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Abstract — Public concern about the effects of anthropogenic noise such as shipping, resource exploration and
construction has steadily increased over the past few decades. Due to the COVID-19 lockdown, ship-based activi-
ties around the world have decreased, and as a result, the underwater soundscape has changed. However there is
insufficient research on the biological effects in regard to this phenomenom. In this study, we analyzed the
reviewed data from the studies on the impact of vessel noise on fish and invertebrates, and changes in underwater
soundscape between the pre- and during-COVID-19. Through a total of 20 literature reviews, the effects of vessel
noise on 14 fish species and 7 invertebrate species were classified into physiological and behavioral effects. As a
result, the minimum biological impact range was found to be 101-148 dB re 1 puPa and 118-155 dB re 1 pPa for

Corresponding author: jskocean@snu.ac.kr

114


https://crossmark.crossref.org/dialog/?doi=10.7846/JKOSMEE.2023.26.1.114&domain=http://jkosmee.or.kr/&uri_scheme=http:&cm_version=v1.5

COVID-19 sd[Hof u}2 5 333k wsle}

ol

FAFEE AR 9 12 115

oy o1 3% 3%

s
2

fish and invertebrates, respectively. Also results show that the organisms in the early life stage were more sensitive
to underwater noise than the adults. Compared to pre-COVID-19, underwater sound pressure levels decreased by
about 1.2-8.0 dB re 1 pPa during COVID-19 in six countries (Canada, United States, Bahamas, Germany, France,
and New Zealand). In Korea, the total number of ships arriving and departing ports have decreased since March
2020, and it would be inferred that the ambient noise levels have decreased. It is highly likely that the reduction in
underwater noise due to COVID-19 has brought a positive effect on living organisms. In order to minimize the
harmful effects of underwater noise, management systems suitable for domestic conditions has become of urgency.
Therefore, to support this, it is necessary to study the effect of underwater noise on domestic aqatic species and
limit ship activities and underwater noise using spatial management system.

Keywords: COVID-19(Z % 1-19), Underwater soundscape(=% = &%), Vessel noise(A1 B} 4, Fish(]F),

Invertebrate(‘7-2]5=5-%"), Biological impact(’-& % &)
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2020 32 AMAIRZA7]7-(World Health Organization, WHO)=
COVID-19 #H& AR T AA| 23l &4 2271 Wizl
th A5 FQ 3T A A7) AR A3 A S A
Sl AFEES o]F Wl 9F At T, ofd, HA 5= &

24, A, BlA] e 5 theksh Fare] A @3 AR Q)

3l|oF g7l nlx|= Jako] wiglsigict. 53] Aut

Ao COVID-19 015 -4 A&
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et al.[2020]; Callejas er al.[2021]; Jiang et al.[2022]).
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e st vk 1% Adke Al 7S 34 7o
Bh=t Hirhe] 9 48 (ambient noise) AEHO 2 Q18] 19501
e 10 9 ¢F 3.3 dBR Z718kItH(Frisk[2012]; Andrew ef al.
[2002]). A} 5482 T2 A3 gl (< 1 kHz)lA 2A8sE
o] Fupke] AFeul g Ao 2RE 4 AENEE o)F
o g Qlo] vk < G2 Aol J&FE v 5 Qlok
(Urick[1983]). o8t et 5a5-0] T3 tf 92 e 247,
ol 9 FHFEE MY T U9 F 1A e AE R
Froll 92 vE 4= Qlth(Duarte et al.[2021]; Ferrier-Pageés et
al[2021]). 3F AEES 54 Tk U9 S35 E &8st
o AE7ke] Sakas, AT, ARFY T8 skt ek s
07 4] Aert U & AS 52 AR T g9 A%
07 Qg 71 slieF AEEolA vk~ &3 (masking effect)”
7} sl |k, 1 AaE HA517], wo] S, 2R} 3]9)71 A
dE 3 7 S5 S, T s A T A e 25 S
I A gAY W 32 s 5o Al vhgell F8A1 9
HkS- 4= Qlth(Slabbekoorn et al.[2010]; Duarte et al.[2021]).

COVID-19 # AMukgajo] &P =A== COVID-19 A
F S S nwz Mukg-so] =F3gF el 7| X o

[e}
kS Aslshe A7 F FE AT Breeze ef al.[2021]; Thomson

and Barclay.[2020]; Dahl er al.[2021]; Gabriele et al.[2021]; Dunn
et al[2021]; Basan et al[2021]; Bertucci et al.[2021]; Pine et al.[2021]).

SHAE th-0] A= COVID-19 A30) 25 S-8k517 M3l

7k F5o] glom olel g M AR v Gl Bt
T ) Agolth mebd B AT Av SEAge] o
s 9] ofF W FHEFE] 4F W9Ish COVID-19 AHY]
ofF 5% SFHY WIS R F Aot 2 Agto] Y& 7]
2 ek sk G 7 wetel s At st

# AFreMs At el ofF W A FEE A=
@ I ABATE FRste] FAsIGITE WA Sk vlolE He]
2%l “Google Scholar” %! “Scopus”ol|A] “o]F(fish)”, “F2F%
= (invertebrate)”, “X18F A~2-(vessel noise)”, “Hll 2>(ship noise)”, “K.
E A& (boat noise)”, “21 924 A< (anthropogenic noise)”, “~E
A (stress)”, < S (impact)”, “3J-5(behavior)”, “/4 2] (physiological),
“Uk-S-(responses)”2] 7| =2 HAEIA T 20719 ATeg RIs)
St} o]F o F(F=) T, Actinopterygii; 91315, Chondrichthyes)
1l 2355755, Malacostraca; ©|"l@] 5, Bivalvia; /v]=7}
A}2]FF; Ophiuroidea)el] th3t A8} =548 (E.E, boat; Bl, ship;
8l vessel)?] wZ JES Y] (physiology) 2 -5 (behavior) =
dEE o R ERsto] FefsiSith(Fig. 1A-C). A1H, Hll, BECA
WS Pahas it FEheolgn S v 5
22 A4 S(continuous noise)> = A B (root mean
square) =@ (sound pressure level, SPL; T dB re 1 pPa)= =
e 2 rrelMe Aeo] SRl fold WskE Hol= &
FeEE el BERTS AP o= vwstaat spgict.

obx Wb 1} BA3kA| COVID-19 AEe] 4% 2837 W3}
e AFATE FH8ke] £85I “COVID-197, “&-2 %
(lockdown)”, “A18}F 4x3-(vessel noise)”, “Hll Ax2-(ship noise)”, “&.
E -+ (boat noise)”, “% EH(impact)”, “TF = &3H7d (underwater
soundscape)”?] 7I91EE AT F $7l9 AT ew-s RS
ATk 7= @k, vl vieket, =4, g )el gis COVID-
19 A (pre-COVID-19)¥} & (during-COVID-19)& &A1 717+-&
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(A) Taxa

Fish

® Actinopterygii

©® Chondrichthyes
Invertebrate

® Malacostraca
® Bivalvia

©® Ophiuroidea

"

(C) Endpoint

Physiology

® Fish
Invertebrate

Behavior

® Fish

® Invertebrate
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o)F2] AEY IS el A8t 545 71 101-148 dB
re 1 uPa2] W2 ERItH(Table 1 12] 1L Fig. 2). o172 A2
2 e 3 = ¥ (hormone), A4 (enzymatic activity), &
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(B) Noise source

® Boat
® Ship
6] ® Vessel
(D) Nation

® Canada

©® United States
Bahamas

® Germany

® France

® New Zealand

v

Fig. 1. The number of (A) taxa (species level), (B) noise source, and (C) endpoint in the studies assessing the effect of underwater noise
on marine fish and invertebrate. The number of (D) nation where changes in underwater soundscape between pre- and during-COVID-19
were investigated.

(respiration), %3 Z}(hearing), 'L (development) FE-= Z7g3o] 1
AL Qe o8 ERIsH] $18 rl T Sparus aurata), AR 17
T}(Halobatrachus didactylus), Hﬁ’é,loiﬂ]'(Anguilla anguilla), =0
I (Gobiusculus flavescens), 11 ZH(Sciaena umbra, Argyrosomus
regiusy’} AFEEITE AEGIA Aol wEET o fe Ay &
EgA S Holed o]F 1332 UE 5= ) oF7) 9
= A 1A ~2EHA RO E FHEZoN], IE2EE T4 &
2 SR FASA dsSit) 23F jES 02 2 ost Al
Al &8, W Ve W 23 33 v AR, e, |
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Fig. 2. Physiological and behavioral effects of vessel noise on marine fish. Symbol indicates the taxa (circle = Actinopterygii, triangle =
Chondrichthyes) and significance of effect (filled = significant, blank = not significant). Letters indicates the developmental stage of fish

(E =egg, L =larvae, J = juvenile, A = adult).



Table 1. A mini-review on the effects of vessel (boat or ship) noise on marine fish

T Endpoint Noi Speci SPL Frequency
axa ndpoin oise source Species
p p (B re 1 uPa) ) Reference
ACTH, Cortisol, Glucose, Lactate, Boat Sparus aurata 123-136 0.1-3 Celi et al.[2016]'
Triglycerides, Cholesterol, Total protein,
Hsp70, Osmolarity, Haematocrit
Cortisol, DNA damage, LPO, SOD, Boat Halobatrachus didactylus 104-133 0-2 Amorim et al.[2022];
Catalase, ETS, LDH Faria et al.[2022]
Ventilation rate, Ship Anguilla anguilla 139-141 0.05-5 Bruintjes et al.[2016]*;
) Opercular beat rate, Oxygen usage Ship 148 0-3 Purser et al.[2016];
Physiology Simpson et al.[2015]°
Auditory sensitivity Boat Chromis chromis, 132 0.3-10 Codarin et al.[2009]
Sciaena umbra,
Gobius cruentatus
Hearing threshold Boat Halobatrachus didactylus 131 <4 Vasconcelos et al.[2007]*
. . Hearing sensitivity Boat Argyrosomus regius 130 0.02-2 Vieira et al.[2021]°
Actinopterygii . . . . "
Offspring survival, Larvae development Boat Halobatrachus didactylus 104-133 0-2 Faria et al.[2022]
Startle latency, Boat Anguilla anguilla 139-141 0.05-5 Bruintjes et al.[2016]*
Startle response, Anti-predator response, Ship 148 0-3 Purser et al.[2016];
Lateralization Simpson et al.[2015]°
Swimming direction, Vertical movement Boat Thunnus thynnus <135 0.07-20 Sara et al.[2007]"
Schooling
Behavior Dose response Boat Clupea pallasii, 123 0.01-20 van der Knaap et al.[2022]"
Oncorhynchus gorbuscha, 146 0.01-20
Oncorhynchus keta 146 0.01-20
Nest occupation, Calling behavior, Boat Halobatrachus didactylus 104-133 0-2 Amorim et al.[2022]?
Reproductive success
Nest building, Acoustic courtship, Boat Gobiusculus flavescens, 134 0-1 de Jong et al.[2018]"
Visual courtship, Spawning Pomatoschistus pictus 125 0-1
Chondrichthyes Behavior Swimming time Boat Scyliorhinus canicula 101 0.015-5.5  de Vincenzi et al.[2021]"

Abbreviation: SPL, sound pressure level; ACTH, adrenocorticotropic hormone; LPO, Lipid peroxidation; SOD, Superoxide dismutase; ETS, Electron transport system; LDH, Lactate dehy-

drogenase; n.a., not available.
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o, AE 5 7IA 2Nk Wslo]tk(Barton, 2002).

12} AEHYA RSO Z S aquratad 123-136 dB re 1 pPa®] HE
ZgolA FA9HAT 229 F2EE0] foletA S71kISlL.
W H. didactylus= 104-133 dB re 1 pPa®] BE 2Lo)A] 7 ZE|$:
o] F2J8lA Z7FsISATHCeli ef al[2016]; Amorim et al.[2022]). 22}
2E A §ES 02 o720 AP A (electron transport system)
2, T5(EFSE, ventilation rate; oF710] 7|H&, opercular beat
rate; AFA2H]E, oxygen consumption rate) 1237 2 Y w1
7+ %=, auditory sensitivity, hearing sensitivity; 7}% <3 ], hearing
thereshold)°] SAE T WA A=A AN H didactylus
= o] e Al 7Ast b, xjoie] A f-2lsh 2ol 7k
glo] Wkt o) whet Anfe] 2po]S K.ICHFaria e al.[2022]).
o]d 4l zpx|o] 9] 7-9- Adofel] vlal] 25 A=l tgk vz} U
Eot il gk A ehy e otri=d| vl AEE
Ao E AtREY 3% 534, A anguilla= 139-141 dB re |
pPa 2! 148 dB re 1 pPa2] ¥ Ao A S 7139 th(Bruintjes et
al.[2016]; Purser et al.[2016]; Simpson et al.[2015]). ¥Z}+2] 7%,
130-132 dB re 1 pPa®] HE A2 =& Al C. chromis, S. umbra, G.
Sflavescens, H. didactylus, A. regius 7423} th(Codarin et al.
[2009]; Vasconcelos et al.[2007]; Vieira et al.[2021]).

32 2EYA BRSO 7 o] 7e] 54 PRS- FY W5 (motility),
F2]8%5 (schooling), ¥4 85 (courtship), 3]3]WF-5-(evasion) T
o] SA Ut AV E 2= WA, anguilla), FTHEol
(Thunnus thynnus), %3 1 (Clupea pallasii), 121(Oncorhynchus keta),
TAFI (Oncorhynchus keta), AR 1713 H. didactylus), 35
I (Gobiusculus flavescens; Pomatoschistus pictus), ‘5312
(Syliorhinus canicular)?t A= QTh WA F9AFOZ A
anguilla?} FcFgol= 22} 148 dB re 1 yPa X 135 dB re 1 pPa
n|eke] duk EAg wF A FQEEl o Mert ek

TH(Simpson et al.[2015]; Sara et al[2007]). =3+ S. canicular®l

=z
- REA

A1 101-135 dB re 1 pPad] HE A& & A] QA7) §-98t
7l Z7Val3ith(de Vincenzi er al.[2021]). FThEol= 135 dB re 1
uPa TRk 1]} FAIO}E= 146 dB re 1 pPad] HE A S04
2}z H2)E5o] a3 tk(Sara et al[2007]; van der Knaap et
al[2022). 5 ST 5 HAST Wl H2HAZH4 Aol
A%, WA TE 5o] ) Wa7)e 0] 28E EAYA
A T-oN3ES 1= H. didactylus= 139-141 dB re 1 pPacllA] &g
A3 24 F-Eo] 71481t Amorim ef al.[2022]; de Jong
et al[2018]). A8} FFA5-E 079 FJIRkEolE JFS 71H
=0 A. anguilla 214 139-141 dB re 1 pPa REAS 4 148 dB
re 1 pPal ¥l 45 =F A] WHE2AAWES-(anti-predator response)
O e kg (startle reaction)] AAF AL 74818ITH Bruintjes
et al.[2016]; Purser et al.[2016]). EEHH-E A2 23S 914
shal Wo] AMEE-S ARl A GAO|HE A nFE F BT

whgo] AT Ghom AEe WoiF s 2ol EARERE

okal] 2 4= Qlth(Cacioppo et al.[2007]).
Auk pEaSS ofFfoA Ay ¥ AF RS ok 1-33F
2AEG A BRES BT FEglon Mul A8 02 QI HAE

[} s
9k, SHARE g AATE] WMEAAESO 2 94 Fo] Follrkar
T

82 efeiehn, gl et AT HAT A5T 5 92 2
olk. B3k o2 e, WE WSS <)

7] S e, BE 03 E
o] ERAZL AR B Elofok & Zlolh,

3.2 MuF AZ0| FEFESE0| O[x|= G
Auk gl Ot FAFTE ST 118-155 dB re |
3

Uh(Table 2 18] Fig 3). F-2F552] A
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Fig. 3. Physiological and behavioral effects of vessel noise on marine invertebrate. Symbol indicates the taxa (circle = Malacostraca, triangle
= Bivalvia, diamond = Ophiuroidea) and significance of effect (filled = significant, blank = not significant). Letters indicates the devel-

opmental stage of fish (L = larvae, A = adult).



Table 2. A mini-review on the effects of vessel (boat or ship) noise on marine invertebrate

. . . SPL Frequency
Taxa Endpoint Noise source Species Reference
(dB re 1 pPa) (kHz)
Malacostraca ~ Physiology Glycolytic activity Ship Nephrops norvegicus 135-140 0.1-2 Solan et al.[2016]'
Oxygen consumption Ship Carcinus maenas 148-155 n.a. Wale et al.[2013a]”
Behavior Bioturbation, Sediment redistribution Ship Nephrops norvegicus 135-140 0.1-2 Solan et al.[2016]'
Escaping time, Righting time, Boat Carcinus maenas 148-155 n.a. Wale et al.[2013b]’;
Foraging success, Foraging time, Ship 123 0.1-1.6 Hubert et al.[2021]"
Emergence time, Initial direction
Buzzing sound, Carapace vibration Ship, Homarus gammarus 118-146 0.06-1 Jézéquel et al.[2021]°
Vessel
Bivalvia Physiology Glycolytic activity Ship Ruditapes philippinarum 135-140 0.1-2 Solan et al.[2016]'
Larval survival Vessel Perna canaliculus 126 0.1-1 Wilkens et al.[2012]°
Larval size, Metamorphosis success Vessel Mytilus edulis 127 0.1-1 Jolivet et al.[2016]’
Behavior Bioturbation, Sediment redistribution Ship Ruditapes philippinarum 135-140 0.1-2 Solan et al.[2016]'
Ophiuroidea Physiology Glycolytic activity Boat Amphiura filiformis 135-140 0.015-5.5 Solan et al.[2016]'

Behavior

Bioturbation, Sediment redistribution

Abbreviation: SPL, sound pressure level; n.a., not available.

lolalaf: 61-AIAOD

__‘
=

[eRg=1
o5 2L

611
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2 gk sldabg 24 (glycolytic activity), S5, W TS 57
sto] EA1EEGITh ol & &Rlsty] flal ZHAIEAN-S- 2 (Nephrops
norvegicus; Homarus gammarus), 212 Carcinus maenas), B}A|
e (Ruditapes philippinarum), &% (Perna canaliculus), 58]
(Mtilus edulis), FRAANE7 AV ZHAmphiura filiformis)’} AR5
SICk SIS B SIS, O, A 2}
154 2499131 135-140 dB re 1 pPad] A 548 =5
Al B fregk 2polE YRR eStth(Solan et al.[2016]). T35
2] A, C. maenasi= 148155 dB re 1 pPal] A5 =% Al -9
A 2718tk Wale ef al[2013a]). A8 5280 o3 &
Wt gko| X P canaliculusi= 126 dB re 1 puPa A8} 5\_% =
A 20 ARE RIS RIS, B B
fe | wPa A1} 428 1 A §4 2717} 2hadlan rage) 2
3HAl S718FaAth(Wilkens er al.[2012]; Jolivet et al.[2016]). -3
255 ot olRel hR7IAZ o] Aol 8] 22 Aol
O 7} O o} e Sl Al SE Aol #)
g 2ol Wol= Ao R AR Erh(Fig. 3).

oo RARERC) AF 24932 AR o] B 5
o}7h= 3}1 385 (burrowing), 2JAMA~E(communication), Ho|&F
(foragiong), 3]3]¥-&-(evasion)©. = FF3c). F}]aE2] 49 v
A 135-140 dB re 1 pPall &5 ieF Al skl 3%
o] ZH~33Ath(Solan et al.[2016]). H. gammaruse 55 &
3l 22 (buzzing sound)E U=H] 118-146 dB re 1 pPa®] Ml A3
o =20 A YIS L4 el Ssigon ool 2
Tashs 2102 UERITtRJézéquel et al[2021]). H27]o0 4=
2355 Eall AEE A S oL vE A ¢
77 whel] Adut s AT T S kaES el

o] M2 gsol] P21 Jake mE 5 Q= AAFTH(Jézéquel
et al.[2021]). HoR+5-2] 749~ C. maenasi= )| 2~ 123 dB re 1 pPa,
HE 48 148-155 dB re 1 pPaoll =& 2] 27} #o] &3} o]
Tk AIZbllA 213k 2l & B ItH(Wale er al.[2013b]; Hubert
et al.[2021]). 9] QT}E 2 F Hellx] agdel vkl J3F 9l
7 EA vebde

o rlr

o o

o 7

d0 ¢ N
wor
Ny

)

ol

of) st A= H7h AT A e
2 o]E9] g o)ZHlAo] Fal ARA Fo] W] wjie| Auk 2
o] 22 gt gl AQE FHA|Hof| AAleh= A A&HH o= A

= W .

=& O 27t obd e AR5 Ak WS B
QIt}. B, T  (sensory hair), H3E, T<7]3(chordotonal
organ)ol| A o]m#|Fi= FHE, E5 77} 7] ¥H(abdominal senso
organ)°l|A AR5 TA 5PD}(R0ber and Elliott[2017]). 735
TE ool vlEl FEigel gt AF7E B Wit
23T A9 Frt A7 oS 4eE Ao w AlmEY ¢
A5 ST 24 T 3 AFsllor & Hlojrt,

-o)AHy -

o) FA

ol 9 °°Leﬂﬂﬂo] 1.2 dBoﬂH 8.0 dB?J}X] KA B
dB HAa¥ Ao HuETH(Table 3). 74t Stdld 73]

#9e] §7 291, Aol 237, COVID-19 Fao] wysh]
2 Aue] 3t 5, ¥4 B 8 717k ol uet ol ek, 53]

22 AN, T Aol SAste] et A FRlo] - Al

AAY T2 G2 S A, 18A S wH B4 o]
FEago] ¥ Wol 74K Dunn er al.[2021]; Pine et al.[2021];
Thomson and Barclay[2020]). A8} ¥-330] F5 o] F& B3] 2
739 2357) wf Al 238 A7 Eas Hoigks vl 4
I} COVID-19 A¥ zlol= u]=719] -1t} 6.3-7.7 dB] ZAth
(Gabriele et al.[2021]; Basan et al.[2021]). A8 8o T2 =]

olgl slHEhE 5 2717t A2 gdoll AAH Afolls Ad
Q1 Aulzle] Az} 7] wizel Aul s 7|7 dud s
A 2449 7524 o] 2 tH(Thomson and Barclay[2020]; Dahl er
al.[2021)).

COVID-19 A¥ & 37 24 X 42189 m HSI=Z,
A5 %;oﬂxi =48t tH(Table 3). 2717 FUE]
=5 FAoA Flo| ERES AFER] A
v FEASS Sk A7 BTt G s 25k

= ~°r Jﬂ& 5 m W 2lelA 3
T =43 gk
< COVID-19 OIEF g vt =5
]E]r Aot th o] FHASS Al &
3k O 1 O“ﬂwi FAlo] STVl met FAEo] A
SH= A5 BRItk (Marshall[2005]). COVID-19 %1-5-2] Au}
TS v wE A Algto] Bgshs oA, R 52
7V FA AR T B A7) B o] FellE TP T B
7} B% th(Breeze et al.[2021]; March et al.[2021]). X121 X7} 2+
HEE] glal e F o] & Y TN = 3
T2 0] Mt Gepo] W AR Qg fEd 3 T Y
L)\l—_ —-o—HDL x] ol /\1/\1 Ag ./] 747101] ;H Oéé(‘)];% 7]]&9\2 7]_
©] %THRyan et al.[2021]). AAIZ COVID-19 A o]5 A
ool whgh o /o] 4% W Y W) 2y s s
2= I TH(Pine et al.[2021]; Bertucci et al.[2021]) ©W&b COVID-
192 o]a]. =Tl 0 7L/\L /\g oﬂ;ﬂ :Lx—]ﬁj xua_sﬂ 7]._
/do] ferhar sk,

COVID-19 A¥-2 =) Aet 23l alle-awt
=74 B A 2~ 8l (Port Management Information System, PORT-
MIS)llA 3:d7H2019-20210)9] =) € Autk ?J%?‘é} < glo]
EE o]8519t). 20206 42, COVID-199] J&ko] &
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Table 3. Differences in sound level between the pre- and post-COVID-19 period

Period of sound measurement

Measuring A Sound level

Nation Region Site pre.COVID-19 during COVID-19_ depth (m) (dB) Reference
Canada Port of Halifax - Aug—Oct 2019 Aug—Oct 2020 40-50 -1.7 Breeze et al.[2021]!
Vancouver Island  Clayoquot Slope Jan—-Apr 2019 Jan—Apr 2020 1315 0.0 Thomson and
Juan de Fuca Ridge Endeavour node 2189 -1.5 Barclay[2020]"
Strait of Georgia Central node 297 -7.1
East node 164 -2.7
United StatesOregon Coast Hydrate Ridge Jan 2015-Dec 2019  Jan—Aug 2020 778 -1.6 Dahl et al.[2021]
Glacier Bay Bartlett Cove 2016 2020 40-60 -2.5 Gabriele et al.[2021]*
National Park 2018 2020 40-60 2.7
Bahamas  Abaco Island - Oct2019-Feb 2020 Jun 2020-Oct 2020 29 -4.5 Dunn et al.[20217
German  Baltic sea Fehmambelt, Arkona Dec 2013-Feb 2020 Mar 2020 25 -1.2 Basan et al.[2021]°
France Guadeloupe Bas du Fort Apr 2020 May 2020 3-5 -2.8 Bertucci et al.[2021]
New ZealandHauraki Gulf Rangitoto Channel Feb 2020-Mar 2020 Mar 2020 14-17 -8.0 Pine et al.[2021]?
Marine Park Long Bay ~May 2020 13-17 20
Shearer Rock 1720 -4.0
Ahaaha Rocks 34-37 -6.0
Mid Gulf 47-50 -6.0
@ 34,000 o] el gk Aut S BEliAE wHE Bt 9o o)
B e o] ARl $AF A, TRT] ot Ak
g% oo | 2% 9T RSk A Aesithn weiEch WA dhe)
2 30000 o8 FFaS HBE A £EO Bl F& PO o] Sy
% o000 © o BF AT, A FEOE AT WIS Sslel $3ase)
S S G wefslo & Holch EE B 242 S
S IV "o ammocovbr| = 44| B7elAe] o] R1aEojof & Folr).
8 2400 - 4——F—F——7—7T—T7 e = A|3IA |7 (International Maritime Organization, IMO) 4}F5}2]
L Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Fig. 4. The total number of vessel arrival and departure which
counted by every port authority in South Korea. Data from Port Man-
agement Information System.

A A o R Zold 107 AAEL) Kim ef al[20201 TS
95 Bl ARk AAl FHAS SAgk) I FRke] Hut F3
&, AP VYR FF ol E o]g3te] 7t HofEe] Y-S
A8 AL Ak FelEpo] 5 RS T8 WA S 3] 7
Qo g Ag3E RISt kA S 2019-2021d
Ak Q1EE S5-S HOkS u] =] Mu FEas A Z1o) A
3H= COVID-199] 3ks ¥9ks Zlojet Aka gt

3.4 = 22Ol

2 AT ARE VNEe R AT o)f U FHFFES Ad 5

ofi
y

Soll that 22 P M= ofF 101-148 dB re 1 pPa, A3FH
18-155 dB re 1 pPa, ©1vj=5 126-140 dB re 1 pPa, Av|E7 A
§ 135-140 dB re 1 pPao]t}. Aul F=5480] AEel 71A&= 4
gro] Apg et v Aut Feag o] TS Haslsl QM =

Ju—

3l 2F57d B 5 £1¥ 3] (Marine Environment Protection Committee,
MEPC)IA = 2t 5as W et Faa5o] iR de]Alel] v
A= orodEke o)A 7 A|ENEle] A =02 0|}, ZyjolA]

o=

T A FEAS 5, 8 m“ﬂ Akl U AutollA| 2
Ak 28-& AstA Ay F317] AAV S st
(KIOST[2019]). B3t Sl=r41+ (Korean Register, KR) Auke] 4=
T WAL g AT AEsH] fete] g WA A AR S

2021 TSI THKR[2021]).
(Automatic Identification System, AIS)E 2%
S ZAdl= mdE Helef sk

§l—,‘li’ —,H]ﬂi Ak Al 2
sfo] v} T
A7 A 6”ﬂ_1~ S\ TH(Park et
al.[2018]; Porter and Henderson[2014]). #]=r 3iFth”7 |3 (National
Oceanic and Atmospheric Administration, NOAA)> 74“1] A Ht
Kikly /\OX]‘:E TESTh kA Sl s A
&2 7|ede] A)&A o w ek et
%Zé 3“‘31«] 35 e “47}7} ﬂ_’ 9
ol Adet IR

clepgo] FH-a

Z0]



122 WA -] o1 - ol3 - AEA
4.4 = 2021, Changes to an urban marina soundscape associated with
COVID-19 lockdown in Guadeloupe, Environ. Pollut., 289,
2 QoA ] AHAT RE Bl A gl U@ 117898.

o} W THZE L) g5k We|Z AFETL COVID-19% Q15 A [6] Braga, F., Scarpa, GM., Brando, V.E., Manfe, G. and Zaggia, L.,
2020, COVID-19 lockdown measures reveal human impact on

vk g A AHIE FEBISIth ol 135, 555 75 . . . .

K v U] ‘HE}aLfO ZE] O}ME}:;W 03 = 75l water transparency in the Venice Lagoon. Sci. Total Environ.,

tjate] e 2 8% ukg-S Lol _Lﬁo}ME‘r 71 A¥} 118-155 736, 139612.

dB re | pwPa®l AU} $EAE e A FOl5H s

Eats =],
COVID-19 o] 83 ZX 2 =M =5 349 4=
o] 12-8.0 dB r
e A %‘:‘ zle
ol = ZtolelA S%

=N

X

9 A3= B8 COVID-19 0] Aut =548 Thas diok A
el 7Aoo R AgPE 7Fsdo] Hrka IHEt. COVID-
19 o], Fgt =uljel = & vk Sl 7 78l 1ol COVID
19 A Auk f-3go] FFH dde] A4 g x| 9 T3 AE]
A7l Aoz A4S loletar olde 4= Qi sk 5
T e At AAAEY B AA AA L Ae e-sEe] slEEd
Al pFad whAo] o]d ) ol o] F7he A0 R AR
wpebr] Auh g o ZHE AR JIS Hisls] st )

B RS 20234 AHEIIARE) A10E sepAlatet

71715428 71e 70 S| QR 71 AR A ds
wrol =3E 1991 (KIMST-20210427).
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