Korean J. Limnol. 41(3) : 402~411 (2008)

Combined Effects of Biological Control Agent Two Native Shellfish on the Hibernal Diatom
Bloom of Eutrophic Water. Lee, Song-Hee, Soon-Jin Hwang and Baik-Ho Kim* (Department
of Environmental Science, Konkuk University, Seoul 143-701, Korea)

Grazing effects of two freshwater shellfish, Unio douglasiae (UNIO) and Cipango-
plaudina chinese malleata (CCM), on the hibernal diatom communities in eutrophic
water was examined in a laboratory. Two animals having different feeding types us-
ed in the study were collected from Keum River (Boryeong, Korea), acclimatized in
the artificial management system in a laboratory over at least one month, and starv-
ed in a laboratory for 2 days before the experiment. Experimental waters, which do-
minated by Synedra ulna-Scenedesmus sp. (ca. 80%), was collected from eutrophic
lake, Lake llgam (Seoul) in Feb., 19, 2008 at AM 10:00, and used in the study after the
filtration with 1 mm Nylon mesh. Feeding experiments were largely divided into
three kinds of animal treatments; five densities of UNIO (U0, U1, U2, U3, U4) and
CCM (CO0, C1, C2, C3, C4), and four combined densities of two shellfish (M0, M1, M2,
M3). U0 and CO were control (no addition of UNIO or CCM), Ul or C1 (each animal
density at 0.5 ind. L), U2 or C2 (1.0 ind. L™), U3 or C3 (1.5 ind. L™%), and U4 or C4 (2.0
ind. L™), respectively. Four combined treatments were consisted of M0 (no animals),
M1 (U1+C3), M2 (U2+C2), and M3 (U4+C1), respectively. Under the presence of ani-
mal, the concentration of Chl-a and algal abundance were clearly decreased with
the increase of UNIO density and the treated time, while in combined group a strong
decrease of algal density showed with the increase of UNIO density. Total phyto-
plankton density shifted as the similar patterns to that of Chl-a concentration (r=
0.6527, p<0.0001), however, there showed the differences following a species. There
were strong decreases of dominant species Synedra ulna, Scenedesmus sp., Ankistro-
desmus falcatus in UNIO treatment group, Diatoma vulgare in combined group, whi-
le Cryptomonas ovata in high density of CCM increased about 20% in algal density.
Grazing rates (GRs) based on the concentration of Chl-a was depend on the kind of
shellfish and treatment time; a strong feeding of CCM showed in the initial stage,
and four hours later, UNIO and combined group with high UNIO density showed the
high GRs. Interestingly, faeces production of shellfish was highest in combined gro-
up with high density of CCM, while their size over 60 um was much higher in produ-
ction magnitude than that less 60 um. Collectively, these results suggest that two do-
mestic shellfish and its combined treatment have a strong potential as an effective
biological controller of diatom bloom in cold eutrophic waters.

Key words : eutrophic water, diatom bloom, cold season, bivalve, snail, combined
shellfish, grazing
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Fig. 1. Relative chlorophyll-a concentration (A) and algal abundance of hibernal diatom (B) and their relationship (C) in
the presence of alone and combined of shellfish Unio douglasiae (UNIO), Cipangopaludina chinensis malleata
(CCM), and mixed shellfish after 7 hours of cultivation. CON (no addition of UNIO or CCM), U1, U2, U3 and U4
(addition of UNIO at density of 0.5, 1.0, 1.5 and 2.0 ind. L™1), C1, C2, C3 and C4 (addition of CCM at density of 0.5,
1.0, 1.5 and 2.0 ind. L™Y), and M1 (mixed with 0.5ind. L™* UNIO and 1.5 ind. L™ CCM), M2 (mixed with 1.0 ind. L™
UNIO and 1.0ind. L"*CCM) and M3 (mixed with 1.5ind. L™ UNIO and 0.5 ind. L"* CCM), respectively.
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Fig. 2. Relationship between chlorophyll-a and each dominant algal abundance after 7 hr treatment of alone and combin-
ed of shellfish Unio douglasiae and Cipangopaludina chinensis malleata. A: Total phytoplankton density, B: Chro-
ococcus turgidus, C: Synedra ulna, D: Scenedesmus sp., E: Ankistrodesmus falcatus, F: Cryptomonas ovata.

(M3) 88.4%, *=9-3o] #]2](C4) 48.8% S0z 1tz
7} 257 Alolso] =2k} Scenedesmus sp.x= D27 X
2 (U4l A 97.1%=2 71 =8kaL, =934 0] (C4) et &
(M)A = F3] 855%EA H]wA &> ZFA|
=& eERY T} Ankistrodesmus falcatus:= Wz 28]
7 (U4) 81.5%, &3 A2 (M3) 69.2%, =92 o] 2]
(C4) 30.8% Fo= AA| LI/l HELlA Alolso] =
okc}. Diatoma vulgare:= &3 22| (M3) 100.0%, T=
7| 22 (U4) 81.5%, =92 o] 2] (Ch) 53.8% SO
2 A 24 BT AN 2FATI A B
A ¢ko)rom, Cryptomonast: x| ]2l (U4) 68.0%,
&3t A2 (M3) 35.0%, =9-2o] 2] (C4) —20.0%
o 9] APl 23| oo AAE o
IR,

7 290 @Edsh QR wEs] W) WA
Fol mel vk Aol vEhiE (Fig. 2. 4849 $4
Zo]9d¥ Synedra ulna (r=0.82, p=0.00191), Scenedes-

mus sp. (r=0.60, p=0.0504), Ankistrodesmus falcatus
(r=0.85, p=0.0011)2] Ar#Ad-2 H-A}8F HHH (Fig. 2C, 2D
and 2F), Chroococcus turgidus (r=—0.10, p=0.7667)%}
Cryptomonas ovata (r=0.31, p=0.3489) 52| Al#A2
ok} (Fig. 2B and 2E).

3. 959 =F44E

A7) 277 $AsE Al Hgt =79
FAAES AR E A FiE =] wet F318E Ao
Bok(Fig. 3). A FAE 1A 2/ A& 47
z7) AL FF 0.09Lg  h1(H): —0.40~0.90), =
°a4o] 22 Z< 0.17L g h1(0.03~0.33), 23} &<
£ 0.30Lg1h1(0.23~0.36) 502, 3 x| =
gfor, Wxs Wxrl 7B =90E UdelA 713 =2
AAE (090 L gt h ) etk A= 4z Tz
A Ha)Ee FHF 3.17Lg h (89 0.39~7.00), =%

r°" 2

f
el N



408 ol &3
2.0
1.5 7h
1.0
0.5
0.0
-05
B Y o T
Cl C3 C2 Ul C4 U2 U3 M2 M1 U4 M3
" 16.0
°
F140l o 4n
(=)
< 4.0
~ 30
2 20
£ 10
o 0.0
c
5 —10
s 200 —-+"++— 7+ —
5} Cl C3 C2 Ul C4 U2 U3 M2 M1 U4 M3
2.0
1.5 1h
1.0
0.5
0.0
-05
-1.0

Cl C3 C2 Ul C4 U2 U3 M2 M1 U4 M3

Fig. 3. Hourly changes in grazing rates of shellfish Unio
douglasiae (UNIO), Cipangopaludina chinensis
malleata (CCM), and mixed shellfish on the hiber-
nal diatom community. U1, U2, U3 and U4 (addi-
tion of UNIO at density of 0.5, 1.0, 1.5 and 2.0 ind.
L), C1, C2, C3 and C4 (addition of CCM at density
of 0.5, 1.0, 1.5 and 2.0 ind. L™%), and M1 (mixed
with 0.5ind. L™ UNIO and 1.5 ind. L™ CCM), M2
(mixed with 1.0 ind. L™ UNIO and 1.0ind. L™
CCM) and M3 (mixed with 1.5ind. L™* UNIO and
0.5ind. L™ CCM), respectively.

o] g2 0.09Lg h1(0.27~1.63), £ Hu]Z2e
3.80Lgth*(0.04~13.01) 5oz &3 Aol =3k
or, =93] "=y} 7P W& ClezolA 1.63LgT
hlg 718 =9k e 7A7HH 28 AAlee

Al ¥ 0.70L g h™ (W$): 0.49~0.90), =% ]
A& 010Lgth(0.07~0.18), 3 2|2 0.19
Lg*h'(0.13~0.28) 5o wxs) AHg|ZlA 713

RO
3T

ul—zﬂ]

=
3T

orom x| e U2e|A] 7k =9F
Aol 2RAAEE TR A 270 A

=l met A% 37 0 4 Tkl e
d22 o3|E] =L Ao] &S el =97 0]= C2
o} C4ollA = 4 7HA] #7}5}47} oA 7as whm,
C13} C3%: 4AMAIZIA = Bt sh o, 7A17H ol =
UE7F 5545 2 Aloles vehd

olok
¥

ra

N
=
fol

M3
U4
M1
M2
u3
u2
c4
Ul
c2
C3
C1

(B)

T (A) T T T

4 50 1 2
Feces production (ug L™%)

Fig. 4. Faeces production of shellfish Unio douglasiae
(UNIO), Cipangopaludina chinensis malleata (CCM)
on the hibernal diatom community. A: the size larg-
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