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Population distributions of native and alien Plantago species across land-use types with differences in trampling
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I BU®HIC

DRENIZ R RIIE L A% O BETH 5729,
BRSO % WY OFE L AR 3RO TR <L B AR
TP DK 4 FIDFEAREE 22> TV, EEDT T —
INUARIZ X D ALRIE OB A - SIEDS 2 HITHEA 72
TEhH, ABFRMEFEEMETIMERAOS
AFALSRHEY & 355 BIAR B B A8 A 25 12 38
VIAF N DI REEERRM L TV (FF, 2003 ¥
H, 2014), 20728, JREWLEOKETT (2005 4 6
H) 7% EoEREmSED S, AOREEWIC X %
WEIFLAWRIVIZESVTFAUTEZ 561 H
W2 & o THRY 2 ABLE] R i BRS 1 A2 475 2 & A3)
BE L 72 o720 FHEMRBIRIC D W22 it o E i %
WHEIST 2 B E LTH ISR SNz 0N, MR
VA7 EH] EMFEREH L VIS T TH S, £
D7zHODITA KT 4 ¥ OIERA FAO O FHTiibih
TEY. DYPETHZOBHAIID W TOMEHTTH
nTwa (I, 2003).

MEEY) 2 2 2 2O HMEH B, —2lF,
N HEA SN DY HBHERALT 2 Rk, ) —
DI TIRA L Z2mEMT 2 Dbk 2 BB O
RETHD, TNHDOHMEERT 5720121%, H
AT BABRA R TITRA L7k o [ -
AP IREE ] R [y - AEREIOHRE ] 12
B9 2 R R MR CHIBT) JEdEDR @l nE L 2%
(PG, 2007 : VY, 2014)c I5E 2L O R E (L%
SN EELF AR SRR BT 512
AW RE 2 RBEGAME BAAR OB RS, 1K
W3 2 BB ARk 4 AR RPN E T H
% (Pheloung et al., 1999; Timmins and Owen, 2001), L
Tehio T, SHOMEY 2 7 5 X 58 kHEY o
BRI & BE B, T8 SR AR~ o B 5 Il 58 (2 1A V) 72 B
NHAZEENITOHLHDETH72DI121F, Ihb
DEREFIFFEIC OV T O R OERHI KD SN D,
F72. $TI21621 b O 2SR L L T A3
REBFEZ5%061F (BAR, 2011). 7RI 5
B BRI O W T O REDSBLEOBREE o T

1) RRRH R T2 78T
2) RFELRFRFARBEATR
3) RBORFAHE R
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o ZHLIERDPL, EHELIITTIIRA - ST
LTV AHHLRAE B X Ok 2L & L
7B RE A e 2 4T - T & 76

R TE FERMEE LTSN TV DA AN
)& (Plantago) \ZJ& 2 VKA & AR KA % 5 5
ELTH o M RBEBICOWTHIET 5, kA F
Nar L THA/Na (P asiatica L), HkFFonak
LTI FF /33 (P lanceolata L.) LY KR I F F N
I (P virginica L.) AR E Lze BIBEHIEIANT
F AN T EERARAEY ) A MIZERLTWS (R
BB HP) o F 72, 150 3 A 5040 D3RR S AL,
RETN AR ERT L2 EEbNTNEN, IhE
TICAF RS L BT 2R R 2RI TbNI T
WAV, KL T, ShS 3O+ N awkEY
MED L) BB TATH2ODEWL,IT S
DI, BWEBERMORL R4 R TWAHY A 7125
O 5 MBUEAE (EARRERRE) & AT L Ol
ERET L. AN 3O ERBFWFEICOWTE
By DHI LIl b, FEOF A N3kl & i
TR E LAHIE 2255, —Dld, EULA=Y
F % b ORI A B N7 5 K 0T At
SRAEAAE RN 2 5 5B 2 5l § % DIZH G2 &
WHhBTHb, b9 —2i. flx D+ F N )Ehil
2B B EREEAT R RS A o0 d D ABFSE
DREREERZT LA RHERIZ VL TH D
(Sawada et al., 1983; Sawada and Sugai, 1984; Matsuo,
1989; van Damme, 1992; Kobayashi et al., 2001; Mariko et
al., 2007) o

F AN DGR O LT RS2 EER - A I
fli§ %7212, Grime (1977;1979) \Z& > TS
72 8B s E 7V (CSR BT V) 2B 2 BB arAf
i (BREEA ML R EHERL) (CHEH L7 CSRET IV
Ll ZHEMLERENZ A P LA LRI E V) 2
DOBFIFERITKF L 72354512 3D OIS % Fk7)
TE5LTHHHTHL, APLRAEHIOL XL
EENZEN25 (R&EWw, hEwv) LgaE, A b
VAR/BEKR, APV ARAHEDN 2B L AN
SBEN APV RN BELRE V) 40D AE
DEPLLLEBEEHETE S, 2O, AL
AR/ BEKR E VD) e b ik L WERBE I3 % 8 i
WAL 2V EEZ LN I ERL, FR) 320

BB T 2 WIS Z RO LI ENTE S, A b
L AR HEN A VRN BEN AL RS
SRR QBB HEIS L 72 2 b O, £h
FNA ML AR (S, stress tolerators) . 3 -7l
i (C, competitors) . FRELKATIHY (R, ruderals)
LIFENTWD, 51T, INHD35 4709 %2
DU LOBIEE EbE SO OIS LI L b,
AT 7 A O BN & T & Bo AR T
WEZExt e & L7z 3Hd A 7 /N 2 ki o 58 It B i 12D
WTELT L, ZO72DI3A T NP oRA -
AT O ANGEEE5 25 A ML AR & HEELE
FELTHEYZRDDZEEL, EREIZEHEL 21
NERL RV, 22T, A A NT)EMEEOREE
RICHD B EHAEENIE GEA T O R ) R8Il
DM EA R (RAZ7oE2) ZEHLT,
JERFEE MIEMEREERZNET S 2 LI L7,
WAy MEY TH 54+ 4 N 3 g Ik ke
EZIFRTVIERL, ZHTEHEIEAH AN
RO - A DL EELRBEEA ML A (K
X ML A) O—DLEZHNS (van der Aart and
Vulto, 1992; Z i, 2007). F 7z, 4 N TJEMERITHY
HOFIZ L BHEL (BAOUTHEEL) 23R T Wiiie
HEEME T LHNL N LA, DI IIEELO S
FFRIBEERELTGHELTWAEEZS5ILA (Tkeda, 2003)

I BAEARE

PRI KIS XN E 2oL (h.oio
P« Jb#E 36 BE5 40, WUk 140 25 4)) & L7ze i
A M I D A ST R 14.5C ., SEREKEIEH 1300
mmTHhb, HENLE LADE, LA A "33
HASIBLT 2 WHEMEDO H 2 LT O 750 LHFH &
17, Thbb, KREHEEK (unpaved road). ¥
(roadside) Il 125 (river dike) . HJ5 (grassland).
JBH AR (playground) . A8 E (orchard)  #RiE  (forest
path) & L7z ZRENOLHFAIHYA 713 LT 30 m
DIAL YT M EIARMY, ZOLTF TV ET T
216D 50ecm x50 ecm I KT — %2 2mBXI
L7z (I HAHY A 74720 8aFT7— 1),

F AN BRI R L TIRE E v b (side rosette)
BT 500D 505 TN X B KEEEIL
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WO THARRE D HERF LRI F B A EE I %
% (van Damme 1992). L7225>C. FEFH %K T 5
B TR AR L T b & Zofiifdkid
TEAREE DMEFE - PRI - TV B I REPEA S E W &
EZbNb, £ T, FANNTJE 3O I &
(FAnNTeATFHAFNTETH, VRI T H T
5H) 18 £3a F7— MNOMAERBERE, LEE,. -
BWEEWNA Lz, £/, I FI—MCHBILAT
NTORPIZOWTHELZ T, A oNa)g 3FELL
NTEEEEEZ D B3 (JEAEHE, coexisting
species) Z & L7zo I N T — N OMXLIEE (relative
light intensity: RLI, %) & - 3E 7 B (soil hardness: SH,
kgem?) & I FI—PHNEHEEDY L2400 IE
hoznzh R4 M THlE L, TOTFHiE%E
IFT— FOfRFEME L7zo RLIIDEE TR (Model
LI-250, LI-COR, USA) Z MW T, &RKHIZH -7~
%Y (Ro) &3 K7 — MAOF AN afilORERE
H L (R THRE AR RO T A % [
W5 L. RLI=Ri/Ro 100 (%) & L TR 72, SH X
w2 T3 A EE R (Model DIK-100, Rk #AL T3,
HuO) & HWTHlE L7z,

Table. 1 Relative

I HBREER

J000000000ddddooooos30000
oog

RLI & SH O P (= H#ERE) BI LYY
(/M ~ T KAH) A S 4 7L ICf e 572
(Table 1) o 7N 2@ O FERE: b o> RLI 13 A Al 3
R R B JREAR. R RBRE. K
BEOMITEHWEEL %2> 720 RLIOL ¥ VIR HEARET
BROKEDo2H, ZTIE F— 7 ¥ e LAl
B AR R S NG SRAEL Tz L E X
Sz SHIZRERIEOEM CHIBICHWEZRL, LY
VL KEPoTe WOTREAR, B WIEF A
AR < FUR & BB TR b IRLE L 2o 7z,
RLI 7MW A4 DT A b L ADTR &H
N5 (Table1)o #EA ML ZADKE VEJE, FAE,
METIE A A T LD S ARS -8 258
TR (EHREELRE) &5 oMY riss
LTz, HEDBGIZAAFZEDEEA F R
A, REERPHEOY G2, ThAYBE
DBIARAFLI DN F F 3 T EAEY % B LT 7z,

light intensity (RLI), soil hardness (SH), maximum population density (Pa: P.

asiatica; Pl: P. lanceolata; Pv: P. virginica), and top-three coexisting dominant species in

the land-use types.

Land-use type RLI SH Maximum population den- Coexisting dominant species
% kg cm™ sity
m-z
Pa Pl Pv
Unpaved road ~ 87+11.1  21+12.9 148 48 88  Poa annua, Trifolium repens, Taraxacum of-
(38—100) (4—60) ficinale
Roadside 62+16.7 10£3.5 244 24 14 Briza maxima, Equisetum arvense, Vicia se-
(14—90) (2—16) pium
River dike 64+23.9 7+3.1 340 28 20  Trifolium pratense, Setaria glauca, Trifolium
(22—99) (2—14) repens
Playground 45+37.1 15+6.1 112 - 20  Trifolium repens, Zoysia japonica, Cas-
(2—100) (2—28) tanopsis sieboldii
Grassland 29+25.3 4+3.5 24 144 632 Festuca arundinacea, Miscanthus sinensis,
(1—75) (1—16) Lolium perenne
Orchard 24+13.6 4+1.5 128 - - Stenactis annuus, Equisetum arvense, Cas-
(1—51) (1—8) tanea crenata
Forest path 9+8.8 6+2.9 32 - - Pleioblastus chino, Quercus myrsinaefolia,
1—32) (1—17) Pinus densiflora

Results of RLI and SH show a mean+S.D.(n=48). Figures in parentheses show a range, the minimum and maximum values.
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SH IZHADITHE L KT 2 REENTH S L%
2B E, BAOTRELD IR D KE WY A4 IR
BHTHY, RWCTHRBEARE, B WILEFoIE
Lhrodze F/20 RLLGHEY & O &I OB EE &
HOWIEOMBIBRE R L72Z &0 S (F—F R£FER).
Ml FEBE, FEIE A AN a @R - TIE
FICEB2HBEA P LANKRECTLAES 4 7 TH
HEEZ LNz,

RRMAREEE (m® %720) EFAEF A FHTX
& B o7 (Table 1), A NI TROEEESE -
72 OHNANEF 0 340 ik, R THREGEERE T 148
R TH o720 NTHF N L VEIFFNNTTIIL,
BT d B WERREEFEIBIZ S W, thzh 14
itk L 632 IR TH - 720 KT, Kzl 48
Mtk & 83 MR TH o 7o HAMREERIE 1 L DOH 4
MIFIC & > TRE 5 7205 KiTE 3L b REH%E
BT L7z 720 M. WIILEF R
FOAE 7 & T IR E W EARRE SR S iz,
REFE R, B IR BEARIZARIC X
BEEH O &) AT HPAEMIG 2 5T

High

LW TH L LV WD B B ITHEELA
KEWZ LE, ER SNz SH OB NI 05
bEMIFONT, LX), FERFEDOF A NTDA
BOFTHREDONT ;A Na, YRI LTI NTITD
WTHBABEY L L CoOMBI b T %
Z b7z (Ikeda, 2003)o F 72, Grime (1977;1979) 2%
FRIAL 72 CSR EF VU TIIONIE, 3HE L HFE
AR (R HHY)) TH D EHESN D,
FANTERPOL  OFfix, EOHIME MR
FTICHRHELZ IR T 2. MBS BEFRICHET 2
I IMAE I X 2 HEEZ TR T VDT, HEHR
DRERGFBS AR R BIZMIEEA TH 5 (van der Aart et
al,1992)s L7225 CTy A N 3@ i idsia 2 b
L 2023 U TP 2 & 72 03 [l 0 0 s % 580 X &
TwaEryaEhsd, LarL, #HEXMNLZDOKRE
VB R BRI T, AN T OB LT
e S (Table 1), BEEEZ b L AR IR B 2528
HHrONH LN, T RFEICKVTHERVH
BExX P L ABDHRFIZIE, A NTZTF TR A
T A NTRY R I F AN DI EEE O E

shading stress

Stress

path

Low
trampling

y
tolerant

disturbance

P. asiatica

Not thriving

P. lanceolata

High
trampling
disturbance

Low
shading stress

Fig. 1 Functional location of land-use types and native and alien Plantago species (native: P. asiatica; alien:
P. lanceolata, P. virginica) plotted on the orthogonal coordinate system with x-axis of shading stress and
y-axis of trampling disturbance. Grime (1977) suggests the existence of three adaptive strategies depending
on the encountered levels of stress and disturbance: competitive (second quadrant), stress-tolerant (third
quadrant), ruderal (fourth quadrant). An adaptive strategy cannot occur where disturbance and stress are

both high.
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LTz, COBIGRRIE. BEA L A
T 2B 3 2 ik LRI & 4 7 k%~ 7 Rtk
RO FIREE L OB EZE L TiTh R ITh
X% bBWIEERLTWD, £2TC A ANTE3
FEDBERE A LA OWTIE, HHFIH A 7Tk
BRI LA TED R Z T 5RO €7 ¥ a > Tilkim L
72\,

HL@%géikbt@ﬁHglféé AR
Table 1 | T%%i%ﬂm947@RUkSH@$
¥fti% 5 BEREREAT (RLIIE 0 ~ 100% % 20%$2 5 4
. RHIZ0~25kgem > % S5kgem > 3725 45 L
THEA ML R EBEARDTHEELZE & L
e, LAY 4 7ofiEE 70y PLZZbDOT
Hbo Frzy 3MOF A NT)ERYAIBLL 72 LA
A5 A4 THMTHATH S,

AR R &

00000000D00D00D00D0000

FANTERYAEB L2 N7 — M2BIF5M
RBE B % RLI (Kk#h) & SH (fEdh) 225 7% 2 i
BRIZTH Y ML72OMWFigs. 2~4TH 5 (LT,
RLI-SH- fA#E% B 71 v b & ER), RLI-SH- {1k
WEmETay MIE WA 4 7% —#ICKLE
dbork, THARHI A TTELIZHITTELIEb DR
Gt 70y bENZTOKRE SITMEAEEFEEOKR
NI ELZDDOTH Y., mDREAMICH
VF B EARBEEEE 1L Table 1 ISR SR TV AEER LT
BHbho 72721, FANT)E 3O /MEARRE R X

B BAERF F N T ALk o8 T O EIREE A 13

WEhO LA 7 4 7T ¥ 725720 T Figs. 2
~4ITIFR LT v,

ETMRHS A ToT— %2 Tay b LI2gE. A4
INIEANTFF/NTTIE10%LLED RLI THREED
MEAREEDBIZE X 172 (Figs. 2~3) o VAR I A A /33Tl
30% L L@ RLI CTRVVEAREEERE 2R L7z (Fig 4)o ¥ 72,
F A3 a)g 3HEOMAAEEE SH Y30 kg em 2 P o> 2
NI — M CTEHFEL Dol AANTEANTFFN
ITIE, 30kgem *ATFO I K5 — M CT—HRICHIL
e YARIFANAITIE20~30kgem P DOL Y

TIHEBEAERBLZ2WZ LN E R 572, RLI
L SHOMBREEZEERTAHE, A NNTLATFF N
Tld. RLIAT60% Z#8 % 22\ & 10 kg ecm * PL o> SH
2503 N7 — M TIEHB L Wi S h7z25,
VAR IA A NI TIEZOBIEHE S N 7z

Grime (1977; 1979) Z#EL L A b L A DB A5i#
7B B &It & 9 B EGERKIIFTEL 2w
EBRTWVWD, INEEDDL L HIE, BADITHE
EBEER ML AP END LA, ThbbREW
SH LK\ RLI & b D¥ATicid A+ 4+ a8 3R A -
EHE LBV LI B, Fig. 1 LR &AM s
4 7% F &7 RLI-SH- EMARE#E T T v & (Figs. 2
~4) 1%, & SH. K RLI &34 A N a @i o
AT AR T, Grime D% LT A MR - 720

TR 5 4 7)o RLI-SH- A RE#E 7 1 >
b2 S, REGEBEHTIZ3ME D 80% UL E D RLI
10% LA SH (6 kg em * PAE) ICEEEECHAi LT

20 a) all land-use types b) unpaved road c) roadside 0 d) river dike

25 max: 340 25 max: 148 T 25 max: 244 25 max: 340
T2 T2 .;-"ij"" £ 20 T 2
S 15 S 15 il S 15 S 15 ;
% 10 f"i F 10 o i F 10 i F 10 "tg-
& ..'“I. % : 5 o "'_'J'E- & e

5 '-"F ' § 5 5 to b e 5 g

0 - 0 o - L L o T 3

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
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e) playground rassland orchard h) forest path

20 . ) playg 2 g 20 9) 20 ) p

25 max: 20 25 max: 24 25 max: 128 25 max: 32
T 20 g T 20 T 20 T 20
S 15 K = S 15 S 15 S 15
4 'y ! ¥ - 3 4 4
T 10 ¢ @ , . I 10 I 10 - T 10 #3 o
) 5 8 T - r | %) 5 - - 1 o n 5 - ) 0 5 ;_:5* .

"RE g - 8 et AC. Ce i

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

RLI(%) RLI(%)

RLI(%) RLI(%)

Fig. 2 Relationships between population density of native Plantago species (P. asiatica L.), relative light
intensity (RLI) and soil hardness (RH). The size of circles shows the relative amplitude of population
density to the maximum population density (max) in Plantago-existing quadrats of all land-use types and

individual landuse types.
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a) all land-use types b) unpaved road

30

o5 4 Max: 144 a] 4 o5 max: 48 ﬂn
= 20 - O T 20 P."'I
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= - =
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n n

5 5 G - i

0 2
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SH(kgcm“?)
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c) roadside d) river dike
30
25 max: 24 25 max: 28
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£
15 0 S 15
X
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0|5 ¥
5 ;ELI 5 o
0 el o |
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orchard h) forest path
20 9) 20 ) P
25 max: 0 25 max: 0
20 g2
T 0
15 S 15
~d
10 ¥ 10
[}
5 - 5
0
0 20 40 60 80 100 0 20 40 60 80 100
RLI(%) RLI(%)

Fig. 3 Relationships between population density of alien Plantago species (P. lanceolata L.), relative light inten-
sity (RLI) and soil hardness (RH). The size of circles shows the relative amplitude of population density to
the maximum population density (max) in Plantago-existing quadrats of all land-use types and individual

landuse types.

a) all land-use types b) unpaved road

. L, .

25 o Max: 632 25 4 max: 88 I'ﬁ
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& ¥ &
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Fig. 4 Relationships between population density of alien Plantago species (P. virginica L.), relative light inten-
sity (RLI) and soil hardness (RH). The size of circles shows the relative amplitude of population density to
the maximum population density (max) in Plantago-existing quadrats of all land-use types and individual

landuse types.

W7z (Figs. 2 ~4)o BRI EFI2BWTH KA
OB & FBR OB A S M 72A% RLI & SH A% &
DRV E 2 AIZBWT D EEEOMARRED L 57z,
W AR TIE, A A3 T1X 10% LT @ RLI T 504
LTW22s VARIFFNTIZ0%LLED RLID &
CHIRLDPGMLTESL S, ATAHFNTIIBWT
GAEEMRCTE Do T2 HIHTIE, 3HE b 5kgem™
DR &) v SHICB W TR BIg S iz, &
BIE OMAARREIL RLIAT10 ~ 20% DL L TRIZ S 7z,
AT FFNTZEFIE 10% LT O RLI T b Ji HiPHIZ B
BEINTZ T A NTORWPGHA LT R8T,
10% 2L L RLI & 5 kg em ® LF @ SH 2 i % FE O i
REEDER LTz, MU A N apihilgishi:

M TIE 3~30%D RLI, 2~ 7kgcem” @ SH O
P oA s L 72,

F AN L ANTFFNTIE, RLIA30% AT ORF
WIHTC OB EOATEZ 54 S THB D, A
FLACOHABEMZA2HEZLDLEEZONT,
DR AESTTE L KOP o e WY (TE g A2 RF SR
2B HXFENS (Yoshie and Matsuo, 1989; Kobayashi
et al., 2001; Mariko et al., 2007)s —7Ji. YR I FF N\
IMEATEAT30% LT @ RLI TIEE A EHFAELZ VO
E. RS (BB ML R) TOEFIFHETDH
5ZLERIELTCNS (Fig.4)o YRI T NTON
BB REOREHTH 5 E I HIE SN R, Ly
L. BHEDD 9 —DOREBTdH 2 SafG A BOd



R7p 2 FHAIH & A TIBT SR A AN T LR N g OfEEREE A 15

tr L ABIEONA BRIV 10 pmol CO, m™ s 2
ETHAH I ENMONTWD (Shuiliang ef al., 1996;
Chuetal,2011). %3, VK IF /33 DHABLEE
WA A NTRATF AN LY HENETH S,
NS DOAEMERRIMABIGFFNNTEANTFF T
AL AR T 5 2 & 2R L TV DA,
RLEVHBEZ L AE b ORBETIEA A N T LH
WHLAWZ E2S, BEO X L ATEREY I+ +
NATHHHLE2zHN5 (BRA-#L 1997).
7z, RLI & SH O W )5 28l L2 BT
SHOWMBATFEE SN2 Lo, BRI L LT
DOHEMEIIMEIEL H L RIEMZ TVDH LA ILDHT

ELD, FORNIIRLTES GwEEZ LN,

WA DL AMEO vy BRI FFo8vaid, BpE
POMENTHP T TREER - MRARZEAIITV
IGD 72 AFHEATY R I A AN T 2 BT 5 EHITIE,
ZOFEOEFWH ZIZITHRZ Tz (F— 7 RK5EH£) .
VAR I AN EBBWHIF IS XD B TDH,
AF a2 R C ET CBIAE - ASgRICHE T
BN E R T A2 LN TEL, THLT
VAR IF A NTE, okhE EERBE TS L
AWHE BRI T I, MR 28BEE VS
BRIEA ML AL, B Z DTV EH D
LEzobhb,

TR 7 A 75O RLI-SH-EABEEE 7 1 v M,
F A NE IO SAHFE L &9 REREESFETH- T
bLWFIHY 4 T TRRELZSEEDOH DL ZRLT
Who 72E21E RLIAS10%LL T, SH72S5 kg em” LT
EWVIEBERE R N LR - KA O T EELBRBE T ) -
7ol &, WHARMEMKETHAITEDIEA A N2
THY), BEHTHOMATEZDEIANTFTF NI THo
7oo WEAAR E MBI VHRBREETH > THHAD
S X 2 HEELAS 2 DIk LT FRIN TIEHEALI
Pigwve EOZ Eid AN dweE ZANRA -
EAETHIITBEADITICL D HELZLE LT %A%
ANTFIANTEFENZLEL LW L 2RIELT
Wb, FANTEY I BIGIIEA - BT
572D DOUFEEMEIH 252 OB sns 2
ETHBHA AANTOFETF DL EWAKT 5 LAl
FREHWZ 77w L. BiIciE L GRIER S &
ZZ b TWw5 (Soekarjo, 1992) s L72A%> T, *+ 4

NAPEARDTRELELEE T 5013, T 0
WA EL TV DL EEZOND, L
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