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H RS 7% G 5 35 A8 A ST 7% 2 4 b T X i AR
MG JE AL 34T, BSOS . KOS X
PRI W5 Kk RS2 m s 0y, B Y
K (20.7~22.8°C). 55 X 5K H BA F) T 7 51 5
B AN & A Xiang ZF0 A K, SR, IR E
fe . G RESS Y BRI, 45 G T KRR L K SR,
WA R T ROGEEAE T VE R )2 e A, s ESFe &
B, IV A T v % R R S KR B I 3 AR DG =2 A,
M 5K A S 2R Tk B I 2 T AR OG, BRI R AR A
AR B G, 33X 5 T SRR A N1 TS RO
HOREAR AR T R M SRR R G R RS A W)
Ho EHEED T ROCEE FAH XM R, I HZ
P eI A L, 100 Nishitani 252 F1) FH 240 )
A3 HT B B I TP W 4H A, Kitatsuji 5529 7F B i
BT WMERBOCHE BV TP, LR ENE RN
FASCHF ST, AR TUR A DL VEDRRE i (A et 98 429 55)
& i (CInBE R4 % Gymnodimium catenatum 55 )
PRI A5 B8 B RO BB B ORI F s, o e T
P DI 1 H R G D g A e I A DL Ol

A S 30 9 JBOCAR VTR B 00 B RO, AE LR
W DL AEDRL RN Y 1 v B UL A R A B — Bk
TERYEEFR AT, IRFEBOGIEIE K 30 25 57 DL
P AR A % K R A 52, [R] B PR S AE AN TR
B8 FRERIKE T, RO R B 3L 35 IR A S A
A AY, I 38 3 A0 G ) 2D RO HE Y TR R A
SR 25 TR 23 O AR v ST R SR O U A i PR I AR
FEAR LR 2K

2 MRS INE

2.1 REEF

RIGHE (N, scintillans) T 2021 4F 6 F 585 [ 46
- RS2 5 X (25°37733"N, 119°47'17"E, 3k {3 WL &l 1),
SR AT KW RKORAE o WO i % (Platymo-
nas subcordiformis) . = ffi #8 3§ # ( Phaeodactylum tri-
cornutum) . BR 55 Wi 4 % (Isochrysis galbana) . /N i
4% ¥ ( Thalassiosira minima) . /)N R % ( Chlorella sp.) .
‘B 2% ¥ (Skeletonema sp.) A& HE A MR 24 PR 52 e
Bl SR A LU LR /2 WK B SR AR R
5%, WK pH M 8.09+0.05, £h i ok 30+1, WA KT
B O (20£1) °C, 6 58 B (2 650£100) Ix, S
R 14h: 10 he FAREIKMEF 0.45 pm R 5 2F 4k 08
et €, 22 121°C, 25 min (= 3 5 1R K e A T2
R RIS . B I A L 2R AR K vk 3 i I 4
121°C, 25 min = it 55 e KB e A 1, 28 067 -5 2R 45 I
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Fig. 1 The sampling position of Noctiluca scintillans
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S i) i X HRZH DL R SR A, AP R RO
ZANE 6 FMGEE B IR RS HUE KR Y, BT TR
Ja A A KR g K A B A% 2 24 fLR b (SRR AU
I mL) VR SE B2, B L —Fhle, R R ()
B, DA ¥4 5.0x107 pg/mLE"; W70 i 4 9 80k
10 min K J A R, A 0 v Uk B 41 (5 S B0 20 A 0
JEAR ] ); S5A AR A0 I RRT T ZK A S % BB A ik ) 855
W AR RO BERE AL A B P B S LR P, AL
1041 BREABEE 3 AT BRI AR 23 0l B o
B R ML K IR & B FR AR 92 07 a0, LR S
215 0] B A HCE T 0 SR PR R 2R T i B R s A
(7] S 36 255 08 HRZHL, 5B T/ NVERLRE PR | (120 v/min)
B g%, A 5 K FE 70 1R 20 DA TR 4098 K TR 45 A9 15 O
HoAb A5 PFIRI BGRB8 RAEME R8T X8O %
BEAT KL, FFEE 20 do B 28 SF 3 K AR T Halle-
graeff 2509 {4 s

_ In(N,/Ny)
l ’

o, p AP ROR, R IGFRETRL N, R 5 R
T 5 Ny Ry S50 T B e R 3 3
23 AREEFHEHFTHRETEENESH
TG 5 i B 5 S0 i 700 AR S BB TR, I
T KR B 5 BN 150 mL 4 2 P (5256 AR RS
50 mL), 2% 43 )R 1 cells/mL 5 1x10* cells/mL, 3£
W2l B B SRR IE 22 B N 12, F/4. 618, /16, £/32 1%
K G TR B, ORI KA TR B R E 3417,
BUE TR R T # AT E R, B 2 d 2 I TE B
a5 R B T A e A 1 % B AT R, RSk 20 de
24 WHEMBEZTERL
K 2.3 75 vh Bir A RO BE R RE 3 25 805 5 A B Ori-
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gin pro T HEATAE L PR KU G, W18 L RS
Boltzmann 15 (2 (2)), #1-4 *H Levenherg-Marquardt
PeAB s, e KIEAR 400 o XFHLA 15 B A9 25 R 34T
HE— 21 5T, o SR A (2R(3)) 4
(), XKOHEREFR A SROCEMB A

SR B RR
D,—K
y:7l+e(r—m)/dt_K’ (2)
K=B+—1 o, 3
wAT/2
t0=a+bx, (4)
dt =c+dx, (5)

K,y HROGCEE R FE (A cells/mL); D, ARG EEY)
A% B (1 cells/mL); K A BRI 25 95 (B cells/mL);
t RG] 5 4, IR B K/2 B 15 3R E] 5 de Sk s IR] 2R
B BRI, AW T AL wol o B A5 X[
x WE R REREG x. h KK x (IUE; a, ¢ h
BRI b, d N HLERIFE,

3 45
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W KRN B, TE 20d YRS SR, ROt
(10+£0) > _E T+ 2] (205+4) A, F- 14 K 50 (0.151+
0.001)d" (£ 1), B T HAMSLIH . 8 7 i B3
FIH 4% B 20 T 0O 3 78 A R) A% B TE) PN 4 0 15 i ==
(84+8) 5 (86+5) 4~ , V- #4482 53 71y (0.106+
0.005)d" 5 (0.108+0.003)d™", & (K T W..0> ¥ J 18 555
I (p<0.01). 1M 7 H Al G 38 1F hy o — £ 9 ok R 1Y
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Fig. 2 Population growth of Noctiluca scintillans feeding by
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different algae in a standing situation
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Table 1 Mean growth rate of Noctiluca scintillans feeding by

different algal in standing and mixing simulated situation

(EEERES HE 2 PR R KR A A PR R

RIS A 0.151£0.001¢ 0. 152+0¢

BRI it 0.10620.005" 0.10520.004°

ERAGEHE 45 0.003+0.003° 0.1010.002°
=Bt 0.013+0.006° 0.101+0.004°
TINS5 0.005+0.005" 0.1370.001°
JNER ~0.002:£0.003° ~0.0020.003"
(2830 0.108+0.003° 0.105+0.002°

23 U FRCR BREK ) 0.0030.003° 0.000+0.005°

TE: BFRTREARRZFRR 2252 3, p<0.05 0 3.

wmE 3 FroR, FERRLRE KR A AT, BRO6 3
Xof AN [ A A S8 0 ) P BT I S AR Ak . BURBOG
BEAE O T Ji 8 3 R 20 A A A AR de b, (EURI R B 2%
PEF I A B2 (p>0.05). &R I
F R AR R SR ST R
5 (p>0.05), (RTINS BERE SR 20 P RO BEAE 20 d Y
BT E (153+4) 4, F 1K % R (0.137+0.001) d ',
3 R0 e 2 =2 A A S5 4] (p<0.01).
FEMF KRG 25 0E T, — A 4 358 R BR A5 1 4 35 [ A B
BEAE RO &) SR LA, X B 25 T A
2 DX (p<0.01). 31X % BV K IR & °] REAE 6
WA AR R SR RS EEEH., S5t
[ B, KR A S5 PF T, ZNER B8 8% 352 41 v RO E 1 Fh
FEBCR AR SR A 1K, 33X Uk B RO 35 W] B AN R 6% R FH
INBRPE
32 AEEFREZGTHREMENE

WA 4 JE 7, B8 AT O Ji 3 114 R 4 < ol

LKAERNFEFRRFZTAEN R 2SS 1 02 5kt
2207 o O .
200 a—@ﬁﬂuﬁﬁﬁ et
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KRt /d

K3 KRG AT AR B R M BOG BRI K

Fig. 3 Population growth of Noctiluca scintillans feeding by

different algal in a seawater mixing simulated situation
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REFERREBUT, B AE 10 d IR AR K % (1.38+0.09) x
10° cells/mL, ][] F- 147384 4 7 46 4y (0.493+0.006) d !, it
T HAL 4 (p<0.01), (HIEiZE R FMF TR
e A KR8, 20 d % B (120) cells/mL 34 K &
(37+2) cells/mL, FIX} R BOGEE ((39+6) cells/mL)
Z I A B E 2R (p>0.05), BEEEFRILUER

2201 * MRH o BOLIEAEESE/(cells mL )
200 o OB e B AR BE/(10° cells'mL™")
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80
60 T

A &
407 T

20 -

e
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FhFR i i/d
c. /16

220 = OEIEANAEES B/ (cells' mL )
200 o MOB SRR E/(10° cells'mL™)
180
1604
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1204
100
804

40
20— ‘/ ® L 3 L 3 L 2 o P Py PY
10 12 14 16 18 20
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e im
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0%
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200 —o— O TE e BRI 55 E/(10° cells'mL™")

180 T
/!\
160 N
140 e
) y
120
100

80+ /
60 /).( .

40 ; // &
204 -

ik

10 12 14 16 18 20
iRt i/d

TR, MO i RSP SA HE K R J SE R IR (p<0.01),
8T 02 EFRERIKCE RS2, B 74 5256 20 v e 38
T f 2 B 1A F1] (5.83+0.32) x10° cells/mL, H: 4y 525 41
HP i A AT A B L T 2 S TG (] 9 F 1x10°~
2x10° cells/mL A 7K F- . BROGHEMIFERR 72 4100 HAth 41
rh g O R

0] O-732 = BOEHEANNEES B/ (cells mL )
200 o— WO JE i BE 4N 5 BE/(10* cells-mL™)
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{%’;&( 140
g 1201
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Fig. 4 Population growth curves of Noctiluca scintillans and Platymonas subcordiformis under different nutritional conditions

ZEG AL I (E S), 4 50560 41 R OGS A Y
B AR F H AT Boltzmann 35K ABERL, 4 S0 50 20
XA R HAE 0.9 LA (3R 2), BB EFREIAFET
Wk, M T8 G b 0 3 K o B S0 048 58 U A 3, L

i KIS 40 i K 6B ((184.65+3.19) cells/mL)
HIRAE 08 21, FSEBRAGOL T RO B BE R R A ((193+
10) cells/mL) Jf- 3% A 2.3 PE 1Y 22 5 (p>0.05), #4545
TR F W, RO BN RE 1 K S PR R] 4, 55 B ] R 4L de
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HRRE A 57 £h K P By B AR AR A e ik —
%} Boltzmann i K ABLAY i 4 SRS E R B R EL
AT EZ G, 8RR K. 5 d S HAR
B B A DG, 23 B AF G W oA L ek oA 5 2tk

WAE 5 M i 6 O LB IR 2 v, RO A R

KRB N 32 5 — N R (RVE IR ER K ) S Y pR 8, Y
P R B EA M ) 0 A, A RE ) 5 IR AR

IKPAER, 1o B SR ER K RO AR T IE 5 3R 5 1

G, R AR5 0.994 0, 0.941 7, 0.863 005 3), X%k JLEAAEK.
220
w28 —— BAMLE2 4)
2000 e f/Adl  —— A4 4) 4 a
180] AU8H  —— HAML(WS 4l) A
_ vil6d —— HAMLE16 4)
L 160 /32 41 A2 (/32 4) .
E ol ML BlaihAGHEAD
3
S 1201 3 v
g% 100 v v
B 80 b M
R
60
40 [] 1} i
20 ]
0 'I' ’I T T T T T T T T
0 2 4 6 8 10 12 14 16 16 20
g ia/d
240
2004 12 P 3
7, 1604 94 g
£ 2]
2 1201 2 s
B ‘ 6]
S 801
S , .
404 - 3
0+ T T T T T : . T T T T
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K5 BOGCERMRESSMS
Fig. 5 Fitting of population dynamics of Noctiluca scintillans
R 2 BEHEFBELTNIS Boltzmann 3l 5 S5
Table 2 Parameters of Boltzmann fitting on population dynamics of Noctiluca scintillans
17221 fr42H /821 11641 173241 Xof MR ZH.
K/(cells-mL™) 44.61+4.11 164.56+5.43 184.65+3.19 103.74+2.38 77.2242.29 46.53+1.61
ty/d 12.67+0.88 11.05+0.31 7.79+0.17 7.19+£0.20 6.96+0.31 6.48+0.36
dr 3.23+0.53 2.56+0.23 1.734£0.15 1.12+0.17 1.71£0.27 1.57+0.31
R 0.9293 0.979 1 0.9833 0.961 9 0.9429 09125
3 WHABEMEDS Boltzmann UESHEERHRHBREHNE
Table 3 Fitting of dilution ratio with parameters of Boltzmann fitting on population
dynamics of Noctiluca scintillans
MG I MBS R
K =L B=41.00+6.69 x,=0.36+0.01 w=0.3240.02 A=72.76£5.76 0.994 0
ty Ak a=6.57+£0.39 b=6.57+0.82 0.941 7
dt &t c=1.38+0.18 d=1.90+0.38 0.863 0
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BOGHEE A KA B Yok G & W] W 1Y ¢ &, Hal-
legraeff %52 A AR BERME R T, ROCFE K
HIEF(0~0.69 d) i 2%, [H A [F] 52 56 20 2 (] POk A
Yrig 25 SR, B ) LU B O IR ME . A SR 4 IR R
WY, B LE A [R) A= i 1 00T, S [ i 355 32 1 8O
BERDREI R Z MRARAAAE B 35 25 00 o 30 T H M sl e,
Y i B 2H RO HET M AT 5, I T g
EROCHERIF N EY) . X5 ZETBFE 5 A AR 22
AL TG M, Y2 RAE T O i B 4 PR T A 01
I RCOR W R, U SR T AR (B SR I A )
FERBRROCEELF &Y. ARSI T 0N
T B S R B 608 SR BOGE R B Y 3 %8, X > i
T A 1Y TR HE 5 BB 98 15 3% RO6 B 19 45 18 A A5, 4 Hal-
legraeff 252 % ¥R, th & 18 4% ¥ ( Thalassiosira pseudon-
ana) {537 T ROEH AR R 0.16~023d ", 5
AR S BN T B i 2 ROTG W I G OB B AL . B
AW RREMSES S AMIEREE —E & TRER
RE f% 2 35 BOG BRI K, (2 B K Bk, A B
Z A I8 B R 2200 . X U RO AR B
B2 BN O UL RE 5 AR R (/K- A AR IS G, X AR
H5IA G5 RAW) G0, {H Gomes 5509 & BEL, 4k (4
RO BEAE = A M 45 B 355 % T M A8 L 25 AR W) 1 L TG
15 4% % ( Thalassiosira weissflogii) 15 3% T By 34 & R H
1o, 3K 5 AR S5 45 S 2 A A Y A 5 45 R A 25 8K
K, WHHR A E IR S OROGRE M 78 2 5 R L0 AR
X B W 8 S R N R AT B AEAE 25 001

BOGEEXT BRI L 22 55 A & Z P B . Na-
kamura™ Ay, O HETE A [A] TR IR 14 5y 22
55 PR K/ (5530 B 4% BESD) A 5%, ESD /T 5 pum
14 A% 3 ( Chlamydomonas parkeae) 55 ¥R 55 ¥l 4 % A §E
SCAFROGEE A, TR B AL (ESD>10 pm) %W T
BOGCEIE R R B, X RS A SCRY 45 R A AF, WO
TV it B 55 S0 N B 3 AR X KT 10 pm, 177 LAt 32
LN o PR EAED S B, R AR i L 2
RO B Y 220 Fe e, MG AR SE e 4 b ot
BEYNEED, DK AR R e S HAR B I arAH G
EIA BFTE R W], EARBOGEERT AN [R] £ 1) 00 15 B % A7
TE 5 25 22 5, F i 40 1 38 A6 [] 37 sy B < e e,
NP ' 38 X ¥ 7 22 B B (Uronema marinum) 3% 8 3R 5.
Fim T HALEY, BRSO 2 U, AR
W R I, AT BRAGE I 4 e 2 vh O B TR ) B

T RE WL ZE B Z2 10 T A B, (B AR L P A 4
e, 30U B 7R T A A R RN G 1 R R R Dl A
Ko Zhang S50 R IMBOCEAER G E RGN T, &
BB R AR A B 5 IE ARG, (B K B 0 T
BUE M S Y, i HE 35 50 70 R 1 s ks
IR BOGHE R R B 2w T HAR G5 098 57 o
Z(FBEA L) BRI R BRI R TR KR, XK
YR EFNEARRKERE L TROBERAER,

M KIR A TT RE X RO Y A4 KA B B, B
PUEEKIR G 260 F, 343 S8 20 vh RO BT 438 K%
BE LI, NG R o . WA RIS
FAE T = AAE TR BRI UING B A W R DTUE, TR
KRGS T AL F B R A, X R KIR A rTRE
3 3k B0 2 1) A LT B e RO B R R
o WMEE R IIRA KT ROCHE R 5B ik
BE o SEBE O ROG I REAE 73 W6 B R ) W B v ), B
BoFEY), P, IIMTERAS T g g 207,
M 7KIR A 3 BOROG B3 KR 1 S AT BE A B T i
V-V I B 22 AR PR, M DM R A0, K TR
G AR EN, RO ER] R b i SRR Sy B 2
ft T RAFSRAE . PRI B R W], BOGEERIE L K
(e (3 AR Z 5 H b f)) 5l SRk s i 4Rk tE
8 RF 8] FAH B, [A] X 48 AT RR ] ) HE IR RO e A
fo /0N T B 8 8 A (AR 22 UM 28048 hitps://hyyyj.fujian.
gov.cn/xxgk/tzgg/), T 5 e A8 1 0T ik ol e A2
Y 5 R 6520990 Kitatsuji 2529 %] %4 & A X
BOCESER R, HEY i m FZ A EERE . G
R SRR . BB A USRI S R R W, TN B
A Tk AR T TR T S A 2 ) R i B T RE R B0
BROCHE AR RN RN Z —

T K R B TR AL S BOF A Y R B B Y
FEFEHZ —, B T ERIEE TR R RO BB AE
DR, A SCHRSE T IEAN RV E SR R T, RO S i
FETEREIE OO it 5 A R R 2 A8 Mk . 45 5R R W], 73t
WRERT, BOCEMFREN K 58 R EKFA K,
J| T A )[R T B, R IR o 8 3 R vy 5 A i
(1740) BE A% £ HE B 3 — i 3 2L 5 TR R P BROG i Y
FREEE K. WA SRR, BOGEMB TS
Boltzmann KA AL, H & S 8CH 5 8 R KA 38
SR AR DA, 3K 16 I TEATL B KT RE A 5% ) 50O B b
RERYIE KB SRR . (BRIE R 2RIk
MBS, BOGBERE SN A 5 8 R EKF- A SR 8 T
[B] 42 AH OC , Zhang 559 1A Sy, 121 i oA 4 < 5 B 1
b 2 T 1 2 SN (A i < 2870 S S T . 7 RE L3
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Different growth of red Noctiluca scintillans from Pingtan coast waters
feeding on several diet algae

Zhang Haiyan', Li Xiaodong', Yang Guiqin', Lu Weijing', Chang Yang', Wang Ziyang'

(1. Key Laboratory of Marine Biotechnology of Fujian Province, Institute of Oceanology, Fujian Agriculture and Forestry University,
Fuzhou 350002, China)

Abstract: Blooms of red Noctiluca scintillans is an annual eco-disaster in coastal waters of China, but the mechan-
ism of outbreak of N. scintillans is still unclear. To explore the role of nutrient conditions in the formation of
N. scintillans blooms, the population growth of N. scintillans feeding several diet algae, including common diet al-
gae and local diatoms, were investigated under standing water, mixing water and different inorganic nutrient levels.
Results showed that there were significant differences in population growth of N. scintillans under different diets.
Population growth of N. scintillans was fastest in Platymonas subcordiformis treatment, with growth rate of
(0.151£0.001) d™'. N. scintillans growth significantly increased in mixing water when feeding on some diet algae.
The population growth rate of N. scintillans in Thalassiosira minima treatment was (0.136+0.001) d™', which was
much higher than growth rate of N. scintillans in other algae treatment except in P. subcordiformis treatment.
Growth rate and maximum population of N. scintillans cultured with P. subcordiformis firstly increased and then
decreased with increasing inorganic nutrient levels, and results suggested that its growth fitted the Boltzmann mod-
el, with parameters were highly related to inorganic nutrients. Results indicated that proliferation of local diet al-
gae, such as Thalassiosira species, leading by nutrients input in spring, combined with mixing of seawater, might

play an important role in the formation of massive N. scintillans bloom in Pingtan coastal waters.

Key words: Noctiluca scintillans; population growth; bloom mechanism; inorganic nutrient levels
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