ISSN 1000-0933
CN 11-2031/Q

R E A AL | -,
FEREERAESHERZRD
A4 oG ok o HAR



LA AR

L XX
" (SHENGTAI XUEBAO)
S FRNEF6H wR2&53AF (FATF)
=l "

B R EARBALAL E 0GR R B —— B BB LA R4 IR R F L% (1663)
gfﬁ'i;‘%;‘éé’]i&%ﬂﬁiﬁﬂﬁi#&«%%ﬁ%)ﬁ%i‘l“ﬂl\ .............................. E&ﬁgﬂf,;%%/iﬁ’é}){%,% (1677)
R F G ARRIR B R R ST T F PR e st AL, K—F,% (1692)
F B B RAK R A BEE S KRR TG £ B covveeeeeennne e WAM. £ B Y4 (1703)
WS RS RBEEGEEZAGEBREZ Y RGBT oo T, L RS (1713)
E.¢£7K/fpzﬁg%7}ﬁ#h"+)}l PR ﬁé‘»ﬁ,}i,}k;}%jﬁ ................................. %E]ﬂ%&#,ﬁék% ,}Ef%ﬁﬁ,% (1723)
Zk R T B KT R A ARG I B PG e EERF,BAKR, AT, %F (1734)
L Tl a7 1 ERE HER MEE, % (1745)
é}b/ﬁkiﬂ“#’lﬁlf«k/@ﬂﬂ MYP gi%j”{/ﬁliéﬁ%jw .................................. %%ﬁg,:ﬂ\fﬁﬁ’é E;,% (1755)
I G X T - RN BEE,H =, 7kE,%E (1762)
F) R TG IATFR — IR TR B d BEHE P I E oo evnrrnrrnnernnerneeneannn M oL, EHAfE (1773)
ii; CrylAb ﬁﬂ CrylAc r%é/a\f&lf] ﬁ}mﬂzﬁiﬁ{%i‘f\ﬂIﬂ:—/fﬁﬁg?ﬁ’kﬁgﬁ’ﬁﬁi%é%%"ﬁ ..............................

....................................................................................... EER K W kI % (1783)
S g o 0k R TG T B Dy W KA AT A GG G oo eeeeemrnne e L, s, B A4 % (1790)
RIEENFEMAER L ARRERR LD R0 E LRy /ER - ERAE, B, 2T, % (1796)
REA B E TEMNRE LB BT EH K BHAE e gl W RIT R, % (1803)
FEE BT A RHER S L3R A MR S T )T A eevnrvnrenrnnennnnnenns %%/&,ﬁiﬁ%,gﬁr_{%,% (1811)
F B R R IR LI AR LA 3N E AL eeeeeneenns W%, FHE, EEA (1820)
RELERABZRALE NOHARL T ZF B E e, TEE,E/NE, & ¥ (1830)
b AR A R SRR R Ak R AR R R AR B s T OEMMEAZE, A 4% (1839)
T KA F R KR LB AN KR TR EN B ceeereeneeneennns XM, R FF, R BRIk, % (1846)
BAGA TAATEE G FIR T R PFERIFAE v MES,EER, K B, F (1854)
a‘fi:&&‘ﬁ%ﬂixf’]‘iﬁ% R%Eé]\@jﬂﬁﬂﬁﬁféﬁ@ﬁgéﬁ%/;u ...................... Eél%,ﬂ:%ﬁi,g&ﬂ(ﬁﬁ,% (1861)
B WINE B B el B o 4 ) F PPNt ZHE . E E RAR,%E (1871)
BRI B A B ERE N E T kR E R BE LR TR I e

....................................................................................... FFER, T R HEHE, % (1880)
LA 6 TR T AL R L MY Fo T A5 A v vveeneemeen et BRAE R, R BN, % (1888)
BRI RN BE LN BB B M evvermeeneeneene e BOYHER,K M, % (1898)
B I UL LA Byt 4 ¥ o B A P AT B BL IR R AR R ST e I BHEWR,ESH, % (1908)
BT ELTFEEELEFEA ARG GAEIE A Y ereeeererereererennn. T, ® 4,FAKE, % (1917)
AT cDNA Lty 2 #GE Rtk fe et R A S R R T RABEA R SRR R LB MR e

....................................................................................... %@%jﬁtu%,ﬁ%m,% (1924)
é[ﬂﬁpgrj-*mﬁu*#%—ém#%}%él}f?ju@]}E]—%— ............................................. j%f’%%%,ii i}k‘"fﬁ%jﬁ&,% (1932)
BT TM 2 BB 0 AT R B AR BARACEL B AT -ovvveeernnrernneen = o, R F,E OE,E (1943)
F T CFD 695 7 oM 28 ] K By R ERIE R L AT wevvevenrrnnenrnnesnnenieninnnnnn, X # 40 0TS BOE R (1951)
Tt 5L5iE
PR AME R BB G LEIR coe ettt e RN E (1960)
R E R
;%:‘}F)‘E_ﬁ‘JJH/Ei\hijﬁiﬂ'?’ﬁ%55%3/%#9575}1#hﬁ%%%ﬁ‘”j(ﬁi#%i%%\%%u ...........................................

....................................................................................... BoOYL, M, AL E (1970)

HAFIEARSHCN 11-2031/Q * 1981 = m # 16 # 316 * zh * P = ¥70. 00 # 1510 * 34 % 2012-03

ECEEEEEECEEEEEEEE

HEEW: B EREIEA— XA — YR KL TR — e h R R AR B R RA M EN AL, KLE
ARHEN XA T AE MW BB W AR A — S RIS T, TR B T 584k
HiAC, SRR AT IRIR S T A AR A AT E SR BE A A IR BRI A RRIS R A G B8R A, R ENE 3
T AT G T R R I E R R BRI, FRIEISE R, BAK TR, /MER I, HRIR KR
A BT AR

FERM, BEFEEER LMol K% E-mail; cites. chenjw@ 163. com



5532 B 6 S = & il Vol. 32,No. 6
2012 4F3 H ACTA ECOLOGICA SINICA Mar. ,2012

DOI: 10. 5846/stxb201102270235

B, T, XPRA, B, RO, 2N B2 A A R AR . AR5 IR ,2012,32(6) 1 1762-1772.
Zhao CN, SuY, LiuZ S, Yao Z C, Zhang M M, Li Z G. Habitat selection of feral yak in winter and spring in the Helan Mountains, China. Acta Ecologica
Sinica,2012,32(6) :1762-1772.

R=lESEZEFTHNERIRE

RESH , » =, MKkAET ) wER, k' EER
(1. ARl K2=E A S o 2= Be , WA R T 15004052, PISERBZ INE R B AR AY XA HUR , ELE IR 7503005
3. EEMON R B A S 0 R S0 3 BRI 15004034, T E A 22 I E K% B AR AR A1 750021)

A 75 2009 4F 12 H—2010 48 1 A F12010 4 4—5 H RIFELIESS & ELHEWESE X B2 IR &7 B A B fR b AT 1
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Habitat selection of feral yak in winter and spring in the Helan Mountains, China
ZHAO Chongnan', SU Yun®, LIU Zhensheng'** | YAO Zhicheng', ZHANG Mingming', LI Zhigang*

1 College of Wildlife Resources, Northeast Forestry University, Harbin 150040, China

2 Helan Mountains National Nature Reserve of Inner Mongolia, Bayanhaote 750300, China

3 Key Laboratory of Conservation Biology, State Forestry Administration, Harbin 150040, China
4 Helan Mountains National Nature Reserve of Ningxia, Yinchuan 750021, China

Abstract; The yak (Bos grunniens) , sometimes called “the boat of the plateau” , is an endemic species of the Qinghai-
Tibet Plateau, famous for its resistance to cold and importance as a form of transport. The total number of adults may be
close to 10,000 because the total population was estimated to be around 15,000 in 1995. Nevertheless, the species was
listed as “Vulnerable” in the World Conservation Union’s Red List of Threatened Animals because it is inferred that it has
declined by over 30% over the last 30 years. Poaching, including commercial poaching for meat, has been the most serious
threat to wild yaks. The species was listed on CITES Appendix I. Wild yaks have been protected in China since 1962, and
are currently listed as a Class I protected animal, which means that they are fully protected by government law. In China,
wild yaks are found in a number of large nature reserves, including the Arjin Shan, Chang Tang, Kekexili, Sanjiangyuan,
and Yanchiwan Nature Reserves, although none of these reserves provide complete protection from habitat loss or occasional
poaching. The yak population in the Helan Mountains is a reintroduced population from Qinghai-Tibet Plateau, and is only

distributed in the Halawu Valleys and the surrounding areas, in the Helan Mountain Reserve in Inner Mongolia. Because
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their habitat selection had not been previously studied, we conducted surveys from December 2009 to January 2010 and from
April to May 2010 to study yak habitat selection in winter and spring. Twenty line transects were established along seven
valleys. We identified a total number of 103 used plots in winter and 129 in spring. To provide comparison plots for the
analysis of habitat selections, we surveyed 188 randomly placed plots in winter and 207 randomly placed plots in spring by
systematically placing transects in areas with no obvious evidence of yak use. Data on 18 topographic and biological
variables were collected in each plot. In winter, yaks preferred montane coniferous forest, lower altitude ( <2000 m),
habitat dominated by Ulmus glaucescens, more gentle slopes (<10°), sites closer to the foot of the mountain, areas distant
from water resource (>1200 m) , moderate distance from human disturbance (2000—4000 m) and abundant hiding cover
(>70% ). In spring, yak preferred subalpine shrubland and meadow, higher altitude (>3000 m) , lower tree density (<1
tree/100 m’) , lower tree height (<3 m) , greater distances from trees (>3 m), higher shrub density ( >40 trees/100
m’) , short distance to shrub (<1 m) and higher vegetation coverage ( >70% ). Habitat selection of the yak showed
significant differences in vegetation type, landform feature, dominant tree species, shrub type, position on mountain (e. g.
top or base ), slope direction, distance from human disturbance and distance from water resource between winter and
spring. Results of principal components analysis indicated that the first principal component axis accounted for 21.10% of
the total variance in habitat use during winter, with the highest correlation coefficient for distance to nearest tree, dominant
tree species, tree height, tree density. In spring, the first principal components axis accounted for 31. 247% of the
variance,, with highest correlation coefficient for vegetation type, altitude, landform feature, shrub density. Compared to
other migrating yak populations distributed in Qinghai-Tibet Plateau, there were significant differences in yak habitat
selection between different seasons in the Helan Mountains. Yaks are acclimatized to the particular geography and climate in

the Helan Mountains.

Key Words: feral yak ( Bos grunniens) ; habitat selection; principal component; winter; spring; the Helan Mountains
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TRAR (KA 2 Fhalid L AR H AR T 70% ) FITCHEAR (FE T N JCHEAR ) 6 RS,

HEARBERE  BEHTE 10 mx10 m FEJ7 Tl AR 9 B

TR R N BEAE 10mx10 m BT HPEAR B35 B

FERFE B M5 10 mx10 m FEJ7 0 o s BE il RE R A B S

R 36 B B 10 mx10 m AT H 4 DN AFALG S S 1T mx ] m /DRETT B RO 55 8, BCT- YA 10
mx10 m FE77 (AR 8% 5

Rz A 65 RZEFHE BAL 03 B T & A 7 P 7E L 32

Yemy . FIHT 65 KZEHE B AN E , IEAC Ty ) Ky 0°, Wi T 7 i 88, BH 3 (247. 50°—337.50°) 2} Ff]
A2k BHBE (337. 50°—67. 50° 157. 50°—247.50°) FAP% (67.50°—157.50°)

ez . B3 A7 F I b 173 38 e T L3 A S R B A T IR 1/3 #6.

FRKIREE 85 . ARG T b BK IR PR B

N TR . DA dropioas | Ll b 20 B A5 (0 BE 25 ket | A AR 7 o0 B AR R I LR BE S

BRI AERE DT ORI ST — 1 m BYARRT FESR AR (R 78 (b 4 A5 BEE b0 20 m AL I B KA Y fE
DLEE  BIAT AR WARAT B 5 S B A 43 L AR S THEF M,
2.2 HFiEabm

SERE SN (0 A B e R T 5 3 2 (o P R D A 50 2040y 190 R P A 35 A0 T R AR B AT X LA T Neu
SERCRAI T Bonferroni B A7 DX AR A W A 55 (1 e 151 | 55 TR~ AR BE S AL (0 R AR A 3 o XoF L mT ) ] A=
B2 AU Bonferroni A7 DX [B] T LA 2 H B Az sl A 15 28 700 1) ) AL %6 22 F 58 3 A 10 BRAE B A 12
Byers Fl Haufler Xf3X AN 3k 64T T 80k, 76 SE 0 e B 1 HAG 56 3l A B e 1% A0 e af 1) | AR 5 i 40
G RITR SRR X 18 PR TR A A M, 19 Bonferroni ANAEZUAHTHE A= X s A 55 R 7 iy
BB 2A (g g B [T 3kE SRS 3T Marcum 357 X6 A S5 B8 AR AR , (58 FH - D A 50 6 2B 8 2% L e 4
XA RA BTN 18 Fi AR TR HIAATE RS 22 5 . Bonferroni A7 X [H] 1Y AXMIT .

W p, o, 43 RS BORE DT AR FIAE Dr ZE B8 08 0 b BRI p,— 7, B LA IXED

(p, = 1) 2, o X/ p:(L = p)/n, +r,(1 —r,)/m,

K ,p,= n/ n,ri= my/ m,n, X EGIR @ LAEGE, m, AR FERR L, 7, 2R
PERERR a2k XER P EZ S0 EAN ST, o S W B PR b S BRI EL, n SRkt BEAE 7 88, m SR I AE 7

WAR 0 FEFEEAS XA, U p, = r,, RIVFEAXFBRUR ¢ BEHLF ; W2 0 ARFEEAF X R P, HLUE AR X 8] A R
stk > 0,0 r, BE/INT p,, FROGEAREGR TR £ a0 0 ATEEAR XN, HEE XA 2 5wdh < 0,0 r, B3
KT p,, R ar 525 i

X AR ZHEAR 1 18 AR S R OB AT R340, LA A % A A S5 32 AR R 228 7
B 25 2L R TTER 3

A BRI SPSS 15. 0 #E174¢1,

http ; //www. ecologica. cn



1766 A E = 32 &

w
p—
,\3?‘:*

2 A A TN A B e B
3.1.1 IR A AN FRHE

KB INFEAEXT 11 AMES N F A B, SRR S /T 2000 m A SRR 1L M bR AL
ITRA R KA TCHEAR B s VEA R AR R A A /N T 20 B R /NT 100 AR 3 BE K TR IR R
KT 1200 m A K THEEE B 2000—4000 m Bl %k T 70% HEEE (% 1) .

F1 BEZWESESFX 11 FESEFOEESE

Table 1 Utilization and selection of 11 factors in habitat used by feral yak during winter in the Helan Mountains

S A FH L A R r Bonferroni %15 X i
AT il ton Byt orion o e i
used(r;) /% used(p;) /% i
TR = <2000 0.204 0.000 -0.2990<p,-r, <-0. 1087 +
Altitude/m 2000—3000 0.796 0.245 -0.6914<p,—r,<0.4112 0
>3000 0.000 0.755 0.6532<p,-r; <0.8572 -
x? = 111.682, df = 2, P < 0.01
it e Ly bR Sy 0.204 0.000 -0.3033 <p,-r,;<0. 1047 0
Vegetation type Lyt ety 0.796 0.216 —0.7222<p;—r; <-0.4378 +
7 e LU AR B Ay 0.000 0.784 0.6812<p,—r; <0.8858 -
x? = 115.395, df = 2, P < 0.01
MEFHTEA LR 0.233 0.000 -0.3330<p,-r;<-0. 1330 +
Dominant tree HiF =K 0.000 0.377 0.2618<p,-r; <0.4992 -
M 0. 000 0. 000 0. 0000 <p,-r; <0. 0000 0
T 0.767 0.623 -0.2965 <p;-r; <0.0085 0
x? =29.591, df = 3, P < 0.0l
PN <3 0.767 0.755 -0.1550<p,;-r;<0. 1310 0
Tree height/m 3—6 0.233 0.020 -0.3184<p,-r,<-0.1076 +
>6 0. 000 0.225 0. 1258 <p,-r; <0.3242 -
x* =50.786, df = 2, P < 0.01
AT JLHTHRRG L 0.000 0.127 0.0380 <p,—r; <0.2160 -
Shrub type N4 R AR 0.019 0.108 -0.0016 <p,-r,; <0.1796 0
LR 0.214 0.010 -0.3163 <p,-r,<-0.0917 +
REH 0.194 0.588 0.2255<p,-r; <0. 5625 -
TCHEAR 0.573 0.167 -0.5711 <p;-r; <-0.2909 +
x> =194.798, df = 4, P < 0.01
HEARBEE <20 0.961 0.431 -0.6563 <p,-r; <-0.4307 +
Shrub density 20-40 0.039 0.373 0.2103 <p,-r;<0.4577 -
/ (MA/100 m?) >40 0. 000 0.196 0.1017 <p;-r,;<0.2903 -
x> = 164.839, df = 2, P < 0.01
ez <10 0.961 0.235 -0.8367 <p,—r,<-0.6153 +
Slope degree /(°) 10—20 0.000 0.096 0.0260<p,-r; <0. 1660 -
>20 0.039 0. 667 0.5070 <p,-r; <0.7490 -
x> = 1894.051, df = 2, P < 0.01
Wer et 21 0.000 0.814 0.7220<p,-r,; <0. 9065 -
Slope position GRE 2 0.029 0.186 0.0656 <p,-r; <0.2567 -
YL 0.971 0. 000 -1.0110<p;-r;<-0.9313 +
x> =774.00, df =2, P <0.01
PR /KR EE 2 <800 0.030 0.471 0.3157 <p,-r,<0.5663 -
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LA i HEHA i i BEX A
& Iﬂ ki ;’é il Aﬁf:l*;ffpzaﬁn Ex}f&fj] ! fjol;i{zjion Ifzzl;ire'r::l li ri{;a]l:flojr TEFEE
Ecological factor Category used(r,)/% used(p, ) /% - Preference
Distance to water 800—1200 0.290 0.431 -0.0183 <p;-r;<0.3003 0
resource/m >1200 0. 680 0.098 -0.7130<p,—r; <-0.4510 +
x* = 176.961, df =2, P <0.01
N R T e <2000 0.233 0.029 -0.3116<p,-r,<0.0964 0
Distance to human 2000—4000 0.738 0.059 -0.7971 <p;-r;<-0.5609 +
disturbance/m >4000 0.029 0.912 0.8049 <p,-r,; <0.9611 -
x* = 1902.750, df = 2, P < 0.01

5hE <50% 0.000 0.000 0.0000 <p,-r; <0. 0000 0
Hiding cover/% 50% —70% 0. 000 0.127 0.0479 <p,-r,; <0.2061 -

>70 1.000 0.873 -0. 0206 <p,—r; <-0.0479 +

¥ =36.516, df =2, P <0.01

Uk

3.1.2 BEINEAAFASHE T RS0 8

PR 2% LR AR A A AR AT B A 3. S5 SRR 1T 6 AL AR IE(E R T 1, =R i) it 51
HRA35 86.339% , AT LABCAT 1Y B W 4B 40 4 R R FAE BRI HRRAE (3R 2) o L 8 — A~ F2 Wi A i BT kR o
21.100% . AILAE Y 7E55— F R0 B IR R RS ARFT AR RIS A IR B /K D5 B 8 A DG ZR 0 vy, W3 —
F RS TR, Heh 4 S HE R KA REUE AR AT FToAREE AR, X LA S
TAH BRI B 58 = F i A TR BRI AR O¢ R A, 6 o — FE o 1y ok
K, HA AR AR OC R B BUAE AN TR RS Baie g A Y BB /K I 0 B B At i) | BB LA
ARHEF ARG EENTE 8 = 300 BLAT, FER R 25 B AH OC R E0m , X8 = F A DTk, 48X B4 =
PR RF O 2R 850 HE B FE A v B8, WEE A %8 8 FE R IR B8 I, U BH S LA S R A i 1 B 3k fer i,

R2 BEUEFLEFHNBMESETFHERSSNER
Table 2 Principal components of 18 ecological factors of feral yak in winter

HZASFETF Ecological factor 1 2 3 4 5 6

MR Altitude / m 0.198 0.408 -0. 062 -0.772 -0.222 0.136
Fi# 255 Vegetation type 0.347 0.711 -0.030 0.072 -0.034 -0.196
HiIEHRE Landform feature -0.408 0.448 -0.118 -0.047 0.765 0.085
Pi#FF A Dominant tree 0.894 -0.240 -0.239 -0.036 0.257 0.061
TR ARBEE Tree destiny / (/100 m?) -0.852 0.222 0.204 -0.028 -0.062 -0.104
FEAREHE Tree height / m -0.884 0.227 0.256 0.040 -0.246 -0.032
FEAFEE Distance to tree / m 0.900 -0.235 -0.236 -0.033 0.248 0.056
HEARIZE Shrub type -0. 068 -0.243 0.417 0.207 -0.070 0.769
WA Shrub density / (PA/100 m?) -0.083 0.243 -0.711 0.182 -0. 164 0.505
HEAR B Shrub height / m -0. 149 0.213 -0.799 0.038 -0.135 -0.339
HEKBEES Distance to the nearest shrub/m 0.167 -0.138 0.896 -0.043 0.261 0.018
TEHEIEE Vegetation coverage /% 0.008 -0.469 0.330 -0.506 0.127 -0.376
Y Slope degree / © -0.481 0.390 -0.199 -0.146 0.725 0.123
Wi Slope direction -0.403 -0.531 -0.308 -0.186 -0.013 0.124
{3 Slope position -0.177 -0.230 -0.034 0.879 0.157 -0.179
HE7K IR #E B Distance to water resource / m 0.458 0.570 0.272 0.527 -0.033 -0.176
NN THHEES Distance to human disturbance/m 0.233 0.792 0.190 -0.345 -0.070 0.099
Bk Hiding cover /% 0.334 0. 664 0.312 0.232 -0.106 0.097
FIBTHR Variance explained /% 21. 100 39.326 52.196 65. 060 76.119 86.339
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3.2 BUEIARARAR XS A
3.2.1 BUEIAEARR RSN TRIREE

HEVUCEINEARXT 14 PRSI T4 SRR, i 2 TR R KT 3000 m AR BESE AU S T R 1L AT
) FEARBEE/NT 1 m FOREE/NT 3 m FEAREERT 3 m EAFSEE S AR FEAR BT 40 tk
ARBEE/NT 1 m MR T 70% Sl B3 BRI/ T 800 m K THEHEES T 4000 m JRi#k
HRT 70% B (K 3) .

R3 WEZWESLEFSEX 14 FETEFOEFESE

Table 3 Utilization and selection of 14 factors in habitat used by feral yak during spring in the Helan Mountains

e 230 SBRAH Hﬁf.ﬁﬂ ‘ HAER R Hﬁ{ﬁ Bonferror.li- EAEX (A Ve
Eeological factor Category Actual proportion  Expected proportion Boferroni interval for Preference
used(r;)/% used(p; )/ % pi=r;
TR e <2000 0.000 0.079 0.0220<p,-r,; <0. 1360 -
Altitude / m 2000—3000 0.070 0.921 0.7721 <p,-r; <0.9299 -
>3000 0.930 0. 000 -0.9846 <p,—r, <-0. 8754 +
¥ = 111.682, df = 2, P < 0.01
TR Ly Hb B PR 0.008 0.090 0.0139<p,-r,; <0. 1441 -
Vegetation type 1 b AT 0.047 0.910 0.7881 <p,—r;<0.9439 -
75 LLIFE AT 0.946 0.000 -0.9963 <p,~r, <-0.8957 +
x? = 115.395, df = 2, P < 0.01
HHTTA KA 0.023 0.111 0.0144 <p,-r,;<0. 1618 -
Dominant tree HilF A 0.256 0.389 -0.0061 <p,;-r; <0.2719 0
M 0. 000 0.008 -0.0108 <p,-r, <0.0267 0
Jo 0.721 0.492 -0.3716<p,-r; <-0. 0863 +
¥} =29.591,df =3, P<0.01
TR <1 0.721 0.492 -0.3717 <p;-r; <-0.0863 +
Tree density 1—4 0.264 0.206 -0. 1852 <p,-r,; <0.0692 0
/ (H/100 m?) >4 0.016 0.302 0. 1853 <p,-r, <0.3866 -
x> =50.786, df =2, P < 0.01
TR <3 0.814 0.556 -0.3920<p,-r, <-0. 1240 +
Tree height/m 3—6 0.016 0.167 0.0677 <p,-r;<0.2324 -
>6 0.170 0.278 -0.0161 <p,-r; <0.2321 0
x* = 38.530, df =2, P<0.01
T ARFEES <1 0.047 0.056 -0.0547 <p,-r;<0.0754 0
Distance to the 1—3 0.147 0.365 0.0912<p,—r; <0.3448 -
nearest tree/m >3 0. 806 0.579 -0.3613<p;-r;<-0.0927 +
x> =28.407, df =2, P <0.01
F NS TG IL 0.124 0. 000 -0.2033 <p,-r; <-0.0447 +
Shrub type JINI 4 R A 0.055 0.040 -0.0790 <p,-r; <0.0570 0
LR 0.000 0.079 0.0220<p,-r; <0. 1431 -
REH 0.767 0.270 -0.6237<p,-r; <-0.3504 +
TeHEAR 0.054 0.571 0.4018 <p,—r; <0. 6466 -
x? = 194.798, df = 4, P < 0.01
TR <20 0.357 0.905 0.4283 <p,-r;<0.6677 -
Shrub density 20—40 0.395 0.095 -0.4215<p;-r;<-0.1765 +
/ (MA/100m?) >40 0.248 0. 000 -0.3403 <p,-r,<-0.1557 +
x* = 164.839, df = 2, P <0.01
PN <Im 0.558 0.103 -0.5917 <p,-r; <-0.3309 -
Distance to the 1—2m 0.225 0.262 -0.0919<p,-r; <0. 1659 0
nearest shrub/m >2m 0.217 0.635 0.2834 <p,—r; <0.5526 -
x* =294.960, df = 2, P < 0.01
A R <50 0.380 0.603 0.0765 <p,-r; <0.3695 -
Vegetation 50—70 0.225 0.238 -0.1138=<p;-r;<0.1398 0
coverage/ % >70 0.395 0.159 —-0.3660<p,—r;<-0. 1060 +
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R FE BRI H L B SR H L A5 Bonferroni {5 X [
tt?Slﬂ% il A/cklual*;l}fponiojn Exielcﬁjfjopo{njion Boferroni iri{r:al flojr TEFEE
Ecological factor Category used(r,)/% used(p, ) /% - Preference
x? = 56.264, df = 2, P <0.01
et i ZA 1.000 0.143 -0.9311<p,-r,<-0.7832 +
Slope position 7 0.000 0.659 0.5585<p,—r; <0.7587 -
AL 0.000 0.198 0. 1141 <p,-r; <0.2827 -
¥* = 774.000, df = 2, P < 0.01
BEKIR R 2 < 800 0.566 0.294 -0.4152<p,-r;<-0.1288
Distance to water 800—1200 0.388 0.127 -0.3867<p;-r;<-0.1353
resource/m >1 200 0.046 0.579 0.4195 <p,—r; <0. 6465 -
¥ =176.961, df = 2, P < 0.01
NATHEE S <2000 0.000 0.413 0.3090 <p,-r; <0.5170 -
Distance to human 2000—4000 0. 000 0.524 0.4185<p;-r; <0.6295 -
disturbance/m >4000 1.000 0.063 -0.9983 <p,-r,<-0.8857 +
= 1902.750, df = 2, P < 0.01
(S0 <50 0.000 0.048 0.0028 <p,-r; <0.0932 -
Hiding cover/% 50—70 0.078 0.278 0.0893 <p,-r; <0.3107 -
>70 0.922 0.674 -0.3624=<p,-r;<-0.1366 +
x* = 36.516, df = 2, P <0.01
‘AR

3.2.2 B FERASHE T FERS 58

L IR B A A BT 0 o o B 4 R R I FE AR B R AE BT I ET 4 DS ARIE[E R T 1, B
FABTHR R R 75. 661% , AT LAEUT A S e th P AL HE AR 5 2R AR BE R RRAE (36 4) o 7E58— F s BL  AE 2T |
TR B TR S VR R R O R B, R AR — TR B TR K, P A X HE A K AR O R B
PRSI AR MU ARIE SE FEARS R b R LA AR S T A B R A E BT i 58 AL
A3 HL TROR G BE TR R 2% BE AR OC R B R, 8 R TR . X (BB AR OC R0 BUAESR A7 TR

x4 BZUESFEFH IS HESEFHERSHSITER

Table 4 Principal components of 18 ecological factors of feral yak in spring

HZAFF Ecological factor 1 2 3 4
TR E R Altitude / m 0.844 0.424 0.176 -0.069
B Vegetation type 0.868 0.337 0.142 -0.006
HIEAFE Landform feature 0.834 0.305 -0.022 0.117
3T AR Dominant tree 0.531 -0. 669 0. 064 0.203
TRARBEE Tree destiny / (#£/100 m?) -0.576 0.589 0.195 0.174
FEAREE Tree height / m -0.498 0.726 0.061 -0.073
FrAKBEE Distance to tree / m 0.528 -0.735 0.025 0.147
HEARIZE Shrub type 0.098 -0.032 -0.128 0.889
HEARBERE Shrub density / (/100 m?) 0.718 0.183 -0.299 0.105
WEAR S Shrub height / m 0.038 -0.011 -0.847 -0.138
HEKPEE Distance to the nearest shrub / m -0.647 -0.195 0.564 0.207
HE#E 35 Vegetation coverage /% 0.515 -0.473 0.287 -0.238
e Slope degree / © 0. 826 0.351 -0.024 0.111
B m Slope direction -0.601 0.162 -0.155 -0.128
Y7 Slope position -0. 666 -0.574 -0.139 -0.028
E/K VR HE B Distance to water resource / m -0.521 -0.081 0.559 0.083
N KT HHEES Distance to human disturbance/m 0.616 0.371 0.541 -0.125
Faiiz4% Hiding cover /% 0.521 -0. 609 0.211 -0.237
FIFBIHR Variance explained /% 31.247 56. 101 67.009 75.661
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PR TR B RHETA W L, U LA SR ARG S & A&, 8 = s Bk, AR
B K IR AREES TP B B AR 5C BR B0 , W5 = 3R B TR, 44 Ko (B4 5 R O R B0 R K =
FE KRR IS A TR B A AR B L Dl LA SR A 5 E 5 B i,
3.3 WEUMEAABERA N EREASH 71

FHK I RAT LIRS A HFE A A ER SR (= 115.39,df = 2,P < 0.01)  HIEFRE
(x> = 2161.92,df = 5,P <0.01) MEATEAR(y* = 24.71,df = 3,P <0.01) FERFIZAE (> = 295.89,df = 4,
P <0.01) Jfi(y* = 129.00,df = 2,P < 0.01) A (yx* = 60.55,df = 2,P <0.01) FFAEREN LS,
Mann-whitey U #4953 BI &G0 22 I FEA IR R S T BT BERBE R HERBEES A THLEE B | Fak gt
KT BRI RS O PR A & 225 (P<0.05) . SHEBME, &5 w2 THFRAL, AR
/b HoE RN RE B, i FEAIG, BB K R R B, A\ T RE 30T, BRalie IR (R 5)

£S5 WEUWESLFFAREE 2 HESEFRE

Table 5 Characteristics of 12 ecological factors at utilization habitat by feral yak during winter and spring in the Helan Mountains

HEERT 4-7F Winter FZF Spring Mann-whitey p
Ecological factor /(mean=SD) /(mean=SD) U test z

TR Altitude / m 2058.72+12.13 3139. 118. 04 -13.080 0.000
Fe AR Tree destiny / (#£/100m? ) 2.80+0. 04 0.64+0. 11 -0.984 0.325
TR AKE B Tree height / m 0.85+0. 16 2.10+0.39 -1.101 0.271
T AR BHES Distance to tree / m 19.60+0. 97 18.35+0.91 -0.713 0.476
FEARBE Shrub density / (MA/100m?) 3.87+0.61 28.07+1.71 -10. 442 0.000
WK Shrub height / m 0.19+0.026 0.36+0.02 -5.977 0.000
JERBHES Distance to shrub / m 6.20+0. 44 1.55+0.20 -7.426 0.000
FE#E 5% Vegetation coverage /% 63.85+1.71 56.94+2.16 -1.379 0.168
Y Slope degree/(°) 2.75+0.57 36.41+1.17 -12.253 0. 000
BEZKJRIE B Distance to water resource / m 2238.17+96. 86 802.99+21.09 -10.945 0.000
AN P Distance to human disturbance/m 2772.09+84. 43 4976.12+39. 17 -12.477 0.000
Kaiizg Hiding cover/% 88.45+0.53 84.18+0.66 -4.018 0.000
4 Tig

XS HE B 24 IR AR AR 2R 18 P ARSI F Ik 80T LUE th, & 2B 4R R ZEAEAINH IR HL X (/NT 2000
m) , DAL RS by 32 0 M DX 3l R ZR R AR AE R HB X (KT 3000 m) |, DANE &5 LU AR Ay Ry 2 8L
R 3K R IABE S B 2 1B A AR L, A SRR 2 L R A R A TR X AR 8 P I A S TR T 1)
W LAEE BT EES

HEIAE R B HE A 2 ], S SR SR B RR AT A O 1938 & BE IR B R B AE 3%, 1 sh ) A= B (R s 5 1A
FIRRE I, FEAIT AR G SR SRR S a R I ETE RS LR NEYRIE
VR R A RS ST B Y AT R R B MARBITENS BT AR B AR B T R AR Y R
FEATEMEHR 2000 m AR B LI HB AT IR | 3 32 205 0 2% 1) 0 44 ZR SRR R 28 X B W ) e oK B A 0% > vk
A, (EFRE RS EEME TR X P TER 4500 m, DU 9 R R PE SR 32, AR AR 0—
-6 C,ZFSIRAH]-40 C LT MR DL ws FE R0 o 20225 i AE B 22 1 X H 3k — il 2000—
3000 m, J& TSR A R RSB  AESE RS =0. 9 °C ORI -31 €100 FERE 22 Il Hb X & 2 1 it
Pt X, AR B RIS R IR HIAE 2R 9 R 2N R, i TS O IE , Sk b X 0 & 1 5l Fn o 2 A 40K, e 4
P 7 R IEA 2R L IX R X, R, s7E R 5 e AR TRl Ak , W45 0T i L v T 4R
XAF, AT E AR S A S R B, R TR A BT, XX 2 I S AR AR RN
W A3 FIESE 2

bR T EWHRE LS, AR E T e R EUE R R R RN Z — NS A B R o, FE 4
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AR R T AR IR ) FEA SR BT 5 A s R A A1 AR (AR TR AR ) gk
FEB, JF HAEA A LR T ) A A R AR A T B AR AR, RPN R TR, B 0 e LA KU At | al
FKBRAb ST FR R BEE SR, e R S Rl L, SR I8, (B N, IR R L A
HAmBhIE SN T, NIRRT . FF AR A 32 200 S AR EIR 3000 m b= AT 7 11 98 DA AL e )
IR 5 2 2 R, BUKIR A EE BT, R A R TR i E R R E N F L T 3K
WAFRIE A AP . MBS RO 25 3R 17 ) &4 R A0 iR AR B 7 A B R B R R ik AL 3T
AR GEARFNZE Befy Seim) EERAAAE B3 225 X WEAE TR R R RRE R RN T TGS A S A S 4 FRHE
A R B

FEB 22 (L XL AR B ET P Bl 2 BRI, kb R B PR A e PR AR BRI S Rk, BIFFE 45 SR &
A ZE AR A AR B A Bl A S R R KT 70% | TIHEACZRIN e FE 2R 1S AT RE Y E T A 26805 3l
T, SRR AN S TR RE B AT RE AT 5B 2% 1L DX A= 9 B AL R AR B0 200—300 2T H AR
PR S Al A S M S (R A SE AT ) AR LR BN P DRLIHOE A o A 35 1R e PR R AR 23 0
HAb R P Sh A IR TE A o A= ER BREFI A 3 X0 AR B A % AR I A EARIRF A IX. , X 2R B e R A FH 5 4
AR TR GIAh S AR I MO AR A A A I I S ST B R AR AR AL, R B
A il B A [, B 22 L T X S e LR ARy B E AR R AR )T O AR, R BRI,
F e EE G LD g AR S B bR TR A B RS R AR K R i S TR AR AR 2 ] v 1
POE AR — R Y SR PRI BRI Z AN FE A RE AR R A M X 3% Bhid 5 A T e A AT —
KFR —IT I, = IR R 16 S X B, 848 2 B i A8 T IR R B LB/l A A T 8l 5 — 7
T, e PEEARCH DX 25 U IR, R !l e A Z N B IR A s | B AR AR D — TRl 1 B i) sh ) e IR TR IX 2
THAEE Z AP LR A C AR . WA= 77 SRS R A 58 0k % B RJF, o T 140 b DX B B S P A Y AR A7
K,
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