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Effects of stocking density on bacterial community characterization of
biofloc and intestine of Fenneropenaeus merguiensis

WANG Bo, QIN Haipeng, LIAO Xuzheng, HU Shikang, ZHAO Jichen, HE Zihao,
HAN Xueming, CHEN Zhaoming, SUN Chengbo”

(Department of Fisheries, Guangdong Ocean University, Zhanjiang, Guangdong 524088, China)

Abstract: Using the high-throughput sequencing technology of Miseq, the microbial structure of the intestine and water
biofloc of Fenneropenaeus merguiensis at high, medium and low aquaculture densities(700/m°, 300/m>, 100/m®) were
analyzed. The results showed that among the shrimp intestinal flora, the high-density group had the highest abundance
and diversity, and the abundance increased over the increase of stocking density, while among the biofloc flora, the
high-density group had the lowest abundance. The intestinal and biofloc flora samples were mainly composed of
Proteobacteria(relative abundant 49.25%~80.33%), Actinobacteria, Bacteroides and Chloroflexi at phylum level, but the
abundance was different. At genus level, the composition and proportion of dominant bacteria were significantly different.
Clostridium, Spongiibacter, Faecalibacterium, Rhodovulum, and Blautia only exist in intestinal samples, and
Coccinimonas only exist in biofloc samples. The relative abundance of Vibrio was relatively large, Vibrio abundance of
intestinal sample was the smallest(5.23%) in medium density group and the largest(23.39%) in high density group; the
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low-density group of biofloc samples was the largest(16.15%), and the medium and high-density samples were both
smaller, the abundance was 5.51% and 4.20%, respectively. The abundance of Bacteroides in the intestinal samples
decreased with the increase of stocking density, and the abundance was 1.36%, 0.41%, 0.02%, respectively. The
abundance difference of Bacteroides in different culture density biofloc samples was not significant. It can be seen that
under the bioflocculation mode, the density of culture had a greater influence on bacterial community characterization of
biofloc and intestine of Fenneropenaeus merguiensi.

Keywords: Fenneropenaeus merguiensis; stocking density; biofloc; intestine; bacterial community
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. 0
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36.3%) FB OTUs 2553 ( 19.1%)
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(LDA) B FEEENZ MRS
Table 2 The bacterial diversity indexes of the intestinal and
biofloc samples
1.7 #HIEAIE Chao Ace Shannon Simpson
Excel 2010 SPSS 17.0 SIA  1165+343 12424387 4.56£1.39  0.87+0.07
SIB 1689+311 1846+325 4.86+0.47 0.80+0.07
(ANOVA) SIC 2266669 2477+770  6.13+1.67 0.93+0.06
. N FA 2913+858 3 103+829  7.60+0.84 0.98+0.01
2 HR55H FB 3005528 3025+671 8.34+0.18  0.98+0.00
NI FC 2 793+659 2 886+740 8.10+0.19 0.98+0.00
21 HiHEEmEIRh 2
1 3 18 2.3 HiIAERHNMEIEFEWAEN
686 521 SIC  OTUs
FB  OTUs
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Table 1 The operational taxonomic units statistics of the
intestinal and biofloc samples
SIA 43 667+240 1 037+263
SIB 33 920+11 756 1278+263
SIC 37 799+8 986 1 644+327
FA 36 188+1 982 2 002+468
FB 36 588+2 247 2 108+£270
FC 40 676+7 047 1961279
3
OTUs 333 ( 1.8%) SIA
OTUs 4 909 ( 27.0%) SIB OTUs

43
3 13
49.25%~80.33%
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Table 3 The relative abundance of major bacteria of phylum level in the intestinal and biofloc samples

/%

SIA 24.39 7.99 53.47 3.94 8.83 0.34 —
SIB 3.32 0.34 77.29 0.15 0.59 7.71 0.12
SIC 3.46 1.31 80.33 0.19 2.88 1.46 0.10
FA 7.72 3.09 61.22 0.81 6.26 0.94 0.50
FB 4.48 2.00 57.34 1.27 8.08 0.03 0.76
FC 421 4.67 49.25 1.44 15.94 0.02 0.50
1%
SIA — — 0.25 — — 0.4 —
SIB — — 0.87 0.01 — 3.12 0.16
SIC — 0.35 1.20 3.02 0.03 0.53 0.05
FA 0.01 0.57 1.61 3.08 0.04 1.65 0.24
FB 0.05 1.00 2.28 3.89 0.08 2.54 0.47
FC 0.01 1.12 2.77 7.23 0.28 1.24 0.44

Faecalibacterium Rhodovulum Blautia

193 4 Coccinimonas
Candidatus Aquiluna (Bacteroides)
(Escherichia) (Clostridium)
(Streptococcus) Spongiibacter (Vibrio)
Faecalibacterium (Photobacterium)

Coccinimonas Rhodovulum Blautia Ruegeria
SIB

Spongiibacter

x4 ETRRMITHBEREFERGTENRANNBBREREBENFE

Table 4 The relative abundance of major bacteria of genus level in the intestinal and biofloc samples

/%

Candidatus Aquiluna Spongiibacter
SIA 8.87 1.36 0.22 0.09 0.01 0.02 16.69
SIB — 0.41 0.37 0.16 — 0.04 5.23
SIC — 0.02 0.15 — — 0.01 23.39
FA 0.73 0.01 0.03 — 0.55 — 16.15
FB 0.04 0.02 — — — — 5.51
FC 0.05 0.01 — — — — 4.20
1%

Faecalibacterium Coccinimonas Rhodovulum Blautia Ruegeria
SIA 0.01 1.34 — 2.87 — 0.27
SIB 3.72 35.95 — — 0.01 4.85
SIC 0.02 10.65 — — 0.98 1.60
FA — 2.17 0.02 — — 3.23
FB — 0.69 0.02 — — 3.56

FC — 0.44 0.49 — — 2.26
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5 SIA SIB SIC FC 5 1
Lefse LDA 1 SIA SIB (P 0.05) 1 Lefse
SIC 1 1 SIA SIB SIC FA FB FC
(P 0.05) FA FB FC Lefse 2 2 4 7 13 17
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Table 5 Inter-group variation(LDA value) of the relative abundance of microbial communities in the intestinal and biofloc samples

LDA (logig) P LDA (logo) P
Proteobacteria: Hyphomicrobiaceae FA 4.01 0.03 || Chloroflexi: Caldilineaceae FC 4.05 0.03
Proteobacteria: Myxococcales FB 4.02 0.02 || Archaea: Cenarchaeaceae: Nitrosopumilus ~ FC 4.53 0.04
Caldithrix: Caldithrixales: BA059 FB 4.48 0.02 | | Nitrospirae: Nitrospiraceae FC 4.14 0.04
Proteobacteria: Rhodospirillaceae FB 4.05 0.02|| TM7: TM7_3 FC 4.08 0.05
Proteobacteria: Deltaproteobacteria  FB 4.48 0.02 || Proteobacteria: Oceanospirillales SIA 4.18 0.03
Proteobacteria: Piscirickettsiaceae FB 4.11 0.03 || Firmicutes: Clostridia: Clostridiales SIB 4.69 0.04
Bacteroidetes: Flavobacteriaceae FC 4.60 0.01 | | Proteobacteria: Rhodobacteraceae SIC 4.48 0.04

LDA 4
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Fig.1 Inter-group variation(Cladogram) of the relative abundance of microbial communities in the intestinal and biofloc samples
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