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Previous discussions on the impact of human activities on the marine ecosystem
mainly focused on issues such as pollutant emissions, excessive carbon dioxide
emissions, and overexploitation. However, anthropogenic noise is also a significant
stressor in the marine ecosystem. The frequency range of anthropogenic noise
overlaps with the hearing range of marine animals, which can affect their behavior,
physiology, and even survival. Given the rapid changes in the ocean soundscape, there
is an urgent need to develop deep-sea environmental noise monitoring technology to
assess the impacts of anthropogenic noise on deep-sea ecosystems and take targeted
measures to mitigate the human impact on the ocean soundscape, serving the goal of
constructing a healthy ocean. This paper is based on the domestic and international
research situation, reviewing the development of marine soundscape and deep-sea
noise monitoring technology under the influence of human activities, introducing
several international initiatives dedicated to marine noise monitoring and research,
and calling for increased attention from relevant organizations and departments to the
ocean soundscape. It also encourages the development of advanced technologies and
the establishment of corresponding management frameworks.
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PR N RGBS RGN, AR IR LS G 1 HERGE i
WP K AN AR SRS L I AR HE O S BUR IR . T R S BUERS
RATEE (PR, 2002; Halpern et al., 2007; FE2 BRI, 2022; FMVE, 2022). A
LUK, FEAVHREOGEAS R T AR RIX— BB R, MiE a4



A BRBE AT AES RGP HMER (Nystuen and Miksis-Olds, 2010;
Boyd et al., 2011; ZELH3E, 2022). # 5 (Ocean Soundscape) & K2 MRHEA
[FlZS ) B IA) S S90S P e 7R R S A8 I A5 75 & (Duarte et al., 2021).

FEE RS R RO MR B R R, WA S B A it #OF) S
BRI R HEINEL, JREY PN S M 2 8] AT B3 223 (Winn, 1964;
Kasumyan, 2009; Duarte et al., 2021). BEERFEEARMNKRE, NG
S TR RRERZENDN (B D, BT GLR, WA KR
LR E M F RS o LD, TTRTIETF R s . R Eh RS R = A L IR
WERAT 25 N JIE S AR I P & EUORIB BE RS e AR L EVE, REHNH
WA S AR, FEAERAEAA. TGS, SSURATH
7 55, P BRI AR A P S A Oy TR B Be 1, X AR AR 52 (Ladich,
2008; Kunc et al., 2016; Simpson et al., 2016). KIAEEAEHEEAES RGH 2K
JINF, REZALHE N M X — 22 (Halpern et al., 2007) . S 7 M EH{g FEHOHFVE,
SERFIECE S L N ARE YD 4R S 7 AR €5 NI (ML 5 N1 s e 1 )1
ERINELL . Ah, FEURK TS BB AR, R iR e 1%, SLIK T
MR, HAREN . HERRAERIN RER, 20180 7K B AR O il R 7]
At AR RN ZE AT B 4R Ak B S A%, ARG S R P B A AT AN TR
HIfER (EE#FH, 2016).

PR B P BE T S Y, W DUREAS B I 24, et i
I B B AR T BP0, RS A RGN LAEERE CUBESE, 2017; JH ik,
2018), VG IRERE S I R AR H B A, REEHEAT I [A] . RV R R A R
Ay B FLRT RIS A 3R 2% (R I S5 M (G, 2017 R, 2018 = e 4%,
2019; FEMFEE, 202000 H A B9 RS 0000 2 48 TV, S 2 PRIBARE 2 X 38 (A
A7 DX ARG X A5 D) K Bl A SR 30 S R ) B 5 1 7 U 408 (M 28 B4, 2022
R IR HE A58 1 7 M I 52 AR AT AR B AT T3] 2 e 75 5, TR A N DG 7 R g A
BRGMFM, TER MR N ST S SR . R, ARG AR
(o e vl LLE 3R B T R RE ), 4 I SRS, i BRI R E
1 ARIESNFEM T RGeS &

TR 7R SR AN ) 7R R IR SRORIAE S DURR, A B TR T MRS Bl e



SNV 75 S DA SR AR IR v AR S R B e . TV Sy LUR, gy
S E L EH AN RNV AR DR HA 7S B MR B R L R A R AR M T A AR
P R MUK S RIS A 1 B AR 5 9 3 (Wenz, 1962; Howe et al., 2019).
Forb, WP DIE I K H P RN P ORIR R MVE, PR R RAIE K, W
S BB LW WEIEAMEESE (Winn, 1964; Kasumyan, 2009). 14
NIEBN N e 5, F S RIS A FE A R R L Hs 2 S
(B AR R H I R AR R SE B = AR I e (B 1D

e

ATHLEEA

B el EEVEAR
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B 1 NSEBIEENE R (i S 5 (B20H Duarte et al., 2021)
Fig. 1 Ocean soundscapes influenced by human activities (modified after Duarte et al.,
2021)

SRR P S R B NSRS B B RE VT SR AR TE SN MR L A

B R SAIE B8, FEFNED) . BT G S Ral Wt e, 17 X T REE (&
1, 41 Erbe et al, 2013; Newhall et al., 2016; Pangerc et al., 2016; Erbe and
McPherson, 2017). BFFLRN], XL N N3N 7= A 1 e 75 A0 2290 | 5 g 3 W) K
HY AR 75 S IR T AR R A, EEAT 0.01kHz % 10kHz (#
Slabbekoorn et al., 2010; Boyd et al., 2011; Simpson et al., 2016; Duarte et al., 2021),
PRI N 9 e 7S o TP A R W vt (5 5 AL 2], W] R BULIE R AL . B
FH. E¥sE WA 8 (Erbe et al., 2016; Kunc et al., 2016; Erisman and Rowell,
2017; Howe et al., 2019; Lin et al., 2022 ¥ R i 75 4344 1 35 52 W v 2500 £
ZEASEFH AT Vi Bl A 230 P R PR DB AT oAt A o o225 2 ) o b 7 B R
2 WARDMBRA AP GNEE L Rl A 0R, BT& @ N T s Re . R, JEmt
PRI R B RAIT TT PR FC A 5 3 WU B0 o A e D P I v A 220 e JE 3 T 3 35
(Hildebrand, 2009; Fewtrell and McCauley, 2012; F#EF], 2021). b4k, IRibFZE



JECE IR b 270 RN EINIT A ) S5 =4 A R bR R 1E AR AE B4R [ I A e I 1
RN, IR FIBRARCEDE 25k (Lodge and Verlaan, 2018; XIFi%%, 2021),
o ANVE BRI BT R AR Ao R R IS, R Eh B AR
R AT Fg X R P S CE KK /7 (Levin et al., 20200

N T RIS RGN Z FEE, 8 V)75 2D N RIS B0 7 5
s (Staaterman, 2017). 5 HAhTG Gl AR, AW 2 SR s 44
BP— BJRSk g Rbr, HRmmh & s B (Malakoff, 2010; Boyd et al., 2011;
Parsons et al., 2020; Duarte et al., 2021). [K1t, 34amnge s WA 50, 1 e FH
TSR ARG DAY/ M A i, Rl s P TR0 R HL e o o 2 AP 2 85 95 Tt 2 OR AP
PR S E S, RS WL AR (Duarte et al., 2021). o,
VTP MG P B U5 AR R T Fre M VA P A 50 AR B i it A R T
2 ENSMEREER SRR I I AR K R IR

PR PRSI P R IEAEAN W A& JE , I HAS BRI 2 19T (JUHT R4S,
2018). W H LG R 218 St Wil 7 20 2 T E A il & 057, TR,
PRI E T, BT R R AN S 755 (BUKESE, 2014), AR LTk
TCIEA RS IR MG PR B e P AT I (] RE . B ah el (= ke
,2019). FEANZR TR &M 6 580K 8 (& 2).
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Fig. 2 Monitoring platform with hydrophone
(a) VFA5, 41 Argo~ Apex VFFREE; (b) 7K NI FIHL, 4 Slocum. Spray- Seaglider.
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ML, 41 X-Ray~ Z-Ray &&; (e) BRIE 224X, i fix#% 3 il 2 1 . MERMAID
2. (f) BEIEVER.

Argo TR HHyE E B ZORFEDT 70T (IFREMER) FISE [ [E R R <8
HE (NOAA) T 20 tHal REEH A A BRI T X, %00 H 4 H 5 R 5 5
T 2AE KX )N RIS S, H TR EE T 2RI 95% il 2 A #h
MM (Roemmich et al., 2004), “ZEH 1R T 7E Argo {Fhn L nEk— R4
AR TIRE A A B 38 SR B X AE A A HhERA 22 W (Johnson et al., 20095 1]
FMEE, 2019). JEER, HHEEKGREKITEM Argo IFARMHLE &, M T —Fl
HADK NSV 6, MK B AR TS S5 R AR TR, (H 2 ARG
2 TR P S PR AT 7E 38 S MR IR I B (X325, 2017 B4, 2021). Argo V547 E
AEGEI BEUNERR ., TERK. BAERIRsa (8 20), HZ Argo
VEARAE M ¥ B 5 TE THUTH T AS R AE AT, — AN B8 S UL 7 b2
2000m. JEAh, IFPTE IR T IR AR % B ENUTIEEIRE ), B REs),
S DL SE IR R X 3R — ] 8 H AR EELLEEE (%%, 2021).

KR FINLAE T2 6000 KEE 2 8000 K I 578 Bifg v HA 5 A Bt YR 5 AT 55
H A7 [E br_ - “Slocum. Spray. Seaglider”2EFiHIK RNl (B 2b, PLHmEE
55, 2018), EAMFFIEXLE P G HAl F A EE S0 RS, (E0 S R U7 T
TTRESHR . EEBITER THBREKITEFES11) X-ray. Z-ray Slucum 5§
WAL (B 2d). HAEGUIEFEPREEME 5 IS0 TF BUH LG, #8305 S0 & R A K
WML BRI, BMEAEIEEAC. ThREIC. X BRI LS R
(Alvarez et al., 2009; Van Uffelen et al., 2013). [ 5T 7K R ¥ FIHL A1 TAF
FEE DT, HEA o EREERBILE B ST T BT ] R R RO AR
SR )G SE R A= o A PG T E SR SR T RIAL, R R AL
TEAE T ARAT 5 1R S P43 B8 7158 Bt vk Aseist [l . THELRE 55 . Sifife iE
FFRFEE IR (M 2R BR5E, 2022) 0 [ 4 2238 AT 240 T 7E IR 28K i FAL A 2k R
BKWr a8 (XBEEE, 2017; Liu et al., 2018; F X%, 2019), {H5EBRACFHL,
FATHE K T I N 6 P 2% R G S FH 5 THI R 9850, e DA e (.
HAE, 2021) . (EFHEH AR, KT LSRR VI T3 [ b A (3, H
FEAIIARIE A UM _E A B AR5 H TRl sh = KTa kL #2350
A KSR T ST VR PR B M R . B AR SRR B AT S L I
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T R TR IR R 7 K S 86 25 K SRR T IELEWT P 328 0 L 28
SEH R T BCRTE FE KF IR RE ) (=5 km) WIEETEFEAR (B 20), @il
TE-ERER-TEE L TR, SEBUE B3, ERSFAE FAEE
FShE M. HAET, XEEESR & e TSI B dot, IEERTIEH R4t
Rt TAE.
3 WEVERREERR S WO E A SME SRR TR A AR
WP BRI I R GE, N RIE B 75 S5l AR e P 7 e ROV AR S &R
G eI IR A 2 RBR TR E X, TR W A BB (Boyd et al., 2011;
Duarte et al., 2021). Kb, 38555 iP5 08 75 1 WS AR 5, 787 B3 7 5t DA
T DRI PR T HR SR AR AT 7R B2 A [E B g 21 L i FEAT LA AR SGR) 28 J7 (R) SRR AT
%25 (Lewandowski and Staaterman, 2020; Duarte et al., 2021). TR, G2
B [ bR R RIEC ) T e A ) M AR 7T,
(1) EEREENN R4t (Global Ocean Observing System, GOOS): irT
1991 4F, A EHFRICAZ (UNESCO). HASRAL (WMO). Ebriffi:
B2 i 4 (SCOR) A E Frifg i Bk & 2 (IAPSO) %5 [H Br 20 21 & 1E K k2
(https://www.goosocean.org), 5 7E AR BRIGEELE G MM P25, $R AL =481k
SRS B . GOOS T+ 2023 4 ¥ 5 8 AL AN AR B St 71 (Ocean
Sound Essential Ocean Variables Implementation Plan), E(JJ T UM B 1N
FEAHEE AL B HEAT I WA PP, DAASURR o S R R o (i P RF 8 e 4
(2021-2030 ).

(2) [H By 7= #5256 11 X)) (International Quiet Ocean Experiment, IQOE):
AT 2015 47, HIBCA B B0RHCAH ZICUNESCOD A E Brifg P A% 2 i1 25 (SCORD
R, FFARIETRIE X, B ARSI N AT AT R, P [ Bt T A A
WEFE R, TS B S R AR AR AR RE 0 R ) T RESC 2R LA T AN 7 R
TS RGN, D9l N9 P AR A B R S B LA 4K 95 (Boyd et al.,
2011), IQOE K | Wi r et g v 2 /5 22 Il H  (World Ocean Passive
Acoustics Monitoring (WOPAM) Day) MBI, F£# 2023 46 H 8 HEANEA
A A I H - Chttps:/www.igoe.org) .

(3) WEFSAE T F 51T K] (Ocean Decade Research Programme on the




Maritime Acoustic Environment, OD-MAE): Bt& E“UWiE+a KR 2k, sE
T 2022 £ 1 H & 2031 £ 12 H, B1E WA 20 i i X 45 31 4= BRYE A 7Y
Vg2 Ve Il =y

( https://oceandecade.org/actions/ocean-decade-research-programme-on-the-maritim

e-acoustic-environment-un-mae/)

XS R RIBO) T 18 1 1 b 1 DA 75 I IR | 57 4 BRI e
PRI 2 | FE g v S AR L HESI R AT A B A DAl VA A
T R 45 ) AR R P AR, W 08 X Y M 75 i AR,
HEBHF I 75 S R AR S RGN AT R4 K J& (Lewandowski and Staaterman, 2020;
Duarte et al., 2021). FKEHHS 5 IQOE. GOOS ZHE FrAitkl, Hisha w4k
VR 75 D DX 2% o AH OCRHIFLA AT R 2 T e 1 VF 22 B 32 iU A i 78 (A
XIBEEE, 2017; P, 2018; F X4, 2019; THi%, 2021; Dong et al., 2023),
W BORF R RS MR A . SR A B A T RO B AR SR Sy T .

o [ R 2 Bt 75 2 B BT A g v R 7 2 AU B ) B —, K A
HIKERMEBAR . B 2 5 AR B2 58T REERB ARSI HIT
JET KB (IZER 24, 2015; Yan et al.,, 2020). UT4ER, AP~ HI T — &
F R BIRE 0 75 2B R, B R Tt B S RS, KT
KR ) s B /K PR AR IR [ R 5 AR B Dy S FH T v ) 22 2 MR RL )
g 7 I I 4 ] o op TR SRR R 2 5 TR T T R T RIS R A U U
B KRB AR AR W LB AV = A S A (W Lin et al., 2022;
Parsons et al., 2022; Dong et al., 2023). #5377 [E Fr I 15 A~ iR R AL s b
HAREE, TR 2 A, AN T E PR i S a2 2 B (Liu et
al., 2022a, 2022b; Parsons et al., 2022); SZHL T iFEE 5 % W 7 IR 85 o i 2K 76 45 5 6
BRI, FE R XA T B 75 2 A CR 37 K B 5 HORMEZE s il sk
it T R 2 T AR B T 4 B A 7 2 M0 R P 5 ) d R S A T R P s 7
(IR SR T i, SR T AR A - H -5 2 4 1 B Sl A S
FORE e MR TR K K LRE 2 B R I i A 7 2R e L /K E bRk
MR G AR . AKEEN S HARRI . K8 MG LA Wit 2 5 15
BARZ T HITRE T KER (MR, 2013). MR R EEER S TR AR




TEHF I H R = U e 7 K7L, P 2 A R G B s Bk SR8 454 . 3 31
FE V8 B B BEVE RN - RF 1 K HUBEIE IS HE £E & BRI 058 (Jian et al., 2016; Yu et
al., 2023), FFLE 2018 S | T A V- i 18 A 2800 [ Bis & A 1 K1 ( South Pacific
Plume Imaging and Modeling, SPPIM). 734, BiR}K BB &t T 8 — AR A=
TEATUT R A —— R, BRI SR EENTIL 15 AN, B e R EEL 2 4,
CHENFA R BT B, AR AR FaARIA 2 T B BR4SE K F o
4 BAFEFSE ISR KRR

WA AEEEES COMNT 0.01kHz) Fmsii CKT 10kHz) 7524105
5 (Miksis-Oldsa and Nichols, 2015; Duarte et al., 2021). N T K&EH &IH 1) “ 5
FARGL”, TEbRERE S, MR LI 5, (RIS RGN AT RS
R VR M P MU 5 AR PR A SR i e B AE U T 7 M T 5 R 2 R 8L I %
BRI GIN S E bR GRS 2 AN YEERF 235 ), TR (Erbe et al., 2017; Sertlek
et al., 2019; Parsons et al., 2022).

WS- 5 2 TR e 75 WA 2 4 1) S At o, I L A 0 o T T S e N R
Y, BEBSAE BRI E M BT K IS AT (IREKATEE, 2015; SBMFH, 2016, LAk,
WS ST 6 30 B 1% HL A 38 A AR 47 R o 265 e PR B R A A FE AN S i, 3 R AR
[FJIR B« AN R B NTAS [R] A A8 M 00 95 5K, SIS SR M i g g 7 L 00 5
(B 555, 2019; BKEA/R SR, 20210, bhln, 767 AR Bk T 88 FE 41 2 — T R 44
IS5 PRI SR B0 AN HESI T 2, B8R HOE . BRI A AIE 5164k
WP ZE R 2R, W7 DURR i WA I B R ARS FE (Wang et al., 2014; Najeem et al., 2017),
FEN, GEEANFZR B I 5 AT BOR OV I 2%, an e 47 H ARG
P AR 25 G, S AL TR AR A AR B 3 I AR 45 5 55, 21 & P R4 mT
DABR At 2 24 PO FRO B , S35 0003V Mgt 75 M 00 170 22 (R R B 1] 23 1% 236 CBK AR 7 55, 2015)

Fok, BEERHL MR R ANGED IR AR R Rt 75 5 T
MEEAR, AR ISR . EARIE T R . N LR REHR K = T SRR
EEARSE (WnF R, 2015; Shaikh et al., 2019; 394, 20205 fFFZE, 2020; 25K,
20210 AEGUIRIERIE 7B AR AR K 2 8 B T e AR R VG AR SRR 11, AT 4
SRARAAL B REAGFN 22 D REAL 13T B AR IS R AR POd A J8 S e 41 4% 828 . MEMS
FEIRE% . TERAB RIS NLSE (&R, 2009; JEHE, 2011; 3K/NgE, 2019; BkE4 /R4,



20210, KEEFORT] DR M REs 00 RBUZ . PR 5EME, 5 R AE AR
N FEUFIR B, AT e YRV N 7 M O P P38 R ST BN o R e 75 YT =25 4 A
B, TR T B 2R B PR B e R gy (5288, 2007, BEAEF AN 1, 2018),
SRR XTI A P GRS R IO . AT SRS, A B T ArHh T AR
BT R I IS 245 (Duda et al., 2019; #E35HE, 2019), FF3REUHEE S FRTE
EHHFREIREL . YR ZREMESASE B 1B LRSS b U RS B AN
TEBhE R (x|, 2015; Zhang et al., 2015; Butler et al., 2017; A, 2018). [A
I, TE MR o G INTRBE S 3] L LA 5 ST PO 2 25 55 N T e BOR W] A B
M DU N GO0 KB A2 2% ) e U Bl AT 0 A AR B CRERR A%, 20200, H SR BIAN 73
FUFFEFN I FE &, 4 BTRITTOI AT v W 75 1) A LR AN AR 3 (TR dE 4,
2018). Mok, ZUFHEAKRBIRBAMGIN, 7T LA S HR A A A
AREE, SR EEE A BRI PE (Shaikh et al., 2019; #hFk, 2019; XiJhE,
20200, [FIR AT RAK B 34T 22 4 B2 (0 o S AT AL o, S BORVIE N 51 S 4 4
SRARANR B, AT S S ORI 5 9 T 75 18 B M) B H P AR 28 RV 2
(FRARHE, 20185 HEET7,2018).

B S 5 15 R A A 1 2 S IRV A 5 M 7 M 00 R 3o 7 e (R A ) 0 BT B
(Boyd et al., 2011; Lewandowski and Staaterman, 2020; Duarte et al., 2021). %[
N ST A I P [ BV BT RIAE 22, IS BOR AR E A W . BR R
MAFIRILE . NABRE IR K ARZE R (Lewandowski and Staaterman, 2020).
FAE IR RO FE UL (R « BReIR]” A VR P DA B S SRR 34 FLAR, %
FEE AR AR AHEZH AR AR, B il 4 1 P 50808 1) o s AU 2
BR 2 RN TT LA A 4% 18 S ] 2 R e e A BRI 1) BRI &8 JaL s, B 4Bk A
VR IR B R 5 O D 4%, A i A S SRR R AR, R (R VT M e 5 1) 4 T 7
A %4 (Boydetal., 2011).

gr BRTIR, GOBIEERE S IS IRZ ) Bk, T, EEAL (RAOA
RTIFE” JiTaIR R, At @R e Semy 7K A HE N 2% (Boyd et al., 2011; 5k
PSR, 2015; B 4%, 2019; Duarte et al., 2021, 1l 2= R 5T A8 SHESI
“Ua AR KR, %30 H R DL R OR SRR ARy T HE AR, e
HoA IR, R R BRI 2 45 A 1 RE R R ST S SRR I, TR TR AR Ak



5, MESTHBIBRVREAKEE . RS TR BUI TR R sE N, SREX
SRRV FE I 25 03 A SRR, RS0 700N B AR R 80 v 75 2 L
e
5 iR

N IR UG W 75 5, SN AR M 2R SRS R G
TR . BRI 2 A ZAREI “ NOME R 7 VR NI E S RGN IR IR —, JF
BRI 75 Gt o R R TR PR 2 08 75 M WU AR T R Y 75 o Bk e N e
V5 G AH R AR R Al A B R R H2 o IR IEAE R R, JF HAS BROR B 5%
TE, SENER T ESFIRNT 180K BT, S 2AERRKHHRIED)
TR RS I AR AT, FRIE AR OC AL T R TR B F . Dy 1 A
e S, MRBHEAES RGN R R RE, LRI 75 W~ & R o 4 2L
FSBIAR TN B bR VRS 2 AN YEREEAT R . IRIFPA I P 1 I R 1% [r) 4
B TN WAL AREUAS, IRDIHE” TR R, B @ A 3R BE S /K
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