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ABSTRACT

This study measured ambient noise by mooring a hydrophone in the middle depth
(10 m) for 4 months (2019.9.11 ~ 2019.12.15) at a depth of 20 m in the west coast of Jeju
where wind and wave power generators are installed. Meteorological factors affecting
underwater ambient noise were collected from meteorological stations and observation
stations near the measurement area. The low frequency band (~100 Hz) showed a change of
about 5 dB to 20 dB in low and high tides due to the tidal effect. The wave and wind effects
showed a large change to ~ 25 dB in the medium frequency band (~1 kHz). The wave affected
arelatively lower frequency band (~300 Hz) compared to the wind, and the wind affected even
a high frequency band of 1 kHz or more. Factors affecting the high frequency band (10 kHz
~) were rainfall and bio noise, and measured to be about 10 dB higher than the maximum value
of the Wenz curve.

In addition, the circadian and tidal cycle patterns were analyzed for the sound of
snapping shrimp, the main noise source of the high frequency band in shallow water. We used
kernel signals and thresholds to identify the sound of snapping shrimp to calculate the snap
rate per minute for quantitative analysis. As a result, it was found that the average and standard
deviation of the snap rate in the western sea of Jeju during the entire measurement period
(2019.9.11 ~2019.12.15) was 2132 + 432 per minute. The surface water temperature and tide
level decreased from 25°C to 7°C and from 190cm to 50cm for 90 days, respectively. From
September to November, the snap rate decreased at a rate of 71 times per minute every 1°C
decrease, and the snap rate increased by 17-24% during sunrise and sunset compared to the
one at the daytime average. The snap rate at high tide was 13% higher on average than the one
at low tide.

This study showed that the snapping shrimp snap rate changed according to the

circadian and tidal characteristics, and the Jeju-type Wenz curve was presented by analyzing

X1
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the changes in underwater noise according to the marine environment. This study can be used
as a basis for underwater noise in the coast of Jeju and the data for ecological behavior of

snapping shrimp and an evaluation criteria of environmental impact assessment for coastal

development.

Xii



A 2 &

A1

A&

Nibwal B

INTERMITTENT AND LOCAL EFFECTS

o Earthquakes =
-+ and >
140 i Bi
- r-
= Ships, ol Activity -
- Sea lce -

120

100

Spectrum Level (dBre 1uPa?/Hz)

40—

PREVAILING NOISES

.
>

20
~—— Ocean Traffic

T [Siimece Apnationy T~
B ‘4\_ Molecular

Agitation

(Sul'l'm Waves-
— Second Order
Pressure Effects)

1 10 100

Limits of g Noise
Wind-Dependent Bubble and Spray Noise
Haavy Precipitation

Heavy Traffic Nolse

Thermal Noise

Extrapolations

—
e

Figure 1 Wenz curve [1]

o} o)
= d XN

S Felr FRAGS &2

ENS R
#+=-H](SNR; Signals to Noise Ratio)E 4t

BH
s

e Ea

e

1
Fraquency (Hz)

Earth Quakes and Explosions
Low-Fraqg
Usual Traffic Nolse-Deep

Usual Traffic Noise-Shallow

Wik (D

DLI-008- 300 st a

e w Al o)

shebulEl 24 20 [5, 6],

B3 87 % 7% AR



F 34

A 2 &

w6 7HA

Fs] A= o] ko[, 7).
o & o

Ei

8243} A 0]

T

of 2] s

ha

F3H( > 20 kHz)) © & A3} 2 5= Qlth Fig 1 A1 4

=

=

2ol A=
(2 ~ 20 kHz), =1L

ke
T

o]

o el M
It ol A= A A &l <

=
T

A

ol (F A F 3t (< 1 Hz, =4 F3K(1 ~ 20 Hz), A 5320 ~ 200 Hz), %5 3H200 Hz

&85 7] % stt}. Knudsen ¥ Wenz 7} A 2 2} Al At o] &

~ 2 kHz), 2155}

=

o

of whet i A o] thETH Sl o] | A el A

Ar

—_
fite)
2

s

B 27 vEA Yepd

il

il o of| A

o

)

b5 o

°©

Aol o

=

X
A7}y Tk [16]. %

S A

1

-

3

k-

2
AN 4% T 20e AT

t} [9-12].
Al

]

A5 A

=

=

o

wrhs 5eo o A Ho)z)

of FFL v

e
=

C_)_l:]
A e ofl A A

REERET

o

S BATH[13,17,18]. 12} o]

wjr
ﬁo
oy
AL

ojn
™

Jvmo

i

A5 a2 H3k7L

AA SN %7 9 AF7))ol WE whE

A al oF
-1 X =

=

9

ok 2]

A

=

il

o}



A 2 &

A AT A9 flslon

gt

AATH[13, 19, 20]. THAAM = F7] AFE T

il

ff ol

EUZ AlF AR AT

KX
=

(Wenz curve)

i

™

iy
—_
110
xr
i

el
00



A 2%

=
s
=y
7
l
al

5 — 0 0 o
5 __oT o o L 1_1_ W
rJ 750 %o CL X o
R B )
5 A A ﬁn T o
. O G =
=] o iy o HJ ,ﬂﬂ 0
Fod o L gy
; : =
= Cl X0 o0 N 0 r ,%_H_
O_E . zn _— O#U ;OL
E ~ N roox i A
rnm Xo ﬂ M_lﬂ =5 1; J A 2
R A A R
g= o o T g
: ¥ ow Y e o= X
© — R ~ ~ 3
T I G
2 0% = W X ° ¥ ®
= =R oy ojp =
S) =} _ ‘Dl o o z_l
5 0z X ono# 4 =
2ok o L a8 X W %
2R o2 23
m < ) <3y X X ol
E e B oFOF o o
— L.E Iy —_
oo . F o AT N
g @Jﬂ T W A
o m OB W ok o T o
= ‘m == o —_ 0 —_—
E T m 2 AN R o
= Py S OE W
Pefrcsigi:
.= = T .
= = ” ] 3 T H T X
VGO T -
_ﬂ Al Tt o mp Y oL
5 o ®mop B e ®
= (R s R U | S =

Xl
=
}o

o S G|

1l 2}
]

I

Al
™

o+ [21].

5

)
pal

I gt

S

of 23

s

2

-

]

gl



A 2 &

o ¥ W 37}

i 2

3

o 2] g<lef 9

Eix

ATH22, 23].

7] Ao A= 100 Hz ~ 25 kHz T3+

=

Eis

™

pig

S
ax

)

ol

Fl o] vl o121 9] 100 Hz ©]

P
T

skt [1].

= AA

o

—_
file)

f] ol A

3

2 1F 1A

H

o

=

gl efoll A 9

S Al

3] 74 (24 H)

ey v 8 S ARe] F2 ZhE ol s HEte] F5T] 54

8r
o

M.

0

AA ol el o] Fol ] Ot

A

ol

A1
~

pig

7}

4

=
=

il o7 el A A A 2 0. 2 7] 7kl A A

3]

& Aol 7} 2 A7

<

—
file)

A
M

5t

o) AT thEA FFI] Bl 7

il

—

0



A 2 &

C . D

ni'osoa e:rsmskr b el -zb o >
g . 4-5°msl'krr'—--r-—|—u-
go.zs- z %(}vj 0.25ms rrp;EEL—EEG;.
3 ooof- — wwﬂ , "™ ES i |

L S S IS a g

T T T T T
125 -1.00 075 050 -025 000 025 0.50
Time (ms)

Figure 3 Morphology of alpheids and their snapping claw. (A) Dorsal view of Alpheus
rugimanus, in life. (B) Dorsal view of the assymetrical chelipeds of Alpheus websteri, in
life[2]. (C) Hydrophone signal of a snap by an A. heterochaelis female measured at a distancer
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snapper claw taken at 25-us intervals [4].
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Figure 4 The location of the hydrophone installation.(A) Hankyung-myeon area in the western
region of Jeju Island (Red mark: 33°19'48.9"N 126°08'59.7"E) and Moseulpo Tidal station
(Yellow mark: 33°12'50.8"N 126°15'04.5"E); (B) Schematic diagram of the installation of a
hydrophone (SM3M, Wildlife Acoustics) at the depth of 10 m from the seabed.; (C) Photo of

hydrophone installation by divers nearby a wave generator station.
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Table 1 Noise sources according to frequency range
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Figure 10 Ambient noise level over 25 Hz ~ 1 kHz frequency band due to wave height during
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Figure 12 Ambient noise level over 100 Hz ~ 10 kHz frequency band due to wind speed in
9.11 ~ 10.25. (White line: Mean PSD, Black line: standard deviation of PSD).
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Figure 16 The snapping srimph sound signal (black color) & example of score calculated

snapping shrimp sound.
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Figure 17 Score calculation and snapping shrimp sound detection method.
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Figure 18 Long-term trends of snap rate (black color), water temperature (red color), and tide

level (blue color). White and dark circles are the full moon and new moon, respectively.
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Figure 20 Circadian pattern of the snap rate of snapping shrimp. (A) Mean and standard

deviation of the snap rates in a day, (B) The percentage excess snap rate in a day.

e

AEo] 3% Stobfn. ANbY] SRty B dE, dE A FR2 Aol 34

e

(=
il

it

3FS B3la, ofzto] kel nla ¥ w2 AEo] #5H It

34



A 3%

A

A=A

=

3.3.2 B§FA$ &8 £4F7]

A_.n.n&..zﬂ deug J_Ll M m., Jﬂo m n_mﬁ ._lrkl Z_.o MW
s sz 8 8 & % TN V- L A i
T - - - ~ . MR w2 T F Y e
& = oo® = 8 8 3 N o §
= A s )
o o_.._ 0 0
2y ofy N T ~ o
i o = B o= o 0T e
gt TOFE X OF & = B o <]
,Aﬁ Aﬁ = s X 17_.0 —_
okl m - ‘IH_I OM ‘wu ‘OI Mv_l z.L
= BT o AT 1k 5 ~ .o
F ox o T4 R NS
& T4 o Mo"m o Mos wm
2 £ x o H N o wm  E
= 3 - ° T g B o
L VR T = T o= g
= R R I &
& N z o o Kow
. =2 Nd X 3 i~ HA N T . o —
,Um g ) & < N Wo N it T ol
£ S B g T - @ P o g ow
m (=] Q ‘mﬂ B0 = « 7E ﬂo ;&D _z__l
2 < = o s
Eog By M3 " o5 Tz
m.. S ) = @ Jﬁ.d ~ W o =
s £ = % 2 ®oF ¥ o 4 X
= % o T X o 4 T ozo
—_— Ne) B\ ;OL
T B om oy B
e & R 0w o® oM o5 ow Fon o5 %
- I T VS S A T
5 a2 T - S
£ o = = oow W ok T o4 B
o ~N = oy ) o}J Nd
s & =8 =2 8 =8 8% @ N H o e € NN
§ & & &8 g & 8§ g, H w8 35 k9 KN
(sImof]) awt] 23 113 ‘ul w X _ H NL ,.Ww_ 5|

35

gl BAE o

Apol <



A 32

3000 -

—Alhightde “—Atlow e,

2000

1000 - - - -
N Q B Q> e} O \e)
N N VRN N \) %"
Days
3000 x 10°
- |° 5 el
T T wee Tide level
£ 2000 1 i 2
£ I E : |
[<7] — 1
& &
a. 1000 %
g =
0 . ) 01 2 3 4 5 6 7

High tide Low tide -1
Frequency (day™")

Figure 22 (b) Mean snap rates and standard deviations at high and low tides show significant
differences at the 1st and 2nd half periods, (c) Fast Fourier Transform (FFT) of snap rate and
tidal level
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Wavelet Coherence of Snap rate - Tide level
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Figure 23 Wavelet transform analysis of snap & tide level. (o: Full moon, ®: New moon)
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Figure 24 Ambient noise curve in the coastal sea of Jeju. (gray dot line) limits of prevailing

noise at the coastal sea of Jeju, (red dash line) limits of prevailing noise at Wenz curve.
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