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TR
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F. AME#8 A4 BE AL ARG
Plate [

Gonad of S. hasta

1. ovary of stage IV; 2. ovary of stage V ; 3. testis; 4. spermatium. [V. oocytes at phase IV; V. oocytes at phase V; T. testicle; M. sperophmass extruded

from the male reproductive pore; F. sperophmass extruded from the male reproductive pore.
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22 g% 8H AR U AR 7 AR B, £ & F RRE
FREMEMFEEE IR IR WERRI, &7 6 E AR LR 1. EKR
Y. BRI . IR . JRIIRI . RRR . (17£D)°C B, SZREURIE 149 h 50 min SERIRIG

27 0.5cm \{

B I FEEMNEGERLE
LBGEAGR s 2. N- IR 22, 1R AR 22, 3. BRIREE ] 4 RBESRAR, rramARAA 5 AR 6 ERLE ARG 7.2 4 8. 4 Auffu;
9.8 4HMLI; 10. 16 AL 11 FILENT; 12 AR, 13 FIEON; 14 FEARMENL: 15 RUBIE RN, R EF ARG 16, SRR
W 17, E BRI 18 MR 19, RSLEF A 20, KT BN 21 IRAEEH BN, 22, IRFEM: 23 R4 24 ikl 25. L
PRSI 26, HATH I, 27, 0Bk 28 G RTTBUN, “raiE; 20, HIEFRALIN: 30, HIM 47 fa.
Plate I Embryonic development of S. hasta

1. mature eggs; 2. attached filaments secreted from egg, ‘1’ showing attached filaments; 3. eggs condensing into groups; 4. releasing pole body, ‘1’
showing pole body; 5. fertilized egg; 6. blastoderm formation; 7. 2 cells stage; 8. 4 cells stage; 9. 8 cells stage; 10. 16 cells stage; 11. morula stage; 12.
early blastocyst stage; 13. middle blastocyst stage; 14. late blastocyst stage; 15. early gastrula stage, ‘1’ showing embryo ring and embryo shield; 16.
middle gastrula stage; 17. late gastrula stage; 18. neural embryo stage; 19. blastocene closed stage; 20. body segment stage; 21. optic rudiment stage; 22.
capsula optica stage; 23. tail bud stage; 24. crystal stage; 25. muscular contraction effect; 26. otolith stage; 27. heartbeat stage; 28. eye pigment depos-
ition stage, ‘1’ showing fish blubber; 29. hatching stage; 30. newly hatching larva.
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Tab.1 Developmental time and accumulated temperature during embryonic stages of S. hasta
REME R RE RS E)/h SEHKIR/C AUE/(h-C)
developmental stage developmental period developmental time average water temperature accumulated temperature
W 25T F FEAER mature egg — — —

placental formation stage

ZHEO  fertilized egg

JE#LTERR  placental formation 1.67 16.3 27.22
URESE) 2403 2 cells stage 0.83 16.4 13.61
cleavage stage AYNAHT 4 cells stage 0.42 16.6 6.97
SZHfIM 8 cells stage 0.28 16.5 4.62
1641 16 cells stage 0.6 16.5 9.90
FEH  morula stage 3.53 16.4 57.89
BRI PRI early blastocyst stage 2.87 16.5 47.36
blastula stage BRI middle blastocyst stage 5.33 16.6 88.48
PR  late blastocyst stage 5.5 16.7 91.85
Jo ¥ R 1A SRR early gastrula stage 7.17 16.6 119.02
gastrul stage JEEEF ] middle gastrula stage 2.08 16.8 34.94
JR IR late gastrula stage 3.42 16.7 57.11
eI ] MZEREH  neural embryo stage 3.16 16.9 53.40
neurula stage JEFLE AR blastopore closed stage 2.75 17 46.75
BB TR PRATHELH  body segment stage 5.75 16.9 97.18
organogenesis stage MRFEEH I optic rudiment stage 2.79 17 47.43
ARZFEM]  capsula opitca stage 5.88 17.2 101.14
JEZFW]  tail bud stage 2.25 17.4 39.15
iR  eye crystal stage 11.25 17.4 195.75
AL muscular contraction effect stage 9.83 17.6 173.01
HAHMI  otolith stage 5.84 17.6 102.78
L6 heartbeat stage 8.83 17.8 157.17
BRI eye pigment deposition period 37.75 17.9 675.73
AL HREELHE  hatching stage 11.42 18.2 207.84
hatching stage YW 7 newly hatched larva — 18.1 —
e I RRRIPARIR R BRI
Notes: "—" indicates it is not included in the embryo development accumulated temperature.
KB, EERERN 2455820 C, PRI Z WG (KIL T -4). 52K 529 40 min, [}

R AR RGN T- By S BN, AR

AT 2 UOME o 2] o BIREAE B S YA
YRR ARNIEAR, R/NASSE B R A T

B Uk 22 18] (BRI -1) 0 B DR Ry 3 7 (1,2

B REEN, AKE,

ShYIAL o B R 22,

Gk AR B EROR . R/NZ 1.63 mmx1.13 mm;
iR T EE R B AR, WMERZ 0 T

YR ER (R -2),
FhE A (E R T-3), KEOR G

Z A~ PR AT 3 I f 2 2
J5 %) 20 min,

T IR SR HE AR AR, [ Rl D B9 e B

T LR IR, ﬁ;ﬁixﬂ%ﬁﬂ,
1.31 mm (&I 1T -5).

55 7 ix, 2 4505 1 h40 min, sh¥H
A8 B B TR IR B, AT iR 40 A A B 5 X
BE AN 3 K/NE 1,73 mmx1.18 mm; [l
BB Bt s K (I T -6) o
PP R KGR, K
AR 1~4 15 IR A BR O
HIPIIR IR EE, 52K )5 2 h 30 min, HREEHL
ZARN 2 N ERANIE (BT -7); 22455 2 h 55

FNZ) 1.54 mmx

gp 24 H

K
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min, JE K 4 DRI ZER (BIMIT-8); % 3
W BEnRESE, 8 ANABEHES M2 (B 1T-9).
VIR EER 29 20 min 4324 1k (BKIWTT-10), 257
¥J5 7h20 min K H EREW, 2k HE
GIARHFLN] (R T -11).

SR ZAEJE 10 h 10 min & FRERR
SENR, IR R e M 3 AT, Dy
2 18 ho ZENR AN A PR AN, BER 2
B, NAa“mBEREmil-12), ME LT i
&, B SRR EREAL (K 1T -13); 232 hs)E
21 h K BRI, AR (K 1T -14).

J& 7 B 2 Z¥5)5 28 h 10 min KB 25
PRI, MR N E O 172, n] LR
F R R PR (AR TT-15); 4 R E 00
w23, RNIEBmET (ERI-16); THEE
SR BT 3/4, R)FE G IR (B AR -17). 5%
JRII 5 58 h 40 min,

22 I 2 %55 36 h 50 min KT 24
ZRY, TR 4/5, IRTS LR
M (F T -18), 2 h 45 min 5, WRFLEH]
(F R T -19),

g AR ZHE G 45 h 20 min, AR
LR SORAR T, SRR B (B R TT-20)0
293, A E RN A AN IR R 3 (A T -
21), HRFELZEASNRERIE, ZK5)5 S4h KB E
MR (IR TT-22), IMAZE#TK, 2285
56 h 15 min, J&umlt sl AR e 28 (B 1T -23),
IR4% 12 13 h 50 min 5, HA e skIe G ik
(BT -24), ZH5)5 77 h 22 min, JRAETF IR 1%
SRR E, mgdlsh, BEAAgK, it
FE ST B (R 1T -25) 32 4% )5 83 h 10 min, A%
X B B A fE B R b T O (BT -26) 32K
JG 92 h, TR Bk sl , IhERECE I B
D (BT -27). K55 129 h 45 min, ARERAT 22
R UTRIN B AR TR AR (KR 1T -28).

%Ak, 2 ZH5)5 141 h 10 min, JRARTEDD
PPN R UL B, RGN, DRAEAS . )
PEWR /N, 29 8 hE U B aE 2, DL R e
(L T-29), WM 4K (3.63£0.13) mm, {4
EH, RRAELEREREE, WEERWAE, 1
ULIESLATEERE , DN B ERARARIR, R ik
Ky 1/3, SR Tz (KT -30),

2.3 ERETFNZEERNEN
MIESZ SR EEFn] UL, FEASLZIG ) 25 M4k

FRE A, KGR LIER 9 MbH4H A,B,Cs (19°C .
R 28, pH 9.0) &k =, Al ik 93.12%+1.03%
(# 2),

%2 FREMESFHEEINBER
Tab.2 The results of fertilization rate of S. hasta in

orthogonal experiments

WEARFS  EEA)YC  HEB) SERER Y%
treatment no.  temperature salinity pH (C) fertility rate
1 (H1e6 (n1e (1)7.0 22.92+1.35
2 (e (2)20 (2)7.5 32.30+0.78
3 (e (3)24 (3)8.0 91.34+1.13
4 (HLe (4)28 (4)8.5 69.47+0.46
5 (H1e (5)32 (5)9.0 84.89+2.05
6 )19 (H1e6 (2)7.5 43.21+0.54
7 )19 (2)20 (3)8.0 32.26+0.39
8 )19 (3)24 (4)8.5 83.91+1.27
9 )19 (4)28 (5)9.0 93.12+1.03
10 )19 (5)32 (17.0 86.79+0.94
11 (3)22 (nte (3)8.0 75.26+0.48
12 (3)22 (2)20 (4)8.5 55.20+1.02
13 3)22 (3)24 (5)9.0 33.95+0.33
14 (3)22 (4)28 (1)7.0 40.44+0.17
15 (3)22 (5)32 (2)7.5 89.61+2.36
16 (4)25 [ (4)8.5 42.99+1.35
17 (4)25 (2)20 (5)9.0 73.48+1.47
18 (4)25 (3)24 (1)7.0 40.00+0.59
19 (4)25 (4)28 (2)7.5 53.02+1.16
20 (4)25 (5)32 (3)8.0 88.4242.20
21 (5)28 (N6 (5)9.0 37.50+1.25
22 (5)28 (2)20 (17.0 36.97+0.91
23 (5)28 (3)24 (2)7.5 63.40+0.68
24 (5)28 (4)28 (3)8.0 88.05+1.32
25 (5)28 (5)32 (4)8.5 72.00+1.09

e RS TR B T A E KT

Notes: Numbers in brackets indicate different levels of influence factors.

% & S MR % 401 52 K5 6 ) el PR 2k A R 32
KR -A,BsC;, BIIRJE 19°C . #h 7 32, pH 8.0
(£ 3)o HWZHEHRM 34 F RGN £
JESpH>TRE, Bk, 3RS 2RI F 2R
-, MR 52K R AR /N . IE 28 LAY
IS H . 4% IR A,BSC; Fil A,B,Cs PiFh4 &
HEAT 2 RG22 L5, ALBsCs 32K %R h
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(96.29%=1.04%), A,B,Cs 12 K5 F N (93.43%=

0.69%), —HEH I FE (P<0.05), WP ERE

IR PR A0 A2 R R B A R 2 B IRE 19°C.
R 32, pH 8.0,

®3 FREMNEEZHBEREIIESN

Tab.3 Data analysis of fertilization rate of S. hasta in orthogonal experiments

FALSER

factors of effect n n T; T,

Ts X1 X2 X3 X4 X5 R

IRE(A) temperature 30092 33929 29446  297.91
#hJE(B)  salinity 221.88 23021  312.60  344.10
pH (C) 227.12 28154 37533 32357

297.92 60.18 67.86 58.89 59.58 59.58 8.28

421.71 44.38 46.04 62.52 68.82 84.34 39.97
322.94 45.42 56.31 75.07 64.71 64.59 29.64

T T AIERSER S HE R AKFLM, “XNEHZRE KPP, <R ANE.

Notes: "7 is the sum of the same level of each factor in the orthogonal experiment, "X" is the mean values of the same level for each factor, "R" is range.

3 it

3.1 FEEINE & EIENFE

o T B E AR R B BA SRR, XELII
SR AR T ERAT . e AR
o N TSI HEN, oF R B AR R T4 ™
UIAZHG, LA, BRAER KT
fbo ARSLge, T 3 H A0 A] PER 43 £ 2 5 £L
Br g7, SR 2 A R 858 A BT,
A BRREAR AL T 25 IV BT AH, A 2GR T,
PR T — 4R LR 1Y 7 A MR pR AR UL, AT RE
T BN, OCT AR B R BT
ZERAWUESE T R B WIEES Heal o FE A A R
0 EHH R 3 A b a), AR 3 H A
HUWA DRty ge, b= opi 2 3T 4 H
B, SR SRS AR A
P AR AR 2 N T BH I OCHE, M 3 AT,
7 FE T IRt ME RS SR © AT S8 T AR A
JAKE 15 MR 3 A Ay LS P REAE I A fE K
I OO 2R, R R E IR R M
WEREME IR A B AN, ELME £ P R B i T A
fr1, 5% UFE i (Glossogobius giuris) 5 #.55 %&
B BCGAIRRE" AH R 3 2 ) £ P 5 A A
BRI EE S JE B AN 2 B BB 240 0
FLEERA ,  PIHR RIATHEA

SR K AR Hh £ 1 1% S LG T B A2 B AR K
IR IR R 52, PR TR YA E R O A
e, A ) A R M E 1 25 e B OR
Arocha 5" g 38 PG K P 4 6 DU B8 A4 (Tet-
rapturus pfluegeri) Fll [ {4 VU & i i (T. albidus)
R E IE FE 090 1.64 2 1.00 1 1.03 ¢ 1.00, S04
ST HRHT I PG V47 55 10 B 0% 10 6 AL £ 3 7 1)

W L 45 SR 1.00 ¢ 133, B IR VD RE I I B
AR VD RE Sy VG VDR B v e BT R A 1) e B A B
fti (Epinephelus merra)Me I b 43 53]~ 1.46 : 1.00
172 5 1,00, 35 B9 A 1 AR K L il
AERZER AT R I R 2 MR IR i fE B
B ST £ R R 2 TR, 5 A MIAES RS
i S ST R OE B, T RE R B TAE A ST
IUJPEMA e, A A 3 A AR C
BCEl G, TR IR R b R AL J5 W b fa sE T
R B P £, k2 S BOME R B R D

BN EAE )T S WA R A A R R B
FHIERE, SHUARME T I MR REEFE IR
RBAFEIC . ASLE T, FREMF R ML
Xt B A 1034 19 655 K, S5RGBT BE LR E
i (18 065 i, 24 607 Krl"™) FHEif, i i E X
T o R A UF R A (33 609 KL) LA 2010 4F:
R BT R AR e (38 971 B, FRE
R PR 2 X BEA ) de R T IR 4R AF R
(Amoyap flaumi)(3 689 Ki )" F1 + Bz Wy IF & £
(Rhinogobius giurinus)(1 516 )P 25 H At Z £ HF
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IR R R A 6B, AR R BoR T 2
RN Y WIS 3 N YN (B 4
AMERY 71545, PR S IRE B B IEAC,
1 IR SOV R R BT R B2 M IR A AR 4 X6 BB
SR R E R HLMC, MIKTEANTER
I B R P MR R B AR R A
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TR B PR AR RS E FCE 4P On, AT LUER
ARG 2, (H R B AR A K B[] P B 25 2R
LZHERe 1, HURHRESS Z) 1 N R kA B
e AL R R R, BT A s R e TR i
82 (Huso dauricus)™ . W W83 (Acipenser per-
sicus)™ F T % (Tinca tinca)™ FMZERE T R
WROR . ALk T TR . e K
FEFPR Z 2055 7 AT R Ab 2, (H R A i
R, FEE T o B U R A O AR
IV 2E, Wighid f b by S 3P R o e
W RE A MR P 0 N T vh 4 i A
(Bt SL DN o ASHIESY & BUE FU R
BN, BHRECEAIR, KEEDH SRR,
2T HELL 60 H i 4H1E R BiE BRRCR ar, W H
IR A IR g, i E RN g S

H O ol R R o Z ek e, FE
() 313K RN D B AT O IR IG K B PR AR R I SR
FREM AN MBS EFEE, AR
KT+ W) iR B £ 2 F% QW) IF j% fa (R clif-
Sordpopei)?" FEZHUT A0, BEE MG R B R,
THERA B MG g, 5HAMME—
FHP, P REAFRMENZAE S, ORI )
iR, I HAAR BTN B2 024, ]
AEZH THCOPBE) M 22, 7EKI i T, o
WA 5y 28I o 78 e 52 MR 2 A IR I 1Y) B R A8 o
KAGRBARH 4 4%, 5 & ER5E A0 A1 B AR
f& At (Ctenogobius giurinus)"™” ¥AL, 11 B W) R
[ £ P FIURG Bz 8§ W 52 . (Mugilogobius myxoder-
mus)? BRI | AR 2B/ . TR g AR
VNSNS N Y AR O 1R sl
[BJE P B AG , FE KRR 254, H
WG & B T EE I T AR X A, ani AR g A
f4 R iR & 7 IFE] (108 h, 25~27°C) KT 1Y)
IR 52 1 iR iR &% B RS E] [50 h, (27.0£0.5)C]. A%
S, TEKIR 17£D)C KT, FREIRE
G % B 75 B2 149 h 50 min, K TR R SRS
i % B A (138 h, 16~18°C)™), JRFFAIX
— A

FREM R AR LTI, ERn
CHEBRNEENGE, Wifhig, R0
MR 3K . L EA T BRI Y, R [ R
S £ BT RDRG e 5 0 PR A6 T B W R A 1Y
HARECHIT GBS . K6 Z 5 A4 B

B R S £ i A BT Bk
JEBN, A 27 R M B A0 L IR RGN 5 R AT R
FIHGE L M AE TR B[R] 5 B A g 40 B
ik, 7 REN R AR AT IR, BT
W 5 (Sander lucioperca)™ Fl K ¥ fi (Larimich-
thys crocea)™ S5ME B 40205, MR R A0 S )y
KA —E 2T BRI R B B 1%
£ PR B TR PR A OO DS B R R £
PLSK PR R B AR ) BRI Y ARBIFSE
WP R 52 M R a2 DL R BRI, ] - B Wy R
e,

33 HERTFNFEELEEEENTME

¥ FES M IR e NV A SR T XA B E 3
HN3AFA—s H B, IR KR 13~
23°C, FHEH N4 A Edha), KR 16~18C,
KRN 25~26, ASIEG pirfs Hh Y oF 2 52 AR
PSR AR B AP S MF O 19°C, #h
32, pH 8.0, HHIREEA pH (HEEAFT & HIRK
S A SRR, SRR R T F AR Fh ]
I B B AR BUEAS T A0 P ATP
FRD T P T S DK 79 Y B IRE SR AR e i R
FE 5 HRK T R4 S VL H LU 4R R R A (Triden-
tiger trigonocephalus) ¥ ¥ W& 11 M Ffw . K &g
W& F 1 (Siganus canaliculatus) F 5 9 1 £ (S.
guttatus) PR EE 7K RS - 1Y) ek £k B2 0 341
30~35%, HopREUMR AT, AUSEAIR T
N, R XS TP R A B R A2 AR 2R R
T pH, FMAESEAT N THEAGRER, T
FURE T A I K AR B, QR PR 2R T 2L
RPN R, AT K AR Y 2l

B A= £ 28 YR i B 0 5 B - 2R B e R K
IV, EEREE N, BEE KT,
Weia R E I, kE W4, i T %
(V8 K 0 2 1 5 I B9 AR I & & B T 14 s T
JEN B AR K 0 E BTN, A0 SR B £
(Esox reicherti) £ 7K il 6~10 °C, “Z#5 9P 1 &
529 h K& A WEALEY, ¥ Bz W) 0F 58 78 K I
(27.040.5) C, 0 Ak B[] 29 50 hB, AE K &
17~25 °C A4F T, KRB, SUEEEF R ARG
RE WL, EA I ] 5 K U 5 A e G R Y
XTI G A& & A SRR A BIF5E A] LA B4 AN
[k BT it AR SRR I |) . oF 8 B MR R AR IR I
KB T R K2 455.82 h-°C, TP RWIR 5L
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i1 (1 480.7 h-°C)*7, /b F 4 45 0 FE A4 (3 128.3
h-C)P Fl K 6 3 1% £ (Periophthalmus magnus-
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B TA] BRI, AS YR AT i A T Joe Ul B o o7 2 420 MR
JEA IR K E R S, R S — 2P g
LRG3 I 9 1B 6 9 A 236 1) 52 ) AL A
A BT e N B F rha o P 08 1 A e SR
SRS AERT B S B ey SR B A VR G TR
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Reproductive biology of Synechogobius hasta

XU Xinghong "**,  QILu', WU Tong', LIUShun', LITiezheng', ZHAO Ziyan',
ZHU Long '*, LIN Chunmei', XU Guocheng "’
1. School of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang 222005, China,
2. Jiangsu Key Laboratory of Marine Biotechnology, Jiangsu Ocean University, Lianyungang 222005, China;
3. Jiangsu Key Laboratory of Marine Genetic Resources and Breeding,
Jiangsu Ocean University, Lianyungang 222005, China

Abstract: Javelin goby (Synechogobius hasta) is an important part of the coastal fishing of China, Japan and Korea, which has
high economic and development value due to its tender meat and delicious taste with abundant protein and polyunsaturated fatty
acid. In order to understand the breeding characteristics, the adult S. /asta collected from Haizhou Bay were used as materials
to detect the data about sex ratio, fecundity and germ cells for analyzing the gonad feature and law of embryonic development,
besides, the effect of main environmental factors on the fertility rate of S. hasta were also assessed by orthogonal experiments
in this study. The results showed that sex ratio of S. hasta between the female and male was 1.03 : 1.00 in the non-reproduct-
ive period and 3.26 . 1.00 (P<0.05) in the reproductive period, respectively, which indicated the number of females was signi-
ficantly more than males in the breeding stage. The individual differences in fecundity of S. hasta were large, with a maximum
value of 7.15 times the minimum. The absolute fecundity ranging from 5 987 to 42 828 (19 655+12 551), while the relative
fecundity ranging from 42 to 263 (144459), and significant positive correlation between brood amount and body weight were
recorded (R=0.82). In early March, the male fish delivered the spermatophore to the female abdominal cavity before the
matures of female fish. A small amount of spawning was observed in mid- March, and a large number of concentrated spawn-
ing occurred in early April. The type of goby’s ovium was anisolecithal, and the mature ovium were at the stage of the middle
of the second mature division. The mature ovium was light yellow, translucent and agglutinant containing several oil balls with
the diameter of (1.53+0.16) x (1.33+0.20) mm. The sperm density was (1.43+0.14)x10° ind/mL, and the average number of
sperm produced by each male was (5.43£0.53)x10° ind. Embryonic development process included 7 stages: placental forma-
tion, cleavage, blastula, gastrula, neurula, organ formation and hatching, in which the organ formation stage also consisted of
body segment stage, optic rudiment stage, capsula opitca stage, tail bud stage, eye crystal stage, muscular contraction effect
stage, otolith stage, heartbeat stage and eye pigment deposition period. Under the conditions of incubation water temperature
(17+1) C, it took 149 h 50 min to hatch, and the required accumulated temperature was 2 455.82 h-"C. The results of ortho-
gonal experiments showed that the highest fertility rate was obtained under the conditions of temperature of 19°C, the salinity
of 32, and pH 8.0. The influence of environmental factors was in the following order: salinity>pH>temperature. In conclusion,
the female gonad of S. hasta matured later than that of the male fish; the embryo development period was relatively long, and
the fertilization rate could be improved by higher water salinity. This study preliminarily clarified the timing characteristics of
the embryonic development of S. hasta, enriched the basic data of reproductive biology, and provided theoretical evidence for

the artificial breeding and conservation of germplasm resources.
Key words: Synechogobius hasta; breeding characteristics; gonadal maturity; embryonic development
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