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Continuous Removal of Organic Matters of Eutrophic Lake Using Freshwater Bivalves: Inter-
specific and Intra-specific Differences. Lee, Ju-Hwan, Soon-Jin Hwang, Sun-Gu Park', Su-Ok
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Inter- and intra-specific differences in removal activities, filtering rates (FR) and
production of feces-and pseudo-feces (PF) between a native freshwater bivalve in
Korea, Anodonta woodiana Lea and Unio douglasiae Griffith et Pidgeon, were com-
pared using a continuous removal of organic matters (CROM) system. The CROM
system comprised five steps; input of polluted water, control of water flow, mussel
treatment, analysis of water quality and discharge of clean water. The study was
designed to compare the removal activity of organic matters between A. woodiana
and U. douglasiae, and the intra-specific differences between density and length in
A. woodiana. Results clearly indicate that two kinds of mussels had obvious removal
activities of seston in the eutrophic reservoir. First, if both are similar in shell length,
there were no significant inter-specific differences in removal activity between A.
woodiana and U. douglasiae (P>0.5), but FRs of U. douglasiae was relatively high
due to low ash-free dry weight. Second, if both are same in animal density, the smaller
mussels (1~ 2 years old) showed a higher filtering rate and production of feces- and
pseudo-feces and less release of ammonium than the larger mussels. Third, if both
are same in biomass, FRs and PF of mussels were higher in the low-density tank than
the high-density tank, while the concentration of NH,-N and PO,-P released was simi-
lar to each other (P>0.5). Therefore, these results suggest that CROM system using a
young bivalve A. woodiana can be applied to control the nuisance seston in eutro-
phic lake system, if a relevant species and density were selected. Additional pilot
tests to optimize the age and density of domestic bivalves were needed for the gener-
alization of CROM operation.

Key words : CROM system, water quality improvement, seston, eutrophic lake, fresh-
water bivalves, inter-specific, intra-specific
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Fig. 1. Schematic diagram of CROM system established
at in-door and out-door (A) and core unit of CROM
system (B), that developed by Kim et al. (2009). In
figure A, CAL and TAL, analysis of control and
treatment waters, respectively.
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Fig. 2. Relationship between ash-free dry-weight (g) and
shell length (cm) of Anodonta woodiana (n=59)
collected from a tributary to the Geum river, and
of Unio douglasiae (n=142) collected from Gapyung
stream, South Korea.
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Table 1. The experimental designs and operation conditions of the CROM study.

Intra-specific

Experiments Inter-specific

Shell length Animal density
Types of mussels YAW AUD YAW AAW YAW YAW
Mussel density (ind. L™1) 1.0 0.5 2.2 5.4
Total weight (kg) 1.64 1.78 10.50 30.10 5.00
Shell length (cm) 6.87+£0.50 6.75+0.60 8.09+0.91 11.35+1.82 8.51+1.00 6.17+0.85
Shell width (cm) 3.82+0.33 3.56+0.41 4.74+0.67 6.71+1.02 5.04+0.61 3.64+£0.47
Total AFDW (g) 0.90+0.10 0.50+0.20 1.33+0.37 3.42+1.60 1.53+0.54 0.81+0.12
Tank volume (L) 50 500 24
Flow rate(L h™1) 24.0 22.0 10.2
Total capacity (m?® d™*) 0.58 0.52 0.25
Filtration area (m?) 0.25 0.64 0.19
Exp. periods (date) 17 to 25 February, 2009 4 March to 15 May, 2009 22 March to 9 May, 2009
Temperature (°C) 2.8~12.5(~5.5) 11.9~21.8(~15.8) 13.5~20.4(~16.5)
Exp. time (day) 9 42 18
Sampling time (AM) 10:00 11:00 11:00

YAW: young mussels of Anodonta woodiana Lea, AAW: adult mussels of Anodonta woodiana Lea, AUD: adult mussels of Unio douglasiae

Griffith et Pidgeon, AFDW: ash-free dry-weight of mussels
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Fig. 3. Removal activities (%) of freshwater bivalve Anodonta woodiana and Unio douglasiae on chlorophyll-a and suspend-
ed solids in the operation of CROM system. YAW=young mussels of A. woodiana, AUD=adult mussels of Unio
douglasice, AAW=adult mussels of A. woodiana, H-YAW and L-YAW=young mussels of A. woodiana at high and

low density, respectively.
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Fig. 4. Filtering rate (FR) and production of feces- and
pseudo-feces (PF) of Anodonta woodiana and Unio
douglasiace. YAW=young mussels of A. woodiana,
AUD=adult mussels of U. douglasiae, AAW=adult
mussels of A. woodiana, L-YAW and H-YAW=young
mussels of A. woodiana at low and high density,
respectively.
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Fig. 5. Effects of freshwater bivalve Anodonta woodiana and Unio douglasiae on the environmental parameters. YAW=
young mussels of A. woodiana, AUD=adult mussels of U. douglasiae. Temp.=water temperature, EC=electrical con-
ductivity, DO=dissolved oxygen, SS=suspended solids, TN=total nitrogen, TP=total phosphorus. Alphabets (a, b
and c) are significant differences by analysis of Turkey’s THD test.
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olniz T Soldoll WE EEH ®7IF Mo 357

25.0 500
Temp.

20.0 400]

15.01 300

10.0] 2001

5.0 1001

0.0 o]

40.0 n 10.0

Turbidity
9.5
9.0
8.5
8.0
7.5
7.0
3.0
2.5
2.0 3
0.6+
1.51 ]
0.47

1.01 ]
051 0.24
oo+—ma L4 EJ 0.0

5.0 - 010

T™N PO4-P

4.0] 0.081 b

3.0 0.06

2.0 b b 0.041

1.01 0.021

0.0 0.004 » )

Lake YAW AAW Lake YAW AAW Lake YAW AAW

Fig. 6. Effects of freshwater bivalve Anodonta woodiana with different shell length on the environmental parameters.
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Table 2. Summary of ANOVA on environmental quality by the stocking of mussels in the CROM study.

Study Parameters Unit Control T1 T2 N F P
Temperature  °C 5.20+3.02 5.58+3.44 5.51+3.25 9 0.035 P=0.966
Conductivity —pscm™  277.8+£25.48 281.9+29.71  281.00+27.30 9 0.055 P=0.946
DO mgL?  13.25+1.33 11.95+1.51 12.20+0.87 9 2.589 P=0.096
Turbidity NTU 7.7241.42° 4.43+1.30° 4.62+1.04° 9 19.228 P<0.0001
pH - 8.02x+0.09 8.00+0.095 8.01+0.07 9 0127 P=0.881
SS mg L! 9.37+2.0 5.77+3.28° 5.68+2.88" 9 5.197 P=0.013

Mussel type Chl-a pg L 6.88+2.18" 4.88+1.992° 4.40+2.09% 9 3566 P=0.044
NO,-N pug L 6.48+0.32 7.15+£0.71 7.09+0.89 9 2679 P=0.089
NO;-N mg L™ 1.69+0.09 1.72+0.12 1.69+0.08 9 0.160 P=0.853
NH,-N pgL? 9.07+5.54* 109.22+34.75" 137.84+44.10° 9 38.773 P<0.0001
TN mg L} 2.32+0.01 2.39+0.12 2.44+0.14 9 1.006 P=0.381
SRP pug Lt 5.12+2.94 6.22+4.44 6.67+4.71 9 0.339 P=0.716
TP pug L1 51.931+4.37 49.68+15.53 52.27+11.80 9 0.327 P=0.724
Temperature  °C 16.09+3.41 15.756+3.22 15.79+3.19 42 0.030 P=0.971
Conductivity —uscm™ 66.12+88.83 67.66+90.12 67.71+89.36 42 0.001 P=0.999
DO mgL?!  11.83+253° 8.36+1.88* 6.92+1.54* 42 13.871 P<0.0001
Turbidity NTU 26.37+10.14° 8.85+4.53* 6.84+3.35% 42 23.132 P<0.0001
pH - 8.77+0.24 8.54+0.19 8.53+0.33 42 2.239 P=0.128
SS mgL?t  2258+3.17 5.96+1.20% 3.93+2.40° 9 163.270 P<0.0001

Shell length Chl-a pug L™ 24.77+8.99" 7.42+4.67° 3.98+2.68% 9 30499 P<0.0001
NO,-N pgL! 4.10+2.05 8.68+6.85 8.27+2.43 9 3.027 P=0.067
NOs-N mg L1 0.121+0.04 0.17+0.03 0.17+£0.04 9 3.670 P=0.041
NH,-N ug L1 22.29+23.98* 261.881+94.86° 472.20+92.38° 9 75.554 P<0.0001
TN mg L-1 1.4940.23° 1.30+0.12° 1.67+0.14° 9 9.698 P<0.001
SRP ug Lt 7.45+2.09* 8.57+4.39* 49.05+22.57° 9 28438 P<0.0001
TP pug L1 98.83+16.40" 58.83+8.582 115.41+24.37° 9 24376 P<0.0001
Temperature  °C 16.54+2.31 16.56+2.37 16.53+2.27 17 0.001 P=0.999
Conductivity pscm™  36.60+1.42 37.33+1.36 37.65+1.39 17 2549 P=0.089
DO mgL?t  10.17+0.70" 7.61+0.92% 7.97+0.93* 17 43.677 P<0.0001
Turbidity NTU 17.00+£5.94* 6.09+2.20* 5.99+2.86% 17 42242 P<0.0001
pH - 8.56+0.28 8.44+0.26 8.54+0.15 17 1.285 P=0.286
SS mgL! 18.98+4.14° 4.41+1.56% 5.00+3.37* 6 39.495 P<0.0001

Mussel density Chl-a pg L1 22.37+10.81° 3.23+1.64° 4.94+3.98* 6 14871 P<0.0001
NOy,-N pugL! 6.42+1.94*  35.39+25.70° 28.48+3.69° 5 10921 P<0.002
NOs-N mg L! 0.10+0.01° 0.15+0.02* 0.2140.07° 5 14.125 P<0.001
NH,-N pg L™ 19.86+12.36* 396.88+119.55" 304.78+99.64° 5 39.091 P<0.0001
TN mg L 1.19+0.11 1.32+0.16 1.21+0.07 5 3.193 P=0.077
SRP ug L1 5.35+0.92*  24.32+7.15" 30.45+17.01° 5 1462 P<0.001
TP ug L1 72.22+11.23 76.72+12.08 69.32+8.74 5 0.866 P=0.445

Control: only lake water without mussels
T1: AUD in Mussel kind, YAW in Shell length, L-YAW in Mussel density.
T2: YAW in Mussel kind, AAW in Shell length, H-YAW in Mussel density.
DO: dissolved oxygen, SS: suspended solids, Chl-a: chlorophyll-a, TN: Total nitrogen, SRP: soluble reactive phosphorus, TP: total phosphorus
Alphabets (a, b and c) are significant differences by analysis of Turkey’s THD test
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