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Ingestion of selected HAB-forming dinoflagellates

ZHANG Qingchun'* " | YU Rencheng', SONG Jingjing'>, YAN Tian', WANG Yunfeng', ZHOU Mingjiang'
1 Key Laboratory of Marine Ecology and Environmental Sciences , Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China

2 Graduate University of Chinese Academy of Sciences , Beijing 100049 , China

Abstract: The ingestion behavior of six dinoflagellate species isolated from the Chinese and Korean coasts was evaluated in
this paper. These six species include Prorocentrum donghaiense, P. micans, P. minimum, Alexandrium minutum, A.
catenella, and A. tamarense, which often contribute to the formation of harmful algal blooms (HABs). They were cultured
under either 45 or 8 wEm™s™'light intensities, in nutrient-depleted culture medium containing different particles, such as
fluorescently labeled dead marine bacteria (FLB), the dead marine micro-flagellate Isochrysis galbana (FLA), and the
fluorescent microspheres of two sizes (FMO0. 5 and FM2. 0, sphere diameter 0.5 and 2.0 pwm) , respectively. The ingestion
activities were quantified by calculating the percentage of dinoflagellates that ingested either FLB, FLA, FMO. 5, or
FM2.0, based on the observation of 100 dinoflagellate cells in each group. In our experiment, the ingestion behaviors were
observed in A. minutum, A. catenella, A. tamarense, P. micans, and P. minimum. And they all showed great different
efficiency in choosing different particle to ingest. For example, A. minutum could ingest both FMO.5 and FLA | though a
higher percentage of individuals exhibited ingestion behavior under 45 wEm™s™'light intensity (15% ) than under 8 pwEm™
s'(2% ). Similarly, A. catenella ingested FLB, FMO. 5, and FLA (5.5% , 7.5% , and 6% individuals of the total
population to ingest, respectively) under both light intensities. A. tamarense was able to ingest only FLB and FMO. 5 under
the low light intensity (7% and 9% of individuals, respectively). P. micans ingested FLB, FMO.5, and FLA (12.5% ,
15.5% , and 4. 5% of individuals, respectively) under both light intensities. A low percentage (9% ) of P. minimum
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individuals ingested FMO. 5, and we observed ingestion under both light intensities. At the same time, it is found that the
ingestion behavior showed a peak at 4 h after the ingestion objects were introduced to the medium, and it occurred primarily
during the daytime. To our knowledge, this is the first report about the ingestion of I. galbana by A. minutum and both I.
galbana and marine bacteria by A. catenella. The percentage of individuals exhibiting ingestion behavior was generally
lower at the low light intensity (8 WEm™s™ ) than the high light intensity (45 wEm™s™ ). Our results showed that
ingestion ability was controlled/regulated by inorganic nutrient concentration, not by organic carbon. Given the variability
in ingestion behavior, the environmental factors regulating ingestion likely differ among the dinoflagellate species. In this
paper, the ingestion ratios on FLA were low. Because the fluorescently labeled I. galbana was motionless ( dead) , which
may have affected recognition by the dinoflagellates, thus reducing the rate of ingestion. We evaluated the use of fluorescent
microspheres as the proxies for live cells (e. g., bacteria and micro-flagellates ) when studying phagotrophy among
dinoflagellates. Given the variability in rates of consumption, our results suggest that fluorescent microspheres are not a
suitable replacement for live cells. Interestingly, we demonstrated that these dinoflagellates, which have generally been
considered to be autotrophic, have the ability to ingest other cells suggesting they should be classified as mixotrophic. Thus,
it was hypothesized that these dinoflagellate species have an effect on the abundance of bacteria or/and smaller
phytoplankton in natural ecosystems. In conclusion, the ingestion ability of dinoflagellates likely plays an important role in
the formation and maintenance of HABs. Through this study, a new scientific perspective is provided for the formation

mechanism of HABs.

Key Words: Alexandrium minutum; Alexandrium catenella; Alexandrium tamarense; Prorocentrum micans; Prorocentrum

donghaiense ; Prorocentrum minimum; marine bacteria; Isochrysis galbana; fluorescent microsphere; ingestion
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YERL, aniz shaeJs RIS A A BB ( DOM) RO RE )45, MR UL, Y8 mT LI i B T BT R AR A A
JEKARRYEFRER TR K F-J5 18] bt ] DAAE — 5 3 Fil PN 1) 98 35 SR K B2 e K AR #e T 7 7 A 25 JC L
(DIP) BRI AT, —SE IR 20 G A 7R B 5 ] DU i 70 WA i 12 il ok 7K gk /K A o A 78 A 25 A LR AL
W1 (DOP) BEMOICHLBE e FE A 1<, TR A5 TCHLA ( DIN) BRI A5 T AR 22 B BB mT LU 38 25 s i
SAYLAEYFL(DON) o H X 5 p) 3 BT RS RE ) AR A HLAS & IR 38 1 BE 72 H AR e b 9 /E FHIAR
BB X B R A H AR b A E A O TERE . i, 8% 1 24k 4028 B 3R =0T gl 4 30 [
MR, AR 26 A IR B 5 0o e, 0 B R ) LU R AR OGRS A T AT 9D AL WE 5T, 3SR Bk i
YU R BT B RE Ty, itk — 20 B B R g o ) 0 O L 4 T O R K
1 #R57E=E
1.1 SEEG AR

P 6tk H B VE WX 4, 49 ) & 2 16 L HH 3 Prorocentrum donghaiense PDDH % | 6 V£ 5 H % P.
micans PM ¥k f8/NEH B P minimum Pmini-K #F X353V 7 11 K ¥ Alexandrium tamarense ATHK £k &EIRV T
I KEE A, catenella ACDH FRFGL/ N JTILHE A minutum AM B, 1 ¥REEHES 3 Isochrysis galbana 1G311 ¥

http ; //www. ecologica. cn



404 A E = 32 &

VERSEEN G, AT BRI e rp [ B B W S8 P v A 25 5 BRI R B S S N AR AR 7 SRR Y
7 SR AER/NFRE L R 1

R OREEHR BRI N

Table 1 The original places of algae and their sizes

R Sy AN ) BEAMAN Cell size

Algal species Original place K& Length/ pm 4% Diameter/ um
7R R H % PDDH 4 o [ AR g 16.1£1.8 8.2+0.7
TR i PM B o ] g v 38.6+3.6 32.9+3.2
TN 3 Pmini-K o [ VA 3, 16.9+0.8 12.8+1.5

SE I 7 1L R ATHK Bk b E R 33.5£2.0 29.822.0
FEARE T LUK #E ACDH b o [ AR g 25.6+2.4 25.8+2.2
NPT LR AM B hEAE 25.1+1.9 20.7£2.6
M AT 1G311 AR w3, 4.9+0.5 4.910.5

PRI SRR Bl BB £/2-Si ] TR (RN Na, Si0, ), 55358 FHIE A R B A 75 55 10 S5 P B 59 [ SR 1
K, pH MR 7.9+0. 1,305 30+1, Z4L4% 0. 45 pum WIRA LR 4D AT 38, 2200 5 R 30, IS8 R 4k &
FH. 6 BEBEZEEEFRIRE M (20+1) C MR 45 wE m™2s™ JERE K L:D=14 h:10 h, Bl 6.00 #&A G ZE 8.00
IR, AEMIAREE 16311 BROBIE 70 pE m™2s™", AR 35 44 5 A I
1.2 M5 B S E
1.2.1 4R 5r &G SR

AL TFa 854 KW A PDDH Al ACDH 34K 35 52 W Hh 43 B 1 mL 35389, & TC 17K 100 556 B J5 B
0.2 mL ¥R KA ORI BIRES 2 3 A b, 16 20°C MU 240 TR 1595 4 d, 20 39k 10 S BAST R RV, i 44
9 P-1 & P-10,A-1 £ A-10, SRIGHEFF FRARSEIRIE P 76 20 CA4MFT,220 rpm/min FIHEIR L35 5E 4d, 2K
RAY ORI B5FR LML UNE 2g SRR 2g QTR BERERY g AV EE FUIR 0. 4g B UBR IR EM 1g NEARIER BAFN 0. 08¢
FRRERRAMVE A T 750 mL (IR K H, LIZEME/KHN E 1000 mL, I NaOH J& Bk HCl %37 pH (HE 7.6,
SR R IR B 5 268 0. 22 wm SRR IERR A, AR SR B 15 ¢ BRI T 1000 mL & {455 557 5k
J& , G R HCK R A
1.2.2 4EP%EE

M DNA AYFEICR A DNA $2BGRH & ( BIAE 1) 458 0. 7% TAE 35 e FL UKk 45 5 T $2 5 DNA
HysEREPE, BRI DNA ORFFT-20 CHF PCR 973 it . SRIHZHTA 16S tDNA 4738 5 F— X549 27f (5'-
AGAGTTTGATCMTGGCTCAG-3") 1 1492r (5'-TACGGYTACCTTGTTACGACTT-3")"""" . PCR " 14 ) 52 i 14 £
920 L, 95 2 wL 10xPCR 22 1.6 WL 25 mmol/L MgCl, 1.6 pL 2.5 mmol/L dNTPs 0.4 pL 10 wmol/L
5147 .0.12 wL 5U/pl Ta RARE( Ki%E TakaRa) Fl 1l 405 DNA MR . PCR P78 FE Y . 5t 94 CAsE
10 min, $25 #47 94°C 30 S.55%C 30 S.72 °C 90 S WHEH 36 K, fieJi 72 CHEAH 10 min, HLIKAH KN
1500 bp, VI, glifk, alifb J5 = ik FE i S K 2 w3, 8 05 J5 89 )% 51 F - GenBank ( http : //www. nvbi.
nlm. nih. gov) 7k BLAST #2J¥ 5 GenBank H1C A JF IS4 T LLXT 04T, S8 A B 0020 02
1.3 WEXPOCARIC T 48P LHok
1.3.1  ZHEAEEIOLRC

KH 5- (4,6-dichlorotriazin-2-yl) aminofluorescein ( DTAF) XFAHEE 143 1G 311 #E472EkRC,, R 5520
FFHI LA R 3 4E A-1 F P-1 R #9055 150 mL 407 13500 rpm/min #5.0> 20 min £
I TR A R R, R, R, B 10—15 WK, AL E AN E A HARA 3—5 mm M ik JHICHE
TERKIE VAN T A 3 WK, [ RR R IR0 25 B3E DB e K | F- B0 02D BRI T s 55— UK 10 mL TG s i
KRN, A 2 mg DTAF, 7£ 60 C /K 4 h, 18] DTAF 5405 & 1m0 & A 7454 I DTAF J5 , 436 30
min JEWR 1 ¥, FRIE DTAF 5405 78R A K JE B0, 25 BiF, TSI K IE Uk 3—6 1K, ZXBRZ 4% DTAF,
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ELEIEOE W IR e g 5, R 24 DTAF CMETE R ; 5 8 450 20 mL, /A7 T -20 °C, B3I S5 AT
R . At R FHARLA SC 0 AR (R IR T R 70 C
1.3.2 HEXZICARCA 4B MPOEHER i EE R

VPR 4 PR NS 3 B TVECHRIC B P-1 Al A-1 (FLB) ZEGARIC 4T IG 311 (FLA) (B4 45 0.5
pwmol/L R FREEFGIIR (FMO.5) FIE AR K 2.0 wmol/L RIRIE D EIMIER (FM2.0) (¢GRI & T 2 [
polysciences 2N H] ) .

BUER 0 AY AM  ACDH ATHK \PM #% B8 2 %% & 5000 “1~/mL, PDDH F Pmini-K $4 B 2K %5 & 20000 1~/
mL BRI T 3 L AR INGE 248 10 3 18 22 b 1 K i TR v, B K BB Tk, T i i A Kol #s, 4. d
Ja , B A SRR SR T BB SRR BT AR R R R 80 mL BRI/ E] 100 mL JCRR AR, 3
OYHE 24 0,5 2 4, BEA 12 0, o —ZHOEIRBRIE N 45 pwE m”sT B —4DEIRERE N 8 wE m7sT HE SR
SRAFARIE] R XA 6 /AL, 43 IR R BRPEXT BR A, 8 FR X BRALAN 4 AT IINAS R 3 6 2 (0 S50 4, A3/
20 2 MBI 2 ASEAT (LA AM R, 26 2) o 16 1000 23 I N2 6FRiCH FLB FLA (FMO. 5 FIFM2. 0, H:
W3 R SRR SR PRI FLB 22 hRIC P-1 405, 110 3 #3057 1L K 3R s A FLB 278 thRiE A-1
YA

O MTEMMASRE XTS5 4 12 24 48 h F196 h BTHUEER 3 mL, 56 8 [ (2R B B0k EE N 1.5% )
FIA 6 wm FLARTE RIS 383 AR B AR FLB FM Al FLA, #REL TR AT B RFERY 3 mL BERMEIA 10 mL
RIS A TCREK 5 mL, 85 K 6 A U8 B8 28 T RIABAA N 3 mL, FHTINATCH K 5 mL il
D€, AL MR 6 WL HIIE] RS TR A 15 o D TR, A 1 I 25 T A BT TR R 4 TS 2l A ) g e
I, B G N 5 mL, 2O G REALIEE 100 SEAiME A SRR BEALULES 1 100 /> 35 20 M A7 48 2 %
B AN L i SO R, AERR 1 d 0. 5 mL SR 0BT LS IR TE 1, B e I 4
ST WA A T AR, A AR 2 d B0, 5 mlL IR - BF TG [ A TR

®2 BRIWEI

Table 2 Setup of ingestion experiment

2H 545 R i B BEXT4 IR e BE

Group name Light density /( pEm™2s ") Ingestion object Density

AM-0-H 45 AT EX ZAE TR, M APEXT R

AM-£/2-H 45 W £/2-Si, AR FRER IR

AM-B-H 45 FLB 2x1074~/mL

AM-A-H 45 FLA 2x10°4~/mL

AM-0.5-H 45 FMO. 5 2x1074~/mL

AM-2.0-H 45 FM2.0 2x10°4~/mL

AM-0-L 8 AT E X ZAE SRR, MR R

AM-{/2-L 8 WM £72-Si, FEREFRERXT A

AM-B-L 8 FLB 2x1074~/mL

AM-A-L 8 FLA 2x10°4~/mL

AM-0. 5-L 8 FMO. 5 2x107 1/ mL

AM-2.0-L 8 FM2.0 2x10°~/mL
2 H#R

2.1 R REE

FRIEIF ) 16S rDNA $7 14 i BEUEAT7ELR BLAST B9%5 5 B 20 Bk 40 5 14 IR g 44 dEA7TIH 26, L3 3 i,
Hr N ACDH 3552 43 B 1Y A1 (A2 A9 Fl PDDH 355 43 B3 1Y P1 P2 \P3 P4 P6 P8 i T 14 J& 21 14
FAN A2 A10 P7 P9 JB T HUTE B , AS A6 A7 A8 P10 J& T-2L 40 J& , 1T A3 1 P5 408 43 %I )& T 5 e o
oA . ARTE S B 4R AN FEEE G N 1 MROK FCEILAE B SR B ML A3 B 19 10 RAH B X 21T 1A
AL UL VEFTE AT RE R N E S 2 G SR H B IR T LR 2 — PR, PR AL RN P AHTREEA T KR
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I, PRI,
2.2 W¥EEXF FLA FLB Fl FM B35 £

PR 1 d B0, 5 mL #EIRTE b U WL 5 5 240 i
PR RO Sh 6 77, A WK 2 B, S0 41 A 3 4
32 268 J7 5 R TS INE 3R 00 B X BEZH A B
F X 51, AT 0 20 AL W s i ) FLB | FLA | FMO. 5 Al
FM2. 0 X F i 084 3 IR S R A s, MR 1A
AT LLE Y OEIRBRIE 45 wE m s~ 1Y AM ZEGR L 2-
Si K5 3% W5 A BT A 6 B0 A A A T o R 5
8 WE m~7s™" Y AM ZEUSN £/2-Si K5 IR 5 A I

24000 r
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B3£I E] Cutural time/d
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Table 3 Generic name of isolated bacteria

IE FE Bacrterial species

J& %4 Generic name

Al A4 (A9 P1.P2 P3 P4 P6 P8

A2 A10.P7 P9

A3

A5 (A6 A7 A8 P10

P5

AT
A
LLANH

a-IE

24000

20000

16000

12000

8000

4000

32000

24000

16000

8000

90000

75000

60000

45000

30000

15000

0

v}

eS|

0

Fig.1 The growth of dinoflagellates in controlled groups
A: AM, B: ACDH, C: ATHK, D; PM, E; PDDH, F; Pmini-K; 212 0-H 41, JGHRSREE 45 WE m™2s ' A BINAEGEY ME IR 1N
XtERAL; OOf £/2-H 41, JEIRERE N 45 WE m~2s™' VRN £2-Si 35373 ME B SRR IRAL; 1 0-L 41, JE IR N 8 nE m~2s™" IR AT IR IR

BXTZYE SR 3 AMEN AT R, B0 £72-L 4, GRS N 8 wE m=2s 1 IR £/2-Si {5373 1E B IR b x i
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AR AT 8 pE m”sT OEIRBRBE S0 T HE IR AM B TORIRIRGPIRAS . 534k 45k m s~ B IRSR B A5 R B
PEXTREZH AM B3 A W] AR, U] AM 40 T8 FREh RS, PDDH 5 AM BEME LRI LE)
ACDH ATHK .PM HI Pmini-K BYIE B, PR RN £/2-Si B 3530, YIS0 N 45 wE m~>s™ A7 SR 0 0] BE 20
SIS 2H B AT AR BUE R T 8 WE m s SR AR X HRA 1 S0 21 F A I AR G, A T O B A
ARAS 5T 45 WE m™s™ BT BRLL A 3 — 2 1A (AR KR T R) D' RS B2 119 75 2 R X R A, D3k 4
MR Z 5] — E R A B SR 3R R (8 1B, C, D, F) . MK 2 A DL MY, 4% S50 40 il 8 40 i 255 13 24 5 %)
07 P XoF B ZELARABL, 300 B o A 48 1 XoF 2 06t 36 Lk F 3l T80 A 3 ) e A R RS

24000 24000 ¢ 24000
A B c
20000 | 20000 | 20000
16000 | 16000 | 16000
12000 | 12000 | 12000
8000 | 8000 8000
4000 | 4000 4000 H
0 0 0
24000 32000 32000
E
20000 |
24000 | 24000 -
16000 m
12000 16000 | HH 16000
&l E
E 8000 f NE
= ] 8000 KE 8000 |
S 4000 H E
s H
g 0 0 = 0
o
5 30000 [ 30000 ¢ 150000
< H
% 25000 | 25000 120000 |
# 20000 | 20000 |
90000 |
15000 | 15000 |
60000
10000 | 10000
5000 | 5000 |p 30000 |
0 0 0
150000 - 90000 90000 r
K L
120000 F 75000 75000
60000 |- L
90000 | 60000
45000 | 45000 |
60000 |
30000 30000 f
30000 | 15000 H 15000 |
0 0 0

0 2
BEFEWF ] Cutural time/d

B2 IIAREEK
Fig.2 The growth of dinoflagellates in experimental groups
A, B: AM; C, D: ACDH, E; F; ATHK, G; H: PM; I, J: PDDH; K, L: Pmini-K; H:H A, C, E, G, I, K4IAOLIHRE N 45 uEm?2s™!, B
7 0-H 4, WA BN G AE SR L e BIPEX B4 ; oo B-H 40, %l FLB; 0% 0. 5-H 41, % FMO. 55 824 A-H 41, %Il FLA; =24
2.0-H 41, %M FM2.0;B, D, F, H, J, L ARCIEEREE A 8 wEm~2s™", @y O-L 41, B VI X R 3 7 S B M X R4 ; oA B-L
21,700 FLB ;20 0.5-L 41, %0 FMO. 55 824 A-L 41, %3 FLA ;@2 2.0-H 41, %3 FM2. 0
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FR T PDDH X} 4 Fs X LW A TR, HE 5 AR B 2R B A (B 3) . AM 7ERIRPIL RS
PR AT FMO. 5 Fl FLA | S REBEE 98 (15+3) % 1 2% , K AAROEIE 4h FIE O EIR 4h (B 14.00) (&
3A MIZ£5) . ACDH 7E &M% I8 4518 T 4 il #5£2 %F FLB \FMO. 5 Fl FLA , 5 KR 91H (5.5+1.5) % .
(7.520.5) % F(6+2) % , KETE I 24h fOGIE 4h FIEDEI4h( B 3B #1326 5) . ACDH % FLB 45 £ it

)5 1, 76 Fen AR WO IR S5 1443 30 J&- 76 24h 1 48h, ATHK (N FEAROG A 4040 F Al LIRS FLB FIFMO. 5, ft KA
RO R(T£2) % F(9£2)% , ¥ K AT 4h (F 3C M 5), PM R ACDH —&E, 7E M IR P OE I &4 T, *t
FLB FMO.5 1 FLA H 8, S KRR 09 A (12.5+1.5) % . (15.5+0.5) % F1(4.5+0.5) % , K& LA 43
S EDGHE 4h, DGR 4h AMEOEIR 120 (&1 3D MR 5) o Pmini-K 7E R RPDEIR AT AT ISR FMO. 5, ik
BERN(9+1) % KAAE 4h(E 3E FIES)

20 12
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4
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Fig.3 Ingestion ratios of dinoflagellates to four objects

A: AM, B, ACDH, C. ATHK, D: PM, E. Pmini-K

ME 3 #1365 ATLIE L BR T ACDH X FLB 7E 24h A WELEIEE £, PM XT FLA 58 R 2 7EROG R &R
12h iK% (4.5£0.5) % (GHAEEOCIRAF T 4 DEHEEH(3.5£1.5) % 823l ) 56, BB RTE 4h K8
Ko MHER T ATHK AUFEROE R TR R 240, HETEm MO A&, X 5 #RiE 4h 120 F1
24h ER R, AT LA H H 3EAE A R B RE 0 T ), BRI IR R IR ANV 28, T R 11 R AE SRR L ok
G, R PN S A T Mt e 5

F4 HEXN4HBENFOBERST

Table 4 Ingestion of dinoflagellates on four objects

BEXS F#E Dionflagellate

Ingestion object AM ACDH ATHK PM PDDH Pmini-K

PAMCFHI LB 1 galbana + + _ + _ _

AT AN _ N . N _ _

HAZ 0. Spumol/ L R ERAE D IGHER + + ¥ _ _ +
s

A% 2. Opumol/ 1. FR R B ¢ ek - - - - - -
CIRINARE, T RRERE
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x5 HREXN4MBENKROERBEEMEL EMHE
Table 5 Biggest ingestion ratios and occurrence time of dinoflagellates to four objects
A NS Ingestion object

]Ei ffﬂageﬂale FLB ‘ FMO. 5 ‘ FLA ‘ FM2.0 ‘
BRHER/% WA/ BRAEEE/% AL RKEER/% M/ ROKEEE/% Ak
AM 0 — 1543 4(L) 2 4(H) 0 —
ACDH 5.5%1.5 24(H) 7.5+0.5 4(L) 6+2 4(H) 0 —
ATHK EY) 4(L) 9+2 4(L) 0 — 0 —
PM 12.5+1.5 4(H) 15.5+0.5 4(H) 4.5+0.5 12(L) 0 —
Pmini-K 9x1 4(H) 0 — 0 — 0 —
PDDH 0 - 0 - 0 - 0 -
(H) 277 H BRI SO IRBRE R 45 wE m2s 1, (L) 5% HBIBE O IBRE R 8 pE m2s !
3 itig

3.1 HEEMEERE S

BARIA WEEE] PDDH 3 B4, 76 71 SR SE 5 & 81 PDDH 7T LIRS A s 0OLHE 1 (GFP) BYi%
K, P A5 6 PR SR T REAR B At B RE )1, LR E X RINERAAEE T (£ 4) .
3.2 HEmme

HATC A s 308 3 Aoy s, H— 2 A ms, iis B SO e HERE NSNS, e
TE— S ToH FE R rp k B R & 5 28, W H 3 Gymnodinium , 883 Gyrodinium , 7 63 Noctiluca 55, {H
AR SRAE — S W SR R A & B, W5 ¥ Prorocentrum 3 LU KBS Alexandrium , 3 & 1%
7, WER 7RI e AN 52 B etk B TR MR 528 R B W, NHTIA 3 Amphidinium , §8 % Dinophysis ,
NEHE Gyrodinium , $UZ W Peridiniopsis . e = JEEWEF Mg AU & — 28 57 57 19 L H 52 9 A ik 52 2 A7 i
P &0y 2, IR Z W 3 Protoperidinium , 3.3 Diplopsalis'™’ , SEH R H R JURE FH 6 35 02 B 52 0 i HLAT ¢
FH O AR B I AT T, A I H T DG i e 4 AR 2 b 32 B 3R R R IR A e B
/RN )= T R T 7 S el 1 I = O 17 el N O B XS ) B e 2 - (S oy S R L 2
AT TRV AT . B L 1T 1A AT A1 H S50 (HR AR5 B9 AT DGR b Age Wi g vl LIk
SR B JUAR Y e 34 2R FH B e i O A T3
3.3 HIERE XTI ER

X LATEA ik 6 MR BRI SE R RIE AT T HEH (R 6) o A HiaE 153530 D 1 RN I Y 38 25l 7 I
PECHRICHI T , S50 A WSS B G N H B WO AR IC A TR, X AT RE S A AR R A DG, J34h A iia i
FEN 7 L e f0 N TP S 2RV i P S RV D P s 350 R A e S I 8 (HAR S oy S I I L R B s
Ji R AR TR i R S T AN AR WSO AR I AR 88, AT NIRGE TH A A M B (5.2 £1.0) pm, AR SE 49
R AR 4 3 AR R (4. 9£0. 5) pum, P I 04T B d 22001, Jie DR AT B2 4 rh R 1 3% 1) A I 4 o T 92
PR A F SRR IR A LI R T DTAF SO M4 3. Aric)a & s b A Sh A ani& 3l
DA KR 10 AT R 23 MOAE 4 e R TRT A 2854, 3k S8 J PRI AR T - 35 HH e v U] R e T Ak, T L, HH
XTHEEXT G RN, P A e Bt . WA HRGE R 1 wm 2OERER L ARic B SR KA A () 77 i Ak 4 itk iy 2
WF5E XA Ceratium furca FIFEERES AR, DEOCHMER 2 B H T 7 978 57 B S I i 15
H20) B0, 5 um PEIGTRER AT DU T AR 55 5 R A T T A B RN B, R, 23R TR
A5 0.5 wm F12.0 pmi 2 FhOGRHERVE A EXT G, FAIURUGT LA 5 et 5 55 AU FE 30 4 T /Nl
FUL ORGP B . AFFT AN, i Se e v 5 SR A0 F e 48 8 B — 8 I 60k DO A fig e
R AR LSRR E IR B, TN DT LR T DA W8 bR 10 S M4 i, FERE Dy 1Lk
AT AR B DGR IO S 4 i AN AR IC A TR
3.4 HEEEEMTHT

RERBHEATYCAVE AT, SCREI o 45 2 20 o sl CHE B i/ INAE ke i 2 AR K RV P i TR & 8 3R R (B R
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HeP B FRIE) IR 1 IR R TR RS, A A B R IO A B SRR AR IR SRR R 6
PRI ENE T IR E IR IOURE IR WS SR AR AL, ST 23 3 ANERE, SERE A,
BN IR TOHUE FRER W L ROV FETCHLE R 52 BRI R AT 88 U AE B, A7 W SR 20U, 2Lk
S BR ] PR R 458 IR R T A e o B R AR IR WA € AT MR SR A H A U T R A A R TR Y
R B, R IS 32 35 TEH LA SRR VR BE R B SR M AR Al s 2

F6 6 HKFRNBRRESIT
Table 6 Reports of six dinoflagellate species feeding

XS FH 3 Dionflagellate

Ingestion object AM AC AT PM PD Pmini B0k
RERBE Synechococcus sp. + + + + + + (6]
e N N + + + + [7,23,24]
SRCHATYEBE Amphidinium carterae N N + + + + (7
ERVBIEEE Rhodomonas salina N N + + + + (7]
IR T2 W Heterosigma akashiwo N N + + + + (7]
TN BE P, minimum N N + + + / [7]
IRIEIFH ¥ P. donghaiense N N - + / _ [7]
SRR P triestinum N N - + - - [7]
SEWI 4 1 galbana N N + + + ¥ [7]
FOCHR LA N N + N N + [25]
[e) {3 F AR IC AN N N + N + [25,26]

AM: BUNEPTIIREE, AC: BRIRMEDTIIOREE, AT. BEFEDIILRH:, PM: IR 36, PD. ARIGIEHISE, Pmini: BUNEHEE, + 2R
B, - RARTHE, N7 FRR A s GE

— R TEE BRBR ) 25 A T 8 & 1 B 0920 7 AR BCA ALK 5 5 TG BN BR ], 7T AR T 6 S AR T 45
B FE H AR RBOL A K AT E FE Y, W N P Fe S0 77 ) BT BB 5 11 K e ' HR FR i
SAF AT RSN HE 4 BREEAE SO G IR AV RS AE T B mT AR 7 LA B R B A AR TR] , B DG IR 2%
AN 2 XS PR i B B A VA T B R T SR AL T SR BRAAR S PRIk 3 S TP e 1 £ B AR 7T BB 32 TCHL
BRI AREE SRR E I H I HUE o T A5 AR K i it A B T RE 1, Rt e 2k
— SRR IE

—BBRFTE At — SRV SR R A TP LA 7 DIP 58/ DIN BRI A B F G e | A S e RRBR il 42
U Chrysochromulina polylepis FIFENEE T2 DIP WRBEARA PR, et 5 SR\ o e — P e B 32 R BRI R 5 v
938 BESFEM BFSE R BUBRIA M Cyrodinium galatheanum WITFWEAE 15 DIP e B HAT SR SEEDS (05—
SERFFE N NP R T S X BR A — R b AL ] 2 o T ARBUMR A B T R A AR
JCHRRRN A T H RS 2 L UTAE Sk, — BT A AR B 7 & B SR K AR | et S — b
FEFRARBILH i FLIA Rt FF SR i ik & S e LA EEAE Y TETCHUE IR R AR IE T 3B R 1
A KRR TADC A E R B AERRT S R, 38 % bk SR 73 0 Y e R 2 286 25 18, vl LATA S AS [A)
BEAHANEE I AT e BAT AN R BRIy (%) IR 5, T HL AT REAAAE 24 IR DR 2L R T
3.4 WEIMEEREX

BEA BOR B 22 AL GEIA R 2 F 3R B F el UE S B SRR S R BE ), (0 oA St B 3R 58 0 0 H A 1
TR AR S R g b A AR A TR BT S i e 38 3R 78 WY e 2R 8 1 0 /8 T AL i B g TR A OG
T HESETRAY T mT AR B/ 3 Rk i BB N2 . R PR 2R 1 i B2 WL 4 2 Il ) (I 3 A DA
HIEBE Amphidinium sp. (EAZ (6.6x1.8) pm) [BARHIFSE H. akashivo (EAZ (11.5£1.9) um) UM
g P, minimum ( HAZ (12.142.5) pum) = MABEHE P, triestinum ( HAE (12.6+2) wm)  KSUJE 1A ¥
Cochlodinium. Polykrikoides ( HA% (25.942.9) wm) JFFEFEH B P. micans ( HAZ (26.6+2.8) wm) ) FRF
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IR Jeong SFUN IXRIECR 5 HI SRR AR A 0GR A LR ) Al R e Y i /N g A
HEMEsEF w0y B3l A, 1T E AR VL 1 B QBT i bl AR A AR A 8 1) 381 FHY 8 ) 11
BRI X S R R AN AU SR IR R OC AR, A AR DA R G AR v I R 3 P
donghaiense FEARI T 1B A, catenella FIKEKRPACHE Karenia mikimotoi (K FQEILAE 8 1T DL W 41 o8 A1 H &
OB ) RS RE W T RETE H R A AW S AR ] PRI , 787 PGP 8 7 P ol ol ) 4 4 Dt PR g
A 2R B RE 5 IETEN
3.5 W E R RS R R e

(1) HTHORTE P B F2 A S h o v i

H TR TR A TE 2RO R B A B AL, i B S — e s A sh W R D, ARGt IR A s
BAT IR IT R TG T s SR B RS B 5T . H TR RIS VO EhRICEE  BARBLZHOR
MARGF I HESD 1SR S IR AL R SR B E PEAUE S SY . (H2 T oOUhRc Y — Mo AN T8 UEUR K Ak
Bk, 5 HARITEARE Y BA 225, JEARE 78 ARG A AR 1), R A A1 0 e B RS RN aife e 8 F AL W e 2 e
BARAT o PRI B AR R gk i o T AR 28 AR 5838 . H AT — 283G AR SO HAR B HeR . an Al
FMIKEE Aequorea vitoria TN 43 B ULk (09 G 11 ( GFP) B A gfp gene W VATE KIAAT I Escherichia coli H3%
ik, AT AR XA gfp gene B RIAFTBEVE RARICY), ZSWF S8R & F B H B R 148 B . A SCHEIX 7
AT 1A fi 221, & B 2L e ] DI I 1Y GFP R AT . L A1 — 282 Wiy A RO ) 1 H
HEERDOCIRE S . IR — 2L pase Rk B S L08R X R S T R A S e R A
HEMERE , AL A SR HOR AT 2 24510, 412k A LysoSensor DND-167 #£%f Lk & LysoSensor DND-
160 FEE S B TARIC T . AL, — 20 TR | e R bR iC H R (FISH ) %5t I b
I

(2) W Rt B IR AR A2 WE STt 3 A AR AD) S5 36 38) 037 S 96 1 e B B

1 T EF AN S50 M FE PR, H T IR0 F s e 8 93 AR S 2 T T I 2 TE = WAL B, 50 = B A1 i
BEAD S A M2 EAmC W3 B AR KA b TSR AR rh B A ) 40 B . X LS 0 2R A & N Al Fh B
FRAA N AT A &Y T B AR P AR R R SIS B WS EMA G . ik, i
X LT A ) FH A S R A AT BRI T A SR A R B DTt TE Tk B b A B B RE ) o ek v 7 A 1
BRI TTER . 2010 4E55 14 Jm [ PrA 3 28 K 2wl Wl i 10 A 3 e 2 00 ek 38 TR i 98 01 DN 28 PN )
¥¥4h,

(3) W T T e B e B SR i A S i X

H TR R 2 R AT LA B B N IR AR AN, A U S R S A B O A
AU B FRTE P OC R 16 TTREAFTES &8 S B Z 1R 5C 2% 5 W] 0 30 A 2 ) P i 2 ) e Al X
SR SR B A EAZ WA S S B SC R R e T fE 5 — e R 3R IR A sh W) Z M AF FE se S B
PIRFRT  BCKATHE T 2 BB Y sE (IR PRl s -2 ) | W BRI B B AS T2 ) B A 7= 2 4436 31 9%
AL MRS A%, M4, anfe) 5853 s A DR S SR 8 SR AR T B RE I A IR 2R 7 L, WH
HIBIFTE SRR, AN [] F S ARt 8 R e 0 00 B e 8 B AR A i ST /N IR AN AR [ T ELSife 1 8 5 B0 Y e 1Y
BEATARE W SRR M2 B, T B0 i KRG o L oe et B R A R
AE T B I BILAR] , (] e i B SRR (NP Y C IR DGR DL B i B SR oe R A 4, R
TS FR A P S B PR Y RIS R Z A A E SRR . TEULERAE AT RE IR T i e
PEEFRMAESEE XL,
BT R R S R R R | B AU , v R BE AT ST BT M R I B A S R, R BT
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