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2 i & (Alosa sapidissima) iR B & B S5
RARY /ML

Mg F g EAE
=H4° xkE' o F
(1. R FEf P RpE R R E TSRS SR K AR T TR S AEYH AR E A
T E KRR DTSR B A W SERT FR 2660715 2. FRENEVERFKFEE HS 266003;

3. ILH LB ARAR Bl 2266005 4. HFLEEKER AN B i 226600)

R % E

BE @R MEREST R EA, IR T E M4t (Alosa sapidissima) ik it & F BB A R
HRFRAE, ZERET, ABFLEEANQRLOL0S)CHAMHT, £MuZHENZE 71 h 15 min K&
M E, HEBAENEREES 6 NEM, ZHENE IS AKWABNEH, &6 KINH(64 4
ML), G M, REHSHIBWEHERNBNREARFR 2. ZH 6h2min, WHTE
SHAEER K. 4 Th40min, BEKEHI, 2/ 10h39min, BH T 30%, BEMK; &
14h 50 min, T8 50%, =M EF R ; %8 17h33 min, & 75%, #E Rk ; %% 21 h 13 min,
T 90%, MEHRE, NE, BRELfETHIA; £ 24h15min, T2 TE, WEKE, TE. W
B, FR R ERM I, X 24h55min, K EH K, T4 35h44 min, SJEFE A HI; 42h
50 min B /NEH K ; 47h35min K EH %; 60h 15min A I, 70h 15 min, 1F& k& HE,
M e R —ANKTHRNNEE, PEAAARNER. ENSMERRAELXTNRES X ZH
WMAWMEGEXEN, BEELIPCABTHRTF EEARANER,

XA EMat;, KIERE, BA¥, A4F

FESES S917  XEARIREE A XEHRS  2095-9869(2017)05-0009-10

IR & T 48 IS | HERR T & B O HE A (Chromileptes altivelis) (FKAFIHAE, 2014). s

Hb, KRB UCE TR AR NN, B2, #EA
DI JIEE PN e B 304 o R A O 8 D i A £ 2 B 0 7 AT
i, RO MAE R EERY . B,
KEB IR iG & B BB LT EIR AT, UnEHER
F £ (Anabarilius grahami) (Ma et al, 2008). ¢iy s

(Cheilinus undulatus) (B4 % 4% 55, 2015). FHEfa
(Oreochromis niloticus) (Morrison et al, 2001),

(Rhinogobio ventralis) ( , 2015)%, MMifaZEikh
RHHLUEWF AR (Hall et al, 2004; &FHLA%E,
2011; {afE, 2011") W5 IR IR & B 4 AT
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2 )R 38 %

PVEDUL . 5 i b T IR A4 R B R B 2 4L
BRREN AR ERAE, E498 R A4 &K F I,
1M H e R 2 RO A BEAL, 48 s R AR A,
o4 AR AR N T2 F RS0 B R B H 2 )
WA

% W # (Alosa sapidissima) J@ T fif & H
(Clupeiformes) . #ERl(Clupeidae). PifiE/E (Alosa), &
BEE H AR LB —Fh, AR A . /N a2
F RS B (Piper, 2003)", F A TG AL U SE PN K PG I
PO RO a2 SO I AR AR A, Sy B g 3
gpfa s, JRAC M IX B WL FF e Z —(Jones et al,
1978; Evermann et al, 1986; Limburg et al, 2003)., H
21 5| AFRE, LM E T S FRFH A Z W,
FETH AR B s AR WYk, 280 iR 3R B Wi K 4
fiff(Tenualosa reevesii)f & A, WA &2 W
MWy £ IR AK R Z —, BHET, T RMEMFRE A
BEARGE, e 2R B (FETE, 2005)2 . Wi AR ES
BHEAGE RS, 2004), R E & H(Gao e al,
2015; =/NRAE, 2016) FIER BRI (RN AR, 2015)5F ,
B0 A5 (2012) 1L 22 2 (2011)7%6F 36 Y 6 L 39 iR ity
KEEAIAT TR L X G & B 4812
WL AR WARIE . AW FRAEIE S22 WS R il 1, 25
LY R HAR, XN ARG & F 2S5 B 44
EPRA KB I MEAIR , B 7858 3 N IR
& B B A LR R B AR AR, S SE DN
1) BF S TR AR I B BRIE J

1 #wREFE
11 ¥E&aEFrFRBL

SERET 2015 4F 5 A EVL TR iR R EF b it
170 Bhik 3-4 WL AR ITERE . o . KB 8
YN SE A AE] 700 m® E KPR R, KR
BEHILE 19-20°C o K LHRH-A ({2 # A Z BN %)
M B RS AT 25 Y=, MEREELBIh 1 2,
HUA] —HE R SZRE 01, 56455 400 L 4T WAL G it 47
WKL, /KW 15-25 L/min, S, LAGR

ERFESE, KRN 20.5-21.5C, WHHREN
6.8—-8.2 mg/L, M AW L N IRFE K B 0N o
1.2 FERRHEmEERIE

FRAR HE 22 72 (2011)Y I #3240 45 45 (2012) B BT 98 45
W, R SE NI G & B R ). R DR 2F B R
(NIKON YS100)%} 52K U #4173 LSRR IR, DL 50%
JAJiG BB R AEAE S 2 & B W B A GR B[], G2 AR
& B B ) A & B B RURRAE , AR R E
B 93 43 1 100-150 RSz AE 1, 281K ibie T,
Bouin’s W 7EZE A T EE 24 h, 70%FHE0ELZ
WG o WG BEREEE K . — H 2R IH R A7 £l
iz H] LeiCa RM2265 $e 54 XU LT 2001 F
VIR A 4-5 um, H.E Je (o, rh PR i3 B, NIKON
YS100 & 545 F g4’ , L Photoshop CS 5.0
BT R AT A

1.3 HiEALE

SPSS 18.0
+ (Mean£SD)

2 LIHFER
21 ZH500

FEYN G B IN R OPRE , B, BPREAHE, DntE
$9(3.09+0.08) mm, ANEIHER, AUCHEEN. 4005265
Jo, ORI, BEAr B, AZREHE (A 2-1),
1 h e, S2R5 00 R A T b A A 1) S A i 31
Erh, RATESNYINIY EDIRIR S, sbns, B
ST, R Lo R SZRS R BR S SRBE B A
FLHA,

22 4HyZiHs

2 ANALH(1 h 26 min): ARHABREF S, LY
() 51 S8 T LAY () SR AN 2 R R AE IR B |tk
11, 5 1 A 220 38 3L, T8 AR 208 5 IR 5 o
2 AR/ TR 53 43K, v e 27 4 22 6 i ) L
(Bl 1-1. & 2-1),

1) Piper TD. Fecundity of American shad, Alosa sapidissima, in the Delaware and Hudson River, USA. Washington: University of

Maryland, 2003, 1-107

2) Du H. Studies on key techniques in incubation, culture and transportation of American shad Alosasa pidissima. Master's Thesis
of Huazhong Agricultural University. 2005, 15-22 [#13i. S& PN (Alosa sapidissima) A 04k . F558 Mk iE s R iwrst. 1ehak

bR AR BT A 2R S, 2005, 15-22]

3) Hong XY. Study on the morphogenesis and histology of the early American shad Alosa sapidissima. Master's Thesis of
Shanghai Ocean University, 2011, 20-30 [HtZA. SEUN LI A B IIEASS LU= Mg, BRI 20 L WF IR AR 2008 3,

2011, 20-30]
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fEn /NI A5 SE Y i (Al osa sapidissima) iR iG & T T 252 M A 2] A g 11

4 A1 h 57 min): 55 2 DZEIE R, 55
1 A AR R/IMASER 4 A0 24ER(E 1-2),

8 ANMEHI(2 h 25 min): 55 3 WA TEH TH 2 Ik
SYBIE R 2 Aoy, S5 1 RS HEEAT, 7
T 1R LA, o3 B ET S HES ) 8 441
Mo (B 1-3), DLETARMa /N 2 5 (] 2-3).

16 42 h 57 min): 55 4 WAPZL5 4 2 A4y
2, 581 E 30 mER, 5% 2 o247,
LT HAEAT, B AR 248 16 A4 (A 1-4),
Horp, 4 RrpJegut, 12 4~ g anie.

32 4IHEIH3 h 25 min): £ 5 REIZIE AL 4 43
2w, 5% 2. HanHmELE, M5E 1. £3 5
ZUH AT, BEIRAR R 32 DT (& 1-5), ity
(A A L AE R /N BT BR A

64 AMAEYI(3 h 56 min): F5 6 IATZIFEG, &
SERLE R 2 Aoy IRIAS HEAT , AT UL S %) 40 e
A 1-6). BT, MERES N 2 W, MERINZE
AR PR B2, B R T RGO IR
JEWIVERT; RSN 2 AN FR A AR A i, S IRIG £ 1k
YA 2-4),

128 40 (4 h 26 min): A0 5324 1 76 R
TEARREHEN , A0 HARBUIN, 2 2T IR R R A (B 1-7)0

Z YA (4 h 55 min): FfE A0 S RAHET, IR
EERA AT ) 5 I A 1] ORI AV 7 e N A DR
BRASFF I (] 1-8). WRILANAY AL B2 40 i T 4R &
B, TR IR 7 B30 S 40 i 5 4B Y B
MO TF LR RlA L Bl A e B VR 2 0 A% AS B A O 5 440 it
B g, HAHRSE AR, Beht, B A BRI i
( 2-5), Z&5H B 2R

23 TEMH

2 RII(6 h 2 min): BUATH, o TR e R
S, MR L, REEEEIRME 1-9), HE
W% B W EAT , A7 S8 B B8 A AR R B ICHS 1) PN i
., NI A M R)Z(1-YSL), HIGA AT
WG & B WA B s ) A — e A Y RS B
IERENRERTZ:, U RN EN & A MR )2 (E-YSL)
(K 2-6),

R4 ARIYI(7 h 40 min). BEEFY, SR S 40T
UV PR ITIR AR, SRR AL,
WONARBENR (] 1-10), FEIR)JZ AN B & IR)E 2
B, o DLAG R A b, BRI s (] 2-7) 0

2.4 [HizHA

J A (0-20%): 8 h 8 min, JE it AN A
B2 5 4 R, 3 V060 15 J2 40 i v 25 B 8 4 10 3% 1 TP R

T, tnaEEEE G 1-11). 9 h 25 min,
it 50 2 A0 ) AN DRI T, oSG PR 5 %) 40 3% 34 1)
WED TR . W&, BN T — DB IR S5,
RIMIRSR, BEBRER 2 AR FlE—E R ERE,
T2 T IRE(E 2-8).

JE 7 (30%-50%): 10 h 39 min, K43 30%,
FEWRIA [ M A Az s ad A ep, b T 2 A 40 e [
B DK & B RO IG T — AR A, T B — AN B B X
B, RS (B 1-12) BUEIRER TR 2 40 ik AR
TE G 1 L2, IR T 2 40 i 2 S JE T iR
2o WG EIRE kT RIARINEZ, FTIREAE N
R IR Z N IRZ . 14 h 50 min, B4 50%, BEE
ML ARSE T AL, MRS AW (B 1-13), HTFIRZ
21 L 4 252 1) T A R RN A A, R O R IR, IR A
JRIE L, BRI AR = RE TR (K 2-9).

AR WI(75%-100%): 17 h 33 min, F4 75%,
Y — 25 AR T AL, TP R AL i S 2 AN G A
AR, FABOE R (E 1-14., 8 2-10), MRS R
T A F 05 2 20 s AL, AR 2 T (& 2-10). 21 h
13 min, T4 90%, WIARGN T TL-Fods, 7EAHY)
R A A T 1) 0 8 43 Ay B B A i T (1T 1-15)
o 28 A8 T i 2R B D R (8T 2-11), 7 il it 356 1 A
DX I ol — X6 %o ) S AR 5 e RV () 1-15. &
2-12) A RIFIEH B, o R ELIE ) 40 A8 R (& 2-13)0
PR AW | K, e RS Y R —
AT R 45 #e (Neural keel)(E] 2-11, & 2-13), Jfli
RATA . 51 XA HEL(E 2-14), 24 h 15 min, R
FFASER, JEEEM, HEHAT 3 XH(& 1-16a).
0B RS A 7E A8 3 240 L ) VBT R, A0 MR T A —
2, ZEAIFERSLO IR, IR RIE N
(Neural rod) (& 1-16b., [ 2-15). HRIFILA M /1L
S 2 ARAE, O ) A0 M e AR, TR R 28 FE AR
FL(E 2-16), fENRZEM M Ty, Wr4E)E (& 2-17).
BEEE, BAEFEAS oAk o =348 . ik . A RS
(K 2-18). 24 h 55 min, 3@ RFEAEREZE L HI(E
1-17), HT RS TE IR 2 4IHE5 P9 00 8 A AR 4
(E 2-19),

25 F|ESUH

ZHG 26 h 23 min, MRIEAZSE /LT, IRiRAK
WUkLE 2, LR, MTETEAS A Al T S A
FAEG . R RIS R, B R A0 B ) Y TUTR L T AR
JEPRAR G5 H BRAILAR 5 s 30 AR 199 3 1z TNV J2 35 1 1 T
WBAARIAR, T BURIR AL (18] 2-20), 35 h 44 min,
ODAEJIE I, RS | WK, B e 5 0D B
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Fig.1 Embryonic development of American shad

L2 At 2.4 anifadl; 3. 8 40Nl 4. 16 AHMEI; 5. 32 AHMEM: 6. 64 AMEI; 7. 128 ZHAEN; 8. UMMM, 9. WA
R 10, MREEIRIE; 11 JFEA FAL; 120 N 30%; 13. FAL50%; 14. FE 75%; 15. FAL 90%; 16. 584 Ff(16a. &
5 16b. #2EF); 17, IRAEBL; 18 AFE ML 19, IMAHISI; 20, BHL; 21, wIiEfr @
es. /& ; hp. OEBIE; kv, wiC#E; np. MM nr. MIRER; op. IR¥E; so. (K77; yp. II#E#E
1: 2-cell stage; 2: 4-cell stage; 3: 8-cell stage; 4: 16-cell stage; 5: 32-cell stage; 6: 64-cell stage; 7: 128-cell stage; 8: Morula stage;
9: High blastula stage; 10: Low blastula stage; 11: Preliminary epiboly; 12: 30%-epiboly; 13: 50%-epiboly; 14: 75%-epiboly;
15: 90%-epiboly; 16: Complete epiboly (16a: somite; 16b: neural rod); 17: Kupffer’s vesicle;

18: Segmentation period; 19: Twist stage of embryo; 20: Hatching period; 21: Newly-hatched larvae
es: embrynic shield; hp: heart primordia; kv: Kupffer’s vesicle; np: neural plate; nr: neural rod; op: optic vesicle; yp: yolk plug; so: somite
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Fig.2 Histological sections of the embryos of American shad

L. 7R SZAG U AR ;s 2. 2 AR TR ihoCobs B gl 22 5 3. 8 AR 4. 64 ATHRIH T/ IR fAR A1 2 00 £ 98 J2 T PR B4 TR HAL 41 i 5
5. ZHMUMTR I ECA MUK 6. R TR NANIR B S A 7 BRI B 8. R RMIETR B RIRZE . AR R G
WM 9. JER TR SRR 100 R RS ABOE R 11 BRI 12, IR B 13, AT LT R AR
14, WATE R 15, MZRIMB; 16, ST B 17 DBl 18, MMk =k 19, sIRaEmB; 20. Frossf . (1]
i PGS BG; 21 fRERIFRTast, FERBM; 220 HAEINI, WL E; 230 FHRAMBIE R, s T
24k 24, MR, BRIFG Pk, TR NEMAE; 250 DTSRG 260 OB 27, 0T IL5E 40010 ik 2 B G
TR 28 RIEFAE MM, 29. UL, ReveRl; 30, TR, SERIHEL; 31 BLOBE#H SR 32, 7
WLARARIASI T BB, BRESRERL I 33, JUBIE AL, Wl UL SRR 27 2

Bi: B, Bp: HJEIE; Ce: /IMii; Cen: Hulvki; CF: BkGEMEZY; Cue: 377 LJ7; DC: WRIEANMEL; Die: [EIME; Dt: 7ML ; Ec:
SMRZE; En: WHRZ; Ep: LIRZE; ES: WE; Evl: HUUZ; B-Ysl: WEIEAGMEMA; Fo. fij; Ff: #&F8; Fp: M&EH; H: O
JiE; Hb: JEiBli; Hy: THRZE; Hyp: THR; LYsl: WOEGHIA; Kv: sl L. alhiR; Lv: SRR Me: PIRZE; Mb:
HRERAR ;. Mf: JLEF4E; My: LTS5 Nk: #&JEE; No: HE; Np: #ZH; Nr: M4&R; Nt: #&4; Op: HL; Ope: MAF; Otp:
Witl; Ov: Wi%; Pe: JHfZ; Pd: JRWF4E; Pr: JFAG; R: MM sf: Z5#R2Z; So: {K77; Sof: #C11iA; Te: Wnfti; Y. BUEE%E

1. The fertilized ovum, showing the cytoplasmic streaming; 2. The centrioles and spindle fibre at 2-cell period; 3. 8-cell period; 4. Enveloping
layer and deep cells at 64-cell period; 5. The multiple period showed the yolk syncytial layer; 6. The Internal syncytium and external syncytium
were visible at high stage; 7. The blastocoel appeared; 8. Epiblast , hypoblast, enveloping layer and the Internal syncytium were obvious at
early-gastrula; 9. The three germ layers differentiated at middle-gastrula; 10. The periderm and neural plate formed; 11. The brain primordium
was visible; 12. The optic vesicle appeared; 13. The notochord and neural keel were obvious; 14. The somite formed; 15. The neural rod
appeared; 16. The floor plate was present; 17. Otic placod formed; 18. The brain was differentiated into three parts; 19. Kupffer’s vesicle
appeared; 20. Telencephalon, diencephalon, mesencephalon and cerebellum were obvious; 21. The vacuolization of neural rod and hypochord
were visible; 22. The digestive tube appeared and the somite increased; 23. The primitive retina and the vacuolization of otic placode were
presented; 24. The neural tube formed, the vacuolization of notochord and digestive tube were obvious; 25. Myotome was visible; 26.
Pericardial cavity formed; 27. The brain showed compelely development, the vacuolization of otic placode was obvious; 28. Pronephric duct
appeared; 29. The increase of myotome; 30. The degeneration of Kupffer’s vesicle and fin fold were visible; 31. Pericardial cavity further
increased; 32. The cubical epithelium of lens was seen and choroid fissure developed; 33. The cornea was formed and lens fibers were obvious
Bi: blastocoel; Bp: brain primordium; Ce: cerebellum; Cen: centrioles; CF: choroid fissure; Cue: cubical epithelium; DC: deep cells; Die:
diencephalon; Dt: digestive tube; Ec: ectoderm; En: endoderm; Ep: Epiblast; ES: Embryonic shield; Evl: Enveloping layer; E-Ysl: External
syncytium; Fb: forebrain; Ff: fin fold; Fp: floor plate; H: heart; Hb: hindbrain; Hy: hypoblast; Hyp: Hypochord; I-Ysl: internal syncytium; Kv:
Kupffer’s vesicle; L: lens; LV: lens vesicle; Me: Mesoderm; Mb: midbrain; Mf: muscle fibres; My: myotome; Nk: neural keel; No: notochord;
Np: neural plate; Nr: neural rod; Nt: neural tube; Op: optic vesicle; Opc: optic cup; Otp: otic placode; Ov: otic vesicle; Pe: periderm; Pd:
pronephric duct; Pr: protoplasm; R: retina; sf: spindle fibre; So: somite; Sof: somitic furrow; Te: telencephalon; Y: yolk sac
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/NI A S5 B (Al osa sapidissima) R iG & B T A8 M 40 34T F Wi ge 15

PF(E 1-18), MaRb2sth, HHALBEENR, AR
L ERA A A A AR S A, TR R N E, TF
RILAL, 2 A0 A B (R 2-21) 0 IR AT 3F
—W L FEMRIEES, A ATEAE ML, 2
i V-4 M S (] 2-22) 0 FRAR N ARG 2 40 AN
Wrigd b K | WEIE, RAPZEAEN A, SN2 %
BRI R, NAIIE & E BN R G A
PR, LB it BRAA I T 4R A3 Ak - R A PN J2 40 AN
N A | ZEAH, ZE RO R AR, T R A R AR
Wr & 71 4y b 23 (& 2-23)

38 h35 min, AR PALIAE, ARG
itk THARAE B R (R 2-24) 40 h 22 min, &
TR . IR, TR UVLET 4R fL(F 2-25).
BT ks, Lo BT 2-26) 5 42 h 50 min,
AU BH S 434k 14 B R R s b e W 48 KRR (K] 2-27),
THALE ISt — 28, T WL A9~ 5 bR Anie, 7
BREH. HAE L, BEREBE 2-28).
44 h 15 min, KRBT, fEME LR Vv AIZE
¥,V RIS T 1) ) 1) PR AR 1 Sk (8] 2-29), IR
ZEURSE AR, TEILAME R EEEE R L, A S G AR R
BAK(K 2-30), 47 h 35 min, O NFEBESHA S, Bl E
BTG R (R 2-31). e RBETH R . SRR R E S
R T, N B A A | AR gk ) N ZE A
T A0 6 TR AR 2T 2, 7 HIR R 1o o] D B A %) ok 4% 24
(B 2-32), IRARTF bl BcbEqhsh, TFIRIE AL

2.6 EiLHA

60 h 15 min, fFa B ERTHE, MRS R, &
PR3 AR B 1-19) 0 AR REAE AL I RS 2% 1) i FL Ak
TR, HER—SETT B R A AR o dl R T A 41 dE 4k 2k
] e FRZE (8] 2-33), 70 h 15 min, {3k R RIZIHE
oy, BRMEERE S, 7 fi Sk oe  EE, A K (A
1-20), BLHHFAEON BRI, MARMPYGER, 0E
PN EImER(E 1-21),

3 iTie

O SRR A Ry Y R 2T HEAT A A 2 Bl A ) 200
Mtk s, AREESIRE, IR . Bl
B8 145 1 2 0 R A PR E T 0 5 e A A AL L R
BRI/ o R TREBOE B LM, )R T b
O, SRR 2T O AN SE R, i H iy TR

()T (Y 22 S, IR0 Jf 43 24 1 O B B A — 2 1Y
2o AWEFE T, SEYNENEE 1 IRBNEE 5 IRIY IR Ty
K HER, AH 6 WM R ., X 5K
(Scophthalmus maximus) ({44045, 2010). PG5
(Gadus morhua) (Hall et al, 2004)FI#§ER [ fi(Ma et al,
2008)24Ll, 1M &A1 #H(Oplegnathus fasciatus) il 24 i ¢ )
555 WA RG32 AN A B EA R (E, 2011)7; T
(Oryzias latipes) IR BI 2L A A 1 IREEHERAESS S
41 %4 (Iwamatsu, 2004); 15 [ 7K#R J% 1 (Leucopsarion
petersii)Zh 24 i LAY I T AL, FESE 3 YR OP 2L B
(Nakatsuji et al, 2009). FHILAT WL, 128003245 )5 B9 JL
WONY a3, BARRR L FE AL, M
M EERA — R P HE2ES

JVR 6 A 2 R Pl T %) D I A1 IR J2 A 4 A i
A, HHA PRI T 919 SR8 B/ i B &
R Z S AN Z AR B2 B, [R5 HER
FEMLES | A EIE A A R B 2 IR
T2 A7 J2 200 i 1) AR iy P8 B T BRSSO R Al 22
ZIE MR PO Z A A Ak e S 245 X PR
BN , KM B8 T8 SR IR E
BT AT, SR EAG M S REEIMA TS 2T
AR, BERT SO BEFRR ;. 76326 35 h 44 min J5
SO AR as AL, R, IR IERL, il
R IR A 2R . X 5 4 A B (fal3E, 2011)D . KEZHT
(T LL5E, 2010)FIK PUTEES (Hall et al, 2004)4) 45
Fpl,

fEM R R B i, 2R e g by, kR
TR IRZ, VAR AET RS, A5 HES P
WRZR, 2012), Hall %:(2004)%F K PG VRS (BT 5 %
WY, WMATE AL 45%KF, 55 1 XA EE, K6
2547 4 F1 E 6% (Paralichthys dentatus)& 1 435 %176 Ik
AT 90%HHHE Mi(Martinez et al, 2003; {43541 4%,
2010; fa[¥E, 2011)", ML (Channa striatus), B
ffi(Brachydanio rerio)FlI (155 1 1A EIRIAK5E 42
T IE B (Iwamatsu, 2004; Kimmel et al, 1995;
Marimuthu et al, 2007). AWFFEH, FEYNEFE 1 (&S
TEMRAR AL 90% 3 B, 33X 5 KZZ6F | 4547 B0 F1 2 6 (1)
SEEIEAL, AT UL, A AR T R ) EA ) 22
Sk o IR BEAE 434k 3 WL A A B 19 SR 4 i, X
S AR g S INA N W=l = S g 0F A ]
(Hall et al, 2004). ifi H. Morin-Kensicki Z£(1997)tL35

1) He T. Early development and related enzymatic activity in rock bream. Doctoral Dissertation of Chinese Academy of Sciences

(Institute of Oceanology), 2011, 1-129 [5G, 2515 & MANCEHG HERFFT. o ERM A BEIFIT AR Be R 7T AT 35T

AR, 2011, 1-129]
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H, ERES AR R B AR, — T A0 X o A
kB HA—EMER. toh, g, 4y
AWM EHWEA —E WS, RG4S 4t
52 Xf(Hall et al, 2004), K74 #:fifE(Clupea harengus){f
WEBCH 62 XF(Hill et al, 1997), KPGVE#:(Salmo
salar) (Gorodilov, 1996)F17filf(Salmo trutta){A& 5 F.44
Y18 60 Xf(Killeen et al, 1999), BELl Yy 32 %f
(Kimmel et al, 1995), ABFFEH, I P EAT HECH
55 X o 13X ] (-5 FRFH I 50 F £ A 2 (Hempel et al,
1961).

e [RHEJE MR K& B B Be A7 78 1 — B 87 I 1 25
¥, TR EmIE R, SRR, MM,
HEH IR A K & F R, RF5ET, Z2H )5
24 h 55 min, SEICEEFENMRREZE FOr i, h—"1iE
WRYERIE , 7E 47 h 35 min B1bH 2, TH4 K% 22 he
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Morphological and Histological Observation of the Embryo of
American Shad (Alosa sapidissima)
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Abstract American shad (Alosa sapidissima) is an abundant anadromous clupeid that is found along
both coasts of the United States and part of South Canada. This fish species has high economical and
ecological values. Because of its size, market demand and high economic value, the amount of American
shad has quickly increased since it was introduced into China. At present, the species has become an
important candidate for aquaculture. However, the study about the embryonic development of A.
sapidissima is still lacking. Here we observed the morphological and histological characteristics of the
embryonic development using microscope and paraffin sectioning. The results showed that at (21.0+0.5)C,
the hatching occurred at 71 h 15 min after fertilization. The embryogenesis of A. sapidissima was divided
into six main stages. The longitudinal fissure was observed from the first to the fifth cleavage; after that
the horizontal cleavage was visible at the sixth cleavage (64-cell stage); and then the blastoderm
differentiated into the enveloping layer at periphery and the deep cells in the center. At 6 h 2 min after
fertilization, the internal syncytium and external syncytium were visible at high stage. At 7 h 40 min, the
blastocoel was obvious in the blastula stage. At 10 h 39 min, the embryonic shield formed at 30%-epiboly
stage. At 14 h 50 min, the three germ layers differentiated at 50%-epiboly stage. At 17 h 33 min, the
neural plate was formed at 75%-epiboly stage. At 21 h 13 min, the brain rudiment, optic capsule,
notochord and somite formed at 90%-epiboly period. At 24 h 15 min, the neurula, otic vesicle, forebrain,
midbrain and hindbrain were visible at 100%-epiboly period. At 24 h 55 min, Kupffer’s vesicle appeared.
At 35 h 44 min, the heart and digestive tube appeared. Pronephric tubule was formed at 42 h 50 min, and
Kupfter’s vesicle degenerated at 47 h 35 min after fertilization. The cornea was formed at 42 h 50 min
after fertilization. A large number of larvae were spawned from the membrane at 70 h 15 min. The
hatching larvae had a large and homogeneous yolk sac with pigment cluster. In conclusion, the embryonic
development of A. sapidissima has a similar general pattern but different timing compared to other
teleosts.
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