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Abstract. The aim of the study was to investigate into the possibility of evaluating
arctic fox fur basing on the correlation of laboratory measurements of hairs collected
from various parts of the coat. The material involved samples of prime fur hairs of
20 two-year-old females of the blue arctic fox, collected at the end of January. The
samples were cut by the skin at six places of the body, namely: the head (between the
ears), back (in the middle between the tail base and the neck base), the side (below
the place of sampling located on the back), belly (mid between the base of the front
limbs and the vulva), the tail (in the middle of the dorsal side), as well as the shank.
The samples were subjected to macro- and microscopic measurements. The results
indicate that fur coat of arctic foxes is more dense, longer, and usually more intensely
colored on the back, as compared to the belly. The hairs on the head and the limbs are
much shorter and contain more awn hairs. The results reveal a very weak correlation of
the morphological fur characteristics between different parts of the body. It has been
found that it is impossible to objectively evaluate the basic structural characteristics
and the dark tops of hairs in the arctic fox on the basis of a sample of hair from a single
part of the body.
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INTRODUCTION

Evaluation of a fur-bearer pelt is based on sensory rating of the characteristics,
i.e. by sight and touch. Despite a high selectivity of human senses, it is merely
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a subjective method. Measurements have so far involved only the size (length) of
the pelt and the color of the fur.

A more objective assessment of the individual characteristics of the structure
and color of the coat, through measurements, is also possible [Gedymin et al.
1973, Cholewa, Gedymin 1974], which however is combined with taking samples
of hair and can lead to a damage of the fur. Not all areas of the pelt are of equal
value in terms of furriery; for example, the fur of the arctic fox on the head, legs,
and belly is far less valuable than that on the sides, back, neck, thighs, or even on
the tail. A minor damage resulting from hair sample collections from the periphe-
ral parts of the body should not exert a major impact on the overall value of the
pelt. In the case of a strong association (correlation) between the characteristics of
the fur located on the peripheral regions and of that located on the most valuable
parts of the pelt, the sensory evaluation could be supplemented by measuring the
samples, thus carried out in an objective way. Applying such a method of asses-
sment would primarily have a cognitive importance, showing the harmony of fur
structure as a basis of the coat of an animal; it should also provide information
for selection-purposes assessment a live fox, when the evaluation is much more
difficult than in the case of a raw pelt.

The aim of the study was to get an insight into the feasibility of arctic fox
coat evaluation based on the correlation between laboratory measurements of hair
samples collected from various parts of the body.

MATERIAL AND METHODS

The material was represented by samples of prime hair coat collected at the
end of January from 20 two-year-old females of blue arctic foxes. The samples,
cut by the skin with scissors, were collected from the following six places of the
body:

1. Head (between ears),

Back (mid between tail base and neck base),

Side (below the place of the back sample collection),
Belly (mid between the base of frontal legs and the vulva),
Tail (middle of the dorsal side),

Shank (middle of the external side).

The samples were subjected to macro- and microscopic measurements, which
led to specifying the following characteristics:

AR

1. Length of the hair (after straightening),

2. Height of the hair (distance between the apex and the base, measured in
hair’s natural state),

3. Length of the apical dark band,
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4. Thickness of the hair in its middle,

5. Thickness of the hair core in its middle,

6. Percentage composition of four hair types (guard, awn, transitional, and
down hairs).

The length of the hairs and color bands were measured using a ruler with
precision to 1 mm, whereas the thickness of the hair and its core was measured
under a microscope (VEB Carl Zeiss) with precision to 1.8 um. The above-listed
measurements allowed calculating the following indices:

1. Height-to-length ratio of the hair (%), describing hair undulation and corru-
gation,

2. The ratio of dark band length to the length of the hair (%), a characteristic
of the so called voile,

3. The ratio of the core thickness to the hair thickness (%),

4. The ratio of the thickness in microns of the hair to its length in mm (coeffi-
cient of hair softness).

All above-listed properties were measured and calculated for each of the four
hair types, which had been distinguished in relation to structure and shape accor-
ding to Toldt [1935]. These four types of hairs are: down, transitional, awn, and
guard hairs.

The arithmetic means were used to estimate correlations between individual
places using the graphical methods with correlation grids. The dependences visi-
ble on the grid were ranked from O to 3 points, which has the following meaning:

0 — no correlation (r)

1 - r < 0.20
2 - 020 <r < 045
3 - 045 <1

A minus sign (-) was added to negative values. The correlation was estimated
for 552 juxtapositions of paired parts of the body.

RESULTS

Arithmetic means of the characteristics listed in the previous section are pre-
sented in Table 1.

Length. The longest coat hairs, i.e. guard and awn hairs, were found on the
side, whereas the hairs of the underfur, transitional and down hairs, were roughly
equal on the side and tail, although longer than those found on the other parts of
the body. The shortest hairs of all four types were found on the peripheral parts,
i.e. on the head and the shank; only down hairs were of similar length on the belly.
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Table 1. Arctic fox coat characteristics (x, SD)

Tabela 1. Cechy okrywy wtosowej lisa polarnego (x, SD)

Place of sample collection
Miejsce pobrania probek

g:(::lr]zcterlsnc Heaq Bac!( Side Belly Tail Shank )
Ciemig Grzbiet Bok Brzuch Ogon Podbudzie
¥x SO x SD x SD x SD «x SD x SD
Guard hairs
Wiosy przewodnie
. Length, mm 425 37 678 78 761 64 616 65 648 109 512 7.2
Dlugos$é, mm
2. Height, mm

Wysokos$¢, mm

40.0 32 63.1 72 648 94 552 64 638 105 488 7.1

3. Height-to-length ratio, %
Wysokos$¢ w % dtugosci

94.1 93.1 85.3 89.7 98.5 95.3

4. Color band length, mm
Dlugos$¢ pasa barwnego, mm

10.8 2.0 159 28 156 44 110 18 75 3.6 122 44

5. Color band length to hair
length, %
Dhugos¢ pasa barwnego
w % dhugosci wlosa

25.7 23.6 20.8 18.2 11.6 23.8

6. Hair thickness, pum
Grubo$¢ wlosa, um

60.5 17.5 643 84 700 89 67.6 73 993 17.6 658 8.2

7. Core thickness, pm
Grubo$¢ rdzenia, um

41.6 39 440 56 455 73 417 65 712 178 42,6 74

8. Core thickness to hair
thickness, %

Grubogé rdzenia w % 68.7 68.3 64.9 61.5 77.3 64.0
gruosci wlosa, pm
9. Softness coefficient
Wspotczynnik migkkosci 14 0.9 0.9 11 1.6 1.4
10. Percentage contribution to
sample, % 22 0.9 0.3 0.4 0.4 0.6
Udziat w probee, %
Awn hairs

Wiosy osciste

1. Length, mm
Dhugos¢, mm

362 3.7 548 57 652 3.6 505 81 562 98 335 57

2. Height, mm
Wysokos$¢, mm

332 3.6 479 52 512 7.1 462 7.1 538 92 316 55

3. Height-to-length ratio, %
Wysokos¢ w % diugosci

92.1 88.4 78.4 91.7 95.8 94.3

4. Color band length, mm
Dhugos¢ pasa barwnego, mm

57 1.8 67 12 63 22 70 24 51 16 79 27

5. Color band length to hair
length, %
Dtugos¢ pasa barwnego
w % dhugosci wlosa

15.8 12.1 10.0 13.8 9.3 23.6

6. Hair thickness, pum
Grubo$¢ wlosa, um

41.6 58 371 48 412 56 439 74 875 11.1 474 7.0

7. Core thickness, pm
Grubo$¢ rdzenia, pm

268 44 259 3.7 266 42 257 55 632 11.6 30.7 5.1
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Table 1. Arctic fox coat characteristics (x, SD) — continued

Tabela 1. Cechy okrywy wtosowej lisa polarnego (x, SD) — ciag dalszy

Place of sample collection
Miejsce pobrania probek

Characteristic

Cecha Head Back Side Belly Tail Shank

Ciemig Grzbiet Bok Brzuch Ogon Podbudzie

x SO x SD X SD x SD X SD x SD

8. Core thickness to hair
thickness, %

Grubogé rdzenia w % 64.4 66.0 64.3 58.2 77.1 65.0
grubosci wlosa, pm
9. Softness coefficient
Wspotczynnik migkkosci 11 0.7 0.6 0.9 15 1.4
10. Percentage contribution to
sample, % 11.1 6.5 43 6.2 2.9 4.2

Udziat w probee, %

Transitional hairs
Wrhosy przejsciowe

1. Length, mm

i 2809 32 489 4.0 566 4.7 385 42 568 63 253 6.2
Dhugos¢, mm

2. Height, mm

- 264 3.1 408 3.8 419 42 326 12 524 62 231 48
Wysokos$é, mm

3. Height-to-length ratio, %

Wysokosé w % dhugosci 90.9 84.5 74.4 84.8 92.2 91.3
4. Color band length, mm 0 0 28 11 36 06 32 09 79 22
Dhugos¢ pasa barwnego, mm
5. Color band length to hair
0,
length, % 0 0 49 9.1 5.6 13.8

Dtugos¢ pasa barwnego
w % dlugosci wiosa

6. Hair thickness, um

o 18.8 1.6 20.1 2.1 268 42 265 41 518 47 272 55
Grubo$¢ wlosa, pm

7. Core thickness, pm

. ; 11.7 1.5 166 1.7 167 23 146 25 376 48 164 39
Grubo$¢ rdzenia, um

8. Core thickness to hair
thickness, %

o . 60.6 72.5 62.7 552 72.5 59.8
Grubos¢ rdzenia
w % grubosci wlosa, um
9. Softness coefficient
Wspotczynnik miekkosci 0.6 0.4 0.5 0.7 0.9 11
10. Percentage contribution to
sample, % 27.7 17.0 14.1 9.5 5.8 6.9
Udziat w probee, %
Down hairs
Wiosy puchowe
I Length, mm 213 20 383 37 446 43 201 29 451 47 192 42
Dlugo$é, mm
2. Height, mm

- 179 23 304 27 257 35 141 22 357 42 167 35
Wysokos$é, mm

3. Height-to-length ratio, %

Wysokosé w % dhugosci 83.6 78.5 57.5 69.9 79.0 87.0

4. Color band length, mm

Dlugo$é pasa barwnego, mm 0 0 0 0 0
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Table 1. Arctic fox coat characteristics (x, SD) — continued

Tabela 1. Cechy okrywy wlosowej lisa polarnego (x, SD) — ciag dalszy

Place of sample collection
Miejsce pobrania probek
Head Back Side Belly Tail Shank
Ciemig Grzbiet Bok Brzuch Ogon Podbudzie
¥x SO x SO X SO X SD x SD X SD

Characteristic
Cecha

5. Color band length to hair
length, %
Dhugos¢ pasa barwnego
w % dhugosci wlosa

6. Hair thickness, pm
Grubos$¢ whosa, pm

7. Core thickness, pm 3.0
Grubo$¢ rdzenia, pm )

8. Core thickness to hair
thickness, %

132 0.7 129 08 170 0.6 163 1.0 266 32 154 15

07 89 0.7 106 09 95 06 175 27 9.0 14

o . 59.4 69.0 62.2 58.6 66.4 58.5
Grubos¢ rdzenia
w % grubosci wlosa, pm
9. Softness coefficient 06 03 04 08 06 08

Wspotczynnik migkkosci

10. Percentage contribution to
sample, % 59.0 75.6 81.3 84.0 90.1 88.3
Udzial w probee, %

Height. The highest coat hairs were found on the side, tail, and back, whereas
highest underfur hais were found on the tail. The lowest and the shortest coat hairs
were found on the head and the shank, while down hairs — on the belly.

Height-to-length ratio. The least wavy or corrugated hairs, i.e. showing the
highest indices, were found on the tail and the peripheral regions of the body. The
lowest value of this characteristic in all hair types was observed on the side.

Dark band length. Dark topical bands were present on guard and awn hairs,
less frequent on transitional hairs, and completely absent from the hairs of the
head and the back. The down hairs lacked this characteristic altogether. The lon-
gest dark bands on hairs were found on the back and the shank, the shortest — on
the other hand — on the tail.

Dark band length to hair length ratio. The longest dark band in relation to
hair length (%) was found in the samples collected on the shank, followed by the
head. The shortest, on the other hand, was found on the side and the back.

Hair thickness. The thickest hairs within all the studied types were found
on the tail, being much thicker as compared to the other parts of the fox’s body,
which in terms of this characteristic differed only slightly from one another. The
thinnest hairs were found on the head and — in the case of transitional and awn
hairs — also on the back.
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Table 2. Analysis of correlation in the characteristics between the body parts

Tabela 2. Analiza zaleznosci cech migdzy okolicami ciata

11

No. Characteristics Hair type GBVOUPBVOZ®PVOU®POTUPTP
Lp. Cechy Typwlosa C C C C C G GGG BB BVVO
L. a 1+ 0+ 0+ 0 0 0 0-1 0 0 0 0
2 Hair length, mm B 00 0+ 041 0-1 0 0 0+ 0 0+
3. Dhugoté wloss, mm y 000000 O0-10200+ 000
4. g 3 000 0 0+1+2 0-1 042 0 0-1 0 0
T 11 043 +1 +4 0 3 042 -1 +1 -1 0 +I

5. a 1 0 -1 +2 +1 +1 +1 0 +1 +1 +1 +1 2 0 +2
6'H'h'h B 0 0-1+1+ 0 O O+1 O0O+1 0 O 0 +2
7. Wa‘;of(fétv’vf;:; o ¥ 000 041 -1 0 0 0 0+ 0+1 0+ +1
g. Y ’ 8 41 0 0 142 -1 0-1 0+1+1 0 0 0 0
z 0 0 2 13 +3 0 1 —1 +2 +3 +3 +2 —2 +1 +5

9. o 00 0+2 -1+ +1 -1 0 O0+1 0 O0+2 0
0. .. B 241 042 41 1+ H1 4142 0 042 0 0
1. &a“hlf‘g',‘“tf,/*l;’l‘lgthz% y 0 0 0+ 0 0+1 +1 +1 4242 +1 042 0
Jp, VYSOXOSEW Yo dlugoscl 8 041 0 0 0+1 0 0 0+2+1 0+ 0 -1
b3 42 42 0 +5 0 43 43 +1 42 +6 +4 +1 43 +4 I

13. o +1 2 +1 +1 0 -2 -2 -1+1 +1 -1 0+1 0 O
14. Length of color band, mm B 0 0+1 +2 0 0 +1 -1 +1 041 +2 +2 +2 +1
15. Dlugo$¢ pasa barwnego, mm Y - - - - = = = - — 41 +2+2 41 0+
> 1 2 42 430 2 -1 2 42 +2 12 +4 +4 12 12

16. Length of color band to hair o +1 2+ 0 0 0-1 0 0 0 O O O+1 -1
17. length, % B 0-1 00 00000 0-1 0+ 0 0
18. Dlugo$é pasa barwnego w % Y - - - — — — — — — 0+l 41+ 0 0
dhugosci wlosa 2 +1 2+ 0 0 0-1 0 0 0 0 +1 +3+1 -1
19. o +1 -1 -1 -2+1 -1 -2 -1 0 +1 -1 +2 0 -1 -1
20. .. B 0-2-1-1 0+ 0-1 0+2-1-1 0 -1 -1
21 ger‘l‘lrbtohs‘f‘;‘;ssz wm v 121 <1 041 041 41 242 0 -1 01 41
22. s 3 041 0 0-1 0+l -1 -1 00 0 00 0
T 2 3 3 341 0 0 -2 3452 0 03 -1

23. a 1 2 +1 -1 0 2 2 -1 -1 +1 0 +2 +1 -1 -1
2. B 412 0 -1 0+ 0-1-1+1-1-1-1 0 0
25. G‘r’siéé‘écr;;:;i’a“‘:l’m y 02 14142 02 0-1+42 0 0+ -1 +1
26. ’ 3 0-1 0 0-1 0 0-2-2+4 0+ 0 0+l
T 42 7 0 1 +1 1 -1 4 -5 +6 -1 +2 +1 2 +1

27. Core thickness to hair b 0 -1 0 0=l #4141 -1 #2 41 41 420 0
28 O e o B 24141 0 0 0+l -1 0+ -1 042 +2 +1
20, e enia w % y 4141 0 41 41 +1 0 +1 +1 +1 +3 43 0 0 +3
30. orubotel whoen 3 0 0+1 2 0 0+l 0-1 0 0+1+1 0 0
z 43 11 2 430 42 13 +1 —1 +4 3 +5 45 12 4

31. a 0-1-1 0+1 0 0 0 0+1 0 0 0 0 0
320 g a B 0-1 0+1 42+ 0 0 0+ -1 +1 0 -1 0
33. Wspblerynnik mickkodci y 0002+ 0 0 0 0 0+l +1 0 -1 -1 +1
34, S 00 0 0+1 0 O O O+1 41 +2+2 0 O
T 0 2 32 +4+1 0 0 0 +4 143 1 2 +1

35. , a 01 0+ 0 0 0 0+ -1+ -1 -1-1 0
36, Morphological percentage B 00 04142 0 0 0 0+1 0 0+ 0 0
37. ;/‘;(‘)‘;If’;it‘i‘;’;n tiad ¥ #1 0 0+ 0+l 0+l -1 0-1 0 0 0 0
38. giezny siia 8 041 +1 41 0 +1 41 0 -1 +1 -1 -1 0 -1 0

procentowy
T 1 0 +1 +5 +2 42 +1 +1 -1 +1 -1 =2 0 =2 0

G — Back; B — Side; V — Belly; O — Tail; C — Head; P — Shank;

hairs; 8 — Down hairs.

o — Guard hairs; p — Awn hairs; y — Transitiona

G — grzbiet; B — bok; V — brzuch; O — ogon; C — ciemig; P — podudzie; o — wlosy przewodnie; § — wlosy
osciste; y — wlosy przejsciowe; & — wlosy puchowe.
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Core thickness. The pattern of this characteristic was found similar to that
of hair thickness, i.e. the hairs on the tail were characterized by the thickest core,
deviating even more than hair thickness on the other parts of the body. The thinnest
core was measured in the hairs on the head.

Core thickness to hair thickness ratio. This trait was a characteristic of the
core volume within the hair. Within the guard hairs, this ratio was the highest in
the samples collected from the tail, in the transitional hairs it was equal for the tail
and the back, whereas for the down hairs, the core was most bulky on the back
followed by the tail.

Hair thickness to hair length ratio. The index of softness was highest for
the guard hairs on the tail, head, and shank, whereas for the transitional and down
hairs — on the shank, tail and belly. The softest hairs, i.e. those of the lowest ratio,
were the hairs on the back and the side.

Morphological composition of the coat. This characteristic was expressed
as a percentage composition of the four hair types. The most guard hairs were pre-
sent on the head, back, and belly, whereas the underfur hairs were most abundant
in the samples taken from the tail and the shank.

Correlations. The correlation of the individual hair characteristics between
the studied parts of the body turned out to be negligible. The degree of depen-
dence resulting from correlational grid diagrams was estimated in points: 0, 1, 2,
3, and — in the case of negative correlation — with a “minus” sign. The diagrams
rated 2 pts demonstrated correlation coefficients, r, ranging 0.2-0.45. Since for the
sample size of 20 specimens the correlation significance threshold is 0.44, further
calculations of r for dependences rated 2 pts or less was abandoned. There were
only three diagrams rated 3 points. Hence, a correlation of a coefficient r being
significant or close to significance was detected in no more than 2% of the dia-
grams. Estimated correlations are shown in Table 2; this shows that the estimate
of 0 prevails, i.e. there is a complete lack of correlation. For a number of 552
diagrams, the following dependences were demonstrated:

-2 17 3.1%
-1 85 15.4%
0 267 48.4%
+1 138 25.0%
+2 42 7.6%
+3 3 0.5%
552 100.0%

Acta Sci. Pol.
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DISCUSSION

Hair coat characteristics presented in this study have been studied by many
authors. The research was intended to examine the environmental [Dahlman et
al. 2002, 2003] and genetic determinants of these characteristics, or to reveal the
sources of their variation [Cholewa 1978, 1983, Piérkowska 2001, Przysiecki et al.
2009]. The sources of variation also generally included the topographic variability,
involving the differentiation of fur quality depending on its location on the body
[Cholewa 1983, Piérkowska, Natanek 2007].

The most valuable fur is that of the trunk, whereas the fur in the area of the
head and the limbs is of much lower quality [Cholewa 2000]. The coat of the arctic
fox on the back is thicker, longer, and usually more intensely colored than that on
the belly. On the head and the limbs, the fur is much shorter and awn hairs prevail
in it. The hair on the tail is longer than on the trunk.

The presented results of measurements of the coat characteristics on the back
of arctic foxes are similar to those available in the specialist Polish [Cholewa 1978,
1983, 1988], Russian [Syrnikov, Vladimirov 1977], and German literature items
[Cholewa 1982].

It is difficult, however, to compare the data coming from other regions of the
body, because the worse quality of hairs on them previously discouraged any me-
asurements. The presented analysis of the arctic fox coat characteristics has bro-
ught closer the variability of the characteristics on body regions that complement
their topographical diversity. The relationships between the same fur characteri-
stics in different parts of the body in the arctic fox were rarely discussed. Only
Mejza [1975], using canonical correlation, showed that the relationships between
the core thickness of awn, transitional, and down hairs in various regions of the
body proved to be statistically non-significant at « = 0.05. However, this author’s
finding of a statistically significant correlation between the core thickness of gu-
ard hairs located on different body parts proved that it is desireable to search for
a method of arctic fox fur evaluation based on physical properties.

The data reported in this study revealed of a very weak correlation of a num-
ber of morphological hair characteristics between the parts of the body. While it
may have partly resulted from the small size of the study group of foxes, it is also
very doubtful that examination of a much more numerous population could de-
monstrate a radical change in the results. In any case, it does not seem possible to
base an objective assessment on the measurements of hair from only one part of
the body of a polar fox.

Zootechnica 12 (4) 2013
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CONCLUSIONS

1. The mean values of the structural coat characteristics indicates a particular
abundance of hair on the tail, and the smallest amount on the head.

2. The most intense coat color was found on the head and the shank, and the
poorest on the tail, which also corresponds to the visual evaluation.

3. The correlation in the characteristics between different parts of the body
turned out to be negligible — statistically non-significant.

4. It is impossible to assess the basic structural characteristics and the dark
tops of hairs in the arctic fox fur cover on the basis of a single sample of
hair.
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WSPOLZALEZNOSC CECH OKRYWY WEOSOWE]J Z ROZNYCH
PARTII CIALA U LISOW POLARNYCH (ALOPEX LAGOPUS L.)

Streszczenie. Celem pracy byto zbadanie mozliwosci oceny okrywy wlosowej liséw
polarnych na podstawie zgodnos$ci pomiaréw laboratoryjnych wykonanych na préb-
kach wloséw z réznych okolic ich futra. Material badawczy stanowity prébki dojrza-
fej okrywy wlosowej 20 dwuletnich samic lisa polarnego niebieskiego, ktére pobrano
w koricu stycznia. Wycigto je przy skorze z 6 miejsc na powierzchni ciata zwierzgcia,
ktére stanowity: ciemi¢ (migdzy uszami), grzbiet (Srodek migdzy nasadg ogona a na-
sada szyi), bok (ponizej miejsca pobrania probki grzbietu), brzuch (w potowie odle-
glosci miedzy nasada przednich tap a sromem), ogon (Srodek strony grzbietowej) oraz
podudzie. Prébki poddano pomiarom makro- i mikro-skopowym. Uzyskane wyniki
wskazuja, ze okrywa wlosowa liséw polarnych na grzbiecie jest ggsciejsza, dtuzsza
oraz z reguly intensywniej umaszczona niz na brzuchu. Na gtowie oraz na koriczynach
owlosienie jest znacznie krétsze i wigkszy w nim udzial maja wlosy osciste. Wyniki
niniejszej pracy Swiadcza o bardzo stabej zaleznosci szeregu cech morfologicznych
owlosienia migdzy poszczegdlnymi okolicami ciata. Stwierdzono, ze niemozliwa jest
ocena obiektywna podstawowych cech strukturalnych i ciemnych wierzchotkéw wto-
s6w w okrywie lisa polarnego na podstawie pomiaréw wtoséw tylko z jednej partii
ciala zwierzat.

Stowa kluczowe: cechy strukturalne i morfologiczne wloséw, lis polarny, okrywa
wlosowa, zr6znicowanie
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