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2. BRI Sk, B 2013061

WE: R T T k. MIAE 55 20 o 458 (Seriola lalandi) %) fAE KPR BE K W AL 18 BE O 520, 5T 16S rRNA
e N R AE S B 2ROk, T T PR SRR T B A4 e T AL TE (B L BT E R i) . R RE K
T REZE A R R B SC R O S5 R R, ARSI, R IR0 B Ak 4l (04 T b3 a2k KMk fE i & 42 T
TE B 25 40 030 A BT I, T17KF b 899U 8 1] (Bacteroidetes) . JEBE [ ] (Firmicutes) FilJ& 7K ¥ | A 4813 5 ik
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A H 1 3, BU S 5 W AR SR A AR X T B AR il fa A K PLRE 22 S i s o DRI, TR 7 9 0 B0 s PRt 119 A
PERE W] REAE Fh ALK BB F= 28 T8 Z 0 BE IR DT IR I 1A T IGF-1 KA T pE 3L R MRk, il fe it ALk
BB IR RN A e o ARG T &5 SR SR B A% L FH A ) Ak %) ] AR e B S BB 1 AR I 8 (e A A B S
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Rl R, BT DU BRI R SRS . T
A 8] IR 5 45 Z2 R SR AE A, (EAE AN [R A 3R 85E
RN A B ERTERE . FRT, X B A0 Fh it
REREET BN EN T AR G AR st
SF07 AT BB —E CR, B BUES R
{5 7R IR FRAR A B R A A R I R B E S B A 4T
o P, AR T T AR R0 AR SR FE A
TR K 22 S, I R R,
3 %S T A AR SR A ) i 2R A 4 117 1
I8 LK 4% H IR AT MK AR DR A W ik A T
16S rRNA ¥, 5 T ALIE B AR S Fa Y
ARAE K B B RS R SRR IR AR R,
USRI R 252 THI 4B 7 AN [R) SR B4 1 o 2 i
AR ZESFALM, O v SR MINC 5 TR A T A MR AH
il B A T P B A R B I A A S A A

1 HRSHE

1.1 SEIEzhY

SEGF 2021 4F 9 HE 10 AfERKEESE
A PR R T A7 58 42 1] 5 1V 0 N A 97 58
SR, SEYRSEIN R 30 do SEER B AR A
TIZA R R GERAS . R ERR 6 H i)
i, VIR K (17.2340.99) cm, -1k (77.44+
11.58) g-
1.2 IWHESIEIT

S A0 4 1) SR BB RE T AR 4 ) I R AR
PATFR A . T AL R FRFE AR FBUN 3m’® [JE
BE RS G KA, BEIRERL A LA OR TR MRS =l
PR st HAS), WK, HHKE 200%~
300%; T I AH IR FE 85 S 7 T2 HDPE # iR 7K
POXIRMAS, B 10 mx10 mx8 m, MR
vk E A, PR SR AN I SR Y
10 B/m®, B ABE 3 FAT, Ll
Y R AR ) 2%~3%, & H R YK,
1.3 HRRESLIE

BRI LB R . WA )R, T k3t
B R DR 6 552 5E B AT TR A BURE B A5 Ml 6 2, B
ASLEG IR 18 J8, H MS-222 #EfTIRRIE S H
T5%IAE MR AR R, I DAk E K5,
fife i) e BUHALIE (B . BT TE 2 )R, HEh

THALIE NER RN, R TS 1 K TR A 3 ER 7K
e E R T WA

FEHH KA . HCE M FOSE TR,
BRI R AE 3 AT KK, A 251
HIKR . KEEFEBRIA 2 0.22 um FLARJE MR o U8 ),
K FH TG R HURE A8 T30 B DR RO A T A

TEORHRE s T AR A6 55 5 i P 1) PR 93
SRy E A HSURE G R RN K A fa, G TR EURE
IR S 25 3 0, BB A ALRAT o
14 HEKERITE

ARSI IR R A X7

145 % (weight gain ratio, WGR, %)=

[(Wi— Wo)/Wo]*100;

FEE A K R (specific growth ratio, SGR, %/d)=

[(InW—1nW;)/t ]1x100;

JIEL 3 £ (condition factor, CF, g/em®)=Wy/L>,
K, Wo. W43 5110 SE 8] i FN4h 735 o R
(B, g); t HIE RE(d); L FAK (em),

15 #EME DNAWREESEENF

PEREREE KA DNA #8575 & (MagPure
Soil DNA KF Kit) XA [ 3£ K 41 DNA $E47 32,
2 J5 ) Nano Drop 2000 F13 A5 ARHEE e B, KA )
DNA IRBEIFGr S . A2 DNA SitR, ffiH]
i barcode 4554, Tks Gflex DNA Polymerase
(TaKaRa, H A)#E47 PCR, K514 343F(5'-
TACGGRAGGCAGCAG-3")Hl1 798R(5'-AGGGTAT-
CTAATCCT-3")4" 1 16S V3-V4 X, ¥ H i F 41 £
T RE W I L DK A I 5 4% IS A2 B 7 S BR 5 AR Wk
F A PR w5 5 Tllumina MiSeq PE300 -4 #k4T
e 3E Y
16 HBESHITEHH

i 3 0 A 8 Y D s PR R S A 8 ik A
BN 53 i 4 R FASTQ A% =X JE 46 7 7 81, 48
Ry A4y, PHE. BEM LIRS K
JERBIERUTH . AR I AR, #5510 R
ZAT 43R4 E BAIT(0TU), FEFFRLE =97%8
F24—4> OTU o, fdif] QUME # {15t B 4
A~ OTU £ ER KB FHIENIZ OTU AL
G, KT A RFERITFHS Silva (versionl23)5diE
AT RS, M0 X B RDP classifier X
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H, REEFEXERT 0.7 WERSEE. XA
tax4fun (0.3.1)%F A W HE 3L 2 5 19 KEGG 38 %
HEAT EEXT 20 H7 o

BORAL S ] Excel2016, 311 SPSS26.0 %%
P T STt 504, ISR S FE B FP SR AL R R
Bk FHECAT T K230 br 25 5, [l — IRt AR
[FIZEAUAE it >R LR 26 5 2253 H (one-way ANOVA),
JEXHH ] 2% F4E Duncan £ A, B#FH 27K
- P<0.05 BFIA N 22 5 8.3 o BUE YR - H{H+
FrifE 2= (X£SD)FE R
2 BERE5HH

21 WMFREME T HEH A KR

S EE R, PR IR AR T A i AR 4 £
PR AR A EE WL 1, AR 7 8 v SR i 4 fa Y
WER FREARKRE, EWESAEKIERY B E
= T L) A F R X (P<0.05)
22 HARXRERMNFHERERR

T Ak 57 B A = A 5 A X e R i R
XK. A MCRENEIWER 20 AU RAFE S
] Goods_coverage #J4ZiT 1(3% 3), RN FE &
FEACH W B S R T YRR, R S SEA A

BrER . 2 v 8 B P43 4T, 10 41 30 ANFE i J6 4G
F] 5631 4~ OTUs, EWHES, . THRHE L . FR5H
IKFE S A U E 53 R 92.6% . 86.67% .
88.25%. fE L] fLFRFASMT, MR A OTUSs
BOH WS T HABKE 5 (P<0.05); AR FR5H &1
T, KFERY OTUs %5 H 35 & T HABAE :(P<0.05)
23 HUEFMREMEY SHEIRHI W
WRIGEAEEM OTUs Huie, XF45 4lpf Sl A7
Alpha 88U, 45503 3 FiR . LA R 3754
BN S R AE Alpha ZREMIEEUR L, T
* 1 FRFEEERTEEE4 N EKIER

Tab.1 Growth index of juvenile Seriola lalandi
under two culture modes

n=18; X =£SD
AR FEAR T ARl BRI
growth index indoor tank culture cage culture

[ 32 /0,
iﬂiz/@ _ 81+2.89 158.33+13.82°
weight gain ratio

o o L 3% /0,
PEL A 1.98£0.05 3.160.18"
specific growth ratio

119 3
AR /(g ') 1.870.11 2.07+0.05"

condition factor

T *FOR R — 8 TE A RIFR BT 4550 B35 25 57(P<0.05).
Note: * indicates a significant difference in the results of the same
indicator under different culture mode (P<0.05).

R2 HEARERNFBEREER

Tab. 2 Information on sample collection and sequencing data quality

n=3; X +SD
2H 51 FE 5 SRR E FAE 5 75 HBUFFI Ve LS qE|
group sample code sampling location clean_tags valid_tag OTU_count
H# stomach CS 745061929 69053+968 936+23°
W4T H % pyloric caecum CP 75360+1080 69261+1122 844+157*
T Ak sRA N 39°36'12" N .
] , + + +
indoor tank culture #4iE intestinal CG 122°50'23" E 75287+1092 69726+824 916+161
THAEL feed CF 75984+821 66744+4381 1809+300"
7K culture water CwW 75972+666 72141+909 976+21*"
H# stomach WS 74315+2237 68094+1765 1003+48*
1 JE % pyloric caecum WP 743634911 69371+1300 923+127*
IXX] 44 o AR
KI5 %iE intestinal WG 39 207,46”N 75620+£1172 70648+488 913+43°
cage culture 123°4'47" E
THAL feed WF 75118+1868 6425343378 1053+107*
7K culture water wWw 75736+1088 61762+1796 1270+38

TE: Bl B AR ING T RER IR G — FRFE AR 3C N AN [RI Tl 2R i 18] B 205 SR A B35 25 53 (P<0.05), * 37 [R] — ZE BUAE il £ A [R) TR A A X rp &4

A 32 5 (P<0.05).

Note: Data marked with different lower case letters indicate significant differences in results between different types of samples within a

uniform culture mode (P<0.05) and * indicates significant differences in results between different culture mode for the same type of sample

(P<0.05).



1440 Hh I K 7 R 5529 &
®3 AEFEEATESHHEHULE, BR, KEEE apha SHMIEY
Tab. 3 Alphadiversity analysis of the gastrointestinal tract, feed and culture water samples
of juvenile Seriola lalandi under different culture modes
n=3; X+SD
241 index CS CP CG CF CW
good_coveragr 0.994+0 0.995+0.001 0.994+0.001 0.993+0.001 0.993+0
Shannon 6.288+0.311 6.588+0.301 6.533+0.426 8.198+0.707" 2.788+0.044"
Simpson 0.97+0.005 0.974+0.003 0.974+0.005 0.983+0.005 0.603+0.007"
Chaol 1377.612+£30.328* 1209.227+218.369 1422.563+£197.054 2232.103£115.052" 1524.991+15.243"
ZH index WS WP WG WF WW
good_coveragr 0.993+0 0.994+0 0.994+0.001 0.993+0.001 0.993+0
Shannon 6.254+0.227 6.577+£0.925 6.464+0.275 6.676+0.26" 5.314+0.036"
Simpson 0.967+0.006 0.974+0.012 0.972+0.008 0.976+0.008 0.884+0.006
Chaol 1485.897£17.311* 1328.4+138.202 1352.753£101.518 1548.305+177.675" 1704.265+61.17

TE R ) — 28 R B A S B AN TR SR A A 45 SR AT B 25 22 53 (P<0.05). 4341 CS. CP. CG. CF. CW B TJ fbZEmIBE
M ESE . i, R FREUKEER, WS, WP WG, WF, WW A EH, Ml 5%, B, Wk FREEKEER.
Note: * indicates that the index of the same type of sample is significantly different in different breeding models (P<0.05). Groups CS, CP,

CG, CF and CW are samples of stomach, pyloric caecum, intestines, feed and culture water in the indoor tank culture mode, and WS, WP, WG,
WF and WW are samples of stomach, pyloric caecum, intestines, feed and culture water in the cage culture mode.

J AR TR, AR AE(E . T E R
J73E)#) Shannon HI Simpson $§ £ W& =5 T (A8,
Chaol #5540 h B # 2& FL IR (P<0.05), Myl ] H 44
%, iER s, T e =0T KA Y
Shannon 5 %% . Simpson #5844 . Chaol 8% i %1%
F M5 (P<0.05), TR £ Shannon 85I
Chaol #8402 % = T MFE(P<0.05), @i Beta £
FEPES M, DRSS K A5 0% B A R Ak i A
—EME (A 1),

24 HWEMIMEN AR ST

X Pl R A A T B AR A T Akl . R
DL BOKFER AR B AT 0 2RI (R 4) . PR TR
FEAR ST B SR 40 0 T AL h AR ) R T B
2 5(P>0.05), 7E T.J fbFRFEBIAT, MR AT
A=) A BE 3 T A E RUK RE (P>0.05); A
FRAEBT, KA TR W 5 B 2 TR RN
TH AL B A 5 (P<0.05), THARNH ) fLAE ) F B %
= T AL TE R i (P<0.05).

FETTKSF X A W T 28 R R - B AT 42
Th, 45K FEAR IR T, WHALE RS )
FREECR To 0 3 22 5, TR DL SOKFE R RE 45
WY EEMER . WRFREE T, WKL 0
HALE RS P E AR 5 AR IE R

(Proteobacteria) . 14T & |'] (Bacteroidetes) ., J&&E
I [ J(Firmicutes) . £ % | J(Actinobacteria) . 24T
1# '] (Fusobacteria), 047 77 i 15 2 74 i
PUFFB T RERE R T F B & T 1) (bR aa
Ko JERER TR BT TFE T A A A 0 A 5
PR 1 B Y i A3 32.47% . 16.14%F11
27.43% . 18.35%, fEHATTH 2P Y &7 b4 51
28.88%. 23.3%M1 36.12%. 15.08%, 77l H#Y
HH 5 R 27.95% . 16.79%F1 31.18% ., 15.64%.
R 5 77 A o A 4 1 AL R BE B 1] S5 40
FFAT TR LUAE = T T B, PIRh R T,
THRHRE B A E SRR W] AT R
BETE ] . W], BAF®E T Ba i)
(Desulfobacterota) . #f*Ffi | ](Gemmatimonadetes)
G T ARTRF AT KA A Y e i 32 2L
FASTE BT T AOUFT TR 1D RS RE TR T2 A, 1T X 4
FRFH FAE N AR TR 22 AR TR R T T AT 1 )
A RL(A 2).

JEAKF (8 3), T AR IR AR R
B SR A0y A0 A0 ) TR A AR AL, 32 A I
)& (Prevotella) . Muribaculaceae. #7445 P Jifg 7
J& (Sphingomonas). Ralstonia. & ¥ H /&
(Neisseria), #EBR# & (Sreptococcus) . il 2k # )&
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(Actinomyces) ., U355 IK [C T & (Alloprevotella) . 12
FT 5 J& (Fusobacterium) . k% 7 J& (Granulicatella) |

@]
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w
PC25.2%

CwW1
ol Cw3
— Ww3
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B
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»

2F £ 1 J& (Leptotrichia) . Escherichia-Shigella, i
F¥ 1% )& (Bacteroides) . 25 [ #F [ J& (Campyl obacter)

30000 —20000 10000

0

10000

PC1 83.34%

Bl 1 ASFFRFEAE T i SR iigh (s il . THRE . KRR Beta ZAEME 41T
A: HT EBuclidean 2319 Jackknife 23 bRt &l; B: T Euclidean 257519 PCoA 43 1r.
441 CS. CP. CG. CF. CW 433l 1) AbiizC 4. I THESE . Wil 1kl FREHAKEE &,
WS, WP, WG, WF, WW 5l AR E &0 M TE %, WiE . Wk FRBKEE .

Fig. 1 Beta diversity analysis of the gastrointestinal tract, feed and water samples of juvenile

Seriola lalandi under different culture modes

A: Jackknife analysis evolutionary tree graph based on Euclidean algorithm; B: PCoA analysis based on Euclidean
algorithm. Groups CS, CP, CG, CF and CW are samples of stomach, respectively, and pyloric caecum, intestines, feed and culture
water in the indoor tank culture mode, and WS, WP, WG, WF and WW are samples of stomach, pyloric
caecum, intestines, feed and culture water in the cage culture mode, respectively.

x4 AEAFEEATELE, ERMKRERHEYHENENSEE
Tab. 4 Structure and abundance of microbial communitiesin the digestive tract, bait and
water environment under different culture modes

n=3; X+SD
pe culture environment [5]5] 77 sample numoer l um e class order > ami cnus
FRIAHEE cul i KSR pl b "] phyl 4 cl H ord B family & g
CS 23+1° 51+2° 114+6° 17446 291+10°
CP 25+3° 52+5° 11714 173+18° 280+36°
.Imjﬁ%ﬁﬁ CG 2442° 51+5° 112+8° 17116 287+26°
indoor tank culture
CF 30+2° 69+2" 153+11° 245421° 444+47°
CwW 24427 47+2° 122+3° 199+4° 316+3°
WS 24+1° 5242° 11743 182+3% 305+16%
WP 24+1? 52+7° 114+7% 174+6 283+19°
%] %
Ak WG 25+]1° 50+2° 112+4° 170+8* 288+25°
cage culture
WF 2542° 51+6° 121£11% 196+16° 338+37°
WW 25+]1° 47+2° 126+4b 217+7° 390+13¢

TE: Bl EbR/NG TR R — FR A A0 T A [F) R SR i (8] B 25 R At 35 25 52 (P<0.05).
Note: Superscript lowercase letters indicate significant differences (P<0.05) in results between samples of different species under the same

culture conditions.
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100 F AL H ] Proteobacteria
H |
™ i = = ' i ' - = fLIFFH ] Bacteroidetes
80 L [ | JEEER ] Firmicutes
8 T4 ] Actinobacteria
X _§ = AT ] Fusobacteria
e 60 u [JiAR ] Desulfobacterota
5
ﬁ | ZEHIEE ] Gemmatimonadetes
_% 240 u iALAZHE R ] Nitrospira
] = BZFT ] Acidobacteria
= 20 | = Z5 {475 ] Campilobacterota
s MBNTI15
= ZBRE ] Myxococcota
0
CS CP__CG CF _CW WS WP WG WF ww Jufother
B2 BT KR A YRR 45
CS. CP. CG. CF., CW &3l L) fbi=X B, WUl TH¥. Wi . 1k, FRAUKEER,
WS, WP, WG, WF., WW 35l 8 AR S AR . Ml B2, il . 1Rt FRFEKEEM.
Fig. 2 Microbial community structure based on phylum level
Groups CS, CP, CG, CF and CW are samples of stomach, respectively; Pyloric caecum, intestines, feed and culture
water in the indoor tank culture mode, and WS, WP, WG, WF and WW are samples of stomach, pyloric caecum,
intestines, feed and culture water in the cage culture mode, respectively.
100+ = Clade_la = JKEJR Vibrio
Y EIKKEE Prevotella s Clade_III
= Muribaculaceae = SRR Sphingomonas
80 Ralstonia = BIBREE B Paracoccus
3 23R Neisseria = BEERBE B Streptococcus
N '§ - - = = = Lachnospiraceae_NK4A136_group = LR A Actinomyces
™ 60r= = - = = = IR K HE R Alloprevotella = ¥ @ Fusobacterium
i% § | = ‘ HIMBI = BORATE)R Granulicatella
T o B l B B - « WY FF IR Psychrobacter » Clade_IT
= = 40 - ‘ i = LB Leptotrichia = WG AR Haemophilus
= l l ' I I [ | Igaano.bZ?tegt:.m ’ = ggéﬁé}ggé I;i).rphyromonas
- = [Scherichia-dnigelia L othia
20 l = Aliivibrio Oribacterium
WAFE B Bacteroides = T FFH 8 Campylobacter
0 ! . . ! . . ! = MBNTI5 TEHEIAKREE Kiebsiella
CS CP CG WS WP WG CF WF CW WW = Thalassotalea = FAth other

K3 LT mKP A YRR Sl
CS. CP, CG. CF, CW 2l oy T LN H a0 WA T H3E . Wil . 1kl FREDKEES,
WS, WP, WG, WF, WW 735 h IR 80 Ml T E 38, Wil . Wkl FREE/KRER.
Fig. 3 Microbial community structure based on genus level
Groups CS, CP, CG, CF and CW are samples of stomach, respectively; Pyloric caecum, intestines, feed and
culture water in the indoor tank culture mode, and WS, WP, WG, WF and WW are samples of stomach, pyloric
caecum, intestines, feed and culture water in the cage culture mode, respectively.

SELH B, H A AT TR AT I A AR X o 3 Ak
WEL, . W THEEMGE 3 NHS PR
JEMEAHE, JFREE T T eRizt(P<0.05), MAHFF
FE B 4% M 4l £ %) 35 fk JE P Muribaculaceae |
Ralstonia, #4EKEJE . SIS IKICHE)E . Bk a5k
TRl 45 DR R 10 =F B AT 3 T T A= (P>0.05)
G T B R TE A IR A5 T T8 Ak 5 2

F Rt TR R, E T AR AR 508 B Ak
RN 20.63% . 16.67%, AT H 2R
17.41%. 17.59%, Wi R 17.04% . 17.59%, 7ET.
J AT 19 B AR = B PR IR AR =,
PEORHAE ity i e ] 1 90 Y 7 T8 A QT8 . Muriba-

culaceae, HHAMEHMIEIE . REWIE . HEIKFEE .
WAREE . RS . WUAFwE, LT SR
FHE o A 1Y T o BIBK 1 & (Paracoccus)

Lachnospiraceae NK4A136_group . Escherichia- Shigella,
e A R R (Klebsiella), WIFE S5 R A 1
@ NYNEJE . Alloprevotella, FkisiE g . 2F &
HJE . WA JE (Haemophilus) . Aliivibrio, Z5
FRRE o AR FRFEA T, KRR v i B R 22
Clade la, 3K#JE(Mbrio), Clade Il HIMB11, F&%
¥ )& (Psychrobacter), Clade I, Marinobacterium,
Thalassotalea SF41AL, T fbFRFEM Hh KRR A A
# 33 Clade la. Clade II. Clade Il 245 .
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25 HUWEEBNIIEERESW

Xof 7 o 5 B A T B SR A0y £ 3 A BRI 1Y
OTUs £ KEGG %4l AT D fe sl -4, AR 4l
Kruskal-Wallis B¥E7E level 3 /K- Lk B A
P2 1) 22 53 10 DI g i (P<0.05) (K 4). T 1k
FRAEA AT I . AR FREE A5 1T 0 ' RTEA ]
B E LN ZE R el L . Ry kiE
H#E OTUs {FREMERE R BN, 25 Rl E AR
WEIRE4 7 i 22 4t [phosphotransferase system(PTS)].

WA &1 (carbohydrate metabolism), 2 ilH %
N 2% & Al (carotenoid biosynthesis) Fl % 1 ik 45 &
5 B Ak 45 4 48 (nucleotide-binding oligomerization
domain), NOD ¥ 32 1&{5 53 % (NOD-like receptor
signaling pathway)% . T.J {bFFEM T IHLiE
PR LERR K AL AR A2 8 |~ 25 srh R
) OTUs %t im T MAAFRAE, MIAE I 5 =0T IH
{LIETEHEAE PTS TIfigii %l NOD #:3Z4K(5 5l
BB OTUs B H & T 1. fb775H .,

S
e T 1 [ [ T ] group
il HEY43-34 bile secretion I 2 CcG
WEERFERLHE 22 4t phosphotransferase system (PTS) ) gIS)
NOD#:Z A5 5 % NOD-like receptor signaling pathway WG
G AfBEL32{A G protein-coupled receptors 0 WP
TRIKAL A ¥4 carbohydrate metabolism WS
2B H)A ) flavonoid biosynthesis L
Hbiw NEAEYE R carotenoid biasynthesis
B i #Y) circadian rhythm - plant -2
JEYN4E AP african trypanosomiasis
IR (3EEHEHUR) Chagas discase (American trypanosomiasis)
R L RPN N DOEAR RSN DB
COCgE2888E58805¢8¢8

Bl 4 IR IR BR A S i B A A £ 0 A E T i KEGG HE R
CS. CP. CG AN T) WA EE . BITHEYE . iErem, WS, WP, WG 53l

PR L T

[ R .

Fig. 4 KEGG annotation of the of juvenile Seriola lalandi under different culture patterns
Groups CS, CP and CG are samples of stomach, respectively; Pyloric caecum, intestines, feed and culture water
in the indoor tank culture mode, and WS, WP and WG are samples of stomach, pyloric caecum and
intestines in the cage culture mode, respectively.
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Microecological regulation of gastrointestinal microflora in the growth
of yellowtail kingfish (Seriola lalandi) juveniles under indoor tank
culture and cage culture modes

ZHOU Heting" %, XU Yongjiang', JIANG Yan', CUI Aijun', WANG Bin', LIU Xuezhou'

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Joint Laboratory for Deep Blue
Fishery Engineering of Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China;
2. School of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract: Growth is one of the most important economic traits in aquaculture and is directly related to the
financial benefits of farming. It is influenced by a number of factors, including genetic and environmental factors.
When faced with different environments, fish growth is not only regulated by their own physiological conditions
but also by symbionts, such as gastrointestinal microbiota. To investigate the differences in the growth of
yellowtail kingfish juveniles under two culture modes, namely indoor tank and deep sea cage culture, and their
relationship with gastrointestinal flora, as well as with feed microbiota and culture water microbiota,
six-month-old fish of the same size at (17.23£0.99) cm and body mass at (77.44£11.58) g were selected for a
30-day culture experiment under these two culture modes. The differences in the rate of yellowtail kingfish
juvenile growth under these two culture modes were recorded. The structure and abundance of gastrointestinal
microbiota (stomach, pyloric blind sac, and intestine), as well as feed and culture water microbiota, were analyzed
by 16S rRNA high-throughput sequencing and bioinformatic analysis. The results showed that the growth of cage
cultured juvenile yellowtail kingfish was significantly faster than that of indoor tank cultured fish. As for the
gastrointestinal microbiota of juveniles cultured in cage, the abundance of Bacteroidetes and Firmicutes at the
phylum level, as well as the abundance of Alloprevotella and Bacteroides at the genus level, were higher than in
indoor tank cultured fish, wherein the abundance of Bacteroides was significantly higher. The composition of the
gastrointestinal microbiota of the indoor tank cultured fish was different from that of the feed microbiota and
significantly different from that of culture water microbiota, whereas the composition of the gastrointestinal
microbiota of fish from cage culture was more similar with that of the feed microbiota but also significantly
different from that of the culture water microbiota. Beta diversity analysis showed that the gastrointestinal
microbiota of juvenile yellowtail kingfish was more influenced by feed microbiota and less by the culture water
bacterial community. KEGG annotation analysis showed that the main functional pathways involved in the
gastrointestinal microbiota of juvenile yellowtail kingfish in the cage culture were the phosphotransferase system
(PTS) and NOD-like receptor signaling pathway, whereas carbohydrate metabolism and the carotenoid
biosynthesis pathway were found in the indoor tank cultured fish. These results indicate that the gastrointestinal
microbiota regulate the growth of yellowtail kingfish juveniles under indoor tank and cage culture conditions by
changing their structure and abundance, as well as via functional pathways. Moreover, feed microbiota had a
greater influence on gastrointestinal microbiota than culture water microbiota. According to these results, the
faster growth of cage cultured fish may be due to the production of more short-chain fatty acid (SCFA) by
gastrointestinal microbiota (e.g., Alloprevotella and Bacteroides) to induce the production of insulin-like growth
factor 1 (IGF-1). These findings provide micro-ecological support for high-efficient commercial feed and healthy
culture technology for yellowtail kingfish.
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