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Tab. 1 The density of H. cumingii, grass carp, gibel carp, silver carp and bighead carp and the amount of the formulated
feed, forage grass and fertilizer inputted into the experimental enclosures

. treatment
item
GGSB-F GGSB-NF SB-F SB-NF
/(ind-enclosure™) H. cumingii 20 20 20 20
/(ind-enclosure™) grass carp 15 15 0 0
/(ind-enclosure™) gibel carp 5 5 0 0
/(ind-enclosure™) silver carp 5 5 5 5
/(ind-enclosure™) bighead carp 5 5 5 5
/(g-enclosure™) pellets feed 6058 + 7 0 0 0
/(g-enclosure™) powder feed 7998 0 7998 0
/(g-enclosure™) forage grass 0 14000 0 0
/(g-enclosure™) duck manure 3000 3000 3000 3000
/(g-enclosure™) urea 625 625 625 625
KH,PO,/(g-enclosure™) 160 160 160 160
. GGSB-F + + + ; GGSB-NF + + + ;SB-F

+ ;SB-NF : +

Note: GGSB-F: grass carp + gibel carp + silver carp + bighead carp were co-cultured and fed formulated feed; GGSB-NF: grass carp + gibel
carp + silver carp + bighead carp were co-cultured without formulated feed supplement; SB-F: silver carp + bighead carp were co-cultured
and fed formulated feed; SB-NF: silver carp + bighead carp were co-cultured without formulated feed supplement.

, Duncan’s test
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ca® SPSS
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Fig. 1 Variation in water temperature and dissolved oxygen in

the experimental enclosures
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Fig. 2 Variation in water secchi depth in the experimental enclosures
0.001) SB-NF  Ca®* Ca®*  Hr ( 3) ca*
(ANOVA, P <0.05, 2); GGSB-F (t, d) , ;
ALK GGSB-NF(ANOVA, P <0.05),  [Ca®"] =-0.0003 t* — 0.0159 t + 25.464(n = 132, r2 =
GGSB-F SB-F  SB-NF 0.543 7, P <0.000 1)
GGSB-NF SB-F  SB-NF ALK 2.3 CODwn
(ANOVA, P > 0.05) GGSB-F  Hy TP(P <
SB-NF(ANOVA, P < 0.05), 0.05); TAN(P < 0.01)
GGSB-F GGSB-NF  SB-F GGSB- TP CODwp(P < 0.001); NO3-N  NO,-N
NF SB-F  SB-NF Hr (ANOVA, TN (P > 0.05) GGSB-F
P>0.05) TAN GGSB-NF SB-NF( 3,
SO¥ CI” CO¥ Hco; ca*” ANOVA, P < 0.05), GGSB-F  SB-F
Mg® Na"+K" H;f ALK , GGSB-NF SB-F  SB-NF
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Tab. 2 Major ions, total alkalinity and total hardness in the experimental enclosures
n=3; X £SD; mg/L; ALK Hr: mg (CaCOs)/L

Slely cr cor HCO, ca** Mg? Na* + K* .
treatment N s s 9 total alkalinity ~ total hardness

GGSB-F  66.35£9.52  47.74+3.09 0.00+0.00° 71.89+4.18° 23.94+0.53* 6.08£0.70 61.08+1.25 59.52+3.46" 84.89+4.17°

GGSB-NF 64.13+10.87 4851+1.24 4.38+0.49° 63.22+5.95® 23.38+1.47° 550+0.12 59.16+1.27 67.07+3.32* 81.11+3.50®
SB-F 68.56+4.32  46.20+1.24 1.35+0.31° 70.40+5.06° 23.36+1.22° 5.68+0.45 60.34+1.00 62.82+5.04®  81.80+4.20°
SB-NF 67.40£6.99 50.22+3.37 3.72+0.69*° 58.88+3.24° 20.74+0.73° 556+1.14 60.08+1.63 61.26+0.73®  74.76+4.02°

: GGSB-F: + + + ;, GGSB-NF: + + + ; SB-F: +
SB-NF: + . (P <0.05).
Note: GGSB-F: grass carp + gibel carp + silver carp + bighead carp were co-cultured and fed formulated fish feed; GGSB-NF: grass carp +
gibel carp + silver carp + bighead carp were co-cultured without formulated fish feed supplement; SB-F: silver carp + bighead carp were
co-cultured and fed formulated fish feed; SB-NF: silver carp + bighead carp were co-cultured without formulated fish feed supplement. The
values in the same column with different superscript letters are significantly different (P < 0.05).
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Tab. 3 Concentration of nitrogen, phosphorus and CODwn, in the experimental enclosures

n=3; X £SD
TAN/ NO;-N/ NO,-N/ PO,-P/ TN/ TP/ CODw/
! b ) i g i} DIN/PO,-P  TN/TP u
treatment  (Mmg-L™) (mg-L™) (mg:.L™) (mg-L™) (mg:.L™) (mg-L™) N (mg:.L™)

GGSB-F 0.359+0.129° 0.043+0.006 0.005+0.001 0.065+0.053 2.488+0.233° 0.413+0.127° 21.7+10.8 10.3+4.0 14.0+0.6°
GGSB-NF 0.178 +0.107° 0.064 +0.006 0.005+0.001 0.022+0.006 1.811+0.323" 0.197+0.017" 251+7.1 11.3+11 93%0.7°
SB-F  0.241+0.070® 0.055+0.022 0.006 +0.001 0.024 +0.005 2.391+0.180° 0.259+0.020" 32.2+7.9 15054 11.2+0.9"
SB-NF  0.151+0.013" 0.058 +0.006 0.006+0.001 0.018+0.002 2.146+0.174® 0.195+0.023" 26.2+10.0 142+50 9.1+0.6°

. GGSB-F: + + + ; GGSB-NF: + + + ; SB-F: +

SB-NF: + ; TAN: ; TN: ; TP ; DIN: ; CODwp:
(P <0.05).

Note: GGSB-F: grass carp + gibel carp + silver carp + bighead carp were co-cultured and fed formulated fish feed; GGSB-NF: grass carp +
gibel carp + silver carp + bighead carp were co-cultured without formulated fish feed supplement; SB-F: silver carp + bighead carp were
co-cultured and fed formulated fish feed; SB-NF: silver carp + bighead carp were co-cultured without formulated fish feed supplement; TAN:
total ammonia nitrogen; TN: total nitrogen; TP: total phosphorus; DIN: dissolved inorganic nitrogen; CODw,: chemical oxygen demand.
The values in the same column with different superscript letters are significantly different (P <0.05).
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Fig. 4 Variation in concentration of ammonia in the experimental enclosures
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Fig. 5 Variation in concentration of total nitrogen in the experimental enclosures
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Fig. 6 Variation in concentration of total phosphorus in the experimental enclosures
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Fig. 7 Variation in chemical oxygen demand in the experimental enclosures
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Tab. 4 Relationship between the parameters of water quality
DO SD TAN TN TP CODwn
ccC CP CcC CP ccC CP ccC CP CcC CP cC CP
DO 1 0.406 0.000 —-0.190 0.029 —-0.309 0.000 —-0.599 0.000 —0.466 0.000
SD 1 -0.508 0.000 -0.521 0.000 —-0.669 0.000 —-0.656 0.000
TAN 1 0.506 0.000 0.603 0.000 0.519 0.000
TN 1 0.583 0.000 0.507 0.000
TP 1 0.769 0.000
CODwn 1
: SD: ; TAN: ; TN: ; TP: ; CODwi: ; CC: ; CP: 132

Note: SD: Secchi depth; TAN: ammonia; TN: total nitrogen; TP: total phosphorus; CODw,: chemical oxygen demand; CC: correlation coeffi-
cient; CP: concomitant probability. Number of observed value is 132.
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Effects of co-cultured fish and feed supplement on water chemistry
characteristics of freshwater pearl mussel farming

DAI Yangxin, WANG Yan, TANG Jinyu, LI Youming
College of Animal Sciences, Zhejiang University, Hangzhou 310058, China

Abstract: Integrated culture is widely used in freshwater pearl mussel (Hyriopsis cumingii) farming; however,
water chemistry characteristics relating to H. cumingii farming are poorly understood. To assess the effects of
co-cultured fish (grass carp, gibel carp, silver carp and bighead carp or silver carp and bighead carp) and formu-
lated fish feed supplement (with or without feed supplement) on water chemistry characteristics, a 155-day field
experiment was carried out in land-based enclosures. Four treatments including GGSB-F (co-cultured fish grass
carp, gibel carp, silver carp and bighead carp were fed formulated feed), GGSB-NF (co-cultured fish grass carp,
gibel carp, silver carp and bighead carp were not fed formulated feed), SB-F (co-cultured fish silver carp, and
bighead carp were fed formulated feed) and SB-NF (co-cultured fish silver carp and bighead carp were not fed
formulated feed) were established. The results indicated that the combination of co-cultured fish species could
significantly affect Ca*", total alkalinity (ALK), total hardness (H+) and total phosphorus (TP), while the feed
supplement regime affected Ca**, ALK, Hy, ammonia (TAN), TP and chemical oxygen demand (CODyy). Dis-
solved oxygen (DO) and secchi depth (SD) were lower, while Ca®*, Hr, total nitrogen (TN), TP, TAN and CODyj,
were higher in the GGSB-F enclosures. Conversely, DO and SD were higher, but Ca**, Hy, TN, TP, TAN and
CODy, were lower, in the SB-NF enclosures. During the experimental period, Ca®* decreased, while TN, TP, TAN
and CODy, increased. DO and SD were positively correlated with each other and negatively to the levels of TAN,
TN, TP, Ca?* and CODy,. Therefore, water quality management programs should include controlling the concen-
tration of TAN and CODy, at the levels below the critical values, and maintaining Ca®* and DO at high and con-
stant levels.

Key words: Hyriopsis cumingii; integrated culture; dissolved oxygen; Ca*; total nitrogen; total phosphorus;
chemical oxygen demand; ctenoparyngodon idellus; Carassius gibelio; Hypopthalmichthys molitrix; Aristichthys
nobilis
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