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The Age and Growth of Marbled Flounder Pseudopleuronectes yokoha-
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The age and growth of marbled flounder Pseudopleuronectes yokohamae in coastal waters of the East Sea of Korea
off Pohang were determined, by evaluating monthly samples of commercial catches, caught by gill nets and longlines
from February 2013 to January 2014. New annuli from annually in P. yokohamae otoliths, and the boundary between
the opaque and translucent zones forms from March to May. The relationships between total length (TL) and total
weight (TW) were TW=0.009TL?*!?¢ (R?=0.969) for females and TW=0.008TL*"*° (R?=0.964) for males. The TLs
at the time of annulus formation, back-calculated from the otolith-length relationship by reference to the von Ber-
talanffy growth curves, were L =52.63 (1 — expt*#!0%9) for females and L =36.22 (1 — exp*4°**11") for males.
Commencing at the age of 3 years, females grew faster than males (P<0.05).
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Holli= dslsto] w3xsh= 2 0= el A] 9IaL(NFRDI, 2004),
doliete] w7k = Aol AQtellA] Al skl 42
o] A5 Qe = o]Fsh=s A o' dEA SlthSeo et al,
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Sl o A= AL} Akgto]l digt AH(Kim et al., 2016)7F =33
Sl5ie 884 el Bag 44 5o AT A
£ BEsiTh B A7 Seluet Sa)o] Zareletel 4 At
QA%o1g)o] of3 of 2l BA7Hn| o] o] 4.2 A YA AHg
sto ol 9 A NS sterata, BA /bR o A4S g
02 o] g3 4 Qi WokS BAIS AL A AAEEH
XA ARE ATIH Aol 84S Fa e,

Iz H U

2 Ao A ARGEE Z A 7R Al 2= 2013 297 E] 2014
W 17k EFAQEY] AR B Aol el of3f o] g
Hl Zo]ch(Fig. 1). A™&#A4S 8l o] A& F&dkaL &A1 &
A7 A= F 975N A = A STTNAIF = 3987)1A| STk
(Table 1). ;srs; = B s B | O R e R e e P = e e B
5 FLESE] HAAHTL, 0.1 cm)T} A=(TW, 0.1
g %Xéé}?‘iﬁ}. EA7HA 9] AREAS st AFFA
= OI%EP%"%L o] A& FMESE ANsto] 29 A
3ol AE W9 f7]ES AlASEL, 50%
Rl *ﬂi*o}ml B2 o] 42 AFARYo| §olate
2 A} (sandpaper) = o] 2 72 E| = HE7MX] FHS out
lof %ﬁé}ﬁu}(Solomon etal., 1987). AZAPH o= S 7+
59| TUAEE Sl 9= o]ARkE: o] &gl o, FrE ol A

EFYHE o|gsh= 74 AE o8 7Sl o]ARky
(R)} 2+ 82741 2] A g] = A A @ 1] 7 (DE/MZ-125, LEICA,

German)a} GAEA A A-(Leopard, Zootoz, Korea)2 0|4
stol Z4steirr.
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Fig. 1. Sampling area of marbled flounder Pseudopleuronectes yo-
kohamae caught by gill nets and longlines in the coastal waters off
Pohang of East Sea.

Z A (focus) 0. 2R E SR Z71x| o] A4
A= XJ%‘?.%*%% AL, ()2 olAFH R E
ZF SR 0] A A A 2 2 mmet$)7HA] Z43HAthFig. 2).

Table 1. Number of samples and range of total length of marbled flounder Pseudopleuronectes yokohamae caught by gill nets and Longlines
in the coastal waters off Pohang of East Sea from February 2013 to January 2014

Female Male
Year Month - -
No. ofinds.  Avg. TL (cm) Range of TL (cm) No. of inds.  Avg. TL (cm) Range of TL (cm)

2013 Feb. 50 24.7 17.8-35.5 57 242 17.6-29.0
Mar. 36 271 21.9-36.5 15 26.6 20.8-33.0
Apr. 22 235 17.0-28.8 24 229 13.9-30.2
May 42 23.7 16.3-31.7 38 224 15.4-34.0
Jun. 51 25.8 15.0-36.5 50 257 17.2-35.5
Jul. 31 234 17.9-36.1 26 20.6 15.4-31.8
Aug. 52 28.2 21.7-35.5 39 26.7 20.1-35.5
Sep. 75 25.6 17.8-37.5 42 22.8 17.1-31.5
Oct. 55 26.0 17.8-36.5 37 225 17.4-30.6
Nov. 60 23.9 17.5-45.2 33 234 16.7-32.3
Dec. 60 25.6 17.2-46.6 27 23.6 17.5-35.2
2014 Jan. 43 27.3 20.5-33.5 10 23.9 21.8-25.2
Total 577 25.6 15.0-46.6 398 23.8 13.9-35.5

TL, total length.
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Fig. 2. Photograph of marbled flounder Pseudopleuronectes yoko-
hamae otolith. Count of annual mark (reflected light; N, nucleus;
R, radius).
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Fig. 3. Length frequency distribution of marbled flounder Pseudo-
pleuronectes yokohamae in the coastal waters off Pohang of East
Sea from February 2013 to January 2014. TL, total length; N, num-
ber of individual.
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7Hxﬂ, =712 398704 STk 0*7494 A% Q= 15.0-46.6 cm
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SFTH(t-test, p<0.05). 2| 7FAb0] o] A o] -7 TH=of 3k A2}
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A5t A3KFig. 4), | 95-E] TP 2] v]&o] HA| 7hAste] 3-5
Holl= 10% olatE WA YebH L, 649 o] S H= Tl v

N

[e]
AR I7EEUE3-5E Atolo 18] YAH= Ae d

91gLOm], A 1887129 94 A7) 9 71z oF 12549157
Aoz 2L BN A o] e A 18] 27 4E 7
A3 3, o HE Al E 2h g 27K ] B8 Table

100

Frequency (%)
5 8 8

N
o

o

Feb.| Mar.| Apr.| May| Jun.| Jul. | Aug4| Sep.| Oct.| Nov.| Dec.| Jan.
2013 2014

nOpaque zones oTranslucent zones

Fig. 4. Monthly changes in percentage occurrences of opaque and
translucent zones at otolith edges of marbled flounder Pseudopleu-
ronectes yokohamae in the coastal waters off Pohang of East Sea.

Table 2. Mean ring radius on the otolith of marbled flounder Pseudopleuronectes yokohamae caught by gill nets and longlines in the coastal

waters off Pohang of East Sea

(A) Female

Mean otolith ring radius (mm)

Estimated age No. of samples

R r, r, r r, r Iy r,
1 182 2.142 1.365
2 221 2.383 1.252 1.998
3 82 2.749 1.251 1.990 2510
4 17 3.067 1.218 2.014 2.532 2.892
5 10 3.337 1.183 1.845 2.348 2.839 3.208
6 3 3.558 1.153 1.808 2413 2.924 3.297 3.475
7 2 3.843 1.167 1.890 2.483 2.961 3.261 3.509 3.720
Total 517 Weighted mean ~ 1.289 1.990 2.496 2.883 3.233 3.489 3.720
Weighted S.D. 0.151 0.174 0.170 0.147 0.106 0.061 0.078
(B) Male
. Mean otolith ring radius (mm)
Estimated age No. of samples
R r, r, r r, r Iy r,
1 149 2.054 1.338
2 182 2.393 1.279 2.046
3 48 2.705 1.236 2.006 2516
4 2.963 1.152 1.857 2.377 2.843
5 5 3.239 1.074 1.750 2.341 2.797 3.106
Weighted mean ~ 1.292 2.027 2.487 2.822 3.106
Total 390 -
Weighted S.D. 0.159 0.206 0.224 0.186 0.274

R, otholith radius; S.D., standard deviation.
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Fig. 5. Relationship between otolith radius and total length of mar-
bled flounder Pseudopleuronectes yokohamae caught by gill nets
and longlines in the coastal waters off Pohang of East Sea. TL,
total length; R, otholith radius; R?, R square.

20} k. A9 S Bt 1,=1.289£0.151 mmo]|
A 1,=3.72040.078 mm©| %132, A2 1,=1.292+0.159 mm
oA r,=3.106+0.274 mm= et T12] 3 A4 ]
S QA el o] ARPE(R)IF HAH(TL)ZH] A 4]
& A% Avl, dAS TL=12.946R-5.679 (R>=0.850), 57
2 TL=10.547R-0.786 (R™=0.830)& LFeFstth(Fig. 5). Z2]7}
Apmj o] Aol thet S57He] A Bl S8 Ad 5
o] A4S YR Sk(Fig. 6). 939 AT 874
& TW=0.009TL>' (R>=0.969).©.& LFeltar, 471 9] A4
42 TW=0.008TL*** (R*=0.964) 2= WFERT . b5} <
2O g4 vlagt At oFlo] S A oA 4
A L 710 2 UEPFTHANCOVA, p<0.05).
Zb AR Hads olARETm AT dAAcRR
] AAlAlsto] A Har S B A AR L L=
L, 4247+ 1.02 cmE YR AL, 57

& L,,=12.84+1.68 cmol|A L,,=31.97+2.89 cm= L}E}E
TH(Table 3). JAARE A5E 7o 25 e Walford Y2}
o2 g Q% Wi o] 8sto] FH w1 7HA| ¢
&t~ Z1Zbof| tigt von Bertalanffy 44442 Fig, 73t ) &
A7 Ak A 0] A Wi AL FollA] o] 24 AL,
& 52,63 cm, AAAG(K)E 0231/, Aol 04 wje] o]
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Fig. 6. Relationship between total length and total weight of mar-
bled flounder Pscudopleuronectes yokohamae caught by gill nets
and longlines in the coastal waters off Pohang of East Sea. TL,
total length; TW, total weight; R%, R square.
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Fig. 7. The von Bertalanffy growth curves in total length estimated
by a non-linear regression method of marbled flounder Pseudo-
pleuronectes yokohamae caught by gill nets and longlines in the
coastal waters off Pohang of East Sea. L, total length at age t; e,
exponential.

A AR () -0.0334| = A E AL, AL o] 24 A
(L_)°] 36.22 cm, AAAG(K)= 0.400/d, | 3o] 0 w o] o]
4 AB () 0.17M R = 88 FA7H] 9
AAS o8sto] A AT-obe] Ad74E-2 W] sl = H(Table
4), AL Falt B A 7HA 0 7L 71 4 g e 9L, ¢
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Table 3. Back-calculated total length at the formation of annuli in otolith of marbled flounder Pseudopleuronectes yokohamae caught by gill

nets and longlines in the coastal waters off Pohang of East Sea

(A) Female

Mean total length (cm)

Rlng group L1.25 L2.25 L3.25 L4.25 L5.25 L6.25 L7.25
1 12.00
2 10.53 20.19
3 10.52 20.09 26.82
(T}’lt_a"c';’;gth 4 1010 2039 2710 3176
5 9.63 18.20 24.72 31.08 35.85
6 9.25 17.73 25.56 32.17 37.01 39.31
7 9.43 18.78 26.47 32.65 36.53 39.74 4247
Weighted mean 11.00 20.09 26.64 31.64 36.17 39.48 4247
Weighted S.D. 1.95 2.25 2.20 1.91 1.37 0.79 1.02
(B) Male
Mean total length (cm)
Ring group L1.25 L2.25 L3.25 L4.25 L5.25 L6.25 L7.25
1 13.32
2 12.71 20.80
Total length 3 1224 2037 2575
(TL, cm)
4 11.36 18.80 24.28 29.19
5 10.55 17.67 23.90 28.71 31.97
Weighted mean 12.84 20.60 25.44 28.98 31.97
Weighted S.D. 1.68 2.17 2.36 1.96 2.89
S.D., standard deviation.
eluel aere] BRI g ke ghg mgleh 42 Ae] B4 3(Nucleus)E eksH AV ARl chaw
Y& SRS EA 77} 7P = g UER AL, Q3] AGAY O LA wAyskaL, lﬂﬂiﬁﬂiﬂm
afjQFe] ZA| 7R 7E 7 w2 e H AT o o] S W57} dle HRHE ok & Aqt= el
A A E i FEe] FA7FAR] Z o A o] A 6Al, AR
n # 44 ol3leh= A AT ATKKim et al., 1991; 2015)= vpet
B AT A BEX 7o) A e Bl $lstel o S N ow
A = A 7HAm = 24317 Y8 o = o glEalL =
A ol oot ol 48] A, B, M1 4 j};ﬁif‘ o o o e
e, e » 3 240 HEHAE Sol7] Sla) o B e o] e
T wEse $0S Rl 1 e A 74, e 5

o
AR quiste] ARAPES Sastgith, Bkl g
AR )48 YA ALgolo] At 9

Sst, SR RS ol gstel 1
AR o] o] F0] A 2FtH(Solomon et al., 1987; Kim et al., 1991;
Park, 1997; Moon and Lee, 1999; Kooka et al., 2000; Lee et
al., 2009; Kim et al., 2015). £x|7}x}u] o] 48 Heksto] oI5

S sl B s1go]o|A Hol AEst A7 =4 o)

o= v v

sotel, L A7) iAo A& ek e 38k 9

52

]_

N

(Lee et al., 2009; Hoshino et al., 2012). E3} 0]4]-2- Athsl=
-2 o1 Gadus macrocephalus) 5 A10Hs 53 AHAY
o] ofe} of ol A Bo] AL Glck. 1oLt Ak L o]

Aﬂi et 2 AnkE ek 2259 of#go] ¢ldl

e 57&% A 7HA 0] 9] AT A= o RS AT
] @f - F 5A] o5t A5 EHE AESh=
A& Adksls W Afolol] frARRh B ATkE Hol A 3
F;_o}uh 5191 3(Lee et al., 2009), & Ao A= GA}
FE Bk

J
N' O fr 1o

ol ox Ix
Oﬁﬁﬂll

B Qo4 ol 4] SRR Errol 4 BEFH o]
W A SROR UFTl] AL BRI L A

2P 2

> cd_l—_:tﬂ 0154 E_ﬁu]. O}Rfrlﬂhﬂ ﬂ?_]’ﬂ]'—?—ﬂ]l/]—a]- ‘r}é‘H
Qrel EA7PA] AT Aol A e 2 S AR
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Table 4. Comparison of growth parameters and growth performance index of marbled flounder Pseudopleuronectes yokohamae reported

by different authors
Authors Female Male Survey area Size

L (cm) K (/year) ) L (cm) K(/year) )
Present study 52.63 0.231 2.806 36.22 0.400 2720 East Sea TL
Solomon et al., 1987 38.97 0.311 2674 26.85 0.510 2.565 Tokyo Bay, Japan SL—-TL
Park et al., 1990 40.59 0.303 2.698 26.29 0.505 2.543 Tokyo Bay, Japan SL—-TL
Kim et al., 1991 51.46 0.152 2.604 32.32 0.235 2391 Southern waters, Korea  TL
Park, 1997 50.18 0.237 2775 33.14 0.434 2678 Yellow Sea BL—TL
Kooka et al., 2000 41.58 0.310 2.729 36.26 0.360 2.675 Aomori, Japan TL
Lee et al., 2009 44 .49 0.321 2.803 32.18 0.533 2.742 Tokyo Bay, Japan SL—-TL
Kim et al., 2015 52.81 0.141 2.593 26.97 0.306 2.347 Southern waters, Korea  SL—TL

L, . , theoretical asymptotic length; k, growth rate coefficient; ®, growth performance index ; TL, total length; SL, standard length ; BL,

body length.

t}H(Solomon et al., 1987; Kooka et al., 2000; Kim et al., 2015).
18] a1 8-7}AHa(Cleisthenes pinetorum, Choi et al., 1999), £-
A tl(Cynoglossus abbreviates, Baeck and Huh, 2004), &7}4}
v|(Kareius bicoloratus, Jun and Tm, 2004) 5 t}2 7[x}u]&F
O] ARG Y Aol A B2 o R RS A5 A
2 U 2 7] e FrEelA ERE TR old)st
= A7 e e A1 o 4 Slck. vhel] )%
2}(Sebastes schlegelii), <-°1(Mugil cephalus) 5= =% 4t
oflA] FEH = o]Ysh= HAE S o= (Hsto] RS
5kl o] Ao ERT ol Uehs AFAAAE S22
& 7hsto] 2415 A4- A= Qltk(Hong et al., 2014). o] 4]
of At A SIstel 5 el 57} 28] W 48
= ¢lof v Aol digh Y d o AR Y-S EARH A, 24
7EAp0] 9 Gt gol| ek AR Bt P2 89.8% |
Q. 5-0|(Zhang et al., 2011)%} &-5(Oplegnathus fasciatus,
Zhang et al., 2013)o| 4= A& o] 80% o|st= LHEL; F4]
F1Apu| o] E-E ThE ojo] u]a) gro] Heke| Lk A
© 2 wekE e} Hoshino et al. (2012)9] &1Lo|A] H2] 7121w
O St 7t Aol A9 Afo|7F UehbA] b= AS A
Hom Husto] 2 At A7 SRl ef ot

2 Aol A ZA 7 A O] S A7 B AT B A8
3-59 Atole] A 13] == 2 S &2 Lepulal, waiehe] 4]
7P SR = FAA17171 3-59(Kim et al., 2015)
T B FARRE AYE HQlon, Bkl A A H Z X7 A
u] 9] $& HAA7]+= 4-6Y(Kim et al., 1991)2 YElLY 1704
=3loh d& A EA A EREY 5= 4441717t
2-4Y(Lee et al., 20092 17]Y w2 A el 2ol 21
| oferad A9t FX] 7[Rt 5-6E(Kooka et al., 2000)
2 B ste] & A A Hla) 1274 9HE S8 G477
=3lt) o] dbA o= o] 4 o] f PAAI7]= ARt7|e
3t BA S 742 2 9li=t], Tanda et al. (2008)0]] W= ok

1ok} £ 71k A2k 71 shel iz 1-37h A=) el
7} S A0 Lkt Al o) Aol 7} 2 g8 §A1719] Aol
2 Yehd Ao 2 AZFETHSeo et al., 2010; Kim et al., 2016).

B2 A0 A 1872 oF 1.25W(1571 Q)0 FAE Ao g F
A=, Kim et al. (2015) AT A= 28 FA7]7H0] 1.25
oz Busto] fARE 23S H itk Hhd FAFH S 9] 4]
7} = 0.42 W (Kim et al., 1991) 2.2 2] YEl=t], o]=
it HEA EEY YA FEY R o]fet= AAE SR
EEShal ISk 7] Wi O B A 122 e fA7 b EE =
9 FAAA7)7F B Ao & Holt) Solomon et al. (1987)
of M= A ST A7 o] ERE T = 2-59 Ato]d
FAE L, T = 6HoA o5l 1€l 5o 28 34
2 oF 1.25 ot Huste] ERYYE SO0 A4k 2
ATt FAKSE 23S Bk B3 224 148 24
et A} 2 Aol A= 1d o] 3 ¥l P == A e & UEa,
FART el 9 2] A Ao A e fZo] A 13] FAE
= Ao R Huste] & A Aol A2 sk¢Ith(Solomon et al.,
1987; Kim et al., 1991; Park, 1997; Kooka et al., 2000; Lee et
al., 2009; Kim et al., 2015). o] 4o @A) ¥l S5 B A5 Ay}
A 7FAR] O] Z A2 AR TAL A SA| = vk el o]
FAET I A o= Eplth AR A2 70] 34 o]
ol /g7Fo] £aL, 34| o] o= AAH Y ol B 2 7o w
Vel Wallot B2 70| A4(Kim et al., 2015)0 4] &= &
A Aol gt Ak = Eskgt.

ARbA o & QA 242 AN AR AR ES o
sto, AALRE QA= 2 A B 7 gho] B asi)
H27HA A Ao A Q] Ht 8-> A TS S0l AlATE
A Wk(Park et al., 1990; Kim et al., 2015), Heo et al. (2015)
L ARIEY B 24 G AN t B0} ol S
I3t 7HsEtol vl Aor Hustglth £ dtlhs
Heo ctal. 2015)°] A Bt 87 9k} 75 & o] 83}
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P AP Sk AL A Ao
37 Wi S o83k Z A 7ARH] 9] A4
Feton, o] 22 ZthAIHTL) oA 52.63 cm,
em= FAE e} dofietel] AAlel= ZA] 7R
¥2} 52.81 cm, 26.97 cm ¥ 31(Kim et al., 2015), ¥
51.46 cm, 32.32 cm (Kim et al., 1991)2 A=)
, Aalleke 747} 50.18 cm, 32.32 cm (Park, 1997)& UFe}
Wk s o] EA7HAb] = o= 22 F 7R 38.97-44.49
cm, 26.29-32.18 cm, o} X 2] 3> 41.58 cm, 36.26 cm =
Uebgth ZA7HA = dEs o vlsf -2uhete] £A]7F
A7} o] 24 Zth A o] & RS Kol dE o et
o] oo me] s ou} vlwsj e 2 A o] LA 7FAH] o] oF
AL A3, 7L FAHA ekttt 285 ZA 71| 9] 4
FAE o] &-5to] A3 Aote] a5 vl gt Aatol A %= ¢F
& M EATA 7L 7Y =8 S UER QLA -2y
wolote] ZA| 7 AR 7} 7H e ghe H I TH(Table. 4). 4
= Y3 SO FA A7 7P w2 ke UER S
(Lee et al., 2009), ‘Fol¢Fo] EA|7FAHm| 7} 717 W2 g W91
o}, o]t A= fltkof| whE o] Afo| &= A 7k 2 A
& N2 s o] 2 A e L Atk v
Holl A Aztal i MEA 2 A A A
o] ztolof ofgt GO £ 4= 9lon, o2zt o] AR E
E2|7kAp] 9] AAo] AW o] 24 AR E §HA A =4
o] ¥ 2] 4 ujzolth(Kim et al,, 2015). Z12]al &
gt AgEAS flel A S Ut obd 7 Bl
ol 9] A Atol & £ AT+l oz Helk up
A 2] Qteof ofgh ApdgF Hto] Afo| & 2t
HFo| FashHA Ay 7HAo SARIET} HolA|= A
= Hoj ojgof o3t 7} §f|7He] ARG Aol B 4
Stk B 1gk vt Qlck(Kooka et al., 2000; Kim et al., 2015).
web, Selubel 2Aabule] Al 9 AA se] 2
Aeel SIAE e A7lo] 2L PHoE BB A
of A7 alao} 3 7 0.2 e L, 7} 5] o] Qe o]
5 9 oIz} 5 nefste] BATORK ofslgel] of
F S SHA1S] AEaol 3 R0 Reltt. Ea ol 5o 4
Aol 4L vlA) = wo] 2 Ao Selo] Holaige] &
3, ety 2AME o] B stal, 3% LA ZpAb] gt of
Ut B A E Hejsh] St A-IgAl aesfjor &
ZashpEon Azt
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