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Histological transverse sections of ovary (A) and testis (B) from 4-month-old turbot (x200)

Fig.1

00: BPER4fE; OC: BPEE; SC: FahE4l
0O0: Oocyte; OC: Ovarian cavity; SC: Spermatocyte
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Tab.l The sex ratio and y? test of 4-month-old
juvenile turbots in 37 families
RS RET P
Family D *C % Family D 70 xe
1 45/55  0.81 33 49/75 5.04"
2 62/80  2.03 41 35/54 3.64
3 42/58 225 45 54/110  18.45"
4 32/68 1225 53 48/78 6.67"
5 46/44  0.01 56 78/77 0.00
6 43/57  1.69 62 53/52 0.00
7 33/67 10.89" 69 38/88  19.06"
8 49/54  0.16 74 92/117  2.76
9 40/60  3.61 75 44/48 0.10
11 22/78  30.25" 80 35/56 4.40"
12 32/68 1225 82 30/64  11.59"
13 45/52 037 84 46/46 0.01
14 38/65  6.56" 90 35/45 1.01
15 45/68  4.28" 92 38/67 7.47"
23 42/54  1.26 93 29/60  10.11°
28 33/71  13.16" 95 35/58 5.20"
29 48/72 4417 96 40/73 9.06"
31 37/37  0.01 97 51/72 3.25
32 32/78 18417 | MQ/S  1596/2426 170.87"

T *RIR 26 573 35 (P<0.05) ; **3RIR 22 il i 35(P<0.01)
Note: * shows significant difference (P<0.05); ** shows
highly significant difference (P<0.01)
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Tab.2 Two-way ANOVA analysis on the body weight of

2254 individuals in 20 families

TR RZESE 37 N K FR 4 Hivdhfarp,

A AmE S SO P POy 19 SR MR L S RS 1 (P<0.05), 18
Factors dr Mean square  F value P value P o N -
P Sex I 45572 6.834  0.165 MR HUMERERE O AT & 101 (P>0.05), fR{33RI
K% Family 19 581.554 87.205  0.000 EZRF R PR M RZ RS . ST 4022 &
HEH 5 19 12.52 1.877  0.448 4 Alegtart, METE 1596 F2, HEYE 2426 2, MEARETE
(SexxFamily) Feh 1:1.52, WEWE 1:1 (P<0.01), ¥ 4 A K
20
18 B e
16
20
£ 141
w S 12)
B o gl
2
4F
2.
0 e ;
62 69 74 75 80 82 84 90 92
K 725 Family ID
2 525 AR 4 £ 0 1 2 A
Fig.2 The average body weight of male and female in each family
R3 HRENMWENMMEENREZRTEZSH
Tab.3 One-way ANOVA analysis on the body weight of male and female in each family
KERS HI{E (F+M) K F HEM JONI: We/IME F{H P{a
Family ID Mean value Mean value(F) Mean value(M)  Max-value Mini-value F value P value
31 16.00+3.90 17.3244.18 14.68+3.14 28.8 7.8 9.426 0.003**
32 9.84+2.18 9.96+2.07 9.69+2.33 14.4 4.6 0.522 0.471
33 9.64+1.94 9.60+2.14 9.60+1.81 15.4 5.8 0.000 1.000
41 10.15£1.90 10.42+1.81 9.98+1.96 16.8 6.6 1.156 0.285
45 9.30+1.87 8.86+1.76 9.52+1.89 14.2 5.8 4.616 0.033*
53 15.66+3.73 15.32+3.66 15.87+3.79 24.0 6.4 0.628 0.430
56 10.87+£2.10 10.92+1.93 10.81£2.27 18.4 6.4 0.097 0.756
62 9.55+1.86 9.59+1.84 9.50+1.90 16.2 5.6 0.054 0.817
69 10.27+2.40 10.30+2.31 10.26+2.46 17.4 6.0 0.007 0.934
74 13.13+£2.73 13.73£3.10 12.65+2.30 20.4 6.8 8.304 0.004**
75 14.58+3.68 15.02+3.37 14.18+£3.92 26.0 7.4 1.206 0.275
80 16.10+4.09 16.14+4.50 16.00+3.84 254 7.2 0.076 0.784
82 9.82+2.83 9.93+3.21 9.76+2.66 20.0 5.4 0.076 0.783
84 10.06+2.09 10.27£2.22 9.85+1.94 14.6 5.6 0.958 0.330
90 10.1842.45 10.41£2.65 10.00£2.29 17.4 5.6 0.549 0.461
92 8.95+1.99 9.19+1.98 8.82+1.99 13.0 5.4 0.832 0.364
93 12.55+2.50 12.00£1.99 12.81£2.68 18.6 6.0 2.102 0.151
95 9.30+2.12 9.30+2.24 9.30+2.06 15.0 5.2 0.000 0.990
96 11.15+2.63 11.20+2.69 11.12+2.61 18.4 6.0 0.026 0.873
97 10.00+2.13 10.48+2.22 9.67+£2.01 17.8 5.2 4.449 0.037%*

e HEEM) R MEPIRE (g)ebriflZs s “HHEE)FBEM) iR MEM: R P I IR (g)ebnifliZs; *Fom 2=
S, P<0.05; **FREFWBE, P<0.01
Note: Mean value (F+M). Average body weight (g) of female and male individuals within family;
Mean value (F). Average body weight (g) of females within each family;
Mean value (M). Average body weight (g) of males within each family
*. Significant difference (P<0.05); **. Highly significant difference (P<0.01)



54 ook B

2 )R %36 %

SR FE AR KT b MEREYE 0 E 000 3 O B 5 7
FENF L, T ZMEMENE IR FE 0 2 0 g
JUE TR0 R R MRV HU R 3 i 25, F o R B0
MARZM S . XAEEHRS Imsland Z5(1997)%} BfiHL
PR 421 F& 620 H i KEEBEGE T 0 MEREME: Lk I Cal
Z5(2006a)%f 6-47 H % K2 648 1 e IE P L AR )
&, W FEME 1:1 (P<0.01), 1fi Haffray %5(2009)%}
9 HISRZES 11 MEREBERIHE 100 2B)i#17458
I, B9 ANFK RN RS 1:1 (P>0.01), {H
AN ERBEFEMWE 1:1 (P<0.01), HIHHI7E P
A FRHE P LA A = PR IR o AR SR AR R
R MFEARBOE B FERE L, K0 & BE R 2R R
LT MR LR 121, HAE REEAREEAOK T B
T MEREE OIS 101 IS . R4 N T3R50 410
T, 4 ARG, KEEBEPET FRBAL, ARSI A X
fa, Wik, 4 A2, FERERSERKT L, X
5 R I O N Ak S i 4 F IR EIR T KN
1, REPFkA B EM AL,

AWFFEXS 4 H IS REE0ER R N MEREA R 4 22
SRR, TR R ZFZKE L, R4
O i A AR HE 22 7 OR B 3 (P>0.05) . Imsland %
(199NWFFE KL, HALE 8 A2 )n, KEZOFHE Y
AR A HE A B, T 68 i MfE Ik 1A
IRE 23 A B2 (P>0.05), VLHZERBET FCp,
VIR R BB BEARAR 158 — IR (4 A 224 )ik it
i, AR R PRI E T 40 AR BETTIOERR I,
IR AR O B S a3 9] 7 A A R, X
R 2 X UK Pk AN 4 B2 B I A SR A i B Ee B, 5
A, MRAE Imsland 25 (1997) 5T, 8 H & A MfE £r ) A
K i, M MARE i Bl 2E 5, SR
W14 AR AR, BN R AP ERT 10 1
ARV IR REAR, v RE S X SR M e A —
SO, (HJEHE—20 TR, 2013 AEASTET T 4
A I EEEEL v (M ifE=1:1.52) 5 2007-2010 4F
BB E (M iE=1:1.5-1.7) 2 5 A B (P>0.05), H
4-14 A AR R EESEAET 5%, b nl (a4
VLIS (14 IR 2240 ) I B R AMARAE 0
BRER, TRAS I SR AR 5 B

£ ST HE S (W R AR T L K 1) i A
DN R (O EZe0: (= NARe el S i | o e | s A |
DL K BE AR A 2 00 28 5t A% 27 T B b2 1) B BEE 9T N
2o RIIA MR R, KBRS A TC S
B XX/XY KRR 2Z/ZW 2550 e [ R 0
HErE AN IZ 2T 101, B ERIE B0 58 25 51 S A
FEX RPN T MEMENE LU ORES 101 MBS, X FPER S a0
TS TR A, AR IR AR AR R 8, 1

HARYEASF 5T 25 e = AT LU R S RN . — 2R
WY BOMEME A PET R . WAL E] 4 H b4l
6], BRI FF V4] RO | AR RS 0155 Bk AT,
MRS KA E sET- (158 5%, 2004; Munro ef al,
1995), 2| 4 H &5 Tk, B R0 M8 BT R AE 20%
2o A (BRI K ) (Ruyet, 2010), E A HRiK V18 = T
KR, 02 006 Rl L REIA 2 30% 4547 - HE
DAE AN 3 A v, 1 £ 7 A A7 RE O mT BB 2L 55 T Ik
B, WEPEESE T RAR X, S B BT L) L
T e 2R O o [ AR 23 B2 RS2 B 3 A 7
T —L6fF5¥ (Martinez et al, 2009; Casas et al, 2011;
Vifias et al, 2012), {H H A8 % A 15 21 K32 S04 51 A ¢
BN R TARIC, WRESRAR TR R AR I,
T AR A A £ U LA T B e, e e L
T IREEISE 11, XA Rk —2 iU 5EiE
S, TRAFE—EFEE N 5 B AERY. . Haffray
Z5(2009)%F 9 Hi#E 6 NEARCKRIATEAMEBEMN K R)
TEWRALIS 35-100d [ 3 NMRBEE(1S. 17, 24 0B 4
PF T MEREREARTE L ST i R, A7 3 DK R MEMENE
M2 IR R 25 57 35 (P<0.05), HAPIANERIE 24°C
WEEAMTHET 15Ce; 17°CititEimZ, %A 1
MR ZRMEH N 24 CHNTCHEFMT S 15°CHLL
TEEAR 22, U8B IR 23 X A0 22 Pk L 77 A B 5
M, AHEGEH, MZAGORE] 4 Az, ghfakisiK
R 15 CH EFHF] 24°C, AN R K IR T
752X BEAR 8 R 2 7K1 LU i 5 7 A 5 ) 38 5 52 o
— 25 B SE RS RS o

V5%, TR, TOIPE. REEHEM ALY Rt R Fh A i 56
HEER. IERLE, 2004, 28(3): 1-4

HEH, fLAS, B CHL, &, KEEOER R R 5T %,
PEAKHFSE, 2005, 26(6): 94-100

SRPRIC, kKA, LA, % REFERMEREARL K AT
B B BAH AT, W PEAK =TSR, 2008, 29(3): 57-61

A, XIS, Bk % R OHARYE R Y
AR e R . Bl 2011, 32(6):
37-42

TR, XHrE. KSEGY Scophthalmus maximus L5 | IR A
WIEATE. B HILEE, 1995, 11(10): 1-3

TR, KT R 2 — R 26T, TP EUKT™, 2000(4):
38-39

SRR, KEEPA 5T R SRR P\ A R . ol 2
B, 2003(5): 16-16

SRR, WK FRRE A S S R ) I R E K,
2002a(2): 6365

WS, T MR E IV T 3% £ i — 2 n] SR £
B PACHOIL(E E, 2002b, 17(4): 5-8



B E 5 KIEEE(Scophthalmus maximus)VU 7 5 ) 60 0 I b S 0K 51 22 55 0 By 55

TR, DB, W, 55 KEEWE Scophthalmus maximus L.
FREPUR S AT Rp S k. i T RRRR 2%, 2005, 7(5):
30-34

TSERR, XUBE, G, WhEIRZEEFFRAE 20 AR AR
—— PR RSB | E 20 AR, ol Rl R, 2012,
33(4): 123-130

M, Bk A KPP ARG, bt i E RO AL,
2004, 70-71

Cal RM, Vidal S, Alvarez-Blézquez B, et al. Growth and gonadal
development in diploid and triploid turbot (Scophthalmus
maximus). Aquaculture, 2006a, 251(1): 99—-108

Cal RM, Vidal S, Martinez P, et al. Survival, growth, gonadal
development and sex ratios of gynogenetic diploid turbot. J
Fish Biol, 2006b, 68: 401-413

Casas L, Sanchez L, Orban L. Sex-associated DNA markers from
turbot. Mar Biol Res, 2011, 7(4): 378-387

Devauchelle N, Alexandre JC, LeCorre N, et al. Spawning of
turbot (Scophthalmus maximus) in captivity. Aquaculture,
1988, 69(1-2): 159—184

Haffray P, Lebégue E, Jeu S, et al. Genetic determination and
temperature effects on turbot (Scophthalmus maximus) sex
differentiation: an investigation using steroid sex-inverted
males and females. Aquaculture, 2009, 294(1-2): 30-36

Imsland A, Folkvord A, Grung GL, et al. Sexual dimorphism in

growth and maturation of turbot, Scophthalmus maximus
(Rafinesque, 1810). Aquacult Res, 1997, 28(2): 101-114

Jones A. Sexual maturity, fecundity and growth of the turbot
Scophtlalmus maxinius L. J Mar Biol Assoc UK, 1974, 54:
109-125

Martinez P, Bouza C, Hermidaet M, et al. Identification of the
major sex-determining region of turbot (Scophthalmus
maximus). Genetics, 2009, 183(4): 1443-1452

Munro PD, Barbour A, Birkbeck TH. Comparison of the growth
and survival of larval turbot in the absence of culturable
bacteria with those in the presence of Vibrio anguillarum,
Vibrio alginolyticus, or a marine Aeromonas sp. Appl
Microbiol, 1995, 61(12): 4425—-4428

Ruyet PJ. Turbot culture, in practical flatfish culture and stock
enhancement (eds Daniels HV and Watanabe WO).
Wiley-Blackwell Oxford UK, 2010

Taboada X, Robledo D, Palacio LD, et al. Comparative
expression analysis in mature gonads, liver and brain of
turbot (Scophthalmus maximus) by cDNA-AFLPS. Gene,
2012, 492(1): 250-261

Viiias A, Taboada X, Vale L, ef al. Mapping of DNA sex-specific
markers and genes related to sex differentiation in turbot
(Scophthalmus maximus). Mar Biotechnol, 2012, 14(5):
655-663

T PN

Sex Ratio and Body Weight Analysis of Four-Month Juvenile
Turbot (Scophthalmus maximus L.)

HU Yulong"?, WANG Weiji’, KONG Jie?, GUAN Jiantao’, XU Liyong”, MA Yu?, WANG Qingyin®"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306;
2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract

In the current study, 4022 individuals composed of 37 families at 4-month-old age were

identified and counted based on haematoxylin-eosin staining of histology section of the gonads and
macroscopic examination. The statistical analysis showed that the number of male and female were 2426
and 1596, respectively, which reflected a highly significant difference (P<0.01) in sex ratio to the
hypothesis of a balanced sex ratio (50% males/50% females). At family level, there were 19 families
among 37 families exhibited significant male-deviation from a balanced sex ratio (1:1) (P<0.05).
Although the other 18 families showed no significant deviation (P>0.05), 13 of them were male-biased.
The significant male-deviation in sex ratio has been confirmed in culture stock of turbot juvenile at 4
months age, which was observed in many families. Meanwhile, 2254 individuals composed of 20 families
were randomly selected and weighted. The results demonstrated that no significant difference of body
weight has been observed between female and male individuals within population and families for 4
months old juvenile fish, indicating that the selection of weight traits in juvenile stage in selective
breeding project did not affect the sex ratio among selective breeding stock. Our study supplied useful
information for the mechanism of turbot sex deviation and selective breeding project.
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