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Age and Growth of Small Yellow Croaker Larimichthys polyactis Using
Otoliths in the Waters of Korea
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The small yellow croaker Larimichthys polyactis is an important ecological and commercial species in the waters
of Korea. Based on samples purchased monthly from a market from 2019 to 2021, except during the closed season,
we analyzed the age and growth of the small yellow croaker using 894 otoliths. The total lengths of the small yel-
low croaker ranged from 12.0 to 38.9 cm, which is a sufficient length range for analyzing age structure and growth
parameters. The translucent zone, formed during the spawning season in June, was counted as the annual mark. The
estimated ages were 0—10 years, and the 38.9 cm individuals were 7 years old, while the 34.2 cm individuals were
10 years old. The highest proportion in this study (86.8%) was 03 years. The von Bertalanfty growth model was

obtained as L=41.2(1-exp-2"39),
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2017; NIFS, 2021). k=0l Edsh= 32719 AlRt7]+= 3-6
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2(Kim et al., 2010; Jang et al., 2020; Kang et al., 2020) AFgk
& ob 3 A3 SB35 F 108 s detelel 1195
B o] 58l 287HA] Al AgRolA YEste Ao g deEA
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5 9L1%e= 5, 8.9%= T=olA o E AL, 27 = 5=
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2 7]12< Kol QItHKOSIS, 2023). AHA740] ele
3]0 7 A &% 31 Q)3(Yeon et al., 2010), o] 2 <ls] A< A
o] fa 5 AEl B/ 9] HsF A = AL ol7]of) Rr27] A=
A2 072 0]8-517] ffafAl= okt AETH EAA] 7]HHe]
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P} Aol et A= Lee et al. (2000)2} Kim et al. (2006)
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2719] AR W A% gebE A2dE =ol7] sl 2AF
A3t AgdoladolA o8| A ess s3ske] W A% /9
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o] Ao ARSE HR7)= F 8IAIR, 11 5 TTTHAI=
2019 1955 2020 12€714] Fol71& Al 2fzt v -2
uret afoll Al o 2gt Al & E F-E ol Aol A Y s Th(Fig.
1). 287k 22719 7K total length, TL) M= 12.0-32.5
cmi 25 cm O)/Fe] Algto] FEokA| kot 2021 Al
o % 2AM ARE Bl L1670AE 371 EA8kar 20219
A| 9] TL ¥$J 25.0-38.9 cmo] o}, 7915 A = ey,
LAY oz offE gl o, ) & A E HFAA TL
0.1 cm, Z5(body weight, BW) 0.1 g7}*] 43I} &
5 o4& o] 4yl o] 2 TR0 R RE 4713 50% o
Fgof| & Bselct. 2019 A7 20207 TLRIE ] &}o]
£ g1317] 93l K-S test (Kolmogorov-Smirnov two-sample
test) 2 5.0 0], TLBWE] BAAS %2517] 913} ol
o} 28 412 A8 3,

BW=aTL"®

71X, ai= 2] HTAI Y] Ao, bi= 3] AHAF () oIt
O|MEE HE o A

H2719) o|4e oZA] HAS HEete] BY T A
(Micracut 125; Meckton, Bursa, Turkey)S AR8-5}o] o]4] Y
(core)E FAH2® 300 um Ao FA7 HEs Juvios
Aokl AHLee et al., 2000). Aet 3 chAE Suk(Grit 1,200,
250005 53l e At Avtsto] AA @R (Olym-
pus SZX16; Olympus, Tokyo, Japan)& &-8-3f 742> HEo]|
oA A &L WS ARgSHe] 0] A 9] G ¥HEst
ot L oju] A BA A I EYo](i-Solution x64; IMT i-
Solution Inc., Montreal, Canada)& AME-3}0] &R H oA &
WUl olash AAS T1EoR Assidon, 8e FHo
2 $50| 22l o) a2 o2 S8 WES sl
(Fig. 2).
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Fig.1. Sampling locations for small yellow croaker Larimichthys
polyactis in waters of Korea from 2019 to 2021.

E¢tu] 442 (von Bertalanfly growth model)2 ©]-&3} 3T}
(von Bertalanffy, 1938).

_ k(t-
L=L_[1-eXt0)]

o714, L= o] 12 o] TL, Lt o] 27 Hoh TL, k=
KA, 3= TLO] 024t} e] o] 24 o1& elujgich. 474]
o] ufj 7<= 3742 Walford A=} 5 (Walford, 1946)o]| 23]
FAAL,, k t)5 735, T A0S Hlo|H &F A=Al Aol
QAgHE 2|48} 3171913l B]41E 3] =4 (non-linear regres-
sion analysis) W' S 2 =138}%th(Zhang, 2010).

TR AAATES o8t AT Aot A M
w3}7] $Ito] obelo] A& AHgeto] 48 XIp(growth per-
formance index, ® )& A4} thMunro and Pauly, 1983).

¢=2logL _+logk
o71A, L <= o124 HUTL, k= 48A+E vt
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(a) Age 7, TL 38.9 cm

(b) Age 10, TL 34.2 cm

Fig. 2. Age determination of small yellow croaker Larimichthys polyactis using sectioned otolith. a, Age 7, total length 38.9 cm; b, Age 10,

total length 34.2 cm.
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Fig. 3. Total length frequency distribution of small yellow croaker
Larimichthys polyactis from 2019 to 2021 in waters of Korea.

+SD=19.3+2.3 cm)o|H, BW #9]= 13.1-193.7 g (FF
+SD=67.3+26.3 g)& e} 201997} 2020 9] TLEI=
£ FoJgk Zpo] 7} ¢l ATHK-S test, P>0.05) (Fig. 3). 2021 5=
7} 45 25 cm o)A ZHAEC] TL ¥ 9= 25.0-39.8 cm (3
7++SD=28.5+4.3 cm)°|™ BW ¥ 9]%= 150.8-690.5 g (Bt
+SD=2532+97.3 g)L}Ebyich

Fx719 TL-BWE /7442 BW=0.0029TL3" =2 =
FAH oM (Figd), A4 b 42 37 47t 2ol 7} glef
(t-test, t=194.6, P>0.05) &-%7]+= TLY BWo] 53 4 4(iso-
metric growth)sl= 210 2 LebyiTt.
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Fig. 4. Relationship between total length and body weight of small
yellow croaker Larimichthys polyactis in waters of Korea.
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(t-test, t=-1.16, P>0.05) FHA| & T o[ & 7|FHe =
Atz 2 A% ey 28-S skt whebA, o o
TolAe B 5 AR o2 APYEEl o H, 3 894714 ¢
8 W)= 0-104 2 =4 =S}

X

[e]
A Hlg 3 HEd MExM(Age-length key)

20199 AFH = 05412, AT Bl&2 04] 19.0%, 1A
31.7%, 24 33.8%, 34 12.0%, 44] 3.1%, 54 0.5%= LEpst
o} 20201 AF 9= 04A1R, A BlE&-2 04] 7.4%, 1A4]
30.4%, 24] 46.6%, 34 15.1%, 44] 0.6% = LFeFgTh 20199
T} 20204 K 24, 14] 202 H]&o] 7P =3k, 249
B TLL 20.0 cm, 14]9] B TLL 17.3 em$th.
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100 key)=Table 137} ZT}.
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AL ofefel o] =& rkFig. 7).
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Fig. 5. Monthly proportion of edge type in otoliths of small yellow . *i%PgﬁXJ—C( )= 2'_5737%} AR AEE B TL R A
croaker Larimichthys polyactis in waters of Korea. A A2 Table 12 2
Table 1. Age-length key for small yellow croaker Larimichthys polyactis from 2019 to 2021 in waters of Korea
Age groups (Years)

TLrange (om) 0 1 2 3 4 5 6 7 8 9 10
12 100.0
13 100.0
14 75.0 25.0
15 60.8 39.2
16 23.7 73.7 2.6
17 7.2 86.6 6.2
18 55.8 44.2
19 101 85.7 4.2
20 86.9 13.1
21 54.4 45.6
22 44.0 56.0
23 10.0 60.0 30.0
24 77.8 222
25 41.9 54.8 3.2
26 18.2 72.7 9.1
27 71.4 14.3 14.3
28 38.5 46.2 15.4
29 30.0 70.0
30 83.3 16.7
31 28.6 714
32 14.3 714 14.3
33 28.6 14.3 42.9 14.3
34 33.3 33.3 33.3
35 50.0 50.0
36
37
38 50.0 50.0
N 107 242 308 119 72 31 9 3 1 1 1

TL, Total length. Values are listed as percentages and N represents the number of individuals per age group.
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Fig. 7. Von Bertalanffy growth curves for small yellow croaker
Larimichthys polyactis in waters of Korea. Dots are age deter-
mined individuals.
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. 6. Length frequency of the age of small yellow croaker small yellow croaker Larimichthys polyactis in waters of Korea.
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ARHE TL IR Sl 79, A4 slebl 4ol 257
WAste] dlu]uk A ABIHE Satte] Slof AHesk 4
©A7H A ek, kb, o] el Al A4 stel el o
EREAS 913 Aol A1t EAPAO A o] Bl H7] 2 0] 85
o Yo TL 919] AHES Shusteic,

H2719) o] 42 g 0.2 WA glol aEg W5
7hgick uebal, o] el e F41 0.2 Artste] SRHES
.00, o] WL Lee ctal. (2000)3} 5 A3, #1223 of )
%02 QAR AT 12 02 Y491 YEshA E eyt
EYT7h PEEo] Qe F2719] o] o)A 14] &8
Afo] ghe: 918 So] FAH o] Glom, FaIgk 18] sht 24
sfol 14 5] 242 F 4= ik H27] o] He e et
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AT 24, FEAI L ST 5 284 FFo g f1Eel B4
of Y& Yo v(Zhang and Ye, 2021), 7 0A] 717kl Zofof
Sh= 2 2 HEkR Qo] AR A EEE Wol FAE= A
o2 H9lt}, Song et al. (2023)2 o]4] 9] 58 02} 58 CE &
ST YA A4S 5l WA 7] e FFEIEE lEo] A
B¢ AT AS HR o, 1 oS TR ol 198S
Y 4 gl S0 selstglrk. of Aol AT 14
70| Song et al. (2023)] A-+A T} YA 5HS SRlsiTt.

0] FAEAI7 = 69 =, 190 eh 4let7]of] /%= A
© 2 FRI=| QI A Aol A= 4-5¢Y A7) of a-Fo] &4
= Zo] FRlEe] F A4 Arte Ao YAF (Lee et al.,
2000). oA ERH = SdtiAREo] =of ghadAo]l W
2 o5l FA AL, Bt EAUARE] Bl A e AL
o FA == Zlo] UnkA <l FANO Z(Carbonara and Follesa,
2019; Chung et al., 2019), Z=7] E3F -2 oS H i)

o] A7) H=x7| 17 W= 1-104](Table 2)2 104] TLS
34.0 cm= UERTE S Aol A Harel 7] o] Z{of el s
2 8A|(Kim et al., 2006), 104](Song, 1978), 11A]|(Lee et al.,
2000), 114](Chung, 1970)0]H, &=x7]19] 42 104 o]
ARl Aoz ekt o] AtollA =EH o] 24 FTLS
41.2 cm, A k= 0.20]8101, 0-1A471A] Ad4o] 7+
i 1341704 = L, i8] 10% oo & Ad7skalaL 44
FH AE] 10% oFf 2 WolA| = 215 &le = qlsle,
o|e} 22 A2 = A= T LT THLee et al.,
2000; Kim et al., 2006). 4-10417}2] TL H 9|7} F-ARSE A 02
Rl Gl om, 4N RE = -2 Agtolgbe A A% #o]
7} AA Q= A o= ek

U P59 o] 2] 2 TLL 33.8 cm (Kim et al,

2006), 34.7 cm (Chung, 1970), 37.1 cm (Lee et al., 2000), 53.6
cm (Song, 1978)% 1L, o] L= 41.2 cmZE H| WA 7 4

olth. Fz7)] 7|28 Mo TLL 44 cmE(Song, 1978), =
5 ol&A Y TL 5 °] A+ A7t 7HE sk
Song (1978)A7& A7t WA A5 ALl
A&t 7E o] 9] 134|714 9] Al ZH&0] 77% o)/dol A
aL, [t TLo] 33.0 cm® Zfo} o] 24 v TLo| 24> 4%
Aoz Holt I3y Lee et al. (2000)2 Kim et al. (2006)2]
AT F of¥ee Far]e] dg @ A AR A u
wo] 1o} 134171 9] A5 Bt TLS o] A+ Ao} vj
- AFSEGIT

2000t o] % 3 AFANEL J27] Ao T3
o 1960-1970 9714 2] Song (1978) SI-A e} 1]}
&0, 12 91 TLo| 1-2 cm Hob4lt. o] 2H27]9) 3%
Aol 44 0.2 77451 15 eme] of 2l AAHS (3 14])2e]
Aol Zrofslr| wfiZell /g3t Algtol] oY A& T Antsto]
9]F Aol Aol 7hAa¥ Ao R Helth(Kang et al., 2020; Ma
et al., 2021). Yeon et al. (2010)2] &1+Lof w2 2000 off =+
£7] TL 244°] 1960\ dtho B]sf ¢F 2-3 cm 2topxlaL o] 2] 7
at TLE 1.2-2.3 em 2tobrl 212 gHRlshlt). 1A of 2% o=
71 X171 ol o] ubaIah 3 Aws} 0 2steld), 19804t %
HELE] 323 Zobrl TLRA, A o] ogu| &9 Z7t 502
wio} h2]o) ol 7] £qste] FL vH SO A
Flth(Law, 2000; Yeon et al., 2010; Shan et al., 2017).

U 27| dAQtollA AbekE mhzl 3 Asf sfjoll A A%
staL Aol whet S]fRteh(NIFS, 2021). F=rofl Al F-abe &
Z7|= 5= AQtol A Akt 2 S0 dEe ¢l el ® v
A (Xiong et al., 2016) h=t 2kx27] AHLAET 41U Ao 7t

Table 2. Comparison of growth parameters, growth performance indices and total length by the age with previous studies

Research Sample K ) 0 Maximum Estimated total length (cm) Author
country  period 0 age 1 2 3 4 5 6 7 8 9 10
Korea 20192021 412 020 150 253 10 162 207 244 275 300 32.0 337 350 362 37.1 This study
Korea  2002,2005 338 020 239 236 8 166 198 223 244 261 27.5 28.6 296 Ki?oﬁ%?"
1996-1997, Lee et al.
Korea b | 371 020 188 244 11 162 200 23.1 257 277 294 30.8 320 329 337 5O
Korea  1966-1974 536 011 278 250 10 182 219 252 282 308 332 353 372 389 405 (?g?g)
Korea  1967-1968 347 0.38 061 266 11 159 218 259 287 30.6 319 32.8 334 338 34.1 8%%%
China 2008 270 056 025 261 3 136 193 226 Shan et al.
(2017)
China  2002-2003 23.3 029 1.40 2.20 5 117 19.8 223 244 26.1 Y?;O%%‘)’"
Japan 1974 392 044 005 2.83 152 237 293 32.8 359 Mio et al.

(1975)
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whElc e} Fe] AaelTolA 1E719) o 2 2o TL
2 27 cm (Shan et al., 2017)2} 23.3 cm (Yan et al., 2006)= 1]
- 2HL 2o A2 3419} SAI = HarE o] f-euhet 7k 9
o gt 9 AR i HS HolaL Stk o =l 7154
F A= TLL 23 cm®Z(Chen et al., 2000), Ztj] TLo| wjj-$-
Ztof ghapof| A Alsh= x719F A4S Blastr )= o gk 1
ik, Fa=ral 2 Alalfoll A et 19751 Yo] Aoy Aol
Al o] 22 T TL-L 39.2 cm (Yamada et al., 2007)2 o] 91
OF AR QIS 4= Al aL, o= F2717F 20 emol i 3%
& ghrol mEAY A4 R of| whet s ek 1 Hol, Al &
o, 404 89 Sor ARl 27 SRRl B S nefshE 4
AUtk 72719 AEieka 5442 27 Biste] m2A] vk3-517]
&0 (Yamada et al., 2007; Ma et al., 2021), =12} 55 A+
£ 5ol 43490 o7 2 2 Bavk ol

o] ALY 271 90% o)/ 03432, 1247} = o] g
27191 Aoz gRlE ek A, 271 50% A< TL (15
cm) 7|20 2 FAAo] A oqlek SHANE 15 eme= T
1A% Qbel ofdl Ea17]= SRRIEGlar, AWk Algto] 13]%
ol gt A Eoln 14] ofFH]Eo] 7] wiiol AHd 3)&
= olgfE Aow weEh uEhA, A&Hom FxT]E o
B517] fleiA = SAIAES 24 Hat TL] 20 cm= /435t
of AbghE W 13]o]4f Zrofgh - o]l 4= Q= A|otshH,
97.5% #d<: TLo] 17 emo|7]9]|(Kang et al., 2020) Akgto]] &
ofBh oju] s 2717k UK 27 ofold Aolekm 1
QIrk. mat, w2 wslals sy S4 2ol ojg 1442l
2ol Basi.

Al AL

o] =0 4 ARTFIL A (o] ¢ A1 2AL R2024001)2]
A0 saE A7yt
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