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Composition of the biofloc microbial community in Litopenaeus vannamei culture systems at phylum level
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X = B 4 1 171 43 ) J2: A8 JE B 1 (Proteobacteria,
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Fig. 2 Composition of biofloc in the Litopenaeus vannamei culture systems at genus level
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Fig. 3 Functional gene prediction for biofloc microorganisms in the Litopenaeus vannamei culture systems
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Fig. 4 Similarity comparison (a) and shared species composition (b) of microorganisms of heterotrophic and
autotrophic biofloc in Litopenaeus vannamei culture systems
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A Nitrospirales, Sneathiellales ¢ 9 ~H, HH X
PA Nitrospirales & FE0& &, A 3.45%,
22 KR, ZEHARMMERKER

SC Y MR, R BE(25~28 C) . R (5.0+
0.5) mg/L ., pH (8.0+0.5) ¥ LR FE7E FLASE XT oF A4 K
(38 BV R N o AR SRR E S5 18 43 /K BT 48 A,
HEERMFE 1 Pin. AF. RRAFZAKES D
FHAK TR R ZH (P<0.05), 11 5 % 41 2 R R B A
77 R 5 77 40 A R SR vk R W IR T R A
(P<0.05); H I 41 i fs R £h vk i 10 3 = T 57 77 41
5%} R4 (P<0.05), COD. IEBREh A7 7F %
Z5: RFR COD BE R THA 2 41, XHHRYLIE
WM ER R B W 2 v T HA 2 41(P<0.05), E4h, 5
TR 5 A IR Rk TR IUR 4 0 2L P R R 2
TXF B 20 (P<0.05),
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Tab.1 Differencesin water quality indicators between
Litopenaeus vannamei culture systems containing
heterotrophic and autotrophic biofloc

n=3;X+SD
Ei LN it B4 IR H IR
index CON HETE AUTO
R/ °C temperature 24.90+0.15 25.10+0.06  25.10+0.05
4/ (mg/L) DO 5.0840.11  5.56+0.47  4.97+0.35
pH 7.87+0.01*  8.26x0.02°  8.21+0.02°
fiFR £ /(mg/L) NOs-N 1.01£0.17*  0.08+0.01°  6.42+1.94°
TEASAREY/(mg/L) NO-N  0.58+0.04"  0.02£0.00°  0.08+0.03"
B A/(mg/L) TAN 3.34+0.74*  1.3120.36°  0.72+0.13°
IEBRRE:/(mg/L) PO} 0.06£0.024* 0.01£0.001° 0.003+0.001°
TR AR (mg/L) COD  11.2+0.40° 41.60+4.51° 16.53+2.57°
BETRHURYI/ (mg/L) TSS  240+£30.55550+145.29° 573.33+40.55°
ZUARF(mI/L) FV 1.50£0.30" 47.50+£5.28" 40.54:6.54°

W AT bR AN TR e 4 TR 77 7 B 3 2% 5 (P<0.05).
Note: Values in each column with different superscripts are significantly
different (P<0.05).

AFFEFE T, SPERA K R 22 55 3k
2 ffiR. ALLEH AFFHLRRK . LR IRE
R A KR . B EIF R T HABPA, mxs
MAZORRTE | MER, et KR EKTH
filh 2 4(P<0.05), ZRIKK . HHEREAREES
(P<0.08).

23 WEBEHESKRTHBEXES T

P2 1 5 IR FAE 22 K R 7534,
Frad g VIF (KT 10 B9 7, BT AsRREL .
HfRE:r . IEBERER . COD. MEIFMR Y 5 I
Fo 4 Monte Carlo EIKL, KW ASEREE .
COD 5 i i #i ¥ A B i 25 AR OGHE, L P E 430l
iK% 0.003, 0.001, JH ik 5 AFF 55495
PEE B KR TUAT(RDA) AT, 455401l 5 B .

x2 BRAREBFEVEAFRBENWENRHERKRIA
Tab.2 Growth performance of Litopenaeus vannamei
cultured with heterotrophic and autotrophic biofloc

n=3/2; X+SD
Lz X B2 SFRA B A
index CON HETE AUTO
SR
;I Ik 11.10+0.15 11.10+0.25 11.53+0.13
+/(cm) FL
YR
i* 1k 18.39+0.21° 21.58+0.36" 22.18+0.69*
E/(g) FW
A6 3 /(%) SR 80.00+£3.78 69.67+2.03 76.00+5.29
W #R/(%) WR  289.47+8.64°  344.95+12.43"  367.04+19.54*
Jarz -
FEAR 2.72+0.05° 2.98+0.03" 3.10£0.06°

£/(%/d) SGR
AL R/ (g/m’) 2205.79£102.05° 2255.11465.63 2528.90+£101.65°
T AT B AR R R F R 41 RIFE A B35 25 5 (P<0.05).

Note: Values in each column with different superscripts are significantly
different (P<0.05).
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Fig. 5 Redundancy analysis (RDA) of heterotrophic and
autotrophic biofloc microorganisms in the Litopenaeus
vannamei culture systems
CON: al-a3; HETE: b2-b3; AUTO: c1-c3.
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Microbial characteristics of heterotrophic and autotrophic biofloc in
Litopenaeus vannamel culturing systems and their relationship with
water quality
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Abstract: The microorganisms in biofloc play vital roles in ensuring the stable operation of a culture system as a
basis for mass conversion and energy flow. The characteristics and associated functions of a microbial community
are largely influenced by the type of nutrition provided by the biofloc. The heterotrophic and autotrophic
approaches are the two main methods that have been developed for culturing biofloc. However, the former method
usually requires large amounts of organic matter, while the latter requires a long period of cultivation to achieve
the function of the biofloc. Recently, the “hete-auto” method has been proposed, which involves the cultivation of
biofloc using a combination of the heterotrophic and the autotrophic methods. This method avoids the negative
effects of the above-mentioned methods when used alone. To date, most studies on this subject have focused on
changes in water quality and nitrogen budgets, but the characteristics of the microbial community of such biofloc,
compared to that obtained with conventional methods, remains unclear. Specifically, the effect of water quality on
the microbial community of the “hete-auto” biofloc has not been reported. To fill this research gap, we constructed
three Litopenaeus vannamei culture systems using “hete-auto” biofloc (AUTO), heterotrophic biofloc (HETE), and
the flow-through method (CON), respectively. In the HETE group, sugar (i.e., an external carbon source) was
supplied throughout the experiment; whereas in the AUTO group, sugar was added at the beginning of the
experiment until the water quality had stabilized (i.e., ammonia nitrogen). In CON, no carbon source was added.
Microbial characteristics of biofloc in the three culture systems were analyzed using high-throughput sequencing
technology (Illumina MiSeq, Pudong, Shanghai), and the interactions between the microbial community and
aquaculture water environment were also investigated. The results showed that Proteobacteria (24.2%-70.45%)
and Bacteroldota (8.45%-28.09%) dominated in all treatments. At the genus level, no significant differences were
observed between the groups in the relative abundance of the filamentous bacterium Leucothrix (essential for
biofloc construction) (3.60%—7.29%). Notably, 94 OTUs classified as Nitrospirota (i.e., nitrifying bacteria) only
existed in the AUTO biofloc; furthermore, the relative abundance of nitrifying genes such as AmoA and AmoB in
the AUTO biofloc (i.e., 0.17% and 0.20%, respectively) were significantly higher than in the HETE biofloc (i.e.,
0.10% and 0.09%, respectively). There were no significant differences in the specific growth rates of L. vannamei
cultured with different nutrient types of biofloc. Differences in the microbial composition of the biofloc altered the
pathways of nitrogen cycling, resulting in different concentrations of ammonia nitrogen, nitrite, and nitrate, which
in turn were influenced by differences in water quality. This study demonstrates that changing the nutrient type
results in biofloc with a more rational composition and function, which can effectively control water quality and
keep the whole culture system balanced and benign.

Key words. autotrophic biofloc; heterotrophic biofloc; microbial community; Litopenaeus vannamei; high-
throughput sequencing

Corresponding author: SONG Xiefa. E-mail: yuchuan@ouc.edu.cn



