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AN EBWEAIIER XS H SR

W BUAET ERMR FRE OHEAT
CHEEREEHFREFBAEER, b E & 416000; P BAFRADFLAKLKLEREBRALEEE S
FHE, A 100101)

B E ONRANTHRARBEEMTESYBHEEE M S HMEERNEH, T 2012—2013
A )| 4 I IE AL F AR S S R ARARES W B (0~5.6~10,11~20.21~30 a F K44
RAEM(I00 a) , E1F 21 M) AR R ST HE, RARAEZHHRA LM, H
A RAE L B, BB 8 A, 5 R ARARE B U B A A A A 4R B (Niviventer fulvescens) | 4
W 5. (Apodemus draco) 4B (N. confucianus) .7 b4 R (A. chevrieri) 1 K -4 & (A. latro-
num) , A FERMEE R B F R RDBE AN EEFEHFREREEZRTEE, ERAK
AR ENRY T TEMESN &, £ TR 247 (NMDS 7t CCA #/F7) X,
FIARAES N B R AR AR NSRS, BEREMEREZRFALFERTTRHA
oA, RE LR A ERA P RERE QAR M5, RAA XM AEREH —
FEWHEFME, /N E R (Leopoldamys edwardsi) F % £ 7E T HE & K KKKk £, #
A K B LL\E% M TETE R E = E R E W A, £ R (Micromys minutus ) f1 2 4 & ( Eo-
thenomys melanogaster) £ B £ & 75 H K 2 £ B 25 i £3% , K & R (Rattus nitidus ) & T 4 7&
HEARMEREZEHEVHER, FLETR FTRZMESMBEZ MR ESHES
BN, EFRMESTERNHEFEEUT R P WA LD M T S MR,

KR Rk, EMEHME,; T, RAARES,; SR, HITET R RA

HESES Q958.1 XEIRIAAY A XEHRS 1000-4890(2015)9-2546-07

Effects of forest succession on rodent diversity in the Dujiangyan region, Southwest China.
YANG Xi-fu"?, XIE Wen-hua'?*, TAO Shuang-lun', LI Jun-nian', XIAO Zhi-shu*** (' Col-
lege of Biology and Environmental Sciences, Jishou University, Jishou 416000, Hunan, China;
*State Key Laboratory of Integrated Management of Pest Insects and Rodents in Agriculture, Insti-
tute of Zoology, Chinese Academy of Sciences, Beijing 100101, China). Chinese Journal of Ecolo-
gy, 2015, 34(9) . 2546-2552.

Abstract ; In order to explore the impacts of forest succession on the community structure and di-
versity of wild animals, we investigated rodent communities using live traps in 21 forest plots at
five succession stages (i.e. 0-5, 6-10, 11-20, 21-30 years old and a natural secondary forest
(100 years old) ) in Dujiangyan, Southwest China during 2012 and 2013. We trapped 9 rodent
species in all the sampled plots, including 1 Cricetidae species and 8 Muridae species. Niviventer
Julvescens , Apodemus draco, N. confucianus, A. chevrieri and A. latronum occurred in all five sta-
ges of forest succession. Species richness and diversity indexes of rodents were similar among the
five stages of forest succession, but the number of individuals was slightly higher in the natural
secondary forest than in the other succession forests. Multivariate analysis (NMDS and CCA ordi-
nation) showed that community composition of the rodents was similar among the five stages of
forest succession, but microhabitat factors such as shrub layer and herb layer coverage may have
some impacts on species distribution of rodents. Unlike A. chevrieri, N. fulvescens and A. draco
were widely distributed in the study area, while the other rodent species showed some microhabi-
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tat preferences. Leopoldamys edwardsi lived mainly in the natural secondary forest, N. confucianus

and A. latronum mainly distributed under the shrub layer with high coverage, Micromys minutus

and Eothenomys melanogaster lived under the herb layer with high coverage, Rattus nitidus lived

in the area where the herb layer and the shrub layer had moderate coverage. The above results in-

dicate that species diversity of rodents was similar among different stages of forest succession, but

microhabitats following forest succession may largely influence the distribution and diversity pat-

terns of rodents.

Key words: rodents; biodiversity; disturbance; forest succession; microhabitat; Dujiangyan

subtropical forest.

HI T ARARAR A AR 2R 7 4 N Ry i 2l Y K
SO DR P e B e T S R VR
AR o3 A, DT AT S BORRARRE v A2 ) 22 FE 1
SRR RS TI6E & 2 B fE (Andren, 1994
Meiners et al., 1999 ; Ceballos et al.,2006) , £ #ALL
e, FRARBI I AL A H RS AR A2 T 3 AR TR 1Y
&, HE R T FL3h ) (Fisher et al.,2005) 52
(Serong et al.,2012; Salek,2012) . +3Esh ¥ (5 =
45 2005 ;4% WA, 2007 ; #5SB4E 2010) FIERH(F
8K 45,2006 5 Yu et al. 2008 ) S HE I PP Z AL
¥ IRy, WF 5T &% B W W ( Vespertilio superans) F #A
HES ) FIRIA 14 1 5 Bl AR AR 1T 1S
W ( Felis lynx) 155 5 ( Lepus timidus ) — 4 15 78
WO A S T/ IN B R L S ) AT B 2R S
Bt e T Y0 AR PRSI A B ok, Z 5
Bifi 36 5 R R T Uk /D ( Fisher et al.,2005) . %525+
e YA B R AR ST R A 2 A P B AR AR
THORR 18 0 0 (& 22 55, 2005 Yu et al., 2008;
Salek ,2012)

AMAERG T, R 2 A5 IS P |
O3 IERMEE/ N B A R PR 5 AR )
SRR RAEY 2R MR A A A EE W I 5 P )
Bdg s 2 Z — (Kratochwil, 1999; Dowing et al. ,
2008 ; Ernest et al.,2010) , BRI, AR XK
AR B 250 SR YR 2 A1 ] 7 A E 2 )
( Moretti et al.,2004 ; Shenko et al.,2012) . 40, @
T OB BRI B 5 AT K 58 10 T AR B N B )
Fh2H SN Z2 PR 1Y) 22 S, 2 B B8 T 40 A R A B
SR 5 B dc i, ELAS [ R Bi Be i 0 41
WA —E 2S5 22 5 H A B (Sullivan
et al. ,1999) , Monamy %5 (2000) AN, T4 5 e e
B2 20 1 2 S 10 2 VAL A R T A TR P[]
PRI, T X AR AR SRS 22 REE 0 5, T3
Jo AN TRIE R A RIS 1 4 o 2 R R S i 2 S, T i

TG a3 A i P R AL S R, AW
ZAEVERD TR BRI A | R L A AR
i (A5 ,2003)

ARHIFFE LA DY AR YT HE Y AHE H S ] AR OR BF 5
XTG4 M RMRTEE A B L T i 1l %) 2 35 AR A T B
RHIE LM R ZREVERRIE A2, [ 20 42 70—
80 AEAR LA , T HE < 6l 3 S B0 bR A BT 7 1Y) R
ARG A7 7 AR AR, T X R ER AR AR S 40 248 3kAT)
B KA, iR B AR A 2 DXk ) AR AR i
BT BRI, BRAE PR S A [ B BE 11 22 ol
MRBESR A7 <7 AT /N IR R SR IR A 4K, 1A g <5
JRAE R AZ AR, NN TR R, MR AR
(2002) BG4 XF iz H XA [A) A= 55 2 AU 1) FR R AR E o
WIAEWFIE XS SRR T2 (B A B R TR T K
AW 5T ( Xiao et al.,2004,2006,2013; Lai et al.,
2014) . ARYELRAAR AR B[R], FRATTAE DU )1 45 #R VT4
FEESFMRIAEERE T 5 P ARG B B B 3L 1 21 A4
Hh, T 2012—2013 4R Bl 5 0 BR2R Z A AT
TR, EEEELUT 2 AN TR R (1) FRARE R
Xt BRI S REPERIE A R2 M 5 (2 ) ARPRTEE P i 1 i)
A3 AR AT BRASHE I S5 A6 FI 3 A1 RS2

1 MARMXEHARFTE

1.1 HBF5EHh XA

AT GE AL VT HE I X A< SR 67, #0
VL3 DA, T DA 90 1 D o) B ) e Y b
MO b T VO ) 1 2 b VG 2 L M, 5 ot 3 2 S AR A
A A2 30 o 3, HE K 700 ~ 1000 m, 103° 47’ E—
107°25'E,30°45'N—31°22" N; i% X 0 W 341 <M
EXR 152 C AL, 1 AR 4.6 °C i B AR IR
=5.0 C; &FM IR 26 B[R] 4k ) A6 7R Hi IX 2L
M 2~4 C, =10 CHFRUE 4677.1 C; WEF
i, AR K iR 1200~ 1800 mm, %522, H B/ (4 H
TR ECE A 800~ 1000 h) |, M2 K (AF-F- 4R X &
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80%LA ), J& T Ry i e iR b A, ARV
X AU ) — R T R B, K RETE
T34 2200 ~2800 m JE2 G Ri e , F B 1) L 1) I 2
Pl RSN R T AR e, B, T
BRI R (1 A ST o PEAE R B IR N
AW 22 REPE R R R R S R AR (R B 5 1999,
2000) .

L2 Wik

12,1 SERBaR sy MRS R iR
AR, B2 5 T 2 [ Bk A7+ b 15
(DR 0~5 a, 5 MEEH, TR ARG, BEA)JZLL
®iTT ( Fargesia spathacea) BRAT( Myrsine africana) 3¢
Z HAMYFE , 2 LA 5 (Gleichenia linearis ) H
Fo (2B N 6~10 a, 4 NHEHL, KAHEY L&,
FEA KR ( Pyracantha fortuneana) ¥EHE ( Dalbergia
hupeana) . £ B A ( Rhus chinesis ) ¥ 2 ¥k ( Quercus
variabilis) MER(Q. serrata) BRAFEE, HEERZHCH
ARG AR AR U E N R Z, (3)
H11~20 a, 4 DR TRARZA M BAR FEH ( Cas-
tanopsis fargesii) %15 (llex purpurea) FIFIARSF | #E
ARIZLLE K (Symplocos stellaris ) FiE 4 ( Pittospo-
rum daphniphylloides) FRAFE % , REAR LT ]
(4) BN 21~30 a, 4 DFEHL, TEARZ AR S
WA ST 6 (Cornus controversa) %35 ( Elaeocarpus ja-
ponicus) %5, HENK)Z LI A ( Eurya japonica) | 11111
( Symplocos caudate) .M 2% ( Camellia oleifera ) ¥ %,
TR (5) BN 100 a Z£47, 4 DR, AK
TGN ARAF T i X 2 RFhEE HEh
AR TR A Je A DVRIEAR AR .
e 21 ANREHLAY TR FE 1~38 hm®, O T RAIEIURE
A Sz PR R E] PR B AE 200 m LA b2 R M HD
DN R

1.2.2 RUERMAAE 2012 5% FKFM 2013 45
AR TR 21 FEHD SR PR & A 0 /NS
KHATIRA , BRI 2~ 4 SRFEL A i RUE (27
emx 14 cmx24 em) 3k 40 A~ FELR | BUIE 22 0] Y i) B
SMBIZ0H 15 110 m. T DR AR, 45 H
TR E , K HE R A sh Wk e 1 O, 34 3
do KPR A (I 5 H AR HE 0 s P ) R AR
B, IR AR RE EFRIC, DA o F A T R
T KRBT B AR (815 35 28 5 T PSORG (R AR AR S 4
UEARASORAE TP R 2 e sh W T T . B — b4
i 120 28, BRAFA I BB 120x21 =2520 4>, fH

1 TAATE BB B i SR 45, 2012 4R 2 Bk Z= I
2013 4F F Z= A WA BT S B O 2468 2495 Al
2466 1~
1.2.3 AEEZHOAAE RIS A A R
MIFELR EREDLIZERE 10 A, X HE R [ 5 m? A
PEAY QM) R )2 RIROAS )22 35 B (3 AR
MR SR R ) EA T 4
1.2.4 St S50 Wit B & B Y Fh
BORUL . A TR PR SR 5 S48, SR W R Rt
& ( species cumulative curves) >R G FRIS Y Fh 4L
EAMEECZ ] OE Z (Colwell ,2009)

R Z PR AR AE 32 22 R ] Shannon 22 FE P45
K, Pielou Y 5] FEFE KA Simpson LA EFERSE (S
FP-AE,1994)

Shannon ZHEPEFEEL(H) »

H=-Y PP, (1)
Pielou #I2]FEHEEL( ) -

J=H/H__,H_ =InS (2)
Simpson JLHEFEEL (D) .

D=3 P’ (3)

(1) (2) (3)H:P;=n,/N,n, F5 i R MEEL,
N AFEARRSAAEL, S BRI R R, P, A5
FPLE S Ao B oy 1 e, H O 22 0 T A R
WiE,

| FH BARE AN AR 8 K-S K555 ( One-sample Kol-
mogorov-Smirnov Tests) XTHIFPEL AMAEEL  ZHEME4R
fE(FETRE A 5 BRI 18 50 M AR
SR FAR)Z FERZATARZ B 6 ) AT IEZS
PERGS , G RIFT SRR S0 A, WOR TR Ry 22
37 (one-way ANOVA) 560 H 22 508 | 24 [ 22 Sk
R /N 35 225038 (LSD ) Al . DAL A8l 0 A
FEGE R SPSS 13.0 H5E AL,

LT Bray-Curtis AHLME R 5L, >R AR = 2 4
JOBE 43 #7 ( non-metric  multidimensional ~scaling,
NMDS ; Clarke , 1993 ) Xt A [i5) {8 5 By B 0] RS HE 7% 41
JSC AL 345 53T 5 SR HT BB AH 5 734 ( canonical
correlation analysis, CCA ; Jongman et al. ,1995) X} A~
[ B R S AR S B (A Z EARZ
MOE)Z ) BIARSCHEEAT 204, DL EBE A S ik
£ PAST 5€/i, ( Hammer et al. ,2001) ,
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2 ZER59H

2.1 BEWAAK

LB A RO R 7429 S (R) AR ZE 9
Fi434 B3R 5.84% , RAEFIY REAHE G
FURE 1 AP AIERRE 8 B (3R 1) o PrliAR 3 1Y R Fh
B, VAT 11~20 a 5022 (9 Fh) , ORI 0~5 a
(8 Ff) 5 6~10 a F1 100 a(7 Flt) ; LU R B B 21 ~
30 a BE/D (6 ), EF B (Niviventer fulvescens) |
rh AR B (Apodemus draco) FLE(N. confucianus) |
_‘%—ﬂjﬁﬁﬁ(z‘l chevriert) 0 B4 (A. latronum) A
5 Fift LS TE A5 Ml DX AT B BObR b 12545 4 3¢, i
/N E B ( Leopoldamys edwardsi ) . 5 5. ( Micromys
minutus) 28 98 5. ( Eothenomys melanogaster ) Fll K
JE R (Rattus nitidus) 55 4 F FRANAE T 20 B o B
Tk, MR B R SR KOk B IR £, 35
36. 87%; KL R D, 2 0.46% ; LI H7 100 a 1Y
PANE /N A B 1 N 1 i R N I S A L =T O
26.27% ; LIRS N 20~ 30 a [ ARHL S AEOIT & H
iR, 12.90% .,
2.2 FRARTEE X S 2 REPERY 2

B 1 e Rt 2 8, o i RS R R R
ANAEC 3G 0 R E G I, AH S A A F]—
TE BRI YA EOE TAE , R 11~20 a BYAK
b i 2728 A0 Y i A At 4 o 5 bR ) T E — 2
RIRUEMR ML A T2 . WYIFD Z AR b
P T 11~20 a BB A Bl S0 A B0 3
YRR It Z2RE AR B A 5 I R AR AR AR
B g 2R AR,
* 1 ERITHE G 57 < PR35 7R [5) 18 2 B B 4K 3t o A4 R 28 49 T
Tz‘ﬁa}:ﬁe 1 Species composition of rodents across the succes-

sion stages in the Banruosi forest in Dujiangyan Region,
Southwest China

Yyfh HEHBL(a) Bit el

0~5 6~10 11~2021~30 100 (%)

5 Niviventer confucianus 12 30 14 15 7 78 17.97
B Niviventer Sfulvescens 29 15 42 15 59 160  36.87
I Apodemus draco 21 33 13 12 26 105 24.19
SR Apodemus chevrieri 15 4 6 1 12 38 876

KE-AE R A.latronum 4 4 3 8 2 21 484
/N E R Leopoldamys ed- 3 0 1 5 7 16 3.69
wardsi

B Micromys minutus 2 2 3 0 0 7 161

NG5 R Fothenomys mela- 4 0 2 0 1 7 1.61
nogaster

KB Rattus nitidus 0 1 1 0 0 2 0.46
it 90 89 85 56 114 434 100

0 20 40 60 80 100 120
A% (R)

1 AREHRWEE RN R LY MEREAREE M R

ik

Fig.1 Cumulative curves of species richness of rodents

with individuals increae in different forest succession stages

AR 5 FhERE B BOSH AR 1Y BZE PR EOR S K
BAEEI (L 2) , BRI E Ty 250 Wk 5 mr 0, 5 F s
BB B i BRI R BORAS R B (% ) B B 3
WS (WFECF, = 1.172, P = 0.360; A 5L.
F, s=1.504,P=0.248) , i B B2 Fh 500 A 1458
BRI, SERFEEE BN R R L
FEMESEAT 20 BT, AT S Fh R W BEY S PR 4L
(F, 6=1.175,P=0.359) . ZHMEFRE(F, 4= 0.906,
P=0.484) B 5 EHRHL(F, c=2.655,P=0.071) Fl
RAEFEE(F, ,=1.093,P=0.393) ] 2= F A i
F(&2),

2.3 FREHRASSH 5AR RN C R

XiF 5 i B B R B AR AR LB BT (3R
3) AT, REAS A 56 B BRUE Y 11 ~20 a ARHE IR 5
A, b b b [ 38 R 48 o 8 0 R AR, LS R RE

350 OMEBE mY R EEE 17
30| 16
25] Is
2200 ls g
Pis| 3 &
12

10+

0~5 6~10 11~20 21~30 100
HEB B (a)

2 AEFMEEMRABRINREDMEZTEMD
e

Fig.2 Species richness and abundance of captured individ-
uals of rodents in different forest succession stages
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x2 ARHRNEEMRARLNBFZZHHE
Table 2 Community diversity of rodents in different forest
succession stages

FEGB FEE SRR WA BERENR
(a) 1R (H) ) (D)
0~5 5.20£0.45  1.4366£0.0955 0.8173x0.1108  0.2780+0.0428

6~10 5.00£1.41  1.2178+0.2526  0.6977+0.0746  0.3756+0.1027
11~20 5.50+0.58  1.2415+0.0638  0.6331+0.0473  0.3924+0.0314
21~30 4.00£1.63  1.1605+0.3769  0.8602+0.0801  0.3588+0.1188
100 5.25+0.96  1.2257+0.2905  0.6835+0.2152  0.3785+0.1400

BUE A I hRiE2E T,

x3 FRRNEEMRMBEEZE(%)

Table 3 Coverage in different stages of forest succession

BB (a)  HAJR AR M=
0~5 63.42+13.73 a 47.00+28.59 a 20.24+12.56 ¢
6~10 30.03+10.69 b 47.38+16.12 a 56.25+16.89 b
11~20 75.37+14.04 a 24.71+22.08 a 30.85+10.68 ¢
21~30 23.47+19.96 b 26.49+17.13 a 74.09+3.32 a
100 2.73+1.88 ¢ 20.50+10.39 a 85.30+2.40 a

[R5 B J5 AN Tl 7B /R 7 0.05 K E2ER R %, n=30,

W B Ak L 1) 5 A J2 AL 5 R ) (F, ¢ = 20.447, P<
0.001) 25 B3, M2 8 5 EBRHEE 6~10 a #k
i g A1, At A b Bt R B iy R i, EL S Fep
TR B BOMR b 4 MRS J 2 5 B TR (F, o = 28.268, P<
0.001) 27 HE . 0~5 1 6~10 a 1T 8B At
IVEA 2 36 BE A 22 AN, EER 55 2 A3 JU3 8 B Ak i
TSR AR, SR, S Bl sUR By B b ) 7
KIZERIE(F, s=1.704,P=0.198) [0 22 5 R i3

NI T AN [ 2 B B BRI 2 1 Ja vk vy
JFIEl (NMDS, ¥ 3) % F , )5 0~5.6~10,11~20

0.2 -02~5 a Ab2-4 .
06~10 }
011~20a %14 d4-4 al-4
0 1 _A21~308. A
' [m100a g4-3 3-2
c3-1 o -O
of a:'3 g O3 elm
a al-1 & e5-2
= d:—l b2-1 a1;2
-0.1+ o O ]
N b2-3 e5-3
al-5
—02F b2£2
42 o 2 90,2333
-0.3 . X ;

Zo4 03 02 o1 o 01 02 03
i

3 DREABMER 5 FEEH RS 21 1R NMDS

HeFEl

Fig.3 Ordination plot ( NMDS, non-metric multidimen-

sional scaling) of the range of live trap catches within 21

sample plots in five stages of succession

AN B B LA [R) - RER R () — TR B BN [ R bR FH 57 B+ A

[FIFF527R 0 al-1 . b2-2 G-I Bl 0~5 1 6~ 10 a YIS

1ANFISE 2 ARERD i 1 Fh 2 2350 T 50.27% 11 12.64% H7E 5

4 -
/MHLE R 3
[ ]
AR 2
1| R
g HER , ﬁﬁ. -t
-18  -12. -06 0.6 13 T8
MR il xEmR EAR
+t KER
wag |
WA RIS
4L
i

E4 MRMHRINREVHSRERHFE(ERE . E
AEMHER ) # CCA HEFF

Fig.4 CCA ordination for rodents species and microhabi-
tats ( herbaceous, shrub and canopy layer)
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TR L e 1 EHE N B A —E R
TP, RIS [ B it 4L

T A SR ik 55 B b O Ji 1 1
(CCA I 4)KF , BT 22 5252 10 RS W A i)
fii o BR T e L AR B R BRI R AR RS A A
RS, HARRR SN ol A B8 — s e R M, 4E I
IR - Al Bl = A 1 A 2 8 i B s 9 A B
/NI BT I A T A RO = A i R e Y A S B
B 20 B BT T A 36 1 A )R o B A 0 2R
B, R R A 5 T AR JR M A2 o B 2 3
stz 8

3 1 it

AT R, R £ & ARECR 2R
FEIEAEAS [ ZRAR R B B 2 A 22 7 R 3 (H R
SRURAE AR RS A P50 15 L 1A i R ) %
PROE 1B 2 3 2) , ULHA BRI R X B 2 RE Y
SR, R BRI Z PR A A I R 22 R
A (] B9 EL3E 2 W, i 5 45 SR 5 Monamy 45 (2000)
7T 45 TR — 250 B R 25 SRR U, KSR R A bt
W A ARG 4 b 2 B B AR PR T K 1 2
5 Sullivan % (1999) AF5E L5 HHZEMLL, TR
SRUAE R RE B SRR e R E &, BEBR I RUK,
PR VR P B BE LSS BT AR AR BRL3S (A
BRI/ B 0 26 A7 R BEATT , 0O 2 TR B Bt
(AN = B B AR
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AT LI, 5 B AR B B oy BRE) Fh A
AFTEZE S G YR B B AR e B AR
LA BRI R B, i HeAth 4 S (/N R B
B SRR BRI R BRU) AN A3 A E R A R B B
X 1] BE 5 N [ EORR [ B 1 A 58 S o o e gt 2 i R
F R BEARAC, it LER A BT 5 TR 3 )
YR ZREPESY WA A SCHR , Tews 25 (2004 ) & L, 2%k
YR SRS A B R R R OE AR OCOE R i
BP0 /)N Bt RG2S 198 22 A B S 5 1 s
FEAK, IRBE T I Ze et TR B £ 5
FZHEE (Hernnaez et al. , 2005 ; #X RS, 2009)
FRRARAR 25 T8 B B PR R A 2 FIOMRRE 23 1Y) 5 B 1)
ZS W MEAZRIICH 82557 (R 3) , DL
X PR B A R AR B AR . AR IR ST R
AR R ST XA 285 A4 5% M o ARG 52 348 R T 4
(SR IEHESE 2006 ) ; 55 B 5 B A0 AR A3 2544 1
SR/ T S8 AR 1 i B AR AR 5 | A AR 54—
FEMAEAL , — Bl A i 1% b 457 11 55 581 T (BB
WESF,2005) . NMDS HEFF 255 (&1 3) R B, BR KRR
RABRES oA 4 Fof 3 13 2 B SO b 1 AL
PEESF, AL, CCA HEFPAE T (18] 4) IRE I
TR 22 S BRI B o0 A o BT o L A B
B R AR E BT 2 A BT RS A A 2 (i
HERL PR 8 RO ) X B A B — S e R
], b RS S BRI X BRI 0 4 A
—E RN B RN EE A A AR (AR R LAk
JTARFPSZ AN TR AT PR S R ST 2
W5 Wells 55(2007) —2, sh¥) 097041 {245
AR E RIS M SE AR B R | MY V%
) ZEARFIEAEAR RORE B b e 3 B ATT 04 2 (8] 434 F1I
FREEECE (Calm et al.,1999) , X FbisiAd: BEARAE 5 B
YR ERAARE R bR B (18 2, 3% 3) WA, i
A BERRAE B 2 RO 2 56 8 25 5 W, T RS
PR BRI SE R 2 S TE 3 22 5,
WD BRI ZREPE T fE EEZHEAZ SR, K
A, B FHEAZE Sy BRI T AR & ) w2 U Y
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25 b TR AN R BRI B B B 2 [l BRI 20
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