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The study of gonadal development and steroid hormone
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ABSTRACT The annual ovarian maturation cycle and the variation of correlated plasma sex
steroids levels were studied by employing light microscopy and morphometric methods combined

with radioimmunoassay. In addition, the relationships between GSI, CF, HSI, sex steroids
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and temperature, photoperiod were investigated through statistical analysis. Results showed
that barfin flounder features asynchronous oocyte development and batch spawnings. The oo-
cyte growth included six phases, and six stages in ovary maturation cycle accordingly. Gonado-
somatic index (GSI), hepatosomatic index ( HSI) and condition factor (CF) were all found to
increase prior to, or during the peak phase of vitellogenic growth corresponding to the gonad de-
velopment. Statistical analysis revealed that GSI was positively correlated with CF while HSI
showed negative relationship with CF. Temperature played more important role in regulating
the gonad development compared with photoperiod based on the correlation analysis between
GSI, temperature and photoperiod. During spawning the serum estradiol level began to increase
in June (stage [l ) and reached the first relatively lower peak in September and peaked in Febru-
ary. After the spawning, it dropped down to a relative low level and maintained until the next
reproductive cycle. The testosterone level achieved the first relatively high peak in July and
peaked in January, which was a month earlier than that of estradiol. A positive relationship was
found between estradiol and testosterone level. Statistical analysis revealed that a positive rela-
tionship existed between photoperiod and estradiol level. In addition, the estradiol level showed
positive correlations with GSI and CF. These results could highlight the reproductive cycle of
captive barfin flounder females, and also serve as useful tools for broodstock breeding and de-
termination of timing for hormone induced spawning.
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A. Phase | oogonium (OG)

B. Oocyte at early phasell , showing irregular shape of oocytes and big nucleolus (n)
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C. Oocyte at late phase [l (perinucleolus stage), showing yolk nucleus (YN) and geminal vesicle (GV)
D. Oocyte at phase [l » showing cortical alveoli (CA) appeared in cytoplasm
E. Oocyte at early phase [V, yolk globules (YG) increased in number and volume
F. Oocyte at mid phase [V, yolk globules (YG) increased
G. Oocyte at late phase [V, position of the nucleus started to migrate towards the animal pole, nucleus membrane collapsed
H. Oocyte at early phase V. nucleolus collapsed. the cytoplasm was filled with bigger yolk globules. incipient coalescence of
yolk globules started
1. Oocyte at latephase V , yolks plate volume enlarged, oocyte experienced hydration stage
J. Rudimental follicle membrane (FM) after spawning
YN« BIEAZ GV IR FC UEV AN 5 CA L B2 BRI s ZR R IR YG BB BR 5 YP: B EAR 5 FM: Ui iR
B AR A BB 40 ik B A5 R AE

Fig.1 The morphological characteristics of oocytes at different developmental phases
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KA BB B RN B AR 2 L O RR 40 B AR 816~987 pm (& 1-1) . PR 200 Jifg JE 25 0% o6 B8 B 7 o
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.GSTIFITFE 11 15 K T4 CF ) LGST 8 TH s . Wk G A HGE & 309, 12 1. 06 190
Vi P AE B9 50 7 I R AE SR AR 1T OB 161 8Dk 8°C) I SA S W (A 21. 38 PR 4 7 A CV D) L 3
AT I AE 2~3 F R EE BT 0 GST i kT 18), 7= BRGE o5 » GST M T eI 0 5 B Ik F 3 F ok
KB FTFRART . 45 F) Y 0 P IR 0 2% 5 88 (P<<0. 05) (18] 2).,
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JEREFE 2 CHSD 284k . 7~10 H , HST fREFAHXTEARIK - (2. 74~3. 44) 511 A R BEVH 154, HST A 5] 1
H 4. 46, JF7E 12 GG TREZREAE 1 H(2.30) KM T GSI MW 2~3 H . HSI A P & it 78
4 H BN E G RN B 2 BORE A 0 I IIE 48 £y A2 A6 22 AN BT B (P=>0. 05) (8] 2).,
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D00% 5000 HUFfRFR] Sampling date
i , o (e « )3 e o M A JE AR AR
2 W HE IS B (GSD I IESE B CHS D A £ 1 5 e — Y A A2 A
N N N Fig. 3 Year round variations of plasma 17p-estradiol levels
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Fig. 2 Gonadosomatic index,hepatosomatic index and

condition factor variation in ovary at different developmental stages

it ot os .GSIHYS HST HAFAERAH K CR (r= —0.51, P>0.05), 5 CF {HAF7E i 35 /9 1IE A ¢
#(r=0.796, P<<0.05), HSI{A 5 CF {HAF4 W E M IEM KR (r=0. 731, P<C0.05), GSI AWML 5
SRR 4 BN 3 A OCE R (r= —0.45, P>>0.05), M 5K RAE 2 B ENRAALLER = —0.707, P<
0.05) AR R KIRZAE IR R E W EEAREEH T, HSI A0 5 6 B 5 2k e X & Gr=—0. 171,
P=0.05), 1M 5 /KR4 2 IEAH KR (r= 0. 114, P>>0. 05) ; CF {H /975 1k 55 ' J& 191 1K I 9 45 #8 52 1AH O¢
KZOERAW . r= —0.373, P>>0.05; 7K :r= —0.373, P>0.05),
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S TR L S P O £ 0 S e T CEL) R IKKCPAE 6 H IR T 9 IR BUAE R A8 1 A i 0
(118. 83 pg/mD .11 H TR 244 F ik (13. 08 pg/mb ., 12 H J5 . il EIF h  AKRF B o' BE B E) 42
LM T EERGAKE BT, AR 2 T T EE SR A OK P IR B B = W (163. 97 pg/mD) , 3 ik A7 ORI H S B
B K B BT R RGBT ) A 45 6, HE B RGR KO N R L4 A HEBR S L ME TR R GA KOF R 42 pg/ml LU
TIRFFRIKFET—MEMET (- 3. 2.8 19 AW EME5HAMAMHER B EP<0.05, E.5 TH
IWWETE 9 H k3 i K (6. 34) .78 2 H - UGE B8 A (4. 31D,

I3 S2 (T R & BEAE 7 7 (14 "COIREE 1 ANIE(E (80. 25 mg/dD , H 5 £ Ik/K P T FE R 18. 9 mg/dl (1)
BARK 312 G RS TREEIFIG S8 3R A KO 2L T i 7R 28 AR 1 R B15E 2 AN IE(H (8°C T 13 h),
B G H R IR K BW T 4 A ERE R E MO FIFER 2T - MEMET(E O, 4.7 3 THEH
L A 1 22 5 i 2 (P<<0. 05),

Geit ot £ WL E, 5 T AFFEIEA XL E R (r=0. 309, P>0.05) . E, 5K AT B FEMH X LR =
0.065,P>>0.05) , 1 56 H WAL EMH KRR (r=0.572, P>>0.05), T F/KE2Z{L 550 IEAMH X ER
(r=0. 162, P>0.05), fij 5 't J& 18 4% 5 55 0 A AH GO R (r= —0. 157, P>>0.05), E, 281k 5 GSI f1 CF
(AR Ak 5 55 I IE A 6 % R (GST: r=0. 171, P>>0.05;CF.:r=0. 226, P>>0.05),1fij5 HSI 25 {k 5 55 i £ AH ¢
F % (r=—0.075, P>0.05),
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Fig.4 Year round variations of plasma testosterone levels
1995 M= 4 2009b).,
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12 %) BTG Bl HAT T Pk AR Al O 58 4 2 AR R RN O > P A R £ 2 9 5 B9 S AR 43 Ry — R M B
ANZ2 U7 O 5 AR Bl O B 40 M ) A B A JE AR 2R Y B B 0 Dy 58 4x TR) A5 B L3 IR (] 20 Y Rl o 41 ] 28 20D 1 73
HEAEFIAE R Gl R 55 1991) o AWFSE & BL 76 25 B0 S R [) 7 B SO0 A B SR v L B T 300 L TH SO S A0 L6 T LIV
VoL VIS0 B 5 e 4 7 75 P b B8 38 WD LA b A (] 2 75 IS AH A9 O RE 40 L G IV 300 O 55 P O RE AR M 2R AL S OT LTI
IV VAR R BREE 20, BF 4 Ee 43500 R 28. 796 .7, 5% ,49. 8% .14 % . VB L BR T o5 280 VIR O B
AN RESN A I LI IV A A BT B 20 FL R U 45. 720 .18, 6% .11, 4% .24, 3%, 3 J& T 434 7™ B 5 £ 2
Bt B AU ARAE , [RI BRI 85 Solea solea (Witthames et al.  1995) 223 K 85 Cynoglossus semilaevis Giinther ff %
PR AE — B (W22 B4 20092) , i AN R F LM Pseudo pleuronectes americanus (Walbaum) i) 53 £F 40 i & &
HBA X BT B K ik (Burton ez al. 1984).,

01 2] G OF-B1 A0 M AE AR KR B R R P AR I O R AR R R R L B R R T AR R R B
I M RE I BRI . AT K B L A% IR AR SR O R A0 M U Aok A v WU i S T B A B N R A K
J B ATURE T 46 HE 3 JH S VAR 2 i B R S A BRI N Lk 5 R R R (MDA R AE 200920 — B
1B 5 HAb H B A 25 Un K VG V¥ 8F Paralichthys dentatus (Merson et al.  2000) BN &5 35 8 Limanda liman-
da L. (Htun-Han 1978) /A [a] i 46 ff1 28 G -1 46 0 % 7 4 R o i o0 ol 5 0 B0 28 JURE (] I 10 B 3 b 22 5 1 Jit
PR R R R 8 A W 22 3 2 80 W] RE RN S8 AR S SR E R A AT G HUAE W 9 8 SO A 1 Tt — B9 TEBR ik
A B BT b O B R AT AR A (T SRS 2004) S ARBF SR B Tz g, B 2 AF
6T B JZ B I 9T E A BRI U S S A TR L RTRE A A0 A O A ROk A Y 7 AR L B R AT A
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PR A AT B B A R O 5 R b R P R A PR R B AR I RIS R I SR B RR E GST (E AR O ik
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2002) Hh [al B WL 2% 21 S 0 3R e M 3R B 2 0 1R R R T BN L BRI DY 1 R 4R RS LR AL . et iR
B ,GST {5 HSI fHAFAE A K ZR (r=—0. 51, P>>0.05), 7B 51 55 51 B} 40 i (9 4 K & & 5 17 I 68 & i 4
Z AR B R s T AR BL L [ GST {5 CF A7 AE .3 B IE A G K &R (r=0. 796, P<<0. 05) , 3R W] B i
R 15 26 U 7 B Y B0 ST AR 2 U BT S 00, B2 7 7 % £ 15 A 0 R o s o IR 0 AR = ARIE
PERR R AR T M EERTHE . 5350 GST AR 2L 506 M 42 A B3 AU KR (r= —0.45, P>0.05),
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<C0. 05) , & B SR AR TS 57 9 A0 R0 I JUE BB £ 5% A R 7R 2% VTR OC AR PRLHOXS T 2% B 2 53 e (0 M iR R 8 e 380 4
TEE B 20 2 & T 6 TR0 7 B o P o R i TR Y SR B Fesim Ak . TE A S B WA B AR B R R £
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EEFMCKER = —0.171, P>0.05), Wi /AR M 2 IEM IR = 0.114, P>0.05);CF {HI 2k
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AL R R GST A . HOR R A )45 GST {1 R 30d, 14 B 3 2% BE B2 S 4K P ik BB 7 A= B8 301 5 AR #E
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