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Effects of Dissolved Oxygen and Depth on the Survival and Filtering Rate and Pseudofeces
Production of a Filter-feeding Bivalve (Unio douglasiae) in the Cyanobacterial Bloom. Park,
Ku-Sung, Baik-Ho Kim, Han-Yong Um' and Soon-Jin Hwang* (Department of Environmental
Science, Konkuk University, Seoul 143-701, Korea; 'Rural Research Institute, Gyeonggi 426-
908, Korea)

We performed the experiment to evaluate the effect of different DO concentrations
(0.5, 4.5 and 9.0 mgO, L") and water depths (20, 50 and 80 cm) on the filtering rate,
mortality, and pseudifeces production of Unio douglasiae against the cyanobacterial
bloom (mainly Microcystis aeruginosa). A solitary-living bivalve U. douglasiae was
collected in the upstream region of the North Han River (Korea). The harvested
mussels were carefully transferred to the laboratory artificial management system,
which was controlled temperature (18+2°C), flow rate (10 L. h™Y), food (Chlorella™),
sediment (pebble and clay), light intensity (ca. 20 pmol photons), and photocycle (12 L
:12 D). In the field observation, the mussel mortality was significantly correlated
with water temperature, pH and DO concentration (P<0.05). The mortality was de-
creased with water depth; 65, 90, 80% of mortality at 20, 50, 80 cm water-depth, res-
pectively. Filtering rate (FR) showed the highest value at 50 cm water depth, and
thereby the concentration of chlorophyll-a decreased continuously by 94% of the
control at the end of the experiment. In contrast, FR decreased by 34% of the initial
concentration at 20 cm water depth. Over the given water-depth range, the mussel
FR ranged from 0.15~ 0.20 L gAFDW ! hr! during the 18 hrs of experiment, and there-
after, they appeared to be approximately 0.11, 0.26 and 0.30 L gAFDW! hr! at 20, 50
and 80 cm water depth, respectively. FR was highest with the value of 0.46 L gAFDW™!
hr! at 0.5 mg0, L ™! at the early stage of the experiment, while it increased with DO
concentration. Maximum pseudofaeces production was 11.2 mg gAFDW ™' hr ! at 9.0
mgO, L™, Our results conclude that U. douglasiae has a potential to enhance water
quality in eutrophic lake by removing dominant cyanobacteria, but their effects vary
with environmental parameters and the water depth at which they are located.
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Fig. 1. Filtration experiments of Unio douglasiae in the
different depths (A) and DO concentrations (B).

LSL AAE Fslgen], 2 F 14LS $39 24
% 24¢ 98 AL, whebre) deix) 01Le
Pseudofeces production (PFP)& ZA3}7] 9 sle] AR
sgch L4Le ERay AEre Assiele, A4 A
Sz W) AL H2357) 95 97 smm AelE
FUE olgsle] 9] Aol o) B Asskdct A
43 1419 Y5 & EY3 F 400mLE GFF 43

Az A3t YFaa FEE FHNAS T2
PFPE £43}7] $iste] o) Fol gl 0.1L) 95
o Sz wiEEE FH5E ARSI GFF d3A=2
o 3sle] 5SE &3

A7)t Ft B2/)e] PFPE: g3 22 el 9
3ted AAtaidct.

PFP (mgDW gAFDW ! hr)=(S,—S,/B/At

714, 89k S A9} dlz2TFolA Az F<t
WA SS F=(mg L), B Tz 74 (sAFDW), At
£ A= Ak oo

z

LA A 22 A28

TdxAE AR AFe 22 AAA W3l S
mhet AEA 8.4°Ce| W 2ollA BA T A&
2 Z7ksld Ad 8 AAHME 20°C7HA] A3l
o (Fig. 2). DO 5=+ o] A5l o} A &Koz
Al ke Jepdoh Adxr] 126mg L'z 2
oA, &Aooz Zhastd AR F8 AA-AE 99
mg0, L'74A] FAsldet. £59 4F54a 558 247
~53.3ug LY, 2382 (S99 =+ 72~16.7mg L™
o WS vehlth 454 FEE AY Fll 247
ug L1742 7kask A7l 49)E AYsias, A7 5
g S AEFE FAEL, BAEAY vt 45
2ra F% W3S} FAREE WIS JepAE odste s
Yol(NH,-N) x5+ %7] 0.50mg L ')A 0.02mg L
72 &Aooz AT, ARV 5 Y 5=
A3+ (Fig. 2).

A Fole] AEES A v A FHANA 4]
o] 7 & 20emolA 65%% 7P wHA JERtar, 50
cm@} 80 cm $AojA= 24 90, 80% = e} 20 em
FARTE B9 (Fig. 3). 839 3Heql F 29
pH7} 8545, D09 sE+& $&45 G| P&
o] Ztasle Aoz Jepgdh 4 20 cmollH 23}
pH W37} Tzl A& & A4S ez
(B r=-0.964, p<0.001; r=—0.856, p< 0.05), DO =
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Fig. 2. Temporal change of water temperature, Chl-a, pH, SS, DO, and NH,-N in the outdoor mesocosm.
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7R Zr4sled 94.2% o|AFe] =2 AT B (Fig. 3).
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Fig. 3. Density change of Unio douglasiae in the outdoor
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Fig. 6. Filtering rate (a, b) and pseudofeces production (c)
of Unio douglasiae at the different DO concentra-
tions (0.5, 4.5, 9.0 mg0, L),

DO 5=% 7 ¥ 2488 0.5 mg0, LA o
& WFo] 0.17~0.46 (Ave: 0.27+0.04) L gAFDW?
hr'z 71 =4 ey, 459 9.0 mg0, L1 zbz}
0.13~0.21 (Ave: 0.21£0.02) L gAFDW ! hr'!, 0.20~0.32
(Ave: 0.2540.03) L gAFDW ! hrlz A" o= wW3r}
AA Jebge} (Fig. 6a). ARG QA3-8L 0.5mg0, L 1o
A 0.22LInd. " hrl=g 713 =9kw BF 0.1440.06 L
Ind. ' hr'2, 9.0mg0, Lol A 0.12+0.02 L Ind. hr?,
4.5 mg0, L 1e)lA] 0.11+0.02 L Ind.™! hrlvc} &7 1}
by} (Fig. 6b).

2279 PFPE Alg 27)d) DO 357} 5842 =
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<% e nglon, Azte] ARl et Wz} i
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2 7V ¥4 Jelloh(Fig. 6¢).
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45°C9] 2ol M pH7 A=Y o 919} Ao] 238 Xla
& B¥o| 7 yow, pHy} F7ksAY tagdss &
%ol kA8l (Mayuva et al., 2004), pH7} 5 o]3}el A
% =35 (Anodonta cygnea L) 3} 7+& tho} %4
7He Zol= 7oz 48X it} (Pynnonen and Judith,
1995). o]¢} 7to] pHE W/ AlzlTfAle] oJ3ke o
24 Halel 7HAM o= e F9l& Aoz Avtgn
E A7elM depd Dol Hale) e EAE
12lel] 23t AR wxs)e) g Alee] s
FFAM ] YA (54D, DO 5=, 2, pH 52
3 eqle] B3 oz zgd Aoz HAtET.
3 DO sl B2 AW AFe] A 5 2
o A} RAEA B Aoz o] wel, §7
ok el AR Jee 77 AaA 139
717F Rople 15 o] 71 717 Bt AP o=
S Folof = Aoz Fxdh
Tl 8 2 oluidel AAHe uls) 27] ¥
Abgre] w2 Aoz eyt 71 5(2004)0) oJshd F
AN AL 7] 744 mussels m? Yxo|A] 99 & 557
mussels m 2 7|2 7F4sld, 25% A=) FHARES
R uh, 22l A4 27) 2070A) 2 25 E9F 0~5%
Bws) AAEE ehis 47 27] e 75
FA M2g B o= o) walo] 3t H-2-2] o Ho
gt Floz FAGHW, 2070 F o] L3 TR Y=
& AFAA o]Fo] A8 WAL ghakE o 250 mus-
sels m? Axz e Aul, Gz Fa) Ao vle) =
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Table 1. Filtering rates of the freshwater mussels.
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A7} 3~avf o} Z7] W] TEAIL XA FE WA
< AAAF v|sste] olvishe] Wxe] oJF wFHAlEe]
Zpol wlw|gl Ao g Ak} Yubg o W)= 3}
A F -3 fge] =AY AAH 3 A Felt
PAg 22 o] o2l sAto} FT)sell A el WhA
He, A A dA el e 3 F7
ZAqA ) spde] AARelA F2 E . D2 A
AR 7} A ez Hedokihd /7183 499 2> &
o) sl 27 ] sl RedokEta M4 o)
@736l dig AgAo] TEAYL B Fe Aoe BerEo,

4 oleisle dshee woldel AuEdmEe &
%A (Hwang, 1996; Pires et al., 2005; Bontes et al., 2007)
3} W= (Dorgelo and Smeenk, 1998), 9|72 == (Welker
and Walz, 1998), =2 (Fanslow et ol., 1995) & ¥ 3}
Aaqol 8 BiPHon e Pk & AT 2
Ag Dz A2 A2 £5 X (42 DO
Fxod wel g2 vebgs g Hd o3E2>
DO 0.5mg0, L1elA A3 27| (8hr)d| 0.46 L gAFDW !
hr' 2 JePdA|el, PFP A &2 B8 A7l vl &
zke]E veblth. DO s=7t #7144 7ke A=z v
= 7ol e AAE AT Ao 552 93
A3EE ST Aoz AEn. 4 AFdA A
I A7 78] QB A-a FEE 71F2E AMET TRl e
o782 2§ x7] 4hroA 0.50~0.52L gAFDW ! hr?
2 13l 492 Jeli s, 72 hrdlAE 0.09~047L
gAFDW ' hr'2 279 27] 558 7|Fo= ¥ o
sguch ot ¥ ehtor), Aol mhe ojzige
T4 AFE vehle A% 2] 22 A3E2 B

Filtering rate B 1
. nvironmenta
Bivalve L gAFDW L Ind. ! condition Food source Reference
hr? day™!
Anodonta anatina 0.24~0.49 Lab. Cultured phytoplankton Bontes et al., 2007
Dreissena 1.21~6.72 Hypertrophic lake phytoplankton =~ Hwang, 1996
polymorpha 4.0~41.0 Lab. Cultured phytoplankton Franslow et al., 1995

0.24~0.87 0.24~0.87 Hypertrophic lake phytoplankton = Hwang et al., 2004

Corbicula leana 0.74~3.05 0.74~3.05 Mesotrophic lake phytoplankton Hwang et al., 2004
0.46~0.61 0.46~0.61 Hypertrophic lake phytoplankton  Kim et al.,, 2004
022~046 1.83~4.71 DO 0.5mgL!
0.13~0.28 1.12~2.20 DO45mgL!

. . 0.20~0.32 190~2.74 DO 9.0mgL! . . .
. This stud;

Unio douglasiae 0.11~024 471~1059 Depth 0.2m Oscillatoria sp is study
0.09~0.27 3.98~12.14 Depth0.5m
0.09~0.30 3.65~11.65 Depth0.8m
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DO w=o} 72 ¥44% A& oz qlsie ¢z
9] A3EE FHIIE Aoz daEw, 4 A7
A o] F HzTe AEEFHFAEC AEY A Fol
Addez HeAe A71E £AV Y Heos @
2 W, AY F8 AN 50, 80cm AlolA L o
e s AEEHIES U YA Hol A4
Ae st Folehe Aoz ddsd g g4t o
i) e} He|(AEEFAE) Uxo] wE AYMz |
o] W=7} Robd s ogo] Zrishe Hog RE
1o} (Hwang, 1996; Bontes et al., 2007). ©+& $=4ld)] 8]
3 20em PAAAMS] e g2 A O 3o
ARz g w3 A3, o] W)
71 wzbste] dxshe] el Rio) o3kg wFe
2 st vA Frie Aoz ggch

wzhe] A SIE-E 4l AFelA 3.61~
12.14 L Ind. ™! day™ 93, DO %= weba] 112~
471L Ind.! day '& v}leltc}h(Table 1). $2A1A & ol A]
MAT eA3Hgo] A vehd A2 D29 =717} H
T 9.8cmZ DO 5% Al A28 dx/e) AF 6.7
cm Z7| R Z Aoz ANy, AEEHIEY] ¥
=7t 2o Am Gyl Wioz Addc g2 P4 4}
olris} o] oJ3}g AxAze} wlms] & o, TN
A FFT AHES FRNA vls) 2~3u) o] 4F w2 A
22 vepgont, HAT o g 4u) o) A el
o @2l el =719 7} B3t Anodonta anatina )
oATHeThe v4T £2E ekt BaAe) BAY 2
717} S5 og-go] YolA 1, Ho| - wr) Ygls
Ashgol AL Ae A2 e ol A7
(Fanslow et al., 1995; Hwang et al., 2001; Bontes et al.,
20078} -2 73S Bovh

S oF 18,8007H2] A 4A] B Fo] A4eEF 1005 E
uRtel . FF 4le] 10m o3le]n, Z47) 7|17k Fot
BF 440l o WolAle 2 4L AN qlot
(F5F, 2001). H2/H9] of7go] A viehd 50, 80
cm A2 AR Hd Al v ws] B o, 2324
%5 Alel Axe] 4oz wAEY, 80em o)Ak 7
Sl g Bz oJFgol HEte] 25 A7 2
23 Aoz A 3§ HT"‘ FAell gz MAHE
A F AEAHo=r dA $AE FAIEY] YA
FTHEAS 2L B TRES olgshd and A
22 AlmFoixlg.

Bz AAG AL 2 Tat o o] uls)
H|SSAY 31, B8 Al oo wls] sl
gt 271 Ago] AdA oz 7] wgel, 3AF 35

SIM ZFANE AT F2AL P 4 =

& Aoz P

H 2

B d7e 5ok ASARIA Adysie ez
*Eg@?’-‘% A g A7 dFo =, A7 HAA °lﬂH
o} 2z (Unio douglasiae)E Aoz $£4] 4 £2A)
Aol o, AEE W wAE AAERE 2AFITL

Aol A Tz AEEL 20cm A A 7 WA
veRG AL, 50cm} 80 cm $AA A A o2 A e}
wot g2 AJEEL 42, pH, DO =9 2 AHA
£ YePl Y, 4540 55, BHEE ES)F R} F
== fo8k AHAdE YRR skt ARl A
2o dF4-a FEE 26% A5 A vbd, 41
50, 80 cm A FA M= 95% A =7kR] i) dx
7 o382 A& 18 hr7bA] 0.15~0.20 L gAFDW ' hr'!
W)= ngor) o]F 20cm A2 ZS 0.11L gAFDW!
hr'74%] 7}k b, 50, 80 em ziﬂ;v_—d]/ﬂ%:— 77} 0.26,
0.30 L gAFDW ' hr'2 Z7}35}9th DOA M E =
20 dSaa EE AEHHoR Z1E v, dlE
48 2 E AoMe Aasidnh 22 ofifge
8hr & 0.5mg0, L' x%e|A 046L gAFDW ! hr'=2
7 A velstort o|F DO F=e o &zl
vepfR] okoket Tzslel o3 wjAdE QA AE £
7] DO =7} 3242 &7 yehdAul, Azke] X
w2l Zhaslel AE A1#F 244]7F ol 3.0mg gAFDW ™!
hr! Jx2 v]53 $£5 =gl

ol Adg ¥ ), fIRF AdE A% 5

A FRANE o] 4F A EEALole ZA JUE
WA gomz FZ2Hohs F v ol Z (50, 80 cm)ol] A
A3 Alo] AAAY Aoz Almgd.
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