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Triploid fish have attracted the attention of fish farmers owing to of their larger cell size compared to that of diploid
fish and their ability to utilize the energy required for sexual maturation for growth instead. However, the effect of
increased growth in triploid fish has shown varying results. Therefore, this study aimed to compare growth between
diploid and triploid starry flounders and diploid and triploid hybrid juveniles (starry flounder, Platichthys stellatus
@ xstone flounder, Kareius bicoloratus &) based on breeding water temperature to investigate the effect of increased
growth in triploid fishes. The experiment was performed by categorizing the water temperature as high temperature
(EXP. 1, 14.5-23.5°C) and low temperature (EXP. 2, 6.4—13.3°C) based on the optimal water temperature for starry
flounder breeding. In EXP. 1, the growth of starry flounder triploids and hybrid triploids was significantly higher
than that of diploids. However, in EXP. 2 the weight gain and specific growth rate of the starry flounder triploid were
higher, and the growth of starry flounder was higher than that of the hybrids.

Keywords: Starry flounder, Stone flounder, Growth, Hybrid

A &3t HAlo] AQEE oHA|E A o] FollA= A%
of] &85k 4= 91l ch(Nascimento et al., 2017). E3E, 3ulA] of
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. 199) 12f1 39S} 204 o5S] 4 5 it
OEH‘L o %3} A2 % AR 87 2700] met e clor 2
= B th(Thssen et al., 1990; Nascimento et al., 2017). &1+
Aol kel 3] o) 52] 47l 28] ol5re] AT FA
7]U(Sacobie et al., 2012) & Y2 A5 Hol A= QIict
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o) gu| =4, 54, A%, 48 i, WA, 2 WA 5=
A=Y o]8-% o] gth(Bartley and Imink, 2004; David and
Pandian, 2006; Guan and Qiu, 2020).

e t}e|(Platichthys stellatusy= 7 A7) E{(Pleuronectiformes)
7}Aa] 2 (Pleuronectidae) @] o172 HZ20]+= 3040 cm A=
7R A37gte 232 2|9 B ool \A| 2L sto] vl= A
F-¢1Qtt Beringsl = HE Fdfjofl ]2+ 44 80-350 m H =
o RE @]9 wal A ol A A 4]ZHCH(Cho et al., 2008). 2=
chelis gl glaL 7 AT el 4 0w 4t ARl
24 585 7HAL 9lo] 94T A Bt e &0l 7hs5)
CHKim et al., 2009). E3}, 10°C 0]519] Ao A= =L
SE AR S 913 DAL o] 7H53to] S Thorst 2
Holl A FA] thA| FFo= Q1A=L it} &7 (Kareius
bicoloratus):= =] & 8| <ol] AA]8}aL alg SIgho & 7hgk
51.900] AR A 717 5 oA ool e e 1
a2 9 4] oFsl oAl oFAo] Fus] o]2ei x4
FHIL AT, SN A FAE ol g3 FA4 B4
o] o]F A 1L tH(Jun et al., 2009).

2 A7t rctelol S7bgole) 4R EE B
Q18 Z=che] 26 A oF 3ufA| L] ar wAE (=T, P, stel-
latus ¢ x =710, K. bicoloratus )1} 35 3wl A A=
AAFE A8 4-20] T2 QRS ul st sch,

sko] Zkz) 857t X3gstelet. A 19] Adlols A=ty 2
WA (B A4 10.62+0.06 cm, AL 4.70+0.07 cm, S5
16.1840.15 g), 7Z=cte] 3ujA|(E+t A% 10.66+£0.09 cm, A|
a1 4.70+0.07 cm, $F 16.58+0.17 g), 245 3uA(H+ A
2 10.12+0.09 cm, A1 4.3940.02 cm, 55F 14.86+0.21 )&
Z}zy 30ube| 4] 39HE O 2 ARSI AN 2O R FFT)
+ 12D:12L, A8 422 FRP (fiber reinforced plastics) A2
o] 20 L AlZi2 5 AMSSIIT ARl 2el 8152 ALS
a1l om AR 4222 14.5-23.5°CE H4 18.2°CHth(Fig. 1).
Holl= AT AR HAEE 2SE (Suhyupfeed, Uireong,
Korea)E AME-5FLOm, AbR 20> 2h A 48.0% o4, =
25 10.0% 014}, 2408 3.0% 0|3}, 23|15 17.0% o]}, 2
1.5% ©o]AF, ©12.7% o3}, =& 14.0% o3I} th AlR3a-2 1
U 33] 2 WEAEE FA8H AL, A AR ATk Al
3 wo] Faoll Al AlAIzieh =AU E A8l 1Y 13] Ao
HE FlA AA7IE AASHAT

A9 20] A9l o= 7= rhe] 28 A| (B A7 12.38+0.12 cm,
AL 5.65+0.02 cm, S5 26.72+0.18 g), 7=t 3uiA| (Bt
Z14F 12.4240.10 cm, AL 5.42+0.08 cm, 55 24.34+0.13 g),
WA 26 A (B A4 13.24+0.09 em, A3 5.99+0.05 cm,
=5 32.2740.98 g), WRE 3ufA| (o A3 12.34+0.04 cm,
AL 5.39+0.03 cm, S5 25.66+0.72 g)E 2+2+ 30ut2] 4] 39k
5O 8 ARESITE AR 271 08 527]+= 12D:12L, AR 4
2 FRPAA] 40 L A2 525 AMgaklch At 7t
A S5 ARSI O AR 22 6.4-13.3CE CE Bt
9.1°CHtHFig. 1). Hol= AH 13} FUsHA A= A=
T 28T 5 ARESHAITE 718k Ak W2 AR 130 5D skelT)

Ao AR HE 3uiAIE FAIZEA 7] (flow cytom-
eter; Partec Co., Miinster, Germany)& ©]-8-5}¢] DNA g2
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Fig. 1 Change in water temperature in growth experiments during.
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AR AR R A7 A2 B FEE 7158k, Hy
of el 2ok AAA L AH-ste] Aldlole] A4, A W %
%2 2171 0.1 eme}0.1 g7bA] ZAshoch. 2% 44 Aot
AV BEEE HROR AT 9915 oko] AL o)g
sfo] AT AER-S AR717E o1 7 A8 SolA
AL HAE sl 5 1 48 ojakstel Akttt

% =(Weight gain; %)=(W,-W,)/W <100

A 7HIA-E(Specific growth rate; 1, %)
={In(W,)-In(W,)}/D % 100

U7FAR D & (Daily feed intake; B, %)
=F/{(W +W_,+W)D/2} X 100

Al 8 -8(Feed efficiency; %)=(G/F) x 100

H| 7+ (Condition factor; %)=(W,/L*) X 100

D, AR U4 F, AR TFE: G, 553 W, ARS7AA] Al
O1F & 5 W, AFSFR A] 017 F 5% W, AH57171 9
AJo] % F L, AR F1 A o7 4%

A=A

7 A AR EE ozl 47 (meantSD)E2] 723} &
= SPSS-EA| 2 T #M(version 23)2 ©]-85F0] ANOVA W
Tukey’s test= A 3FATHP >0.05).

Ofm

2l

g I

A9 19 AAHS Belst ATKFig. 2), Ad 28 9] A
Feche] 26 Aol A 14.5140.12 emE 7P W g 1
, TR 36l Aol A] 15.7020.13 cm& 7=k 26 7] o]
O 2 gk EATHP<0.05). U3l T= A %
2]

oN
lo

EJRUS)
L

20§94 6.90+0.10 em 71 W& ghE Byl ow,
4% 3eiA| o] A 7.4240.04 emZ 7=k 26 o] vl §-<]
207 =0 2ko | ATh(P<0.05).

A% 0] 228 ATMAE, AHRES, A7AEAHS 2
Hghe 2 31018k Auk(Table 1), 2282 Zwcte] 26)4), 3
WA, WAE 3ujAlolA ZhZh 202.86£9.44, 280.49+3.71,
333.5743.21%% E 3uA A k2 Ag ol vl £-2]
oz 7P & 7He BYTHP<0.05). AHFEL J=rt
2] 28l A, 3uRA), L 3uiA| o)A ZH2E 1.98+0.06, 2.39+0.02,
2.6240.01%3 pepkon], Zwrke] 2 A4 o2 AR

N

Total length (cm)

Body height (cm)
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w

Body Weight (g)
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Fig. 2 To tal length, body height and body weight of juvenile starry
flounder Platichthys stellatus diploid (2n), triploid (3n) and hybrid
2n, 3n (P, stellatus @ K. bicoloratus ) reared at high temperature
during the experimental period. Data are the mean+SE (n=30).
Different small letters indicate significant differences between spe-
cies at growth factor (P<0.05).

of uls) fofatA e AUE HUTKP<0.05). AREEE
7pwche] 2604, 3R, 3 3EANA 242} 133.1121.00,
148.18+5.83, 130.38+2.30%= 7Zx=tie] 3ujA7} &3 3
HjAlel] Ha foHoE e ghe HETHP<0.05). 7
2HAEL Fucke] 247, 3uA, BAE SR 22
1.3540.02, 1.41£0.06, 1.70+0.02%= YElFO™, w35 3
HlAleIA] chE Aol Hls) fOHOE B ghe ngt
(P<0.05). HHEL 7 w=che] 264, 3uhA), S 3uA) Aol
oM oI5k Zol& o] 4] SETHP>0.05).

A7 29) 474 vl me AnFig 3), 48 2 A A% %
oke] 284, Zwcke] 3u0A, 3 28R, BE SR o)
A 22 14.63+0.10, 14.97+0.11, 15.08+0.18, 13.98+0.14 cm
2 peh o, WS 3RleIA] T2 AT Hls) §o)
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3Rl A ThE 4
(P<0.05).

AY 20 258, UHHE, AREE, PRAHE
9 B|ghES SeIEE A3} (Table 2), 25 5S Zwcte] 24
A, 3604, TR 2808, T 3O 77 98.58+8.79,
128.2744.42, 67.18+2.03, 54.45+1.69%= Z+=tla] 3uljA|o|
A T2 AgTo] e $-2H 0% e ke BATHP<0.05).
A Zwrke] 2044, 3u4R), EE 20 A, HE 3
v Aol A 2+ 1.22+0.08, 1.47+0.03, 0.92+0.02, 0.78+0.02%
2 et Amrke] 3AI7E 7 B9heHP<0.05). AR EE
o ) 26)A), 391A, S 28R, IS 3u Aol A 7+
7+ 116.61+8.04, 132.39+2.54, 93.38+4.10, 76.94+3.43% 2 7}
wrte] 260 3uiA ol A o ke molow, waE 3ujA
of|A] 71 W2 ZHS BYTHP<0.05). U7k AR HHEL 7
=rte] 28, 3elAl, TE 2uA, A 3Rl 27
1.01+0.01, 1.05+0.01, 0.96+0.02, 0.99+0.02%%T}. B ==
ZAmrhe] 2813, 3u1R), B 290A, A 3 22t
1.69+0.04, 1.66+0.02, 1.57+0.01, 1.45+0.01% 7}%=c}e] 24)
Aol A 714 e 9 BT TAE 3 7P okt

HATHP<0.05). AliL% Mt Zro] mzt
Ag ol Bl frolHom e ghe Bl

(P<0.05).
o F
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Fig. 3 Total length, body height and body weight of juvenile starry
flounder Platichthys stellatus diploid (2n), triploid (3n) and hybrid
2n, 3n (P. stellatus @ * K. bicoloratus ) reared at low temperature
during the experimental period. Data are the mean+SE (n=30).
Different small letters indicate significant differences between spe-
cies at growth factor (P<0.05).

Table 1. Growth performance of juvenile starry flounder Platichthys stellatus diploid (2n), triploid (3n) and hybrid 2n, 3n (P, stellatus ¢ xK.

bicoloratus 3 reared during the high temperature period

Starry flounder Hybrid
2n 3n 3n
Initial mean body weight (g/fish) 16.18+0.15 16.5810.17 14.86+0.21
Final mean body weight (g/fish) 49.02+1.97 63.0810.52 64.42+1.31
Weight gain (%)’ 202.8619.44° 280.49+3.71° 333.57+3.212
Specific growth rate (%)? 1.98+0.06° 2.3940.022 2.6240.012
Feed efficiency (%)* 133.11£1.00% 148.18+5.83° 130.38+2.30°
Daily feed intake (%)* 1.354£0.02° 1.41+0.06° 1.70£0.022
Condition factor 1.60£0.03 1.65+0.01 1.66+0.04

"'Weight gain=[(final body weight-initial body weight)/initial body weightx100]. *Specific growth rate=[In (final body weight)-In (initial
body weight)]x100/rearing days. *Feed efficiency=(wet weight gain/feed intake)>x100. “Daily feed intake=feed intakex100/[(initial body
weight+final body weight+dead fish weight)xrearing days/2]. *Condition factor=(body weight/total length®)x100. The values are mean+SD
(n=30). Means within each item followed by the same alphabetic letter are not significantly different (P>0.05).
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e 4971 gk whebA A o 79 24 Ak 25 7|8
B 179 A7)0 A 9 Al aaS Felekal A
Ataga 2 A% 71 2] of tigt Blol Bl & Fal AR A%l &
WS 2he A7 RIgE ofof ghrt i A= WaAd ol
1 A=t 2, 3ufA|eF w-E (L, P stellatus ¢ X =7}
2], K. bicoloratus 3) 2, 38]AIS iAo &2 1427)(AF 1)
OF A27|(HE 2)0l B3 H AR BE-S E9I5H T

= 30l A A 2ol sl = Al A 57 Lrehd
3 R 1E vk Qtk(Yu et al., 2011). 2 Q9] Auf f220] 7}
o] 3ufAef At 3ufA| 9] Aol FRFE m A= Fast
aclo|qit. A9 10| Zerhe]oF wtE 3uA] o] A7l A
A= 2ufA Eoh $2 dakE Heloh vlE YR oo
3ufA] A 27b Aol R0l avtE Holtke A4 it
QIR IH(Felip et al., 1999; Mori et al., 2006; Derayat et al.,
2013), HA|E BT B2 2] o] Foll A Aol 378 4<l 3
S v|X]+= 2l QJck(Kerby et al., 2002; Wang et al., 2011;
Nascimento et al., 2017). 36} A 0]53-2] A2 &£ W A7 of u}
g ohE = Qo AE 2 9 2 {314 EAJo whet g
2Ha 4= 9lti(Dunham, 2004). ThFst 2740 oJ3) 3412 &
Kol A=, So) 3] olRo] HAA Fo % st
B2 2o A AbdH] ] KSR LR Q1% Y AEY A
o|t}(Altimiras et al., 2002; Hyndman et al., 2003; Ern et al.,
2016). 3 AEH A= A Aot Abm A3 AlgHETe] of
Yep Aol AR g3k vl == Iti(Wilhelm et al.,
2005; Bergheim et al., 2006; Maffezzolli and Nufier, 2006). 4!
9 1oA] Hel Zrerhe] 3ufA|9F wiE 3uiAl o] =& AEE
S AT e 1Y HollA =2 22 0|59 Adl =
20| Bz WHH A4kaF 02 QI g AE e A0 A7 A8t
= fle Aos A S5EN I EY A A=
2] 26 A|of] H] 3l 3uf Aol A F2J5HAl =& At gk AN

1~ ol

[*]

AFREETH TR AL A Lol A fofat Kol 2 Hol 4 elgk
chP>0.05). E5F WAL IAIIA FEET WHAIREHE
o 74 & GhS AU ARES Wol A e g 2]
o}, ol AAk0] 49 S-euut oljet Agelo] B EAE
371 Tefslof R QAISHL Slek. 5 Amrel g 245
31 AFE A7) Qlof S5 Aol X5t ErbAul w s Ao
2 RS AR B4 7 ik uebA] 42 48 9]
el 4] k] 20| S 3w o Ao b
22 W7 tho) A AR HHRE FGgOU, A E
2& ok AZbsict,
AR 204 SEET LB ZPwche] 3R 5014
O & ANE HYTHP<0.05). FErhelE 8C ol ke F
gk AL 413 A Qs AR AR TS ZHelq 57
29l g v Ak 2elA] QIekLee et al, 2021). A4-2o]
ehe 2tjlA) off.o] Aol Eelat A E 3ujI7F 2017
BTk SFET AN S45 ATkE BT AL
712k A 30| 9] o] T Aol Hls) o) 0 o

© W M)A 2] Fgol b Aol uls) FA
A3, 2] Aol W] AFAol7] uhe] 44 42 9]
L kel u el ARE & AR 44e mr}
e 204 olgl 3549 R glolA] tEe] A5
27] E0) Aol stob Atk Ay,

3

¢

T2 9 ol A 3ufA] o) aap2-of chetk el Fg A IF
< e AL 2 YeRgth A7 IR A Y 2) =] 2644
oF 3719 47 Atol= o, wARE 26 A2} 36 Aol A
Aol ot Aol e Aol Al ebdth whebA A
o2 3uiAl= A Soll A A T2 A e AL

Table 2. Growth performance of juvenile starry flounder Platichthys stellatus diploid (2n), triploid (3n) and hybrid 2n, 3n (P, stellatus ¢ xK.

bicoloratus &) reared during the low temperature period

Starry flounder Hybrid
2n 3n 2n 3n
Initial mean body weight (g/fish) 26.72+0.18° 24.34+0.13° 32.27+0.98° 25.6610.72
Final mean body weight (g/fish) 53.04+2.182 55.56+0.78° 53.97+1.95° 39.65+1.46°
Weight gain (%)’ 98.5818.79° 128.27+4.422 67.1812.03¢ 54.4511.69°
Specific growth rate (%)? 1.22+0.08° 1.47+0.03° 0.9240.02° 0.78+0.02°
Feed efficiency (%)* 116.61+8.042 132.38+2.54° 93.38+4.10° 76.941£3.43¢
Daily feed intake (%)* 1.01£0.012° 1.05+0.01° 0.96+0.02° 0.99+0.02°
Condition factor 1.69+0.042 1.66+0.04° 1.57+0.01° 1.450.01°¢

"'Weight gain=[(final body weight-initial body weight)/initial body weightx100]. *Specific growth rate=[In (final body weight)-In (initial
body weight)]x100/rearing days. *Feed efficiency=(wet weight gain/feed intake)>x100. “Daily feed intake=feed intakex100/[(initial body
weight+final body weight+dead fish weight)x rearing days/2]. SCondition factor=(body weight/total length®)x100. The values are mean+SD
(n=30). Means within each item followed by the same alphabetic letter are not significantly different (P>0.05).
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