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Effect of a Freshwater Bivalve (Unio douglasiae) and a Submerged Plant (Potamogeton cris-
pus) on the Growth Inhibition of a Cyanobacterium Oscillatoria sp. Kim, Keun-Hee, Baik-Ho
Kim, Myung-Hwan Park and Soon-Jin Hwang* (Department of Environmental Science, Kon-
kuk University, Seoul, Korea)

This study examined the inhibition effects of a freshwater bivalve (Unio douglasiae)
and a submerged plant (Potamogeton crispus) on the cyanobacterial bloom (Oscilla-
toria sp.). The experiment were conducted in aquarium (50 cm x 65 ¢m X 120 cm) with
lake sediments in the bottom of the aquarium in 10 cm thick. Before the experiments,
artificial cyanobacterial bloom was induced with the addition of lake sediment and
CB medium. Total 12 transparent acrylic cylinders (®19 em, height 40 em) were placed
in the aquarium, and within which bivalves and plants were placed in various con-
ditions such as the control (C), plant addition (P: 5 stems), mussel addition (U: 2
individuals), and both mussel and plant addition (PU: the same quantity as used in
each treatment). The experiment was eonducted in triplicate during 7 days. pH,
dissolved oxygen (DO), electric conductivity (EC), salinity, cyanobacterial cell
density, chlorophyll-a concentration, and mussel filtering rate were monitored daily.
At the end of the experiment, total phosphorus (TP), total nitrogen (TN), and plant
height and weight were measured. Overall, a large degree of cyanobacterial growth
inhibition appeared in both P and U treatments, and the effect was highest in the U
treatment, followed by P and PU. The combined treatment of both U and P did not
show any synergic effects compared to the effect in separated treatment. In all
enclosures of the treatments chlorophyll-a (Chl-a) concentration decreased until 36
hours after the additions of the plants and mussels. In contrast, Chl-a concen-
trations increased in PU enclosures after 36 hours. The same trend was shown in the
cell density of Oscillatoria. pH and DO gradually decreased until 120 and 144 hours,
respectively, in the P and PU enclosures. TP concentration increased in the mussel
enclosures (U and PU), while TN concentration largely decreased in the plant enclo-
sures (P and PU). Our results suggest that applied bivalve (Unio) and submerged
plant (Potamogeton) seemed to have a potential effect on the growth inhibition of
cyanobacteria, but their combined application may have an antagonistic effect to
diminish the degree of the inhibition.

Key words : bivalve, Urio douglasiae, submerged plant, Potamogeton crispus, cyano-
bacteria, growth inhibition
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A o]&F 2 Qlth(Sigee et al., 1999; Hwang ef al.,
2004; Mayali and Azam, 2004). H] = =7 & o|x|7} 8-&
R Eo] 8| =F (Microcystis sp. Oscillatoria sp. 5)2) =

S W“rwl—e- FEsg ot SAo wAme 2aks
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o] 28} A E-24 (biomanipulation)o} ©at =ate o}zl %
A= glc}(Fukusima et al., 1999; Kim et ol., 2003).
At oA F Givalves] AAEHS ol mhet
o7} ot =Al o3} A4 (filter-feeding)} A EA
A (deposit-feeding).©. 2 -5t} (Richard, 1996). 7] 22
2= ol fii= ol g o] 43 B odFslHAl o]d)
Y8 A4 BAE Holz Ashr) Wee] meA o
SAFeR BolA oot olEe] ¥e W2 ATk
A+ EHE Z7}1(Soto and Mena, 1999)8} E83E 1
=7kA (Hwang, 1996; Hwang et al., 2001) 59] ZAzs
FE) gl 404 =w elgaE Bt
(Reeders et al., 1989).
AR A7 ol 8T 24
v g FelA FE3 Fakzk AFAH e ob)3
5% =27 (Dreissena polymorpha)o] HZF o] ot
(Noordhuis et al., 1992; Strayer et al., 1999; Ibelings et
al., 2003). o] &2 dqfrz Ao 24 Ba7|z o] F
= B, 4= —‘Eﬂ H,5E AEE 5o B B2 7
TS f=3599 0 (Maclsaac, 1996; Enserink, 1999).
FelA] 715elol A AASE AR Corbicula flumi-
nea) = FAANA (Corbicula leana) AA) L ojajeg
7‘*]‘4 Adel A d91F el f2 R #A=)7) ofee =
& 7Rz %D}(Hwang et al., 2004). welr HHE 432
Al o] &q A4, B F 2F %] riu A

= FEAES 4317} Golgtn 4L 7t
A (B 2, 4, pH $)ol] gt yAlo] 4l
ofof & 7o},
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ZAA ol frell &3] o) AdtE 7= '1} (] &, 2004).
o] 52 718 U £AQ o)FH UL FAaAT|H

&
:‘.‘:
4./ r_‘_‘
2
4
1o
=
-z
e
rlo

ar)
e e

[o 353 =1

FEA L A3 geokgt mlAEe] HAT|A =AM A4
7He A3} (o], 1993; Kadlec and Knight, 1996). =

AR B FA2RE QI AALAS T3 AAL
(sink)e] Qe w7) wE) AEEFTES] AL o
Ashe 3w Jehdeh(Hil, 1986; 4 =, 2003).

A o) 7Vl (Salvinia natans), $-8-4-2 (Eichhornia cras-
sipes) T3} Zro] fEHoA FA3E R EL S
WA hgEAse] 230w Ra¥: Y& A

2 e 430 AFAFH F4E B9 &
AR 7l g (b &, 1995; A 5, 2003; ©] &
2004). ¥bH 7)) (Potamogeton malaianus), Bolu}E
(Ceratophyllum demersum)3} Zro] 4=39] x| A=) ¥
A% e ANse ARNES Lol RS Fo
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o $goz TAHE 0e Uy A AL B4 4
AN 7] 4 Yt Wu et al., 2007). o5 434

2 030 +ANH % 2ol HHEAL 0§
Xﬂ"ﬁ'—‘:}f AlAH] g ARz A 28T S
oluvf AJefA shlel 22 23 299 $Ex AL Ay
o] it AL, Al el whE AEA ] AR A= Ao]o}
AlEA 9] AbEel w R SEEA, ez 254
E2] 7S ol AHe Mo Qg SEAEAY FPA

5 5o BAAE 7T dH (A F, 2008; o] &,
2004).
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o, o8 & B AEEA AN uaE Y
A, 2 B A A 2R S el
W ofofal ZefEle)] oJ8kS A} (Hwang et al., 1996,
2004). 53, ol et 2Hg2) Az AEEF2
£ e BUE 24§ A W] obE 4
eEs Yt AEEE AN Bese A7
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37 7N A& 3HelEt v} 9l (Frances et al., 2002).
A TN ol 22 Rl FA
ATAE flevl, F 4EASF G Hgmo]
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Table 1. Change of average length (cm) and weight (g) of submerged plant stem (Potamogeton crispus) (p) and freshwater
bivalve (Unio douglasiae) () in the experimental enclosures. Plants and bivalves were applied with 5 and 2 in-
dividuals, respectively. Standard deviations were included in the parentheses.

Potamogeton crispus (P) Unio douglasiae (U)

Treatment Day 0 Day 7 Treatment Day 0 Day 7

p 21.71 23.68 U 5.63 5.64
(4.47) (2.63) (0.501) (0.503)

Length 22.81 22.75 5.55 5.57
P+U (4.63) 3.11) P+U (0.122) (0.123)

p 0.42 0.59 U 23.08 23.10
. (0.13) (0.18) (5.296) (5.296)
Weight 0.51 0.64 22.75 22.76
P+U (0.15) (0.13) P+U (1.628) (1.628)
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L2z A3 9 3=

AT AH2-EF ojuls| F Al T2 (Unio dou-
glasiae) X QEAL (Unio douglasice biwae)Z o 7kAk
(U. douglasiae taiwanicus)3} §-AFg 7] 2 & B
ojvf, Zret A me mi AEFZNM MAE, F
2 pFolt vt EXhe $718S AF g Al
AHSEE Tl FFH(EEDOA A A% 2B-g )43}
o 2R A=t

AR T2 Aol Yo APAR o5 g,
29 o]} F7)E B 2N SREE 23 HAH o

Aeolz Azal ol Tufekxel] WY =3 Chlorella® =

- . Fig. 1. Photograph of a submerged plant, Potamogeton
ol 5Y 7HA oz AFdch 2 YIS )43 crispus (A) and its seed (B) used in the study.
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Ax 7 22.912g2 Table 13} 2ow, AF 3~49 A
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£ 4~62) Aol WSS $eide) Ao rEdd
(A %, 2006). H&3} wjobAle] Fel:= Fig. 15 2ot &
Z9] AAL v d J2F (M. aeruginosa, Oscillatoria
sp)7h WIS Hodeh 23 B4 (UTkE, ALl
A AT, 54 vhe o 2w vloh (seed) S F
Aol AN ARE 4ol BEE whd 2ol
wolsjo] 59 F¢ol B4 Helol WHHI) 69 T
Aol F4=z A8 7714 S4E AR, 6~79
o Aol 109 WA A4 Dok F, 2005). vfot
A} og 3 x4 viEelA AN AEF B
A E s o £ fElezel Y £ 24°CE1.0 3lollA HFF5E 24

2APAE A 2 W) hr 94 zAFek 609 o] wiFataleh. Adel AHe-=
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Fig. 2. Glass aquarium (A: 50 ¢cm X 65 em X 120 cm) with 12 experimental cylinders (B: @19 cm, height 40 cm) used in the
study. Control: without plant and mussel, Plant (P): addition of 5 plants, Mussel (U): addition of 2 mussels, P+U:

addition of both 5 plants and 2 mussels.

Aok Agel] Ahg® wEe) Zoli- HF 22.26cm, 7
= I 04643g2 2 Table 13} 7},

3. 43 gzl

AYe negkstel AAesl vhg DEHE A 3hod
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3= Al2slol o (Fig. 2).
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Fig. 3. Variations in chlorophyll-a concentration (A) and

cyanobacterial density (B) in the presence of sub-

merged plant (P, Potamogeton crispus), mussel (U,

Unio douglasiae) and both plant and mussel (P+U).
Values are mean+SD (n=3).
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BEe FR{F AR AAap FEH dveldn (%
3], A3 x7] B3k ~36A12h) (Fig. 3). & A& 474
5 43 A el F2 i dus AdFaA A4
o] e 2ze mal b (P<0.01), 2&HE Q] A%
36~108 hr Atelell = F7hatdct. EdAE AYedAE
F2F 1=t dazeid ¥ 252 AT i
(Fig. 3B), ¥ S4-at 84417 o] FHH H2FEH o ¥

A eRde (Fig. 3A). =3 5 A& 524 %
2-a (Chl-a) 34 &3 M2 $AHE A=5E& E-S’ac"’]'
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F4E vyt
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2. 927 A% 94 9 93&

qaze) ases TEY o s Bt AF @

2R%AES AE DEAYA 38.2%, AF 25 A2
40.4%% ePigich AT hFe} A% EA Al
£ 197%2A HEAd vs) 288 aH7} Baskd
oh(Table 2). SH72] I8 (FR) 94 )5 sHzlsh
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Fig. 4. Filtering rate of Unio based on the concentration
of chlorophyll-a in the presence of mussel (U, Unio
douglasiae) and both plant and mussel (P+U).
Values are mean+SD (n=3).

Table 2. Average percent decrease (D) of cyanobacterial cell density and filtering rate (FR) of Unio douglasiae during the

experimental period (7 days).

Potamogeton crispus

Unio douglasiae

Control P+U

(8))
D (%) 31.30 69.50 71.10 51.00
FR(L gAFDWh™) - - 0.92 0.18
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Fig. 5. Variation of DO (A), pH (B), EC (C) and salinity (D) in the presence of submerged plant (P, Potamogeton crispus),
mussel (U, Unio douglasiae) and both plant and mussel (P+U). Values are mean+SD (n=3).

F 604 7t7kA] 9] FFod 282 0.399 L gAFDW 1 h 1 (]
#: 0.124~0.729), HF wHEH2]A] FFo)FL-S 0.867
LgAFDW ' h' (3 9): 0.227~2.502)0]3]v}. & wh=x
el Mo gL AF 7)o B gFLL B
o] X4 o2 7+t (Fig. 4, Table 2).

3. Enclosure Y] 42w 3}

3 ARl wE 2y $4 Wi daxen
T Aol ‘JrE‘rkHE}(Fig 5). 344 (DO)E RE A
oA 24 hr o] FRE] i on, v &
samility, EC, pH)ell A8} nlz7A| 2 &dhx]e] ol A2
JaFol 7H ZA ek Aubg o g wzs) xe) e
DOZtavt dEAelTrel =/ vepdeon, Ay Fut
F-(1204]7F o] F)ell M= xs) A= Abar=r) of
7t Z7V8199c} (Fig. 5A). pHE: 2447 A% & 2E Al
oM ZA Fasigon} Q22 A, oA 2l
o AEs AR A&H oz 85 o|A}L 448 ubd,
AR dzgnd @2 75089 75~8.1)8 Byt
(Fig. 5B). A7|A=xel dRsrx 2E AZoA bz

£>§i

VE (5,

<R F7hskglen, 53] £EAEe] Azl o7 A7)

Ax= F7h Z371 F338Ho (Fig. 5C, 5D). o= & &

Ae ERAME FAT ARE ehiH.

AR Aol wls) ARFB71 (7D PelAe]
TEE vy 23 AE ATl 2A2(TN)
el ws =% Rasigon, AFT i A
2z AdHen & A0E B (Fig 6A). W,

A (TP N7 Mg AFZM FlahA Fols)
o (P<0.01), A8 EFAA 7 FEHA

e} (P<0.01) (Fig. 6B).
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LB, AR AL, FEA R SEAEH] B

aloﬂ Agle] FAV ZHelo o8 Wzhk= Yehix|
oretc) (Table 1).
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Fig. 6. Variation in TN (A) and TP (B) in the presence of
submerged plant (P: Potamogeton crispus), mussel
(U: Unio douglasiae) and both plant and mussel
(P+U) for 7 days. Values are mean+SD (n=3).
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< o7l ol AEAI 27 AR 245
A g AR st ofFdfel dE A& e}
#do] UE Aoz AT w3 TFo2HE ik
¥ 239 €}7}&7 (allelophatic effect)d 22 2=
gle} (Zhu et al., 1998; He et al., 2002; Wu et al., 2007).
A EFA FAAME F2 T AAZNAM w2
N olgel elqt wFe] W) Ak, DF ey} £
Aol met dxe] olF o] AFHE Fo 7HAe] £
Aste] Zh AEA ] 2% FRFAL FFE uHE
TR = wiAE 4 ot
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e - a3

2 AT AL AT LE A2 $EAoE
DOs pHe| 7ha ¥ A/MExe] 2718 usidh 4%
Aelzel sk iF dEAzug st AY
Z27|HE 12077744 DO9] Ziay @F2Fe] dige
2 Qg W) (A F, 2003) Y A EA 5Fo] 4
glez k¥ gt} (Bauer, 1985; Mickle and Wetzwl,
1987; Belanger et al., 1991). pHS] Zt4E A8 3F
9 71848 Bl 2 PABES] 2EE 59
CO,8) ¥%7h 27H9T 0Ok H,08) whgshiA shat
& YASEe ol F3) pHY FaE F2Y 4 U
(Bauer, 1985; Mickle and Wetzel, 1987). 52 A 71A
=% F7He kg e o 825 37 32 Al
2 24 3FE Ik AEE Aoz FAHNS
(g} 5, 1995).

£ Q7EH 4 A 2Ase Fadigd e AR
gL EFAE LM AL FIAT A=
Tl 2L Far H2FY Fie #hE 5 3
or, 44 -2 Bl 45 gRvole AEA
52 uejeiol] Sfa) whe SE2 alEE FeAE
9l Aoz FHuhEt} (Yamamuro and Koike, 1993).
ISP EERREE B EEREE S R
Vel faeces2}l pseudofaecesol] 23+ ¢1¢] f-Zo] €
do=z AZETHE E, 2002; A, 2003; ¥}, 2004). o] A
e AEA @5 A2 FelMe FAe=Tt FAaFA o4
U Aoz k= (Fig. 6).
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9] ojago] oty Y2 AFAHY FA= wiAE)
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