RESST
B LR B EFESMES B FENRRNGE MM RTR

E ﬁ$1,2,3,4,6,7, %/J\%1,2,3,4,6, g&jjﬁl,2,3,4,5,6

(1. HEBEGEEFEAES SR EE SR E, IR HH 266071; 2. HFBEEERESEARK S E R LR
EWHFAERGHER SRR E, (LR F5 266237; 3. TEBEREEERBEHE DO, ILE §5
266071; 4. HERFEEGEEER TRESEE, IR Fi 266071; 5. R ERFEEFRERS, LT 100049; 6. 117
BB VEE Y E AR, IR FE 266071; 7. HEBRHE RFEHE 5 TR%, WA 5
266042)

WE: BFLRALAARLHATE. LLLEZRRHANE RRFHE, ARBEEFEAEEFT,
Jo by BRI R LR A RSB RE MR 5T HE L) Tim ki, {2k LR e £ F%
BB B WAL BT AR RF R 3 R A R i R, AL ARMET 23R LR
WA RIVK, 2T i ERETF LA BEESKILE LN TR EEH A, NEE ATAHFS T =ZA
e ® E ST i LRl BT T A R F Ao B T R R R R, AR A AR i R R
BAE.

KR B LR G, REHa, R, LR, ESHE

R E %S P752; X[593]; Q178.53 EAFRINAD: A X EHE: 1000-3096(2022)07-0095-10

DOI: 10.11759/hykx20211115001

FEMCRR D ST, sl A V5 205 40 1) ¥ 3% Th
TS5 T B4 A ek d A T RE IR R R fE
TR AE A 72 R 2% A 3 AR v 0 B 58 R R /N HLYS e
RSB /N RE TR B R, E B KAE . KAE. KBH
fie . HUARBE A PERE D) ARk, KU & HAEN
SR BT i VR, AE 4 Bk R P A & R i
PrAl HE2E RE IR E (IRENA)YBE R B, 2020 4E42BkAE
JRHETE R 3 830 123670, Hop KRB ¥ b 2Bk AE IR
BT 37.3%, MAHREIL 1428.59 {230,

SibG AR b, R RS . T U
2 FRSCRE LU i 25 50%, A4 4 FHsR] 5535 2 500 h,
T &M AR e T e ) A Bkifg L XU I & LA}
FEW R R — G L RITIRFE LR, D& T
WA ST My BE(1980—1990) . 256 1l 3 [ B (1991 —
2000)FI R AL BT BE (2001 ZEA4N)3 A ekmf e, A
2001 AR B XUH R RSl A AR 52 LS i LA K
SRR F R DL 209 (3805 B A AR K
M, Bk A EEE R E | A2 Fh
2GR A, BITREHL S Rk 75%, Hk
AL,

T B R o, BRI ) e
HOO S TR TRV Vi b X, EL A st b T 498 o £ £ 3,
S R L RCHE T /N KR R T, A AR e A I

o7 H it o SR SRR TR, R LKL
e F2 B v T ) Al O v DX, TR A R R
R JRE T AR T IR UL T, DR IGO0 4 R 2 LA R
MR ARE E KRR ST, W 2021 4R
4 AJE, S EREIFMAEEIRE] 1042 71T I,
B 3 FrREeHE IR RZNER, Ik
J R A BRI KRR 7l A TR AT L

ZEo LTS TR | T A W R (B S B X
TR 22 e S 4 B LAY, v SRR IR U | PRI H
PRI E BV R, KRR R o n] B AE B)
e ] g IR 7 T R A R R L IR T AL KR
(0 RS A Joy, S BRE  XUR I i BlbIE]
JRE 3B e T

SR, I b XURE B T S 4 i 78 AT 2 ) 9B P A
AR et G, e B, R
TREAR 2 R ST T R, WL 2 e i e vp 22 7
P R I R 28 R Y, i HL 4 Y

Weks H - 2021-11-15; &[0l H 19 2021-12-14

FAWH: EZKE L R(2019YFD0902104)

[Foundation: The National Key Research and Development Plan, No.
2019YFD0902104]

fEHF A FI8(1997—), &, mrfril A, fEEITAE, EENF
T XUH A A S 300W A F 9%, E-mail: wangting@qdio.ac.cn; 5K 375
(1989—), Wf5fEE, %, #1585, E-mail: zhanglibin@qdio.ac.cn

Marine Sciences / Vol. 46, No. 7 / 2022 95



R gk @
EVIEWS

AT R Sy R I SRR R s AR Y, S BURA 2R
Yo B IR FE e R BOR A fEam B BBy, WALHLA &
7 A AR I T L 8 S 5 T X A A 3
1R, WKL R 5% Bl ] fE 2 R 52K, R
SGFAESF TR E AL T b XU R
RSB, JUHRAR TR v b KU A P
ARR S A R 2R S, T8 SOk IR G iR
W7 ARASHTER T, i 1 figp e XUR O Ve AR AR PR
AR M BRI 23 B R B A R S
Pl E

1 i B AU B 5 0R 3R 35 3

T L RUHL 77 A 0 5% 105 B 45 2500 2 48 IXUATL S il 1)
WE ARy PR BN T ARy EH, AT oy A 3 o 42
PERG S M, 38 0% X 38R A A ) 9 VR A N 2 R O
TEAEEE 5000 AN EXUGRHLA T, TTRYh A
Pyie 5 i HIAH LT AT 4 000 £52Y, De Mesel
LR A T A AR IR EEE B9 C-power T 1 XU
Y, I8 7 KHLIERE L0 B 25 28 W B 0 e 2, 7
B4, AREHDMERITA, BHE ISR
PhH, MRS G| 20 ZF0 R A Yok AR T
Xk ) A= ) 2 KEVE L Stenberg 251254 Horns Rev
1 % FEREIZHAT T 10 45(2001—2010) 4K 30 BR i
P, B AE Y RO vk sh W BcE e T RARR
S, [BAY) 2R B4R T Leonhard 47K B
XL g SR A AR Y R W AR 3G I T 50 £,
REWE WL 5 175 A ANk A A= ) B e b 60, 3 1T 6 XUAIL
JET R B K N T HERUS o Lindeboom 45813 i %if
fif >~ Egmond aan Zee i L XHLIZHEAT T 5 4F(2004—
2009)ER BRI A, A BLHLIERE K U R A X RE T
WA, i, 05 R T 2R
(P4 A {8 [ Bight . Fi i Lillgrund ¥ XA 350 A
*ﬁjﬁ[29—30]o

4 3 i) R R R 41, Ecopath with Ecosim(EwE)
AR AR Rt g P R 0V I XU R S S i
ZREMEAR A . BN, Wang 2PN A & B T VT IR AN ZR
KL 8 % 5 R 3 PR T A ) . 3 53 RS A A
o 0 24 S W R S B RN AR o A S 0 B R A
Raoux %5 P25 9 3 Rk P4 Y Courseulles-sur-mer 6§
R TR, S5 R RN 30 4 JE B X
RGN DAY BB 55%, FZREEE FX
HIGHENG, RENY TG RET, &ERRE
Yy K XS o DA B 25 R0, XUMLIE Al o] DA

SRy — Pl s AE N Ttk LA R B W 5 | i H 34
A, A A SR AR XU DX A 2 Il P,
X T R 1 A6 S R R A ) 9 P S Y
ity b AR TR R T K SRl 2 —, BAEEA
PGSR IR, RERS U MU IR BRI, R AT LAY
RO RS R R R BRSO 1) A4

PR AN N ¥R )

M F R TR TR, R | B R4S
A B BE A8 AT il 2 o U R A S IR 5 AR ) B VR P A
FE AT RE R, 28 G0 % 00 b 2 48 I PP AR I XU T &
Xof LS e A A 5% 2 R, 6P i I XU T R iR
& FEH.
21 EHERLHBERBYARE

VR 1 XU ) VB A T R T L R R R
SHUBUABE P sl . 7= 2k 4 3 R o 1) HE il Rt 1 2
(AL SE TP AR IR 1 XU R e i 3 R AV DR
DX, HL i AR 2 UM IS M b A, AUBLIE R AT
A A5l % R 1 DV Pl 0 Al 2 0 2 X VB Y U B B B i
— FE MRS, S S0 S K AR 1T, A AR
1%, X i P A s R SR A s IXUBL S Atk ) B S
FER SRS B ER, A, KALILR
5 25 36k VRS 3 SR AR 140, S BIGH A IS G A W A A
Bk BB, AW ZREvE T I XU S U,
Ve 2 3 RHIL R R s, 2 7 A i D FH R 52 o )
BEIE T 7 TR, 5 S0bE 5630 K i K o Oy 28
SRR A T 0 S B e R A AR VRS L 4R
BAFIUT e 2 B — R AV IR AR AR 2 Bk A T
STk MAESR, 181 GIS HR B EwR, *f
3 [ VT A v 3 b RUR TR T ke AT BR 8 A
M PP o S5 R Bl I L XU R I B,
Vg K5 YL B TR AR R, TR IR ) B G AR )
A —E R, R A L bl R K
[I0E:HIl

Vg 1 XU R Nas e R AR e L R
St IR SR 915 3 45 ) B e A R 4400, o, W 2
S B FERT ROR A O, M XU R T A M 2
226 dB re 1pPa, FEESFTHEL 80 km A [ 215 S &
JKEET, G5 R 290 120~140 dB re 1uPa, SN
1 kHz AN, 5RGE, KL YIHDE, HXBLHE
G HAG — s B, PR M ) BNz v AS B (H
FE XL BB, 235 g fa Rk 45 7 5 UK ) A W s

96 TEFPERL 1 2022 4F /5 46 5 1 55 T 1)



R HREGR @
EVIEWS

B SN g XA Iz TR, TR AR A R T e
SRR, PR R EAE 110~3 200 pT Y
W AR L R 272 ) e, AT 0 92 IX 3 3 11 A %
AR, T R 58 £ A8 AR R b % 37 T A Y AR ) s i
B — R R 38 i RO R — A KA
FERIPR BHIEDY, Lin 250008 i AS R4 5 A9 /K R PR 3 52
5, WFFE T ME LR 30 %475 2 (4postichopus japoni-
cus)is SNAT A IS A, 45 5 L v AR I 4k Bl AT RE
SER IS IR T R o

T b XU AL 2 X 5 2 77 A — g s, BRI
R IR B2 %t 1 26T A 3 4607, i s b 19
AR N2 MR R g TG 1 25 i i Y, (0
il i XU H, 37 288 R A A 55 28 L i R XL R A=
HOpnIE T LD N AN e DS PN 0 e TR N B S S E N )
Xt B m BN, (U AR ST EmE, “5
" F R AR,
22 LR RE A ESE DGR

W5 A7 T L KU T & i A i AR e i
WIr= A TR, AR, b AatErE ) 2
Wi e B SR, SR R A e
PR, WM AF 2SO, b i R AR S A T
FEAYAT AR, I3 M i 1 A ) 0 A B L 46
J B I A 2 %o A i s aU
2.2.1 B XA R X A AT AR A R

W 23X R WA T it e e, ELZEAS )2
YR AT AR 25 AR K10 St & S B0
I TR, KRR R TR PR v s e O
RGO, W55 RS2 R BT 1 e 10T,

W2 X VR A D AT S 1 5 T LA R R LA £ 7
N EREAT O EAT N SRIEAT N SRR AR
Flan, WEE 2545 0% (Sinonovacula constricta) L
WEAT Sy, o i B A M s S SOL A TR R, SR R
3% (S. constricta) T G o 7 AR AR AR BT
PO ER P v U BE D fa (Danio rerio)1E W35 2 5%
T B R4 T el As LA R I Dk R T
IR, ANARIE] 3 BOE B AR R, R X AR REAT AR
TV, WX A BT AR L
an, W T B YN A8 i (Anguilla anguilla)(N 4k
11 R7AR S, RO EMEREREART, FTh M & 28K
#4637 V3 B A0 (Doryteuthis pealeii) B3 £ R R AR,
[ei) Bof s 2 %ot HL A T b s )4, it = 1 (Gas-
terosteus aculeatus)TE X HL M5 B REE T, SHE

IR RN, HEPCRREARET, oAb, TEM R
5, WBEHR FE i (Gobiusculus flavescens)FI 2 HF
& £ (Pomatoschistus pictus)¥) s L BUEAALSE . W
SR AT WIRIE, Wi 50 (R B TR, 36 3%
P B4l B e a — s R U7
W Xof Wi 2L B ) 1 e R T B, KR A PR I FL
xR R 7T FETRAS 22 Moray Firth
B 1 LS TR s A FU A A TR 7K T it 4k,
18 3 A1 TE W K (Tursiops  truncatus) W 75 224 i 26
T, ZBAEREESFTHE 5 m AL SEMIEIK(T. truncatus)
23 BT S K APER 5, 7E 10 m Ab2s s B0 ()
FIBSRUS BeAb, i L Eh ) £ 3 1 AT
2, P s I 0T b XUH AT R 2 A [E) A2 i 1
R R  T (H SR, SIS RI 4 R R R A, H AT
A IR b XUHL 37 B 30 1 I L B W o A AN B
L e T8, s DRRT RE SR XUHIL S il 7™ A= i) 185 58 R0 Fl
PR b gON;, %k AU i 3L 3 ) B s e 5 | R P4
PERIPA, (0 ELRHLHIA FRRFSE
2.2.2 ¥ b XU E IR oV VAR ) A BOIR S O R
Vi b XU R R X Y Y A AR B Y S e R R
T IO 38 A B T, A AR A A B ) s O g,
e, KW FL i (Heterostichus rostratus)TE =
FE R G 11 [ea) B 355 v o 98 I e A R e
M gz, Je ¥ P HEf(Oreochromis niloticus) 7R B
R IR, (B ER T 120 K5, MR M ET
% RN O 2 B IE B A AR B S B L RV TR A 4
(Gadus morhua) I % 1 (Pollachius virens)#y 215 JZ
O 1 W B R R 00 P R R RSO, g
R P S IS W Kot 2 I A B ) SR A S
FERE W2, BHoR 24 hAE AW R e T Y
ST, BN, 450%(S. constricta) TR N4 H
PR S TG R, AR AR AR T, A e s X
b g W5 R DL (Mytilus - galloprovincialis) i A& i A B
A B Y Ak, W 2 iR 4 JE X DS
PSRN, BN e (Tegillarca granosa)¥E 70~100 dB
(R T 23 38 o U R PR R X6 Cd 1 s 421,
2.2.3 Mg B XA IR TR A W R R ) 2T PR
JA FEL W X YA 3 A4 0 55 i) 1) 3 —F ML A B F 5
Wb, ANTE DL AHOCHIE o AN, >4 45 9% (S.
constricta) % {5 T W E I, HOBEREE . ARG L
O R AR =R MR G PR AE 10 S AH AR A A 3
KR HEAS, 7E 80 dB re 1pPa RUMEEIAEE T, MI&
JE R Y95 7 B THE, #E 100 dB re 1pPa (185 2R

Marine Sciences / Vol. 46, No. 7 / 2022 97



R HREGR @
EVIEWS

BER, AHSCIEE g d kU0, Shi ARk IR (T
granosa)ZFEE Cd FINCHMEE T, KM 5ph2id
JE 43 Wb AR FE R (MAO . AChE 1 mAChR3) %35 i
FNM, RUIGRER T MRS TG Y n] DL i H b 28 8 i
Gy Mh, 3 3E S B IR RN AR T Cd Ok g (T
granosa)ff & FRLEZ m /E F #2151
2.3 LR BGREEE YRR

TR IR TP AEAE H AR MG Y, VRS A5 £ FL
JEA RS M R S A T RS Y O, i L KU
HrRUHIL FE RS TR FL S X 23 P A A A HL R 31,
B FR T AN R A J5i (8] Ho B 4 Sk s o e, R o 3 v
ST 7 0 KL A T 30 i 7 A %) G 3 R AR W)
S AR /N, b XU B F R G R R IR TR IS
45, A AT RE A7 B9 IR i 4 R W 3 5 ) B TR AR )
W H K2 Bl AR T B 5 A A
2.3.1 i B X B RGN A AT AR R R

1% 37 %58 AN [RI R AR AT R 95 M 2 Sl R, AHLOG
MR ZE D TR . Flhn, ik (Gondo-
geneia antarctica)t 20 nT K VLT BB AR H 1 37 7%
# 1 min J5 22k 1m0, i e AR (Homarus
gammarus)TE 200 pT @537 NAT AR K B 2 2k
ARON ] (E A T BB 18 (C. pagurus)ENZREL S I 1 1 44
WEAT M, AL, 2% (Hediste diversicolor) 55T
W TG, ARRAT b 90 2 sk, H R %)
VEETE BhAIAT R 1) 5 WAL S AT A 75 380 A At 1 e A
2.3.2 ¥ b XA RS X 1 A ) A BRSS9 R e

T S % ¥ A2 ) A BRSE w B) EE A R AE A D, £
TESC G 2 I RALIUSE S . V4R (H. diversicolor) %75 T
VI L ZE MR R i, HE AR B AR
HOIHEE(C. pagurus)ZiE TG, &M L-ZLieE:
Al D-F A B BRI A BEEEEL md et 28 iR
& & R 4%, B, W85 (Oncorhynchus
mykiss)3Z G O CE 7E 53 (50 Hz, 1 mT)N, HAF
T SRR R A W FRAIG, H B 2 0 R OR B 2
FHE S (45 SRAE 1 BEM A (Esox Tucius)TH WG 4
i, R A R T A AR RO E B
(D, rerio)TEREY TS, WHALIMIAN I LT 3%
HER O TR sh b, BFIE LR B Y BRE T RT
B (Paracentrotus lividus)W G40 L A 22535452 B
L, SER R R RS KB, I, SR
BRI 1 mT 88 SR, 7EAH N Y A Y
A4 3% B AE R I P

2.3.3 ¥ b XA RS o g VA W B i B 43 B

HA, i 3 7 8 X TR Y A 00552 i) 1) 53 —F WL R AF 5
Wag/b, HEHEPAEsE K i, Zhang P8R
et M P AR, KBTS A i (Onchidium  struma)
FAEMARAF 3% (50 Hz, 100~500 uT)H 5% — & )5 o]
VR E N, b S IG DL (M. galloprovincialis)
FERAR L BE3(50 Hz, 400 pT)H, FAKTEHEEH HSP70
FIHSPOO [y ek ty 8L L1000 EAR K, i
i (0. mykiss) . W] (Limecola balthica) # b % (H.
diversicolor) % & T LW BT, 321 E YA TR #2 B
(BT ROk S e e AR AR A e RS, R WL
Yo F BUH 1 A2 W G (o 1A %) 5 40 W AR I X A% 7 4R
P2 AR O BB A B R, AHERF I 2
TENBLIAEE, 78 L K b 5 vl F R
Al R 1 5 B/ )N R 1) R 8 T 7 A4 1 PG A S 1 AR A
M) 2 A B A OO IR o T A 9 A RN R 3 F 5T R A
THRE,

3 HMREKE

WHEEBRGRE IS RS, B B
PRI I 2 B AL e 2 IR A, AT L
I B 7 2R3, R R L X 4 [R)  E
HAEA I, A SC R GG T bR X A S
PR 0 A R IR B 25 S BRI, TR XU i
PEA IS PR B S A O i, T BV A ¢ B A i
5T et — 25 WA B FCVE FALIR . e Ah, 76 NI B
SRF, BRI LR LA SE A R | A 25 R0 PR
5 53 1R R R SR ), R TR R ok
B, AT R R XU R T
3.1 FARE K ER LR EFL

TR ARG 55 v b XURB LA 4, 3 o 4 P AL
LI FIE A BT . KL SRt 8 | KUBL %
DU M, A5 8080 1 IR 3 | 1 o £ 2 45
TR (AR 35 7 2 s BF R U 1 XMLER G b7 B 4 R,
S o RV 07 VA T B L B A P
R A A, 3 T A 25 2 IKUBIL S i B 2 RS 14
HTE e, e BB L XUHLLR 1R e | i
LRARMEAL AR R, DUFR AL (R B b XU A 25
AR RES R4,

3.2 B E R s AR AL A B
BIF A it b XU S L) 5 e R, SR AT

98 TEFPERL 1 2022 4F /5 46 5 1 55 T 1)



R HREGR @
EVIEWS

A 2 7 2 FIE RS LS 4, (R b KL 5
KA E R INE Y . AT G L 1
PP 3 ) 400 25 2 A 2T 28 K AR wh g, R |
UL 37 A A S 4 AR, A I LR Al 14 5 v 4% i 22
B S LALAL R 4S5 R e, g L KU 1Y
FE & AR, REE ERULILYL 04 % d i, 3l
o U 1 IR 3 T RS o o b PR A A R, R v
R RS B A FERE L, ST L XU TR I
5.
3.3 & B R 4 AR N R A R AU ARAT
ST IR KB DX T B A W T S e A
A AR TSR R, K T2 HEEHF KT @
KIS IORAE . K 1S KRR B . R
3 B AL 0 43 BT AR B B, SO 1 XU 37 X
S A 745 A T S W 5 e I U B A b
JKUHEL 3285 108 35 | R 8 A 0 B TR AL B R T
BRI B BB 5 IR, LA 1 9 o 3 L 0 e SRy BT 5
K5, WATH . AR ST AR R G T, A
B B30 R S T A 0 2 A R I S,
UG TF R 1 1 X e U B (R4
3.4 RS L N RRE R RALX A H
WE KRS XU FAR AN, 5 L
JXUH 5 PO Rl R TR BT R SR | 2y
P 25 P ) T 5 A2 L RS U e 8 LS, 52
3 S HE KK Bl 0 A T A0 R AT, 1 7 47 o 2
UL 2 A FE (025 YU, O R R XUk 3 1N 25 Vi
A XUHLEE R 50 R AT . FE4L . A B S0 VR
sl 00 ) G () A LR A R, 7 A 7 IR O B TR Y
I, B A K 72 R 1, SR XU S i
PR IR K

2% ik

[1] STRUNZ S. Speeding up the energy transition[J]. Na-
ture Sustainability, 2018, 1(8): 390-391.

[2] AYDINALP C. Clean energy for better environment[M].

Croatia: InTech publisher, 2012.

[3] VARGAS S A, ESTEVES G R T, MACAIRA P M, et al.

Wind power generation: A review and a research agen-
da[J]. Journal of Cleaner Production, 2019, 218: 850-
870.

[4] HEZRME, I, AL, 55 BRI RE R R IR
Hita b)), HERZEH, 2021, 42(2): 179-186.
CUI Guorong, CUI Juan, CHENG Lihai, et al. Status

and trends analysis of global clearn energines[J]. Acta
Geoscientica Sinica, 2021, 42(2): 179-186.

[5] BOSCH J, STAFFELL I, HAWKES A D. Temporally-
explicit and spatially-resolved global onshore wind ene-
rgy potentials[J]. Energy, 2017, 131: 207-217.

[6] SUN X J, HUANG D G, WU G Q. The current state of
offshore wind energy technology development[J]. Ener-
gy, 2012, 41(1): 298-312.

[71 JOYCE LEE, ZHAO F. Global offshore wind report
2020[R]. Brussels: Global Wind Energy Council (GWEC),
2020.

[8] SHERMAN P, CHEN X Y, MCELROY M. Offshore
wind: An opportunity for cost-competitive decarboni-
zation of China’s energy economy[J]. Science Advan-
ces, 2020, 6(8): eaax9571.

[9] LU X, MCELROY M B, CHEN X Y, et al. Opportunity
for offshore wind to reduce future demand for coal-
fired power plants in China with consequent savings in
emissions of CO?[J]. Environment Science Technology,
2014, 48(24): 14764-14771.

[10] W, ¥ b XU = TR i e AT & —id
PRTLIRE R I R DI [T]. KA, 2019(6): 18-25.
XIE Changjun. The forerunner of the construction of off-
shore wind power Three Gorges Project-on the develop-
ment process of offshore wind power in Longyuan, Ji-
angsu Province[J]. Wind Energy, 2019(6): 18-25.

[11] LANGHAMER O, DAHLGREN T G, ROSENQVIST G.
Effect of an offshore wind farm on the viviparous eel-
pout: Biometrics, brood development and population
studies in Lillgrund, Sweden[J]. Ecological Indicators,
2018, 84: 1-6.

[12] NEDWELL J, HOWELL D. A review of offshore wind-
farm related underwater noise sources[J]. Cowrie Rep,
2004, 554: 1-57.

[13] NEDWELL J R, TURNPENNY A W H, LOVELL J, et
al. A validation of the dBht as a measure of the behav-
ioural and auditory effects of underwater noise[R]. UK:
Subacoustech Ltd, 2007.

[14] SOUKISSIAN T H, PAPADOPOULOS A. Effects of
different wind data sources in offshore wind power as-
sessment[J]. Renewable Energy, 2015, 77: 101-114.

[15] OHMAN M C, SIGRAY P, WESTERBERG H. Offshore
windmills and the effects of electromagnetic fields on
fish[J]. AMBIO: A journal of the Human Environment,
2007, 36(8): 630-633.

[16] FURNESS R W, WADE H M, ROBBINS A M C, et al.
Assessing the sensitivity of seabird populations to ad-
verse effects from tidal stream turbines and wave en-
ergy devices[J]. Ices Journal of Marine Science, 2012,
69(8): 1466-1479.

[17] FURNESS R W, WADE H M, MASDEN E A. Assess-

Marine Sciences / Vol. 46, No. 7 / 2022 99



[19]

[23]

[24]

[27]

[28]

100

HRLzik
R EVIEWS

ing vulnerability of marine bird populations to offshore
wind farms[J]. Journal of Environmental Management,
2013, 119: 56-66.

I, REE, FEMINL, A B R TR AR
R PSR ()], VR R, 2020, 39(3): 291-299.
SU Wen, WU Ni, ZHANG Liuli, et al. A review of re-
search on the effect of offshore wind power project on
marine organisms[J]. Marine Science Bulletin, 2020,
39(3): 291-299.

WL, i/, sk, S5, MRS S5 B KR
AR B S RN T EBEBEBE T, 2019,
34(6): 104-111.

YANG Hongsheng, RU Xiaoshang, ZHANG Libin, et al.
Industial convergence of marine ranching and offshore
wind power: Concept and prospect[J]. Bulletin of Chi-
nese Academy of Sciences, 2019, 34(6): 104-111.
DEGRAER S, CAREY D A, COOLEN J W P, et al. Off-
shore wind farm artificial reefs affect ecosystem structure
and functioning[J]. Oceanography, 2020, 33(4): 48-57.
PAXTON A B, SHERTZER K W, BACHELER N M, et
al. Meta-analysis reveals artificial reefs can be effective
tools for fish community enhancement but are not one-
size-fits-all[J]. Frontiers in Marine Science, 2020, 7:
282.

BOHNSACK J A. Are high-densities of fishes at artifi-
cial reefs the result of habitat limitation or behavioral

preference?[J]. Bulletin of Marine Science, 1989, 44(2):

631-645.

ANDERSSON M H. Offshore wind farms — ecological
effects of noise and habitat alteration on fish[D]. Stock-
holm: Stockholm University, 2011.

KRONE R, GUTOW L, BREY T, et al. Mobile demersal
megafauna at artificial structures in the German Bight—
Likely effects of offshore wind farm development[J].
Estuarine, Coastal and Shelf Science, 2013, 125: 1-9.
DE MESEL I, KERCKHOF F, NORRO A, et al. Suc-
cession and seasonal dynamics of the epifauna commu-
nity on offshore wind farm foundations and their role as
stepping stones for non-indigenous species[J]. Hydro-
biologia, 2015, 756(1): 37-50.

STENBERG C, DEURS M V, STOTTRUP J, et al.
Effect of the Horns Rev 1 offshore wind farm on fish
communities: Follow-up seven years after construc-
tion[M]. Denmark: Danish Energy Authority, 2011.
LEONHARD S B, PEDERSEN J. Benthic communities
at Horns Rev before, during and after construction of
Horns Rev Offshore Wind Farm[R]. Copenhagen: Vat-
tenfall, 2006.

LINDEBOOM H J, KOUWENHOVEN H J, BERGMAN
M J N, et al. Short-term ecological effects of an offshore
wind farm in the Dutch coastal zone; a compilation[J]. En-

[31]

[35]

[36]

[38]

[39]

[40]

Chr

vironmental Research Letters, 2011, 6(3): 35101-35113.
KRONE R, DEDERER G, KANSTINGER P, et al. Mo-
bile demersal megafauna at common offshore wind tur-
bine foundations in the German Bight (North Sea) two
years after deployment - increased production rate of
Cancer pagurus[J]. Marine Environmental Research,
2017, 123: 53-61.

LANGHAMER O, HOLAND H, ROSENQVIST G. Ef-
fects of an Offshore Wind Farm (OWF) on the common
shore Crab Carcinus maenas: Tagging pilot experiments
in the Lillgrund Offshore Wind Farm (Sweden)[J]. PLoS
One, 2016, 11(10): e0165096.

WANG J J, ZOU X Q, YU W W, et al. Effects of estab-
lished offshore wind farms on energy flow of coastal
ecosystems: A case study of the Rudong offshore wind
farms in China[J]. Ocean & Coastal Management, 2019,
171: 111-118.

RAOUX A, TECCHIO S, PEZY J P, et al. Benthic and
fish aggregation inside an offshore wind farm: Which
effects on the trophic web functioning?[J]. Ecological
Indicators, 2017, 72: 33-46.

WILBER D H, CAREY D A, GRIFFIN M. Flatfish habi-
tat use near North America’s first offshore wind farm[J].
Journal of Sea Research, 2018, 139: 24-32.
WILHELMSSON D, MALM T, OHMAN M C. The in-
fluence of offshore windpower on demersal fish[J]. Ices
Journal of Marine Science, 2006, 63(5): 775-784.
GRIFFIN R, BUCK B, KRAUSE G. Private incentives for
the emergence of co-production of offshore wind energy
and mussel aquaculture[J]. Aquaculture, 2015, 436: 80-89.
RUSSELL D J F, BRASSEUR S, THOMPSON D, et al.
Marine mammals trace anthropogenic structures at sea[J].
Current Biology, 2014, 24(14): R638-R639.

THOMSEN F, GILL A, KOSECKA M, et al. MaRVEN —
Environmental impacts of noise, vibrations and electro-
magnetic emissions from marine renewable energy[M].
Luxembourg: Publications Office of the European Union,
2016.

BRAY L, REIZOPOULOU S, VOUKOUVALAS E, et
al. Expected effects of offshore wind farms on Mediter-
ranean marine life[J]. Journal of Marine Science and
Engineering, 2016, 4(1): 1-17.

KIRCHGEORG T, WEINBERG I, HORNIG M, et al.
Emissions from corrosion protection systems of off-
shore wind farms: Evaluation of the potential impact on
the marine environment[J]. Marine Pollution Bulletin,
2018, 136: 257-268.

MANGI S C. The impact of offshore wind farms on
marine ecosystems: A review taking an ecosystem ser-
vices perspective[J]. Proceedings of the IEEE, 2013,
101(4): 999-1009.

TEPERLF 12022 4F /4 46 45 1 45 7 1)



[41]

[42]

[43]

[44]

[47]

[50]

[51]

HRLzik
R EVIEWS

FH, B, KA. ET MIKE21 MV nAR 1 X
L 37 U8 Ub o IR B AU, T TR @ A, 2021,
43(2): 48-57.

WANG Yang, YANG Hong, ZHANG Wu. Simulation of
sediment erosion and silting on Rudong offshore wind
farm project in Jiangsu Province by MIKE21[J]. Trans-
actions of Oceanology and Limnology, 2021, 43(2):
48-57.

RIVIER A, BENNIS A C, PINON G, et al. Parameteri-
zation of wind turbine impacts on hydrodynamics and
sediment transport[J]. Ocean Dynamics, 2016, 66(10):
1285-1299.

kAR AR VLR DR B XU TR R AR A R )
PE[D]. L WREEERA, 2018.

ZHANG lJinglei. Cumulative environmental impact as-
sessment of offshore wind power projects in Northern
Binhai, Jiangsu[D]. Shanghai: Shanghai Ocean Univer-
sity, 2018.

ANDRULEWICZ E, NAPIERSKA D, OTREMBA Z.
The environmental effects of the installation and func-
tioning of the submarine SwePol Link HVDC trans-
mission line: A case study of the Polish Marine Area of
the Baltic Sea[J]. Journal of Sea Research, 2003, 49(4):
337-345.

ARAN M T, H. A M, JENNI S. Acoustic impacts of
offshore wind energy on fishery resources[J]. Oceano-
graphy, 2020, 33(4): 82-95.

HUTCHISON Z L, SECOR D H, GILL A B. The intera-
ction between resource species an electromagnetic fields
associated with electricity production by offshore wind
farms[J]. Oceanography, 2020, 33(4): 96-107.

BAILEY H, SENIOR R, SIMMONS R, et al. Assessing
underwater noise levels during pile-driving at an offshore
windfarm and its potential effects on marine mammals[J].
Marine Pollution Bulletin, 2010, 60(6): 888-897.
DEBUSSCHERE E, DE C B, BAJEK A, et al. In situ
mortality experiments with juvenile sea bass (Dicen-
trarchus labrax) in relation to impulsive sound levels
caused by pile driving of windmill foundations[J]. PloS
One, 2014, 9(10): ¢109280.

HAWKINS A D, PEMBROKE A E, POPPER A N. In-
formation gaps in understanding the effects of noise on
fishes and invertebrates[J]. Reviews in fish biology and
fisheries, 2015, 25(1): 39-64.

POPPER A N, HAWKINS A D. An overview of fish
bioacoustics and the impacts of anthropogenic sounds
on fishes[J]. Journal of fish biology, 2019, 94(5): 692-
713.

SHANNON G, MCKENNA M F, ANGELONI L M, et al.
A synthesis of two decades of research documenting the

effects of noise on wildlife[J]. Biological Reviews of the

Marine Sciences / Vol. 46, No. 7 /2022

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Chr

Cambrige Philosophical Society, 2016, 91(4): 982-1005.
TAORMINA B, BALD J, WANT A, et al. A review of
potential impacts of submarine power cables on the ma-
rine environment: Knowledge gaps, recommendations
and future directions[J]. Renewable & Sustainable En-
ergy Reviews, 2018, 96: 380-391.

HUTCHISON Z L, GILL A B, PETER S, et al. Anthro-
pogenic electromagnetic fields (EMF) influence the be-
haviour of bottom-dwelling marine species[J]. Scien-
tific reports, 2020, 10(1): 1-15.

GILL A B, DESENDER M. 2020 State of the Science
Report - Chapter 5: Risk to animals from electromag-
netic fields emitted by electric cables and marine re-
newable energy devices[R]. United States: Ocean En-
ergy Systems (OES), 2020.

WA TR KU B A S0 10 Fr) R | A
S5 [D]. dbat: EHER, 2017.

YANG Chunbao. The regulation, control and evaluation
of dynamic response for offshore wind turbine founda-
tions[D]. Beijing: Tsinghua University, 2017.

LIN C G, ZHANG L B, PAN Y, et al. Influence of vi-
bration caused by sound on migration of sea cucumber
Apostichopus japonicus[J]. Aquaculture Research, 2017,
48(9): 5072-5082.

MENDEL B, SCHWEMMER P, PESCHKO V, et al.
Operational offshore wind farms and associated ship
traffic cause profound changes in distribution patterns
of Loons (Gavia spp.)[J]. Journal of Environmental
Management, 2019, 231: 429-438.

MASDEN E A, HAYDON D T, FOX A D, et al. Barri-
ers to movement: impacts of wind farms on migrating
birds[J]. Ices Journal of Marine Science, 2009, 66(4):
746-753.

TABASSUM-ABBASI, PREMALATHA M, ABBASI T,
et al. Wind energy: Increasing deployment, rising envi-
ronmental concerns[J]. Renewable & Sustainable En-
ergy Reviews, 2014, 31: 270-288.

VANERMEN N, ONKELINX T, VERSCHELDE P, et
al. Assessing seabird displacement at offshore wind
farms: power ranges of a monitoring and data handling
protocol[J]. Hydrobiologia, 2015, 756(1): 155-167.
MARX J, SCHREIBER A, ZAPP P. Response to
‘Life-cycle green-house gas emissions of onshore and
offshore wind turbines’[J]. Journal of Cleaner Produc-
tion, 2019, 219: 33-34.

FKIR. B XU K AT RERE R P SE D). ]
1R, 2019.

ZHANG Ran. Research on underwater pilling noise for
offshore wind farm[D]. Xiamen: Xiamen University,
2019.

NORRO A M, RUMES B, DEGRAER S J. Differentia-

101



[65]

[66]

[67]

[71]

[75]

102

HRLzik
R EVIEWS

ting between underwater construction noise of monopile
and jacket foundations for offshore windmills: a case
study from the Belgian part of the North Sea[J]. Scien-
tific World Journal, 2013, 2013: 897624.

TOUGAARD J, HERMANNSEN L, MADSEN P T.
How loud is the underwater noise from operating off-
shore wind turbines?[J]. Journal of the Acoustical So-
ciety of America, 2020, 148(5): 2885.

ZHANG X G, GUO H Y, CHEN J, et al. Potential ef-
fects of underwater noise from wind turbines on the
marbled rockfish (Sebasticus marmoratus)[J]. Journal
of Applied Ichthyology, 2021, 37(4): 514-522.

PINE M K, JEFFS A G, RADFORD C A. Turbine sound
may influence the metamorphosis behaviour of estuarine
crab megalopae[J]. PLoS One, 2012, 7(12): €51790.
SPIGA I, ALDRED N, CALDWELL G S. Anthropogenic
noise compromises the anti-predator behaviour of the
European seabass, Dicentrarchus labrax (L.)[J]. Marine
Pollution Bulletin, 2017, 122(1/2): 297-305.

RADFORD A N, LEBRE L, LECAILLON G, et al. Re-
peated exposure reduces the response to impulsive noise
in European seabass[J]. Global Change Biology, 2016,
22(10): 3349-3360.

NEDELEC S L, MILLS S C, LECCHINI D, et al. Re-
peated exposure to noise increases tolerance in a coral reef
fish[J]. Environmental Pollution, 2016, 216: 428-436.
PENG C, ZHAO X G, LIU S X, et al. Effects of anthropo-
genic sound on digging behavior, metabolism, Ca®/Mg*"
ATPase activity, and metabolism-related gene expression
of the bivalve Sinonovacula constricta[J]. Scientific Re-
ports, 2016, 6(1): 1-12.

NEO Y Y, PARIE L, BAKKER F, et al. Behavioral
changes in response to sound exposure and no spatial
avoidance of noisy conditions in captive zebrafish[J].
Frontiers in Behavioral Neuroscience, 2015, 9: 28.
SIMPSON S D, PURSER J, RADFORD A N. Anthro-
pogenic noise compromises antipredator behaviour in
European eels[J]. Global Change Biology, 2015, 21(2):
586-593.

JONES I T, PEYLA J F, CLARK H, et al. Changes in
feeding behavior of longfin squid (Doryteuthis pealeii)
during laboratory exposure to pile driving noise[J]. Ma-
rine Environmental Research, 2021, 165: 105250.
JONES I T, STANLEY J A, MOONEY T A. Impulsive
pile driving noise elicits alarm responses in squid (Dor-
yteuthis pealeii)[J]. Marine Pollution Bulletin, 2020,
150: 110792.

PURSER J, RADFORD A N. Acoustic noise induces
attention shifts and reduces foraging performance in
three-spined sticklebacks (Gasterosteus aculeatus)[J].
PLoS One, 2011, 6(2): ¢17478.

[76]

[77]

(78]

[79]

[83]

[85]

[86]

[87]

Chr

DE JONG K, AMORIM M C P, FONSECA P J, et al.
Noise can affect acoustic communication and subse-
quent spawning success in fish[J]. Environmental Pol-
lution, 2018, 237: 814-823.
MADSEN P T, WAHLBERG M, TOUGAARD J, et al.
Wind turbine underwater noise and marine mammals:
implications of current knowledge and data needs[J].
Marine Ecology Progress Series, 2006, 309: 279-295.
GRAHAM I M, PIROTTA E, MERCHANT N D, et al.
Responses of bottlenose dolphins and harbor porpoises
to impact and vibration piling noise during harbor con-
struction[J]. Ecosphere, 2017, 8(5): e01793.
NABI G, RICHARD W M, HAO Yujiang, et al. The pos-
sible effects of anthropogenic acoustic pollution on ma-
rine mammals' reproduction: an emerging threat to ani-
mal extinction[J]. Environmental Science & Pollution
Research, 2018, 25: 19338-19345.
DAVIDSEN J G, DONG H F, LINNE M, et al. Effects of
sound exposure from a seismic airgun on heart rate, acce-
leration and depth use in free-swimming Atlantic cod and
saithe[J]. Conservation Physiology, 2019, 7(1): c0z020.
NICHOLS T A, ANDERSON T W, SIROVIC A. Inter-
mittent noise induces physiological stress in a coastal
marine fish[J]. PLoS One, 2015, 10(9): e0139157.
KUSKU H, YIGIT U, YILMAZ S, et al. Acoustic ef-
fects of underwater drilling and piling noise on growth
and physiological response of Nile tilapia (Oreochromis
niloticus)[J]. Aquaculture Research, 2020, 51(8): 3166-
3174.
CROVO J A, MENDONCA M T, HOLT D E, et al. Stress
and auditory responses of the otophysan fish, Cyprinella
venusta, to road traffic noise[J]. PLoS One, 2015, 10(9):
e0137290.
VAZZANA M, CERAULO M, MAURO M, et al. Effects
of acoustic stimulation on biochemical parameters in the
digestive gland of Mediterranean mussel Mytilus gallo-
provincialis (Lamarck, 1819)[J]. Journal of the Acousti-
cal Society of America, 2020, 147(4): 2414-2422.
SHI W, HAN Y, GUAN X F, et al. Anthropogenic noise
aggravates the toxicity of cadmium on some physiologi-
cal characteristics of the blood clam Tegillarca grano-
sa[J]. Frontiers in Physiology, 2019, 10: 377.
POLAGYE B, BASSETT C. 2020 State of the Science
Report, Chapter 4: Risk to marine animals from under-
water noise generated by marine renewable energy de-
vices[R]. United States: Ocean Energy Systems (OES),
2020: 67-85. https://doi.org/10. 2172/1633082.
SRR, 2, TN, S R b XUH AR A R AR
M AR SRR ). PRI & S HL, 2019, 36(12):
71-75.
CAI Ling, JIANG Shang, MA Li, et al. Review of the

TEPERLF 12022 4F /4 46 45 1 45 7 1)



[90]

[91]

[93]

[94]

HRLzik
R EVIEWS

research on the effects of electromagnetic radiation from
offshore wind power on marine organisms[J]. Ocean De-
velopment and Management, 2019, 36(12): 71-75.
ALBERT L, DESCHAMPS F, JOLIVET A, et al. A cur-
rent synthesis on the effects of electric and magnetic fields
emitted by submarine power cables on invertebrates[J].
Marine Environmental Research, 2020, 159: 104958.

FEY D P, JAKUBOWSKA M, GRESZKIEWICZ M, et
al. Are magnetic and electromagnetic fields of anthro-
pogenic origin potential threats to early life stages of
fish?[J]. Aquatic Toxicology, 2019, 209: 150-158.
TOMANOVA K, VACHA M. The magnetic orientation
of the Antarctic amphipod Gondogeneia antarctica is
cancelled by very weak radiofrequency fields[J]. Journal
of Experimental Biology, 2016, 219(11): 1717-1724.
TAORMINA B, DI POI C, AGNALT A L, et al. Impact
of magnetic fields generated by AC/DC submarine
power cables on the behavior of juvenile European lob-
ster (Homarus gammarus)[J]. Aquatic Toxicology, 2020,
220: 105401.

SCOTT K, HARSANYT P, LYNDON A R. Understan-
ding the effects of electromagnetic field emissions from
Marine Renewable Energy Devices (MREDs) on the
commercially important edible crab, Cancer pagurus
(L.)[J]. Marine Pollution Bulletin, 2018, 131: 580-588.
JAKUBOWSKA M, URBAN-MALINGA B, OTREMBA
Z, et al. Effect of low frequency electromagnetic field on
the behavior and bioenergetics of the polychaete Hediste
diversicolor[J]. Marine Environment Research, 2019, 150:
104766.

FEY D P, GRESZKIEWICZ M, OTREMBA Z, et al.
Effect of static magnetic field on the hatching success,
growth, mortality, and yolk-sac absorption of larval
Northern pike Esox lucius[J]. Science of the Total En-
vironment, 2019, 647: 1239-1244,

PICCINETTI C P C, LEO A D, COSOLI G, et al.
Measurement of the 100 MHz EMF radiation in vivo
effects on zebrafish D. rerio embryonic development: A

Marine Sciences / Vol. 46, No. 7 /2022

[96]

[98]

[99]

[100]

[101]

[102]

Chr

multidisciplinary study[J]. Ecotoxicology & Environ-
mental Safety, 2018, 154: 268-279.
A TENUZZO B, VERGALLO C, DINI L. Early develop-
ment of sea urchin P./ividus under static (6 mT) and pul-
sed magnetic fields (15 and 72 Hz)[J]. Current Chemical
Biology, 2016, 10(1): 32-42.

FEY D P, GRESZKIEWICZ M, JAKUBOWSKA M, et
al. Otolith fluctuating asymmetry in larval trout, Onco-
rhynchus mykiss Walbaum, as an indication of organism
bilateral instability affected by static and alternating
magnetic fields[J]. Science of The Total Environment,
2019, 707: 135489.

ZHANG Mingming, WANG Jiawei, SUN Qirui, et al.
Immune response of mollusk Onchidium struma to extre-
mely low-frequency electromagnetic fields (ELF-EMF,
50 Hz) exposure based on immune-related enzyme activ-
ity and De novo transcriptome analysis[J]. Fish & Shell-
fish Immunology, 2020, 98: 574-584.

DAVIDE M, MAURO L, FABRIZIOMARIA G, et al.
50 Hz magnetic fields activate mussel immunocyte p38
MAP kinase and induce HSP70 and 90[J]. Comparative
Biochemistry And Physiology Part C: Toxicology &
pharmacology, 2004, 137(1): 75-79.

MALAGOLI D, GOBBA F, OTTAVIANI E. 50 Hz ma-
gnetic fields of constant or fluctuating intensity: effects
on immunocyte hsp70 in the mussel Mytilus gallopro-
vincialis[J]. Bioelectromagnetics, 2006, 27(5): 427-429.
HAESE, TURME, makst, S W BRI 12
TR AL D AE IS R 5T R )], AR B FARE
2016, 35(11): 3051-3056.

YUAN Jianmei, BEN Chengkai, GAO Jixian, et al.
Effects of magnetic field of offshre wind farm on the
survival and of marine organism[J]. Chinese Journal of
Ecology, 2016, 35(11): 3051-3056.

NYQVIST D, DURIF C, JOHNSEN M G, et al. Electric
and magnetic senses in marine animals, and potential
behavioral effects of electromagnetic surveys[J]. Marine
Environmental Research, 2020, 155: 104888.

103



R HREGR @
EVIEWS

Research progress on the comprehensive impact of offshore
wind farms on the marine ecological environment and bio-
logical resources

WANG Ting"#**®7 RU Xiao-shang"***®, ZHANG Li-bin"* > *°

(1. CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese
Academy of Sciences, Qingdao 266071, China; 2. Laboratory for Marine Ecology and Environmental Science, Pilot
National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China; 3. Center for Ocean
Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China; 4. Laboratory of Marine Ranching
Engineering, Chinese Academy of Sciences, Qingdao 266071, China; 5. University of Chinese Academy of
Sciences, Beijing 100049, China; 6. Shandong Province Key Laboratory of Experimental Marine Biology, Qingdao
266071, China; 7. State of Environment and Safety Engineering, Qingdao University of Science and Technology,
Qingdao 266042, China)

Received: Nov. 15,2021
Key words: offshore wind farm; environmental impact; noise; electromagnetic effect; ecological effect

Abstract: Offshore wind farms exhibit the characteristics of convenient consumption nearby, high energy genera-
tion efficiency and no consumption of fossil energy. In the background of low-carbon economic development, ac-
celerating the growth of offshore wind farms has become a consensus for several countries around the world to
promote the transformation and sustainable development of energy infrastructure. However, the impact of noise and
magnetic fields generated by such wind farms on the marine environment and organisms remains unclear. This pa-
per systematically reviews the current situation of global offshore wind farm development, analyzes its comprehen-
sive impact on the marine environment and biological resources, and summarizes the potential effects of the noise
and magnetic field generated by these wind farms on marine organisms from the physiological, behavioral, and

molecular perspectives, thus providing a reference for scientific research on offshore wind farms.
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