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Maturity and Spawning of the Pointhead Flounder Cleisthenes pineto-
rum in the West Sea of Korea

Dong Hyuk Choi, Byoung Il Youn, Seung Hwan Lee, Dae Hyeon Kwon and Maeng Jin Kim*

West Sea Fisheries Research Institute, National Institute of Fisheries Science (NIFS), Incheon 22383, Republic of Korea

This study revealed the reproductive biology of pointhead flounder Cleisthenes pinetorum, in the middle of the West
Sea of Korea. We collected samples using gill net and drag net fisheries in coastal waters from January to December
2019. Mmonthly gonodosomatic index and maturity stage results showed that the spawning period was October to
December, and the females grew faster than the males. The fecundity ranged from 16,728 to 1,039,616 number of
eggs, and the relationship between TL and fecundity (F) was 0.0000003TL*7#* (R?=0.4898). The size-frequency dis-
tribution of eggs suggested that C. pinetorum spawm once during a spawning period. The length at 50% maturity for
females was estimated to be 18.9 cm.
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|7¥A0(Cleisthenes  pinetorum)= 7FA]|&(Pleuronecti-
formes) 7FAF] Zh(Pleuronectidae)ol| <5}, -2zt 9 U2
ok, Wl 9 5517 WA Bamehed, 4] 100-250
mo] e} A vhetel] 4 Alekn, ALRE ol5e) BT
815K 7102 ol ASTHNFRDL 009, 87}l vl
St 71| T} o} F= A AlAIN] F 394 93F-0] A4]sh= A
= A glom, :Lv 154 26F0] S-efutol| dst= Ao
2 B I ETHKim et al., 2005; Nelson, 2006). 8712} 2] 4]
A2 M¢-F(Macrura), FZ5(Cephalopoda), 7 1] =7 FAME] F
(Ophiruroidea), 01%(Plsces) =9 g A= |44 o] R
o|tk(Huh and Baeck, 2003; Choi et al., 2021b).

200078 2020\ 7] A(AZFAAL, 471 5=, 5=,
)] 7HAbu] R 2006 2|31 4,20001E0] o] 2]=] ]
a1, A2 Z4aste] 22 1087 1,500-2,50022] oSk 1
o] 9lom, Sejutat AR 745 o] 8jeke] oF 10% A7)
Sl A0 %A YLHKOSIS, 2022). 87wl Al

%ﬂg—w AL glof 7iAulse] ol ofglago] ot
w7} RS} et §7bb] A0 28 haju)ge)
AAR o1ZjeF AR olgslo] Z7tol et At sjols}
QICF. 22 37 3 AME O = shxbulF] Ahedo] 7
s 2410] Qo] HRE S0l A41el AHele] T8-S
A3l 71271 Glyptocephalus stelleri), &7 FA ], 2-71A4u]
(Pseudopleuronectes herzensteini), -*]7}A}1)(Pseudopleu-
ronectes yokohamae)®l| $t5to] 2021 19 145E 17 cmO]
3 L) F A AL AVBH 0 0, Lholr} 20241 HEN = 20 em
2 93 7818 o ok, &4 A Ae] W W 5 S §lg £
FAA L T 7171 A7) A o] 5 Ay
o 5 Bakd 27} Hs A7k BaHol, o vobrh -
A%, A Tk 22 AEieh A oA K18 Eofofgitt.
o] ol that S A Eae] B71xbulo] gk ARk
2> 9H(Choe et al., 1999; Yang et al., 2018), 128] 1ot &7}
Zbu] 2149171 (Huh and Baeck, 2003), A3l 8-7}&fu] 214091
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“H(Choi et al., 2021b), F & F8liet &7Fxbu] o] Aa} A7
(Jeong et al.,, 2017) 5o] 3 E|glon, o] Qo= &7}
k0] gAY 2] H3Le) o] 5 (Tominaga et al., 2000), 871410
A} A1 A4 (Hiraoka et al., 2005), &3 27} = {7}Apu] o] AF
1} 47K Tominaga et al., 1996) 50| gt} €710 = L2}
2} 7 s| oA Sd AN AFFEA o gt A= BllollAl
Wk =3 %] 21 7 (Choe et al., 1999; Yang et al., 2018) A 3}jo]| A]
= 3 vh ik 87EAb] o] Alba] 7] of] Thgh o] A Aol A
L 9] upg} 2po]7} YA o2 HaE oy, Al B4
Wk At Falloll A =2 =] o] ulu| gk Aot} whetbA o]
H A= Asfioll Rt G| o) sk At A4 E F
aff 214 AtetAg e o] 2ol & vl askar, Ahdyke] A &of gk
7|22 5 E Algsh=t 7L 54 o] gl

Iz H A

o] Aol ALE-H §-71Atu|= 20199 195E] 1297HA] A13)
FHEal ol A A1 of Ak el A4 ol el 2]sf o2l H o
AE tdo= EA5ITHFig. 1). §7Hbr]= A Aol 7
A 2 A% (total length, TL) 0.1 cm, A Z(body weight, BW)
2 0.1 g7HR] 2431, dfjFsko] AAl4 ZTF(gonad weight,
GW)2 0.01 g7Hx] S745oiet. A A4 o] daapy& yhatkst
7] SJa A AJ2e] F719k A, hgle] F7] 5-& 0ko 2 ghis)
L, 2ARA S 53l vl (immature), <5 (maturing), <3
(mature), 5 4 H-S(spawning and spent), 3] E(recovery) 5
T2 iste] Bastelh

AR71E 24517 1ol Aol Al Aot AL
Zl4*(gonadosomatic index, GSI)¢] YHTIE E451% 11, Al
A BRI b A1 ol gt

GW
BW

GSI= x10?

A4 eI S 241 $15t] s 252 Bouin's &
Holl 24A17F 117 3t - 24 A17F Al =5to] 70% Lol Aar7g
Shoet. 24 RS Ael7] Slo) AAlLE S mm AR Ak
shol AW w9, Sekn ol ofa) =71 56 ume)
ZHH-Z A 25 ., Hansen's haematoxyline?} 0.5% eosin .=
v BT EtaeE AR I7HEE Watke] BF0] gl
K23t AAA|e] k2ol thate] <% (Bagenal and Brown,
1978)0.2 ahaie}.
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Fig. 1. Sampling area of the pointhead flounder Cleisthenes pineto-
rum collected in the West Sea of Korea.

S} Al Bhe A0 E B3 4% A R A pakglon,
AFRE7] Bk QA9 4182 T8 logistic curve F)
50%, 75%, 97.5%2] TL= 74 5l3ith.

1

Pi: |+ b(TLTL)

A7IA P= AZAGANAY dsvle, TLe d8AS
TL, b= A=eolt.

2 o

aat

20219 195E 129704 A8l SH-all 9] #Eo] Al
I Aol o7 olgH §7kAb| 1L13374AIE S8 At
AL 1,001 7§42 TL 9= 16.2-48.9 cm, Bt 30.8 cm
o] 2718 Y A2 1327042 TL 9= 15.9-35.8 cm
Bt 223 em@lon, Aul= 7.6:18 0 EFu|go] £A
B} =9tth(Table 1). TL# 2|5 7He] Adoh g4l ol
BW=0.000001TL****, 4=71-8- BW=0.000002TL**¥0 & 3
e qlek. 1eE]ar o= TLI Al 2He] iAol A= =3
B} obA o] Aol & A o & el th(Fig. 2).
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B71tn] o] GSI9| 9 waks 24 Aat 1299 1.7
2 7P o 78 B9l o] F oS3 | WEE AR} ol o
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Fig. 2. Relationship between Total length and body weights of
pointhead flounder Cleisthenes pinetorum in the West Sea of Ko-
rea.

10 0]4H0) 315 B3, o] 11900] B23] Wola|= Aak
BeTHFig 3). §71A4] Qe AAAS 20w B
Sk A1}, A%7](growing stage) = A G W Hd 10 pm
O] AARI7| FEA| L} 7 20-70 um| Q17 THA o]
LA 27} et AFASEAL QIeK(Fig. 4A). vl TAlA &
<= G| (maturing stage) = AdAgo] whet Hg o] 120-160 pm
O] 2715 Ho|w, i y] ©hA o] A7} T QAL

a0 227} AT 1|2 ST (Fig. 4B). 015 %%
250400 um 2.2 A4S, A7 A E Lo, Al
Aol tio] Y5 o] F551 $Es L slo] FEFE O
2 o] %3l th(Fig. 4C). 2ks whA|(mature stage)ol| A= W
0] 450-600 umE K. a1, YK AFtE A o] K o] {5 (spawn-
ing stage)?] H.<50] YEFGTH(Fig. 4D). At & 3]8-7] (recov-
ery stage) THAOI= ks b7k Ao E1 912, A4S o

2} 20-60 umE= o2 YA ZEo] £33 cHFig. 4E).
L7120 Q] AsE ¥ u@}# Sobxbaly) zAshA
& 5t Sﬁﬁli st 2451 Th(Fig. 5). 3doll=
£ AMA7E vl oL, 485 E S5 A A E] 2F o}
At 8ERE 11Y7HA] ¢ MAIZE S8, 9Ll o
7WA|S] vlgo] 7 =0kt 10Y5-E WRhS AlZto g 197}
A g 9 A7 Edstl o, 290l Y 315 TA7L
A= Qde). wheka] Aaf e ol EHshe &7FAbu] o] A
27)= 9Uoll A 1292 LeRdon] 2 Alehy)= 10-11Y2 =
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Asto] W& ﬁlToWE} TL% = #(F)l«l J& l*‘%
0.0000003TL*7# (R=0.4898)2.& TLo|] AHX4= Zes
7} S7Fhe A B 9thFig. 6). H4& ET= 16,7287,
2 =& 1,039,616710]1%1.0.H, Bt 449,2787]0] it}
25.0-29.9 cm TLAF A Ee= 42677101320, TLA
wol AdPE Zp7} S571610] 40.0-44.9 em TLAS 4 h
F4 21,3997 0 2 H 7S B ¢lth(Table 2).

SEoAE dHE 2GS vsTA oA 0.159-0.228 mm (
Hat 0.193 mm) o, FETAlolA B2 M9l= 0.412-
0.756 mm (B 0.569 mm)o|gich $HthA|o) AL 0.502—
0.763 mm (B 0.625 mm)= e} %3] uhal dro)
A2k AR CHFig. 7).

SATE

8710 ATLES BAsl7] S8 At
9-1297k4] B0l 4 AAR|So] Aol ol

Table 1. Size range of the pointhead flounder Cleisthenes pinetorum in the West Sea of Korea, January to December 2019

Month Total number - Female - Male
Size range (TL, cm) Average n Size range (TL, cm) Average n

Jan. 115 24.6-44.2 33.3 109 27.5-34.4 30.5 6
Feb. 103 20.6-43.3 29.0 97 19.4-31.8 26.2 6
Mar. 93 24.3-44.8 33.9 88 24.3-35.8 29.9 5
Apr. 85 22.3-43.0 32.2 83 27.0-28.0 27.5 2
May 80 22.2-46.1 31.9 79 24.4 244 1
Jun. 78 21.6-47.7 32.0 77 246 246 1
Jul. 90 19.9-38.0 28.9 79 22.5-27.4 245 1
Aug. 60 25.0-42.8 32.0 58 26.0-26.4 26.2 2
Sep. 76 16.2-36.3 241 34 15.9-26.5 19.1 42
Oct. 164 17.1-48.9 304 120 17.9-34.8 213 44
Nov. 86 23.8-41.5 31.8 85 27.4 274 1
Dec. 103 19.8-31.1 26.2 92 19.3-26.2 242 1
Total 1,133 16.2-48.9 30.8 1,001 15.9-35.8 22.3 132
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Fig. 3. Monthly changes in the gonadosomatic index (GSI) of the female pointhead flounder Cleisthenes pinetorum caught in West Sea of
Korea.
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Fig. 4. Developmental stages in the ovary of pointhead flounder Cleisthenes pinetorum. A, Ovary of the growing stage. B, Ovary of the
early mature stage; C, Ovary of the mature stage; D, Ovary of the ripe and spawning stage; E, Ovary of the recovery stage; N, Nucleus; Oc,
Ovarian cavity; Od, Oil droplet; Pn, peri-nucleulus; Pof, postovulatory follicle; Yg, Yolk globule; Yv, Yolk vesicle. Scale bars indicate 100
um (Ato E).

ShaL s iA o] &9 vl ARSIt (Fig. 8). 7L A7k 50% A A2 b 30.8 em, A2 b 0] 223 emE ¢F
(= TL2 18.9 em® UEPE O™, 75%, 97.5% 45TL2 4+ Zlo] AR g3l Zlom, TLH 9= A 162-48.9
7+ 26.1 cm, 42.9 cm& YERT]. cm, 57 15.9-35.8 cm & ¢7lo] AR} o) Aupd oz

Aol A 2ATh= A NG Lo oGl A o] ElE= &
F¥Aal Sk Qo] SR go] wA ekt $-2uet
551e] §71A0] AT E g310] S} TLO| 2

o] Atz Uk sl Fref o ell4 20219 149 H 129 © &2 UEeRgal(Jeong et al., 2017; Yang et al., 2018), Y& &
72 12} AUt Bk ool JRE SAIE T e erotel goarmlolLe SAIE A moitkliaya and
o= Aaat AREEAS EASHITE SR ARl

2
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Fig. 5. Monthly changes in maturity stage of the female pointhead flounder Cleisthenes pinetorum caught in West Sea of Korea.
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Fig. 6. Relationship between fecundity and total length of point-
head flounder Cleisthenes pinetorum in the West Sea of Korea.

=

Fujioka, 2006). 12|31 7| S7}&pa], Z71Ala], E2]714}0] S
2 713} o] Fol| A = 9FA 9] Aol o whE A 0= e
L 7RRa] 3} o] s URPA O 8 A T PRl 9] TLo| At}al
FHehE cH(Cha et al., 2006; Cha et al., 2008; Kim et al., 2016).
|7t 9] Akt7 1S 45171914l GSIE w453l L

Rty

SIS Skt 22| 0 2 St Ak, As) FH-5l
ofl 44131 871Aiwl o] ARl 10915 129072 34
Sk ATl Tw g7han|e] Al AASE 9
o whet A|7]7} 2kl B % QItK(Yang et al., 2018). 7
2Rk} za} s olof A4l 871AE o] ARkl 1-3
A2 243} 1(Choe et al., 1999; Jeong et al., 2017), 7L =
Atoll= 578 = F A5 TH(Yang et al,, 2018). EFF Ao
A A5 g7bAb] AR A9 E oA MOl E R 24223
oA T-8EE oA &= o2 B E It (Tominaga et al.,
1996; Ttaya and Fujioka, 2006; HRO, 2018). A3 5314
(37507 127} W] 258 7491 Q19K(37.30)9] § 7<) ke
71 578, AT A0 2 2 Sl Uzbeh AHEER(3830)
L4 69 o] T AT 10-128T4 B2 o] S Hc
Qb 0 = 9|1 44017} A A4 o] Rk Alek7| 7} &
Aoz d#A JATHKim and Zhang, 1994), 4231} 3| k3t
A5 oA asle] ofa) 2R ro] Wake Ase] 44
Al 717} Apo17) dthal R sl ti(De Vlaming, 1972; Nishi,
1979; Asahina and Hanyu, 1983; Shimizu and Hanya, 1983).
H] 523k 9]0l A Al Aol E-akaL 5o 2 A 8l -§-7FAtm] 9
AFEA7 | = = Afo| 5 HGl o, o= A9} Fa o] H] =gt

Table 2. Absolute and relative fecundities arccording to total length of pointhead flounder Cleisthenes pinetorum in the West Sea of Korea

Absolute fecundity (eggs)

Relative fecundity (eggs/cm)

Total lengh (cm) n
Range Mean Range Mean

25.0-29.9 16,728-317,440 120,005 561-11,138 4,267 7

30.0-34.9 94,261-572,938 365,911 2,814-17,900 11,528 5

35.0-39.9 149,603-1,039,616 535,256 4,238-26,589 14,324 15

40.0-44.9 243,600-995,717 672,633 5,941-23,156 15,797 4

45.0-49.9 977,936 977,936 21,399 21,399
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Fig. 7. Frequency distribution of egg diameter of pointhead floun-
der Cleisthenes pinetorum in West Sea of Korea.

Q)= olA] 1 F == ti 41 Gadus macrocephalus)©l| A &= F-AFet
o] & R eltK(Cha et al., 2007; Choi et al., 2021a). ZL&]3L 5
3 &7 -7t FERE = AAskL, Al 87t
u= AvlE7AE R o7 E F HolER s Aer B
of Fafet Ao B7HAm] A4S BHAgt ZHol 7t A=
oF 2= Jth(Huh and Baeck, 2003; Choi et al., 2021a). 23}2]
O 2 AFIA7 | = YR bk A AR 0 = QI folekar Azt
ek ] AeE e QoM e S HE5 9Ee
SfgeE of Aol &2 Qlaf| P-Hoh= Fofl meh 374 Aol K
o|u(Yeon et al., 2004; Im, 2007), o] w}e} B2 Q=4 of
T HlEo] EaL, EE2 AU FF27] 59 ofF2 Bl&ol =
2 Ao] EA o= YepttH(Im, 2007; Koh et al., 2016). E3]
Aol 7ol o o HE2- el At = sl Frelia o 2k

e 2] Aulo] ZAstel LR ol 7] uhizel Fafol A45H

o
h

Proportion of mature

0.0

Total length (cm)

Fig. 8. Relationship between total length and group maturity of the
female pointhead flounder Cleisthenes pinetorum caught in West
Sea of Korea.

= g71Am| e} A7 2po] & Holthal A EthHong et al.,
1995). 12|31 A 3f el ol A e PR A Aol 4] &7FRpu] 7t
o]2lx|7] wjZoll Afaf el e] §7FAu| Akgkr]of gt v]
AL A7 B ashrkar A ZhE

Asl FH-ale 87112 ek 16,728-1,039,61671 2
WSS B9, TLo| A-GE Xtgrt F7lehe 43S U
EF QAT 75 At A= ko] 87kAbn] = TLo| A& 4
5 27t F7behe Ak B, s At 87 ¢
ek W Q= 86,912-768,5747Y, A5 ¢1ote] 87ju] 2t
221 9]1=274,508-1,944,632 71 7} e THChoe et al., 1999;
Yang etal., 2018). ZLek4=9] Zjol= 7Y w AAgte] 871 &
ol A Zt TLo| 32.0 cm HYell =] A] o2 vhHof| o] A-to]|
A= 40 em7t Hs NS ERkert 2] o] §I97F Y 2
ohaz Ay ZE ) SRR g A EIqke] §7kxtnl= XY TLo] 36.5
emof| = E5kal o] o] ks W Eo E Ao & YElyt
7] wiioll 40 cm o]/o] 2 Aol et 5 A E sfof
gk 710 2 B Iti(Choe et al., 1999).

AatAE S ST A vjsol A ST 458
£ 0] 2717 AR S hAl= H o 0.763 mmE Uref
Uk 7w olote] 8 7hatn] 2k A AL 0.5-0.7 mmE
UrEh o] Aol fAReE Aakg B ot Egh dd T1Este) A
shube] mES H 9L AR | = 370U & B wf o] Akt 1
3]l ghH ARl A o 2 s )

A sl FH-el o o] 87HAH] oFA 50% g TL-2 18.9 cm= Ut
ERtal, 75% A<TLE 26.1 cm, 97.5% A4<TL2 42.9 cm=2
FAE I Y= dAte] 871 50% AJ<TL-S 25.6 cm,
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Eahelete] §71Au] QA 246 oz A3 £ 9] &
72} 6-7 emP = ZFo] S 2 A TH(Choe et al., 1999; Yang
etal, 2018). Y& Bl = &7kAtn] 9] A<4TLS 21.7 cmZ A
ol Fafelo] 8 7bAju] A4TLO] 714 2 Ao vebieh
(Itaya and Fujioka, 2006). T3t o]t ¢lLof| 4] Algt7]of| o] F]
2 87141 17 em ol8le] FRANAE L B oo 3R]
Elo] JETLE BA8HA] AN 17 em v|THO 2 4 =0,
chEsfoih il mstel 71 Aok, 33 A 2ALE Bo) @A) A
QR A BT TLO| 22 AR A7t 27bd 0 2 435
ofol & Aole). LA 02 HETLE] Pt A 01531 7
© 3t o]5].02 Qls) AR} 2717 ZAElo], AHlaLe]
2712 $708l7] 918 Ao] BelAl 2-97) wo v (Zhang,
2010), A3 F23hele] S7phule] a0l T sfefo
Hsl $£2] 2= & 4= Stk shA|NE TLO| WE2 |o|o] &
ol S|k o] sk o Holo] M FaS e
A7 woll =5 87| o] A A, ARt 44 59 A
2514 Ak ohje sleahgel vl AE Wayslel
Aslojof gt Morgan and Colbourne, 1999; Shackell et al.,
2019). §712}0] UG 2| &20] 7 5RO 2 Helsh] 9l
A A%A) gk Q7S Fa) Aol wsts 2y
£l afobst, o]¥l A7 871 Apkele] Qo] Fadt
7ZARE ATE Aoz Az,

Al AL

o] A= 20224 SHPAIEHE Al ATARY “Als A
oFoq] 9l S el Al (R2022036)72] Aol 23 4=3) %
AHU
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