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3.4x10" A/mL gy N EBEABRP AR EHTFSEH M, 20 A A EREL 346 X,
HEERRETEAFHB o, 2R EAFEES10 M0 15 R EREEMBHENE T
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KT IR e BE X RS 3 ( Cyanobium sp. )
FE AR B0G 3 ( Pleurochrysis dentata) F) 5% B WFE
IR WARGE o AR 250 R T R FE e 0 i) 5 XLAR
BEFIRIR B0 B AR = AR b SR8 35 09 J7 %, DE T
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BETHFEARAGRAA) .
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JEHREE FR A N B AR, B SR AR IR 25 C L okaR
60 wE/(m® - s),L: D =12 h: 12 h, ] @M%
A 2 PR R ARG O, R B T A R R
A ERRES) K

HERREMLGE NS TET G TAE
L RITE KA 230 mL X 3R iR 80 B
B SR = MR A 20 mL YLK 2 d (1R
BRI, AR % 3.8 x 10°4~/mL |
WRECAEH#N 3.1 x 10°4A/mL ¥ FEREHEN
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T L ARG ETERERMERE
W53 N e SN NG B 11 SR < L e R g

BERBEEMBAE FE A HRAL RBRE
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Fig.1 Feeding of O. marina on Cyanobium sp. and P. dentata

(a) 0. marina is searching for Cyanobium sp. (the black arrow is pointing at Cyanobium sp. ) ; (b) O. marina is feeding on Cyanobium sp.

(‘the black arrow is pointing at Cyanobium sp. contained in O. marina ,the white wedge is pointing at Cyanobium sp. feeding by O. marina) ;

(c)one cell of P. dentata contained in O. marina ( the black arrow is pointing at P. dentata contained in O. marina,the white wedge is

pointing at P. dentata) ; (d) O. marina is prepairing for feeding the second P. dentata( the black arrow is pointing at P. dentata) . bar =20 pm

F1 BEREEMNNEENERLARENERE

Tab.1 Feeding rates of O. marina on
Cyanobium sp. and P. dentata
WG TR FE B
F El (U HRR/%
group number of O. marina feeding rate
observed
KU + R 2 500 100
Cyanobium sp. + O. marina
49\:- 3 VL 70y 3
RO B + IR R B 500 100
P. dentata + O. marina
2.2 BEREREEFRBEEMHE

WL K B, e L B SR N, DAL 388 O PR B 7
TR RETE 2 d M IR A W E A LA 2,7 d
I 355 97 075 1 36 T A 34 O, 100 d s 3 R 94 BB
2L (181 2) 5 DU AR S0 3 O BRI SR W R
B2 d R SRGE W B AR AL AN I LT d RS SRR
2 WS 0K, 10 d I I R R BLIR A 4
(K3) o BEREM 3 WA B 8E IR I, LB 5 N
TR R FEHE 2 d I 5 3R 902 W] W) el 44
K, LG B IR BB W BE R R BT (18] 4) 5 LA IR
SO BN R IR I TR R B 2 d I B SR
BEARACAN W S, 7 d Ik 3 R 9 T R W A O
JaEIRBEM EH R B E(ES) .

2.3 BFRERARMNEERENEISNE
76 X 5 af i ) bR %5 B2 AR ) (3. 4 x 107

A~/mL) EEPESRFE B A0 I B R ] (15 i
REH 0.8 x10° ~/mL 2 BB 2.4 x 10°
A~/mL 3 SFEREN 0.8 x10° 4~/mL) & FF,
Wit 25 5 5 P i) 22 K, 0L, 5 40 i 5 T T W O /S 5 9
VEIS 2 P 200 35 PR B 1 I, 224 24 ik 3] o K
R AR B R R (K06) . PR R BN
MRILG % B R 0.8 x 10° 4~/mL, 1557 5 d Jaik #l
S KB 5.6 x 10° 4~/mL, 11 d J5 40 i %
RS, 2 15 d BFFEKH 1.0 x 10°4~/mL, ifi
WA AT N 8 P AE B P VR R B e 4 d B IR R
i, & 15 d WK 2.4 x 10° 4~/ mL; i PR 2R 2 i
ANMR) G 2.4 x 10°4/mL &4 K597 6 d
Je i e I A d KB R 5.0 x 10°4~/mL, 14 d
JE 20 M 2 R T A, 25 15 d BRI 5.3 x 107
AN/mL, TR 5 40 i 2% B e B P il e R R i 4 d
i E R, & 15 d BFFRMRE] 3.1 x 10° 4~/ mL; ff
PER WA G % 4 0.8 x 10° 4/ mL 44 F,
Bigk 12 d )5k Bk Y B K% N 7.8 x 10°
A~/mL,15 d PBEA B BT, 15 d A 40
R N 6.7 x 10* A/ mL, T A €5, 38 20 it 5% & 75 12
PRI #E 5 d B B SRR K, 2 15 d B PR H]
8.6x10°4/mL, MFHETFHESH (P <0.0l,a =
0.01) FRHA ¥V 22 F& B AN [R) 400 iy 85 B o) L0 o 4k
AW EZ,
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2 BHESFREREFB(NEREM HETH
() WEHIEFRW; (b) MR 2 d B IR (o) BFhR
FBET d B IR (d) PR 10 d JE SR

Fig.2 Color changes of culture media

fed by Cyanobium sp. under static state
(a) Cyanobium sp. ; (b) inoculated by O. marina for 2 days;
(c¢)inoculated for 7 days; (d)inoculated for 10 days

(a) (b) (©) (d)

3 BEBTREEERE
(EREAEERN) AEEY
(a) BRSO BEIE IR (0) HFRFEHE 2 d 53R (o) &
FRFEEHE T d IR (d) AR HE 10 d Fi Rl
Fig.3 Color changes of culture media
fed by P. dentata under static state
(a)P. dentata; (b) inoculated by O. marina for 2 days; (c)
inoculated for 7 days; (d)inoculated for 10 days

(a) (b) (©) (d)

B4 EHBFREREFE(NEREN HEETL
(a) AFIE IR (b) AR 2 d HiFRil; (o) HEFhR
FE¥T dHIRW; (d) AR HE 10 d Hi TR
Fig.4 Color changes of culture media fed by
Cyanobium sp. under shaking state
(a) Cyanobium sp. ; (b) inoculated by O. marina for 2 days;
(¢)inoculated for 7 days; (d)inoculated for 10 days

B5 BHEEiREEAR

(EH SR EER) AT
(a) WAREUL BRI (D) MR EE 2 d Fi R (o) 4%
FOCRRME T d HiaRil; (d) RS 10 d 13RI

Fig.5 Color changes of culture media

fed by P. dentata under shaking state
(a)P. dentata; (b) inoculated by O. marina for 2 days; (c)
inoculated for 7 days; (d)inoculated for 10 days
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Fig.6 Feedings of O. marina at different initial

cell densities on Cyanobium sp.
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T*Hit@(ﬁ‘ 241 it 4] s %% AR T (6. 6 % 10°
AS/mL) VLR S A0 W) bh B AT (1 5 i
PERFEBE 3.9 x 10" A~/mL .2 5 i P 4 B
2.4x10° 4/~/mL .3 Bl R RS 1.7 x 10° 4/
mL) 25T, B B 7R I R E A 145 R0 A 3 40
5 E WU/ 5 VRV 2 T 00 R kG L >4
AR B B KRB L G b A K B BB T R (K&
7)o MR BB AN M B 2% BN 3.9 x 10°4~/mL
ST R T dREBRARENNREKRBE, N
5.8 x10° A /mL, 15 d N &AW 8 =1,
15 dBH A 240 3 BE Ol 4. 4 x 10 4~/mL, i i IR 8L

A AN D JEE A B O R R 4 A N

8.0t 170 g
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ET 501 =
EEI;Q_: . 440 5o ©
WY <40 W= e
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Q O 1 1 “ Jo- L 1 1
1 3 5 7 9 11 13 15
I [)/d
time
5807 16.0 s
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wAE70r 150 ¥~ %
BEI60F 2E 8
Erasol 140 B2 0
2Ly R
=S © L ] R=s}
T2 240 30 @S
B = 5
KX E30} UPREUA KXz
=} 12.0 NG
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Rz 2 2 GRS |, BEZ
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L s A S EASTIST:
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time
~— REUHE
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o ~ &
:%15:]\%6.0' 7'0{;‘54 N
223 60 53
50 F§o0
= - 50r ) <&
§$_%40 15.0 ﬂ?;&é“a
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Fig.7 Feedings of O. marina at different initial

cell densities on P. dentata

K, E 15 dBFREMEH] 1.2 x 10°4~/mL; 3 P25
WA FE N 2.4 x10°4/mL &0, B 5
13 d J5 ik IR i i B R E, O 4.8 x 10" 4/
mL,15 d WA BB =T, 15 d B 40 i
FREON 3.7 x 10" 4~/mL, 1 i R S0 £7 8 40 i 2
TESERNIG R R PE 6 d B W3 FEAIK, 2 15 d B fE
IR 2.6 x 10”4~/ mL; ¥ 7 4R J 3 20 Mo 4 4 4%
N 1T x10°4/mL &40 F 5555 14 d J5 ik 81k
B KRR, 7.2 x 10°4~/mL 15 d A i
PR EET 0,15 d BH4I o 6.2 x 10" 4~/
mL, 77845 IR 20 A 35 A M R RE TR R I VR R R
11 d B FEAL, 2 15 d B FELE] 4.8 x 1074~/
mL, B FI7 2208 (P <0.01,a=0.01)3KH],
ﬁ%%?ﬁﬁﬁ%ﬂtﬁ%‘ﬁﬁﬁ%ﬁﬁﬁ%%éﬁm

3 Jhie

VRIS R B m] LU Ao 40 B Ak O L SR R
PR 4 T LA I B AN A0 0 5 AT SRR
GEE ST T BTG R R R R W AR 6 Xt
AN T HA B 09008 i B E BB
( Chlorella pyrenoidosa ) . % {6, [ & 3 ( Paviova
viridis) K K PLE 3 ( Karenia mikimotoi) . = ffi 1
18 ¥ ( Phaeodactylum tricornutum ) F1 it VT 55 ¥ 4>
¥ (Isochrysis zhanjiangensis ) % {5 B} 3 B 2 W17
PUEER T o HEAS AT ST LG SR AT AR R XS
AN TR R /N FOAA ) 286 T8 1 9 o 0 B 1 i B AN D
XA R 22 RAK B 22 K 25.0 ~38.0 pm, KT
TEEVE S 2 W A AV K B ¥ R e U B 1 I —
Be— BOR L A 5 IR S0 3R B0 i A
M ELAR 12.5 ~ 15.0 wm, 1% /)N T 5 93 ) 3 40
M, R B ARG N R SR
T S 8 255 1 PO — 50 . Teong 25 BF 5T
BRI R BB 0 T, G 10 Sl A K
TRTE A B U, P2 A i 2 R A T B R
Roberts 22 Ay ¥ P 4 P8 86 48 £ ¥ ¥ G008 110 3ot
FRERAR > Sy S48 Hefih Al 35 (A BB B A AL 55
6 >0 UK, e A 2R RN AL B AR v 9 VR R A AR 3
A A A L 2 T AR AR SR R AR A G . R, i
TERJE BN R B L 0 M 3R TR 5T 45 5 S ARR
INFIIE A5 25 S KM PR OB AE ) B Z R0 i 3%
i,

sk Y OBE g T BE R W K
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(Alexandrium catenella) 25 6 F 77 #) B 35 G i v
BER A AT N, 45 R LB, E RO FR 6 h
Je, FOULIN 2 1A 3% Sl BRI 7 1 DR 35 A Y
TR T 2 ~3 DMYOUARIC I R B (Synechococcus
cfelongates ,FLSc) , 16 £ W AR . 76 A4 W 5 8 &
KX OBy RS2 5 P R i R g
( Prorocentrum donghaiense ) ¥ 8 0¢ Yahric Bk 45 #
RN 1 ~4 D, AR 1 ADYO0RC
‘B 2% % ( Skeletonema sp. ,FLS) , X W Gt 5 2 ¥&
AR BESE R |, BOME A WA O FE UL 1 500 4
ML, A 2 ~7 AR A A BT
HBEEF0.4%~1.4% . ALIEEIR BIR T
I3 2 W X B A R B B B R
100% , W] dak v 4 BRI Iy L O 3 R0 7 Vi it PR 8 55
HEAFRBBESEREY ™, XTHERE
WA O 5T, A S R UE AT T S ARIE
A S A BT AR X B R TR
JFE S A0 LA AR X A, A DY A U T e
% 355 AT M 30 00 i P O T S A R R,
A BT I EARIC AR B B8 E . A
WFIE v 32 B2 W52 1 v A9 R BE I 48 B 5, T
T 2y Sy i b H R 1 JC o8 #R A, ELTRE VR 2R 2 B 40 e
PR 55 A EORE B HOAS WF 58 A R ek 38 AT 92
JehRie, XA R4 E— B 5.

DA RV B0 Ry VE R %) TV 2 S T 5 9 WL 1) 3
AR R PR 52 %, T N AR AR T 0 28 B
I8, W% g e S B g A W, AR O 0 T
FEAUK [CHILIG B H i & 55 IR 1 i R R e, B %
VBP0 53] AR B 1) 4 6, R 4 £ 2 28 S YR
EANCRE Y EAN N IS RE AN Scb B R (T R LR R o e
878 TG FER R W s iR g i R, 0
B AOUE ¢ RIVRT S B O 2 i 1) B SR AR B Lowe
SRS R B TR R I S R B T
WYL o ABIESE A B, i 0 % 00 B0 3 5 37 W
MG TEREEE 10 d J5 B 20, Utk 80f 3
B IR W i AR R 10 d 5 M BRIR By 20 65, 1
T HE IR B 3 YR IR B R4 55 S WA 1A IR 2L
AR IR AR LR IR W] DL A 2068 . B 3R
EE AN [ by £ €5 1Y L A 9 R 8 T Y 3
Ty A F7 W BAR R 5 55 0 35 % OB 68 42 Ak 52
M), ] s e T 5 B IR WO €5 78 Ak 5 A 2 A R
— R

TEFLEE IR AR, T AR 2 3 X XU 45 88 A A

R aENMHES RS BEFRER R
( Brachionus plicatilis) %} /A~ [6) #) 1f % B /)N BR 3
(Chlorella sp. ) "™ )45 £ 0F 78 45 S — E0 . /N ER 3
20 ) UR % BE 43 B R 6 x 10° .8 x 10° 10 x 10°
12 x 10°F1 14 x 10°4~/mL #}, 100 4~/mL %% H 45
B 12 h J5 & BB N K B R A R 4 B R
0.93 x10°.1.95 x 10° 3. 67 x 10° 5. 73 x 10° fI
7.52 x10° 4~/mL, Jeong Z" WF5E T 73 h il
TEAR XS IR ) S 25 9 T 40 B RRAE S5 R R L B
R IR IR SE 4G, S5 rp 5 MCL Y 9 2R )
5N M e BE AE ) 18 h R FETE 1.4 x 107 ~
1.8 x10*4~/mL,18 ~58 h &L [& %, % 73 h i}
K2 10 />/mL, 17 ¥ ¥ 2 8 BE 1 Mk B2 AN 2. 10 x
10°4~/mL F} & F] 9. 03 x 10° 4~/mL ; %} B8 v 5= 57
MC2 P4 1 75 3 5 25 3 A W BE e 1. 90 x 10*4~/mL
FHEG 5] 5.04 x 10°4~/mL, ARSLEG 45 R BoR , B %
T VE 2R 2 W 40 M W) R B R REAR, WD 4G R R
3.4 x 1074~/ mL {16 €5 358 gl 15 13 5 S JIT 75 Bk 7] 3
T, A A AN IS S 5 010 T 1S K ) IR % B N
6.6 x 10° 4~/mL iy 14 R 20 £ 3 9 55k 13 56 58 i 75
B[R] 3 i, 43 0 Ry #e Rh J5 25 6.7 13 K. W]
D, AL 58 RV 2 e T T SR ) Wk TR LU R e VB
WREIRMEE . ANRIE LKW, 7655 5k 1 1) i
T I % B B N, 15 d RE 97 2o A2 rp B0 68 3
TR AR 1A R 50 Ay S T A 2 1) T O R W R R R A
TR, R R R O O R B AR Bl 3
(2.4 x10* ~7.8 x 10*~/mL) P 1% F W ¥ % A
BUMYAT (0, Begun %5V BESY 45 B BR, H A
Amursky T8 1 V2R 2 B R 21 6 2R W, TR TR AR
BRI E Ny 4.43 x10°4~/mL, R R
WAz, Bl R R 2 & ARl 2 i T
OATTXE 5 B PR R 9 A 0 1 4 e A 0 R
TR R B B DA R A TR 00 1 9% B S B A A
W, XA etk — D A AT

4 4hig

SEBURTATOUE SR R TR R VR IR X
TR 2 & 097 38 20 T i T8 O R B8 A 48 B AR AL
APRIAG - (1) Vi 9 2R 2 3 40 1 00 €0 38 I g 38 22
— Be— B 1 2 A TR IR S0 A 3 R A A i
[ Bsf s 2 A 38, DAL T 96 36 R 386 40 S ] DR /N A
AR ) 218 TR i 7 O 1 B AN [ Vg AR R
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Feeding characteristics of Oxyrrhis marina on
Cyanobium sp. and Pleurochrysis dentata

ZHANG Yanling', LI Xuemei', LI Zhiwei'?, AN Xinlong'**
(1. Laboratory of Harmful Algae Science and Marine Planktology ,
Ocean College of Hebei Agricultural University , Qinhuangdao 066003, China;
2. Qinghuangdao Ocean Engineering Technology Research Center,Qinhuangdao 066003, China)

Abstract; To investigate the feeding characteristics of Oxyrrhis marina, Cyanobium sp. and Pleurochrysis
dentata were used as food algae to culture O. marina respectively. The feeding processes, feeding rules and
the color changes of cluture media of O. marina on two marine microalgae were analysed by the combined
methods of microscopic examination, macro-observation and microscopic counting. The results showed that
the feeding method of O. marina on Cyanobium sp. was wrapping the trichome sections slowly into the
longitudinal groove,while the whole cell of P. dentata was incorporated into the longitudinal groove at the
same time. The feeding rates of O. marina on two marine microalgae were 100% after inoculated by O.
marina for 6 h,respectively. In static culture of O. marina,the color of culture media appeared pale pink to
pink , whereas shaking culture media were not found. With the decrease of the initial density of O. marina
(the cell density in Cyanobium sp. culture medium is 0. 8 x 10*,2. 4 x 10’ and 0. 8 x 10° cells/mL
repectively ) , the time when the population of O. marina reached the stationary phase required longer,
namely,3,4 and 6 d respectively in culture media of Cyanobium sp. ,and the time when the population of
Cyanobium sp. were fed up by O. marina required longer too,namely,5,10 and 15 d respectively. Also, with
the decrease of the initial density of O. marina( the cell density in P. dentata culture medium was 3.9 x 10°,
2.4 x10" and 1.7 x 10’ cells/mL repectively ) , the time when the population of O. marina reached the
stationary phase required longer,namely,4,5 and 12 d respectively in culture media of P. dentata,and the
time when the population of P. dentata were fed up by O. marina required longer too,namely,6,7 and 13 d
respectively. The experiment results showed that the feeding processes of O. marina on Cyanobium sp. and
P. dentata were different for their different sizes and types and the color changes of culture media were
affected by culture modes. Also the feeding of O. marina was affected by the kind of food alage and the
initial concentration ratio of food alage to O. marina. During 15 day’ s culture period, Cyanobium sp.
populations and P. dentata populations evolved to O. marina populations.

Key words: Oxyrrhis marina; Cyanobium sp. ; Pleurochrysis dentata; feeding process; feeding rule; color
change
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