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Abstract - The objective of the study survey was to determine the effect of marine sand extraction
on community composition and rate of recolonization of the meiobenthos following cessation of
mining activities. Because of meiobenthic distribution in nature, high abundance, intimate asso-
ciation with sediments, fast reproduction, benthic larva period, sensitivity to pollution and rapid
life histories, meiobenthos are widely regarded as ideal organisms to study the potential ecological
indicator of natural and anthropogenic stresses. The community structure of meiobenthos was
studied at seven stations within sandy tidal and sub tidal zones in Jangbongdo in the Yellow Sea,
Korea from Aug. 2006 to Dec. 2007. Meiobenthic samples were collected by three core samples,
with a 3.6 cm in diameter, from each sediment sample taken with a Smith-McIntyre Grab. It was
found that sand mining often causes complete removal of the sediment and the damage to the
habitats of meiobenthos. This study in the effect showed that sand mining resulted in a reduction
in total abundance and biomass of meiobenthos in mining area. The finding of this study further
showed that initial restoration of abundance and biomass within one year of the cessation of sand
mining.
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Fig. 1. Location of sampling station in sand mining area.
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Table 1. Sampling period of study area

. The elapse of

Area Frequency Period dredging time

Ist 2006. 08. 05 Before 53 days

2nd 2006. 10. 31 Dredging time

Jumoon 3rd 2006. 11. 30 Dredging time
mining 4th 2007.01. 04 After 25 days

area 5th 2007. 08. 20 After 253 days

6th 2007. 11. 06 After 331 days

7th 2007. 12.27 After 383 days

Table 2. Sampling station and depth of study area

Station Latitude Longitude Depth (m)
St.1 N37°31.955 E126° 15.049 7.5
St.2 N37°31.649 E126°15.039 79
St.3 N37°31.343 E126°15.029 9.2
St.4 N37°31.336 E126°15.363 8.1
St.5 N37°31.030 E126°15.020 5.7
St.6 N37°31.022 E126°15.353 9.2
StM N37°31.445 E126° 15915 9.2
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Fig. 2. Sediment temperature, Water temperature and Salinity of study area.
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Table 3. Sediment analysis of study area

N Composition (%) Statistical parameters Sediment
o GRAVEL SAND SILT CLAY Mz(Phi) ST.De. Skew. Kurt. type
st.1 0 98.27 0.99 0.74 2.353 0.512 0.177 1.223 N
st.2 0 98.38 0.92 0.69 2.125 0.491 0.226 1.131 S
Aug. 2006 st.3 0 98.2 1.03 0.77 2.082 0.459 0.178 1.184 S
st.4 0 98.4 0.92 0.69 2.151 0.524 0.275 1.146 N
st.5 0 99.25 0.43 0.32 1.791 0.44 0.154 1.52 S
st.6 0 98.5 0.85 0.64 1.772 0.562 0.264 1.775 S
st.1 0 98.88 0.64 0.48 2.2 0.477 0.101 1.116 S
st.2 0 99.72 0.16 0.12 1.962 0.344 0.211 0.817 S
st.3 0 94.43 3.18 2.39 2.679 0.811 0.26 1.395 S
Oct. 2006 st.4 0 98.19 1.03 0.78 2.063 0.451 0.273 1.04 N
st.5 0 99.8 0.11 0.08 1.786 0.385 0.085 1.403 S
st.6 0 99.08 0.53 0.4 1.671 0.456 0.097 1.403 S
stM 0 79.32 17.12 3.56 3.097 1.428 0.388 1.297 zS
st.1 0 97.9 1.2 0.9 2.609 0.552 0.237 1.117 S
st.2 0 99.71 0.17 0.13 1.901 0.317 0.268 0.915 N
st.3 0 99.4 0.35 0.26 1.655 0.36 —0.053 1.257 S
Nov. 2006 st.4 0 99.25 0.43 0.32 1.937 0.335 0.286 0.891 S
st.5 0 99.13 0.5 0.37 2.254 0.582 0.027 1.143 N
st.6 0 99.19 0.46 0.35 1.671 0.398 0.018 1.524 S
stM 0 61.71 29.75 8.54 3.79 2.254 0.287 1.589 zS
st.1 0 99.25 0.43 0.32 2.545 0.487 0.026 1.101 S
st.2 0 99.47 0.3 0.23 1.936 0.379 0.327 1.011 S
st.3 0 98.01 1.14 0.85 2.442 0.58 0.22 1.202 S
Jan. 2007 st.4 0 88.44 7.97 3.59 3.125 0.928 0.115 1.312 zS
st.5 0 99.56 0.25 0.19 2.105 0.479 0.189 1.076 S
st.6 0 98.9 0.63 0.47 1.492 0.391 0.252 1.014 S
stM 0 99.54 0.26 0.2 1.675 0.427 0.038 1.342 N
st.1 0 98.05 1.06 0.88 2.006 0.464 0.424 1.161 S
st.2 0 98.87 0.55 0.57 1.837 0.308 0.331 1.385 N
st.3 0 97.43 1.26 1.31 2.176 0.53 0.234 1.267 S
Aug. 2007 st.4 0 98.53 0.77 0.7 2.039 0.409 0.228 0.982 S
st.5 0 98.85 0.63 0.52 1.895 0.391 0.423 1.569 N
st.6 0 98.93 0.51 0.56 1.49 0.401 0.299 1.025 S
stM 0 96.71 1.36 1.93 2.7 0.573 0.156 1.147 S
st.1 0 95.96 1.73 2.31 2.5 0.699 0.347 1.151 S
st.2 0 98.57 0.35 1.08 1.832 0.282 0.293 1.258 S
st.3 0 97.88 1.06 1.05 1.748 0.365 0.185 2.158 S
Nov. 2007 st.4 0 98.06 0.82 1.12 1.888 0.365 0.413 1.587 N
st.5 0 98 0.45 1.55 1.993 0.46 0.413 1.199 S
st.6 0 98.1 0.52 1.38 1.538 0.324 —0.066 0.743 S
stM 0 97.97 0.68 1.34 2.034 0.504 0.386 1.168 S
st.1 0 93.82 4.16 2.02 2.407 0.845 0.418 1.492 S
st.2 0 95.52 1.72 2.76 1.958 0.59 0.577 2.259 N
st.3 0 98.61 0.5 0.89 1.935 0.359 0.346 1.03 S
Dec. 2007 st.4 0 97.47 0.77 1.75 1.91 0.419 0.467 1.739 S
st.5 0 98.78 0.41 0.81 1.671 0.357 —0.036 1.426 S
st.6 0 97.53 0.96 1.51 1.567 0.52 0.224 1.507 S
stM 0 98.08 0.52 1.4 2.118 0.345 —0.084 1.112 S

Fepsh 2 ehdeh o 9o e gase A28
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Fig. 3. Sand content (%) of sediment at each period in study area.
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Table 4. Abundance of meiofauna at each station and period in study area

(Unit: ind. 10cm™2)

Taxon\ Station St.1 St.2 St.3 St.4 St.5 St.6 StM

Nematodes 240.3+564 217.0%+34.6 362.7+68.4 128.3+13.1 69.7+199  67.0+16.0
Harpacticoids 8.3+4.2 50.3+18.7 29.3+19.9 6.0%+2.6 9.0£1.5 11.3+6.8
Nauplius 4.0+4.0 33.3+11.3 343+£94 10.0x1.0 17.0£4.2 2434179

Aug. 2006  Gastrotrichs 253+14.2 24.0+18.3 16.3+8.2 37423 57+32 6.0+4.5
Ciliophorans 6.0+3.2 13.7+£8.1 10.7+6.2 57%£20 43438 2.7+0.7
Others 13.7+9.4 11.3+6.6 21.7+14.6 8774 4.7%3.5 53£38
Total 297.7+80.6 349.7+94.1 475.0+£86.9 162.3+15.6 110.3+£20.6 116.7+43.5
Nematodes 242.0+59.4 185.7+18.9 54.1+18.2 133.2+38.6 752+139 119.6+28.8 92.6+55.6
Harpacticoids 54+20 196.5+115.1 6.0£6.0 10.8+9.3 13.5+3.5 116.4+445 23.8+19.0
Nauplius 27+£2.7 36.3+2.9 1.1£1.1 43+43 10.3+6.7 20.6+6.0 33.0+274

Oct. 2006 Gastrotrichs 13.5+6.8 15.7+£8.9 54+4.6 7.6+6.0 7.0£3.5 10.3%£5.7 43429
Ciliophorans 8.1+5.9 14.1+8.5 1.1£1.1 32+19 4.3%3.5 1.1£1.1 49+1.9
Others 3.8+3.0 6.0+4.1 32+£25 6.0+5.2 9.7£5.6 8.1+3.8 22+1.6
Total 275.5+57.9 4542+134.1 709+30.8 165.1+47.6 1202+21.1 276.1+56.3 160.8+103.9
Nematodes 39.0+194 66.0+17.7 78.5+19.5 95.34+36.0 180.3+36.0 67.1+£37.2 91.54+29.7
Harpacticoids 3.8+22 21.1%+5.9 3144147 16.8+9.8 32+£25 69.3+57.9 3.8+3.0
Nauplius 3.8+2.2 38x14 27x14 9.2+38 6.0£2.7 22+14

Nov. 2006  Gastrotrichs 0.5+0.5 0.5+0.5 0.5+0.5
Ciliophorans 0.5+0.5 22422 2.7+2.7 8.1+8.1 6.5£6.5
Others 0.5+34 1.1£4.4 1.1£34 0.5£6.0 2.7x7.7 43+79
Total 43.3+21.7 93.14+20.0 116.9+33.1 118.6+£43.7 203.5+379 148.9+101.4 102.3+29.1
Nematodes 91.5+15.9 31.9+4.7 314+72 21.7+3.5 39.0+16.7 25.4+6.2 42.24+14.6
Harpacticoids 8.1£25 11.9+9.6 22405 I.L1£1.1 9.7+5.0 7.6+3.8 1544122
Nauplius 0.5+0.5 38+14 38+3.8 22422 43+24 494+0.0

Jan. 2007 Gastrotrichs 32425 6.0+3.0 2.7£2.0 L.L1£1.1 49449 27x14 24+24
Ciliophorans 0.5%£0.5 1.1£1.1 1.6£1.6 1.1£1.1
Others 0.5+84 22+6.8 0.5+43 1.1£2.5 1.6+3.6 24+24
Total 104.5+15.5 55.8+14.4 37.9+10.4 27.6+8.2 58.5+18.5 428+103 674+£21.9
Nematodes 255.5+7.6 103.9+15.1 196.0+27.8 147.8+9.7 147.2+664 112.6+31.6 238.2+32.3
Harpacticoids 13.0+9.0 10.3+3.8 4.3+0.5 29.2+10.4 33.6+25.5 18.4+3.3 18.4+6.7
Nauplius 54422 9.7£34 6.5£1.9 27x14 13.0£5.0 18.4+8.9 9.7£0.0

Aug. 2007  Gastrotrichs 20.0+5.2 18.9+9.8 13.0+5.0 244489 7.0£29 54+0.5 11.4+8.3
Ciliophorans 49449 2.7+£2.7 1.6x£1.6 LL1£1.1 43443 22422
Others 8.1+1.1 54+1.1 7.0£22 10.8+3.1 32+1.1 3.8x1.1 6.5£2.7
Total 306.9+1.9 151.0+£28.2 22844249 2160+13.5 208.4+67.5 158.6+39.3 286.4+45.6
Nematodes 105.0+152 151.6+3.8 198.1+23.8 99.1+£259 172.7+£85.6 91.5+£25.0 210.6+84.2
Harpacticoids 22.7+7.1 31.9+12.7 21.7+7.1 14.1£3.9 13.5+9.5 29.8+12.8 6.5£0.9
Nauplius 27+1.1 49432 0.5+0.5 2.7£20 1.6+1.6

Nov. 2007  Gastrotrichs 7.6+52 49+2.8 22422 1.1£0.5 43+24 6.0+4.4
Ciliophorans 2.7£2.7 3.8+£3.0 8.7+7.1 22422 7.6+7.6 1.1£1.1 1.1£1.1
Others 10.3+1.5 8.7£2.6 10.3%+1.6 9.2+1.1 10.8+3.2 1.6+0.5 7.6x1.1
Total 151.0+34.9 200.8+43.2 24414242 126.7+12.1 208.4+117.5 12994514 231.7+48.7
Nematodes 53.6+22.1 28.7+7.2 23.8+1.4 26.5+5.5 14.1+8.5 3094114 444430
Harpacticoids 3.8+2.0 43+24 32432 11.4+59 22+1.1 2277+12.3 1.1£0.5
Nauplius 1.1+1.1 22+0.5 22x14 1.1£1.1 22x1.1 2.7%2.7

Dec. 2007  Gastrotrichs 3.8+3.8 0.5+0.5 0.5+0.5 1.6+£1.6 4.9+4.1 1.6+1.6
Ciliophorans 3.8+3.8 0.5+0.5 1.6x£1.6 32432 1.1£+1.1
Others 6.5+2.2 1.6x1.1 1.6x0.5 1.1£0.0 2.7£0.0 27x1.1 0.5+0.0
Total 72.5+324 37.4+3.8 319453 40.6+6.6 21.7+8.7 66.6+279 51.4+2.0
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2 zroz ¥ 22+9inds. 10cm 27} eSO ™, 2006
d 8 AA 3el|x] 475+87inds. 10em 22 7} =2
k& YERAHh (Table 4).

A MAE =] A7 WHF52 20065 8L A 2007
H 14z AN FAR 7FHA s AL vz A
220079 8YollA 129 = FANA FAZ 7PHA F
&3P ko] JeRTL SjAMAF 7L o] Feix AHAH M
o M= 20061 10€eA 11€35} 200739 1¥= 7PdA

A3 ASE Heo|a, 89l ekt 1 o] F 11
A3} 124 A& Fashe 3Fe 24 (Fig 4).
ZAF s oA EHS M AT FHAAMTE B
it A% 5 (Nematode) 2 byt o], M4 o7+
(Harpacticoids)®} 7+2+2] 4 (Nauplius), 712|317 B2

T B & (Gastrotrichs)7} 7 t}&o0 2 =° zAu|E ®Y
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Fig. 4. Abundance graph of meiofauna at each station and period
in study area.
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[ Harpacticoids

20 da o
i Ciliophorans
7% Nauplius

0+ L 2 SR . _ L L & Others

o} oAk AFS 4 X2 AHA MA"L=L] 90% oA
<+ A=A ek o (Fig. 5).

£33 FIAAMSE EF F 7P -5k e
w AFFO MAEE WEE A AU E HET A
o FAksk =]l AN AR FPEA MAE =S}
At 7dske] JERgdth siARFE o] Feix AA
Mell A= A FH7E 282l 20061 10€83} 1L = 4]
53 ke Belgrt MFH7E fkEE 3 20079 149l F
433 8Qe =tk o) & 200793 11€3 12€
ol A4 FHaste A Jelllo (Fig 6).

T AR s AAMAL AR AAE - A7
AMAE =] Wy s 1, AA 29 AA- 6014 2006
H g5 7+ 2AIA B8 AAH S A7)l Bl B3
NAG7F vehta AAH ez mE A A A& 30inds.
10ecm™ w|Rke) gk weioh sjAb 27} o] Foiz AA
Mol = A7} AP2e 20060 1090 24419 inds.
10cm™ 27} 238313, 1194 4+3inds. 10cm 27} JERSE
o} o] & AFH U FeE 2, 20079 1Y dHA = 15+12
inds. 10cm™, 78] 3 8ol 18+7inds. 10cm™2 114
7+1inds. 10cm ™2 12%4)] 1%1inds. 10cm 27} &8 3}e]
ASFEG w9 32 A =S B4 (Fig. 7).

ZAPZIZE B9 A7 F A SES] AT 8.8
+3.2~239.3+55.5ug 10cm 22 et} 814191 2006
W 8d AA 3elME AA AR F M B2 w4
239.3+55.5ug 10cm 27} YR, 49l 20074 129
A 504 8.8+32ug 10cm 22 HA| FAZ|ZF Fo
7HE e ZE vEhs SRR A F A
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Fig. 5. Composition of meiofauna inhabiting in study area.
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F A AR A i3 Lo, s el
A2 VA aste A%e Bk AR ol
o2 A MelAS] AeHe Abslwml, 20064 1190

500 -

——St.1
St.2

400 -

300

200 -

Abundance (inds. 10 cm™2)

100

Aug. 2006
Oct. 2006
Nov. 2006
Jan. 2007
Aug. 2007
Nov. 2007
Dec. 2007

Fig. 6. Abundance graph of nematodes at each station and period
in study area.

Table 5. Biomass of major taxa at each station and period in study area

Zastglvlzl 20079 193} 8Yell e A% Frlshe 7
S Horh o] 1140 AaE By} 1294 =24
Aashe S el (Table 5).
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Fig. 7. Abundance graph of harpacticoids at each station and period
in study area.

(Unit: ug 10cm™2)

Taxon\ Station St.1 St.2 St.4 St.5 St.6 StM
Nematodes 71.2+£16.9 57.4+15.3 71.1£12.9 359+£29 13.8+5.5 12.8+1.0
Aug. 2006 Harpacticoids 4.7+3.1 15.3£9.5 19.2+5.2 12.0+£6.8 8.8+4.7 22+14
e Others 42.7£20.2 65.1+38.1 149.0+41.5 37.5+11.1  29.5+175 27.0t14.4
Total 118.6+29.7  137.9+545 239.3+55.5 85.4+3.8 52.0£25.6 420x14.8
Nematodes 54.5+13.9 48.1£5.6 13.2+4.7 479+144 222+55 33.7+16.7 20.1+13.0
Oct. 2006 Harpacticoids 24.0+19.0 324+£23 0.8+£1.0 12.0+14.6 26£1.6 21.6+14.6 22.8+18.0
et Others 53.9+21.4 47.8+£24.2 8.3+8.1 96.9+69.1 70.2+59.3 47.6+£35.3 14.5+8.5
Total 1324+164  128.4+17.1 224+129 156.7x£81.1 95.0%53.0 102.9+£20.9 57.4+359
Nematodes 123+7.8 18.6+11.1 240£11.0 18.1+8.7 40.7£11.5 20.5+14.6 22+22
Nov. 2006 Harpacticoids 58.7+63.1 6.4+7.1 42128 28+1.5 1.0+1.2 9.6+10.8 44.9+55.0
v Others 0.1+0.1 24.0£23.0 25.3+22.4 1.5x1.1 57.8+49.3 6.0+3.8 69.8+69.8
Total 71.2+£49.8 49.0+22.0 53.5+20.5 224+109  99.5+60.4 3624262 116.9+61.7
Nematodes 232477 7.1+£0.2 7325 44x1.7 15.6+8.7 6.7+1.7 12.9+4.6
Jan. 2007 Harpacticoids 77.9+84.7 1.1£0.7 50+5.2 0.1+0.1 1.4+0.2 29+1.0 23+20
’ Others 30+1.8 7.6+3.2 1.7+0.5 12.8+12.8 142483 50.3+47.3 724+6.2
Total 104.0£70.9 15.8+£2.7 14.0+4.9 172+145 31.2+11.5 59.9+47.6 223104
Nematodes 25.8+6.9 50.7+£0.9 52.8+7.9 389+14.1 457+159 232420 539+18.4
Aug. 2007 Harpacticoids 53+24 10.8+4.6 17.0£9.5 122+9.8 6.2+5.8 6.8+1.3 15.6+10.3
ue- Others 44.8+£25.7 54.6+18.5 23.7+£5.7 21.5+£102  24.0+£6.3 10.2+9.2 56.4+26.3
Total 76.0+£27.4 116.0%+19.3 93.5+17.0 72.6+264  75.8+26.7 40.2+10.5 12594524
Nematodes 63.0£4.9 22.5+5.7 522+104 533+12.0 35.6+12.1 26.8+4.2 48.2+6.8
Nov. 2007 Harpacticoids 6.9+4.5 1.2+0.8 1.1+0.5 7.7+3.8 5.7+5.6 33+0.6 73%59
ov: Others 11.6t1.1 39.4+31.3 13.9+7.1 85.1+50.1 9.7+2.5 10.0£5.3 37.8+£26.0
Total 81.5+£33 63.1+35.7 6731168 146.2+56.5 51.0%17.1 40.1£9.5 933+17.2
Nematodes 13.5+5.0 82+1.8 10.5+2.4 79+1.5 27+1.3 15.8+8.5 12.5+4.0
Dec. 2007 Harpacticoids 0.2+0.1 0.3£0.2 0.3+0.3 2.1+0.5 02+0.1 53.3£55.0 0.1+0.1
’ Others 77.8+69.1 28.3+26.8 20+1.3 1.5+0.8 59432 7.7+0.8 1.4+0.9
Total 91.5+73.4 36.9+27.2 12.8+3.3 11.5+1.2 8.8+3.2 76.7£53.6 14.0+3.1
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Fig. 8. CLUSTER analysis based in Bray-Curtis similarities among the meiofaunal assemblages. Broken lines (Red) indicate the same group

by SIMPROF analysis.
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Tk AR F 7L o] o]l A7]2l 20061 1043} 114
A H A el AA Mo AL o2 A AAE9)
A3k 7o} TFo] YAHAAA kot 213 Ffo
Vel A= ekeke} (Fig. 8). 2006 109 3 AFA 3%
Mo FA2 sAF Al 8Y FAH IFE oF
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e A 3,49 A4 o AAE )
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B =2 W3l Fo] = vepydd ub

3,45 AlLgt AFH BN
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A4l syt vebbes 99

A9E Shpel apos Eel ‘A el S,
2 99 Al A @1@5&% shie 1gom s

o] ‘mgFgA g ez T

o] Watel me A FEE S o, ol
A FHAAFTE FHe] WHEE detsiddnt ol2d =
Aoz FEE she] AT A}, 2006 104 s ALY
F7F A 21719 AP A E QA A 2] HA
o] sAAF 2 <3l FFY=rt AH S AR HA #]
FA g 7P 2 Abel7h vhehgeh QA ] A
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A71e] zAtell vl 7 2 Aol 7t vebdd et (Fig. 9).
A7l AA FHAAMTES AAEEE A H
F74sle] 132.31inds. 10cm 2 3L vFER 32, B] o3 8k
oA 281.5inds. 10cm 22 oA FAlR} Z7)8) 7k
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Fig. 9. Grain size (a), Total abundance (b), Nematodes abundance
(c), Total biomass (d), Nematodes biomass (¢) variation in
sand mining effect and non-effect area.
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Ao zhe] 2 Aol
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33 ol Fe) AAEEAE
e sk (Fig. 9).

7V A BRae AEFE AAMAU e} G4}

20064 109 ZAFlA] &R A9 AZE XA R}
93inds. 10cm 22 F7s)lx, H]°§€i}7<]°“°ﬂ ] 156 inds.
10cm™22 FAFH o)A FAbA el 148 inds. 10 cm™
B} o7 Zrtslnh 1 o] 20064 11¥3 20074
19 ZAMIA = FAZ 7HHA F A Yo BT RAE
gt 2813 AFH 7 2aFH o oF 10744l Z 20074
39 Al 3R] AR o] ALt v
o x| el A AF o]l 20061 8Y} w]=F Fro=
Zd skl (Fig. 9).

A el W FAANEES] AdE 0
o, A =9} FARRE AekS el ol kAo
NME EHHEL AR} o]Fox]= A7]”]] 20061
1086 A3 FAANEE Aol FAM B2E 3
HHH, vl Hef| M STk S Boldh 1
o] EAZ SolrbA] 2006 11€elE F A o)A
7o) 22 ez F¥IAIL 20079 1Yell= F A
BT AT o|FolF ot oJskA|deA Z Foz 3
assh o] hebek. RAeIA b ek A
= AFe EA-AFe] wistel wwsle] B, oJ3F
AA WA FS AR P2
Bo] A3lEe]x]= 20061 104, 114, 20079 1
Az A A A, v g ot v 3
wgleh v g Aol A AH7F ABF 20064 108
ol ofzre] S/ ldar, FA<l 20061 11493} 2007
W 1dE 7pHA ZRAaEel o, J A G R e= =2 g
<+ A 283 20079 8L 116l kA
I wodR| Hof| A A FH o]H ZARQ 2008\ 8L}
ARE ZEE R EE 20070 1290 M= F A 2F
v 58k A= e ebd o (Fig. 9).
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cqNE WA SHRE B
ooz ANY 27 A &
vk Yo HFFE AN
4 FAA st ept
(Giere 1993). T3 U] ol A]
AN epd $4 2R 7&49} wlmate] & el
SAFEE oFAbS ®odt) (Kim et al. 2002; Min et al. 2003;
Kim er al. 2004).

ke A delA 444 - e 4B 2o
AL =} TekAd-E 7FAaA 715} (Demie et al. 2003). &
AR FH 2 QlEh s E X Fe] wEt B FfEAel 2%
WAL AMAYES] AGAA s F3 9lon,
A3 A °] AE A7 dubd o=z SjARF 7 s
As] ¢ F A]2HE v} (Van Der veer er al. 1985).

£ ‘H—r"ﬂ/‘i/] A4 B FHAAMETES] 75 @l
ARFH 2 Q3 EHAe] Wtz AAEmel A el
A F 712 Fok ZA ALsE AL o AdsiTh
A AR F 7L FRE T oF 1d Felle FHAME
B0 A MAE=e} QYA =F L] AF olxe] Aele}
v=gE ez oA Yehte Ae & & e (Fig
9). AL FH = Qldte] S W2 AAMFES] 357
Zroll Wt A5 BH, ARF Z]zkelut d A #]3 9
Fel. H9me) ol% Al sgel 54 5 o 97
2715l o8] AAF ]R3 gt} (Newell et al. 1998).
ZAPZ|7F =4F 27.4~31.3 psu,

l‘N rlr

P

lr

F£F AT GEEE
FEEITE 59~244°C, HAE £xE 6.0~24.7°CY
WS Bk siAF AGel A MelME sAbA
F7F 213 F<l 2006 109,119 =2 gaf v]&2> 7
A3l Silte} Clay §HFe =78l AS B
o
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e

P

g HF dx 94 37902 H$ AF3l} o]Folz]

2 SAAE F2 F AA Mo HA4e g
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4= o2 AP vlste HHE P33 Y= Wbt
A Jepgoh gy AA- M, 3, 42 A 93 A S
A9 BAAte =A WsE molx Qsrel A A
Qg wos WS FHEAS A ﬂ?“EM 3

AT A HHES & o] olFd ?ﬂl E| A o]
©] 2]z} (Kim and Lim 2009). EHA}ZHE Hoes} A2t
H

ming 2000).
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Sl = A9 we AYLEsE A e A4
e AR 3P FYANFE AU e

A Ze® HQlth
sIAMNAA A AFHAG AT AHAAME EAAF
wslel FHYAMFEY] MAEE GA] A Wbt e
Wt oleldt AAE vigto g xAb A dS £ Ao (o
Ao, w02 FHE sl A A} 2006
109 AR F7E 2 E AR S Al7]ol] o] Fof
2 ZALIAME A do A ] EJ-Ee] s|ARFH = <
3 Hdd=rF AEE e F T A q It w|odeA] o
o] B - E HHFY = o Al7]e) vls] & xpel7} vhEf
Bt o] Al7)ell AA FHAAFES] MAEEE
Aol A FAFstar, vl A Jel M= FrFelAd ) o] &
T Ao HAHE FHF Y= zHelE 0.50D o2 FHA
331, 2007 114, 129 A zle]7} gl o
A7l A FPAMEE AL =, A, AEF A2
el AAFANNE F AG 7+ Z Aol HERtA]
Akt

Aoz FYPAMTESL] MU=} WA F
SER| Aol A AL H 7} A8 F9) A7) = uv]edsk
of vls] =LA FrAsh= A ske] el o]

A
T 8y

FYAA SR Aobbed Fow AAAL HHE
5‘:]_

L

¢

rlo

rlO 12 o2

lo

A Qesk AR Fol »}EM RgALe] edae
2 FHHE Abzo] MHEE FHu o=
FHAATE] Zo] AAHE 7401

Moz ZFIPXAMZES q]agqu _a,Jr 7o) E]XJ

fﬂzﬂxwiﬂ—oﬂ Wstel w5 aL
o] Wl 2o ) Wk NS
9o o1 APARFE 2t 15 DG
2 & 4 g)o}(Sandulli and De Nicola 1991). 3} x| 9t 2
Aol 4] AR ske] A Ade) Yz A
A e} YA =k k] 2}o]x Ho|zwk CLUSTER analy-
sis?} SIMPROF test A}, A # A2} Q1 Fe] A
=79 {93 o= Ho|x]E ¢49kt} SIMPROF test
2 OFe°] FAE R 2F2 MAAFIE AdE A
A3 FHe AAEo] A Al7]el wel 5] A
v A% nele
2 AF7} o Folq FEE dTslle] AshAIEA
Bzt ) ekt 4 250 dge A48 0
Aoz 5o ool was olweld AP
Qg §50l9) HHe] W2 ol 7ol 4 gl

=
A AAT Sleh ol ol AAAF F A4

010 M4 orlo ofN rf o eZ o
rﬁ

did

2 of

dt D rfr rlo

ol w27 MHH o]He] iz BT HX, FHAAE
E MAE =, AR ST AAEE 2 AAF =
AF F whzA o)A Ao} FAFSHA ebwtt =gt
A7l A FZE A WA= ek shef
317] flste] sfAbAF Rl WA ok, AFH = 7
= 717 F<tel oA -

AAAEAS Tes QA Hue Pyt B4
el e AR wet Hol g ol Tk (Ne-
well et al. 1998). 2 Q7oA a2 ko] 2 &x o
= 0ol P4 BT AR 2Re] Aoz A
07k e A7 el PR =T B 2F
Qlsbel 7 AEe) ARUo] WA ekt A 4
gel 2 ogapel vpehtA g Aoz Almuch oe
A7) o5, A F1zkel 19w oA & A
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2 o]0} (Hill et al. 1999).
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