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Abstract: The restorations of burrow systems is one of the key indices of the restoration of plateau pika ( Ochotona curzoni—
ae) populations changes of burrows distribution can reflect population dynamic. We measured the density of plateau pika

the density of burrows and those burrows relative positions in a 2. 79 hm* alpine meadow during 2014 —2016 in Qilian coun—
ty of Qinghai Province in which six 50 m x50 m plots with lethal and block control six 30 m x 30 m plots with lethal con—
trol and three 50 m x50 m plots as control group. The average nearest neighbor and mean crowding index was used to ana—
lyze the distribution pattern and clump areas of available burrows abandoned burrows fecal pits and sportive pits respec—
tively and descriptive and correlation analyses were conducted between parameters. The results show that during the resto—
ration of plateau pika ( ] ) the distribution pattern of available burrows changed from random to dispersed abandoned bor—
rows changed from random to clustered fecal pits and sportive pits displayed no obvious changing trends; the restoration of
available and abandoned burrows toward its original distribution patterns before lethal control but both of them restored in—
adequately. ( ii) The average nearest neighbor index of available burrows was positively correlated with density aban—
doned burrows were negatively correlated with density fecal and sportive pits displayed no obvious correlation with density;

and only fecal pits have a significant negative relationship with population density. ( iii) The clump area changing trend of

available burrows is well consisitent with fecal pits and sportive pits and in compensating situation with abandoned bur—
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rows; and the variability of burrows clump area is much less than their density. It declared that: ( i) Hysteresis exists in

burrows distribution pattern and burrows density during the restoration of plateau pika. ( ii) The distribution pattern of a—

vailable and abandoned burrows are mostly decided by their density. ( iii) Plateau pikas have more urgent demand for bur—

row system area than burrrow numbers during restoration.

Key words: Alpine meadow; Burrow clump area; Burrow system; Distribution pattern; Plateau pika ( Ochotona curzoni—

ae) ; Population restoration
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Fig. 1  Changes in plateau pika density. A B C on the top border stands for the time before lethal control the first year and the second year
after lethal control respectively. L. L&B and C in the legend stands for areas of lethal control lethal & block control and control respectively
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Fig. 2 Changes in plateau pika burrows density. A B C on the top border stands for the time before lethal control the first year and the

respectively.
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Fig. 3 Changes in the nearest neighbor ratio of burrows through time in lethal control and control area. Points above the dashed line indicates
dispersed distribution below the dashed line indicates clustered distribution open point means significant. L and C in the legend stands for

lethal control and control area respectively

2.2
2.2.1 1

( 3). 2015 9 .
2016 9 1 2

o 2 2.2.3



( 2.3
. 2016 7 . ( 5).
" (r7=0.401 F=9.937 P-=
) 0. 003) .
107 (#=0.318 F=11.380
% 094 P =0.002)
g0
E i o N
308 (r=-0.094 P=0.554 N=42; r=
£
= 071 T 0.052 P=0.746 N=42) .
i) —oHH2 Repeat 2 ( r2 -
i3 06 —aHH3 Repeat 3
-84 Repeat 4 0.352 F=12.233 P =0.001)
o HES5 Repeat 5
0.5 —<HH6 Repeat 6 .
2015071 2015I/8/1 201I5/9/1 2012/4/1 2016I/5/1 2016l/6/1 2016I/7/1 2016I/8/1 2016I/9/1 ° A
HA Date (F =0.773 F =
4 ) 10.212 P=0.049; r*=0.799 F=11.934 P =
0. 041) .
Fig. 4 Changes in the average nearest neighbor ratio of available bur— ( r= —0.437 P=0.462 N =

rows in the lethal and block control plots through time. Points above

5, r=-0.478 P=0.415 N=5),

the dashed line indicates dispersed distribution blow the dashed line

indicates clustered distribution open point means significant

14, .1 144 p - L
1.34 A L&B 1.3 " . 4---1&B
1.2 1.2 - -
119 . ! 1.14 = =
P L am ] -
1.0 gt 1.0 -
09  uA . 0.9 :
e [ ]
o 08 T 0.3 -,
E 07 A 0.71 .
2 0.6 0.6
5 | |
E 0.5 A 0.5
= 0.41 A3 Available burrow 0.4 % Abandoned burrow
E o : ; . ; . ; 03— ; ; ; ; ; , ;
z" g 0 500 1000 1500 2000 2500 g 0 100 200 300 400 500 600 700
/14 1.4
i 13 ’ =—L 13 f . n— L
& 7 - 4 1L&B 1 4 L&B
g 1.2 . 1.2 . L]
i 1.1 1.1 - L] "
10 = - . 10 ’/././l/—/././
0.9 . . . 0.9 T . . =
0.8 Py . 0.8 . Y
0.7 . P 0.7 ] .
L
0.61 . . 06
0.5 . - . 0.5
0.4- . Z24i Fecalpit 0.4 BEYL Sportive pit
03 T T T y T T T 03 T T T T
0 100 200 300 400 500 600 : 0 100 200 300 400

7S EE Burrow density (NO./hm)

5 . L L&B
Fig. 5 Changes in the average nearest neighbor ratio with variation of burrow densities. L and L&B in the legend stands for lethal control and

lethal & block control area respectively



52

38

2.4

0.033 P =0.837 N =42;

~

(r=0.199 P=0.206 N=42; r=

r=-0.037 P =

~ N N

(r=0.583 P=0.302 N=5;
r=-0.816 P=0.092 N=5;, r=0535 P=
0.353 N=5; r=0.840 P=0.075 N=5),
2.5

0.814 N=42) ( 6). 2014 8 2016
(r=-0.326 P=0.035 N=42), 9 200 - 400 m’ 200 m’,
. . 2014 8 . 2016 8 2016
(r=-0.148 P =0.350 9 200 m* 200 - 400 m?,
N=42, r=0.113 P =0.478 N =42; r = 2014 8 2016 5
-0.121 P=0.445 N=42) 200 - 400 m? 200 m?.
(r=0.348 P =0.024 N =42), 2014 8 . 2016 5 2016 9
. 200 - 400 m® 200 m’.
~ ( r=
0.904 P =0.035 N=5 r=-0902 P = ( 7 2015 9 . 2016 5 . 2016
0.036 N =5) 9 200 — 400 m’
(r=-0.643 P=0.242 N=5; 200 m*.
r=-0.081 P=0.897 N=5),
1354 4% Available burrow 194P 35 Abandoned burrow
1.304 1.84
1.25- 177
1.6
$ 120 § sl
& &
1.154 144
1.10 131
1.2
1.05 1.1
0 200 400 600 800 1000 0 200 400 600 800 1000
T Area (m?) T Area (m?)
L e FEHT Fecalpit 1944 BRI Sportive pit
1.6 18
154 1.7
1.6
*E 1.4' *E 1-5_
£ 134 g 14
121 13
1.2
1.1 1.1
1.0 1.0
0 200 400 600 800 1000 O 200 400 600 800 1000
TR Area (m?) TR Area (m?)

—8—2014/8 —0— 2015/9 —A—2016/5 —¥— 2016/6 —€—2016/7 —<—2016/8 —»—2016/9 |

6

(m” /m)

Fig. 6 Changes in the aggregation index (m" /m) of different quadrat sizes in lethal control plots



53

204

1.8

1.6

m*/m

14

124

1.0

—=—2015/7117
—e—2015/7/23
—a—2015/7/30
——2015/8/15
—e—2015/9/10
—«—2016/5/1

—»—2016/6/15
—e—2016/7/15
—»—2016/8/15
—e—2016/9/10

(=3

7

T
500 1000

ISIOO 2000 2500
T Area (m2)

(m” /m)

Fig. 7 Changes in the aggregation index (m” /m) of different

quadrat sizes in L&B plots

3.1

~

Watts 1991
Hurley 2016)

o

Jonsson et al.

Smith 1988; Pech et al.

o

2000)

2007)

N

( Lima 1990;
2000; Stewart and

1989) .

( Pech
et al. 2007) o
( Pech et al.
2007)
o 2016 7
o 2016 8
9 o



54 38
o 1
13 .
3.2 2016 7
2016 5
( 2004) N

( Dobson et al. 1998)

o ~

( Smith and Ivins 1984; Smith

et al. 1986; 1990) .

Brgseth H Pedersen H C. 2010. Disturbance effects of hunting activity
in a willow ptarmigan Lagopus lagopus population. Wildlife Biology
16 (3): 241 -248.

Brown J S Kotler BP Smith R] Wirtz W O 1. 1988. The effects of
owl predation on the foraging behavior of heteromyid rodents. Oecolo—
gia 76 (3): 408 -415.

Clark P J Evans F C. 1954. Distance to nearest neighbor as a measure
of spatial relationships in populations. Ecology 35 (4): 445 -
453.

Clark R G Shutler D. 1999. Avian habitat selection: pattern from
process in nest-site use by ducks? Ecology 80 (1): 272 -287.
Dobson F'S Smith AT Wang X G. 1998. Social and ecological influ—
ences on dispersal and philopatry in the plateau pika ( Ochotona cur—

zoniae) . Behavioral Ecology 9 (6): 622 —635.

Fan NC Zhou WY Wei WH Wang QY Jiang Y J. 1999. Rodent
pest management in Qinghai-Tibet alpine meadow ecosystem. In:
Singleton G R Hinds L A Leirs H Zhang Z eds. Ecologically
Based Management of Rodent Pests. Australian Centre for Interna—
tional Agricultural Research ~Canberra  Australia. Ecologically—
Based Rodent Management 285 —304.

Fang JM Sun RY. 1989. Seasonal changes of Brandt’ s voles and their
relation to burrows. Acta Theriologica Sinica 9 (3): 202 —209.



55

(in Chinese)

Fang J M Sun R'Y. 1991. Seasonal dynamics of the spatial paterns of
Brandt’ s voles. Acta Ecologica Sinica 11 (2): 111 —116. (in
Chinese)

Holloran M J Anderson S H. 2016. Spatial distribution of greater sage—
grouse nests in relatively contiguous sagebrush habitats. Condor
107: 742 -752.

Iwao S Kuno E. 1971. An approach to the analysis of aggregation pat—
tern in biological populations. International Symposium on Stat Ecol
New Haven 48: 269 -275.

Jonsson P Koskela E Mappes T. 2000. Does risk of predation by mam—
malian predators affect the spacing behaviour of rodents? Two large—
scale experiments. Oecologia 122 (4): 487 —492.

Kortner G Pavey C R Geiser F. 2007. Spatial ecology of the mulgara in
arid Australia: impact of fire history on home range size and burrow
use. Journal of Zoology 273 (4): 350 —357.

LiINN LiH Let GC Zhou Y. 2013. Ecological function of plateau
pika ( Ochotona curzoniae) . Chinese Journal of Wildlife 34 (4):
238 -242. ( in Chinese)

Lima S L. 1990. Protective cover and the use of space: different strate—
gies in finches. Oikos 58 (2): 151 -158.

Lloyd M. 1967. ‘Mean Crowding’. The Journal Animal Ecology 36
(1): 1-30.

Lombardi L. Fernandez N Moreno S Villafuerte R. 2003. Habitat—re—
lated differences in rabbit ( Oryctolagus cuniculus) abundance dis—
tribution and activity. Journal of Mammalogy 84 (1): 26 —36.

Pech R P Arthur D Zhang Y M Lin H. 2007. Population dynamics
and responses to management of plateau pikas Ochotona curzoniae.
Journal of Applied Ecology 44 (3): 615 -624.

QuJP LiKX YangM LiW ] Zhang Y M Smith A T. 2007. Sea—
sonal dynamic pattern of spacial territory in social groups of plateau
pikas Ochotona curzoniae. Acta Theriologica Sinica 27 (3): 215 -
220. ( in Chinese)

Smith A T Dobson F'S. 1994. A technique for evaluation of spatial data
using asymmetrical weighted overlap values. Animal Behaviour 48
(6): 1285 -1292.

Smith A T Wang X G. 1991. Social relationships of adult blackdipped
pikas ( Ochotona curzoniae) . Journal of mammalogy 72 (2):
231 -247.

Smith A T Ivins B L. 1984. Spatial relationships and social organization
in adult pikas: a facultatively monogamous mammal. Zeitschrifi fiir
Tierpsychologie 66 (4): 289 —308.

Smith AT Smith HJ Wang X G Yin X C Liang J X. 1986. Social
behavior of the steppe-dwelling black-ipped pika ( Ochotona curzoni—
ae) . Acta Theriologica Sinica 6 (1) : 13 - 14.

Soares S M Schoereder J] H. 2001. Ant-nest distribution in a remnant of
tropical rainforest in southeastern Brazil. Insectes Sociaux 48 (3):
280 -286.

Stewart K M Hurley M A. 2016. Spatial distributions of mule deer and
North American elk: resource partitioning in a sage-steppe environ—

ment. American Midland Naturalist 163 (2) : 400 —412.

SuJ P LiuJ K. 1999. Overwinter of small herbivorous mammals inhabi—
ting alpine area. Acta Theriologica Sinica 20 (3): 186 —192. (in
Chinese)

Tilman B D Kareiva P. 1997. The role of space in population dynamics
and interspecific interactions. Journal of Physics G Nuclear & Parti—
cle Physics 31 (11): 1329 —1343.

Wang X G Dai K H. 1990. A study on the breeding area and the territo—
rial behavior in plateau pika ( Ochotona curzoniae) . Acta Theriologi—
ca Sinica 10 (3): 203 =209. ( in Chinese)

Wang X G Smith A T. 1988. On the natural winter mortality of the plat—
eau pika ( Ochotona curzoniae) . Acta Theriologica Sinica 8 (2):
152 = 156. ( in Chinese)

Watts B D. 1991. Effects of predation risk on distribution within and be—
tween habitats in Savannah Sparrows. Ecology 72 (4): 1515 -
1519.

Wei WR Zhang LF Yang GR XuJ W Fan X D Zhang W G.
2013. A study on the burrow features and functions of plateau pika.
Acta Pratacultuae Sinica 22 (6): 198 —204. (in Chinese)

Wei XH LiS Yang P Cheng H S. 2007. Soil erosion and vegetation
succession in alpine Kobresia steppe meadow caused by plateau pika
—a case study of Nagqu County Tibet. Chinese Geographical Sci—
ence 17 (1): 75 -81.

YangHH QuJP LiuLH LiSQ Zhang Y M. 2011. Effects of
food supply and burrow density on mortality of the plateau pika
( Ochotona curzoniae) in winter. Acta Theriologica Sinica 31 (3):
257 -264. (in Chinese)

Yin BF WangJL Wei WH Zhang Y M Cao Y F. 2003. Population
reproductive characteristics of plateau pika in alpine meadow ecosys—
tem. Acta Theriologica Sinica 24 (3): 222 -228. ( in Chinese)

. 2013.
22 (6): 198 -204.

Smith A T. 1988. ( Ochotona curzoniae)

8 (2): 152 -156.
. 1990.
10 (3): 203 -209.
Smith A T. 2007.

27 (3): 215 -
220.
. 2000.
20 (3): 186 - 192.
. 2013. ( Ochotona curzoniae)
34 (4): 238 —242.
. 2011.
31 (3): 257 -
264.
. 1989.
9 (3): 202 -209.
. 1991.
11 (2): 111 -116.
. 2004.

24 (3): 222 -228.



