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BH 1115 4 fil fa R AE I N T RFHIE 4, 2010 45 5 A,
PR 2 AW SEUNER AT T 2R N T EFHIAS,
TI AR ol 57 5 U 5 25 £ 1 R 77 B0, R4S 56 DN 6 52 K
B[ 10 J7 43K

ZFE ORIt ZRE O E T N AR
0.9 m Fl 1.2 m, 7K 1.2 m (¥[8 4E AR N 2E1 7594k,
JCHBAS ] Wy 1y a7k, AR K 20.3°C—21.9C.,

MEABEWNE IR SR N ZH
UL DPZLM . BERRI . AR BRI SR
TSR 7 NSRBI B, B— K F W B
KB FHEFA 5025 K E W BIROWEINEA LT 30
ki, MH 50%LL R FH B IE R IZE BB
By i), AT — & & BT — & F WA I [E
WA (R B st 1], e SRR & B B K L

WG & B BUR=IE IR & & DI x K iR

FI 1 OPTION fiff 1) 57 % 5 Y il 3% A i Jif & B 1
FEUEATHESEIG IR ML, F Nikond500 FHHLFAME ., AR
Gk E AW 10min A WSS 1R, BRI
0.5h A MEE 1 IR, BIRWEIAE 30 k. K
B IRT L 50% LA 1 3245 B 2135 32 30 04 B[R] A o

F&IEE  FHEAACHIRK, K 203C—
21.9°C, frfaiifb HoR s 3 %, JFan 4wz 4k i)
WG AR, BER 3h ML 1k, R (7: 00—22:
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+1.06) mm HFEEF|ZE M 3.0 mx 3.5 m, /KK 0.45 m
HI7K PR TR 5% o AR . F R EEK IR, K
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A, BRWTG—K, 219 HIRITLR, E8RER
et i 22w, eI AR 2 R I TR R
RFECA BT T ONE G E, B E 5 30 H {7t
D] 448 DR R R e

EENEEWME  Mral S 1 RIFHI
FESEATIN R 5%, 1—4 HigfFf, 1K 4—6h B
FE—k, 1&ZIE1(00: 00)FFHUFE—IK; 5—10 Higfrfa
HL.(7:30), WE(18:30)%HUHE—IK; 10—15 HiR, &K
L (8: 00)HUFE—R; 15—27 H R4 2 REUFE—IK,
27 HiJE, WohE 3 REBFE—IK . BRIRAE R —E1L
M a2 B JR M BORE, 3 R BEALECRE 30 2. FlHLER
FERATHE T 10%RG A3, SR 5 A ) 8 AR AT
et R R BRI SFE . SRELE, HHHE

DR B AR R RO . R ITETEE . =k
Ko RN B EE, M,

iR it B ¥ 4 A FH (mm?®) 7] 4 BE A 2K
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2.1 BERREB

SEIGARAFZAE I 10 1Ak, WEALRLH 10%.
M Z RS B FE KR 20.3C—21.9°CF, £&id 82h
EA S, WRAG & B B A AR (R 1),

ZHE P YN Z KGR ERTE, BB, JCIMER,
TUPEGR . WK 5 A% 2.85—3.28 mm. 245 35min,
2K 1 %) B 5 p R 0 A 3 ) Bl AR T R AR S
R IR B (R T 1)

DREHR R 2 N R/MESER A 24K,
U6 2 AHREIA . SN BRI 520K B () 51 24 07 25 A
W AR, JRSRIN (BRI -2). ZHK5
60min, 75855 1 IRBIZE, SE/RTE R de th B 2R,
I HB W, 5 0 2LV RE 5 240 2 N4
1, NEBL 2K )G 80min, 755 45— Uk OP 2L H i
HE& FYR, AR — L S 2
WONEL, HEA 4 2 (ERR T -3). 1h50min 5 3 1K
433, RS AN, 8 AN TS HES (AR T -4).
2h22min #EA 16 40, 400K/ N IFGG AR — (&
Ji I -5) 2K5)5 2h47min, 3h25min 3245 U043 5k
AT 32 i (E R 1 -6). 64 AN (E R T -7).
I Bl A 20 B ) AN W7 53 2L, FEAZKE JS 5h30min, 4
LAy 24T T Z 40, 2R AL TR i 2 2 HES
G B 11 S0 240 B AT (P T -8)

328 ZHEJ5 8h10min, Zi i gE— 4354,
TE 2K BR Sl Ak 28 WAL TE i s o RS, I oA o 2
IR T -9) ZJaIRZanim T & sh, BERZEM
= I B RRAK, F5Z2K5 )5 9hSOmin, WIE A £
2R (BRI T -10), LI M IRIR & B AR RERR I .

BERFREER 2RSS 13h, FERRZ 4NN (008
&, TRNGES, BT 13, RiEkFIHEA
i R (ER T -11), Z W2 968 T 4,
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17h40min FA43k 12(EM T -12), RNIEm 4%
K5 19h50min Zify, WRELARZE N4 2/3 &b, IRFRZE

eI PR T, RSO IR SL(BIR T -13), Ep#

x1 EMWERAXEREF

Tab. 1 Time table of Alosa sapidissima embryonic development

WA % 2 3 iy

KR

AR

L K5
Stage Developlpg time Water Terflperature Sum of temperature Plate list
(h:min) (C) (C-h)
ZAEUN Fertilized egg 0:00 20.4 0 —
£ 4%4] Blastoderm stage 0:35 20.4 11.90 I-1
2 Y 2-cell stage 1:00 20.3 20.38 I-2
4 A 4-cell stage 1:20 20.3 27.15 I-3
8 Al 8-cell stage 1:58 20.3 36.62 1-4
16 4liffI}H 16-cell stage 2:22 20.3 44.74 I-5
32 4 32-cell stage 2:48 203 53.54 1-6
64 4L 64-cell stage 3:25 20.4 66.09 I-7
LAY Multi-cell stage 5:30 20.5 108.69 I-8
[=E 381 High blastula stage 8:10 20.7 163.62 1-9
KZE L Low blastula stage 9:50 20.7 198.12 1-10
JE 5P Early gastrula stage 13:00 21.2 260.97 I-11
R Middle gastrula stage 17:40 21.9 332.80 I-12
JE %G W] Late gastrula stage 19:50 21.8 380.14 I-13
MHZE IR Neural stage 22:15 212 432.10 I-14
U5 B Somites appear stage 28:35 20.4 563.83 I-15
B2 Tail bud stage 37:00 21.4 739.74 I-16
FEfig B Appearance of caudal fin 39:40 21.5 796.94 1-17
WL Muscular contraction 43:00 21.8 869.11 I-18
LBk Heart-beating stage 50:15 20.4 1022.09 I-19
HIATY] Pre-hatching stage 56:10 20.7 1143.68 1-20
H BRI Hatching stage 82:00 20.9 1667.15 —
TR R E R A tH A% A JARAACSE J2 T 1) ) Sk A DB b A B0 I

22 BT 21 LGS, TR A . Z2H

R, ek 2 R i (B R T -20). 82h

22h15min J&, POMUIRHZEAE e R @A, TP R4
B, M arm e KRR, FFaRa b, TERET . .
Ja AR (BERR T -14) 0 BRI IS &8 B v IR 2 AS 8 43
fk, ZA5)5 28h35min, JERUATT (KR T -15),

2B R HA W I IARR R E, IRRILT gk
SR e L, VT IO UL, Sk ah MRk i AT 2,
maiR . HAEH B, 2RSS 37h B 25 B T U0 B A (E iR
I -16). Ffiz5 B 2 1K, 39h40min 78 & 2 1 2 %
B2 A1 LR R AR i 8 (IR T -17), BGE B R B2 6
U . 43h WRRZE 12 0 AR b e s, AR HE A LA
SO (AR T -18), BLETREE IMAR A E, BIHA
Wi o 50h15min 1T DL 21 36 M i R 1A BH 52 A0
kB sl (R T -19), BEE B A HER, Bk sh ik
T, [ R 3 O s B B g A7 A R K

KRG 52K ORI AL 8, R RS A AT Ea AR 2 /)N, i B
WK, WA IMER, TEShRETI4CHS, Wi KIR, 1
IR ERIAE ST BKE, S5 A B TTEIKIE.

22 FHELE

BHfra NIl B A A7 4 K 8.16—9.06
mm, &K (8.38£0.37) mm, UPE MR IE, K2
(2.26£0.11) mm 52K 1/4, 51%(1.96£0.13)
mm, KR (4.57+0.77) mm®, J6EJF LI A, O
P AR 2B I BUIRBESL (R 2).

A 10h MAT RIS A R AR, OBk
BT UL, FSRTT, ERATE AL, BT OLAT e R T A H
Al e TS N 2 A 1 8 ) B
14h HAT-f i 8 88 2T R B, AR B33l TR K,
AT, Bk —2 R B AR R, 1 H IR A7 ) i
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KA£(1.77£0.12) mm, 545 (1.46+0.18) mm, KEIA
FINEAL BT g —2 o BB ATF AR I 58 s, B ¥ 9% I

D PR IIUTS 5 AT UL, Bl AR i 2k o A A RIR TR
@R, 4 MR LT IR AL

F2 ENWMTFHEBLENHARSES

Tab. 2 Morphological measure of larval and juvenile of Alosa sapidissima development stage

S 4 P ]

O T A 5 Sk i s W RS
stage hatching yolk sac Total length ~ Head length Preanal length Eye diame-  Body height Pl.ate
(h/d) (mm’) (mm) (mm) (mm) ter (mm) (mm) list
L1 Oh 4.57+0.77 8.56+0.36 1.01£0.04 7.02+0.31 0.45+0.03 — -1
frfa 6h 3.38+0.57 9.50+0.28 7.84+0.37 — — -2
Early 10h 2.7240.49 9.77+0.30 7.87+0.23 — — -3
larvae 14h 2.21+£0.26 9.86+0.17 7.89+0.11 — — 11-4
stage 1d 2.01+0.52 9.96+0.49 1.18+0.11 7.96+0.51 0.46£0.05 — -5
32h 1.33+0.49 10.38+0.46 8.38+0.39 — — -6
2d 0.71+0.23 10.58+0.37 1.31+0.04 8.45+0.33 0.47+0.02 — -7
3d 0.33+0.34 11.28+0.45 1.33+0.08 9.03+0.37 0.48+0.01 — -8
e 31 4d — 11.49+0.58 1.45+0.06 9.40+0.72 0.49+0.23 0.79+0.07 -9
frfa 6d — 12.50+0.79 1.67+0.11 9.89+0.68 0.52+0.03 0.90+0.15 I-10
Late 9d — 13.68+0.98 1.87+0.22 10.87+0.78 0.58+0.37 1.05+0.29 m-11
larvae 11d — 15.71=0.81 2.37+0.12 12.47+0.68 0.7240.04 1.55+0.11 -13
stage 13d — 17.03+1.22 2.56+0.13 13.33+0.93 0.76+0.05 1.69+0.18 1-15
17d — 20.17+1.01 3.2840.13 15.124 0.82 0.95+0.06 2.24+0.23 1-17
23d — 23.07+1.06 4.83+0.32 15.98+0.80 1.56+0.12 3.08+0.37 m-19
Hefa i 27d — 26.15+1.15 5.81£0.20 17.09£0.71 1.98+0.09 4.2140.35 11-20
Juvenile 30d — 27.21+1.98 5.95+0.58 17.39+1.06 2.3940.10 4.77+0.57 -21
stage 33d — 33.10+1.58 7.65+0.52 20.35+1.02 2.42+0.14 6.49+0.50 -22

S 32h AT R AE IR AL, BRI . H
A, BB R, RS, EMIL%A
BZMECIR B AR gD K, FRPIREE &N E, th
S B, UMW 2 Hg oK A
(1.41£0.13) mm, 5§4£(0.98+0.17) mm, AF LA NI
BEALIY 15.54%. HsRE BN, BHERIAIT
WA o SCIREE, I B 434k ok £ 38 AN A R
A=

3 H AT fa 0P 2K 45(1.1540.12) mm, H &
(0.74+0.19) mm, I EFEE E 2RI, HiEA B
Yy MsEIE A, 5 EHE AR AR, DU X S5
i U

B {F & 4 H AR K (11.23£0.69) mm,
OB O RS AR, IR AL AN E R,
g )T W, kB AR, TR ANEN, kEEITR
T ATHEIEYIG, R shitg B 1A S A Y
Yo 2, SRR B S AHT il . 6 H IR fr iy

fig fig 25 P DL, A RTE B R R AR A 4—8
MHER —HER AR BB AR, MARR/NZE R AR K.

9 H A AT 00 8 G i S AE B G AR IR, R AR A
W Eo, REEEESAIT IR L E . 10 HIBAF R dhig
—HERDIR R KA L, I A A 1) B A T 3 (181 i
-12).

11 H 1o R EEE AT M v] 0L, i RE F AR
R BEAHIR o 12 H #8470 58 B8 T b Hh (R e 1T -14)
13 H {1t R i —HE RARBESUE 2 303, B
AL, 15 HiIREESE RV W (BRI -16), 17 H
W A #00 I BE F 0s HE R, AN T A R R R AR
2L, AT, BEIESURE S LT,
A7 0 B E Tt K 2 AN I AN AR B4 DT ) 4 i 3
Bz, 21 H A7 R MED ih 58, 17 EEE
WA (FRRIT-18).

23 Higfrfa, BEAEME I, Bk 1/2 BrsEnn,
#74(2.03+0.68) mm, O IE 53 275 F8h k. B30
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Jik, 21 €0 i W E o] 0. BEEEE A T AT R
M, REEF IR .

HaH 27 H ik (22.79+1.08) mm,
BEANEBECESEDNNE, RSN, BWA
IEOGEE, W IR

30 HidfrfaRm . Rmm T aaAa KEih, 4
BRSO LRAEN ., 33 H ATk 4 B b i,
L RAR AR SE AR, 55 DB MHE 0 5E A 4 0 i B

o TR T 5 Y i A1~ £ B ¥ 2 1) 1A
AR K V=4.1583¢ """ (R?=0.9901)(&l 1), 7 IL.2&
YN ) B B WA PR, TESRRAR S AN B 1d A B
R B O a2, 2d A B U R 1/5 AN

5 3N R 4F 7 £ AR B 5 U it A FE £ 1)
AR H R BEAT BNH 500, dE ST B AT HE A RS AR

KAERI(E 2): TL=0.0049D*+0.5091D+9.2578 (R*=
0.9885), PN TL=0.6613D+8.5404(R*=

0.9842),

50r

45% V= 4.1583¢-0.0356
4.0 R=0.9901

35¢
30
251
2.0

0.0 1 1 1 1 1 1 1 1 1 1
0 8 16 24 32 40 48 56 64 72 80

H AR5 E] Time after hatching (h)

1 S i A £ B0 e FE R AL

.1 Volume of changes of yolk sac in Alosa sapidissima larvae

B EE AT Volume of yolk sac (mm?)

&3l
0

36 ; ; |
I I
33 | R4 ! ! | g
Early : : I Juvenile
30 4 larvae LA | Tih) Flexionstage (ZHIEHI | stage
stage Preflexion : :Postﬂexion|
g 27 4 stage X stage |
= | |
£ ! g
& 24 + ! | TL=0.0049D%+0.5091D+
=2 | | 9.2578 (R*=0.9885)
S 21 A | 1 |
& | |
W oqg : : I 11-0.6613D+8.5404
g | | | (R=0.9842)
I I |
5 15 ,
1 | |
I I
12 - | | '
| | |
9 | : : |
p I | | I
] | I I |
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B2 ST RE £ R

Fig. 2 Growth of Alosa sapidissima larvae, juveniles

3 W g
3.1 EMMNERRAEE

SN ZRE 0 AR 2.85—3.28 mm, B IHER,
TR 203C—21.9CHLAMT, 2t 82h Hifk
HE, UK 1667.15°Ch, X H Greene, et all'lif
T ) S Y 6 2 4 O 0BF AL 23 UV 2 oge(D)=8.9~
2.484logo(T), D AFALREL, T HKIE(°C), 24°CHY,
SEALIS ] 3d; 27°CH,  SEALI ALy 2d. [ o 0

BB o [ i A2 R R R AE R 2.1—2.3 mm, B
AETIHER 10 250, MEEFET 235, #
KR 25C—27°C . 29°C—30°CF, W#fbistal 4512
7 17—19h fil 13—16h", BURHIARF] 550°C-h, 5
5 Y £ 2 4 R B4R S e A AR SR AN T
32 ENMREFELZESH

WG ARG & B AT (00 B, R4 E DL
B AR Ak, AT DR SE N oy R4 i
Wi fa . Mefafghfa . 77K 20.3°C—21.9CTF, 4
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H AT 0P 8 5 e, iF A W7, SN EIT
izl 23d AR, fANEIIHEC KT L,
HEAREM ], 27 H &0 R TF G A 85 R i,
F 33 Hily, SEUMEN 4 Sl eh i, MR TE T HE
mE|GENEE, AT, A RIS
b, 322 R A o Jal o AT HE S £ &5 19T T 5
D £ G SR A £ 0T LA 43 R S AT A L A AT
f | 25 S A . Johnson! 337 18 36 Y {1 A {4
KR 12—15mm B iR aE A ZS I, A58 55 DI i
FEAMEE N 9 H IR K (13.31+1.15) mm, n=30]JF
A 21 HIRfFAaZEHR, faat sd Bk, fFfAaNE
et AREf I . MEeF (Hemibarbus la-
beo)" A Mt 9—12 HIRAT(19.0°C—
23.0°C). EARYBE(Scortum barcoo)'™Fy 5—17 H
AT £1(26.6°C—29.7°C) . 2511 1(Oplegnathus fas-
ciatus) "1 15—24 HR7£8(21.0°C—24.0°C), K
H 41 (Pseudosciaena crocea) " M|k 16—20 H #3741
(19.0°C—22.0°C) A[FFhZEpr)fa, [ BPEE2E RN
FEHE f0 5 2 B ] R B B 48R TR, BT R S il
S s B B AN 4R 2 B[R] AN AR ]
33 &£ K

32 N i W 0 Ak A7 fa 2 K OF 8.16—9.06 mm
[(8.56+0.36) mm], BP I 2K B SE N EIA LR H 10.45—
12.28 mm [(11.23+0.69) mm], 5 Marcy >l 7536
Bt I AL 42K g 7.0—10.0 mm ., P BT 2L IR K
9.0—12.0 mm FYZE ARG . o E I P2E 27°C—34°C
VIR T4 KK 2.31—2.87 mm [(2.63+0.22 )mm,
n=5], B EEHENRE 2K A% 7.0 mm, HE(D, d)
5 &K (TL, mm) WA K ELBIH RN TL=
0.8475D+0.94, (5<D<30, R*=0.9940), ifij 3 M it i1y
AR EHLRIT TN TL=0.6613D+8.5404, (0<D<
33, R*=0.9842) 1 Ul & I i 40 S92 47 £ 22 B v K
R B A [ A5 P, S5 T3 B B A K
0.6613 mm, Tfij 1 [E >y 0.8475 mm.

o E A N SET i, — N2 4—5d DA
W e HE R, 55— 7—8d MM ER W AL ¢ B st Ak,
HAOA R AT f A 15 3 0 B R0 A58 TR, i
FEUNER 3 H AT T IR HE 6, 4 HI AT fE 58 T A
REBFAINEE RN, BAraiamek, |
BEFRMAAE 1d £, 50E f(Engraulis rin-
gens)®Y |t H fa (Platichthys flesus)®® | # i

(Miichthys miiuy)?* 5 A2, DRI 3 Sk 221
KoM Z Ik, W& 8GR T R X i
S [E] PN % B 5 UM S A RE £0 BT SRR AR Y — > 2 i
PR A S0 7™ A 47 o Al DA B B8 MRS 1 VBRI T
0 R BRI R, 58] 88%. TRAE FRIIME Mk
R B B — KA I R, SE R v AR e
(1) K5 25 e B0H AR A A7 078 28R 2 1 A ROIR L
UCAE VLB BB T 1 BB A5 A0, 38 B P FE — o %
FETN A AR R B AR R R

2% ik
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STUDY ON THE DEVELOPMENT OF THE EMBRYO AND LARVA
OF AMERICAN SHAD, ALOSA SAPIDISSIMA

HONG Xiao-You'?, ZHU Xin-Ping'*, CHEN Kun-Ci', PAN De-Bo' and LI Kai-Bin'

(1. Pearl River Fisheries Research Institute Chinese of Fishery Sciences, Guangzhou 510380, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 200090, China)

Abstract: The American shad (4losa sapidissima) is a potential aquaculture species with high economic value just like
the Chinese shad (7Tenualosa reevesii). The fertilizing eggs of American shad were introduced from West coast of
American in 2008 and the observation of morphological development of larva and juvenile of American shad were car-

ried on. Under the water temperature of 20.3°C—21.9°C, the duration of hatching lasted 82h, according to the morpho-

logical characteristics, the embryonic development of Alosa sapidissima may be divided into 7stages: the fertilized egg
stage, the cleavage stage, the blastula stage, the gastrula stage, the neural stage, the organogenesis stage and the hatching

stage. The fertilizing egg of Alosa sapidissima was spherical, semibuoyant and no oil globule with diameter of 2.85—

3.28 mm. The total length of the newly hatched larva was (8.56+0.36) mm and the volume of the yolk sac was
(4.57+0.77) mm’ by using the formula of V=4/3m-R/2-(r/2)*. The mouth and anus opened during 1 day after hatching
(DAH), meanwhile the brain began to development and the pectoral fin had formed. The volume of the yolk sac of the
2-day-old larva was (0.71£0.23) mm’, just 15.54% of the newly hatched larva. Larva growth and development depend
on the energy of yolk sac from newly hatched larva to 3DAH. Then larva entered a mixed feeding stage, finally the larva
exhausted all the yolk sac and undertaken exogenous feeding stage in 4DAH, the relationship between the volume of the
yolk sac (V) and the hour after hatching (4) was V=4.1583¢ 03¢ (R*=0.9901). Then the dorsal fin, caudal fin rays, anal
fin rays and pelvic fin rays appeared in the late-stage larva and meanwhile the notochord flexion began on 9DAH. Fin
ray of each fin completely developed. The scale occurred on 27DAH, the ontogeny of 33DAH juvenile went into the
fingerling stages. The regression equation of the relationship between body total length (7L) and age in days (D) was
TL=0.0049D*+0.5091D +9.2578 (R*=0.9885).

Key words: Alosa sapidissima; Embryonic; Larvae; Juvenile; Morphological; Development
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BRI Plate]
1. WREI; 2. 2 40 dll; 3. 4 400 3; 4. 8 AHiU]; 5. 16 4H0iY); 6. 32 4HAd; 7. 64 AMNUb]; 8. ZANNul]; 9. EAENRL; 10, R IEI;
11 5 R, 12, 5 R, 13, MR, 14, PR 150 DL B 16, B2EH; 17. BB BN, 18, LA, 19. L8k,

20. tHIBERATIA
1. Blastoderm stage; 2. 2-cell stage; 3. 4-cell stage; 4. 8-cell stage; 5. 16-cell stage; 6. 32-cell stage; 7. 64-cell stage; 8. Multi-cell stage;

9. High blastula stage; 10. Low blastula stage; 11. Early gastrula stage; 12. Middle gastrula stage; 13. Late gastrula stage; 14. Neural stage;
15. Somites appear stage; 16. Tail bud stage; 17. Appearance of caudal fin; 18. Muscular contraction; 19. Heart-beating stage;

20. Pre-hatching stage



162 7K *® 4+ L7 & Eibd 35 4%

ERR I Plate II
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17. 17 Hidfrfa; 18. 21 HikfF4; 19. 23 HidHMEA; 20. 27 HidHES; 21. 30 H ik Hif; 22. 33 Hidghf

1. Newly hatched larva; 2. 6 hours after hatching; 3. 10 hours after hatching; 4. 14 hours after hatching; 5. 1-day old larva after hatching;
6. 32 hours after hatching; 7. 2-day old larva after hatching; 8. 3-day old larva after hatching; 9. 4-day old larva after hatching; 10. 6-day old
larva after hatching; 11. 9-day old larva after hatching; 12. 10-day old larva after hatching; 13. 11-day old larva after hatching; 14. 12-day old
larva after hatching; 15. 13-day old larva after hatching; 16. 15-day old larva after hatching; 17.17-day old larva after hatching; 18. 21-day
old larva after hatching; 19. 23-day old larva after hatching; 20. 27-day old juvenile after hatching; 21.30-day old juvenile after hatching;
22. 33-day old juvenile after hatching



