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Abstract: In order to investigate effects of circulation rates on water quality and bacterial commu-
nity structure of a recirculating aquaculture system for Litopenaeus vannamei, three different
water circulation rates, LLC (daily circulation rate of 10), MC (daily circulation rate of 15) and
HC (daily circulation rate of 20), were set and run for 33 days. The changes of shrimp growth

performance, water quality and bacterial community composition were analyzed during the study
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period. The results showed that the highest concentrations of LC, MC, and HC were 2. 48,
2.07, and 1. 89 mg » L', respectively, during shrimp recirculating water aquaculture. The stud-
y demonstrated that the removal efficiency of the system for nitrite concentration was accelerated
with the increase of the water recirculation rate. The diversity of biofilm microorganisms de-
creased with the increase of water circulation rate. The survival rates of shrimp in LC, MC and
HC groups were 61%, 73.6% and 79% , respectively. Proteobacteria and Bacteroidetes were the
two dominant phylum in the experimental systems, and the relative abundance of Proteobacteria
in LC, MC, and HC groups was 32.34%, 36.91%, and 38. 44 %, respectively. The proportion
of Proteobacteria and Bacteroidetes increased with the increase of circulation rate. The nitrifying
bacteria were mainly Nitrosomonas, Nitrococcus, and Nitrospira. A high recirculation rate wa-
ter recirculation system was better for water quality and shrimp survival.
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Fig. 1 Recirculating aquaculture system for L. vannamei
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Table 1 Survival and growth status of the experimental shrimp

Sral IR R /g RIEFE/g FIE%/%  SGR/%  FCR

LC 0 4.97 61.0 5. 44 1. 14
MC 0.7 4.35 73.6 5.07 1.34
HC 0.7 4.29 79.0 5.03 1. 36
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Table 2 Water quality indicators for aquaculture water

i DO/

Sl T x s pH
(mge+L )

LC  29.08+1.88 6.51+0. 30 29.8140.46 8.0240.35

MC  29.22+1.65 6.61+0. 38 29.5840.41 8.07+0. 38

HC  29.584+1.27 6.59+0.41 29.704+0.49 8.10+£0.45
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Fig. 2 Changes of ammonia-nitrogen concentrations during

the breeding process
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Fig.3 Changes of nitrite concentrations during the breeding

process
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Fig. 4 Changes of nitrate nitrogen concentrations during

the breeding process
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Table 3 Alpha diversity index of biofilm bacterial community

Alpha Z £ P %k

I
F 5 EFEH Chaol ZREPEFR B Ace A8 % Shannon o 48 B0 Simpson
LC 835.49+22.02 848.31+18.99 6.7940.02% 0.97240.00™
MC 810. 64+38.98 821.01+37.18 6.8540. 12" 0.9840. 00"
HC 783.74+9.58 791. 68+ 14. 33 6.5040.00" 0.97-+0.00"
W 6] —FHC A b AR AN ) 5 B 6 7R 4 1) 22 57 3% (P <<0. 05)
PCoA-PC1 vs PC2
900 CoA-PCl1 vs PC
800
0.1
700 " —
P X
_— n . " =LC
600 | s 20 «MC
~ o
& & sHC
x QO
EEE 500 | ~
E - LC !
o 400 o MC
= HC
300 / —0.2 Ak
-0.3 -0.2 -0.1 0 0.1
200 | / PC1(58.55%)
/ Bl 6 £ F Bray-Curtis B85 %t 3 0 (LC,MC 1 HO) B &£ 4
100 .
PR B 34T PCoA 447
Fig. 6 PCoA analysis of biofilm flora in three groups (LC,

0 1 1 1 1 1 J
0 7650 15290 22930 30570 38210 45850
e R AR

Bs5 FEGHEYWRMBP[ET OTU MBI HRE ML
Fig.5 Dilution curves for OTU-based construction of

late-stage bioreactors in aquaculture
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Fig. 7 Wayne diagram constructed based on OTU in
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Fig. 9 Taxonomic composition of biofilm bacteria

at the genus level in late stage of breeding
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Table 4 Community distribution of nitrifying bacteria (genus

level) at the end of breeding
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B 32
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Nitrospira ~ 4.8240.49"  1.07+0. 13" 1.6840.03"
Nitrococcus 1.11+0. 16" 2.2940.28" 2.4040.10"
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