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Abstract

Within the forensic identification the study of animal hair has remain limited to cross-species comparisons from
the same family but there is also considerable changes in those animals like scale layer differentiation growth
pattern, tensile strength, granulation and elemental profile of the animal hair. Here a rapid method is described for
assessing a variety of morphological characteristics for identification of species that could be easily used by forensic
investigators to identify the hairs from different species by just a fraction of single hair sample using Scanning
Electron Microscope (SEM). Hair samples from 90 animals of Felidae family, 30 from each Panthera leo persica
(lion), Panthera paradus fusca (Leopard) and Panthera tigris tigris (Tiger) were examined for their cuticular scale layer
difference pattern and measurements were taken using SEM annotations. Significant differences were observed in
scale layer pattern differences/difference in overlapping of each scale in hair which can be used in identification of
the species. The difference between each layer was observed as 6.72431 + 0.4, 7.869655 + 0.38 and 9.592897 + 0.5
um for Panthera Leo persica, Panthera tigris tigris and Panthera pradus fusca. Elemental analysis for all the three
species from Felidae family have been evaluated using Energy Dispersive Spectrum coupled with SEM for analysis
of Sodium, Potassium, Calcium and Sulfur. Significant results were obtained are can be further used to establish a

concordance with the species identification.
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Introduction

India is referred to have among richest biodiversity nations of the
world [1] having mixture of Palaearctic, Oriental and Afro-tropical
fauna [2]. India is home for 400 mammal species out of which 129
species are protected under Wildlife (Protection) Act 1972 (India)
and a arbitrator to Convention on International Trade in Endangered
Species (CITES) [3]. Illegal trade of the wildlife products are key risk to
conservation and responsible for regional obliteration to these species.
According to earlier findings wildlife products are third in the row
of illegal trade after narcotics and firearms [1,4]. Products of illegal
wildlife trade includes meat, antler, horns, nails, bones, horns, musk,
ivory, biles, pods, skin fur, claws, teeth and wool etc which are traded
in various forms like processed leather, brushes, frames, ornaments,
showpieces and also in traditional medicines (Chinese) (TCM) [5].
The use of hair in studying taxonomy, environmental factor and work
culture has been explored by various scientists. Researches has revealed
about the hair scale pattern and medullary index using light microscopy
as well as electron microscopy [6].

Researchers from diverse fields counting veterinary sciences,
taxonomy, wildlife biology, forensic wildlife, the textile industry and
forensic medicine, have used the micro-morphological characterization
of different types of hairs for investigating crime and suspected samples
[7]. Determination keys for getting accurate identification are based on
macroscopic features such as size, shape, profile and colour of the hairs,
scale pattern similarly microscopic characteristics of the cortex medulla
and cuticle structure [8]. Although, the identification is problematical
by the occurrence of significant discrepancy caused by differences of
species, breed and gender of the animals, by environmental conditions
(climate, habitat, nutrition) and possibly also by the body region from
which the hairs are derived [9] so to overcome these effects and to
raise the integrity of the results, hairs from different body regions from
animals of four different regions belonging to different age groups

were selected for studying the accurate differences in preparation of
standard reference measurements.

Now a day, the crime related to animals of high economic impact
(Scheduled under Wildlife Protection Acts) has gained specific focus
where hair can be used for identification of the animals in issues related
to species identification, [10] but this demands reference samples for
the examination. Reference sample collection for each case from zoos,
wildlife rescue centers and museums is a lengthy task to perform
examination based on microscopy between closely associated species
like tiger, lion, and leopard since they belongs to the same family. The
animals are mostly poached for their meat, skin, bones, claws, nails and
ivory etc where hair can be used to identify the species [11]. Hair plays
a vital role as the key evidence found in cases related to wildlife crimes
of these species [12]. This evidence will lead to the identification of
species with the help of Scanning Electron Microscope (SEM) and can
be utilized for the identification of the animals [13]. Scanning electron
microscopy provides higher range of magnification and coupled Energy
Dispersive Spectra (EDS) which will leads to the identification of
geographical region by elemental analysis can be used further for other
examinations [14]. A comprehensive microscopic hair characteristic
atlas of indigenous mammals of Australia have been reported earlier in
which the hair scale pattern of different species have been incorporate
[15]. Similarly, a key atlas on microscopic hair characters of west
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European mammals has been published [16]. Examination hair have
been widely used for taxonomic identification has been reported for
few species. Hair sample can be used for genomic and mitochondrial
DNA analysis and other chemical tests can also be subjected to go for
individual identification. But till date, not so much validated methods
for hair examination regarding intra-family species identification are
available using just a fraction of hair. As growth pattern and life span
of the animals from same family varies significantly [17]. Based on the
growth of the animals, hair scale pattern and its growth also varies
from species to species [18]. Current study shows that how hair varies-
between species and how he developed a database of mammal hair
that can be used by wild life forensic scientists in investigating cases
of illegal trafficking of the world’s most endangered animals [19]. Hair
samples from some wild animals were evaluated in this study. SEM
of the scale pattern was investigated for identification of scale pattern
difference in three closely related species from the family Felidae
including Panthera leo persica, Panthera pradus fusca and Panthera
tigris tigris. The ongoing research on microscopic characteristics of
hair can be used to offer more information for wildlife forensics and
provide vital information for the identification of prohibited transfer
of animals, poaching or wildlife crime, fraud in textile and fur industry,
and recognition of their victims, etc.

Materials and Methods

Reagents

Absolute alcohol, SDS, HNOS, HZOZ) Rectified Spirit used were
analytical grade reagents procured from Hi-Media and Merck
specialties. Carbon tape, aluminum adhesive and gold-palladium
coating material was taken from ZEISS SEM supplies.

Sample collection

Hairs of lion, leopard and tigers were collected from Indroda
nature park, Gandhinagar (23°11°32.70”N, 72° 39°03.04”E); Kamala
Nehru Zoological Garden Kankaria, Ahmedabad (23°00°34.11”N,
72°35’58.17”E); Sakkarbaug Zoo (21°32°27.05”N, 70°28’06.53”E),
Wildlife Rescue Center Junagadh (21°32°56.82”N, 70°2823.44”E) wide
letter No. WLP/28/B/4651-54/2012-13 from the Office of the Principle
Chief Conservator of Forests and Chief Wildlife Warden, Gujarat State.
10 hair of each of 90 animals, 30 samples from each of the three species
i.e. Panthera leo persica, Panthera tigris tigris and Panthera pradus
fusca were taken for the study. The hairs were taken from the cage
and enclosure (Including Shaded hairs possibly being from different
body parts) using forceps with gloves to avoid contamination and were
packed in zip-lock bags followed by paper envelops. Geographical
locations were identified by “Bhaskaracharya Institute of Space
Applications and Geo-Informatics”, Gandhinagar, INDIA.

Sample preparation

Hair samples were washed with absolute alcohol followed by
washing in 2% SDS, rinsed, repeated these steps three times, dried at
room temperature for about 24 hours followed by packing in fresh zip-
lock bags and stored at 0°C till further analysis. For Scanning electron
microscopy hair samples were dissected in pieces of 5 mm size leaving
3 mm from root side and placed on sample holder followed by plasma
Gold-Palladium coating at 5 milibar vacuum and 5 mA current for 105
seconds.

SEM-EDS analysis

The samples were examined under Scanning Electron Microscopy

[SEM] using Zeiss EVO 18 Special edition for imaging and elemental
analysis. Examination was done with working distance (WD) of 7 mm
and Electron Gun frequency at 10 kV for imaging at a line integral
of n=50 and 24 bit imaging software mode provided with SEM
Workstation, and at WD of 9.5 mm Gun Beam on 20kV using Energy
dispersive Spectrum detector provided by Oxford Instruments. For
EDS, Dot-1d setup is used for Sulfur (S), Iron (Fe),

Potassium (K), and Calcium (Ca) elements in hair. The elements
present inside the hair were tested for both intra and inter animal
differences using element Percentage and atomic percentage analysis

For getting the clarity in the results 10 hair samples of different
body parts of 30 different animals for each species were measured using
SEM software digital scale. Selection of specific measuring points for
getting accurate scale differentiation between each layer has been made
on the bases of the angle between the planes of the hair due to irregular
pattern a +10 degree of the angle was selected for measurement which
was further justified by measuring at least 10 different scales for each
hair. 300 different hairs from 30 animals were tested for measurements
for all the three species and difference in the measurements were
further cross checked at various magnifications i.e. 500 X, 1000 X,
2000X simultaneously and raised up to 7500 X for some samples to
maintain the accuracy using annotations present in the software EM
Server. The systematic examination using various instruments resulted
in detection of the elements with their corresponding quantities. These
have shown the constituent concentrations of the elements that are
present in hair samples.

Results

There is a significant difference in scale layers between all three
species of the animals have been observed and shown a close variation
between intra-species from all the samples. The variation between
intra-species were tested statistically and p<0.01 while it is observed
with a significant difference in inter-species comparison where the
distance between each layer of hair scale was observed in 30 animals
from 10 samples of each animal for all three species and observed
the scale difference between each layer ranges from 6.367 pumeter to
6.948 umeter in Asiatic Lion, from 7.758 pmeter-7.992 umeter for tiger
while it ranges from 8.63-9.884 umeter in case of leopard (Table 1).
The scale pattern differences have observed at different magnifications
i.e. 500X and 200X and also magnified more than 7500X for verifying
the accuracy. Elemental profiling have observed under SEM-EDS.
The measurements are based on the digital scale of SEM software at
multiple positions in each hair during the analysis as shown in Figures
1-6. These measurements were taken at different points to avoid the bias
by using the angles, +10 from the angle/plane of the hair in the frame
during the measurements because of the non-consistent differences in
shape of the hair scales.

The scale pattern difference of Panthera leo persica have been
observed at three different magnifications i.e. 500X, 2000X and 7.58KX
as shown in Figures 1-3 where the constant differences in the scales
were observed with minor variations from 6.367-9.948 pmeter from
all the sides of the body hairs fallen naturally from the body, inside the
enclosure of the animal for all 30 animals.

The differences between scale layers of Panthera pradus fusca using
SEM have revealed the differences with a significant variation from all
the remaining two species of Felidae family under study that ranges
between 8.63-9.884 pmeter, shown in Figure 4 while the difference
among animals of species Panthera tigris tigris were observed to have a
range of 7.758-7.992 umeters shown in Figure 5 and 6.
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Average Hair scale measurements (in pm) per animal

S.No Lion Leopard Tiger
1 6.753 9.438 7.903
2 6.569 9.661 7.822
3 6.705 9.54 7.874
4 6.881 9.692 7.845
5 6.663 9.438 7.965
6 6.819 9.5 7.997
7 6.837 9.602 7.758
8 6.808 9.112 7.998
9 6.569 8.63 7.954
10 6.837 9.46 7.903
11 6.746 8.991 7.779
12 6.367 9.602 7.753
13 6.857 9.734 7.768
14 6.836 9.848 7.922 par o x| Dtesiopecz
1 0872 9.781 7992 Figure 2: Showing scale pattern and difference in scale layers of Panthera
16 6.857 9.884 7.753 Ieg Persic.:a at 500X and 2000X.
17 6.436 9.68 7.958
18 6.705 9.753 7.931
19 6.598 9.837 7.968
20 6.634 9.753 7.763
21 6.79 9.592 7.997
22 6.471 9.663 7.869
23 6.905 9.569 7.832
24 6.843 9.881 7.882
25 6.83 9.663 7.823
26 6.77 9.724 7.995
27 6.948 9.691 7.729
28 6.581 9.701 7.84
29 6.518 9.558 7.823
30 6.724 9.808 7.693

Average 6.72431 9.592897 7.869655
Table 1: Shows the average hair scale layer difference measurements of each
animal from all three species Lion Leopard and Tiger.
1 um EHT=20.00 kv Signal A= SE1 Date :11 Dec 2013
— WD =10.5mm Mag= 7.58KX DFS Gandhinagar ﬁ
Figure 3: showing hiar scale pattern differences of Panthera leo parsica at
7580X.

10 um EHT=20.00 KV Signal A= SE1 Date : 10Dec 2012
WD =7.0mm Mag= 500 X DFS Gandhinagar

Figure 1: Showing scale pattern and difference in scale layers of Panthera
leo Persica at 500X and 2000X.

Elemental analysis using SEM-EDS have revealed about the

percentage of Sodium, Sulfur, Calcium and Potassium on the basis 2pm EHT=2000kV Signal A= SE1 Date 119 Dec 2012
. . . . = WD=7.0mm Mag= 200KX DFS Gandhinagar
of weight % and Atomic % respectively as shown in Tables 2-4 that
revealed the metal concentration in Panthera leo persica, Panthera Figure 4: Showing scale pattern and difference in scale layers of Panthera
pradus fusca at 2000X.

tigris tigris and Panthera pradus fusca among all samples of the species
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10 um EHT=2000kV

WD=7.0mm

Signal A = SE1
Mag= 500X

Date :12 Dec 2012

FAARWY
DFS Gandhinagar

Figure 5: Showing scale pattern and difference in scale layers of Panthera
tigris tigris at 500X and 2000X.

2pm EHT = 20.00 kY
WD = 7.0 mm

Signal A = SE1
Mag= 2.00 KX

Date :12 Dec 2012

DFS Gandhinagar

Figure 6: Showing scale pattern and difference in scale layers of Panthera
tigris tigris at 500X and 2000X.

where p<0.01. SEM-EDS study of species of the Felidae family have
revealed about the weight and Atomic percentage of sodium, Sulfur,
Potassium, and Calcium. EDS analysis has been done for elemental
concentration of Na, K, Ca and S, all other elements were removed
from the element profile console of the instrument software and
thus total concentration of these given elements have been analyzed
(Figures 7-12). The concentration of these elements was found to be
significant and same with minor changes in the animals from all the
four locations for each species. Thus these findings can be employed
for further analysis in forensic identification of these species along with
scanning electron microscopy.

The elemental analysis was done for all the hair samples from each
30 animals of three different species and tested statistically for their
significance using chi square test, T test and P value where they were
found to be significant.

Discussion

The use of scanning electron microscopy in wildlife forensic cases
has been described for species identification [20]. The surface cuticular
pattern, cross section and medullary index provides the information

regarding the species [21]. Researchers have revealed the scale
architecture of regular mosaic with smooth margins of shahtoosh wool.
But when the hair evidence from different species from the same family
were found to be blended together than the investigation becomes quite
tough and typical so the present study which incorporates the scale layer
difference between closely related species can provide the information
regarding its species to the forensic expert. Elemental analysis through
EDS provides significant information of the hair sample of specific

Element Weight% Atomic%
Na K 4.14 5.99
SK 53.32 55.31
CaK 28.81 27.02
KK 13.73 11.68

Totals 100.00

Table 2: Showing the average elemental analysis of the hair samples with an
variability not more than + 0.1 for the hairs between the same animal and at an
standard deviation of not more than + 0.5 for inter animal for each 30 animals i.e.
Panthera leo persica, Panthera pradus fusca and Panthera tigris tigris.

Element Weight% Atomic%
Na K 2.62 3.75
SK 50.08 54.45
KK 5.75 5.65
CaK 41.56 36.15

Totals 100.00

Table 3: Showing the average elemental analysis of the hair samples with an
variability not more than + 0.1 for the hairs between the same animal and at an
standard deviation of not more than + 0.5 for inter animal for each 30 animals i.e.
Panthera leo persica, Panthera pradus fusca and Panthera tigris tigris.

Element Weight% Atomic%
Na K 4.88 6.81
SK 85.04 85.02
KK 5.76 4.72
CaK 4.32 3.45
Totals 100.00

Table 4: Showing the average elemental analysis of the hair samples with an
variability not more than + 0.1 for the hairs between the same animal and at an
standard deviation of not more than + 0.5 for inter animal for each 30 animals i.e.
Panthera leo persica, Panthera pradus fusca and Panthera tigris tigris.

50 um ' Electron Image 1

Figure 7: Showing the area selected for EDS and elemental analysis
observed using SEMEDS by INCA dot id setup for element detection for
Panthera leo persica.
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sample which can further be used as a geographical region and species
identification tool. The area selected for EDS and elemental analysis
for Panthera leo persica, Panthera pradus fusca and Panthera tigris
tigris are shown in Figures 7-12 respectively. SEM and SEM-EDS
requires just a fraction of hair sample and provides vital information
regarding the sample which leads to the criminal identification as in
detection of Species, occupational exposure which is present inside
the hair sample due to environmental exposure and sometimes the
geographical area if the soil particles were recovered from SEM and
SEM-EDS analysis. Although there is a vast range of literature available
regarding medullary index, scale pattern, pigmentation and growth
there is a need to develop the database of the differentiation in scale
layers which does not only provide the information regarding species
but also give slue regarding his disease history as well as environmental
exposure with the help of techniques like SEM. EDXREF, EDS etc. This
study will work as a tool / primary source in forming the database of
the scale layer pattern for the identification of closely related species

0 5 10 15 20
Full Scale 984 cts Cursor: 0.000 Ke!

Figure 8: Showing the area selected for EDS and elemental analysis
observed using SEMEDS by INCA dot id setup for element detection for
Panthera leo persica.

S

Electron mage 1

30 um

Figure 9: Showing the area selected for EDS and elemental analysis
observed using SEMEDS by INCA dot id setup for element detection for
Panthera pradus fusca.

0 5 10 15 20
Full Scale 984 cts Cursor: 0.000 Ke

Figure 10: Showing the area selected for EDS and elemental analysis
observed using SEMEDS by INCA dot id setup for element detection for
Panthera pradus fusca.

e

= Spectrum 1-

40 pm Electron Image 1

Figure 11: Showing the area selected for EDS and elemental analysis
observed using SEMEDS by INCA dot id setup for element detection for
Panthera tigris tigris.

from the same family where the examiner faces problems regarding
identification.

DNA screening has proved its use in trace evidence identification
but in some cases of wildlife artifacts it is difficult to isolate the DNA
from hair shafts and even it is difficult to isolate adequate amount of
DNA for screening from 1-2 hairs and also the main problem which
persists in the DNA examination is that it is a destructive technique
thus the evidence will get consumed, needs expertise and also not rapid
and cost effective that SEM examination for analysis and can further be
used for DNA screening.

Present study have been conducted to identify the differences
between three closely related species of the felidae family those were
having more than 80 percent of similarity in their scale pattern while
the same study have not been tested with the forms of domestic cats
as they shows a clear difference in their scale pattern and shows clear
coronal scale pattern of the presence of cat hair. As domestic cats shows
a clear shape of the hair scale pattern which can be easily differentiated
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Figure 12: Showing the area selected for EDS and elemental analysis
observed using SEMEDS by INCA dot id setup for element detection for
Panthera tigris tigris.

from the Lion, leopard and Tiger hair scale although they are from the
same family.

Conclusion

Although our studies were performed with a small sample size, our
results are based on the morphology, elemental analysis and cuticular
scale pattern of the hair obtained using most advanced investigational
methods clearly shows the new finding previously not reported in
identification of hair. Our study provides a clear and significant research
results for the identification of closely related species on the bases of
their scale layer difference and elemental analysis profile pattern.

The second major conclusion of work is that it provides a vital
information regarding identification of three different species from the
Felidae family on the bases of their scale layer differentiation pattern
whereas it was quite difficult to identify them on the bases of previously
reported literature and provides a new area for the identification of
hairs.
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