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Abstract — According to the increase in development and utilization of new and renewable energy, marine stress
(underwater noise, suspended sediment, etc.) is predicted to increase, while the criteria for fishes and invertebrates
are insufficient. In this study, we reviewed previous studies which assessed the biological impact on fishes and
invertebrates to present the range of impact. Biological impact by exposure of three noise sources (pile driving,
turbine, seismic airgun) was classified in the three endpoints (physiological, physical, and behavior), by review-
ing the 21 literature (16 fish and 7 invertebrate species). Range of biological impact for fish was 109-203 dB re
1 pPa SPL,, and 151-256 dB re 1 uPa SPL,,. Pelagic fish which have developed swim bladder showed higher
sensitivity to underwater noise compared with demersal fish. Range of biological impact for invertebrate was
141-178 dB re 1 pPa SPL,, and 194-231 dB re 1 uPa SPL,,. The most noise sensitive taxon was cephalopod
which have developed statocyst. Behavioral impacts (avoidance, swimming speed) were found mainly by expo-
sure to impulse noise, such as pile driving and seismic airgun. When continuous noise was exposed, such as tur-
bine noise, physiological impacts (enzymatic activity, development) were found. Further study is needed to
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consider indigenous organisms in Korea, to suggest scientific and objective assessment criteria suitable for the

domestic circumstance.
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ol JZF=o] Sk iR eAlNA o F E FAHFEES wig =
’%‘Ea_i &2l Aol Qs Bo] /\Vé% o]FaL YA
I e e e B T
l'?‘é‘z?_} A7golth(Popper et al. [2014]). o1 +
% o9, B4, B, AsshA T e oR sfYERT
o} AA t=7] vl EEE uEste] of B 7 Al

Mo =2

2,

¥ Pile driving ™ Turbine ™ Seismic airgun

(A) Noise source

¥ Teleost ™ Crustacean ™ Cephalopod

£ 4 4 ), Underwater noise(5+% 4>+ ), Fish(®] ), Invertebrate(5-2] 5=

Slok gk, mepd] B Aol i) Sulel off W FHIER

o) wFagel S ARYT AT AR 2L i) ofF %

FEEe) va) JF W9 AV, i) o) F B we) YA A
st st
AN K== Uy
FSlo B ofFF W FATER) Oh FF4S 9T B

A AYATE 51]’ dlo|e] #|o] 221 “Google Scholar’ol|A] “o}F
(fish)?, “F2] 35 & (invertebrate)”, “1 $1 4 4> (anthropogenic
noise)”, “SlI’d-& 2 A eA] (offshore wind farm)”, “3}d SER(pile
driving)”, “A 3-3ll(noise pollution)”, “~E & X (stress)”, “F&F
(impact)” 5] 7191 E AL Sate] 20719] Ed-S R st
Fig. 17} #o] 37]'7<]—4 2 dEd e BN, §A T oo
el A%t 714 R (Ol T, WA, S, olviEh )l 3
el 2359 ofF ¥ Przi—vigﬂ] ojgk 9

AR 165, FHFs=E 755 EH 07 A5 2785 (endpoint)e
A ) AR(EEE, 2, 35E, AR, i) =2l(@A 14 3
34, A, 719, AR, i) WEEE, F9dE,
wo g2 A7 FFataith(Table 13} 2).

TFeisel g3 YEPTFS FFHow vusty] 95t sl
TopellA 2 ARSSRE 49l ©9I1 A 3% (root mean square
sound pressure level, SPL,,) 3! A= 5 37 3 %(zero to peak
sound pressure level, SPL,, )& +43k3ith. AWtd o= 11l &

E} 9 g5} oflojxda} 22 FA5-(impulsive noise)®] 73-F- SPL.. =

Bl 9 4259 22 %55 (continuous noise)®] 739 SPL,,. &
A g 7|2 A EEolAs 7R A TS
I8 9 ZelA] FEste] BRIt

)1

16/

Bivalve

(B) Taxa

Fig. 1. (A) The number of noise sources and (B) taxa (species level) in this review study.



Table 1. Endpoints analyzed in studying effects of noise on fish

SPL,,s SPL,, Frequency
Taxa Endpoint Noise source Species Reference
(dBre 1 pPa) (Hz)
mRNA transcription Turbine 109 125 Chang et al.[2018]'
Acanthopagrus schlegelii
Cortisol, Superoxide dismutase 138 125
Physiology Cortisol, Lactate, Oxygen consumption rate, Pile driving 210 125-200  Debusschere et al.[2016]
Growth rate
Dicentrarchus labrax -
Opercular beat rate Pile driving, 152 n.a. Spiga et al.[2017];
Seismic airgun 132 158 <2,000 Radford et al.[2016]*
Temporal threshold shift, Otholith damage  Seismic airgun Coregonus nasus, Couesius plumbeus, 205-210 n.a. Popper et al.[2005]%;
Esox lucius Song et al.[2008]°
Otholith damage Seismic airgun Pagrus auratus 203 223 100-1,000 McCauley et al.[2003]
Organ damage, Mortality Pile driving Oncorhynchus tshawytscha 208 n.a. Halvorsen et al.[2012]*
Physical
Organ damage, Mortality Seismic airgun Polyodon spathula, 225 231 n.a. Popper et al.[2016]°
Teleost Scaphirhynchus albus
Mortality Seismic airgun  Ammodytes marinus 256 na. Hassel et al.[2004]"
Mortality Pile driving Solea solea 210 50-1,000 Bolle et al.[2012]"
Distance moved Seismic airgun Gadus morhua, Pollachius pollachius, 218 80-128 Wardle et al.[2001]"
Pollachius virens, Scomber scombrus
Distance moved, Swimming speed, Pile driving Sebastes schlegelii 165 50-1,500 Heo et al.[2019]"
Swimming direction
Behavior Initial‘ avoidance, Swimming speed, Pile driving Gadus morhua, Solea solea 140-160 n.a. Mueller-Blenkle ef al.[2010]"
Freezing response 144-156
Startle response Seismic airgun Ammodytes marinus 256 n.a Hassel et al.[2004]"
Startle response, Swimming speed, Turn angle Pile driving Dicentrarchus labrax 152 n.a. Spiga et al.[2017]
Group cohesion, Swimming speed Pile driving 129 151 n.a. Herbert-Read et al.[2017]"

Abbreviation: SPL, sound pressure level; rms, root mean square; peak, zero-to-peak; n.a., not available
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Table 2. Endpoints analyzed in studying effects of noise on invertebrate

SPL,. SPL,.« Frequency
Taxa Endpoint Noise source Species Reference
(dBre 1 puPa) (Hz)
Glucose, Protein Seismic airgun  Homarus americanus 172 195 n.a. Payne et al.[2007]'
Physiology =~ Development Seismic airgun  Cancer magister 168 231 125 Pearson et al.[1994]
Development Turbine Austrohelice crassa, Hemigrapsus crenulatus 154 <1,000 Pine et al.[2012]
Crustacean - :
Homarus americanus, 172 195 n.a. Payne et al.[2007]';
Physical Mortality Seismic airgun  Cancer magister, 168 231 125 Pearson et al.[1994]%
Chionoecetes opilio 178 n.a. Courteny[2009]*
Behavior Feeding Seismic airgun  Homarus americanus 172 195 n.a. Payne et al.[2007]'
Physiology ~ Development 164 86—-129
Bivalve Seismic airgun  Pecten novaezelandiae de Soto et al.[2013]
Physical Abnormality 164 86—129
Startle response 141 194 n.a.
Inking 141 194 n.a.
Cephalopod Behavior Pile driving Doryteuthis pealeii Jones et al.[2020]°
Jetting 141 194 n.a
Body pattern change 141 194 n.a.

Abbreviation: SPL, sound pressure level; rms, root mean square; peak, zero-to-peak; n.a., not available

!



FFagel et S ofF L FHF

3.2 3
3.1 £3AS0| R0l O[x|= =AY
Fehgel et 7] AJE Y2 109-203 dB re 1 pPa SPL,,
9l 151-256 dB re 1 pPa SPL,,,, W¥1E WERITH(Fig. 2). W41 o172
A ks ERISY| S8 A= (Acanthopagrus schlegelii) 2
FAulclkso] (Dicentrarchus labraxy’} AFL=cE. SAEE 5 A~
EfA 22 FEES 138 dB re 1 uPa SPL,,. o] BN 293
25 4 210 dB re 1 pPa SPL,,,°] 7+ e} A ol oI5
2polE YeRYA] eigkth b 248 9l 552 109-152 dB re
1 wPa SPL,,,, %! 158-210 dB re 1 pPa SPL 2] Foas =E
23t 2}o]E LEFHTH(Debusschere et al.[2016]; Radford et al.
[2016]; Spiga et al.[2017]; Chang ef al[2018]). T2 W T 552
Q- ~E# e o8] whEA Wk RS X|3E0]7] wiiel] of
O w1 A BEGEES, F4TAS AF oz A7 >7Y)
Ql Ye Lotz AE R 0w AlsHTh

=
o2 o 7o B8] 5435 5 U4 <& (temporary

5o) ABEE G W YA 12 13

threshold shift, TTSY] 205-207 dB re 1 pPa SPL,,2] ¥} <
o1 &F wEoll olal] AR, o)A SRS WA sk
TH(Popper et al.[2005]; Song et al.[2008])(Fig. 2). 3FA] %+ 223
dB re 1 pPa SPL,, 0 T & 3712 @35} of|ojx] &g eZoll o
AN (Pagrus auratusye ©12 $44-& LFERACHMcCauley ef al.[2003]).
XA o7 YA (Oncorhynchus tshawytschaye 54 52 7]
¥e] 208 dB re 1 pPa SPL,,, 0| o+ e} Ao eFol] o8l &4
HAAT, AXAd AFA A3 LA F(Pobodon spathula 2
Scaphirhynchus albusy= T 2 3712] €435} of|oj7d 43208 dB
re 1 pPa SPL,,) =20l 713 45 UERIA] 23ttH(Halvorsen
et al.[2012]; Popper et al.[2016]). XAH&ol| thet Fake- Al 256
dB re 1 pPa SPL,,.0] 3} ool AF ol vERbA] o
SiCHHassel ef al.[2004]). 172 FHll&= TF54s w230 22 F
Zst o2 wisle] o3l ofAllol 48 <=/J(barotrauma)yS oF7|
ULt 2 Aap= 2 ofFoll B3l 2PN o7 vl i
wof glo} FFagoll ot Falrt AA veRd Z1o® Als Tt
upbA] Fgo] a2 o] /o] Pl 548 aes o

X O Effect - Hormone'
o o XNoeffect | pnzymatic activity'
o 00 - Respiration rate>+ FUREICIog)
I Development
-TTS
I Otholith damage’ )
L Organ damage® PRI
_____________________________________________________________________________ - Mortality?
0 OO0 I Evasion? 1314
O OO0 00O I Swimming? 1315
I Feeding
T T T T ! y
100 120 140 160 180 200 220 240
SPL__(dBre 1 uPa)
(a)
X O Effect - Hormone?
o X Noeffect | pnzymatic activity?
00 o L Respiration rate 4 PUlSIRIOg)
X I Development?
XX -TTS
KX [®) I Otholith damage®”
0O I Organ damage®®
% - Mortality® ™"
I Evasion'®
o X - Swimming'2 15 Behevier
I Feeding
T T T T !
140 160 180 200 220 240 260
SPL,.,, (dBre 1 uPa)
(b)

Fig. 2. Biological impact of underwater noises depending on (a) root mean square sound pressure level (SPL,,.) and (b) zero to peak sound
pressure level (SPL,,) on fish. Symbol indicates the significance of biological effects (O = effect, X = no effect). Colors indicate habitats
(blue = pelagic, yellow = demersal) and endpoints (green = physiology, navy = physical, red = behavior). No. on endpoints indicate the ref-

erence in Table 1. Abbreviation: TTS, temporary threshold shift.
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Fig. 3. Biological impact of underwater noises depending on (a) root mean square sound pressure level (SPL ) and (b) zero to peak sound
pressure level (SPL,.,) on invertebrate. Symbol indicates the significance of biological effects (O = effect, x = no effect). Colors indicate taxa
(blue = crustacean, yellow = bivalve, yellow-green = cephalopod) and endpoints (green = physiology, navy = physical, red = behavior). No. on
endpoints indicate the reference in Table 2. Abbreviation: TTS, temporary threshold shift.
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