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Abstract

This study was conducted to establish models of filtrating rate and production of feces of a native

freshwater bivalve, Anodonta woodiana, on removal organic matters in eutrophic waters. Among the applied
shell size (4.3 ~15.5 cm), the filtrating rate and production of feces of Anodonta woodiana was 0.08 ~0.86 L
g 'h ™' (average 0.24L g ' h™"),0.00~11.10mg g ' h™' (average 0.94 mg g ' h™"), respectively. In two differ-
ent water current (high 48 Lh™', low 24 Lh™"), the filtrating rate of Chl-a was 0.02~0.10L g~' d™' (average
005Lg"'d™"),002~0.11L g "d "' (average 0.07L g' d™") and the removal rate was 65.4%, 82.1%, respec-
tively. Response surface methodology, with a central composite design comprising 3 levels and 2 variables,
was used to identify the optimal removal condition of shell length, water current and filtrating rate or feces
production by bivalves. The optimum removal conditions were found that had optimized 6.21 L mussel ' d™'

at shell length 14.3~15.6 and water current 22~30 Lh™

!. The optimal conditions of production of feces (4.2

mg g' d”") by freshwater mussels were shell length 14.3 ~16.3 cm and water current 36~44 Lh™".

Key words: freshwater bivalve, Anodonta woodiana, response surface methodology, mussel size, current,
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Brrstedet. olek e AFES EUE Al AAEE
A7 AL 2F AL FAY A 35
At Fo3 AELHES 7FeAS 7 Aoz Hrt
= ¢lt} (Reeders and Bij de Vaate, 1991; Ogilvie and
Mitchell, 1995).

= 25 AF MAES AH (Corbicula fluminea),
W27\ (Unio douglasiae), EZ7Y (Anodonta woodiana),
2% 7Y (Lanceolaria grayana), ®1E%X] (Limnoperna
fortunei) @ F] o] A o] (Cristaria plicata) S-°] )&
o, o] 5 AMAFE] E=A 27 (5L, £
Al 318k }_Zl](oé]okoﬂ 1,;5)01] Al el ¢4 WAl 9
7} 323, A7 o} shg-o] o} (Hwang et al., 2004),
Ho] oA AT E S FIRE W 2F o
Ae 20 5 ode FeABANes 9733 oo
(Lee et al., 2008a: Kim et al., 2009). $4+2] =7 o
A EA dE AEA7|ER o|2dt W[ 24
AEAS 843 o] st 1fsta geFst A
7b 232, MAEEAL ol S 2 el Wi A4 vt
=Moo =& Aoz JAE T 9

ol o} 3|, thekgt Fofell A Aol djgt HH3E 9
ste] gpoFat BAMQ A Ee] 453 glu(Jin
etal.,2014; Jeong et al., 2014). YUt o2 A4HL= E
AAQ Algud = wke-wm AW (response surface
methodology) & SYW4sh E4H% 7re] WAE A
Yrho 2 RE] 245kl SRuse] Wil W B2
o) g olel] mE HAGE HARe W g Ao
2 23 4 e el Aol 4T AFALYE
7] 918 W o= o453 9} (Lee et al., 2008¢).
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Aol ARgRE = el MAsHs F27) (Ano-
donta woodiana Lea) 24 A2 AL 7 4 9t
A7pe) AN AATE Ao AR 2AF
= Zalz ojo|Aub o) Yol APAE uks oo €
G FEER 233 A Azel o Y oA &

A

N} AFE o83 5718 A Agel AR A
= Lee et al. (2009b)7 593 722, 2gzE 2H<
G 2~7F AR (80 %80 x 145 cm)2A] 2|43 = 500
Loloh. Ag]z2] vjiells 2™ 10cm ol ol AA13
P57 AAH (75 x75ecm)S AAshar 2 Sl dAF A7
100 A2 Y3 £33 ohgoll, $718 Al A Ag> A

& Ael7t st 307Hzﬂe ﬂw_i 3l 9] 59 F
o(—_)]oo} 34502 A YRE §95H §4S 0~72Lh !
o) Wz W= -,"T—i,—(HC)‘* 48Lh™!, =3 4 LO)x
24Lh7'e) &=z BN A6 Ag3 A4
428 1943°C2 A8, FF7]= 12D: 12LE
A A F e

N

24 g2

2]
o 1] S AAe xﬂ 9% mE i um
Az w7el 3 100°C Az7]elA 48412 5
Az F wrhle] #A (W)E 2437, o) % uw
500°C 3]%-2 (HY-8000S, YUYU SCIENTIFIC)e)| Y311
3027 A B¢ B, 100°C Ax7| 2 &7 48417 vt
AAZ] & FA (W)E A3t 7o A5 W, -
W,2 AAksted APl o zhgel disted A<l
FAgEQ F22Y = (Chl-a)et FHE4 (SS)2>
$AZHAGY (APHA, 1995)9] we} 747t op &
=

3} AYSE AR F AFA 9] T Aol T ol
H

S 8] 71 o2k (PR filtering rates) & 207
223 2NF ALY Z=2=29-q(Chl-
a)sE 2ol A7 7B R Yiro] AALsIS T
(Coughlan, 1969). 3} 5-2] oJ3}& (FR)(L ¢' d")=V/M
XIn(T/C)/t (V: Ag 2] 53] (L), M: AH4-¢ | 7-2]
71E% (), C, T: flzz3 Ao 2228 5%
(gL ™), t: AFAIZD).

G A F2 wjAdE AYALEF (PF, feces- and pseudo-
feces production)-> UAA| 7 E9F 2 2 z)g] o
A AR vk AEee) AolE f7lEde s
o] AAkslodet (Kim et al., 2009). 3 57-2] wjAHE Y45
(PF) (mg g ' d )=(V/M) (S,=Sp/t (V: AF52] 3]
(L), M: 9| 52 AFDW (Ash free dry weight, g), S;, S,:
Hz2 Al FA7AE A (mg), t A AIZHe] #
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HFoll 28 §715 o3} vk 2719 FHAH 32 93
APAAE AT v e A HEse] A3k
I Az 24 JRly AP e} 55 238 g S ut

Sz BAH (response surface methodology, RSM)2]
vl el u}g} Minitab (MINITAB Release 14.12.1, Korea)
2ale Algael #AsIT 2 Eglo} el 4]
A A AW (central composite design, CCD) Z = 7348
o] g3le sjFe] Z7], <, o3& (FR) 2 wjAE A
5 (PRHE SHSE 3455 290419 558 A5
) F29 =7|%= high level 20 cm, low level 4 cm, f-4-2
high level 72Lh~", low level OLh ' 2.2 A1 3}%]c}. Table
lof] & Algo A A3 AFAAS Jepli ek

:

o
Zn o oY

1.0z 370 ©E R7IE g d HEE 4Y

olr

Aol A8l Hx) (A woodiana)®] I Z7)=
43~155cm(HF 9.54cm)o)glom, 7+ AW Az}
(AFDW)-& 0.70~7.65 g indiv™" (33 2.53 g indiv™")9]
Aok 7 =Z7)9 AF A ARIAE R7Go|
0.95 (p<0.0001, n=30)0.2 =& A#AAS eyt
(Fig. 1). sz} =277} 2905 7453 =3 718k <%
A& el g, o] Lee et al. (2008b)2] Az}e}l o
A5 A' S JeR ek

B Ao x] AF8El D=z (A. woodiana) 3070 A&
Aoz g of 3-8 (FR) Ao A )7 =7] 43~15.5
cm (FF 9.54cm)e] WE $7]E oJ-8L 0.08~0.86
Lg'h',(F 024L g ' hHe] Hels Yehfgle
AA Moz 7k fA Z7]el whet HEFo] o), H
7y Z7)el w2 9l AFd 2N oJFE2 0.09
Lg ' h'Es vehiglnt szt 3719 718 3489
AABA = R*ZEo] 0.33 (p>0.05, n=30)0.2 7 =
719} o &2 st A& ERf ST

Pz WA= AAFEF(PF)-2 0.00~11.10mgg 'h™
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Fig. 1. Correlation of mussel’s length and ash-free dry-weight
(AFDW) of Anodonta woodiana (R*=0.954238, p<0.0001).
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Fig. 2. Filtrating rate (FR) and production of feces (PF) of bivalve
Anodonta woodiana.

(37 0.94mg g h 9] WS Yehglen, ¢ o
H&3 FAsHAl =9 AT MAE QAR 037
mg g h'E el giet (Fig. 2). 47 =71 we 2
z09] WAE QAR B R*ZEe] 0.35(p>0.05,
n=30)2 A7}-&3} A oFsk AAS Yel it
9)9] A= Lee er al. (2008b)] 27N (U. douglasiae)
7)o w2 oA T-g3} wjAdE A d7A el Ao &
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A o] Yrom, o] 3 Az A} s F A FAG
o] Fgo] FUE FuellM Z7|ol| oJE3| R i F
MAY 7353 A= B3 (Fanslow er al.,
1995)9} A o] lvkar Fet= e

w3t 572 o3 542 F £3F A}o| (Fanslow er

al., 1995), Wolo]] u}2 z}o] (Dorgelo and Smeenk, 1988)
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2 52 g w2 AJA& A3} (Fanslow et al., 1995)

ofste] YL e 4 o dFA Jleme E
AT M= o] oh -2 WF 2lEel g FrHHl A
ol A= ojof & Loz AlmH

o
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2097 & Wgel we dx/)e] F2=23-a%
F FHEA 93 A AL 2 2
z22g-qoll HE AL wE F5 @8 Lh el
0.02~0.10L g™ 'd" (F7 0046 L g ' d7He] W=
el =3 §<4 (24 Lh oA 0.02~0.11L g
d0.07L g'dHe] HelE YeRe] wE 5% 22
o} v f&oM FE2P-ao A3 JFHEo] 50%
A= A Vgl 35524 gt o2 whE &
%ol 0.01~0.08 (3 0.06)2] H9E Fehlisl, =
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Fig. 3. The filtrating rate of chlorophyll-a and removal activity of
freshwater bivalve Anodonta woodiana in two different
water current. LC: low water current (24 Lh™"), HC: high
water current (48 Lh™").

A F&olME 0.05~0.20 (HF 0.10)9] 3e ehle]
F229-g AL FABH =3 F50lA 59.3% =
Al ebste)

w3l 220 A AL RA, )T =3 FE A=
1 82.1%, whe ol Al 65.4%2] AAES e
Wi, B4 AAEE A7 71.0%, 57.5%2 Fhe v
o] AAH oz =7 f&oM F22I-a9) FHE
Aol H3led o ¥ A& AAES e = e
2 Fl¥ it (Figs. 3, 4).
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LC: low water current (24 Lh™"), HC: high water current (48
Lh™h.
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Table 1. Factors and their levels for response surface analysis.

RunOrder PtType Block Length  Current FR
1 1 1 0 0 —0.154323
2 —1 1 0 4 —0.960614
3 0 1 3 12 0.536026
4 1 1 3 16 0.841482
5 1 1 3 20 1.040782
6 1 1 5 36 1.518741
7 -1 1 5 40 1.219448
8 0 1 10 24 3.533042
9 -1 1 10 28 3.681253
10 1 1 10 32 3.723296
11 —1 1 10 36 3.659184
12 1 1 12 54 2.641646
13 1 1 12 60 2.005068
14 —1 1 16 54 3.363164
15 0 1 16 60 2.823326
16 1 1 16 72 2.177327
17 0 1 20 52 3.469552
18 0 1 20 54 3.164852
19 0 1 20 60 2.753994
20 —1 1 20 72 2236974
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Fig. 5. Response surface plots representing the effect of mussel’s
length and water current on filtrating rate of organic matter
by freshwater mussels.

Fig. 6. Response surface plots representing the effect of mussel’s
length and water current on feces production of organic
matter by freshwater mussels.
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