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Cave-site selection of Qinling zokors with their prevention and control
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Abstract; Qinling zokors ( Myospalax rufescens) had been studied at Pingheliang Natural Reserve in Shanxi Province during
June to September in 2009. According to the local situations, 13 habitat factors were considered in fixed line-sampling. 302
samples have been set up with a spacing of 5 m, and 93 new cave-sites being used by zokors were also found and sampled.
It is shown that vegetation-type selectivity is determined by zokor’s feeding preference. Qinling zokors select grass and
radish sites, avoid the wheat, bamboo and shrub sites, and randomly use potato and maize sites. Although zokor's cave-
paths are segregated with deep soil layers, which are hardly affected by wind, frost, rain and dew, zokors still select the
appropriate cave-hatches in order to push soil outside easily or perform their outside-cave activities expediently. Zokors
mainly select sunny slopes as their cave-hatches, avoid half-gloomy and half-sunny slope and randomly select gloomy slope.
Sunny slopes have short water-collecting time if it rains, and receive more sunshine than other slopes, so they are beneficial
to zokor's activities. Especially, flourishing plants show such high diversity that their roots provide rich nutrients in sunny
slopes, which are favorable to zokor’s survival and multiplication. It is found that soil rigidity and stone-percentage
determine the direction of zokor cave-path and selection of cave-sites. In terms of effects of soil factors, Qinling zokors

select their cave-sites in soft and low stone-percentage soils, and avoid hard and high stone-percentage soils. Human
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disturbance is often an important factor affecting the habitat selection of many animals. The cave-site selection of Qinling
zokors is relatively different from other animals in that they prefer intermediate human-disturbed sites, avoid sites without
human disturbance, and randomly selected strongly disturbed sites. Principle component analyses indicated that the most
important factors influencing zokor’s cave-site selection include (in order of decreasing importance ) : distance to water
resource, distance to residence, distance to highway, herbage density, herbage cover, shrub cover and shrub density. In
conclusion, zokors are inclined to select cave-sites with sparse shrubs and close to highway, but other habitat factors (i.e. ,
distance to water resource, distance to residence, herbage density and herbage cover) have nearly no influence on zokor’s
cave-site selection. Based on the aforementioned results, two suggestions are proposed for prevention and control of zokors.
Firstly, intermediate-cutting strategies should be used in the process of forest management, and young seedlings should be
planted as densely as possible; for reforestation of grass sites, some bulky trees ( especially poisonous trees to zokors)
should be planted at first, then young seedlings need to be reinforced, and stone-percentage of soil should be improved
through laying some big stones in the soil after the trees survive. Secondly, multi-cropping strategies should be used in the
process of agricultural production, and some crops with developed root systems (or poisonous crops to zokors) should be
intercropped with the main crops. Moreover, weeds should be removed frequently, which not only benefits the growth of

crops, but also is an effective means for rodent pest control.

Key Words: Qinling zokor; cave-site; prevention and control; intermediate-cutting strategy ; multi-cropping strategy
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Fig. 1 Pingheliang National Reserve in Shanxi Province
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F1 HIEFHMRIEHERRIERE
Table 1 Selectivity of Qinling zokor with vegetation types in Pingheliang Reserve
Tl 7CH Cave-site

SEBRFH B N Bonferroni
B } I i N -
T 5iH b Bt Smaslms R B e
. Expected . . ..
Factor Ttem Actual Expected Actual proportion ; Bonferroni Selectivity
proportion of . . .
samples of samples of of usage/% intervals for pi
usage /%
usage usage
E TS N S 23 32 0.247 0.106 0.127 0.368 +
Vegetation  Fit il 43 55 0.462 0.182 0.323 0.602 +
type Pk 0 26 0. 000 0.086 0.000 0.000 -
IINZZ Hb 0 62 0.000 0.205 0. 000 0.000 -
S S 11 43 0.118 0.142 0.028 0.209 0
TS 16 43 0.172 0.142 0.066 0.278 0
AR 0 41 0.000 0.136 0.000 0.000 -

+FORBERE ;- FR Mk ;0 FoR FEPLILEE
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F2 FICE R EEYIERE
Table 2 Selectivity of Qinling zokor with slope direction in Pingheliang Reserve
IR 7 H Cave-site

SLhrA A S EFIH]

. NS - . HEF [ Bonferroni {5 X [H] .
W mH R Rk sRomm VTR Bl B e
Factor Item Actual Expected Actual proportion xpe: ¢ ( intervals for pi Selectivity
samples of samples of of usage /% proportion © P
usage /%
usage usage
e FH 3% 48 116 0.516 0.384 0.392 0. 640 +
Slope direction > 1> BH 3% 33 147 0.355 0.487 0.236 0.474 -
3% 12 39 0.129 0.129 0.046 0.212 0
®3 FKHMBENTEEEMSGENEE
Table 3 Selectivity of Qinling zokor with soil rigidity and stone percentage in Pingheliang Reserve
TR CHE Cave-site
BRI BRI N SO
N ; . 1 1 i Bonf HiGIX o
AT mE R R skEROlim O rURIEEL Bl R et
Factor Item Actual Expected Actual proportion XP:T o ¢ intervals for pi Selectivity
samples of samples of of usage /% proporion o P
usage /%
usage usage
TR PN 0 47 0.000 0.156 0.000 0.000 -
Soil rigidity LIPN 33 117 0.355 0.387 0.236 0.474 0
/h 60 138 0.645 0.457 0.526 0.764 +
B SEa) £ 0 88 0.000 0.291 0.000 0.000 -
Stone percentage L5EA 11 106 0.118 0.351 0.038 0.198 -
of soil b 82 108 0.882 0.358 0.802 0.962 +

NATHR Z Y EST R — A EE MR R R B IR 7R £8 LR, BT R A
PR PETYORY RS, Il B N TR LIS AR 2T AR5 (R 4) .

x4 FIEHMBENALTHRIMEEE
Table 4 Selectivity of Qinling zokor with human disturbance in Pingheliang Reserve
17t Cave-site
BRI B

SR He ] Bonferroni & {5 X [i1]

AT RIRE| R eI SEBRAFH L N PEFETE
. Expected Bonferroni . o
Factor Item Actual Expected Actual proportion . . . Selectivity
proportion of intervals for pi
samples of samples of of usage /%
usage /%
usage usage
ARTIREE  5gl 27 75 0.290 0.248 0.178 0.403 0
Human i 62 130 0. 667 0.430 0.550 0.784 +
disturbance ¥ 4 97 0.043 0.321 0.000 0.093 -

3.2 FuEAbHFmEN

FH One-Way ANOVA K368 AL 7 AR RE AR B A B 55 35 58 B 3 AR RS, E SR A 1Y)
MR KA PSR B2 DA N ARZE N &, T8 FR 00 (B s A R B = | X R R AR Y, I |~ R
25 MR, ZR IS R O B E N BT (1=24. 797, P<0.01) FIZERE (1=19. 121, P<0.01) & /N A 55  H I
TERARBEE (1=1.673, P>0.05) FIHATEGE (1=3.416, P>0.05) J5 i, ZRIARY BN SA B B A28t (£5) .
AR, A SRR ZR B 22 AT, 0 A 285 B R 5 B TR A AR R i (R B2 ke s B A S /Dy IR Ry
Y R AS [ e 5 2 B A 0 8 R i P A 0 ok D T R BRI B 8 B T AR ) R 2B, b 2O T) R ) 4 R4
SN
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XoF ML T 7% B0 (8 SR U, SRR — D R R R 20 BRI | A 2 P AR g K U Al
TS EL R, (ER, XL 1% 3 34 R Ui, 8 12 72 (8] 355 3l R 3l 4, 3 46 R 3= )T
I, IR B (1=26.362, P<0.01) 8/ B ABEEGE (1=11.933, P<0.01) BAESE X B EEHE (1=
1.772, P>0.05) FIE/KIEIEE] (1=0.274, P>0.05) MR A EFME, UERAYE R RAF] T R R AsNE s, =
TRt AR A BRI AR AT RE S A BOIR DA O, — PP 2 25 2 6 10 B g 3 M , A e B ohe B 5 8, AL 1% s

TR AR R, AR 2R A 3

IS4
2

WK, I3Hr K

x5 HEUEFHREBHRRENEREZEHRNG

Table 5 Quantitative factor influencing on cave-site selection of Qinling zokor in Pingheliang Reserve of Shanxi Province
[H¥ Factor i 703 Cave-site Xt AL Contrast site t P
TEARZE Shrub density .54+0.94 2.15+3.08 24.797 ** 0.000
HEARFZE Shrub cover .55+6.54 11.32+16.75 19.121** 0.000
HIARBEE Herbage density .53+20.69 75.82+21.69 1.673 0.197
FARFE Herbage cover .52425.69 55.30+26. 63 3.416 0.065
Y Slope angle .61£1.62 8.54+5.43 26.362 " 0.000
BN HEES Distance to highway .68+14.82 35.58+14.28 11.933 " 0.001
B Distance to residence .54£12.61 53.13+18.48 1.772 0.184
B/KIEIE S Distance to water resource .20+11.17 72.11£15.27 0.274 0.601

K o« HFER P (P<0.05), * = NZEFW B E(P<0.01)

3.3 Mo BTEk

FERIP AR PR EOR T 1 B R 3 A, RRRGTICRIK R 92.27% (K 6) , H—FM 0
JKUREE B | B B B S 0 B DX TR i R T 0. 8 N B — F M A 5 5 T BT
AR RN A 36 B I P T 3T R 0.9, WO B 3 0 SR AR AR 5 = R o VK 5 B AN E R
PR A AT R KT 0.8, OB 35 = i EEAR SRR, FE PR Y
PR B BRI « BRI RS | A s B A R A AR R IE R AR (K 6) .

LEEORA By SUHE 1) T PR R AT 7, O 8 2 B A R B

M iy BT 7B A4

F6 TARBRRPEBRENEENIRS S
Table 6 Principle component analysis of sokor cave-site selection in Pingheliang Natural Reserve
i 7HFAE Cave-site characteristics PC1 pC2 PC3
HEABERE Shrub density 0.35 -0.03 0.88
HEARFZE Shrub cover 0.33 -0.06 0.90
FAREE Herbage density 0.24 0.96 -0.02
FAR T Herbage cover 0.40 0.90 -0.06
Y Slope angle 0.12 0.05 -0.04
BN BREE S Distance to highway 0.82 0.41 0.38
B LM E Distance to residence 0.84 0.36 0.33
BIKURIE B Distance to water resource 0.85 0.31 0.35
FHHF(E Eigenvalue 4.55 1.75 1.08
TiHk#/% Total variance 56. 82 21.92 13.52
BBTTHER R/ % Accumulated variance 56.82 78.75 92.27

4 Itit

B G AT B B B SR A N Bh W Ak 8 e R e B AR S R 2 — G 5 FE Y BE RE ( Cervus elaphus)
FEBZRE ( Odocoileus hemionus colombianus) A B R B S5 TR A X 1EBFIE 205 Ry R A
BRI et b 45 R B R AT B B R A S N b R AR AR /INE M R T R TR
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X BRIERRAE 520, By U /s 30, FE Y R Y R ZE B b SR AR IR
B NOZOE R AR IR, BT e TR R, QNET A Rt 2 4R A4 B AR AR RUAHE ) 09T BE A8 1
FE R LI TR T L 22 B A AR ) (4 R 2R A B RE RS W6 B AT 25 7 IR L BB RS TR 5 B L) 78 77
iy, WEAMY) , QAR (FEFM A RRARE B E IR, H AR LS Z 857 ) , THE KRR R —
J5 T ARG Z RSB FROCER , I — T TR BOHE ZR AE R BT H ) JE 1) RERHLAS HAZHE G 2, RIS 2 H A e
R it b (AR EEA) B R AR NI R 55 AR A AR B R R IE B, TN A2
RRWBAT 28 TR, Q0 F X AR SEHGE 1, AR R 2 (7, Pkt B A b AR AR 2D, BRI 122 4k iy B K
D X B R B SRR SR JEL PR 0 DA ST UL, sh ) i AR B R ROR 2 R T B R IR £
REPEDR2T

i FRL A T AR 25 B BT R 0 S b TET E R0 2, PR Ay 2t A S 7 TR 11 TR R i Wt B
FR o 8 Bl IR 5 2l 0 i PR 1 A 2 i A, T RE A it PR it BRLE T3] 5 A A B b T R s ek, M A AT
Wits B HELEE TR O T SRS IR Y B, AT S IS AT E AR . I, EATROZEREA E B T
H ok /2 oA 2, Wy BRI HOR TS S AY , X AT TRAR M 22k 1, B AT B T30/, (H2
EATENEEASETE TR RS . — AT RE R R R A TR A —E s (E SRR AN BEATTHY
SEMA AN TN MELAARS S A 855 By BRARLAL T2 AT AN, Jr DA SR BRIl ok ) SRt 3k 156 ), 2R 45 /2 8 1Y
R 22 FEVE RN RS L A RE 7 5 08 B Py AL TE 05 20, i AT Y 1) 5 AL R SRS, A 0 T R AT BRI AR

IS S A2 I T SO0 GO H R L T SRR S SR B R T MR R R TR A AL S
PR IR A28 R GRS RS RE = AR VR, BB AT s 1) S5 P 1) R B ik 200 A R, B R R
IIATTEAR FH K FEIE B N (— 28 N TR RS2l B ) , T B R TR AR BRI R R BT BRI . R, B BT
ISR BE S, B 1A AR SRR MR A B2 B, i1 B AR AT B AR AF T B RN TR R AR ARl ™
FEEE . FRHBRBIRARE AR R IR 22 8 12 AR 7 2 T8 F 2R T B, X Wi, iy
BT At T R ek A v, 28 T /N RO B b SR R JRR 0, B T R S T R BB R PR B O A
PR FAZS 1 AR = A SR B S B A R EA S5 RS R RO R B SRR Sh ATk, Xk A
FORUL, BT T AR BRIR T A 208 . WA E MM R A, SRR H R R e 2] DL I
P ZE RBEATN T A S RGE R, A R E BIRIR AR LA A7 b DR dofe = A ) Vo 285 i 0 1 36 1 FH T e
ZLUEAL

AR R B, AR SRR B A T 22, 4 R SRR A2 R L3 Sl PRI , IR T AR RS TR 5
Bl 3Z BB, BT Lk S A B2 B AT 1] 3Bk A, T 356 426 0 R 3 /N RN 35 i/ D i AR BE A R A2 B S
TR 7 Bl o X e Ty B AIF S o 2 B 98 Al 3 S 52 e vy it B A E b e ) — D BN 3R e Dt B
VPR R RN T A R A R A e Y b L

R HTAXERS P R S, R AR E R T AT ARSI R REORAE TR R
BRI S SRR, A s R RELLE 8BRS AR 5 A0 SRR 376 R b A, o 7 SEAE A — 28 LUK By A, 45
SR B AR F AR W58 5 Perilla frutescens'™ ™) R eI 1L 5 , TR FE 4 1, Iv ARF 26 40 v U J]
P — SO ) A7 R, DUIE SR 3 B RS A KA M T2 p e, TR AR i AR R, N
A E RN TERTMAR R FERR T, [ R — U4 2 R TR BOPEY) (AnvINAZ ) B0 i BRUA 28 AR VRS (TN EE
J#R Ricinus communis) , AT, 22 520 B a6 sl e 220 &Pk IR, B U 5 [e1] 3R G RR B A,
TEAMY A7 o BRI AR B TAE Y ™ 42 e —Fh P B A Z T B
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