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Abstract: Rainfall, temperature, and habitat resources are essential for the survival of animals in arid ecosys-
tems, but the responses of the same species to these factors on a larger spatial scale are not clear. Orientallac-
taga sibirica is a widely distributed rodent in arid areas, and its living conditions can sensitively reflect climate
change and habitat resource changes. It is of great significance to reveal the environmental adaptability of small
mammals by studying the effects of environmental changes on the body size of O. sibirica. In this study, from
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June to August 2019, samples were collected by net capture method in the main distribution area of the O.

sibirica. The body weight was weighed, and the 6"C and 6N values of muscle tissue were measured. The
effects of annual average temperature, annual precipitation and normalized difference vegetation index (NDVD)
on these indicators were explored. The results showed that the body weight of O. sibirica decreased signifi-

cantly with the increase of annual average temperature (P<C0.01). The annual precipitation was significantly

negatively correlated with the 8"C and 6N of muscle tissue (P<C0.01). The segmented structural equation

model analysis showed that the annual precipitation had a significant negative effect on the body weight of O.
sibirica through NDVT and 8"C and 6""N (P<C0.05). Thus, the body weight and feeding habits of O. sibirica

adaptively adjusted with habitat changes.

Key words: Orientallactaga sibirica; Stable isotope ; Mean annual temperature ; Annual precipitation; NDVI
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Table 1 Characteristics of natural environment in the study area
- ifffﬁ o fEE R Rk N /ﬁ%ﬁ ’
Sanplingsie Lonngude & S fE%3 Climate type Mean annuaylo ‘/\vnm‘lal f - Altitude/
Latitude temperature/C  precipitation/mm m
RN H1~1I504E, KB R 6.6 3648 0462502986 498
Yu county, Hebei Province(H4) 39°33~40°12'N Temperate continental monsoon climate
MEN AR AR 109°08~110°23'E, IiE PN Tt/ 52 4338 0.371975005 1434
Dongsheng District of Tnner Mongolia Autonomous Region(M27) 39°00'~39°58'N Temperate continental climate
4 7-5 Huan County, Gansu Provinee(G10) 106°21'~107'4'E, TRETERHHZRT G 9.2 46,0 0.248535007 1612
36°10'~37°90'N Arid and semi-arid continental monsoon climate
A A 11632~ 118'14E, R N 3.6 4129 0666499972 1235
Weichang County, Hebei Province(H6) 41°35~42°40N Temperate continental monsoon climate
THEEERRKE S 105°20~106°04"E, i KB % Temperate continental climate 70 503.7 0.672608018 2598
Xiji County, Ningxia Autonomous Region(N11) 3535 ~3614'N
WE T ARE WI17~112°25E, K5 6 Temperate continental climate 34 236.9 0.359993 994 1087
Erenhot City, Inner Mongolia Autonomous Region(M13) 42°55'~43°53N
BB R KRR A 84°37~8T20E, KR 2R 30 3026 0121165000 1454
Hoboksar Mongolizn Autonomous County , Xinjiang Uygur Autonomous Region(W8) — 45°20'~47'12N Temperate continental arid climate
AT R AR KA 8324'~83'10E, 7 Ktk B Temperate continental climate 55 1889 0.188627005 925
Emin County, Xinjiang Uygur Autonomous Region(W9) 46°09'~47°03N
B F X Xinjiang aletai prefecture(W5) 85°31'~91°04E, TR KRR S 6.5 162.5 0122437000 495
4500'~49°10'N Temperate continental cold climate
R 100713~101°33E,  # A Bt Highland continental climate 2.3 730.1 0677432001 3738
Guinan County, Qinghai Province(Q2) 35°09'~36°08'N
HEAREEE QRN 990I~10059'E,  Rilf K bl# 0% Highland continental climate 04 4664 0576174974 3626
Xinghai County, Hainen Tibetan Autonomous Prefecture, Qinghai Province(Q4) ~ 34°48'~36°14'N
HEARREEARAESE 96°50~9920E,  AFERES B Alpine grassland climate -4 407.1 0.369437 993 4229
Maduo County, Guoluo Tibetan Autonomous Prefecture, Qinghai Province(Q10)  3350'~35°40'N
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Fig. 1 Summary map of study area
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Note: The map is downloaded from the standard map service website of the Ministry of Natural Resources. The map approval number is GS
(2019) 1822 standard map, and the base map is not modified. N11 represents Xiji County, Ningxia Autonomous Region, G10 represents Huan
County, Gansu Province, H4 represents Yu County, Hebei Province, H6 represents Weichang County, Hebei Province, M13 represents Eren-
hot City, Inner Mongolia Autonomous Region, M27 represents Dongsheng District of Inner Mongolia Autonomous Region, W5 represents xinji-
ang aletai prefecture, W8 represents Hoboksar, Mongolian Autonomous County, Xinjiang Uygur Autonomous Region, W9 represents Emin
County, Xinjiang Uygur Autonomous Region, Q2 represents Guinan County, Qinghai Province, Q4 represents Xinghai County, Hainan Tibetan

Autonomous Prefecture, Qinghai Province, Q10 represents Maduo County, Guoluo Tibetan Autonomous Prefecture, Qinghai Province
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Fig.2 The impact of annual precipitation and mean annual temperature in the distribution area of Orientallactaga sibirica on
NDVI index

2.2 EHEE. EBRAXENEHETEARREE AT HA IR BE o Tk Bk AR B LA Mt ) R T (P
A 0.0 ,NDVI 48 #O6 1k 1 B A 8 3% 1F 7] 5% i (P<<
I RPEIR A ROV (GLMM) M4 S 20 0. 05), AR RA/K H % Tk Bk BRI T 1 I 25 5 (36 2)
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Table 2 Generalized linear mixed model of influencing factors for body weight of Orientallactaga sibirica

i 137 ZF Ht Response variable [& 72 5 W Fixed effect At + AR iR Estimate+S.E. 2{H = value P1{H P value
HHE Intercept — 4.5840.09 45.28 <0.001""
1K Body weight AR Mean annual temperature/°C —0.0440.01 —2.92 <0.01"
AE %7K it Annual precipitation/mm —0.01£0.01 —0.19 0.842
NDVIE%( NDVI index 0.0340.02 2.01 <0.05"

T+ 0k Bk AT 0 R 0 g BE LRGN o R R 45 SR Al R IR 19 ATC KB R AT 28k . 3% P<<0. 001, *#38 78 P<<0. 01, *3 /18 P<<0. 05,
T

Note: Age and gender of Orientallactaga sibirica were used as random effects. The model results were selected using the lowest AIC test.

wxx represents P<<0. 001, ** represents P<<0. 01, * represents P<Z0. 05. The same as below

2.3 EHRE . FHRAKEME#HT T A BERALA CAE PR EE AR R K 5D A ND VI #8806 1o bk Bk AR
HABmABRERMENZMM HEA R EP W, H AR K X ND VIS E0E

7SR AEIR AN AR A T A R R AERE K R J)h 55%6 AR B K ik A ND VIR £ LA 41 41
Xt bk BRUDL A ZH 2L e i 0" C HLAT A I 35 1Y) 671 ) 5 H8C SN IR M A R 0 4 S S A1 Y6 A 44 %6, %t
(P<<0. 01, AF 43R FI ND VIFEEO 07 C WA FEAE i A A 5% W iR B R 46 90 (IR 3a) o A X IR BE U
FRM (£ D, R KEX BRI A SR e Bk R R H A B S Y 67 ) B (P<<0. 001, 4
SN =AM B A SE I (P<<0. 01) , AE KR EE X} 6N R K 138 2 NDVIE Z0M 67C, 0N Xt 1 ik Bk BLUIA
AEEREF W . NDVISEOG AL L R 0" NF= 5= A 0 8] 32 300 S B 8 3 1E [0 5% ), B R0 N

M L R S (P<<0. 05) (3., e ik 35 1E 8] 820 (P<<0. 01) . NDVI$§ %0 i 0%C,
SN T Ik Bk BRA B A Y B HE RO AN AN A
2.4 IMEREFIAEIUBREEHZINERZE Y IE 18] R W (P<0. 001 ), s [ 422 25007 0] ok (8 35 1)

B T AL A R R, R AR 1 1] 5% 1 ( P<<0. 05) (&l 3a-b)
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Table 3 Generalized linear mixed model of influencing factors of carbon and nitrogen stable isotopes in Orientallactaga sibirica

i Ji7 A% 5 Response variable [ 5 %W Fixed effect Al A AR 7EIR Estimate £ S.E. 21l z value P{& P value
I Intercept — —18.054+0.96 —18.75 <20.0017""
OBCHH YR E Mean annual temperature /°C —0.15+0.09 —1.59 0.113
AE [ K f Annual precipitation/mm —0.01+0.01 —2.84 <0.01"
NDVIF§# —3.39+1.75 —1.93 0.053
T Intercept — 11.44+0.77 14.80 <20.001°""
SUNH YR E Mean annual temperature /°C —0.134+0.08 —1.69 0.091
AE [ K Annual precipitation/mm —0.01+0.00 —2.91 <0.017
NDVI#5 £k —3.40+1.41 —2.42 <0.05"
(a)

R*=0.46

T R=041

-0.9114™*
AIC = 51.953; Fisher’s C = 17.953; P = 0.056

®) B 1K Direct offect
[ aid3800; Total indirect effect
0.6 |- 208 Total effect
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5
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=5 00
=
l.lg"c
g
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EHIRE AERRIKRE NDVI

Mean annual temperature Annual precipitation
B3 SEEHEFAARREENEMER
Fig. 3 The influence of climatic vegetation factors on the body weight of Orientallactaga sibirica
T (a) TR A /K G A ND VL 06 itk Bk BRUOR T 109 52 0 3 4% (b)) 45 73R B AR K Bk R NDV T8 206k 0k Bk SRS T 174 52 e 8007 {8 4T (4
TR £ 50 2% 43 ) 26 R B35 TEA S R JE I R (P<C0. 05) o RPFORMEBUMRBEY 22 . 4R 4% LT BUF HOR R R A AR AMLAN AR R AR Stk R
N IR P<0. 001, ## 3R P<<0. 01, %% % P<<0. 05

Note: (a) The pathways through which annual mean temperature, annual precipitation, and NDVT index affect the weight of the Orientallactaga

sibirica(b) The effect values of annual mean temperature, annual precipitation, and NDVT index on the weight of the Orientallactaga sibirica.
The red and blue solid lines indicated a significant positive correlation and a negative correlation, respectively ( P<C0.05 ). R” represents the vari-
ance explained by the model. The number above the line represents the path coefficient. The thickness of the line indicates the size of the correla-

tion. *** represents P<Z0. 001, ** represents P<<0. 01, * represents P<<0. 05
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