B 1 22 it Acta Entomologica Sinica, June 2013, 56(6) : 680 —688 ISSN 0454-6296

HEBREBERNEANTHREZITHEN
BRYE', Hee X, k', T, * W, amE, SHhEeV

(1. “P@%f*ﬂ%lﬂfﬁ%%ﬁ%@%ﬂ@ﬁﬁlﬂ%iﬁiyﬁi, Jb5¢ 100012
2. JEECBEREAEASCH ARGy, JEAT 100076)

FEE: ADE LAFE B DF R e A PR B R R 0K S R A EORTE A R FWXIHR P R RBNR W, B K
RIE 6 Yk, MANTRMAZEHT], BMEIRE 2 MRS, LRE 24 MR, BNTREFTHIE S
Wo ABIFRILRESLFARA 012 3k, RETF 11 /B 23 F, HPEBEEFHH Chlaenius micans MEFER 55 b MK
BB 87.54% , REKREPE EER AR, 8 H Dolichus halensis . J5 3% 2 B Chlaenius posticalis FI 14 W5
Hl Scarites terricola M™% 535 (G ER EBEF 6 Z SN A 5 MK B HU 34.77% , 31.16% F16.21% , XL Fp
HRR TR EARE ROF . LRYMSEESE LM MEEEREE YRR R, HEEREER TR SH
SRATOKHE N R YRS E WY AR SR EEEUER R, BRI 2 27 (Repeated
ANOVA) 53R, FamRmE RN RIS RYMERE, YMHEZE . BREAASHEEREONY S EREERSE
BERW; FAARBEERE T KREANNERET S PR B, B RYMHEE BET . ETEER
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Effect of phytase transgenic maize on the community dynamics of carabid

beetles ( Coleoptera: Carabidae)

ZHAO Cai-Yun', XIAO Neng-Wen', LIU Xiao-Yan', HE Ding-Yuan', GUAN Xiao', BAI Jia-De’, LI
Jun-Sheng"* (1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research
Academy of Environmental Sciences, Beijing 100012, China; 2. Beijing Milu Ecological Research
Center, Beijing 100076, China)

Abstract: We compared the phytase transgenic maize and its isogenic maize to examine the effect of
phytase transgenic maize on the carabid beetles in the growing seasons ( June to September) of 2012.
Using the pitfall traps, beetles were collected from 12 plots along six replicated blocks for each maize.
Each block was composed of two plots which were planted with phytase transgenic maize and its isogenic
maize, respectively. Two sample locations with five traps for each location were set in each plot, and
traps were emptied twice each month. A total of 8 012 specimens were collected, belonging to 7 genera
and 23 species. Chlaenius micans represented 87.54% of the total capture and was the most abundant
species. Dolichus halensis, Chlaenius posticalis and Scarites terricola occupied 34.77% , 31. 16% and
6.21% of the total specimens, respectively, when the individuals of C. micans were excluded, and were
also considered as common species in this study. Most carabid beetles showed a similar pattern in
seasonal changes in phytase transgenic maize. There were no significant differences in richness,
abundance, Shannon-Winner diversity index and evenness index of carabid beetles between phytase
transgenic maize and its isogenic maize. Repeated ANOVA analysis showed that C. posticalis had
significantly higher abundance in phytase transgenic maize compared with its isogenic maize, but other
abundant species did not show significant differences between the two maize fields. Multivariate analysis
(NMDS ) also indicated that high similarity in carabid assemblages were shared between phytase

transgenic maize and its isogenic maize. These results suggest that phytase transgenic maize has no
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significantly adverse effect on carabid beetles.
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community dynamics

BEE R AR RAELSE, viR., TR Jik
B SR R A R K A RN W B R RS (RIS R
5, 2007) . HHTHTHURIHT R 55 7% B R E K Bt
HERDILACRIIE, JFREE REARHE M, HEREE
KOS AR L5 KM EREY (B
3CEE, 2011) . ERESIY K EZGEEMEORIE,
rp RO R B AR W) BRI 48 2R it 8 7 A AR
PG (phytase) FEF A FRIEEL, BRI S H RUKE
R FAEPRREE 1 EOKKPRL, & RSN £
> ( phytase transgenic maize ) ( Ik X Al 5 = 7N,
2000) , $E TR NG S 4 F X B A R R, i
TRMEDBER S E (KERS, 2011; Wang e al.,
2011), AT T 2R 58 B BT 4 (IR B IS 45,
2012),

BRI FOKORE KMkt & EUF AR
AR B, RPN oK RH = i ) et g R T
FHEE N Z R, FHEFEEY AR E R
B8 P K B 52w — B DAk 35 02 56 T B #A R
(Crawley et al., 2001; Lumbierres et al. ; 2004;
Harwood et al., 2005; Z=TH#]4%, 2007; Romero et
al., 2008) , WFFRAFE Bt B BT R F KB FAEXS
R R, RERE, A FaEEY ¥
SHEA BF W ( Lumbierres et al., 2004 ; Z=FF#]
%%, 2007 ; Romero et al., 2008) , BEARTEFEFR F K
H A ) EKBEE Chaetocnema pulicuria. H 2SN HR 4
8, Popillia japonica %53 HUIK P BEAS I B — 5 B 1)
Cryl Ab & (Harwood et al., 2005) , {H%% Bt 2 [A
LR ORI HAEYFSHEA BEZW; ENIAK
KU, UUSEEEA (eryldb, cry3Bb) HTHR EKRTEK E
AR, XHAEFES E. A EE EERRE
BZE 50 ( Lundgren et al., 2002; ZE[i#] 5%, 2004 ;
TKRAKZESE, 2005) ; DABCE B R EOK I E oK I
TR 20 B B Propylea japonica ( Thunberg), XK
s A KRB ST WA B (2
WIS, 2004) 5 48 1E 5B H EOK H AP il 2 1
B 1t Poecilus cupreus L. &Py 2| Cryl Ab 25 H )
BB, HRHERNFEARMNEY HAEMERETER
A 50 ( Alvarez-Alfageme et al., 2009) ; FEPEF L4F
HZRRHEBIF R, [F4E RS Bt BE EKH N
HHEMEARHE A BT RS Y) T B 3 2 57 (Farinés et

species diversity; common species;

al., 2008) , Bz, NHATIRER FHREFE TR EXK
XF B R B AREE AR F HOAET BOsh f TE
A
FEABRRIE R T K 2009 4E 23 RV 3L A
PrIfgRAe 2t = B S (RBEESCAE, 2011) . H
R TR REEE R £ L2 FEEPEE
PIXT AR IR L R EoR M S M. KL 90 d IR
It MRREEE O BRA B AR BT
SRR, S5 R R A PR EERE R KX W 2L 3h 4 o
AR (RREESCAE, 2011) , {HE TR H Y Bsh )
IR AR LD, H R R R A SRS
) EFELFEZ —(French et al., 2004) , B DAFEHIK
M 2 & (Clark et al., 1994 ; Symondson et al., 2002) ,
T EL# 8 RAE PP A AR ) SR FE 26
B (Carriere et al., 2009) , AWFR BEE T — 4
KERELRME, IRITHHERREGEE R T KX 2 YY)
i ZREAE DA SRR H0 R 2

1 #MREFE

1.1 SCIesrst

SEAHRRGEE T EOR S AP 0787 | Xf B S RPN B
MEK“RAL9”, H iR AR R £ oK i 3G &
A RA R R,
1.2 SEIgAbEE

LA AR T, 2AEFHIE EK
it R TETR A R e AL AT — B B T 1, 24
BYIAHZ . P AR FREG AL K F 0K “078” FIH 3%
A A RALLY” B E K i RAE NI HE, A
WEFEEE 6 N/PXER, BA/NXHEHR 20 m x 23
m, P R AHEHES . &R H B 2012 £ 5
20 H,
1.3 FHEHZZE

AW A& 3 %R B B i5 ((Spence and
Niemelid, 1994; Yu et al., 2004 ), [&BHE 8RB AF
(B9 emxHAET.5 ecm), WEBFNZERBRBRIERN
BifE R, BEBF EJ7 R PVC AR (15 em x 15 cm) fE 2y
B LU S R K RGBT, BB il B e R BERRK
T 9 em {) PVC HEK B, T 2B, 81
i R PR AR, B RE S N
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BFLEAL, 5 APEBFZEBER 1 m, 2HERHAES],
‘AR ZIANEIEE Y 10 m, 3k 24 MR,
MEREHIFIRBAE(6 A6 H), 815 d BL—
WHE, B S BB IR B RE O — M
A, BURERRSE B EORUCEIHA(O A 28 H) . REZ
125 FAR A RIS IR A, v ER =B sh it o
RLDRIE LR RS LR B e, TR A R
1EH E AP B o
1.4 Zita#h
TSRS B Y RAEEEE, RAY
F£ & E (species richness ). ¥ f £ J& ( species
abundance) | 54 BN 22 4E 45 8% ( Shannon-Wiener
diversity index ) F13 %] 45 $1 ( evenness index ) Xf
YR AT Z RS AT

AR B 9N 22 FE P 48 %% ( Pielou, 1975), H' =
- Y PInP, HH P, =n/N, JEi(i = 1-5)
il SMABON W HL R M5 ERMJ = H/H,,,
(Smith ez al., 1996) ; ¥1Fh 3= & Bk BT A BURE o
WP B E R R (Pielou, 1975) ; YFPZ R AW
FAMEBERR,

T GRAIESHE K IER A, X PraREUY SRR
PARCH WA Fh B 64T [log (X + 1) ] hrvfEfL 7%
o RAEE N EJT 2577 Repeated ANOVA 73 #7
ZATF ARG R E AR R SRR RO
Wl ARYERT A 2 R AR SR, BT
Bray-Curtis 10l R H0CR A 4E B & 2 48 B (NMDS) 43
i AE BR B AE R oK 5% BE A 3R L N 25 R

*1 EXHATRORHANEBEURSHME
Table 1 Count (C) and frequency ( F ) of carabid species caught in each maize type field and pooled total numbers

f— WREXK LE SIS ESY/N At
Conventional corn Transgenic corn Total
Species
C F C F C F
E &5 B Amara gigantea (Motschulsky) 1.00 0.03 0.00 0.00 1.00 0.01
it 2 B @ A Amara sp. 1.00 0.03 0.00 0.00 1.00 0.01
H A 5 A H Calosoma chinense Kirby 6.00 0.16 12.00 0.29 18.00 0.22
P AW Chlaenius micans Fabricius 3 425.00 89.01 3 589.00 86.19 7 014.00 87.54
JEBEFE 2 H Chlaenius posticalis Motschulsky 113.00 2.94 198.00 4.76 311.00 3.88
S MW Chlaenius variicornis Morawitz 1.00 0.03 1.00 0.02 2.00 0.02
FEBEHHH Chlaenius virgulifer Chaudoir 0.00 0.00 2.00 0.05 2.00 0.02
Peih i Chlaenius inops Chaudoir 1.00 0.03 0.00 0.00 1.00 0.01
W B Dolichus halensis (Schaller) 167.00 4.34 180. 00 4.32 347.00 4.33
#2453 H Harpalus bungii Chaudoir 0.00 0.00 1.00 0.02 1.00 0.01
HM%E4 W Harpalus corporosus ( Motschulsky ) 17.00 0.44 40.00 0.96 57.00 0.71
WA B Harpalus pallidipennis Morawitz 18.00 0.47 39.00 0.94 57.00 0.71
¥ FAE 4 H Harpalus pastor Motschulsky 0.00 0.00 1.00 0.02 1.00 0.01
F45 4 Harpalus griseus (Panzer) 19.00 0.49 28.00 0.67 47.00 0.59
B AR M F Harpalus roninus Bates 4.00 0.10 5.00 0.12 9.00 0.11
B B Harpalus simplicidens Schauberger 19.00 0.49 24.00 0.58 43.00 0.54
FRAEAE I H Harpalus sinicus Hope 1.00 0.03 0.00 0.00 1.00 0.01
K¥HH Lesticus magnus ( Motsclulsky) 5.00 0.13 2.00 0.05 7.00 0.09
Oxycentrus jelineki Tto 2.00 0.05 1.00 0.02 3.00 0.04
HRJEE A F Pheropsophus jessoensis Morawitz 0.00 0.00 1.00 0.02 1.00 0.01
Poecilus gebleri (Dejean) 13.00 0.34 7.00 0.17 20.00 0.25
WL S A B Pterostichus microcephalus ( Motschulsky ) 3.00 0.08 3.00 0.07 6.00 0.07
B WEH: F Scarites terricola Bouelli 32.00 0.83 30.00 0.72 62.00 0.77
BMAEL Total 3 848.00 100. 00 4164.00 100. 00 8 012.00 100. 00

SRR R AR SAF B REARBNFA LB AMMEERE K E 2 o The frequency indicates the percentage of the number of

individuals of each species accounting for the total number of individuals of all species.
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FhREHE R (U5 B AR KT 5 ki)
(Clarke, 1993) . HorpdR B & 24 B 5 i (NMDS)
T 2 8 1 43 A7 {6 A BB G T 3K 1 PAST 5€ AR
(Hammer, 2001), J5 2= 73 7 {8 Fl %503 48 31 B 1
SPSS 7.5(1997) 5ER%, ASSCHILA P <0.05 Ny B &k
o

2 HBRE5HH

2.1 HERBEEERNTSASHEESHEN
2|

HPARIRE FIrA 8 012 3, KET 11 /&
23 B, REBWFRIE TS HE (8 ) M H
J& (5 B, HrpBBEHF P Chlaenius micans MA%L

BiRZ, L7014 %, HNMREHA 87.54% 5 HIR

& FHEEREFE K F K Phytase transgenic maize
B HHLEXK Isogenic maize

>

Y ERE
Species richness
'S

20/6 4/7 18/7 2/8 16/8 30/8 13/9 28/9

1.2 ¢

BRBAZRERE
Shannon-Wiener diversity index

20/6

4/7 18/7 2/8 16/8 30/8 13/9 28/9

g A B Dolichus halensis (347 k) fljg H £ F
Chlaenius posticalis (311 3k) 45 &5 B AN 1E B HY
4.33%F13.88% ; 10 MYFAMEEEMLT S K, K
ZHLIX EK N B IR (R 1) o
TERATEE(6 -9 H)H, PN K
WYRFEEENZERETEAELR, FEEME
FEEMAN AR ARMET R BIME, ZEERE
PREEEE R R E MR E R, OFHEE
FEAERAERRZEBRIER EF, 9 A s a ks
B, ZJETRE(E 1. A); WFhZEZ 12 F
o, EREREHEL BT, 729 H ha) s BIgE,
ZJEME FRE(E 1: B) . EHYFHRBNZH
PEFSBAEPIA RS N 0 ZE 5 2R A e 3t LR AR B,
WERAR 7 AhasBlgdE, ZFRBERT
e, WMERWKSIERAR(E1: C); 2HEY

240

180

Y2 E
Species abundance
S

(=)
o
T

20/6 4/7 18/7 2/8 16/8 30/8 13/9 28/9

1.3 r

1.0 |

WS BEIRE
Evenness index
=)
o

0.3

20/6 4/7 18/7 2/8 16/8 30/8 13/9 28/9

REERTE](H/H) Collecting date (day/month)

B 1 FAEREEENERSEHAIREANSRYMESEEST L
Fig. 1 Seasonal dynamics of species diversity of carabid beetles in phytase transgenic maize and isogenic maize fields
A: YiFhF EE Species richness; B: ¥FhZ B Species abundance; C: TR BN L HEETE %L Species Shannon-Wiener diversity index; D: #jfh45]
BEHE%L Species evenness index. [F|HEUE N F-44{H £ SE, Data in the figure are mean + SE. [&| 3 [5] The same for Fig. 3.
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FEEPN M ER N EEAE YR, &
MEREREVHRED /N, S RET
MeZJa R b I, RBEME, ZEHs TR, %
TEPREEHE I E RV RS, & TRZERE b
Ft, B EFA BB PFRRE, ZEXHRET
e, AEARBRA LA (B 1. D), EENET %
73 #7 (Repeat-ANOVA ) Z5 R LB, HHERREFHE £
KEHEARAEARBANKLZHYMFEEE(P =
0.254) FIYIF ZE(P =0.6710) X EREER; W
T E K H N R YR ERBNZ R ERE B
EEFR(P=0.919); REL YY) EEFE B
HMREEER TR THAEX, MEREHHE
A, HZFET 5 5 R N E WA S B E K
(F,,=2.828, P=0.009), {HF:HEREFEE £ K5
HRAAH LR 20 S BRI B (P = 0. 672) A
B,

ETLPHBEABRNEEEZEE 5N
(NMDS) 53R KB, FAHREGER EK 5 H M EK
MESRERE, WM IRE N FREEAR
I RAUE (B 2) o X —S5RULH, RIRIZ B X 5%
ARG R E KX BR 5 R BB . B A
VIR RE , BAREE B KBl Amara gigantean
(Motschulsky ) #I Amara sp., LA F w422k % H
Harpalus sinicus Hope, 1845 {V H BLAE % L £k H
W, BRI B Pheropsophus jessoensis {X{E % KA &
KHEWAILE, HX YRR D, A
FOKH AN H25 BYFP A LB R0 o

B AL PREEEEE F K Phytase transgenic maize
® HHLEK Isogenic maize

Stress: 0.051

0.08

0.04

2
7
-0.04 |
-0.08 . " . . ,
-0.5 -04 -0.2 0 0.2 0.4
Bl Axis 1
B2 DA R BT O JB M e 2 A R T K AN
X B R AE B A HEF (NMDS)

Fig. 2 Ordination (NMDS) of the Carabidae of
pitfall catches per sample within phytase transgenic

maize and isogenic maize

2.2 HEBRMERNEANELSROMAESTY
I F: b Al

WA Niemeld 55(1992) ¥EW], A 25 H ¥4
BEERTENT KRR L P YRR S AE 5%
H R KT AR R EE 25 B YRR 1 2% 1Y)
I LR . BTARRPERE SR MEE
AR MAE 1) 87.54% , I T IHBREKEH 2
X AR R B R 2R, RGO 8 IR 0 R A
FIRERF LW, AR HILE 6 MR WY
o, BEREF LW C micens, P H D
halensis, J5 P 2 B C. posticalis F1 B 145 8 25 B
Scarites terricola TEFEMETREG IR E X 5H T BB R
T E R, BAZEE R Harpalus corporosus il
HE 35 B Harpalus pallidipennis fy 5 ¥ B2 il 3t R
EARHENKE LF

W YRS R AR, P ERE
HH C. micans(E 3: A) . JFREFHH C. posticalis
(E3:B). HMEEALH H. corporosus([E3: D) FIE
BASL W H. pallidipennis (18 3 : E) FEZET 2L
AL, BWERERMBRER D, BHEE LB
fa, 8 AMZEHESRIME I, KBEE, Z/FX
WGE T BB R AR . R RARIN, 7%
MR R K R 3 22 MR 28 Tx
MMmAR(E3: B), HERENE T Z0WEREKRY,
ERF A NMEABEAEPMERHAXI B EES
(P=0.023); BIEH L P EWF ERKHAKAE
BRI, FAERREEEER F RN EBEH 2
MR E (P =0.802) ; HMELPERENM, £
WRERE N MEEE S TRERBERNE
K, £ 8 ARG, FFIRBH T, mik
MR EERE R £ K N B A2 B MEEE N 8 A
BRI EIE N, FeL2 9 A f), ZEARET
KE(& 3: D), TESITEREN, XMEFEARIEX
FBEKF(P=0.155); BT EEFEWIEHER
B R 0K FH DY R B R 020 PR MR i & T AR
ERZS, ZIERLBHRSEAELFHEMN, B
HREER ERXNS ZYMHEAEREZ W (P =
0.418),

W B Dolichus halensis 5 1H 4 4 B K==
TARALBRIEARAM, CUZYFTE 6 ATt
—PhEE(E 3: C), WERMEABERZ TR
IR (F,; =19.473, P<0.001), HEMERS
FEAHTREG LR E oK H A i 20 FP 21 AR 10 BEAR L,
MM ERN ERX WP R EE BELW(P =
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0.777) ,

R, A LA WA, B
S, terricola MZETT AN L E LR (F, , =7.720,
P<0.001), JHEWH, BREDHYRE LD, Z
Jal B, 7 A ERHAE - REE, 25
Wl T REBERAEFIARIK -, ZJ5Z B BIRER B

& HAEFREE [ EK Phytase transgenic maize
B ¥ #HEXK Isogenic maize

A 20

180

120

MR
Number of individuals

)]
(=]

EER
Number of individuals
o
T

0 1 1 L

2006 4/7 18/7 218 16/8  30/8 13/9  28/9

20/6 4/7 1877 2/8 16/8  30/8 13/9  28/9

AEgER
Number of individuals

20/6  4/7 18/7 218 16/8 30/8 13/9  28/9

Tt, ERFEARM B X = 0EAH ; AHELPIFNAEST, 78
BRI, FeARRREEEE R K b i A5 2D
AR THAEK, WE9 A LA, Fil
PR DR K F 1) B 1 e RS R BRI T AL
ER(E3: F), IMERRBEBZEKF(P =
0.823),

12

20/6  4/7 1877 2/8 16/8  30/8 13/9  28/9

301

15 F

0.8

2006  4/7 18/7 28 16/8  30/8 13/9  28/9

14 -

20/6 47 1877 2/8 16/8  30/8 13/9  28/9

SR&EaTE (H/A) Collecting date (day/month)
B3 FeAEERRGEEE R £ OK 53 MK H AR A B WA R F 1 AR 1L

Fig. 3 Seasonal dynamics of abundance of dominant species of carabid beetles collected with pitfall traps in

phytase transgenic maize and isogenic maize fields
A: BEBEHHH Chlaenius micans Fabricius; B: JEBKEHE 2 Chlaenius posticalis Motschulsky; C: W H Dolichus halensis (Schaller) ; D: B3k}
Hl Harpalus corporosus (Motschulsky) ; E: #4454 B! Harpalus pallidipennis Morawitz: F: BG4k H Scarites terricola Bouelli.
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3 g

AXHRERRARKEFE LR, FRELHFM
W20 O EOKH N E2 W W, MEEE S A
A PR BB 95.75% , HR G EEH
HIRAD R E ML H , X = 4% (2004) X5
/NE 5 FOREAERIAR B AR 20 R RS 5
SURRIEREH & F AR R B E LY
o ZR e MEYI RS F e B ML R AR S R B
TR, AU H TR XIS A R Fp RS R B
25, LU0 Harpalus gravis Leconte 21t 3545 H )
U4 # ( Torres and Ruberson, 2007 ), Harpalus
pensylvanicus ( DeGeer) fTEH IR E S5 EXKHNA
(French et al., 2004) DA K 36 E i 4 15 Je I E K H
WP I WY Fh (Leslie et al., 2009) , #E25
B J& 1) Scarites quadriceps WHTIN N 2 E K H N K H
Ty F (Leslie et al., 2009) , AHFFE o 8825 B A
H AR LR, R e 5RIEY . IR E 53
BEHRRARX, FEHEAYMHERT LR, FRED
gD R R B, KR EPR R 3
T2 B Xy O 8538 H 4 B 1) 32 % K # (Suenaga,
1988) , ‘EATTECE 3G AR AT BE& T4 S5 Hh i)
FRPMAE AR ZG 0, BFH M REEREE £
KFZRER R RS &, AEAR
B, AAREEKERAFENENRE T FEER
'Y, B YR Ch EERRER,

KR X K P ) 3t 3R B 8 e ( Farinés et al.,
2008 ; Balog et al., 2010) FIfH & 14 8%k ( Ludy et al.,
2006) TP AE R EK T, SR F R X S &
MR YRS AT S ERE BEE
m, 3EXFEIE Crylde E 2K H NIRRT I
YRR VE SRR B 5 SR X — S (5
&, 2006) . ASLIGAT HAHMIAEE R, FHAERR AR
KX R F R ) SR MR R S5 R B
Wel o A SCHFST i AE BRI 2R R K SRS (R D A R
B, ZERTZAETHEY . YU RBAEY
HEH, HYRRR R KT W HERREE )
(Chen et al., 2008 ; Shen et al., 2008) , 5 ZFij%% Bt
ERPIREARANE, FEAHHRBER, X ERKHA
A FEAYEEN A LR WA AR, B
oK H N 1925 R P Fh AR RN RR B SE F AR DL BEAR
o N FEAEBREGE: R EOK IS 7EREIE . A U R I
REE MR, FHAHRRBEEER T AN 23 A

BN (REEESCAE, 2011),

R PR G R RN R ZHEE H YR A 2
=, UGB 2 P IER R 25 R oK H A4
BREFE. REHATERR EXHEREEEE £ K
HIBFFEARD , X AR AR 5% Bt 22K KRB
B2, BAXWIREIE S ZHIX % Bt 2K KK
WFRAEFAZAL o b A B 5 3% B4 A M ik 1)
MR EERAENIPERA EEER, HEE=
SETE RS Br HH A FR) A A R A O R R 50 B B
(Ludy et al., 2006) , AL R FTHEZLE Bt
FORE AW MR R AR EM LT ERE
Z# [#{% (Balog et al., 2010) , FTiERMHE MR B Fh
FEER IR R TR, HEXFZmatLHEbEAE
R, e F )\ X ERAT R B TR S RA
B (388 1% ZE Rt 19 A 7] ( Balog e al., 2010) . [H i,
ABF T MR B S A PR G AE R oK FH N B BT 25
BRI, B FERES NS —
TR MR BN E N, g KRERENK
B o EGE L] o
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