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B, AT I R T S
1.2 REWEREES

A v S A R B A s T 6 SR
BREE B R R A 4 ISR 4E 17.5.19.5 .21, 5,
23.5.25.5.27.5 CHKEL . BAKELR A
UM 1.0 m®  BEELRR A E 1 000 224, A AT
H 2R R 1 000 W RS E KR . 724
FREEREAIREE 05 d Z )5, & HBAE 19 ~20 CTK

A
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1L K55 6480 103 118 120 198 d, %L |-
A TRBERR R T R & 8RR R A A KR
Ko RE AT I 00 A R BB AL R B 30 ~ 60
FEA o R 5 s 4T U7 25 43 A ( One-Way
ANONA ) | Student-Newman-Keuls 7: £ 5 H 5, 77
B2 8 T B 8 28 0 0 110 AR ORI .

FIHI 129 d 45 0 A K 8cHE, A 17.5 ~
27.5 CHuE W, AR ERE 5 am kK Mk S
ARG , I 23 ST AR 5 0 B K5 I 1Y
RFHRBLR W=aT"8f L =al’ ,iHEREZRK
RME, FEAE AR AR 43515 TR 5 R IE
1.4 FREHETHEBEHR RSN KL

eV B ER TS mh , ZREKE 198 d
I, DA ek 2 A 5 7 1Y) #8126 B 40 ~ 50
FE , U2 E (MS-222 ) ¥ #1 BRI, B 1A E UL 1 i
F A F IGO0, WEPEPE I S HE ORI Bl e 3L
BCCE, T R A AR, J A T AR e ], 2 )
Rk o FEPEVERR S FIHEIR, 52 B0, R4 2 2o
RIR  MEVETE IR A HEME IR A TR o 0 s 25 R
GEitMEMEVE L], SRFS I 30 A A ki
Bouin [ [ , #4764V R, H E e, W lds
AR PR A A A R RE R A, RIS 1)
FrH e, 198 d EMEE AR DT TH L B e Y O L
JE 7 BRI O3 AT T O SR S L, B B rp A A R
WIZL PR A S 0, HEMEMERR ] L
BRHEIN RS /N RS /N ep EL PR BE A1 R A B
BARPRE AR (L 1) o BT RA b O R A5 51 L 1)
Bl , AT A RIELEE R R & AR M L ) AR AL AR
o [FMA G RO T35 7 IR S R L
{51y Pearson #HIEZEL, 7o b HoAH G
) W At ge‘_': .

1 ZH5/5 198 d B (A) 4 (B) F /B BERIEIRA L FHFE( x100)
OC. GRELE; OL. j=BRilE; PN. RIZRGREEANMT ; SL. K/Nt 5k s SP.KE T~ SSC. —JIRS BEANNE
Fig.1 Histological sections of gonads in half-smooth tongue sole by day 198 post-fertilization( x 100 )

OC. ovarian cavity; OL. ovarian lamelle; PN. early perinucleolus stage oocytes; SL. seminal lobule; SP. spermatozoa; SSC. secondary

spermatocytes.
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DB A SPSS Bk 47 5L 2R 25 il
A 3¢ 4y M, [ BF F] A Student-Newman-Keuls
(SNK) i X445 504 3517 22 5 Lh 880, 2o I A
P =0.05 5 0.01 /KA 22 Tk iR g R
TR, 76 A — R 5 v = B AH [R) s 22 57
AEE(P>0.05) , FEEAFERRZERBE(P <
0.05) Btk 2 ¥ (P <0.01), JfH|/ Excel 4tit
BAHER

2 4k

2.1 ARBETHRREEKSH

RN, TE80 d ZHIK L FIRE TAKZE
SAUE, 2103 d AR B I R A 25 7 (&
2) . TEZAEG 129 d i) ,17. 5 CHEFRK FiAE
33155 (40.67 £6.13) mm . 0.413 g,19.5 CHH
Af35 (45.18 £6.02) mm.0.553 g,21.5 CHEHFH}
35(63.03 £14.13) mm 1.45 g,23.5 CHHIA
(61.27 +12.74) (1. 33 g,25. 5 CH&H ik
(67.43 +£11.42) mm.1.8 g,27.5 CHH A
(60.78 +£10.01) mm 1.37 g, 17.5 CHI19.5 C
I AR KRS SHERERREEZER (P <
0.05),21.5~27.5 C R AEKERANEENE
(P>0.05) , A[EEEE T HARKS R BN, A
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Fig.2 Body length( A)and body weight(B) of
half-smooth tongue sole 64 — 198 days
post fertilization at 17.5 —-27.5 °C

TR ) T AR AR e AR AE 27, 5 TR AR KR
R TR G480 FERER,ES TR
TRl G B R 21.5 ~25.5 C, & H4S
WG4 19 ~20 CKIREEE 22K )5 198 d,
HA KA SRR 26 129 d 22 B il 4 1 vh R i 2
Kt 25.5 CFfapiA K (P <0.05),21.5 ~
23.5 TR Z (P <0.05),27.5 THK FRE(P<
0.05),17.5~19.5 CHKFE (P <0.05)
2.2 BESEKEEHEXSH

FE17.5~27.5 CHEEE/KE T BE 5
TR AR R Pearson 2504351 K
0.553 F1 0. 809, {4 Fil {4 5 1) #H ¢ R ECH 0. 681
(F£1),#&BRFN I FIEMHL(P<0.01) FEL

x1 BESFBEHBEK GEEHEXSH
Tab.1 Correlations between temperature and body size

(body length and weight) in half-smooth tongue sole
W SIS (LN

temperature  length weight
V2%  Pearson correlation 1 0.553 ** 0.809 **
temperature  Sig. (2-tailed) . 0.000 0.000
f&K  Pearson correlation (). 553 ** 1 0.631 ™
length Sig. (2-tailed) 0.000 . 0.000
Pearson correlation  (.809 ** 0.681 ™ 1
12':$ Sig. (2-tailed) 0. 000 0.000
weight
N 171 171 171

T s FORME P=0.01 KF ERAMRBEEESR .

Notes; #x Correlation is significant at the 0. 01 level (2-tailed).
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Fig.3 Relationship between temperature and
body size[ body length( A ) and weight(B) ]in

half-smooth tongue sole
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BRI NS AR KRS T IR K A 5
HEXRZRL.L=2.460 7/"""° (R* =0. 362 8),
W=9.0x10"F""(R*=0.7895) ,:\h b <3, it
FPTE LM T 5 BT PN it o 0 8 ) P v e P AR R
AR AR P PR A K, R (B AR R SE R IE Y
AR5 25 S LA R (B 3) ,
PR R B R A T e A A R R
2.3 BEERENFEEHHRRAMES LG
Gt b N  fE17.5 ~25.5 C IR AL
W S METE % 27. 04% ~35.60% , K5 H

MEET R TIC R E 2R (P >0.05), 2
275 C A 47 Mt R & T iR, R
53.42% S HERETMHILAEAEEEER
(P<0.05), TiffEtE%4E 23.5~25.5 CHm
(P<0.05),%60.19% ~71.53% ,27.5 C i
FHAR(P <0.05),443.49% (£ 2) . G5R WK
AR IR AR T Sk T e A YR f (B
4) , AH XSG I 05 S L A . A AR R R
27.5 COKERE B 21 87 0] A3 30752 4 =
PEALAR

R2 FIBEHEL.5~27.5 CEHE THIMEMEE LG

Tab.2 The proportion of female and male in half-smooth tongue sole reared at 17.5 -27.5 °C n=3
JEREE(T) MEPEZR (% ) female ratio T3 (% ) male ratio
temperature mean + SD min max mean + SD min max
17.5 34.68 +4.46° 30. 00 38.89 65.32 +4.46° 61.11 70.00
19.5 27.81 £14.39° 13.33 42.11 60.19 £25.41° 36.00 86.67
21.5 35.60 +7.83° 27.00 42.31 60.76 £2.66° 57.69 62.50
23.5 27.04 +15.47° 11.11 42.00 69.09 +17.19° 58.00 88.89
25.5 28.47 +£5.20° 22.50 32.00 71.53 £5.20*° 68. 00 77.50
27.5 53.42 +6. 08" 47.00 59.09 43.49 £2.47°¢ 40.91 45.83
70 ¢ R2 RESFBEHERNLLGIRERE
o 60F Tab.2 Correlations between temperature and female
R g 50 | (male) ratio in half-smooth tongue sole n =18
X & y - N
{g{_ S 40 b TRLEE MM MR
# %30} T %) (%)
& % - temperature female ratio male ratio
g . Pearson 1 0.319 0.234
101 R (T) correlation N -
0 L L L 1 1 1 temperature . .
175 195 215 235 255 275 sig. (2-tailed) 0.156 0.351
¥&Z /°C  temperature ‘ Pearson s X A
. HEPER(% ) correlation ’ e
B4 #17.5~27.5 CIEBRETX female rate
- o o Sig. (2-tailed) 0.156 0.000
F R B BIRRIE (n =3) b
earson )
Fig.4 Variation curve of female ratio of half-smooth . 0.2 -0.783™ 1
HEPEER (% ) correlation
tongue sole reared at 17.5 -27.5 C(n =3) male rate  Sig. (2-tailed) 0.351 0.000
N 18 18 18

2.4 RES¥EEHMERLEIEXST
ZiRERE LR .2 SRS TR
FEFFEIMEE EL R 34.51% +12.53% |, Bt EL
Bk 61. 73% +14% . KRG E W F¥RE R
(22.50 £3.74) T, JEF5 M 1L )19 Pearson
RN 0. 349, I 5 5 HE PR #Y Pearson F BN
—0. 234, LB 5 WEVE Lo 2 e A oG, S R
LU ) 2 4R O 5 PR 5 1 bl 2= SRR DG (P <
0.01)(F£2),

s FORTE P=0.01 K- FEARBEES,

Notes; #x Correlation is significant at the 0. 01 level (2-tailed) .
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PR HAT WY /2 A £ 2R SR TP I 5 A LS
Xt TP R B A R, ARATH g 1 22 5 A i AT
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180 Koo

S ¢

35 4

B KPR FRAE S AR A SRR I 3 A AR K
PRI FEFEHT A Bl LhtE— 25 52 5 R 1 7 i
3 T PR BT IR R R AR i 2 KR A A i
Bz — o [A SRR HAA AN 138 I K
U EAAE 13 ~25 C i [l N Bl i B 1) T o 2B Rkt
FERHTINTL , 24300 B 1k 5] 20 C Bif A Kl B AR
SEE A (84 d) ,7E 13 .25 129 CHE T4 H i
TR R 0.45% ,1.29% F11.21% , I E5H
WERMWIER AR BN, YIRELE 20 T HIYE
IR KEEEEAE 15.2 ~ 24 CHEEINIGSR, b
U 1 T e JH s RN AR K 38 W R AR
22 ~24 CAREH T RECEFRM, b lEANE T
it 18 TP, HIEE 9 Tl K S8, 12 ~
15 CHpA KR, 7 21 THROLPARA K . K
VU i 3 A R I i AR T 1 485 o 3 3
% REE 2., 20, 200 F12 000 g B % R A 4 I
B4R 15.0 13,0, 11.1 #19.2 T JHEEXT
e gy E K HLA B RS2, ANTE 16 ~ 28
C Y [l A B g 2 1 T, i gy A K R
REIETHR G R 72 19 ~ 25 T,
T B 0 R A K A X B L 7E 16 28 €
WA FTREAIG , T AE 31 CRf T Bl fa e AR KR
W) S ARG AR SR A ST B 2 0 T R R
AT TR H AR KR Mo, TEZ K e
46 d KRR HIE T 17.5 ~27.5 CHEENIHETT
BHE . ZFRAANNERGERE R, E17.5~27.0
CREHE TR M TH s, a0 10 AE R B 52 750 i
R (H24EEER F 27,5 CHE, A A K iR
R, X — 5 DL B RS aE SR A 2 Ak,
27.5 ~ 28 C &2 1 i) fa 1 A 4 o B 19 45 A
A7E19.5 CU T MMM ERKEERE (P <
0.05) ,245)5 129 d,25.5 CTHIAK S 19.5 CTH
1.49 £%5,19.5 C LU ANIE T2 W5 & S 4h i 19 55
H o MWL S R RV B A G T R
FE17.5 ~27.5 CHu [ N L 521 0 65 4))
PR AR # S B  IE A 56 (P <0.01) , fAK
A TE 51 5C R FRE Eon L EA G . A
o ARTE 5 B 1 pR B R R AR L B Y
R AE17.5 ~27.5 CHEE N L HEBRE R M
AR SR BIEARSG . AT DLAE 2 o g e
BRE 3 MAR EKOR AT 4R AR U
25.5 CHE A TR &R d K,
RN S E KA B B WIR , [ —

PR AR () A A ) o A e X — R TE
VFZ ZSH rT ISR, Mo B e A IR T RS F I A=
KA I B8 Tl R E (P <0.05) , PR &
HAREALE T =i, RS & A ME AR S B0 A%
TR FHR (P <0.05)"", 2pu S IR 2 7
SR AR AL B ] R A O TR TR
A KSR A B R TRl T H A
FEfRIS B B RAR T 7 em B9/, 1A AR AR XE
Sy PRERR A BERE T , RS BG4 RE 4 B
PREEE] 10 em B RRAEA 5 8

SRR S AL XS 1§ £, ( Chelonia mydas ) (/) V£ 53]
HATTEAE RS IR AR 5 ple s (TSD) 3%
EAFAETPIRIE T2E . F2 mrtm b 5
TR BN R R A , ol B AR 2 P T
rhoxT 8 2 ] 3 AR e (R B ST R R )Tz . TR Ak
( Misgurnus anguillicaudatus ) F1 K # & 8
( Paramisgurnus dabryanus) JRJGHE 20 ~ 30 C i H
WARE AR 1Y T HME R ] B 42 i, T 3k
80% L b BA I AR e 36 T i G
PR VT #ifa ( Pseudobagrus vachelli) %))
f7E 30.0 CLEA RGN L F , HEH Rk E
83.3% ,34.0 CLATPERR G I MEME & &, HEMEAL R
10426.4% " . BELSRSELE 34 TR T 5T
AT REEVE AL R MEAE k1. 68:11 W it
7 R Vi BB o T L A T L B e A L
B RS AR ARG 5 d SR AGER AL
PHMERE LG T R R B o T
AR ™ 25 5 LU (R R e, T o i)
TREEPE LGB 101 o AREAN ) 8 28 7 i AT IR
I AT ), AR 82K T B ROR M ] R
(TSD) 144 3 RS AU . S 1282 A R il 15 = 2
MEPE AL, AR 75 5 O ME R Ak, 0 R I A R
Atherinidae . Poecilidae, 2Z& #§ £} Cichlidae, & #}
Pleuronectidae , i} Cyprinidae , 451125 2 & iR 175 5
S MEME AL, TGRS LA AL, g s SR fm |
Wi frite 5 M2 7E SRR T 355 5 ) 4
e FRVRREPAE AR, e ) L 32 P L i) ~F- A , X — S
FEAEAE T S ORI B A

T AR IR K IR0 e h A TR i)
EZ8) o < 3 S Y S L A o W 3 L N el
K600 g LA b, HEVETS 150 g HEE o A AR 22 4
5 ABRAE AR T AR A R, 3R
AR b P 31 LA S A ) TR A, 7R 2 7 e
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Ay £ B A AN A 8 B R — e 22 ~
23 C, 163X — 5 R 2 185 S0 e 2R AE 30. 0%
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RIFRIEAE ) ARG 21,5 ~23.5 CREAMEM RNy
27.04% ~35.6% , 5477 F A% WL AR, 1B
ARSI i A H A T SR 1 B R S M
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Effects of rearing temperature on growth and sex determination in the
half-smooth tongue sole ( Cynoglossus semilaevis )

TIAN Yong-sheng', WANG Di'*, XU Ying', CHEN Song-lin'*
(1. Key Laboratory of Sustainable Development of Marine Fisheries ,Ministry of Agriculture,
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071 ,China;
2. College of Life Sciences and Technology ,Qingdao Agricultural University ,Qingdao 266109, China)

Abstract: Half-smooth tongue sole ( Cynoglossus semilaevis) is a commercially important cultured marine
flatfish ,in which females grow faster than males. However ,under culture conditions, male ratio is higher than
female ratio in the half-smooth tongue sole. To find out the reason, one half-smooth tongue sole family is
reared for 65 days, from 64 to 129 days post-fertilization( dpf)at 17.5,19.5,21.5,23.5,25.5 and 27.5 C,
respectively. The body size(body length and weight) of the fish was measured on 64,80,103,118,129 and
198 dpf, respectively, and then the relationships between temperature and body size were analyzed by
ANOVA and Student-Newman-Keuls. The result showed that the growth rate of tongue sole increased with
the increase of temperature from 17.5 —25.5 C (P <0.05) and then decreased at 25.5 —27.5 C (P <
0.05)on 198 dpf. The Pearson correlation coefficient of temperature and the body lengths and weights of
tongue sole were 0. 553 and 0.809( P <0.01) ,respectively. Moreover, the relationship between temperature
and the body lengths and weights of tongue sole were described as equations L = 2. 460 7"’ (R* =
0.362 8)and W =9.0 x10 " °(R> =0. 789 5) , respectively. In addition, the gonads of half-smooth
tongue sole were analyzed by morphological examination and histological sectioning on 198 dpf. The sex
proportions and correlations between temperature and sex determination were analyzed by the method of
ANOVA. The result showed that,low temperature (17.5 —25.5 C) produced a higher proportion of males
(27.04% —35.60% females,P >0.05;60.19% —71.53% males,P <0.05). When reared at 27.5 C,the
proportion of female was up to 53.42% (P <0.05) ,but 43.49% ( P <0.05) of males. At 17.5 -27.5 C,
the temperature was positively correlated with the female (0. 349 ) , and the male was negatively correlated
( —0.234). The study suggests that temperature plays an important role in the process of sex differentiation
and growth of the half-smooth tongue sole.
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