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Fig. 1

The photographs of 4. carterae under light microscope (a. x 1000) and scanning electronic microscope [h, x 6000)
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£1 BHIARETERE RE XREASFHTHEKE
Tab.1 The growth rate of A. carterae under the different

temperature, salinity and lightness

BE(T) KR HE EREW)
18 3800 10 0.06+0.02
17 0.25+0.01

24 0.24+0.01

30 0.36 +0.02

35 0.31+0.01

1400 10 0.06+0.02

17 0.34+:0.03

24 0.27+£0.02

30 0.27+£0.01

35 0.27+0.01

23 3800 10 0.11+0.04
17 0.2420.02

24 0.21+£0.02

30 0.25+0.02

35 0.26+£0.03

1400 10 0.03x+0.02

17 0.14+£0.03

24 0.26+0.03

30 0.10+0.01

35 0.25+0.02

28 3800 10 0.18+0.02
17 0.15+0.02

24 0.19+0.04

30 0.19+0.06

35 0.27+0.01

1400 10 0.14+0.02

17 0.19+0.03

24 0.31+£0.01

30 0.11+0.02

35 0.33+£0.02
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EH ANOVA o4f

1 AT, 7€ 189 .38001x . 2L B O 30 &4
THIEARKEKER 0364 HERENTE,
SERECSHMARSMEKE MELER 30 67H
ERBEHFTRE,HET0.20d ER—BET,
AR A KBEABRRKESR.

Wi R E ANOVA 4 4f , BERTFEHET
B9 RN 4 E RS RN A, B BIR B Ok
BEEAHMEEIERAM THARERENE FH
ERMEGKR2). FRNEWSHFS, HEAE
ERKENEWMEFEEBEREL BERNME
EZHABENT 0.01 (P<0.01) B BEMNAR

#2 REXR.B[ENBHWARERELEMAERTTE S (ANOVA)
Tab.2 ANOVA analysis of temperature, lightness and salinity versus the growth rate of A. carterae

Wi g 3 HEE df ¥ F P
Eh 0.106 2.648E-02 7.959 0.000 *
1B B 1.539E-02 2 7.693E-03 2.312 0.123
K 1.160E-02 1 1.160E-02 3.488 0.075
EhEE x B 3.075E-02 8 3.843E-03 5.928 0.011
B x %8 2.915E-(2 2 1.457E-02 22.478 0.001 *
LR x 8.113E-03 4 2.028E-03 3,129 0.080
HhE < BE x M 0.206 29 7.107E-03 — —

* BEEER P<0.01
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MORPHOLOGICAL FEATURES AND GROWTH CHARACTERISTICS
OF THE DINOFLAGELLATE AMPHIDINIUM CARTERAE HULBURT

HAN Xiao-Tian, YAN Tian", ZOU Jing-Zhong', YU Zhi-Ming'
( Key Laboratory of Marine Ecology & Envirenmental Science , Institute of Qceanology, Chinese Academy of Sciences ,
Qingdao, 266071; Graduate School, Chinese Academy of Sciences , Beijing , 100039)
*( Key Laboratory of Marine Ecology & Environmental Science , Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071)

Abstract Harmful algae are microscopic, single-celled plants that live in the sea. Most species of algae or phyto-
plankton are not harmful and serve as the energy producers at the base of the food web, without which higher life on
this planet would not exist. Unfortunately, a small number of species produce potent toxins that can be transferred
through the food web where they affect and even kill the higher forms of life such as zooplankton, shellfish, fish,
birds, marine mammals, and even humans that live either directly or indirectly on them. Species of the genus Am-
phidinium have been thought as one of the toxin-producing Harmful Algae Bloom dinoflagellates.

Genus Amphidinium belongs to the Gymnodiniidae family. Differences can be observed between Amphidinium
and Gymnodinium in position of the annulus of girdle. In Gymnodinium, the girdle is located in the center, while in
Amphidinium , it is located at the anterior end. A. carterae Hulburt is a cosmopolitan shallow water species in tem-
perate and tropical zones. Some species of the genus Amphidinium have been linked to red tides and discolouration of
sand in subtidal areas. Toxin production has also been reported. Cells of A. carterae were toxic to fish and mice.
Crude extracts of the organism also had a significant effect on molluscan, crustacean, amphibian heart activity and
caused contractions in the intestines of mice. Furthermore, the seasonal blooms of A. carterae coincided with in-
creasing levels of fish mortality.

In Chinese waters, A. carierae mainly distributed in south Hainan coastal regions, north of the South China
Sea. This is the first recording of A. carterae in Jiaozhou Bay, China. Unialgal cultures were developed in Guillard’
s medium of enriched sea water (30 salinity) . 300ml of culture was maintained under standard growth conditions:
(18 1) C and 12h:12h light: dark illumination with cool-white daylight lamp irradiance (30001x).

Morphological features of A. carterae isolated from shrimp ponds in Jiaozhou Bay was observed by optical micro-
scopes and scanning electron microscope. Growth of the alga was studied in unialgal batch cultures under different
conditions . Controlled experiments were conducted on cell density under 30 different conditions of varying temperature
(18, 23%C, 28C), salinity(10, 17, 24, 30, 35) and light (3800lx, 24001x) . Effects of variable environmental
factors on cells’ density were measured by Tumer Design Fluorometer every 24 hours. Maximum growth rate of A.
carterae (0.36 divisions/d) was obtained in ambient of 18°C, 30 salinity and 3800lx. Demonstrated by ANOVA
analysis, salinity and temperature-light interaction have a significant impact on the growth. Based on physiological
characteristics,, the dinoflagellate may become potential outbreaks of red tide in future.

Key words Amphidinium carterae , Morphological characteristics, Environmental factors, Growth rate
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