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Topics 

• Cyanobacteria – brief introduction 

• Cyanobacteria, cyanotoxins, and water quality 

• Do cyanobacteria pose a threat to ecosystems 
of the lower Columbia River? 

 



Cyanophyceae 

• Bacteria 

• Chlorophyll, but no 
chloroplasts 

• Synechococcus: 
Phycocyanin, 
Phycoerythrin, 
allophycocyanin 

• Prochlorococcus: 
divinyl chlorophyll b 

• Cell wall of murein 

Synechococcus sp. 

Prochlorococcus marinus 





Cyanobacteria 

http://serc.carleton.edu/details/images/2698.html 

http://www.tutorvista.com 



http://www.water.nsw.gov.au 
heterocyst 

akinete 



Cyanotoxins 
• At least 46 species of cyanobacteria produce toxins harmful to 

vertebrates, including Microcystis, Anabaena, Aphanizomenon, 
Lyngbya, Nodularia, Planktothrix, Nostoc, and 
Cylindrospermopsis(Chorus and Bartrum 1999) 
 

• Hepatotoxins (affect the liver): produced by some strains of the 
cyanobacteria Microcystis, Anabaena, Oscillatoria, Nodularia, 
Nostoc, Cylindrospermopsis and Umezakia 
 

• Neurotoxins (affect the nervous system): produced by some strains 
of Aphanizomenon and Oscillatoria 
 

• Toxic alkaloids (gastrointestinal symptoms or kidney disease) 
Cylindrospermopsis raciborski  
 

• Not all cyanobacteria of these species form toxins and it is likely 
that there are as yet unrecognized toxins. 
 
 





Cazenave et al., 2005 



Microcystins accumulate in zooplankton 



• Cyanotoxins can accumulate in zooplankton, 
upon which inverts feed 

• higher mortality of Chaoborus (midge larvae) 
after preying on Daphnia fed toxic Microcystis 
than that fed non-toxic algae, suggesting that 
Daphnia transferred toxins from Microcystis to 
Chaoborus  (Laurén-Määtä et al.) 



Wierenga, 2006 

Vancouver 
Lake, WA 



Wierenga, 2006 







Whitney Temple and 
Jennifer Morace, USGS 



Whitney Temple and 
Jennifer Morace, 
USGS 
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Autochthonous OM inputs to the estuary: SATURN-05 time series shows 
multiple phytoplankton blooms in a ‘greened’ river  



Asterionella formosa blooms during spring, Aulacoseira 
italica and other centric chain forming diatoms bloom in 
summer/autumn 

In situ chlorophyll peaks are dominated by diatoms 

Maier et al., in prep. 
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Diatom species exhibit seasonal patterns 

spring 

summer
/fall 



Asterionella formosa is susceptible to intense parasitism 
by zoosporic (chytrid) fungi 

Van Donk, 1983 
50 µm   

Van Donk (1983) 

Infection of 

host Zoospores 

released 

Sporangium 

Free-swimming 

zoospores 
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Zygorhyzidium 
planktonicum 
identified using 
18S rRNA gene 
sequences, ITS 
sequences 

Columbia River A. formosa Columbia River A. formosa 



The ‘mycoloop’ shunts organic matter from diatoms into zoospores 
and alters food webs 

Kagami et al., 2007 
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M. rubrum blooms occur when river discharge is low and ocean 
influence is significant (Aug – Oct) 

SATURN-01 

Sept – low flow 

Bloom initiation site 

Estuary bottom salinity 

SATURN-01 

June – high flow 

SATURN-01 
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Oxygen saturation is highest where phycoerythrin and 
chlorophyll are highest 
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Phycoerythrin, O2 saturation, and pH are linked, 
suggesting a potentially mitigating effect on 
hypoxia and acidification by M. rubrum 
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O2 saturation and pH are linked 
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pH is highest where O2 saturation is high; high pH and 
high O2 sat occur where PE fluorescence is high 

date 



 



Enrique Flores & Antonia Herrero; Nature 

Reviews Microbiology 8, 39-50 (January 

2010) 

for dispersal 


