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1. IR, BEKEIEE TR AR Y.L, B 201306;

2. B EHERE, RRFFRAKK =M E S, i 201306;
3. B RE, KR E PR LR E R, B 201306

TR S AFST 2L I e o X - 65 R 4 K SRR I S, 7 AN B A S N ML VR SR R DR R ) 1) S T
fi%i(Clarias gariepinus) IR ARG, WE T VLA TR E M 561.18 mg/L F1 780.41 mg/L Wi MAbBRA], LB T ™
SIS K . BRELS R . R SRR AR . SRR, PR AT, SV A (total ammonia nitrogen
TAN)FITE AR A (NOL-N)RE/T H 4E+F 1.84 mg/L F1 1.79 mg/L LA . WiALFRZE [A] pH . ¥ /% %A (dissolved oxygen, DO).
TAN. NO,-N. HEFIHE K F 2 A KIFH 08 % 2 7 (P>0.05), {H 5 ¥ 28 F 44 i il iR 2L (NOs-N) ik
(822.0 mg/L)BH i /= TRk 4 22 A1 41(623.33 mg/L), il s i 70 BT B BE S R 45 SR 2R W, AL [0 170 AT 190 T 3 4 i
P2 T AR 3 B 0 0 25 1 22 53 (P>0.05), B /KT B TR Al 288 T A 34 B 22 57 B 3 (P<<0.05) o W ARb B Hb i) 5 - B 7 1%
AR F](91.11£1.53)%H1(94.44+2.08)%, Tl R BN (1.41£0.18)F1(1.27+0.26), HFrik A+ %4 (2.13+0.04)%/d Fl
(2.19+0.08)%/d, HJ7CH 2 F(P>0.05), WiSLE A ARDEN A A H 24 BIEA B T 72.17% 71.34%. 256 LA L 85FRA
S, AR ARL R H BB B B A 15 A - i 9 4 K SR 7 L RE B I R R A HRCR, 22 [ vk BE X S o

9 A I B 3 R, e R B 2R A 2 TR R B A P T S

KEIE: AR IR, SRR, S aY Tk
FEDZES: S96 XEAFRAERRD: A

A= ) 22 1A 5 B A o e R LE (C/N) 5 i
TCHLREE A A AR v 4 O T 52 30 3R BB /K AR =
ROE ARSI & A S/ E JEib ey GR /Ll
A HUBURLY 20 1 ZUIR Y, 22 AT R 40 A8 T,
e T 2 i AR . AR PBITE T R S0
HEZLEAMER: KRk AR R
PEFRFE X RS B AR 2 A e R
HAE AL PR A%, PR E RS S mAR g+
AR SIHFE, SR EMARSRIR, A5
HN R R B BRI E 500~600 mg/LP, (H
AN TR S5 B GRS () B B IR 288 L B A s
X, EEMEERE A 220, H5 T (Clarias
gariepinus) & T WL BIR K IR FH b B, HAT BRI

gt B EA: 2019-11-21; 13T H #A: 2020-01-07.
EE&MB: EXARBE4TH (31202033).

X EHE: 1005-8737-(2020)07-0779-10

IRIREEE R 1Y, G A 2R A 3R Tt
(B 5T O A B D, R 6T 22 Tk 3 3 35
W FERSE RIS . ASBIEFE T 28 AT B X 4] 1
AR SRIHACR IR, IR B 1 B AN AN
IAEAT A ALY S IR, A SR REAE D A= 1) 2R AT S )
TG FRIE R AR S

1 #MEEFE

1.1 XBAFERFRME

SR 6 AN FIAER R 2R KA (B A2 110 cm,
SRR 90 em), A ALFRFE/KAR 300 Lo SIS E 1
foys R RO BVRDREE BR S |, WD) 3R £4H
P RS 46% LR 1. 4% EF4E . 16% KK

YEZ R BRIEIK(1994-), %, W-EMFs A, MNP IEFR KSRGS, E-mail: 13122322332@163.com
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A 3% . W UR LR T I AR UKL 9 (total  sus-
pended solids, TSS)73%!°4 300 mg/L #i1 800 mg/L, —
A8 W ERHLEE (138 W, 100 L/min)fitiy 3 5%
FEFE, % f#4E (dissolved oxygen, DO)FE 6 mg/L LA
b o JA Bt R A Y 82 A (total ammonium nitrogen,
TAN)T}E 5] 2.0 mg/L Bf, #8820 : 1 (w/w)iy C/N
VNIRRT AR i, RSO0 T ORI i oAl A
BURIR, TF RS HARE A ZLEEE T, Jadh
SERP . R Ehad AR B K R AR SR R I L L &
FAE Chen ZECYSCFErh, HOIRHE I T-EHT— K
7K BT A8 AR A AT 52 45 SR B e i i 0 X1 9 4
I 1A o
1.2 KEHE
1.2.1 EWRITEFREEE LR 60
BN TEAEHS X AL 1L B oK = SR E Y, i
[]J5 8 77 25(6.99+2.32) g, WIMAIFRHE 100 J&/m’,
BT 77 T 3% 5 300 (0] 48 0 0 R £ fa R AR
mir g — A A RA ), EFRor & el M
HEH 33%, MM 2%, MK 12.0%, HLT4E 8%,
MR 1.4%, B 0.6%~3.5%, KI» 12%, 256
T 30 d MRE Y 5%, ZEHE HIRE R 3%,
RIEME 3 K, SRR . LA T4
IKFEHC 10 RBFR AT . FRE B ANk, AURR
Fo PR R R SR AR R L ORI R T D K 4 o
FEHH A FE 3 AR IN(371.0048.54) g (1% ik i 22 141
41, LF)HI1(381.16+8.30) g (k&2 H41, HF)
e PR S AN Ak 515 FL 1Y pHLo

I BH T 45 R A v i 2 A B (LA R R
ORIk B LA, TSS)ME T2 1Y HARfE, &
AT TSS Y . N5 32 RIFGR, &JE bR —
KZR TSS, DR R4 TG iy TSS # il 78
VIR BT (H, IC SRR B R A A S =
SEFR RS R b & AR MERS 1 TSS #E— N HAR
B, B 300 mg/L 28 AV 3 11 52 56 41 v S vk JiE
4 305.33~1260.00 mg/L, V¥4 561.18 mg/L; ¥
FE 800 mg/L 22 AV BE i S5 06 21 rh SE PRk B
420.0~1453.33 mg/L, “F-¥J°H 780.41 mg/L, 774
FER IR B 2 I 2 R0 vk R AT A
1.2.2 KEIEHRMNE &FRHZSH0K N &
X (WTW, Multi 3430, f&E)IE pH. 7K. DO

LRFIERR. B 4 d MEKE TAN, TAHREA
(NO,-N). HRZ(NOs-N). Bifiah(PO; ) FI A
(total nitrogen, TN)ZF545) . FHZ hAEm R ILE
SAHTAL (Multi, N/C 2100, 78 [ )i 5 7K {7 v 1) 5 i
4 ¥k (dissolved organic carbon, DOC), % J& M 1
YR B (R A2 16 s )

1.2.3 ZERSERHNE 14 KM KA
2R A 5 min JUFEARF(FV-5, mL/L), % 3 K
SE—IR TSS, BKZ 65 CHET SR, AT
Z /MY (Elmenter ELMENTER VARIO MAX, 7%
ML Eh R, BT EREY, HEASTEN
ROLE SRR 6250, MUK FE LT
(violate suspended solid, VSS)iR#E GB/T 6438-2007
ot

124 ZHERFE . DNARBESEENFA
3% H50 mL ZKEEZR 0.22 wm TG GFLUE B3t g,
VISR PR AR TR, R8T S T 5 mL I
BEOET, KIS -80 CIKARIREAE, SCEhsE R
Je ik b 28 A )RR PR E R AT i 3
¥, $%18 Omega Water DNA Kit (Omega, J<[E)HY
VLR, $RBUKIR T DNA 5542 B 21 0 20 T B
DNA i i il & %8 4b 43 O Ot J# i1 (Nano Drop
ND-1000, Wilmington, DE, USA)il| & DNA ¥ & FI
A, R 514 338F (5'-ACTCCTACGGGA
GGCAGCA-3")Fl 806R (5'-GGACTACHVGGGT
WTCTAAT-3") %1 IF 41 16S rRNA FEF V3~ V4
X4, S RE L&A AR Tag 5%
FHLLIX 43 AR BE i o PCR 9738 4R 250 20 pL, Hoep
% 5xFast Pfu ZZWK 4 pL. 2.5 mmol/L d NTPs
2 pL. IEMFIY(G pmol/L) 0.8 pL. K514
(5 umol/L) 0.8 uL. Fast Pfu 24 F 0.4 pL. DNA
BEHR 10 ngo #M2ESF7K % 20 pLo, PCR 3419
NN 94 °C, 5 min; 3%(94 'C,305s;54 °C,30s;
72 C, 45 s); 72 C, 10 min, B MEES 3 ANEA,
% Bl EHEEYEGREARAFH Mi Seq
PE300 (Illumina /A, 3558875 . T
45 Bt 2 W [E ST A Y HEOR(E B (NCBI), %
8% PRINAS545344, >R Mothur /K45 2119
16S rDNA HEK A TERZAMHALE 25 H (Ribosomal
Database Project, RDP)EUHE [ H 4 7 ik & AR KL 50,
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o ERIR AT, A TR R E R
JL(OTUX I IR 432515 ., R RDP classifier
DL B % 97% AR K S B4 22 e 41 iR 4 7 4 2
FA3HT, F Mothur - Fy g e v dh 2k,
1.2.5 FHEIIMERKBRSTAE 0B
BHEMUE AL, B 2 A, A KA RTT
=R/
FEE 2 K (%) =[(InW>—1nW))/(t,-11)]< 100
TR ZR B =T R R M (kg )/ f0 1A B 6 (kg)
AR (%)= (N~ N)INx 100
KR T (kg/m®)=2& K S ¥ 4 B < 28K B AU/
FRIAAARARTR
K wy . o Ay RSB ARSI £ | WP R
Hi(g), F NARHEA B (g), L I A K (cm),
Ny NERFHL, N RRWIIG 58
1.2.6 R|EWZITE  FooRi AN AL
N =N autN wigntN wektN mu+N Al
N g =N 0+N zzmmtN wxtN gk
KPP Nea: BEIARA, g Naw: HERHAETPHA
i, g Noowen: PIIRFREAKET R E, g N ok
WIRK A&, g N wssm: VI E R E &
N s MR AR, g N FVKBVAE, g N s
SRR, g N o WORMA A (B S FRHE 2
RRYAE At MR 7)), g5 N wsm: AR LR PHE
(EAEFH AR HE R A 2R SIBOR I ZUR), g N sk
BRI EE, g N s HOKPIE, go
1.3 HESH
S BOHE R Excel #4745 41, W
Origin, Adobe Illustrator #4317 AH G K K2
il o K SPSS 17.0 BT A4 x5 £ i 747 one-way
ANOVA LR Z J5 22501, P<0.05 N 2ZE PR &

2 HERE5HW

2.1 SKHAEIAYKREN

FRAEWIE] 2 AAEFAKIRE AN 17~31 C, pH
6.15~7.96, B 90.48~270.09 mg/L, DO 4EF57E
6.29 LA I, NO,-N 7E 0.09~1.79 mg/L ZJi], TAN<
1.84 mg/L, 444 Tk KR! (@& 1),

S0 3 A v B RIS TR LR XA e,
JCH AR R R AR T fS, 2 ARG R B

Brosham, MRS TREE 1la FE 1b), F75H
T A 2 S R R B A TR R, T Al
J) il iR 8L 22 1 AR B i (P>0.05), H (£ 100 d
J ) i 22 AT A A TR G B T R R B B
R A (P<0.05) (& 1c FIE 1d), LK FEH &
LA AR R e R R R 822 mg/L, IRV 2L A
4 P R AR AR S 623.33 mg/L.

#1 FRZREARERAIEHE S EEKR
EiRTHE. RMEMEXE

Tab.1 Mean, minimun and maximun values of the pri-
mary water quality parameters in the two treatments
n=3; X +SD
K ETHE bR g A A R4 E:|
water quality low floc high floc
index concentration concentration
pH 7.17° 7.15°
6.15,7.71 6.17,7.96
Wl 163.16* 186.52°%
/(mg/L CaCOs3)
alkalinity 90.48, 270.09 97.8,257.92
DO/(mg/L) 7.36* 7.46°
6.29, 8.53 6.54, 8.26
TAN/(mg/L) 0.25° 0.20°
0, 1.33 0, 1.46
NO,»-N/(mg/L) 0.51* 0.43°
0.09, 1.79 0.09, 0.90
NO3-N/(mg/L) 341.52° 427.14°
85.32, 623.33 104.32, 822
DOC/(mg/L) 133.97° 119.55°
16.66, 220.53 18.77, 226.57

AT BE L ARAS [ R A B A A B3 22 5% (P<0.05).
Notes: Different superscripts on the same row indicate significant
differences between groups (P<0.05).

DOC F1 TN ¥ f# THLA(TAN, NO,-N A
NO;-N (R B AN LLAE UL 22 FIIE 2b, BA I,
Sz R WKL 14019 DOC/TN #il DOC/DIN {4
W T R AL, ESET 1,

2.2 SLIGHARZFAARINRENTL

SEaG AR TSS P LR, KL A 4
SEH)TSS 4 561.18 mg/L, = 2 F4H 44 TSS K
780.41 mg/L, Wi Z[A) 2= 5 5 3 (P<0.05) (&l 3a),
12 J& 5 A 4L ) FV-5 B8 i AR A 4R 3b).
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31 a. AA TAN 2.6[ b IEFHERA nitrite-N
LYl 2=y ) 24 wfKZEFE low floc concentration
liw floc concentration 221 o EZHIE high floc concentration
o HEMR 200 =3, 78D
2 + high floc concentration 8| ’
n=3; xtSD 6

¥ E/(mg/L) concentration
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Dynamics of TAN (a), NO»-N (b), NO;-N (¢) and TN (d) in the African catfish Clarias gariepinus culture tanks

b.

n {KZ A& low floc concentration
| o EZHE high floc concentration
n=3; x+SD

e N
n o w o
= T

YA ratio of DOC/DIN
5

54
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e
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140
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Fig. 2 Dynamics of DOC/DIN and DOC/TN ratio in the African catfish Clarias gariepinus culture tanks

S50 23 S B T S 56 20 28 A T oREL B 11 4 )
$9(39.58+3.10)%F1(39.40+2.33)%(F 2), MHEH .
FELK 43 E 8 RN 2 1 2 V2 O 0 1) Y 5 R B T
R B 1) LU B TG Wik 2 22 5 (P>0.05)

23 WXWAEMEFAMLEER
R 85 28 1A 4H R VR B 2R AT 41 OTUs 435

1055 F1 1458(% 3). PISEERZHAY Chao ZHE1E
& %A 7 A (Shannon) £ A P 18 80TC W 3% 22 &
(P>0.05).

PRS2 35 2H 0 11 7K F b A D0 35 TR A (R R 3 i >
1%)¥5 h H A (A8 JE i ] (Proteobacteria) . fUUAT &
I"J(Bacteroidetes) . ££%5 1% | J(Chloroflexi) . J&&E B
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1800 [ a.

1600 - w K% F & low floc concentration
1400 | ® HZFI& high floc concentration

200 773 x+SD

d

1
— —
(=

R FRRURLY)/(mg/L)
total suspended sol
o ®

o 2 D
o O O O

[\
[
S

(=]

20 40 60 80 100 120 140
[} [B]/day time

140  b.
o120l " K2 F1& low floc concentration
g o 2 H& high floc concentration
§ 100 - #=3;xtSD
Q
S 80F
g i 3
g/ 60
R 40l
x
K 20F
B .
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fi} [E]/day time

P30 sEgmad Fi rp B ORI R B (a) R ER AT IR B (b) Y A2 A 155 1L
Fig.3 The dynamics in the total suspended solids (TSS) (a) and the bioflocs volume index in 5 min (FV-5)
(b) in the African catfish Clarias gariepinus culture tanks throughout this study.

R2 KBUERMAFELEBEFLZAEED. HRSMZFELEEZTHNYEE

Tab.2 Crude protein, crude ash, VSS content of the bioflocs at the end of experiment

n=3; X £SD
£ of gyt L9 I B 0 Py A
¥ 7i Pk mﬁﬁﬁ%/(mg/m (VSS/TSS)/% ML Fl/@ MR 53 1%
violate suspended solid crude protein crude ash
{RZ H4H low floc concentration 404.06+69.78° 75.5+2.7* 39.58+3.10° 18.99+1.32°
= 24140 high floc concentration 644.74+104.79° 71.5+4.0° 39.40+2.33% 19.74+1.32%

T RFNEE EARAS R 28R 20 B A7 A0 .38 25 5 (P<0.05). TSS: METEIURIY); VSS: 4 & 1 [ A ki 1.

Note: Different superscripts of the same column mean significant differences between groups (P<0.05). TSS: total suspended solid; VSS:

violate suspended solids.

#3 TRERNFAIWEPHEHSHFMELE
Tab.3 The alpha diversity of the bioflocs in the suspended growth tanks of the low floc
concentration group and the high floc concentration group at the end of the experiment

n=3; X +SD
JF¥ 5% sequences OTUs Chao #§%{ Chao index TR $5 %L Shannon index
R Z A4 low floc concentration 47433° 1055° 1052.10+26.27° 3.75+0.58*
24 high floc concentration 46565° 1458° 1102.4+76.74* 4.37+1.01°

TE: RSV B AR A ) 3 7R 241 [ AE7E (B35 25 5:(P<0.05).

Note: Different superscripts of the same column mean significant differences between groups (P<0.05).

I"J(Firmicuyes) . Ji{ 2k & ] (Actinobacteria) . FRFT
A1 ](Acidobacteria) . Y2 % # [ ](Planctomycetes)Fl
PE R B 1] (Verrucomicrobia), . £H ] A4 AH X} 3=
J& J6 B 1. 2% 55 (] 4a)(P>0.05).

JE K- B (18] 4b), ARk B 2 P 2 0 3 1w s
Reyranella (19.5%), Caldilineaceae_f norank (6.4%),
Saccharibacteria_p norank (5.4%), Fri&RFH &
(Citrobacter, 5.0%), MNG7_f norank (4.4%), 1=
L H LR R Xanthomonadaceae f norank
(6.3%), Al & (Woodsholea, 5.3%), Vampirovibrion-
ales _o_norank (5.3%), Caldilineaceae_f norank (5.1%),
H AL M2 E 1 )& (Nitrospira, 3.7%) .

I TS0 Br  4 Ak B ZH v ) TR 25 R AH

AR, S5REW, PR OTUs B k4 A &
OTUs 1 65%(14 5).
2.4 EHTFENEKIER

B FRIENE 3 HBOR AR E (6.99+2.32) g K
TG, WA EE D (0.7020.23) kg/m’, 5
iy 2 oI Vi B 2R AL 5 T E Ol (13.98+
0.78) kg/m’, AR A (14.11£1.03) kg/m’,
PRZLIR) G 5 P 22 52 (P>0.05) (3K 3). PHALAF I 3¢
A3 (91.11£1.53)%F1(94.4442.08)%, 257 A
F(P>0.05) . o ¥k i 22 D 20 % R R B (1,27
0.26), & T Ik ¥k J3£ 22 A 4 f9 (1.4120.18), {H P4
) JC 2. 3% 22 5. (P>0.05) (% 4).
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a.

Proteobacteria [
Bacteroidetes -
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Acidobacteria '
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Cyanobacteria h
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Actinobacteria L
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Chlamydiae F B R E
low floc concentration
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i B AR
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A T T T Y
0 5 10 152025 30 35 40 45 50 55 60
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b

norank_o_Bradymonadalés _
Reyranella F
Chryseobacterium —
norank f Caldilineaceae -
Flavobacterium -
Woodsholea h
CL500-3 |
norank f Saprospiraceae h
Nannocystis L

norank_p_Saccharibacteria '

unclassified_c_Alphaproteobacteria h

Comamonas F

norank_o_SC-I-84 h B REHE
norank ¢ Acidobacteria ‘ low floc concentration

- LIS Ei
norank_f Anaerolineaceae L high floc concentration

Y YT Y Y N R M
0 2 4 6 8 10 12 14 16

HAE/% proportion

Bl 4 SCERAE SR R 7K () R 7K (0) B9 B4 14

Fig. 4 Bacteria community composition at phylum levels (a) and genus level (b) of the
bacteria in the bioflocs of the four treatments at the end of the experiment

336

fRE A

low floc concentration

2% il

high floc concentration

K5 ScERaf s R U PR 9 OTUSs 55 8L
Fig. 5 Venn diagram of shared OTUs of the bacteria in the
bioflcos of the four treatments at the end of the experiment.

2.5 FRAEMNRKZ LR

Tk v B R R S 0 A P A B AU A
7, Ay B RN 95%F 94%; HIRCMETA
TR, 908 3.47%5 3.13 %, HhE
TR TR A FRIE R S, WIUR 22 BRIk AR 34
H— RO AR S).

I 238 SR o A T B R 32 IR AR,
WA S 55 20 53 ) o s AR 52.56% F1 50.14%,

RN TRVER) 72.17%F 71.34%, 75 5256 40 7]
To i 3 25 5 (P>0.05) o 5% 5ok 78 v 22 AT v ) 2 o
B AU 2.62%F01 2.96%, 25 HLE(P>0.05),
o Tk B 22 AT A rh i 2R 22 AT b ) RN HE R K R
I 255 TR ZE A1 40 (P<0.05)

3 i

Dauda 2P HA N HE 0] 7N AE BB AR
ZUA, HARMESE B R R R &S T 70%, &
F— A AR P R A A R U g
WIS, ABFSE AP TR KR E T Dauda 25
HIAH ST o 3K ] BE A2 DR A A 98 76 S 50 i
WAT R U IR i, 5 e A v 3R R AR AR Y B
17~31 °C, ifii Dauda 25 i3 Bl e 25.2~
26.4 C, WG HIEE FHEHFEARK, &
5 s v B A 22 A1 T e R S B - A K8
Y55 AN R, e U B 2R A W i s B JE A T Y
i e A U RV A — TR YR T
E S M b 2 ) 2 AT U B AR SE PR e R v R R
W RIMER
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x4 MABHADEHFEERYER
Tab. 4 Growth performance of African catfish Clarias gariepinusin the low floc
concentration group and the high floc concentration group

n=3; x £SD

K2 4H low floc concentration

= 2L A14H high floc concentration

WIRF- ¥4 E /g initial weight

VIR T 37 % ¥ /(kg/m®) initial stocking density
LR PR E /g final weight

LR JE /(kg/m?) final stocking density
1715 % /% survival rate

774t f2/(kg/m®) production

H5E K F/(%/d) specific growth rate
1HALZEL food conversion ratio

6.99+2.32
0.7+0.23
153.42+55.88° 149.67+47.67°

13.98+0.78" 14.11£1.03*
91.11+1.53* 94.44+2.08"
12.28+0.35% 13.41+0.27°
2.13£0.04* 2.19+0.08"
1.41+0.18° 1.27+0.26°

TE: RISV B AR A R 37 41 R AE7E (B35 25 5:(P<0.05).

Note: Different superscripts of the same column mean significant differences between groups (£<0.05).

x5 EBWTFEIEYEEFTEM MALEE R E TG S

Tab.5 The inputs and outputs of nitrogen (N) in the biofloc aquaculture systems for African catfish Clarias gariepinus

n=3; X +SD

R L H 40 low floc concentration

L A4 high floc concentration

Rl AT/g

B A K /% per-

i e A & H/% percent-

nitrogen input X +£SD X £SD
centage of total input N age of total input N
11 % N in fingerling 18.36+0.26* 3.47 17.13+0.98* 3.13
KA HI A2 N in the initial water in tanks 5.34+0.82° 1.00 13.20+1.43° 2.40
5%} N in the input food 504.18+10.87° 95.17 514.68+11.08 93.91
#MFEK A N in supplied water 0.63+0.08" 0.1 0.63+0.08" 0.1
HIHHZ A N in the initial flocs 1.24+0.11° 0.23 2.41+0.23" 0.44
S AR total input N 529.75+12.14° 100 548.05+13.80° 100
WCHk A & N in the produced fish biomass 363.85+20.33° 52.56 367.35+26.99" 50.14
KK %, N in the final water in the tanks 306.95+£103.68" 44.34 338.95+27.84° 46.26
AR ZIRF A N in the final flocs 8.87+0.39* 1.28 12.80+0.52° 1.75
HEH 2 &% N in the discharged flocs 9.29+1.07° 1.34 8.89+1.14° 1.21
HEH KA N in the discharged water 3.26+0.06 0.47 4.64+0.42° 0.63

S A total output N

692.22+125.53

- 732.63+56.91 -

T I P SE 0 2 AR TR IR AT B0 IR 3R 22 SV e, 22 5 W03 AR AT R BRI

Notes: The same item of the two treatments was compared. Values in the same line with different superscripts are significantly dif-

ferent (P<0.05).

e BB Aok 2 T BUE YR WS- R
Gc v 4 VR B (RS T, Sk R RE SR,
Ho ¥y, FEGRMLEREZM. Brid,
PR A 3R B e AR PN SE M P R D
FHRER IR, BT 50T BB R 7 S A, oK
P S RIS RR AR S B2 T o Ray %51
KB T ARIR R BRR, B BRaR 0 B AT 2 B Sl 52 Wi i
PR M HE o 2R AT AT LA iR 1 A T 2 4L A A B
S 2R AR s /0 T Ak 4 TR B R T AR, FLI
HZL ARG [RI A, B35 7 2R AT ) A 20 7 e T e
SRR B, RO A BEACRRR AR

Green®#1 Poli Z:PUEIHFIY 45 20, LRIk
o, AR AR R G, HEH R 2L | AR
AT B RS ] I BT AR R R MR B2 . Nootong
22T TSS 439124 200 mg/L . 400~600 mg/L
800~1000 mg/L 1y 4= ¥ & A — A - fifi (Rhamdia
quelen)FRFH/K R P RETR A5 I R 3] 141.2 mg/L
149.8 mg/L . 203.0 mg/L, iX AJ GEj2& K kK A i
BRI L0 A0 B R B R L AN R A
AR R Z LR ECR, SH ke, s
PR A Wy i P AL TR PR, S R A fea e
RESEEATENE TS NEELY/E oS fuR i)
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At R, Lo anp g A ) L A R0 RS 3E IR 7R
o =R AR AR B SR A R 0 ST e R AR R
FP 24, A8 B 25 SR (Jetalurus Punetaus)
FEHH R GE AR U T BUR S 65~203 mg/L!Y,
AR RN Ak i R A AR W 2R A R K AR I A
il B A E EE RN, SRR bt
ey zar, dARFE FEEM, mia s
Je, BMEAE R InA PURIR 0 55T, B FREfeat
TP AT e BN R R AL £ S P xR
P — P T 0 BF SR 5 2 8 1) R R WS a3 A ko
H R bt B R A S s s Y . ek
DOC/TN #1 DOC/DIN 24T, /K i iy A2 n] fig
F YA RUFR A . AHESE TR S R A0 I S T
15 AR BB IE B T X — e

Ay 22 AT b 240 T i B A A RIS Bk A g
B KRB 19 RE S112°) Proteobacteria 1% K
AbHE 2R G5 v A ML G AL A R S T A2,
(] Rt 9 S 36 2H B AR R o Proteobacteria 1r:
IR SCETER, 1M Bacteroidetes F Planctomycetes
W % B 5 R 2728 TR KT B B R A A S B
THIE TN BE4FAE . Pseudomonads F11 Bacteroides
A LU 2 A L R IR

B 28 ) A o AR R U B KR b & AR T Al Ak
TP R AR S e 2 A A A s 2 A o o
IR IR A2 A 23 623.33 mg/L F1 822.0 mg/L,
HE kLA TR Nitrospira WIAHXEHEE X
f 3.7%, RIEEA T Nitrospira WHLH LT
1% 33X AXISCH5 250 U A5 45 SR AR . 3 7T fil S
(R SRy A S 56 A R 2 0 — A R 5 9, T
A R Ak T e B At T B TR YRR IR T 1 ),
T 45 e 7t PCR MR sk A5 )5k, A BETEIE
AN T A A B B RS R i B P

WMaRIR . 4R C/N SRR FE N H AR
R 22—, W B IR AL R A AR . B, 4T
B RS KA PRI, A H AN H At
Luo ZEUhSal A 4y W it 5 - WM hy A W 42 A 14 2%
RO UE, BUS TR SRR . R KR Y
DOC/TN #1 DOC/DIN iZfik T3t FZRI A
2P C/N, B A I8 A 3 Sl iy v ok
1) B2 R R i R 28, 3 U B AE ANt A AT 1 sk

W, HOR T EDRE f i e, A DR TE R OF
HAFERSHRET, fe4HF 13~14 kg/m’
(A IR A AR P A AR A AR
WeRE . Ray “EUSTHOAR TR IR . REREAH A
SEUO A 5 OR U IR R 2 SR B AR AR, R
42 R0 2SR VS IR U5 1 X R AH e, AS VS
e 5 2 o g BT BILAR A SR AR, HL RN Itk Y5t
M E K Z A, Lin 20058 1 355 1
PGS IR, AR FE R A4 Rk A A A A
T, REAZSCILL AR M B K TR . T AR
()52, AWEIE UL BT ARSI I 51 B 4k
R AR ) R R R ) P A5 1, o] 2 =
6 1) A A BROR 1 T B — 2B SR
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Effect of flocs concentration on the performance of African catfish
(Clarias gariepinus) in bioflocs aquaculture systems
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Abstract: In aquaculture systems, a lack of water exchange, continuous input of food, and bacterial growth in
culture tanks, can cause an increase in floc concentrations. Increased floc concentrations increase oxygen demand
and clog the gills of cultured animals. Therefore, floc concentration is one of the most important management
factors in a floc aquaculture system. The African catfish (Clarias gariepinus) is a candidate for biofloc aquaculture
systems due to the ability to adapt to the adverse water conditions. No previous studies have investigated the ef-
fects of floc concentrations on African catfish cultured in biofloc aquaculture systems. The current study investi-
gated the effect of different floc concentrations on the water quality, bacteria community compositions, nitrogen
budget, and growth performance of juvenile African catfish in biofloc systems for 140 d. Two treatments were
referred as low floc concentration (LF) or high floc concentration (HF), with an average concentration of
561.18 mg/L and 780.41 mg/L, respectively. The results suggested that there were no significant differences in
average concentrations of total ammonia nitrogen (TAN), nitrite nitrogen (NO,-N), growth performance of the
farmed fish, and nitrogen budget items between the treatments (P>0.05). Nitrate nitrogen (NO3-N) in HF
(822.0 mg/L) was significantly higher than that of LF (623.33 mg/L), which suggested that the nitrification proc-
ess was ongoing in the current aquaculture systems. BFT aquaculture systems always have high biomass, including
cultured fish and microorganisms aggregated in bioflocs. The relative abundance of the top five phyla of bacteria
did not differ significantly between the treatments (P>0.05), however, a significant difference was observed at the
genus level (P<0.05). African catfish survival rates ranged from (91.11£1.53)% in LF, and (94.44+2.08)% in HF
treatments. The food conversion ratio was (1.41£0.18) for LF and (1.27+0.26) for HF, and the specific growth
rates were (2.13+0.04)%/d and (2.19+ 0.08)%/d, respectively. The efficiency of nitrogen use in food was 72.17%
for LF and 71.34% for HF. It should be noted that the specific growth rates in the current study were lower than
previous reports, perhaps owing to the uncontrolled water temperature and the extremely high suspended solids
load. It is also worth noting that every time solids were removed, the rate of accumulation of TAN and NO,-N
increased, and subsequently the NO;-N concentration decreased. The ratios of dissolved organic carbon (DOC) to
total nitrogen (DOC/TN), or DOC to the sum of TAN, NO,-N, and NO;-N, in the two treatments were much lower
than 20, which is the suggested value for biofloc aquaculture systems. This suggests that there is good control of
TAN and NO,-N concentrations without any external organic carbon. The nitrification process was supposed to be
ongoing in the current bioflocs systems. The results of the current study may lead to an effective water quality
control system for culturing catfish, which may be applied in the commercial aquaculture industry.
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