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Fig.2 Diumal vertical migration of Alexandrium tamarense
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Fig.4 Effects of different temperature gradients on diurnal verticalmigration of Alexandrium tamarense
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Fig.5 Efects of insufficient nitrogen supply on diumnal vertical

migration of Alexandrium tamarense
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ShAEGE R, HELBERG thAHA TRV LM EK &K 5, W BAE 3 200—
2 000xM B FMICHT, SMAEHNEREETHMIEFEHE. HEXNFEPEEHE LD =
122120 N LB B E 2 GE I RG, XHAEEMNERNEE TR E2HE
K, MBILF B2~ XEHECHH B RNEBHLER L RESREHLTBRT
RN 45 4 EE AL H (Blasco, 1978; Eppley et al, 1968; Holmes et al., 1967). Mt
T A lusitanicum W #OEE R N Z IR LK EFHBE, HES B 5—7d BB 4k
SHfTHEAETE FABIL%, 1994).

L B 8:00—20:0035 4 9:00—17:00/5 8945 3 K, BB J5 1L KR 1 B2
KHETE 8004 %, B MIFHAAT 1h,. XEHARAENERETENEBREATBITH
i —EWREEER. ANERTEBRE TR RN 2h AL FH R F X f 5 #H%
dB AR R BEEHEXRBE (A4 IT%, 1994; Cullen et al., 1981; Takahashi et
al., 1989).

A LIS S5 R, BE O 1L K B RE A AT A BN H AT A B T O T H B AR KK
15 B 9 A 8, T BB B S KA IR B R e X B SR R E R R/ NE YIS, B 4 K8,
JABEKIRAE 125CUATH, BBEHILKERMSEERF BEEIBTHTEER, HK
BAZE BSCH, TEEMNBREEIBXEFEN. ENAEFUTRESEBEHRDY
BB P 7 1L ok B A AR SR iR S B 2 R 10—29C , AR FE R REMIIRE TE B 11—28C Z ],
T B d A KRR 20—24C 0, B A R, 12.5C LA IR © 4830 H AR 77 1T BE R AR
FR. TEXFROROCF, 40BN g gk 2 4708, BB M R BAK, EE T BAT M EAEA
WHRART., AEHEIBMEREBERMEIERE D, EEFEANR.

FERANL T, B L KSR LB &S ERER 1.20m / h(B Sa), SLHKE
HAEEN21.0—23.6C, B2 EHAERKNESREGR, RERBRESE N 1.3C /m,
BB BEVEE W RS E A 0.60—0.70m / h, KAERBETEE K 21.0—24.0C (B 2), REHE
EHR3C /mit, MMEA A L EBEE K 1.03—1.09m / h, FE#E R 0.50—0.55m / h. K
MR EAALTE BT K F 18.5—24.0C (B 4d,e), BEB BN 2.6C / m i, BHH ) FT
BN 0.72—0.80m / h, FIEEEA K 0.50m / h. HKHEEE N 13.8—18.8C ( 4b), IR
FEHEMN 2.6C /mit, [ LEBEETHAR047m/ h, FEERERAF 030m/h, X
S S S 3 B K AR B B O AR K ) A 3 B B TR R D, S ED Iy 1 K B
EaB g, EREHLKENTIBNEFSELEILN FTBEHEE, BRHS
KBHEXRMEBHRRB -1, XMEKEMARBEEREWARMEL, ERES
20 R Y A P 75 1 % DIA X (Kamykowski, 1981).
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W SR 5 e ) 4 i ) A BEOAR OO0, DA T 8 A8 K 3 A 0 SR O TR A2 18 N B, Cullen %5 (1981) #1
Heaney % (198 ) A M BERAERALG TAABRAXEMELMEELTELRENITH. £
TRATERNSRETESREAIBWAESEXNE X, BAEH, EEFRLRZ3
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LABORATORY STUDY ON THE DIURNAL VERTICAL MIGRATION
OF A POISONOUS RED-TIDE DINOFLAGELLATE
ALEXANDRIUM TAMARENSE

Qi Yuzao, Huang Changjiang, Zhong Yan, Zheng Lei

(Institute of Hydrobiology, Jinan University, Guangzhou 510632)

Abstract The diurnal vertical migration (DVM)

of a poisonous red tide

dinoflagellate Alexandrium tamarense isolated from Hong Kong waters was studied
from Sept., 1994 to April, 1995 in laboratory culture tubes (glass: 4 X 100cm and 4 X
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195cm; plastic: 10.6 X 200cm). In any experiment, A. tamarense was always kept at
density of about 1000cell / ml, and pre—cultured in the experimental culture tube for
at least 48h. The present study involved four experiments. The first was a phototaxis
experiment, wherein the vertical distributions of A. tamarense were investigated under
different light conditions by varying the distance of the light source to the water
surface. The second experiment addressed the A. famarense vertical distribution during
continuous 48h of darkness and of lightt The third experiment was done In
temperature of 12.2—14.9, 13.7—21.4, 18.0—25.6, 18.1—27.8 and 18.1—29.5C. The
last experiment was done under conditions of nitrate enrichment (148.8umol / L) or
deficiency (5.6pmol / L).

The results showed that 4. tamarense exhibited strong phototaxis and clear diurnal
vertical migration. The general pattern of DVM was that the cells started to migrate
up just after light on and finished downward migration from ca. 2h before light off to
ca. 1h after light off. The diurnal vertical migration, however, completely ceased from
the second or third day under continuous dark or light conditions. There was
significant relationship between water temperature and the DVM speed of A.‘amarense.
The diumnal vertical migration was remarkably accelerated when the water temperature
was near its optimum growth temperature range(20.0—24.0C) or when the temperature
gradient throughout the water column was small, and ceased when the temperature
was below 12.5C. The upward DVM speed of A. tamarense was generally faster than
the downward speed. In its optimum growth temperature range, the highest upward
speed was 1.20m/ h, but the highest downward speed was only 0.70m/ h. With
insufficient nitrogen supply (5.6pumol / L), A. tamarense greatly decreased its DVM
speed, swarmed in the subsurface during light-time and tended to migrate downwards
earlier than usual.

These findings suggest that the DVM behavior of this alga is strongly controled
by phototaxis, but that the biological clock rhythm might have certain effects on it.
When the water temperature drops within its optimum growth temperature range, the
DVM speed of A tamarense is the fastest. However, the physiological state of A
tamarense may affect its behavior and DVM speed.

Key words Red-tide Dinoflagellate Alexandrium tamarense Diurnal vertical

migration



