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FEE  RUZSUR A S B0 R, KT A Sh i vs 2 2R IEZ 4L Shannon-Wiener ZREVESE BVE N5 B RIRTEHAEN
HHPT X RBEEASAC IR, H BN T 4878 A F P4 0 T e B X 0k 4 s i v 2 Bt BE RO AL it 3, DA s v #s
SR BRI TE A ROBEHE 2R S b A 252l . 2003—2008 AFAEAE 7 A, 15 N Sty Bl 38 g IR AR M A8 G BORIT B 4 RS [R]4
A R T 1.25.2.5.5 10hm® 55 4 ANES [ RS, B HTBR B R GEHRE s o 64 i 14 0 W EVE B0 2% W R B A ARG AR
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Multi-scales analysis on diversity of desert rodent communities under different

disturbances
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Abstract; The description of any system depends on spatial and temporal scale. Most researchers agree that processes that
occur at different spatial and temporal scales affect ecological communities, and the scale has been one of key problems in
ecological approach. Therefore, anthropogenic disturbances affecting ecological communities have to be considered in
dependency of scaling — and here, empirical support is still scarce. In this study, Shannon-Wiener indices, the main
characteristic parameters of desert rodent communities, were analyzed as basic information to explore their response on
multi-scales under anthropogenic disturbances. The experimental objectives were to reveal change tendency of diversity with
spatial scale, and to provide the bio-foundation of scaling for the research on pattern and process of animal ecology. Our
research area is located on the desert landscape at the south of Alashan Desert in Inner Mongolia. This kind of landscape is
fragmented due to long-term anthropogenic disturbances such as grazing, restructuring of grazing area into farmland, and
building water conservancy. Data were collected in this area between 2003 and 2008. Moreover, July was chosen as focus
month showing characteristic features for Alashan Desert which is caused by the species diversity variance, vegetation

flourishes and the highest level in animal numbers during this time. In this term, four spatial scales with 1. 25hm*,
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2.5hm’, Shm*and 10hm® were selected at four disturbed habitats ( forbidden grazing area, rotational grazing area, over-
grazing area, and farmland ) in our research area. The species number and the ratio between species in the rodent
communities in different habitats were determined using trap-day method at four spatial scales. Shannon-Wiener indices as
original signal were decomposed at four levels by using the method of db wavelet analysis. The results indicated that 1*
species composition and annual average species richness of rodent depended on the spatial scales in each site ( <10 hm®).
Annual average species richness of rodent showed a rising trend with increasing spatial scales. This can be seen as function
of species appearance and abundance in different habitat at same scale. 2" a rise of rodent community diversity in sites
( <10 hm®) of each habitat in desert was mainly affected by spatial scales with exception of the over-grazing areas. Here,
fluctuation of communities among years occurred, but a regular cycle in original signal at four scales was determined.
Therefore, time cue seems to be more affective as spatial ones for this special habitat. However, cycles were different in
four disturbed habitats (rotational grazing areas: 4 years, forbidden grazing areas: 3 years, over grazing areas: 2 years, and
no cycle in farmland). Even though the cycle length itself appears constant within each habitat, the amplitude per scale
differs. 3" the fluctuation amplitude of diversity of rodent communities decreased and anti-jamming ability grew up with an
increase of spatial scales in the four disturbed habitats. The diversity of rodent communities in forbidden grazing areas and
farmland , over-grazing areas, and rotational grazing areas were easily disturbed at the range of 0 —2.5 hm®, 0 —5 hm® and
0 — 10 hm®, respectively. To conclude, wavelet analysis is an efficient method to distilling the tendency of rodent

communities’ diversity and signal of disturbance with spatial scale.

Key Words:; disturbance; diversity; scale; wavelet decomposition

ERERIAEALE 5T, AR R A LT X 2Bk, b S B00BEE 0 5 R e BEE A SR E A
AR ATIE AN AR ] 3% 2 T8 A 1) i el R RUBE A L A i i, PRI, AR A4 25 7 0 A A 4 g g 1z 2L
A MR RIS R X AT ] 28 8 A4 R A T i s RUBE, X — B & e A it o2 3 H RUBE A Ny
AR F ZAREE R AL 53— PR P FE a8 RO A2 REE 1 — & BN, A 2R S R G ERR Je 3i
RS 5 A8 e IR AR 5 B RGeS A AR LA R AL e, PR e — A BidEny R
FERFEAFEERMAS ARG N TR B4 S RG] S0 20K A RS FR/AT T 20 AR5 8
S ] AORUBE 1) R R BE A 8 1 I Z ARAR D ek — b Fe op PR S8 AEEm . BT DA% RT3 5 i
ROEHESE RS R L VIR ZREEAE N AR RIS B — S A Tl , oA O Wb ) B 28 A Ay Ay Az
Yyor ZHREIERR T, EE NSNS W) 2 R 2 AR A TR A A RUBE Y R A ey PR B R PRt IR R 2
PRI 5 HURE RUBE 22 1) Y FE I AR AR AR B0 AR SR SR BG4 2 9% Shannon-Wiener Z2#F 1
TEEE MG D SRARTTHAE N T X 23 [R]RUBE S A (8 i 1, DA TG 483 78 AN [] e 25 4 3 15 IX i o7 20 4
5 B RO SIS S Sh Wi % R —ad R i ROBEHE SR SR AR 252 kAl
1 W

WFFEIX (104°10'—105°30'E,37°24'—38°25 "N ) {o. T PN 5 hy BT 138 7 HE P B0 ) S B S5 0L v, 3t b s s LD
ARG, S oy MY ) i D R Bl R A . AR R K i 75—215mm, REE N 7—9 A, 7K Kk & 3000—
4000mm,, SR A MURER £, ARG B, 4548 B, B 55 B — A 19 —25% , AHB AR AR A
ERAERVER CEHEAR NEARFVNEREAR S 32, @R DIZERL S5RLRBERERME Y N . B E TR e
RV BT . TEMA AR S5 A 2 b DOt B A FH 7 XA ] SR B AR UK AR 0K 3 4
DCRIFF B IX 4 AR [E] T AP A BV BUREREIX

(1) ZEHIX 1HAH 206. 6hm? 1997 4FFF 45 I A5 44, BIABF 55 HF 46 B A4 Sa DL b FHPIREIS LLALiD
( Reaumuria soongorica) M B3 (Salsola passerina) HERE , HoWR R 8 T ( Zygophyllum pterocarpum ) B¢ 9428
( Ceratoides latens) . & 83 38 JL ( Caragana stenophylla) . it # ( Artemisia ordosica ) %5 /N EAR | FLA L H %L
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( Pennisetum flaecidum ) AAEHY, R M RERR T 5L ( Cleistogenes squarosa) , =75 25 VKZE ( Bassia dasyphylla ) Z5HE
Yy MR 29.5% IR L K IY iR 4. 40% —8.22%

(2)RHIX WIAL173. 3hm? 1995 4ETFAfRRHCFIARL AR M, 307320 3 NI 0 50—60 AR, B DX
BRI R 1.5 NS H 3 AN X F R, FPIREY DL £ R, Rk O 2o wb 1 AR 3 5 ( Oxytropis aciphylla) 55
ZAFEAE INBER AR 3% DY ( Peganum nigellastrum) | 55 VKEEEE 1 AR A MY A0 G5 7 24. 5% , 138 R K
+ KA 2. 46%—9.32%

(3) X MR 146. 6hm® | [ HBCBC, L ZRHUB 550—620 H2E (26345 1/3) & 3k & 1ol 92—157
FER R/ hm?® (Gie B JRUIE 2 1 0. 625—1. 07 i /hm? ) AEPIRES LU ( Nitraria sp. ) 95 T4
B AEA A LD AR T R BT 545 2 AR AR A ) MG (Suaeda glauca) 5041 ( Plantago lessingii) 55
VAR A AT 8. 5% T HEONIKIE L K54 4.66% —12.46%

(M) FFRIX 1A 180hm*, 1994 4EFF B R 32 Z DL T A M AR ( Haloxylon ammodendron) V53574
( Calligonum mongolicum) %5 - WE AR /NE AR TN 2 45 4= W HL AL ¥E ( Hedysarum scoparium ) 45 46 H 15 ( Medicago
sativa) %8 F  FEAEA /NE ( Nanophyton erinaceum) (%5 VKFEAF 1 AFAE B FHPE TG 65% , TR KB+, K
S 2.77%—10.58% ",

2 ABRSHAZE
2.1 BkHIE

2003—2008 R4 7 H AEASHUX SR HUX 1 B X R B IX 4 FPOR[E] T 90 25 PR AR B v e 5 4 SR 2k i
PEATIURE , Rl TR0 1 AR 2k . BEARERIE 4 AEDT (AL |, 1B 300m , FET7 T 10hm® , Aii Bk 4K 500 1,
BRIF Sm 1710 50m, BEE 5 1T, 7725 24h, FUBCABRTIARE h BB BT BEALAE KT, 0 SRR A AR 2
SFVEFEIRDL , AR AT A R, I B 590
2.2 HAREIr

WA AR el R R MR R34 1,25 2.5 Sh® Al 10hm® &5 4 AN X4 — 25 (8] ] [ A
BA 4 AESE G R TP A 5 v A A 23 18] RUZE TR W6 147 288 19 0 Rh B0 S 4% BURP A A 4R %580, 93158 Shannon-
Wiener ¥8%58, Urib L 2845 A .

(1) Wi S
(2)fligkH Pe=-"x100%
(3) Shannon-Wiener 5 %% H=- 2 (P,) (InP,)

S, n AR R N A RER b DAl BB R PO § R A AT E B A BT o LR
2.3 /NEIHR

ANBE AT E R PR 2 A f o A A TR el TR I P AR S Rl P SO B AR 222
BEGCHREA , Daubechies /INBUR MBAKCE R AL by | R B R A9 B ROE 38 /M i, — 75 9 dbN, N
JE/ NI B RN BYBUELN 1—10 Z IR BEH) |, db 2 /N4 T RIET SR, /N o FRUBE R @ H R SCHE X
2N-1, ¢ BHHREEN N, BR N=1(Haar /NI A6, dbN A BATXFRIE (BIAELRMARLL) , HARE db R0/ PR %L
EBCA TR EE | R, | A3 R BRI AYF-J7 A Uk

N-1

P(y) — Z C;’:"—l-ﬁ-kyk

k=0

o, Hor € R i 2 %0

Imy(w) 1> = (Cosz %jp(sinz %)

2N-1

A, mo(@) :%z he
k=0
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AR db6 ¥R 15 5 34T 4 K —4E B EBUNE o ft . 43 3 FEZE MATLAB R2008a 11535 8 I

ifmo
3 BRE5SM

3.1 OR[RIES[A] RUBE T WG U S A A v 4
AT T 2003—2008 AFAEAFE 7 H RHHAREE 4 ST P A i 47000 B H AR BURR 4 B9 & 11
FdLit4503 H (K1), 50500 . Bk B ( Dipodidae ) 4%, A 45 . = Bk ¥k B ( Dipussagitta ) , Tk B (Allactaga

R 1 RETFHZ )R E TR 3049 B 7% 8 A% EL ) (i LU fai)

Table 1 The component proportion of rodent communities under differentdisturbance and spatial scales( Ratios of captured rodent)

He Yk BURE R Scales of sites/hm?
Habitat Species 1.25 2.5 3 10
AEMIX =REBE . Dipus sagitta 0.0000 0.0083 0.0093 0.0153
Forbidden grazing TBEBEER Allactaga sibirica 0.2131 0.1730 0. 1496 0. 1683
areas FU B Meriones meridianus 0. 4482 0. 4976 0.5184 0. 4953
KINVE B Meriones unguiculatus 0. 0541 0. 0607 0.0712 0. 0637
/NEBJE B Phodopus roborovskii 0.0104 0.0118 0. 0296 0. 0304
LB Cricetulus barabensis 0.2654 0. 2401 0.2140 0.2196
JEHA R Cricetulus eversmanni 0. 0087 0. 0047 0. 0053 0. 0045
NG R Mus musculus 0. 0000 0. 0038 0. 0026 0.0016
Fu[F736 3 Bl Spermophilus alaschanicus 0. 0000 0. 0000 0. 0000 0.0014
by 1.0000 1.0000 1.0000 1..0000
X ZHEBEER Dipus sagitta 0.1636 0.1521 0. 1429 0.1473
Rotational grazing FUlEBE R Allactaga sibirica 0. 0309 0.0413 0.1214 0.1012
areas i PR Syylodipus andrewsi 0. 0000 0. 0000 0. 0046 0. 0028
TV Bl Meriones meridianus 0. 1539 0. 1686 0. 1799 0. 1791
FKINVP B Meriones unguiculatus 0. 0249 0.0211 0. 0229 0. 0257
/NEB R Phodopus roborovskii 0.5922 0. 5653 0. 4823 0. 5037
WA Cricetulus barabensis 0. 0000 0. 0040 0. 0048 0. 0074
B HAF Cricetulus eversmanni 0. 0000 0. 0035 0. 0021 0.0012
INF B Mus musculus 0. 0000 0.0013 0. 0009 0. 0004
B[ 7 35 25 Bl Spermophilus alaschanicus 0.0345 0.0428 0.0383 0.0310
)y 1.0000 1.0000 1.0000 1.0000
X ZREBEE Dipus sagitta 0.2646 0.2541 0.3157 0.3003
Over-grazing areas TBEBEER Allactaga sibirica 0. 0422 0. 0285 0.0216 0.0234
RO SEE R Salpingotus kozlovi 0.0101 0. 0076 0. 0060 0. 0267
FFU B Meriones meridianus 0. 1827 0. 1796 0. 1805 0. 2094
KR R Meriones unguiculatus 0. 0000 0. 0000 0. 0017 0. 0016
/NEJE R Phodopus roborovskii 0.4910 0.5070 0. 4547 0. 4021
ML Bl Cricetulus barabensis 0. 0000 0. 0000 0. 0000 0. 0084
SHA R Cricetulus eversmanni 0. 0000 0. 0000 0.0014 0. 0032
FAT 37 35 85 ). Spermophilus alaschanicus 0.0094 0.0232 0.0183 0. 0249
)y 1.0000 1.0000 1.0000 1.0000
H R IX Farmland ZEEEE Dipus sagitta 0.0405 0.0346 0.0259 0.0294
FHHEBKER Allactaga sibirica 0. 1976 0. 1976 0.2020 0.2196
T Vb B Meriones meridianus 0.5028 0.5034 0.5341 0. 5088
KIRYP B Meriones unguiculatus 0. 0490 0. 0674 0.0748 0.0769
JNE R Phodopus roborovskii 0. 1496 0.1324 0.0938 0.0878
LA B Cricetulus barabensis 0.0512 0. 0606 0. 0619 0.0619
B HAF Cricetulus eversmanni 0. 0046 0.0018 0.0010 0.0019
B[ 7 3% 25 Bl Spermophilus alaschanicus 0.0046 0.0022 0.0065 0.0138
)y 1.0000 1.0000 1.0000 1.0000
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sibirica) , 5 i PR (Stylodipus andrewsi) , = kU Bk B ( Salpingotus kozlovi) ;6 BBk ( Cricetidae) 5 1, £
$5 .U B ( Meriones meridianus) , ¥\ B ( Meriones unguiculatus) ,/NE J& 5 ( Phodopus roborovskii ) , 2484
S Cricetulus barabensis) , 8 F-A B Cricetulus eversmanni) ;¥ BRE( Sciuridae) 1 Fhhy . a7 3 ¥5 fR ( Spermophilus
alaschanicus) 3 BB Muridae) 1 #8 . /NFE R ( Mus musculus) o 6 4F Bk A LI IR X 5% £ (10 Fh) | 2E
XSGR 9 Fl, T R IXH A (8 B o B/ RS2t PR Bk BRI =Bk Ptk B LAAT , e BRI AE 4 e
Birh B AR (EREE AR B (R 1) o 4 Fi ARSI UL BRURR 15 26 BURE B, e 2RO DRI T B
XALE A T 00 B, B0 BRAEZE ORI B X b bl RO AR fR i AR [, Y978 Shm® B B K, 4300 R
0.5184 F10.5341 (HIF B IX V0 B A i LB 7E 4 RUBE B35 OR T ARBOIX. 5 30 DRI 4 DX 34 B 12 24 /)
R AR e BB 5 ) BAE 1. 25hm® A1 2.5 hm® 43512 0. 5922 F10. 5070, /INK BALAERSHCIX AN
RO A AR I EAE =2 Shi® (9 RUBE |- HLAAJCIE L A1) il 22 ] RUBE (9 35 i i 2 R Rk i 58 R Bk R
IAEFE X =5hm® G AR . =k Co ik SR UTE S X, HAE#S R I gk

2 THR X N Ik 147 Sl A 2 P A B3 B s ) RUBE B i34 2 PR b ka4 (B 1) o AR A 1. 25hm® N
BHEIT A - a0 DX S A XS B 0K S TTF B X 78 =2, Shin® 15 BBl B9 T o 0K > 8 401X > T B X > A8 MUK
TERR AR NE b, TN ES YR L TARZ T, MAES RE b BUIX 2 B DLE A B & Y
B, 33 Tt B TGS RO DY i P R ATR , 0 o b AR AR, DA e 08 3 I ol A 58 R v ot A5 B e 4 22 11
gEERI

#5142 ) RO 3E hnin SR 2 T B3 (181 2) o 78 1.25hm® Fl 2. Shm® RUEE L4
S HEF R R S X S X > FF B X 78 Shm® AT 10hm” Bl 28 R HE R 35 8 L 3 O IX > il i X > TP B
DXSERMUX 7R3 (] RUEE = Shn® B, HCBCT 0 IX A HOR R T AR 2 TR X DA 1345 5L m] 1 145 20 49y 1 e
AR Bt 52 3] 25 6] RUBE B 24, W0 b 5B ROBEJ i 52 = T 3, A 0 et B RO s 22 s b #a e, +
PSR A A S e AR By | H AP AR B0 25 (8] RUBE A2 A6 (8 e 2 AN [R] 1Y), E 2RI . [/ — RET A [E T4 IX
AN Y R BRI AR R 508

— K —e— X
—— B e FFRK

o

(=3

S
1

500 - A
—— BHIX
450 - —=— X
- JFRIX

fligka
The captured rate/%
~
(=]
S
T

AEB R EFh
Number of annual average species
W
wn
(e}
T

6.00
3.00 -
250 F 5.00 [~
4.00 L 1 I |
200 1 2|5 2 I50 5 60 10 Ioo 1.25 2.50 5.00 10.00
- RE écalesmmz - - JRJE Scales/hm?
E1 AEFHE ARSI SRS E R ENTL E2 AEFHRAMESHDHREETERENETL
Fig. 1  The variation of number of rodent species with the Fig.2 The variation of the captured rate with the increase of
increase of spatial scales in different disturbed areas spatial scales in different disturbed areas

3.2 JRIRTE T R K Nk o i

2003—2008 4EFE MG 15 S Y BETE 4423 18] KEE P Shannon-Wiener ZFEVEFSH TE 2, T 25N
JETE 6a WHA 24 AT (SR 4 DREE(1.25 2.5 Shm? Fl 10hm®) 645 96 AMFETT . 7E28 [ RUEERREE I
FEAR M AT 4 5, BT 1—96 Fon, AR ML 5 1 6a R AEAE 7 A ANE T IXFE 4 A28 [ RUE T 1
Shannon-Wiener Z2FEPEHE B0 IME IS AR bR IR LG (555 (B 3) o Hi 1—24 SAEHLERIR 1. 25hm® 25—
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48 SR FIR 2. 5hm” ,49—72 Sk FR Shm® ,73—96 7 10hm”, 1 FIF B X 2006 4E A1 2008 4F 7 H 43
SRARR 2 AR 3 AT I B XRE 7 45 o 1—84, i 1—21 S HE 7 3R0R 1. 25hm? ,22—42 SHE7 3R
75 2.5hm” ,43—63 SHE)T R 5hm?® ,64—84 78 10hm?,

Fz2 2003—2008 £ &= B R E K Shannon-Wiener 541
Table 2 The Shannon-Wiener indices at spatial scales from 2003 to 2008

285 Habitat A H HURERBE Scales of sites/hm?
Year-month 1.25 2.5 5 10
ARHIX 2003-07 1.1695 1.1314 1.3710 1.3163
Forbidden grazing 2004-07 0.8108 0.8683 0.9866 1.0186
areas 2005-07 0.9838 0.9342 0.9039 0.8709
2006-07 0.6932 0.9958 1.1095 1. 1666
2007-07 0.9408 0.8383 0.7840 0.9054
2008-07 1.3977 1.3663 1.2944 1.3614
L 2003-07 0.9277 0.9623 0. 8402 0.8804
Rotational 2004-07 1.0700 1.1171 1.0701 1.2191
grazing areas 2005-07 1.1896 0.9796 1.1784 1.1828
2006-07 0.4872 0.8337 1.2267 1.1836
2007-07 0.8170 0.9768 1.1079 1.0659
2008-07 1. 1960 1.3449 1.3632 1.3142
FTHIX 2003-07 1.2320 1.2519 1.2574 1.3589
Over-grazing areas 2004-07 1.3439 1.3994 1.3403 1.4949
2005-07 1.2933 1.1167 1. 1440 1.3701
2006-07 0.9077 0.9018 0.8646 1.3497
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