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_E Alexandrium lusitanicum T 1987 FEREHBEFTIS#, Y-100 T 1989 £ H
EEE, ERFRA—BERK 150em, RE3.4cm BB AMREEENEETBE
HHEITHR. HREYW, WAENETERARNABRETE, HUEERETHE 20 Fih
_EE R, RS HAT 3h FFER T EBe 4. lusitanicum 7] LT B #EEE£04 240um/s [(F £
7 850 Um/s; Y-100 [AJ_LTRSEELZY00 280 Um/s, [AIT 4904 1400 Um/s, “ Z M EAERS =
BB L, Y-100 2RMMNE B R BESRIER, - 32ME S HIEXRKAT 1b £4,
XAMBRHEERNA I RETEFEA AT ENESHRBOLENE REMMEX MR F
AENREMENREEKERERIERE.

X@gA A8 REEE BEHIP

HREH“BERH” (Harmful Algal Blooms) EHRMEERES RN, REL R
3 5 H AR — A EER BT TRA 8 B B ST B R (Olsson et al.,1991;
Watanaba et al., 1983; Blasco, 1978; Staker et al., 1980), XA EMER TREEE
BELMEBOLE(FEAKAERIUREFRB(FEKKEER), Witk EE BELEKikE
Bil& “FRi". Alexandrium lusitanicum F3 Y-100 EWFSI AT ENREES, &
BEMMETGEBERAS, GEL/EEAEBERIELN“RE "Rl KRG
XRMEERAEYNEEREIREEREARR, HEREARE BB MR,

1 MEEFE

Alexandrium lusitanicum T 1987 ERBFEBHEHFITE, Y-100 T 1989 £ F MAEE
BoEBs, LRul, MopErE F/2 B, SFLRTHEERBRS RS ALR X
o SIABTLABEE F/2 853 ik M RE, /KA rhiX WA AR B0 40 i 25 B 20 B AE 250cell/ml £
Fo ARGtk L:D=12:12 BHDLI, FFEN 24—48h FHBLK, LR EFHELBHH
WoKFRE (S) B4 30, BEEHIZE 18.0£0.5°C, F/2 8535%|IW pH BE 7.5 £4,

BHIBLRAERETHEPO—REEEDHRT (BK 150cm, N2 3.4cm), Xk
JRE—30RST (cooling lamp) $24%, DIATEXCR L5 IEAKEKET, KA 440—680

* o EAE B A RN AT AR RS § 2261 2,
ER ARHFES YT, 9389008 S5,
WA B 1993449 423 B &% AM: 1993411 27 H,
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nm, Y3 200uE/(m’es) (KAERME ). BITETH L5 BELE KRR, g
FJLF AR UDER<0.5uE/(m?+s) ], SITE TRMNEBEEAKERE 30cm &4, KF
I, (XEZX ET Sem KEDERECRX, Eik 107 . T RKERERJLENRZ]
FHIEEE < 0.5uE/(m?es)],

LR, ENEERE BRE Som  BRE 70cm P K BEEE 0.7cm 4 FERICEE, H
AR E MK AR R BB RS B, DA B (Lugo) EIE®K, %
Sournia (1978) JGIEFE—A 25 ml WHGAEHEHE B BRSE Tit 3o ¥ B i oyt
LI ER D% E (Olsson, 1991; Weiler et al., 1979),

B HEBLRE WG, R FDEIR, BES LR E R MR, WEAELLHRT
RENAEEET®E,

Y-100 #HITIEH EEHER 3d J5, ELRIABIRAT 2h, FAKEFEHAKETREBEE
KEERE 30cm /KL MIBELL, HRRT 2h FFELHE,ME Y-100 fURETB A,

2 &%
21 BNABEEIR FHESREAEBREXEPHTREZEEIRWE D, &
WERFH, A lusisanicum MIBIEERIT IR 2h, DL 240pm/s BB LT, A%
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Bl 1 Alexandrium lusitanicum (a) and Y-100 (b) WEREFEIR

Fig. 1 Diurnal vertical migration patterns of Alexandrium lusisanicum (2) and Y-100 (b)
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4h, B KERERREBROBERE X, HBEE T 1200cell/ml, R HAT 3,
A. lusitanicum FHKIRILL 850pm/s BB F M TiEH, K EEHRE 1h RIMRE AW
FEREKERE, HFEEAX 3000cell/ml, Y-100 ZEXGHIFEET 2h DL 280um/s #EE
M EER, WL sh FEKEREZHRARFEER, &L 30 000cell/ml, JEHEHAT
3h, Y-100 ZHIELL 1 400pum/s FHEFRETER; SBER b 5, AREHEEKR
EE, MazEra[ ik 5 000cell/ml,

22 BONRABMBEMESHE  Y-100 EHBNAEMEESH (B2). BHLHS &
(13%—17% YRR BAT 1h 24, b ARA B AERER EEBERZH, FX
WRIZEATA AR S 1d RO RAREBN 70%. DPHRBREELTERESH
Ro Y-100 75t R Kz B0 A0 H At HiR) 9 A0 93 SR IRIR(<3% ), £ B4EMEIL S 1d
N SRR 30%0 Y-100 40K5) BA0X Fpdedt: 5 2 A /EE (Olsson et al., 19913
Weiler et al., 1979) 224t RAEH —5,

20t L D

w9
- -

SHEE (%)
e '
T

10 418 2 2 6 10
i il h)

B2 Y-100 fUEH MBS
Fig. 2 Phased division of Y-100
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3.1 REEEXTHRZEIBNEE XTIXHIBNERERSWRE, BEEES
B #EIEYE (phototaxis), JLAMNEABE U (gravitaxis) BEHYL (geotaxis), [E
#7114 (barotaxis), ZAMETTEYL (cellular periodicity) DIE#amiis (magnetotaxis) %
E, ESMELE W F I (Eppley, 1968; Blasco, 1978; Olsson, 1991; Levandowsky,
1987)0 AW AR, EEHEHNABEETS 3d 5, FOCRBZIEK 2h 57, B
FEKETRH BHEKERE 30cm BYMIEE, FHIZHT 2h FFEEE, EEKEEE 30cm
RER— LR CKEMMBEERERILE 1), ZEREV, BERIZETERSE
FOLRUIT 48T 2h | LiE3), S MEERX, RMEEBRMMRBREEHLIERAK & %
BB ERETBLRE NG, RIDER, ANEREFRLRIEE, ZRRATHE
A. lusitanicum B Y-100 MIJEHTEHTBIEX 5—7d XA (BEBERTE
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®1 KERNBEXREESH

Tab.1 Light intensities along the experimental tube
HERBER (cm) 2 [ME/(m?.s)]
0 0
5 0
10 0
15 <0.05
20 0.2
25 1.0
30 200
A
35 0.5
45 0
150 0

D REET IR,

o AZMEE)e HETHUESR, EOXFMHREESRLTEEEEIBHNRER AN
R kR, (ARRMN A RRE, EARFTEAW R,

3.2 RWEBRIHEIINEE ARE AFHRBEEREFEREFELHEITGR 2), AR
LHEAEEME THUREMN Wik HE, HA—-EREXRMRBREERNVEREIBHE
B, BTREZEENEEIBREEEABINERPNFBALEs), AR ET®
a2 BRE, REREBEER, TUER L IBNEEREEREEZERARG
B, ETHLEBFEEKERBENERRSEAAETRBINENEHREE A HE
Ho Frll, AR TR E&EW LEBHESEE (V,cm/h);

diop * Aiop * B

dmia * Amia * #

AR, diops dmia DBINBBIXKERBEHNFE RKER R ER L TBH RN E
B (cell/ml); Aips Ama SBIARBKEShBEKESER, BT ZEB%E, Xk
ERTHEE; p ARBEZEXWEE (cm); ¢ HER ELEBBEHEFITFRE. HA
RITEBR] 4. lusitanicum [F LT EEEG 88cm/h & 240 pm/s; Y-100 A LT
BE25 100cm/h B 280pm/s, HTXWAEEN A FEBELR LR 3h RiJTia, A
TEBN, FEXEZSERBNARESUBENAREAM TES), LI RIERTT Eil
HERNBERGT IO TBERE, TREER, 4. lusitanicum, 245 306 cm/h Tf 850
um/s; Y-100, 224 500cm/h B 1 400um/s,

AWM RTUES, XWNAHER T IBNEELN CEBERES; Y-100 EBHE
BERT A, lusitanicum, SHMENBIIEEALGE 2) XFRMERETHES “5 37
TR L,

33 RFERAHEEIBNAYEREX REEBRNEEHEEIBE®RE RS E 11
B b s e E R R EE RIS, MME L& 4thEER, REER
BIREHREEKAREMEIERE (Olsson et al., 1991) FrPA, FEREFTAREWI A, T

V =
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Tab. 2 Swimming speeds of some dinoflagellates

b % WAL (em/h) FI AR
Prorocentrum micans 17-—48 Kamykowski, 1981
Ceratium tripos 20—90  Peters, 1929
C. fusus 23—90  Peters, 1929
Pr. micans 36—9%0 Kamykowski, 1986
Gonyaulax polyedra 36—108 Kamykowski, 1986
C. furca & C. fusus 50—100 Hasle, 1950
C. furca (chain) 60 Peters, 1929
C. hirundinella 70—100 Heaney et al., 1981
Gyrodinium sp. 72—88 Throndsen, 1973
Protoperidinium penragonum 72—110 Peters, 1929
C. furca 80 Peters, 1929
Gy. sp. 100 Hand et al., 1965
Gonyaulax polyedra & Cachonina niei 100 Eppley et al., 1968
Gymnodinium sanguineum 110 Cullen et al., 1981
Dinophysis acuta 180 Peters, 1929
Gonyaulax polygramma 180 Kamykowski, 1980
Protoperidinium cf. quinquecorne 540 Horstmann, 1980
Alexandrium lusitanicum 88(m k)

306 )
Y-100 100(f F)
500(17F)
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DIURNAL VERTICAL MIGRATIONS OF
TWO DINOFLAGELLATES*

Zhou Mingjiang
(Inssizuie of Oceanology, Academia Sinica, Qingdso 266071)

M. Elbrichter
(Biologische Ansials Helgoland, Germany, 2282 Lisz/syls)

ABSTRACT

Clear patterns of diurnal vertical migration of two dinoflagellates, Alexandrium
lusitanicum and Y-100 were observed using a 150cm long and 3.4cm diameter glass
tube in a dark room. The results show that both algae started to move upwards
with speeds of 240um/s and 280pm/s, respectively, 2 hours before light on and be-
gan to swim downwards 3 hours before light off with speeds of 850mm/s and
1400um/s, respectively. The growth of Y-100 showed distinctly phased division.
The peak of division frequency appeared 1 hour before light on with division frequ-
encies of 13%—17% while the division frequencies at other times were less than
3%. Vertical migration enables the algae to assimilate sun energy at the top layer
and to take up nutrients at the bottom, hence to growth quickly under other suita-

ble conditions to form red tides.

Key words Red tide Dinoflagellate Vertical migration
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