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104 cells/mL
105 cells/mL
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Lürling 18

Scenedesmus obliquus

Starkweather 19

Nandini 20 21

/

Smith 22

PCC7820 UTEX2061
Keratella cochlearis K.crassa

5 104 
cells/mL
105 cells/mL 5 105 cells/mL

2

2.1  

5

23

24

filtering chamber 25

26

Gliwicz 25

Rohrlack 27

Daphnia hyalina

Daphnia ambigua
Simocephalus serrulatus

Daphanosama brachyurum
Ceriodaphnia quadrangula

Bosmina longirostris 8

Jarvis 28

Ceriodaphnia 
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reticulata Moina micrura
Daphanosoma excisum

Chlorella vulgaris
Daphnia pulex 60~100 m

Lampert 29 Daphnia pulicaria

30

Daphnia longispina D. magna
20% 26

Moina macrocopa
31 D. obtusa

26

2.2  

Lampert 26

0.25 mg C/L 29

31

32 33

Demott 34

5

2.3  

2

1
Mohamed 35

15 d

23 36

23 29 Park 37

1
Chydorus 3

8

103 cells/mL
26

Watanabe
38

23

39

Yasuno 40 23

Daphnia 26

Moina 31
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Rohrlack 48

depsipeptide
/ 49

cyanopeptolin SS
50 Jungmann 51

Lindsay 52

Daphnia galeata 2 ng/mL
LPS 24 h MC-LR

LC50

2.4

5

1
Ferrão-Filho 12

25

44 Nandini 20

1 2A 45

PP
PP1 PP2A

MC-LR 46

PP

47

1 LC50 
  Tab.1 LC50 of cyanobacterial crude extract or purified toxins  for Daphnia and rotifer g • mL 1

Species
Purified toxins Crude extract

Ref.24 h LC50 48 h LC50 24 h LC50 48 h LC50

Daphnia pulicaria >50 21.4 9
D. hyalina 34.2 11.6 9
D. pulex 10.7 9.6 9
D. magna 5 500 10 000 6 000 9 900 41
D. pulex 1 100 2 900 1 100 12 300 41

Ceriodaphnia dubia 6 100 11 300 6 600 8 900 41
D. similis 186.61 229.84 162.45 194.75 42
C. silvestrii 155.11 160.62 100.39 107.17 42

Brachionus plicatilis 114.88 134.41 43

Note
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Wicks 59

14

Hietala 60
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20 Hanazato 62

Bosmina fatalis
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PUFAs PUFAs
63 64

PUFAs
18 65 Demott 66

3
3PUFAs

3

34 35

67

Daphnia carinata
Chen 13

Daphnia carinata

14

Scenedesmus obliquus

4

68

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


372 15     

69

8 70 71

71

8 Sartonov 72

Keratella 
cochlearis

Hansson 73 6

Calanus
Cyclops

5

1  . J . 

2002 22 11 1 968 1 975.

2  Codd G A. Cyanobacterial toxins the perception of water 

quality and the prioritization of eutrophication control J . Ecol 

Eng 2000 16 51 60.

3  Carmichael W W. The toxins of cyanobacteria J . Sci Am

1994 270 78 86.

4  Hanazato T Yasuno M. Population dynamics and production 

of cladoceran zooplankton in the highly eutrophic Lake 

Kasumigaura J . Hydrobiologia 1985 124 1 13 22.

5  Trabeau M Bruha-Keup R McDerMott C et al. Midsummer 

decline of a  Daphnia  popula tion a ttributed in part to 

cyanobacterial capsule production J . J Plankt Res 2004 26

949 961.

6  Gulati R D. Structural and grazing responses of zooplankton 

co mmunity to biomanipulation of some Dutch water bodies J . 

Hydrobiologia 1990 200/201 99 118.

7  Christoffersen K. Ecological implications of cyanobacterial 

toxins in aquatic food webs J . Phycologia 1996 35 42 50.

8  Fulton R S Paerl H W. Toxic and inhibitory effects of 

the blue-green alga Microcystis aeruginosa on herbivorous 

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


2  373

zooplankton J . J Plankt Res 1987 9 837 855.

9  DeMott W R Zhang Q X Carmichael W W. Effects of toxic 

cyanobacteria and purified toxins on the survival and feeding of 

a copepod and three species of Daphnia J . Limnol Oceanogr

1991 36 1 346 1 357.

10  Reinikainen M Walls M Ketola M. Acute toxicity of the 

cyanobacterium Microcystis aeruginosa strain PCC7820  to 

Daphnia pulex Cladocera J . Algol Stud 1994 75 229 237.

11  Rohrlack T Henning M Kohl J G. Mechanisms of the 

inhibitory effect of the cyanobacterium Microcystis aeruginosa 

on Daphnia galeata s ingestion rate J . J Plankt Res 1999

21 1 489 1 500.

12  Ferrão-Filho A S Azevedo S DeMott W R. Effects of toxic 

and non-toxic cyanobacteria on the life history of trophic and 

temperate cladocerans J . Freshw Biol 2000 45 1 19.

13  Chen F Z Xie P. The effects of fresh and decomposed 

Microcystis aeruginosa on cladocerans from a subtropic 

Chinese lake J . J Freshw Ecol 2003 18 97 104.

14  . 

D . 2006.

15  DeMott W R. The role of taste in food selection by freshwater 

zooplankton J . Oecologia 1986 69 334 340.

16  Rothhaupt K O. Differences in particle size-dependent feeding 

efficiencies of closely related rotifer species J . Limnol 

Oceanogr 1990 35 16 23.

17  Rothhaupt K O. The influence of toxic and filamentous blue-

green algae on feeding and population growth of the rotifer 

Brachionus rubens J . Hydrobiologia 1991 76 67 72.

18  Lürling M Beekman W. Influence of food-type on the popula-

tion growth rate of the rotifer  in short-

chronic assays J . Acta Zool Sinica 2006 52 1 70 78.

19  Starkweather P L Kellar P E. Combined influences of particu-

late and dissolved factors in the toxicity of Microcystis aerugi-

nosa NRC-SS-17  to the rotifer J . 

Hydrobiologia 1987 147 375 378.

20  Nandini S Rao T R. Somatic and population growth in selected 

cladoceran rotifer species offered the cyanobacterium Microcy-

stis aeruginosa as food J . Aquat Ecol 1998 31 283 298.

21  Nandini S. Responses of rotifers and cladocerans to Microcystis 

aeruginosa Cyanophyceae A demographic study J . Aquat 

Ecol 2000 34 227 242.

22  Smith A D Gilbert J J. Relative susceptibilities of rotifers and 

cladocerans to Microcystis aeruginosa J . Arch Hydrobiol

1995 132 309 336.

23  Nizan S Dimentman C Shilo M. Acute toxic effects of the 

cyanobacterium Microcystis aeruginosa on Daphnia magna J . 

Limnol Oceanogr 1986 31 497 502.

24  Thompson J M Ferguson A J D Reynolds C S. Natural 

filtration rates of zooplankton in a closed system the derivation 

of a community grazing index J . J Plankt Res 1982 4 3

545 560.

25  Gliwicz Z M Siedlar E. Food size limitation and algae 

interfering with food collection in Daphnia J . Arch für 

Hydrobiol 1980 88 155 177.

26  Lampert W. Laboratory studies on zooplankton-cyanobacteria 

interactions J . N Zeal J Mar Freshw Res 1987 21 483 490.

27  Rohrlack  T Di ttmann  E Henning  M et a l . Role  o f 

microcystins in poisoning and food ingestion inhibition of 

Daphnia galeata caused by the cyanobacterium Microcystis 

aeruginosa J . Appl Environ Microbiol 1999 65 737 739.

28  Jarvis A C Hart R C Combrink S. Zooplankton feeding 

on size fractionated Microcystis colonies and Chlorella in 

a hypertrophic lake Hartbeespoort Dam South Africa

Im plications to resource uti liza tion and zooplankton 

succession J . J Plankt Res 1987 9 6 1 231 1 249.

29  Lampert W. Inhibitory and toxic effects of blue-green algae 

on Daphnia J . Int Revue der gesamt Hydrobiol 1981 66

285 298.

30  Porter K G.  The p lan t-animal in terface  in freshwater 

ecosystems J . Am sci 1977 65 159 170.

31  Hanazato T Yasuno M. Growth reproduction and assimilation 

of Moina macrocopa fed on Microcystis and/or Chlorella J . 

Jpn J Ecol 1984 34 195 202.

32  . 

J . 2006 25 12 632 634.

33  .

J . 1997 9 1 49 56.

34  Demott W R. Foraging strategies and growth inhibition in five 

daphnids feeding on mixtures of a toxic cyanobacterium and a 

green alga J . Freshw Biol 1999 42 263 274.

35  Mohamed Z A. Accumulation of cyanobacterial hepatotoxins 

by daphnia in some egyptian irrigation canals J . Ecotoxicol 

Environ Safety 2001 50 4 8.

36  Lampert W. Further studies on the inhibitory effect of the 

toxic blue-green Microcystis aeruginosa on the filtering rate of 

zooplankton J . Arch Hydrobiol 1982 95 207 220.

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


374 15     

37  Park H D Iwami C Watanabe M F et al. Temporal variabilities 

of the concentration of intra- and extracellular microcystin and 

toxic Microcystis species in a hypertrophic lake Lake Suwa

Japan 1991-1994 J . Environ Toxicol Water Quality 1998

13 61 72.

38  Watanabe M F Oishi S. Effects of environmental factors on 

toxicity of a Cyanobacterium Microcystis aeruginosa  under 

Culture Conditions J . Appl Environ Microbiol 1985 49 5

1 342 1 344.

39  DeBernardi R Giussani G. Are blue-green algae a suitable 

food for zooplankton? An overview J . Hydrobiologia 1990

200/201 29 41.

40  Yasuno M Sugaya Y Kaya K et al. Variations in the toxicity 

of Microcystis species to Moina macrocopa J . Phycol Res

1998 46 Suppl 31 36.

41  Marsálek B Bláha L. Comparison of 17 biotests for detection 

of cyanobacterial toxicity J . Environ Toxicol 2004 19

310 317.

42  Sotero-Santos R B Silva D C R Veranib N F et al. Toxicity of 

a cyanobacteria bloom in Barra Bonita Reservoir J . Ecotoxicol  

Environ Safety 2006 64 163 170.

43  . 

J . 2002 22 3

198 201. 

44  Guo N Xie P. Development of tolerance against toxic 

Microcystis aeruginosa in three cladocerans and the ecological 

implications J . Environ Poll 2006 143 513 518.

45  MacKintosh C Beattie K A Klumpp S et al. Cyanobacterial 

microcystin-LR is a potent and specific inhibitor of protein 

phosphatases 1 and 2A from both ma mmals and higher 

plants J . FEBS Lett 1990 264 187 192.

46  DeMott R W Dhawale S. Inhibition from in-vitro protein 

phosphatase act ivity in three  zooplankton species by 

microcystin-LR a toxin from cyanobacteria J . Arch 

Hydrobiol 1995 134 417 424.

47  Fulton R S I Paerl H W. Effects of the blue-green algae 

Microcyst i s  aeruginosa  on zooplankton  com pet i tive 

relations J . Oecologia 1988 76 383 389.

48  Rohrlack T Henning M Kohl J G. Does the toxic effect 

of Microcystis aeruginosa on Daphnia galeata depend on 

microcystin ingestion rate? J . Arch Hydrobiol 1999 146

385 395.

49  Weckess er J Mar tin  C J akobi  C.  Cyanopepto l ins

depsipeptides from cyanobacteria J . Syst Appl Microbiol

1996 19 133-138.

50  Jakobi C Rinehart K L Neuber R et al. Cyanopeptolin SS

a disulphated depsipeptide from a water bloom in Leipzig 

Germany structure elucidation and biological activities J . 

Phycologia 1996 35 111 116.

51  Jungmann D Benndorf J. Toxicity to Daphnia of a compound 

extracted from laboratory and natural Microcystis spp. and the 

role of microcystins J . Freshw Biol 1994 32 13 20.

52  Lindsay J Metcalf J S Codd G A. Protection against the 

toxicity of microcystin-LR and cylindrospermopsin in Artemia 

salina and Daphnia spp. by pre-treatment with cyanobacterial 

l ipopolysaccharide LPS J . Toxicon 2006 48 8

995 1 001.

53  Pflugmacher S Wiegand C Obere mm A et al. Identification 

of an enzymatically formed glutathione conjugate of the 

cyanobacterial hepatotoxin microcystin-LR the first step 

of detoxication J . Biochim Biophysic Acta 1998 1425

527 533.

54  Gustafsson S Hansson L. Development of tolerance against 

toxic cyanobacteria in Daphnia J . Aquat Ecol 2004 38

37 44.

55  Guo N Xie P. Development of tolerance against toxic 

Microcystis aeruginosa in three cladocerans and the ecological 

implications J . Environ Poll 2006 143 513 518.

56  Sivonen K Niemelä S I Niemi R M et al. Toxic cyanobacteria 

blue-green algae  in Finish fresh and coastal waters J . 

Hydrobiologia 1990 190 267 275.

57  Dittmann E Börner T. Genetic contributions to the risk 

assessment of microcystin in the environment J . Toxicol Appl 

Pharmacol 2005 203 192 200.

58  Rohrlack T Dittmann E Börner T et al. Effects of cell-bound 

microcystins on survival and feeding of Daphnia spp J . Appl 

Environ Microbiol 2001 67 3 523 3 529.

59  Wicks R J Thiel P G. Environmental factors affecting 

the production of peptide  toxins in floating scums of 

cyanobacterium Microcystis aeruginosa in a hypertrophic 

African  reservoir J .  Environ Sci  Technol 1990 24

1 413 1 418.

60  Hietala J Laurén-Maatta C Walls M. Sensitivity of Daphnia 

to toxic cyanobacteria effects of genotype and temperature J . 

Freshw Biol 1997 37 299 306.

61  . II.

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


2  375

J . 1989 20 2

192 194.

62  Hanazato T. Interrelations between Microcystis and cladocera in 

the highly eutrophic Lake Kasumigaura Japan J . Int Rev Ges 

Hydrobiol 1991 76 21 36.

63  Ahlgren G Lundstedt L Brett M T et al. Lipid composition 

acid food quality of some freshwater phytoplankton for 

cladoceran zooplanktons J . J Plankt Res 1990 12 809 818.

64  Müller-Navarra D C. Evidence that a highly unsaturated fatty 

acid limits Daphnia growth in nature J . Arch Hydrobiol

1995 132 297 307.

65  Lürling M Van Donk E. Life history conseduences for Daph-

nia pulex feeding on nutrient-limited phytoplankton J . Freshw 

Biol 1997 38 693 709.

66  Demott W R Müller-Navarra D C. The importance of high-

ly unsaturated fatty acids in zooplankton nutrition evidence 

from experiments with Daphnia a cyanobacterium and lipid 

emulsions J . Freshw Biol 1997 38 649 664.

67  .

D . 2006.

68  Gilbert J J. Suppression of rotifer population by Daphnia a 

review of the evidence the mechanisms and the effects on 

zooplankton co mmunity structure J . Limnol Oceanogr 1988

33 1 286 1 303.

69  Fulton R S III Jones R C. Growth and reproductive responses 

of Daphnia to cyanobacterial blooms on the Potomac River J . 

Int Rev Ges Hydrobiol 1991 76 5 19.

70  Fulton R S III Paerl H W. Zooplankton feeding selectivity for 

unicellular and colonial Microcysis aeruginosa J . Bull Mar 

Sci 1988 43 500 508.

71  Smith A D Gilbert J J. Relative susceptibilities of rotifers and 

cladocerans to Microcystis aeruginosa J . Arch Hydrobiol

1995 132 309 336.

72  Sartonov A. Effects of Microcystis aeruginosa on interference 

c om pet i t io n  betwee n  Daphni a  pu lex  and  Ke rate l la 

cochlearis J . Hydrobiologia 1995 307 117 126.

73  Hansson L A Gustafsson S Rengefors K et al. Cyanobacterial 

c he m ic a l  wa r fa re  af f ec ts  z oo pl ank to n  c o  m m un i ty 

composition J . Freshw Biol 2007 52 1 290 1 301.

Progress in the effect of Microcystis bloom on freshwater zooplankton rotifer and 
cladoceran

ZHU Jin-yong LU Kai-hong PAN Jie-hui
(Ministog of Eclucation Key Laboratory of Applied Marine Biotechnology College of Life Science and Biotechnology Ningbo 
University  Ningbo 315211 China)

Abstract Microcystis is one of the most common bloom cyanobacteria. The effect of Microcystis on zooplankton 
especially Daphnia have been extensively reported at home and abroad. Generally speaking the effect of toxic 
Microcystis on zooplankton is negative remarkably. However different zooplanktons usually exhibited different 
responses to the effect of Microcystis. There are several potential explanations why toxic effects of Microcystis 
on zooplankton have shown contradictory results. We collected an amount of papers about this problem and 
summarized the research advances in the effects of Microcystis bloom on feeding growth reproduction and inter-
species competition of cladoceran and rotifer. The purpose of the paper is to provide systematic and theoretic base 
for furthur research in this field. Journal of Fishery Sciences of China 2008 15 2 367 375
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