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Spatial distribution pattern of macrozoobenthos was studied along the salinity gradient and sedimentary envi-
ronment in the Watancheon estuary, Beobseongpo, southwest coast of Korea. Ten stations were set from the
mouth towards the head of estuafy. Three replicate sediment samples were taken using a van Veen grab (surface
area 0.1m?) at each station between June 1998 and January 1999. A total of 114 species were collected during
the study period and they are composed of 44 species of polychaetes (39%), 34 of crustaceans (30%), 24 of
molluscs (21%) and 12 of miscellaneous. The former two taxa together accounted for 69% in the total number
of species. The mean density was 3,053 ind./m?, comprising 2,536 ind./m’ from polychaetes (83%) and 439 ind./
m?, crustaceans (14%). Moreover, the mean biomass was 58.23 gwwt./m?, consisting of 29.56 gwwt./m”® from
polychaetes (51%), 23.38 gwwt./m?, molluscs (40%). A spionid polychaete Minuspio japonica, two corophiid
amphipods Grandidierella japonica and Corophium sinense, a bivalve Potamocorbula amurensis were major
dominants at the head of estuary where the salinity was relatively lower compared with contiguous sites. The
distributions of M. japonica and G. japonica were sigpificantly related to the salinity and sediment environment,
respectively, whereas C. sinense and P, amurensis showed no significance. The nereid polychaete, Hediste
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Jjaponica, also predominated at the head of the estuary where bottom salinity was relatively low. Species diver-
sity was high at the mouth area whereas low diversity and few species number were seen at the stations in the
head of the estuary, influenced by freshwater and sandy sediment. Based on the cluster analysis, the macrobenthic
community was classified into four station groups from head (station group A) toward mouth (group D) in the
study area. The number of species and abundance between station group B and C were significantly different.
And the abundance of between two neighboring station groups (station group A and B, B and C, C and D) was
also different. These results suggested that the spatial distribution pattern of macrobenthos in this estuary seemed
mainly related to gradients in bottom salinity and sediment grain size among environmental factors.

M B

Y4 157t BREE
B2 Qs B H98s
48 5% s 4u8E T 3
A7lel Adshe ANFERE G ABEE A9 T
E0) gEE AT HAT, T8 A A

e Syomne puslE f7
3o) Bla] Ggdo) TR wjEo)

l:_— Ao g . 3
D2

o:: o O}H N

oll

F

= A

FEE H]Eﬂ Z = 3] Fof oF 10% ©)3l A= U} &
H, 592 28F 5 19 AR MEEY dEE B
& BN AR 17 1tH(Day, 1981). '
AotAoM MM FEL F7F EXo| H&E nXe= §3 84
de HEAAE HEslY HAE U9 7 &§F, AZEENL
#ZF 5ol Atk e B9 Ao E FYEHE sHddAME
1A o2 il o] W AMFEY 37 BE7T @A

HH, A G8 27435 B840 Mz ¥ B2t
2Rtz g8 A AtkBoyden and Little, 1973; Flint and Kalke,
1985; & 5, 2000). ¥t M e HE Pl AXFE B op
2} 59 Al M23hs olFet A7/ 59 BE= FF¢S
A o]ES& UYL E 3= oY AFHT Ao|7t = Aoz
&34 UTHCopland and Bechtel, 1974).

v FHde g9 2719 43 oz RE 94t
FeE KU AUtk 2 RS Frde Y 2 A
£ 3R THxde EXLE A FH AP Fhol 5
I o] A= glo] Bt vAr]HoR Yo s fdd
ot 2] fYoE Q% JE Zﬂ 3k o7y éa}tﬁ 2 z=7H)
o] Maete AMFE BX| J&L XA Hz, 53] 572
A5 A7 AgHde I B 77 Eﬂ A
A7 MAdle BEEC| O & FFE AL 71540 Itk

SEvete] 3y HMW e 34 B4 JE 2
A A8 AAMFTE ZHS AAFHCE d7d A= “}Zl
2t}. Hong and Yoo(1996y= g7 sl1e¢] JdEw el

| F

r

A% Aol A ANTAF B3 2SS FAo] 2N,
£ 9599 F0H Aot ANBE 2He FUREE B3
3= 228 B4 209 ARG Tol of Ao

B Pkl i 2AIY AUTEYS WBE A %s}

R B REE Aolihg

TAZHLE AXEAT ¥4, F T
(2000)2 Fete] 91X 8k AR S FF GrhA sh-wﬂ oA
xﬂxﬁ&u Exol vt A k7 Sk BAE =3lmA], o
£ R0 Aojgt 0] AL g AS TY9 H% FA=
S H HAShE o F2 WAA 5o o8] AXMEE 22t 24"
Ty Rusidch 2 delxs 957 7ol tE ANEE

Exol g 2APF o P EHY SHAM o] Aretr]
Hoh S¥F B8 A9 AFo] AsiinkEst A, 1992). wet
A ety geales sl dre st Fd s
HollA hte] AL R)/d (transect)y S ”“786}57- AXETE 29 F
X °ob‘<} 2 R dae e Aol

B ZAA G ofeA e g3 b Aakg]olA sk
S7ael AW ALK E A 2542kmel ATFE o)
o} B3 fuEL 205 kmlEA AL dEpdre) AelEre)
ZA7} Bk SR shTele SR WEe By WHE goz
FEEE BEARS 7] fste] 4ol 196 m, o] 10 me] Wie3HE

o] 19979 FEFEHAL} o] MY Z U3 AFoll= FEAF
o] 367,000 m* B3It AR LM, 9719 $F(B8.4xH6.0 m)

o] AX=o] FFA e 1,060 m¥sece] BFE WHE 4+ Ut
ez 5o 428 B9 SR S RE < Sm
Zo] F& FEE uot vivE FHED Yok 28y B AF
Fe AREFE 25 FdF uet 2] wiEd 471
A AFHoe AR BI 24719 ALHde Wl
o7t o A} @drt viEss wigeE gy e UWI
HAE] 23 HYo= Qe A8 AeHY] HE4 W
o] wi-$ FESA vehdoh

wEA B Apale sl Mashe AMEEY A - F
7H EXEFTE AE 9 g8 s 5483 54 A9AA
Bo}slarA] ST EF B Al doid AFE= ok s
ool X% WA E 3} FHFH G HMEA Wil wE A
AEE 24 4% goto] dujzis e S43e BFo 7 syt

Mz W

ol sk s A VE o] A3k AXMEEL APt
7] 3t SR S FROIAMEE Ide) o2& &)
107 B8& AAs, 741@_%& & 239 19983 697 &
Hel 84, 7FEQl 108 282 ALFY 19993 1€ 8% =
AFE FYEATHFg 1). 685E 1097 4d 1~ 7R,
AL 199 58 UFse 8 477 B4 8, 9, 10
£ Frtst] ZARBISITH RAM 71 E & $20 9213 A-d
A9 AL A8 2AMAY) o] 7HsE wkE HE FH0=
YA} AMEFEL AFL van Veen grab(0.1 m)S ARE-3}
o 7} BT 33y AAHFES AP QYD HHEL
H“Oﬂ/ﬂ 1 mmEES] ABA At B AAS oL, A=E
S NEHY B3 109 FATELACZ Tt AP &
Ll i A=



10 Qe -

z
8
o
N
[Tol
3¢
=z
g
o
§Y
3
126°25'00" E

AP AT ANFTETS ﬁ%s}cﬂ 7t BRAE 0.01 g7t

A EEFEWWHE ST T T/ AL T8 AA

2 Atk 2 2 A% AEe ﬂﬂ A F')e X}Ei

gatsto] AMESIoH, F8 7H?ﬂ-r‘ PHES AEEle) ¥
A& solsiginh. 23] T BAS 93l £ o ZH(Shannon
and Wiener, 1963), #S% A& (Pielou, 1966)S 7st5.om, B3

} §AFEE Bray-Curtis percent similarityE AME-3151.29, 715
B AL o) &3ted YL FYI 2 542 FHsiiTh
AMEED 47 FAAA ForE 98] Spearman ©HSH
ATE %ﬂ“-‘—tﬂ HA4354 AE7 I 2 E 452 74%
F Amere ARgslgnh B3 FEE FFEF 7] S8FT B
= 2 AA ‘%k-’] 2}o] 4B nonparametric test2! Kruskal—Walhs
test® o]g-8te] B3l Th. o] Wl ARS-SF =2 1782 MVSP(ver.
3.2), Systat(ver. 9.0), SPSS(ver. 8.0)°1t}.

37 B4L getsly] st @FA $&, GE2 CTD(SBE
19)E o]gste] ESMRE AZ7A 24 eH, HHE ¢
TERAS Y3 AXTE AL 98 AGEAE HAHE T
ok 200 g AEE B2 APEAT YEEAL BNEH {F71E
2 AAE The 2] A7} Sedigraph 5100 o185t E431%H

Fig. 1. Map showing the sampling sta-
tions in Watancheon Estuary, Beob-

128°27'30"E  seongpo, southwest coast of Korea.
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Fig. 2. Seasonal variations in the content of sand, mean phi, ignition
loss and POC in the sediments and water temperature and salinity
along the stations in Watancheon Estuary, Beobseongpo, southwest
coast of Korea.
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Table 1. Number of species, mean density and biomass of macrobenthic faunal groups in Watancheon estuary, Beobseongpo, southwest coast

of Korea between June 1998 and January 1999

. June 1998 Aug. 1998 Oct. 1998 Jan. 1999 Total

Total no. of species

50 (100%) 60 (100%) 43 (100%) 49 (100%) 114 (100%)
Polychacta 20 (40.0) 29 (48.3) 21 (48.8) 24 (49.0) 44 (38.6)
Mollusca 12 (24.0) 10 (16.7) 5(11.6) 10 (20.4) 24 (21.1)
Crustacea 16 (32.0) 15 (25.0) 12 (28.0) 11 (22.4) 34 (29.8)
Echinodermata - 2(33) 1(2.3) 1(21) 4( 3.5)
other 2( 4.0) 4(6.7) 4(9.3) 3( 6.1) 8( 7.0)
Mean density (ind./o’) 9,003 (100%) 3,926 (100%) 1,731 (100%) 2,128 (100%) 3,053 (100%)
Polychaeta 7,503 (83.3) 2,976 (75.8) 1,686 (97.4) 1,756 (82.5) 2,536 (83.1)
Mollusca 86( 1.0) 61( 1.6) 8(0.5) 169 (10.7) 72( 2.3)
Crustacea 1,394 (15.5) 885(22.5) 35( 2.0) 133( 6.2) 439 (14.4)
Echinodermata - 1( 0.0 1( 0.0) 1(0.1) 1( 0.0
other 20( 0.2) 3(0.1) 2(0.1) 1(0.1) 5(02)
Biomass (gWWt/m?) 143.73 (100%) 58.42 (100%) 19.77 (100%) 54.37 (100%) 58.23 (100%)
Polychaeta 40.86 (28.4) 11.14 (19.0) 5.43 (27.5) 39.72 (73.0) 29.56 (50.8)
Mollusca 86.09 (59.9) 41.38 (70.8) 11.57 (58.5) 11.02 (20.3) 23.38 (40.1)
Crustacea 16.43 (11.4) 3.75( 6.4) 1.52( 7.7) 2.30( 4.2) 3.67( 6.3)
Echinodermata - 0.08 ( 0.2) 0.05( 0.2) 0.47 ( 0.9) 0.10( 0.2)
other 0.34( 0.3) 2.07( 3.6) 1.20 ( 6.1) 0.87( 1.6) 1.51( 2.6)
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Fig. 3. Spatial distribution of total number of species, mean abundance and mean biomass of macrobenthos in WatancheonEstuary, Beobseongpo,

southwest coast of Korea.
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ARR oz B Wxr} /b8 ghow, 7 kel Ades A%
7} A ZSh(Table 3). ZHEX e Bd) A d=rt =
Y3ty g4 G2 e AF 594 3,930 MA/m2 FH3LA
A2, A 6 7ME 2,750 WA m? 014 D=tk (Fig 4).
T BAE I~ 4004 e SEIA gt dedole 2t F
A8 ZasEon, FA 49 5945 200 A /m? o] 5k ‘%JE
2 239 718 doe g e AEgen, AZHd e 3
A 25 AN o) AN EdsHeH FA 604 *PEHX“’
2 5& dxgnh TEy o] £& 84 QAEF) JAAAE
= Ao =E eI TH(Table 4).
T 519972 Al3kE whA| Aot AXAEAY Rl 9%
ZALIEA, AgEe] Gairt APEE B2 10%0 0I5k ¥
GEH =& F2AAFES XA AHANAE C sinense?’t FA
=9 95% o) Fg AXE FuB Ao, slg Fhol uh
712 Qs Wmrt oAl Fske 844 Easisih
A FAF Aelle QF ZAAA 4,735 WA/mTF &
Ab FOlE B 444 A ] =S 23St
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Table 2. Domnant species of macrobenthos in Watancheon estuary, Beobseongpo during the studyperiod between June 1998 and January
1999

Species name Abundance (ind./m?) No. of st. occurred Percentage (%) Cumulative %
Minuspio japonica (p) 3070 8 79.6 79.6
Corophium sinense (c) 342 8 8.9 88.5
Grandidierella japonica (c) 204 5 53 93.8
Potamocorbula amurensis (b) 82 7 2.1 95.9
Hediste japonica (p) 40 6 1.0 96.9
Heteromastus filiformis (p) 21 7 0.6 97.5
Capitella capitata (p) 13 3 0.3 97.8
Nectoneanthes oxypoda (p) 12 7 0.3 98.1
Paraprionospio pinnata (p) 9 1 0.2 98.3
Pseudopolydora kempi (p) 9 7 0.2 98.5
Lingula anatina (br) 5 3 0.1 98.6
Magelona japonica (p) 5 2 0.1 98.7

p: polychaetes; b: bivalves; c: crustaceans; br: brachiopods

Table 3. Seasonal variations in the abundance of macrobenthos in Watancheon estuary,Beobseongpo

Species name June 1998 Aug. 1998 Oct. 1998 Jan. 1999
Minuspio japonica (p) 7,314+19,318 2,828+4,831 1,633+2,437 1,178+2,120
Corophium sinense (c) 1,350+1,727 25462 2+5 87+193
Grandidierella japonica (c) 24+54 842+923 25+63 13
Potamocorbula amurensis (b) 71+172 52+126 2+4 163+£277
Hediste japonica (p) 37194 39+59 1+3 68+81
Heteromastus filiformis (p) 554118 15£25 2+4 15+47
Capitella capitata (p) 29+49 21443 1+4 3+10
Nectoneanthes oxypoda (p) 1+3 37+86 - 10£18
Paraprionospio pinnata (p) - 245 31482 4+13
Pseudopolydora kempi (p) 21426 143 1+4 9+14
Lingula anatina (br) 19+44 - - 1+1
Magelona japonica (p) 20434 - - -

p: polychaetes; b: bivalves; c: crustaceans; br: brachiopods

a2zt ek aFdellA o8] WErl B2 AA sellME @ XA R ueE 2AY AGdME BEA FAY 2

Bo] & 20%0 oo BA ASlERTE BA UEFEOZA dE —-—7]' ”U):‘:} AN E G FTFS a/ W ZholA] A

-2 A7t & BEAL 2Tk 902X 7|eAY 5L JERATHA! &, 2001).
A AR R8¢ 7194 GNSF Grandidierella japonica= ‘E?ﬂ' thRLF0l Hediste japonica= BT 40 /WA m’Hom,

A AE B 204 AA/MEA BA “E‘Eo ok 502 AG3ETt A 229 1%2 ARSI TH(Table 2). ALH d=rt Adldo
(Table 2). ARA o 2 JE2H W=7t 714 o ALFole 2 Etod, 7IeAde BU%th(Table 3). o] T2 A3 63 790
D=7}t 7158 Wokth(Table 3). 8ol A4 59 6ol 150 71 A F2 98302 S YAoH s ol HAE A
Aim? PlTre] 2E2 SHEP o, EHo] HuM Uyt F3 HEINME S8R FUTHFig. 4). 53], ALEH ZAMIAE ¥
3] Z7tele] AA 70l 2,373 MAMEA 7P B, AF  FE uE gl fXIs Gl 20%0 o1E] A= &
49} 5= ZH2F 1,200 ZNA/m? o] DEStHFg 4. 28U, silen, 4EH B9olE 12%<] BF 7IM = 30 A /m7t
BH el e 27t dgkon, & AASME dA 4% EHIGAT

o} 7Fe-Eo) HEA AA 6914 168 A>T 28556, A H. japonica’= B2 33d= A% A gl v, AF o
SFo= Auvgo s Aeyt F43) Zadyen A 7MT Bie £ AEEAE YER o EA dil -45}] IR

10 7RA/m>7E 283t ©] & Ut g FhoMe Aol 9FE e 7194 T4 5L YERITH(Table 4). 5, ©]
o U2 HyE dr) gl FoRAM, B 2ARdd e Hd Fo] 2 ¥ YHEL HHYo] A5 Hde 2H}HIL,
743 B ATBAAE UepIUY 53], 2 §3F0] 3 B ALHAE AHsgdR Evsty e I AHE His 2
Fol BFLFE 2L 52 NAte 548 BAthTable 4). =7 ¥/ SRFORAM, o] T2 HAY B 4Rl o9 F
mebd Zagae] A durt AFT dsigolt diel Av = BEF ARRE e Atk
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Fig. 4. Scasonal variations in the abundance of the major dominant
species along the salinity gradients, Watancheon Estuary, Beobseongpo.
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Fig. 5. Spatial and temporal variations in species diversity along the
stations, Watancheon Estuary, Beobseongpo, southwest coast of Korea.

Aol w2 NFAMBES] FEE 15

oluj=) B¢ Potamocorbula amurensise AA =9 & 205
A4-51AthTable 2). AL 2383 2=t ot AZe Hls)
=9k, BA 5941 729 AA/mMEA HIXNE BPoH, B3
49} 69M = 300 QA /m? ool EEs] o)E FHEC] F £
T Ho|QIthFig. 4). =3 BZole AF 63 7oA % 22} 459 A
Am? 2 36 MAM L=2 2FsH e, AEHe 84 5
A 2L} Ehoh e sy Yol X AH 15
204 E 2FeA FATh kA d=rt 2H3L o] W2
715990] o]E¢] Aol HFe FAhw FIEHA| R, HH A

A% AR FBIAE ViR GkTh(Table 4).

I ol 87 E 29 AEES] Capitella capitata= 371 R0
A 2 B2 82 & 95E BUTH(Tables 2,
3). BAdle 44 59 601x 4zt 76 AHA/m* B 119 HA /m?7}
Z¥slgon, JEAdE FA 594 116 AA/mMEA 7P D=7t
=T (Fig. 4). C. capitata= ‘:'EH%]"’*I’J»E oke) AAAA S HY
°on, 95, BF, HE A= £ A4S JeERIATH(Table 4).

Heteromastus filiformis=. 771 73 llA] g?’]_O}?&—l_-Eﬂ, Ede] B+t
Y=t E9vh F B2 IR 4241 - 320 /1A /m
=900 AgHE 149 HAme) Y=gtk $ Paraprionospio
pinnatas 713 BP2E 9115t @] Gl A AR 19
A 2FsGEY 7FHEY 2ot AFHoR 3T o] A
o 3} 47189 ggo] g FA) Hs] dFoE v

28 7=
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AT 5 G PIRL 848 U wede 3y
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A ABAAE 7RI UAUTHTable 4). =, GEZ71 we d
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Table 4. Spearman rank correlation coefficients between environmental and biological variables

Sediment Bottom Water

IL (%) POC (%) nmean (¢) sorting(¢) sand (%) silt (%) clay (%) salinity (%o)
Number of species ns ns ns ns ns ns ns ns
Abundance (ind./m?) ns ns ns ns ns ns ns —0.67***
Biomass (g/m?) ns ns ns ns ns ns ns —0.55*%
Diveristy ns ns ns ns ns ns ns 0.73%*
Minuspio japonica ns ns ns ns ns ns ns —0.84%%*
Grandidierella japonica ns ns ns —0.56* 0.51* —0.68%* ns ns
Potamocorbula amurensis ns ns ns ns ns ns ns ns
Hediste japonica ns ns ns ns ns ns ns —0.75%*
Nectoneanthes oxypoda 0.53* ns ns ns ns ns ns ns
Corophium sinense ns ns ns ns ns ns ns ns
Capitella capitata ns ns —0.57* —0.54* 0.53* -0.50* ns ns

* p<0.05, ** p<0.01, ns: not significant

Z HAlT 2AE 754 o] ATt Nordby and Zedler(1991)%.
Capitellidae$} Polydora’t S8t 31204 749- olF ol 2=
Haggol vderdE AFAT

o, 7+ AAE 2EFE AS ARE 48 BF T8k
Y 24 2% g4 FYEHE iR 72 9X 33
S MRE 3] Y77 a4 FE2 LR TEEATH(Fig.

[22]
o)
|

6). °15 A7 37 2 AeiskE 5494

AHE A" B9V F95EE Aa2RY 7P A 2ol A3
o @4e] Fge] AdiFen Fo FF 13 22 PRI,
AL =AM APFE DE AYsize 7 d=st A"e 3
FHzolth BelAe] ST 21%EA ThE AAZ] vjs) ¥, A
E o] 61%EA M Bk POC e 0.6%2 39

& Table 59 VFERASICE
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Fig. 6. Dendrogram showing station groups
of the macrobenthic community located
from the mouth to the head of the estu-
ary recognized from the cluster analysis
calculated on abundance of macrob-
enthos species occurred between May
1998 and January 1999.
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Table 5. Ecological characteristics of four station groups at Watanchon estuary, Beobseongpo(p: polychaetes, m: molluscs, c: crustaceans, br:

brachiopods)
Parameters  Group A B C D*
Station number 1,2 3,4 5,6,7 8,9,10
Environmental (summer and winter)
Mean (¢) 5.04£1.12 4.82+1.70 3.48+2.83 6.35+0.11
Sand (%) 21.25+26.96 23.95+15.81 48.23+49.02 3.30+4.60
Silt (%) 61.28+26.34 53.40+14.92 38.10+39.32 70.20+8.18
Clay (%) 17.43£7.03 22.05+23.81 12.08+14.02 26.50+5.94
POC (%) 0.63+0.12 0.71£0.22 0.60+0.24 0.9120.11
Salinity (surface, %o) 30.82+0.70 29.82+1.51 22.29+6.33 17.32+0.45
(bottom, %o) 31.05+0.77 30.16+1.01 24.16+5.28 19.91+0.62
Ecological
Total number of species 57 (36+16) 64 (43£6) 35 (21£2) 13 (8+2)
Mean abundance (ind./m?) 123+121 541+£503 9,449+7,042 284+148
Mean biomass (g/m?) 4.60+2.79 40.10+7.39 107.41+11.76 56.88+26.96
Diveristy 1.97+0.46 1.70+0.73 0.48+0.36 1.20+0.26
Evenness 0.84+0.17 0.63+0.25 0.21£0.14 0.58+0.07
Dominants (ind./m?)
Minuspio japonica (p) - 163+£217 31,148+28,274 146493
Corophium sinense (c) 242 114+110 3,408+607 17+£21
Grandidierella japonica (c) - 667+1,078 1,565+719 -
Potamocorbula amurensis (b) - 1554215 728+588 6+7
Hediste japonica (p) - - 309+198 98+33
Heteromastus filiformis (p) 30433 282+287 8+4 -
Capitella capitata (p) - 31+44 108+101 -
Nectoneanthes oxypoda (p) 542 144+166 25+25 -
Paraprionospio pinnata (p) 1354191 - - -
Pseudopolydora kempi (p) 1242 48+35 46+42 1+2
Lingula anatina (br) - 73184 1£2 -
Magelona japonica (p) 35+49 35+49 - -
Glycinde gurjanovae (p) 41435 23+5 - -
Hemigra%os penicillatus (c) - 36+19 1+2 1+2
Melitidae unid. (c) 242 3349 - -
*Three stations were surveyed in winter only (January, 1999).
—no occurrence
Sl vlsire aokA A4 gt o] oM 25 ¢ X1 o} B2 Zho|ITHH'=1.70).
3 G 30 oA tie gzl 13 VY et v BT Ce 332 7hedl 1 Q) 2y 23
o 9ol LS YT, BUFAE TFON YBZ BR o BUT 4%E o8 B8, 424 AEds) 9Ee Ao
= Ao} Ha Aert Yot EF-‘"CEQ} &EE‘: AREE 7heE 22 71 v mEbd POCE 0.60%34 AR 7hed 71
7P wA JERITHI'=1.97, E=0.84). S $HFL2 EF P ot B3 A% GBS AHZ DEvhe AT 24%.2
A P pinnaias The BATANE SR T A 194 A de gg YERIT odE 29 Y=g e grow
T 2¥ske 54 By st ) FHolA A" T 35%Re) EHE O B3P
3T Be AT ARTE 2 HIGIAT AR ol o vl L £¥FFE YepiQT. 2ev dEE FFE ke
HleirE AR $74 B2 Q=S ehdh4.820). EF B o 7P ERoHEET 9449 AA/mY). =St #ERE 7R
HA AELe ko] 7} 249 B 53%@1 AT ASFCY W 2 VEMIATHH'=0.48, E=0.21). ©] BTN F9-H3

F7t -8 Jepdch 4E9 POC T2 247 22% 2 0.71%2
A ARZ DURCE Eth B2 o Xﬁz GERE oF 30%.2A]
ARE AS CY F7%E YRS £33 AR Z 7hed
71 B 6450l 714 dAEF G. japonica$t THE

£ H. filiformis®] $37 £ 0% Q8 T AAZ AR

FL UERRI M. japonica oW, 3 QA F

o] F2 ANske AAEoT B 5 ok
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= vtk &, =ade) ke shg v,
o] 70% olAo 2 =A UePdth. =3 POC g% A
o 7P EAT GES 20%0 o]5ke) o>y ol
TE ALHAT A Wi 7 HL 1350]%2eH,
TE FET ARTE XY FAE BETRE Y 3 g9
= AHET A8 BRUE W& ol dtt. o] AddME 4
T CollAM FFSIRE M. japonicaZ} $HAFLE ZHIAY
Ee usith WA 7154 25 Al Ardes
st B A-g AAIFIL Uk

HAEN A3 28 74 ZETAAN e 2855
T 7H F2 8 zpol 7 919 2.8 (Kruskal-Wallis Test: H=8.77,
p<0.03), ] 7+eH AHZ B9} C AlolollA] fel 3k 2lel7) ¢4 E 9
TH(Mann-Whitney U-test, U=85, p<0.01). 3 2&% 7z} 447
e & FY9A7T QA H A= (H=23.43, p<0.001), -
AS} B(U=10, p<0.05), 387 BS} C(U=1.0, p<0.001), A C
2} D(U=36, p<0.05) AtololM = Fo =7t AR H R, 22t A
Aol e A Tl Zel7t §le ALZ JelivhH=6.49,
p>0.05).
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