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WHES  610213; 3. VLIAVEEIF/KFIIZEAT Y175 T8 226007)

ks KRR
(I UM A TR AR B
2. IR EREBE A RS FT  D)I

HE K ¥ # (Larimichthys crocea){E y P E EEZ WA Fr a2k, B RBNTRES, AT
WA, EAAE AT WG KT F i e W5 R AR AR R AL AR B AR KK
AT R KT E TR ANARE ALY BNTREEN OB, 2N AMEKNG TR AR X
%, BrIBRATEERBEMNKE BY & H R EFME, L8 F MO H 97 % F K # AL(auditory
evoked potentials, AEP)& K, ZEHRAFGHEIA G, MET FREAKE KN A E & 4 & 0975 B E 0
W BUR M, FAE I L& R A 2% A A (generalized linear mixed models, GLMMs)# 4T 4t it 4
Mo BRI, FH Y TH E F4E EEH 840 Hz, 143.59 dB W MK T 7 K3 & 4 2 o7
RS B 400~600 Hz, 4 500 Hz 390 5 B {5 4(75.75+4.14) dB; T FEE R Ak# #
Yo BENTAELEAT, FHAE 5.91dB, ;A H 5S8R % 8 B 400~600 Hz & ¥ 5 B 18
FEEERA, FHIE 1142dB, St—F WO ARXKAIN, KELFIMETREREERERZR
FRMK, KEERANE T GIER TRBEEF R EFRBERRNP W, AARERERT A&
sy aT Rl &, EATHIKTEETTERAEAAGEMBR T AR ER L, MRANTE
REOREANRENTEFENGEINEERNR, XBLANKERAAELNEFNIE, £
T+ A8 F AT R B F R
KR O KEE; KTHRE;
hESES S917

Wr S K AL, T B & KR F
XHFRIREE A XEHE 2095-9869(2026)02-0180-12

Bl 2Kk = FRAE L Y R A R Tk AL & e, 57
B i 2 ) 4 R )8 H 25 2 31 5 1 (Browning, 2023;
Tschirren et al, 2021), WM EIE S fEp A
AR E R . FERME SR R SR
Y AEAFIRAS , KT 75 i it 2 B ) £ AR AR 1Y
2R (FALH5E, 2020), 7E/K” Tk b TR0 B
FATRA. £, dEREFRENBIT A LR
FEBRREAL 1 7K B4 BRI E F b 2 R AL BE il {H W] I

TEFRFE A G140 ) PR30 98— K R MRS | fEd
ZHBFFE T, KT MRS S YL BIF 5 AR v E M R I R
(Codarin et al, 2009; Badlowski et al, 2024; Xu et al,
2025) FiE b XUHL 7K R M (Niu et al, 2023; Xie
et al, 2024)55 X /K A s 0 A= B AT A5 . SR,
FrFH BT A 7K MR R X £ 2 SR 2R 8 1 R e 4 £
AR T o P, X 7K 7 SR G O A 2K T M 5 AR S
B AR HR (0 W s B8 ) | A= BRI T D AT PP Al 28
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(EY LY A

TR Z A0 RAREE P LR EATAN B 280 A, TR
. SRR IAES (Bass e al, 2003; Ladich, 2024;
Lugli et al, 2003; McKenna, 2020). VA KB i (Larimichthys
crocea) WAL W) A1 1 B} (Sciaenidae) i 28 L) H X} 7
B R BURME I £ 32 00 . LTI A 2R R &
AL IR S TR BT A DT, 2014;
B HH, 2017; Kim et al, 2024; Su et al, 2023; Yoon
et al, 2025), ¥ R H HIE i T IO E LAY AT R
SE BRI (Kim et al, 2024), WF5R W], KE%f
2 o JEHIOK R A 1Y KL T 32 3] (particle motion)
(Popper, 2023; Schulz-Mirbach et al, 2020; Zhang et al,
2021) KW B ¥, Bt IS L BAT 5 8 HAHE 19y
Sk E5 A ] DUBHI 2] 7K R 75 JK (sound pressure), 1 A
£ 28 D) Oy 17 £ B 25 K X UK TR A 8 R R DAL
FIa SR A —E WU, X AR BT S Bk
MR e S . K A e SE | E SRR, 2
I 1] B A I A I 2R (PRI A, 2025; Han
et al, 2025), (BB FXF KN A 5 A5 AR e
B, Py s bR RCEAE Y, A AR X BT
98 17 0% 3K 1 19 4 5 (Schulz-Mirbach et al, 2012;
Wilson et al, 2009), 7 H A RIK T
W P SR B T | R KRB R AT T, T SR B AR
PR TRk

KT WP R 7 A 1 3 S BRI R A R
AR AR A 50 22 0 28 B T 0 R 75 R 00 e L S
(Duarte et al, 2021), 51 & — &5 5V 541 5 1) 4
FRRNFT R SV (Cox et al, 2018). #R1MT, HFGZET Kk
0 AR WT 58 B8 3 e FEAE G 75 2 5 I 1) W 5 46 47 A2 ak
Z EHARMWUEYE , 129 1 FRFEIK T W Xof 0 28850 i 14 i
WPEAL . PR, ABIFTE R TR Wr 3 175 A H 2 R
G55 75 WORY it TR A KR MRS B REAE AT, RS
il MR P R iR N DR B £ &)y £ T 5 RE ) s, LA
B HCT e 400405 9 BAR R B, 5 7 1 it " 300 7K M s
Xof B A8 T 5 D) RE A S AL, LA Ay i K 7 5
Al 7K W P AR ME S P OSBRI , DA ke
FRIAFREE , SR TH AR, HEgh B R ek
FRREE R

1 HR5H®
11 EHE5I&ET

S5 FH KB A8 R T I W P K PRI 5T T AN AR 5 A
Fedh 244E (2025 4F 4—5 A)ghfa, it 26 B, FIk
K-(11.2243.18) cm, PR TE(23.33424.12) g, FHWET

=,

K 6m, % 1.5m. K& 1.5 m WK N, F554 1
KR BRI ERIK, Zad Tve st B IE A . AKIARER
26~28, IHfR% 6.5~7.4 mg/L, /Kid 20~22 C., FhH
19 1A FH R Ty 2R 186 450 S 22 (XGB-1500; 1 500 W, BUIAL)
MRS, B H RO RUSORL R R S i 42%,
B FE 3%). B H T H W WISk, BokEh
50%, A AL BRI AL HE R AR ERHE N IR E Y
BT, R 35 & A XU

DT, BEHAR R ICHI . UiF 3l i BR A AR
T3 5255 o v 3 B 78 7K P42 30 1Y) KB £ R A AR
R RBERE S 7T BB EEAT:(11.47£1.88) g;
FFRJE . (10.76+1.69) g], Giit K ug R Al 71 &
M R . BLAh, — e H AR TE £ (5.43 . 5.85.,
16.86. 20.51. 20.40. 18.29. 42.40. 58.58. 49.80.
22.25 @), A H AR 58 44 51 7E K 346, g v (952 i 24
At

1.2 FEGEIES

2025 4 5 H, G HEK RGE 41T
AR T it TSR] ) 32 R RS Sy SR B A ) AR
BiBL(128T AVT HUMMER; ShAN/EL,  [F]R e 0k
Veriili . ARKVe P PR R IR . TRRAE b b o5 P B8 K v
FREEKYE KM 3~10 m A5 BEHLAE ML ARl HF2E 3 d,
B RN T 0F 6] g 07:00—11:00, 45 YA HLAE b i )
10~20 min, H/a] 8] % 30 min # oy 32+ it T 40E],
FRIH R IR IE R K LS4

B SE SR BRI N KR M R ARAE S T K T A%
(Reson TC4032, RAEF-170 dB re 1 V/uPa; Teledyne
Marine, Slangerup, J}72)FI{5 5 R 51 (BK3050-A-040;
Briiel & Kjzar, Skodsborgvej, F}27)ic 5% F143H7 i T. A
BEHLAE L B 7K MR S ) 7 R AR o ol P 2 T Rz n
HEETF(REUE 10 mg/uPa, HE)FIE S RENGE &
IR v SRl VAR RS e K (T YA et A 1 L R T
KT x oy, oz 2R MR IR EE, JERIH LR
A3 (Cardinal ef al, 2018)F 157K A v SokL - fin 3 2
(dB re 1 pm/s?):

L, =20log;(yx* + > +2°) (1)
13 BEFRFLBMA

STE R, KRR R M E T 2% K E
(MS-222) TR 7K /N R ORR I, fo FERISE 1k ) F2 00l . 4
G A RER G [ 3 B0 I, 37 B T 5 I v e
e, B b Stk BRI, R R R E R 5 s
Sl RT3, 9 R TR TR B X S 5 1Y) 5
W, Wrig5 & B0V (auditory evoked potential, AEP)ic
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RSHE TR Z B (RIEDEEE, 2018), SLHRTE
FLA% 50 em (Y BIATE KRS AT, JKIRZY 25 cm, K
Tl RGP CE 7K T 75 %8 (UW-30, University Sound, 3
). SCEGRE, FIAH A6 JeRE g, sk 1 88 oK
1~2 mm. Wr 35 & B A7 i 4 J& £ H A% (Rochester
electro-medical, 3&[E)R4E, iCF MG T LM
SR CGERNG bJ7), S5 MRE T s,
M F R B TSR KA R T AR A R R
B KR (RA4LL, Tucker Davis technologies, TDT,
X[, LS5 TDT Wrag A 3 TR (Rz6, !
BRI AE S A, TDT, 22E)HE.

R E S H SigGenRZ (TDT, %)% &~
A, IFE Rk (S2-350, SANSUIL,  H A<k Ak
FERCH B K T4 75 4 o 5250 R FH B 2 30 S0 236y
100. 200. 300. 400. 500. 600. 700. 800. 1 000
11 200 Hz, 75 ¥ Bf#2(duration)’y 12 ms, 7% 2 ms
ALK (rase/fall), DAWC/D 75 ¥ b0 AR AE o 7 RO
FEE MM 130 dB re 1 pPa (UL R FR dB)LL 3 dB
I 60 dB, b EEER G E 2 AR A I (90°F
270°) W E AR, LUHBRA A S B T4, FHE 800
W K AR 1 SRR B FR A7 52 30 £ - B i 7K
Wy #%(8103, B&K, FR22)#EATSEEFWEI, I [A) 254 A
TDT Wik H A= B T AR o 7ESE80 58 iU , R il A
ThnE B (R SUE 10 mg/uPa, )W 5 45
AT 2R AEAN [ P 2 B R T

1 TS A AR S, 3 25 R A R
o PRAR 2= 77 A AN A] B ) AEP YR 1 % (Kenyon
etal, 1998), BLHI) AEP JIEA 2 NEHERHE, HT
61 20 4 T 5 76 200 I 1 X5 R 45 M A L AR [R]85 A 67 1)
AEP IR HA —E T HA M, H AEP MR A 2
FEARE 2 f5. Wik, @XF AEP B EFT (8 Bt
sk, 15 B L W6 {E (Casper et al, 2006 . 2007;
Parmentier et al, 2021), 455k F W7 B 5E W E =
BRI 2 AR, DA 2R A W b B . % IR AR
AT G A0 5 1 7 e M P e LA R i R M, (R ik
ARAT 08 W 15/ ) 48 o T LA A9 47 Sl 27 45 2R (Popper,
2023), A T AT BB T R R B S 1) R A T B KT
FRATR A T R 15 M b 19 I R 5 W B2 B 1, B
E— N 2 B (S LU (AEP 55 Be il i e e 11 5 3F
AEP {55 W B MG IE(E R (), — B 201, 4
15 W8 LA TR0 KSR, A R BA T 38 B (E , %
2 PR SR 5 0 B ELAT B — 249 55 1 T W s o ——
AT L 5] ) P R

1.4 HIESH

FFAMTEH AEP Giitorbr, e N
Ml T 2 000% NI, B AL, Ji%
AR T RIS 75 M e B R [ R 2, T B R 1 s 1y s PR
At JEa T MR A RV AR 7 (generalized linear
mixed models, GLMMs)# 1770 #T , 1245 Y A% 0 I 35
TEF AR ] DUASI 2 AR B IR, R 456 T
6] 85 R B ML A7 B4 O a5, RY I 2R3 A R A
33 A /INVFEA B 48 3 (Bolker et al, 2009; Ofori et al,
2020). FTA BUE L bR 25 (X £SD)FRR, 48
T3 918 1] MATLAB H1 SPSS Statistic 52, fiiJH
Origin HEA7 LR M AVEIR

21 HERBRESHETRERE

B 1 JRNFRAE MR A 23 EUOR & BB SR
B A K T MR, AR A DRI 32, i
BT, 0~500 Hz X [A] A TEH 2N 60~80 dB
5 A SRR IR K i s BT o BRI B AR, ANAE
200~400 Hz }% 800~1 000 Hz ZbA % zh, #eik I
J& FARSER L | SEARRTE ) 3 SRR S o TR )R Sl R
PEAR TG TR & I AR R T v, AR A s 3R
FAE RS, 2R (H i W BLAE 537 Hz &b, Z(HZAN
35.27 dB, JE/R THIEAIE . JEPRE SEFRA R A T ok
7K T W P R AR
Jiti T 7K T W 7 0 sl e B 7 R sk Hp 2R B A ok
HE(E 1), FEAIE 53 B 500~1 200 Hz 4bA 24N E(E
H I (H7E 840 Hz, 143.59 dB, HRIE(ETE 509 Hz,
130 dB. Jifi T-7K T M 75 19 75 FR R A4 LL T S e 5 (B
i (47.43£11.43) dB, 7R AT SR =
40~60 dB, 7E = S EL (3 000~4 000 Hz)iEr 30~50 dB(I4 2).
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Fig.3 Spectral characteristics of particle motion in an aquaculture tank

K AEP WY, 85 RIONHIX FIRL WAL
SR, AE XA AR A FEAE A7 AR B A0 2 A% T
(5 SR IR, BN FEBE I sh 8 g3,
AEP HYSERT— & 7E 3~5 ms /247, 583 1) AEP S IE 17
SIS () S AR 5 5 ) 8 s TV R D, ] i 3 8 i
F14) 2 R b i 7 B ) 0 A R, LA B D gl i 2 ik

A, M AEP A5 S BB 45 0 B A7 B N FEAAAS . A
FHOL Y AEP 5 TE B 06 RN 45 S AT A 4, EAfF
W25 5 . LA 500 Hz M, nTLLR I AEP JIE,
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Fig.4 Spectral characteristics of the background noise in the
experimental aquaculture tank utilized for auditory evoked
potential recordings
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1012418 9 (75.75+4.14) dB, 7E 100~500 Hz, H:Wr8
B {ELE A FEAK, 600 Hz 22 )5 Hir o B (R s 4 vy, 7F
100 Hz 1 F W58 {5 4 (101.12+2.14) dB, 700 Hz
F 725 W 5% 1 {4 (91.88+3.81) B, 7E 1200 Hz [1J°F
IV 5 18] 41 0034 3] (123.65+3.76) dB(&] 6). #4415,
K A SR B S R £ EAE 400~600 Hz, X —Hi%
0L L PR T 0 [ 15 e I B B 25 4 N B i 3 dB
RN EE R G, SRR 11 B R# M
W IEAT T Wb BRI K, 2 HRCHS A A EE A A Y
7T BT RS, BRI, WA RERE K
0 B WT b R . 2 T v (& 6b), 258 i I W 18 22 (B 1Y)
SEHE 5.91 dB, RUIHEHWTE RS C L2k
P, HLAE B 0 4 e sk i PR B e o
T o e A58 DU R0 ik 555 L 28 S i o M s R R
HiJ5E, 7E 100~300 Hz i Bl A4 W o 13 {5 48 1k 0 B
JEREAT A SE . BREEIS, AATHE & 105,40, 91.97,
89.25 dB, HihNT 2.27. 4.68. 8.57 dB, 400~600 Hz
) T i e I, T s (L %) P v A e R L 2
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Fig.6 Audiogram of the large yellow croaker

ar KRE AN &, R T R N R 5 W oE B (A W ARSCE ;s by £ M5 2 5 i W e B

AEZIAR T e

TREATE VIR EEA BEER; oo 7E 101 dB SHHERR T, K28k st iR i 221k ;

d: Kiyizs s W s B £
a: Basic audiogram of the large yellow croaker; b: Changes in Auditory thresholds of the large yellow croaker before and after
noise exposure; c: Frequency dependence of particle motion vectors at a sound pressure level of 101 dB;
d: Particle motion audiogram.

Mg 7 % 5 15 | A 11 [ (L MR/ N2 () TG S 3 25 57 700 Hz
F1 800 Hz 75 FRIE IR I 4h Pkl =, Hi 700 Hz 1922
{li}y 3.85 dB (85.40~89.26 dB), 800 Hz My Z(H[& %
1.71 dB (91.88~93.6 dB); 1 000 Hz 75 F& 14 i 3#F — 45
/NZE 0.85 dB (ZEFERT: 111.18 dB; 5255 )5 : 112.04 dB);
1 200 Hz 75 JE AR EERTAY 123.65 dB Wi T+ 2= 2 5%
JAHY 124.51 dB, 2:{H K 0.85 dB,

T 1o E A A R A0 T A e E A S TR
M RS, HL THINALE T ASFACR A SR
TR [ 7 G FR AR G e DL S R W i 5 v [
L 101 dB A FRGCR B, JR BRI B A [H]
PR . AR B2 (B 6¢), e 1 7E 7] 45
FH R 2 SRS A B R N S A A TR
A8 e AR 2R (K 6d), % 2 MoK T2 3 B9 fA
JE, I T T G (L B A R A A B e oy AR L VR A S
IV v 11 2 04— B4 B 0 e, AT DL S M DA R
0N [0 3 7 i 1) AU

—= 3

T PRI A RN AL R (GLMMs) #1742 1
SyFTRMY, TR S R AR () . MR DL R A
5500 41 0 28 BLAE R R R £ g W b B B AT 3 R
M (e 1) BARHEMRE, BARGRIERI Y A & 24
WA 43R R 6 R 2H (Control) B ) 3 28 39 ]
1 83.571 dB (P<0.001). Jifi 1M % 5% 4b ¥ (Control/
Treatment) {9 3 800 8 3, 76 LAWT 58 B (A H A5 19
GLMMs F3 AT, FL [ REGAH 17-27.888 (=—4.697,
P<0.001), 345 R (Frequency) % W 3 [ (B A7 75 2. &
f) TF 16 S0 (R %0=0.010, =2.328, P=0.021), | iR%E
UL T B R A it T MR PR 2R R N R B A T
HAFTE M, B TR et

TE TR, M R AR T e R R Ak PR
AAAE . 38 HAE (R * Control/Treatment), HARZR
Iy, FEXTREZH (Control)Hhr, A XoT W b |58 {EL 114 5% M)
5509 HAFTE W 3 25 7 (R £1=1.083, SD=0.376,
=2.883, P=0.004), SR, PRI G K E(RE=
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®1 MAEESWEBREZEE &R S &R (GLMMs)5 # (L 14)
Tab.1 Generalized linear mixed model (GLMM) analysis of the effects on the auditory thresholds of L. crocea (Total)

95% 1 {7 IX.[]
?ﬁi’l.@i %ﬁﬁﬁ{ﬁ B2 SD ; .\,F'],_ %ﬁ P 95% confidence interval
Model item Estimate Significance TR R
CI lower CI upper

B 83.571 2.523 33.124 0.000 78.600 88.542
R ~0.009 0.063 -0.148 0.882 -0.133 0.114
[Control/Treatment] —27.888 5.937 —4.697 0.000 -39.585 -16.191
Frequency 0.010 0.004 2.328 0.021 0.002 0.019
V& H *[Control/Treatment] 1.083 0.376 2.883 0.004 0.343 1.823
Frequency*{A 0.000 0.000 1.718 0.087 —2.730%x10°° 0.000
Frequency*[Control/Treatment] 0.018 0.010 1.718 0.087 —-0.003 0.038
Frequency ™[4 ~0.001 0.001 ~1.072 0.285 ~0.002 0.001
*[Control/Treatment]

—0.009, P=0.882) L% I Bl % 5 & () 32 HAE H (R 5L
=0.000, P=0.087)YJAEFN G it 1A o MK,
AR v (1 At 755 B 38 B I IR N 3 UE B RS P R A
T X} it T M P e R T S B A e 7 A T R

B X 45N R A R B Y GLMMEs 437 2 B -
WA M R R A BAE T W, RIS B XA
[R5 T8 B S M AR [R] o ARG TS24, X HR
4 7E 300 Hz (8=—16.042, p=0.006) .400 Hz (f=—21.437,
P<0.001). 500 Hz (8= —19.86, P<0.001)F1 600 Hz (8=
~18.331, P=0.001) T fY T i [ {EL B AP B Sy BH i o L,
T E 5 00 6 11 38 A Al 7E SR 28 0 R K SF Bk B T
WM. fE 700 Hz B, AR XS W7 o B {8 1Y) 5% ) 2
AIE(B=0.163, P=0.013), It4h, 7E 400 Hz i, {KHE
S HAE B2 (B= 0.748, P=0.024), FHIK
T T X MR R 5 S A T B R (L AR AR A A AR R I

Ry T AR TR DR 25K T s L S ), PSR AR
IKVFE AN 3R PR 7 W 58 (30 (B R A7 A Sk o iy, 3
FRE B0 AH D B, B AR B AR A R IE S 40 AR
PrLASER ¥ ] Spearman AHC REGHEIT AT, Wy
B 15 A T P A O e 2 B S R R S AT
EIRFRM, FERIRAIRIR T, Wit S R E >
B & P 25 I GE 1124k (P>0.05) . SR, 7E 300 Hz
1400 Hz X 2 MEESCR T, RIT BEFIEMHRK
e Z L H P FE 300 Hz B}, Spearman #H5¢ &2 %0h 0.673
(P=0.033); 1E 400 Hz i}, FXRZBER, K 0.753
(P=0.012), X —Z5 RN THEX A HiBr, KM
AR EE A, T i ) A

3 it

AHIFFE 1 YR T R A P R FDORL 1B Bl Y

Wi o [ 1T 4%, AN T i R DUORTE B VT ve fig
FIVEAS 7 T B B o £ 28 2 B kT 8 sl
FEE, R SlEIK T R PEAG B OS5 (Nedelec
et al, 2016; Popper, 2023), HTil, ZHCTKFHEE
X0 2S5 A BT 2 AT SR IR AL TR R4 b7, (HE
AWFFRFRE, MR R, R Fis s e ST
H T O E B A A, HARR R B (B 7 1 )
Xof T F 2R I A v P AR R R B H E (Jones et al,
2024; Veith et al, 2024), A5 o [A] 4214 J7 =05
B 7R ok 3 1 W v A It e, VRSB
WA o

AWFIE B AEIR TG T -p /K R W A5 Kk 3 41 4 1
W 5 L FFD 53200, 53 AT T M 7 ) A 0 3R AR A 1Y
Ffih b, T MR SRR — 2D o b T AR
K/NFEIX — 5 e ik A2 T B 7 o DU T2 M8 75 R A1 >k
A, HEA SR SRR L, BT R R TR
P (De Lorenzo ef al, 2024; Lucke et al, 2020), B}
B Rk bR R, 5 E KRG TT K fiis
A B AR 3% S W 2 (6] A7 A — € AHAUPE (Niu et al,
2023; Xie et al, 2024), HOCHA R, TREME S RREA
1B5 K a4y f0 W o UBGE RS G, B R
K BRI AE X —EHE 2 M (Kim et al, 2024), X —TE
B SRR B a4y A BUEE 7 TR . — 7 T PTRES |
BRI , THRFIEH W 68280 5 55— J7 18 nl Xt
01 ST 58 6 40 M BP0 0, e 2 30T s ARk
£ T B (Badlowski et al, 2024), It — L T35 0 o

W5 15 & FL A, ST 36 4% L 3 — A0 UE 52 T il T M
e . WS RRERE, KRB AT oE B W ST
R TR0 A T 5 A SRR ) 3 R P R I Oy
S, BRI, K& a4 i SR 0T 52 45 %8



%2

TR PHAE . FRFE Sy 1M 7 X DR B £ 4 i I 5 SRR P )5 187

400~600 Hz, i it 1.1 P 5 i J 209 5830 Rl ) W o 6
(LT v B8 AL e 5, R R LT 3200938 X[ ) W o i
Yife Ko it T MR 7E 500 Hz 71 800 Hz [T A7 7RI
H. 800 Hz Ay Rt i, (HRBE M4 fifE 800 Hz i)
W o 190 (L M P 2 i i A8 AL AN B i, (HX AT RE S5 K
B4 0 1E 800 Hz YT o8 B (I ECE &, AL B 1Y
BRI A8 A8 /N G . IR B I, HANTEAE 400~600 Hz
YT B 40 2R 6 TR B gl A AR X, (R s
TSI AW SE A0 7 B RIS, B it T ]
I X R 10 7 75 38 TR D) R A A B IR g ) 36 ™
T, X — S50 5 A5G T MR 75 X £ IS T 5 52 1) 7
iff 55 45 SR — 3 (Codarin et al, 2009; Belanger et al,
2010; Smith et al, 2006), BiA= L2 I# i T s 51 43 51,
Jitl LM A XF R B A0 40y £ AT Ry 7 A AR R S
HH 24 10.81 %I R £ 70 MR 5 T e L 2R 45 1 ik
BT, X A7 R S 2 WM T BE 5 | A K A Y
PO, TS O R B T ARG (X et al, 2025),

MW s A5 4 £ R, H HT R BE5E BTa0 2 Fh R R
A S B 28 M W ) 45 2K (sensorineural hearing
loss, SNHL), Hrr, M FALN . 20400 X RAE
Viged i N H B, B & W 345 K (Zhou
etal, 2023) . Xf K Vi ¥ f1 § fii (Micropogonias
undulatus) W5 &I, 7E 15 min %5 ARG ARNE 75 5 25
TR W e B AN R, SRR B AL TR T
[ {8/ #% (temporary threshold shift, TTS), TM7E 3 d N
24 h AR MR PR AR 023 B A ) B R
40 M I K A R T g 0 (Badlowski et al,
2024), ABETE, i TARL FEIAERRSE 3 d, (HiE T
7 A IR 2 R I AR T K PE A i fa bt o, (EG T
DA FARCRAI IR, X T RE IR I T R
& AR BN 5 o 7R/ ERAY MR R EE AT b, R
NERWTERE I TEA KT 2 R MEE R RS 2 T o8 4
PRI AR Z R G TTS A X R I 2 i L fg ™
AR BB (Cui er al, 2024), DT 5 0K A PE B 18 i
# (permanent threshold shift, PTS)., Wr fififi ) FL &
SR S LT RE S 2 PTS A5 #2401 1 A K 2014
T PEAIEUT RS TR, 38 SR A BN B
N, SR TEACR . BAH A, IR s
5y & (Duan et al, 2025), iR, ARSLERGEXT
R 7 B I B T 0 I (R A AR AT — 2D R
g W

it o, 300 Hz A1 400 Hz #5445 BE Y K
0T 5 A 2 () A7 W 3 B ARG OG R T
SCERPEIR A MR (GLMMs) (4 43 M7 il — A IE S5 T R 8
50T i {2 ) 8 2 ) 38 AR o (R R R B A

AR, TEAREDF . AR AR AT 22 5%
TEXT B BEE F 11 (Siganus guttatus)(FK B, 2023)
BE i (Danio rerio) (SR, 2017)% 2SI 5
WHoEH, BEFE N GUAH (2R AR AR i, (A5 T 5 &
GiAe X —id e b gt — 2D, Wik (W Z FR AR
1B — ST A i R A0F 5 U R X — 83 A BT A S, I BE
A7E 12~20 A A Kl e, RAERRA BT, E
WT 5 7 46 O 28 B & 1% L (Coffin er al, 2024), Thi i
W o — s R, AR 8UHE B8(Centropristis striata)
BEA AL, SRR A8 A B W 1 (T s, X
A DHCE R 4y #2322 TN (Stanley et al, 2020),
T ASAIF 5 H K #5400 1R 45 18 15 25 804 BRI AF 5 4
o, XTI RES MR R G R T R A L A
R DA RS I AE A ] A 78 £ {4 D 04 4% 496 R ORI )
K.

WEFE L8 R TE i T s ] BRI )
B TRE, JUHRTEH OGS IR By, S IPAl 7K T
TG G R R Y S B T LA R
B TR B/ INTE 52 0 DR 8 T SR D T A A
Mo SR, ABFRWAFAE—E 1Y R BRPE, SCEAEA 32
BIPRPE T B, MOR B EEAE RGN, HE
BEAT ha e BRI P 57 52 o J 2 I T i AR ) A AR )
KT MRS T RE S AT SE , LAaE— 20 T oK T I
PO HOCHE A AT B B SR o T3 b, SER A B A
KB K e it SR A, (H R H DU T 24 AL 8 I A
FrBE R TEE AT RGTR A DT T S 78 0 . PR, A
[l F B ANTRIPREE 25 1R (I A SR T 1 R £
Xof MR P (8 SO T REAFAE 26 5 o AR, ARIFSE 2500
it MR R R S R R, X TR D8 M M P R R
X R AT A7 AR SR AR BE 5 5 T ) SR AR
VAR S s i rT R S, A5 R4 T SRR A B4R ST .
AR FE T LA JEAE BT H AR 251 T, %
ANV AR FIAAR R f B f0 AT RNE BRI 5T, LA
PEAG T M P X B £ R A 2 200

2 £ X W

XN OTSC, Vi A, B, SF ORBEMA I RIAT TS, B
FMEPESEAR, 2014, 33(1): 105-110 [LIU Z W, XU X M,
HUANG E H, et al. Study on behavior of sound stimulation
for large yellow croaker (Pseudosciaena crocea). Journal of
Applied Oceanography, 2014, 33(1): 105-110]

WSk, EFPRF, TR 55 B0 e & BRI R 5
L ANRE . Wr 22 )R IR AR A, 2017, 25(3):
269274 [PAN H L, WANG J P, YU D Z, et al
Establishment and application of zebrafish auditory evoked



188 ook B

¥ B 547 %

potential (AEP) detection system. Journal of Audiology and
Speech Pathology, 2017, 25(3): 269-274]

ZALH, WSENL, TR, 55 KAEYIREE A ER B R
THFTERE. Wl Rk, 2020, 41(5): 185-193 [QIN C
X, PAN W N, YU G, et al. Review on environmental
enrichment for aquatic organisms. Progress in Fishery
Sciences, 2020, 41(5): 185-193]

PV, BRI, HE/INGR, 2. ANIRIFREFAE R AN R RUAR R B
05 FURFIE 5387, il BL2#0E R, 2025, 46(4): 140-152
[SUN W B, WEI B H, ZHUANG X M,
Characterization of large yellow croaker quality in different

et al.

culture modes and sizes. Progress in Fishery Sciences, 2025,
46(4): 140-152]

B, R AIFEST N SO S LTSS, iR
AT A 2718 3¢, 2017 [YIN L M. The behavior
response and attractive mechanism of Larimichthys crocea
to acoustic stimulus. Doctoral Dissertation of Shanghai
Ocean University, 2017]

SKRABSE, FROLZ, ARAEM. W E SRS B EATSE. KA
274k, 2018, 42(3): 593-598 [ZHANG X G, GUO H Y,
SONG J K. Thresholds for the hearing of marbled rockfish
Sebasticus marmoratus. Acta Hydrobiologica Sinica, 2018,
42(3): 593-598]

SKIESE, sk, REBTH, 4. BB T L) i U o B .
WP K R R, 2023, 30(7): 813-820 [ZHANG X G,
ZHANG S W, TANG X M, et al. Auditory threshold of the
juvenile Siganus guttatus. Journal of Fishery Sciences of
China, 2023, 30(7): 813-820]

BADLOWSKI G A, BOYLE K S. Repeated boat noise exposure
damages inner ear sensory hair cells and decreases hearing
sensitivity in Atlantic croaker (Micropogonias undulatus).
Journal of Experimental Biology, 2024, 227(2): jeb245093

BASS A H, MCKIBBEN J R. Neural mechanisms and behaviors
for acoustic communication in teleost fish. Progress in
Neurobiology, 2003, 69(1): 1-26

BELANGER A J, BOBEICA I, HIGGS D M. The effect of
stimulus type and background noise on hearing abilities of
the round goby Neogobius melanostomus. Journal of Fish
Biology, 2010, 77(7): 1488-1504

BOLKER B M, BROOKS M E, CLARK C J, ef al. Generalized
linear mixed models: A practical guide for ecology and
evolution. Trends in Ecology & Evolution, 2009, 24(3):
127-135

BROWNING H. Improving welfare assessment in aquaculture.
Frontiers in Veterinary Science, 2023, 10: 1060720

CARDINAL E A, RADFORD C A, MENSINGER A F. The
potential for the anterior lateral line to function for sound
localization in toadfish (Opsanus Journal of
Experimental Biology, 2018: jeb.180679

CASPER B M, MANN D A. Dipole hearing measurements in
elasmobranch fishes. Journal of Experimental Biology,
2007, 210(1): 75-81

tau).

CASPER B M, MANN D A. Evoked potential audiograms of the
nurse shark (Ginglymostoma cirratum) and the yellow
stingray (Urobatis jamaicensis). Environmental Biology of
Fishes, 2006, 76(1): 101-108

CODARIN A, WYSOCKI L E, LADICH F, et al. Effects of
ambient and boat noise on hearing and communication in
three fish species living in a marine protected area
(Miramare, Italy). Marine Pollution Bulletin, 2009, 58(12):
1880-1887

COFFIN A B, DALE E, MOLANO O, ef al. Age-related changes
in the zebrafish and Kkillifish inner ear and lateral line.
Scientific Reports, 2024, 14: 6670

COX K, BRENNAN L P, GERWING T G, et al. Sound the
alarm: A meta-analysis on the effect of aquatic noise on fish
behavior and physiology. Global Change Biology, 2018,
24(7): 3105-3116

CUI X J, XU P X, TIAN T, et al. Frequency-specific responses:
The impact of an acoustic stimulus on behavioral and
physiological indices in large yellow croaker. Fishes, 2024,
9(6): 217

DE LORENZO F, TOMAS A O, WHITE P R. Underwater noise
limits and measurement of underwater radiated noise from
merchant vessels. 24th International Conference on Sound
and Vibration 2017, London Calling. July 23-27, 2017.
London, UK. Institute of Acoustics, 2024. DOI: 10.25144/
23968

DUAN S S, VASCONCELOS R O, WU L L, et al. Managing
aquaculture noise: Impacts on fish hearing, welfare, and
mitigation strategies. Reviews in Aquaculture, 2025, 17(3):
e70013

DUARTE C M, CHAPUIS L, COLLIN S P, et al. The
soundscape of the Anthropocene Ocean. Science, 2021,
371(6529): eaba4658

HAN X R, ZHANG S M, WANG Y B, et al. Seedling selection
of the large yellow croaker (Larimichthys crocea) for
sustainable aquaculture: A review. Applied Sciences, 2025,
15(13): 7307

JONES I T, BONNEL J. Particle motion polarization of offshore
fish vocalizations, boat noise, and ambient soundscapes. The
Journal of the Acoustical Society of America, 2024,
155(3_Supplement): A181

KENYON T N, LADICH F, YAN H Y. A comparative study of
hearing ability in fishes: The auditory brainstem response
approach. Journal of Comparative Physiology A, 1998,
182(3): 307-318

KIM H, YOON Y G, CHO S, et al. Acoustic characteristics of
spawning biological sounds of brown croaker (Miichthys
miiuy). Fishes, 2024, 9(7): 251

LADICH F. Diversity of sound production and hearing in fishes:
Exploring the riddles of communication and sensory
biology. The Journal of the Acoustical Society of America,
2024, 155(1): 218-228



TR PHAE . FRFE Sy 1M 7 X DR B £ 4 i I 5 SRR P )5 189

LUCKE K, MARTIN S B, RACCA R. Evaluating the predictive
strength of underwater noise exposure criteria for marine
mammals. The Journal of the Acoustical Society of
America, 2020, 147(6): 3985-3991

LUGLI M, YAN H Y, FINE M L. Acoustic communication in
two freshwater gobies: The relationship between ambient
noise, hearing thresholds and sound spectrum. Journal of
Comparative Physiology A, 2003, 189(4): 309-320

MCKENNA M F. The sounds around us. Physics Today, 2020,
73(1): 28-34

NEDELEC S L, CAMPBELL J, RADFORD A N, et al. Particle
motion: The missing link in underwater acoustic ecology.
Methods in Ecology and Evolution, 2016, 7(7): 836-842

NIU F Q, XIE J R, ZHANG X X, et al. Assessing differences in
acoustic characteristics from impact and vibratory pile
installation and their potential effects on the large yellow
croaker (Pseudosciaena crocea). Frontiers in Marine
Science, 2023, 10: 1106980

OFORI M F, TWUM S B, OSBORNE J A Y. Comparison of
generalized linear model and generalized linear mixed
model-an application to low birth weight data. Asian
Journal of Probability and Statistics, 2020, 8(3): 31-37

PARMENTIER E, MARUCCO FUENTES E, MILLOT M, et al.
Sound production, hearing sensitivity, and in-depth study of
the sound-producing muscles in the cowfish (Lactoria
cornuta). Journal of Anatomy, 2021, 238(4): 956-969

POPPER A N. Hearing diversity in 34000 fish species: A
personal perspective. The Journal of the Acoustical Society
of America, 2023, 154(3): 1351-1361

SCHULZ-MIRBACH T, LADICH F, MITTONE A, et al
Auditory chain reaction: Effects of sound pressure and
particle motion on auditory structures in fishes. PLoS One,
2020, 15(3): €0230578

SCHULZ-MIRBACH T, METSCHER B, LADICH F
Relationship between swim bladder morphology and
hearing abilities—a case study on Asian and African cichlids.
PLoS One, 2012, 7(8): e42292

SMITH M E, COFFIN A B, MILLER D L, et al. Anatomical and
functional recovery of the goldfish (Carassius auratus) ear
following noise exposure. Journal of Experimental Biology,
2006, 209(21): 41934202

STANLEY J A, CAIGER P E, PHELAN B, et al. Ontogenetic
variation in the hearing sensitivity of black sea bass
(Centropristis striata) and the implications of anthropogenic
sound on behavior and communication. Journal of
Experimental Biology, 2020: jeb.219683

SUY N, SONG Z C, LI H Q, et al. Call properties of the large
yellow croaker (Larimichthys crocea) during reproduction
with insight into directivity. The Journal of the Acoustical
Society of America, 2023, 153(6): 3192

TSCHIRREN L, BACHMANN D, GULER A C, et al
MyFishCheck: A model to assess fish welfare in
aquaculture. Animals, 2021, 11(1): 145

VEITH J, CHAIGNE T, SVANIDZE A, et al. The mechanism for
directional hearing in fish. Nature, 2024, 631(8019):
118-124

WILSON M, MONTIE E W, MANN K A, et al. Ultrasound
detection in the Gulf menhaden requires gas-filled bullae
and an intact lateral line. Journal of Experimental Biology,
2009, 212(21): 3422-3427

XIE J R, XUE R C, NIU F Q, et al. Three-dimensional acoustic
propagation of noise from impact pile driving in a complex
costal environment and its effects on large yellow croaker
(Pseudosciaena crocea). Frontiers in Marine Science, 2024,
11: 1395120

XU R J, YANG S G, LI Y Y, et al. Boat noise increases the
oxygen consumption rate of the captive juvenile large
yellow croaker, Larimichthys crocea. Animals, 2025, 15(5):
714

YOON Y G, KIM H, CHO S, et al. Sound production
characteristics of the chorus produced by small yellow
croaker (Larimichthys polyactis) in coastal cage
aquaculture. Journal of Marine Science and Engineering,
2025, 13(7): 1380

ZHANG X H, TAO Y, ZHOU Y L, et al. Acoustic properties of
the otolith of the large yellow croaker Larimichthys crocea
(Perciformes: Sciaenidae). Zoological Studies, 2021, 60:
e64

ZHOU Y H, FANG C Y, YUAN L, ef al. Redox homeostasis
dysregulation in noise-induced hearing loss: Oxidative stress
and antioxidant treatment. Journal of Otolaryngology - Head
& Neck Surgery, 2023, 52(1): 78

(B3 LHER)



190 b /A - =

-
el

547 %

Effects of Aquaculture Construction Noise on Auditory
Sensitivity of Large Yellow Croaker, Larimichthys crocea

XU Maoran', ZHU Bicheng®, ZHANG Xuguang'”, ZHU Fei*”

(1. Engineering Technology Research Center of Marine Ranching, College of Oceanography and Ecological Science,
Shanghai Ocean University, Shanghai 201306, China;
2. Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610213, China;
3. Jiangsu Marine Fisheries Research Institute, Nantong 226007, China)

Abstract With the rapid development of aquaculture globally, the welfare of farmed aquatic
animals has become a growing concern. As an emerging environmental stressor, underwater noise
pollution has garnered major attention in ecotoxicological research because of its impact on the
auditory system and behavioral patterns of fish. The large yellow croaker (Larimichthys crocea), a
representative species of the family Sciaenidae, exhibits high auditory sensitivity. The impulsive
low-frequency noise (800—1 200 Hz) generated by construction activities (e.g., engineering drilling)
in coastal aquaculture zones substantially overlaps with the most sensitive auditory frequency range
(400-600 Hz) of this species, potentially causing hearing impairment and behavioral stress. Although
previous studies have demonstrated that low-frequency acoustic stimuli affect physiological
indicators in L. crocea, the direct evidence of hearing damage and the regulatory effects of body size
remain insufficiently explored. This study aims to address these gaps by providing data that can be
used to optimize aquaculture environments, enhance fish welfare, and establish noise management
standards.

Juvenile large yellow croaker from the Rudong Institute in Jiangsu were subjected to short-term
noise exposure experiments in a 6 x 1.5 x 1.5 m concrete tank. The noise source was an engineering drill
(128T AVT HUMMER) operated 3—-10 m from the tank. Construction activities were conducted daily
from 07:00 to 11:00 for 10-20 min per session, at 30-min intervals, over three days. A Reson hydrophone
(TC4032) and Briiel & Kjar data acquisition module were used to record the sound pressure level and
particle motion of the construction noise. The underwater construction noise was broadband in nature,
with a dominant spectral peak at 840 Hz and a corresponding sound pressure level of 143.59 dB. Spectral
analysis revealed that the primary frequency range of the noise was 800—1,200 Hz, with intensities 40—60
dB higher than the baseline noise level in the aquaculture tank (60—80 dB). Auditory evoked potential
(AEP) experiments were conducted in a 50 cm diameter cylindrical tank using a UW-30 underwater
speaker to deliver pure-tone stimuli (100-1,200 Hz, 130-60 dB, 3 dB steps). The AEP signals were
recorded using a TDT (Tucker-Davis technologies) auditory electrophysiology workstation. The
experiment consisted of two phases: pre-exposure (control group) and post-exposure (treatment group).
Each fish was tested at 10 frequencies (100—1200 Hz) to determine auditory thresholds. Generalized linear
mixed models (GLMMs) were used to analyze the interaction effects of auditory thresholds on frequency,
body weight, and noise exposure. Fixed effects included frequency, body weight, and group
(control/treatment), whereas random effects accounted for individual variability. Post-exposure auditory
thresholds in L. crocea increased significantly (P<0.001), with the greatest threshold elevation observed in
the most sensitive frequency range (400—600 Hz), where the average hearing loss reached 11.42 dB. At 500
Hz—the frequency of peak auditory sensitivity in juvenile large yellow croaker—the mean pre-exposure
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hearing threshold was (75.75+4.14) dB. Following noise exposure, a mean hearing loss of 11.14 dB was
observed, indicating substantial damage to critical communication frequencies. At 300 Hz and 400 Hz,
body weight exhibited a significant positive correlation with auditory thresholds (Spearman’s » = 0.673, P
= 0.033; » = 0.753, P = 0.012), indicating that larger individuals had reduced auditory sensitivity. The
GLMM model revealed a significant interaction between body weight and noise exposure (P = 0.004),
with the positive effect of body weight on auditory thresholds being more pronounced in the
noise-exposed treatment group (noise-exposed).

In this study, we evaluated the effects of construction noise exposure on the auditory thresholds of
L. crocea and explored the regulatory role of body size in auditory sensitivity. By integrating auditory
evoked potential techniques and GLMMs, we elucidated the damage characteristics and potential
mechanisms of construction noise in the auditory system of the fish, providing a scientific basis for noise
management in aquaculture environments. The overlap between the dominant frequency of construction
noise (840 Hz) and the most sensitive auditory range of the fish (400-600 Hz) resulted in the greatest
hearing loss at critical communication frequencies, potentially disrupting acoustic communication and
environmental perception. Larger individuals exhibited reduced auditory sensitivity in mid-frequency
ranges (300400 Hz), a pattern consistent with findings in other species (e.g., Scorpaenodes barbatus),
which is likely linked to auditory system development and sound propagation efficiency. Noise-induced
hearing impairment and stress behaviors may reduce foraging efficiency and reproductive success in
L. crocea, ultimately affecting aquaculture yield. Furthermore, the observed cumulative effects of noise
exposure highlighted the need to address the long-term risks of chronic noise pollution.

This study focused on juvenile fish; future research should be extended to adults and
reproductive-stage individuals to assess differences in developmental sensitivity. Additionally,
experiments conducted in closed tanks differ from those conducted in open-sea net-cage environments,
necessitating validation under natural conditions. Long-term studies should incorporate histological
analyses (e.g., inner ear hair cell damage) and behavioral ecological metrics to comprehensively evaluate
the population-level impacts of noise.

Key words Croaker; Underwater noise; Auditory evoked potentials; Hearing threshold; Fish welfare



