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5 Prorocentrum donghaiensis 1927

Prorocentrum. donghaiense inoculation experiments at about 10° cells L™'  equivalent to bloom density were carried out at
stations zz{l zcl8a and ra5 in the East China Sea a frequent HAB occurrence area on 27th April 4th May and 8th May
2005 respectively. The results showed that P. donghaiense at a density of 10° cells L.™' could inhibit the abundance of
small-sized aloricate ciliates but had no significant effect on medium- and large-sized protozoa which thereby led to a
community succession toward medium- or large-sized individuals. Such effects and the degree of impact were closely related
to both protozoan and phytoplankton community compositions. At station zzfl the protozoan community initially dominated
by the small-sized aloricate ciliate Cyrtostrombidium sp. changed remarkably and was dominated by the large-sized protozoan
Noctiluca scintillans after adding P. donghaiense for 72 h. At station zc18a the protozoan community initially dominated by
medium-sized tintinnid Tintinnopsis beroidea and N. scintillans was still dominated by the two protozoa and the dominant
degree of N. scintillans increased noticeably after adding P. donghaiense for 72 h. At station ra5 the protozoan community
initially dominated by the small-sized aloricate ciliate Strombidium sp. 2 changed dramatically and was dominated by T.
beroidea and the large-sized tintinnid Favella azorica at the end of the experiment. The total abundance of protozoa
decreased dramatically at stations zzfl and ra5 due to the reduction of their dominant species Cyrtostrombidium sp. and
Strombidium sp.2 whereas no significant variation was found at station zc18a due to the steady abundance of its dominant
species T. beroidea and N. scintillans after adding P. donghaiense for 72 h. The total biomass of protozoa at stations zzfl
and zcl8a changed slightly in both control groups and the experimental ones. In contrast total biomass decreased
drastically at station raS at the end of the experiments which might be due to the different phytoplankton composition at the
three stations station zzfl and zc18a were dominated by non-toxic Scrippsiella trochoidea and Gyrodinium spirale however
station raS was dominated by toxic Alexandrium sp.. These results indicate that large scale P. donghaiense HAB could
affect protozoan communities and might further exert a profound influence on the structure and function of marine

ecosystems.
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5 Prorocentrum donghaiensis 1929

ra5
2
1 a
Table 1 The initial temperature salinity and chl a of the study stations
Stations Time Temperature °C Salinity Chla pg 7!
zzf1 4 27 16.1 30.5 2.0
zc18a 5 4 19.6 30.1 3.1
rad 5 8 17.2 30.5 1.9
The data is from Wang Yun-Feng
2
Table 2  Protozoa species their linear parameters and abundance in the study stations
Length Width Abundance
Protozoa wm wm Ind L~! Stations
Cyrtostrombidium sp. 40 25 560 2fl
Noctiluca scintillans 540 540 311 zzf1
2 Strombidium sp.?2 9 7 258 zzf1
Strombidinopsis acuminata 80 23 124 zzf1
1 Strombidium sp. 1 18 15 40 zzf1
Strombidium conicum 45 35 27 zzfl
Tintinnopsis nana 25 18 27 zzf1
Strobilidium sp. 120 85 22 zzf1
4 Strombidium sp. 4 40 34 13 zzf1
T. radix 380 56 4 zzf1
Tintinnopsts beroidea 83 25 881 zc18a
Noctiluca scintillans 430 430 229 zcl8a
Strombidium conicum 45 35 200 zc18a
3 Strombidium sp. 3 19 14 157 zc18a
Strobilidium sp. 115 83 105 zcl8a
T. nana 26 18 14 zc18a
Stenosemella parvicollis 43 37 10 zcl8a
T. radix 380 56 10 zc18a
T. directa 80 40 5 zc18a
2 Strombidium sp.?2 9 8 45370 ra5
Strombidium conicum 46 36 6187 ra5
Tintinnopsis beroidea 85 25 3520 raS
T. lohmanni 100 75 404 ra5
4 Strombidium sp. 4 40 33 98 ra5
Favella azorica 160 65 53 ra5
Tintinnidium mucicola 112 36 49 ra5
Didinium gargantua 100 36 18 ra5
T. brasilliensis 80 54 9 ra5
2.2.2
2 3 zzfl  zcl8a
Scrippsiella trochoidea Gyrodinium spirale ra5
Alexandrium sp. 1.2 x 10* cells L™ 2

8.6 pg STX eq *°
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5 Prorocentrum donghaiensis
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5 Prorocentrum donghaiensis 1933
1.0
zzf1
S z7f1 - -0 - X4 Control - - - %‘mﬁifﬁ Cyrtostrombz:dz:um sp.
o 30 Jzy4H Experimental group L 08 - —a— FiF R Cyrtostrombidium sp.
g S
= X »
X N T
Q .
3 -§ : O
§ 04 |- S
ki g g .
2 .

2‘% < G B .o..
g B2l O B=hie *-o
£ # O
[_1
2
H’— 0 L 1 L I I I ! I
o] 0 8 16 24 32 40 48 56 64 72

20 -

zcl8a
- O - HEBA R Tberoidea

o 16 | —e— [ R4 Tberoidea
3 = - & - Gl Noscintillans
< £ —a— R H Noscintillans
= 2
X Z
g g
: 5
S
: :
= <
E &
- #
2
#
n

50

40

3 Total abundance (x 10%ind-L™")

0 I I
0 8 16 24 32 40 48 56

Fig. 6 Total abundance of protozoa in the control and experimental

groups during the experiments

3.2

1 1 1 1
0 8 16 24 32 40 48 56
HURERT ] Sampling time (h)

6.0
ras - == = 22 Strombidium sp. 2
~ 50 | —o— 2F 12 Strombidium sp. 2
ER
5 f
£ 40 b
2 .
x|
3 3.0
2
3
]
£
<
il
#+
) I. ~a | la
0 8 16 24 32 40 48 56 64 72

BUREIE] Sampling time (h)

Fig. 7 The abundance of protozoa dominant species in the control

broken lines

experiments

and experimental groups  solid lines  during the

< 10%cells L™!

28

F. ehrenbergii

10%cells L7

http //www. ecologica. cn

P. minimum



1934

27

rad
4
29 30 3
o
31~33 g
T < 30 pm X
34 8
g
2
o
=
o
=
I
£
H
o]

zzf1 zcl8a
3.3 8

35~39 A Fig. 8

tamarense 3.0 x 10° cells L7

3 ~10 min

6.0

5.0

4.0

3.0

\}\.\\s\z\\\\\*\\\\m\m

7

O 0.5h %} 4 Control
W 0.5h 32854 Experimental group
72h X #41 Control
& 72h S2Hy4 Experimental group

LG uEAT Stations

Total biomass of protozoa in the control and experimental

» A. ostenfeldii

5.0 x 10° cells L7

36

26
€q

1991
Codonellopsis nipponica

Helicostomella longa 2 1998

Tintinnopsis cylindrica

Gyrodinium instriatum

. 44
sanguineum

45

References

ra5

E.

groups in the beginning and at the end of the experiments

> 3.0 x 10° cells L'

Heterosigma akashiwo

Eutintinnus tubulosus

Heterocapsa circularisquama

tubulosus

Tontonia sp.

40 ~44

8.6 pg STX

Gymnodinium

12

1 Zhou M'J Zhu MY Zhang J. Status of harmful algal blooms and related research activities in China. Life Sei. 2001 13 2

}Lm

54 —59.

2 Wang L P Yan T Tan Z J et al. Effects of Alexandrium tamarense and Prorocentrum donghaiense of rotifer Brachionus plicatilis population.

Chinese Journal of Applied Ecology 2003 14 7 1151 —1155.

A AW

Sun W B. Progress in Protozoology. Qngdao Qingdao Ocean University Press 1999. 1

http //www. ecologica. cn

155 —176.

Tillmann U. Interactions between planktonic microalgae and protozoan grazers. J Eukaryot Microbiol 2004 51 2 156 —168.

Banse K. Grazing zooplankton production as key controls of phytoplankton production in the open ocean. Oceanogr. 1994 7

13 —20.

Verity P G. Abundance community composition size distribution and production rates of tintinnids in Narragansett Bay Rhode Island. Estuar Cstl



5 Prorocentrum donghaiensis 1935
Shelf Sci 1987 24 671 —690.

7 Zhang LY Sun ] et al. Studies on growth rate and grazing mortality rate by microzooplankton of size-fractionated phytoplankton in spring and
summer|. Acta Oceanologia Sinica 2005 24 2 85 —10l.

8 SunJ Liu DY WangZ L et al. Microzooplankton herbivory during red tied frequent occurrence period in spring in the East China Sea. Chinese
Journal of Applied Ecology 2003 14 7 1073 —1080.

9 Sun J Song X X Yin K D et al. Preliminary study of microzooplankton herbivory in Hong Kong in summer. Acta Ecologica Sinica 2003 23

4 T712—724.

10 Hong HS Ke L Huang B Q et al. Spatial-temporal distribution characteristics of the composition and abundance of ciliate in Taiwan Strait. Acta
Oceanologica Sinica 2000 22 supp 250 —260.

11 Buskey E J Hyatt C J. Effects of the Texas USA brown tidealga on planktonic grazers. Mar Ecol Prog Ser 1995 126 285 —292.

12 Kamiyama T. Change in the microzooplankton community during decay of a Heterosigma akashiwo bloom. J Oceanogra 1995 51 279 —287.

13 Kamiyama T. Temporal changes in the ciliate assemblage and consecutive estimates of their grazing effect during the course of a Heterocapsa
cirularisquama bloom. J Plankton Rres 2005 27 4 303 —311.

14 Utermohl H. Zur vervollkommnung der quantitaven phytoplanktonmethodik. Mitteilungen der Internationalen Vereinigung fur Limnologir 1958 9
1 —38.

15  Kofoid C A Campbell A S. The ciliata the Tintinoinca. Bull. Mus. Comp. Zool 1939 84 —473.

16 Yin G D. Preliminary study of tintinnids in the Jiaozhou Bay. Journal of Shandong University 1952 2 36 —56.

17 Lei YL XuKD Song W B. Studies on Strombidium sulcatum a harmful ciliate during algae cultivation. Journal of Fishery Sciences of China
1996 3 4 39 —47.

18  Song W B Xu K D. Morphological studies on tintinnine ciliates Ciliophora tintinnia from the Weddell Sea Antarctica. Chinese Journal of Polar
Research 1999 11 1 34 —38.

19 XuKD Hong HS Song W B et al. Studies on tintinnine ciliates in the Taiwan Strait Ciliophora tintinnina . Acta Zootaxonomica Sinica
2001 26 4 454 —466.

20 Yamaji I. Illustrations of the marine plankton of Japan. Hoikusha Publishing Co. Ltd 1984. 1 —154.

21 Jin DX Chen ] H Huang K G. Marine pelagic diatom in China. Shanghai Shanghai Science and Technology Press 1965. 20 —214.

22 Tomas C R. ldentifying Marine Phytoplankton. San Diego Academic Press 1997.

23 Putt M Stoecker D K. An experimentally determined carbon volume ratio for marine oligotrichous ciliates from estuarine and coastal waters.
Limnol Oceanogr 1989 34 1097 —1103.

24 Verity P G Langdon C. Relationships between lorica volume carbon nitrogen and ATP content of tintinnids in Narragensett Bay. ] Plankton
Rres 1984 6 859 —868.

25  Edler L. Recommendations on methods for marine biological studies in the Baltic Sea. Phytoplankton and chlorophyll. Batic Marine Biol 1979 5
1 —38.

26 Zhou M ] Yan T ZouJZ. Preliminary analysis of the characteristics of red tide areas in Changjiang River estuary and its adjacent sea. Chinese
Journal of Applied Ecology 2003 14 7 1031 —1038.

27  Gifford D J. Laboratory culture of marine planktonic oligotrichs ciliophora ologotrichida . Mar Ecol Prog Ser 1995 23 257 —267.

28  Rosetta C H McManus G B. Feeding by ciliates on two harmful algal bloom species Prymnesium parvum and Prorocentrum mimimum. Harmful
Algae 2003 2 109 —126.

29  Huang CJ QiS Qi YZ etal The position and function of Noctiluca scintillans in its ecological community in Dapeng Bay the South China Sea
Oceanology ET Liminology Sinica 1997 28 4 348 —355.

30  Uhlig G Sabliag G. Long-term studies on Noctiluca scintilans in the German Bight population and red tide phenomena 1968 —1988. Netherlands
J Sea Res 1997 25 1/2 101 —112.

31  Elbriichter M Qi Y Z. Aspects of Noctiluca Dinophyceae population dynamics. Physiological Ecology of Harmful Algae Blooms. New York
Springer 1998 315 —335.

32 Kiorboe T Titelman J. Feeding prey selection and prey encounter mechanisms in the heterotrophic dinoflagellate Noctiluca scintillans. J Plankton
Res 1998 20 1615 —1636.

33 Strom S L. Morello T A. Comparative growth rates and yields of ciliates and heterotrophic dinoflagellates. J Plankton Res 1998 20 571 —584.

34 Umani SF Beran A Parlato S et al. Noctiluca scintillans MACARTNEY in the Northern Adriatic Sea long-term dynamics relationships with
temperature and eutrophication and role in the food web. J Plankton Res 2004 26 5 545 —561.

35  Hansen P J. The red tide dinoflagellate Alexandrium tamarense effects on behaviour and growth of a tintinnid ciliate. Mar Ecol Prog Ser 1989

http //www. ecologica. cn



1936 27

36

37

38

39

40

41

42

43

44

45

53 105 —116.

Hansen P J Cembella A D Moestrup @J. The marine dinoflagellate Alexandrium ostenfeldii paralytic shellfish toxin concentration composition
and toxicity to a tintinnid ciliate. Journal of Phycology 1992 28 597 —603.

Tilmann U John U. Toxic effects of Alexandrium spp. On heterotrophic dianoflagellates an allelochemical defence mechanism independent of PSP-
toxin content. Mar Ecol Prog Ser 2002 230 47 —S58.

Jennifer C Strom S. Effects of Heterosigma akashiwo Raphidophyceae on protist grazers laboratory experiments with ciliates and heterotrophic
dinoflagellates. Aquat Microbl Ecol 2005 39 121 —134.

Kamiyama T Arima S. Lethal effect of the dinoflagellate Heterocapsa circularisquama upon the tintinnid ciliate Favella taraikaensis. Mar Ecol Prog
Ser 1997 150 27 —33.

Bockstahler K R Coats D W. Grazing of the mixotrophic dinoflagellate Gymnodinium sanguineum on ciliate populations of Chesapeake Bay. Marine
Biology 1993 116 477 —487.

Hansen P J. Dinophysis — a planktonic dinoflagellate genus which can act both as prey and a predator of a ciliate. Mar Ecol Prog Ser 1991 73
253 —261.

Smalley G W Coats D W. Ecology of the red-tide dinoflagellate Ceratium furca distribution mixtrophy and grazing impact on ciliate population of
Chesapeak Bay. ] Eukaryot Microbial 2002 49 63 —73.

Smalley G W Coats D W Adams E J. A new method using fluorescent microspheres to determine grazing on ciliates by the mixotrophic
dinoflagellate Ceratium furca. Aquat Microb Ecol 1999 17 167 —179.

Uchida T Kamiyama T Matsuyama Y. Predation by a photosynthetic dinoflagellate Gyrodinium instriatum on loricated ciliates. J Plankton Rres
1997 19 5 603 —608.

Jeong HJ Du Yoo Y Park J Y et al. Feeding by phototrophic red-tide dinoflagellates five species newly revealed and six species previously
known to be mixotrophic. Aquat Microb Ecol 2005 40 2 133 —150.

2001 13 2 54 ~59.
2003 14 7 1151 ~1155.
1999. 1 155 ~176.
2003 14 7 1073 ~1080.
2003 23 4 712 ~724.
2000 22 250 ~260.
1952 2 36 ~56.
—_— . 1996 3 4 39 ~47.
1999 11 1 34 ~38.
2001 26 4 454 ~466.
1965. 20 ~214.
2003 14 7 1031 ~1038
1997 28 4 348 ~355.

http //www. ecologica. cn



