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Winter pelage characteristics and implications for insulation of captive arctic fox
in Mohe, Heilongjiang, China

CHENG Zhibin, ZHANG Wei" , HUA Yan, XU Yanchun
College of Wildlife Resources, Northeast Forestry University, Harbin 150040, China

Abstract; For many species pelage characteristics undergo seasonal variations. Likewise, intraspecies variation of pelage
characteristics can occur according to location and habitat characteristics for some mammals. Such variations can
substantially affect the function of the pelage. In cold environments the pelage plays a particularly key role in the survival of
many mammals. Differing pelage characteristics may suggest a number of different strategies of pelage insulation. In this
analysis, we explore the relationship between pelage characteristics and pelage insulation value for the captive arctic fox
(Alopex lagopus) in the Mohe area of Heilongjiang Province located at the far north of China. Fourteen pelage parameters
were measured. Results indicated that hair density was (26802. 8 +4499. 8) hairs per cm’. The length of guard hairs,
undercoat hairs forming the top layer and undercoat hairs in the base layer was (6.08 £0.64) cm, (5.19 £0.28) cm,
and (2.94 £0.30) cm respectively. The diameter of the root of guard hairs, undercoat hairs forming the top layer and
undercoat hairs in the base layer was (66.33 £6.55) pm, (10.14 +0.67) pm, and (9.17 +1.01) pm respectively.
The diameter of guard hairs, undercoat hairs forming the top layer and undercoat hairs in the base layer was (113.63 +
4.92) pm, (22.22+1.64) pm, and (20.41 +£1.74) pm respectively. The maximum cross-sectional area of the hair
bundle was (1.09 £0.26 ) x10*pm’. The arctic fox had two layers of undercoat hair. The length of guard hairs was not
significantly correlated with either length of the undercoat hairs forming the top pelage layer or with length of the undercoat

hairs in the base layer. The length of the undercoat hairs forming the top layer was close to that of the guard hairs.
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However, the length, hair root diameter and hair diameter of undercoat hairs at the base layer were shorter and smaller than
undercoat hairs forming the top layer. Undercoat hairs at the base layer filled in the space between guard hairs and
undercoat hairs forming the top layer. At the same time, the maximum cross-sectional area of compound hair follicles was
slightly correlated with hair root diameter, hair number per bundle, and hair bundle density. Hair density was not
significantly correlated with hair root diameter, or with hair diameter, or with hair number per bundle, or with total
maximum cross-sectional area of the compound hair follicles per mm’. However hair density was negatively correlated with
the maximum cross-sectional area of the compound hair follicles (P <0.05) and positively correlated with hair bundle
density (P <0.01). Pelage density ( pelage insulation value) of the arctic fox was not increased by having a smaller hair
diameter or increased numbers of hairs, but by varying the distribution of the hair bundle density and the maximum cross-
sectional area of the compound hair follicles. We presume that the insulation value of the arctic fox pelage was enhanced by
increasing the volume and retention of air within the pelage in two ways. First, hair density was increased by variable hair
distribution patterns over the skin. Second, the presence of two layers of undercoat hairs with medullae changed the spatial

structure of the pelage. These two strategies help the arctic fox adapt to the cold climate in the high latitude areas of China.

Key Words: arctic fox (Alopex lagopus) ; pelage insulation; hair density; hair length; hair diameter; compound hair
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FreAst) 78 Olympus St BiEE T M BN HBHEE, FEVUIAEH B B B BIR N BRI FEE, BN
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Ao PRI 0 B B B T AR U e 3R T B B IR IE o & KRR 2R [l J5 I TET AR (o) RN B8 5 1 T
FA(b) ,b/a B 453,

EBHFEE(RIEGEHRE) =dx (b/a)
1.2.3 BEHEREAEVEAMIE

FAFEAT 50 MR A BIEEABYIE, N SigmaScan Pro5. 0 ER ALK EH B, 1mm® EIR
WS- B TR LA E A B R R R DI AR R 1mm” YR 4 B2 AR U T T A
1.2.4 ¥uEAH

Ji FH SPSS15. 0 #k {44k 38 , 55 Kolmogorov-Smirnov K5 35 EL 4T & . FEAE . FRAEMKE EAR4E £
FHEUKBEE BN BRANBHE BREE B4 BEEAEER Imm’ &2 4 BRSBTS
RS 14 MEEEREFEEREESSM, 2R EEIEIFEIES S/ (P >0.05),

HX EEHEMTERENEBRKE BRME . ETHEMNEFMEILE, Sa e, P E¥H KT
0.05, /7255 SR G RAMSI A B « B, FEAHRME T, BAF B LERE . TRERENKE . BRH
B B THEURBEE BABRANBHE . BREE 4 BRE BT IR Imm’ N8 & BHEE KR
VI B AR 14 M EBMRE T 2 8 B4, 5 F Pearson #H365MT o

RT THRERHEERMEEZNYFZEEEE 5 EE THERMHIRKER, 5 X5 S0k s 158
(Enhydra luris) \B# . ( Ondatra zibethicus) % 16 i LA XAWF RS KRN TR EEE SR EETH
B DB EETHAENATE, BHEENEER, BE S L MR R,

2 #R
2.1 H4E.LBEAE . TRAEZREMNESR

HE 1AM, BB LRAE TRAETFHKESSHH(6.08 £0.64)cm, (5.19 £0.28) cm, (2.94 +

0.30) cm, SE-XEARLHEE 4 54 (66.33 £6.55) um  (10. 14 £0.67) pm (9. 17 £1.01) pm, F-35FE T4 EE 4> 51

®1 THRPHBEREFENTHR R/MEMEKE

Table1 Mean, minimum and maximum of the character parameters of the pelage in mid-dorsum

EH MR Hair density (HD) /(H/cm?) 26802.76 +4499.82 1850426 32840. 67
HEE FKJF Length (HL)/cm 6.08 +0.64 4.23 7.60
Guard hairs( GH) ERYPE Hair root diameter (HRD)/um 66.33 £6.55 50.07 81.15

ET ¥ Hair diameter (HD)/um 113.63 +4.92 93.55 132.00
FEHE FEKJEF Length (HL)/cm 5.19+0.28 4.41 5.83
Undercoat hairs forming EMRYIE Hair root diameter (HRD)/pm 10.14 +£0.67 7.94 11.83
the top layer( UHTL) ETHJ¥ Hair diameter (HD)/pm 22.22 +1.64 19.04 25.83
TEYE FEKE Length (HL)/cm 2.94 +0.30 1.60 4.01
Undercoat hairs at the ERYPE Hair root diameter (HRD)/um 9.17 +1.01 6.60 12.29
base layer( UHBL) ETHI¥ Hair diameter (HD)/um 20.41 +1.74 14.37 25.25
BB A BEER The hair number per hair bundle (HNPB)/ (#3/4>) 43.01 +4.89 19.00 85.00
EH P Hair bundle density( HBD) /(A4~/mm?) 7.68 £1.70 4.00 14.00

~ 42

fa;‘ljif iﬁi{fﬂlﬁf a/rf(:axo}(:h: I:orzlpound hair follicles ( MCSACHF') 1.09.£0.26 0.36 2.76
54 BB R EB /( x10* wm?/mm? ) 8.00 £1.35 6.56 10.55

Total maximum cross-sectional area of the compound hair follicles ( TMCSACHF’)
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J3(113.63 £4.92) pm (22.22 £1.64) um, (20.41 £ 1.74) um, B EARFHETYE N (21.06 £2.21)
pm, B/ MEH 14. 37 pm, e KME 25. 83pm, EEFBBRMESHZ LERE . TEHEM 6.5 5 T.2 54
A, BTHESNE LERE . TEHENS. VEMS.6 f5AhH, A2 T, FESENTESENBRKE
ZREFE(1=17.128, df=18, P<0.01) . LEARBM N ZHENBRAEERBE (1 =2.519, df=18, P<
0.05) . EEAEBMTERAEBHETHERNZERREE (1 =2.3%, df=18, P<0.05) . XULHILHINHIZTE
SALRFEEBMNTERE, LERABEBKE BRAE B THE LR TTEYE; B BEBRAE B
THE EREXRT EESEMTREAE; LESERESHBREMEIER,

2.2 SEERXERCAHEXE %2 LRATSTRATHEMRETHIRE  RBAE
2.2.1 E:ﬁ‘% \—tE“ %%‘TE\‘ %%ZI‘E—‘J E‘J *ﬁ%‘ﬁ Table 2  Analysis of independent samples 7T test between UHTL

R 3 ATHL, B8 B LESE . TEHBZMAA  and UHBL

EBTHE \%J&Eﬁ%ﬁi@lzii%, E:%‘I‘% ERE HRFEFR Character parameter ¢ df P

5 LRARERAEMRERBE (r=0.454, P KEAL 72818 0.000

0.188) , FEABBMRAE S TRABBRAPEAL oL D 2I 8 o0
ET4E HD 2.394 18 0.028

A B (r=0.478, P=0.162) (HEA BBARYE
STERATBRAEMKERE (r=0.934,P <
0.01), RMEAELEH B LEHE . TRABIEEBKE BRAE B THESE S MER EAFERE
R
2.2.2 BEEGHABIERAHELME

R 3 A BEESE BBRAE BB THE. . LEABBRAE . LERABBTHE . TEH
BBRAE T EABBTHENHRE A BE; SENBRANBEE . Imn’ N E S BREREAE I B
ERARHES AR . RUERESERAE B THE BNBRAWELEUK 1o’ §EEGBERK
BT B AR TR .

BEESEREEBEFEMRK(r=0.898, P<0.01), Al 4T BIHMT; 5 R & BRHABIER B 7
HK(r=-0.645, P <0.05) , Al AT EIH Mo
2.2.3 FEBEECKEVIEARE TR LB A BB LR B B SF PR B A S 1

M 3 ATH: e BEEABUIERS B B BN E B EEMK(r=0.655, P<0.05) , 5 FEHEE
HRAHBE B2 IEAHE (r =0.663, P<0.05) fHE HZABERAEMHREANRE (r=0.533, P=0.113) ; 55
MERANBHEMEEAEE (r=0.581, P =

0.078) o FHS & BHES BT AL B AR 2 bt

BRI BEERRIB D :fﬁﬁﬁiggﬁ?m{ﬂﬁ%
AR ERL S B B B S o I 1"

Vi ~ 147 =-0.004x +2.108 A ° |

= -0.739, P <0.05) , A #47 B4 BT 32:0.416,;: 0.044\\“ . 10

2.3 BHE LEBREAMDER BREEIAME 2 10p SR

FIE G 1 437 =5 0sr o AL e ge
. . # I 06| 2=0.034x - 1.403 S
WREBEEAEIIER(Y,) MBREE(Y,) N B3 04 R-0806,P0 14 78

FAER, BREN AR, B o R, BHY, = ®=S g 12

~0.004x +2. 108 (R* =0.416,P =0.044 <0.05) ([& h Y S e——T Y

1), e ZEHEARE Y, =0.034x — 1.403 (R* =0. 806, BEM HD Hairs/(/mm?)

P =0.000<0.01 1),¢ EX = B & 2%

. ) (B 1) H%EA? ﬁ;ﬁ‘ RNBEEH Bl EREEEEGERSABYER.EREENXR
%%ﬁﬁ‘fg%iﬁﬂﬂﬁﬁiﬁﬂﬂ ’{E‘XE H %’%%k*ﬁmﬁﬁ Fig. 1  The relation between HD and MCSACHF , HD and HBD
HIR BN o
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R R, A BRI E R B o V- 7508 + 12870

B @ e MEmIH, /8 V= —4.750x +12.870(R? = 10| RE=0.546, P=0013

0.546,P =0.015 <0.05) (I 2) ,BE REGF Ao & Wi °f PO g

157 4 BAER M VU B ML R .

2.4 WHUERS T HSpEREEESAEETE VS |

J:E E(J Euﬂﬁﬁ 0 0 OI.S l.IO 1.I5 2.‘0
BHLRRSE 17 M EREEESAEBETH SABRBIBIIEH MCSACHE/(X10" )

BERAR, P& SR MAM, 1, = T (R = B2 SAEREARVERSEREENLR

0.74,P =0.000 <0.01) ; 11 & 3 7 (Power) fli £ 15 Hi Fig. 2 The relation between MCSACHF and HBD

Y, =1.83 x10°% "*"°(R* = 0.73,P =0.000 <0.01) ,

Pl RS BR IR (B 3) o MIEOHHEETBTHE/NT 10wm B, BEESHEBE THEMRCERK,
BEE AR N B H KB E , HAB B THER/NER —MIEFE; HAQ S 10pm < BB THE
<20pm B, BEESHBE THE R RIEBOR, BEE H A0 B K38 B3 /MR RO HHBE T
HBERT 20pm B, B SHET T MMSCHAR/N, BEE HA0 B K3 B3 B AR/, B2 B 3
N3z 2 B R AR AR/ JURINSE BB THE N 21. 06um, {7 T M KR @B RMILBINK B E

SHBBTHEMERER .
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eA o SHh%: ¥, = e(78942725 R2 =074, P=0
. —— Powerf%k: ¥>=1.83X10% 6% R2=0.73, P=0
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RBBTHE
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E3 17 #uMEEEESRAEETREFENBEXRSY
Fig. 3 Curve relation between hair density and undercoat hairs diameter of the seventeen species! 52!
A Y33 Enhydra lutris; B T8 5 Omnithorhynchus anatinus; C . 1K /KMt Lutra canadensis; D: %575 /K B Hydromys chrysogaster; E:dt3% /K58
Mustela vison ; F: L& 8 Castor canadensis; G : B} i, Ondatra zibethicus; H: LA IR Alopex lagopus; 1: 4% M54 Myrmecobius fasciatus; J: ¥ Bl
Rattus norvegicus; K:Jt3& 51 B Didelphis virginiana; L: 11138 B, Otomys sloggetti robertsi; M : B4 78 B, Otomys unisulcatus; NP 537 B Otomys
angoniensis; O : T8 B Otomys irroratus; P: 4ii [G 52 & Bl Parotomys brantsii; Q.5 & Bl Parotomys littledalei

3 g
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3.1 JURIRABTEZ MM B2 ETRES iR e

LA BERESRBREZRRE BEEAX" , Y4 BKESHEKE BETMLH, B
BRI A E AR RRIER . MRNTFIREREZN, ARME HMEH B ESRBREMXEABE X2
HNEH B RS L, HABE L IHZESM . B BRETHER LRAEBNTEABHS Z6 1,
HABEENBEBH SN, LERBETHIFSHBRERE, TRABAMET LEAEBHBTHE
/I, R BB B RB T AR, (A B NI — 2 IS (8], O R R R 3 X 25 (8] B
TR AR R T AP AR R L SRR E M. T ELAUIR NGB B A B, 06 i BB N S0
FRRE T 1L 2SS, HE— PR T B R ARIRIIEE . X RALRIICH T 18 B A ZE TR B — P R 906
75 [A) R YR 5
3.2 JURRIGE S 3R 95 B AE B2 R P9 A 0 A i JR e B 4 2

BB SRR IR B g BB AR D B AR S IR B A S, 328 I B R A T
FE, BRBEBA, R PERBIRIF ™ o F T B B X R T R B, — 7L 30 5 5 A P 289 40 B
BB MBUE BB MHER O XA SRR I BB . IR 3 WAL LRI R B EE S
BARTBTHEZIEAFFIEDZEHRE, TEARIMGEE FHHERT 20pm 2T HLEOB (K 3) R T
JURARE 5 B 5 90 B T4 BEAR R PEAR /N , PR e AUAR DA 2 18 5 e = 20 15 94 i =6 7 B2 F) SRS SR 1 3 AR IR 2
AERY

BEERNE I EZA BRAE A BRANKBEE BREEME & BRR IR RS
IR R RN, BB HE S BRME BN ERANNBRE AR, AR E & BRERE TN HRKF 0
BN, RBE B B 3 s, X B LI E 2 E £ B BAREE RN 7RG . T & BRER A
TS BRI EABRA K BRERMBREE 3 MREH AR, EHFREREN, WRNE & EER
KEVHRZ BRAE BN BRNNBHEMBREER 3 MHETRZIE/N XEHE & BRI
DI AR BEE B~ B R A ) B RO S T in , BB R BRI 2 2 & BRE BT AR AR .
B, AR IR 3 2 i IR 1Y Bk b 6 B B S R B L) T ARUR A7 T AR P A B SRR A B 7 A B R B A
R BB RE AN B EE . ML KIR (Mustela vison) 1 BB JE TR BRANBHEE . H
o, BN PR BE A N 6 5 BE (Y SRR EL 3 B 1B SR P B SR 2R LA N B4 BE M TR K o L AT AT
UG R RIS T KSR
3.3 JuBIRSHAL Sh B B AE R IR SR B ELER

N T ERFER I, AR S TE YR AR R BREX K . EFRE(Cervus albirostris ) (B9 A dii B4
BB BB AR NBER, 5O E S5 R RSN BARE B EEAEZ " o JUHAE (Ursus maritimus ) ()
BWEPEs MR —E5E M HEHAERE ™™ . I KKI(Lutra canadensis) FIH BB B E , HEBH 2
WL HL8% 2 64 B2 B, SR Bl i e d% 45° 548 AR B AR BT MK B 4E 1, BE4r siAs E BRI
#rkzs s B3 P AT IMROR B R K AR Y, A BB ER, XN T ERERE
T RE KRR R I B N = SRR, Bl LK 3 A BB TR (R A P B U R o ARIEA B ST 45 R
RGO 490, SR IR AN B AR 9 B B S M (B i T BB E N E K20, 3 EHETA
B X5 " EWEFREERERT 2 BIG, WHOR KAWL 3, 8B 4 9 OR I5 1E RE i HLaE R
FER I T . AR IRt A 7L 3h ) , BB AT Z B IR AR T B I RRVK R , AR B2 BE AR X B2
/N (B S 3 T B R B LA B A s ) G5 A BRI 906 43 b PR B % SR SR b X — BRI
FEHCRBARIE L o 4 B U X FEW AR R M o B — A EEF R, $B 5 B B 32 2 e B AE FR AR 1Y
g BRI BE R EA BN AAT , BEENAEETHEY 5883, XRTFEMN
EREEFRNM.

TER S AR TR AL IS T, BT E BRI IR A B R AR MW H e H =
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FER AR R . A B RIRTERES 19301 L sl B IR IR RE 22 10 3 W 78 A 35 e AT 3h Vi Bl e ik ) H B8
A ] XA OE AN T S AL, T B sh i BA B L AR AESZ Y JuR IRk
Byl , ZE B AL SE M AR KB B IR R o 3 A 2 A B AR ELR, ERAE LR MLEE
X, FEEFRLNHE TR R, E % 2 A BEFER MRS, 8t IR 7T 080 1 2l | B AR R Al A 5
R IS EEAT R B R T BB RE R I B B R AR R I B R —, A
W IE B T 3% — &, iX 55 Scholander P F Z£1'*) 1 Underwood L S™*) fBFSY 45 SR AH—3
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