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Abstract. The morphological characteristics of the hairs can be used for species identification in ecological and 
zoological studies, in forensic and forensic veterinary examinations. Large-scale hairs model is one of the important 
identification features and can be used as a “fingerprint”. In this study the morphological hairs characteristics of nine 
Bulgarian carnivore mammals were investigated. The values for the length, total hairs diameter, medullary diameter 
and medullary index were determined. The combined use of hairs parameters and the medullary index (MI) are a 
guarantee of greater reliability in species identification. For comparison, we observed under a microscope hairs fixed 
by transparent tape in order to offer a quick test for species identification.
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Introduction

The animal fur forms an additional protective layer on 
the skin. It protects the body surface from both mechanical 
damages and excessive heat lost (Dimov, 1957; Krastev 
and Vitanov, 1993; Moskov and Madrov, 1963).

The hairs (pilli) which form the animal fur are 
epidermal formations. They are flexible, elastic, thread-
like structures and consist of two parts - root (radix pilli), 
located in the derma of the skin and trunk (scapus pilli) - in 
outer, visible part located above the epidermis (Gotev and 
Petrov, 1994). 

The study of animal hairs is of fundamental 
morphological significance (Sapundzhiev et al., 2006). 
It is helpful in species identification, especially between 
closely related ones. Large-scale hairs model is one of the 
important identification features and can almost always be 
used as a “fingerprint”. This way a species presence in a 
studied area can be proven. Moreover, studying hairs is 
intriguing, inspiring and educational (Wiley, 2004). Hairs 

are highly resistant to weathering and decomposition, and 
thus they could be assumed as proper physical evidence 
for species presence (Lungu et al., 2007).

The structure and characteristics of the hairs trunk 
in farm animals have been studied light microscopically 
(Moskov and Madrov, 1963) and electron microscopically 
(Blažej et al., 1989; Stanley and Magney, 1992).

The studies on the hairs trunk in wild animals 
(Sapundzhiev et al., 2006; Wiley, 2004; Lungu et al., 2007; 
Tremori et al., 2018; Schacker et al., 2018; Sarma et al., 
2021) accumulate a database that can be used for species 
identification in environmental and zoological research, 
forensic and forensic veterinary examinations. They can 
be successfully used in identifying predators presence and 
the damages caused by them, as well as in evidencing 
poaching. From an ecological aspect, some light could be 
shed on the so-called „Human-wildlife conflict“.

In this regard, we aimed to study the morphological 
hairs features of the most common predatory wild 
mammals from Bulgarian fauna.



103

Material and methods

Cover hairs of Grey wolf (Canis lupus), Red fox 
(Vulpes vulpes), Golden jackal (Canis aureus), Stone 
marten (Martes foina), European badger (Meles meles) 
and European polecat (Mustela putorius) were collected 
in the field research and also provided by hunters. Cover 
hairs of Brown bear (Ursus arctos) and European wild 
cat (Felis silvestris) were collected from animals at the 
Stara Zagora Zoo with the kind assistance of the Zoo 
management. Eurasian otter hairs (Lutra lutra) were 
obtained from an animal found dead in a car accident. All 
hairs were collected during the autumn-winter season of 
2021 and placed separately in labeled plastic bags.

Hair length was determined using a digital caliper 
(Neiko 01407A Stanless Steel 6-Inch Digital Caliper 
with Extra-Large LCD Screen and Instant SAE-Metric 
Conversion) with an accuracy of 0.1 cm (Mihaylov et al., 
2014). To avoid mistakes due to the distortion or folding 
of the hairs, they were stretched on a glass slide and 
taped, and then their length with an accuracy of 0.1 cm 
was determined.

Hairs samples were washed at first in soapy water to 
remove contaminants and after that in distilled water 2-3 
times in order the permanent histological preparations to 
be made. Then they were placed in ether/alcohol (50:50) 
for 2-3 minutes to remove fat (Kshirsagar et al., 2009). 
The dried cover hairs were placed on slides, included in a 
Canada balsam and sealed with a cover glass (Sapundjiev 
et al., 2006). After Canadian balsam sublimation, the 
preparations were observed under a Galen III microscope. 
The average analogous sections measurements of 

different animal species cover hairs were performed with 
an eyepiece micrometer at an average number of samples 
-7, magnification of 400x and 100x. The diameters of the 
hairs trunk and the core were measured. The capture of 
the selected areas of the cover hairs was performed with 
the Digital Camera MDCE-5C. The medullary index - MI 
was calculated as the ratio of the diameter of the medulla 
to the total diameter of the hair (Kirk, 1953; Lungu et al., 
2007; Sarma et al., 2021).

The processing of the obtained data was performed 
with the STATISTICA 7 software.

Several preparations were made, by covering the 
cleaned hairs with transparent tape to test whether there is 
a significant difference between microscopic observation 
of them and the preparations included in the Canada 
balsam.

Results and discussion

The three morphological layers of the hairs (Krastev 
and Vitanov, 1993; Deedrick and Koch 2004a; Debelica 
and Thies 2009; Knecht, 2012) - medulla (central layer), 
cortex (intermediate layer) and cuticle (outer layer) are 
easily detectable (Negi et al., 2017) under microscopic 
observation. The different width of the hairs medulla and 
cortex depending on species forms a scale model (Wiley, 
2004) which can be used for the exact identification. 
In some species, the great total hairs width could be 
observed together with narrow medulla or vice versa, 
so the medullary index can be used for more accurate 
identification (Kirk, 1953; Lungu et al., 2007; Sarma et al., 
2021).

Table 1. Values for the length, total hair width, medullary width and medullary index in the studied animals

№ Species Hair length, cm, 
Mean ± SE

Diameter of hair 
shaft (µm) 

(Mean ± SE)

Medulla
Diameter (µm)
(Mean ± SE)

Medullary Index:

1 Red fox (Vulpes vulpes) 5.3 ± 0.15 76.28 ± 0.52 55.43 ± 0.75 0.73
2 Golden jackal (Canis aureus) 5.2 ± 0.17 145.14 ± 3.44 64.78 ± 1.75 0.45
3 Grey wolf (Canis lupus) 8.0 ± 0.13 128.64 ± 0.79 76.86 ± 0.91 0.60
4 European wild cat (Felis silvestris) 6.0 ± 0.14 53.71 ± 0.55 40.07 ± 0.62 0.75
5 European polecat (Mustela putorius) 3.9 ± 0.14 89.75  ± 7.2 60.69 ± 1.17 0.68
6 Stone marten (Martes foina) 3.8 ± 0.16 115.21 ± 1.47 70.00 ± 1.19 0.61
7 European otter (Lutra lutra) 3.1 ± 0.11 73.07 ± 0.98 38.50 ± 0.64 0.53
8 European bager (Meles meles) 6.9 ± 0.33 116.20 ± 11.03 56.60 ± 7.67 0.49
9 Brown bear (Ursus arctos) 9.1 ± 0.34 116.43 ± 2.04 35.00 ± 1.19 0.30
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The largest width of the hairs trunk was found in 
the Golden jackal - 145.14 µm, followed by that in the 
Grey wolf - 128.64 µm, the Brown bear - 116.43 µm, the 
European badger - 116. 20 µm and the Stone marten - 
115.21 µm (Table 1). Our data for the bear hairs width are 
in accordance with the ones presented by Sapundzhiev 
et al. (2006). The same authors reported 82.65 µm hairs 
width for the Red fox while our value is slightly lower. 
Some authors found that the medullary index varied 
among different domestic animal breeds – in cow - 0.52-
0.78; in buffalo - 0.53-0.78; in dog - 0.54-0.75 and in cat 
- 0.52-0.78 (Negi et al., 2017). This gives us a reason to 

look for differences in the structure of the hairs.
When comparing the photos of jackal hairs (Figure 

1) and wolf hairs (Figure 2) together with data presented 
in Table 1, it could be noted the total width of the jackal 
hairs is greater, but the wolf hairs medulla is better 
developed. Air gaps are clearly visible and located 
parallel to the longitudinal axis of the hairs at the border 
between the medulla and the cortex in the wolf hairs. 
Pigmentation is found in the medulla and the cortex, but 
there are also non-pigmented areas, which are most 
likely related to the masking features of the cover hairs 
in each species.

Figure 2. Grey wolf’s hairs х400                                 Figure 1. Golden jackal’s hairs х400

Figure 3. Brown bear’s hairs х400 Figure 3a. Brown bear’s hairs х400

The bear hairs (Figure 3) are characterized by a 
continuous, amorphous medulla and its width is less than 
half of the total hairs width. This affects the value of the 

medullary index in this species and it was established 
as the smallest among the studied animals - MI = 0.30 
(Table 1).

A probable explanation could be the lethargy, typical 
for the bears in winter. Fat deposited during the months 
before lethargy allows them to maintain their physiological 

parameters. They wake up easily, but do not eat, do not 
drink water, do not defecate and urinate and their body 
temperature decreases by only 4 - 5 degrees. In addition, 
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female bears give birth during this period and feed their 
cubs. The cortex of the hairs (Figure 3) is less pigmented 
than its medulla is, but the pigmentation is uniform. 
Cortical cells oriented transversely to the longitudinal axis 
are clearly distinguishable.

Figure 3a presents a photo of bear hairs, glued with 
transparent tape to the slide. This circumstance does 
not change the visible structures of the hairs under a 
microscope and the scale model has not changed. Thus, 
this method of observation can be offered as a quick test 
for species identification.

With the same and very close width to the bear`s 
hairs are the badger hairs - 116. 20 µm and those of the 
Stone marten - 115.21 µm (Table 1). In the hairs of the 
marten (Figure 5), a well-shaped pigmented medulla - 70 
µm is clearly observed. At its border with the cortex there 

are air gaps located parallel along the longitudinal axis of 
the hairs, similar to those of the wolf. The location of the 
cortical cells in the Stone marten hairs is transverse to the 
longitudinal axis, as in the bear, but the cortical cells are 
much smaller than these of the bear.

In the badger (Figure 4), the hairs‘ width is the same 
as the bear‘s one and close to the marten‘s, but has a 
different scale view. Thus the thesis of Wiley (2004) that the 
scale model is specific for each species is confirmed and it 
can be used to identify the hairs. Badger‘s hairs medulla is 
much wider than that of the bear  (Table 1). Unlike the Stone 
marten (Figure 5) and in the wolf (Figure 2), in the badger 
(Figure 4) no air gaps are observed along the longitudinal 
axis of the hairs. In the badger, cortical cells are located 
parallel to the longitudinal axis of the hairs in contrast to 
these in the bear and in the Stone marten.

Figure 5. Stone marten’s hairs x400Figure 4. European badger’s hairs x400     

Figure 6. Red fox’s hairs х400 Figure 7. European otter’s hairs х400

The hairs width in the fox, in the otter and in the 
polecat is similar - 76.28 µm, 73.03 µm and 89.75 
µm, respectively (Table 1). It is clearly visible in the fox 

(Figure 6) that the keratin scales of the cuticle layer are 
overlapping, like the palm tree bark but not in the other 
two species (Figures 7, 8).
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In the fox and the polecat hairs, the medulla 
diameter is with similar values - 55.43 µm and 60.69 
µm, respectively (Table 1), but in the fox (Figure 6) on 
the border between the medulla and the cortex there are 
air gaps, which are located one above the other, parallel 
to the longitudinal axis of the hairs, the same as in the 
wolf (Figure 2) and in the Stone marten (Figure 4). In the 
above-mentioned animal species there is a well-defined 
pigmentation of the medulla and the cortex. In the polecat 
hairs and in the otter ones, the cortex has a yellow-reddish 
color, due to the pigment trichosiderin as reported for the 
bear hairs (Sapundzhiev et al., 2006). The medulla width 
in otter is smaller than that in fox and in polecat (Table 1). 
The total hairs width in all three species is similar, and the 
medulla width in otter is smaller than these in fox and in 
polecat. This is probably the reason the better developed 
layer of the otter’s cortex to be clearly noticeable. The 
wild cat hairs have the lowest total hair width - 53.71 µm 
(Table 1). They are characterized by a well-developed 
medulla (Figure 9), with air spaces between the cells. 
Their location in the wild cat’s hairs is similar to these in 
the hairs of the wolf, the Stone marten and the fox. Due 
to the great similarities in the structure and exterior of the 
hairs of wild cat and fox, the hairs width is recommended 
to be used for their identification.

Conclusion

The combined use of hairs morphometric parameters, 
their exterior and medullary index (MI) is recommended 
for reliable species identification. With hairs glued with 
transparent tape to the slide the visible structures of the 
hairs under a microscope do not change and the scale 

Figure 9. European wild cat’s hairs х400

model does not changed. Thus, this method of observation 
can be offered as a quick test for species identification.
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