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Pleuronectes yokohamae and Fine-Spotted flounder, Pleuronichthys cornutus

In-Seok PARKY

Korea Maritime & Ocean University(professor)

Abstract

A closely associated set of characteristics was analyzed to discriminate between the morphologically
similar marbled sole, Pleuronectes yokohamae and fine-spotted flounder, Pleuronichthys cornutus. With the
arc sin square root transformation, 19 measurements relative to the standard length and another 18
measurements relative to the head length of each species of Pleuronectidae were compared statistically. One
classical and 2 truss dimensions of each 19 morphometric trait for the marbled sole showed higher values
than those of fine-spotted flounder respectively (p < 0.05). Two classical and 5 truss dimensions of each
19 morphometric trait for the fine-spotted flounder showed higher values than those of marbled sole
respectively (p < 0.05). In the head part dimension of the two species, the pectoral fin length and the
pelvic fin length of marbled sole were longer than those of fine-spotted flounder, while the eye diameter
and the distance between the pectoral fins of fine-spotted flounder were longer than those of marbled sole.
According to the above results of this study, we can reach a conclusion that the two species of
Pleuronectidaec can be adequately distinguished with the external shape of their body. We hope that these
results of this study could serve as a taxonomical parameter in identifying Pleuronectidae family.
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U A2 = A4 (Kang et al., 1985; Lee et al,
1985; Kim et al., 2006; Seo et al, 2010), A
(Kim et al, 1983; Han et al., 2001), 345 A&
al Az} AE](Yang, 1986; Kho et al, 1997), A+
& ZAKPark and Simizu, 1991), A7 (Kim et al.,
1991; Yang et al., 2017), AlXXf-E4 A5 (Park
and Lee, 2005) %! 2JA(Kwak and Huh, 2003;
Huh et al,, 2012)°] &3] Husyw Qi)
S=t}2l, Pleuronichthys cornutus (Temminck and
Schlegel, 1846):= 7}A}7]| & (Pleuronectiformes), 7}
0] ZH(Pleuronectidae) ol &3tz A A dfakolF o
24 fEver A Agh A, S old, iRk
9 F=8l] Foll w2, 4 100 m PRke] B
Fupeton} Ajdntee] A sta, 22 2ot
AFE Horm Ak =71SofA & Ato]e
A= AteA] SKKim et al., 2005). ©]&f3t =
s gidow 3 dA7HA Y Sy dEE
A EA(Park et al, 1994) 2 kel Ak
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1990; Park et al., 2001b); 123l AA, A& 57
aHdel Al AT 54, st olg dd
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& o] Fo] X Th(Straiiss and Bookstein, 1982; Park
and Oh, 2020). Classical dimension> ©}A] Zo]
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£-AFE L QH(Straiiss and Bond, 1990). Truss
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al., 2001a, 2004; Park and Oh, 2020).
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o}, Rhodeus uyekii (Kim et al., 2012; Goo et al.,
2014), Wd=78°], R notatus (Kim et al., 2012),
7R Eolob WdEzio] 7 A uulAl 2 ARk
A(Kim et al, 2012), =117|, Pungtungia herzi
(Park et al., 2015a), 7F=&1L7], Pseudopungtungia
tenuicorpa (Park et al., 2015a), 2¥]A| <} AFALAY
A 3AY 5o, Carassius auratus, B3], C
cuvier W oY, Cyprinus carpio (Lim et al., 2017),
2uAle 5 3wlA, w71, Silwrus asotus (Park,
2020)7F Slem  sfjatolo M= =,
inermis (Park et al., 2015a), =352}, S schlegeli
(Park et al., 2015a), ¥l oll<5, Girella punctate, 7171
gWlell#, G. leonina (Lim et al, 2016b), Zpak],
Epinephelus bruneus (Lim et al., 2016a), #1}2|(E.
2016a), S Ol(E
2016a), F=x71,
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Larimichthys polyactis (Park and Oh, 2020) % 4
Al, L. crocea (Park and Oh, 2020)7} STt

W3k classical dimension %! truss dimensions
ZyZy AFg3lo] A& o] ¥ (sexual dimorphism)S F
ARet BRuRE Sakoel B Takifugu
niphobles (Kim et al., 2017)¥ Z+2]%, Chromis
notata (Park and Lee, 2018)©] 9Slt}. Classical
dimension %! truss dimensions ZtZt ARE-8Fo] 7]
of Al 1 B¥E ¥ AT EE @50l ME
|, Rhychocyphs oxycephalus (Park et al., 2001b;
Park, 2004; Park, 2021b), 11, Oncorhynchus keta
(Seong et al, 2012) % uwlFE,  Misgurnus
anguillicaudatus (Hur et al, 2018)7} 1o SjAt
oo\ M= WX, Paralichthys olivaceus (Park et al.,
2007, 2015b)9} <=5, Oplegnathus fasciatus (Park
et al., 2015b)7} AT}

Classical dimension 2 truss dimensions Z+Z}
AFEEE A5} 2, classical dimension¥} truss
dimensions W& ARg3sto] EF ApdelA AT
B RIuEE goldis w7|(Park et al,
2004), V71, S. microdorsalis (Park et al., 2004),
SA, Liobagus obesus (Park et al.,, 2006b), 57}
2], L. andersoni (Park et al., 2006b) 2 X}7}AME,
L. mediadiposalis (Park et al., 2006b)°] 2™ 3l
Ateo|l = &, Pagrus major (Park et al.,
2006a), &, Acanthopagrus schlegelii (Park et
al., 2006a), FE3 TAAEY FTFPark et al,
2006a) 2 WAFEAYE], Oryzias dancena®) 2v ) 9}
S 3ulA|(Park et al., 2018; Park, 2021a)7} At}
Classical dimension¥} truss dimensions 3 AR&-
sto] AAo)g S AR Ruzs gdolo glof

FZAY, Zacco koreanus (Kim et al., 2008)7} 3l

2

key7} Qo= E73HL (Kim et al., 2005),
o wuele Qlysty F8H= A7)
5 mrhefele] S flske] el AQ FH
R A dg

¥ A B g Eoele) tiE e

© 2 W|9F%(condition factor)E FAFSISow, Zt
o] classical dimension, truss dimension %
head part dimension®] A5HH-& A Est] 1 &=

=% d¥E Brreisith

2021 2€ 23] FARFAA G oA =
Fs(zr) A At FHoRE AF
¥ EX7FA ], Pleuronectes yokohamae 507} 2+
2021 39 2590 BAEE T AL At
A FHer A" o,
cornutus S0P S & AF el ARg-3FAT

A 2% BF AFHAR o]F3te] clove oil
(Sigma, USA) 500 ppmO.Z 7} olF& F
(overdose) "FHAIA FHROoH, FA F HE
th 7} 283 MRS s Y8 AAsE
gom ol 7} MESC A (standard length:
SI, <Table 1>3} [Fig. 1a]¥] 1x9) digital vernier
caliper (Mitutoyo, Japan)S AFg-3Fe 0.1 cm 9]
7HA 183l AF(body weight: BW)S HAFA&
(Acom, Korea)& AHE-3to] 0.1 g @744 745t
Atk of=e] EAZEAv gL mrkel e ZF Fof o

HHQl BWS Ulon AIHstelth
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M

2. A

1Kl XX
1o

=3
o=

N

AP S8 98 A7 9 Lt
ofAl S4#Q F&= #74 shlandmark)dte] A}
2 XA tH(<Table 1>, [Fig. 1]). <Table 1>3}
[Fig. 1]°1 Webd 2+ landmark Alo]S  digital
vernier caliper (Mitutoyo)E AFg-3Fo] 0.1 cm T4
7V 7283} Park and Oh (2020, 2021)9] ¥
el whet 778}
landmarkS  £3F 107}%9] A& A (<Table 1>,
[Fig. la]), truss dimension<- % 7719 landmarkE

55 97b9 ASHA(<Table 1>, [Fig. Ib]),
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i

classical ~dimensione &
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<Table 1> Dimensions of body shape for the marbled sole, Pleuronectes yokohamae and the fine-spotted
flounder, Pleuronichthys cornutus”

Classical dimension

Most anterior extension of head x Most posterior scale in lateral line: standard length (SL) 1x9
Most anterior extension of head x Origin of dorsal fin 1x2
Most anterior extension of head x Origin of pelvic fin 1x3
Most anterior extension of head x Origin of anal fin 1x7
Most anterior extension of head X Intermediate point of standard length on dorsal fin base 1x6
Most anterior extension of head x Insertion of dorsal fin 1x8
Origin of dorsal fin x Most posterior scale in lateral line 2x9
Origin of pelvic fin X Most posterior scale in lateral line 3x9
Origin of anal fin x Most posterior scale in lateral line 7%x9
Intermediate point of standard length on dorsal fin base x Most posterior scale in lateral line 6x9
Truss dimension
Origin of dorsal fin x Origin of pelvic fin 2x3
Origin of dorsal fin x Most posterior aspect of operculum 2%x4
Origin of dorsal fin x Intermediate point of standard length on dorsal fin base 2x6
Origin of pelvic fin x Most posterior aspect of operculum 3x4
Most posterior aspect of operculum x Intermediate point of standard length on dorsal fin base 4x6
Intermediate point of standard length on dorsal fin base x Intermediate point of standard length 6x10
on anal fin base
Intermediate point of standard length on anal fin base x Insertion of dorsal fin 6x8
Intermediate point of standard length on dorsal fin base x Insertion of anal fin base 6x11
Insertion of dorsal fin X Insertion of anal fin base 8x11
Head part dimension
Most anterior extension of head x Most posterior aspect of operculum: Head length HL
Head depth HD
Most anterior extension of head x Origin of pectoral fin 1x5
Eye diameter ED
Distance between eyes DE
Mouth length ML
Distance between pectoral fins DPF
The largest pectoral fin length LPecFL
The largest pelvic fin length LPelFL

* Refer to the landmarks

12|31 head part dimension<>-
A58 A (<Table 1>,

g 5 979
e At 4o
[Fig. 1c]2

sl ZAetalc

=} [Fig. 1d]9]

in Fig. 1 for dimension number.

% 137019] landmark

[Fig.
T} Head part dimension<>
TSl W

Ic,

Classsical dimension®@} truss
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[Fig.

EX|7kRa],

1] Classical (a: eyed side), truss (b: eyed side),

and head part (c: eyed side, d: blind side)
dimensions of distances measured in marbled
sole, Pleuronectes yokohamae and fine-spotted
flounder, Pleuronichthys cornutus. Morphological
landmarks are numbered (The landmark
numbers are referred to in <Table 1>), and
morphometric distances between landmarks are
shown. 1, Most anterior extension of head; 2,
Origin of dorsal fin; 3, Origin of pelvic fin;
4, Most posterior aspect of operculum; 5,
Origin of pectoral fin; 6. Intermediate point of
standard length on dorsal fin base; 7, Origin
of anal fin; 8, Insertion of dorsal fin; 9, Most
posterior scale in lateral line; 10, Intermediate
point of standard length on anal fin base; and
11, Insertion of anal fin base. SL (standard
length), HL (head length), HD (head depth),
ML (mouth length), DE (distance between
eyes), ED (eye diameter), LPecFL (the largest
pectoral fin length), LPelFL (the largest pelvic
fin length), and DPF (distance between
pectoral fins). According to the modification
of Park et al. (2007).

Pleuronectes yokohamae2t TCI2|, Pleuronichthys cornutus| HEEZ! H|w

3. H|2t=(condition factor) Z=A}

A7 9wl 7t sovfelE g
ZARITE BlRtEE W
=100BW/SL’ (®1714 BW+= A& o729 g A
olr, SLT AHEE o7 em AFHE ALt
Ak

EL’O{NI-HHH

4. SH2A

[ |

Classical dimension, truss dimension 2 head part
dimension®| A1 2] AlE A} A (%)9 BHIWE=
of gt A4 on= detetr] gk 7o A
=2 95t SPSS 24.0 (SPSS Inc., Chicago, IL,
USA) L2135 AFE-3}o] Student’s r-testS A A|
At ob&e] FoFwelM Hat e FUA
of te Fede A8k flstad, 4 ASHA
A= 5% 23l BHECAE 1% F2
= sick

ol
2~Z 0
TT’:

m. Zzt g

AR R 7EAR],
yokohamae®} =U}2), Pleuronichthys cornutus®] 3
o ARSI B AFBW)E ZZF 20.2+1.31
cm, 18.9+1.75 cm®} 158.2+26.92 g, 178.4£50.74 g
o7 EA7MAv| e} muhe] kel o A
B Azl ol Fogt Aol= T (p >
0.05). H%FE Ao A= [Fig. 219k 2ol &7}
ApH)= 19340176, =0 = 2.64+0.198 %2 =U}E]
b wA ko] wlE el Atk < 0.
H|TF % (condition factor)i= Y FTUAE X
& A ofA o] A& areld Auly
(relative condition factor)2} 7 ZAF o
well beings H7}sh= W oEA Hol
FHLEHE Gsh, ol ol H

E Ao Pleuronectes

rj‘léirf
[ == ¥

QNELFIME

ArElrtes o Ale) 4eH 29, 43 W
B Fe) JFE B F 7] W] of
o o} BAR BF U TAL oA ¥
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Condition factor
~

Marbled sole

Fine-spotted flounder

[Fig. 2] Mean condition factors of marbled sole,
Pleuronectes yokohamae and fine-spotted
flounder, Pleuronichthys cornutus.
Condition factor=100 BWI/SL?, where
BW=the body weight of the fish in gram,
SL=the standard length of the fish in
centimeters. Each value (meanstSD,
n=50) with different superscripts are
significantly different (p < 0.01).
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& HREE U AR E B]lvhes 7R e
3ok (Omogoriola et al., 2011). °]&3t HES
A Al 2 dATE 159 ZEe] wE B

A AIe AQA A, HIREEY A

o R

o

dimesion®] 7} 2T X|(%) 971419k o5 AMEZE
H] et A¥i= <Table 2>°f] A|AISH vk (Most
anterior extension of head x origin of anal fin)/SL
([Fig. 32 LnolnEs BA7A407 wrieo
Hl&l felstA 2A YEFSE S Hp < 0.05), (Most
anterior extension of head X Intermediate point of
standard length on dorsal fin base)/SL ([Fig. 3a]%]
1x6)%} (Origin of anal fin x Most posterior scale
in lateral line)/SL ([Fig. 3a]¢] 7x9)ellX = Ettg]
7b ZA 7 ol vl ol kAl AA YER e
< 0.05). 183l ol& 37HA AFFHS A9dt
YA 67141 9] classical dimension®]A = EX] 7}
Aul gk =okE] gE fog Aol e (p >
0.05).

<Table 2> Classical dimension results of the marbled sole, Pleuronectes yokohamae and the fine-spotted

flounder, Pleuronichthys cornutus’

Morphometric measurements Marbled sole Fine-spotted flounder t-test
1x2/Ls 08.0 £ 1.02 06.8 + 1.51 NS
1x3/Ls 25.0 = 1.38 22.1 + 2.04 NS
1x7/Ls 327 + 2.64 289 + 2.17 *
1x6/Ls 51.6 = 2.33 56.9 + 8.56 *
1x8/Ls 91.6 + 2.99 93.1 + 2.56 NS
2x9/Ls 952 +2.92 942 + 2.77 NS
3x9/Ls 81.6 + 3.39 83.9 + 3.20 NS
7%9/Ls 754 + 2.62 80.2 + 2.92 *
6x9/LS 574 + 3.60 582 + 2.94 NS

"The values are meansxSD (n=50). Data of each experimental group were analyzed using #-test on data after being

transformed to the arcsine of the square root. NS:

no significant; *:

indicate statistical significance between

morphometric distances (p<0.05). Refer to the landmarks and abbreviation in <Table 1> and [Fig. 1d] for dimension

numbers.
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<Table 3> Truss dimension results of the marbled sole, Pleuronectes yokohamae and the fine-spotted

flounder, Pleuronichthys cornutus’

Morphometric measurements Marbled sole Fine-spotted flounder t-test
2x3/Ls 249 + 1.13 21.9 + 3.51 *
2x4/Ls 19.5 + 1.54 19.9 + 3.64 NS
2x6/Ls 437 + 324 48.1 £ 4.15 *
3x4/Ls 163 + 1.04 152 + 1.78 NS
4x6/Ls 329 + 2.38 40.2 + 2.56 *
6x10/Ls 45.1 £ 2.28 53.1 £ 3.20 *
6x8/Ls 474 + 3.80 51.0 + 5.28 *
6x11/Ls 52.5 + 3.60 56.6 + 3.47 *
8x11/Ls 12.1 £ 0.97 12.6 £ 1.35 NS
HL/Ls 24.8 + 1.68 224 £ 1.71 *

"The values are meansxSD (n=50). Data of each experimental group were analyzed using t-test on data after being

transformed to the arcsine of the square root. NS: no significant; *:

indicate statistical significance between

morphometric distances (p<0.05). Refer to the landmarks and abbreviation in <Table 1> and [Fig. 1b] for dimension

numbers.

<Table 4> Head part dimension results of the marbled sole, Pleuronectes yokohamae and the fine-spotted

flounder, Peuronichthys cornutus”

Morphometric measurements Marbled sole Fine-spotted  flounder t-test
HD/HL 94.8 + 13.39 98.7 + 27.96 NS
1x5/HL 97.1 £ 6.02 96.9 £ 7.95 NS
ED/HL 17.7 + 1.98 26.0 + 3.20 *
DE/HL 05.1 + 2.08 07.0 + 2.19 NS
ML/HL 222 + 3.17 20.3 + 3.68 NS
DPF/HL 35.6 = 4.50 479 + 484 *
LPecFL/HL 62.1 £ 5.63 589 + 8.56 *
LPelFL/HL 409 + 3.72 349 + 4.64 *

"The values are meanstSD (n=50). Data of each experimental group were analyzed using f-test on data after being

transformed to the arcsine of the square root. NS: no significant; *:
morphometric distances (p<0.05). Refer to the landmarks and abbreviation in <Table 1> and [Fig. lc,

dimension numbers.

<Table 3> A 7kA0| 2F =rhe] o] Aol o
St truss dimension®] Z} X (%) 107142} °]&
S AM=23F Bwd A3E, (Origin of dorsal fin x
Origin of pelvic fin)/SL ([Fig. 3b]¢] 2x3)¢} (Most
anterior extension of head x Most posterior aspect
of operculum: HL)/SL ([Fig. 3b]e] HL)JIM+= &
A 74w 7F melol wvla FosiAl A vekst

indicate statistical significance between
1d] for

THp < 0.05). 18]3. (Origin of dorsal fin x
Intermediate point of standard length on dorsal fin
base)/SL ([Fig. 3b]&] 2x6), (Most posterior aspect
of operculum x Intermediate point of standard
length on dorsal fin base)/SL ([Fig. 3b]e] 4x6),
(Intermediate point of standard length on anal fin

base x Insertion of dorsal fin)/SL ([Fig. 3b]<]
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6x8), (Intermediate point of standard length on
dorsal fin base X Insertion of anal fin base)/SL
([Fig. 3b]9] 6x11) %l (Insertion of dorsal fin x
Insertionof anal fin base)/SL ([Fig. 3b]&] 8x11)°l|A
Lrezb EA 7 e vl skl A7
UERTHp < 0.05). 183l o5 77H ASEA
A eJet =] 3712 9] truss dimension®l| A=
b el TS A s s el ] Bl 7 4 L
> 0.05).

Head part dimensiono]|A ] EX|7}Aln] ¢} =t}
Yo FHHL) tiv] 2+ ASFEEL] A (%) 8
7HA 9} ol&& A EIF Bladt A= <Table 4>
9} #t} <Table 4>clA Azbe wke} 3o], (The
largest pectoral fin length/HL)([Fig. 3c]¢] LPecFL)
2} (The largest pelvic fin length/HL)([Fig. 3c, 3d]
o] LPelFL)eIA = X 7FAm] 7} Zrhelef H]s)|
FostA A YERReH(p < 0.05), (Eye
diameter/HL) ([Fig. 3c]%] ED)¥} (Distance between
pectoral fins/HL)([Fig. 3c, 3d]¢] DPF)AAME &
27F ZA 7 AR el Blsl fefetAl Al vEbst
(p < 0.05).

A7 A3 A7 g B e o
|584de 7IEs £ b Aol AR XA
u]7} =uk2]e] H]3|| head part dimension ¥ &
SEolM AA, BRI Eu B v
7 A el % WFEoR Hs A¢H

Bolal glth okzd] EA7HAbrE ke e
3 ZhsA=ev| el wix =ejr] o] ojoA AA
LERAL Qlvk wbE, el EA7RAbe] e v
3l truss dimension ¥H ASHASA FA Y
B o]z ZA 7k el Hlel] oS vhE R
s & & AUSIHFig 4] e “imx}ul
o Hlﬁ}cﬂ w2 A77F He

rlr

<N
=
=]

o

)

= e

Qo] ]H«] 7FEA =gn] 7He
2o A%E yehge AL
X 7}Abal o] w5 o] ek FA
oA FAZF FAYGA B AFdAM &

o

o

=% BvEolA E=oe7l EX7kAe] Bt
Assh Aty @ 5 Yo

[Fig. 3] Morphometric characteristic results using
landmarks to obtain classical measurements,

truss  measurements, and head part
measurements in  the marbled sole,
Pleuronectes yokohamae and the
fine-spotted flounder, Pleuronichthys

cornutus. The panels indicate (a) classical
measurements, (b) truss measurement, and
dorsal (c¢) and abdominal (d) view of the
head part measurement. The more longer
measurement in the marbled sole is
indicated by a solid line and in the
fine-spotted flounder by a dotted line. The
landmark numbers and
reffered to in <Table 1>.

abbreviations are
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2X|7FXta|, Pleuronectes yokohamae2t ECI2|, Pleuronichthys cornutus ASHZ H|

b-1

[Fig. 4] External morphology of marbled sole, pleuronectes yokohamae (Left side) and fine-spotted flounder,
Pleuronectes cornutus (Right side). Marble sole (a): Eyed side (a-1); blind side (a-2); Head part in
eyed side (a-3); Head part in blind side (a-4). Fine-spotted flounder (b): Eyed side (b-1); blind
side (b-2); Head part in eyed side (b-3); Head part in blind side (b-4). Scale bars are 4 cm.

Classical dimension, truss dimension % head part
dimension= AHg-ske] 9] ASHAE FAbsto]
T P 7Y Ve AXE AdE, w7] Silurus
asotusS} W71, S. microdorsalis?| A= ™ 7]7} 1]
Fr7lel wlate] AFo] F AFS Holil w7
T wl7lel wlgte v Holzp #ow, Wzt
oL g&eS Holal QUtkPark et al, 2004).
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T b E7Y Vs ANE E uE A9E, 5
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L. mediadiposalis <22 A7} Z O™ (Park et
al,  2006b), FE, major¥t 3=
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ALt oA A 9 weE el A
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