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FEZ:2007 4 12 A ~2008 4E 1 A 12008 4F 4 ~5 F 7258 2 1A IR A 30 6 P B B VRS2 X 5 R BT 417 38 W Fp & B AR B
BHITHIR . BEAEEEW 15 KWBEEHFTHE, LFEEMET 131 2 181 MEFK 18 MASEF. 4REH,LFSF
BRI D AR R TR EAR R R B ERBEES B ) AL EIR R BEARE BE B AR R4 10 FhAE R F
FEREBEP < 0.001) , HAASHFEREEZEER(P < 0.05) MY FLARARNS , DEEFESEIRZEEFE LR NEIE
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5o NANRBERLFEZDBEARER LFE - ERENES BREZD BN MIEEZE LA FE) —5%,Wilk’s A
BRXEZDENERRERLARBENZERME(WIK s A = 0.683,2" = 116.995,df = 13,P < 0.001) , ZHHIFI5Hr RKBI#E
XA FED AR EA —RIVESHEFREEM KRB STRER K/AMRIR TR % FEARFERS SR IR B BEK IR
BRES BERUE PR B AR, BaX 7 NME R T RN AR D AR IER X 5REH 79.9% , K P X ERHRARR
22.1% WA ZEHRAIFEH 20.6% ,
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Abstract; We studied habitat selection of red deer ( Cervus elaphus alxaicus) during winter 2007-08 and spring 2008 in the
Helan Mountains on the border between Ningxia and Inner Mongolia Autonomous Regions. We documented deer habitat
through direct observation and examination of fresh sites used by red deer located on 21 transects distributed throughout the
study area. Eighteen ecological factors from 131 winter sites and 181 spring sites were measured in 15 drainages in the study
area. Winter and spring habitat selection by red deer differed in most ecological factors, i.e. , vegetation type, dominant
tree, shrub height, distance to nearest shrubs, slope, aspect, altitude, distance to bare rock, and hiding cover. Compared
with winter habitat, red deer selected spring habitats with montane conifer forest dominated by Pinus tabulaeformis and
Picea crassifolia, slightly higher shrub density, shrub height, and closer proximity to shrubs and slopes, gently higher
altitude at half sunny and shady side, closer to bare bock, and higher hiding cover. Canonical scores indicated that winter
and spring habitats selected by red deer overlapped to some extent. However, scores for spring habitat locations were

distributed widely. The Wilk’s lambda exhibited a highly significant difference in winter and spring habitat selection of red
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deer (Wilk’s A = 0.683, y’ = 116.995, df = 13, P < 0.001). Discriminating variables that improved a stepwise
discriminant model included (in order of importance) tree density, distance to the nearest shrubs, slope degree, altitude,
distance to water resource, distance to bare rock, and hiding cover. Predicted accuracy of the model in classifying red deer
habitats was 79. 9% . Misclassification of spring habitats and winter habitats by red deer were 22. 1% and 20. 6%

respectively.

Key Words: red deer ( Cervus elaphus alxaicus) ; habitat selection ; stepwise discriminant analysis; canonical discriminant

analysis; Helan Mountains

SR A BE BB AR FR IS BRI — R T X FMT N S EIE T RURE XS B & AR
MEEEREY o SRR A S S HIR 2 A AR R, B AR Sh i AR Bk BB 5T 50 T 5 28 3 14
RIS IREA HAEENE X . 707 X, WA B 2SSy SR 1 5 H A f6 AT ) SR B B
FA R ER KL, N BRI SR ERERZ BIEFRREER A B2 i 4 B 800 o8 & 4

— RIS, AN A X RER M E KIEREY 7 o TR LBR ST sh W76 7 1R 25 4 1) AR BB 0 45 0 5 B e s L
] LA SR B 3h 2 A SE LB BE A

T8 ( Cervus elaphus) | YZ 43 T XM ERUNFIIL E M HIX !, £t F3LA 23 A TH FREAE 8 T
P o DEERTRIE AR (C. e alxaicus) BRI T 7 E M NS H SR 2210+ B, R E v —3
TEHZ A A SRR B2 R A b 20 A Y /N BB B D B — R B AR . X T DAL
PSR T AR S ARGE " ), SR X 2 e BT 7 38 Y0 1) A S5 P A XUR A 2515 X A 2 A B R 5 1
38, HEA AR ZETT Z B B R A B B LAY , A R B DR FEAN R 21 _EXf AR B B bt 2z =
H i, ABFSEH B E T DA RS AR K5 R, JE T8 s DR AR SR i 245 28 el > o
AR, TRAHBBIFFY B BEAS [R1 2215 X AR B 0 1 25 St , W mT LUK T /% 5 REZE AN IR 22770 1 AR AR R B 4R fE ) 27
Az
1 HREER

BRI TR SR R s 35 1 SR 2 18] (b4 38°217 ~39°227, FR 4% 105°44" ~106°42") , R EFILE [, 1§
PR BE—Mh 2000 ~3000 m, B 22 1L BA BAY B KRG PR SRR , BT I 5 2 e B R 22 B i 4 4R, &4F
TEADT ., S IEH T EH 8. 5°C 1 %, FEZ 2900 m &b - 0. 8°C , 4E /K & 200 ~400 mm [,
FEHZERER 2 000 mm, FEHTTFHEH 170 d, B2 2 MANRE LR RS, KA E B 0 R 1L 5
JE#7 (1400 ~1600 m) , Ll HE B AR ELJEH7 (1 600 ~2 000 m) , L34 AR (1900 ~3000m ) , T &5 1L 7 I £ 4
# (3000 ~3 556 m) %)

2 MIRAE
2.1 BpHhEE

2007 =12 A ~2008 4E 1 J (4ZE) f12008 4E 4 ~5 H (FZF) MBI 21L& MBI B BEHE Ko i,
ED RSN AR I 15 SR B(CHE & A1 A7 K A8 B D98 B8 22 008 ROK e /K
T O NELSIE IR R IAYE B =BT R KB FIE) B 21 RS AR R AR
TTHR . HhAFMEZHFLERDHHN 235 km F1 271 km, X HFEFHHEHLEES B HETAFE
KREH I, B RFELGEREERE, NIRRT, R E S T2 L& FEEGEET,

MR S e 3 3 > 1, FECR AR IR IS e AR B e Bk T A . MBI S L Esh e, WEHE
AR AR TS, (PAEA TS SIS B0 N AT AR F N, R R e A S #TiE R, &
PRI SE T vE R AE RIS TS SR fE , Fl23KE AL (GPS) & L, R JG LAE SR N O B — 1 10 m x
10 m BE7 , FEZHE PO K4 MASERE N1 m x | m ), idfHE T BR 18 FASEF, a4 gk
R HIBAHE RREIAR TEARE R TR B IR R VEA B R B E K PR R MR T BE B
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AL I BE gtk B BEKTRBE RS  ACH TR RS BEAR A IR B MRS, S HUE T 131 NAFAESF T
181 NFFAH DT
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MPERAY  RYESE 22 L 2 8 o 3 20 A7 4 R 20 D Ll B JEH (1400 ~ 1600 m) | 1L 3 i Ak B JoE Y
(1 600 ~2 000 m) . Ili#ts%t K3 (1 900 ~3 000 m) 7= L7t A FIEL A 45 (3 000 ~3 556 m)4 Ffism>!

HTEAFIE  ARYE L3 A 3 B AT AR BE S R 43 O 5 SR, I AR AR B35 L v A I R 0 3k L ) IR B 1
B e AMESURE SRR R

MHEFAR RETTARA—FFARBELE 10 m x 10 m FEI7H HITETTAREER 70% L b, EFEAFK
#i ( Ulmus glaucescens) \FEHE ( Ziziphus jujuba) M) ( Salix spp. ) FL:#A ( Juniperus rigida) . JHi# ( Pinus tabulaefor-
mis) F i A2 ( Picea crassifolia) R GB ( BT —WFEREGE 70% LA E) Tt 8 A~28EL,

FAREE SIHE 10 m x 10 m AT HIRARBIBREL

FEAREE  WELE 10 m x 10 m IR IRARB 25 B,

FEAREER WHE 10 m x 10 m A7 # O REE TR AR EER .

HEARBEE SIHE 10 m x 10 m FEJTHHEARR AR

HEARFE  WELE 10 m x 10 m FEJ7 P #EARK T2 B,

HEARFEE WHE 10 m x 10 m A7 G R UEE RO MR BERS .

g wE WE 10m x 10 m 4 MAFFOES N1 m x 1 m /IMEF KA RE, BOFHEE
310 m x 10 m FEJ7 ROAE B R B o

Hera A 65 NEMF BAXMZE , (EILT5 18] 24 0°, Hrdi 8t J5 [ iC 8. FHIE (247.5 ~337.5°) 2R
B3 (337.5 ~67.5°.157.5 ~247.5°) B (67.5 ~157.5°)

Yefr B3N AT LR b 173 FR s sk An, A T L3 A R TR, AL T ILS T 1/3 .

BEE A 65 NEZ B b 3 BETHI B A 5 B e L3 i3 BE

BREE FHEKE AL (GPS) TR I Mk =

PEOKIRRERS  AGEAE T O BKIRM ELIEE .

AN THIEE DB I A B BEBDORBAE BT PO B TR M E LR .

FRARATEE  WER ORI S ANELERS,

Bk TERE HORISL—A 1 m BARFF , ZEFAE AR B PG b 4 D5 T BEES A0 20 m AR B ORFT I RE
VLR, BVRT AR MAATFKE 5 B K ERE 4L, RGBS HE,

2.2 HEhb

FAEAFEAS ) Kolmogorov-Smirnov Test 4555 I+ AR BE FE AR BE I ARBE S VEA R B EAR R B EARTE
B Wk B SRR R B BEK TR RS O\Ch TR RS BEARE BB AR R 13 B A S R 1 B
REZIESH , ARBRBARAFEIESS (P < 0.05),

FIRR BRI A E TR 22 10 S AR SR MR ARAE IREITAR S ) A A7 5 R B E RIS R
THIER EREFAEER . FIFESEAE T E) 2 DS FEA B Mann-Whitey U £ 3% 31 22 1L B EAHZE
1) 13 FhEUE LA S F 1 22 R T 40 HT

XA HZER 13 FBUEEVAEZSE TR 4T, B TEARAF & EA D0, B e xt SR # T in L,
SRJE SR FAB 25 HI 31 43 A R0 B0 A 1) A3 AR 28 22 1L B BE AR M AR S R 37 704, I € B B EAF R4
BRFERREE T

BB BRI A SPSS15. 0 #4743 #T .

3 &R
3.1 B2 ELAEREASHFERELNESR
FHRRRALEFR 20D EEEHEIE (¢ = 164.04,df = 3,P < 0.01) MREFA(® = 22.89,
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df = 7,P < 0.01) Bk (y* = 81.68,df = 2,P < 0.01) Figfi(y’ = 14.84,df = 2,P < 0.01)4 FprEZRH
FLERREBE, MEMPRAE (' = 7.81,df = 4,P = 0.099) R A BENZERE,

Mann-Whitey U ;3038 B , & F 200 22 I 5 REAERE R B K= B R BE B VIR = B IR AR A BE B A
PR L EFRBEP < 0.01) , MEAESHETFEBEZR(P >0.05) X FAFAEmMS , 2L
BB B R BT B R R R R, R IR E BRI E RS AR (R 1),

*1 BEZLDELEFERD B3 MNESAFHLIER
Table 1 Characteristics of 13 ecological factors of habitats used by red deer during winter and spring in the Helan Mountains

H: 25 F Ecological factors fé Sprmg(iD a'cg§ WmteriD Ma;r;:(tf:iztey pP®
TE AR B BE Tree density (individuals/100 m?) 2.06 5.07 2.90 4.64 -1.218 0.223
FrARE B Tree height (m) 2.91 2.05 2.90 1.88 -0.255 0.799
FrABEES Distance to the nearest tree (m) 13.28 11.24 12.81 11.13 -0.013 0.989
WA Shrub density (individuals/100 m?) 12.08 10.95 6.70 10.81 -5.286 0.000 ***
WA E Shrub height (m) 1.65 1.01 1.34 2.50 -6.603 0.000 ***
W AKPEES Distance to the nearest shrub (m) 3.24 3.78 6.31 4.25 -6.002 0.000 ***
HE W35 Vegetation coverage (% ) 67.84 23.19 66.98 24. 66 -0.179 0.858
B Slope degree (°) 5.55 6.15 4.61 6.08 -1.095 0.273
HERE B Elevation (m) 1903.62 427.72 1 890.61 570.24 -2.669 0.008 **
PRE/K YEFE B Distance to water resource (m) 1 060.92 1351.19 1327.50 1431.24 -1.169 0.242

AN AT EEES Distance to human disturbance (m) 2 933.31 1 907.58 3134.27 1913.73 -0.973 0.330
BE# 24 BEES Distance to bare rock (m) 120. 04 185.69 75.61 217.00 -5.063 0.000 ***
itk Hiding cover (% ) 47.36 27.71 67.25 24.43 -6.318 0.000 ***

O BB HER 181 4,4 ZF K 131 4~ Sample sizes were n = 181 for spring and n = 131 for winter unless otherwise indicated ; 2. 2 M4
K PH Significant P values; * P < 0.05, = * P <0.01, % % % P <0.001

3.2 B DA RS S E TS HIR 30 - £ %% Spring
AT 25 ) ) 5 804 AT 1 45 SR A5, B AE 1 o - Winter

0.465, LA X RECR 0. 563, X WA THAMTZE | )

(100%) . TESUARBMEFE LA UFHLEFD  _ 20f

JEHGE BEE AP — R E R MBS (B 1), Wilk’s A 2| ik

ERERAHFDEMEREFRAARBOERE

(Wilk’s A =0.683,)* =116.995,df =13,P <0.001), & 10p

TR HL ) £ (79. 9% ) TE B 40 3 S th S0 4% T il 2% sk

P, RBRBEZ KA D RBT RSN Fap =0. 369 I

X TARBE +0.204 x FEARIEE +0.149 x 3 +0.013 0|—_|3 —2J -1 0 1 2 3

X WEARTIE +0.003 x B /K IEBEES +0.007 x BEHREEE Discumin et sore

B +0.077 x Al - 15.359, WA FRIRF RN
20. 6% ;F p =0.518 x FEARBRE +0.435 x JEAIEE +
0.065 x B BF +0.013 x YFHREEE +0. 002 x Pk JEHEES
+0.0075 x BERRAHE S +0. 114 x [@licd - 17. 387, %t
BEIRARER 22.1% . BLHFGHMEAERGLEZDRERTEA —RIVESHEFLEER KR
TUBRME B R AMKIR g - T AR B ERBEES 3 BE TR R0 B WK R PR S B IR B PR (£ 2)

4 itig

FEPTRER 18 MASE T, AHFER 2D EEMEEIAE BT ERBE EARRE EARER.

B B2l SRR R TR BT B RN SR ) R 5
Fig.1 Canonical scores of winter habitats and spring habitats selected

by red deer in Helan Mountains
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i) SRAL TR R B EARA BE B AR 10 M ARSI T BRI B (R 1) SN R B (B 1) BEER
BREREFEFDEAER LS LA E—ENES, HEPHBI TR EER (R 2) WRIAARZET 5 REXHE
BREFEE R R RERN . XBIUE T RATHHM, BNBEE L7 XL FFZURK R 2R, Z 2 29 &
B2 B0 A B A BRARBLAE R R BN , B2 =2 1L T RE X AR 858 AR RO SRt e A — RE AR B I BIUE

®2 BEUDBREEFESETHESHARS N

Table 2 Stepwise discriminant analysis of ecological factors in winter and spring habitats used by red deer in Helan Mountains

RT S AR Diujijfli%lt Wilk’s \ F P
Variable No. Variables coefficients
1 TEARBEBE Tree density (individuals/100 m?) 0.531 0.874 44.832 0.000
2 WEAKBEES Distance to the nearest shrub (m) 0.668 0.793 40. 348 0. 000
3 i Slope degree (°) -0.373 0.745 35.125 0.000
4 iR Elevation (m) -0.299 0.728 28.732 0.000
5 BE/K Y BEBS Distance to water resource (m) 0.564 0.707 25.366 0. 000
6 A A B S Distance to bare rock (m) -0.307 0.693 22.516 0.000
7 itk Hiding cover (% ) 0.704 0.683 20. 185 0.000

677 b X A B S A BB T DU B i 4 2 F) S S R SV R A A e 77 T A Z ) RE BB R AT DR/ BE R 25,
BT AT A BE B B T A Y, X Fh B2 5 R W AT B X . £ Z DL EHERIE
e X B P 1 B AR TIT A 643 20 Y4 X A TP R A Y 335 SR B A B8/ B R B D B AR B £ 1Y
BER IR MR BRI . SRR, D REH T N 5 LI A I3 18 2 42 0 R 557 K B 1
S FRHE  EAC TR BE R R BT R BT, 2 B BRI A P s, YRR, BE AR AR, TR B v A A B (R
1) o B2ZINAFTREAR, BRI X AE—ENRE, S5 T DENRY, WRE T DREEN ; TR 1
X f R B L AN BN B PR B AT, TR 2R R 1 1L LAJS , 6 1L B9 B0 S0k, O AR 22 1 D 4 2
BEEHERBHRILK . TH THES, HEEEYEERRRKREES, R L A SR8 %, DREIT
BRI VIR A LK A5 30, EOE AR W e B — TR (3R 1), VB BB 19 B SR e 4 O L b et bk
RO B A3

SR (B 1) SR BT DEARSEEAE—ERENES, A X — SRR T A UT
JUANTTTE < 1 5, 2% 1L T B R 3 B2 4 ( Panthera pardus) R ( Canis lupus) RS (Lyna lynx) 76 20 142 80
AR EIA L B2 L E Bt R KBS T AN DR T Rk, NS BEZ R 7
AT AR, IR T R B, BEE R BRI, X — i RS NGRS, R 1 D R i IR
X R R S B 1% — B B Tl

MLINGELESNERNERESHMA A KM DEFAERRNEN. WEERILEM(C .
xanthopygus) ZHEFEN TR GIAK KR GHELIAR BHBE Z R 25 om BEA K9 T4 1 000 m DASM LS, &
Y1 B BE R T AR R A B B B A SR T AR 22 WA (C. e scoricus ) 4T
WA AL T H P ZRMOD S AR IR A8 K BRI A (C. e nelsoni) e FEEARTEE P& E K
WL S HIR DRE(C. e kansuensis) AR TEREART, 2404 THFIR 2 400 ~3 800 m 2 [&] AR A £ Ak
T AR B LA B B, B R R A MR I AR T RE (C. e yarkandensis) B3R E T
5B A Y 0 X P A K U P 25 A R, DA LTS RE /N RE R R AR K BRI s AR 7E LU
ML REAE & RN (C. e elaphus) B3RIE 3 T Y BOAAFR R, BB o 2431 & 2 KB JF JR P05 05 B A0 vk 5 R e 05
By, YR B PR AT LA 2 SR BE— R SR G5 B, DA LB i e AR T4 D o shin e K At f | 38
Wi ST O BRI e 1 (B 1 , (B S BB X FRBE ) e P LA S T D™ . R A Rk 5 D A AR A
I 5, R A 2SR R T A 3 ST PR R AL
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TERR 22 I IX., 5 T JE [ A 1 B B8 B 2R 30 W38 5 24 2F ( Pseudois nayaur ) , 3 BUR 7R [RIAE 425 2
HOTE 2SR AR 24 30 F A BRASRAIE | 2 0 T ERR R T AR 3 RO 2 2 Ja) i rp IR B0 % R e &R
2 Y0 B Do B UM IR ETA BB B T AT BERAR 180 BB I LU g bR B | i e L G
MM BRA B DS A ENES KR EES, RHEEREEY ML L, —E R ERREENE
B R FRAE B A T EFESMTR LM, ez aegawEsd., ER2
HEC BRI AR, M RER D 2T 12 178 RMY D 1705 R, R, DA S
R F P A LB B F A, TRE S A S AW RRKREEZ ROATT N, B THES DR
PoPEAE Lt B AR I 3h R TT B R L 1 B 0o Lt Bt I AR B I, T RE RN T IR 5 A E 4 B R E
HE— R A BEIESE
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