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Examining Acoustic Characteristics of Bluefin Gurnard Chelidonichthys kumu
Sounds with Passive Acoustic Monitoring (PAM)
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Sea Power Reinforcement-Security Research Department, Korea Institute of Ocean Science and Technology (KIOST), Busan
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Recent advances in passive acoustic monitoring (PAM) have substantially improved our ability to investigate ocean
soundscapes, enabling the non-invasive detection of biological sounds. Among marine organisms, fish are key con-
tributors to the biophony of ocean soundscapes as they produce sounds associated with feeding, reproduction, and
social interactions. In this study, we examined the acoustic signature of the bluefin gurnard Chelidonichthys kumu
based on continuous recordings obtained from a sea cage in the Korean coastal ocean. The grunt sounds had a mean
signal duration of 89.8 ms and contained approximately 24.2 pulses, which were regularly spaced with mean inter-
pulse intervals of approximately 3.3 ms. They had a mean peak frequency near 308.4 Hz, often accompanied by
distinct harmonic structures and a downward frequency modulation. The signal energy was concentrated within 100-
1,000 Hz frequency band, which is consistent with the harmonic structures typical of many fish species. The grunt
signals also had high sound pressure levels, with mean peak-to-peak values of 160.6 dB re 1 pPa. These results pro-
vided baseline data for estimating the spatiotemporal distribution of bluefin gurnards and interpreting their seasonal
activity patterns using PAM.

Keywords: Underwater acoustics, Biological sound, Acoustic characteristic, Bluefin gurnard, Passive acoustic
monitoring
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(Radford et al., 2008; Kim et al., 2024, 2025; Cho et al., 2025;
Yoon et al., 2025).

Al (bluefin gurnard Chelidonichthys kumu)+= Triglidae 2+
o N4 58 EARZA oo Hol o] Fagh 74 2ol
w(Cabral et al., 2025), 2|5 U&= 3222 o]F F 3|
U 2 Aol SEG AN EA0 T sh, e
A3 ES HAlshe A4 o]Fo|t(Smith and Heemstra,
1986). J e o] A= UREA 0 =2 20-40 cm ¥ $fo]m, Z[ch A
A2 60 cm, 2 oF 15d 0.2 R I E I H(Clearwater and
Pankhurst, 1994; Stewart et al., 2022). AJt+= 441 2F 200 m
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FAUE, 55 5 Luflod) slolol 4 de] Hashs Sxo]
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Fig. 1. Location of the experimental site and setup for acoustic measurements of bluefin gurnard Chelidonichthys kumu sounds. a, Map

showing the location of the acoustic experiment site (red dot) in Tongyeong, South Sea of Korea; b, Aerial view of the fish farm sea-cage

facility operated by KIOST at the experimental site; ¢, The experimental position (Exp. Pos.) for bluefin gurnard sound recording is marked

in red, deployment of a self-recording hydrophone inside the sea-cage containing bluefin gurnards. The experimental position is indicated
in red, and the hydrophone is positioned to capture sounds from within the cage.

£ oA F=2H A grunt I AT P(£1)E 71E AT %
ostar AlZk-Frutarof it 23+ A e SHOe= AL
A= E2H(envelope) z(t)5 ©l-8-3l A& Zoje} HX 7F
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transform)E 3YSH3ATh o] 5 Fof A-Fub AHERT
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Fig. 2. Acoustic analysis of a grunt sound produced by bluefin gurnard Chelidonichthys kumu. a, Example of raw waveform showing

vocalizations, with highlighted by a red dashed box identified as the grunt sound; b, Zoomed-in waveform of the grunt sounds. The black
arrows indicate the start (tmin) and end (tmax) times of the signal, defining the signal (grunt) duration (T), and the green arrows show the
inter-pulse interval (IPI). The red dashed line represents the signal energy envelope z(t) and red circles mark the detected pulse peaks; c,
Time-frequency spectrogram representation showing concentrated energy in the low-frequency band (100-1,000 Hz); color indicates the
power spectral density (PSD, dB re 1 uPa*Hz); d, The empirical spectral density (ESD, dB re 1 pPa?/Hz) computed from 300 grunt sounds,
with empirical confidence intervals (1%, 5%, 50%, 95%, 99%) and RMS spectrum.

(b) 350

120 300

o
=)

250

@
=3

@
3
Frequency (Hz)

Duration (ms) / Number (n)
s
S

N
S

—_
n
~—

SPL (dB re 1pPa) / SEL (dB re 1pPa’s)

0
Signal duration IPI Number of pulses Peak

SPLos SPLes SPLos

Fig. 3. Violin plots showing the distribution of the time, frequency, acoustic characteristic parameters extracted from grunt sounds produced

by the bluefin gurnard Chelidonichthys kumu. The plot represent the (a) time characteristic parameters: Signal duration, inter-pulse interval

(IPI) and number of pulses, (b) frequency characteristic parameters: peak, maximum, and minimum frequencies and -3 dB bandwidth, (c)
acoustic energy characteristic parameters: sound pressure levels (SPLs) (SPL_0-p, SPL_p-p, SPL_rms) and sound exposure level (SEL).

l__

Sl vl of [PI= Al A o2
Fohelmla Faps Ho B

6.3 Hzz Lpepde). 2 ok
Ho|n H 7F2 317.6+6.1

Ak et 41 ol
AJ317) m gk, Fak

Hz= uehgon], |4 Fub40] gt g2 298.9+6.5 Hz=
A=A -3 dB ti 5] E2e A oR Fi HFH
| FEiE RYlom, Hat oF 18.6+2.7 Hz= AXE ek 33

ol x] B4 B4 Az}, &3t @l SPL 0-p=1553+4.1



Aoy Ay

dB re 1 pPa, SPL p-p= 160.6+4.1 dB re 1 pPa, SPL rms
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Hx(standard deviation, SD), 7t k(median), Z|A-Z|i7k
(min—-max), -5 A4 (coefficient of variation, CV)& A4S}
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ol A% 315, 24 %5 S} 22 A St ws
A o] glow, o]2|gh AejA] adlof whet grunt 4139
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Helom, o= oJatas 9 A AT R A 75 7HsAol =
AL 2 A= H(Collin and Marshall, 2003).
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Parijs, 2016; Cho et al., 2025)°]| A2 AU =] HA =
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Table 1. Acoustic characteristics of grunt signals of bluefin gurnard Chelidonichthys kumu
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st zawr, efe) Aela B4} of

el(slo] B4, B3, Ak

o= olgfal7] 9]

J;;‘—_/%] O#:rLE JJ_Q_O]—

Grunt signals n Mean+SD Median Min—Max CV (%)
Signal duration (ms) 89.8+13.3 88.9 64.1-130.2 14.8
Number of pulses (n) 24.2+3.9 24.0 14.0-36.0 16.1
Inter-pulse interval (IPI; ms) 3.310.1 3.3 3.1-3.8 35
Peak frequency (Hz) 308.416.3 309.0 287.0-321.0 2.0
Max frequency (Hz) 317.616.1 318.0 294.0-329.0 1.9
Min frequency (Hz) 290 298.916.5 299.0 279.0-312.0 22
-3 dB bandwidth (Hz) 18.7+2.7 18.0 10.0-29.0 14.3
Sound pressure level (SPL_0-p; dB re 1 uPa) 155.314.1 155.6 143.2-163.2 2.6
Sound pressure level (SPL_p-p; dB re 1 uPa) 160.614.1 161.0 148.5-168.5 2.6
Sound pressure level (SPL_rm s; dB re 1 yPa) 147.3+3.9 147.6 136.5-155.4 2.6
Sound exposure level (SEL; dB re 1 yPa*s) 137.314.0 137.8 126.1-145.1 29
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Table 2. Comparative summary of ecological and acoustic characteristics of bluefin gurnard Chelidonichthys kumu recorded in the sea-cage
of Korean coastal ocean and the sea-tank environment of New Zealand

Information on Triglidae family

Common name Bluefin gurnard

Scientific name Chelidonichthys kumu
Experiment location

Fish size used 20-25 cm (measured)

Recording duration without intermission

No. of individuals 20 individuals
Acoustic parameters MeantSTD
Signal duration (ms) 89.8+13.3
Number of pulses (n) 24.2+3.9
Peak frequency (Hz) 308.416.3
Max frequency (Hz) 317.646.1
Min frequency (Hz) 298.8+6.5

-3 dB bandwidth (Hz) 18.7£2.7
Reference This study

Sea-cage in coastal ocean(Tongyeong, Korea)

10-min segments, continuously recorded for —2 weeks

Sea-tank in laboratory facility(Leigh marine lab)
Approx. 40 cm (from 3 adult females)

24 h repeated sessions for each individual

3 identified adult females
Mean+STD

8413 (Gru1), 56t1 (Gru2)
11.0£0.5 (Gru1), 11.1£0.6 (Gru2),
12941.3 (Gru1), 14441.4 (Gru2)
163+1.0 (Gru1), 177£0.9 (Gru2)
96+1.5 (Gru1), 110+0.9 (Gru2)
67+0.8 (Gru1), 67+0.6 (Gru2)
Radford et al. (2016)

Ao 2 AZrE T Amorim and Hawkins, 2000; Connaughton,
2004; Kasumyan, 2009; Amorim et al., 2015).
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