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Abstract; To identify the main environmental factor that plays a key role in habitat selection of rodents in the western slope
of Helan Mountains, and to explore how the interaction among rodent species affect habitat selection, we selected
geographic factors (altitude, gradient, slope direction) , vegetation factors ( vegetation coverage, vegetation height, height
of shrubs/arbors) and other factors ( distance from the water, away from the road distance, distance from shrubs/arbors) to

analyze the habitat selection and interspecific relationship of rodents by resource selection function model and logistic

ESTH . EEARPIAELS BT H (31870512, 32071649, 32070519) 5 de w5 A JEARI A 55 2% %5 B3 H (2572014CA03)
#s B A :2021-09-15; KABH.2021-12-29
# W IRAE# Corresponding author.E-mail ; zhenshengliu@ 163.com

http ://www.ecologica.cn



18 1 SV AF R P kA Sl A T R Rl ] O AR 7677

regression models. The results showed that there were significant differences in the habitat selection among six captured
rodent species. Apodemus peninsulae preferred high-altitude habitats covered with dense shrubs/arbors. Meriones meridianus
preferred sparsely vegetated semi-desert habitats at lower altitude, and did not avoid the road and human disturbance.
Cricetulus migratorius preferred habitats which were far away from water, covered with dense shrubs/arbors and close to
roads. Spermophilus alaschanicus preferred the low-altitude habitats where are rich in vegetation. Cricetulus eversmanni
preferred the high altitude habitats close to roads. Niviventer niviventer preferred habitats with higher altitudes, higher slopes
and far from water. The relationship between rodent species is mainly avoidance or random. Our study is contributing to
understand the changes of rodent distribution and population dynamics. It can provide basic data and scientific basis for
protecting biological resources, predicting and forecasting rodents damage, and comprehensive management of the regional

damage that caused by rodent in Helan Mountains.

Key Words: rodents; habitat selection; interspecific relationship; resource selection function model
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AR/ FeAERE ) AR 7 (BEK PRI B A B BE A/ TR AR S oAb SRR .

T (Altitude, A) :GPS JESRIBEE (m) .

Y5 BE (Slope, S) : AN B m 22 5 HUKFRE B I E 40 H (%)

1] (Slope aspect, Sa) : P (0+22.5)°; 2 FIHE (45+22.5)°,(90+22.5)°  (315+£22.5)°; 2 FHHE (135+
22.5)° . (225+22.5)° . (270+22.5) °; FHIK (180+22.5) °; F-HE(0) °,

FEL# 5 ( Vegetation cover, Ve) FEJ HAE#E IR (%)

FELH% 51 BE ( Vegetation height, VA) £ HPRIBE A5 (em)

B 7K Y5 #E 25 ( Distances to water, Dw) B 75 0B B Bt K IR G TE ELIE 25 (m)

8 % 25 ( Distances to road, Dr) 77400 EEE M EHEE (m) .

HEA (FFA) B FE (Shrub/arbor height, Sah) :FEJTFPHEAR (BiFRA) SFHEE (m) .

WA /T AR ) HE S ( Distance to shrub/arbor, Dsa) B O FHRITHEAR (BT AR) FHE (m) .
2.2 FAEALEEAN AT

(1) B AE R

MTEAN A A58 R T RS AE B B n o s S IR e B R4, i TXT AR B4 — 2 B Z A R 1Y
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AR A AL B OR R 1.07% , Herp OMRUE SRURIBATF735 0 RO BE 22 1L P 3 A DR 34 BRURR 20 il 3R P
I Z W Hh R AR TR AERS S AR 11 B il R S B D 0 R T8 Y I H VS E A 2 Bl IR
wh BURNJG R BRAE 5 P ARS8 R4k, 1 BBk B (Allactaga sibirica) (#<77 H B ( Microtus fortis ) A1 1L F
Y ( Ochotona alpina) ¥ FAE 1 FAEST AR (3R 1) . WIBSORE iR BUE FIRN 2 e 22 09 0 vh S5 4K IX 8k,
AP 4 R e T AT AR BRI

£1 BREMEFREETHSH

Table 1 Distribution of rodents in different habitats

LI e R Ll e it Ll i A Ll Bt Ak . i L B e

Sl Al S B e A 35 MENA: 3R AR LA 5T AT
Rodent species Mountain desert ~ Mountain steppe Mountain forest Mountain coniferous/ Subalpine meadow

and desert steppe and shrub shrubs forest edge and shrub
F U B Meriones meridianus ® * X X X
[T 7 35 35 B Spermophilus alashanicus * * X X *
KA R Apodemus peninsulae #* ® * * X
#1 B Niviventer confucianus * * ® ® #
WA B Cricetulus migratorius * * s % %
KE G Cricetulus longicaudatus * * X * X
45 B Ax B Allocricetulus eversmanni * * ® * ®
FLHEBE R Allactaga sibirica #* X X X X
¥ B Rattus norvegicus * * X x x
R, Tamias sibiricus * X X * X
AR Cricetulus barabensis * * % X x
= LW BB Ochotona alpina X X X X %
7R 5 H B Microtus fortis X X X % %

« IR FI R ITE LS A e s xR B R BUE e LR B

31 AN

AT B A AR B B 22 1 6 i ERGEA T AR BE e 0T 5, 43 0o A U0 B R B BTy 2 B R B B
bR BLAFE L. Spearman 65554 73 A 5 el AF B e £ 1 SCHE PR HEBR v KT 0.5 IR 7, Bl s, B
HIEREAR/ T AR LA SHEAR/ T AR R T 0.5, st b — A DB HEAR/ Fe AR T T J5 22 1Y logistics 15
BT (R 2) o

R 2 4EEFH Spearman tHX RE4ERE

Table 2 Spearman correlation coefficient of habitat factors

Gt S R My E SR EARGEA) HEEAR/SAR e ez HEK Y8 s
Habitat factors Altitude(A) (Vh) (Ve) I (Sah) HIEES (Dsa) (Sa) (S) (Dw)
EREE 0.0085
Vegetation height( Vh)
FE B 8 3 o o
Vegetation cover( Ve) 0.4256 0.3028
HER(FAR) =
-0. . -0.0613

Shrub/arbor height( Sah ) 0.0923 0.0847 0.061
FEVEAR /I AR I BE B s
Distance to shrub/arbor( Dsa) 0.1422 % 0.1104 0.0974 0.93
W] Slope aspect( Sa) -0.2099 **  0.1094 0.0475 -0.0297 -0.0455
Wi Slope(S) 0.2346** -0.1055 0.0257 0.0615 0.0326 0.3947 %"

e S HE
EP:JKIE‘EP% 0.1163 -0.2142"" 0.2008 **  -0.0868 -0.0795  -0.061 -0.0845
Distances to water( Dw)

- .

LI B 0.1361 = 0.1107 0.3642 " 0.0586 0.0151 0.1133 0.0106 0.1213

Distances to road( Dr)

# % P <0.01 * P <0.05
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X 4% FURP logistic AEPUZERBEFTHRE, 15 1 4% BRI A= B e B8 i (3R 3) o OMKIR SRR TEHRCFIREAR (T2 AC) o
&, T RS IR TE B S, G ROATE A (TR AC) im0 J3E IR/ IO B 2 A B 1 2, 2 € LM VB R
T BRI R AR ORI R PSR S 728 2 el O Tk MR R (TP i BE MBI BB S

£3 6 EM logistic A FIEHNT S

Table 3 Habitat variables extracted from logistic model among 6 rodent species

FLFh A BT ¥ MIEEY 3 A X (] AL
Rodent species Habitat factors Estimate 95% CI
FOPRIE BR, fig el -1.3624+0.1828 -1.7382—-1.0184 218.25
A. peninsulae Sah 0.3814£0.1557 0.0775—0.7104

A 0.5012£0.2538 0.0195—1.021

Ve -0.3306+0.2052 -0.7426—0.0669

Vh 0.267+0.163 -0.0609—0.5923
TR, L el -16.8967+8.6305 -36.8151—-8.6467 82.83
M. meridianus A -2.3770+0.5447 -3.5653—-1.4039

S -0.6933+0.5192 -1.8901—0.1889

Dr -27.1506+18.1286 -68.9756—-3.6389
FEE B RO —1.7412+0.2902 -2.43093—-1.2773 193.26
N. confucianus A 0.7347£0.3139 0.1479—1.3881

Vh -0.4193+0.2455 -0.9476—0.017

S 0.9276+1.1402 3.9404—0.0817

Duw 0.5434+0.1795 0.2011—0.9094

Dr -0.2748+0.1889 -0.6892—0.0695
TRA B i el -2.4120+0.3034 -3.0977—-1.8792 141.24
C. migratorius A 0.5765+0.3536 -0.083—1.3177

Vh -0.4416+0.3403 -1.2022—0.1403

Sah 0.5462£0.2077 0.168—1.0503

Dw 0.3515+0.1681 0.0124—0.6806

Dr -1.1522+0.4970 -2.4164—-0.3213
HEAR fig el -2.3156+0.2694 -2.8953—-1.829 144.27
A. eversmanni A 1.2440+0.3986 0.5143—2.0899

S -0.4563+0.2556 -0.9954—0.0127

Duw -0.3909+0.2776 -1.0776—0.0712

Dr -0.9639+0.3325 -1.6673—-0.3419
(TEnA=3 -y iz el -1.9881+0.5429 -3.3573—-1.2534 168.02
S. alashanicus A -1.4868+0.2976 -2.1034—-0.9292

Ve 0.7268+0.2401 0.2678—1.2167

Sah -2.6573+2.5139 -8.9492—-0.4215

Dr 1.7697+0.3108 1.1932—2.4195

ROC M4 528, TRV BRI AUC 1B °H 0.9067 , P R A RIS ORI TS . BT R
Pl BT PR AT B B BB (R AR S BT B B AUC (2R 0.8669 ISR T4, R P75
B R i AP A AT R P v TR (X)) e BE AR B G T (R e iy AR B 2 HAth R ROC T30 45
R KA B (0.6829) KA R (0.7281) G B (0.7099) K4t 5L(0.7681) , &R — M, v, KAk
10 B A B RE R (TR 1o BE AR AR a9 AR B 2R 5 K BRI B RV R (T R) W8 BE R v L R S KR
e AEE B B I AR P AR S 2R O BRI R A 1y T B P AT 1 A 05 2 R e RO SR B VA 4K
A YRR R B KR LB AR IR R A
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3.2 Fhfal SRS

78 Xof ERAP X B ] SCER R AL v A FUE A A 20 X 1.0 - ,—_ﬂ]:lT
(25.64%) , B v 75 0—0.25 JLHE A 38 X
(48.72%) ;v 1E 0.25—0.5 Z WA 9 X} (11.54%) ; 08
v =05 WA 11X (14.10%) . v R AT LIS >
K R Z BAF AR (R 4) . Hop m LR ~ 06
G- ORI LT DI BE J5c /N, 48 R -7 21 U0 LAY S BB 32 i
Elj( @0.4 — — %tl:@ﬁh
Ao ® — 3R

HOBT (2 SR s (36 5) L FRIAICIR I 2 57 . 3 i
BUR 17 % (P<0.05) , 2% 5 M .35 (9 BUR 15 % (P< 2 — EEN.
0.01) , ] SCIK ZH AT LA e SR o [v) X6 A= 355 75 5K 1) %

AEABLE , B B] DG R ECH B AT 14 X (17.95%) , 1’}0 YRV .

FhIE] SCHR R 4L v A IE(EMA 18 X (23.08%) , R = #5 5k Specificity
LLIVG 3 MG 15 B A 18% 247 1 BROG e AN ] AR 45, 23 %
2o AT B RO BERR AR AL A 95
3.3 BURPFPEIAHE G R

H 4 BURP S BRAUBER AN A logistic [MIHAAIr Jf i — 20l HIZ DA i e 20 &, 19 B AR, 6 > BRURD
A E R ILFE 6,

1E 95% 1) BAS X [E N, T2F 10 LS5 8 R O Bl ( —46.5697—-9.357) N 7 (B 2 BL i1 o] 3k 56 2R | 5K 6 B
(=30.4572—0.8816 ) FRILH FEHLIC R ; B35 88 LS 71D BL(-8.2966—0.8217 ) I H BEPLOC R , 5 KA
FL(-28.8689—-7.821) . JK & fl ( —44.1799—-8.7034) i B 6 fl( -39.2936—-0.4165) .41 Kl (-16.3162—
-0.9644 ) Y I R E 2R, HorP B Rz 5 FL( -28.8689——7.821) 5 KM B ( —3.9946—-0.5214) A H.
[l 3hE 56 25, BT 4035 75 B (- 16.3162—-0.9644 ) 51 L (-8.213—-2.275) W WA B [38E S & |

1 6 MRMEFIFIEFEFELE ROC ML

Fig.1 ROC curve of 6 radent species resource selection function

x4 ZEMHEXKERY

Table 4 The interspecific correlation coefficient of different rodents

Ro deE_EtLiT)ecies 1 2 3 4 5 6 7 8 9 10 11 12
2 —-0.408
3 0.667  -0.408
4 0.408 0.25 0.612
5 0 0 0 0
6 0 0 0 0 0
7 0.167 0.612 0.667 0.408 0 0
8 0 0 0 0 0 0 0
9 -0.167 0.408 0.167 -0.408 0 0 -0.167 0
10 -0.167 0.408 0.167 0.612 0 0 0.667 0 -0.667
11 0.667 0.408 1 0.612 0 0 0.667 0 0.167 0.167
12 -0.612 0.25 -0.408 -0.25 0 0 0.408 0 -0.408 0.612 -0.408
13 0.408 -1 -0.408 -0.25 0 0 -0.612 0 -0.408 -0.408 -0.408 -0.25

1 Bf$i 8 B S. alashanicus ;2 R R A. peninsulae ;3 TV M. meridianus ;4 T BBk A, sibirica;5 KEAR C. migratorius ;6 mREA R
A. eversmanni ;7 KEGHK C. longicaudatus ;8 RN, confuctanus ;9 MG C barabensis ;10 W T stbiricus ;11 WFEE R norvegicus ;12 A7 H
M. fortis;13 =LA O. alpine
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S % LR

x5 BMMEXKERZEEESR

Table 5 Significant differences of rodent pairs

B EE Significant

FRX} Pairs of rodents

W7 368 4 Bl AP Bl 5 43735 2 S-S B 5 o7 3 2 Bl L0 JB8 0 5 MR B -7 4 U Bl 5 AR BB 2 6 5 SRR

P<0.05 U B8 B 5 FOPRIE B4 2 B s P U0 BR-ZR O R /0 v B LU A bk B R O B OB B B B R K
FEA B R s AR 6 B 2R R 5 PR - LU e 5 6 - LU B 5 1 K LR B 4B % - L
P<0.01 Kﬂf&iﬁﬁﬁ-@ﬁﬂﬂ B 5 RO -1 RS £ B 7 4 1 -k B ok Bk B B LB B R KB B - LR
9@.;4& F-ZR 7 H R
P<0.001 B 7 3 2 Eﬂ-?fﬁ“/f/"sﬁ;mfﬁﬁéﬁ B -48 2K R 5 RO B - 1L B F P P - KRB R B PR BB R B KB R-1E
Fz 6 HRFEHEERXZRH logistic EIFLER
Table 6 Logistic regression results of relationships among 6 rodent species

FlFh M+ EVEES 4 B X (A AUC
Rodent species Ecological factors Estimate 95% C1
TRAT L R 0.0987+0.6500 -1.1935—1.3837 0.7976
C. migratorius A 1.4789+0.5560 0.3974—2.6082

Vh -0.8263+0.3852 ~1.6885—-0.1744

Dr -1.3836+0.6158 -2.6751—-0.2143

HREAR —4.5439+3.0558 -10.9265—1.2456

fan! -6.2257+2.1365 -10.9273—-2.4193

Bz 2 2 B —3.4746+1.9405 -7.9496—0.1231
ORI B, RO -0.6803+0.2249 -3.0247—-0.2459 0.6928
A. peninsulae F R -2.3505+1.8166 -6.5847—0.7747

g A3y -2.0751+0.8700 -3.9946—-0.5214
) A 1.9273+1.0689 0.0035—4.2062 0.7763
N. confucianus S 0.3703+0.1913 0.0—0.756

IR BR, -8.8540+3.5102 -16.5192—-2.7316

TR -8.6108+4.6916 -19.4687—-1.3763

TE A3y -4.9364+1.4921 -8.213—-2.275
TR RO -14.9863+8.6302 -34.9286—-4.1163 0.9211
M. meridianus S -1.2006+0.5441 ~2.4643—-0.2926

Dr -33.4189+19.1765 ~77.4617—-8.6202

TRA B -10.676+8.5092 -30.4572—0.8816

HEAR -25.5915+9.531 -46.5697—-9.357
MEAR RO -1.7739+0.3811 -2.5206—-0.9996 0.7088
A. eversmanni A 1.4460+0.4392 0.6390—2.3739

S -0.4430+0.2542 -0.9785—-0.024

Dr -1.2590+0.4104 -2.1182—-0.4977

AR, -4.6755+2.9909 -11.7377—-0.2318
B35 1 B R 7.9096+2. 8533 3.5256—12.9266 0.8958
S. alashanicus A 2.1285+1.4019 ~0.5892—4. 9441

Dr -2.6524+1.4190 -5.5429—0.0591

AR ER, -17.0741+5.3731 -28.8689—-7.821

FF R -3.4823+2.3024 -8.2966—0.8217

KA, -24.1048+9.3613 -44.1799—-8.7034

MR, -17.8454+9.8984 -39.2936—-0.4165

ANl -8.0726+3.8922 -16.3162—-0.9644
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SEIRB AL, AR R 2 2000 m 5 KIEE B XAk T Y GE R AE LG R (B R BRI T
PR BB B RGE 0 A A BRAE BRI R BB R R A AR IR L BT B R R A TR AR Y A AR
A B IR ZE A | TR 35 ¥ B A VB 1m0 05 2R RO T AR B 55 3, 0w D A X A 5 6 110 245 SR ) B K
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