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Comparison of high temperature tolerance of turbot
Scophthalmus maximus F, families and broodstock
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(Mariculture Institute of Shandong Province, Qingdao 266002)

ABSTRACT To test the high-temperature tolerance of turbot, young fish of different turbot
F, families was studied through heat shock and being cultured in high temperature seawater.
Experiment A: 50-day post hatching(dph) young fish from F, families (year 2010) was heat-
shocked acutely in 30°C seawater for 2 hours, then transfered into normal saewater and the sur-
vival rate was recorded for the next 48h. Experiment B: 100dph youngfish from F, families
(year 2009 and 2010) was reared in high temperature seawater with the water temperature being
raised continuously at 2°C /day. The survival rates of young fish in each family were recorded every
12h. Twenty F, families and 11 broodstocks were selected by the survival rate phenotype post heat
shock and high temperature culture. The 20 F, families and 11 broodstocks of turbot with high-tem-
perature tolerance are expected to become part of the core population for breeding.
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i F KZZE Scophthalmus mazximus ¥ 15 50 Z B8 T 8825 . 36 T REAE 7645 72 B[R] X 6] PN T =7 S IR A o &R
A B R A v T Y S R S T R AR . AR REESERY R F IR T 20 At 90 4EAR, FE b Tk
MPEHEF (Gjerde eral.  1997; Haffray etal. 2008; Imsland ezal. 2001),2005 455 B W4 £ 8 IT & K
EEPE MR AR O 5% 2011 EHES 201D S HOTAL (BB %% 2008; K X%
2008) AR T (I 4REFE 2010) FREEDI (X 845 2007 A8 07 AR IS 1 R B . XV 2 W R B9 BE S R
PR, 7 R AN [ IR 58 B 2 4 2 7 A X R B i A% 0 B 25 5 (Carline  2001) , BRI AT DA B2 A Ry 3 6 g 32k 5 ffit
A R o ARWESY LUK ZE B S i v R S E O B iz R R 5 A S SO B SR A O B R L LR T
2009.,2010 4 Fr g a7 B RZEBE T — R (F)EK &R 50 H i (LT @& #K dph. days post hatching) fil 100dph %)y ff [ 4
i 52 7 B9 22 50 o LAY 07 356 T v VL R R —AROE AR

1 BT

1.1 KEHMBRAES

SEF 2009,2010 FEAE AR G HAEK AR AR AT, LRER A 2006~2008 FIRER KEHF
FRILREBEIA (G (8% 2012 TEF M TF— R (FOR R P HA 0w vk f 6, N TREw &N T R
(FHRFR.

SC .22 A 2009 4EFK & 100dph 48 (4K 70~80 mm); 36 4~ 2010 4E K R 1Y 50dph (&K 17~24
mm) il 100dph £ (44K 75~90 mm) , FRRL AW R 1.8 2. ZHRAF M Lhanss kR s E%E
(2005) , & 85dph B LA [ iy i -7 S A PO B FZ BRI bRic g i, IIX A R R R .

SLHG RGN - 50dph &y 2 2% 58 R MO FRAL BEALAME 10 BAE o — A 5080 41, WSE4E 10 L KAE R34k 24 h
ORI 17.5£1. 0°C . /KMKIE A DO= 8 mg/L, H#/K % 80%) ., 100dph & . % K R BEHLAMEL 10 )&, 5 %F 4l
RFETHAE 1.8 m LUK 0. 68 m® (144 T i 3% 35 4R K Rl v

F1 XEH2009 EXZFEMRLRRAXGARER
Table 1  Broodstock of 2009 spring turbot bred F, families

K % Family AR MP LA FP % % Family BA MP LA FP K % Family BEA MP LA FP
2009-K 2792 3920 2009-D 3366 271A 2009-X 2AA0 4836
2009-V 2792 3E87 2009-M 51AF 271A 2009-L 4D68 4836
2009-U 2C92 3E87 2009-G 53E4 29BB 2009-O 5140 3F9F
2009-E 3F93 3E87 2009-1 4637 29BB 2009-R 2BA1 4493
2009-C 4A65 3E87 2009-N 4637 4D61 2009-A 529E 483F
2009-B 2CA9 3C67 2009-H 4637 3CE0 2009-W 530A 4FC7
2009-S 2CA9 5372 2009-F 53E4 3CE0
2009-T 2EA6 5372 2009-P 3471 2515 Xt ## Control

* TE AR R AR08 R R A

Note: The half-sib families have the same parents

1.2 SRIE IRIER ISR

o 5 52 50 0 7 3 3o 9 2 B0 04 5% 28 40 ey S 00 5 T 50dph 40 £ 1 448k 2h
J5 48h PR BOESMOR B 30°C . i T 2009 4F A 2010 4F 100dph &) B fk K I R 7 (43 514 21, 0°C A
14, 8°C) B L AR B 1 B4 S35 ¥y 27 0°C i1 25. 0°C e Fi 1) 00 855 7 19 ) B4R 8 300 & £ 4 g % B 20,
TSI 3 AN TAT I 12 KA 52 00 0 UE T SRR TR o T MS-801 5 U A3 19 e 44
TR 45 K VR DB A PO B (USRI 0. 5°C)
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K2 XKEFHF210EEFTEHRREXBEER
Table 2 Broodstock of 2010 spring turbot bred F; families

% % Family 4 MP LA FP % % Family 48 MP LA FP % % Family 48 MP LA FP
2010-4 42660 3369 2010-27 G8® 46C1 2010-43 48BC® 4031
2010-5 42660 2943@ 2010-28 G8® 47C5 2010-44 54AD G14®
2010-6 4BEF 5058 2010-30 G109 3600 2010-45 2B98 G14®
2010-8 50589 326D 2010-31 G10® 419E8 2010-47 4846@ 2574
2010-9 5058@ 2C27 2010-33 29B1© 483B@ 2010-48 48469 G16
2010-10 5058% 3FA9 2010-34 29B1© 22470 2010-49 48469 4028
2010-12 2B98® 2247® 2010-35 29B1© G13 2010-51 29B1© 2943@
2010-13 2B98® 3260 2010-37 28600 2CA9® 2010-52 29B1© 483B@
2010-14 2B98® 37A5© 2010-38 28600 4031 2010-53 29B1© 32DF
2010-18 G3 483B@ 2010-39 2860@ 2E219 2010-54 361C 2943@
2010-24 4BEF G7© 2010-40 4266 2E219 2010-% HE-A
2010-25 2860 G7© 2010-41 48BC® 2E21® 2010-%f H8-B
2010-26 G8® 37A5© 2010-42 48BC® 2CA9D 2010-%f 1®-C

* TE RAS _EARAH R 28 2 0 2 R UK &

Note: The parent of half-sib families has the same superscript

1.2.1 100dph %) & &8 Jc 38 = I

SIS N AR 1.8 m M HEIR IS B IR AN KA, SEIG K AR 0. 68m® . & K RBHALAMI 10 B4, 2009 4F .
22 K FRF AN AL 3R 230 52010 4F:26 DR FR K3 XA, 3L 290 B BAFATIRSE T 1 DK,
I 0 5 SIS K AL 0P TR BE B 1R O 5 A R T K R A N R) LR 3. Y4k 48h S5 . & H 08+ 00 A
16 : 00 1 SR MG B T RS ATk, 4 H 15 ¢ 30 T BLH V59 5 » 0 8 £ 101 40 &8 5 46 10 15 /K T %) B e v /K, H
¥k 3 80 % ,
1.2.2 50dph %h & & k) 3k 52 B

K E R 200 L #E 6 PVC KR KA 80 Lo fdiH] 10 L BURLKAEVE A HUHA SR . 36 1> 2010 4F K &
AR BRZH 4 58 2 00k B3 0 WO2 1 S 1) 101 ZKRS v, o 28 9 3% 9 52 56 £ 3R 4T 2h 19 30. 0°C AU | il i %
AR 17 5°C M a5 F o X AR A A .

®3 BRAREMIIRMERF RIEXEMH

Table 3 High temperature tolerance test procedures and treatments

R HREN R ) Y75 12 J KAk Th ik 33 5 7 I i W/ BRI E R W]
Year of Developmental Methods of Experimental Heating rate High temper- High temperature Observation
family stage(dph) domestication water volume(L) cC/d ature(°C) rearing time(h) time(h)

2009 100 21.0°C X72h 680 1.5 27.0 72 72

YH JiF 23 AR
2010 50 17.5°C X 24h 10.0 i 5% 2 30.0 2 48
Sudden change

2010 100 14.8°C X 72h 680 2.0 25.0 72 72

1.3 Zit5HH

TfF 9 45 SR LS A7 41 09 S 249 (8 b ofi 22 R L il SPSS 11,5 J R &K 7 22 43 #r, P<<0. 05 M2 R B3, P<
0.01 =M 2% . I Origin 8. 0 ZAFH P o LUAEE A5 0 51 5 2 T v il BE 0 B9 M0 o L~ [ i 5 2% | -F
PAET5 AR Dy 0 530 R AR Tt o B 7 9 4K A0
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Fig. 1 Temperature regime for the high temperature

experiment in 100dph young fish of the 2009 families

BER LR ERME R Y A 27°C & il K 5
ﬁFE@ﬁ?ﬁ%ﬁ' KA B 5, BERFFMEER 4

A BEA AR R 2792, 2CA9., 4637, 53E4, 2K [ iy
%i@ﬁ—‘{ﬁ%ﬁz\ﬂﬁ 41.67% .50% ,41. 67 % H
45. 83 % , AR AL T 40. 00 % ~50. 00 % 31 [l P » AH
B[R] TG 2 L O BB O A T R L R D AR
MBEA R, CRERBEE R 6 A A 52
271A,29BB.3CE0,3E87.,4836 il 5372, > [f] Jfy °F-
YIAE 0% 4 9k 58.33% . 37.5% . 29.17%,
62.49%.50.00% Al 54.17% ., &b T 29.17% ~
62. 49 %N . SHRLFEBE AL CHRF

100
&
2 80
g
S 60
:
2 40
#1 20
e
0 o 22 hehh 2ER AR Lgenuggods B
{2 o =
SR 00 B8R 47 5 2633889380
H Z K [ i X & Maternal half-sib families ©

B4 2009 A 5 6] 52 2 K 35 7 773 A H A

Fig. 4 Survival rates of the 2009 maternal half-sib families

at high temperature treatment
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Fig. 6 Survival rates of 50dph and 100dph young fish of the 2010 family being reared at 30°C and 25°C ,respectively
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Fig. 8 Survival rates of 50dph and 100dph young fish of the 2010 paternal families being reared at 30°C and 25°C , respectively
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Table 4 F, families with possible high temperature tolerance obtained by phenotypic screening

% &

KR R EB= KRGS FEW )
. . . Developmental o
Year of family Number of famliy Number of family Survival rate
stage(dph)
2009 4 C.N.E.X 100 83.3.83.3.66.67.66.67
12,26, 31, 13, o
73.33.73.33.75.56.,78.89.80.00,80.00,86. 67,
2010 13 25, 24, 28, 34, o0 86.67.86.67.86.67.,93.34,100.00,100. 00
27.47,10.8.33 T Ty e :
2010 3 26.8.49 100 60.00,60.00,80. 00
41t Total 20

R REHTH TR N EL M

Note: Repeated parents have underlined number

£S5 REFRREGEHNTEREEEHSEERN Fixa

Table 5 Broodstock with possible high temperature tolerance obtained by phenotypic screening

R S AT PRI R K bR PR
Year of family Developmental Matcrna.ll/patctrnal Code of Survival rate of half-sib family
stage(dph) half-sib family broodstock( %)
2009 100 HEM —
2009 100 LEP 271A.3E87.,5372 62.49.62.49.54. 17
2010 50 R M 5058.2B98.G8 86.67.69.72.82.22
2010 50 L& P 2247.G7.37A5.483B 80.00.,80.00,70.00,71.11
2010 100 HEM 4846.5058.G8 40. 00.,33. 33.40. 00
2010 100 L& P 37A5 30. 00
411 Total 11

* E RGNS A T RILN NEL R A

Note: Repeated parents have underlined number

2.3 2010 £ % 100dph 41 & 25C 58 L

2010 4E52 2% 100dph &y £ i i /K 77 X 6 400 18] /KR 28 S 1 20 WL 2, & 100 HRS 25°C v K 85 7 1l 4

A FETG 2 LI 6, 100dph 25°C /K 55 B I B 9 4715 28 7E 0. 0026 ~80. 0020 Z [, 22 Sy ek . Horb 13 4

KEAARMIET 1A F R 10.00%6,9 DEKRAFIEH 20. 0026,40. 0096 ,60. 0020 4% PIA~ K & »80. 00 05K
A 1A ZRERIETEREAR.

BR LR FFRMEEFRK 100dph 2 i 25 CHRBAFHERILE 7.8 8. #RFFRBPRFIL 10 4~ A5
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Sk 2860, 4266, 4846, 5058, 29B1, 2B98, 48BC, 4BEF, G10 Hl G8, > [F] Ml °F 34 77 1% 2 4% % & 10.00% .
13.33%,40. 00% .33. 33%.8.00% ,13. 33%,10. 00% ,0% .10. 00 % 1 40. 00 % , £7 1 K SR AR . R4 F1%
FETE S W 2% 1 4846 .5058 Fl G8 HA M Mtk . LR PEFRME R I 8 4, ARSI 2247,2943,2CA9
2E21.37A5.483B, G14 F1 G7, 2 [F] jg - ¥ ££ 3% 2 4> 9 K 20.00%.0.00% . 26.67% . 22.22%.30.00% .
6. 672 ,10. 00 %1 0. 00 %6 , 7715 MR FAL . AR 07778 R A Wi 2% /8 37 A5 ] g HLAT Tiif = i Motk

2.4 FEHMAREAMSEERKN FEER LRER

MR 2. 1~2. 3 1w il 5 A7 15 AR 0 1 nl e B AT T g SR MR o KR 20 A AR08 TR R &
G e T RE R I SR MOIR A ook 11 L AR BIILR 4 FIK 5,

3 it

3.1 kF=ghimt s K B T R AL R

ok 2 32 DL R RN AR IR T 52 &R O B BOBE SR S IR BT 2 (RE AL AR 1999) X TR IR 6 Cy p-
rinus carpio W B FIT BB (R BHAEEE 1994 ERIHEEE 20065 & WE4E  2008) 728 B B k44 Oreochro-
mis niloticus (Z=2MTEE 1996) . KE i Pseudosciaena crocea (ZEW =48 2010) b A BT 5t 38 45 A0 24 1 13F
2005 4FLAUJS o [ 7K ™ 3l 0 T L 2R 00 38 B BESE AR A i QB A5 A 5% 20065 XK 20085 XI5 AR
20115 HRPESE  2011) 3K — 5 10 4 B GRTiR 3 MER 09 5C 7 BE b Tk o % — O A 356 W 77 b X 3 T 3 i 3% 199 3 1)
oK RS BT T IR GRS e R 2R T e T TR A B 3R R R M B T B AR A A R AR
FEUFIK 1T REFEAE B AR TR IE LA | IRt B A i B & e M R A 5 18 3L

AT v 52 R W SR AS T T e i AE ) B0 A 7~ — AR, AR5 AR b BT o 3R B ) 28 3 R U 0 B T 1 R
(I8 I A RRUE o X S BT (201 1) fof I Aof s A A8 R 5 R 52 69 1 vy 3L AR 3 4% 1 40 531 089 0. 026 0. 034 A1
0.02640. 053, 5 % 4k o it A iR MR 3848 3 A T (Behrends ez al. 1990) , J& TR AL 7 . M 6K 384 3 4 Fb
HEAT VEF ROME BE L K T st A2 )W . [l i R PR AR L, Zh 0 >4 o 2 s R R 2 22 B DR g L O
W M (B R A 2006) o H XS i i A R 9 38 4% 2 HL R B S 850, A 2 A O O T 2800 1R R
MO L2 B HHLH (REAE 1993 F 4% 2007) B H AT M A REE 8 7ES G T AW TR &R .

3.2 HEVYMLEE R A R X A 4 B 5 R 00

Az W — IS S0 R P BSCHE T B 4 e A o ) A 2 0 A TR o R B AN O N T s A I A ik AT A —
FE AR L PR A O T 32 L RIS B (2R B 45 1986 MUK 2001) . K32 6 J I 3 P 0 2 feal R
KK Ry 14~17°C % i il B BE 71 22 (R B H % 2005) . 4 3778 & B9 15 B, xF te 5 R 399, B a3k ok 22
{5 5 SRR AR O R L BR L ARAT T — i 41 i » LD AT AT 2 ) A B J50 08 5 R MO 0 MR I R M AE 5
AU R 2 — o 7 T AR TR PR Iy T ) A 35 R 10 25 7 - 2 S ORI R A [R] B A R R L 5 . AR F 5T
LWL B A I B 42 - 2009,2010 AR 5K & 100dph 4y £ 5256 Fip 15 7 il B2 30500 04 21°C A 14, 8°C Tl 791 5 56 v
FOACIRE 22 F A0 K40 5 27°CF 25°C . XIRBIAF (2011) & B, K 28 67 A R it v 3 bR 15 4 o ) 252 36 780 47 3
FH A (—1..00) 2 B LE OS2 iR o 3l PR DR I 90508 S S A PRI - o ks 527 fhy 2k o of 2 R0 R A7 50 IE 2 A o b 22
(o DRI FE AN ) A AR (IR A DXL 3R BR K L S SR A X R AN TR AF 173 58 &R T oo T MR — 8 AR EE % B 2 2R
AIERRE . 258 b ARBIT S TT TR Y PR i 5 72 1 A 0 vy L 1 L T 52 52 6 o 3 050 R 40 5 0 4 SR O 1 ) 8 2R D 2 £
A AE A B0 A e PR R AR MR A 0 S B [ R I T A i I B0 S B S 6 A 6 L AT A T i O R
A4 8 7 4 Ak T B AR AR B

2 £ X M

LERE, EHE. A & Lk, FEHFE. 2008, KEZEHF (Scophthalmus mazximus) &) A K& IR (19 358 4% 7 B AR SC M 40 B V¢ S5 19H . 39
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