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ABSTRACT

To assess the effect of environmental factors on the sustainability of cultured production shellfish, we investigated
the habitat characteristics of tidal flat (Namhae-po in Taean). We measured the physiochemical parameters
(temperature, salanity, pH, dissolved oxygen and nutrients) and the geochemical characteristics (chemical oxygen
demand, ignition loss, C/N ratio and C/S ratio). Surface sediments were collected from several site of tidal flat to
examine the geochemical characteristics of both the benthic environment and heavy metal pollution. The grain
size for research area of tidal flat were similar at the ratio of silt and clay in comparison with the other site of it. The
C/N ratio was more than 5.0, reflecting the range arising from the mix of marine organism and organic matter. The
C/S ratio (about 2.8) showed that survey area had anoxic or sub-anoxic bottom conditions. The enrichment factor
(Ef) and index of accumulation rate (Igeo) of the metals showed that those research areas can be classified as
heavily polluted, heavily to moderately polluted, or more or less unpolluted, respectively. Adult surf clam (Mactra
veneriformis) density was highest at St. 2 (middle part of the Namhae-po), on the other hand, surf clam spat
density was highest at St. 3 (lower part of the Namhae-po). Heavy rain, terrigenous suspended clay with fresh
water from neighboring agricultural land, and severe high air temperature during summer could be thought as
detrimental causes of spat and adult mortality in Namhae-po tidal flat. We suggested that the growth of shellfish in
the tidal flat was effected by the various environmental conditions, so an improvement in the cultured method was
needed.

Key words: Physiochemical parameters, Geochemical characteristics, Cultured production shellifish,
Enrichment factor, Geoaccumulation index
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Fig. 1. A map showing the survey area and the surveying sites.

AQA AR e B ) FE L A S A7 A
& BHEYE B Beyo] grsn 9

of Ao jaledel E Ahe wlaA Adgde 4
Sl g Wsla el e R el W] $1:3k 3)
om HAAYLe e AL A5 HA) 290 e
TAEE EAS 7RI glE Folr} (Koh et al., 2008).
IAAEES AAEAS 68-74%0] F;ste] ALt (Y
B), e GFR9) 3 2 AelE 2ol Gt A A
ala) SRl ZbE, 55, Buite] w2 AR A4
sk otk

aelw Aol iR sIAE dodl & g B4
ol digh mUERe wle- Fest fgulFel el
2 g wxEg &Aooz A= ojol ) (Jung

al., 2003; Kang et al., 2012).

webA] & o] SALe Adelge) 44 g Azt 5
A3t BASE BAENE 2Aele] 7|2AES Husty, A
ol o] S A 5 Qe kg vls) fste] o)
D77} H43lRel BUFE 2l BEHQ o FRAN
of #3 712ARR Algstaal .

o & o

e H L

1. A= A3

ARG T Hikr dH Alale] delEe *W?‘SM
201149 193 114971x] A"olAe] s« A&7} &
2% (Fig. 1) oA AFAskAch 22| dgelA zH-Arﬂ-
s ARG B3 HAE 9 NG ARE ZA Seodd &
7lell AAdste] FEsNet f71&] f‘}il% Al st ¢
A0 YARIASh| o} Az &7 F 33AZAAE
7% (FENGE, 2010) o w=h BAslgio

2. 384zxA4
1) =2d =& F FsAZ
AHe] 2542 20114 649 154F¢ 69 17471#] <F
23] 24F7] F<k FHE A 45l AR AHeA < 2
cm Eo|E 2E-QAHAETE AME AdAEa 10 Ao
2 EY F LR, QY FAHTE A 2F 2 A4
_‘r\i_

7+& #4390 (Table 1).

gus

e Jhu

2) ZAslie| stslsts £

20114 1955 119717 v 13]% 5213}
ik 2, A8, FL0lFE (pH) 2 %%41—_4\_ (DO)
Ao A FAZA7] (YSI-65) & A3l A

Table 1. Coordinates of each sites surveying tidal flat air-exposure time during ebb tide in Namhae-po of Taean

. Coordinates
Sites - -
Latitude Longitude
Water gate 36° 43.726° N 126 ° 16.357
St. 1 36° 43.009° N 126 ° 15.997
St. 2 36 ° 42.636" N 126 ° 15.964’
St. 3 36 ° 43.328° N 126 ° 15.681’
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d7ke] Gk S3) 10% Fakst
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(HzOz) 3} 0.1 N g4t
(CaC03) 3] AAs
AP} Stokes®] FAEE
gk B3 Ade] 34 Folk (1968) £+ McBride
(1971) o gl whet A 2sisich
7447}k (Ignition Loss) < E4&%
5% F A7l ¢

h gl

W =k e A
21 550 Col| A 4X)7F 7143k & bjA
o] el wWsgiet. el vlaAlele o] by el
5 =A% F 2 FARe|R AXtsiic
314§ (Water Content) & 12| FAIE SA% =719
HAE A8 oF 20 g& o} Axr)oA 110CE 2447 7}
dslgict. 2] dAAlolE etellA Aoz Y7k AF] F
=79 FAE A3t AXlslsic
Ab 3ikA 3312 (Acid Volatile Sulfide) = =42
B °F 2-3 g9 FAIE FHslo Fsbea (H.S) ATl
oF7te] SHFE AL 7AV A =S TS
7 gl Bt 2 mLE Wi 2-3%7 7|tk
MA3| A oluf AE 34} A

% sjol RAshgih
o)

éémlm

i
] = At of >
2 ol e >

3}ekAAk4 @ 4 (Chemical Oxygen Demand)
A& oF 1 g9 FAIE Hste] 250 mL AH2tEEs
Z 01N KMno4 100 mL2} 10% NaOH 5 mLZ
Y Z =5 Alme} Alefo] B2l EetAaE e &l
A 1 Az EeE T‘%’s}ﬁ‘:“. I F Ao YR F 10%
KI 10 mL9} 4% NaN; & g2 deo) 281 5755
7kl 500 mLE ke Foll el AFA R ofagit o
oﬂqﬁoﬂ 100 mLel| 30% H,SO, 2 mLE Y3 Z & ¢}

€ 0.1 N Na;S;05H,0 £0 2 AAste] BAs)sI)
4. 3T FA92 D FI5 BY

Pol9as 34 $4S 98 AR AAE 4 ARE
Fehrg £42 o gstel 4 AAT Sedal ol B3
HA% 50 g AEE AN A or] By Ann
ol gob APAR §70 F FE JEse] A A7
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T $AAxIE ol8dle Axd AEE 4%
= HA9S ukso] X-A ¥3EA7] (XRF: Rigaku, Model:
Supermini) £ ©|-8-3t] A=Fslgict

23 Fa5e] $A4L vhola g RS o83ty
ﬂﬂﬂs}‘ﬂ"/} A 2472 9 H4E A8E 059 Ax
AgslA dol Agk AA : LA BEAAF =212

/] =39 AF 10 mLE A7l 2E| wle]az) 3
FAE ol&ste] 771t ATt HAzTow AF E
apgiek. 1eja whgste] gl 2E njo|7e &7 150C H7Agk
hot plate hoodell4] <kx 73_&*]711 Ag AA 2 mLE 2
3] WHgsle] S el F 1N AL §oje® g ZE vl
el AAH stk RS S 293 v Ak Al
= 100 mL 3] Z8}2~= (volumetric flask) ] A-&3}o
Alag Frleigith 22l 55 5749 Ax=d2 (QAIQC)
+ mlelazsl EagdA o] Abdal Al vt 870 Aot 270

o Jepe] T2 MESS-38 AlBsh Sl Abelel
o ABZE FuEld FEAFAZFEAZ]  (inductively
coupled plasma mass; ICP-MS, Model: Elan 9000,

Perkin Elmer Co.) & °|83}¢] #4313l
I AaEAe $2x ° HAw AERE AT
(Perkin Elmer, CHN 2000) < AR-3}¢] 2431500

5. 24 vl x5 24

WA VAR b} AN 23S A% ABARS
20119 3€92E 1097HA A4 (Fig. 1) & Al AA A
27 3 cme] FAp7] ZoE ARgste 4 4R 8Ule] F
& ARE FA ARSI AR Ame =efojoo] e B
B ¥ ARAT Lsle] AL v,

Jew AgRE ddslels S AFAAAS
(Normalized Difference Vegetation Index, NDVI) A4
A4 (Vegetation Index, VI) + Spectroradiometer
(USB2000, Ocean Optics) & A3l vhileS SA3
I gE4L 352 Thompson et al. (1999) ¢ ¥hiz}
Lorenzen (1967) <] ¥H-s AH&3}5in)

6. F-851F A4 54 24

BA 805 B2 A ojgilel % AT AABE
o) AZsle 590 el T ALAN 8T BT
A& ) slelel 20114 59 16203 59 1700 4
o kel S 20 1) AR A (Fig
1) W, 55 5 -8R A Adune a2
A ARE SAskol 2 2 AHoIA 25 x 25 om FHTE
o185}9] 10 em Zol7bA] 23] MEH AT L AEARE
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Table 2. Emerging time and immersion time of tidal flat at each surveying sites

Air-exposed time during ebb tide (Minutes)

Water-Immersed time during flood tide (Minutes)

Sites Midnight Afternoon Morning Afternoon
(15th/Jun.-16th/Jun.) 16th/Jun. 16th, 17th/Jun. 16th/Jun.
Water gate 500 550 270, 280 160
St. 1 380 430 380, 380 290
St. 2 390 450 370, 360 280
St. 3 290 340 460, 460 390

s o, r89F A9 (4 1 em olsh) ¢ Al (7
Z 25 cm oA, 7E} AEE TEsle] FRE AAEEE
A3k

5 AW AR 27]) 24 FEHE AN T T2
g 8 il 55 A9 A 718 AVIE Sk 9
s =949 37) A7) 24} AA (28 19) St. 1, St. 2, St. 3)
oA 2012 24€5-H 1047}44] 73]l A 25 x 25 cm ®
Ao A 6 cm Zo|7kA] 5 | E 33] wHE3le] A ST
7+ AR L] Aae 34 47 18 mm ¢]Fke] AsiE AE
sto 2 (mm) o] #Helet Fdgks AVER v|asgich

5 Y A 27] 24 BE 7 dElE
A A Atgt 5 A E-of Ho] TEEAY ofn] 252
2 AR ol 5 ] A FA43 2o) 9
3 2012 54%-H 109704 P2 A 37 AA (Fig. 1
9] St. 1, St. 2, St. 3) °A 25 x 25 cm T+ 50 x 50
cm HAE <F 10 cm Zol7kA] 33] wHEsle] 53] AE Al
AlBtGic). 2t Aol A 33 wHEsle] AF g T Y
A& FolA 27 20 mm o] =Z|vk AEste] 7
(mm) & AF5F (9) & S743ML A7 73 HHE £
sk3ict.

7] 53 Tyt MA dx: 79 E 9¥Y7bA] Ak &
A, A 5 wA% A3 A ~EYAE AR ¢ F
Sz} wailgke] AHFTEE FA8] 3 Fig. 19 371
ZAAA (St. 1, St. 2, St. 3) o4 20119 7€3-¢] 947}A]
] 25 x 25 cm EE 50 x 50 cm A A 10 cm Zl9]
742 33] wHEste] T3t Wit AR o A 25
cm o] 2719 Asfiel 20 mm o]sle] AsfE -3t 1
m® WA W MAERE EAEgch

ook

2
1. 249 =4 5234 373

Ao xEA 7k St. 1, St. 29} St. 3 7+ A A A 77t
380-430%, 390-450%, 290-340%-2.% ZA=gir}. 11

T ARNA F2bol wlEf ozt = A7be] 50F-ellA] 1417F
o] ¥ A%y, AAERE St. 19} St. 2 10¥94 20%£2
zpolate] giglont, A St 32 St. 13 St. 29 ¥ =&
A|7ko] 247k 90%, 100-110%-<] t© A7 A=tk

F3F A7k st 13 st 294 Al 370-380%,
S Fole 280-290% 0% @3¢ Wrfole] AAZto] of
1.5 #)zko] gt} 22y st 3 2|42 st 2¢]] vl H4A]
Zte] 1.5 Azte] o ZA] YeRt} (Table 2).

1) =9|Y-Fopzt +=4

A7 F 3k T Hdieale 69 169 A ukx wo
% 9k St 1, St. 2 183 St. 394 27k 1.85 m, 2.88
m, 2.75 m 181 3.75 mZ S o o] u] x99
St. 3 A|H9] #Al2 o 9 st 19 v]s) 27 2.01 m,
1.14 m7} o Z2A SA4=90th £ 2720 ql4gdt st 12
St. 2 AA H|3te ®wke] WS $JA|sHA|RE HelAle]
0.09-0.18 m7} o AT} (Fig. 2).

281 14 23] wkx A HAPAL 649 164 oF Tk
wjol] TakE|glw, o] W] ~% ¢F St. 1, St. 2 22| St. 3¢
A 42L& 747090 m, 1.77 m, 1.68 m 12| 2.91 m=
7=t} (Fig. 2).

45 4

Depth (m)

Water gate St1 St. 2 St 3

F16th/lun(Dawn)  E16th/un(Afternoon)  M17th/Jun.(Dawn)

Fig. 2. Bathymetric fluctuation during day and night of each
site in Namhae-po tidal flat of Taean.
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Fig. 3. Monthly changes of the physiochemical parameters in the surveying sites of seawater.
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Fig. 4. Geochemical characteristics of surface sediment in the surveying sites with the monthly changes.
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slale] ol HATS At AT A 57

A=

< A3 Azt 3sEAA QTS (Chemical Oxygen

Demand, COD) & FAMAY AA 334 FAF 2971%
3l (20.0 mglg d.w) & ZFH3}A] 9gkor} (Kang et al.,

1993) St. 194 5437} 104°|

o z}o

w2 e HERSE

d HAw ol 23 ASIEA e (AVS) < =4

o) AREE H/Pls 7Fo® AREY g EA e
o] o EAE Yol Atho] 117k 9l Ago] wAjsle] A
e 2 JFE n)x]7] WFo) Fad A3EA A|A A2 AL
4%t} (Kang et al., 2012). 28|y} o}2] -2|uetolA] A
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(0.20 mg/g dw) 3} ¥ L3P v e £AAA 33
SolA 7% e 2oste] 2AAAY HARE thh 99
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Table 3. The mean grain size (Mz) of surface sediments in the surveying sites

Textures (%)

Sediment type

Statistical parameters

Station . el  Sand  Silt Clay (Folk, 1968) ~ Mean Sort Skew Kurt
(phi) (phi)
St. 1 049 9908  0.36 0.06 mS 2.23 0.40 -0.15 1.20
St. 2 0.10 10008 009  -0.27 s 1.98 0.33 -0.23 1.01
St. 3 0.09 10003 009  -0.21 s 1.95 0.37 -0.28 1.00
2) E55NES YE 54 HEge] §7158 &AdA TR 27 A A4 #
A9 37 AANA AFE FHAEY d=e YA 71Eo] &= QS AAFRL 9id} (Fig. 5).
E QAT b Rt el S4ue] el FEsh =3 AHRAE Bl A4 571259 OIS WE 2

Ehseh o] B Rol A wo] A4she wpAlete A
ahA skert ARelE Yol tha gislol ¥,
sh spel B5} wgke] Aol A4 Aoz vkt
(Table 3).

5 HAE9] f71E 2ol #3719 248
7] HEM C/N Hle TF3kgict dubA e g C/N ¥)7} 10 o)Ak
ol 2 HE719 el 79 2E vEh A4 A
A= k)] #7181 A$E C/IN ¥)7} 5-10 A= 7

ﬂL s rkﬂ

< Yehdd} (Miller, 1977). $3l® 2552 E<] C/N #]
A7 st. 19} St. 2 A9 ke 10 o] wolT Y
24, 3907} 504 <l §AGIA Tike] §71%0] $9l5lo]
98¢ e gle. ek St. 3 X|de R4 e ol
A Aoz 10 olste] kg woln glo] £419) ke Aw
Aoprle] §71%e dgen e o gepd B3H

C/Sratio
3.00
2.50
2.00
150
1.00
G- 2
0.50
—p— 3

0.00
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Fig. 5. The C/S ratio of surface sediments in the surveying
sites with monthly changes.

E3lSint (Fig. 6.). it oz =Axz2] o] Ak3hAql 3
¥27del 75+ CIS 7k of 2.8 Ax HE Zlo® Biwo]
Stk (Hyun, 2003). w24 C/S vl o3t} HAZA S 3
7F 4 Qlemg zAAY e RSEAES HAIEE 4}
shalet. i =ARE A9 CIS vle 2APAL Al tellA 2
T 2.8 olskE uyehl Qo] AkskEl AZget AEast
(biotubation) ©¢] 7}53d AAkAQl  sfEA (normal
marine environment) o)Ay 1= C/S v]7} W& Zlog
AE 4 gldh

IS
e
ol
)
2
i
10,
i
I
e
B
o
:[o

FTEL AR 24997}
HAE A 55494 9 AU)E T AR A E

7} I 9o B E (Cho et al. 1994) ¥ZH A E7} A A|3H7] 0]
5} A7}s17] &4 (Hyun et al., 2003) dut
Aoz H3}x|4~ Enrichment Factor (EF), S3A4
Geoaccumulation index (Igeo) 2] S A3} = &

C/Nratio

20

18
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14
12

10

Jlan  Feb Mar Apr May Jun  Jul Aug Sep Od MNov

Fig. 6. The C/N ratio of surface sediments in the surveying
sites with monthly changes.
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Table 4. Ratio of metallic elements to Al in the surface sediment in west coast of Korea and in earth crust with the Taylor and

McLennan (1995)

Metal/Al Metals/Al x 1000 Metals/Al x 1000

Fe/Al Mn/Al  Zn/Al  Pb/Al  Cuw/Al Cr/Al Ni/Al  As/Al Cd/Al Hg/Al

Earth's crust 0.44 7.46 0.88 0.25 0.31 0.44 0.25 0.02 0.012 0.010
St. 1. EF* 0.70 1.85 1.75 1.54 2.07 1.81 1.69 3.44 3.52 2.57
St. 2. EF* 0.84 1.23 1.30 1.27 1.19 1.29 1.23 2.31 2.81 1.37
St. 3. EF* 0.89 1.55 1.40 1.23 1.25 1.27 1.36 2.10 2.54 1.46

* EF: Enrichment Factor

X‘?% LH jﬂ_é:_'o‘(‘l—}l\—g’] ""‘E_—g— E_Oéﬂx] %];% X]Q]ﬂgq x},q:]_/\o]_EHoﬂ
< a

I, 2007) Blwshs wpie =

T4 g F3AS (BF) £ HAE e 545 Al

o tigt 7+ F&U 4] 5] [(Me/Al) observed] S #| 7+
A F Al digh 7+ 540 Fx4] [(Me/Al) crust]& U
o] & ke Ltk (Eq.l)

(Me/Al)observed L
(Me/Al)crust @

Enrichment Factor (EF) =

2] Al F2A5 (EF) #to] 1 ol 7S 290]
7] e AdAl Fxolv, 1 Bk 2 A& d7v kA
< S8t Tl FAZ 5 Y-S vt wet
A R ] @ JA RS setely] glste] AR el o
g F3A (EF) 3h& $19] Aoz AXlste] Table 4.0 ©
eiict Y 2SEHAE § 4 AR Al He
F3HA14= (EF) gkol 1.0 olds vehda A5 97) 14
(As, Cd, Cr, Cu, Ni, Pb, \V, Zn, Hg) 7} E18%& ylo] ».&
slo] ol Ae® vehgAwt 2AbgdER 2 St 1, St. 2
Aol A oA e "olAl St. 3R RHA 7 H35}A|
G ol we oz zAkE L)

2) 35 0| SR+ 2YTE

P3A) 59l AR o R ALgsk= SR A4 (Igeo)
Maller (1979) ol 2Jste] AAE] Ao EAEol 75
£949 FEE 2984 4 F594Y Fxe) nlus
Holek, 3t 2 kol w2} 7 SR kel AR
o AFAAY FAE F5049] AdAl FHAE

© AAEZ ARSI 5 9l wEhA o] whge] HAE
&40 e9dAxe] Hrlo] BAACR o] glon

fleoalt e

H

O

(<3

£

30

ojf ¢

of W t=el A (2) & o83t Al

n

loeo = lowp Sy @

714 Cr ATFAAY EA4H F5949] Fxoln, B,
L F&£949 vlEs S (background of reference) &
it dwbA o F5449 npsre Aoy A7t
Ao &40 FerE A8tk B sgdF Al
3o 58 Agsle] Alakslr]= 3l (Hyun et
al. 2003b, Hwang et al. 2010)

91e] A& o]g-3te] Aket F4 A4 (Igeo) k= Table 5.
ol Yehl et A7A1due] AAdellA 53 Igeo class?} 1
ol AFE o] glo] 7 L AHGAY A A2 FFEL
(practically unpolluted / moderately polluted) 1e}iA]
4t Cd, AS, Hg+ Igeo class 7} 22 (Moderately polluted
practically) 2515l & FFo7 velyic

5 B v 2{e F 249 9%

AR g e] W AxE|AEF] A SAE 9Jg
AFAA4 (Normalized Difference Vegetation Index,
NDVI) & € 37 0.06°2% Yeppon, 43 0.01-0.10
o] WsE B, 39 FHojol 8ol a4z yEhyich
9 Wk Aled AHelAE 0.01-0.11°] HHZ H
0.060]9lom, &1} sPLo|A = 0.01-0.09 (BT 0.06) ©]
ot} 283 A QA4 (Vegetation Index, VI) <] €3 #H3}
= 1.02-1.229] 9% HF 1.125 B=d, 399 o)
2 89l Hagldh 29 Hil= T8 Aol glilem A
Follq HF 112 (1.03-1.25) flom, FHoMe 1.14
(1.03-1.21), 3HolAE 1.12 (1.02-1.20) & 2ol =3
HE4 a F5= I 91.42 mg/m*E 63.73-120.73 mg/m?
°of 4 W3lE Bl 109 Hgly 8ol il
294 924 a 5= FHoA #HF 131.21 mg/m?
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Table 5. Classification of geoaccumulation index (Miller, 1979) and the number of Igeo class for the concentrations of metallic
elements in intertidal surface sediment in west coast of Korea

Igeo Igeo Designation sediment Igeo

class quality Fe Pb Zn cd Cr  Mn As  Hg

>5 6 Very strongly polluted 0 0 0 0 0 0 0 0

45 5 Strongly/very strongly 0 0 0 0 0 0 0 0
polluted

3-4 4 Strongly polluted 0 0 0 0 0 0 0 0

9-3 3 Moderately/strongly 0 0 0 0 0 0 0 0
polluted

1-2 2 Moderately polluted 0 0 0 3 0 0 3 1

Practically

0-1 1 unpolluted/moderately 8 3 3 0 3 3 0 2
polluted

0 0 Practically unpolluted 0 0 0 0 0 0 0 0

(88.85-183.44 mg/m?), A-ollA 31.47-112.03 mg/m? (3
T 71.37 mg/m?), dFollx 54.11-89.47 mg/m® (BT

71.69 mg/m?) o]t

1) A HMAER &4 %

AL St 298 2R F 152F0]glon] A
A 86%, ol 96%, ‘}TOM 101io]°44 a83 24}
717F ot € 8 £ £ 42-82F0]9l o, 9499 HAa%
T 399 IS Jelich 244717k 22t Paralia sulcata$h
Navicula sp.1= ZE x90A &F33lgon, 53] 552
Ho|PE<l (Ryou, et al. 1995) Actinoptychus senarius,
Amphora sp., Dictyocha fibula, Navicula cancellata,
Pleurosigma sp., Nitzschia sp.7} A 4}7|7F S¢F £33}
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Fig. 7. Edible clam (adult) distribution of Namhae-po tidal flat
in May 2011.

6. &35 A2 54
1) 83 RSH7e £

20114 5€ XA} A] 5 (M. veneriformis) Asi= AA
St. 1%} St. 594 47 24 wlelim?, 32 mlE)/im? 24 &
A A vlel] 2lx 2 A3y, 2 2e St. 37} St. 10°]
A 8 mhElim?e] vk W2 AAslgle) Egk whalg (M.
petechialis) A% St. 37 St. 4047t 8 nlel/m?e] W&
Wrxg A3l (Fig. 7).

20114 50 el E A 1170 A A-elA A= o= F
s o] Ao h -2 F5 2t o|ufishF x| Aa
T uke] TRl A 2FzE -] st 10914 288 wlE|/m?
2 7P% =9ky, st 63 St. 7 A AHAAE 242 12 grlelin?,
184 "lEm’ R =2 AAUEE Jelitl (Fig. 8).

2) 8F xluel Al7IY 37|
20114 24 et il 2 Ao St. 17 St. 3 A H A
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Bivalve spat density (Ind./m’)
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Fig. 8. Bivalve (M. veneriformis) spat distribution of
Nambhae-po tidal flat in May 2011.
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Table 6. Size distribution of Surf clam (M. veneriformis) at Namhae-po tidal flat from May to October in 2011

Date Shell length (mm) Total weight (g) Samples
Range Averge Range o (Inds.)
17-May 27.25 - 45.88 34.82 4.85 - 28.45 12.89 42
16-Jun 21.28 - 34.9 26.74 8.1 - 21.35 14.25 32
18-Jul 23.55 - 43.34 31.44 8.55 - 43.34 24.13 60
17-Aug 29.93 - 43.62 36.29 8.30 - 22.65 14.76 30
15-Sep 29.97 - 41.77 36.12 5.80 - 22.65 14.40 46
18-Oct 27.69 - 45.03 33.94 5.55 - 26.85 11.68 44
Table 7. Size distribution of hard clam (M. petechialis) at Namhae-po tidal flat from May to October in 2011
Date Shell length (mm) Total weight (g) Samples
Range Averge Range Averge (Inds.)
17-May 23.33 - 48.77 38.22 3.00 - 33.7 16.53 21
16-Jun 21.92 - 33.72 26.30 28.05 - 52.25 36.28 3
18-Jul 13.55 - 24.42 13.41 16.15 - 31.90 18.33 6
17-Aug - 23.65 28.15 1
15-Sep - 15.1 17.35 1
18-Oct 19.81 - 25.91 23.46 24.35 - 35.45 30.98 3

5% (M. veneriformis) z|3j|¢] HF ZA-2 27 3.40 =
0.17 mm, 3.84 + 0.31 mm= ¥} o1} St. 26A4=
2.16 = 0.12 mm = i Agky, 7€ef= St. 1, St. 2, St
304 42 Hd 2 13.25 mm, 7.21 mm, 14.41 mm<2]

2715 Jehigich 999l St 17 St 3elAwE B 4
1.75-1.96 mm =7]Ql 237} 4 GRS 7 10D A
AA REA HF A 1.70-2.36 mm 279 o]
2= (Fig. 9).

3) & Mulle =v|=H

o iR oA 20114 594 109704 F5 (M.
veneriformis) A9l 7] £X& A3 23, 442 64
el HF 26.74 mm, H$] 21.28-34.90 mm=EA thi A
I, Yz 7)7bells B3 24 31.44-36.29 mm 2] S
. 8-99ell= wlwA 2 AjAIEe] ARSI AT 7Y
A 25 =] ]7}01]l-— 11.68 g (10¥)~14.76 g (8)
o] #WeE Uiy, 79 Feele B 2413 g (U9
8.55-43.34 g) EH 7}%} 2 7& Yehdigit} (Table 6).

o R |

A=S7S x]% f}g (M. petechialis) ©] ZrsiaeelA
ETOoR ke AVIQl 5¥ell= A7RARE 3k EiQE Wl

X Ao A AHANAM Z7F 23.3-48.8 mm, AFFF 3.0-33.7
g 919 F 2171ele) ABE ARE F gglont 64 o) Fof
919 16 vhelo) gl AlmuE ARSI (Table 7)

5) 0iEE S5 M4

gt s Ao i Hﬁéi o2 T3 3 A HAA
55 A9 AAdEst 79 st 1 AAF St 2 A A A
54.3-68.7 m}2]/m? ©j|4], 9¥€°] 13.0-51.0 m}e)/m? &2 o=
= AdE S dAA R vhi Fhadks A Bk E
g, 7904 8€E 7hw A A4l st 1ellA= A3 W=t
oF 3 A= FIBl BAACl St 3 AAHAAE A9 A
=3 $Eo R FAEMARE, 2Eo] 7MY W FHAA (St
2) oAM= 7¢9) 32.0 ulE/m?ellA 8K &t mlE]x A
A A& AxE Aol Ftastgict 9dele Al AA 25
oM Ashe] AAME} 4 wlEm’E 2| Frace ARE
R4t} (Table 8).

6) O{EH tufghel MAYUE
et ‘a“H‘“ Ae] st 3 AAe] gk 795 99 Abo]
23] Z7]7} St 1 (A ¢ St 2
=1 = EZHX]HMD]— St. 1 (/\ H) ;q
whelin?, 4 whelimee) W2 A

& )ﬂﬂﬂﬁ%ﬁ%
o4 743} 89l 42 5
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Table 8. Surf clam (M. veneriformis) densities at three parts (Upper, middle, lower) of Namhae-po tidal flat from July to

September in 2011

(Unit: ind./m?)

St. 1 (Upper)

St. 2 (Middle)

St. 3 (Lower)

Date

Adult Spat Adult Spat Adult Spat
18-Jul 54.3 £ 8.7 16.0 = 8.0 68.7 £ 27.1 32.0 £ 0.0 0 48.0 £ 16.0
17-Aug 5.0 + 3.8 42.0 + 18.3 53.0 £ 7.5 0 32.0 £ 19.6 52.0 + 31.6
15-Sep 21.0 £ 6.8 4.0 + 4.0 51.0 £ 134 4.0 £ 4.0 13.0 £ 13.0 4.0 £ 4.0

Table 9. Hard clam densities at three parts (Upper, middle, lower) of Namhae-po tidal flat from July to September in 2011

(Unit: ind./m2)

St. 1 (Upper)

St. 2 (Middle)

St. 3 (Lower)

Date

Adult Spat Adult Spat Adult Spat
18-Jul 5.0 £ 3.8 0 1.0 £ 1.0 0 0 0
17-Aug 4.0 + 3.8 0 4.0 + 4.0 0 0 0
15-Sep 0 0 1.0 £ 1.0 0 0 0

A, St 2 (F4) AHAE 7260 4 Helim?, 893 9
el 1 vlelm? o] xg Asigick @4 st 3 (3H)
AR 2 1 cm o3k TalEr 2= 7-9Y Zof 1 v}
2% ARE A @3kt (Table 9).
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n #

7 o2 @z 7EE A
%“-354“1 01"46} Fatel= MANE 9 oS 22
dx JIs & 2R oSHrh

Al A A A ] x5 W AL o]l F X] 9]
o] 27] Fxof wigt S Avnd, 7o AAlE=

=
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o

=
o
o

ESL-5tL
mSL-52

oo
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5 s
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=
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o

Shell length of Bivalve spat (mm)

o
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sampling date

Fig. 9. Bivalve spat size (Average shell length) distribution of

Namhae-po tidal flat in 2011.

X5 —F}“% HAE] 9J=x4 (Flint and Holland,
1980), 7<) =& A7) Zo] (An and Koh, 1992) Sof w
2} °§f¢~ Els ﬁi Bux v glow, AHe] wEA7kw)

= o= °LE%Zﬂ sit} (Swinbank and Murray, 1981).
= d7elA FalE AR Al 2ARAAEL 2F 2 A
71_-‘Jr Foptt #AME SHelA st 13} St. 27} 22 T
37 o 7 A7h=]o] (Table 1, Table 2) AA1s= o]wlj=llF =]
o] 278 %% St. 1-St. 2 2EF, St. 3 1EeE d A
oz dagien, AAzE 24, 44, 64, 790 sk A
sle) 7 7o) st. 13} St. 304 HlSEk, St. 2] A
S Zbgo] AAd oz Ao EAS Kol 9lo]A (Fig. 9) A
el x5 9 AL o] ejel] o 3HA gcle] SRl A7)
2 A7 QS FI S Bk glo] 2 Sl dist
AR & daAe] gtk
eiek el e A wke] oM ARTMAE APk
90% o= AAIshke meliolw, ke FofellA A=zt
A2 7haA Pt AEA gHeko] Frlslh= AR Al nh Al
24 g, 55, skl sol A 21 glek 20073 A
nhAah gk Fol] oF 30ES ¢]4lste] 20074 FHw[o] 2]
2|E Akl o] Felx wiigal F52] Akl Abgto] o] Fof
A ek 2y fRAka 2591 200849 59 w4
she] chgsia) s wke] S3sh slRA Aol A s
o) AR A ALe] FA3] asls A £3
sjol Aelo] gt dale] Lagh Aoz ek

o
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Fig. 10. Terrigeneous sediments on the tidal flat (right) and red clay-suspended fresh water input (left) followed by heavy
rain at St. 1 (Upper part of the Namhae-po Bay) in July 2011.

A, el E A2 AYAQ] Lqtre] Uk AHEA 7Y
el 99 Atele wijd HHEE = Foele}, i E A -
FANA s B S’Jr Exte] e w F A A F
=, B e § el Alsleh Aeise] kAl
bl £l T E °1°dﬂa°l Zastar gl7] wigel, 4t
2 oofgl FAe] AL o] FoilE 7ERE 9UrbA] HEE
Ao gx, A, Fed 59 el 4R A

A2 HA, Ao 27 A Sl g EEl
A77h 298 Zlow gl

2 dgelME 790 u]3)] 8Ye) =Fo] W A|AH (St. 2)
= Agt F AAAA 5 25 A2t Sk AL A 2
ol o3 Az A kR AR, 94l Al A4

1571 A7 A2 H9lek 9 E*H’r"‘ < 73t
o] ZA 2 F-9] of= AASe] HFE AR dEer
= it

5 A A 272AL AT}, 29 797 = A
ZH el mhE Ao Aol wREGloy 8d xAlAE
2352 474 dids B3R £ A3l (Fig. 9), 4 A4
Ao arjzer E wf deiE AHeME 297} e
St. 3 AAFE 7-84e) o]l Aol WA S F
743 4 Qlole. w3 10478 84 sk 2 9ol = 7}

[}

c

o)

O =
45 AEo] 2ol 2 IS B4 Gu Fo) % Az A
VAT AT RoAel R AST S 230

223 8, 9¥ T &5 A AT el Wi s 2
Zh)| 2, AeiE e v"f’\‘} g4 EZ (M. veneriformis)
9] F Ateb7)E 220] 23T oAkl 7-8€o|w, 24 2.1-2.5
cm AAEL ¢k mE PAsT) ALET 2] 2.6 cm
olel AMAESL 100 %7} Al Hosl= AR B
v} 9lt} (Chung et al., 1988). £ A7 s o]
55 AulE HT 2] 794l 31.44 mmelA 8€el 36.29

mm & $71ghl % $7ea A A% 74900 24.13 go]
A 849l 14.76 go.F 38.8 %7} Aasl= ARE Holw gl
o] (Table 6) F3l|E AHAMZ o] A7|o = A& At

g dxo] APLL =A S 9lr)
AR 5 Ak Aol ek HEel djste] e »
W 89 St. 17 St. 3 AN = Ao wr
42.0-52.0 wlgl/m?e] Wslglov 9dells F AAHE X35}
o =FAZke] Al A2 st 3 AFAME Ao Wxr} 4w}
|

glim? 2 343] Zt4ds A7E HYlv) (Table 8). o154
< AuA oleiet A AARre] Zhae 201149 79 7";_1
g 74 149 Apo]q EH"H’Jr kAol JE 419 mme

T AR AT FEE A ez E e B S
B)7h 12 AFel 74 1793 74 209 Aol ﬂ
7l&0]  29.4-33.0C 7HA ke FUHS (1A,
http:/Awww.kma.go.kr/weather/observation/) 5% Zt]A]
23 vehd Aoz weks|gi

79 250 AR A8 $AA % A FolA EHu
& EAPE 4] B <kl Bt ek deE e el
T A ®3elle FE7F sl HA4E uks gl (Fig.
10). & AFellxl= o] Al7]el BiekA| e kel gk diE
Aok o] GHEH BANTY Tol 55 5 AU A
datel] ol A= JFE FEA AT A dAl
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H 22 -lE

[<] (s}

o o R oleld A4 WA B34 0 T34 A
Qalsh, R obbulel W 2, AREZ) $4719 24
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