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Abstract; Current knowledge about sexual reproduction in Noctiluca scintillans is reviewed in this paper. Noctiluca
scintillans is one of the most prominent “red tide” organisms found in all Chinese coastal waters. There are two forms, pink
Noctiluca and green Noctiluca. The former is heterotrophic and broadly distributed in temperate and sub-tropical coastal
waters. The latter contains a photosynthetic symbiont and can survive without an external food supply. It is mainly limited to
the tropical west Pacific, parts of the Arabian Sea, the Gulf of Oman, and the Red Sea. The complete life cycle of N.
scintillans consists of binary fission and sexual reproduction. A small fraction of trophonts transform into gametogenic cells,
which undergo two successive nuclear divisions. The products of nuclear division migrate to the cell surface with a small
amount of cytoplasm and further synchronously divide six to eight times. A large number of gametes, which possess some
noctilucid-like characters, such as a transverse groove, a longitudinal groove, and two flagella, are released from the mother

cell ghost. The zygote, which results from the fusion of two isogametes, gives rise to miniscule trophonts, which undergo
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change in shape and reduction in flagellum number and acquire a tentacle and crust. Gamete fusion in N. scintillans is not
followed by formation of a non-motile resting cyst or by meiosis. To date, there is some controversy regarding the process of
sexual reproduction, i.e., gametogenesis and the development from zygote to trophont. There is a strict program for the
formation of gametogenic cells, which starts to operate in every cell after a defined number of binary fissions. However, the
presence of gametes can reset this program and keep trophonts in binary fission instead of proceeding to gametogenesis.
Sexual reproduction is common when populations are increasing but rare during population decline both in the field and in
the culture. Thus, sexual reproduction is considered to contribute to the population growth of N. scintillans. Gametes were
found all year round in coastal waters of Sagami Bay, and its peak abundance was observed to occur just before or at the
same times as the peak abundance of the trophonts. It is suggested that sexual reproduction enhances the formation of N.
scintillans “red tides,” as intensive multiplication may occur under high-density conditions. The primitiveness of the
noctilucid flagellum can be regarded as an ancestral character of dinoflagellates. If the gametes are likely to reflect the
primary attributes of trophonts, it could be concluded that N. scintillans is an ancestral form of dinoflagellates. The
methodology of investigating this sexual reproduction, including collection and cultivation, observation by light microscopy,
quantification of gametes, etc., is briefly introduced in this article. Studies on physiology, population dynamics, and bloom

formation of N. scintillans in Chinese coastal waters are summarized, and future research topics are briefly discussed.
Key Words: Noctiluca scintillans ; life cycle; sexual reproduction; gametogenic cell; gamete

WA ( Noctiluca scintillans ( Macartney) Kofoid and Swezy = Noctiluca milaris Surirayex Lamarck ) 3 J& FH
#:17]( Dinophyta) . ! % 3IV.|"] ( Dinophycidae ) . B #: 44 ( Dinophyceae ) #f B 3 IV 4X ( Gymnodiniphycidae ) 7% % H
( Noctilucales) J&IEHEH ( Noctiluaceae ) JIGHIE ( Noctiluca) " 2R FEN R EY Z — 206 T
TR R RS SR R KR TR S v L AR T O RO B Ao R AN Y A AT
PR R4S IR AL AR A TR ( gametogenic cell ) ;24 K it F ( gamete ) $EA74 PE 258 . H 7i & EC
FREAIAEIE B B Rl G NG 1 & B S5 A M B AR DRI AR AR 53 B, A P B AE OGRS R i 1
FHMASBGR > BRGNP B RGBT 58 8 e A 0 s AR B LA e R AU R A
PR FCAR R RO, 3 mT LA R FR S 0 3 ZE R AL I S S (i 3 . it , AR SCERIR T RO A 1 58 D T Y
WFFE R S, LU [ AR SCHFIR TAR T ik 2%

1 BAENEFRLBREESRMWESS

BOGHEEEA IR G S I PR E SR 2880 38 5 A4l ol i) 52 00 268, s T R Oy 21 6 O (red
Noctiluca) , JG B FR LRI EE (green Noctiluca) AEROCEERA G RIK, Al ) 5 W 75 37 28 ,BE
WS AN TRIEAR Y /NI 319 ( microzooplankton ) | HP 7 Vi 8114 ( mesozooplankton ) [ B FI S 5 | £ B
AEL10-18] o 7 T 2 T P e A — P ] ( Chlorophyta ) #4724 ( Pedinophyceae ) B9 FH 37 #f & ——=& Gk
Jfi34 ( Pedinomonas noctilucae Sweeney) "> FEE ) = BFREE | AT LA N 28 8 09 SR FH = e e |
(AR EE T AR R T

PR] Sy %o B 403 IO 91 AN [R) , A 3 O i S I ) 9 M B A AR RRAIE . 2T 6RO HEE TS L 10—25 °C,
2 A TR AT T R K, TE BT R B IR A A KR B TR A RO TR
2530 °C, i A BT TR 7E 1980 AR LA 437y [ 8 A0 4 B 3 ERE V| LR 2R 1 S0 /K Jal Jo] 30 44
Y 2 ) AE BT HEAATEE ( Arabian Sea) PHILERANPA & 725 ( Gulf of Oman) A KIS R & 072

BOCHEAERRCR 1 Z W 28 bt S BUAR TR AR, 20 (8 80 ' 38 7 RO L 3 ( North Sea) ' P B 2F 3
V0 H AR B ARSI (Sagami Bay) U A LA MGV R YL 1 AR K R AIC R M AR A B A (E,
PRI TR TE MR RN AR T /K R R BB 55 B A B R 2 1 cell LT DLR Y I 7E L
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HEHTHFTS (Gulf of Trieste) F1 5 /R Dh7 i (Marmara Sea ) FHEEEE /0 BIAEA K EIE R E 2, O8Ot
BETE D JE PV (Manila Bay ) IR RS T 5 /K 38, 75 2 A R 400 o 0, 8 0B 2 OB AR 277 5 7 28 VS ( Gulf of
Thailand ) FFEEECE M 5 H 519 H#RALTAE R KT, 11 H BIRA 2 H 3K s 7e bl 295 7R 2 & 478 8.9 H
Py WiAE FE NS ( Bay of Bengal ) FBHRLAM M , FhRERUR B {E H BAE A D)

BOCHFN TSNS ZBKSCER (R FhEES) P AW E R (TR o H R %) 20 RS
GEFR (R S 0P s, BN e R R IR TS S S AL ARO G A K Y H
FEATRI K S 3R 25 520 s RO R S8 5 KU DA C

2 BAEHAMEE

XFROGCHEA P Z T ot AR A WF T 46 T 1899 4F, Calkins d5c M4 I8 1 B G FPRE v 8 7K s B iy 1C B 4
', 1970 4F Zingmark $i3R T BOCEECFHIE ORI AL & 72, AR ICE AR B & F & B BUE FR 400, (HL A
FRBLF 2ol il & 2R 7 A BT I B R A . X — LS Z2 5 1 Elbriichter 1 Qi FUBUSE , ALAITIA N 1 4R8N
AR R BB BERC T Bl G 5 T8 0E 3% 40 i 1 IE S , PRS- i drig IR R 0™, 1 B 2006 4F, Fukuda Fl
Endoh 08 TROEHA TIURE MR T ROCHMA SR, 8 7T AL (B D)7,

Atk g 5H

B1 whEmEFEsl
Fig. 1 The complete life cycle of Noctiluca scintillans'"}
L FARTE BE T BEARM 5 2. KA 2 B3 3. RIS TR MR M 285 4. SRR TR IIE 5 5. BE T RO BEANARAETS s 6. HAT 2 AR#fE
EBWFER T 7. BA 4 RETEIE T 8. 8 TIHGREE, R, 9. & TREFLRE, JME MTFIFHRIEL; 10, TR, RARTE
Jis 11 BT RE R NVE SR ; 12, R80T N AE JR i

Ml Fukuda Fl Endoh FYWEE , BOGHY A ME BRUERE AT S0 A NI B, 38435 R A MUE S A2 1 K
H— BRIV A SR AR T, AR RS2 2 IR I A 4 AT (nuclei ) A% #5717 38 20 4 i S 7
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AR TIE US L T (progamete ) , IXSE SR B LML AL 1, A% T Ak2E0r 2L 6—8 A, MTIE N 4 73k 256—
1024 AN REC T, B A TR S 8 b B REAA S —ER 3 3R AR 2 D5 RIE . C 78 R 1 N SR BRI K
W B R Rt A IE s #F (zoospore) o BL T &AWL, T LA T (zygote) . & FREHE, K
Hh il T, A — RN ARACE TE BUBT 9 38 SR 20 M, AR B E SR A/ b BROGTRETC - B1 20 B 1 B UL
il B FRA G T RE (NG T RIS TR ) i FRAAAE— 25t 10T 2 — BT .
2.1 SRR AIE L

BOGHE—/ N I3 B SR A LA B, 2R 25T M D A W SR A M , thai e 28 B BRI I 5 28 S I -
FEANME (& 2A 2B) A 8h TROGEEMAEZIE | BRI A LT EROEEE [ ARFPE R T (5 LB /N
AR K B RO R i S BRI, REIA B SR e A T RGN AE SR (RO [ SRR
PR3 15, 2% [ V8 o e XL o e KA AL 309% 5 70 & N BE FR 6k (A ROG BE MR BOM K I 35 =

Sato 55 & BRBOGIERC 51 4H A9 T2 132 30 7™ A% 10 72 e 428 11, D457 B0 A I 355 7 00 10O i 75 5% A g 28 2ok
22—24 IR 3405, AT T A MR 2 5 A8 e - BE A AE , 1i HLIX — S BN S RO G 97 5 CIREE R DO
B WPIRBLAT pH {E) AYBCET R, {H Fukuda 1 Endoh B S2H6 AN S2REIOULE, , At A] % BLC 7R 40 i 14
T IAFAE— 5 FARI M AN & — B R A, Z 1 PR R 3R AT RE i & B0 T RE AN TE B S (B0 B A 1
T B AT WS SR S, 28 1 S T ¢ (0 IR0 B A P4 i 2 XU T 400 R 22 A B e, A Ik BB R % T AE AR L 2=
JRUH P 20 e P A 3 0 i FRE AR A R B S IR 4 A SR RO TE AR B WSO F
REMEATIE A 24 IR IIAAIE (AR REIE e FRE 4>
2.2 BAHEASH S AR5

FABOCHERL T R AR 24 /N 285 8—10 YA, 2B IR 256—1024 DL > LRI
HILBEE AN T IR 40 M0, 540 e g 3eir (1 20) 7 B I B A, B SR A RS T AT . B A
BEEITIC 5 TR , A T4 374 Ab , B IE 7 I8 T 5 B VA AR 52, IR, A BE 2y AR Y 475, ATE 5 REE 22
WA 2 RANIAH BE MR AR EEALAT 1RO BEIC 1T DMG R 43 H 3 — AR B e iR 3 , A mT LA ME 350 B 0% 5 77 4
P B IR MLEAT i sl i B B A5 1) 7 [e] , BCHT A M = A 4 ) . AR 2 2R 08 L T 4R M IE &8, ml
BRI ACLL YL 0, 50 TOURR il WSR3 22N W0RE , 575 75 A1 M0 408 B2 2 8 s T2 LAY i S 8L, mT Rk A IC R4
AR , ] AN BEDEFT AT (endocytose ) IC TRt E 57 |

X BCFIE S R HEIR G AE e o0 B, FERAE T B8 . R 2 U 8O0 7 A 1 ARHE
EBRTHRMEES . AR AR AR T R 2 AR I T A 0 3 IR A 4 AR
IR IE , Kofoid Fl Swezy & A TROGHEEEC T AIMTF" . Elbrichter 1 Qi TA N AR HERL T R A7 1 4R
KHEE , BA ZHE RS2 40 43 2R 56 2 A5 5 5 1M Fukuda 1 Endoh WK BRI RO BERL F#0H A 2
HRHE R, B0 5 P90 WL P v 0 s D 23l s 0 = WS 4 A 0 PN 3 ) T4 % fih 7 P gt 2 R
HEE I HER T

WOCHERL T REAS & LE PTG, W42l DU THARSE , Al G 5 IR RS K B LA 2 M &
T (K 2D) BEE AL RS . AT R7EIE B AN TE DA A A A A B R, B 4 ARHEE , FTREBL RN
HREVIMERE T BOGER TR AMA K LOEAL, R A F SSRGS AR R AT, A%
B R AR A B o T BT I EEBICR 1%e—2%0 "

Zingmark A NG =4 [RITE B T (isogamete ) |, 7] — Mg FFF 40 i 7= A= i e F 1T LG Rl -, 2 BRI T
e HA A R3S LAY (mating type) , TG BEUE 51T 7] 572 £ 5 (homothallism ) N1} Schnepf FI Drebes TA
AR IEEE = A IR BLF (anisogamete ) , 0355 BE 140 BB A9 /NEL - ( microgamete ) F155 78 SR 4 M S ALL 1 KRBT
F ( macrogamete ) [40] , A3 Fukuda 1 Endoh 45 H3 % 1 Wy B A il 7 FR S S 40 i AT BE BRI R T
23 BTKE

BGHEA R T oAl FF 8, 5 1 20 A 7 A AR HIR T (resting cyst) , & T4 — RIE A ML )28 L B

http ; //www.ecologica.cn



9 4 RARE 2 BOCHRA MBS R 5

BeR B BRI EFRAM T e, MR BGRD R GNTATE AN AE S PRI 5 SRS, A0 A% R 4 T
P g 5 SRS AR A 2 ARMEE 4T BR AR S ROE s k2 1 AR R, T ) I WA B R, 4
P AR5 T[] ik A B B (s Y is Bl Re ) (IR S RE T s AUMEh 20 A8 )R TR A s 5, R i T, R
Uiy 0] DAATIRG VRS B AR B . BT R B R A A /N, Ak AR K B BE SR A R AF ok T AR R A AR
1b(E 2E)

FH DRI 16 5 1) ) e 2 AR — R DB 3 T BOGEE & T I R B i R b R & AN M AZ 9 3 24, Fr UL
AR A AR 5K 2R S A PSS SRR TR ) BRSO T T BE R P R A, E
BT RBEICAHENE I= A HEH D, Anderson 5 T 1A 56 4 & B 1 B TG 3R I 18058 42 1 W 4 53
11T Fukuda 1 Endoh A Rl & LT [ TR —AEEAHM 555 SOl fE 30 A TR BRI (HaX 2L
ST B R S TAE A TIRE

S
A “9) x‘ \}
& -
¥ B
— " —— —
2 WHEMAEEFEHED
Fig. 2 Different stages of life cycle of Noctiluca scintillans'”]

(A) BFRYI; (B) . FlFRIE; (C) . B EARM, 2 IRHEE; (D). FIBMMEFEA 4 REE; (E) . BIEMME R
AREN, fFARTER. (A), (B) FI(E) BRI 100 pm; (C) FI(D) AR 10 pm.

3 AMEEN RGN ST

LLEBOCHE 1 IRFIRE A P BRI AR 1 LR ) | T RE 240 A A R iR AR A0 1 B L7 o e
KB 5 Lol s, K pR AR s (9 G 2 B R WA PE BABORTRER' S 7, i T2 A RAE A AR IR b R B
BOCEERC TG 5 58 BOBT— AR B UED , AP BEFE S PR 4 i B3 STk v AN T, Al BB R SR 7Rk
B SIEROCE R —or AR 73 2R (BT BRI ) 2975 3—5 F M e i i 1 I £, {1 — 7 3¢
SROCHER RO AR PR AR B Z ] (¥ 0GR R ), A T A A 2R BOL AR 1 1 207 LT e
RT3 T AT 25

LROBOLBEAYAVES I SRR VIR, 76 A SRR Y PR KM AN 2 N IR i 48 AU E RS 1B
A S5 H B, Sriwoon SFIN X R AR BOEEEIE AR K AR, M1 T 9250 2 WAL, an R4 e 51
AN A 512 ANEC T, A 10% PRG54 F SCE IR AR, 2002 47 9 F A [ il (6 A 4 SE5H BT R B b
FEA R ARILH] 0.54 d7' I T o RLTTHRA AP A KA 0.16 A7, AR 109% YA M BT D A AU 52 50
UGS, H e B B G T T RE A 808 0 B, (RS R B H A 1 B0 A A € IROK i R R G I P ) R
TR,
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B 1 BB AR A A A R A AR 1 O R R R R A BTk . Sato SE R IR T 5 E TR AN
kS | BENE EE T B TR AN 20— 8 YREL o A AR  F R AR M AR AR AN R
PERE R BOALT M AN 28 Miyaguchi SR A0OCHEARIIE G R 40 0 3 ANBYBE . 1) 38 B A 7K SO A 90 2 12
VEYH M= BEHE AN ;2 ) FERR A XG R () R 2 WK AR R S BN SR A 3) KRB B F RS SR — 24 e ik
R AL T UL, A S A RO AR B B R A XA O B R s RO A PR,
IKAR R AR (R R & B R AL T 00 ) AT oA, JHE 32 B WA 50 5 % 200 A 2 B e {2 i s [ 25 Hh B
2005 4F 4 A5 4.3x10" cell/L B R AE, Bt T A9 A5 H BT R AR i s B4

4 BHREAUEENARAE

BOCHEA BT R 2 DL B I5 A0k R 50 4 B SE Ao = NS5 [l PR AE
Wy DA 19 SR AR AR SRR RO, 70 B8 05 PR T /K RIS 25 Rl L 2 5, B T gR B N3 % . 20 BROG IR 1%
FRIHET LU FH K K S5 FRIEE 20 °C GIREEH HOGAT GRS L 12 h 12 h, B4R EE (LW R 3 Platymonas
sp. Flft EC 38 Dunaliella tertiolecta) SREREVE R T ) g e rE i FR N Daigo IMK %553 £ 5715
J 28 °C OGIRMEFH HOGXT, JGlE L 14 h:10 h, 4l [ 320k R AT RRIRL A bR R T B AL e 7

MBS FEROCIAT T B ) 2Tk o RSB A R R R 23 85 2l A6 19 IE R 20 A ASORE BR S 1A
B A, T W AE LS AR T FH DAPT Yt J nl DL A A S T B A0 I A% A9 28 1k, Fukuda A
Endoh A A7 17 1A 21 8 7514 25 530 DAPT Y2 UBCR AN AR, 1] DUSE F R TR CTRG : L5 i TR = 6:3:1) [,
FHABa RS TYET

AN 3T LhSE 3 43 0350 8 SRR v B IR A — o 2R F- BRI RIS RO i A M B
HEGREEHASCRDS 7 ANl ROGER 7 BN 10—15 pm  BEMIES F5HA#RSEX A2
PR GO ) AT S e T BT — s WME . 401 AR ) 2= BRI T R 5 AR BOGSERC T 4244 1 af
AE, Miyaguchi 25 FHBROGEE 18S rDNA RSt A BUVE A, Sk 96 E it PCR J7 kS il 1 X HHAR IS RO 3
e 1) 2 S AG I

5 BOLERSEMRSEHU MG

L5 HA H A B, RO AT W R RAE . 1) MR B SR A1 LS 200—2000 wm ;2) 7R FR o B Wk £
M5 3) W E TN RIBIE B 5 4) BN, AT [V 5 ) BRI A 6) A M B AR KT .
T35 IR0 N LA MR PR g %) 35 0 R AE , RO E RS B U K BESE S 1873 4F Haeckel $& H 1K 12 6 3l o4
B IUIR Kofoid Zeid TSRS FRANML K 6 3 R AHT B 7 RO EE B B4 C R S 3 H 32
X—RI B2 %,

tthad 90 AEAR LK, 3 F AV FR ARG TR BOCE R G (LA, 5T LSU rDNA 1 SSU rDNA
(AR HT 140 2 UG 8 4 M i F e A ) Mk BOE Z Rl B e e 5 e R g ke oG
FREF AT B 255 AZ BTk 3 51 9 5 e 58 4 A R, ROG TR AT BE A Dl &, BT REJR AR B e H TP A B — 11
%% Fukuda F1 Endoh TA AL 52 T 72— S04 0 JFU IR sl i 28 AU RRAE , BOGEE o AL BE AN 10 2 R
O LR A3 FH R o0 AL B S 1) S B A B RN A 58 T8 3 PN 1) T DR I i s, PRI RO T o &, B
A RES A A B A S B2 LR A SRR ARG 7 BT LCF R M Hspoo JEH (1) R Geik 1k
Sy FT AR T AR AL R

6 ENEEEMRHEmSRE

B EROCEE IR A BT 1933 4F SIS AR HIE T Wi VL3V A — R RO e AR, S 3R AR Y B Gl
S AER 1970—1990 AEAC TR [ EEAY AR A 0, ROC A G SIS B2 TR RIS T AR, AT
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TN AR AR A A AR AR RSl 5 AR SR S s WS XA L ARYE  p RER , JLP
a1 e RV BT AT K, R R ST KV L T AR M B R AR 2 T 0 RN, A ROk
BEFH DA B BRDOERIRL R AR T Y BESE T RO R IO BEAH, JA OB R 5% T FR A 52
TROCHERC T BT RS S T A B ARSI JFRW T RO R MR BRI
FRESIS OGRS BT, B X BOGEFRE S A I T80 ek H AR A5 AR X A3 R A — 5 2
AN PASHNC 5~ BR 24, X E )2 i AR5 180 A LA, DRI TGS A P SR A AR b BOPE T T i b

PLAESRE KRR E IR A H R ) A 25 R G W 2 5 R R ), BOE AR SRR B H ., BOL
BRI B 2SN B BTOR BT T, N T R B AR VA R AR P RO A S AT RE W L, XK AR PRI 3 1
BT AN BOEHE i BT AR O AL B ) IO IR J2 14 SR A 3R, B A8 FR 808 )42 32 Wiy i B 5 %o
eSS A FEME A S 0, AN M T JBORE A BILAR 10 i J2= ok, 76— RE AR E Ll 1 AR WX CO, 1Y &
PR TR BOCHERAR DCRIFTE , A S A 3 0 2507 T I 9T, ST 32 0 I P BRSOy 20 5081

N S L ) B RO G A R RS AR S, R T i — 2P T IR BOCH A VEBFEAN ST IT 70 B Al A A ) o PR
PREVE TR, W5 HAT PESFE R AR PRFTIE T RN BT AL, U S o/ R SR B 7Rl S e TR B R 22
5t RIEBOCBE RIS, DE IS BOCEEE TR, — o0 2R A% AR FIBC T (4 FL ] BB A AL, DAPPA
A TESIEAE MR PRI . X SEATSE TARRIT RRE A B T 5838 X BOEBEAE TG S A UGR , B RO SR 3
AL ISR, T 2 ARG ) Nt A S R GRS %
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