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HRKBHEESREREEHR

mmr'?, &

EXE,

FmE, HARE,

Ak, OB, Fos
(L. Pk 7= B2 DF 58 B 3K P DR8I L 5 2660715
2. KK LR T 266003)

WE: VARBEARBARERNABRLE RALRASFREHALN T EHRT LA
BAAMEE NRRAGAEHEFFTHER AN EIEAE X AN ALRATT AR
HERRZI, KR (14 L1 10 D) JUR WG % B & A RF 38R AW EA AT R
AXBHEAZRIR BEEAXKESPEARFAEUFHORTHLZKEI S AN AMEL,
HAAPRANCORER  AFEE R ERABERECRARAELNRE BT ERAN TS
ERRZAE A KB ZRINARL,HE 150 pm £4, Bl XFLBEENRY REL K
WOERS RMER R R R AR 26 N, TEIER21) CHAERT,
Z29h20min FE N F RS 2, 2473 h20 min X FH Wit FEREK, AR NEFEAK

B RXNHRET 55 FH

KEEWR: BAKE; FREHKE; 2 KRR

FESHES: S968.9

W KB (Aurelia sp. ) hy 4 ERPE 4 45 )
JZAM AR T 40°S ~ 70°N g K i 4
S WA K BETE 4 Bk 200 O B TR R 5
K R E TS G R T I R
MRS SR %, TSR T OE W 10 eIl AR 3 B, o i
PSR B KBRS o fE R E RS2 —,
A KRB RS N EE TR 4

Bl P b 2 2 % g A K BE B A T R R
RN oA A4 D W AT T 4 9 B
9%, (H X HA Pk 5 B B i 9T b, AU David
SO HBUA AR IO 4 A T BB IS T A
TREE IR i % B BEIR A e () 9B 25 S A
fk , Ishii 25" BFSE T H K BEIE VR 4 HU7E O
4 % B I ), Lucas 25" 38 %t 18 H K B: 4 1k A= 5l
IR KA g B 08 R AT T BRI RGE %
AR WA S H K BEHERS 75 5 R ) BAR B9
X g KRR AN B 32 RS 1 R SOIR A  F i R R
R DLARHE T L _E 3 g BF 5 KRR 2 1 A i

W F& B H9:2014-10-29 1&[E B H3:2015-05-25
RENIRA  E K E a5 K BRI (2011CB403605 )
BS1EH VU3 , E-mail ; chensq@ ysfri. ac. cn

MERER DA

HNHZ— o ARLRXDOCI B RAT DL
3 3 NG G 2 e A K BEHERG S S ROR 1T T
PIBETE , BEER WEE 196 H oK BE 14 520K 1 72 M ik
i m RE R, DU R i A KB A 1 S o B
AW AR O 48 7 i KRR R AL RS
R

1 MRSk

1.1 SEIH#

PR 2 e PR K M R T K BE, AR R
(12.0 £1.0) cm, P W] &, B 1 R 85 HEAS . ik
B KA 20 L(50 cm x 20 cm x 20 cm) {38 K}
RS KRR 15 L, FHORE Ry 5 3 19 b dL TG 1Y &)
& (Artemia nauplius) .

1.2 KWHE

MR BANRHAE S TR E 3A4E TR
2030 R 6 I R SR A AL I A . 5 BE B
B KR (22 £0.5) C, L% 30,pH 7.8 ~
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8.4, VKA YK 6 mg/L, YRR 500 ~ 800 1x, 4
H $50RE f pd JUTC 1 44 2 I Hk 2 k. i
WL I K AR P S A RS T Al 22 MR TR A K B
1 g 5 L0 B 52 K B0, A0 B R R T D KBRS
HEHG o

JERAL i B K OL R (14 L: 10 D) 456
(12 L:12 D) A ER (10 L: 14 D)3 A 4b#E, B —
SEFR 6 AN BT A A TICE — HRE RS
U VA ) K g R e Y A K B 2 R 1 O, 34K
56 TE ) T 1 v ) K BEHERS 15 00 SN 1 i) o

PERM SRR« 150 8 IE 5 B PR — KA, WL
AW 3 NP, o — 4B 6 NER B —F
I TP 2% T — L M B S ) o R TR T K B
JeJE W 12 L 12 D,

BUAAR 1 41« 1 B AN 0 40 05 B T 4 o
/NS 3 TR A M 5 A 4 AN AR B B4
A3 6 AT B — A A — U R B
BN MR K BE . OSBRI 12 L2112 D,

AR AR AR G AR A4 1 AEHERS
) HE 1 U ) KB 5 P s A B M T T K B T
40 L i R4 TV 3% 55 7K B 61 A, 358 /K Kk 30 L,
2 W KB 2R R B IRl sk, A
3.

B AR IR LA NE MK
4 SHE T i ) KRR T i Ak ) A2 R BB 3 S HRORE , 7ROk
2 U T W I 40 R 0 SR SR O R B B I fik
TFHARAR A A2, B O %¢ 20 D2 KGO0 LA I, 5
WA 3, & KT BT H RS R LL 80% (14~
TR R B — o B A RRAE AR o o T ) K B
1 A 4 326 OF & 8 B0 TR TR A SR B, e A R
R4 R & T 1 000 mL BEAR 58 AU RE 57 0 4%
S em x5 em [{/NHE SR AE A B S IR
SR AT M S WA AR
L3 Zitah

fdi ] SPSS 13. 0 A4 X 52 56 B 48 4647 G2 1143
Bro X6 HERL SR A ATUBREE £ % HERGE 175 5 1
BARHEAT R Ty 2240 0, A 25 7w W 3, R AT
Duncan [KZ 5 K, B EFHIKFEP <0.05,

2 iR 55Mr

2.1 HAHAKEBHRBFEEE
KB Bt AR BEAE S 5 £ IR X}
g K EEHERS 315 R R ¥ (3.3 £0.5) d,

5 S R E(5.5 £0.5) d A B F
PE2E S (P <0.05) o S506 MR- 337 5 K50 Je Dl
WA S RE (8.1 £0.4) d HBEMEESR
(P<0.05) (£ 1), Zid AR IE S HEH ©
T B8 5E B2 R HL 32 K OP & 7 IR R, HLEE & O
MRS [] 9 2 4, 5 5 HERS I it 1) K 5040

x1 kFEEXBERAKISHBES

Tab.1 The result of photoperiod induction of
Aurelia sp. spermiation
. . KB Fop KOG
7S KE/d
i ] (14L:10 D) (12 L:12D) (10 L:14D)
inductive
long photo- equal photo- short photo-
days i i .
period period period
1 0/6 0/6 0/6
2 0/6 0/6 0/6
3 4/6 0/6 0/6
4 6/6 0/6 0/6
5 3/6 0/6
6 6/6 0/6
7 0/6
8 5/6
9 6/6

T« & R K BB/ K B R
Notes: The number of spermiated Aurelia sp./the total number of

Aurelia sp.

A R RN RS BRI a7 SN N
BeM AL I A KRR HERT S X5 3 R BN (3.0 =
0.0) d, 5k 24 h HeMEAL 35 3 RE (5.6 =
0.5) d A EMZER(P<0.05), F#24 h &I
AR 9155 5 KBS IR SR R 2 5 T KR
(6.6+0.8) d iR EMZERF(P<0.05)(F£2),
St ANV ERE S PEF S D RS T 3 RE S8 S R
H 32K 90 % 7 1E %, ELEEE VU BE /) % , 75 5
HEHG BTt 19 K 6 o

®2 EHHAXNEBRAKZHBEES
Tab.2 The result of food requirement induction of

Aurelia sp. spermiation

P RKE/d NSRRI F 24 h iR U $00R
induce days normal feed feed every two days  starve

1 0/6 0/6 0/6

2 0/6 0/6 0/6

3 0/6 0/6 6/6

4 0/6 0/6

5 0/6 2/6

6 3/6 6/6

7 5/6

8 6/6

TE - B AR K B0 K B B
Notes: The number of spermiated Aurelia sp./the total number of

Aurelia sp.
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HUAR ARG 3 i KB HEAR I U
RS KB (3.7 £0.5) d HHi45
Wy UL B 25 3 K 8(4.3 £0.5) d &
FEZ S (P <0.05) , 5450475 A= 1A 15 11 Jgig 41 1 -
P R (4.6 £0.5) d HREEESR (P <
0.05) o f5 175 F AL 55 43 473 < A2 15 11 M 21 29775
FRYERALZE (P >0.05) B4 5 A8
AP35 T RR(8.3 £0.5) d AH B&MEE
5 (P <0.05) (£ 3) . &id AR PR 15 HE Y
K2 BE 58 W2 K HL 3K 0 & & 1, L0 LA
P75 5 HERT B RCR G, G v 45473 35 < R 1) %
2.2 BRAKBZHIEHUE

HEVE R A KBRS 5 LU 7 40 22 /9 J5 20d 2 oK
ARG ARSI CEIRRE - 1) M P T ) 7R i 3 <
TR T A 22 WO T R R AL TR IR A R A
T CEIART -2,3) 2 i agi ok 11 1 Y 10 8 5% 3 4
K 1P A N iz CETRRT - 4) JSE e &ad 8 1 ke

T EARPR A, B 28 3 1k 91 B4R 19 4R 5T B 58 AR
Ao

R3 HIRGXERAKSHBEES

Tab.3 The result of damage induce Aurelia sp.

spermiation
. -5
TR K g s 8 .
N D1
(d) b & damage I i
. no damage
induce part of damage part .
damage . X somatic and
days somatic of oral arm
oral arm
1 0/6 0/6 0/6 0/6
2 0/6 0/6 0/6 0/6
3 0/6 2/6 0/6 0/6
4 0/6 6/6 4/6 2/6
5 0/6 6/6 6/6
6 0/6
7 0/6
8 4/6
9 6/6

T« & R K B R/ K B R
Notes: The number of spermiated Aurelia sp./The total number of

Aurelia sp.

BRI

BRAKEBZREERE
L M A KB HERS R 52,3, METE I T KBRS T 40 22 8 B B W 3 A0 T8 URS 1 | 4. RS 7 18 1 KA R 56 1 R D938 i
B i A" F KT H s FB. 44 ;0. U1 S5 ; OR. i s R. AT ; SF. R FA 22T K8,

Plate 1

The fertilization process of Aurelia sp.

1. the spermiation process of male Aurelia sp. ; 2 and 3. the sperm gobbet that made of sperm filament in food bag of female Aurelia; 4. the

pumping system pumped the sperm gobbet into body.

FB. food bag; O. ovary; OR. oral arm; R. rhopalium; SF. sperm filament; T. testis. The symbol“ A ” mark the sperm gobbet in figure 1.
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2.3 BRKBEBREE

K P DT AP 8 3 K £ B 5 2 o )
AKEE TR AL e B A2 KGO0 R 295 3 ho 2K O (18]
R - 1) M ERIE , B 42 04 150 wm 747, 1 (22 +
1) CTHKIET , 25 29 h 20 min & & R iF R 4
Hy, 225 73 h 20 min % 7 0 PO fih T AR A, K
HHRILE 4,

97 2L 320 O or 2475 X 58 42 2 AE O
o 5ZAE40 minjg , KGO0 — I F 46 A AR 3R
Zeid 1 h 20 min 5328y 2 40, OB AT UL, 40

M AR (BRI -2) o 25 1 h 40 min, 733
D94 A, AN IR (BRI -3) . W&
i 8 A (KM -4) (16 gif (R Il -5) .32
M (R - 6) 64 4 (PR IT - 7) 45 Bir Bt
KENZHMM(ERIT -8) .

&R R B IR ZHEGAh KB 2%

JRTE B, 20 i K F 3 2, 40 i 5 BRASERD , 7 2 4
i o B B IR (AR I - 9) ,5 h 20
min J5 2R IR (BRI - 10) o SR g A BL I
MIRIE , 20 i B4R 1 178,

BRI EAKBMERES
1. A5 00 ;2.2 200053, 4 400 ;4. 8 4 ;5. 16 2 ;6. 32 A ;7. 64 41 ;8. L 40M;9. FENRTE B ;10 FERRI; 11, 5% T8 AL
W12, JE IR 13, J5 BE IR AL 0T 5 14, IFIR S AU 15 16, DU fi FER 1 o

be. T . en. WIR)Z, ec. SMIR)Z

Plate I The embryonic development of Aurelia sp.

1. fertilized egg; 2.2 cells; 3.4 cells; 4.8 cells; 5. 16 cells; 6.32 cells; 7. 64 cells; 8. many cells; 9. blastulation stage; 10. blastula;

11. gastrulation stage; 12. gastrula; 13. gastrula rotated; 14. planula; 15 and 16. four tentacles scyphistoma.

be. blastocoel. en. endoderm. ec. ectoderm.

Bar:1 - 13.50 pm,14.90 pm,15.60 pm,16.30 pm

JR o BE TG 0%, IR B R iy BE ZHKiJ5 5 h 20
min ~7 h 30 min 3 J5U i IR IE U . 2 N B P
BUJE I W JVEJ6 T 06 e e 1 3l o 24 PN B S o AR AR
1/5 ~1/4 F, R JG T 46 3 9\ h 25 47 2212 110 )i b i

W, Te e I 1y B A I B L A 00 R R O
(190 s =5) s/r(ERR D -11) . BEE & F LT,
JiRg B 3k JEE 28 T bR, L5 8 1 e BRI N Al it e
B 20y (15 £2) s/ro MNFEE L #ER 13 ~ 1/
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2 T e T 3o i 0l Dt e e A S T
(432 Bl e , 3z Bl o B T IR, WL B i) d bR i
B R (27.37 £0.39) pm/s(ERLT - 12),
243 7 h 30 min BRH LRI BRI I
29 58K 273, K5 12 h 30 min J5, O 5 IR
e s 397, IR 1 A -3 0 B e 4 o o 2t AT 9 e e
¥eizgh,m s Bk F) (49.62 £1.15) pm/s (&
R —13) o BRRG T b6 h B ERIE ) i BROE 221K

FiR G R KGO 2238 29 h 20 min ()
KT I IR Al 1 PR Al P SRR 3 T L
ERMERIE, R B Ko EH 025 450 pm
270 pm, JFIRE WAL N A TE 2 120 h 5 &I
PR AER P 3, M 29 0 (52.42 £ 1.02) pm/s
(BRI -14)

v ik R TRIRZIRAIE 2y 46 h A
7 2l , — 0 B A 2 S0t e 7 0 DY gk T SECER
A, 75—V IR Ay HUTE 7K TR 5 2 8 2 1 fih T R
AT PR A 203 St L (IETRRL - 15,16) .

*4 BAKBERREER
Tab.4 The embryonic development

process of Aurelia sp.

R H I [E] RE N %] f5i)
developmental time developmental stage figure
0h Z K5 UP fertilized egg Plate I -1
1 h 20 min 2 4 2cells Plate I -2
1 h 40 min 4 41 Jifg 4cells Plate II -3
1 h 55 min 8 il Jify 8cells Plate Il -4
2 h 15 min 16 40 i1 16cells Plate 11 -5
2 h 30 min 32 41 g 32cells Plate T -6
2 h 45 min 64 41 i 64cells Plate T -7
3 h 5 min Z 4l ifd many cells Plate I -8
4 h FE R IE %, blastulation Plate [l -9
5 h 20 min #E I blastula Plate 11 - 10
i i B
6 h 30 min ok E,EZ Plate [l - 11
gastrulation
7 h 30 min JE g IR gastrula Plate 11 -12
JE 1 IS e
12 h 30 min Vi IR e Plate I - 13
gastrula rotated
29 h 20 min TF IR %) B planula Plate 11 - 14
~MER K four
73 h 20 min SLEESE Wlh_ 4 Plate 11 - 15,16
tentacles scyphistoma.
3 tie

3.1 REAHN. M NMERGEEFXERKE
AHEENFIE
A RBEFTIN D, Y Gl R LA ROE

45 DR 76 1 OICFF HE h  1Y JE AT EBE vhke B)
TORHEMVERT AR 2 A QPR IR B T R S R B
DR 7728 A M 6 B IE 4 AT LASIE T L SR, 3R Bk
P - % K B BB AR ) 2 S 1 F 9 i A A
W REIREY, KB &AM THES
PR A K BEHERS . 8 A K BEFE 4 i AL
FEI P 70°N ~40°S {4 -1 3 35 45 43 A1 2k
K i ] LB 2R o 3, O B 8 O KOk IR g
JK U B R o Lucas 281" A F 5 I B X ¥ A K
B B B A B R i R A A R Y K BE
A S B B B, AR T B ¢ BT A M M K BE
PE R 0 /N AR 45 mm, AR AR /N A
TR R H RS B T R R A SRR . U
B S W7 TH 38 & 8 30 0 K BE R R & B R
6 JE 1 0 75 A6 AT BE 2 IR R AR AR — A SR B (E
S XTFEYHE TR B IRE L, Ishi ¥ Y
WFFE W0, 25 2 ) e /0 b, 1 7 K BE A K 3R
S RER R A K m A g, T, =
IER X GV RN A=l N TR/ W o
RAGA P B R . Y 78 R B, K B
] F4 42 09 2B KM A & K B . 7E Horsea
Lake 191 H 7K £ B 04 1 32 30 28 UM R 1, Y
Ty R E A KR R R K, M
Bz A s . Lucas™ A, iR
A 5 AR BE O R IR £ R A A S A R
RLUTUAR MG FME S A RKEHE LA
N I N S o S R
T IE B 5 R4 N B K AR WA, BBl 2 DL R
N, 75 5 HERE T 1 KA e, X — 25 R 5
Lucas'*' W W) 4 . Ohtsu %7 X H A< 5 A 7
JK B Vb ¥ B ( Nemopilema nomurai) B 4 g il 24
WA EAT TR S, K B Ag BRE L E Bl e A IR
TR L, M R R A 5 T 2 B4R A 1 A A e B
R Ak EVE R & B B . L o DR R Y B
o B R — /N Mt R R AT W 5%, & B A 1 R
B r ok E M, AFRBEN, —E /"
JEE WML AR B8 49 RE A HF I T KRR HE RS, iF T 3k AT
A

KGR W = S MU 5 155 % 1 H K B ok
VLA B IR B8 4 18, ok 73 0 AN RO B 2
TR BR R AT AR B R B R A T K
BR824 06 1 MR At AR, DAt
52 WA S, PR UE P I E 2
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3.2 BRAKBEMEEIERRMEREAE

N A0 56 T K BEA T S R T 2
AR, AR A i A K B K 2 O T 7E
1 56 V) DX 432 3% & 11 i oK vty L JE LA T T, HE 21
RAN, ORAE A i Th s ik — B B s B B
i 00 DX 2 W 2% o N - P e 7K O £ A ME 7
FKBAR N, S 02K o A B2 7 g ) K B
A S A AR . AT YU B v H
IKER RN - 41 22 HE AR Sh A J& T8 183 A .
W VA ) KBRS - A 2 0 < 2 kU TR
Yy 9 A0 T2 O 5 P, RS 5 141 0 o 1 7 ) K B oK
ARG s B O AL, B I R A S
T NER L RS, SRS 58 SRS T e 2R R
Bk E TR X, B B T A A T A 1Y i
SN A IR SR

AR S5 % H KB NSZAE B A & o D fih T 48
RIRM IR & & W BT T AR, I & 3
TSR IR AE I VR S A AS IR e B X — R AOIR 2
Ishii 25" % B/K IR 12 °C #1122 T A KB
ZAE P K Sk o IR B 5 B R 43 500 0 116 h A
50 h AT 78 & BAE K 22 CF, 2800 & & £
JR A IRALFE 7 h 30 min, & F S FE IR 4 2L B[R]
{2 29 h 20 min, X A f& 5 7K B A2 K /N K OP 5
A H AN F A 5, David & BFSE T A KB
MR RG & & KB S840, 5 2T 32 K B0 M 2E iE 15
B 5 W S B AT T RIS . S
F K BE R RG 347 34 4 53 A0 15 22 IR i A AR | R 4
L AE B IR JOE B — /N S IR BRI . XS
VE WL 3] 1 28 W00 0 FRAE AR [R) o A 38 TA 2R, IR
JRFEREIR B TC 4T €, 1M 41 € e vl Hh B2 76 5 ik
TE RN, 3 5 A 55 50 W8 8¢ 31 19 7 D 1 VR TR 1 3R i
e R e is S R — 3, M4 & Bliz 8l 7 K
Nz gl i B S Bl A WG R B AT kAR AR AL
iz 3 X B W 2 42k Haiz sl Btk . X A] RE N
FERBMAERME R,

R A N W KB TR IR 4 B R
— R AEAT I R) 23 [ 5 & B T B fih T IR 4
PN IA N P R & R AR K A sl 4
48 hi5 A T 1 e S b ST TR S Rk F
4 Al 08 B S MEIR 1A AR B W & 16 fil T
1) B EBR AR o ASBIF 53 0 5% 1) DA T IR 40 1 1 DY figh
FUUR KA T E 44 h A7 W& i [E] i AS 6] ]
fig 5 7K S A PR 8 R R A O . R R B

S3 PR IR &) MU R B B BT R Sy DY ik T ELAR
A, TSR TE K TE S B A D fik T mECR A S P AT
BE . X5 A W B Vb B I L B
W ( Rhispidum vanhoeffen) i H 7K 1 19 1% 1R 4
BRI AR IR B RS T A8 SR MR A, T4 A K i
B SR 2% 5, AT AT T DT DA H R v [ 25 7 AR
B ER A3

4 4hig

S A= N/ QS IPIALE SIS e 7/P S NN €
3%k e H K EEHERS 8935 AR T, R T i A
KBRS A B e BURS 1 AT 20 38 MEPE B0 5L A
RGN T A i B O SR T S R TS A2 R R
Wiz ik ) M X AT IR R K F L e TR H K
BT AR 05T, R e B A2 R O 7E 5 iR )
WAL
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Investigation on spermiation induction and embryonic
development of Aurelia sp.

CHEN Zhaoting' >, LI Qi*, ZHAUNG Zhimeng', CHEN Siging""* , LIU Chunsheng'
LIU Changlin', ZHAO Peng', LU Bin'
(1. The Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071, China;
2. Fisheries College ,Ocean University of China,Qingdao 266003, China)

Abstract; The scyphozoan Aurelia aurita (Linnaeus) is a cosmopolitan species, having been reported from
a variety of coastal and shelf sea environments around the world. The blooms of Aurelia sp. have caused
ecological disasters in recent years. In order to discover the key process of the sexual reproduction biology of
Aurelia sp. , the spermiation inductive factors, as well as the process of fertilization and embryonic
development, were observed according to experimental ecology and microscopy in this study. The results
were as follows:the long photoperiod(14L: 10D ) , starvation and damage could effectively induce the sexual
matured Aurelia sp. spermiation. The detail information was shown in Tab. 1 ,Tab.2 and Tab. 3 respectively.
Female Aurelia sp. medusae captured sperm filament that the male released into food bag of somatic edge in
which the sperm filament became sperm gobbet by tentacle. The sperm gobbets were transported into oral
arm groove by oral arm, then they went through gastric-oral arm groove and gastric reproduction groove
successively, and arrived at female gonad to fertilize finally. The fertilized eggs of Aurelia sp. were round and
the diameter was about 150 pm. According to the appearance and characteristics of the embryo, embryonic
development was divided into 6 consecutive stages: cleavage stage, blastulation stage, blastula stage,
gastrulation stage , gastrula stage ,planula stage and four tentacles scyphistoma.In (22 +1) T sea water, the
embryo developed into planula at about 29 h 20 min and grew into four tentacles scyphistoma at about 73 h
20 min. Aurelia sp. Underwent internal fertilization and embryo developed in vivo. The reproductive pattern
could improve the survival rate of offspring,which may be the reason why Aurelia sp. existed extensively.
Key words: Aurelia sp. ; induced spermiation; fertilization; embryonic development
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