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Estimation of Early Growth and Spawning Period of Marbled Flounder
(Pseudopleuronectes yokohamae) in the Water off Namhae of Korea as
Indicated from Daily Growth Increments in Otoliths
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Hatching date, main spawning period and growth of juvenile marbled flounder (Pseudopleuronectes yoko-

hamae) were determined by analysis of microstructure in otoliths. Marbled flounders were collected by a small
beam trawl in Namhae from February 2011 to January 2012. The length (L, mm) was related to body weight
(W, g); W=9.76*10"°L** (7=0.93). The length was also related to otolith radius (R, pm); L=0.0795R+0.2249
("=0.92). The growth in length was represented by Gompertz growth curve; L=135exp{-exp[0.0103(z-116)]}
(*=0.83). The hatching date calculated from the number of daily growth increments in otoliths was between
mid-December and mid-February.
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N = ok, AR B3, e, FFs Boll L Qlord, 55
Ao Zhal T gl el A7 2 FAEe] ol whol

o oMol Tl 23} T ARo] P whEel o] wol UTHNFR, 2004). BA/HTIE A HATHE FAGH er
o] Al FEE B PSR, AT o Fe] Fael, WEK]  al, 2010), Ao]] Br)e] 9% o] eEEOE o]Fa, o v
7], ool e 5 393 4 90 P2 (Campana and Neilon, 1985, 15eloll So1sh ANALE 2ol AH7|F AR T 5

Stevenson and Campana, 1992; Joh et al., 2005), ©1F%] 7] A
Aol ol @e] &85 31 Sltk(Jenkins, 1987; Maillet and
Checkley, 1991; Noichi et al., 1994; Bailey et al., 1995; Meekan
and Fortier, 1996).
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HAF AtolAE 122 kol 12 8K (Lee ef al., 1985), 71
A= 1Y FolA 19 Zoll Akl Zloz 34
3I3ITH(Moon and Lee, 1999). 'F3lle] 7% FX|71Af0] AMA 7 )=
118004 29, F AFA7])= 129004 192 343819 tkSeo er
al., 2010). 53] Z13|5F 9l AJghgk Qo) A &lsl= EX]7FAH] 2

$- 10900 A% Al&ste] 11958 Akeko] A& 1 129
o] Ay T Atgho] FREE WA, S5 AL o) A
Aehs EA7EApE] 9] g 19ETE As5E] AlFek] 28 F
g=of iR Akdshs Zlo® 4 QITHGMRRI, 2010).

S-2ye} eIgk B 7k o] tial A= Kim et al.(1983)% Na
et al., (2000)2] WA, Han ef al.2001)2] 2k Sk, Lee
et al.(1985)% Kang et al.(1985)2] AAF7] @ AT Seo]
sk AFE N O, Seo e al(2010)8] 53} A, Kim et al.
(1991), Park(1997), Z12]3 Moon and Lee(1999)°] 2J3F 17 4l
‘g7l #ato] A= QI o9} 2 AH el FAI] $-E
e AE EX7 b o] A s S8l 2E A 7|kl B
0] 29 1delA] 29 2895 ALet vt A Ate] 12
4 1dol 19 3197 dBF o7 HHAr EFFA 717H0]
AgE 31 QLOLH(NFR, 2013) o152 AElE 1eldt Foi7] A
g 2 ke das o AzbEt S, FA 7k
AAa ol wat AbtA 7 of dsAlde] AR vhEA YRt
ZOF HiEo] glom®s xAs|del wpE A 77k
Hes] e oo Q. ol ATt EX|7kxbu] x]0] 9
ol dF-g At FEtdH AlRZIE g & 1 Ay
E A A=Y vste] sE EA7b] A s fle
7| ZA S Algstaat sl
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Fig. 1. Map showing the sampling site of Pseudopleuronectes yoko-
hamae juveniles in Namhae of Korea.
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(ISTEK)E ©l-&3}3laL, A5 SA] coolerell W Hytsto] g
AE 2115 T Nakabo(2002)9} Kim et al.(2005)°] whel 543}
Aok, F27] A 0.1 mm, A 0.01 g/ S48k
ASE X7l i 30704 W2l 3o7AAl olEkl 9=
A AN o1HE FF sk, THRTE olEHS AASI &
9] BUE SlEl A5 oA S AREsIGleH, o)A EEjel s
E| 2577 (Polycoat)2t 7 SHA|, FIAE o]§-3to] ‘ol 72A]
et it v ol Aok 3gS AX|A] ¢l sand
paper(grid 400, 800, 1,200, 2,000)} lapping film(Grid 4000,
6000, 10,000, 15,000y ©]-&3to] F7 0.2-0.3 mm= A=FSI3AT
Anf g F FAR ArE S o83l wAsislo, nAdY
o] FglskA vehd wizkA] Avlsigict, dvks vk o]AldlA
< Efo|=FEtel 1% & dujFoR wEsiAA AdAvks
sigiet. o)A wEa #ede- Anl7 (Leica DM 2500)7% 757H 4
AHE2AA] Bl (Leica application suite V.3.3.0)= ©]&3I31t). 1A
e GFEN RIS o], 150-200%%2 st =
alglom, o)L gt sPAko 2 kx| kY] wiiell WA 7Rk
2] S AlFetal Avks Algste] 7R AlGeRaint. 4
= Foto] WA A Y] o] e W AdrkE g ¥ Al
TSIt EA 7R o)A 2] mA A F3) o] F ST
2 PAPE R uslaiJoh et al., 2005), AbtollA] bR =
15%90] A 5E Z1o% HiEo](Yusa, 1960), -3} 2 AU
Joh et al.(2005)7} Yusa(1960)° w2} g8kt Alge] A2
3719] 43745 2 (von Bertalanffy, logistic, Gompertz)= H| X8 3]
Aol g3t ALt th(Microsoft excel solver routine). “d
FIAIE= SPSS 18.0 EAIZZ T3S o] 83t A4 3Tt

2 1

2011 2€ellA 2012 19704 AR E Q] 29l HA
6 °C(1€)elM FHar 27°C(82)e] HARIL(Fig. 2), EA7AM] ]
o] 290l4] 59 Alolel] A E o, ofmo] F=2 W)= 9.5-
23 °Cr}.

APIRVE & 1750A12] FX 7 RF] 2|07} AR =l om, A
AHYE 11.9-48.7 mm(24.4£9.5; meantSD)ATHFig. 3).
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Fig. 2. Monthly variation of water temperature in Namhae of Korea,
from February 2011 to January 2012.
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Fig. 3. Length frequency distribution of Pseudopleuronectes yoko-
hamae juveniles collected by a beam trawl in the water off Namhae
of Korea, from February to May 2011.
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Fig. 4. Relationship between length and body weight of Pseudopleu-
ronectes yokohamae juveniles.

10-20 mm, 42°l:= 1525 mm, 5¥€°li= 30-40 mm<! 7§A7} 7}
7 ESi) 29 o] % AR e weEt Alge] Srtslglon, 49
of AL M7 7 Blth(Fig. 3).

2011 280X 587 (n=175) TA7EP] 2]018] AR l=
11.9-48.7 mm(24.4+9.5; mean+SD), ZZH )= 0.01-2.05 g(0.39+1.75;
mean+SDYRATE. Aol thate] A2 A4 <ol #5238 A
HAAE 7o A o5 EThFig. 4).
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Fig. 5. Relationship between otolith radius and length of Pseudopleuronectes
yokohamae juveniles.

W=9.76*10"L"* (7=0.93, n=175)

ANFE FX 7R 2)o] 17570A] 5 o)A 74l oll AFEH A
ogfAlE A M= 29 13.5-15.4 mm(n=5), 3¥ 13.0-23.8 mm
#=30)R 2™, 492 15.6-45.8 mm(»=31), 5B 20.6-48.7 mm
(n=32)2] B ATH Table 1).

0|27 2] W9l 29l 174-219 pum, 321 119-305 um, 4
& 228501 pum, 5¥ 2 255-665 um2] ¢ A tH(Table 1). A7l
tjste] o)A 2] 3t AT IAI(F=3.88, P<0.001, ANCOVA)E
Helow, A8 tF3} ZrhFig. 5).

L=0.0795R+0.2249(*=0.92)

FX71Am] X]o12] vl da 29 65-6871(n=5), 3¥ 62-83
MN(#r=30), 42 79-13070(n=31), 522 79-13170(n=32)2] HI=
191 Om(Table 1), 0|44 2] oA o]xpdgalo] Lehl= 371X
o] AR G 40-5870ICHFig. 6).

A%} w A2 7ddel disked 3719 A4 59 (von Bertalanfty,
logistic, Gompertz)= A%t SFA31, 1 F Gompertz A3l 7}
2 FelsHl 3lstel o, A2 o EthFig. 7).

L=135exp{-exp[0.0103(-116)]} (*=0.83)

o)X 9] AFrEHE F43 A7 HEAvE 2 129
FolA 1€o)3ltk(Fig. 8). 220l AFE MAE 12€ T2l F-
3} Flom, 398 19 ZollM 1€ W], 488 129 F<eollA
29%, 582 12¢ ZolA] 2€ Foll Felst A o= YRt

71 w2 AT Faket 28 Vo R A S 9Fgs] B

Table 1. Otolith radius and age (days after hatching) of Pseudopleuronectes yokohamae juveniles collected by a beam trawl in the water off

Nambhae of Korea in 2011

Month . T\‘Ioi. of Length (mm) Otolith radius (um) Age (days after hatching)
individuals Range Mean (£SD) Range Mean (£SD) Range Mean (xSD)
Feb. 5 13.5-15.4 14.2+0.8 174-219 199+22 65-68 66+1
Mar. 30 13.0-23.8 17.3£3.0 119-305 213436 62-83 72+6
Apr. 31 15.6-45.8 30.5+8.6 228-501 370471 79-130 106+16
May 32 20.6-48.7 33.7+£8.3 255-665 4294115 79-131 111+13
Total 98 13.0-48.7 26.7+10.2 119-665 3324123 62-131 96+22
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Fig. 6. Microphotopraphs of thin sectioned otoliths of Pseudopleu-
ronectes yokohamae juveniles (13.3 mm SL). HC, Hatch Check; AP,
Accessory Primordia (scale bar: 100 pm).
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Fig. 7. Gompertz growth curve fitted to total length-at-age data of
Pseudopleuronectes yokohamae juveniles.
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Fig. 8. Hatching date of Pseudopleuronectes yokohamae juveniles
calculated from the number of growth increments in otoliths, collected by
a beam trawl in the water off Namhae of Korea from February to
May 2011.

3} (Ayvazian and Hyndes, 1995). 0¥ Atollx Fx]71xm] 2|
o] Al Fallis dujite] Whdw]o glr, ke z7 9]
oy W 9o & okslA|7| oL EARIERE] 2A1H ] g
3, wo] AEo] T3 32O ZAM (Klumpp ef al., 1992; Kwak,
1997) EX|7Fxp] X|of7} Adadahr] Adst Zow g Hrt.

ol &A79] EX7kAb] o] AFEI} A AAES UeRd 2o
A 71€7] o] 4390.F 3Rt 7] UERIA o] A1718] Ak
AR Ao AFo] S71sRs Zloz FRlElut. Yoshihara
et al. (1999 A < elA] Wolli5 x]of9) foj5 AF3te] o]
=9 A A BAA S 71&7] #hel 3.101-3.213¢]2ka Bl
SHAaL, S AL (1981) o2l ¢ UREA SR HlFo] &
I YAF R FAke FElE HAsta oW AT AT 35
o vl#BFAIRE, of el wheba -] 7€) S 2 A% 9
thar 3Qleh. EA7EAH] X]012] 7B-9- AeAdelA] At A% ¢
2] o] ERIEGl=H o]l B2 dido] F Folxow HAy
3 AR Xo)7|eie B A7)0 Uehs AR sl =7
Aol 2ApF dad ZoF gudc)

ZAPIZE Bt BA7IA] 2oE 0] Adgshs Al719] 2¥
ol A 5E7HA] EdsISith € P AT 29 14.240.7 mm, 3
16.14£2.9 mm, 49 257482 mm, 59 333483 mm {01, ¥-3} 0|5
B dETE 292 66.6£1.570, 32 72.9+6.271, 42 106.7+16.4
7N, 58 111.9:13.872 S7F8te], X|o{7) F3) o)l e SHE =
ARl o2 o]Fslo] oF U7t o] 3LE REF R o] g3 Flo
2 e g 290l 59 T 420 AR HerE 7
S dERET) ol 420l F-8kr717) vekst AV B A
o ® A7, T3k 2¥olX sE7HA ] ZAP|RE Tt B
ol AR EX7ER] X|o18] FH A ARG o Aol T ul
o a7t R = A1 F3Ral7]e) i A% Afol= Y%
ot 7ixpE) 3} o)/ Xofe] A, A= Al fEsk o] &
L e Agdor Austy A A7 Ago] e 5%
oA B} 72 FAYRE o]Fshs A o2 HiE S th(Minami,
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28 vtk 9] ol g2 APgo] & JHAITE Ak o
T 1 3= (Minami, 1989), FX|71AH1] x|o] &
95739l Gietele] AAF A =)z ] AL 9%
2 915 9ol AfFA AASH= Hofs e Bz AR
& Hole] Al Aolt iz AOR FHHrh,

offfl glo] oe] AT FA A7l TR 8k o] FE A
2T Joh er al2005)°] EAI7HART] Qi B3] TS ot
K= ALC(alizarin complexone) A& o4 ALC-mark 3t 64 &
&S 7l 31998 vl Het 5. 702 YeRgoH, 7] o5 Foll
A= 7O (Platichthys stellatus), winter flounder(Pseudopleuronectes
americanus)°IA] ©122] n|Ad dAlo] STV 2 FAET L B
1.8}3 th(Campana and Neilson, 1982; Radtke and Scherer, 1982).
TejEE o ArellA FA7ERb] X|ofe] oA mAdrddo] st
SHE SRR AL FlE v ks A4 oS Aow
Az,

0] 9] o]z} A2 Christopher ef al.(1993)3} Ambrose et
al.(1993)2] A7+l 71A1)7_ Pseudopleuronectes americanus
9} Microstomus pacificus®] X017} HE|E vlX] 3L vl o2 2]
P o)z} Ao A7tk B slsit). Wk ThE o follMx
o} 2 WiE) o] A== F10 = HarEe] §lo](Nishimura
and Yamada, 1984; Lee and Byun, 1996), ©|x} 378 71x] 9] ]
e WH7EA 9 713 UEidlE ARE o] 88 vt
(Campana, 1984). o Aol FX]|7kxju] *]of2] o)A u]AAd
A ) ek SR 41719 o3k Aol BAEE 7]
74A B 7F F 9870A 5 9370 A7 46-562 = Moon and
Lee(1999)2] A=} fA1SH A7lE veRdlon, 40d0] 17)A], 58
o] iR F s7HAIZF 2lelE vEl). o]g A JHA] Thell 2}
o7} Yl s 1 4] 23k A1 o7 AZHAT) Fukuhara(1988)2}
Han et al.(2001)2] et Aol A Aupr}t vepsic,
Fukuhara(1988)= TAI7FAF] ARS229] Bt 728 12.1 °COllA|
ARESE AdE HE] F 2A 7)310] tR-E {4 34YUellA 43U %
YERE WA, Han et al.(2001)2 Ht =2 7.5 °CollA] 5547l
HERE wEX|aL 244 Sittal Bt Aol & wiedE o] Qi)

offl A-ellA FHE EA7EA] 2|ofe] Falle 129 T
oA 29 FE(12€ 149U-2€ 179)0 = 190 68%= 7H w
A7 78 Par, 129 26%, 12]3L 280 6%= 7H Al
Epptom, F3els Veo® FHE F RIS 128004 1
Hol3itt.

Yusa(1960)= 2|71 A7 Aletd=20] 7-9 °CElal B3l
om, ok kAol glof A7 Fo] 10°C olsteka Hirgk v} gl
TH(Na et al., 2000). TX7EH] 2] & @] glo] Kim er al.(1983)
& B 11.4°ColA Fstell def= ARRS 12001 28t
I HE 0™ Yusa(1960)%= 7.2-9.2 °CollA] 372A17t0] A~Q %
thar Bk uf Qlek, ojd Ao Ae el Hstol] e E=
AIRES Hd) 15¢0] ¥tk 7Pgsta Al A& o5 &
) s 2] F=20] 6.0-9.5 °CE 712 AT-ATellA YeERd
T A5z A o® wlFo] Hal o] wA7 A T A=
1290A 1932 g Fct, =gt AalAdT o)A Seo et al.(2010)°]
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713F, 3 e] A717F Hojx|Ql 713 ol Aq-A ke dA| gt

FEuete] X7 Al E 913 2ETA] A= A
HEEE AQst $Evtet & AtellA 12€0M 182 FAk A
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=(Moon and Lee, 1999)2} €45 21213|%} (GMRRI, 2010)
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