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Analysis of Spawning-Season Chorus Characteristics and Diel Vocalization
Patterns of Small Yellow Croaker Larimichthys polyactis and Brown
Croaker Miichthys miiuy

Hansoo Kim, Sungho Cho, Sunhyo Kim, Donhyug Kang, Byeong Kweon Kim' and Young Geul Yoon*

Sea Power Reinforcement-Security Research Department, Korea Institute of Ocean Science and Technology, Busan 49111, Republic
of Korea
ISyscore Inc., Yongin 16897, Republic of Korea

This study quantified the chorus characteristics of two sciaenid species, small yellow croaker Larimichthys polyactis
and brown croaker Miichthys miiuy, during their spawning seasons using passive acoustic monitoring. Continuous
recordings were collected using an autonomous recorder at a sea-cage facility in Tongyeong, Korea. The small yel-
low croaker was monitored from 15-30 June 2025, and brown croaker from 15-30 September 2025. Power spectral
density (PSD) and empirical probability density (EPD) analysis revealed that both species showed strong energy
below 1 kHz, but with distinct chorus formations and diel rhythms. Small yellow croaker produced long-lasting
nocturnal choruses spanning 0.3—1.2 kHz from evening to dawn, with daily maximum sound pressure levels (SPL)
of approximately 135-140 dB re 1 pPa. Brown croaker produced shorter, temporally focused choruses after sunset
within 0.2—-1.0 kHz, with maximum SPL of 125-140 dB re 1 pPa. EPD results indicated enhanced mean PSD and
higher percentiles during high-activity periods for both species. These findings demonstrate species-specific diel vo-
cal strategies, highlighting spawning choruses as key biological components of the marine soundscape and useful
acoustic indicators for soundscape-based monitoring of coastal fish populations.

Keywords: Fish chorus, Small yellow croaker, Brown croaker, Diel pattern, Passive acoustic monitoring

M OE ajlo] o] E2]2 4-&(geophony), A 2 (biophony), 1914
2x2(anthropophony)2 FFz o2 =4 -4 Fo 2K, 3ok

B F2 theFet Eul 4, AESHA, 1A A7t A4S 2e-st A ] e, e s, B Bzt 9 QI EEe] JFS
o] B512] o] 52293k 4| 7| & F A 5Ich(Hildebrand, 2009; Du- Bk A7h S AR EAA O] L A lEP(Pijanowski et
arte et al., 2021; El-Dairi et al., 2024). 0|2} Z-o| ujt}of A & al., 2011; Duarte et al., 2021). £3] s|9F Z-F-5F o] F F2 >
Afl= BE A9 FA4 S | AREE2AA0] Z(ocean E8 S AR A7 E FEL o HEe] By g g
soundscape) 2}l 51w, B Aef A of| A WA S}= Theksh 2+ e & el 4 JEE QJAIE AL Q)t(Lindseth

O] g} AFS 28-S Hh el a3 e A RE g-8-5 1 and Lobel, 2018; Parsons et al., 2022) Fo|| = o) Y3t S
SATHBertucci et al., 2016; Lindseth and Lobel, 2018; Duarte HR7} SF e A Q] 28} 75 a5t o] Tzl &
etal., 2021; McKenna et al., 2021; Minello et al., 2021). &% AR FRUFOHA F[F AREE /\71]0] B0 soF AYE]
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A HUEH P 523t A FofR Fifsekal
Danovaro, 2020; Minello et al., 2021).

T WS 71 I Y AR E LA o] 2 Ao &
ol & 719 & sfigkeh. &= tAE A% Ao AdY A
Ap a2, v E ] 7] o] g A7)k -8 L e F
@ A5H 02 SHoks Alo| 7hs s th(Sousa-Lima et
al., 2013; Caldas-Morgan et al., 2015; Gibbs et al., 2019).
SHAR] 7HA ot okt o S TS SR e
A o] Ffiel v A1 9] A -8 5o FH T ¥
Qlo} oheket 87 2oA SFARE AT 5 A H
(Van Parijs et al., 2021; Galanos et al., 2025). ©]2gt 7|
Gile B4 Ao S S A - 24 - A5 A
Foto] A&z o2 7|53 4= 17 oFglom, A= At
1S BES o8 o] 243 242 7HsskA skelch. L
A} 2E A AAA S = sfof AREELA o] A7 =
=L qlom, s e o BoE AAA A7 =Y
B, 181l o] 7o) AbeA] 9l 3F FA 51 T ket A
Tt Fop= o] AAtof| ElelA| 485 AL Q= Aol thRicci
et al., 2017; Gibbs et al., 2019; Pieretti and Danovaro, 2020).

sF A ACNA o= 5% o] i & ERe
2, AR7HA] A AR SZ 9805 o], 133 29| o] 77F &
2 d 4 = Ao 2 B E Q] ch(Lindseth and Lobel, 2018;
Looby etal., 2022; Rice et al., 2022). ©]3F+= H-&|(sonic swim-
bladder) %5, Ao} b, 25 5 5 O HAYUESS &
off 2|5 HAA7 M, Tt 3ol ofd YAt BAS
3F Al 55 W3} (Fine and Parmentier, 2015). 0]
2 oll(courtship), AF=H(spawning), AF5] A AV S AE
o4 o, AR} B3] 5 choke AYelA] 7]5-S At
(Amorim, 2006; Ladich, 2022). £3] @2 o] F0] E4 A4 &
= A7)0 oS 7Hset SRl o) 4P| E RERA 02 WA
7] dixzoll, ol e Y A=A 0] 2o AI7HE] ¥
= oldfish= T 23t A4y Wohet k| @A) axt
Al etz ZgE 4 ik

Sl tH(Pieretti and

rol

o ox

s

juis

J(z)i B 32

o) 413b7] BF b BA14 WA TR 55 A4
A4 9] ARRE-S ZPAA 0.2 BT 4 Gl AlHE e

|3 o]th(Lobel, 2002; Ricci et al., 2017). 3t tf 9], sl
Y &, RS T3(call rate) 52 AP s WHsHA o
Zxo] 9lom, o] 5 7[Hke & AlgHi(spawning ground) $17]
£ sfelsi7|ur 4kt A7)0 el 24E 2 glrt. olelst o
2 55 2% 2UE " (passive acoustic monitoring, PAM)
& 23 o} A ATolA S0 7Y oR FEEE 4|
tHRountree et al., 2006; Stratoudakis et al., 2024; Gonzalez-
Correa et al., 2025). PAM 7|2 | Z54 o], Hre: L5}
& 4717b0) A2 5300] 7155}, 18] 7]k Al el A
3E ol daFe nIA A e, Az 2 olu 212 4l
A 58 7o) ARE Shag 5 ek Aol 2lek(Van

o
ok
)
Mo
of
i

Parijs et al., 2009; Baumgartner et al., 2014; Yoon et al., 2017).
T Akl A ol AZLl TNk A% A7} ol
Z7| dAlo M dek A7 =W s 9ol A a2l E A
Shz o} ol gt A S 54 o}59] S 54L 7]
Sobe= o 25 0] BA ghom, 1A Tl o I 4 (call)oll
o3t A Aart A o2 B aEa 9rk(Lee et al., 2007;
Choi et al., 2024; Kim et al., 2024a, 2025a, 2025b; Cho et al.,
2025; Im et al., 2025; Yoon et al., 2025). o] 2|3} o] F2] &5
AR ol B AE BX) 912F el 8449l /]2
Apz o] ARk A Em ] 0] /o] AR ' S
o] %4 E|= 5121 (chorus) 540 et A= Aeh 402 o)
& BEF AgolT), T, Sof AL EAA o] Lp Al alA]
HolA & woll= 7 BES AlZ Hoh= tha 1A o] SA]
Ko ghgolult :el A7k 4] 45 83 2L Aufek 4
7t o, o] AAA] o] &, A7 e, i A2 Y ™
3}5 uleget 2@ A7} Hel webd off BejAo) Al
| SATHE PAE TESH A7 1 19k Fa of
Bl & olsfietaL, A7) 2 ¢l A Tejo] 83 4= 9l
A2 vhelsl7) 18] RHEA) S ofof 8 S
Siet.
2 Ao =l gl A4Sk Z=7](small yellow
croaker Larimichthys polyactis)2} 11 ](brown croaker Miich-
thys miiuy) ] Akt Al 7] of| sl = B E25S A&4 o2 B
81, A7HA ke S48 BAgho A ol A o)

f iy
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e
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o [ ofN ok
L oox
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ng
o

__>‘~1_,‘
=
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4>

O

& ARE 7NEO R AR A)7] B e S H21 9 o)
B2 sk ek £ ATe] Ak S o) Ao o)
s dlolelulol 2 P2t ok Abg A0l 7]ure] e &
e AT SR ISP A S AR,

o] &ahw, b= s, Foll, o=, Ut H U2 FH 5
A B} alelol] AAsHE Aoz S Fas A o
Zo|tH(Lee et al., 2017; Kang et al., 2020; Kim et al., 2024a,
2024b; Yoon et al., 2025). 2271 4241 90 m o] U] 9] ¢1ot 3
Aol & A4S, 4222 oF 7-25°C W QJol|A EaEdh=
AL 2 AHA UTH(Song et al., 2024). A3 1kt Al7]=
5-69=, T8 A2 galel s5=sfo] IxIgth(Lee et
al., 2017; Jang et al., 2020; Kim et al., 2024a, 2024b; Liu et
al,, 2024). Ak A]7] 2k W27) = 52)S Ao} o alni, u]
WA G2 ke tf o] HAN A 4 E WA= A
© 2 Hi1% o] QIth(Kim et al., 2025a; Yoon et al., 2025). W1 ¢]
= S Agtol 4 2218 WA BEAR ofF0, AT
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Fig. 1. Experimental site and sea-cage observations of small yellow croaker Larimichthys polyactis and the brown croaker Miichthys miiuy.
a, Map of the Korean Peninsula showing the acoustic experimental site (red dot) located off Tongyeong in the South Sea of Korea; b, Over-
view of the sea-cage at the experimental site; the red mark (Exp. Pos.) indicates the position of the hydrophone; ¢, Underwater image of
schooling small yellow croaker inside the sea-cage; d, Underwater image of brown croaker aggregated in the sea-cage during the recording

period.

o oA I qlo] o] 4] & Zrojrium o] &l Jitt= 7] Fo] A 3|
ZIth A2 2o 1 m o d7HA] A8k thE o Folm, ket
Al7]= 8-10¢¥ 52 of 3lgstcH(Moon et al., 2024). o] A]7]
A Qlol= A A A4S 2AE ¢ef7] f1el 1 kHz o]st
9] Sl kg 7HA = gl E gk g A QItH(Kim
etal., 2024a, 2025b).
o1 5o

Zrz7|9t plol] S8 ARe AAAHE 59 Atel HAIg
s atstr e F RN FAST7IA W el 7oA 4
F ek tHFig. 1a, 1b). W50l ARS-H 271 2024 S=of] A]
w3l 3l <ol A 2,000 ] E F4)ste] oF 1 o)A 7HEe] ]
ol 4] &35t kFig. 1). 3 A& W22 3 A 4= 22l
A} oF 1,900ut2] 2 ZRIE| 9l om, A2 oF 25-30 cm'H 9
et o= 2023w of Haff s ol A 2F 21 o] 7HF2] el
A A8kl om, SoF AbR WSS fl8f vlo] 7iA 4= 2l A
I} oF 123me] = SHRIE| QLo m A2 oF 70-90 cm' 9]= 1t
Eputtt x7] 9 ol Bast s 7HRE| 7 1A g sl < 2
A2 9F 20 moln], o] 3E TR Y] A7]= do] 12
m,Z 6m, Z°] 6 mth

M3 Ao B Al A7 JHE vigo 2 7} of e

A 54 dlEd 5 Sl VIS Ak, Ax7)= 2025
| 6% 15-30¢, 7lo]=94 1530 7| HEs AaE &
A ez stk e W52 A5l Qe A 7154
T54571(SM3M; Wildlife Acoustics Inc., Maynard, MA,

USA)E 7172] Y 45 =41 3 moll AX|skeint. of uf, A
83 53 L87)9] 41 A =S -164.6 dB V/uPa, o]&
< 0dB, &% = 48 kHz= 78ttt 3271 33
Aae 1050k 1702] YAE Wav ot &2 2174 = 9 ch(duty
cycle, 99%). o157 AHIE E1Ist7] $fste] & A= 47}
EAlo E7HRRE o] 8ske] 2719} Hlojo] AHiE 24l
aF9ch(Fig. e, 1d).

3% 23 A== MATLAB R2025a (The MathWorks
Inc., Natick, MA, USA)E o|-85}o] BA5HQIT) o] 7 A2
£ Azstalr] $J8) A8 A= EYH Uk (power spectral den-
sity, PSD)Z AAIstg00], AW E 7]t 2HEY Pt 7]
#-9 #2519t Welch, 2003). A4 AF&o] s 12 Zo]<]
A ZTHE | & (Hamming) YEL-S A-8a1a1, A THE 7t
50% 925 4179510] PSDE At H, 0|2 -3 7 (in-
tensity) ol A Fsto] 12 7422] PSD AlA|A-S 45
SITH(Table 1), T3+ #1455 PSD ©0] €] 2 o who] = 7123
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Table 1. Summary of acoustic processing steps used for PSD cal-
culation

Paramter Description
Segmentation 1sec

Window function Hamming
Overlapping 50%

Averaging domain Intensity

Output time interval 1 min

WdE Fate st 2 ofFo] AT e A A
ek A7) ES EA ST e Ay o] Edet Azt
ot Al o2 Ego] S ARt o] A EY Zjo] Ul HE
d= HlaLshr] ffell, argg 1k A2 7ol A 2] PSDZE
1= 0]%—3}01 7A¥ 4 8& U (empirical probability density,
EPD)E 453, 7 Frubas Jh1to] sl g+t PSD2} o

7| w294 (percentile) SA17E(1%, 5%, 50%, 95%, 99%)<
AArsFATE.
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Fig. 2. Passive acoustic observations during the total monitoring period (15-30 June) of small yellow croaker Larimichthys polyactis. a,
Spectrogram showing diel vocalization patterns dominated by low-frequency biological sounds below 1 kHz over the entire observation
window; b, Corresponding sound pressure level (SPL) time series for the same period, illustrating pronounced daily cycles in acoustic

activity.
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Fig. 3. Passive acoustic observations during the total monitoring period (15-30 September) of brown croaker Miichthys miiuy. a, Spectro-
gram showing diel vocalization patterns dominated by low-frequency biological sounds below 1 kHz over the entire observation window; b,
Corresponding sound pressure level (SPL) time series for the same period, illustrating pronounced daily cycles in acoustic activity.
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Fig. 4. Daily ensemble-averaged spectrogram showing the diel vocal activity of (a) small yellow croaker Larimichthys polyactis and (b)

brown croaker Miichthys miiuy.
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