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HATAT, WEE R S N S AR AR SR R
FERA K, 3 RS R TR AR W A A S AT I AR R
S (Duarte et al, 2021), Tl )E, T AZKIE)
(R, N Ry W R et BT, AR 4R AT 53 R 3 R 11T
AT A3 R P RS o AT M R 1 ot B ok o ey I
AP AR M S A A AN 7 42 (Dyndo et al, 2015),
M $THF (Kastelein et al, 2015). 7K N B (K& 5,
2023) . Hb 72 H)4% (Guan et al, 2016)F1 & 3h 75 4
(Halvorsen et al, 2013)4 & T o B ko e, 28k
ESE AT 23 1 2 T TR

RN R N R MR ) 56 v e R T LG B &
1971 4, Payne (197D LI, AN RMESTET
U PR AE H B A . BT 26 B EUR T 1972 AR A

a2k, ANEFE;, XEitE; #XEF
XEHE  2095-9869(2026)02-0168-12

gL B R4 ), IFR ST 26 B P 2L 3h i
Z 5143(U.S. Marine Mammal Commission, USMMC)
(Roman et al, 2013), 7EMLZ )5, EFXF AN MR 52
Mo ] 250, 5 =] ¥ ¥ RE U 45 PR J5) (Bureau of Ocean
Energy Management, BOEM)JF A PE b E 1T T 5 2 )
Yy & & T Tl 3 Mg i AT O IO Y AF 98 (Guan
etal,2023). Bl 11 7L 301 X A M P i iz ) A
FEARWIHESE , T80T DG T A ) H A )V Sh e 7 o
1990 A MM TR, AN 2 xf A2
T AERERCRON , IS B RN A2 R T ek s
[FIRE, JK=FRA AL T 2 ny R K B 22 3N
MR R, R R B AR R R S R
T F%(Myrberg, 1990; De Jong et al, 2020; Nedelec
etal, 2015),
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2R SRR SR I T, AN FRRIE AR AR
M 75 8 A 1 K 22 R Bl A0 2 B I . HLrp s iR SR A Y
N DRy W P AT e B R S I A [R) AT X 43, Gnal i A
RFRFET N NS T 1T K T R e | 4
BV s | AR A TR R | VR M 55 (Wong et al,
2022); VR IR AR 5E A 5 TR 5H T 65 R X 28 AP
MRS, A SR S RGeS s
X % A 1 28 Y it B S A — 5E R W (Puig-Pons et al,
2021), 7EREEFHE ARG, ARE S EH#BE AR
BN R W A Y 2 S AR, it I o A R R Y Ay B
—, BB A SR IS B DL S A s i T
ETT AFFERG T, WAL, ML, IR RS
IKREFE R/ A KM, HM ST A4, 1
Jn T W ) &2 24 (Zhang et al, 2023a. b; Popper et al,
1976; Davidson et al, 2009; Jiang et al, 2024b),

- Fsh¥y DA 414 (World Organization for Animal
Health, OIE)¥f 3l %) 4% F| (animal welfare)i& X} ¥
) —F AR, RIS RS G fEE | &
i CREWAEEAREE, BEMESR, Ry, 29l
FET1, RIRWERYE, RIGF-EEIZIE, BRI
HGE #Y B 52 5 2 (Brambell, 1965), 1ESh 48 A5
(A RE AR AE ST, e R AR SR /K AR Sl 4 R I 22 4y
W, NG SR i ok B H 50K IR A B

TR ORI DIASC o BEAE AR M B AR 2 AR

FEFEMY A B H 2535 K, A 2% N R M RS I 1 9 BF 5T AN
SOG4 T 57 58 f0 AR A K BAT 2 2 S, Rl BAE
Wl 2 Ge R s AL | W EAEL IS SR LA A K S8 AR 2
WA S 7 R B I B R AN . — T i, T
5 H SRS AN A M= X 252, A3 4] T8
SRR 1T ] P B L 4 5 W U S B0 P IR B S
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KI5, REAE R F7 5 i 2B B 38 B /K R 75 5
B, BT T A T AR o
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SRR, MR e 5 e D 2R
N BITE Ny W 75 5 i F 52 v e Ry QTR [l i, e
W9 e P ka2 N 25, S0 . 530
1 UL K gt e ) 5 2 Fh AT R 4 kA 28 (De
Jong et al, 2018). AN 55 FTHE A 4 #5802 2 5 5%
B TH 2 e R AN BT 200, B an s A i e 58 5)
S5k W 6% (Boreogadus saida) i) B 48 R AT Mk D,
PO S 2 5K BB R AT T o3 N, I LSRNk
RO HE & 2155 (Ivanova et al, 2020), TEEEFTHERE S A&
KU HEES(Gadus morhua) iy 8 5Vi (stress-response) ,
T B ¥THELL B (van der Knaap et al, 2022b)., 5 I [F A,
£ W5 32 Nk W P 52 1] 14) A S BIF 58 AN W A 3
R, Wong %(2022)ff 58 & B, B ffi(Danio rerio)
T HMEA (15010 dB re 1 pPa))5, Wik B (25 1L A
B, 351 R FEIBAT A . b5 Badlowski 45(2024)48 11,
K P4 74k (Macrodon  ancylodon) T i 2 4t 75 % 1 g
e FEA —Em s, AR INERE B S
BT BE, AT SR o I, W ol
(auditory masking) . Wt JJ #t 2% (hearing-loss) 1 4k &
(growth) 55 SCHE 1) 55 £ 2 X6F N Sk W 5 1) o) oy 285 D1 AH OC .
T B8 AR Sy — ol N Ay W P S e A Y B 2 1) 4 K 1 SR A
fn L, BLTE 2007 4E, Wysocki Z£(2007) 344 T /K P2 5%
B AR P I (115~150 dB re 1 pPa RMS)XTHT 85077 /74
JEPERYSZ N, 45 53R WA [R) St i e 8 0y ) 8] A7 A
2E5t . JRBLZAIN LB, RS (149 dB re 1 pPa
RMS) W) S 0 il der 0 A= <, FLJ B T 60 2 3 e
FIAMEA: B IR I T 55 19 479 2% (Davidson et al,
2009), ATAEA, MM AR Anguilla anguilla),
i (Katsuwonus pelamis). K ffi(Larimichthys crocea)
F/NEE fa (Larimichthys polyactis) & i 57 & i 1 £ |
FF B A DU B AR BT Ji , SELRR T fa X W 2
THT IR R HL I 25 1 Jiang 25(2024a) K FCIET 42 5
U Tk 3 e TN 2 TN SN2 L 3220 SEDO A s RS
Fe i — 3 AR — "B | i3 4l (Hypothalamic-Pituitary-Adrenal
Axis, HPA BiJE 5520, M 2 S 80 i R pu R
AL FIREAL AR S A OGP, IR A N
AR £ IS ) S e TR A o

BN Hr s R (K 2B) Bw , BHIF A 51 3T S84 X 7
MRS (BT S B T £, Filiciotto %5(2013)i i3 5246
XoF LU Rz T R S VR e A, 3R W B AIL Y 30 Vg 5 R
M 7 50 7S 5 A M LG AR OK O IR 85 M S O R R
43k (Sparus aurata)4)) f sk oy, XA KRR
A ; Radford 25(2019)%F FL RV MAS . o
PR IK 3758 A 4t (Recirculating Aquaculture System,
DI RFR RASIIA B 15 5, 04T 1 X Suli X 1

LR s, IR RAS HEFE s e+
EPR ST W P KOT- T i, H 2SR AR Ge M s S R AR AIG
BBt (100~500 Hz), XA LA T R 7 97 58 6 2 B iy
BN . BEE RAS FAEBE XA LR, BET RAS
M 75 AR I 5% 7 AS BB il (Duan et al, 2025), Hang 25
(2021)WF5E T RAS M & X K 11 & 7 (Micropterus
salmoides)y 4 K . B 51T A EmASECEm, &k
Bl RAS MRk Tk O Beaah kK, ME T A
PHALRE, - TH0 T ABEAIEIKAT J 5 AT — 204k
T RAS AS[RIA AR MR XK 1 R R 4y fa (R 520, 4 1
AT 7 2 B AR AR AR EE AR 5 IS R R I &
% B N % (Hang et al, 2024).

1.2 HRERSH

WIA% 3 AT AT LKL 3A), EE ., S E A& R ETT
Jie AR W s et R i i Y B 2 I R, X 5 ok
FREEM L | FRBE O AR A AN DA G, DA
FEE), FOKF=FREE DR ATE R 19 e, 1871 4F
ST 1 106 f0 2 R b 2% D3 45 B FE I £ 28 1
(FEEIASE, 2013), B IR FE ARG ) W A 5 A0 AR
AN K, IR 58 F AR 78 AS W7 28 % RN 81 37 (Nash,
2011), 35 EFE K A FRAH R, B M6
K= FRBE IR B e TR R, M wl i — R
SR RN SRy W 7R 0 A A, B TR SR B LR A o b
FEAEWTBE | Az BN A 4 55 2 5 TR 4528 A R W 114 i)
I 3 2 (Bart et al, 2001; McCauley et al, 2003; Popper
etal, 2009). FfEEFHE I, B RE B IE i 2 A
FKR P SR N B (I i (Jones et al, 2022)% 4.2
RB5E 5 WX — i3 P2 (Roberts et al, 2023), AN
Mg o) 0 A RIS R 5 ) BE AT G o

ZMIPHT(1990—2024 4E) s, 3E 5 4F3k, MK
FA [ EOR R 2 125 S 5 T O Ok R
NI . 2007 AR R4, BRFIFEERT 24 FHHX
SCik, HHGE S AR 12 5. KRS E MR A
PRI TG TE N MRS 528170 B LR
Ceraulo 45(2021)R I 8l 75 2 J7 WL DR 55 M B Mg 7 xof
125 % 7 R ; Siddagangaiah 55(2022) 184 T 575
it #2 (Johnius taiwanensis)Zs £ i fa B} BEA &
7 AR T XU R g 1A s v T (R R 75 ) S 5 3% AT A
TE 2024 AR KW W I P 2 R EE , PEAG A R e
X2k AT N B R (Siddagangaiah et al, 2024), 1t
A, AR F Ay 2F A DABE T A X — A ) A
FERGE, IS AN i TS R S0, BRI
A7 K i i AL (Banner et al, 1973; Lara et al, 2021,
2022), EMEZEMKERSIE T, 1990—2024 41
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Fig.3 National analysis (A represents network diagram, and B represents visual chord diagram)
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BRIt g5 s> HJCH AWK 4, [ N2
TR AR X T VR MR S AT T R GRS 2R (K
402012), BREWHZQOITFIFE LI, MAHFRIE K
B A0 37 A A0 VR M R 18 T 3 v T A e
SO o BEAE DTSR, 0TI XU H 37 M P AR o0 i
fith b, VR &R T LR 7K T W A 28 Wy
B U B Al R TSR R AR, 2016; 45
P45, 2021; Zhang et al, 2021), FIZ(2025)F5 H,
KA AR 7 A 5 7K il Pk 7 2 T 255 48 0 £ %)) A )
IO IS I I 3 s A B A

1.3 WRHNHESH

DR A5 37 1 i 43 AT (] 4A) T DL, 3% v FE R K2
(University of Exeter) & SCi7E Fr A WA HHEA 55—,
HRIE A B 6K (University of Bristol), iX i Fifi
TUE E B BEA TR LE W RE A S SRR
DL R AR = A R A T2 o . XA B AR &k 3=
35 T AN R W R o £ AR R S e B ST IR S A,
KR Z AU L5 31 K 2% (Leiden University) |
I |t 22 ez R 45 (University System of Maryland)., i
P5 K2 (University of Windsor)%

& 4B o, HEWT AL & SO I AR SR
G, X 55 TR N Ay W P %) 6 288 5 e B 0 A A0 A g
AU A 6, TR E & SCR i 2 1 AR B ST
VK 2% (Taiwan Ocean Univ), H K& o E Bl 2 B
(Chinese Acad Sci), Wil K*#(Zhejiang Univ), L&
1 V£ K 2% (Shanghai Ocean Univ) LA K i [E ¥ 7 K 2%
(Ocean Univ China)&%

HH O] UL AR 2R i A SRy R RS B 0F 5 0 A TR %
BB, HASOEFE s DL s s i Js 2, S
TR R FBEAEPLI 5 AF, X — 3 B F A0 R
UL R T N Ay Wt 7 o0 2 4 AR 52 i) 1 A Rk W
BCR AR AR AR AR FIK 7 SR 5 22 5 BT R . ARG
T RE W BRI N T2 B A 2 X s fn R BLE Y e
VIR, BOFEFRF SRR R 22 05 R SR I [RIB, h 205
TRk o~V N 205 2 5 AR R R SOR 5 95
YRR Z LR

2 BAAIME T B XA J9 M i i 5

H AR T B S 2 G n e s | g
AHE 37 P 5 S0 M e DA R it TR AR AR, N
SRy MRS ) W 7 ] 43 A AR LA D T

(1) WeUkAT RHIZ : B S (Thunnus thynnus)
TEMFAASE T I 2 OB UK OT 1) 13 e Bz g, 3L

FREEE MRS T ELRDRAT e KM , ANBURRAZ A % 3h
BILIGE P A 25 (i H R AN 2R, e B H PRt 2 ) 5 3k
JEARfk(Sara et al, 2007). KF-#fiff(Clupea pallasii)
(van der Knaap et al, 2022a) . 4:3kf#(Pagrus auratus)
A8 0 2% TG 0 U 57 R A 3 B A S A S R AT
(Mensinger et al, 2018), BLA, VG 6 XF] M
55 XL S (IR A0 M 7 34 25 = A A o g, L ER T AR
58 P FIAFSE T RN AN TR, A7 R el 7 4E 25 5 (van der
Knaap et al, 2022b; Cresci et al, 2023). ¥T4EMF5T R,
AT NN MR AT A R S R R E S R
J5 UL, U 8 g 97 SLE s R O T R R,
PR, HAOARAT b, XA g EOLE A R
H AR R % (Simpson et al, 2015),

(2) AEHHE SR . KVGVEES 5 B 65 (Pollachius
virens) 7€ i % M 75 B T 25 B0 R RN 4
(Davidsen et al, 2019), [A]BRM: = 5 B A A 75 mT 5] &
TR TR PR 0 S SV LSO N, S BB o AR B T
(Nichols et al, 2015), ItAh, Mills %(2020) &8, %64
& FE T OBE AT OME MR R b {0 B Mk R R XL 4R
(Amphiprion chrysopterus) S il 7K - T , e P iasE

(3) BHHATNIZ : A MR 2 55 IR K R
PR BRI R 75 2255, T YUMo 15
SRS B ARE 1 (Holt et al, 2015), HAFgrmg s
23U JEL R 55 44 (Argyrosomus regius) 4 i 1 £ 25 1) i 2
A2 W45 S 47 1 /E FH (Blom et al, 2019), Brown %5(2021)
By AMIF ST A B, -5 3¢ I WS f8 (Plainfin: midshipman)
TG IR R M A 25 0F R 4 BAE 12 4% 8 (Lombard
effect), B @ MG 55 i DUARUFAS TR, o A7 25 PR Al
AR WS ) TP B T 2 a2 F AR A R T R

(4) EAFREJI R . M ANNGE 2 X S R R B
825 A TR o A0 3G 3 2 5 M VA v £ S 1 3 s L
A e S 2L % (Ivanova et al, 2020)45 i £ 1 % I i
SN AF . BAHRTY, EEFCAE S AN & TR
YAt R, WHEARAENE P2 AR AR o 450 S e
2 v i i 22 T304 B (Pomacentrus amboinensis), 7EE
FEREME T A SEIR T, 233G hn 58 N5 1T Sy FLEL A1k
B ], 3% ] e BOL S AR LR FEIR(McCloskey et al,
2020).

3 FEMETAAREXNEEEF N
Wt IR Sh RN, FREIRIE By N Sy W X
ARAR I H 4532 261 . TORRIRTE . WAL 2

Bl T fEIRFE I e, NI a o HA | A
B AT A BB I B
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Fig.4 Research institutes analysis (A represents world research institution and B represents domestic research institution)
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The colors of the nodes in Fig.4B represent different clusters of institutions.
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TR RGN TR R R, M A&
B DR 52 2 FRFE AT T A 52 IR (Jiang et al,
2024b) KPR S RN AE = O 0 ) K R R T R
FAVE MR I, ™ B i 5 A2 0 e ) 3 I HR G 1
% R B 5 F % (Zhang et al, 2023a ., 2023b), FEFEIEEH
N A Ry — R RS e 2R, TR 2
F AL BRMLAE o IR K SR A 10 285 A B0 7 AR 55 O FRE A
HEBZZ A, A RIRSE T #(Cyprinus carpio) .
fifj(Gobio gobio) . T fifi(Perca fluviatilis) X i ff M 75 fY
A BV 8RN (Wysocki et al, 2006), J5 SeiFst e,
T TR SR 5 M 75 2 R 25 T B4 Sk B (Spar us aurata)z) i B
AR | W A M | PUER R 1 R 40K
1 5 2+ (Filiciotto et al, 2017), RAS 7K T M %k
1R &y £ B S AL RS e R G0 N 2, ELARARIK
T L AR i £ TR MR B 8 35 (Radford et al,
2019; Hang et al, 2021, 2024),

FRH 0 2 MR AT Ry e 0, 2 AR B AE AR AR AT
AR R B AT A5 J5 1 . Pieniazek 25 (2020)4R 57 A fF Mg
7O ¥ 37 FE g i (Ameiurus melas) BB TR Y SE IR, K
PRI S BOH B SR b o AR —Fh A R
MR FRA s, BT A Bt (Epinephelus coioides)fE
IKAE T DE RS 5K MR P R, SO AT 1Y RN R
B9/ (Price et al, 2023), Hang Z£(2021)iF5% kK3,
RAS M7 2 {7 51 it R 11 B i £ 0 P 30 KE 408 £ 1) e
£ 5 H B34 K L Zhang %5(2023a . b)i#E— 158 T RAS
F G0 Hp R W G T SRR TR A T R R e, R
PRI P B 1 A I UK AT N 2 AR TR BT
Hang %5(2024)/0 4T RAS B b4 i 48y, M 3222
SR B, HLAIAINR 75 23 45 K 1 R (1 SR AR S B
(ki Ipa ST AT

4 RE

UEAFAR, K A= SRS N g W i i O A9F S H 4 52
B2 B E AL, FEAP BT X 2SR AR R A AR S R S R
TRFBRE . KEOTEERY, A Wy —Fhif 4R
Fr52 RAER PR IE R T, R 2 Rk A R
R A PRALREFIAT Rl , HAR I N T AR K
KA FEARARTE AR L0 BN R4, T hE
X i AR M R 1 22 D T B o AR S i SCRR T i)
Bk, L3R T A BRI Rl P #2300 A Ay W8 P ) 17 B 5
PEJE, I NP A 0 26 5 35 5E 40 28 A 4 2 TR IT 0 B
Sy £ 2 N A WP o T AL A A A9F 7 e AR M T
o BEFF NS Bh AN 0 B 5 24 A TR B ) PR
J& , RN — TR N S P 3 #0127 0 B RS AR

GERIREARAL TS« (DAESCTEAARAT AR N Y [, B
R GUAE 7R W 7R Y RS TR A A S EE R SRR
XIS AT AR PR
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Bibliometric Analysis of Fish Responsesto Anthropogenic Noise

LI Xian®, SUN Wen, SU Junjie, DUAN Shanshan, ZHANG Xiangyu, WU Lele
(Fisheries College, Ocean University of China, Qingdao 266003, China)

Abstract

activities and released into the environment, including mechanical operation sounds, ship navigation

Anthropogenic noise generally refers to various types of noise generated by human

noises, engineering blasting sounds, and other similar acoustic emissions. As a secondary pollutant

introduced into natural environments through human activities, underwater acoustic
propagation characteristics and the ecological impacts of anthropogenic noise have emerged as critical
interdisciplinary research focuses at the intersection of marine environmental science and aquatic biology.
Unlike terrestrial environments, industrial noise in aquatic systems exhibits long-term, cumulative,
and cross-habitat propagation characteristics, thereby imposing significant negative impacts on fish and
other aquatic organisms in underwater ecosystems. With the acceleration of globalization, the intensity of
marine development has increased exponentially. According to the Food and Agriculture Organization
(FAO, 2024), the global merchant fleet tonnage has grown by 75% over the past two decades, offshore
wind power capacity has expanded at an annual rate of 22%, and intensive aquaculture production now
accounts for 52% of the total fishery output. The noise fields generated by these activities, ranging from
ship-propeller cavitation to pile driving for offshore infrastructure and mechanical vibrations in
aquaculture facilities, have significantly altered the marine soundscape. Background noise levels in
some coastal waters have increased by 15-20 dB since the 1960s, driven by the cumulative effect
of continuous and intermittent high-energy pulses

low-frequency rumbling from shipping

from construction activities. This drastic transformation of the underwater acoustic environment poses
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multidimensional stresses to fish, which rely heavily on sound for essential life processes. Physiologically,
prolonged noise exposure disrupts sensory systems, causing microstructural damage to swim bladders,
which are critical for sound resonance, and induces apoptosis of auditory hair cells in the inner ear,
thereby impairing sound detection. Behaviorally, noise interferes with navigation, communication, and
survival strategies; coral reef fish struggle with mate recognition and predator avoidance because ambient
noise masks species-specific acoustic signals. At the population level, these effects cascade into a decline
in local species abundance and alterations in community structure. The rapid expansion of human
activities, including global shipping, offshore engineering, recreational boating, and industrial aquaculture,
has brought the issue of anthropogenic noise affecting fish welfare to the forefront of attention for
environmental organizations, government agencies, research institutions, aquaculture practitioners,
and consumers. In recent years, the scientific community has responded to a growing body of research
reflecting a heightened awareness of this ecological challenge. However, current research
remains constrained by notable limitations. The majority of studies focus on single model species
subjected to acute noise exposure in  controlled laboratory  settings, measuring
short-term behavioral changes or physiological indicators, such as elevated serum cortisol. While such
studies provide insights into species-specific threshold responses, there is a lack of systematic discussion
from the perspective of fish habitat classification regarding the differences in responses among different
ecological fish types to noise. Accordingly, this study systematically collates and analyzes a large body of
relevant literature through bibliometric analysis and further employs the VOSviewer visualization tool
to conduct a multidimensional quantitative analysis of 283 documents. This process constructed a
keyword co-occurrence network, a national collaboration map, and an institutional distribution map, with
the goal to provide visual support for interpreting research progress and outline advances in on the study
of fish responses to anthropogenic noise. This study also discusses the current research status of how
anthropogenic noise in natural and aquaculture environments affects fish welfare parameters such as
growth, physiology, and behavior. In natural environments, fish exhibit altered swimming behaviors. For
example, when ships approach, they change their swimming direction, make rapid turns, or display
avoidance behaviors. Recent studies have also revealed that fish behavioral responses to anthropogenic
noise extend to anti-predation and foraging activities. From a physiological perspective, intermittent
high-level ship noise induces acute stress responses in coastal marine fish, manifesting as, for example,
sudden increases in serum cortisol concentration. In terms of reproductive behavior, traffic noise masks
the acoustic signals emitted by male fish during the breeding period in freshwater streams, disrupting the
ability of females to extract information about males from these signals and negatively affecting
successful mating. At the survival capacity level, ship traffic restricts the activity range of marine fish,
potentially causing them to miss food resources and thus affecting their long-term survival. In aquaculture
environments, fish in marine cages, lake enclosures, and land-based industrial farms are exposed to
persistent anthropogenic noise. Considering recirculating aquaculture systems as an example, the
low-frequency vibrations and mechanical noise generated by equipment operation have been proven to
stress the growth performance and immune function of freshwater fish such as rainbow trout. The findings
of this study will support public awareness, aiding in formulating guiding policies, promoting
interdisciplinary development in related fields, and driving technological innovation. By unraveling
the complex relationships between anthropogenic noise and fish responses, this study seeks to facilitate
the coordination between human activities and the underwater soundscape environment on which fish
depend for survival, improve fish welfare, and achieve a win-win situation between economic benefits and
ecological sustainability.
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