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Impacts of Sand Mining on the Macrobenthic Community
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Abstract : Small-scale effects of sand mining on macrobenthic communities have been reported previously.
However, little information is available as to how dredging affects the macrobenthic community structure.
The objective of this study was to determine the impacts of large-scale exhibition dredging on the
macrobenthic community of Gyeonggi Bay, Korea, where sand mining has continued for 20 years. Prior to
dredging, the macrobenthic species composition was similar to that of areas near the dredging site, with
several common dominant species found before dredging. After dredging, the number of species, density,
and diversity (/) in the experimental area (sites 0 and 1) decreased significantly, but no difference was
observed at other sites. Multivariate analysis (multidimensional scaling) revealed significant differences in
community structure before and after dredging. The amphipod Urothoe grimaldii japonica, which was the
most dominant species at sites 0, 1, and 2, decreased rapidly at sites 0 and 1 after dredging, but no difference
was observed at site 2. In addition, the index of multivariate dispersion (IMD) and the relative IMD (r.IMD)
were large at sites 0 and 1, suggesting that the effects of dredging were direct at site 0 and 1, but indirect at
site 2. The macrobenthic communities at sites 3 and 4 were not affected by dredging, but they were affected
by physical conditions and biological interactions. We suggest that benthic biotope indices such as the IMD
and r.IMD may constitute a valid tool for assessing the effects of dredging on the macrobenthic community;
long-term monitoring is required to verify this.
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Fig. 1. Map of sampling area in Gyeonggi Bay, Korea.
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Fig. 2. Replicate samples at each sampling site on 25 November (N), 28 December (D), and 11 February (F).
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JYE BEAsIEY ARYE 245 26 oE Ao f
AlE S5 A8 APE F 238 MAFE 4th root
transformationd}] Bray-Curtis®] F-AFEA| & T8FA3L,
MDS(non-metric multidimensional scaling) 8% 2 t}
AR S ST (Clarke 1993). 7} A lA &S v)
e AMFTES 7] 98] SIMPER(similarity-
percentages procedure) 418 AAISATHPrimer 5.0,
Primer-E Ltd.).

ZAF A7 ZF ARelA EdEke S 2B, F o
S, AAF H F8 FHF FAAP 2olE et
3, WA zEe] A AE(test of normality)S A
stk & 479 42T FHY REE o] FojA,
two-way ANOVA tests A3 tH(SigmaStat 3.0, SPSS
Inc.).
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Table 1. Value of environmental variables during the sampling periods.

Date Site Gravel Sand Silt & clay Mean Grain IL* Temperature DO** in Depths

(%) (%) (%) ()] in sediment  bottom (m)

st.0 0.07 99.92 0 0.73 0.217 14.5 8.58 43.5
st.1 0.67 99.13 0.19 0.86 0.192 14.7 8.55 394
25-Nov. st.2 0 100 0 0.88 0.233 14.6 8.57 46.6
©ost3 14.97 85.03 0 0.1 0.168 14.5 8.5 49.7

st.4 0 99.79 0.21 0.69 0.162 14.6 8.39 52.7

st.6 0 100 0 0.99 0.249 14.5 8.39 27.6

st.0 0.29 99.51 0.2 0.46 0.181 73 8.15 46.6

st.1 0 100 0 0.97 0.216 7.4 8.17 42
28-Dec st.2 0 100 0 0.89 0.251 7.3 8.1 49.9
©ost3 28.87 71.13 0 -0.61 0.190 73 8.16 49.2

st.4 1.66 98.17 0.17 0.65 0.152 72 8.23 57
st.6 0 99.78 0.22 0.95 0.231 6.7 8.62 27.6

st.0 1.74 98.26 0 04 0.169 2.9 10.44 44

st.1 0.63 98.93 0.44 0.86 0.187 29 10.48 403

11-Feb st.2 0 100 0 0.92 0.261 2.7 10.5 41.7
ost3 222 97.61 0.17 0.54 0.176 2.8 10.5 52.5

st.4 0.17 99.65 0.19 0.6 0.177 2.6 10.6 53

st.6 0 99.81 0.19 0.98 0.275 29 10.65 22.5

*, loss of ignition; **, Dissolved oxygen.
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3.2 3} Table 2. Results of two-way ANOVA analysis for the number
of species, density (ind./m?), diversity, and biomass
of macrobenthic animals during sampling periods.
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B2 12 ind/m*E o 50% ol4to] ZHAsiuth 33 A}
Aele 88557 2zHR 22 28 ind/m?#} 16 ind/
m’E A3, UoX] BRE-e 2as] @th

B Ao 28T F49 Udx9) T o Agre
ZAF 717F 2 AA wEt Folgk xjo)7F JERSiTH Table
2). A tE 23 F5E 13} XA 88 23k 33}
Ao BE Aol ZHAstith(Fig. 3). AF 0z 33
1904¢] 72+4Zo] ThE A vl ZA vepton] A
7 1604 23F ZAF Wje] F7) 13} 2AF Pl BT 50% ©]
Aol At B3], A 0204 7 wol vehd
AFE 13 AL olF AAE 0-1904 343] 7Ase
v, AR 20ME Ak sk ey FA 39 A
5, 2349} 32 2AF w9] Fe Zort YelA] ¥%t
o} A4 28 2= A 03 A 1904 13 2ARR
the 239 33; 2AL o) 7hAe] Fo] Frksil oy, AA
24490 ME AP AYE o wit} 2ot 24 Ak 5
3], AA 28} 30Me 120 T 23 AW 2RVt S0}

o, A 4ol 23k 33 A 2T S
7¥stsich. Wi, bALE F-2ed] X3 AR eollMe
22F AL Y7ER] AEe FIFstTrE 33F 2AF 717kl
Ao} FAT At UEltth § s Age 14 =
ARZIZHE 1.0914 1.7 Alol2 R 7 SF3g 2polE B
o|A|&= kAN, 23k E 33k A HollE A 62 A9
3 BE AHlA stk 531, AR 03 10049 2
A%L 2 AHAEA 24)ET} ZoH, 23 2ARA] 7]
£ B 04 o)3kE, ThE AR vlsf 2v ol A
chFig. 3).

B A7 T AFAE F 28] 2% ol de
2 &¥3te $& THIFLE FES YElTH(Table
3). 12 2AF o) Y 48 $& UER[ Hemipodus
yenourensisZ. 19.5%% A3t oH, thFo 2 EER
Olivella fulgurata(17.1%), SZrF Urothoe grimaldii
Japonica(15.1%), Mandibulophoxus hongae(7.3%), %
o|F Liella pelagicus(3.4%) 5% X2 £33t

Table 3. Dominant species (>2% of total density) during the sampling periods.

Date Taxon Species Density (xSD) % Cumulative %

Apo Hemipodus yenourensis 22 (£47) 19.5 19.5

MGs Olivella fulgurata 19 (£19) 17.1 36.6

CAm Urothoe grimaldii japonica 17 (£15) 15.1 51.7

CAm Mandibulophoxus hongae 8 (x12) 7.3 59.0

CMy Liella pelagicus 4(x4) 34 62.4

25 Nov CAm Orchomene pinguis 3(*8) 29 65.4
’ Apo Notomastus latericeus 3&7) 29 68.3

Apo Glycera chirori 3&7) 29 71.2

CAm Urothoe convexa 3(x4) 29 74.1

MBi Varcorbula yokoyamai 37 24 76.6

MBi Macoma praetexta 2(4) 2.0 78.5

Apo Scoloplos armiger 2 (£3) 2.0 80.5

Apo Hemipodus yenourensis 33 (£50) 33.0 33.0

CAm Urothoe grimaldii japonica 24 (£24) 24.6 57.5

CAm Mandibulophoxus hongae 8 (£5) 7.8 65.4

CAm Orchomene pinguis 8 (+19) 7.8 73.2

28 Dec. MGs Olivella fulgurata 5(5) 5.0 78.2
Apo Nephtys californiensis 4 (£3) 39 82.1

MBi Macoma praetexta 3(x4) 34 85.5

Apo Prionospio paradisea 3(3) 2.8 88.3

MBi Varcorbula yokoyamai 2 (£5) 22 90.5

Apo Gbhrcera capitata 15 (£19) 26.7 26.7

CAm Urothoe grimaldii japonica 8 (+20) 14.9 41.6

MGs Olivella fulgurata 6 (£7) 10.9 52.5

MBi Macoma praetexta 5(x8) 8.9 614

CAm Mandibulophoxus hongae 4 (x6) 7.9 69.3

11 Feb. Apo Terebellides sp. 3=5) 5.0 74.3
CAm Orchomene pinguis 2 (+4) 4.0 78.2

Apo Nephtys californiensis 2 (£3) 4.0 822

MBi Varcorbula yokoyamai 1(x2) 2.0 84.2

Apo Notomastus latericeus 1@&3) 20 86.1

Apo Spio martinensis 1(%2) 20 88.1
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Fig. 5. MDS of Bray-Curtis similarities form 4th root transformed species abundance data at each sampling date.

Table 4. SIMPER analysis of macrobentic animals, listing the main characterising species at each site during sampling
periods. Average abundance, and the % contribution to the similarity made by each characterising species is
shown. Also listed is the cumulative percentage and the overall average similarity between replicate samples
from within site.

Date Site Species Average Average % Cumulative g‘::_;al:
P abundance similarity Contribution % averag
similarity
Urothoe grimaldii japonica 16.7 17.5 43.0 43.0
st.0 Notomastus latericeus 16.7 17.5 43.0 85.9 40.8
Prionospio paradisea 6.7 5.7 14.1 100.0
Urothoe grimaldii japonica 433 18.1 49.7 49.7
st Leptochela aculeocaudata 6.7 6.1 16.8 66.4 363
' Liella pelagicus 10.0 6.1 16.8 83.2 ’
Olivella fulgurata 6.7 6.1 16.8 100.0
Urothoe grimaldii japonica 333 18.7 55.1 55.1
st2 Liella pelagicus 6.7 59 17.4 72.5 33.9
’ Olivella fulgurata 16.7 4.7 13.8 86.3 ’
25 Nov. Glycera subaenea 10.0 4.7 13.8 100.0
Hemipodus yenourensis 116.7 26.1 65.5 65.5
st.3 Orchomene pinguis 20.0 7.5 18.7 84.2 39.8
Olivella fulgurata 233 6.3 15.8 100.0
Olivella fulgurata 53.3 17.1 33.6 33.6
std Mandibulophoxus hongae 30.0 13.0 25.6 592 509
’ Hemipodus yenourensis 16.7 123 241 83.3 )
Varcorbula yokoyamai 16.7 4.7 92 92.4
Glycera chirori 16.7 22.6 60.1 60.1
st.6 Chaetozone sp. 6.7 8.0 2511 81.2 37.7

Urothoe grimaldii japonica 20.0 7.1 18.8 100.0




Impacts of Sand Mining on the Macrobenthic Community 137
Table 4. Continued.
Average Average % Cumulative Overall
Date Site Species Lo o o average
abundance similarity Contribution %o PR
similarity
Hemipodus yenourensis 16.7 123 45.0 450
st.0 Macoma praetexta 6.7 7.5 27.5 72.5 273
Nephtys californiensis 6.7 7.5 27.5 100.0
st.1 Urothoe grimaldii japonica 50.0 42.9 100.0 100.0 429
Urothoe grimaldii japonica 63.3 24.6 57.1 57.1
st2 Mandibulophoxus hongae 13.3 6.5 15.2 723 431
’ Hemipodus yenourensis 13.3 6.5 15.1 873 :
Olivella fulgurata 10.0 5.5 12.7 100.0
Hemipodus yenourensis 1333 37.0 47.7 47.7
28 Dec. st.3 Orchomene pinguis 46.7 274 353 83.0 77.6
Ophelia limacina 6.7 6.9 9.0 91.9
Macoma praetexta 10.0 18.2 52.6 52.6
st4 Mandibulophoxus hongae 133 5.6 16.2 68.8 345
’ Nephtys californiensis 6.7 5.6 16.2 85.1 )
Olivella fulgurata 10.0 52 15.0 100.0
Hemipodus yenourensis 233 194 41.8 41.8
st6 Urothoe grimaldii japonica 233 17.6 37.8 79.6 46.5
) Mandibulophoxus hongae 10.0 4.7 10.2 89.8 )
Mactra chinensis 6.7 4.7 10.2 100.0
st.0 Nephtys californiensis 6.7 11.6 100.0 100.0 11.6
st.1 0
Urothoe grimaldii japonica 50.0 243 64.7 64.7
st.2 Nephtys californiensis 6.7 7.0 18.6 834 375
Olivella fulgurata 20.0 6.2 16.7 100.0
11 Feb. Glycera capitata 433 28.6 47.8 47.8
st.3 Orchomene pinguis 10.0 24.5 41.0 88.9 59.7
Notomastus latericeus 6.7 6.6 11.1 100.0
Macoma praetexta 20.0 20.8 58.8 58.8
st.4 Glycera capitata 33.3 7.5 21.2 80.0 35.3
Mandibulophoxus hongae 10.0 7.1 20.0 100.0
st.6 0

& wotal7] 9Jal SIMPER H4-2 AAIE4 tHTable 4).
APAFAZE A2 E7] A AE 004y FAA fAlEE
40.8%R 0, @27 Urothoe grimaldii japonica®t TFE.
5 Notomastus latericeus7} Zt2} 43.0%H .8 FAL =
7 & 9L FAck. 28y AlRAETE AR o]
23} AR} 33} ZAPIM ] B Ul fFAREE 242 27.3%
7 11.6%2 A Wolglen, fAlkd I3 T
A EFE vF S cHTable 4). 3 19] 3%, 1349} 23} =
A ©ZF3]) U grimaldii japonica?t SrAEES 71 =
2 FAE sk AAE W Ak 1Ak 231 W 36.3%
9} 42.9%JA G, 3xFRARA O = Al o] vkEAlE & )
o] A|FoA AEe] HF FHsA Lol A e fA}
EE 05 ek AA 29 A, 13 AR B W
FAEE 33.9%= UEPd o, 2319} 33} ZAAOY zhzh

43.1%%} 37.5%2 33 Asy Vehtx] ggteh £33
@zt 72 U grimaldii japonica?t FAFES 7H8 & &
e slgon, A A7 £33 2Pl bR kst
ok A4 39 3%, AFNS] AR 1A 24 dddlE
39.8%% BAR, 23} ZAM = 77.6%2 A 7
AL, 33} ZAPIE 59.7%2 RYch AW 3e04E 1219
25 FAY 25 U2 |/ Hemipodus yenourensis®t &2+t
Orchomene pinguis?’t 80% °©1/do 2 7 Yeiston,
33} ZAMIME BEF Glcera capitata$t O. pinguis7t
80% 4o E, 7 4FE F= TEFY Fol ¥HA
o} AAE 494 12 24} wle] BEY FALEE 50.9%
2 Jehion, 23 FAE 34.5%2 72393, 33
ZAMIE 35.3%2 23F AL w9} v]S3t T ARIALE
A8 AA 69 AL, AR FES FE FEo| T
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Fig. 6. MDS plot with superimposed circles of increasing size with increasing sediment characteristics.

A e 4SS EAHTable 2). 53] 13} A o
80% o] frabel FFE F= HEF G chirorigt
Chaetozone spi= THe AR F83 Fo8 &3}
2} gtth 2¥AW, o] F F& A ©zF U
grimaldii japonica®t M. hongae 5-& 247} 50 1 o)A
T F83% Fo= veyrt F3 6dA Y AN &
ANEE 11X ZAb] 3779 23F AW 46.5%E BESA
gk, 33 ZAMIME FARET) 092 YERsit

Fgele] AR

33} ZA} 717 Bote] BE YA 2T VEIFH
A YFUE)E 0|88} Bray-Curtis®] FALEATE
233 & AAUEHAE %, 72, GE, §84S,
74a7reF $)¢kel Spearman rank correlation® ©]8-gt
BIO-ENV HIAEZ HA|slo AXFE FLHEXN F9F
< UXe $a8U0E S A B dFAFAM Y A
MEE FATFR 9GS VX e BRI Ee HJE

8], HFYse 2 FE8Fe] 03192 7P w3t AE
o] w2 33} Ak AA 19l 7P ZA IS FAG
(Fig. 6). whadl], HFYd=s I 3¢ A9 ZE BF
oAl w3t A FUoH, A 3oMe Ao 9T
o] ZA Jepgch =3, FEFS B 02U BH 6
oA e} Go) A 337 4o FFrch ¥R A
ettt $73W<47k2] Spearman rank correlationS 4l
A Az, AEQ] v g3 Fads 2 BEEFE MR
74l 23 aaA 7t JEhR] R tH(Table 5). BadY =<t
Fazree w9 vjgo] FvF 5 AXH, wdd,
2ol vl go] 7t 45 A

AEANFET, U=, £ UYL, & 378, F 455
9] 3 AS7ke) A BN A7, HAHEY dreks
F2AA 7 eRIA] eEkck(Table 5). 3, Fe 54
B 9] 259 ¢ AABAE /R AL, dxE
ST o AHAAE B 53], T4 B 29
Me Fo U 9 F ofert 34 SUksich &
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Rl whoH, HAEU: %
btk OJ:/] FBBAE B3k SR M hongae‘—:—
o] 1| AFE Wo] ZHIIF Y, YIRF G capitata
ET‘:— F&o] WoldFE Zrretch 2y YA
& BNSe) 3% REAlE BolA g3drh
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AR 7 dojvhe ellA o AX AYejA Y 2@
UnbA Q] ZA AJefA|e vis] 2A) Vel wEe] 57
A oA ) whE-AQl |89 WHolE Hofste], 7 A
A7re] RS Fekshs IMD 43 5Y A ol
Ao Zee & F e rIMD 42 A3 IMD
‘:’444 B, AFAZIE 7 R vl zdy 7 2E AHF
717+ 33, A7 WHolE Hetsiq). # AT 7]
zr %‘LH A77F IMD %kE AR Z3(Table 6), B3
07 AA 12 IMD %ol 025802 the A7k FAM
of vl A veltow, 4 13 A 28 IMD 3ol
0.7252 Aol YA JEltth A4 2, 3, 45 A 279
IMD kol 0.1 ol3k2 Aol vll¢- =it

FAF 717 B AR He] A oA 24 A
rIMD)E A& A=, AH 0 19149 rIMD F2 Al
&M F7rsiRem, 133 AL 717 BRE s A
2] rIMD Zhe zhz} 1.1849) 1442 AL 7 7& Fo o
o] vl 028 & 4 UK Tabel 7). ¥, B3
2-49) A5 AP R E5E e FA Pohpew,
BE 717 Bl rIMD 3+ 1 o8kE k" Al

Table 6. Index of Multivariate Dispersion (IMD) between
all sampling sites for all sampling periods.

stl st2 st3 st4 st6

st0 0258 0478 -0.488 0495 0.096
stl 0725 0.728 0.719  0.221
st2 0.023 0.028 -0.664
st3 -0.076 —0.611
st4 -0.614
st

Table 7. Relative Index of Multivariate Dispersion (rIMD)
in each sampling site.

site 25-Nov 28-Dec 11-Feb All
st0 0.982 1.263 1.298 1.184
stl 1.123 1.509 1.526 1.44
st2 1.228 1.018 0.702 0.699
st3 1.053 0.211 0.211 0.68
st4 0.491 1.193 0.737 0.705
st6 1.123 0.807 1.526 1.293

2 Bt YoraE e NS B elNE 14 =
AF 717 W) 1.1238 Rgom, 23 A} o 0.8072 A
sk, 33 ZAF dellE 15262 T Z7kskich T3
TE F717 B¢ rIMDE 129302 H|523 5igho]
71 & 4 Ak

E3 B A7 9 gRFet dEe B(PA
ratio)s o]-&-3te] AefA wHE =ASACKFig. 7). 13}
ZA wolle AEAE 3 AEA AW 13 A 2 B
P/A ratioZ} 0.5 ©|3l8 R@oH, E3] A4 19X Eh
B7} A8 2331 %o} P/A ratio’} 02 UERATE whd
of A3 3-62 0.6 oV 3 JeRATh APEAHE A
gl & ok 30 749 23 AIME BR 1949 PA

ratio Zto] &7+ Zrsld o, yox] AHe A4 1x1¢}
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Fig. 7. The ratio of polychaetes and amphipods during
sampling periods.
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)5 WS Bk 33 2AF welle A3 0 A
A TzHR7E 48 28 5A] %ot P/A matio 3] 12
W e oS B whd), FH 2% 3ok 234 24}
ok ¥t gre] MAE el

4. 31 @

B Aol Az AlgE7]) "J(aF 24D F 37
Z9] WA EEC) M T, HFUEE 114 ind/m?
Alolth. 71 Q0019 % 393 119)e] 23, B
T AEE Eske 7= B BAd] 28 E
ANFEY FFe F 207F°] RIFHYeH, dEE
20013 1€ 719 ind/m*HH@=ZAH3 QA3
2002). &y 20043 Al 9)3Hd, 59%(89)H 405
119)0] 2¥8s892, 7Fe-d HF YEE 750 ind/m*°]
ATHEN G2 2005). 2001959 dFddE AV=
ALte FHASHA =AM A2, £ dF A3} vlaLst
Z19le oA F27t ok a3y 20043 S AT
B A7) AEE geg & A7) Aol ujwy)
< o, £50] Xole Fglo] FHER] A%, HAdE
£ B2 Zo|rt veldt) B3, £ A7 13} 2AA
7V 4% thRF{ Hemipodus yenourensise 7371= &
5 At AR | FRAYY 3% o2 YEA
ko mi(Shin e al. 1992), 20049% &3 R 7R X
A Ao M E $-HFo e FJh3e Ao BIHYUY
@ENFAHE 2005). 28y 20049 % 7S E 3B
Aonides oxycephala®} Pilargidae spp. 52 £ 7 A9
e A3 FH3A Fned, £ A7 717 5% A
P FEE 200435 RAMIME $HF 02 SHIA
o3kt ol9} o] F x4 R TR ol B At F
W 29 9] SApaRF 5ol g o2 AzhEolirt. 3
AL F 7 Dol Y A QoA AMFEES Fad)
welA oeFst A EAFe] Yehdth(Van Der Veer e al.
1985). & A7AYel A7t 5038 A FH FA=
2000958 U siAb AFH7E JPHIL e AFe2
2R Ut a2 B A7 139 23 A 93
N H. yenourensiss B 3019 F9-H315L JAck(Fig.
4). E3], A 3& & ATE AFP3] Aol AAIE §A
A3 ou] AY A3, AF vigte] 122 X A0 ¥
A &, AW 3 A9 v|FAFA s} AfFH ] o8
AZ87o] T Wy Aoz 58 4 ot

£ A7) AEAH GAx99 B 0-2¢4€ thEH
Brhe @257 A8t A 03 1049 Db
Axt AJAAF7E Al o] F 23t} 33} ZAIIA Al
A Ao, AY 200 ME AR @k @zt
5 7v28, Urothoe grimaldii japonicds ZAt 717F ¢

A 07k 19} ¥ A8 Alole] FAMEE AR s vl
< 223 IS s o0(Table 4), 33 FAPIM= A
A 03} 1914 E¥sHA] FUh AAFE 7HH EAR
2 g7wslo) QizksiAl vk-g-5hr) o, sl FEAE
315 Frisket] AAEoR Bl o83kl rtHGomez
Gesteira and Dauvin 2000). &3], Z#jR o] Zo] L€}
1+ Oedicerotidae, Urothoidae 92552 HA &9 &
& Zoldl] Ak= A MBS VR FEE, B3 EY
Aol 47 ¥k$-3ch(Brown and McLachlan 1990). &
ARG oA Fo] Jeld U. grimaldii japonicas 23
A gL 7Y, A E 99 A F2F 2
EEHEE F9 Hol2 AHF 5k dEHE SRR 4
Z ATHYu et al. 2002). 3, SJARNH R Hollr|2] AA
B Ux B FTEIEE HAA s AL H 2
o] il v} & JABAE TN, 71 &
of mE FFE e AR dHA UrhBymes et al.
2004). ¥ AFNME U. grimaldii japonicds EeRe] ¥
b & ARIAE TR, £ {r1E0] ¢S HUHE
o o8 AEAFAE AT FIBAE M
(Table 5). ©tht Z57F Bol &d3le X9 U
grimaldii japonica'= ¥7) Z@t. 1YBE B A4
o] Az} Akl H e wpe} 1A weEe Aede @
7+R2 AR, 53], & dF AN U. grimaldii
Jjaponica= SNAFNF7E Al ZHE 7] Aol 2A] 8RS
w, AL A= HA A ETFo] Zadte] sARFH
of W& HAMAEA vk Hriske AAIAR {831
olgE 7 UL ALE A}

B QoA trRF Gheera capitatas 33 ZAF A7)
W A 37 45 FHoE F48] EFO] FUFEHATH
(Fig. 4). 19904t A Fof] 7|z - Ade] HATp=
F 2AGTNA, Ghcera BHEFE ST 4 H ot
o] 248 Jlen, £ A7 AYgd&e 43R &
Aoz BIEArKShin et al 1992). T3k, 200213 =0
AN SARF A2 AFe| AFANE G capitata=
Hemipodus yenourensisitg W=7t ¥4 ¥kew@=<
A3 AA3 2002), sHANF Ss G -8
Atk g o= -] LATHEN A 2005).
ey B A9 33k AL o F43 AEF] S
olf G capitatat] BA 37 Wslel] O AM2A A&
=ol Wk 7143} H. yenourensisohe] Holol tigt 73
A g AL 4 o AFTA] G capitata= PFEHO] F
L B AES R o]FoiR o o] = Ao
&4 $kcH(Tsetlin and Safonov 2002; Van Hoey et al.
2004). =3k, Glycera TFEFE oF7Hl S|YAA] o5 sk
5% 7R3 UKDean 1978). ¥ A9 22} FA}L
A 33 49 A 9] A A E vl Eo] FUhsT 282
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2 ARG o1 %R G capitaa’t B 33} 400]2] A
e A2 B0 BEF) F438) F7HE F AA"
Ao gAAL, F AR HolARYBA o o5 A=t
2, H. yenourensis® G capitatas 25 EHHE 9 A
wolg AAshe §4742 Yeixl UckDa Cunha
ana et al. 1989; Vizakar et al. 1991; Sarda et al. 2000).
3], Glycera HEFE HAE 9o Al 2w/ Tzt
22 =g HolE 4F 5 (Mattson 1981), T3+ &2 4
Azl OEFE HdFH3ke 2ox Ui tHAmbrose
1984), & AP F F BF FIHETF & XA B
o] Yeh}z glon, 53] Holg o|frEle 2Fe ¢S
H. yenourensis?t G capitata’t +338h= ZlX= AN
o 2ER T HE FAAEA Hold tig AL T
Ao AARW, G capitata?t H. yenourensis®.T} 0|
AR $HE A5l F Ao vHE AR AA
zic},

AMTEY FTEILE BA3] A8 AA1E oxkdd
ERAME AMEE 29 A 62 AT AHEL
AR ANFE ) A ZA AP AR R G LA
2oz pREoIX YTt 2 AF 7T AIZEHEA
AFAA AY B2e] AA o A 19149 MDS 3%
e} ¥t vlejxl om, AlYAA £ 2 71 Helle AA
1 WollAl o] vk AR5 AlojollAe FARE7E /e,
24 00142 MDS 749 M= 7} SIMPER
Ao oJsirx 332} ZAM 2] A ozt AR 161419
27 FAFEE ZH 1167 022 FAW ANTE &
A F A o] A Wt UdeS A F2 Uk
gt} AR fAE A5 ol8aliA Hrkske IMD
A gl M = NH7F YA A 03k A 1 Alololl=
IMD 3te] Wobxich Ed AF717PE A3 JolAe 4
PAAEE 393k nIMD #9 A, A3 o B 1
& Zzb 1189 1442 o] vl A vt o9}
e ARE 3 & o, sjApH o AYejAl e
o] A ozt A 19x ZA e, ofallX 2] AXMF
Bo] F3ARY 9L FE o= A a2y Al
WA ARG SEUE AE 28 AEAFH AR
ol Fox FHUN 9 F3 FAlE e Wyt 2 WA &
AtH(Tabel 4). IMD A| ol M= AR A H7E Al ZHEE A
A3 134] Fol7k 2A) JEstom, whdd] A 49 b
o7} AA et ekoket, T3, A A 717 A A3
7 29] rIMD BAAE gho] 0.702 AejA e o]
A e 3ttt oleh 22 AFE dEjE) & W, A
A 2 SAIA o3k AEiA 2@de] A ek &
3 UE FEY F AUk

B dFdx o) AMEE #37EE BIO-ENV 4 2
3} AR F el 23 FHWs 5 53], HES] ¥t 3

S fr

(i

U= 23 HHEe] 4718 ol o] FEFe Be
Row WA dutHe R AMFEEY FHTEE
g5 Yo wet & JFgL won F o] Wt
= Aow 4#A ArKGray 1981). ZHEZE EHAE9
A% Wske AR Wl Fag gRlow E A
Ao x 9] AL F ] W HAE] W 2 AAHo w
2 9= Wshs 70 A8 4 A AEENA
o2 83 9T F3 USS & F Utk 59
AN 28 BFolAe] FiEd IHE HHE W
o) AEFFS FIACR Ha YEE AYES} A7
Al =Hol, AXAEAlY] F 24 2 FRHFRE W F
23 A 80 AR SARNF AR HNA
Ashe GFEL A HAYE 330A Al ASE
2, HE 3go] Zyt T4E dzhRe) gl iy
o] Ak & dPore HEY I s ddFH
E 7] ROl A YeEA = G3AT, 29
FAE B HES] Po] SIS B2FF] Gol T
iy

B AFolA siakaiF e ohe AXAeA #3E ot
3led IMD 2 rIMD A& AHLEIH T IMD A5
7ot AP Abole] FARE Wol(variability)E T}
slo], T X9 Alo]o] m FEE Hrlsted o] &€t
(Clarke and Ainsworth 1993). =3t rIMD A5 & ol
2] A|§E Abole] FFEA AGoitAe vlaLste] e
7 AL E P chSomerfield ef al. 1993). X ZF7}X]
AefA o) @S Hrlster] ABC Wlo] o] 8=
ABC W& A5 Yx ok YA ZFHFA)E 183t 3
sbshed, L9E 84S Frishet gl ol&HoA 2
Arh(Warwick 1986). 2ol sHALSH A QejAje] wHE
Hryshedl ABC WS HE S SEP X7t AdEH U
E=EAE3S QAR 2002). SEP A5 Ao o
T e} AR gl 23t I A FE o8-8t AtE
o] AeAY RFFeE H 7S (McManus and Pauly
1990). 281} oj9} 7he 2|4 thEFC] H|Eo] AJhF
o2 %& UA HAFHM = vA JFs] EA4F o
A9, G R2F ol9] e} ztH A FEC] Bol e
E AHE HA8ANME FFErE Bo] BolH F7t
H 8 3ltHClarke and Warwick 2001). =3, SEP A&
7t A REE ol &t EAste dUZF(single
community) ¥4 W o 2 oAy B o5 R
t} thA M (multivariate analysisPll ¢J$F 37F71 Bk
A gslA Bl 4= Ieh(Warwick and Clarke 1991).
a3z B QX g Al HAPAHAA GEF
o]9]e] 7HztFe] AL Bol vee Aol SEP AT
Brhe thigEAd] 9§ IMD AFE o83 Hrpt B
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