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During the experiment, the hybrid sturgeon is exposed to two

different acoustic conditions before and after noise, and the exp-
erimental noise monitoring is turned on by underwater loudspeaker,
and the experimental fish cultured in the experimental bucket
before the noise is turned on as the blank group



6 3] f RAR: K M o 2% S AT DR R TE A ) B 933

T erokns

B2 KW as i TAE R
Fig.2 Schematic diagram of the working of hydrophone

(R2010b, The Mathworks, Natick, MA) 7 35 7> Hr f&
BT HE A EEA 43
1.3 EHREEAEEMEE SR

S H A5 T 6307 56 WA ROWE T, K69
7E 100—500 Hz (174512 3 6l P (14 75 1 0 5 Y Bl 2
130—150 dB, H i #UK A 300 Hz, &N (133+
0.5) dB. #4b, Wltid(Acipenser fulvescens) )W it 5]
fHHA R 200 Hz, 754 130.5 dB)FIELMI 3 (Aspio-
lucius merzbacheri)Vr 3t BB (W% N 300 Hz, 7 &
9133 dB) 5 KT 6 45 BB B AR . AR SR
PRI P 2% 52 3 (G 1 R I 469 < i P 469 ) 8 s o A 5%
LW b A R0 9T, (E45 A K VLA 5 S8 B A 1) 44
I REA R B S RHE g, HLUL N AN E B A R AE
PR 72 A B3 A o ) R 28 7 7 97 5 2R 4 PR M 35 7K
SRR, AR SRR T 3N K [(13545) dB,
300 Hz; (145+5) dB, 300 Hz#1(145+5) dB, 400 Hz]
Xof 2 A8 G AT TR B it . 45 SRR B (145+5) dB,
400 Hz AW 26 1F R, 20 A6 H IRk ok AT o (3
E, PV EEINER), PR R 415 4%(145+5) dB, 400 Hz
VENAT Sy B iy T S A D 7 s 2% A7

S BT I FH A A 2021457 H 7 5 3 7
LAl K IBE Z22 /5 (A 121°32.15' 4 E31°28.32") il
Z23 H(ASE121°49.42", AifE31°18.47"), & HLEE
R AL AT o A P SR A T s T Rt A 45 it T e 3 s
TKEF G i T3, 28 (Rl s T oK B e
AL L o

ARSI 0 K SR 3 A 11 3 e (RS AL AT P
B L T3 KRR R R G5 )R A S,
1 F Audition ¥ S5 3 £ 4K 4 (Adobe, 2% )45 4713
443 5] % B 5400 HzF1500 Hz, Ji& 2 75 50 0K
A (TINFR A A A TR A R IOR G K R 475 4%
(Electro-Voice, 45 UW-30)& . SLITFEEHT, /K
Wr % 5 5K 88 RIZK R 3 75 4% 5 78 A il ) 77
BEAT R AR, P K T 28 S RS R 2, R 3BT U E 1)
R, RAEER, MK T ERERAHEE
FEHEAE -

14 THFEWNEFE

SEISTEEA NS mA T, fIE E20.5 m
A ARG Sk, SR AC S M B /T S 24 S 64T N
2 AR

WEvkGE 2R EAR I DIRAT R 105, DAL A 2 B 0
W B FEAELR, 10 S0 7R sl R A Tl I 5 ik
K fT IS [](s), $07: m/s.

PR 1O T AR 45 M 21 5 5 i rh VR 435
T FE RO TR], $5 R AR MR35 gt B, AR 4
FHRE S ERRIEERH, AL g/s.

AR 2 B) 2 AT R - AR 15 Sk il sk 5218, b
HUA e 25 FE AR 1 A 5 463 min 5 MU 7E S0 08
N B4, AT B 2 (AR AT o
1.5 HEARREMPAIERE N

Yk 4 R, 2> BIfEM S JFE J50. 24h,
48h. 7dFN14d L S A5 1M 5 48hiX 61 I [H] 4 A3
TE 7 FE it o A UK B8 B4 B3 4% 21 32 5 B I8 R AR o
BEALTE S50 2 FE i SR A3 /KRR, R4S mL, 5
TE A ) — A o

F AT 3 iy TE A A R USCER  RR A TG B 4R T it
A7, P #2140 RS i Bk B T B, B o8
738 G B H I P02 mL, S RE BB AR R
W, B SE i 57 RIS AR R 5 1% 2 A
O ) (R 5 HE P ARG IR A 7)) EAT 2258 63 i i
e I A BT IAR

W % {f FFastDNA® SPIN Kit for Soilit 7] &
(MP Biomedicals, 3 )2 BUin 18 W & E
M DNA; 5 #)341F(5'-CCTACGGGNGGCW
GCAG-3") 1 805R (5-GACTACHVGGGTATCTA
ATCC-3") #71#16S rRNA FEH IV3—V4 [X. $#2HL
DNA 132 2 75 2 380 i 2 i B vt Fie rlL o A ) 2 81 4.
DNA )5 % 4 2 i# id Nanodrop 2000(10xGeno-
mics, 3 [E)1Qubit3.0 73 E 1T (Thermo Fisher
Scientific, 3 [ )& 3% K 41 DNA 9K FE R4l ; B
Jii % F Tllumina NovaSeq 6000 il F# 4 (Illumina, 3&
) AU . T 00 e 77 7 5% Wang 250
1.6 Zitsoth

SE 6 B ¥E K FHExcel B4 HEAT 45 B 4811, H
GragpPad Prism#fF #4748 ¢ B R 1 2z 1, R H
SPSS 19.0 G it AF 0t £ s 31T ANOVA HIK R TT
ZEoHT, P<0.05 252183,

2 #£R

2.1 1THRENE
LSS B0, M2 TR 5 2% A B Pk R



934 K& A Y 47 %

. M R 240 T A AT i 4 B W PRI,
48hJi5 T e R IRAK, HAEVKE B M 5548h 5 f £ 18
RIGEWRE BIEIE KT o B3 FE 1 7 1 V0 25 43 (34
U TEAR), M A BT 46 B 4 22 63 R AR T i 25
Mt 25 YR ) — 0, 3min f5 J A8 3 A4 328 5 422 30 e
V5o TR R 5, A 5 it Dk R R % B E
P AR Ak, 3 8] 43 AT R AR O (] 3ANAL 4).

2.2 MEREHERK

AlphaZ #14% OTUH[Operational Taxo-
nomic Unit(F] #1E 5 S5 570), FERACREER K1 Fl
FEE ALK 97% K FIAHIEE{T OTU
Kl 7 I 0] i 1 A AN /K AR B B Alphate B0t 47 T DA
gk (E 5).

S1—S7TH7HBMAEMHIOTUR N48944—49022,
FASPSS 19.0 Gi it 3 A5 % L E A AT L I8 25 2%
98T, P>0.05, ZRARE. SREZWE 6), fEH
BT, 23863 0 E A O TURI R A K A
B EVEARAL; S5(FFE14d) F1S6(F# 52 5 1k = 48h) 5
(f)chao 1 48 HOAH ¢ T oAb 2H 79 BT 36 0 ; S3 (G2
48h) F1S4(% 7 7d) i Shannon T £ HAh 414 P &
i, XJ R Simpondi £t B AG HH [F) 1 PR AR 35 .

%
@ E)
£ 0.09 * S 04 a
~ <
= . = b
T 0.08 o 03 d
&j 2 =+ Z
2 %007 ) g 02 c
B2 006 | S £ ol
§ 0.05 : — — '
E Wl WiE € 0 24 48 96
= il Time (5)

K3 M S A4 AT B VK I 2R A4 fr s R
Fig. 3 Swimming rate and feeding rate of hybrid sturgeon before
and after noise
RA/NG FREFR IR ZE R B F(P<0.05),*FmE 7 B3EP<0.05)
Different lowercase letters indicate significant difference (P<0.05),
and * indicates significant difference (P<0.05)

W5 4R 3min f

WS R 4ieT

P 4 W X A A B ) AT £ 5 )
Fig. 4 Effect of noise on distribution of hybrid sturgeon in tank

60000 r  OTUS (P>0.05) 15 r Shannon (P>0.05)
&
@ 40000 10
:
< 20000 £ 5
<=
w
0 S1 82 S3 S4 S5 S6 S7 0 S1 S2 S3 S4 S5 S6 S7
4000 Chao 1 (P>0.05) L5 1 Simpon (P>0.05)
3000 1.0

Chaol3¥8%g
o
w

Simpon#g?

2000
1000
0

S1 S2 S3 S4 S5 S6 S7

LT

0
S1 S2 S3 S4 S5 S6 S7

Kl 5 E i MR A K A DR B Alpha 8 801 St it
Fig. 5 Statistics of Alpha index of intestinal microbiota and
aquatic microbiota
S1—S6FEA Sy I A& I f50. 24h, 48h. 7dFI14d KKK
B ARFN A5 I B R A, STAVKIAEEREA; R
Groups S1—S6 are intestinal samples of 0, 24h, 48h, 7d and 14d
after noise stress respectively and 48h after recovery to the natural
environment, group S7 is the water samples; the same applies
below
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Fig. 7 The dominant population of intestinal microorganisms in each group at class level

®1 BEFRFHRBNGIT

Tab. 1 Statistics of dominant populations in each group at class level
ZNClass S1 S2 S3 S4 S5 S6 S7
155 4¥Bdellovibrionia Yes NO Yes Yes NO NO NO
2% AR T B 4 Grammaproteobacteria NO NO Yes Yes NO NO Yes
JBUER T 44 Actinobacteria NO NO Yes Yes Yes NO NO
a-4% ¥ 1% 2 Alphaprotebacteria NO Yes NO NO Yes NO NO
W& R 41 14 44 Acidbacteria Yes Yes NO NO Yes Yes NO
FHF B 4 Parcubacteria NO NO NO NO NO NO Yes
#2% [C 1 X Gracilibacteria NO NO NO NO NO NO Yes

TE: SI—SOFEA M I AMERF B JF0. 24h, 48h. 7dF114d KK H AR IABT480 G I IAIEREAR, STA/KIFBIREA
Note: Groups S1—S6 are intestinal samples of 0, 24h, 48h, 7d and 14d after noise stress respectively and 48h after recovery to the

natural environment, group S7 is the water sample
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AR T HF B 29 (Grammaproteobacteria) . 42 5 1% 24
(Bdellovibrionia) 1% 8 B 4X (Actinobacteria) A It 3
W, P I HED X = 2RAR 35 I TE T AR P = A A S
Tt T, ARSI A AT DL KA G i is
SR EEAN R
3
3.1 IEEIFREIT RIS

A2 VR B (145+5) dB, 400 Hz #1355 1) 84 [X
BAE R 2R AT B S 56 v (1 28 R R A, i X A A 64T
RULER, S I FL T vk O A e R R IS S 3B B,
PRI U7 25T R 9 et B TR R AR, A
P B 75 S T Al 4 A B = AR M Ay, R ECE A
Yo M REAE S RFE24NGEE TR, 46
WaleZ5 B 70 (R A0 35 208 7 R B 1 B e 7
), e G T A A BT ) . Ra-
facl % BT R BN, a5 5R 5 B 1 1. (Brachy-
danio rerio var)iE 5% — (1B 1) 53¢ e 5 5% % T
Han, AR RE o DR I HE M A S 56 e A2 6 A% 1] 4y
A 75 M 25 Bk 55 5 R AR AR A A M SRR i A AL 9
32 IREXHEREYIAlphaZ AR

A S 50 2% A2 6 P P AN K IR B i AR ik
17 T Alpha Z FEE 3 #r, 45 SRR, fEM & 40T,
FAHT B B A F B A R A R AR
k.. Simpson#gZfShannontg H 7L M 7 7 F= 48h Al
TAYIH T %, 1% 5 VA 45 0 g 4 2R O i i i
Tl A W) B V% 45 48 (1) 23 BT Simpsondii X A1 Shan-
nonH B E7E IR FE O 5 RN H 1 A — 3K
33 IREXHERMEIFE LA R

MR T, W T S A A8 6 i T S A R VR
T 32 B TR 2 R B SR AFARA, (ELAN [ 25 i) 4 T 2E B 1)
2 RER . 2RV R R, Muribacu-
laceae XS = FE 5 AR R . S EEANH AT 2K -1

(BacteroidesF Muribaculaceae){E48hF17dZH P Fh B
945 FT AL, DRI UG HE W, T8 P % i 4 8h—7d I LD
FEEAF LG I 1 Bk o &= AR . £E B K- IR 4
R &k PR B 8 (Cetobacteriumy) 7 2 32 3 fgy 18
W ) 5 B 48h J5 A 7d f5 F D 34 B M, I B A A 5
FUER AL R R R S FRT B 1 4% 3 A B
BT 1 J& (Cetobacteriumy) vl 7= A 5 B4 5, #1)
BEMAEMIEHE, FmIE TR RE RS . X5
AT T AR AT BT TR A AR — B R, HE
W 54T 1 J& (Cetobacteriumj) W HCEE H & 7= A2 [ 4H
W CE I E N B Ak, TR IR IR E
(Prevotellaceae)y % W 5 ¥ B J& (Cetobacteriumj) i,
/b, HEN AT 18 J& (Cetobacteriumj) F1- 55 1K IS B &
(Prevotellaceae) V] fie x& 7 3 i Ji7p 1 HH AH EL# 249 I PR
FRBRE . A" o YR EL B AT T 76 A 69
(Acipenser baerii) FIEK PN EE(Huso huso) 18 w #f ]
25 ST, TRFIR PV T AR M ARG B L T AT X
i A2 3 A K R i T RE S M TR, 2R 0 T
TR RS LR X e A i 4 fa AR B TR R
& R A 2, LB 5T o 63 40 18
Tl A R BB FR RO B & (Bacteroide M Muriba-
culacea), 5A LI IR T EF MR AR —. 7
Ab, W 138 T I E A I REAS AL A s S e
AR, B A 52 i 7 M B 58 % 5 U () i T Ak A P AL
RN AR A, i B L, X S AR
e 18 I 45 R R — B
34 REEMHETRREFEMENSHIFEKIF
BERMEEXR

MiaoZe™ " BIIF 76 o 2 B K R 855 o 40 B 2 Bk
BT % . T A% R B (Ctenopharyn-
godon idella) & A VIHEVE 5 FRE KR FGTAR Y
FAL. Wang25" VR I b B4R BB (Eriocheir sinen-
sis)) SR PN I A PR A 0 R0 K e R AN [, 30 B A
RSEAE R P 8 A 0 20 1 2L R 7 T ke A B A
F, A8 i AR Pk 28 AN =2 58 4 RIE T I AL 1 7K

GURIDR, AN FE 45 R 7R 5 TP m PR 1 R

Tab. 2 Prediction of OTU content in each group under COG function

R AR . ASEIR AN DU T 2% 2263

=2 COGLIEEFN T Z4AOTUSE

IfEFunction S1 S2 S3 S4 S5 S6 P-value
AL FE1E 5 AL 3 Cellular processes signaling 7510 7920 4737 5420 6976 7302 0.0069
B KAL & 12X Carbohydratetransport metabolism 11044 10241 6356 7422 9779 10182 0.0074
P LK iRl Glycosyl hydrolase 10778 11567 6596 7799 10021 10462 0.0074
¥ B s Hi 1 8 Nucleotide transport metabolism 2871 2969 1531 1816 2391 2781 0.0079
I FABR B B = fiE PyruvateKinase deficiency 4815 4881 2824 3363 4272 4617 0.0085
R IEEFIE AL Amino acid transport and metabolism 11677 12650 8061 8852 13325 12241 0.0090
ZH P PN 32 i AN 43 ¥ Intracellular trafficking and secretion 198 224 187 372 282 255 0.0091




6 3

HBRAR KRR 2L

6347 9 e S R E S 937

T B CAEY), R Al 7oK A, B
TE 53 BT W 25 138 T 2% 52 6 Ji 3 w3 A AT K BR 45
HIAEMIRI R R FEARSIGH, KT T IERR4H R
P (Acidbacteria)fE g % B F548h. 7dF1 1441 i iE
FEAS o o AR 35, T S8 AT B 20 (Parcubacteria)
FN % K B 4 (Gracilibacteria) W 7E 7K SR A A 2
PR o X 1 B i A A TRCAE A R K A B A
HHA T JRACE N B R (Flavobacterium)
RFEAE T KRR G, i R AR SR
J&(Flavobacterium) 7] 5| LM 4¢ , 1 AT 5 HUW B 58 o
L 5 s, AR S 3 WK AN T B N
AT I TE N, AR 3% A2 B AT BT I S B A B
(1) G 22 Th g, H HOGE f A (1) 38 782 XU TS AN o] 240

2R BT, A SLE BT % KR R AR AL i
(4T AR E A AT T T, 5 AR, KR
M5 0T e A B AT NI UK IR 26 . $ R T 5 J A5 [
A A W R, N HpE AR E TR
5o, (5 L g T8 AR ) 2H RRN AT 5 TR A A B R T
JEAFAE— B £ . XL FIRR 17K T EH 024
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UNDERWATER NOISE ON THE BEHAVIOR AND GUT MICROBIAL
COMPOSITION OF HYBRID STURGEON

GAO Yue"™’, LIU Chun-Hua"?, JIANG Ze-Jian’, ZHENG Yue-Ping”*, XU Jia-Nan™*, FAN Hou-Yong™*,
WANG You-Ji"? and HU Meng-Hongl’ :
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean University,
Shanghai 201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306,

China; 3. Joint Laboratory for Monitoring and Conservation of Aquatic Living Resources in the Yangtze Estuary, Shanghai 200092,
China; 4. Shanghai Aquatic Wildlife Conservation Research Center, Shanghai 200003, China)

Abstract: In order to investigate the effects of underwater noise on behavior (swimming rate, feeding rate, spatial dis-
tribution) and gut microorganisms of sturgeon, hybridized sturgeon were exposed to noise [(145+5) dB, 400 Hz] for 0,
48h, 7d, 7d, and 14d, followed by 48h of recovery in an environment without stressful noise. The results showed that
the swimming and feeding rates of hybrid sturgeon were significantly reduced and the spatial distribution was changed
after noise stimulation. At the beginning of the noise stimulation, the hybrid sturgeon gathered on the side away from
the noise source, but gradually approached the noise source after 3min. The microbial composition was significantly
different from the other groups at 7d of noise stress. There was no significant effect of noise on the abundance of gut
microorganisms in hybrid sturgeon. Differences in the dominant populations of gut microorganisms existed in each
group at different time periods and the dominant populations changed over time. The results of the above microbiolo-
gical analysis showed that “cell signaling processes” “carbohydrate transport” and “amino acid transport and metabolic
functions” were significantly lower than those of the other groups at 48h and 7d of noise stress as predicted by COG.
The results showed that noise had significant effects on the feeding rate, swimming rate, and spatial distribution of hy-
brid sturgeon, changing the composition and proportion of its gut microorganisms and affecting various vital life path-

9 ¢

ways, such as amino acid metabolism. This experiment simulated the mixed noise of various underwater noise sources
and explored their effects on the behavior and gut microorganisms of hybrid sturgeon for the first time, which can
provide basic information for the in-depth exploration of healthy ecological breeding and physiological response mecha-
nisms to adversity of hybrid sturgeon.

Key words: Underwater noise; Feeding; Spatial distribution; Intestinal flora; Hybrid sturgeon
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