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Influence of restoring cropland to grassland on dung beetle assemblages in

Wuchuan County, Inner Mongolia, China
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Abstract; Excessive farming has intensified wind erosion desertification; this has become a very important factor having
serious impact on local economic development and ecological conditions in northern China. This also poses a serious threat
to the ecological status of the inland areas of China. In the view of their low tolerance for environmental change, complex
community composition, and sensitivity to artificial disturbance, dung beetles can be used to reflect or monitor
environmental changes. For anthropogenic or natural environmental changes, plant and mammal community composition are
factors that are easily changeable. The abundance and species composition of dung beetle communities in an area can
quickly reflect changes to the environment. For the farming-pastoral ecotone, restoring cropland to grassland is an effective
way to prevent wind erosion desertification and to recover grassland functions to check wind and prevent sand drifting. From

May to September 2006, different methods of restoring grassland from cropland were used in sample plots, such as planting
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Medicago sativa, planting M. sativa + Artemisia sp. , planting Helianthus tuberosus , planting H. tuberosus + Artemisia sp. ,
abandoning cropland, and using existing cropland as a control ; the effects of these grassland restoration treatments on dung
beetle assemblages were analyzed. The results of such studies potentially could provide the basis for evaluating the
ecological effects of such grassland restoration, assist in the perfecting of grassland restoration techniques, and provide
information related to the conservation of dung beetle biodiversity in the study region. The pitfall trap method was used for
collecting dung beetles. Plastic buckets (25 cm in diameter at the top and 1000 mL in volume) were used for traps and
buried in the soil with the top of the trap at ground level. The traps contained 250 mL water, an adequate amount of liquid
detergent and insecticide. A nylon bag with 250 g of fresh horse dung was suspended over the top of the trap by iron wire.
We set up five traps, spaced 2 m apart in the geographic center of each plot. In each sampling period the traps were set up
between 8:00—9:00 a. m. After 5 hours, trapped dung beetles were collected. We randomly captured a total of 21,671
dung beetles, belonging to three families, five genera and 25 species. The dominant species were Aphodius rectus and
Aphodius sp.7, which made up 59.34% and 11.71% of the total collected beetles, respectively. All tested grassland
restoration measures increased species richness, biomass and the abundance of the dung beetle assemblage, in a seasonally
dependent way. We observed a positive correlation between the length of rehabilitation period, average grass height and
plant community cover of plots with the species richness, biomass, and abundance of dung beetle assemblages, as well as
with the abundance of the main species and functional groups of the dung beetle assemblage (P < 0.01 or P < 0.05).
Because of long-term agricultural cultivation, a lack of large herbivores and the recent use of larger paddocks than in the
past, the species richness and abundance of functional group 1 (i.e. larger paracoprids and telocoprids) were lower than
in functional groups Il and II. The functional group II (relative smaller paracoprids) and I ( endocoprids) were the
main components of the dung beetle assemblage in the study region. In summary, our results indicate the several methods of
restoring cropland to grassland tested could promote the spatial heterogeneity of the farming landscape. Restoration of
cropland to grassland, reasonable use of paddocks or using appropriate stocking levels when grazing livestock could be
beneficial to enhancing and maintaining the species richness and abundance of functional group I, as well as the

biodiversity and overall ecological function of the dung beetle assemblage.

Key Words: dung beetles; community features; functional groups; restoring cropland to grassland; farming-pastoral

ecotone
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3, A A SRS A b TR B MR S e 5 A RN AR AT 22 810G FR 1 A AT A T T
XA R B MR R Zh W AETE R A5 ARG e 2 7 AR SCRA P 5ty ) 1 ELI5E P A AR 0 3 2t A F 5
FEs, PR TR FR A R IBUR R4 307 268 fa T RER R R S22 40, DU O IR Bk B AT B 552 B (A L il
ORH B I
1 #R5FZE
1.1 XA

TF 5 AN T 1 22 5 A 2 JEBE I, 55 SR 4K 1000— 1500 m, Ja HP i KBk 2 US4 X, gl 2 B 1
FERTLLET B , b LATE Ry 3122 0 U1 s Aol Bk ik o it i A6 A A T BB Ry, I aok R i
R R R I X M- 3H M TR ZH ) T R A S L e BT VDR BT 2, SR R R R A
SRIFWL, I VU R 0 e T A 75 SELRAH 25 G o 40 5 D[] S Pl 8 1) i [ 6

BN B T 22 F A v i ma v, B L AGRE 355 N O DAL oy 35 0 =TT ER L, rhB A de 38 A SOt L e
B 28 AEEE MG B HR 2 1700 m, ARG 22 100 m LR, HERE 5oL R, MUZ4h0, BATA K,
=10 CAHBMI 2516.2 C, TR 105 d, HEFERE, BEENLURBHE 30 b £, RAIEY 2 /NE
(Triticum aestivum L. ) 3 (Avena sativa L. ) FIE4 % (Solanum tuberosum L. ) , JoRHF HUHCE & FK T R
WO, ANEEAR SF LA (R 22 <100 3k) 72 TCHRVE 0938 3 A0 8 578 b vh e, A il A 7 ) 35 DL AR B i /0 6
e,
1.2 FEHBEE

FEN ST RN B AR IS MY 5 22 AR 2 BE N, BE 44K H ( Cropland ; CL) | iR B FlAE 55 /6 & ( Planting
Medicago sativa ; PM) \ﬁﬂﬁfﬁﬁfﬁﬁﬁ%+%ﬁ*ﬁ%( Planting Medicago sativa + Artemisia sp. ; PMA) R HRFRhAE
%7 (Planting Helianthus tuberosus ; PH) R BFFHE%E -+ 15 JEFHY) ( Planting Helianthus tuberosus+Artemisia sp. ;
PHA) F1#5 3¢ # ( Abandoning cropland ; AC)6 FP2EAUREM . FEFPAE LTI AL T 100 mx200 m, 6 FkE L6175 3
T - b 45 75X REBEE GRABRA SRR ST BRFEAR H A A0 A R AL HAth A5 2y S TR e, 45 R Hh + 358
PS4, TR S S BT 2 GBI RR AN ERET 4 25 53, AR MDA e SR 00 B AU Y RV RS T
A THEZEMN(ELD .,

R1 EFHESHEM
Table 1 Background data of sampling plots

b PR RHANT RGN LHAR  LAGR  LAGIR LI LA Tﬁﬁ"; HetRE
Plots Rehabilitating Organic matter ~ Total N/ Total P/ Total K/ Available N/ Available P/ Available K/ grass height Plant community
years/a  /(mg/kg)  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) Jem cover/ %
CL - 1187.0b 515.0c 9.1a 140.2a 19.8¢ 2.9a 33.3a 43 57
PM 6 2145. 1a 100. 0a 7.9a 118.9a 27.3b 2.6a 51.8a 54 83
PMA 6 814.2b 86. 5ab 7.0ab 157.7a 27.1b 1.5a 50.0a 62 87
PH 6 1297.3ab 85.6ah 7.8a 134.7a 22.6¢ 2.4a 47.9a 27 62
PHA 3 1519. 6ab 73.4bc 4.8b 145.3a 35.5a 1.6a 57.4a 34 71
AC 10 903.9b 67. 1be 8.0a 149. 6a 23.8¢ 2.9a 34.7a 12 23

CL.fcH Cropland; PM. BB R S BT Planting Medicago sativa; PMA ; WML ELSEHY Planting Medicago sativa + Artemisia sp. ; PH. Bt %
e Planting Helianthus tuberosus , PHA BB R 2453+ IR A Planting Helianthus tuberosus+Artemisia sp. ; AC ¥E5iH Abandoning cropland; [R5 B A [) Fe 7 i i
[B] 225 8% (Duncan [R5, P<0.05)

1.3 REEEE

2006 45 .6.7 .8 f19 A A A A, LUBHTRER S B TR, B A IRFIZ) 1000 mL A9 8RR A% 1
HARZ) 25 em FHAaR A P AR OS5 w55 AR P28 ALY 250 mL K IAGE VRS R AR R, idE
LB () Bt 20, R 2 250 g, 28 08 4 R/NE e WA K e e A4S B A 1, BRI AE B AR o0
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MBI E S B, SR Z A RIFR L 2 m, AHPE S AE 0 SRAE 55 2 I AR B R 100 m, BERUCRAERT,
AR A B TE 8:00—9:00 am 5¢8,,5 h SR AT A8 0T A 28 & o FAnAS  FRA W) f 6 51, 75 % WA
TRAT, SCI0 2 PIARE A SESCIR > 174338 852, IJEAS Al (Morphospecies ) 7 GBI E R B2 &0 F
1.4 HdEabrg

Bt A5 b A AR 1 28 4 fa AV EICRAS RS, W A= Wit (LA E 3T ) |, e A5 25000 A0 I 285 6 R vl 4 e
e, AREL G BEE BAMAS10% DL ERYZE ST R AREFN 1% —10% S WA ART 19% AFE 0, FSUA
BT 225001 ( two-way ANOVA) K YO AS ] SRAE R [R] AN [R) R 22 18] A B 5 38 28 HAE R X 26 4t FREVE AR H
A W RRR R LA K 264t TR AR 0 . ] Duncan FCAGERAGEG L EAEARTEREML 2 [0 A0 (8 2 22 5% R
Shannon-Wiener ZFEPEFEEL(H') | Pielou ¥J5) BE46 40 (E) 1 Odum $§E%‘§&<Do) I EA R 2R At T
FEE Z R T8k, TSR RE L RS R RAE I () 36 4 0 7BV Z IR AY Sorensen $5 4K, I LA MAKCH
JE M XA T REE T DCA HEP 08T, M 3E 4 fa T IR PR et & 28 8o h i 6 S Rp e X 4 26 4
T IIRERE o SR Pearson AHIC/MTR 0SS £t FREVE A ARER LB W B PR EIOM T RETE L S 3% 4 0 7R A
IRES A AR BRI S 30 PR R R AR AL Z R AR C R

Bs 093 AT E Excel 2003 SPSS 11.5 il Canoco 4.5 F5E T,

2 HRER
2.1 AR R A28 4 0 TR S5 10 5 )

VBT 150 4 Wik e 21671 L, FE T3R5 8 25 Mp(3R2), Hi LHFh Hirah
(Aphodius rectus) F1EF 4 )& (Aphodius sp. 7) , i S K & 1% LU B 43 591 R 59. 34% 1 11. 71% 5 i hi kv & fa
(Aphodius praeustus ) . /)N 5¢ 5 W WK ( Onthophagus gibbulus) | 17 3% % 45 6, ( Aphodius erraticus ) F1 2 2 W5 ¢ 1
( Onthophagus marginalis nigrimargo ) 2% YLAN , 5 G 4R 5 09 L 51 535304 8. 61% .8.43% \5.08% Fl 1. 17% ;
HA 19 PR A1t b BAf R A LI 5.66%

PAA B R %of B S AR BHA B T 28 S f - RF IR AR SR a4 TR (R 2) . RHITPCH HER AR
(BB LU 57.59% ) I FIIF 4, (16. 54% ) FISFE 4 66)® Aphodius sp. 7(14.27% ) ;iB#H5 A &
FEETE (PM) FEAE A+ B AR Y (PMA ) HEHb 35 ok B0F 420 (PM,63. 31% ; PMA ,62. 40% ) FlIEF- 4 )@
sp. 7(PM,14.80% ;PMA ,14.78% ) ;iR BIG FiE 2525 (PH) A H o0 BL0F 4 6(69. 43% ) A FrdF 4/ (11.
28% ) ;IR R 4G 4+ IR AR Y (PHA) FEETEHL (AC) B X0 3, 300 o H 04 (46. 11% ) 1
B4 (34. 88% ) FI/INGE G WEME (11. 35% ) LA S B 0% 42 8 (46. 17% ) /NJE WG WEME (22. 84% ) AN 4 fa )@
Aphodius sp.7(10.27% ) ,,

GIFARAE R TAMA R  A HR B RBOR R #0720, 258 fa T 09 A% Ay o i 3748
(£ 2;P>0.05) , SURHFEFIE S+ R ALY (PHA ) FE M b 3846 fa 7 VR BB IR 2 B2 41K ( Duncan
[CK Y 5 P<0.05) .

XU Z 7 225301 ( Two-way ANOVA ) R SRAEIT ] R ALy X DL S35 28 BAE FH A28 4 a1 FE Vs A~
B AR PR A 3 TR AR A B B 50 (P<0. 01) , HAS SREEIE] 3 TS bRt FH 1B #F 55 6w o7 B
WA (1), 2EaTHVE MRS DAL R BRI 4 + 8 B A4 (PHA) (5 1) LLSGRBE R 2546 B 15
(PM) FR AR SAL B 7 + & @AY (PMA) (9 H) hHCR H 5525 (Duncan [REH); P<0.05) , A ¥
WIAE 5 P HFE w048 FRE H th 30 A A B 35 42 5 ( Duncan FRKGER ; P<0.05) o AN [A)RE M H B ] R[], 4
HEEFE(AC) A 5 8 F19 A BHFHIZYE(PH) N 7 M8 H B 45+ 5 R ALY (PHA) A 7 A EHEFl
FEEAEE TS (PM) 2 8 F19 H IR HFFIE 5546 B 18 + 55 JEAEY) (PMA) 2 9 o FHEOGRBFFIAE 546 E & (PM)
(5 F16 ) FIRHIAFE(AC) (5 H) ik iR F 4w .

2.2 BRPHA RN G TR AP E R A 52 e
LA Shannon-Wiener ZFEPEFEEL(H') (Pielou $12] FEFEEL(E) Ml Odum £ & FFEE(D, ) 1HE T AR #kHL
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FAEHTT AN S TR Z MR (R 3) . R (AC) EH 0TV 3 Mg 8oy T4 H;
Pielou ¥ Jr*ﬁﬁ‘XEL*ﬁFﬁ$ﬁ%$+gﬁfﬁ%(PHA) BHR AR & Odum 385 FE 8 800 PN B
BEFIE 46 (PH) AR BEFIAE 5546 E A (PM) 2 FhAE BT AU R

®2 AFHRIIEFRFRHMEESANE A FREHELEMNZM
Table 2 The influences of different management methods of restoring cropland to grassland on dung beetle assemblages in Wuchuan county,

Inner Mongolia

Zzes CL PM PMA PH PHA AC ij
FEWESR A0 Geotrupes stercorarius 0.00 0.02 0.00 0.03 0.00 0.00 0.01
FRARIESIERE Onthophagus sinicus 0.49 0.91 1.47 0.51 0.54 1.07 0.89
INBEWSIERS Onthophagus gibbulus 3.55 5.59 8.25 3.88 11.35 22.84 8.43
LR WERE Onthophagus bivertex 0.46 0.75 0.59 0.30 2.84 0.39 0.71
SEANBIERS Gymnopleurus mopsus 0.00 0.07 0.11 0.00 0.00 0.10 0.06
S XEWERE Onthophagus olsoufieffi 0.19 0.04 1.90 0.54 0.18 2.23 0.84
HLLWSIEMS Onthophagus marginalis nigrimargo 0.66 0.91 0.84 0.6 1.81 3.00 1.17
AUF 4 OB Rhyssemus sp. 0.05 0.00 0.00 0.00 0.00 0.00 0.01
B4t Aphodius rectus 57.59 63.31 62.4 69.43 46.11 46.17 59.34
1735 W 410 Aphodius erraticus 3.30 2.38 1.00 3.07 34.88 4.01 5.08
MBENF 4> 8 Aphodius haemorrhoidalis 0.00 0.00 0.00 0.03 0.18 0.00 0.02
15 (%4 0 Aphodius sordidus 0.08 0.13 0.11 0.12 0.06 0.06 0.1

VBT 4 68 Aphodius sordescens 1.15 1.13 0.11 1.64 0.00 0.23 0.79
B IF 410 Aphodius scofa 0.03 0.00 0.00 0.03 0.00 0.03 0.01
FLGIF 410 Aphodius flavimargo 0.00 0.56 0.05 0.03 0.00 2.75 0.55
HHIIFE 40 Aphodius praeustus 16.54 6.79 7.53 11.28 0.48 5.46 8.61
FF 5 0E 40 Aphodius comma 0.57 1.75 0.50 0.42 0.00 1.10 0.86
A /R W% 42 10, Aphodius burgaltaicus 0.00 0.20 0.07 0.09 0.06 0.06 0.09
I 416 J8 Aphodius sp. 1 0.00 0.00 0.00 0.00 0.24 0.00 0.02
2 8108 Aphodius sp. 2 0.00 0.02 0.00 0.00 0.00 0.00 0.00
¥R 410 )8 Aphodius sp. 3 0.00 0.00 0.00 0.00 0.00 0.06 0.01
B2 8108 Aphodius sp. 4 0.03 0.02 0.00 0.09 0.24 0.00 0.04
¥R 410 )8 Aphodius sp. 5 0.00 0.51 0.00 0.00 0.00 0.13 0.15
% 4168 Aphodius sp. 6 1.04 0.13 0.27 1.49 0.00 0.03 0.50
¥R 41008 Aphodius sp.7 14.27 14.8 14.78 6.42 1.03 10.27 11.71
AMAEL Number of individuals 146.6a  219.8a  176.4a  134.0a 66.3a 123.8a 21671
)t Biomass/mg 2321a 4380a 4001a 2223a 2171a 4593a -

FP%L Species number 4.2 ab 5.4a 4.4ab 3.6 ab 3.3b 4.5 ab 25.0

Fh e TR M ARBIEEEE (%) (n=30) ; 40T HVE AR A B A EHE D EAM A F M (n=30) ; FfFFRERRFIR
TR b H] 2% 5 8.3 ( Duncan [CH58 , P<0.05)

#3 HNFEHRIEARARBRHEIEEEFAINES G FEEEUHSHEENRME
Table 3 Effects of different management methods of restoring cropland to grassland on the biodiversity of dung beetle assemblages in Wuchuan

county, Inner Mongolia

ZHREPEFEEL Biodiversity index CL PM PMA PH PHA AC

Shannon-Wiener #5%¢ Shannon-Wiener index  1.3629 1.3467 1.3055 1.1951 1.3069 1.6724
5 BEFEEL Pielou index 0.4910 0.4500 0.4729 0.4082 0.4962 0.5680
F B A Odum index 1.9488 2.3229 1.9070 2.3399 1.8893 2.3632

AR HR AR B0 €45 10,1 REVR 2 REMEZR Y 328 RS2 M LT B S MR (1 2) AN [RDR ik B B 7 50 2%
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Fig.1 Effects of restoring cropland to grassland on the number of individuals, biomass and species number of dung beetle assemblage in

Wuchuan county, Inner Mongolia
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Fig. 2 Seasonal change of biodiversity of dung beetle assemblages under the conditions of different management methods of restoring

cropland to grassland in Wuchuan county, Inner Mongolia
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DAL B AT A LR BB B E o
SRR AR TR T B & TREE SR P e
R AR 5 FUAAS BT 2RE SR A — e AR ]
DU 136 4 10 T REVE AU A i AR (DL S04y
HE) L ABET 1 3 Pl 0 RERE RS BOREAS AT (G | B AT
FR I SC 2 R AR TS T A 1 1 5 R 1
WA FEOE R, B SRS H X K -
VAR E B 2 ) 7 5 ) A — B, T Bl 5 3 B
1 R TRV RE S At h R B AR A 6

3 2at 6 A FEHE S R DAY 30 34
TREE I DCA HEREGES . T LU H 30 AMEE SEA
Jg'5 AR, B FRURE M 4 7] SR R i 6] 1 3% 4 f TR
I AR RO St e TRREAURE R
Zl‘Eﬂﬂ;j’ﬂﬁﬁj(,S H *ﬂ 6 ﬁ ’ %ﬁﬂﬁzrﬁjzﬁéé&%‘%ﬁ% Fig. 3 DCA for dung beetle assemblages in different sampling
FROARBLPAE 2 2 0 53] 3 B R AR ( Sorensen $8 4/ T seasons and different management methods of restoring cropland
0. 0000— 0. 5714 Z[a]) FI4E 5 (0. 3529— 0.7272) ;5  to grassland in Wuchuan county, Inner Mongolia
ARG FRBER 452 + 35 R ALY (PHA) BE 938 O:CLiTI:PMG A :PMAGX: PH; O (PHA +:AC
Gt T IR 15 () 25 L PO A (DR P AT Bk 2
(D7 .8 19 H ) 4 FE 2 17136 4 f0 T REVE BOMUDIPERRE MIBEAIIE . IR HHFIAEASE (PH) BEHLZE S F SRRE S
KA 4 0 ThRAS, ZEHET I o I R
2.3 HEBHEEE SR ARER AL

IR 4t T IO VTR (AT RIERE &5 2B h 075 SHERAE BRI (X 1 2 4 60 TR 40 4 AN ThBERE, %
SEERNE 4,

-0.5

-0.5 3.0

B3 FAEXENE. AEEHEIEEEAXTESATHEN

R4 ESBTIIRENS

Table 4 Classification of functional groups of dung beetles

J. » (P LR .
DR R g ORI it
. X Behavioral o .
Functional group ~ Body length Body weight Species Species number
characters

I 18. 0—28. 0 5300 ﬂjﬂf ([ﬁ] T B Zi’:fi’ffﬁ/i\@ Geotrupes stercorarius ,
TR TR RNERDERS Gymnopleurus mopsus
RIS IERE Onthophagus sinicus , /NJE 5 g 8
AR (?nthapflagus gibbulus , XTI EIQHIEB Onthoph\agus bivertex ,
I 9.0—18.0 30—300 e ST ERE Onthophagus olsoufieffi , B2k 15 WA 6
- Onthophagus marginalis nigrimargo , i3 W% 4 6.
Aphodius erraticus

HIF 410 Aphodius rectus , LKEYF 4> F Aphodius

haemorrhoidalis , 15 (W% 4: H1 Aphodius sordidus , JEI74:

Aphodius sordescens , Y& 2R W% 4 0, Aphodius flavimargo , W45

)& Aphodius sp. 1,574 f0J&E Aphodius sp. 2 , W74 f0)8 12
Aphodius sp. 3 ,WF 4R Aphodius sp. 4 474 f0)R

Aphodius sp. 5 , ¥4 )& Aphodius sp. 6 , 354 )8

Aphodius sp.7

BIF 410 Aphodius scofa , BT PLIF 4 . Aphodius praeustus

55 0% 4 6 Aphodius comma, i /R ¥% 4> . Aphodius 5
burgaltaicus , 45174 F)E Rhyssemus sp.

1 5.0—9.0 10—30

#
H
=

#
&
=

v <5.0 <10

PR DAL E I (65°C)
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5 AN FHB AR FOAE B 2 T DI RERE AR B R . SRR T TS IX A X fe T
Ve ADIRERE IU T2 35, DRERE T A9 MMABOA AR EAI 25 DU REREAE A 20 AT W W i 2 4k, AN R IR Bk ade e
A O 4% D RERE A AR R R A 3 R R ECE RN
x5 HARHGRIEXBERHMHTENEE A FREREFNZN

Table 5 Effects of different management methods of restoring cropland to grassland on the functional groups of dung beetles in Wuchuan

county, Inner Mongolia

4E-H Tifieit AREL Number of individuals
Year-Mouth Functional group CL PM PMA PH PHA AC
2006-05 I 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
I 0.8b 8.8ab 1.4b 0.0b 0.6b 30.0a
I 0.0b 1.8a 0.0b 0.0b 0.0b 1.0ab
v 0.2ab 3.4ab 0.4b 0.0b 0.0b 4.8a
2006- 06 1 0.0b 1.0a 0.0b 0.2b 0.0b 0.0b
I 1.8a 6.6a 6.4a 1.4a 2.2a 11.8a
I 8.8a 18.4a 1.0a 12.4a 1.4a 19.2a
v 4.2b 18.0a 4.0b 3.4b 0.0b 3.0b
2006-07 I 0.0b 0.0b 0.0b 0.0b 0.0b 0.6a
| 48.0b 10. 6¢ 24.0bc 28.2bc 155.4a 46.2b
I 0.0a 0.0a 0.0a 0.4a 29.6a 0.0a
v 0.0b 0.0b 0.0b 0.0b 0.8a 0.0b
2006-08 1 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
I 3.6¢ 9.0ab 10. 2ab 12.4a 6.2bc 10. 0ab
It 0.2a 0.0a 0.4a 0.0a 0.4a 0.0a
v 8.6ab 9.2a 5.0ab 5.8ab 1.0b 7.8ab
2006-09 1 0.0b 0.0b 1.0a 0.0b 0.0b 0.0b
| 9.2¢ 81.2b 82.0b 17. 6¢ 6.6¢c 109. 6a
I 534.4bc 865.4a 684.2ab 518.2be 127.2d 349.4cd
v 113.0a 65.4ab 62.0ab 70.0ab 0.0c 25.6hbc
E_H IteE L Species number
Year-Mouth Functional group CL PM PMA PH PHA AC
2006-05 I 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
I 0. 6bc 2.6a 0. 6bc 0.0c 0.4bc 2.0ab
I 0.0b 0.6a 0.0b 0.0b 0.0b 0.4ab
v 0.2bc 1.2a 0.2bc 0.0c¢ 0.0c¢ 0.8ab
2006- 06 1 0.0b 0.6a 0.0b 0.2b 0.0b 0.0b
I 1.0a 2.8a 1.2a 1.2a 1.2a 2.2a
I 1.2b 3.2a 0.6b 1.8ab 0.6b 1.8ab
v 1.0ab 1.6a 1.0ab 1.0ab 0.0b 0.8ab
2006-07 I 0.0b 0.0b 0.0b 0.0b 0.0b 0.4a
| 4.8a 1.6¢ 3.0bc 3.0be 4.6ab 3.0bc
I 0.0b 0.0b 0.0b 0.4b 1.6a 0.0b
v 0.0b 0.0b 0.0b 0.0b 0.6a 0.0b
2006-08 1 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
I 2.2a 3.0a 3.0a 2.8a 3.0a 1.8a
I 0.2a 0.0a 0.4a 0.0a 0.4a 0.0a
v 1.4a 1.0a 0.8a 1.2a 0.8a 1.0a
2006-09 1 0.0b 0.0b 0.8a 0.0b 0.0b 0.0b
I 4.4ab 4.4ab 5.8a 3.6bc 2.0c¢ 4.8ab
I 2.6ab 3.2a 3.2a 2.2ab 1.4b 2.6ab
v 1.2a 1.0a 1.4a 0.8a 0.0b 1.0a

RPEYE N EFERAESE(n=5) ; FTTREAR RN 225 B3 ( Duncan [LK2HE, P<0.05)
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TIRERE T eSS & (R0 SR MU RRIE IR AL B , (R BUAS K, % A R AR 5 ELASCEE A3 . 1) 4 S0 SRAE i ) 9
A TA AR FRRBHA A O DR RE 1T 09 MRBCR AR S e B 52, DhRe st IR B Th g it 1
N, S FRIETIERRAN 1 Fl R 4 fa ke B, IR AL A 6 )P AE KA 52006 4F 8 A9 A TRERE T AMAEFE IR B Fl
TS AEE 4G (PM) FIRMEE 22 A6 T 7+ IR AR (PMA ) LUKAE i (AC) FEHE PR FH i 25 4 55 (P<0. 05) 5 4,
2006 4F 5 F17 A, DhEeRE T AMAE SIEE I (AC) AR HEFAE 4925 + 5 B ALY (PHA ) FEsb b A A I i 25 4R
1 (P<0.05) . TIReHE AL 12 FhORBUA TR i 2% 8 B 07 4 f | 280k A FEAK 2 s M IRBUGR B b AT 4%
FEE T (PM) B A AR H 25 3 5 (P<0. 05) , HoAh A Ry A FRAIGE S . THBEREIV il 5 A AR A X /N I
S, Y BRI A RE K A AERK S ;2006 4 5 F1 6 A HAMARR > S 7e B HER A 4848 78 (PM) IR 3¢
(AC) FEH H A B i 35 4 8 (P<0. 05)

2.4 L THES BTN Z A

THA T A IR HFA R S B00) 7 ARSI R AR 5 26 4 fa T HE Z A9 Pearson MHCREN(FR 6) . 45K
B, 5384 T HEVE AN ARB A B AR BICA (3% 1E A O OC RN IR IR 302 P 3 B m M 3 2 (>0, P<
0.01 8¢ P<0.05) ,iIBBHERR 5284 g A Wi it 2 IEAH DG (r=0.456,P<0.05)

x6 NELRIIBESABFHESHRERRETUR Pearson HXRH (1)
Table 6 Pearson coefficient (r) of correlation analysis between dung beetle assemblage and changes of environmental factors in Wuchuan

county, Inner Mongolia

A e 2 i
R paegy DURERE g

selT Rehabilitating Average grass Planl. Organic LELA L2 LREH

Dung beetle vears height community matter Total N Total P Total K
cover

26418, 7 BEY% Dung beetle assemblage

A~14%1 Number of individuals 0.484 " 0.481"*

Y1 Biomass 0.456 " 0.357" 0.359 "

FhEL Species number 0.361* 0.448*

It Functional group

I 0.515*" 0.403 * -0.414" 0.499 **

|| 0.764 -0.425"

i} 0.509 ** 0.373* 0.431" -0.358"

\Y 0.509"*  0.556*"

YRl Species

INBEWSERS Onthophagus gibbulus 0.795** 0,485 **

XU TS UERS Onthophagus bivertex 0.541* 0.567 ** -0.510*  -0.592**

7. S M .

énthojhyfgui olsouficff 0.688 ** -0.797**  -0.515" 0.711*

peeZ ULl . .

Ont%:ofh%iui marginalis nigrimargo 0.708 ~0.442°

HIF 48 Aphodius rectus 0.457* 0.423* -0.413 =

g W 4 0, Aphodius erraticus 0.473** 0.531**  -0.397" —0.474 *

T Hi B4, Aphodius praeustus -0.560 ** 0.461 *

WE 410 )8 Aphodius sp.7 0.632*" 0.441" 0.396*

TP T 555 R Z AR BEHOCR NI T REIE TIRERFRIZE TR, < « " BEHIC(P<0.05),“ * = "k W EHC
(P<0.01)

IRERE | 5P 5w MRS S | R AU A B 25 Ak AR G b R S A HLR A
B EE AP (r=-0.414;P<0.05) , 5HAx 3 PR R M 0 835 IEAHC (r>0;P<0.01 5% P<0.05) , DIRERE
I 5B #HERR (r=0.764;P<0.01) Fl 34 (r=-0.425;P<0.05) B2 AL B AH G . THREREI S5 P35
YIRS 5 B | R B I 8 A8 Ak 0 ARG Horh B 5 R W3 A OC (r=-0. 358; P<
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0.05) 41, 5 H4 3 B Z [ BE F A (r>0;P<0.01 8 P<0.05) , IHAEREIV 5 T34 UM T3S BEA
W R IEA S & (r 43914 0..509 F10.556;P<0.01)

IRBHEIR 5 5 FhE 4 a1 (/NJEEWEME | 37 SO WEME | A 2% 05 e M Vi 3 07 & Fe R I P 4 0 ) 1IN B
TR B R OG5 B 5 T T 4t R B UM G (r==0. 560 P<0. 01) &b, 5 H A 4 Fh 2z [a] 1 i) 5 35 1E AR ¢
(r>0;P<0.01) , THERZEY 6 P4 T (/NGE M WEME | XCTHG G U85 | 37 S VG5 IR i | P 5 gy R M Vi o5
SR PLIE A ) AMARBUE] B3 A OC  SaR B FR A LS A KL, bR T S AT hr i & ok i 35 IEAHSE (>0
P<0.01) 4, 5HAY 5 P24 a1 Z M3 0 8 2 1A 5 (r<0;3P<0. 05 3% P<0.01) , V355 AHY R 558
5 UUT NG W8 | 0 4 e R 4 f8 )8 Aphodiius sp. 7 Z A1 AH I (r>05P<0. 05 B¢ P<0.01) ; 44848 5 0T
WS IOE MG | L IRE 4 0 AT P 7 4 L 2 ] B 25 AH G (<0 3 P<0. 05 B P<0.01)

£ Pearson AT IR BFAERR P-4 5 = AR BV 26 1 5 38 4 f T VR A TR bR Z AT 56 RO 1H
RN, 64 B AR TR bR, Y B 7R IEA X,
2.5 & FREE S ERN A R Bk A iR

T 7 AT LUF R b IX 28 4 fa T HETS 19 6 AN EBh (WLHTSCAHT) Hh, ELI 4 i IR BSCZE AN R A
ZAITC B3 22 5% (P>0.05) ;4% BARHF G FAR 48 25+ 8 B A4 ( PHA ) S 8T hr e 4 fa AR A L P RRAIR (P<
0.05) 57N ¥ G B 1 B 25 s o i A AR5 U ZE 48 575 ( AC) M b ek FH v i 2545 55 (P<0. 05) . T 7% 1% 4 fa Rl i
S aJE Aphodius sp. 7T AMEEST HIAEIR BEAIIE 455+ TR A (PHA ) FIAME AL B 75 (PM) hieqk H B 342 =
(P<0.05) .

TN 8 AE WA EARFLRBHA RS A b R 2T (R 7). Hiph fF5R a6 MRS R,
Hh ARG IR BB 7 S I R BCTE IR BRI 52 46 B T (P FNFP AR 5646 B 7+ SR A ( PMA ) R 3 rh A fe
W R (P<0. 05) 5 37 SURIEIER RN B 25 07 4 FL 7E PR SiE L ( AC) H S 25 45 31 ( P<0. 05 ) 5 LT g 00 U5 1 i, XE 7
SRR PR 45 & B AEY (PHA) P B 3548 & (P<0.05) o SIF S Jm Rhyssemus sp. {XAEAR H 53
i, IRFFFE 4GS (PH) AR JC 38 4 f AN AR ERe e H B 25 4 i

*7 NEHRINERBEBHEENESAFHEIEMNMMEENZIN
Table 7 Effects of different management methods of restoring cropland to grassland on the individual number of main dung beetles in Wuchuan

county, Inner Mongolia

Y Species CL PM PMA PH PHA AC
HIF4: 0 Aphodius rectus 84.40a 139. 16a 110.08a 93.04a 31.83a 57.16a
Wi PLIFE 4t Aphodius praeustus 24.24a 14.92ab 13.28ab 15.12ab 0.32b 6.76ab
INBERSWERE Onthophagus gibbulus 5.20b 12.28b 14.56b 5.20b 7.52b 28.28a
BLSEWSWEMS Onthophagus marginalis nigrimargo 0.96b 2.00b 1.48b 0.80b 1.28b 3.72a
W55 W4 10 Aphodius erraticus 4.84h 5.24b 1.76b 4.12b 23.12a 4.96h
W40 )8 Aphodius sp.7 20.92ab 34.64a 26.08ab 8. 60ab 0.68b 12.72ab
B IE 410 Aphodius comma 0.84b 3.84a 0.88h 0.56b 0.00b 1.36ab
A SR 410, Aphodius burgaltaicus 0.00b 0.44a 0.12b 0.12b 0.04b 0.08b
FRAEI IR Onthophagus sinicus 0.72be 2.00ab 2.60a 0.68bc 0.36¢ 1.32abe
ST USRS Onthophagus olsoufieffi 0.28b 0.08b 3.36a 0.72b 0.12b 2.76a
WL 40 Aphodius flavimargo 0.00b 1.24ab 0.08b 0.04b 0.00b 3.40a
LTS ERS Onthophagus bivertex 0.68ab 1. 64ab 1.04ab 0.40b 1.92a 0.48b
. BEEF 4> 6, Aphodius haemorrhoidalis 0.00b 0.00b 0.00b 0. 04ab 0.12a 0.00b
A IE 4 F )R Rhyssemus sp. 0.08a 0.00b 0.00b 0.00b 0.00b 0.00b

F PR AT S RO 2E S T R RN P IIME (n=30) ; [RIAT 5 BEAR IR 27 ] 22 52 1235 ( Duncan [GGH, P<0. 05)

3 it

e fa T EEUOBIFL S Y12 E A7, LTS AU Wi FL s e (UG 26T MR BURI AT BRAG1E ) FIERIE
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FROE (CREBE SR ) s, I R AR BV T 20 (s IF 5 3t IXC ey by e 10 it A5 e D Ay 2 2 A8 Sy R A
HHRISOIE A BT 58 A SO S JURMIT S i Ak T2 b DA BTG sl B DA BT R 7 AR
FRUBCHCR b 1 DX, 2 55 I TEOCBO A A R 8 (N 58 e R SRR AR e Jir ) 1 E X I 2 ik . BFRSE R
ASTIFGE HIL X 3 4 f - FEVE MR 18 55 PN 52 oy S i 2 RIS e 25 TR R A B 1 X N TE T
A R T, L BEAS R R A 2T 50 4 0, Appodius comma FIEE4: 8 )& Aphodius sp. 7 , Fii 3 7E Tic 15 5 JUA i
B v Ry 26 T REVE RO ZEASBIFFE U ki DL S M 8 IEAR R, X AR 1S 2 Pt 4 R Y AR 35 )
A,

5T B IR AR A e b A AR R A B A B VR D 3 | - R 2 24 (0 e P00 S AN G A 2
SFMUE T IS AR, T AR R E DY A AR A 3R+ S S ) A R BORI R BB T 441K
A TR E T, AN R B FORE b 5 B A B 7R S R Y R AR AT T AR H B
AR HERF AR Z ] A B AR (36 1) S22t TRER A B RN R, WASCHIRTE S R E , &I 245
RAEAE TR A F)E BT sURE 2 () 2 4 fa T REVE 28 AW i R B LR AR 22 AR, A FE
FE4 T I b 2 L RAT 5 AR AR  (H AN AL SRAE 205, Rl 22 ) 4 0 TRV Y LA 8 AR U A7 7 1 35
2250, AR X R AT D i A AR A DL K 5 2 BT G 3 et T R AR I R TR E A G
ZR AR A AN B 5 1) AT 1 DX 38 4 e RV OGT AAIE 2l o J07 RRAE B R [ B I AR R T S A —
SERREE B VA IR AR R R A, UIZT SIS R A SO S LR AR AR BEAE Ry
ABHFE 0 TREN 2 ALY MR T, SRR E A3 R 2= R\, T RLACh LR
IR B A By O FE A TS MR AP AR AT 45 0

AT SE R JURRE Il b () 264 0T RE V7 AT BEACH AL W0 b 2 (RIS & 0 28U TR R ) L B S
f6 T P9 7 0 T b TR A 355 LAY AR R (LA B 2L A ), X S AR 5 28 et TR B B ) LRI A
BEAb TR — T XA 3G, AR AR FAE P 32 2 e SO h 36 T REVE TE Y R U 22 B2 D7 T Y . 2 84k
TR ST RVE N R ERM (£ 6) I H A REFMTRE, FUUAIFIESE R T Jay-Robert %57
Lumaret %% F1 Numa %7 (4 60158 . R HIBPHA R FE T ZMAEHR RN B EER(E ) , NELET
TETE SR AR P-4 2 5 R T % i B2 100 S 35 TE A DA XEHEI | IR B RAE 58 18 ET 8 (PM) BB H TG + 18
JRAEY) (PMA) X YERre 4 07 HE S WA AR 2 A 2 19 5 XA T R B 3y O b sl R A A
R Y I R i R R o B

PERIA BRI AN [R) 2 4 0 1R OE J80 1745 19 2040 B9 X B8 1 338 7 X6 38, 0 G %o Il 2L 3l 0 35 1) )
fiE, — ORI, RAVTRIEERAZE & fo 7 2 BFVETE Zh A SE M AR G B K2 ) 6k A i 2 B0 SR 8% I R A5 b
(ISR AT ARASHE A0 3RS ) SRR . IASRBORN A B i A B T AL WA B D REAE T A
MEFEIAAN ZAWIIFHIX. 4 D FE 4 o1 D REIE b e 19, (B AR 8 w9 2R ) o | 28 8 28 07 46 F A I 2
REAHE I i) MK AE 4 D IBERE h R B 1y, IS DI REIETE A BT b X Y 26 4 fo 1 BV b o5 A B A7 ; Dh g
AE 1 CENRRL Yl B A R R FE BRI HE 4 f 1) Ao 2 B 0 22 B IR AN T 5 4t [X 2 46 R, TR VK Y 0 25
AF, SR S5 DX e/ S A £ 5 g ) AR A A B 5% 8 1) 5 o 28 D10 R DG 35 I T T VB R J5 2 R e A R
JELE 2 A A5 B DX A ) T A X S A e TR . RRIZR ST IR A RS R RE,
X T AR AT 5 Dy HE AR ) 1 DX, 445 26 40 12 DO RERE 1 25 (1 0 b = 5 0 22 B X R b [X A= 1 2 AP 1Y
Hegr SRR RGeS R A HE R X, AWEOA N MBS E S R G R IE e T 24t
R B At R AT AR A LA 4 1) S5 M | A B8 00 TP I DA B R & 3% 4 f TR L i )
BEPR 0 BRI AR R B SR IBAS ) By 3 B e 2B B s TR) S (R B 2 T B B e b L 2
B KA B RES YR, A R TR BOSHS X 25 4 fo TRV Z PR3 S AU A B R U Re i 44y
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