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Grazing Effects of Freshwater Bivalve Unio douglasiae on the Hibernal Diatom Bloom in the
Eutrophic Lake and Stream. Lee, Song-Hee, Soon-Jin Hwang and Baik-Ho Kim* (Department
of Environmental Science, Konkuk University, Seoul 143-701, Korea)

Filtration rates and fecal production of freshwater bivalve, Unio douglasiae on two
kinds of hibernal diatom communities were measured simultaneously in a laborato-
ry. One community is the Han River (HAN), which dominated by Asterionella Formo-
sa, Stephanodiscus hantzschii (ca. 98% of total phytoplankton). The other community
is the Ilgam Lake (IL), which dominated by Synedra ulna, Scenedesmus sp. Microcys-
tis aeruginosa (ca. 82%). The HAN water has higher concentrations of nutrient (TN
and TP) and chlorophyll a (Chl-a), lower turbidity and conductivity than the IL
water. Water sampling for the feeding experiment was conducted in the same day
(Jan 15, 2008) and similar time (AM 10:00 for HAN, AM 11:00 for IL). Mussels with the
similar size (6.0£0.5 em) were collected from the Gunsan and Okgu district (Jeon-
buk), and starved in a laboratory for 2 days before the experiment. The experiment
comprised CON (no addition of mussel), LOW (addition of mussel at 0.3 indiv. L"),
MID (1.0 indiv. L'!) and HIGH (2.0 indiv. L), respectively. With the increment of
mussel density and time, the concentration of Chl-a in two diatom communities were
clearly decreased; Chl-a of HAN gradually decreased after 1 hour of mussel treat-
ment, while that of IL decreased as soon as mussel introduction. In 7 hours of treat-
ment, the former was removed finally up to about 90% of control, while the later was
remained as about 50%. Under the presence of mussel, total phytoplankton density
was shifted as the similar patterns to that of Chl-a (r=0.705, P<0.0001), however,
there showed the drastic differences following a species. Based on the concentration
of Chl-q, filtration rate of U. douglasiae averaged 0.266 L g™' h™! (0.115 to 0.442) on
HAN and 0.577 L g h'' (0.146 to 1.428) on IL water, respectively. There were no dif-
ferences in feces production among the mussel density in the HAN water (ANOVA,
P>0.5), while in IL water, including lots of seston, the HIGH mussel produced the
higher fecal materials, over one hundred times of LOW. These results suggest that
freshwater bivalve Unio douglasiae have the alternative potential, as a filter-feeder
of seston in turbid lake, and a biological controller of diatom bloom in cold stream.

Key words : cold eutrophic waters, diatom community, freshwater bivalve, Unio dou-
glasiae, filtration, feces production
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ghn and Christine, 2001), 4| &} E|A=3b9] 714 7}
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Table 1. Hydrological characteristics of experimental waters used in this study.

Contents Han river Lake Ilgam
Localities N 37°31'30”, E 127°04’30” N 37°31’50”, E 127°05'10”
Sampling time 2008-01-15 AM 10:00 2008-01-15 AM 11:00
Temperature (°C) 1.35 4.43
Conductivity (us em™) 108 316
Salinity (%o) 0.09 0.25
DO saturation (%) 131 99
pH 8.4 | 8.1
Turbidity (NTU) 1.7 7.8
TN (mg L) 6.24 1.22
TP (mg L) 0.36 0.06
Chl-a (ug L) 47.13 25.43
Cell density (cells mL™) 20,587 22,013

Asterionella formosa (51.2%)
Stephanodiscus hantzschii (44.7%)

Synedra ulna (58.1%)

Dominant species Scenedesmus sp. (21.3%)
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Fig. 1. Changes in the concentration of chlorophyll a of two different diatom communities in the presence of freshwater
bivalve Unio douglasiae at different densities (0.3, 1.0 and 2.0 indiv. L™'). (A) Han River, where Asterionella formosa
and Stephanodiscus hantzschii occupied over 97% of total phytoplankton, (B) Lake Ilgam, where Synedra ulna,
Scenedesmus sp. and Microcystis aeruginosa occupied 81.5% of total phytoplankton.
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Table 2. Algal removal ability (ARA) of mussel Unio douglasiae at different densities on the different diatom com-
munities. ARA (%)=(1—experiment/control)+100. LOW: addition of mussel at density of 0.3 indiv. L', MID: addi-
tion of mussel at density of 1.0 indiv. L !, HIGH: addition of mussel at density of 2.0 indiv. L™!. Negative value
means the increase of algal density by the introduction of mussel.

Time (hr)
Site Species LOW MID HIGH

1 4 7 1 4 7 1 4 7
Asterionella formosa 13.4 5.0 32.3 28.5 18.6 72.1 32.9 74.9 96.6
Stephanodiscus hantzschii 29.8 0.9 33.0 52.2 23.4 77.2 56.2 51.3 98.0
Microcystis aeruginosa 53.1 78.6 100.0 43.8 57.1 100.0 100.0 57.1 100.0

Aulacoseira granulate 83.3 — — 100.0 - — 45.8 —

Han Diatoma vulgare 66.7 —20.0 — 100.0 100.0 — 66.7 100.0 —
River Pinnularia major 50.0 100.0 25.0 16.7 25.0 100.0 -50.0 100.0 100.0

Melosira varians 0.0 0.0 - -33.3 0.0 — 100.0 0.0 —

Navicula sp. 40.0 100.0 — 20.0 100.0 - 60.0 100.0 —

An}qstrf}c_iesmus falcatus var. B 100.0 B _ 100.0 _ 100.0 _

mirabilis

Synedra ulna —33.5 8.3 22.3 26.4 26.8 42.7 -4.5 63.3 83.4
Scenedesmus sp. -21.1 15.6 27.7 28.1 16.8 43.1 -0.5 49.7 77.2
Diatoma vulgare -354 —-10.2 57.1 27.7 —6.8 59.3 1.5 42.4 94.3
Microcystis aeruginosa 31.3 53.3 6.5 42.5 52.0 25.8 70.0 64.0 71.0
Chroococcus sp. 65.8 94.8 —-116.7 52.7 73.3 66.7 34.2 91.1 0.0
Lake Cryptomonas sp. -21.7 —-86.7 53.3 —4.3 46.7 —30.0 -47.8 40.0 30.0
llgam  Tetraedron sp. 53.8 48.1 42.4 82.7 33.3 45.5 50.0 50.0 68.2
Pediastrum simplex — —-4.2 100.0 — 37.5 78.3 — 100.0 100.0
Ankistrodesmus falcatus 7.7 69.2 62.5 30.8 0.0 37.5 38.5 61.5 68.8

Aulacoseira granulata — 40.0 - — 30.0 — - 100.0 -
Scenedesmus acuminatus 100.0 100.0 45.5 62.5 —63.6 63.6 12.5 100.0 45.5
Melosira varians 30.0 — 100.0 40.0 - 50.0 0.0 — 100.0
Navicula sp. 66.7 40.0 100.0 66.7 —-20.0 100.0 66.7 40.0 100.0
Azl A48 AYs 288 v$Y 8844, 9 LOW (70.3%), MID (70.8%), HIGH (64.13%), 747 o]
A2 e Axx 9 Jd24 g 58 E=8]3) 2Jo]E By += LOW (52.23%), MID (41.22%), HIGH (87.14%) 5°2_-=.
ou}, ZRYEFL ] 5sch(Table 1. =i} Axs AR Use) wleh 484 Frt F3o) asigich Uzt
© QghEelM o, AR (IN, TP @eld 24 solie 95 vk AAdos 343 W g
7k bul oAb =t} g1FAIg = Asterionella formosa, JElS v o}, TA7H HIGHO A 60% nl9t PE4
Stephanodiscus hantzschii7} AA| ZFH==Fo] oF 74 ago) It} (Fig. 1B). A FA L 1AM+ »E
98%=% =}A|8}9la, A7+ s = Synedra ulna, Scenedes- 2w oA LOW, MIDo| A= 10% v|2toe = 7}A8}e] T,
mus sp.7} HEEF2] ok 71%E xRk} AR 7HA] of| = LOW (24.29%), MID (35.27%), HIGH (41.56%)
2 73A4sl o, TA 7| ol 3= LOW (44.35%), MID (41.1

2. 424 ¥ zRAEFe) W3 %), HIGH (59.1%) %-0. 2 )72 5ol ule} Hashgc
Z 240 N2 g sl e Ysdz 44 Drlg 44T F 2FRED) W = ta
B e pad Sede 24D Ak Q%8 AU $4oleleHr=0.705, P<O000L Table 2). 4
2 HAAH o7 A|7}e} A2 T8y Bolw ubxz Al A] 3319 Asterionella formosa, Stephanodis-
7H UE]E7]— Z7}d42 raslgd o) Aey feudsel cus hantzschii®] HEeF2 15 U oA A]7te)| 'I]rﬂ}
Algol whet Zha Rl ofz7ke] xpelE B9ITH(Fig. D). FR]8HA FFasis e, HIGHAAM TAIZ A ol = w2 A
A Bl AFAE XA A= FEL gL A 714 (ARA=96.6%, 98.0%)& tebdwt. 3k, Pinnularia
noem, MIDo| A= <kz) Z7}8191 371(105.4%), HIGHS) major (ARA=—-50.0%, HIGH)2} Melosira varians (ARA

ME 10% mlRteg ZHAsied ol (Fig. 1A). 4A| 7 of &= =-33.3%, MID)= 3348 1A 7712 25l 57} =7}
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Fig. 2. Changes in the filtering rates of freshwater bivalve Unio douglasiae at different densities (0.3, 1.0 and 2.0 indiv. L)
on the different diatom communities. (A) Han River, where Asterionella formosa and Stephanodiscus hantzschii
occupled over 97% of total phytoplankton, (B) Lake Ilgam, where Synedra ulna, Scenedesmus sp. and Microcystis

aeruginosa occupied 81.5% of total phytoplankton.
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E & 2F AL (ARA=83.4%, 77.2%, 94.3%)& Z
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Fig. 3. Comparison of feces- and pseudofeces production
of freshwater bivalve Unio douglasiae at different
densities (0.3, 1.0 and 2.0 indiv. L) on the differ-
ent diatom communities. Han River; diatoms Aste-
rionella formosa and Stephanodiscus hantzschii
occupied over 97% of total phytoplankton, Lake
Ilgam; Synedra ulna, Scenedesmus sp. and Micro-
cystis aeruginosa occupied 81.5% of total phyto-
plankton.
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Table 3. Comparison of filtering rates (FR) of various freshwater and marine bivalves.

Bivalves

FR(Lg'h Food sources References

Dreissena polymorpha 1.21~6.72 Hypertrophic lake water Hwang, 1996
Corbicula leana 0.24~0.87 Hypertrophic lake water Hwang et al., 2004
Anodonta anatina 0.24~0.49 Cultured algae Bontes et al., 2007
Unio douglasiae 0.06~0.80 Lake water (Microcystis =~95% of total biomass) Lee et al., 2008

0.09~0.46 Lake water (Oscillatoria ~90%) Park et al., 2008

0.15~1.43 Lake water (Synedra-Scenedesmus~T79%) This study

0.12~0.44 Stream water (Asterionella-Stephanodiscus ~98%) This study
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aeruginosa® =& FZ:ek ol Al oz 1w 2x =

o] HEAY B HASE FESAE Aee AR
=3

N7 gl e ERAEFY AhE GIa9 4}
&}l 0} (r=0.705, P<0.0001), 8A59} A EEZaE
Fol el 4T AT nelch DRl zRREFL
I st vlasgond T
(ARA=96.6%), Stephanodiscus hantzschii (98.0%)& A
93 Y E-2e] 2 Fo] RE H=F(LOW, MID, HIGH)
A TAZHA 100% 7P2EA AAE whd, 475 = o
A= JFLHIGH) AN AL AR = 47k 7}
(Synedra ulna=—4.5%, Scenedesmus sp.=—0.5%) 2 7}
%= (Diatoma vulgare=1.5%)5 X9 o} 4A 7 RE| 7}
4817] A AHske] TAIZHR el = 2 A A & (ARA=83.4%,
77.2%, 94.3%)2 Rt T2y A FAE o] F 2HHE
= w3l Age o) Asta, Y FE e 2RIEHF
e AARA2-(r<0.2) YWkon, o]y A ET
ekt 2771 E23ENE dAzAA HS Alsks e,
g7}k Gzl oAl st el (M. aeruginosaZ) A 2]
95%% =}A]) dAPLE o83 x| HHAYR L F
2008; o] %, 2008)3} ARt

GRaFE o 4T B s AFAE 147
A 5 AR 7kl Zelrh T Uk, 7 o) %2 WAL AR
el e Yoz Y e AFlN
JEE(ERE e kel wrim dulA gt
(Fanslow ef al., 1995; Hwang et al., 2001). - o F-of|A]
E 5470 BUW A8l Wit 2r|A3E2 o
e H) wiglort A7te] AATpT Frtsted TA|HA
& SIS dERF digh w2 AAARES A
(o] 5, 2008)¢} v|w3lH, Y3t} S7HA| 89 v]5=E
ARl & Bot w3 2o F2F oI FEF
Microcystis (©] =, 2008)8} Oscillatoria (¥} %, 2008 )7}
sANAY Bhel WPAE Aoz @ Azl vl
of 2~3uf o]Ae] EStow, e o= {ALE Anodonta
anatina (Bontes et al., 2007) B} =2 o3& jehy

(Table 3), §=At 2N 27 A4S "I &2

2. Z Asterionella formosa
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