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Abstract: The Northern Hemisphere of the earth has been experiencing remarkable climate warming in last century. Climate
change has a profound influence on the distribution, range, and richness of species. Temperature and precipitation are two
indicators of climate in most of studies. Because hydrothermic factor has a significant effect on desert ecosystem, it is
particularly sensitive to climate fluctuations. Rodents are especially important components of the desert ecosystem, and are
dominant species that play a key role in these systems. In addition, desert rodents have played an important role in the

development of ecological theory and in the understanding of adaptations to xeric environments. Therefore, understanding the
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response of dominant rodent species to climate change is significant to biodiversity conversion. Desert ecosystems in China,
compared with similar ecosystems in other continents, suffer more disturbances from human activities. Alxa desert is a typical
desert ecosystem in China. Annual mean temperatures of Alxa desert have risen 9.05 degrees, and precipitation has
increased 23.46mm in last decade. Against this Background, the response of desert rodents, especially dominant rodent
species, to climate change, and how this response influences by human disturbances are keeping unknown. A study was
conducted from 2002 to 2010 at prohibited-grazing, rotational-grazing, over-grazing, and cultivated sites to investigate the
response of dominant rodent species to climate change in Alashan, Inner Mongolia, China. Rodent species were identified
among and monitored with a live-trapping method. We trapped nine species including Dipus sagitta, Stylodipus andrewsi,
Allactaga sibirica, Phodopus roborovskii, Cricetulus barabensis, Allocricetulus eversmanni, Meriones meridianus, Meriones
unguiculatus and Spermophilus alaschanicus. M. meridianus was the dominant rodent species in prohibited-grazing and
cultivated sites. However, A. sibirica and D. sagitta was the dominant rodent species in over-grazing and rotational grazing
sites, respectively. The relationships of annual mean temperature and precipitation with rodent abundance were analyzed
with Spearman correlation analysis and canonical correspondence analysis. The results showed that the response to
temperature and precipitation was variable across rodent species. M. meridianus abundance was significantly correlated with
annual precipitation in the previous year and annual mean temperature. The abundance optimum of A. sibirica and D. sagitta
with respect to temperature was higher than that of M. meridianus and C. barabensis, but this pattern was reversed with
respect to precipitation. Effect of temperature on desert rodent should be worked through influencing biology and ecological
characteristics of animal, while precipitation affects the rodents through changing food resource and habitat. Precipitation
has a pulse effect on M. meridianus abundance. These results suggested that human disturbance, occurring at a smaller
spatial scale, should intensify or buffer the influence of precipitation rather than temperature on the dominant rodent species
through altering food resource availability and habitat quality. These disturbances complex the response of rodent species to

climate change, and have a further effect to community structure of desert rodent.

Key Words:; rodent; climate change; canonical correspondence analysis; desert
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PR IR S, A5 ORD (%) KBt P w8 SR A, AR B K A 75—215mm, EZEHTE 7—9 H, 7 & & 3000—
4000mm , IR KRB LR+, FIGRBE TR B A A, a5 B LU SR R AR
BUTEAR NE AR 2 FE R FU/NEFE R R £ B EEFD LLZE R} ( Chenopodiaceae ) | 28 F} ( Compositae ) %% 22 R}
(Zygophyllaceae ) 1H¥) 0 &,

eI A AR SRR 25— BB O T AR 2 b DX Bt R 5 A [m] , 2645 4 RO [al T4 A0 i A= 455
VERBURERE X, B X AR AR

[ BEHCIX TR 206.6 hm®  ZEJFAE AL Al [, A 1997 45T bf B S5 e A8 i LA A0 082 ( Oytropis
aciphylla) F [B 3k & ( Artemisia sphaerocephala ) } F, I Uk hy 7 ) 58 X3 L ( Caragana brachypoda ) | £1. )
( Reaumuria songarica) FIZEVYES (Artemisia ordosica ) 55 /INEEAR , WA DL 52 i HUSE ( Corispermum mongolicum) | VH
3% ( Agriophyllum pungens ) FIUKE B 5 ( Cleistogenes squarrosa) N+, fE4E 4 5 VKZE ( Bassia dasyphylla) %—4F-
T AR B B 23.0%

L FeIX, AR 173.3 hm? 1995 4FTF 4 R R S8 M0 R T D 5, 3l 20 3 A X, A8 9 50—60 AR
P B BRI R 1.5 AN 3 A IR R R, A B LA L0 b R U SR X L ( Caragana
brachypoda) . FAR ( Nitraria sphaerocarpa) F1%i E ( Sarcozygium xanthoxylon) %5 254 /NFEA | BEAR AW L) K B
FHL Z5UKEE 5 ( Pennisetum centrasiaticum ) F1 55 21 ( Plantago lessingii) i 3 FE#E T5 5 19.7 %,

I X, TR 146.6 hm? , EESEHUBC, U 550—620 H 3%, Fie s J i 48 & 1 55 /01T 0.625—1.07
AN IR X B BE BRI 3.75—4.23 AR, AR DALTRD AR BEAE A &0 5 L R I Es g LN
BEEL ( Ceratoides latens ) 55 22 4F H= /NGE K, B DL 4R .0 #b T ( Cynanchum komarovii ) F1 5% B¢ 3% ( Peganum
harmala) 55 24 LAY 0 3, FEARA FL RIS USSR — AR AR A A AR 16.4%
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L n WRETTEL, d, =%y — a0, B, S35 0FN 0 S5F0 jAEREDT B PRk

{5 FH S5 X6} 197 43 #7 ( Canonical Correspondence Analysis, CCA ) #F— 25 43 B 3045 IR 48 10 21 (S350 |
Rk EARLE Y MFA A Wy i ) 50k s R AR Z AR A TE AR DG R . Pearson AHC R AT
K JH SAS9.0 3BT AR fF, CCA SRHI CANOCO #1443, MK h P=0.05,

3 ARER

2002— 2010 4FAEMFE X Ll 4k mk i s 9 3 B, 8 J&,9 A, Hp Bk R ( Dipodidae) 3 F. = Mk Bk R (
Dipus sagitta) 51 PRBEE ( Stylodipus andrewsi) \ HHEHE R ( Allactaga sibirica) ; G RFH( Cricetidae)5 ' .
INEJE B Phodopus roborovskii) BAZEA B ( Cricetulus barabensis) %5 B4 B ( Allocricetulus eversmanni ) ¥
FU (. Meriones meridianus) 1 JNUP B (- Meriones unguiculatus) ; #5FRFF (- Sciuridae ) 1 Fl . Bl $7 35 25 B
Spermophilus alaschanicus) , ZRH X APLFE A ATV R RO FEF A —mEBk B 58P X i A #Rp 250 — ik
Bk B, UL g0 B 5 o A X e LA S bk B, YR 3l S = ik Bk BRUFN -5 90 B 5 I B DX 34 B Al
FFAU B AR B AR (£ 1) o

R1 2002—2010 FHEE B E T EWTEHRELL 6 %)
Table 1 The catch proportion of rodentduring 2002 and 2010( %)

TR
BLAh Disturbance types
Rodent species BRUIX. BHIX JEIX FRIX
Grazing exclusion Rotational grazing Over grazing Cultivation

FLHEBK R Allactaga sibirica 6.33 13.35 35.53 11.11
= HEBKER Dipus sagitta 32.18 35.96 22.76 0.00
ST PR BE R Seylodipus andrewsi 0.00 0.00 0.12 0.00
JNEB 2 B Phodopus roborovskii 15.17 12.11 6.72 1.97
LA Cricetulus barabensis 5.03 0.88 1.27 19.64
55 B W Allocricetulus eversmanni 0.00 0.19 0.12 0.00
FF VP B Meriones meridianus 35.56 33.98 22.66 56.81
KNI B Meriones unguiculatus 0.04 0.84 2.61 4.07
BT 7 3 2 B Spermophilus alaschanicus 5.69 2.69 8.22 6.40

2002—2010 4F-45 DX W U7 s )4l 1R 30 5 0 B R K A8 Ak ka3 an 181 1 Fn 2, He D 1 RIIET 2 AT, 2003 4FF
2008 AF &b 5T X MG 147 3l 1 85 %) T S e AR 4 R DX ST 34 AR 32 53 R 15.90% Fi 15.18% , 43 5l /&
2002—2010 4R (9.70% ) 19 1.64 £5 511 1.56 £, 5 2 A R 8 47235 3 2 AN AR A AR, 40 310
8.8°C Al 8.3°C , 434l L. 2002—2010 43R & (9.06°C ) ik 0.26 °C 1 0.76°C , B 7K 2 W A P AN 58 i A A0y, 43
A2 202.6mm A1 175.2mm, Lt 2002—2010 4P [F7K i (165.37mm) 435 5 it 37.23mm F19.83mm

R T 43S DX U7 o0 400 e B S 45 1 ST 30305 TN K i () R S | e R A R A T e v 1) = K R
FEEBE TV BB B, R A Spearman AHICHEAT /0T, MLIE 55 WG U7 Sl P B 2500 [B] OC R 14 4 B &4
AT LA ) B b Y LA -2 70 BRI R DA SR BB AP RS i S5 401 110 B 5 1 25 1 AR O OC &R
(P<0.05) ; 54 X IR PE B0 21 V0 BN B UL DR 2R 6 SRR IS 5 AR 3R 18 38 T A G (P<0.05, P<O.
01) 5 S HCIX H AR AL IAFD 210 BRI B X A A 521 V0 BRI B3 0 35 5 411 YL B A7 1 28 1 17 A
KKFR(P<0.01,P<0.05) , MK 51515 2P B e B 4] G R B o0 A 45 SR v DU BRI R IX AN, oAb T4
XN 00 U RE B 34 5 AR (AR 4 [ T A7 A 0 3 IE A E G R (P<0.05) o e IX RN B XA+ 1
RIS i 5 M AR R I i (3 IE A G (P<0.05) o T B IX P Y U ARG B i B 2 60 RUR R 80 B 5 4 1 1 A T e 2
T IEAE LR (P<0.05) o BRaSHUIX A = BEBK RS AR R M A 0 IE A E 56 R AN (P<0.05) , Hidx
THE XN BBk BRI S o 5 AT YA R R I o A i S MG R
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Fig. 2 Annual mean precipitation and rodent abundance in different disturbance habitats
R2 2002—2010 E&EFLHRENEMKESREM LY FEE Spearman X 547
Table 2 Spearman correlation of weathervariables with rodent abundance in different habitats from 2002 to 2010
- ARAE R YA AR R
i U IR o B
. Annual precipitation Annual precipitation
Treatments Rodent species Annual mean temperature . .
in year t-1 in year t
Eti'e ZREBEEL Dipus sagitta 0.00664 0.01768 0.27205
Prohibited-grazing HHEBE B Allactaga sibirica -0.30838 0.16630 0.03491
FHUP B Meriones meridianus -0.66152 " 0.70940 * 0.28766
PRLE OB Cricetulus barabensis -0.53362 " 0.34187 0.21142
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sk
e AL A AR i SRR
Treatments Rodent species Annual mean temperature Anmfal precipitation Annua_l precipitation
in year t-1 in year t
EEle =Bk Dipus sagitta -0.11074 0.28222 0.43307
Rotational-grazing TBEBEER Allactaga sibirica 0.01780 0.03761 0.28476
FF 1P B Meriones meridianus -0.73977 ** 0.63054 * 0.54246
ML Cricetulus barabensis -0.52190* 0.37574 0.30638
FOE'e “REBEER Dipus sagitta -0.49945 0.58518 0.15738
Over-grazing Tk R Allactaga sibirica 0.04430 0.10177 0.08929
FLFU B Meriones meridianus -0.72566 ** 0.64878 * 0.22799
LA B Cricetulus barabensis -0.37338 0.37574 0.26720
R = BBk R Dipus sagitta — — —
Cultivation Tk R Allactaga sibirica 0.02836 -0.08757 -0.40541
TV B Meriones meridianus -0.65488 " 0.30719 0.58200 *
B A Cricetulus barabensis -0.29399 -0.20912 0.64424

“—" RN ARG Y, + P<0.05,

R T A T EREE R AR i S R YRR 2 AR R A 2 R A AR DG, AR SCRHAESE YR B B K RIS
AW S G S SRR R RO 2 A 1 R EAT CCA oW (3,181 3) , 3 BISE R, g AR Bs kT
Bh 1 ARAEAE Y R T HE T il SR XTI HE T Rl A B 0 A R e i A B T 61.8% s AR IX T
A%P%ﬁ%ﬁﬁ%m%ﬁgmﬁikbﬂ7%omﬁ$ﬁ¢m%A%$%ﬂ%%TW%UL%%@%S%
R R . AR R AR ORI B AR BE TP R PR A HE el A L, A DG R B30 0 £0.0232,0.0726,
0.0463 F1-0.2712 ; A PG HE P4l 09 A0 C RECH 0, R B HET 25 R 75 | BB 5 5019 [ 1, Wk U4 2 40 o 1 4
HHWERTZEMLR,

* # P<0.01,

R3 TREREFMENMEZFHREXNESH(CCA) HIHER

Table 3 Summary statistics for Canonical Correspondence Analysis( CCA) performed on rodent communities in different habitats

A8 AR i BHIX FRX
Habitats Grazing exclusion Over grazing Rotational grazing Cultivation
HEFF i Heedh 1 i Hopkir Hvai 2 Hori e HrRi2 Hrh HEFp 4l 2
Axis Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2
4y
%,“m;ﬁ 0.147 0.010 0.101 0.005 0.057 0.004 0.183 0.023
Eigenvalues

PR ] (A B %
%ﬁ]% i R'lﬂjﬂﬂ‘ﬁig’;ﬂl . 0.843 0.566 0.778 0.509 0.658 0.556 0.792 0.551
Species-environment correlations
] ¥ i 'S L 44
mﬁﬁﬁi{tm}%* LH_/J . 57.900 61.800 50.700 53.000 32.700 34.800 50.100 56.200
Cumulative percentage variance of species data
Y 530556 R AR A R B
Cumulative percentage variance of 92.800 99.000 95.400 99.600 90.400 96.100 89.000 100.000
species-environment relation
EROREREY
HEAE( MA 0.254 0.199 0.176 0.366
Sum of all eigenvalues

=¥ i}

AR {Eﬁwﬂ . 0.159 0.106 0.064 0.206
Sum of all canonical eigenvalues

ERMUX AR i S 1 R IEANDE(0.61) , ARRERT I S 2 W 3E SO (-0.52) s i MUIXAE R IR

S5HEF G 1 BENAIE(-0.55) ALY E SHEF M 1 BB EIEASE(0.75)  F R X P RTEAR £ Y& SHEF
1 WEMAE(-0.61,584),
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Fig. 3 Two-dimensional CCA ordination diagram for weather variables and rodent population abundance
(P FAFAERR K, T ARERE , S AR EY G EAR Y i | Dipus sagitta : = HEBk R Allactaga sibirica ;. TLHEBk B Meriones meridianus ;. F
U B Cricetulus barabensis : FEZR A BRIGHR . Bl a 28X B b 3844 X, B o 34X, 1Bl d FFREIX)

x4 WEERTFEMES T HERE HEREX R

Table 4 Correlation coefficients of soil rodent species axes 1 and 2 with environmental variables

A5 B i FHIX TFRIX

Habitats Grazing exclusion Over grazing Rotational grazing Cultivation

HEFF il Hpdh Hreh 2 Howhhn Hopahe  HoEeh i Hopah o Hbpih2

Axis Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2
A9E R

FHRE -0.3763 0.4132  -0.5479*  0.3548 0.4414 0.1805 0.1576 -0.033

Annual mean temperature

J:ﬁ‘:lz%l—ﬁi L 0.2245  -0.5164 0.488 -0.2109  -0.3093 0.0961 -0.1914 0.276

Annual precipitation in year t—1

S A ] Iy B

AR . 0.1506 -0.2971 0.3782 -0.0723  -0.0949 0.2336  -0.6055" 0.1286

Annual shrub biomass

AR Ay i

0.6051 * -0.1749 0.7524*"*  -0.091 -0.4278 0.2706 -0.2358 -0.1478

Annual grass biomass

# P <0.05, #* P<0.01, *=** P<0.001.

M 3a m] LAFE H AR 2430 B A — A A ek 1 o S5 A X0 07 st 0 b 8 e o A A R L, R X
HEARFNEA (A AT AR IEMISE G R . 10 U0 SRS oL s B0, R AR HOIX 771 U B 52 45 3R B AL R I 2
BOR, = RBEBk RS B AR ) S ) S R R R, R = BBk RS R A SR T, ARE WG 1k 3h )
WIRPTERS PR AR T AR B RO BE RS | n] LAFR H DR BRI 7/ 0 BROXl A v i P ) e i L 224 Tk L, T
X 5 2 Ik T ) el (L 2 v T B B O 7 9 0 R AR A i v ) il 49 R T — B, B R B> 147
V0 B> =k gk B> ok Bk B

M 3b AT LI 54X 08 G 1A Sl A 1) B o A 52 AR A i FAR B IR B 2 R, AR i IX
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FRFRE AR R AR 5 [ T B A A S B IE AR SR SC R | SR SR ORI OG . T Sk o Sl e i g 4 Bl O R
VI PR S BARRER RS R U0 bk RS AR R B A RO AR i S R D] AR et Sh A M e e
IR R T RBOR TR, R LA ARG Sl A v L AR T R R AR Wy R R AR AR gy
PRI R ) A i (B, B BB B> 20 00 B> = Bk B> ok ik B, (EAE 4R 2 TR R I, ik B i
EE T AR LA T

M 3e AT LU H 3 X w2 3 400 ol R 000 0 A 52 AF 373 BE | e A 2R i A A R Y R IR RR
FOACHIFEA A e S R e 5 3 IEAROC . e DX 740 v B S A ) A A= W SC R U0 5 Tk R =
St Bt SR g o ARSI, 2 T TR o ) S o A 52 PR i B RO MR B XA Sl A s Y AR
TR FE AR AR o P A A W i R 242 3 R AR ] A Bl (e, IR R B> 12 0 Bl > =k Bk B > T ik
BB, (R EAF L TR e N 9 S ) il (2 v T At P B

M 3d 0] LA T B XA W S0 e Bt oA 32 R A= Wy i A0 L AR IR LR AR, RN T B
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