.33£0.08* 1.33+0.16* 1.26= 1.40+ 0.05*  1.36+ 1.40+ 1.16+0.03* 1.20+ 1.20+
0.132 0.15® 0.122 0.00° 0.05*

Means within the same raw in each item within each group carrying different superscripts are significantly different at (p< 0.05)

Figure 1: SEM of the hair shaft of Urus americanus

A: proximal part, B: middle part and C: distal part; note the
thickness of hair shaft, note also the overlapped short and
wide imbricated scales of equal hastate with saw margin and
without long free blade (X1000). The other side shows the three
morphological regions of hair (the cuticle, the medulla and the
cortex) along the hair shaft of Urus americanus (D: proximal part,

E: middle part and F: basal part) under light microscope (X400)

Regarding to the results of cuticular index our study re-
vealed that there were no or very small differences in the
cuticular index among individuals of the same species by
examining the different parts of hair at different body re-
gion, meanwhile,there was a great difference in cuticular
index among different species and this is in agreement with
that mentioned by Jones et al. (2001) who reported that
cuticle thickness varies markedly between species, for ex-
ample the cuticle of fine merino wool fibers is normally one
cell thick whereas in human hair and pig bristle the cuticle

Figure 2: SEM of the hair shaft of (Ceropithecus mitis)

A: proximal part, B: middle part and C: distal part; note the
thickness of hair shaft, note also the overlapped moderate length
and wide imbricated scales of equal hastate with saw margin and
without long free blade (X1000). The other side shows the three
morphological regions of hair (the cuticle, the medulla and the
cortex) along the hair shaft (D: proximal part, E: middle part and
F: basal part) of Ceropithecus mitis under light microscope (X400)

may range from 10 cells to 30 cell layers respectively and
the author related this to the unique characteristics of hair
cuticle cells which give mammalian hair its surface prop-
erties, these cells are important in a variety of applications
ranging from textile processing to protection of fiber com-
ponent from environmental damage.

The examination of hair shaft with the aid of SEM pro-
vided useful information of the hair morphology of stud-
ied species concerning scale counts and the ratio of scale
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Figure 3: SEM of the hair shaft of Amotracus lervia

A: proximal part, B: middle part and C: distal part; note the thickness
of hair shaft, note also the overlapped short and wide imbricated scales
of equal hastate with smooth margin and without long free blade
(X1000). The other side shows the three morphological regions of hair
(the cuticle, medulla and the cortex) along the hair shaft of Amotracus
lervia (D: proximal part, E: middle part and F: basal part) under light

Figure 4: SEM of the hair shaft of Lama

A: proximal part, B: middle part and C: distal part; note the thickness
of hair shaft, note also the overlapped moderate length and moderate
width imbricated scales of equal hastate with saw margin and without
long free blade (X1000). The other side shows the three morphological
regions of hair (the cuticle, the medulla and the cortex) along the hair
shaft of Lama glama (D: proximal part, E: middle part and F: basal

microscope (X400)

part) under light microscope (X400)

Table 7: The measurements and indices of the basal part of hair shaft of different body regions (dorsal neck, dorsum and
flank) of the studied animals

Animal species American blackbear  Blue nile monkey Barbary sheep Lama Bacterian camel
Body regions

Dorsal neck region

Diameter (um) 31.16+ 0.72¢ 31.00+ 0.57 ¢ 67.50+0.28* 34.00+0.57° 33.00x 0.57°
Medullary index 37.96+ 0.29¢ 50.00x 0.57° 81.16+ 0.16* 34.90+ 0.49¢  16.5+ 0.28°
Cuticular index 7.33+ 0.20° 4.00+ 0.057* 3.60% 0.057" 3.26x 0.12¢ 2.70+ 0.5¢
Cortical index 30.80+ 0.05¢ 33.20+ 0.05° 7.30% 0.05¢ 42.30+ 0.25*  33.33+0.33°
Scale counts per (100pm)  12.00+ 0.57¢ 18.33 + 0.33¢ 90.00+ 2.88* 35.00+ 1.15>  9.00+ 0.57¢
X/Y feret 1.06+ 0.03¢ 2.86+ 0.08" 6.00+ 0.05* 1.26=+ 0.03¢ 1.16+ 0.03<
Dorsum region

Diameter (pm) 30.33+ 0.33¢ 31.00+ 1.10° 67.00= 0.00° 34.33+ 0.66°  31.33+ 0.88
Medullary index 36.33+ 0.88¢ 49.66+ 0.88° 81.66+ 0.33* 34.00x 0.57¢  16.56+ 0.34°
Cuticular index 7.33+0.18° 3.96x 0.08° 3.50+ 0.10¢ 3.23+0.12¢ 2.60+ 0.15¢
Cortical index 30.76= 0.08¢ 33.10+ 0.15° 7.40+ 0.05¢ 4253+ 0.26*  33.50% 0.76"
Scale counts per (100pm) 11.00+ 0.57¢ 19.33+ 0.33¢ 91.66+ 3.33* 33.33+0.88>  8.33+0.66¢
X/Y feret 1.10+ .05¢ 2.90+ 0.20° 6.03+ 0.03* 1.23+ 0.06¢ 1.20+ 0.00¢
Flank region

Diameter (um) 31.33+ 0.66° 29.00+ 0.57¢ 68.33 + 0.33° 34.00 £ 0.57° 31.00+ 1.15¢
Medullary index 36.66+ 1.85¢ 50.33+0.33° 82.00+ 0.57 35.16 £ 0.16°  16.80 + 0.40¢
Cuticular index 7.30% 0.15° 4.00+ 0.05° 3.63% 0.14" 3.26x 0.06° 2.66 +0.14 ¢
Cortical index 30.30+ 0.35¢ 34.26x 0.14° 7.60+ 0.00¢ 42.13 £ 0.40* 34.00 + 1.15°
Scale counts per (100pm)  12.33+ 0.33<¢ 21.33 +0.33¢ 92.33 +6.17* 33.00+ 1.52>  7.66 + 0661
X/Y feret 1.16+ 0.08¢ 2.93+0.03 6.03+ 0.03* 1.30+ 0.00° 1.20+ 0.05°

Means within the same raw in each item within each group carrying different superscripts are significantly different at (p< 0.05)
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Table 8: The measurements and indices of the middle part of hair shaft of different body regions (dorsal neck, dorsum

and flank) of the studied animals

Animal species American black bear Blue nile monkey Barbarysheep ~ Lama Bacterian camel
Body regions

Dorsal neck region

Diameter (pm) 37.83+ 0.16° 42.76+ 0.14° 95.00+ 0.00? 37.66 + 0.33¢ 43.16+ 0.44°
Medullary index 40.66+ 0.33¢ 48.16+ 0.60° 86.50+ 0.01° 33.96+0.31¢ 16.63+ 0.49°
Cuticular index 6.50+ 0.11® 3.10+ 0.05° 3.03 £ 0.03 b 3.13+ 0.08° 2.80+ 0.05¢
Cortical index 30.00+ 0.00¢ 32.00+ 1.00° 7.70+ 0.05¢ 42.66+ 0.33* 34.83+ 0.16"
Scale counts per (100pm) 20.00 = 0.57° 22.33 +1.20° 88.33 + 3.30° 23.33+ 2.00° 11.66+ 0.33¢
X/Y feret 2.40+ 0.05¢ 3.00= 0.00° 5.00+ 0.05° 2.03+ 0.03¢ 1.40+ 0.05¢
Dorsum region

Diameter (pm) 38.00+ 0.57¢ 41.83+ 1.16° 95.33+ 1.85° 37.66x 0.16° 42.66x 0.20°
Medullary index 41.00+ 0.57¢ 48.33+ 1.20° 86.40+ 0.05° 33.33+ 0.88¢ 16.73+ 0.27¢
Cuticular index 6.46+ 0.21* 3.50+ 0.11° 3.10+ 0.00¢ 3.13 = 0.06¢ 2.86+ 0.03¢
Cortical index 30.00+ 1.00¢ 32.90+ 0.73° 7.56% 0.14¢ 42.50+ 0.76* 34.70x 0.30°
Scale counts per (100pm) 20.00+ 2.00° 22.00+ 1.00° 88.33 + 4.40° 23.33+ 0.88° 11.66+ 0.66¢
X/Y feret 2.50+ 0.00¢ 3.13+ 0.03 5.00+ 0.00° 2.10+ 0.05 ¢ 1.36+ 0.12¢
Flank region

Diameter (pm) 38.50+ 0.50¢ 41.96x 0.54° 95.66+ 1.85° 38.00+ 0.57¢ 44.23+ 0.14°
Medullary index 41.33+ 0.66° 49.83+ 0.16° 86.20+0.43* 33.36x 0.314 16.86+ 0.28¢
Cuticular index 6.56+ 0.24° 3.46x 0.17° 3.23+ 0.03" 3.20+ 0.05° 2.56+0.17¢
Cortical index 30.66+ 1.20° 33.00 £ 0.57° 7.4320.06¢ 42.16+ 0.44* 34.16= 0.60°
Scale counts per (100pm) 20.00+ 2.00° 23.66 + 0.88° 86.66+ 3.33* 23.66+ 1.33" 11.00+ 1.52¢
X/Y feret 2.00+ 0.52¢ 3.10+ 0.00° 5.03 £ 0.12 2.00+ 0.00¢ 1.40+ 0.15¢

Means within the same raw in each item within each group carrying different superscripts are significantly different at (p< 0.05)

Figure 5: SEM of the hair shaft of Camelus bactrianus

A: proximal part, B: middle part and C: distal part; note the
thickness of hair shaft, note also the overlapped moderate length and
moderate width imbricated scales of equal hastate with saw margin
and without long free blade (X1000). The other side shows the three
morphological regions of hair (the cuticle, the medulla and the
cortex) along the hair shaft of Camelus bactrianus (D: proximal part,

E: middle part and F: basal part) under light microscope (X400)

width to scale height. Bower and Curry (1983) reported
that scale patterns provided some of the most diagnostic
characters for identifying hair samples.

Regarding to the results of scale patterns we found that the
animals of the same species are more likely to have similar
scale patterns along the shaft of hair and even in the dif-
ferent parts of the body. On the other hand scale patterns
show great variations between different species as shown in
Figures 1,2, 3,4 and 5 which appeared as moderate length
(short and wide) and sometimes have smooth margin or
saw margin according to the species of animal. This is in
agreement with the observation of Hess et al. (1985) who
found that the surface scale patterns of Tayasuidae and
Suidae family did not significantly differ when observed
with scanning electron microscope. Inagaki and Tsukahara
(1993) and Bakuneeta et al. (1993) used scale patters to

identify chimpanzee hair.

The study also revealed no significant difference in the
scale counts of the proximal part, middle and basal parts of
hair shaft when compared in the three body regions of the
animals of the same species (Tables 2,3,4,5 and 6). Mean-
while, comparing the scale counts in the different species
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Table 9: The measurements and indices in the proximal part of hair shaft at different body regions (dorsal neck, dorsum

and flank) of the studied animals

Animal species American black bear Blue nile monkey Barbarysheep Lama Bacterian camel
Body regions

Dorsal neck region

Diameter (pm) 31.16+ 0.72¢ 31.00+ 0.57 ¢ 67.50+0.28* 34.00£0.57°  33.00% 0.57°
Medullary index 37.96+ 0.29° 50.00+ 0.57° 81.16+ 0.16* 34.90+ 0.49¢  16.5+ 0.28
Cuticular index 7.33+0.20° 4.00+ 0.057° 3.60+ 0.057*  3.26+0.12¢  2.70+ 0.5
Cortical index 30.80+ 0.05¢ 33.20+ 0.05° 7.30% 0.05¢ 42.30+0.25*  33.33+0.33"
Scale counts per (100pm) 12.00+ 0.57¢ 18.33 + 0.33¢ 90.00= 2.88¢ 35.00+ 1.15*  9.00+ 0.57¢
X/Y feret 1.06+ 0.03¢ 2.86+ 0.08 6.00+ 0.05* 1.26£0.03°  1.16+ 0.03<
Dorsum region

Diameter (pm) 30.33+ 0.33¢ 31.00+ 1.10¢ 67.00= 0.00° 34.33+ 0.66°  31.33+0.88
Medullary index 36.33+ 0.88¢ 49.66= 0.88° 81.66+ 0.33° 34.00+ 0.57¢  16.56+ 0.34°
Cuticular index 7.33+0.18¢ 3.96+ 0.08" 3.50+ 0.10° 3.23+0.12¢  2.60+0.15¢
Cortical index 30.76+ 0.08¢ 33.10+ 0.15* 7.40+ 0.05¢ 42.53+0.26*  33.50+0.76"
Scale counts per (100pum) 11.00+ 0.57¢ 19.33+ 0.33¢ 91.66+ 3.33* 33.33+ 0.88"  8.33+0.66¢
X/Y feret 1.10+ .05¢ 2.90+ 0.20° 6.03+ 0.03* 1.23+0.06°  1.20+ 0.00°
Flank region

Diameter (um) 31.33+ 0.66° 29.00+ 0.57¢ 68.33 +0.33*  34.00 £ 0.57° 31.00+ 1.15¢
Medullary index 36.66+ 1.85¢ 50.33+0.33° 82.00+ 0.57* 35.16 + 0.16° 16.80 + 0.40¢
Cuticular index 7.30+ 0.15° 4.00+ 0.05° 3.63+ 0.14% 3.26+0.06°  2.66 +0.141
Cortical index 30.30+ 0.35¢ 34.26+ 0.14° 7.60+ 0.00¢ 42.13 £ 0.40* 34.00  1.15
Scale counts per (100pm) 12.33+ 0.33«¢ 21.33 +0.33¢ 92.33 +6.17*  33.00+ 1.52*  7.66 + 066¢
X/Y feret 1.16+ 0.08° 2.93+0.03 6.03+ 0.03* 1.30+0.00°  1.20x 0.05°

Means within the same raw in each item within each group carrying different superscripts are significantly different at (p< 0.05)

revealed significant differences along the hair shaft and
also according to the body region (Tables 7, 8 and 9). The
species differences in the numerical features of cuticular
scales were more frequently observed at the tip side than
at the root and this disagreed with Sato et al. (2006) who
suggested that scale counts at the distal part of hair shaft
are important for the species discrimination when numer-
ical features are used.

Tonin et al. (2002) and Aris and George (2008) pointed
out that the fiber diameter and scale pattern type as well
as the rate of growth in fiber length and the distance be-
tween scale ridges are related to each other, they suggested
that the thicker hairs showed higher density of scales, the
results of our study confirmed the latter statement where
barbary sheep have the greater diameter of hair shaft and
higher density of scales and at the same time has the larg-
est X/Y value among studied species and this might be due
to the habitat of animal to accommodate itself during cold
periods to increase the degree of insulation as the ratio of
scale width to height could reflect an effective function for
the cuticle scales in supporting (i.e. holding up) the hairs,
these scales form a segmented tube that can support the
cortex when hairs erected during cold periods in order to

improve insulation. The hair cuticle cells have an extreme-
ly keratinized outer core which corroborates this idea and
they are very resistant to environment (Jones and Rivett,

1997; Dobb et al., 1996; Areida et al., 2006).

The ratio of scale width to scale height clearly indicates
that the species specific shape and size of hair cuticle scales
in mammals may be of specific value for biological inter-
pretation with regard to hair coat structure and function
(Meyer et al., 2002; Areida et al., 2006).

From the observations of the present study we agreed
with (Sato et al., 2006) who found that the morpholog-
ical differences that are useful for species identification of
animal hairs can be observed between animals classified at
taxonomic position at relatively long distances from one
another. Moreover animal hair morphologies may be influ-
enced by habitat and body size, for example morphological
differences in animal hairs were clearly observed between
an aquatic animal and land animal and between a large
sized animal and a small animal. On the other hand hair
morphologies are similar between animals belonging to
the same family and genus such as a dog and wolf (canidae
canis) and are relatively similar between animals bearing
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some resemblance in terms of body size.

CONCLUSION

The measurements and indices used in the present study
could provide useful information about hair from each
studied species that could be of great value in their iden-
tification.
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