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molitrix) FI (Aristichthys nobilis)faFh ¥4k B # [F
IR A5 B PRI VLK = WEFE BT R 5%
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Tab.1 Initial mean individual weight and growth performance of fish in three treatments

IR (/)

IR E(gm?) BRI (/)

B AR KR /(%/d)

Bt fafh . initial mean individual  initial mean  final mean individual specific growth E}Z‘{E%/% {ﬁf‘%/(kg/}'\mz)
mode fish species . . . survival rate  net production
weight density weight rate
PR fill 706.67+12.03 963.95+15.96 1187.87+20.08 0.61+0.01 91.49+2.67" 6240.27+111.38
monoculture C. carpio
ISR i 690.77+16.40 789.46+18.74 1167.34+87.80 0.61+0.07 99.40+0.60° 5377.57+908.10
two species C. carpio
polyculture fijl 319.44+9.49 195.58+5.81 398.71+£28.62 0.26+0.06 97.78+2.22 485.11+128.73
Aristichthys
nobilis
=6 il 690.48+17.50 789.12420.00 1188.46+18.06 0.64+0.04 98.81+0.60° 5702.48+335.39
three species C. carpio
polyculture i 344.44+6.19 100.44+1.89 466.98+14.85 0.36+0.05 100.00£0.00  375.11+£58.87
A. nobilis
i 364.10£2.56 96.60+0.68 589.79+£1.92 0.57+0.01 100.00+0.00 598.76+3.77
H. molitrix

T RPN AR U EEARE R m=3)30R, AP RARA R NG FRER R 7257 135 (P<0.05), I

Notes: each value represents mean+SE (n=3), in the same line, values with different small letter superscript mean significant difference (P<0.05), the

same below
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SR (%) = (N¢/N;) x 100

SGR (%/d) = [In (W) — In (W;)]/T x 100

NP (kg/hm?) = (Wi x Ne— W; x N;) /49 x 10 000
TP (kg/hm?) = (W x Ny) /49 x 10 000

Ko, NOR)FIN(R )53k fa Rk 2R Bt FI) i
B, wig) I wi(g) sy 5 o i A 28 A {4 i = )
MR, TREZKmtE

FCR = Fy/(Wy — Wo))

TFCR = Fy/(W — W)

PER = (W, — W) /F,

K, Fykg) W PEHE R, Fy(kg) i kR 1 4%
WL, Wy (kg)Fl W, (kg)Ji il Ay L2 R o )
U EE, W(kg) Rl Wo(kg) il o S f R 2K B
GIPSEEREN RSN e

1.4 Sitoh

K FHSPSS 17.0%K A 6 B e A7 48 11 43t o
YR AT B R 2R T 22081, I T Duncanfk £
L, PAP<0.05F b5 B ird .

2 4R

21 BHREKSHETE

S A, TOnIR SRR = TR Sk
P 5 A R SRR i 22 SRR B3 (P>0.05),
1713 G o8 248 D) 2 25 i 155 (P<0.05) (7% 1), = JCiR SR
A X v oA A R 7 e R 7 B S T B R
AR InIRFREI, (HI R AR B E K (P>0.05)

(22). SHFERAME, ZITRFEM =T FE
A A A 1) B 1 AEOR B 2 I R (P<0.05), YK
RO R30.1%H136.1%, 1 H R RE R BO 2
A (P<0.05), T KEARI35012822.7%H126.3%.

2.2 ALAER

= o A X L PR ) K o3 ORI B
HA B 2 ) 225 5 R B (P>0.05), H RSB
FHE, = o0 IR FR AR S A L A A LB IR 43
R (P<0.05)(#£3).

23 EYEH

Wit 5 e R T N WIS I, 45 2 K R A ) 2 A
8 34 5 2 TR (P<0.05), fEFRFHIR ), Rl /K
AW N, AKIRA: Y 22 B s /b, S
G5 TR 25 41 A 2 A I o B I B AR E (BT )
TERA LR, AW Y i e & 4 22 (]
22 B ¥R R E(P>0.05), LIS H, AR SR
PR AR R G, YR EIE i 5K
i 7E19.3~28.5 °C & i 3 1 1IEAH SE(P<0.01) (&12),

2R MR, & A KK EY R R
SR I AT . wE . RAESIY . AHLE
TR M A 4 RIS, AN TR 37 A AR XK
TRTE B AR ) 2 A, LR 28 R AR 1 R AN 0 0 22
Ak, B2 820 pm~3 mm,

24 KIFEBEHETF

TEREA LI R, 3 A EE4H DO 1
PREFTET mg/LLL b, pHIEZES.OL A, Hrh =T

®2 BLBAMNSERFARFA

Tab.2 Production and feed utilization of fish in three treatments

[LE:N K/ (kg/hm?) K4/ (kg/hm’) R MR A £ ISYTIEEE i
mode total production total net production protein efficiency ratio carp feed conversion rate total feed conversion rate
AR 15 879.73+258.72 6240.27+111.38 1.33+0.02° 2.51+0.04 2.51£0.04°
monoculture
ZIGIRGE 15 713.02+891.71 5862.68+785.54 1.73+0.12° 2.19+0.22 1.94+0.12°
two species polyculture
=R 16 587.91+191.46 6676.35£366.27 1.8120.1° 2.1740.13 1.85+0.11°
three species polyculture
#3 TREIFEEN T AL AER
Tab. 3 Proximate muscle composition of C. carpio in three treatments at the end of experiment %
(L3N Koy fEA RIS Ky
mode moisture crude protein crude fat ash
H1.7%  monoculture 75.66+0.32 64.80+1.17° 17.75+1.49 4.83+0.12°
ZJGIRIE  two species polyculture 76.12+0.29 67.2242.16® 16.82+0.15 5.03£0.11°"
—JGIRFE  three species polyculture 75.93+0.43 70.55+0.80° 17.18+1.12 5.99+0.42°
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Fig. 1 Changes of bioflocs volume (BFV) in
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Values are mean+SE of three replicate enclosures per sampling time in

each treatment, the same below
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TR, BEERBRILEERNAY19.3 °C (K3), %
41K A ) pHAE 5 7K I 14 A5 10 S A0 Sk 3 (151 4)

TER IR IRO dje, 3% 35 78 A =X K 1K iy
TANT 735 5 E K (P<0.05), HFFMKE1 mg/L
FEATEE, AR Ak b g ks T AR (181 5) . T34
TKIRNO,-NT bl 2 IR a8, R 2 B 35
IR #(P<0.05), 755256 25 I R 22 f AR {8
(%16)

B KR IINOS-NF & 72 B Mk IR 9 dJF &
ETE, A B E RN (P<0.05), FEFEMEZE3 mg/L
A A TERE(E 7). T TING 7R MK 24 mg/L
2 A B 2 TR (KD8) .

R4 FHHABSLEBARKREH

Tab.4 Water quality parameters in three treatments during the experiment

KRB K B LR EpTER
water quality parameters monoculture two species polyculture three species polyculture
W4/ (mg/L) DO 7.11£0.30 7.77+0.38 7.15+0.20
pH 7.96+0.04 8.03+0.01 7.98+0.03
B A/ (mg/L) TAN 1.57+0.11 1.45+0.01 1.39+0.12
THR AR/ (mg/L) NOs-N 3.08+0.42 3.09+0.29 3.25+0.09
WAER AR/ (mg/L) NO,-N 0.16+0.02 0.13+0.01 0.15+0.02
AMTEHIE/(mg/L) TIN 4.81+£0.47 4.67+0.32 4.79+0.17
IETFR £ /(mg/L) PO,-P 0.14+0.02 0.12+0.01 0.12+0.01
SVE/(mg/L) TP 1.09+0.04 1.1240.07 1.07+0.05
2% 7 % B/(mg/L) COD 12.58+0.25 12.18+0.29 12.58+0.37
M-4¢ K al(ug/L) Chl. a 0.03+0.00° 0.05+0.01° 0.05+0.00°
5.38+0.29 5.40+0.62 5.39+0.30

SV EE /(mmol/L) total alkalinity
RV RHURIA (mg/L) TSS 299.93+40.17

HHLEFIRY/(mg/L) TSO 52.5+2.40

278.89+75.93 236.90+23.99

54.78+0.73 53.82+3.19

http://www.scxuebao.cn
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Fish growth performance and water quality in
different carp stocking modes biofloc systems

ZHAO Zhigang, LUO Liang, WANG Chang'an, LI Jinnan,
WANG Liansheng, DU Xue, XU Qiyou”
(Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China)

Abstract: The bioflocs can be used as an addition of high value feed by fish or shrimp. Water quality can be
improved, and pathogenic bacteria can be controlled, thereby reducing the potential spread of diseases, and feed
conversion ratio can be reduced in biofloc technology systems. Mirror carp, Cyprinus carpio, as a bottom fish, are
popular with culturists because of its ease of breeding, fast growth, and tolerance to wide range of environmental
conditions and resistance to diseases. The species is also ideal for use in polyculture systems because of its mild
behavior and broad diet. Similarly, silver carp (Hypophthalmichthys molitrix) and bighead carp (Aristichthys
nobilis), are the typical filter-feeding fish, which have drawn much attention worldwide because of their
importance as aquaculture species as well as their potential for the biomanipulation of plankton communities. The
multitrophic approach of combining species with different specific feeding niches maximizes resource utilization
more efficiently than monoculture. However, there is little documentation on practicability of using biofloc
technology for bottom and filter feeding carp in minimum water exchange pond polyculture systems. Therefore, a
90-day experiment was conducted to examine the effects of carbon source addition on water quality and growth
performance of fish in different carp stocking modes land-based experimental mesocosm biofloc systems. Three
stocking modes with mirror carp monoculture, mirror carp + bighead carp polyculture, and mirror carp + bighead
carp + silver carp polyculture were arranged in three replicate enclosures. The results showed survival rates (SR) of
mirror carp in polyculture mode were significantly higher than that in monoculture mode, and protein efficiency
ratios (PER) of fish in two species and three species polyculture modes were 30.1% and 36.1% higher than that in
monoculture mode, while the total feed conversion rates (TFCR) of fish were 22.7% and 26.3% lower than that in
monoculture mode. The crude protein and ash of the muscle composition of mirror carp in three species
polyculture mode were significantly higher than those in monoculture mode. The results showed a significant
positive correlation between bioflocs volumes and experimental water temperatures at the temperatures of
19.3-28.5 °C in different stocking modes. The total ammonia nitrogen (TAN), nitrite nitrogen (NO,-N), total
inorganic nitrogen (TIN), orthophosphate (PO,-P) and total suspended solidities (TSS) in two species and three
species polyculture modes were lower than those in monoculture mode, while the nitrate nitrogen (NO5-N), total
alkalinity, total suspended organics (TSO) and Chlorophyll a were higher than those in monoculture mode, and
there were no significant differences in these parameters except for the Chlorophyll a between different stocking
modes. The present study revealed that polyculture modes can effectively perform the ecological function and

increase aquaculture efficiency in biofloc systems.
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