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JeE EYHERF S E LR =, AL RRS 5. 9110 B, 4450005 4. FEFERYE K775 EIK RE 4024600

WE: WIE R R EEETERIBE T E (Gymnodinuun) TR H B (Prorocentrum) 758 R 1B ST 7 W34 47, %
AT R 8 B BB AR ENE . DNAJTF ST ERFIRN 4 BRI EMEEHAR, = AN
EEIFHIE T 15 17198 8 A7 76 10 7 30 J (R Bk o N SR B8 (Prorocentrum minimum) ~ Takayama pulchel lum « 6 SUF 5 5
(Gyrodinium instriatum) « o BHRMERY, SR EBBFEETEZ R P ENEFEMZE, B — 5L 3
Fio FIH BT BN E, TR R BRI TSR E, B8 Takayama pulchellum BB W2 5% R
ST SERFIE S A BT AR G K2 FTFAEESNTERYE, T pulchellum #k%EH TPXM)28S rDNA D1
- D2 RFFHCEE A 721 bp, 55 K h FE A0 ALK B BRI R T 99% : ) JR= B (Fk % PMDHD # ITS 1 28S rDNA
75 55 3 R o R R U ) R RS 99% : TS Y R (R GIXMD (19 ITS S5 E E h Bid 173 B B+ H R
KT 4 R[] 8 1) FDVR MR ik 99% - A3 TT'S 7 71 1 28S tDNA JT 7 2 57 1% 25 4t 4b 4% 3 e 1R 17 b B R /b JR R %8
Takayama pulchellum TEEINREZ B LL R EATS HALBEZ RIMRE KR K BB RE & 0B RN &L 3EAT
T A M IR SEIX 3 BRI AR Takayama pulchellum ~TRERVEEE /MR 52 B I TE SR E LKA EE M. 3 b
ARSI AN e T VAR R BTN B R L IR ey iR AT N T B AR A HE T A . (R E K PR RE, 200714 6)
950 -960]

KBER: BTV 7785 Tukayama pulchellum ;s ToEUA R W R H
hESES: X173 EKFRIRED: A X EHS:1005 - 8737 — 200706 — 0950 — 11

AR, AR ) R A ORI, DA AN
R, BB R KE L —, AR5
A = AR PR BT S U A R R [RTTY
MR AR ST a6 T B 5 B R R R, %
TR A A i S B 2, R A B B M LY 3R
RG A FAT ) 2 [a) AR EL AR AT A 23 N 5 47 A
FME L RO-2), R R AN, E RIS
g FEA7 R 22 0 R I A BRACB ) o 4 8 L
AR TARKIMAE . AR £ GED LA RAR L AT
ARG 3R M0 2R 5 SOMRAE R R A B[R]
PR 8 D' 7 B Tl B g 1 0 FL TR A T B
R Ao X AR 26 ) 4 e ANV AT B T OB XS
R EIBTIE AR VP A HORARC IR . D9, O g
ol 4L TR 7 Je LA F A T A e ) A A M
MAANRITIER RGO 5L B A5 9 58 HARR &4

Yr#s H #3:2007 — 05— 08; 21T H#3:2007 - 07 - 05.

221 Z PR T AR 2 R AR, B K AR B
AV L H 5 H A 2 (A0 A F 2 &R IR
EMRCE TS REL3). el kg
TRIE 7 IR 1) BRI e A il TR 2 50 R AL Aot
e 1o R ARE T 11 BN T LK
(Alexandrium minutum) » 2 MW EF RN E
YA Jr S S7E IS Uy R I 13 R
WA, LA E ARG EME 2 M. BE e ST
TP 7 (LR (A L ramarense) FIEEDRT P 1l K5
(A. catenella) PRIRFEZE [ 5 A Wi K BEAT T 05
MroTRE Bl AR IE T AR E MK [ e P AR A
SRRV [y (L R, T B FH 988 5 R AL TR R AR
ol . AR LI T =TSR Z T
Py FBEORIR AR, RIL T 1 FhA RIS 7L
REERAR A E . R4 2 PIIROE T 8 113 48 S 1Y

EEMB: BFE S EMITA K RENK 973 51 H (CEOHAB2001; CB409704) ; B [T AU Bl E £ H (3502220041059 ; T BiE -5 £ £
H 20060400854 ; Ak E3 /K 5750 VR 5 A B R B p 5256 I BUR AR (LFB20070611) .
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AT, &5 R B R BB (Prorocentrum mi-
cans) HLHME ., ExEFERCHERE RS
TR R B R 00 7R s P X, FRERTTJ T i
o 5 PSR R R R MR, A TR A AR
B0 R A A, R ORI AR AT R R A i,
AR B IR ER A T SRR 2L AR
JUFERXT R8s 5 kA2 A W B X B AT 18 FI
HERAE AR, BREZFIIL SR T 200320042005 X
FERAEARR IR R G B, REE T 55 7n
FE &, 2 RUOULIN T LT8R A R H B (Gymnodin-
wum) KR BB (Prorocentrum) 758, 8 7 0 778 18
D B ol A 75 K AR BB R

1 MR5I%

1.1 XHERESHCEE

53 HITE 2004 £ F11 2005 4, %f B [ 83 4T
TSR [R] B AR K g 3 R R A T RS
S M 2 HE— ST SR AR . AR O SR A M
TENE 1.

¥ )imei

e

Haicang

24° 30'N
T

Xiamen island

Jiulongjiang Rive

o L2

1
118° 118° 6" E

1 CRFEENs 3 E
Fig.1 Diagram of sampling stations

1.2 HmxRE

IR R B ST e T ik TR K38 R 5 5~
10 L /2K, A 10 pm 5 45 I 38 47, ¥ 7K 44
FAIRAE ) 100 ~200 mlLs £ v HARFR, A4 FE F 5T
HIRRZ AN 110 AR 2 R B 10%) , 47
EE00 1% ; BUH N R 1% & FCALR 4 % 11
R BHR.2.5% 5 BT I 2 , HEAT BRI,
5 VB A LA /DN 3 B TEE 21 PR A A R R T 4 PR
TRAF

1.3 #&95E

K F B A1 B B 10 . T80 A 25 70 i
%%*IE%ﬁm$?wmﬁﬁ?T%m$ﬁ%
() LA B 22 A, AR S B 15 450 AT LA 96 SR FH 7 45 T i
ﬁJMAfﬁm%%ﬁmﬁaﬁ?%%%m%%m
BB NN | 2 B R R R, B b it
Z RPREAN Y TR E , P A K 2 — 5 % I, T
BRI IEE .
1.4 MBS

B9 B HR, I RELE 5 A2 K 00 B ik i )
0.45 pn JEME I 8 1 K 00 R BO A £/2 Bi R 5, 7
126 pmol photons /(e +) FISE 3R, L:D=12:12 5
AN 22°C HOUR BT 41 T AT Bt 32 100,
1.5 #HAEITEL

S T A WU 73k, e R 8 £ [
Beckman A &) FJ Multisizer ™3 Coulter counter > 5
100 pm B9 € &, brAEN E U A 1.4~42 pm. H
THLIEM BN Zeiss Axioskop % U1 fie 2 8% »
1.6 HEWME

T 72 f A & 10 mL, P& 87 ik 38 38 ik 9 7
2 pm A% LI Millipore) [, F PBS ¥Ei% 3~4 X,
BT H 15%+20%+30% 40% 50 % ~ 60 % 80 %
100 9% P 2L EZ 16 B 1t K (20 B3 B BR FE AR AT KK, IR 4%
7K 10~15 min) » BE W ADEEE EE K 2 &k, 3
AN AR B R R B TR, RE L. 100%
LEE:100% L7 R =1:1(V: V) 2 100% 1 Z
T 5% I BRHEAT B 4% 30 min, TRAZ A 100% 1) L1857
JelEH . AU R XL — 30 FREE4 4 T B AEE (FEI
A, WA Peltier 6. A SEEHTEE 4~
5T, HE:15.0 kV GRE 52 F5 1 0L S B 7 5D, # 4
FREFETER 0.13 X 102~7.33 X102 Pa, £ 5
EHR N 75% ~80% -
1.7 SFEMESH

77 B YDNA FJ PCR. 7 B 55 49y 1+ %
FE PR IR A S2 0 =5 LART BRI 9% 7 vk AT . B T4
DNA 51 H 5 X (ITS 1 %/, 28SrRNA 1 %I,
18SrRNA 3 %) M2). 4245 Adachi 25130177 i 90
F T 54544, F Clustal X1.81 1 Primer 5.1 55 % #F
XFPEEE AL S (7 50 AT LL R S 4. f ] BlastN
search (www.ncbi.nlm.nih.gov) ¥ Jf Ml J¥ %) 5
NCBI 04 2 Hp 1 )3 5B AT Ext, AT 3k 15 H br s
55 GenBank #3577 51 (AR B f5 B 031, % % 5
B Je H BT I AR AT AN B R IR R oy 2K e, A
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GenBank 1%} 13 2| 1 )7 7 AT F il d A & EH
Vector NTI Suite 9 #4F T AE E T 7574, Hidk
TR L X DL Je 2 85 5¢ 4 bhoxot, SR A8 0 1% $2
(Neighbour — Joining method> 14 & 2 i g 4L 4%, FF 18
it B 2850 81 (bootstrap) 1F &5 BRI, B 25 890 &£
51000 XK. F3R1F B 5 SCPR A Treeviewl.5.2 12
P IE.

2 ZRE5H

2.1 FRHENMMRERFELESSMIER

AR B 1 B 7s SRAT I 3, 50T [ 1) g gk AT
FEAIAT )2 B I R AE AR L T 2004 E 5 A 20
H.2004 7 6 A 8 HIZEL: 2 IRIBR MG F R T 1 #
HE R, 2004 £ 5 20 HEE 1 8 26 = Wl uf
OUJeiT A7) WL %% 34 F 8 AR il , AR 4y
3 2 km X 6 km, Bk N 5.97 X100 cell /Lo
SRR I E 8 T4 2 I 24 . 2004 46 6
A 8 B, R PR AN, K ELEEAFHIRER 17,
181921 S5l ) A H HLBE A 1 AR F 4 PR 38 2R 4
CALT /IR . BiAS # R0 2.46 X 10° cell /
Lo FRARTIR SRR EREN, KIEEWE. £
2005 F 14 B AT I RAE R, 178 2 AWk
KT R EE (Gymnodinuum ) TR H # (Proro-
centrum) o IR 2 I I LG R FH S5 R IR IR i) R TB B
RIS, B 7R X L L) 7 B R A A R e B
S ME . AE 2003 2 2, B IR R R =050
F et e T O UL 5% B0 B 1 1IRHAEAT 22 o R P 9 A T
FRZE L, W 2 - Q~X (Bl g, FA NI . &
5K 2-A~P FAHRICEAELER, B F B ) AR
W 1~2 FOhIE JLEE R IE T 2 W R A 2R
ik
2.2 BIRFHEVABHOEEREENER

X AR KA ) H bR B SR AT O BT
MEFNUE 52 , FARE S L3 A= o e ] e
I EE (Gymnodinuum) - 2004 F 5 H.6 HM X
IR R R & R B AR AR . AR
A LR E B B AR R AN FTEA UL,
IR KA 2~3 PR BRI, B 2 B9 G,
H.O-P ALFAd . EEARE i vk 540 i A3, RN
25 pm X 23 pm, FHIH 23 pm. HIEEARRTE SR
fEANE 7 B o B A B SRR SR 2 B, o A A R
A e, B R v BT o A AR, _EAE AR N S BB

B[R HE T HE R AR BB P A B BRI MBS . O
WA T RAeE 25 IR, B & 2000 i = 0 R T -
ERARIE AP GRS S R 3 EEWPI R E L i EEER R i
I AriEs); A EEE. B2-A~F I~N.Q
~S HIRFAE A - F40 JR AR, d B 7 300 e % 1) AT il
3. A 30~50 pm, T 20~40 pms 40 AT S0
B IR BRIV 2 n) SN , AR ARV LU 80y OIS
TEOUL 2 A THER s 0 0 2 B S )~ T ol A9 7
Bé. IR TRAE PRI T RS, HOBE T
HOAFAE D« AR FE T WL 2 0 R BB, R Kl 15~
23 s 1 K 13~17 pmm. ORI /D, SUIR, T
IR . P AR T AT i R ) R A R T A
A ER AL LB 2-Y~Z: FH 3-B) -
2.3 [EiEE 2 IR R E M A3 48 B 5% (SEMD
N

TEAR Ak B ] 2 A 7K Ak B8 7 ik DL R AR AL Y
SEM ML 4 fF T, % S8 = BAPER TR T pulchel -
lum FUP. minimum AT SEM W% . 45 REH,
T. pulchellum )G &M%, SCHTE W, 451 52 %,
M 3 BTLLE W T. pulchellum B F T HEAR B,
PHEE (- 3A) P IEA BERREYE (8 3B) TR A B
WAL ) “S” T (B 30 TR E (B 3G -
PEANEA] W IR 58 (B 3D . 48 V8 A T0 Y 9 1 5 R 4
(H 3P MESHLe (83 . B3 REFMERT
T. pulchellum SEEERI N ERFAE . k) TR FH R A
BEM S AR 5y, AR ARG 28, H A B SRR
W& 3. 25 Larsen il R Fil L5 43 17, A
TS BEART 4> 4 AR RV L H IR B I % o
AR AR AN B 1 T A OR/NFT B B IR AR I S
T TR SEARFAIE , 1K 28 B M AK 3R T LLAS B AT 19028
EARKEEEN T. pulchellum % TPXMD - %
A6 Ak R BRI O W R, LB S R A B
A o R B B A R A £ (B 3 — 1D s 4R
JON A 22.0 s 5 6.4 purms ALHUTE T2 Tk
YT, 000 1ED 0 535 B 0, A0 S o 2 A A [ AT
I M. BT HAE G R E SR
i BRI AT DR A R 30 SR R EE (P mimdmum > B
% PMXM) o 535 — R4 AR B AR WA Gyro-
dinium Bk GIXMD B H 41 B K, 68 T RHAE 5t
IR, 4G ek 71 W 0t ORI, Jo 75 iR
B A, AE T LAAR A O B8O B (G instria-
rum s ¥4 GIXMD »
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- - C - Q . .
- - . Gyrodinium sp. (32 pm>X25 um)
Gyrodinium sp. (32 pm>X25 um)
- H -

Gymnodinium sp. (25 umX23 pum) W
| @ J o m
> | -

Y
| T . .

Prorocentrum minimum

Gymnodinium sp. (37 um>X35 pm)

X

Gymnodinium sp. (23 pm X 20 um)

Gymnodinium sp. (25 pumX 23 pum)

2 AEJUEEE T AR AR R BN R B B R
¥: A~H:2004 £ 05 A 20 BRI R H S8R BB E P 1~P: 2004 5 06 5 06 H R JHERF EFABNEMGERE R Q~X:
2003 F H TR AR AR 0 B R (B0, FANATHD Y ~Z:2004 B TERHUNE R BER R
Fig.2 The pictures of microscope showing the Gymnodinuum and Prorocentrum in the samples from Xiamen Harbor
during recent years
Note: A — H: Microscopic pictures of Gymnodinuum from Xiamen Harbor on 20, May» 2004 I — P: Microscopic pictures of Gymnodinu -
um from Xiamen Harbor on 6%, June,2004; Q — X: Microscopic pictures of (yminodinuum from Xiamen Harbor in 2003 (GU Hai-feng,

private correspondance) ; Y — Z: Microscopic pictures of Prorocentrum minimum from Xiamen Harbor in 2004.
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amen undvesiby

3 Takayama pulchellum T Prorocentrum minimum W% BB EE
A: HEEE B VA C: A D: TS B R Fe BB R EG G JBYE S H: U R R
Fig.3 Pictures of SEM showing fine morphological characteristics of Takayama pulchellum and Prorocentrum

minimum

A: longitudinal flagella; B: transverse groove; C: apical groove; D: apical carina; E: cingulum; F: spiral marking; G: transverse flagel-

la: H: Prum('(antrmn iR um .

24 JIKEEFRHEEMNEMSBERRST
EYESHh

R 7775 1.241.3+ 1.4, R 188 /Y R W 4
MR E 3 BRI M, R E A £ 2 B
B TR SR, K EM 1 hE 2 1 A~F 1~
N, Q~S, B2 HE 2 # G.H.OP, BFr 3 A 2
MY ~Z. & %MW R L e 8 RHEE
(Gymnodinium sp.),» 1B (Gyrodinium sp.) M
JZHEE (Prorocentrum sp.)» SR JE X iX 26 5 fh 5 55
EEM rDNA H4T T PCR 938 . 52 B2 )T, 0P 45
RAKPEAT T o047, X BB I i B AR i AT T
VIR THEE DT ROy T 5% . RBINTFHA
11T GenBank, XL 1 BRAAFE B4 F -

B 1 AT EMEEE (Gyrodinium instriatum »
Freudenthal et al. 1963) - £ GenBank "1 /A Afi ¥ 1D-
NA J¥51] (35 1TS+ 185289 73 4 -

DQO084523:
GIXM internal transcribed spacer 1, partial sequence;

Gyrodinium  instriatum  strain

5.8S ribosomal RNA gene> complete sequence; and in-
ternal transcribed spacer 2. partial sequence. gi |
681379701 gb |5 ITS1, 5.8S, ITS2 B & & 7> 11 A
234 bp-158 bp-211 bp-

DQ084523.1 | [68137970 J; DQO84522: Gyro-
dinium instriatum strain GIXM 18S ribosomal RNA
gene; partial sequence. gi| 68137969 | gb| DQ084522 .1
| (68137969 1; 1< /%% : 1 800 bp-

DQO084521 :
GIXM large subunit ribosomal RNA gene: partial se-
quence. gi| 68137968 | gb| DQ084521 .1 | (68137968 J;
HFHIHC S - 889 bp-

EM 2 N Takayama pulchellum (Bl 27 JF
B =SB BRI X, RS, A TF R R I HURE
LR 4D, BATTHE GenBank H /A A 1% 1) 18S 1D-
NA 7512 :

AY800130: Takayama cf. pulchellum (TPXM)D
18S ribosomal RNA gene; complete sequence. gi |

Gyrodinium  instriatum  strain
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55847486 | gb | AY800130.1 | (55847486 J; & & 4
1 799 bp-

BAR 3 R N R (Prorocentrum mini-
mum Pavilard) Schiller 1933) - FZATTE GenBank +
AA I DNA 751 (45 28S.1TS 189 7 5l :

DQO054539:  Prorocentrum
PMDH large subunit ribosomal RNA gene; partial se-
quence. gi| 66356312 | gb | DQ054539.1] (66356312 J;
871 bp-

DQO054538:  Prorocentrum
PMDH 18S small subunit ribosomal RNA gene; par-

tial sequence; internal transcribed spacer 1,5.8S ribo-

minitmum  strain

minitmum  strain

somal RNA gene; and internal transcribed spacer 2,
complete sequence; and 28S large subunit ribosomal
RNA gene, partial sequence. gi | 66356311 | gb |
DQO054538.1] (66356311 ]; ITS1,5.8S, ITS2 FIA/N
4518 : 205 bp-158 bp-189 bp-

DQO028763:
PMDH 18S ribosomal RNA gene: complete sequence.
gi| 66356306 gb | DQ028763 .11 (66356306 J; H < &
$3:1 796 bp-

X ARAF T I 45 M EAT 3 A R, X LT 41 78
i T SSU rDNA G B4/ ) H TRT F 37 3 465 K
IR E K ITS1 ExEFX 1).5.8S tDNA
Je ITS2 D4 K751 A& LSU tDNA (B4R K
MEHED B DR RIS 40 P 41 o MR A X - DX 3 P 3 4l 4 A
B3 5 G ARCT A1) 34T B LE R [RIVE 2 55 A
T W Takayama . pulchellum (TPXMD 18S rRNA
J¥ %) £ GenBank " 1 Karlodinium micrum

(AY245692) UL & JUK Gymnodinium galatheanum
(AF272045~272050) <5 #f FH 88 A 25 1 [7] Y 4k 35 2k
1 98% » % W] 18S rRNA J7* 51| ££ 1X 46 # H i S v
BRSO ITS FASERER EX TN
QQ459434 M1 Karlodinium micrum B I8 % A
92% ,Gaps i1 1%, 5 H itk %2 7 F K, £ ITS )T
FIA SRR, AT FH SR 5 A AR 1Y) AR SRk AL AR
SR R T. pulchellum LSU D1-D2 X )F¥
FIKFE A 721 bp, 55 F A P A () MR ALLASE 79 () 5 R
KT 99%, th Uk iF B 4> B 159 B i 3X tk 8 A
T. pulchellum - W /NE W B (Prorocentrum mini-
mum > PMDHD « & 8L 15 B (Gyrodinium instria-

Prorocentrum minimum  strain

tum s GIXMD 7 18S rRNA JF 41 55 % [l F o [) ot
KA [R) M Fp ) B (R U5 1 339 4R & A 99% - 18S
rRNA BN R SF, A BEA R 7 1P . b IR
Hi%: PMDH #R ) ITS AT 28S rRNA J751 5 2 [
o [F) e P 51 B [R) YR R i 99 %, LUE S BT ) 18 3] ) v
RN I . IX B A1) B At s M A N A1) A
ERRZES . LM EE GIXM %1 ITS 5K
PR B AR 120 B E IR 4 B[R R i [R)
JRE =8 99 9% , U SEASHE 51 7 B 49 B 1) & TC 80
HEE. A 288 rRNA J7 55 I EEH I Gymno-
dinium sp. (AY916549) Fl Gyrodinium uncatenum
(AY916541) (1) [F] V&% 53 7 4 100% F11 100 % , 12 7
FITE L8 % GIXM [ 28S rRNA X BT 5 A A2 LA
X4y Hob AR 2R, ml e DA PR A I e Y R B R
HH ITS J7 504 2 i R Gtk A i (&1 40 3 i %
M, T. puichellum (AY764179) ¥ Karlodinium
micrum AY245692 8RB 5 s [F B Al Karenia
(AF318225) X Gymnodinium (AF318247) iX P bk
WA RE MRS K R BB RN R H 5
(DQO54538) 1 ZK ifg J& W B (Prorocentrum dong-
haunse) 136 %Kk RART; B 1719 380 1 JC 20 10
GIXM (DQO84523) Fll 73 B B ¥ JIl ¥ 35 (19 75 — ¥k
Gyrodinium (AJ534386) 17 5% R AR UL, To 803 V8
5 Gymnodinium sp. Tl Akashiwo JB 754K R
AERPAREAT o ORI 4 2 1 3R Gtk 9 23 A B
Takayama J& W) 3 FhEERR TG oK % Kk RAR I I —
X, H 5 Karlodinium BH 2 HREE®KRIE, 5
Karenia J& 8 15, H ¥ £ ¥ T 20 4 &
DQO84521D) FE B Gymnodinium J&F Akashiwo B
AAXT LT o Prorocentrum W7 FREEMRTE L T 25 &
RAIRUEH —AE, B br B0 J5 B Fn 5 K e
¥k P. balticum (AF042816) FI35 % K AL
FAZHE A /N 7 SR A R 1 R Ge A vT L, H AR A9
T. pulchellum M  Karlodinium sp. ™M G.
galatheanum FEBSRCT, 55 K 0B A8 i 04 E 10 B 5
FRRL BAREY) TC U B L (R R EAR I A R
PR 2k RARIE 0 — 32, 55 HAREE I R R Nz 5
5™ Prorocentrum J& #EFE WY BE3E %Kk RAR T
—> R, BEE T, pulchellum BT 78 B EEA A
PRESWARAT , 27 A% B A /N IV B 1 2 1Y) 2R S AL
AN RERE i X 431X 28 758 A2 ) (B 4D
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Pentapharsodinium tyrrhenicum AF022201

se Amphidinium herdmanii AF274253
SsU 100 Ku;uenia brevis AF274259
98 Karenia mikimotoi AF022195
24 Gyrodinium aureolum AJ415517
99 Takayama cf.pulchellum AY800130
100 Kariodinium micrum AY 245692
60 Gymnodinium galatheanum AF272050
s 100 Prorocentrum minimum DQ028763
100 Prorocentrum dentatum AY 803742
100 Prorocentrum donghaiense AJ841810
100|: Prorocentrum gracile AY443019
Prorocentrum %r[es[[num DQ004734
100—  Heterocapsa triquetra AF022198
L— Heterocapsa rotundata AF274267
100[ Gymnodinium catenatum AF022193
8 Gyrodinium impudicum AF022197
95 Cochlodinium polykrikoides AY347309
- Peridinium balticum AF231803
41 100 Gyrodinium dorsum AF274261
31 100| Gyrodinium uncatenum AF274263
99 Gyrodinium instriatum GIXM01 D084522
Gyrodinium instriatum AY421786
35— Pfiesteria-like sp. AY456118
|_|: Sjcfrippsiellasp.{'\B183667
100 Scrippsiella sp. AY743960
100|: Gymnodinium sp. USA29-9 AF201747
100 Heterocapsa triquetra AF527816
Scrippsiella trochoidea AY 685009
42 82 Prorocentrum triestinum AF208246
100 Prorocentrum minimum DQ054538
53 129 Prorocentrum donghaiense AY465116
1()()|: Prorocentrum mexicanum AY 886763
ITS Prorocentrum micans DQ485145
) — Gymnodinium sp.7-15 A1534382
\_E Gymnodinium catenatum AY 506592
100 Gyrodinium impudicum AF131074
Gymnodinium corii AF318226
¢ 100 Gymnodinium maguelonnense AF318225
- 100 Gymnodinium sp.Chile 53/16 AF318247
4 Karenia brevis AF352369
— 53 Karenia mikimotoi AF318224
I: Kariodinium mlcrum AF352367
Takayama cf.pulchellum AY 764179
4100: Gyrodinium instriatum GIXM01 DQ084523
13 Gyrodinium instriatum AJ534386
99 Akashiwo sanguineum AF131075
4'_? Gymnodinium sp.zhao0l AJ534385
100 Gymnodinium sp.zhao08 AJ534384
Amphidinium semitunatum AY455678
LSU 100— Karenia brevis AY355459
L— Karenia mikimotrol U92249
35 99 Kariodinium armiger DQ114467
4'_7|: Gymnodinium galatheanum AF200675
100 Kariodinium micrum U92257
15 100 Takayama tasmanica AY 947669
4'_7[ Taukayama helix Ay284950
58 Takayama cf.puicheiium U92254
s Gyrodinium instriatum GIXM0I1 DQ084521
|_|: Akashiwo sanguinea AB232670
70 Gymnodinium catenatum AB196486
Heterocapsa arctica AY571372
R4 Pfiesteria-like sp. AY590477
100 Prorocentrum dentatum AY 863006
197 100 4'__|: Prorocentrum micans AY833513 )
100 Prorocentrum donghaiense AY 822610
99 100|: Prorocentrum balticum AF042816
Prorocentrum minimum DQ054539

100 |: Prorocentrum gracile AY259165
Prorocentrum rhathymum AY259167
Bl 4 FAERER ST DNAFAINRAER BN
I WA LREEN BN ER L.

Fig.4 Neighbor-Joining method consensus tree resolved from rDNA nucleotide sequence
Note: Numbers next to the nodes of the tree indicate statistical support of 1 000 bootstraps.
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3.1 EESEOFHREMEELE R

2014 2003.2004.2005 S EELL 3 4 )05 AIFE
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£ 2004 FHIRAED S, 5 H 20 H H R F #ER0
HILILF] 5.97 X108 cell /L:2004 7 6 A 8 H 71
PSRN 2.46 X100 cell /L. 4% & H A IR
W1 R B N B B R L B, R A AN K N A
10~29 pm, 40 B %5 BERA F] 1 X108 cell /L LAE, T
MR AT IR IS A Rt — AT
. ABFIULE 2004 4F, WU % B47E 2003 4R AT 46
TE B TP R AR 1 7R KR v 2 B 97 T BT il %
B — MR . Db B AR RIS
MEEH (DNA FA) 504, B AR HA T, pulchel-
lum, GAR R P4 TPXM. FHAIEE A Lectin
PREF A1 EF X T pulchellum T B DNA R &
PNA U2 #REF X 2005 48 89 AR AR 5 BEAT T4
DA AUE , 45 R 3R W] 2005 S 211 P08 AE 2 A
IR T, pulchellum (R RFBHIR) . w0
9 SCTR A 280, 9 /K 12 4 Bt ot JR 1) 7 s X A 1 ok
R TEAT T A S50 R B L S AT i %, AR L
AR S H AR B AR B OGR4 R AR 1 AR
AR RER T. pulchellum . FiRFTH 4531
T T, pulchellum 2B 1135 WL AR 8 A0 2%
PR, TR Al ) R B R S AR L. S
2 CUS Tl 53 1190 v o o 7 T 2 X957 A 400 1) 26 2
e AT R A 2 B, AT L R B (Gymno-
dinium simplex) TN R T EE (P minimum) VHEIR
B ICG#E (Serippsiella trochoidea) M Gyrodinium pel-
lucidum » YA S DEEAL/DT 15 pm BRI & (BIH
20 5 RN AR T, I R BERE E B o AT
IR 1 TR AR KR o o3 B RS 37 T JC SUFR I
(Gyrodinium instriatum) » 7 X H 18S rDNA. ITS
#1288 rDNA HYFFIHEAT T PCR 7 4 5o [ Al /7
BETE AR TR R S H R AR FH e 2 2 i DL Y
AR D R, bk 4 SEWIIRE T E i EE 4
iy G5 R BRI R B (Prorocentrum micans) A
B
3.2 BEBEBRFEMERRERHLER R
& 5

B 105 B R R AR R R B 4, R MR
Vg IR SR KR VR R A BRI R A

P e R EEM LG R23, BI1mBRXH
GG E B IR ™ &, AR R AR R Y R
020, % K TR B B, K R, KA
THAAFZE . 5Eg 0 T 2EVE L AR T X A0 B
TIXAHGEINE 75, WX AR IERNS Y
I K AR, AR M EEQE T B IFHT
BB, IS A5 R K 32 R 25t R TR 1T S g R
R AR BB RN . ASHIT 5T 0 5 B P VAR R
WR LR IEE I ZE, 51 SR FUKIE R B AR, K
G K R P A . XL IRBE R AL 55 3 X R
W FEM R E S A EE E ML, Hp
R ZICSIR AT 6 R B Ay L, 3 R B U O AR AR
VEFI AT T B P2 2B AR o ok T R R
IR, P e SV R NS
Yy S LR I TR 3 35 Ok 4 R AR 1 R A )
T AT AR 3,

Bk 7 X ML R K ST 4% A R AR TR S K 5 R K
RE B 7 b 0K L3 F 5] AR W R (1 2 2R R
SR, WS E I IE N E R s O B E R KR E
BrfiE 7 S 25 R 4 5% . Hallegraeff 206717134 %
F PR PR IR 0 28 P A% PR 2 420 T B0 2 s B /KR BRI DL 2%
IR, EfTE 1 A EKAE AT LR 3 24 H
. 1991 £ 1993 F, X4\ A — Lo ifg 3 A K
IRAZEAT A A 45 AR, X L s FP 28 O
B RSB, S5 IR AT fe k5 AR K HE R LK 5
B X, B2, FRIRFE LN R E & A0
T M489,

3.3 AEMNAZEHAS FEEAEEMAITES
i

E 7% T A2 A AR DU SRR o T A, BEAR Y
FFFT A A FORL I b 22200 R - 1D AR B B
B, SFEE TR g EN e s e
SIHTEAR DO-1118T, 9 sif i 3l A= g 1) T 25 L5, 4355
J62 B 1 B U 82 it B 8% (Scanning electron mi-
croscopes SEMD (R85 4714 Fo 8 52 A 13z 59 WL B
ISR A, 3) 7k ] A 40 1) 93 B L Al AL B SR R
P FEEHAR, B DNA FHEPCR. 5 . Il
o R T ) 43 s H2-20-20) R bR A, AR IT AT
HEENT T 3% A8 MR SRAE FE & [ AL B B
MR I RE S P B AR AR A o B L R 7R DA K
FH M2 . DNA HREPCR. 52 B I 5 )7 41 4
ML e —BEHEHRTE.

FI A R e W L 46 O R B A F R
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Pk . XA BT AR R A B AR B AT BB 2
M 2 I 38 10 90 285 T SUMB XELE L 5 BB
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Observation of harmful algal blooms caused by Prorocentrum and Gymnodinium

species in the western Xiamen Harbour

HOU Jian-jun!"?3, HUANG Hui*, LEI Hong-ling®, LAI Hong-yan!'3, HUANG Bang-qin®
(1.College of Fisheries: Huazhong Agricultural University: Wuhan 430070 China; 2.State Key Laboratory of Marine Environmental
Science: Xiamen University: Xiamen 361005, China: 3.Key Laboratory of Biologic Resources Protection and Utilization of Hubei

Province Hubei Institute for Nationalities: Enshi 445000, China: 4.Department of Fisheries: Southwest University: Rongchang
402460, China)

Abstract: Harmful algal blooms (HABs) is increasing globallys and HABEs is one of the major disasters along
the coast of Xiamen Harbour. Further investigations and researches on the main types of HABs and the algal

species causing HAB in coast water of Xiamen Harbour should be made; the environmental monitoring net-

works and methods along the coast of Xiamen Harbour should be set up and consummated; science research-

es with local characteristics should be fully developed; and the exotic HAB species from the cabin seawater of

foreign ships should also be studied. Aiming directly at rapid identification and regular monitoring of HABs

speciess this paper tried to develop essential methods of identificating and monitoring HABs species; and e-

valuated systemic methods for rapidly monitoring and classifying HABs species in morphology and molecular

taxonomy. Meanwhile; series of studies were also undertaken to evaluate in the field and tried to find these

important HABs causing species along the coast water of western Xiamen Harbour.

The harmful algal bloom events caused by Prorocentrum and Gymnodinium species in coast water of
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western Xiamen Harbour were monitored during recent years. A series of detecting methods based on the
analysis of environmental factors, sampling cell isolation and unicellular culture of these HABs species; ob-
servation under microscope and scanning electron microscope (SEMD  and sequence analysis of rDNA were
used together to monitor and identify these harmful algae. The methods used for collecting samples and es-
tablishing specific HAB unicellular cultures were described in detail. Methods of SEM (scanning electron
microscope’ and ESEM (environmental scanning electron microscope’ for Gymnodinium were developed
and optimized. These important species that caused harmful algal bloom in Xiamen Harbour were observed
and identified as Takayama pulchellum (strain name: TPXMD s Gyrodinium instriatum (strain name:
GIXM) and Prorocentrum minimum (strain name: PMXM) . Algal morphology was observed under LM
and the results suggested that there were many Prorocentrum and Gymnodinium species in coast water of
western Xiamen Harbour and these species could not be identified as specific species under LM. Two strain
of Prorocentrum and Gymnodinium were isolated during blooms in Xiamen Harbor and their morphology
were observed under SEM. The results showed that there were regular patterns and other characteristics on
Prorocentrum cells; which indicated that PMXM was Prorocentrum minimum > and cells of TPXM were
broadly oval with a conspicuous and well-defined sigmoid apical groove present on the epithecas and the api-
cal groove was a characteristic reversed S-shape. These characteristics showed that TPXM was Takayama
pulchellum . Molecular biological analyses of TDNA sequences of Prorocentrum and Gymnodinium showed
that the D1-D2 region of partial LSU (arge subunit?> rDNA of T. pulchellum (TPXMD had 721bp and
shared more than 99 % similarity to the same species whose data was deposited in the GenBank: the ITS and
D1-D2 region of partial LSU of P. minimum PMXM also shared more than 99% similarity to the same
species in the GenBank; and ITS region of G. instriatum (GIXMD shared more than 99% similarity to the
same species isolated from Shenzhen Bay in China and its sequences were deposited in the GenBank: too.
The analysis of TDNA sequences and phylogenetic trees could be an appropriate taxonomic evidence; espe-
cially the length and whole sequences analysis of ITS and variable regions D1-D2 of 28S rDNA could be
more reliable and could provide more exact taxonomic informations than other methods. The phylogenetic
trees constructed from ITS and partial 28S rDNA could show the relationships of T. pulchellum (TPXMD ,
G. instriatum (GIXMD and P.minimum PMXM) and their correlative species> and could also separate
these species from their disrelated species clearly. According to above results; the characteristics and causa-
tion of HABs in western Xiamen Harbour caused by the three species were discussed based on the analysis of
related references and environmental conditions. All the results suggested that the three HABs causing
speciess such as T. pulchellum (TPXM); G. instriatum (GIXM s P. minimum PMXM) were common
HAB species in coast water of western Xiamen Harbour. The results of methodological application in field
indicated that these methods and protocols might become useful; feasible and reliable tools to monitor in situ
distribution of bloom-forming taxas such as Gymnodinium and Prorocentrum in natural water. [Journal of
Fishery Sciences of China,2007,14 @ : 950 —960

Key words: western Xiamen Harbour; harmful algal bloom; Takayama puichelium (TPXMD 5 Gyrodinium
instriatum (GIXMD ; Prorocentrum minimum PMXM)
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