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Water Quality Improvement with the Application of Filter-feeding Bivalve (Corbicula leana
Prime) in a Eutrophic Lake. Kim, Ho -Sub?®, Jung -Hwan Park, Dong -Soo Kong* and Soon -
Jin Hwang * (Department of Environmental Science, Konkuk University, Seoul 143 -701,
Korea, 'Watershed Management Research Division, National Institute of Environmental
Research Complex, Incheon 404 -170, Korea)

This study was conducted to test a possibility of water quality improvement using a
filter-feeding bivalve (Corbicula leana). In mesocosm scale (width X length X depth: 3
m X3 mx0.5m), we investigated the changes of dissolved nutrient and particulate
matter including both abiotic and biotic seston. Short term (16 days) mesocosm
experiment was conducted in two stages: the first stage for 8 days and consecutive 8
days of the second stage. Both treatment and control mesocosm were switched over
by translocating mussels from the treatment mesocosm to the control, at 8th days
since the start of the experiment. This design made it possible to compare mussel
effect on the water quality change more clearly. The high mortality of mussel was
observed in the treatment of the first stage, but it decreased rapidly and stabilized
on the 8th day to less than<4 ind day *. Chl. a concentration in the treatment meso-
cosm of the first and second stage decreased to 71 and 88% of initial concentration,
respectively, and suspended solids decreased to 70 and 77%. At those times, average
filtering rate were 0.46 and 0.61 mL AFDW mg ! hr?, respectively. Both NHz:-N and
dissolved total phosphorus (DTP) concentrations increased with the mussel
mortality. NH3;-N concentration was positively correlated with the mussel mortality,
while DTP concentration showed negative correlation with it. After translocating
mussel from the treatment to the control, NH3-N concentration significantly
increased compared with that of initial control. Although DTP concentration also
increased, there was no significant difference relative to that of initial control.
These results suggest that application of this filter-feeding bivalve in a eutrophic
reservoir could be a potential tool to improve water quality if mussels could
acclimatize successfully in early stage of the introduction.
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et al., 1995; Vaughn and Christine, 2001)¢} F7]3J€j] 2
ookl w3 (James, 1987; Quigley et al., 1993; Yama-
muro and Koike, 1993; Gardner et al., 1995; Arnott and
Vanni, 1996; Dame, 1996; Davis et al., 2000) 7&]11 #]
Zof] AAlol| u}= faeces £} pseudofaeces 7+ 31 =} €l
W A E-2] =7} (Dame et al., 1985; Loo and Rosenberg,
1989; Jack and Throp, 2000)% Ae)A 439 oJsks=
vepdet

A7 Aol we A Wi GAEAS] FE38 7
AL AE B8 A= = gl
0, A5 2709 Gato] o]e]zl F Erie 52|
1] Ao A= 100%2] = 3FALT 82~92%2] A

FE O] 714319l o (Holland, 1993), B2 2] ¢
e *4 FgzE WEae] 0% o4 et Ao n
3 = ¥} g¢Jo}(Nicholls and Hopkins, 1993). Cohen %
(1984)-2 Marylnadel] $]x]3t PotomacZtol|A] o] =
e WEe s AdeA AEEdaE gl
40~60% 7}tA3tel S-S W sl

57k M B ekt 3R w3tz o
A AFE olgstel pAe AUAFTA b 2ol &
HollA A==l v} glo}(Reeder et al., 1989; Reeder and
Vaate, 1992; Smit et al., 1993). Reeder 5-(1989)-2 9=l
o] HoJok spoAa dsTole] gAY 5
At o] &9 UWrE ZA=Z & w 3 P
g T 34 AAG EE A S s AXEE
AT ol e} Rejoksls Yoz 2AIE JpeA]
S AAstE Smit 5 (1993)2 vd2=2] Volkerak-
meer Zojl X AR E 913 Ao = 59 f9dfel
WES AXse] dSBEA S WA FAsle A
£ 9l IS ulEigo 2 o] E HFHE “AE filter'=
ol 451 AESHI FANAEA W= RAe e
ANF A Se] o=88E B3 v} ¢ tH(Reeder and
Vaate, 1992).
aeh AR S 5
3, A0 whe 225 A5 Fha B30 3
He §7184e) 271 9 Qs die-offo] wE 4
A ojshel e RAA d%E w3 H3 Y
(Morton, 1979; Kraemer, 1979; McMahon, 1983; Gleason,
1984; Doherty et al., 1986; Scheller, 1997). €3], 3] 72
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ke Hojoks (U7EE) dAgtdol] Mesocosme A |3}
ATHA 5, 2003). Mesocosm2 g el AxE 229
o]z 7]5& 1.5m A o2 uiste] wlo} Yol elzd
AR ] Aelg APAIFon, AL nigto 2 RE] 0.5m
W BBz W] E¢th Mesocosme] FRE 1=, A
2, Zo|7} Z}7F 3x3x15moeln] HF $AlS 0.5mo)
o} (Fig. 1). Mesocosm W 2] 0.3m HEoj|= F2ES A3
ste] A FE 5"‘"5}‘%1‘:} A& "Fg—% HAq= AxA
Aol A AREHRL, 7] TRl wet dz

= (control) 2} z{al—,—(treatment)i FH3le] Al sl

= AR RO R B
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Fig. 1. A schematic description of the mesocosm.
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—2461-04 ﬁ]*}s}OﬂD}(Maker 1972; Maker et al., 1980).
£E%7]1¢l& Ascorbic acid®] o2 EA 319 I (APHA,
1995), 4% FUAL GFFAAE F43 &35} ¢
222 7}7} persulfate® B33 & 82379y Y3}
oz =2A3t U $7)9) = (Particulate
Organic Phosphorus: POP): 32l o £& Z91& A
S oA A ARl el YRl e
Al Ao sl gueld Ak <
oz 243y, AL persulfate2 Ax]]st &
Fle g3y o 2 2233190 (APHA, 1995).

o3& 34

72 Ao u}E Mesocosmol| A 2] F=4 a FE2
Wale =9z d5e Qe ERE e 2 Ao
ahe} A Abehsle)

V x In (C/M)
WXt

FR (mIgAFDW *hr) =

ARl 3Age] efelm(L), Co}
M2 Z42F tA7F o] 39] dxFek A Felre 54
a Fol| $71232E EE|=Ee] FA
]‘I]( FDW), t&= A37]7H (217D
= Alge] A3l 2E A7
15 A3 F 2 A7 288 A7t 5
A3k MAA|eM A E 7 16570A o] szt Ao}
7| &g A3 Al o|&dle] AAbsI T (r =
0.87, P<0.001) (Fig. 2). A& o] A=) Fal HAla=
FAZRE wjd $ABl 7o Aolg AR o
I SA S S A7 FTIETHNA Xﬂ—‘z]?‘}"ﬂ‘;]'

AR 4B

T

e Sad Jagke AHes
earson’s correlation analysis& FA 3]
o P lat lysis® o 2A sk

I (SPSS 10.0), &gl F7te] $An|wE= t-test (Sigma

AFDW (g) = 10 (384x Log s m-2.39) N
r=0.87, P<0.001 o 8
L J
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Fig. 2. Relationship between AFDW (Ash free dry weight:
g) and length (cm) of Corbicula leana.

plot 7.0)¢} one way ANOVA %3] 433} o} (SPSS
10.0). 594 ARl elne] EAH fo Ee
P<0.052 7|30z 3}

24 552

ZAPZ|ZE Fot 22 26.4°Col A F 7o) wA A7)l
31.1°C7kA] Z7}slelom, o] & 26.4°C7FA A
o} (Table 1). 24 a =+ 15.9~43.2pug L2 WY
A3 A7 wﬂl A - F 24 A AE ol F T A
e Boh BaEA FrE 92~16.0mg Lo W9
2 A7) wE W3 454 avE kel A
o} (r=0.53, P=0.028). TP ¥ %= 36.1~65.6 ug P L2
WA, E57]¢2 2ug PL o8l w2 A S
A&kl ek TN 252 Adx7] 1.7mg NL'& 713 =2
FES B {7 £495E A7 REE 1.3~1.0mg
N Lo ol ¥ |7} ¢ileh ety A
A (NH3z-N) 35X 43~339pug NL HY=Z AJ7tel
w2 W7 24 deldd $8As = 65~113
mg L' WYz Y9x=F(4.0~9.9mg L H7} A
T(3.9~8.2mg LYol w8 &2 £F& fAI8E

fol
>
=3

o3&

AFel oizhge wAA - Fol 22 0463 061 mL
AFDW mg™* hrtelgan, ARZ «ish&e 747k 067L
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mussel * day '3} 0.86 L mussel * day to] it} (Table 2). 5o S W3

AE54 aFxe Azl o W] o3 Aakg A5
o] A2 27| 9454 aw=rt B4 wA Aol B
3 wA Foll o ok 2B AR mA o] %4 dix
T} Aol e AIEL A | AEEHIE AR
o o]8d 4 Sy £EFUN dRY ] HA Fxrt
ATl vla] f2TFedM 22> 27l A AAE 7] o
ol FAH7EEAN S 7hsAd ol lTt o3t o] f-2 A
oA-&-& Akt Wb J2A4, MR e chl. a
% Zpo|Rkg o] 83l AASIG I A& HF 055
mL AFDW mg ' hr'’¢} 0.78 L mussel ™ day 2 =} 72

A Al mls] 4438 =%k

A& 27] 744mussel m?2] Ax2 Y {7} YT,

A 37 Ft 20070 o]AFe] ALl ot A ZE
o we} HAHEo] Zradtsich A FelA T2 AR
2 o]|EA7] & fALE-L 4/)A m|uke = 557 mussel m2
o] A 7F 2AEI T, Ad 23 Al= 100% (552 mussel
m %) &3 (Fig. 3). 74 U3 220 gl 3| 7te]
AR QdEE o] 71-& Mesocosmu] A$}t Zeel] <]
AAE A Aoz Al o (I ARLE).

EEEE DRTE]
mas ash H4EA Fmel QoA A7) wE F3

Table 1. Water quality in Lake Ilgam during the study period

Temp. DO Chl. a SS TP TN NH3-N
Day ° -1 -1 -1 -1 -1 -1
C mgL Hg L mgL Mg L mg L Hg L

1 159+1.0 15.0+7.8 39.2+2.3 1.7+£0.01 11.5+1.0
2* 27.9 9.5 22.7+£2.6 11.0+0.3 42.3+0.8 1.8+0.13 4.3+0.5
3 28.2 9.4 25.8+2.8 10.4+0.3 47.7+1.6 1.3+0.12 33.9+0.5
4 29.1 6.5 25.7t4.4 10.2+£1.2 49.3+0.0 1.2+0.18 28.2+0.5
5 29.5 7.3 28.1+1.6 12.1+41 37.6+£3.9 1.2+0.08 19.6+1.4
6 29.5 9.1 34.0+1.8 9.5+0.7 36.1+2.3 1.2+0.07 21.0+29
7 26.7 7.5 39.0+5.2 16.0+£1.9 65.6+2.3 1.5+0.01 144+10
8** 27.2 7.5 42.1+2.1 12.5+0.7 49.3+1.6 1.3+0.01 9.1+0.5
9 311 7.9 22.6+1.8 9.2+0.6 36.1+3.9 1.0+0.04 15.8+0.5
10 28.4 8.5 34.5+0.3 10.7£0.44 0.7+0.8 1.0£0.08 148+24
11 26.9 9.8 39.7t4.4 15.9+5.3 49.3+3.1 1.1+0.0 36.7£1.0
12 28.0 9.1 33.0+£29 11.7+1.0 415+3.1 1.1+0.03 13.9+£5.2
13 27.5 9.6 33.8+£0.0 10.8+£1.7 44.6+1.6 1.1+0.01 144+4.38
14 27.7 9.4 36.4+6.2 12.6+0.6 41.5+0.0 1.2+0.00 18.2+0.0
15 28.0 10.1 32.6x+2.0 12.7+0.5 43.8+0.8 1.2+0.03 258+1.0
16 26.4 11.3 43.2+2.1 15.3+0.5 50.0+£3.9 1.2+0.0 16.7+£0.0

* The time of the mussel addition
** The time of translocation of the mussel

Table 2. Filtering rate (FR) of various freshwater and marine filter-feeding bivalves
FR

Bivalves T T Food source References
L mussel ™~ day mL gAFDW™ hr
Dreissena 0.09~0.50 1.21~6.72 Meso-and eutrophic lake phytoplankton  Hwang, 1996
polymorpha 0.19~0.96 Lake phytoplankton Stanczkowska, 1975
0.48~24 Eutrophic lake phytoplankton Reeders et al., 1989
4.0~41 Lab. Cultured phytoplankton Franslow et al., 1995
Diplodon chilensis 2.4~24 Eutrophic lake phytoplankton Soto and Mena, 1999
Corbicula fluminea 0.38~1.64 Suspended particles (NTU measurement) Cohen et al., 1984
Cardium edule 1.72 Marine phytoplankton Loo and Rosenberg, 1989
0.36~1.64 0.24~0.87 Hypertrophic lake phytoplankton Hwang et al., 2004
Corbicula leana 1.58~7.80 0.74~3.05 Mesotrophic lake phytoplankton Hwang et al., 2004

0.67~0.86 0.46~0.61 Hypertrophic lake phytoplankton This study
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Fig. 3. Mortality and density of Corbicula leana during
the study period.

gk Zrae) I, 2913 FAAEES] Wil dR{e »
A A - F 2gdAe] AF zhel| ZFolr}t s+ (Fig. 4). o
7o 59 A dz=79 AT 454 av= 44
L% 147 pg L2 AR 154 o571
—Er%‘ﬂ o] & zpoAMe] HFA aF=rt UM AT
22 dzFet AT A 454 asErt 3H4s)
o] (P<0.001, ANOVA) 8 7z} Fof| g]Felre] o
24 a¥El 43ug Loz Y27 (8.1ug LYol v]s)
oF 50% o) (Fig. 4). wbdd|, /2] wA & 2<tA 3}
A dzFdA P24 axr: =743 ug LA
16.14+0.5 ug L) skl o}, Aol 15h4] Algel
A9} =93} 8.1+£0.3ug L oA 1.2405ug L 7R
7y A3}l eh (P<0.01, ANOVA)

Ag71ZE ot BEAe] =W 2o A=
TTA 9424 a =9 $AFITH(r>0.60, P<0.01)
(Fig. 4). 27l A A P FZF|AE= 13.0+2.1mg L o)A
9.7+0.14mg L2 7343 vbd WA Fell= 4.0+0.57
mg L) A] 6.84+0.24mg L2 Z7}slgdc) X8 o=
A A 12.0+1.4mg L oA 23+0.14mg L2 73438}
93 WA Fol|: 9.7+0.14mg LA mA M3} HAF
3} 2.24+0.57mg L™ 7}A] 7k4819d

913 A4 = 194 FAAM ATl =
T2 JF4 a, HHEA = Wsle} d=27 dx=T
of wa] A FelMe F=rt whou, WA Folle A
ZFA 32 s=E FAET(Fig. 4). A A =
Fo A2 E¢] H%X 38.04+1.6ug PL A 32.240.0
Hg PL'2 ZhAsigl o} He) el e 2o A A
AL A Q)8 1E 57.0~50.0ug P LY Wz o =T
Hl3l] ¥ F=F X133 (P=0.001, ANOVA). 37
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Fig. 4. Temporal change of Chl. a, TP, TN and SS in the
control (without mussel) and the treatment (with
mussel).

7F wAE 29k AfeAM = dx2TelA Fle=rt
36.1+3.9ug PL YA 50.0+0.8ug PL 2 =7} ub
™, A 2] Fol| A 32.2+0.0pg P LA 22.94+0.0pg P
L2 7143195 (P<0.001, ANOVA).

A7 wA A dzFe A7 F AL TEE
AR 4230 2 (P =0.681, ANOVA) A| 7}l whe} 7tAsi=
Aes Byu Af{F wA Fel= djz27olA 1.040.01
mg NL oA 1.3+0.04mg NL'2 =7}l ubd, =
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FoAE 0.9~1.1mg NL 92 A7k w2 w9 FRE 2AR o] Fozl AF BTN FrlEidnt
W3} glo] st BTl s R g fAse]  (Fig. 5). AP B9k 24 W) 82770 2ug PL
t} (P<0.001, ANOVA). o]3l2 §EFQIO] W 4E57]< HuHl = EA3)
Atk A7 B4E7] A 1A 2ot e Tl A

3] } 12.0+0.8ug P L3} 19.5+0.8 g

$EAEH s 423 =2 44
N, , PLER ) RY F AT 4F F9 vEE

Zl Eol =z A EAS] 7FA L= HZyo

-—I—H Ty T " ]’oe E'/] u—J—S"]‘ %ﬂ o v T ] ° O‘J;q_/\é ‘219] 71:1_5\_2]_ C‘]%"% é]‘H 39.310.8;19 PL7177]—7<]

Z71sld . 2T (H 9 18+0.8pug PL Y 2 x}o]=

] i b 2
50 Translocation of mussel 2ol (P<0.001, ANOVA) (Fig. 6). Aft7h AL 29
~ 40 M= 2T §23902 104+0.8pug PL oA 17.3
" © Mussel addition +0.0pg PL 744 Z7hsted ot 154 dzFel A
o J/ =ol= 8 o] $1%1EH(P =0.509, ANOVA). §E%4 %
o 20 =7h B AT g HeTe $7 294 AY
B 10 oA T zFellA2] §EEE 32.4100ugL toA] 233
0 L1500 PLEA it 9 1A 29 et 271
200 3} e} (Fig. 6).
~ —o~ control 22 ool R AR wrolA FFel AL} 4
0 —®— Mussel treatment - ~
2 150 of e gEdeld Az s FAT ZAh B
g 100 At (Fig. 5). 14 AlgelA 7 £ 1d A3 5 =
z & AFgT} HEe] oML FEE 163.0438
T o g NL 7k Z7}stedeh. 2] oA shmopd st
Z7ksk= A)7)el] Pl zFelAE 27)% = 10.5ug NL o)
0 _ - - -
1234567 809 10111213141516 A 36.3ug NL'7H] Z7hstglont, )7l vla] w2
Day =593 (P<0.001, ANOVA) Al 7te] w2 =ew3le=
R o 2}s)od = =20 =z
Fig. 5. Temporal change of dissolved total phosphorus i Tg}_ FrAFeHSAe (P = 0.976, ANOVA). o] mA
and NHs-N in the control (without mussel) and Foll = A Fol M= dRY M AiF=r) 22.0~62.5
the treatment (with mussel). Hg NL'9] W92 Zrlslgeon, made] dz79) u
80 Control Mussel treatment
Translocation of mussel W= PTP Mussel addition = PTP
DTP Translocation of mussel DTP
60 - l
a
g 40 1
o
20

1234 56 7 8 910111213141516 1234 56 7 8 910111213141516
Day Day

Fig. 6. Temporal changes of dissolved total phosphorus (DTP) and particulate total phosphorus (PTP) in the control
(without mussel) and the treatment (with mussel).
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42 3}93c} (P = 0.042, ANOVA). BH

9o dpol it shedjehy A —;n:a}

425451} (P = 0.205, ANOVA).
A2l Fol o] AAHE ke Al o) el s

12

P<0
o X

77+ 414
A0l w}f

5 Zy)o} oFe] ArAAS vjehd HbH (r=0.95,

00, §ETL St AR @A 2L AN &

1 O o

4 el (r=0.94, P<0.001) (Fig. 7).

)3
1_

a #

A7l A e] dAH 7)eE o
e AAE dEA

< 4

(Holland, 1993; Leach, 1993; Nicholls and Hopkins,
1993; Nalepa et al., 1993; Fahnenstiel et al., 1995;

Johengen et al.,

1995). B oA = Corbiculax

-

0H

=
=]

ol

T - g7
744~552 mussel m22] W= 2 mesocosmol] F4E o]
4 59 Db B A s Goaste
ok A2 T A ] d54 aseEs A7 71~85%, Fi-E
A2 70~77% 7FA3ta, o]Hd AlAEIE d5Ex
7Ne] A2} o]Fe)| HuronZ (Fahnenstiel et al., 1995)2}
ErieZ (Leach, 1993)0l|A] =4 a =7} 77 59%,
43% 7420 A3 wlams) we SEoldeh E ATolA
A He o782 0.46~0.61 mL AFDWmg * hr?
(0.67~0.86 L mussel *day = g=udz/) o= &
Zoll W3k A7 Aol FAkekATH(Table 2). vlagl o)
F & Zo|A] Diplodon chilensis®] 7RA% o7& (L
mussel *day o] & AXHH 77t 2 AALSF =
A vebdeh 2ed 5 $o1EEee O o)
& (ML AFDWmg ™ hr & 5} 58] ol el zfel} 9)
& 5 303 ) AL ARG Aol ¥
al=} (Franslow et al., 1995; Hwang, 1996; Hwang et al.,
2001, 3 %, 2002).

PR zANA A7 JFeLe o] EXF @9l
o5 #957] vehe wolow o)L AEEYm
Eo] = %A (Hwang, 1996)c|v} =72 = x (Welker
and Walz, 1998), 4~ (Walz, 1978; Reeders and Vaate,
1990; Fanslow et al., 1995), B o] *x9] z}o] (Winter,
1973; Dorgelo and Smeenk, 1988; Sprung and Rose,
1088) 1) 3 A Fol MEE AFE o) 47 A
EEFFES] AAAF(Hwang et al., 2001) 52 °J3Fo]
2oz 2aalr] dEel A ATeld AAHE 2
she} eh2s) viebd 4 ek AFelA 27] Bl e
FE@4TUgL S Aol =3 dFe] Wwrh 744
ind m2?9% Al§ %7)(0.46 mLAFDWmg*hr? 0.67L
mussel ™ day )2} v)m& of Woe]oke] Ay (8.1pg LY
HAFgo] Aom 5o Wxr} 557 mussel m22 Aty
Hoz eld 9lF wA F o378 (0.61 mL AFDW
mg* hr'!, 0.86 L mussel *day ™)o] &=9ich B oA
Holpxrt ¥ 2AM 2 oAFEo] yepd A3t
2], A7e] AzEo] FA el Heldozw ASHE
SR BA wxel oEdte dAleE W deAe
Ho|de] el wet FIIstAIRE 1 o] el M oIS
o] 7Z}a=o] W31 ¥nv} i} (Winter, 1973; Dorgelo and
Smeenk, 1988; Sprung and Rose, 1988). &1}, o] 3t
ARse 7o) Holgloz ABBFAE ¥ 2& A1E
@ Avpoln, A5E o143 GlFg WmHE B o
FolAlsh A wedopaA neke WolRle] st
AR o ge qepdle] AE Bz & A
N =2 oz}go] By H3 )}k (Fanslow et al., 1995;




EHMEE o| 28t
Hwang et al., 2001). Hwang % (2001)2 2| E-Z&3E9]

% 243 d=rt 98 271e|A Corbicula®] o 2}H-£-¢]
dopipel} e 2AGA $A vehde wae vl 9)
I Fanslow 5 (1995)% Microcystis”} tHEk HEA) &)
Saginaw TF(Huron&)ol| A B.e} of oFALel 7} ke =A| o) A
A5zl el ofFge] o E3hES Hdiiiet
Ao wA Al wjal] wA Foll - oL o
o] A= 3wk ozt A2 o] A ANA
et 2 FabeS 18 o wAAY sjFe "d*‘%
He] Addozm Age el Ao @A AF
S 3}o)= Al o} (P =0.16, t-test) wA|21<] —.—%01
7 282°C2 WA Fol W3l i wY7) Wl ol
& Gespolo] o3 I3hg A4 FHE IR S S
o 7o) ed3hge 10~20°CS] SeslelA Fo
o] W] WAL 48] 27} A ofTHgo] ZTbale A
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akagEle) Thsdlel slEslEete AR F
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Table 3. Densities of Freshwater filter-feeding bivalves
observed in various habitats

ival Density Habitat Ref
Bivalves (indm?) abita eferences
Littoral zone in
55.7 Lake Waccamaw Porter, 1985
(North Carolina)
~10° Photomac River Cohen et al.,
(Washington, D.C.) 1984
Corbicula Water supply canals
s E 1979
fluminea 1.3X10 (California) ng,
Delta of the Parana  Boltovskoy
>5,000 river (Argentina) etal., 1993
Ogeechee River Stites et al.,
< 200 (Georgia) 1994
Corbicula Graney et
leana 11,522 al., 1980
b o Aw w31 AR T gk Aol
o e ez Ackdoh =F S F Aol whE Al
W) B8 A o) ol TYme) Frlz AZe] A
Ashe Baafu ARAEe) A felg B =
H5|o] Bo|alee] T7ke] JEEPaEo2RE Rz
Fub AR Asgons o) o3 §EUYY
o] AA&EIA= 710 4 3ot (Fig. 8).

ol As Eelz & W AR AT Ak,
SRSIEEE

AL ol Holfew St AEE o
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-

Biodeposition of faces .
and pseudofaeces #

wulation Inc;eaée of E)érihy-tbn and
macrophyte biomass

Fig. 8. Conceptual scheme of water quality improvement performed by filter-feeding bivalve in shallow eutrophic lake.
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