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Sexual Maturation of the Marbled Flounder Pseudopleuronectes yokoha-
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This study investigated the sexual maturation of the marbled flounder Pseudopleuronectes yokohamae, a commer-
cially important flatfish species, through monthly sampling from the coastal waters of Pohang in the East Sea of
Korea in 2022. We analyzed monthly changes in total length (TL), gonadosomatic index, maturity stage, and 50%,
75%, and 97.5% group maturity based on visual assessments and histological analysis of the gonads. The spawning
period was determined to be from December to May. The TL at 50% maturity was 26.4 cm for females and 24.8 cm
for males. These findings provide a basis for developing resource management strategies for Pleuronectidae.

Keywords: East Sea, marbled flounder, Pseudopleuronectes yokohamae, sexual maturation

W (International Union for Conservation of Nature, [UCN)2]
24 5 2ol 4 g 918o] WA, 77 vlafol $18o] A

M B
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Fig. 1. Sampling area of the marbled flounder Pseudopleuronectes
yokohamae in the East Sea of Korea in 2022.

yokohamae), Z7VA0|(P. herzensteini), -8-7}A0|(Cleisthenes
pinetorum), 7157 A0 (Glyptocephalus stelleri) 430l 3l
oh, 215 A 7R 9] A Ad <ol et At ThE ool B
3 gt Sal, A1), el 4 2AetolA] o] 4815 2 L(Kang
etal., 1985; Lee et al., 1985; Seo et al., 2010; Kim et al., 2016;
Hwang et al., 2017), ©157-2] A4] Ael= o3&, 43
WS} 5] e e 4 9lone 37149 Auel @
A2 0 2 I § 3}tH(TenBrink and Wilderbuer, 2015).
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S 4700))2 BAo] o] gstgict. X|7bxn] il 25t
AZL 247 0.1 om, 0.1 g 912 ZAT 5 A4 4LZ Helsh
ST} AJAl A= AAFAE(GF-300; A&D, San Jose, CA, USA)
2 olg3te] 001 g HI2 ZHT F ko2 AT S S
sfobsten, 4 whlo] of el 79 £ATHA B4 Slate]
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A2 i 2 W e TS slefst] Slste] 243}
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2 8] o] g3k FES S687AIT AL EEE FB5ho]
Bouin’s solution®]] 24A|17F A 1178 g & =2} E4=5 SF3ITt
0] % paraplast® 3EU[gt FE-S o] 3 2E(RM 2255; Leica,
Bensheim, Germany)2 ©|-8-3f 4-6 um F7¢] dHo = Z-
gl A4 4 Aol Harris's Hematoxylin-eosin GA1-&-
ARt & Marinol= -3kt A4 S Fstdn|F
© & Pasto] 22 Wg WAE WS, A4 e g v (im-
mature), %<3 (maturing), A< (mature), &H<3(ripe), W5 2 B
S (spawning and spent)2] StHA & LE35}S T}

A4 Sk B 22 BA0m S oAls 4719 v
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2]l GW (gonad weight)= A4 4
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50%, 75%, 97.5% 73437042 A A A w2420t v T
HEAS Tl AR 2 TE= A7)0 s @A o HAIE
Tl A Akt 7Het 0 & whsto] 1 BlE-E o] 8-8f th9]
2R~ 8 A (logistic) 0. & 45k tH(King, 2007).

=% (g), BW (body

1
P= [+eNTLTL)
w PIA Ads e, T A% Ag i@
A%, be Aotk =4ol= R 371X sizeMat (Torrejon-
Magallanes, 2020)E ©]-8-5}3]tt.
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H 4.4-47.6 cm= H26.5 cm$Ith(Table 1). ¢FA Tt 4=
7o) AR W 9= 77} 9b 7l 0] 14.4-47.6 cm, 5271 0] 15.1-40.0

e
Zick AAk B3
ol 60%E T2 HE&S B3l & 290f 32%E 745k 2
Holl= A7 28-34 cm Aol 53%E AHASHAA 1097t
2| 54-78%= =& vle= YeTh 11-1290f= 7% 28-34
cm Aol THA] 60% oo & F7kskleh =AY - 1
ARE 109704 2% 28 em v|TF Algto] Bt 84.1%E
2 U B9, 11-1290= A% 28-34 cm AlF o]
64.9-74.2%% -5ttt AA| ZHAIG=ell A AT =219 v
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Fig. 2. Monthly total length frequency distribution of marbled flounder Pseudopleuronectes yokohamae collected from the coastal waters
of Pohang in the East Sea, Korea, in 2022.

= 53:472 A 2] H|E-o] H} EQtH(Table 1). ¥ Aul&=

G2J3t 2po] 7} QL ATH -test, P<0.001).
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Fig. 3. Monthly gonadosomatic index of marbled flounder Pseu-
dopleuronectes yokohamae collected from the coastal waters of
Pohang in the East Sea, Korea, in 2022. A, Female; B, Male.

A} 4] A8k BAS Foll A4 2320
HHabys EASHH(Fig. 4, Fig. 5). oA A4 2E s
71o] a7} o Hiokslol 0w wA4-¢(ovarian lobule)of|
+ H(nucleus)o] thF-ES ApA|oh= 27| HEA|E(oocyte)
7} QLSlch(Fig. 4A). T5710l dar 24 Yoll= W= (yolk

A7 9] A A4 383

vesicle)2} W& (yolk granule)S 712 WA E(oocyte) 7k
UERTHFig. 4B). Ad<7]ol dRAE= Al AdRskelo,
AF o] &+ 27 S(nucleus)} thgo = SAE Hei(yolk)e
7Fch(Fig. 4C). $k<5710l &k (yolk granule)2} -R--(oil
globule)7} AJ 32 (cytoplasm)S 715 22 S 1l o] g
o]l th(Fig. 4D). W5 4 W5 7] ofl &= A4 (ovarian lobule)
Woll Al W] A] o2 A3 (oocyte) 2t K20 3 (residual
follicle)”} &3 degeneration) % &<~(absorption)% 1 THFig.
4E).

7 A 2= mlg7] o Aol 4] A 3 (spermatogonia)
7} jEEo]9l a1, A A E(spermatid)7} L E 2351 THFig.
5A). 555719 AAAS(testis lobule) W (lumen)of th=
o] % | (spermatid)} 1 A\CHFig. SB). 4710l 44 el
£ Rl BAA7F 2 5 7] AlEFsA A (Fig. 5C), 27100 282k
(spermatozoa)”} 7F=AF QAU Th(Fig. SD). % % 57 1
g & ESE AL |3 Y S Sl k(Fig. SE).
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Table 1. Total length (TL) and sex ratio of marbled flounder Pseudopleuronectes yokohamae collected from the coastal waters of Pohang in

the East Sea, Korea, in 2022

Female Male
Month N TLrange (cm) Mean TL (cm) Sex ratio (%) N TLrange (cm) Mean TL (cm) Sex ratio (%)
Jan. 50 22.0-415 30.6 75.8 16 21.4-30.8 26.0 242
Feb. 59 20.8-42.4 28.7 64.8 32 17.9-32.8 24.3 35.2
Mar. 55 20.5-43.3 275 57.9 40 20.5-34.1 255 421
Apr. 56 18.3-40.4 26.4 60.2 37 15.1-40.0 249 39.8
May. 57 15.5-39.4 25.7 57.0 43 17.7-29.5 231 43.0
Jun. 55 17.5-37.0 253 58.5 39 20.8-33.5 241 415
Jul. 50 20.8-40.8 28.2 521 46 20.6-33.3 245 47.9
Aug. 42 14.4-35.5 25.8 442 53 19.2-30.8 24.3 55.8
Sep. 36 19.7-47.6 27.3 37.5 60 20.3-31.1 255 62.5
Oct. 23 18.8-32.4 24.9 36.5 40 18.1-32.8 25.0 63.5
Nov. 27 25.2-40.0 30.1 50.0 27 25.2-33.2 29.2 50.0
Dec. 20 24.3-45.0 33.0 35.1 37 25.0-35.1 29.0 64.9
Total 530 14.4-47.6 275 53.0 470 15.1-40.0 253 47.0
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Fig. 4. Photomicrographs of ovarian development in the marbled flounder Pseudopleuronectes yokohamae collected from the coastal waters
of Pohang in the East Sea, Korea, in 2022. A, Immature stage; B, Maturing stage; C, Mature stage; D, Ripe stage; E, Spawning and spent
stage; N, Nucleus; Oc, Oocyte; Og, Oil globule; Rf, Residual follicle; Y, Yolk; Yg, Yolk granule; Yv, Yolk vesicle. Scale bars=100 pm.

Fig. 5. Photomicrographs of testis development in the marbled flounder Pseudopleuronectes yokohamae collected from the coastal waters
of Pohang in the East Sea, Korea, in 2022. A, Immature stage; B, Maturing stage; C, Mature stage; D, Ripe stage; E, Spawning and spent
stage; Rs, Residual sperm; Sd, Spermatid; Sg, Spermatogonia; Sp, Spermatozoa. Scale bars=100 um.

©om(Fig. 6B), 1955 F7Iste] d7lEch w2 69l 100%
£ ARSFAT o] 3 109 7H4] S5 7)A€k 3 S s A 7
235t7E 1090] 53.3%E tha F7FsE3lT S5 7HAl= 24,
49, 11905 AL v]8(3.6-13.3%)& @5ttt A4

© AT SLHA 11 Sdsto] 7P 22 HlE(92.6%)
& AASIGTE G4 AlE 149 1o 22 WE-2(3.7-
37.5%) =2l ¥H, 129 100%E AFA|3H5iek. i 2 5 7|
A= 190l 7P 2 &2 vehd ol 59704 fhashick

Table 2. Studies on sexual maturation of marbled flounder Pseudopleuronectes yokohamae in Korea

Area Study period TL range (cm) % Spav(vrrr\]lgr?tﬁ)e riod ?m;g% References
East Sea Jan. 2022-Dec. 2022 14.4-47.6 275 25.3 Dec.-May 26.4 248 This study
Jan. 2013-Dec. 2014 13.9-46.6 27.0 24.6 Dec.-Feb. 274 23,5 Kimetal. (2016)
West Sea  Feb. 2009-Dec. 2010 14.1-51.5 32.5 28.2 Jan.-Apr. 24.5 - Hwang etal. (2017)
May 2006-Apr. 2007 14.2-41.9 23.7 21.3 Nov.-Feb. 19.8 - Seo et al. (2010)
South Sea . 1083 Nov. 1984 10.941.1 - Dec.-Jan. 195 165 Kengetal (qggg))'
TL, Total length; L., Length at 50% maturity.
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of Pohang in the East Sea, Korea, in 2022. A, Female; B, Male.

A7 AT} A 0 Y-S A5 floke] Al
7|2 e 129053 5E 2] s A ol AHAIE A
A g BAof o]-gstqltt. EA|7FAb] 2] 50% d<H
ZL2.26.4 cm, 75% <A AE 29.7 cm, 97.5% A< AAS
37.4 cm& FH = 31(Fig. 7A), 312 50% A< 7142 24.8
cm, 75% AA<=HA-E 27.0 cm, 97.5% A<AAE 32.3 cmZ
74 = 2 KFig. 7B).
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ZPAB| ko] SR AL AR ATFATH Table 2),
B A 7o AAL 201320141 0] Fafoll A AE 3
=] B2 7R (YA 27.0 ecm, 7 24.6 cm; Kim et al., 2016)
o) v Lokl uf ch 7ok Aol Aok sl 94
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385

B

2z
40 60 80 00

Proportion of mature (%)
20

10 15 20 25 30 35 40 45
Total length (cm)

C
00
T
\
»

~1-=323cm

, 71 918
i

80
T

60
T

40

Proportion of mature (%)
20

1 1 1 I L 1 1 1
10 15 20 25 30 35 40 45
Total length (cm)

Fig. 7. A logistic function fitting proportion of mature to total
length of marbled flounder Pseudopleuronectes yokohamae col-
lected from the coastal waters of Pohang in the East Sea, Korea,
in 2022. A, Female; B, Male; L 75%
group maturation; L

s 20% group maturation; L
97.5% group maturation.

75

97.5

al, 2017), 8} B2)7424017}k 74 2A) ek Ao 2 1
SIth(Kang et al., 1985; Lee et al., 1985; Seo et al., 2010). o] 7
QA2 A2 A Y], Hol &, BE Uk S(Lee et al., 2009;
Lin and Costello, 2023)°] w}2} }o]7} vpepd 7Hs4do] 9lo
b2 % ZA7A 9] A2 g S oA Atehd s =2
7] ol & olafisli=t] 783 A o2 HekET)

2 At 27 Agbol A A Sh= A7 9 ARt & el
517] Q1o A Y] Al A St v 9 2 A5k FLA o] o
= uolgt A s e A0t a2 0] o §IsK(Fig. 3, Fig. 6)
£ 7o AR7l= 129-0l538f SE= AU o2&
A 7HAb] 479 A A s A7 1290 g4 5] S7FsHA
A 1ol FHE 2ol & 7hash7] AJAbshlaL, 695 H & gk
= HAloh S A4 0] s 0] A9 11 A4, T4, 7]
S/ =o' SFRlEo] 2L, 12490l Ss7iA7F 2
& A B ATE B SeIg Eat Aksiole] 4415
= 2A7bn] (129015 SY)e AE AT At
S} 2ol Hltt), FalolA] 1280|535 29 (Kim et a.
2016), Fafloll A 119-0] &3l 2€(Kang et al., 1985; Lee et al.,
1985; Seo et al., 2010), A 3fjol| A 1-4L(Hwang et al., 2017)0]
AT Table 2). Kim et al. (2016)0] F2| 74| & F A4 o
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2 FEE A ge] 2 Ao A 2B E Alvto] o] o]
A 2L Bl 4 e

OfFi Aleto] et A1 371 7HAITh. Aleko] 3k u]%]
L 99l & st 4220 Z(Dahlke et al., 2020), 44 4=
He] WollAl 4l oo AAdA o g WS 4 917 wEo]
th(Tsoukali et al., 2016). & &7 A F2]7}Abu] Akgt7] 9]
Y Pt FS54LL 7.9-1647C, Ha 5522 8.9°CHt
(KODC, 2024; Fig. 8). Kim et al. (2016)°] 201320144 53]
o4 A7 BEAHIR] ARk (129-the s 22)0] Y B
$2L26.9-9.5C, Bt 52 8.2°CE & 97419}0.7°C 2}o] 7}
St £ o} Kim et al. (2016)0f| A #2714} A7) 9] 4=
20 ahAlo] AHA 0.2 o] ol 2| MSI(5-16C) ATk Ya-
mamoto, 1939; Yusa et al., 1971; Kim et al., 1983; Lee et al.,
2017). &1}, 2013-2014d of| 5L 7HR| 2] =22 10.2-15.4°C
B QAL o] o] o 4= Gl WA Sl Bt
AR o] 2012 %] ¢QIThH(Kim et al., 2016). FHH, AF2t7]
ot B o] o] F WS ARFFo 2 orejnl sfelof A
o} 41712 345 A} ojsRo] AlRb SIS 93t
Ol 5-& Hol= 7o 2 H %t Yamamoto et al., 2021). &
A7bm] o] 4] e AU olalst] StalA s A o)
ol A] x| o] o] A|-B1A LIS} AT HeF 2AE
37l o|stoiAlof 3 Aoz Az,

o7 Axar|(d)e SAARE Aol qloiA st
ol A A7t €k gRbE o g 50% 575 o]-8-5h
(Chen and Paloheimo, 1994; Reed et al., 2023), & A= 5
B 74A0) o] 2 ATEf o] w2 B3 Sk nk S S13te] 50%,
75%, 97.5% /8<% Lokt £ 7] oFA 9] 50%,
75%, 97.5% 343742 2+ 2 26.4 ¢cm, 29.7 cm, 37.4 cm&
AR, =732 50%, 75%, 97.5% 3437442 24.8 cm, 27.0
cm, 32.3 em= = U ch(Fig. 7). AE At A ZA 712}
o] F719] 50% /<042 Fafoll A 27.4 em®E thar ZAA|WE

Bt o

BHE  ANE W2

(Kim et al., 2016), 482} oo A+ 19.5-19.8 cm& .t}
ZReFtH(Kang et al., 1985; Lee et al., 1985; Seo et al., 2010)
(Table 2). T2 7HA0| 7 [=7FAHa] (Eopsetta grigorjewi), 37}
Z}u](Hippoglossoides dubius)]= Y 52| A&A%2] 20|
7} &l mabA] 4-5 cm o)A AolE ROl Ao Wi
SItH(Cha et al., 2011; Choi et al., 2013). A 2] 50% A<
e g WY IR BE olo] A S70] YBEc
HJeh(Table 2). T, FH20A] 71 <k 44l B4 71w o
s Aol A Abet 7Hste] T1Eo] S5 B A A
ooz guton, a0 Kot Tl B 225}
A fA o g A4 el Al Apdke] ek 91t et
A A A= S QoA = St dE Rk et A A 2
Z5h4 B (Vitale et al., 2006)S E3t 23} =&0] Ba3st A
o7 Holrh

Al AL

2 s 20249 AR A(ATARY R2024010,
P2024032)°] o]l 4= =] A5tk
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