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A Study on the Relationship Between Morphological
Differentiation of Guard Hair and Thermal Insulation of Pelage:
an Example from the American Mink
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CUI Liangyu', YANG Shuhui'®, XU Yanchun'®

(1. College of Wildlife and Protected Area, Northeast Forestry University, Harbin 150040, China;
2. School of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040, China)

Abstract: This study took the American mink ( Neovison vison) as an example, investigated the role of guard hair morpho-
logy in thermal insulation property of mammalian pelage and explored adaptive evolution significance of morphological differ-
entiation. The experiments were performed on a pelage heat transfer coefficient (k) testing platform under different wind
speed and temperature using winter pelage, summer pelage and winter pelage with guard hair shaving. Meanwhile, mor-
phological parameters of pelage namely guard hair length (Lg) , obliquity (#) and down hair density (D,) were measured
and correlations between the parameters and k were tested. Results showed the k of the natural (untreated) winter pelage
under different wind speed and temperature was significantly lower than the winter pelage with guard hair shaving (P <
0.01), demonstrating the guard hair contributes to thermal insulation. L, showed very significant negative correlation with k
(P <0.05), the greater the L, and the longer that guard hair outstanding the fur, the smaller the k. This further indicates
that L is essential to heat transfer performance of pelage. Furthermore, the k of winter pelage was significantly greater than
that of summer pelage (P < 0.01) and k was also negatively associated with 6 of guard hair (P < 0.05). This suggests
that, besides the fur (down hair) , the obliquity angle of guard hair contributes to thermal insulation through disturbing air
flow at the upper layer of the pelage to facilitate the immobilization of air held in down layer. The above results suggest that
the guard hair has negligible contribution to thermal transfer of mammalian pelage due to the small density , however, it im-
proves the immobilization of air held in down layer through disturbing the air flow at upper layer so as to improve thermal in-
sulation performance. Morphological differentiation of guard hair in length and shape can improve the induced thermal insu-
lation. Our finding helps explaining the phenomena that mammals in open habitats often have longer guard hair than those
in closed habitats, providing a new angle to understand the morphology-function evolution of mammalian pelage. Mean-
while, it also provides bionic implication for designing thermal insulation structure with reference to the structure and func-

tion of guard hair.
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Figure 1 Diagram of the role of guard hair in thermal insulation of mammalian pelage in the wind (Drawn by MU Jiatong)
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Figure 2 Diagram of guard hair shaving from the winter pelage (Drawn by MU Jiatong)
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Table 1 Heat flux of Amercian mink pelage under different wind speed

PR (¢) /((W-m™)

kA G /(me-s™") Heat flux
Sample Wind speed
10°°C 0°C -10°C
1 102. 15 = 4. 05 143.15+1.91 163.08 + 9. 67
sk 2 115.34 2. 93 150. 04 + 1. 99 170. 59 = 3. 15
Winter pelage 3 125.90 + 2. 53 156. 04 + 3. 60 187.43 + 0. 93
4 131.00 = 0. 79 172.82 = 11. 33 198.96 = 1. 87
1 137.47+7.10 155.42+2.72 191.12+2.72
a5 2 151. 64 + 4. 18 179.50 + 1. 30 207.80 + 3. 07
Summer pelage 3 170. 54 + 3. 30 188. 15 + 2. 67 225.28 +2.24
4 188.75 + 3. 19 205.49 + 4. 85 242.17+1.52
1 115.70 + 4. 36 153. 65 = 2. 45 171.60 + 1. 47
b LAY 2 123.72 % 2. 35 167. 00 + 3. 94 203.98 = 2. 06
Winter pelage guard hair shaved 3 138.51 + 2. 68 178. 94 = 3. 55 246.49 + 12. 82
4 145.25+0.75 202.83 + 1. 66 270. 60 = 3. 85

AR Z MR i AR BT TIOA , [RL ke, B
5 Z AR RS, RIS e XML A A2 4k, 3Rz

LA R D R T4 R (|t|=4.013,P=0.001),
A B LR E KT R AN P& R
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Figure 3 Factors affecting heat transfer coefficient and heat flux of Amercian mink pelage
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Table 2 Heat transfer coefficient of Amercian mink pelage under different wind speed
HEMEE (k) /(W-m™-"C)
A W /(m-s™") Heat transfer coefficient
Sample Wind speed
10 °C 0°C -10°C

1 4.01+0.17 4.09 +0. 06 4.11+0.22
83 2 4.67+0. 14 4.69 +0.07 4.70 +0.08
Winter pelage 3 5.37+0.09 5.45+0. 14 5.44.+0.06

4 6.15+0.08 6.17+0.21 6.22 +0.07

1 5.46 +0. 31 5.47+0.11 5.56 +0.10
=854 2 6.10+0.17 5.94 +0.07 6.10+0.12
Summer pelage 3 6.59+0.15 6.45 +0.09 6.48 +0.08

4 7.12+0.09 6.95+0.22 7.00 £ 0. 06

1 4.93+0.14 4.92+0.09 5.04 +0.07
A BRI 2 5.50+0.09 5.44+0.11 5.55+0.07
Winter pelage guard hair shaved 3 6.09+0.15 6.08 0. 13 6.09 = 0. 29

4 6.74 +0.05 6. 80 + 0. 06 6.79 +0.09
2.2.2 EKE PALRF AT A B KRR MR R | r | = 0. 727,

KPP BRI (L) HF(27.00 + 2. 31)mm(26. 6 ~
27. 6 mm) B EKE(L)H(17. 61 £1.23)mm(17. 4 ~
17.9 mm) ; B} L, 7 (19.48 + 1.81) mm (18.9 ~
20.0mm),L, (12,62 +1.06)mm(12. 4~ 13. 0 mm).
2 S-W KL BG , S AEAR I E B B RIEMR G IESS
A5 (P = 0.536, P, = 0.213, P, = 0.743,
Pomera = 0.426) , 2 FE A [R] 3§ 2 T 22 55 PR (P, =
0.209,P,=0.692) . M T HEA K50 o, A& 1Y
LAL AR RER TR (L [¢|=24.333,P <0.001;
Ly:|t|=29.062,P <0.001),

2.2.3 4AHEAMA

B2 A B (0) R (51,0 + 4.3)°(50.5° ~
51.8°), B & (40.2 +4.0)°(39.8° ~40.5°), 4%
FEAS OFF G IE 504 (P, = 0.782,P,,...=0.179),
REAS AL 7 2255 PE (P = 0. 955) o M ST REA (K 56
WoR, AR 0B ERTHE I (t]=14.272,P <0.001),
BB A EEHE . TR e BREE
BB S PR, & 2 R (7.36 £ 0.47)mm (6.72 ~
8.02mm), Bz H(4. 35+ 0. 43)mm(3. 78 ~4. 94 mm).,
2.3 AERRE BRI STERRACE

PA Pearson AH A BT K 06 4 Bz B R I AE AR
BEHEVWIEBIIRM LR (K3, WRE L BHE
AN AEIER B 5 I B S5 5 bR AR R B 3 el
W B E AR ZR (P =0.002~0.020), Hifk

winter, d

SEBMA AR Z [ r| = 0. 534, HAR 415
b AR 3R B i KOF R E R B TE 0. 400 LL T o
L v 3 P IR B 5 A AR B AR DG A X 8K
w4350 0. 639 F10. 609, {HAH H 4 fe | i Ty
FEAR Y | r | I S BE S8/ . TEER R B SHBK
JiE 22 )AL S LR [ U 7 B <k = 0. 2181, + 11. 182
(R*=0.884,P=0.001,K4),

RT3 EEXKBEURNERRYSEELEHIEHROEXE
(Pearson tHX 2 #)
Table 3 Correlation (Pearson coefficient r) between heat transfer coeffi-

cient and structural indices of Amercian mink pelage

— £
B4R K 2k
Structural indices Winter pelage Summer pelage
of pelage r P ’ P

EREE (L . .
ﬁ—{k&_ ( % -0.727 0.015 -0.639  0.002
Guard hair length
HEK L - .
%{kg (L,) -0.396  0.004 -0.557  0.016
Down hair length
IE\T‘%&E (Dg) . -0.328 0. 020" -0.434  0.159
Guard hair density

E=gr7ds:d
%{&E (D‘]). -0.330  0.019" -0.567  0.014"
Down hair density

ESXid - *
MR (0) -0.534  0.015 -0.609  0.013

Guard hair obliquity

e of MR, «=0.05; = MXMEE, «=0.01.
Note: *. Moderately significant correlation, a = 0. 05; **. Highly

significant correlation,a = 0. 01.
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Figure 4 Relationship between heat transfer coefficient (k) and guard

hair length (I,g)
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