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BERE(5 cells/mL 50 cells/mL .5 x 10° cells/mL.5 x 10° cells/mL F1 5 x 10* cells/mL) , #5775 & K i T 1E 2 1
AT AR A F I 38 A ] AR A ) G 285 A BT BRI 1, o T X PRI AL 3L 1) 5 55 DR M
T CIRIRE TR IR R R AR BN, RE RIS 2 B HLS 10 W SR A AR 22 7. S5 2R3
W, 225k FR R AL PRI B2 (3 cells/mL) B 75 155 il 48 0 DG 00 52 4 ) A7 K T L 32k 381 46 o W 7 42 B8 /K -
(1 x10%) ; 2 B AL FR 7 8 K SELEER R WU 35 8 3 K 3 x 10* cells/mLL i (1 Fh VR 52 RE J7 0 A 22 2

AL B 55 , HAT A2 22 57 (P <0.05) .
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2k 12h: 12h 3% Oh: 24h, Y6 HEBRE 4 5 000 Lx [
fEIRME IR AR AR P R R . RAT 072 B
B TN T K redsea BTG 77 £ 1 ER 0
il , ¥ = R K B 48 121°C K TR 15 min, SE5
S AR L3 ] 15% HCL iR 24 h, Bl 7519
IRUEE T JE A5 o SR g v i s AR R A 4
Ji, 5300 2 R R AR 2 IR I . S
TETF UG Z R0 B 7 8 Kt S 70 AR N 7 It 32 2 A
TR Z X B A A I, ) 06 A T B R
5 x10* cells/mL, Y1k J5 28 5 & B s i A
PEBARFR LR BIAH N A G 28 B . 58—
SR ORGSR 2R BUE K IN A  3 A 250 mL
PIHEIE R, & 5 DAFM R 5, 53518 5
cells/mL .50 cells/mL .5 x 10* cells/mL.5 x 10’
cells/mL 5 x 10* cells/mL, 4 il £ T i P9 %5 W A4
TR 200 mL, %3 43 S5 4 2k T 30 2R
250 mL 3SR . BAPIG R E 3 AT,
BEFRARAE IR 10 SEu o — 8B oy e 1 R G 9 8] J
ASAFIE I T 5 R e AT I S I 5 5%, i & ik
WSS T 5 KR B 10 um AP BT T
RN AR i O E TR DL SR R A
FiREREUE N 3 cells/mL. 30 cells/mL .3 x
10° cells/mL .3 x 10° cells/mL .3 x 10* cell/mL 1)
PRI CIE 15 B B, I IS 3R 3y £/2 g7k 4%
THETE N T W AR R4 2 200 mL, B4 45 %5
JEWHE 3 AT R AR 1

*1 BRAREEREH
Tab.1 The growth condition

of Platymonas helgolandica

Culture period Dark period Recovery period
Y BE o8 3
JLHRRIE/ Lx 0 5 000
Light intensity

V=]

E/°C 251 251
Temperature

R D) 02 212

L: D cycle

RG] R AR W SR R T, BT A B SRR
[l — 35 IR AT R IR RGN SR IR 3 )2
BT A T RIEE SRR E R
i R S B, B R 1 IR P (Y R S )
T, R PN A 7T 85 R B A 49 20, B L e
2L 4 R BT AT IR

AR AR AR 24 h 0T mL R, ORI

R A AR T0 0 4 A1, i B 51 B2 Tl 4 T2 06 14 14
B, TR B — WP LS R WUBE R+ (carboxy
dim ethyl fluo—rescein diacetate, CMFDA) & —. 2,
i8¢ Y6 2= ( Fluoresceindiacetate , FDA ) Y455 %} 1 mL
T R BT G e 8 BURE Hiy Jo 45
BRI R AR SE 1 5T, i T e T S s
PR, 5% W 8 %€ , [ 5E Jim 3 BRI R
FH AT T8 J7 5 ) 7 S A P ) VA R T
Olympus BXS53 W% T, bR iEG Uk 2008,
T 20 A R TR = R O

K Sigma Satat(SPSS 3.5 ) FF AT RIS
ARSI o 70 B A [7) B JE 165 0] 2 2 T e RS I Ak
PR i 3 RS () B DGR A2 %% BT 1 A A ol
UM B, DL R R J5 22 23 M ((One-Way
ANOVA) 0 K6 3 4[] 22 5%, 24 P < 0. 05 B} 2
AREMNZESR,P<0.01 W HAHREHESR. F
il Graph Pad Prism 5 {8 #EATRE 704

BEANME A AR AR AR 2 IR SR AR A 50
aE

IR=(N,-N,) /N, x100% (3)
IR D G A ARR S 2 (% ) 5 N, AR Z)
R B R I A 35 A0 MR8, IV, SR IR 221 B Ao
Fr I A A0 5 (cells /mL)

P Logistic Rk A KARFIILEH 5 Km
B R R R R A R s A
BERGS FAIAT IS, IR P S50 A R
AR SRR ), R BRI AR KR, B
HRURBE o W A Ak B 2E 1 F5e 5 40 2 A
VE RIS & Y WAk THE

Y=A/(1 +Be™) (4)
Pl Ak it ity AR R AT AR Lotk B H 437, S
T3 HT1E Sigma Satat(SPSS 3.5) 8 AT,

2 45
2.1 FAEVBREEKFEXNERAREERRER
e K E ST

Xt AN [0 Gty 5 2 114 7 % O ke T A S 15 9T )
20 I 8 A A A AR A TP S (R AR B, P AN R 4
£ TR 114 i 35 2 2 A o R 2 B B
225 (P =0.563 >0.05) o AN[F] 55 I5 I [A] (19 Jf e
AMIA A R Z AR B A B FEE RS (P =
0.287 >0.05),

X AN TR 4 A B %5 9 7 15 K 98 R A SR G
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RhE AR HR BB R S x 10° cells/mL J 5 x 10°
cells/mL PR-7] b 24 it 25 15 450 9 e e I 8 K
i e, A A A o 25 B G Ak BB ] 34 i) A2 AR A
HAIRL(P =0.593) , # 5 — R AR KA i 3 i
B LS — B R, %R 5 x 107 cells/mL 194
KIfl R —E TR R RA T, 2 )5
FEAL T 221 R RS, % 5 x 10 cells/mL )
AR A R — R B RS P9 KT 46 A i 81 Bl
Ji— ELAL T 280 3 AR WG 2 B R S %
10 cells/mL 7 & K e 388 9 A= 1 0 1) 2R 1 T 4R
{14 9 SR 387 b At ) 0 %85 32 ) 08 DR s B T A
P A%, Bl AL T U 3 i B RS 7R SR 9
Kik B e RV R 8. 10% 5 I % 5
cells/mL {7 & K 38 14 A= KA 22 A8 1k fe oy ik
X B T A MR L A A R ] 3R
SRIZL BIUR R R 50 cells/mL {75 B K i BE 11
AR B A I i = R R A P W A T A o
P 5 Rm B iR, AT 22.49% A%
S 4.52% , Bt I 240 M4 o 2 B e, —
FNFE-LRIF G AR (EL 1) .

-5 +50+500 500050000 cell/mL

[\~ w
(=} (=]

A KADHIZR/%
Growth inhibition rate
=

00 123456178 9101112131415
FFRITE)/d Time
1 TEVBEZEENSERXRE
ERFHERKIFIRTW
Fig.1 Changes of growth inhibitory rate
in different initial density of

Platymonas helgolandica under dark conditions

M 2 ATLUE B BERT 3 2K PN A 20
AR A R A T KR, ELRT 3 KA
Wt b fe o R B, 1R 5 3 R Z A, A -2
AERAN R R AAL T — D U sh RS, AR —4
T REAR RS, 12 R WAL B AT-£ %, #2
PUBE B4 T B = A5 DA L AL, 15 W AT R
TRV K BT 5 K TR, 0 3 B
R A A ] 3 e 5l , VAR 0 e sh AR R o
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Fig.2 Cell growth inhibition rate box diagram
of different initial density of

Platymonas helgolandica in the dark

7 JE ) B AL PR S, M AR RN S
cells/mLI¥) 5 5 K 5 1) R BRR K 100% , ok
WG B A 50 cells/mL [ 75 B K i 3 1Y 25 B 2%
e, k5] 96.05% , W25 R 5 x 10 cells/mL
(AT S5 K 8 1 R B TR R 5 x 107
cell/mL K 5 x 10° cells/mL [ 75 5 K i ¥ 25 %
K, 510" cells/mL FY75 55 K it 35 16 215 5 A I
(RS- LB T 90% , 3% n] RE S th T4 0 3
h5 x10* cells/mL {975 55 K 3 (10 58 4+ FE 1 K,
AT O A6 T 1) 40 B B0 A A7 A B AR AL A
TRIRNT 5K B

100 -5 - 50 500 -- 5000 — 50000 cells/mL

HEAF /%

Percent survival

15

R E/d Time

3 HREARBAERARE
MBETEERARENFHERE
Tab.3 Average removal rates
of different initial concentrations of

Platymonas helgolandica in the dark after two weeks

2.2 ERQABEEARVBREZEEKENERXR
B & HY e Kz

IR E 4358 3 cells/mL 30 cells/mL 3 x
10% cells/mL #1 3 x 10° cells/mL [ 25 15 28 1% 4b ¥
AR 15 R B 5 R 8 0 PR G Ak B 9 8 Rt 9
AR 20 T B AE S BLIN & 3 (ay boe.d) B
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N, HAP LI UG 5 B N 3 cells/mL SR AL BRAH A 7
By R B AR K R R 250 TR AL BRS 195 15
KB (P =0.009 <0.05) , FIHH W& H 5 AE,
BE e G R M DR Y L RS S22l
PRAY T B R W BE A A K o 2 1 T 2 5 etk
(P>0.05) ; S b XTI BE N 3 cells/mL
30 cells/mL .3 x 107 cells/mL (975 5 K i 5 , S IE
AEFEAR] TR SRR G B K B AR G, &t
i AL B T 85 DR i 35 1) 00 i 4 OB R A2 R
55 0 KBNS 14 R— BHAR T RS0 R w2 1Y)
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D
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PR By I 8 , JFAES 11,12 RAFEEH = TR
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Jo 20 L 2 R L, O e AR TR 2 PR Ak
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5000001 _o RAHEALER 30 o RAEEE 30
Dark—treated 30 Untreated 30
2 400000
°
Q
o 300000
+
o
2 200000
&
100000
0
012 3 45 67 89101112 131415
¥R H)/d Time
(b)
15000001 mpzehan 3 000 - RALEL 3000
Dark—treated 3 000 Untreated 3 000
%/}
—
'S 1000000
By
)
-
%2}
8 500000
0

012 3 45 67 89101112 131415

BRI E/d Time
()

B4 BEAERSARLEENRREEKMEE

Fig.4 Growth curve of dark-treated and untreated algae after light recovery

XFF AU 5 B 3 x 10* cells/mL Y 7 5 K
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FRF- R, A 28 S GG A L A 05 A o 1 AE KR
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0.05) ; it T2 FRHE A BRI 7 5 s 3, 40 R0 285
A D LT, MR ES 1 KA IrREAR, Z
JEA TR LT, 54 RIFIR 25 6 K, TR
W RE A 2 IS 3 KRR, 56 6 RZJF kit A—A4>
SPGB 5 TR A 28 SR A B 1 I K
AR NS 0 KBNS 6 K— AT Kt
R TSN AN i PN 2575
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Fig.5 Growth curve of dark-treated and untreated

algae with an initial density of 3 x10* cells/mL
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25 5t S B b FR G IS R W0 4R 4 E R 3 x 10°
cells/mL {7 & K i 3 1 e KB R B (Y =
82.28 ) B LU R i PRI A0 3 8 TR 9 1Y) e
K EKZE (Y =108.37) /N 24% | 22535 BA RS
AR 75 15 KR R4 2. 46 d IREH 5 R4

o) PRI ALY I R e ] (2,25 d) K, &
SRS AL IS O 5 R B B K H G 12,16
10* cells/mL, 404 28 1 BRRS b FHL A 5 15 Kl 8
(14.63 x10* cells/mI) X2 17% (£ 2)

K2 MARTEN 310" cells/mL EBARRENEEMFHERMBERSHILR

Tab.2 Comparison of logistic equation and population growth parameters

of Platymonas helgdandica with an initial density of 3 x10* cells/mL

fm P AR B/ (cells/mL) P H s /d oK H K/ (cells/mL)
M (T] The density of Age at the Maximum
ode inflection point inflection point daily growth
kA3 Dark-treated Y =82.28/(1 +4.292¢ 0511 41.14 x 10* 2.46 12.16 x 10*
R 40P Untreated Y =108.37/(1 +3.382¢ %30 54.19 x 10* 2.25 14.63 x 10*
3 W iR AR A RV BE IR SR B ). 2 BR G
T

TEEARAE FFr, P U ) 00 200 1T X — A PRI (1Y
ANFNGA: , 17 A ) A S I P35 v A 3 iy i HL 3
T 0 e 25 K A T 538 B f AL 3 ok T Rl
BB THLE Y BRI R, WA R R i
PEAE RGPS BB R X TR A0 46 %
BV, SN R BE R T O I R AR . A
WFSE T L , SIS b BR3P 4 4 i A K 3
AL F R = WK, BRI 3 K V7 I A ) 2%
W R MRV E 22 0 B A A A o b Tk 8l
FAEEAR AR IPIRAS, 523045 15 HALLEGRAEFF
To RIGBY S5 7E A 47 2k i vy of FE 2K 1 V7 B A 40
BRERBF IS W&, KA SE I I 76 0 R 205
1 ~3 d REFET7 . FEIORAIET , W4
TEHIT R EER, S 88T H4h, Bl AR
R R R BE— 2 B R O A A AR Y
AL W B R IET: T L SR, 7
3 R UASG, 8 40 i S G %8 iR, LA R
i RSk — J PR AT BB O TR A S B i 3 B
B, FB 43R A S e v A o (R A
B ARIHE MR PR AN BLERIEE S ) T A 5
T AR 5 R 8, 9 1 19 5 A R R 3 o R Ay
e AR P T A B AR A TS . SRR
W WIREE N 5 cells/mL (4l FR 5 K ¥ , 76
REFAEE 10 K %% B B A &, T LAt 4] 46 %% B2 b
BB 14 RUVRAAEM TSR ndE. 55
K BEAE 10 K TS REAE S , 3% 0 T H It 4k
SR, HERUT AT AT e S Ml AR XU

WS8R IR, o 2 S I b P 9 95 5 A E
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SR BRI 5 Rt A T A 8 PR I A0 3L 1Y) T
HEACER B 8, IR A ) 2 5 T IROBR A5 R,
225 R ORFE N AR S 0 SR B2 ok A R BR8E , LA
REARA R AR, PR B A0 M B 53 B 1 FRE &5
ApLE R ShRE SRR E L PR 25 SR Ak B
(T & Kt 3 38 (B8 7 2 bU R 28 B I Ah 348 1)
fik. 2004 4F, 7E 9% [E AR 2 A FF#Y OMP Sh58 K 2x
T CE BRI A0 R 2K & DT S
A2y A e 28K B O By 1 45 il R 457 B
Bi7 LA 35 B 7K A ) Bois I A4 2 s Xof 3R 5 | 48 15 4
AR AR 0 o H e o S B PR 28 K A B RE R
HECRD D2 HERchRiE) , IR RLE 1 20 A B TR
BoKh RVFETE B AEY) (48 KR ZHON I EY)
10 pm< & <50 pm) >F 10 4~/m L7 %F
WL RIARERE , R VAT SR A AE B B . AT
e AU 205 DGR B B KO B, W) 4G %
FESR 3 A/ mL i, TR ] AT RT3 B 6 vag 1) ol e 2
JE 27U A 3 DX 35814 7 v s 1 PR 5% A A AH
RRER 25 B - AHARL A SR ST I, ) e 4 HE T80 2
AEAE LRGN 2 TS ) 2 4 7 0 A ) S
HAEART D2 S8 —An i}, #B RE AR IEA TR AR,
{RAEAFRAR Y o

X AN [F) o 288 (%) 32 Y AR ) E L A T B ) 205 1
PR AL AT BB IR A MRS Rt —H FF
NI K o AT A7 15 A= W T, SO 58 &
IFPAE B, , I A X I b T Je T 2 ) A AR Bl
B TAESE UL B AR . Pt , A 2 X A A
A5 K VAR VT U R 0 %) ol A e 7 AT B R
AHBFSE
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Influence of dark conditions of ballast tanks on the population of Platymonas
helgolandica

SHEN Chen'? | LI Jinjie">, WANG Qiong'?, XUE Junzeng'~
(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. Cenire for
Research on the Ecological Security of Ports and Shipping, Shanghai 201306, China)

Abstract: In order to evaluate the influence of dark enclosed environment of ship ballast tanks on the growth
of green algae, the study was carried out at five different initial densities (5 cells/mL, 50 cells/mL, 5 x 10>
cells/mL, 5 x 10° cells/mL, 5 x 10* cells/mL) to investigate the relative growth inhibition rate of Platymonas
helgolandica under dark conditions and the population response at different growth periods and initial density
treatments. The light recovery study of dark-treated Platymonas helgolandica during the dark period was
conducted to explore the differences in the population density changes of Platymonas helgolandica without
darkness and after darkness at different initial densities. The results showed that after the dark-treatment,low-
density (3 cells/mL) Platymonas helgolandica can still reach a higher population density (1 x 107 cells/mL)
after two weeks of light recovery. For densities of 3 and 3 x 10* cells/mL, the population resilience of the
dark-treated Platymonas helgolandica was weaker than that of the untreated group and there was a significant
difference (P <0.05).

Key words: ballast tank; darkness; Platymonas helgolandica ; growth inhibition rate; population restoration
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