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Habitat selection of sympatric blue sheep ( Pseudois nayaur) and red deer

( Cervus elaphus alxaicus) during rutting periods in the Helan Mountains, China

LUO Ying' ,ZHANG Mingming' ,LIU Zhensheng" * ,LI Zhigang’ ,HU Tianhua’, WANG Jifei®
1 College of Wildlife Resources, Northeast Forestry University, Harbin 150040, China
2 Helan Mountain National Nature Reserve of Ningxia, Yinchuan 750021, China

Abstract; Resource partitioning is thought to be differential use of multiple resources, such as food and space. Knowledge
about habitat relationships among sympatric herbivores is important to examine resource use. Habitat selection of sympatric
blue sheep ( Pseudois nayaur) and red deer ( Cervus elaphus alxaicus) was studied in the Helan Mountains on the border
between Ningxia Moslemism and Inner Mongolia Autonomic region from September to December 2007 and 2008. We
collected data by direct observation and examination of fresh sites used by blue sheep and red deer in 15 drainages
distributed throughout the study area. Eighteen ecological factors from 177 sites used by blue sheep and 154 sites used by
red deer were measured on 21 transects established along the ridge in the whole study area. During rutting seasons, habitat
use of blue sheep and red deer differed in most ecological factors, i.e., vegetation type, landform type, dominant tree,

aspect, slope location, shrub density, shrub height, coverage, slope, altitude, distance to water resource, distance to
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human disturbance, distance to bare rock, hiding cover, and tree height. Compared with habitat selected by red deer, blue
sheep selected montane steppe dominated by Ulmus glaucescens, steeper slope, taller trees, less shrubs, taller shrubs, less
vegetation cover, lower altitude, sunnier aspects, lower hiding cover, closer to water resource and bare rock. In semi-arid
and rugged regions like Helan Mountains, distinct phenology promoted the utilization of different habitats by ungulates.
Canonical scores indicated that habitats used by blue sheep were most separated from red deer during rutting periods. The
Wilk’s lambda exhibited a highly significant difference in blue sheep and red deer habitat selection during rutting periods
(Wilk’'s A = 0.123 5* = 679.172,df = 10,P < 0.001). The Fisher linear function discriminated blue sheep habitats
is: 3.638 X trees height + 0. 242 x distance to the nearest trees + 7. 766 X shrub height + 0. 663 x distance to the nearest
shrubs +0. 232 x vegetation coverage +0. 191 x slope + 0. 001 x distance to water resource + 0. 008 X distance to bare rock
+0.307 x hiding cover —31.078. The Fisher discriminant function of red deer habitat is: 4. 850 X trees height +0.321 x
distance to the nearest trees + 12. 024 x shrubs height + 0. 929 x distance to the nearest shrubs + 0. 192 x vegetation
coverage +0. 482 x slope +0. 002 x distance to water resource — 0. 001 X distance to human disturbance — 0. 003 x distance
to bare rock + 0. 511 X hiding cover — 50. 787. Discriminating variables that improved a stepwise discriminant model
included (in order of importance) slope, distance to human disturbance, hiding cover, distance to bare rock, trees height,
distance to the nearest trees, distance to water resource, shrubs height, distance to the nearest shrubs, and vegetation
coverage. Predicted accuracy of the model in classifying blue sheep and red deer habitats was 99. 7% . These results
suggested that differences in habitat selection were likely to have contributed to the coexistence of blue sheep with red deer

during rutting periods (a period of food scarcity).

Key Words: blue sheep ( Pseudois nayaur) ; red deer ( Cervus elaphus alxaicus) ; sympatry; habitat selection; stepwise

discriminant analysis; canonical discriminant analysis; Helan Mountains
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UREEES A\ 8 TR BEARCA BE R AR L 22 Rk B3 (P < 0.01) , AR EZEFBE (P < 0.05),710
HRESHTLREEZR(P > 0.05)(£2).

*1

REURSSHEFNIREAFLIRFVEREENRFRMAR

Table 1 Characteristics of ecological factors used by blue sheep and red deer during rutting periods in Helan Mountains

H: 254 F Ecological factor

iR Description

FEWAY Vegetation type

HIEHFE Landform type

MFTFA Dominant tree

FEARBEBE Tree density /(#/100 m?)
Fr /KB Tree height cluster /m
FrABEES Distance to the nearest tree /m

HEABBE Shrub density /( JA/100 m?)
WA E Shrub height /m
W AKPEES Distance to the nearest shrub /m

HE W35 Vegetation coverage /%

| Aspect

337 Slope location

i Slope /(°)

¥R =& Elevation /m

/K YREE B Distance to water resource /m

AN TPLHEES Distance to human disturbance/m

BE# A PR B Distance to bare rock /m

Bk Hiding cover /%

43 AL B RE S (1 400—1 600 m) | Ly b 5 AK B S5 (1 600—2 000 m) | 1Ly bt Aoy (1
900—3 000 m) . 3. /= LLy ¥ A #ia) 7 (3 000—3 556 m)

G R ERAR BRI | P A TR | B S BT 35 A S 888 F S A B R

RHETEARB A —F AR ESE 10 m x 10 m HEJ7 e i T FeARBEBE I 70% LA L FEAH KA
Ulmus glaucescens FRZE Ziziphus jujuba . 11145 Populus davidiara ¥t Juniperus rigida . Jfi#5 Pinus
tabulaeformis . F§ MGz A2 Picea crassifolia . JoRY \R A 2 ( B TT—FEREGE 70% LA I) 8 A5AY

ZEIHFE 10 m x 10 m BEJ7 IR ARIRREL

FIF CGQ-1 ZURIAIE SCIEAE 10 m x 10 m D5 FHFRA B2y 5 B
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Table 2 Characteristics of ecological factors of habitats used by blue sheep and red deer during rutting periods in the Helan Mountains

#2F Blue sheep % Red deer . Whi
— — ann-W hitey
H: 25 F Ecological factors P :ziﬁfd P Sﬁzﬁdfd U e Z{E P
Mean . Mean . Mann-Whitey
C deviation - deviation
(%) (SD) (%) (D) U tests z
T AW Tree density /(#5/100 m?) 0.95 1.03 3.13 5.47 ~0.397 0.691
FrAREE Tree height /m 2.17 2.20 1.74 2.38 -2.123 0.034*
FrABEES Distance to the nearest tree /m 21.18 23.24 16.18 11.10 -0.970 0.332
WEABFBE Shrub density / ( JA/100 m?) 4.44 3.33 12.16 11.07 -6.031 0.000 **
WA E Shrub height /m 0.99 0.58 0.63 0.60 -5.698 0.000 **
Vi ABEES Distance to the nearest shrub /m 4,37 7.11 3.25 3.73 -0.806 0.420
FEB 5 Vegetation coverage /% 37.37 26.49 87.69 18.17 -13.089 0.000 **
BB Slope /(°) 34.03 12.74 6.34 3.34 -15.679 0.000 **
¥R B Elevation /m 1909 433 2 448 536 -9.150 0.000 **
PR KRB BS Distance to water resource /m 779 735 1442 1216 -3.240 0.001 **
AN AT EEES Distance to human disturbance /m 1 490 1179 6 902 3523 -13.344 0.000 **
BEARLABH B Distance to bare rock /m 10.63 16.07 258.67 231.82 -15.445 0.000 **
Bk Hiding cover /% 84.42 14. 66 53.42 27.38 -10.980 0.000 **

AHERETBEN 17T A, BEHRN 154 45 % P < 0.05, % « P < 0.01
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PR AR RS +0.307 x [R#Z% - 31. 078 ; F oy =4. 850 x
FEAREE +0.321 x FFARMEES +12.024 x FEAEE + B1 BEZLEESFEFNDIRLZETT ERE T8 A )
0.929 x HEAHEES +0. 192 x k5 HE +0.482 x B + o
Fig. 1 Canonical scores of habitat selection by blue sheep and

0.002 x BE/KVRFEES —0.001 x AN TFHLEEES -0.003 x
PR A TREES +0.511 x f@ika —50.787,

B FIB AT RIILE R 5 R T 2D A BT T — RO 25 I T RAEAEF AR SRR B A/
WU RE N TIRRE RS FRmiR JEARA BRI A BE I AR RS | BEK VR B B A 5 B2 K BE B AR
PREE (SR 3) , HiX 10 DR Bl U T B  R B AL Z 18 F A 5 B AR S O IE A X 7 33K 3 99.7%

red deer in Helan Mountains

®3 BEZURESHEFENDEEZFEVEREETHRS AR

Table 3 Stepwise discriminant analysis of ecological factors in rutting habitats used by blue sheep and red deer in Helan Mountains

BETFS AR AR FIREL Wilk’s A F p
Variable No. Variables Discriminant coefficients
1 B 0.522 0.324 687.165 0.000
2 ANH TR -0.648 0.233 538.432 0.000
3 5hiE 0.822 0.175 515.611 0. 000
4 iy, Todiar -0.328 0.155 443.713 0.000
5 TRA 5 BE 0.518 0.147 378.566 0.000
6 TR B 0.274 0.138 337.858 0.000
7 P 7K Y5 B 0.197 0.135 295. 605 0.000
8 HEA 0.471 0.132 265.216 0.000
9 WA BER 0.289 0.125 249.051 0.000
10 TR -0.173 0.123 228.329 0. 000
4 iFig

FEBR 22 X, [ 30 A B SRRSO B 20k 31 12 178 220 e o g 1,705 1702 Fpigp e
TR PR BMES, WEEBEMNER ™ o EHTRER 18 FASKE FH, 3 22 1L [R5
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