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Abstract; The reindeer ( Rangifer tarandus) has been a wildlife resource used extensively by local people across its range
for thousands of years. In China, the reindeer occurs only in the northeastern part of the Great Xing'anling area in Inner
Mongolia. The Owenki people in this area have long exploited the reindeer for its hide, meat, velvet antlers, and milk,
showing its economic importance. However, the reindeer has fallen into the critically endangered status, with only about 800
left in its native range. There have been some publications addressing biological and ecological characteristics of the Chinese
reindeer, but most of them have been anthropological and ethnological studies of anecdotal character. To date, there has
been no study on the habitat selection of reindeer. To implement an in situ conservation program for increasing its

population, it is critical to study habitat selection of the reindeer in China. The purpose of this paper is to present
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quantitative survey results of the reindeer’s spring habitat selection in China and to explore the key factors influencing its
habitat utilization. Thereby, implications for conservation measures to be implemented are discussed. In March and April of
2012 and 2013, habitat selection of the reindeer was surveyed in the Genhe area of northeastern China using line-transect
surveys. A total of 23 habitat factors were measured and compared for 211 sample plots, in which 79 plots were designated
as used-plots and 132 as non-used plots. The results indicated that reindeer in Genhe area preferred to select spring habitats
at higher altitude ( (957.27 + 1.68) m), with higher tree canopy ( (32.84+2.72)% ), tree density ((21.72+1.52) per
400 m*) , increased ground-plant cover ((85.06+1.03)%), stump quantity (6.81=0.45), and fallen-wood quantity
(5.73+£0.54) , but with lower shrub canopy ( (57.95+2.79) %), withered-grass cover ( (33.11+2.79)% ), tree height
((9.58+£0.27) m), and shrub height ((59.85+2.69) cm), compared to the non-used habitat plots. Moreover, the
reindeer also selected habitats with intermediate to low slope (67.09% ) on the south and west slopes (77.21% ), which
were located mainly in conifer forests (68.35% ) and provided relatively good concealment (82.28% ), more protection from
wind (64.56% ) , relative proximity to water sources (< 1000 m, 94.94% ) , and were farther away from human disturbance
(<1000 m, 87.34% ). The principal component analysis showed that slope position, tree characteristics ( tree height and
tree diameter at breast height), food abundance ( shrub cover, number of fallen wood, and stump number), snow
characteristics ( snow depth, snow cover, and tree canopy) , disturbance intensity ( distance from human influence) , and
vegetation type (slope aspect and vegetation type) were most important in determining the spring habitat selection of the
reindeer. In summary, the results indicated that the reindeer’s habitat selection in the spring was a multidimensional process
through which the reindeer could adapt to local ecological conditions of temperature, food abundance, shelter, water
supply, and ground cover. Furthermore, the reindeer in China has not yet been domesticated, and it is necessary to

introduce conservation methods for its protection since it is critically endangered species.
Key Words: the Great Xing'anling area; reindeer; spring; habitat selection; principal component analysis
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¥, @%iﬁlﬁhﬁ&ﬁ E’Jﬁiﬁﬁ%%ﬁﬁ NG RETEZ E IR 2KV 2 R I s AP AR B At )
B, BA I A R BRAT RS e A 5 14 T R AR LA SR BRI 45 R R T A sh W AR R B A
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M 255 >R Chi-Square Test FuA PRI J7 8] (1435 ) 46 25 ORI AR B0 22 57, X IIRE R ZR A AL T A 5 78 4
P17 3 537 BT ( Principal Components Analysis, PCA) | 3138 FE A AH I HE B M RFAEAR FTRRE [7) 1, P8 LA 22
B AT DTk A A S AR

3 HBRES

3.1 YIRERZA A B AR R FH AR BE 0 LA

SRR AT B, DI EER =R FAE 5 I0I3R T AR T AR % B b bl 2 1 AN BRI 7
FIARBEI K (P<0.01) 1A FHFE 7 AT A 55 B2 VR 235 BE 80 /N (P<0.01) |, FRA e BE FIVEE R B it b 3 /N T
R HEETT (P<0.05) (F 1),

*1 JIEESFRAEEMEFAEESESNTENLE
Table 1 Continuous variables in spring used and random habitat plots of reindeer

A FHABES (n=79)  AEFHAEH (n=132)

Variables Used plots Random plots P
Wik Altitude/m 957.27+1.68 950.98+1.14 0.004 **
TR ARARIABE Arbor canopy/ % 32.84+2.72 14.08+1.57 0.000 **
FEA B HE Arbor height/m 9.58+0.27 10.16+0.43 0.040*
Fr A M4 Arbor DBH/ cm 41.93+1.24 42.75£1.63 0.238
Te K% Arbor density 21.72+1.52 7.28+0.51 0.000 **
ARG HE Shrub cover/% 57.95+2.79 69.28+1.85 0.001 **
TEAYIE Shrub height/cm 59.85+2.69 71.41+2.88 0.013*
HhFAEHE 35 Ground-plant cover/% 85.06+1.03 90.58+5.6 0.000 **
B HE S A 35 Muscus-lichen cover/ % 61.07+2.27 57.75+1.64 0.144
FHEEL Number of stump 6.81+0.45 2.77+0.30 0.000**
FE I Snow depth/cm 0.82+0.14 0.99+0.21 0.348
L5 Snow cover/ % 18.53+3.22 17.62+1.89 0.332
FIAEL Number of fallen-wood 5.73+0.54 2.83+0.24 0.000**
Hi 35 B Withered-grass cover/% 33.11£2.79 45.71+2.58 0.002**

BRI AR ELDR ; « ZH7 B (P<0.05); * « 2Z54k 8 F(P<0.01)

FUFFE DT SRR HRE 7 B U S0 EL BN 35 2 Fron . DI X v I M m B e B £ (77.21%)
FE ) TR (37.97% ) FIZEHE (55.7% ) B3 A7 (67.09% ) A= 5%, (H 5 3B R FIFE 7 10 25 5 oK 58 1 & K
F(P>0.05) o FIHAEDT SAERI IR D TEAR RS B RE e XA | - 360 B BE A T4 s A i A7
TEMR 0 3 25 53 (P<0.01)  YIRE R 22 2 BE BEAE L 2R RN B AR (68.35% ) | Bt 2 47 (82.28% ) it AR Il R
(64.56%) 1531 (60.76%0 MH/KIFATIT (<1 000 m,94.94% ) K #E AN T4REGLE (=1 000 m,87.34% ) By 1

x2 YEEFHRAERSEIREENERRTELR

Table 2 Discrete variables in spring used and random habitat plots of reindeer

ABIX Frequency L] Percentage/ %
i %H EFHRE T MR T AL FRETT MEIT X Ry
Variables Item (n=132) (n=79) (n=132) (n=79) Chi-square test
Random plots Used plots Random plots Used plots

i KR 23 9 17.42 11.39 X*=17.167, df= 3,
Slope aspect [ii) 53 30 40.15 37.97 P=0.067

2] 31 31 23.48 39.24

It 25 9 18.94 11.39
WepE I (<30°) 51 30 38.64 37.97 X?=2.070, df= 2,
Slope gradient 4 (30°—60°) 65 44 49.24 55.70 P=0.355
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BIR Frequency HA5] Percentage/ %
At FH LR R FIIRETS AEFRETy FIIRETS XK
Variables Ttem (n=132) (n=179) (n=132) (n=179) Chi-square test
Random plots Used plots Random plots Used plots
BEd: (=60°) 16 5 12.12 6.33
e fir I 3 44 26 33.33 32.91 X*=0.746, df= 2,
Slope position rhg 61 33 46.21 41.77 P=0.689
T 27 20 20.45 25.32
Mg ENIETN 11 54 8.33 68.35 X>=97.039, df= 3,
Vegetation type FFRIRAC 10 7 7.58 8.86 P=0.000"**
M 53 18 40.15 22.78
Fifa) 58 0 43.94 0
XU 1 e 50 51 37.88 64.56 X*=28.80, df=3,
Lee condition R 0 7 0 8.86 P=0.000"**
h 42 5 31.82 6.33
7% 40 16 30.30 20.25
Wil 2 £ 58 65 43.94 82.28 X?=33.355, df= 2,
Concealment th 37 12 28.03 15.19 P=0.000""
2% 37 2 28.03 2.53
+ R T 80 31 60.61 39.24 X*=9.049, df= 1,
Soil moisture piTalts 52 48 39.39 60.76 P=0.003**
B 0 0 0 0
T4 0 0 0 0
B A AT AR R i 1 4 0.76 5.06 X*=3.924 df= 2,
Water dispersion LS 23 13 17.56 16.46 P=0.141
i 107 62 81.68 78.48
HEh T B i 23 69 17.42 87.34 X*=25532, df= 2,
Anthropogenic rh 38 8 28.79 10.13 P=0.000"*
dispersion i 71 2 53.79 2.53

B R AR« FER B (P<0.05) 5+ » FEFMEEH (P<0.01)

3.2 YA FAERTE R R

Xt e 2 A FRE T B A B A8 B AT S A3 43 M (PCA) o WSR3 TR, il 6 HRAE (A B3 BTk Rk
64.39% , ARSI Hb S WO B A 2 b A B8 R RRAIE, PRI 6 4> E QA EA T A0 T, I 45722 dk 1) 2oy 3R B2
XHER/NEAI 73— D F I (K 4) .

x3 NEESFHRAERHANTENREESR

Table 3 Eigenvalues of habitat variables for reindeer in spring

F FHIEE DURR/ % FT TR/ %
Principal component Eigenvalues Percent of variances Cumulative percent of variances
1 3.88 16.87 16.87
2 3.13 13.62 30.49
3 2.53 10.99 41.48
4 2.27 9.89 51.37
5 1.68 7.29 58.66
6 1.32 5.74 64.39
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x4 NEEFHRERURETHRFHERBEEEER

Table 4 Rotated component matrix on loading coefficients of habitat variables for reindeer in spring

FFE [a] i Eigenvector

ARt Variable

1 2 3 4 5 6
74K Altitude/m 0.56 0.24 0.32 0.07 0.43 0.12
TR BB Arbor canopy 0.44 -0.15 -0.28 0.60 0.13 -0.05
Fr A K942 Arbor DBH/cm 0.03 0.71 -0.03 -0.31 0.301 0.11
TR Arbor height/m 0.30 0.69 -0.11 -0.05 0.40 -0.10
TRAREE Arbor density 0.4 -0.32 -0.30 0.39 0.21 -0.20
FEAR TG Shrub canopy/% 0.17 0.13 0.75 -0.20 -0.06 0.05
HEAYE Shrub height/m -0.30 -0.23 0.46 0.16 0.10 0.32
L FRHHE TS Ground-plant cover/% 0.22 0.27 0.58 0.23 -0.30 -0.35
R HA TG E Muscus-lichen cover/% 0.41 0.46 0.20 0.09 -0.45 -0.21
T Snow depth/cm -0.45 0.44 0.03 0.61 -0.02 0.23
L E Snow cover/% -0.34 0.55 -0.05 0.61 -0.01 0.08
FIHEEL Stump quantity 0.41 0.03 -0.61 -0.11 -0.13 0.03
BIARL Fallen wood quantity 0.19 0.35 -0.61 -0.01 0.04 0.01
MB35 withered grass cover/% -0.65 -0.37 0.21 0.06 0.16 -0.17
i 11) Slope aspect 0.19 -0.05 -0.04 0.28 -0.41 0.67
Wi Slope gradient 0.58 -0.01 0.01 0.16 -0.44 0.02
Wifiz Slope position -0.81 -0.20 -0.23 0.06 0.13 -0.05
FEBEZEA Vegetation type 0.19 0.10 0.07 -0.35 0.16 0.63
KRS Lee condition -0.20 0.47 -0.28 -0.36 -0.06 -0.04
B Concealment -0.25 0.49 0.19 -0.31 -0.20 -0.15
HHEBIASE Soil moisture degree 0.47 -0.52 -0.01 -0.50 -0.03 0.02
FH 5K I BE B Water dispersion 0.52 -0.26 0.17 0.15 0.08 0.01
B AN THEHEE Anthropogenic dispersion 0.37 -0.01 0.34 0.21 0.61 -0.07

W — TG N 3.88 , 0 22 SR BTk IE 16.87% , H il (57 A% 28107 22 B0 X B A X 58 985 (0.81) , 2
W T 9 RE AR A AN T T RRAIE  BOKE 38— F R o SO < i 4538 2, IR 2 R Bk b T e
A% (67.09%)

5 RN 3.13, DTHRFIE 13.62% , T A MR S T A i B 1 2 far 22 B XHE 35 v (43 302 0.71
F10.70) , BT YIREEZEAE SR TR AR, MO 5 — 2o 8 SO “TRARARIE” . 856 3% 1, W& 25 0n b1k
PER—E M2 ((41.9321.24) cm) FITRAR S ((9.58+0.27) m) BAELE,

5 = TS FIE(E R 2.53, SRR 10.99% , Hor 3ty 72 B RHE R 0 AR R R 35 4 (0.75) EIR
B (-0.61) FIRHENEL(0.61) , FHEAR KB A AERAEAEIA A BB R YA By, NIk, 1% 3 A it
T YR T B B £ B 7 I RRIE  HOR 38 — R U B Z R AR 1 YR TT A
—EMEAR TSI ((57.9522.79) %) IR (5.73+0.54) FIRHEN 5 (6.81+0.45) LE B VR M H BT 55

550U FE R RRIEAELCA 2,27, TTHRE N 9.89% , I 48 far R AL XHE R K AS i R TR (0.61) (&35 4
(0.61) FIFFAHBIA FE (0.60) , 52 B A J2 T 128 7 2 A4 455 Wb 22 25 9k v AR AIE |, 47 JHL s i s SO AR R
GEEFRLYEHEFETEFERL - EMEFIH(0.82£0.14) em,F 35 ¥ ((18.53+3.22) %) FITF AHR M B
((32.84£2.72) %) 445,

S L R IEAE N 1.68, TTHR RN 7.29% , H v 48 far 22 504 o 4 K 110 A8 s Bsf BN A 48 B
(0.61) , il T HARZA B A A THE5R BT MO 1 R R SO« TR, 45 A £ 2, YIERESHT
PEFERE A N T (=1 000 m,87.34% ) HyA 45 .

SN F AT PRRIEAE R 1.32, TTRRR R 5.74% , b 28 far 22 B0 B AR A8 5t S 3 1) (0.67 ) FE 928
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#1(0.63) , WL T Y e 2 A SR g SR T AR AE B H e H e SO R R AL AR 2, YIEE S
TFIkBEA TS S r % (77.21%) B9%EF MK (68.35% ) A= 385 , IFE 7 25 A2 85 4% 5 000 O R 8 B Ay 44 1 6 5
iR,

£5 NEEFMNRAEREEFHERSITERGSE

Table 5 The principal components of spring habitat factors in reindeer

F A Koy A% 5 i M DTk
Principle components Variables Values Definition Percent/%

1 Wefir 67.09% (3 H T 17) b ZA 21.90

2 Te A K42/ cm 41.93+1.24 TEARFHIE 17.04
AR EE/m 9.58+0.27

3 HAREE % 57.95+2.79 {-LVED) S 10.10
BIAR%L 5.73+0.54
RIAEA £ 6.81+0.45

4 B/ em 0.82 +0.14 THRHIE 8.05
BHEHE/ % 18.53+3.22
Te AR L/ % 32.84%2.72

5 BN TR R/ % 87.34( =1 000 m) T 7.53

6 e/ % VY FI R Y (77.21) TR AT 6.13
TR % BF itk (63.35)

4 itig

AR P A Sl 0 BRI T2 1 N 250 R, A2 1 22 R B, S AR A AR SRR A A
FEAE Y2 B RO B S 4 R ) A5 R T A SR e B R AR Jmy 7 AT R IR A
TR st A AR ZAEIF T AR | ISR 5 1508 DI JRE Py S 53 sl R (AR S A A R s & e, W
FIIERS AR SF R PR ARG St A IS AN 32 A il DRI, 3 Tl R 19 A B e RTS8 2 — > FL AR AR i 7
IR 55 HAF AN BB 2 A LD R DA

TEFEVS Zo T s TV MO DX, B ) (R 5 SR 2 e s HL AR e A BRI PR TR R 1, AR T 5 o
B AR S AU DI R 22 0 P AL RE |, Ja Mt A T T T i B AR AR A, A IR AR 20 KL, B 1 Rl ik
T o TEVZRUIRGE T B EF A= B W), FCAR 58 A DRl P A 55 22 A S B0 XU 25 2 R LA A PR AR K R Y 5
H, TEARDITE D IR 2R T IAL(67.09%) M EF I ARAE S, I mREAL 3 4R B X 2 J8 V% 1 i PRI
MG, 52 FEVR XML AR IR , T B2 A 45 009 6 XU Tl A TR X AT, I8 PR 88 5 DR At I bk 14 e JXLR £
A P BT R A= 5 24, hin 2 BE AR 35 00 H R AR s, IR a0 B AR 2 Ay i e, S 1 1
FERFFMMRL , WIERLE, “SAr” N i B AR Zo AR e P8 00 1 2 B2 R (S — ko) , i
PRl ] R AR AR AL AL R G T HE R 2 BSOS ), TERAR YA TR BE v R 6 ik
TEHNFR P A PG RER A O, XS B T YA FE Ve 75 25 U A PRt 75 5K, o i ] PR R 1 ok B A 8
WITEFEVe T RS PR I L N K

Y RIGE R A S R R IR IR Y R RE IR S AU R
BAE BRI AR A RGBSR I s 1 T AR Tk, FOR R 2 e £, AR5 78 i 1 b T R AR
N THERAR I AT FE A 5K 220 DY U7 R g SR A8 AR5 R AR B AR IX  BRARSR AR B 25 B 2 R e G
KNP T, WA HARBERE R ™ AR RO INTE RS SRR , (1R E ( Odocoileus virginianus ) — B fi 4f
BEPEAIS A LR 5 AR I TR AR B ™ RS A4 SR IR A B 1 T AR AE 2 H A ek B e 1
HEN (5 RO T ARARAE ), BRIV FEE A 2 Al e A 35 1) 7 AT PAD 8 0 8 R 4 2 B Ry, vl R S X P A B
H 1 A S B S A S B A A 2 FE AR X AT 06, ik St R I FE A R E M s (A . b K262 pE L
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TN FE A3 A AR IX, w1 A B AR i AR Rk, I 22 DA 55 vp b 36 K+ 19 43 88 J8 Mo 4K ( Cladonia spp.) A E
Yy, TAEE 2P ] ALY T IR W 28 DIRERD I I K8 R B E AR A K S5EHE ( Betula fruticosa)) Sl B M ( Salix
koreensis ) “THE MKE Y (R 8 25 B B OB b &, R 37 246 ( Caltha palustris) Z5 0308 . ik, YIEH
ZAEBE TP BTE R b A A B S M IS R IE A S R R AR B TR R U OCHK , DT 5 e 9 1) 2 A B
VERE, B, BUIRE SR A AN O v (DR T R Y SRS sy, T L A Sk SR A A A R AR A B R K
HITHEAR IR AR F MR S A 254 T, P ASIE 5 b 0 9 RE 5 2 O G- A= 358 P E R 35 5 ((57.95£2.79) % ) il
TR ((59.85+2.69) cm) BN XA, AL, AR B v (9 Hb A B @S AE W) 5 DI RE M = A 2 I A T
PIBEFIEIA , BT L, 9L 2 0 4 A S5 AU PR A KR (6.8120.45) FIEIAR R (5.7320.54) M Ac % . BATEAR TG |
RIS EOREIR B TR A a2 5 JhRmA a7 ok R A RSB = A SN (B2
BE) o FEREAR S AR AR TR ARAB A BEARXT K, o T MO 2 i BRESVE AR SR i B 20 I Y
TR AR A UM 55 B BVAR G0N B A T 9IRS 0932 s (548, WA E 4 R E L2 HE TS R ES
BT A b R TR T AR 22 0 R R R TR R R BRI, R T 5 B TR AR A
JE AR B R R SRR A A A AR e O G AR SRR AE B 5 DU 0 TSR RAE T YIS B 2 R Y
Ko

7 A= B4 A DX P B SR s B N A 3% 2 4 kot HL A B R 80 7 A Ay R PR SR AR TR R 43 A X, B
5GP v A A ST v P RS T IR 401 DX PN, N R Bl A b X A e A 1 3K s e | B S
KA EREREG) KL, AL, MR 531 DX AR I [ P A0 9 3t 44 i T 551X, 28 bR B < 9 — R
i SO R L B R DX P (143 [ A i I L IR TR B £ . iR R TR Bl RIR E N Bl SR S X
DX 3 A P O 2 B A Bl 0 7 A i, SRR S R R B o R e R AR B A B G B Y
e, 33K 150 W 9 RE 70 A= 55 6 4% b 1 &2 PR RR SRATI IR B, T AR I Bk sh ) — e B3 iy “ PR AR

ZiG bR AW R, R EYIRE B R B R T R A E Y 2 R R A TR
ZEM o S (AN RS RS SR K A5G ) A AR I, I st o i JEE R fe A 4 4, 0 R A X 22 4 E L 559 B
ZE TR KORT AT RE SR AR R, TSR I Ml S R B A0t e o, I 90 1) A B B B 0T A IR B A < B A
PR RS Z ] SRR A DORIAR W 9 A R s M), 150 BH 3% B 9 R R w4k, U )8 T 87 A sh i, B B Rl e
1 PR AP B A S A R0 T L2 TR S AR SR B 2 1) 43 A X (AR B30 R DX ) RIS /N ()
(800 Sk ZeA7) 17 A B H TN T S aE SR 3h ), LI st 3 B O RE RPN A BT 0 1
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