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Comparison of Seasonal Feeding Habitats by Blue
Sheep ( Pseudois nayaur) During Winter and
Spring in Helan Mountain, China
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Abstract: The selection of feeding habitats of blue sheep ( Pseudois nayaur) was studied by the direct observation
method in Helan Mountain during winter (from November to December) and spring (from April to June) from 2003 to
2004. We established 25 line transects to collect information on feeding habitats used by blue sheep. Blue sheep in the
study area preferred montane savanna forests, habitat dominated by Ulmus glaucescens , medium tree density ( <4 individ-
uals/100 m?), moderate tree height (4 — 6 m), higher shrub density ( > 5 individuals/100 m?), taller shrub (> 1.3 m),
higher food abundance ( > 50 g), moderate distance to human disturbance ( <500 m), short distance to bare rock ( <2
m) . Such characteristic habitats with 12 ecological factors were preferred as feeding areas by blue sheep during winter.
Similarly, blue sheep showed a preference for montane savanna, trees dominated by Ulmus glaucescens , and medium tree
density ( <4 individuals/100 m?) during spring. Nevertheless, blue sheep preferred medium tree height (<6 m), moder-
ate tree density (5 — 10 individuals/100 m?), medium shrub height (1.3 —= 1.7 m), higher food abundance ( > 100 g),

moderate altitude ( <2 000 m), moderate distance to water resource ( <500 m), medium hiding cover (50 —75% ) dur-
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ing spring. Selection of feeding habitat by sheep showed a significant difference in vegetation type, landform feature, dom-
inant tree, tree height, shrub density, distance to the nearest shrub, food abundance, slope direction, slope angle, dis-
tance to water resource, and hiding cover between winter and spring. Results of principal components analysis indicated
that the first principal component accounted for 24.493% of the total variance among feeding habitat variance during win-
ter, with higher loadings for vegetation type, dominant tree, tree height, distance to the nearest to tree, shrub density,
shrub height, altitude, distance to water resource, and distance to human disturbance. In spring, the first principal com-
ponents explained 28.777% of the variance, with higher loadings for vegetation type, distance to nearest tree, shrub
height, distance to the nearest shrub, food abundance, altitude, and distance to human disturbance. In the northern tem-
perate region, the quantity and quality of forage species have experienced great changes between winter and spring; hence
the strategy of feeding habitats used by blue sheep varied with the season. Compared with the sheep of other distribution

area, different selection of feeding habitat by sheep resulted from special geographical location and unique habitat of Helan
Mountain.

Key words: Blue sheep ( Pseudois nayaur); Habitat selection; Principal components analysis; Helan Mountain;
Spring; Winter
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Tab. 1 Utilization and selection of 12 ecological factors in feeding habitat used by blue sheep during winter in Helan
Mountain
Actual pro- Expected pro- Bonferroni. .
Factor Category portion used portion used Bonferroni interval for Preference
r n=188 pi  n=50 pim i
Montane grassland 0.207 0.120 -0.223 6<p; -1, <0.049 6 0
Montane savanna 0.649 0.340 -0.497 7<p;-ri<-0.1203 +
Vegetation
type Montane conifer forest 0.107 0.480 0.187 6<p; - 1;<0.558 4 -
Subalpine shrubland 0.037 0.060 -0.067 7T<p;, - r;<0.1137 0
and meadow
¥*=32.13 df=3 P<0.01
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Ulmus glaucescens 0.559 0.260 -0.4929<p;-ri<-0.1051 +
Populus davidiara 0.011 0.120 -0.016 8<p; - r;<0.234 8 0
Juniperus rigida 0.037 0.140 -0.034 6<p, - ri<0.2406 0
Pinus tabulaeformis 0.021 0.140 -0.016 5<p, - ri<0.2545 0
Dominant tree
Picea crassifolia 0.021 0.120 -0.028 3<p; - ri<0.226 3 0
Mixture 0.112 0.080 -0.152 8<p, - ri<0.088 8 0
No tree 0.239 0.140 -0.2559<p;, - r;<0.057 9 0
¥*=39.21 df=6 P<0.01
<2 0.324 0.140 -0.3275<pi-ri<-0.0405 +
. 2~4 0.532 0.220 -0.4775<pi-ri<-0.146 5 +
Tree density
tree/400 m? >4 0.144 0.640 0.321 9<p; - r;<0.670 1 -
¥}=53.44 df=2 P<0.01
<4 0.351 0.240 -0.278 3<p; - r;i<0.056 3 0
4~6 0.564 0.300 -0.6383<p;i-ri<-0.4297 +
Tree heigh
reeheight - mo g 0.085 0.460 0.198 9< pi - 1 <0.551 1 -
¥}=29.47 df=2 P<0.01
<5 0.165 0.680 0.3439<p; - ri<0.686 1 -
~ . . -0.4 - i< —0.
Shrub density 5~10 0.505 0.280 0.400 7<p;—ri<-0.049 3 +
tree/100 m? >10 0.330 0.040 -0.3958<p,—-ri<-0.1842 +
¥*=133.67 df=2 P<0.01
<1.3 0.282 0.740 0.289 6<p;, —r;<0.626 4 -
1.3~1. . . -0.4825<p,-ri<-0.1515
Shrub height 3 7 0.537 0.220 <pi-n< +
m >1.7 0.181 0.040 -0.241 2<p;-ri< -0.050 8 +
¥*=61.82 df=2 P<0.01
<0.5 0.245 0.220 -0.184 5<p;-ri<0.1345 0
R 0.5~1.5 0.665 0.520 -0.333 6<p;-ri<0.0436 0
Distance to the
nearest shrub m >1.5 0.090 0.260 0.0129<p; - r<0.327 1 -
¥*=7.70 df=2 P<0.05
<50 0.170 0.940 0.666 0<p; - r;<0.874 0 -
~ . . -0.5958<p;i-ri< -0. 2
Food abun- 50 ~ 100 0.537 0.060 <p —-ri<-0.358 +
dance g > 100 0.293 0.000 -0.3727<p;-ri<-0.2133 +
y}=221.14 df=2 P<0.01
> 1 600 0.202 0.120 -0.218 2<p; - r;<0.054 2 0
1 600 ~2 000 0.649 0.460 -0.385 5<p; - ri<0.007 5 0
Altitude m 2 000 ~ 3 000 0.112 0.360 0.068 8<p; —r;<0.427 2 -
>3 000 0.037 0.060 -0.067 7T<p;i-ri<0.1137 0
y*=15.67 df=3 P<0.01
<500 0.303 0.220 -0.2450<p; - r;<0.079 0 0
. 500 ~ 1 000 0.399 0.240 -0.327 4<p;, - r;<0.009 4 0
Distance to
water resource m >1 000 0.298 0.540 0.054 9<p; - ri<0.429 1 -

$=12.26

df=2 P<0.01
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<500 0.601 0.260 -0.5128<p;-ri<-0.169 2 +
. 500 ~ 1 000 0.128 0.260 -0.0280<p;-1r,<0.2920 0
Distance to
human disturbance m >1 000 0.271 0.480 0.0224<p,-r<0.3956 -
¥*=30.26 df=2 P<0.01
<2 0.500 0.140 -0.506 7<p;, - ri<-0.2133 +
. 2~5 0.245 0.360 -0.064 5<p;-ri<0.2945 0
Distance to
bare rock m >5 0.255 0.500 0.058 9<p;, - ri<0.4311 -
y?=54.13 df=2 P<0.01
v?=4.08 df=4 P>0.05 1.3~1.7 m >100 g
y’=4.37 df=2 P >0.05 ¥ = <2 000 m <500 m 50% ~
2.91 df=2 P>0.05 ¥=3.52 df=  75% 2 72 =8.69
2 P>0.05 y’=6.74 df=3 P> df=4 P >0.05 y2=2.60 df=2
0.05 P>0.05 w2=3.57 df=2 P>0.05
2.2 y}=4.37 df=2 P>0.05
y?=4.19 df=2 P> 0.05
11 y?=3.69 df=2 P>0.05
2.3
<4 <6 m 5~10 Xz =
2 11
Tab. 2 Utilization and selection of 11 ecological factors in feeding habitat used by blue sheep during spring in Helan
Mountain
Actual pro- Expected pro- Bonferror{l .
. . Bonferroni interval for
Factor Category portion used portion used o Preference
o n=104 P n=48 pem
. . -0.1327<p; - r;<0.1527
Montane grassland 0.115 0.125 SpiT s 0
0.798 0.375 -0.6235<p;-r;<-0.2225 +
Montane savanna
Vegetation type
. 0.048 0.438 0.203 5<p;, - r<0.576 5 -
Montane conifer forest
Subalpine shrubland 0.039 0.062 -0.075 7T<pi-r;<0.1237 0
and meadow
¥*=40.02 df=3 P<0.01
Ulmus glaucescens 0.600 0.292 -0.527 6<p;,-ri<-0.088 4 +
Populus davidiara 0.010 0.042 -0.050 6<p;-ri<0.1145 0
Juniperus rigida 0.019 0.083 -0.0494<p;-r<0.177 4 0
. Pinus tabulaeformis 0.021 0.140 -0.021 5<p;-r<0.2595 0
Dominant tree
Picea crassifolia 0.010 0.146 -0.004 1<p; - r<0.276 1 0
Mixture 0.039 0.063 -0.083 7<p, - ri<0.1317 0
No tree 0.308 0.271 -0.2490<p;-r;<0.1750 0

x> =30.75

df=6 P<0.01
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<2 0.462 0.313 —0.3479<p, - i< -0.049 9 +

Tree density 24 0.404 0.333 ~0.271 5<pi-ri< -0.1290 +

tree/400 m? >4 0.134 0.354 0.036 0< p; — r;<0.404 0 -
$?=10.69 df=2 P<0.01

<4 0.385 0.354 ~0.2324<p; - ,<0.170 4 +

4~6 0.577 0.313 ~0.462 3<p; - ri< —0.065 7 +

Tree height m = ¢ 0.038 0.333 0.125 T< p; - ri<0.464 3 -
y?=23.36 df=2 P<0.01

<5 0.212 0.500 0.089 9< p; - r;<0.486 1 -

Shrab density 510 0.654 0.417 ~0.441 2<p; - i< -0.032 8 +

tree/100 m? > 10 0.134 0.083 ~0.175 T<pi- i< -0.073 7 0
y?=15.93 df=2 P<0.01

<1.3 0.212 0.688 0.288 9<p; - r;<0.663 1 -

Shrub height 1.3~1.7 0.644 0.250 ~0.581 6<p; — i< -0.206 4 +

m >1.7 0.144 0.062 ~0.581 6<p; — i< —0.206 4 0
¥?=50.82 df=2 P<0.0l

<0.5 0.154 0.125 ~0.171 6<p; - r;<0.113 6 0

Distance o the 05713 0.740 0.583 ~0.356 6<p; - r;<0.042 6 0

nearest shrub m >1.5 0.105 0.292 0.013 8< p; - r;<0.360 2 -
v*=8.10 df=2 P<0.05

<50 0.019 0.437 0.243 2<p; - r;<0.592 8 -

Food b, 307100 0.096 0.125 ~0.1049<p; - i< -0.1629 0

dance g > 100 0.885 0.438 -0.634 6<p; - ri<-0.259 4 +
=41.41 df=2 P<0.01

> 1600 0.115 0.125 ~0.1327<p;i - ;<0.152 7 +

1 600 ~ 2 000 0.798 0.375 ~0.623 5<p;i-ri<0.2225 +

Aliitude m 2 000 ~ 3 000 0.048 0.438 0.203 5<p; - 11<0.576 5 -

>3 000 0.039 0.062 ~0.076 1<p; - r;i<0.111 1 0
$?=40.02 df=3 P<0.01

<500 0.606 0.104 ~0.658 2<p; - r;<0.345 8 +

Distance 1o 500=1000 0.337 0.292 ~0.237 8<p; - r;<0.147 8 0

water resource m > 1000 0.057 0.604 0.369 0< p; - r;<0.725 0 -
y1=140.42 df=2 P<0.01

>25 0.010 0.083 ~0.029 5<p;-ri<-0.1755 0

25 ~ 50 0.067 0.229 ~0.001 5<p; - r;<0.3255 0

Hiding cover % 50 ~75 0.327 0.125 ~0.367 T<p; - r;<0.036 3 +

>75 0.596 0.563 ~0.248 T<p; - r;<0.182 7 0
y=24.34 df=3 P<0.01

18.10 df=3 P<0.01 X2:33.36 P<0.01 X2:6.51 df=2 P<0.05

df=4 P <0.01

y?=19.15 df=6

Mann-Whitey U
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Tab. 3 Characteristics of 13 ecological factors at feeding habitat used by blue sheep during winter and

spring in Helan Mountain

Winter

Spring Mann-Whitey U

Ecological factors mean + SE mean + SE tests Z P
Tree density individuals/400 m? 2.69+0.19 1.86+0.21 -3.351 0.001
Tree height m 3.99+0.19 3.47+0.25 -2.104 0.035
Distance to the nearest tree m 30.30+6.85 15.28£2.33 -0.107 0.915
Shrub density individuals/100 m* 8.98+0.39 6.52+0.30 -3.601 0.000
Shrub height m 1.42+0.30 1.41+0.04 -0.396 0.692
Distance to the nearest shrub m 0.92+0.09 1.25+0.19 -1.976 0.048
Food abundance g 85.89+2.71 443 .46 £20.65 -12.186 0.000
Slope degree ° 42.04+1.25 36.25+1.61 -2.895 0.004
Altitude m 1783.09 +28.93 1787.08 £35.12 -0.876 0.381
Distance to water resource m 904.49 +54.93 486.10 £ 31.01 -5.501 0.000
Distance to human disturbance 998.13 +102.45 1402.21 +165.14 -4.073 0.000
Distance to bare rock m 5.35+0.60 6.95+0.94 -0.419 0.675
Hiding cover % 82.21+1.24 76.82+1.61 -3.419 0.001
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4 17 4
Tab. 4 Loadings of 17 ecological factors in feeding habitat used by blue sheep during winter and spring in Helan
Mountain for the prior four principal components

Winter Spring
Ecological factors
1 2 3 4 1 2 3 4
Vegetation type 0.510 0.678 0.171 -0.228 0.589 0.526 0.397 0.181
Landform feature 0.039 0.392 -0.793 0.062 0.463 0.046 -0.79% -0.047
Dominant tree 0.508 -0.201 -0.185 0.662 0.492 -0.607 0.020 0.467
Tree density individuals/400 m? -0.403 0.631 0.331 -0.034 -0.195 0.809 0.006 0.075
Tree height m -0.523 0.546 0.311 -0.428 -0.400 0.826 -0.038 -0.298
Distance to the nearest tree m 0.919 0.080 0.061 0.038 0.665 -0.602 -0.077 0.170
Shrub density  individuals/100 m? 0.623 -0.495 -0.192 -0.174 -0.425 —-0.433 -0.040 0.304
Shrub height m -0.633 0.077 -0.035 0.021 -0.788 -0.106 -0.050 0.166
Distance to the nearest shrub m -0.127 0.414 0.518 0.428 0.761 0.144 0.297 -0.073
Food abundance g -0.069 -0.772 -0.037 -0.106 -0.682 -0.157 0.269 0.292
Slope direction -0.158 0.259 -0.091 0.433 -0.103 0.164 0.039 0.503
Slope degree ° —-0.045 0.433 -0.793 0.063 0.425 0.086 -0.845 0.045
Altitude m 0.751 0.564 0.145 -0.158 0.774 0.426 0.336 0.168
Distance to water resource m 0.583 0.526 -0.040 -0.149 0.387 0.425 -0.088 0.443
i Distance to human disturbance = 366 119 0224 ~0.031 0759 0.0%  0.106 -0.185
Distance to bare rock m 0.139  -0.267  0.707 0.380  0.149 -0.310  0.767 -0.162
Hiding cover % 0.252  -0.597  0.154  -0.493  0.249 -0.616  0.019 -0.490
Variance explained % 24.493 46.042 60.416 69.424 28.777 49.178 63.271 71.306
4 200 m etal 2004 Oli 1996 Wilson 1981
Cuonal pinus
Harris & Miller 1995 Nam- Lynx lynx 20 80
gail et al 2004 Oli 1996 Wilson 1981 Wang & Schaller 1996
1
Liu et al 2005
1
1 600 ~ 2 200 m
Me-
Corquodale 2003
Sun 2001 Frankin et al 1975
< 500 m
Un- 1 Mann-Whitey U
cla uncia Canis lupus Liu et al 2003 2 3
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Harris & Miller 1995 Namgail
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