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—H 2 EERY BEHEAT = W’
BONE? FToE? EHH Kme '

(1. REfR2EBE REE 3003845 2. " EIUK=RF 050 B # K =52 T R AR A
W SRS R R A TRE  ILE HE  266071)

BE A AR e PR AR T R W 48 7 78 R S (Apostichopus japonicus) iy % e, A5
EATEARERNSMERABZORFBT AP 42 dWRALE, 2407 FRFESE L4 TA0,
20, 30 kg/48, #RI0 4 F10. F20 fn F30)RI St A K. HABAEEEEMNER, £RETF,
F10. F20 #1 F30 %13 % & (WGR) 4 5] #(51.63£4.27)% . (33.21+8.58)%7F1(23.08+0.24)%., [ % F5H
FEM A, A5 WGR MiFE £ K E(SGR)E ZF E(K, %/ m, HHRAHFCRAE. F10
41 By FCR(0.760.06) & 2 1% T F30 41(1.72+0.03) (P<0.05), M Z#MZE N Lk, A4 HEEE A
B, EANEEAT R B S (LB E M B TR A, F30 4 Ay B VE I B E KT F10 4147 F20 41
(P<0.05), F10 45 F20 409 ##AE 0L £ % %, £ ACE. Chaol. Shannon 77 Simpson % % #¥ £ 4§
BB EET F30 4(P<0.05), LHHEMEFRATEN AR FAEZER, FI0 4. F20 440 F30 4
AR B % g & T4 2k B (Sreptococeus) . 4 F B E UCG_005 J& #1 Alkanindiges ¢ # /8 ., Pearson #
KT R R, $#EKHE B . Muribaculaceae 2 UCG 005 B 5 H W EBEEME R F FM X, RafkE D
T, F20 415 F30 AR mHEZ TR A, RFI0 4 H KBRS, HARKY, FAFEE 20~30 kg/ff
B, REREE TR, ERETEL 0k, HE5EK, WHHENEBEEERME Y LML
AR, AANRAREER THRASETRGE 20 kg/ff. IR R H R 5% WA 0 R 505 A
i%)ﬁﬁ%%ﬁ%f%%o

XA ES; WA REXE; BIE; WAL

hESES S968.9 XHEIERIAFE A XEHS  2095-9869(2024)06-0199-13

72 (Apostichopus japonicus) X 4 {5 3112, #i%) FREAC Ty i X 2 K SR — . 2022 4F, 2
HMErE Bz —, BRSNS RAHANME, & SR EALA 25.07 J7 hm®, FF5H RN 24.85 T t

T 5T E S &R (22-3-3-hygg-1-hy) . LR A B A TTH1(2023CXGC010410)F1 H1 [ 7K 7= R 2= A58 B S g4
25 HERHIE B BT B AR 45 2 % T %8 42 (2023 TD29) L [F % B . K —B, Email: 965853339@qq.com
O WEEE. B, RIS, Email: gejl@ysfri.ac.cn; BRI, F|##%, Email: chenlimeicc@163.com
Wk H #: 2023-10-20, W sk H #1: 2023-11-17
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(v A AT R A B R 5, 2023) ., HAUR AL 77 5
FEAE PRI T IR R A R A (2 A,
2021), CIEM TR NEHEIGETE . Mg FRmE . ISR
B T ARIREE | I AR SR RS LR S 2
TeALFRTEAE R (LA 4, 2020), 1R 1 M AG F5 50 2 T
PR R R R S 325, © sk KRR 1 b ks
BHES RN FEM 2 — ARG, K
INRFE A T 25t 300 T, Hir, i TH KRE
BRI SR . HRET, T ARG
RIEF D, FEW N L AR R NAE T EEE
M (FRIA SRS, 2015; &A1, 2022; i #74F, 2011),
T DR 7 5FAH G A SR 0 % | P T2 28 DA S R B A
EHARIEATERE  JL 7 Hb XS R 750 T ER FAS
B SRR R R SRR, AR AR 77
Bl 85 85 /NI B AN g S ) 7

FEIH  BE H P SR B R IROK T SR
b E B R 2 22— (Yuan et al, 2018), EHNANET
FRAH R EX | MRSEAEKP S Y R R R Z, SR
Bl 5 B 2o e AR AT 2 T BOK 7 SR AR O R K
HAY 3 T M (Costa et al, 2016; Yuan et al, 2018;
Mahmoud et al, 2021), X 7] i 55 5 25 B F2 5 1 A 7K
AN B DA SRR AR X PERL | 25 (1) 45 B 15 5 4 )
S N IOVIE A 5% (E1-Khaldi, 2010). & % 5 5 350
WG R IFENT MR AR e A s ThBE
44— Z 5% 4k (Ebrahimi et al, 2010; Liu et al, 2018;
Wang et al, 2018; Mahmoud et al, 2021), BtAh, F#FH
B B 2 X K B T A B P D O T R R A
M (Wang et al, 2018; Du et al, 2019). Liu Z£(2018) 4
Adineh FQ019)F5 &I, PH A T3 T H M
(Oreochromis niloticus) . ##(Cyprinus car pio)5s 4 fL.if
TV NI 4k IH(Sparus aurata) 75 5 755 % 3 441
T, MEMAEY KA T —E B RS (Parma et al,
2020); M1k (Megalobrama amblycephala)fi7 it i+ 4
YITTRE S 5 0 XA BF W0 04 5L A A T 3 e
Z%(Du et al, 2019), TERISFRIAEE T T, HEid =N
FEHH LI R, WIS B 5 A K B O R A G ]
FCHESR IR0, R 2 1 A K 3R I 2 77 % B 1 T e T
BEAG, A A K 25 SRR FE G A 77 4 % B A T s T 1
K (Dong et al, 2010; Pei et al, 2014), HFf, HlZ=M4H
IR A LA I3 R T, B B2 HE (R 4 R o
ik, mHESEKR, LU ARE (RHKSE,
2016). BLAN, VI MR FRFE TP AR T A T )
SRIGE, (PPCA R 7 3T 5758 5% B NI 48

A FEAUTE AT ) 2 W F SR G AL Bl -, DA
PR 1S R RARDR R Sl BRI AR AR

WRARMET, ANTRI SR B R X I A R S A
T it B Jg T TR REE PO ST, LAY DAy 4 e O R g BRE £ 2
FrFE B PR o

1 HESH®
11 SEM=EHE

FRBE AR AL 1L T4 K T AT 5 M, %
FH A MG 4 mX4 mX3 m, WA N S HELEGW
(B 1) FIZHF R A A RA R 4R AE, i
B —HER . A RR O R AT 36 F . BRI R
PHFE TR SHAS F AP, A TR E Z RSB B,
SRR R (75.11£2.99) g Tkl FELFRN Ak L A&
TR GORARY | WA R SRR L IBE R . SRS A
ZRYEE R ZMU YT R A A R R RS
12 EWZIT5EHEERE

RIS ML MM S 3 da, Bk 34
44, B F10, F20 M1 F30 41, 4r%il4% 10, 20, 30 kg/ff
PR, R 3 AEE, S H I 2022 4F 10 A
6 H—11 7 17 B, 342 d. @REHZA 2565 B )
J R, S TR el S B 4 A 43 A TE AR IS
L, IR IR AN RIS B 1%, 2 d 31K
P MR AR A O . KA 0 A5 Y
W%, H BRI R R B GO #E Tie 5%, 9758 20 d
B B A — VK, IR R, KT 11.1~18.5 °C, &
JER 29.12~30.48, #HE4E(DO) M 7.32~10.73 mg/L,
pH Jy 8.20~8.61,

1.3 HEm*E

SIGAEHS , B A FAT AR S B E A [,

B 2T SR B R A
Net-cages for shallow-sea culture
of sea cucumber A. japonicus

Fig.1
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R— WA FRIE 8 B X BTN AR SRR S AR 1 | T AR B M 3 B F) 32 201

FEA WA BEHLI 20~30 k312, T K405 R B4
TR KB EEE R 0.01 g), 2 Bk P9I R 1A
BETE . B MAERENLI 3 SIS, ST AR ]
AT, B mE N A RS, B
B, BEHLOM R TR EOE, WAR G T-80 Cil
R VKA PAT, F T IE AL TG 1 0 . B 38 7R
SER BRI

14 EKEFRME

14 % (weight gain rate, WGR, %)

=100>(We—Wp)/Wo (1)

8 A K K (specific growth rate, SGR, %/d)
—(InWi—InWp)/t )

i JZ % (body wall production rate, BWR, %)
= 100X W,,/W, 3)

A R £ (feed conversion ratio, FCR)=FC/(W—Wp); (4)
Kb, Wo HHIZHRIG S E (g), W RIS B4R &
H(g), t AT REN(d), W, WIREEE (g), W
K (g), FC MR ER(Q).

15 HUEEFEMENE

K AR ) T AT B A BR 2 B 3R )
BN T R AR A L N U T RD D R S M, N &
551k A080-2-2. A054-2-1 F1 CO16-1-1, 5
TS BULH A,

1.6 MBEEBEEHESH

4 16S rRNA V3~V4 F Bty #8540 338F
(5'-ACTCCTACGGGAGGCAGCA-3")#ll 806R(5'-GGAC
TACHVGGGTWTCTAAT-3"), Jii ] lllumina Novaseq
M7 6 58 BUF ST o O I ik Bl #EAT PF 82 L 3
TN 2Bk ik G A5 2 Hdln b PR AR S B AR A A
RUOFH o R QUME2 B XA i e 91 AT Z2 1 53
Br, Jeb, Alpha ZHAEHTELIG ACE #5841, Chaol

F8%0. Shannon F8 £l Simpson F8 5L /0 #T; LT
Fhoregh B, 5 8EARNRKF E4 Rank (3 FE(E,

K H STAMP {4 LU A AR B4 () £ B 25 57, Mtk
R BRI EENE R B I Sy e P SO NGB
Bl 2% 3 0 22 I RE AT LEfSe 4007, f 25 S A
Y (E BARDIRIE, 76 LDA HIBIME > 3.5 B HERRET
i 356 7E AN [v) 7 5 2 5 ] TP A7 A B 35 22 5 (P<0.05) Y T4
B 7RI 5 2K b 51 A I 1 AR A AT B IR AR
(Pearson) 543, I EAHSCPELEXH(E > 0.1 H. P<0.05
A ESCHIE ) AR S P A e 0 43T PR b st 3B
BHEVIREA RA R GF 85, BdE oA i aim

% 15 (https://www.biocloud.net/) 52 i
17 HERAESSH

K H SPSS16.0 #A% BHs dE 47 L N 3R 5 22504
(one-way ANOVA), KH Duncan £ & L H1 AS A
AbFRLH ] ) 25 S B, P<0.05 255 B E K, Fr
A BUE R AP BHE AR ME 22 (Mean=SD) KR o

2 HERE5HW

2.1 HEHKEFER

MF 1 LUE 1, SCIRES R, F10 419 WGR .,
SGR &, 43K (51.63+4.72)% . (0.98+0.08) %/d,
WEET F20 415 F30 41(P<0.05); =& A %5
MiEmE LM ER, HEAM2ER AR E
(P>0.05). JrZnHras R N, FR58 % B 32 o )
ZHERKA —ERNEm, K, X WGR K& SGR A1k
S (P<0.01), BEE FRIH % BEAIG R, Hom o,
BWR 14 r 7t , (HAH L 25 55 39K i 3% (P>0.05) . F 10
HAY FCR /N, H 0.76+0.06, 5 F20 £(1.26+0.34)
M 2ZERARE, B8 EMT F30 4(1.72+0.03)
(P<0.05).

x1 FEFEFTERNSHEKERL

Tab.l Growth of the sea cucumber A. japonicus under different culture densities

(UL LRI LR & . ‘
e Initial Final Final Net producti wWER RFREdkE IER THRREL
Groups  weight specification weight e/(lf“/’c;ce;on WGR/%  SGR/A%/d)  BWR/% FCR
/(kg/cage) /g /(kg/cage) gieag
R8s 10.2240.24°  125.00+4.36°  15.50£0.50°  5.28+0.43°  51.63+4.27° 0.98+0.08° 60.18+2.05° 0.76+0.06°
F10
diEs g 20.14+0.06°  117.33£17.90°  26.83£1.76°  6.69+1.73*  33.21£8.58° 0.68+0.16° 64.12+1.60° 1.26+0.34%
F20
ErwsfE 30.25+0.15°  116.33£10.41°  37.23+0.25°  6.980.11°  23.08£0.24° 0.50£0.01° 67.60+3.14" 1.72+0.03"
F30

T AR EAR/ NG SRR R ) 22 5 1 % (P<0.05), T,

Note: Different superscript letters indicate significant differences between groups at 5% level, the same below.
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22 BpEHEEEN

M 2 RTLLVE 1, FREE 5 T R (i . Yk il
G 17 T T35 P ¥ — 2 B2, il 2 7% 08 2 1) 42
w3 FHALEE G Y 2 TR, Hb, F30 4
() JB 4 A G 1 I T F20 40, F20 41 | FIK T F10
ZH(P<0.05); F10 £H5 F20 2H /3 45 i A0 s 15 e A
e TE i & 22 55(P>0.05), ¥R E 5T F30 41(P<0.05),

23 MEEEEN

2.3.1 Alpha %#FH 547 X 2 g 38 R AT
16S EE RN, 458 B, F10. F20, F30 44454
OTU B H /510 63 4>, 306 1137 4, 4 OTU
BHEN 1016 4, H, F20 HEREMEW ML RS,
5 F10 434 OTU % £ (489 1~), F20 405 F10 44
APER S (F 3). MRIEIF TR OTU /2 K

HEFEFELD, XSEEAM Alpha ZEEME T4
WL 2. FRERES ACE $8%0H 943.06~1 707.26,
Chaol #5§%t & 901.39~1724.52, Simpson #§ %k 7£
0.96~0.99 Z [i1] ; Shannon 5 54 #E 6.63~9.28 Z [ii] . Alpha
ZREEAR B RAE Y A F20 4, fe/IMELY H A
F30 4. X AR SR04 % BE T R 2 1B 5 Alpha 24
PR BT 25 5 W A T i, F20 4 ACE 54K,
Chaol $8%K . Shannon F8%UF Simpson 843 °h & o
F10 41 ACE #5505 (% T F20 41(P<0.05), HAt 5%k
5 F20 A LI UG . 35 22 57 (P>0.05), F30 411 ACE
8%, Chaol 844, Shannon #§%4H1 Simpson &4y
BN T HAL B B 41(P<0.05), 455K, F20 4H02
B MAEYREEE B MY EET F10 45
F30 41, F30 4102 i WA 42 5 B f 2 e M a4k
B fil,  H 5 A R AR L A7 AR B 25 25 5 (P<0.05).

2571 51 107 H F10
BF10
2 a BF20 a a mF10 — a | F20
8 20] mF30 g4 W2 m F30
§ E1s) ﬁ @3 1 261 b
g gs g5
w2 10} ® 2T =
£ B3 ]
& 5t g1f 52t
0 0 0
F10 F20 F30 F10 F20 F30 F10 F20 F30
#H 5] Group £ 5 Group 26 3] Group
P2 R GH RS R 2 i A T A Tl T35 A 1) R T
Fig.2 Effect of culture density on the activities of digestive enzymes in the sea cucumber A. japonicus
F1o F20 %2 FEFEZETHSHERE Alpha SHM
Tab.2 Alpha diversity analysis of intestinal microbiota in
489 the sea cucumber A. japonicus at different culture densities
o ACE Chaol Simpson  Shannon 54X
215 o o
Grou BAL 3 Shannon
P ACE index Chaol index Simpson index index
(KBRE 1364.84°  1389.19° 0.99° 8.17%
F10
rhagpe 1707.26°  1724.52° 0.99 9.28?
F20
EAREE 943.06°  901.39° 0.96 6.63°
F30
F30
K3 RFEFRFEEE T 2B R LA OTU i 233 R AW AR M TR, &%

Fig.3 OTU analysis among intestinal microbiota of sea
cucumber A. japonicus at different culture densities

2.3.2 Beta $ HH 5T PCoA i iiss , 4 %
HIFEM eI, ZRECNW R ., F10 4181 F20 4
WS AT B, TWRESS AR =, F30 40
FER BN AT, FE S RN R A A A — o 22 (B 4),

JE L 2 8 FREHT 10 BARHEGE T ILE Sa. Al 5a
AR W, s R LURBE R ] (Firmicutes) . 48
JEHI ] (Proteobacteria) . fUFFE | J(Bacteroidota) . JiltZk
F [ J(Actinobacteriota) LA X FRFF 1] (Acidobacteriota)
S . F10, F20 5 F30 4RO REVR 4L A —3K,

(APL AP REAR XS = BERSA 22 5, 10 =R T TAEXT =



% 6 W R—BHSE: FRHH B R T AR SRR S A L W A I 3 1A A 1 52 T 203
< Lor ® F10 PFFE T TS IE T TR . F10 4 T AR =F
§ i 1 2 75 T F30 41(1 5¢)( P<0.05).

E 05F FEFRIKY, KB EHRSmEFEER 10 B0
% s o HEERULE Sb, MK 5b T LLEH, A EEAMIERE
§ b ¢ . @ #F & %2 i B 2 74 B (Lachnospiraceae) . 4 B 2K i #}
g P (Ruminococcaceae) . fUFT £ (Bacteroidaceae), Hill#
% ° # Bl (Oscillospiraceae) . W1 EFH(Enterobacteriaceae)
57051 BBTRFHRikenellaceae) ¥ 41 i . He i, BIREFL N F10
3 AR — PR, AR FE N 19.56% ; F20 4155 —
=5 0: T o o3 PESARRL e B AR, X R 8.26%; F30 4155 —
PC1-Percent variation explained 41.91% DL FERHUAT R, X FEER 16.12%. F10 4. F20

B4 R R S B A ) PCOA 44T ZUFN F30 v dUlAF e —E 22 5, I mERHEA

Fig.4 PCoA analysis of the intestinal microbiota in the sea
cucumber A. japonicus at different culture densities

BE SRR 70.83% . 68.65%F1 74.63%. BliZ5 25 B
F P, JERE TR U2 B AR 32 1 5 T Rk

a

1 Unknown
HAth, Others
i# [ ] Desulfobacterota

100

KR8, BT ENER, BIRER . BUEATH
BE. BEEREERHO A 2 TGS F10 41 T2
PERE, SUBFFIER . FERRTARHEX 25 0 3% = T F20 41
F1 F30 418 5¢)(P<0.05); F20 ZBRERL . FAFE
BT R 2 = T F10 4151 F30 41 (& 5¢)(P<0.05).

HAM Others
7 % Streptococcaceae

S N .
E 80 t Myzxococcota ?‘3 . Sphingomonadaceae
Mg - [] Chloroflexi Jm,g = Bifidobacteriaceae
60 = Gemmatimonadota = Rikenellaceae .
#3 = unclassified_Bacteria # - uncultured_Acidobacterium_sp.
'S 40 = Acidobacteriota 128 = Enterobacteriaceae
Ee = 2 Actinobacteriota ZEe = Oscillospiraceae
2 20 = Bacteroidota B = Bacteroidaceae
= = A Proteobacteria = = Shy Ruminococcaceae
n"_," 0 L Firmicutes D“é L] 7+ Lachnospiraceae
F10 F20 F30 F10 F20 F30
215! Group 20 %) Group
c e8] c R c B
S 2071 Actinobacteriota S 301 Lachnospiraceae aFlo 15 Oscillospiraceae
8 a 8 BF20 54
g 25 20} mF30 5 101
# 5 # 5 b 45
23 =5 =2
Z2 Eg10r EQ St
= 5 k=
& 2 g & 0
F10 F20 F30 F10 F20 F30 F20 F30
#H % Group 20 % Group 26 5] Group
¢ SR U o BRI
10r Rikenellaceae 8. Bifidobacteriaceae 6 Streptococcaceae
a a
6t

AHXFERE
Relative abundance/%
o N B o o

ARXTFRE
Relative abundance/% o

N
T

N
T

»~

ENEDY: S
Relative abundance/%
)

0 0
F10 F20 F30 F10 F20 F30 F20 F30
£H 5| Group 21| Group 415 Group
Kl s AFEFREBERSIIET] . B E R
Fig.5 Intestinal microbiota composition at phylum and family levels in the sea cucumber

A. japonicus at different culture densities

a: TIKPAHXTEREMERR; b BACEAIX FEHER; o0 FEEEF RS F B
a: Relative abundance at phylum level; b: Relative abundance at family level;
c: Relative abundance of the main different bacteria
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LEfSe srMrasHwon, A% B 41 i 8 A i 4t
A 36 DRI ZKT- 1 40 B 2B EAAAE 10 2 22 (K] 6a)
Hrr, F10 HMmiE 0 W UL A R B 3 2E T N
(Bacilli), £k 2 (Actinobacteria) . 25 %5 ELAT &

a 10 kA Cladogram
N 20
I r30 F
\ o
h ‘((( f X
3 W)
‘ H\Hu//(.j’b)))).
5 @¥e ((.?l// 724
@) W) /54®))
L 20O
o W\ !‘).. ‘/f}” ;
5 WX T Oy
5 SR W . /". X
of N 5.? .)). &
s SO |
- o
"
%
HE F10
b s__uncultured_Alkanindiges sp_
. Alkanindiges
s__unclassified UCG_005

_ UCG_005

s__unclassified Rikenellaceae RC9 _gut group
s__uncultured_Bacteroides_sp_
¢__Acidimicrobiia

f  Eubacterium__coprostanoligenes_group
o__Microtrichales
_unclassified_Eubacterium__coprostanoligenes_group
s__unclassified Eubacterium__coprostanoligenes _group
f unclassified_Gaiellales
f__Anaerolineaceae

f Tlumatobacteraceae

o__Anaerolineales

. unclassified Anaerolineaceae
s__uncultured Bacteroidales_bacterium

f Bacteroidetes_vadinHA17

¢_ Bacilli

c__Actinobacteriota

. Blautia

s__unclassified Blautia
s__unclassified_Streptococcus

g_ Streptococcus

o_ Veillonellales_Selenomonadales
s__Bifidobacterium_longum
f_Veillonellaceae

s__unclassified Eubacterium__hallii_group
f Clostridiaceae

o__Clostridiales

g Eubacterium__hallii_group
__Veillonella

s__unclassified Veillonella

g Anaerostipes
s__unclassified_Anaerostipes

g_ Prevotella_7

Kl 6

EE F20 B F30

(Blautia) ) & 5% 3k #i J& (Sreptococcus) ; F20 2H 36 )
B E MRS T £ 2 EH BRI UCG_005 J& .
Rikenellaceae RC9_gut group; F30 4173 1 e &
PEHAH R B2 Alkanindiges J& (1] 6b).

mm a: f Ilumatobacteraceae
== b: o__Microtrichales
= c: s_ Bifidobacterium_longum
e= d: f_unclassified_Gaiellales
== e: s__uncultured Bacteroides_sp.
e= f: f Bacteroidetes vadinHAT7
] E: g Prevotella 7~
== h: s unclassified_Rikenellaceac RC9_gut_group
== it s uncultured_Bacteroidales_bacterium

%, == L g__unclassified_Anaerolineaceae

- ‘% mm k: T Anaerolineaceae

5. mm L o__Anaerolineales
% mm m:s_ unclassified_Streptococcus

=E N %jtreptpqoccus
mm o: f_Clostridiaceae
mm p: o__Clostridiales
mm q: s__unclassified A4naerostipes
mm r: g Anaerostipes
mm s: s__unclassified Blautia
mm t: g_ Blautia
mm u: s__unclassified_Eubacterium__hallii_group
mm v: g Fubacterium__hallii_group
mm w: s__unclassified UCG_0
mEm x: g UCG_005
mEm y: s__unclassified FEubacterium__coprostanoligenes group
mm z: g__unclassified_Eubacterium__coprostanoligenes_group
mm a0: T Eubacterium__coprostanoligenes group
mm al:s_ unclassified Veillonella
= a2: Veillonella
mm a3: f_Veillonellaceae
mm a4: o__Veillonellales Selenomonadales
mm 2a5: s__uncultured_Alkanindiges _sp.
mm a6: g__Alkanindiges

i
2 3
logio(LDA Score)

AN [R) % 5 5 B R 2 W 3 B RE LEfSe 43 H B REAR ] () FAT R ] (b)

Fig.6 LEfSe analysis ring dendrograms (a) and histogram (b) of intestinal microbiota in sea cucumber A. japonicus at different culture densities
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234 R A AFE L KB E A AR K AT

Sy ik — 2RI R 18 2 5 S T A T T 2 1) A
KR, EFEEKFEEFE > 1% E 31T T Pearson #H
KMt IWE 7 ATLLE 1, 545 T 3 > 5L
WEEASCH B R, b, #EBR T JE (Sreptococcus)
5 Trypsin £ % B 2 1FE 415 (P<0.01); unclassified
Muribaculaceae 5 [ 85 [ B 14 F1IE 7 B PR 34 2
FIEAHIE(P<0.05) ;8 B BRI B UCG_005 5 Lipase
5 IEADE(P<0.05),

24 FEM I

P BRA S TR, X — 2 MHE(S00  E1 AR EAT
WS, BRI, WA A RASL, HoA R AR AR
—3(, F10. F20. F30 417={E4%0% 114.00. 199.50

M 276.75 TG, HULEE4 5 31.54, 40.78 i1 41.77
Jigt; F20 415 F30 4l s fHZEAN K, F20 gl
#5 42 F10 41 1.29 f%(35 3).

SR LE, TSR A A R A KA S i 4
e, SEmEAMIRE . . DO Ml pH SRR H T
FEAR—F BeAh, TRl — X3 PN A B G R SR TE R 3
ARVEAT 250 5 MR 0T S 6 S ) Ak 43 R K - i T
SEFRFHAN S TR, B, R IZ A& — A BRI
., ARWFsed, FREAS B AE K TR
F g T TR R0 25 5, TR 35 B B W R R A B
i EEP

Teto AT & Achromobacter I 0.8
A EEFEERET B & uncultured Acidobacterium_sp. 0.6
HFFE B Bacteroides 04
F43r2KHi )& unclassified Bacteria 0.2
R BRI R Sphingomonas 0
ROPAHBAEP unclassified_Gemmatimonadaceae ~ —g o
EEFRTE Streptococcus I 0.4
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I K43 IRERE unclassified Vicinamibacteraceae
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Pearson's correlation heatmap between digestive enzyme activities and different intestinal bacteria at genera level
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®3 FAEFEZETHRERLHASN
Tab.3  Analysis of culture benefit at different culture density

S WA ER MRS JTOC R T WELRA IO NTRAJTOE el E R AT T ElEs T o0
G - Seedling Rental of Seedling Feed Labor Output Output Net
roups . . . . . .
weight/kg cages price price price weight/kg value income
F10 5000 5 75 1.26 1.2 7 600 114.00 31.54
F20 10 000 5 150 2.52 1.2 13 300 199.50 40.78
F30 15 000 5 225 3.78 1.2 18 450 276.75 41.77

T MR HE500 D RARNZS, MR FRMITAR O 12 J0/ke; M4 150 J0/kg.
Note: The benefit estimation based on a group of cages (i.e. 500 cages), the rent is based on half a year; the feed price is 12
yuan/kg; the seedlings price is 150 yuan/kg.
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TR TH . Xia AF(2017) 1 5 ] AL (2023) WP 52 %
B, FR5E % B ] e s IR | TR A RN 23 i) 5 4 55 5 THT
MR AE Y ARG . ERFRTEE R T, 3%
BV G2 T L T 22 1) B o R DR AR A W LA K By o
[8] ¢ & (Jorgensen et al, 1993), Dong % (2010)0F57 %
B, RS HA W WS ERAT R, BRSNS
S BN RARI s, TR AR RAL ., P HE
3G N AE I B R AR, Pei SF(2014)WF5E &I,
TR R BN S BOM S SGR W& R, Ml 55
PR A AR [ 40 2 b S8 i R RS R b 22 A5 B SS A O%, [
I TR AL RCR A K T T BE = A Ll Pk, AR
WS R B AT, RIS AR fhsg g, A
AT 2R B IS LR EY, R, £k
ZERHEARE P s, R, XL
JE 7 7] g 1 BURE HE T ARG I DL R S R BN
2, T3 FCR RUUKERAR ., WA, HEHREFR
FHERE T, PR AZ BRI 2 A8 TR M BG , fill =
St 2 0E S RARTE M FAAL , ZEMERE 2 By HE
RIS ER A e AN R LT BE T30 T M & A KR
o R, BRI IR, T B A
F AT A A

HABSE TP IS TH AR EE B —, 5
HIH R e VAR S, TR R 2 0 A K & (T,
2014), AWFFE T, A2 BE 4100 2 45 350 1 i P A
T, T AL AR TS R G, X S5 e RTR 2T A
FAH—F, OS2 )G KB, v G AR
(Procambarus clarkii ) 7E:i B 25 3 st 11 T Bl 6 1 0 v 5
Liu S5018)WF 55 & B, 2 Ak fa i) 11 AL il 105 14 2 77 7
B RESC AN A A T W Y Adineh F(2019) A5
TR T I T B R R ) v T R AR
WkFT(2022) BRI, FREH 2 B K5 ma 7K 7= s )
PR L, MIMTZ M AL EE PR o BLAh, SR aa o
TR R S A AL R G, TR i AL
FilE A IS5 20 6 (1 M9 945, 2012; Wang et al, 2018;
TR RAE, 2021) ABFFEH, ST A I R 0 AR
A AE 5 R I R B R A R AL A o
WRREA G, MITHILRE ) Z I R T RS AR EE .

IS 18 P AFTE R R A B E A0, I B s T S
i B A RREIR B R AL AR T fR AR R B A &
(BRUTAREAE, 2021), J i RS 1 A2 30 A4 iR s
N 558 % 1 S5 K 1) i & %2 (Xiong et al, 2018;

Wang et al, 2018; Parma et al, 2020), AWF5E AP, Bl
BRI R, RIS A IE R Alpha ZAEPEFR L
SRR, UL AT R 0 355 2 B 1T RE S =
Jon B A W S M. X S T (Oncorhynchus
mykiss) I 27 25 S ALl (Brown et al, 2019), [RIFES7E
AN[R) %5 B R L4 %R (Penaeus  vannamei ) 4 AIF 57 45 5
=BG, 2023), AW, &% H 575 M
RN — B K A RO B AR PRI T 30858
F0 2 i 1 B2 e, AR B AR A BRI T R
FF W3 TR s, (ELR T TR R A AZ B SR AE A A
H 5 19 (Nayak, 2010), Wang 5 (2018)WF 5N R,
AN FRFEEE T, Sk 5 B8 e ) 2 1)) (i 3 25 5
SEAE IR AR, X NS T I AL A E
R, I, fEmBEEAIT, WS A S EREi
A= PR AR b T R AR TR S 1 U A R R R
AWEFET, RIS E AR T R R T AR ]
AT ], X5 T 4G A48 7 28 57 58 R 3% 37 5
il 2 g 1B PGSR TT R AR T8 BT TR B T T A — 2
(THr 74, 2019; XIHESE, 2023), X2 EY
B SR RIFRGH 7 ORI A G, o AT RE e 1R &
A 2 2B B R R R i) 2 i 1 TRTRE e B 52 ) o o 9
E(022)F 58 LB, BMEFEEL T 25 2E TR I fDRHRE fE E
JELRE TR ] Y HE B

i 2 g T TR Wi A R G R ) T E A ] 4 2
KV B RAT — A, VKL, B SR
FEWTHE, S EA AR T2 T m R, sk
DT T2 o 25 ke 34, JEERE BT T S HUFF IR 1T A9 LA
R FARBEEEL . Shin Z(2015)FF5E KW, ZRHEI 1+
MF Z YRR 2K Sh A T, WA
I U PRI TS TE AR A 5 S RE T 1] S P R T T LA A B A1
Sk ms A S R (Ley et al, 2006); itk
PR T AN DB 7= A X6 AR WA 25 B3 PR 40 5T (K eulen et al,
2014), TERPK- L, JERERS]AY B2 AL S 2k
BRI B4 BUEE A R R 7 AU % B 2 v S 4 v R S R
FHER 2 H 05 2 L3 mRE, 7E R B P AAAE AR
= B ey I  SOUFF B T A B AR T 4 A
i e o PSR B, U KRR B IR R AT L
Wk i T pH R i B A W 1Y AE K (Nava
etal, 2011; Zeng et al, 2019), XA E/E R —Fh B E
PG IE A s AR, RTOGE 7B R AL . $E =i
R BA EEAE R B MG AE, 2017). 1AL, i xf
LEfSe 447 & B, F10 20 Hh 2 55 58 i A 45 ZEAOAT R 49
A TR DL S B R TR & o 28 AT T AT DA N 2 R
B, XA — s FEEE AT 1 SRR BLAT IS N 2 AN R



% 6 9

R— WA FRIE 8 B X BTN AR SRR S AR 1 | T AR B M 3 B F) 32 207

BEMBE I (X ETHEE, 2006) . ZF 60T 1R RN BK 1R 55 25
PE TR &K 7 IR FE R T Y 45 2E T (Tyagi et al, 2017).
TR TR RE PR SRR K AL S BT TH AR IR W, o3I P TR R
W BT RE % 3 4 A T A E T (1 B 4248, 2017), F20
Mo 2z 5w i E AR E KA UCG_005 5
Rikenellaceae RC9 gut group. J&i 5 BRI B 1E A IAiE
[ i ) L B2 L A3, 25 W FL B ) W TE R A DG AR
F, AR BE YR B A AT RE R B0 T TR L LA
i 18 5 B ) PR (Nava et al, 2011), Rikenellaceae
RCY_gut_group J& THRAN AL, TEIH I A E HE
YEH (Zhang et al, 2017), FRAFFE 99809 A A 02 R AE
KR —~F5 45 (Breton et al, 2013; Schwab et al,
2014), F30 4l 255 pEHE £ 22 Alkanindiges J& ,
Alkanindiges J& ) Nitrosomonas J& 355 F& 7K 2 4 i &
T AR A S EE M T RE A TR, R X A v g T B A ELAT
RIFHIEA I RE (/ML s, 2023), 25 b ik, [E
P2 F 00 % BE P i, ARSI AR T I ls , i
5 1A 7 8 %% B ] BE AN I 1 o RE AR B, XIS T B
T OB TG

Vg T TR D IS S B S T A TS R R A OG, —
BB g5 A T RE 0 W 22 R IH AL, E T4 v i 1 T A RE
FIRIMCEEE, 2017; 4T #SE, 2022), AHFSTE T
TE TR 5 T AR S VAR DG AT 4 2R o, AR F TS
5 Sreptococcus F1 unclassified Muribaculaceae ‘&
PIEAHE, JEWiEES unclassified Muribaculaceae 11
UCG_005 % IEFHC . B H A 55 (2022) W 58 8K
Muribaculaceae 7] %L MK AE Y, IF 7 A ik
REMimR, hiEEERs IR vT ok A iE A iR ik pe i, JF R
BIRAEH . Sibai Z5(2020)WF57 & P, Muribaculaceae
AT DL A HAR = ok S K /N BU(Mus . musculus) ) 75
fir. JREEREE UCG 005 &7 b it 3= B2 i f fi
W, A HORAF G I 0 R R e R AR
(FEF T, 2016) o XT3 BL )17 38 4 1/ -5 1 A BTG 1 AH DG
PERIF A WA , T ATTH B2 AR Ak o] 58 5 T L Bl %
PEFAAE— B IR AR, DX SE TR & ] RE 2 W T8 1Y T T T
PEHER, (HEARVEIPLEIA RRaF 5T .

MFRFHARL &5 7 1 530, Bl SR AR,
E AN R B R R B2 i L 10 F30 4192845 55 F20 414
T, MHRARAR G, I AERTETR . THARREE M &
1 1B G RE A5 SR, 8 B 3k v X 2 i IR 1 7T REAE
TE—EWMAFEW, L5500, F20 A7Ef| 24
o AERERGE K™ 8k e S5 B A, A /INMAETE
MR 1Y F5 58 % LIS TR = 3] 20 kg/4f o

4 it

ABEFELE R, SR B L X T A SR B 2
AR T AT 1 AR i 3 TR R 45 R 2 — R R
TE R RGDRHS R AR S, 33 R IRR 3 8 ] 12 2 AR 77
SHRIZ e, EMIEIRAkas , (IR R R
MRS IHARE S B RSSO —E BAFIE
Wi, PR, 7EFRGE AR EG B R BN, A
NPIFRATE R RS ST B IR PR 5 B B R B 20 kA, LA
SEELRAE I R BORIH L SRR SR AR

ADINEH H, NADERI M, KHADEMI HAMIDI M, et al.
Biofloc technology improves growth, innate immune
responses, oxidative status, and resistance to acute stress in
common carp (Cyprinus carpio) under high stocking density.
Fish & Shellfish Immunology, 2019, 95: 440448

BRETON J, MASSART S, VANDAMME P, et al. Ecotoxicology
inside the gut: impact of heavy metals on the mouse
microbiome. BMC Pharmacology and Toxicology, 2013,
14(1): 62

BROWN R M, WIENS G D, SALINAS 1. Analysis of the gut
and gill microbiome of resistant and susceptible lines of
rainbow trout (Oncorhynchus mykiss). Fish & Shellfish
Immunology, 2019, 86: 497-506

Bureau of Fisheries, Ministry of Agriculture and Rural Affairs,
National Fisheries Technology Extension Center, China
Society of Fisheries. China fishery statistical yearbook 2023.
Beijing: China Agriculture Press, 2023 [V A& &Rl i
B PER), AR HOARE Sk, TR 2. 2023
EMO SRR, deat T EgO R, 2023]

CHEN M Q, ZHANG L, YANG X M, et al. Experimental
rearing of sandfish Holothuria scabra juveniles in net cages
on open sea. Fisheries Science, 2015, 34(9): 571-574 [[4 ]
SR, IKAL, Bt ], AR b RO B E RS RS
1. JKFERRE, 2015, 34(9): 571-574]

CHEN X H, ZENG H D, QIU D G, et al. Analysis of bacterial
community structure in biofilters with different fillers using
high-throughput sequencing. Marine Environmental Science,
2023, 42(4): 550-557 [Mf/her, FREZR, e, 46 ®T
v 0 0 R AR ) SECARH A 0 0 e 200 TR A 7 2 0 A
PEFREERL, 2023, 42(4): 550-557]

CHEN Z N, WANG X Q, LUO L T, et al. High-throughput
sequencing analysis of the effects of sanguinarine on
Trionyx sinensis intestinal microbiota. Progress in Fishery
Sciences, 2021, 42(1): 177-185 [BRDI4E, F i, Bk,
S5 VR I R 43 0T AR R T rh AR i T TR AL 1 5
Wi, b RRFPERE, 2021, 42(1): 177-185]

COSTAFPD,GOMESBSFDF, PEREIRASDDN A, et al.



208 ook B

R 545 3%

g3

Influence of stocking density on the behaviour of juvenile
Litopenaeus vannamel  (Boone, 1931).
Research, 2016, 47(3): 912-924

CUI G X, SUN N, WANG T T, et al. Effects of Bacillus cereus
YBI1 on growth performance, intestinal digestive enzymes,

Aquaculture

liver antioxidant enzymes, and intestinal tissue structure of
juvenile turbot (Scophthalmus maximus). Progress in
Fishery Sciences, 2022, 43(1): 97-105 [#£) 2%, #MiF, F
1S, S5, WERESETEAT R YB1 X RZEOTLh fa b KRR |
JorE T A IS b B 2 S5 2. el
RlaEiE I, 2022, 43(1): 97-105]

DING S Y, WANG L, XU H C, et al. Bacterial community
structure and function in the intestinal tracts and culture
environment of sea cucumber (Apostichopus japonicus).
Chinese Journal of Ecology. 2019, 38(1): 210-220 [ T #17,
F2E, IR, % WS E R IR R RS S DIRE.
HEZsepak, 2019, 38(1): 210-220]

DONG S L, LIANG M, GAO QF, et al. Intra-specific effects of
sea cucumber (Apostichopus japonicus) with reference to
stocking density and body size. Aquaculture Research, 2010,
41(8): 1170-1178

DU F K, LI Y, TANG Y K, et al. Response of the gut
microbiome of Megalobrama amblycephala to crowding
stress. Aquaculture, 2019, 500: 586596

EBRAHIMI, M H, IMANPOUR, M R, ADLOU, M N. Effects of
stocking density on growth factors, survival and blood and
tissue parameters, in giant gourami (Osphronemus goramy)
(Lacepede, 1801). Journal of Fisheries, 2010, 4(214): 97—
105

EL-KHALDI A T F. Effect of different stress factors on some
physiological parameters of Nile tilapia (Oreochromis
niloticus). Saudi Journal of Biological Sciences, 2010, 17(3):
241-246

FAN W H, FANG L, ZHOU J, et al. Effects of stocking density
on growth, digestive enzyme and immune enzyme activities
of red swamp crayfish Procamabarus clarkii. Fisheries
Science, 2021, 40(2): 261-266 [{U3CH:, Jrxl, FEH, 4.
FrH B S 5 [Q B A R ST ARG . S e BTG PR 45
M. KRN, 2021, 40(2): 261-266]

FENG H J, ZHAI L, CHENG K, et al. The research advance of
genus Thermoactinomyces. Food and Fermentation
Industries, 2017, 43(11): 257-261 [\4E%, #BE, #h,
L RIRARE RO T . a5 R BT, 2017,
43(11): 257-261]

HAO S, ZHANG Z G, YOU H Z, et al. Effects of compound
probiotics on intestinal microflora of Pacific white shrimp
Litopenaeus vannamei. Fisheries Science, 2022, 41(4):
597-604 [, TRIRE, HES, 5. B4 WX Ly
VRN B i 3 B R S5 A B S . KRR, 2022, 41(4):
597-604]

HE Z. Studies on the effects of different diets on the growth,
body composition, non-specific immunity and digestive

enzymes activities of sea cucumber Apostichopus japonicus.
Master’s Thesis of Dalian Ocean University, 2014 [fi]}}.
ANFVERXTRIZ AR AT S AR SRR AL B
PRI, IR A 2 AR 5, 2014]

HUANG L L, ZHENG T, TANG Y, et al. Effects of Dendrobium
officinale polysaccharides on lumen-associated microbiota
in high fat diet-fed mice. Journal of Food Safety and Quality,
2022, 13(4): 1082-1088 [FA#], A5i, JEE, 5. #A
k22 WX v R IR /DN B TR R 2. D A A
K 2F4R, 2022, 13(4): 1082—1088]

JORGENSEN E H, CHRISTIANSEN J S, JOBLING M. Effects
of stocking density on food intake, growth performance and
oxygen consumption in Arctic charr (Salvelinus alpinus).
Aquaculture, 1993, 110(2): 191-204

KEULEN G V, DYSON P J. Production of specialized
metabolites by Sreptomyces coelicolor A3(2). Advances in
Applied Microbiology, 2014, 89: 217-266

LEY R E, TURNBAUGH P J, KLEIN S, et al. Microbial
ecology: Human gut microbes associated with obesity.
Nature, 2006, 444(7122): 1022-1023

LI C H. Research progress on molecular regulation mechanism
of skin ulcer syndrome in sea cucumber Apostichopus
japonicus: A review. Journal of Dalian Ocean University,
2021, 36(3): 355-373 [FWifE. WIS KL AERER T
TFIRFEDLRI R R SRR, K I I R2E R, 2021, 36(3):
355-373]

LIUG, YE Z Y, LIU D Z, et al. Influence of stocking density on
growth, digestive enzyme activities, immune responses,
antioxidant of Oreochromis niloticus fingerlings in biofloc
systems. Fish & Shellfish Immunology, 2018, 81: 416422

LIU S L, CHEN J, LI J, e al. Effects of complex-
probiotic-preparation on the growth, digestive enzymes and
the nonspecific immune indices of Atlantic salmon (Salmo
salar). Progress in Fishery Sciences, 2017, 38(5): 100-106
DRI, Wi, 25, 4%, 520 gl A v 5000 R e fi:
(Salmo salar)/: {& . T ALEEEFIARRr S ML S Fa AR A 52
VB, 2017, 38(5): 100-106]

LIU Y S, CHEN Y X, LV F, et al. Study on the primary
identification of intestinal bacteria in Lycoima delicatula
(white). Journal of Shandong Agricultural University
(Natural Science), 2006, 37(4): 495-498 [X|LTF, FRHiEE,
K, AE BT W H Y A R ) SE RS, IR
REAZAR(ASRBIERR), 2006, 37(4): 495-498)

LIU Y X, ZHANG J J, ZHOU Y Q, et al. Characteristics and
correlation analysis of bacterial community structure in the
gut of Apostichopus japonicus and culture water in
suspension cages from north China. Progress in Fishery
Sciences, 2023, 44(6): 190202 [XHiFE, ki&Gs, M5,
8. ALT5 M IEFRIE N 2 il K OH TR R PR TR R 45 A8 AR Ak
R AR BT, kB2t R, 2023, 44(6): 190-202]

MA M X. Study on the diversity of the intestinal flora of
Sebastodes schlegeli under different culture densities and



R— WA FRIE 8 B X BTN AR SRR S AR 1 | T AR B M 3 B F) 32 209

patterns. Master’s Thesis of Dalian Ocean University, 2023
[EhUE. N[l e A B A VR G- fil i 18 TR 2 A
PEWFSE. RIEMRE RSP AR 183, 2023]

MAHMOUD H K, REDA F M, ALAGAWANY M, et al.
Ameliorating deleterious effects of high stocking density on
Oreochromis niloticus using natural and biological feed
additives. Aquaculture, 2021, 531: 735900

MENG X P, MENG Y, WANG Y, et al. Effects of probiotics on
immunologic functions and intestinal microflora in Pacific
white leg shrimp Litopenaeus vannamei. Fisheries Science,
2017, 36(1): 6065 [ &8, dlH, TH, & 254 mX L
TR ER SR DI RE M T R RE RS2 IR . KRR, 2017,
36(1): 60-65]

MU C L. Effects of dietary protein content on host metabolism
and gut microbiota in rats and piglets. Doctoral Dissertation
of Nanjing Agricultural University, 2016 [5#& 8. HAREE
PR AP0 IR RIS LA A8 R g T ol A= 0 ) 2 i
MR R E 5T A 258, 2016]

NAVA G M, STAPPENBECK T S. Diversity of the autochthonous
colonic microbiota. Gut Microbes, 2011, 2(2): 99—-104

NAYAK S K. Role of gastrointestinal microbiota in fish.
Aquaculture Research, 2010, 41(11): 1553-1573

PARMA L, PELUSIO N F, GISBERT E, et al. Effects of rearing
density on growth, digestive conditions, welfare indicators
and gut bacterial community of gilthead sea bream (Sparus
aurata, L. 1758) fed different fishmeal and fish oil dietary
levels. Aquaculture, 2020, 518: 734854

PEI S R, DONG S L, WANG F, et al. Effects of stocking density
and body physical contact on growth of sea cucumber,
Apostichopus japonicus. Aquaculture Research, 2014, 45(4):
629-636

SCHWAB C, BERRY D, RAUCH I, et al. Longitudinal study of
murine microbiota activity and interactions with the host
during acute inflammation and recovery. The International
Society for Microbial Ecology Journal, 2014, 8(5): 1101-
1114

SHENG W B. Study on the optimal binder for the feeds of sea
cucumber Apostichopus japonicus under different culture
patterns. Master’s Thesis of Dalian Ocean University, 2022
USRI AR RIS RSPt rhod Rl & R AR
RIS LAF T AR08, 2022]

SHIN N R, WHON T W, BAE J W. Proteobacteria: Microbial
signature of dysbiosis in gut microbiota. Trends in
Biotechnology, 2015, 33(9): 496-503

SIBAI M, ALTUNTA E, YLDRM B, et al. Microbiome and
longevity:  High  abundance of longevity-linked
Muribaculaceae in the gut of the long-living rodent Spalax
leucodon. Omics: A Journal of Integrative Biology, 2020,
24(10): 592-601

TYAGI A, SINGH B. Microbial diversity in rohu fish gut and
inland saline aquaculture sediment and variations associated
with next-generation sequencing of 16s rRNA gene. Journal

of Fisheries and Life Sciences, 2017, 2(1): 1-8

WANG J Q, DONG E D, ZHANG Y M, et al. Effects of stocking
density on growth and survival of sea cucumber
(Apostichopus japonicus) in a net cage positioned in an
earthern pond, Fisheries Science, 2011, 30(10): 621-625 [T
wA, R, REW, A IR R A X
2 A K BRI 2. KPR, 2011, 30(10): 621-
625]

WANG Y W, ZHU J, GE X P, et al. Effects of stocking density
on the growth performance, digestive enzyme activities,
antioxidant resistance, and intestinal microflora of blunt
snout bream (Megalobrama amblycephala) juveniles.
Aquaculture Research, 2018, 50(1): 236-246

WU Y Q, ZHANG Y X, DU R B, €t al. Effects of different size
and density on intermediate seedling culture of sea
cucumber, Apostichopus japonicus in net cages disposed in
earthen ponds. Fisheries Science, 2016, 35(6): 633—638 [=
HAER, skEHE, FRAOM, S5 AR RS AN 5 X 5 )
Z: % 9 O v O RS2 . KRR, 2016, 35(6):
633-638]

XIAB,REN Y C, WANGJ Y, et al. Effects of feeding frequency
and density on growth, energy budget and physiological
performance of sea cucumber Apostichopus japonicus
(Selenka). Aquaculture, 2017, 466: 26-32

XIAO M H, XIAO Y P, WU Z Q, et al. Effects of stocking
density on growth, digestive enzyme activities and
biochemical indices of juvenile Procambarus clarkii.
Journal of Fisheries of China, 2012, 36(7): 1088—1093 [
MRS, H P, SRARER, SF. FRAAEREEX T IR R ARl AR
A TEARBETE )RR BRA AR PR AR A K PR AR,
2012, 36(7): 1088—1093]

XIONG J B, DAI W F, QIU Q F, et al. Response of
host-bacterial colonization in shrimp to developmental stage,
environment and disease. Molecular Ecology, 2018, 27(18):
3686—3699

YANG H S, SUN J C, RU X S, et al. Current advances and
technological prospects of the sea cucumber seed industry in
China. Marine Sciences, 2020, 44(7): 2-9 [I£14:, IMRAE,
g/, S5 RERISFLSHE T S EARQGRE. i
R, 2020, 44(7): 2-9]

YAO Q. Effects of different stocking densities on the growth,
digestibility, and antioxidant capacity of the red claw
crayfish, Cherax quadricarinatus, under rice-shrimp
symbiosis mode. Master's Thesis of Jilin Agricultural
University, 2022 [Wk¥F. FEUFHAERI TN ]2 B X
CIHEIMER ML R RE I ROsEN. S AR R
AT AR, 2022]

YUAN H, HU N J, CHEN J, et al. Effects of stocking density on
the growth performance, intestinal digestive enzyme
activities and micro flora structure of Litopenaeus vannamei.
Journal of Southern Agriculture, 2023, 54(1): 289-302 [
i, WS, BRE, S5, FREFEE BEX FLANTE R IR A KRR



210 woooor B % 3 R %45 %

K Ho s i AL B R RS H M. B0 273R, 2023,  ZHANG HE, HE Y Y, LI J, et al. Effects of different stocking

54(1): 289-302] densities on the growth and energy metabolism of

YUAN Q, QIAN J, REN Y, et al. Effects of stocking density and Fenneropenaeus chinensis. Progress in Fishery Sciences,
water temperature on survival and growth of the juvenile 2021, 42(5): 70-76 [BKifERR., MIEDE, 22k, 5. AHEIH
Chinese mitten crab, Eriocheir sinensis, reared under 0 R o) v ] B R A AT RE s AR A s L el k2t
laboratory conditions. Aquaculture, 2018, 495: 631-636 J&, 2021, 42(5): 70-76]

ZENG X L, GAO X X, PENG Y, et al. Higher risk of stroke is ZHANG J, SHI H T, WANG Y J, et al. Effect of dietary forage to
correlated with increased opportunistic pathogen load and concentrate ratios on dynamic profile changes and
reduced levels of butyrate-producing bacteria in the gut. interactions of ruminal microbiota and metabolites in
Frontiers in Cellular and Infection Microbiology, 2019, 9: 4 holstein heifers. Frontiers in Microbiology, 2017, 8: 2206

CI N

Effect of Culture Density on Growth, Digestive Enzymes,
and Intestinal Flora of Net-Cage Culture of Sea Cucumber
(Apostichopus japonicus) Under Feeding Mode

SONG Yiming'?, GE Jianlong®", LIAO Meijie?, LI Bin’,
RONG Xiaojun?, WANG Yingeng”, WANG Jinjin’, CHEN Limei'"

(1. Tianjin Agricultural University, Tianjin 300384 Ching;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory
of Marine Fisheries and Sustainable Development, Ministry of Agriculture and Rural Affairs, Qingdao 266071, China)

Abstract The shallow-sea net-cage culture of sea cucumber (Apostichopus japonicus) has been
developing rapidly in recent years, and the culture mode of feeding formula feed has been accepted by
farmers. However, the optimal culture density under the feeding mode is still unknown. To evaluate the
influence of culture density on the shallow sea net-cage culture of sea cucumber under a feeding mode,
this study examined the growth, digestive enzymes, and gut bacterial community structure of sea
cucumber at different culture densities. The culture density was set to 10 kg/cage, 20 kg/cage and 30
kg/cage, marked as F10, F20 and F30, respectively. Sea cucumber seedlings with an initial body weight of
(75.11£2.99) g were randomly assigned into 9 cages (3 replicates of each density level) according to the
density settings. The net cage is cuboidal and its length, width and height were 4 m, 4 m, and 3 m,
respectively. After a 42-day experimental period, the total weight of sea cucumber in each cage was
weighted and 20~30 individuals in each cage were randomly sampled for individual weight and body wall
weight. Then, intestines from 3 individuals were sampled and preserved at —80 ‘C freezer. Digestive
enzyme (Trypsin, Amylase, and Lipase) activities were determined spectrophotometrically using enzyme
activity assay kits (Nanjing Jiancheng Bioengineering Institute, China) following the manufacturer’s
instructions. Gut microbial DNA was extracted, and the V3 ~ V4 region of the prokaryotic ribosomal
RNA gene (16S rDNA) was amplified and sequenced on an Illumina Novaseq platform. Sequence data
were then analyzed on the platform BMKCloud (www.biocloud.net). The results showed that as culture
density increased, the weight gain rate of sea cucumbers in net-cage culture significantly decreased, and
both the F20 and F30 groups had significantly lower weight gain rates compared to the F10 group
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(P<0.05). In addition, increasing culture density resulted in a significant increase in net production and
body wall production rates, although none of the differences were significant (P<0.05). The feed
conversion ratio of the F10 group was the lowest and not significantly different from that of the F20 group,
but significantly lower than that of the F30 group (P<0.05). The enzyme activities of all three digestive
enzymes showed a decreasing trend with the culture density increase. The digestive enzyme activity of
F30 was significantly lower than that of F10 and F20 (P<0.05). The similarity of the bacterial community
structure between the F10 group and F20 group was relatively high. The ACE index of F10 group was
significantly lower than that of the F20 group (P<0.05), while the Chaol index, Shannon's index and
Simpson's index showed no significant difference from that of the F20 group (P>0.05). All the microbial
diversity indices of the F30 group were significantly lower than those of the other density groups (P<0.05).
The relative abundance of dominant organisms varied with culture density. The relative abundance of
Firmicutes and Actinobacteria tended to decrease with increasing density, while the opposite was true for
Bacteroidota and Proteobacteria. The relative abundance of Actinobacteria in group F10 was significantly
higher than that of group F30 (P<0.05). The relative abundance of Lachnospiraceae, Bifidobacteria and
Streptococcus was significantly higher in group F10 than in groups F20 and F30 (P<0.05), and the relative
abundance of Oscillospiraceae and Rikenellaceae was significantly higher in the F20 group than in the
F10 and F30 groups (P<0.05). LEfSe analysis showed that F10, F20, and F30 were mainly significantly
enriched in Sreptococcus, Ruminococcus UCG_005 and Alkanindiges, respectively. Pearson's correlation
analysis showed that three gut bacteria genera were significantly positively correlated with digestive
enzyme activities, including Sreptococcus, unclassified Muribaculaceae and UCG_005. According to
the benefit estimation, there was little difference in culture benefit between the F20 and F30 groups, both
of which were significantly higher than the F10 group. The results indicate that higher culture densities
can improve the net-cage culture production of sea cucumber, thus increasing the overall benefit. However,
too high culture density could negatively affect the growth, digestive enzymes, and the gut microbial
balance of the sea cucumber. Therefore, to improve the overall benefit, it is better to increase the culture
density to 20 kg/cage in the current small net-cage feeding mode. These results provide references for the
scientific culture of sea cucumbers in shallow-sea net-cage systems, leading to improvements in both
quality and culture efficiency.
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