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In order to collect basic information of response behavior of red seabream (Pagrus major) during pilling, works for
constructing wind power station in Byeonsan Peninsular, Korea were investigated. Four cultured red seabream CRBI
to CRB4 [total length (TL): 27.1 £ 1.0 cm; body weight: 359 + 30 g] were tagged with an acoustic tag and used in
experiment. CRB1 and CRB2 to CBR4 were released on the sea surface at same time around the constructing site of
the wind power plant on September 22, 2017 and July 18, 2018, respectively. The tracking of the CRB1 to CRB2 and
CRB3 to CRB4 were conducted for two hours, approximately, using VR100 receiver including a directional hydrophone
and VR2W receivers array consisted of 19 presence/absence receivers (VR2ZW receivers), respectively. The underwater
noise level before (no pile driving works) and during pile driving works was measured 116.0-118.0 dB (re 1pPa) and
a maximum of 160 dB (re 1pPa), respectively. CRB1 moved about 6.0 km with average swimming speed of 80.2 +
20.5 cm/s for 2.1 hours without pile driving work. The average water depth of the sea bed on the route of CRBI was
9.1 £ 0.4 m. CRB2 moved about 7.3 km with the average swimming speed of 96.8 £ 27.1 cm/s for 2.1 hours with
pile driving work. The water depth of the sea bed on the route of CRB2 was 11.9 = 0.6 m. At results of the Rayleigh’s
z-test two fishes CRB1 and CRB2 showed significant directionality in the movement (p < 0.01). Movement mean angles
of CRBI and CRB2 were 92.7 and 251.8°, respectively. CRB2, CRB3 and CRB4 exhibited the escaping behavioral response
from the noise of source during the pile driving work. The swimming speed of the CRB2 exposed on the heavy underwater

noise stimuli due to the pile driving work was 1.21 times faster than that of the CRB1 exposed on the ambient underwater
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noise in the study site.

Keywords: Red seabream, Behavior, Acoustic telemetry, Movement, Swimming speed

M2
W (Pagrus majorye: S-elufel ATl vl
. Efolgk, W) 2L Fotilol B HAeHaF o
_]

stk 2o APgol 100 em gleln] S710] 4
]_

°f

oS
X
1%

CF wh=ok 2138 Ao, A, AP o],
& T2 Y=tk 4 10~200 mé| sS4 7]Eo]
|oJoll A o] AARIE ARt 4~6Ho]H,
4228 15~17C¢|tH(Doopedia, 2016). 2}
P9 o] S oAl St Rl ofFo
215k Wh3-S Koltk(Bae JW et al., 2009)
Ev] 7&2 25t 2067 FAsHA EA
| 718 AAA] e, Baake] ke, ¢
Bl B Ao, e T9le] o+, eat et
g T QAL ARH W, e

ol

N
d

oo 2 9 2
M o du
éEO
9,
HO2 P
il
¢

=2

ot
<t

kU o
o [
L o8
e

o
ok
e
k0

ol
-
=

ofN

1o 3o g
o
=
o

=
Ay

r

e
of BEE=I} e Aol L AA SIS
(Crossin et al., 2017).

T T Qa5 w1719 Fgol skl A
oz = PEHom 2 vAH, Fiv]e] sl
oAk uR]= 3 @ARE 422(Sogard and Olla,
1998; Staaks et al. 1999, Heo et al., 2016b; Heo et al.,
2017), B!(Shin et al., 2015; Heo et al., 2016a; Heo et
al., 2016b; Heo et al., 2017), 4~2](Shin et al., 2003, Heo
et al, 2019), 3241 X}(Linehan et al., 2001) W 4|41 Z] <]
TLZ(Cote et al., 2002) So] Qith 1 oA Az]Qt
TS} SfOPAEE WAL lisle] o S
S ago] wEBEY FPRES 7 Sele] A, Al
2% o 9 wahS 59 Welri(An, 2008). 450

P QISIA] S AL, Sk AABAL
o] 7|2 Aol 2 ol wtelaet 2] W S|AEAL
& air gun 5ol ©J5hH YR S UCHMeCauley et
al., 2003; Hastings and Popper, 2005; An, 2008). Z1%

SFol A B ul slgelel 2o AT £EEAS

© SR A7)y B Nyl g, g1
9L v 3

£ T
o

B WAX), 815 AR W o RS Fufah uke
& Uehy 4 glom, ojoh 7o o]R Blu] uIgL
SEFAS WA 91X T A4 24 Fiat 9%
< 1z 4= Qlth(Nedwell et al., 2003b).

o] Qe A= BIARIE 23] jelol A SARE A
7] AABAL B SR Sk Getol oiet HE] A%
e 245 e F b e deulEe] )4

AlS] sHod
E%‘ °H—|
» 2
>
= P
-+ - . y
Eg A
& Buan-gun
% . Byeonsan
® “Peninsular X "
I Sy d
- Y
» )
LN
& T
s
kd c
i,
B B,
w ©20:%0
- P
o525
" Gus
.
. . <
o ) )
a
e
-
__'@/«‘
Py
s
‘r L™
126" 20°E 126° 30°E

Fig. 1. Study site in the Byeonsan Peninsular, Korea. Black dotted
circle denotes the offshore wind power plants (Heo, 2021).
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Total Body Acoustic transmitter Released Duration of
Fish ID length weight cffr)us ¢ fra (SkH )e Tagging . tracking
(cm) (2) -frequency 4 Date Time (hOLll’S)
CRBI1 28.0 347 Continuous type-60.0 Internal 2017-09-22 11:22 2.1
CRB2 26.5 327 Continuous type-63.0 External 2018-07-18 10:20 2.1
CRB3 26.0 367 Coded type-69.0 External 2018-07-18 10:20 2.1
CRB4 27.7 397 Coded type-69.0 External 2018-07-18 10:20 2.1
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Fig. 3. Amay of VR2W receivers on 18 July 2018. VRI1 to VR18
denote the location of the VR2W receiver. VR0, an automatic
underwater sound monitoring system with a VR2W receiver and
releasing location of the test fish.
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Fig. 4. Wave pattern of the underwater noise recorded by AUSOMS-
mini for constructing the offshore wind power plant on 18 July
2018. (a) was recorded before the pile driving work. (b) was
recorded during the pile driving work. (c) is Extended wave
pattern indicated by dotted red rectangular in figure (b).
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Fig. 5. Signal voltages recorded by AUSOMS-mini during the pile driving work denoted wave pattern in figure 3 (c).
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Fig. 6. Horizontal behavior of CRB1 for 2.1 hours acoustic
tracking with the VR100 receiver and the directional hydrophone
installed on a vessel before the pile driving work on a offshore
wind power plant complex on 22 September 2017.
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Fig. 7. Swimming speed of CRB1 measured 5-minute-interval
for 2.1 hours acoustic tracking with the VR100 receiver and
the directional hydrophone installed on the vessel before the
pile driving work on a offshore wind power plant complex on
22 September 2017.
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Fig. 8. Circular histogram for the swimming direction of CRB1
for 2.1 hours acoustic tracking with the VR100 receiver and the
directional hydrophone installed on the vessel before the pile
driving work on a offshore wind power plant complex on 22
September 2017.
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Fig. 9. Horizontal behavior of CRB2 for 2.1 hours acoustic
tracking with the VR100 receiver and the directional hydrophone
installed on the vessel during the pile driving work at the #5
offshore wind power plant on 18 July 2018.
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Fig. 10. Swimming speed of CRB2 measured 5-minute-interval for
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solid red rectangular indicates the time of the pile driving work.
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Fig. 11. Circular histogram for the swimming direction of CRB2
for 2.1 hours acoustic tracking with the VR100 receiver and the
directional hydrophone installed on the vessel during the pile
driving work at #5 offshore wind power plant on 18 July 2018.
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