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- Prokaryotes
- Allocation from eukaryotes (plants) to 

bacteria in the 1960s/70s 1,3

- Mainly photoautotrophic
- Were involved in the formation of 

the oxygen atmosphere of our earth 
3,4,9

- Through an early symbiosis, they 
gave rise to the plastids of algae and 
higher plants 3

source: Clark, David P., and Nanette J. Pazdernik. 
Molecular biology. Elsevier, 2012.

General 
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source: NASA
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source: Czerwik-Marcinkowska, Joanna. 
Acta Agrobotanica 66.1 (2013).

Occurrence 



source: Gaylarde, Christine C. Heritage 3.4 
(2020): 1469-1482. 
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source: Rikkinen, Jouko. MycoKeys 
(2013).

- 150 genera with ~ 2000 - 8000 species 1, 2

- Thrive in almost any environment 3
- Marine and freshwater
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Freshwater taxonomy

source: Marta Reyes, Silvana 
Käser, Stefanie Merkli



- 3 forms/orders:
- Coccal: Chroococcales
- Filamentous without heterocysts*: 

Oscillatoriales
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Freshwater taxonomy

source: Marta Reyes, Silvana Käser
Stefanie Merkli

* more details in next section



- 3 forms/orders:
- Coccal: Chroococcales
- Filamentous without heterocysts: Oscillatoriales
- Filamentous with heterocysts: Nostocales

7

Freshwater taxonomy

source:  Silvana Käser
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Morphological specialties

- Heterocysts: N2-fixation 1,3

- Preferred N-sources: NH4
+ > NO3

- / NO2
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- Inhibited through O2

- Temporal and spatial separation
- Temperature dependence (nitrogenase) 6

source: Silvana Käser
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Morphological specialties

- Heterocysts: N2-fixation 1,3

- Preferred N-sources: NH4
+ > NO3

- / NO2
- > N2

- Inhibited through O2

- Temporal and spatial separation
- Temperature dependence (nitrogenase) 6

- Gas vacuoles: buoyancy 6
- Pros and Cons
- Stokes’ law → vertical migration of large colonies

- Akinetes: resting stages 3
- Permanent stages in filamentous with heterocysts
- Resistant to desiccation, low temperatures, digestion
- NOT heat resistant

- Colony formation



10

Other specialties 10

- High temperature optima for growth
- Advantage under warmer conditions



10

Other specialties 10

- High temperature optima for growth
- Advantage under warmer conditions

- Light capture at low intensities and a range of wavelengths
- Advantage under high phytoplankton densities and depths 



10

Other specialties 10

- High temperature optima for growth
- Advantage under warmer conditions

- Light capture at low intensities and a range of wavelengths
- Advantage under high phytoplankton densities and depths 

- High affinity for, and ability to store, phosphorus
- Important access to limiting resource



10

Other specialties 10

- High temperature optima for growth
- Advantage under warmer conditions

- Light capture at low intensities and a range of wavelengths
- Advantage under high phytoplankton densities and depths

- High affinity for, and ability to store, phosphorus
- Important access to limiting resource

- Low nutrition (poor in fatty acids and sterols, grazing 
resistance)



10

Other specialties 10

- High temperature optima for growth
- Advantage under warmer conditions

- Light capture at low intensities and a range of wavelengths
- Advantage under high phytoplankton densities and depths

- High affinity for, and ability to store, phosphorus
- Important access to limiting resource

- Low nutrition (poor in fatty acids and sterols, grazing 
resistance)

- Secondary metabolite production 
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Secondary metabolites 3

- Largely unknown specific biological role
- Products with known effect

- Herbicide (Scytonema)
- “Sun screen” (z.B. scytonemin produced among others by Nostoc, Lyngbya)
- Antibiotic properties (e.g. in Oscillatoria chalybea or Lyngbya majuscula)

- Other properties without known biological function: antineoplastic, 
antiviral, antiinflammatory, antimitotic… 

- Toxictiy
- Hepatotoxins (inhibition of protein phosphatase in the liver)
- Neurotoxins (interference with the functioning of neuromuscular system)
- Cytotoxins (inhibition of protein synthesis in multiple organs)
- Dermatotoxins (skin)
- irritant toxins (irritation & allergic responses) 
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Cyanobacteria blooms

- Usually definition based on i) visual observations (water 
discoloration) ii) numerical thresholds, or iii) subjective criteria 4, 5

- 75% of the world's blooms are toxic 4

- Sediment cores from over 100 lakes in North America and Europe 
show that cyanobacteria have significantly increased in nearly 60% 
of lakes since the industrial revolution 6

- Oxygen depletion from microbial degradation of aging blooms can 
lead to hypoxia and anoxia, resulting in death of fish and benthic 
invertebrates.
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How do I recognize cyanobacteria blooms?

- Water very turbid
- Flakes, streaks or foamy patches
- Accumulations of algae washed up on the shore: 

cyanobacteria can grow on water plants or 
stones together with filamentous green algae 
and diatoms and detach themselves from the 
ground

- Not visible to the eye whether the cyanobacteria 
are harmless or releasing toxic substances

14

Patience 
images will follow
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source: Eawag, Silvana Käser

source: Joan, privat (Zürichsee)

Planktothrix rubescens

MarchHow do I recognize cyanobacteria blooms?
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source: Eawag, Marta Reyes

Tychonema sp.

May

Greifensee
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Pollen

May

Greifensee



How do I recognize cyanobacteria blooms?
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source: Eawag, Silvana Käsersource: AWEL Kanton Zürich (Lützelsee)

Aphanizomenon flos-aquae

August
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Microcystis sp.

source: Francesco Pomati (Bettenauer Weiher Uzwil)

September



How do I recognize cyanobacteria blooms?

20source: Eawag, Francesco Pomati (Greifensee)

source: Eawag, Marta Reyes

Woronichinia naegeliana

September
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Cyanobacteria in Greifensee

« A period of net phytoplankton biomass accumulation within a defined 
area or volume, resulting from growth rates that exceed loss rates, 
followed by eventual decline to near baseline concentrations. » 

- Isles & Pomati (2021). Frontiers in Ecology and the Environment

26
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Cyanobacteria in Greifensee
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Cyanobacteria in Greifensee

Jules Jaffe Lab for 
Underwater Imaging

(Scripps Institution of 
Oceanography, La Jolla, California)

focal area

light 
source

objectives, camera & 
computer

aquascope.ch
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* objects are 
not scaled

Chroococcales:
- Microcystis sp.   - Chroococcales
- Snowella sp.       
- Coelosphaerium sp.

Oscillatoriales:
- Planktothrix sp.
- Limnoraphis sp
- Thychonema sp.

Cyanobacteria in Greifensee

Nostocales: 
- Apahnizomenon flos-aquae
- Dolichospermum / Anabaena sp
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Cyanobacteria in Greifensee

2019       2020 2021            2022          2023
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Cyanobacteria in Greifensee



Marta 
Reyes

Silvana 
Käser

Francesco 
Pomati
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Cyanobacteria sources

CyanoWorld
AWEL Kanton 

Zürich
Blaualgen

Eawag FAQ 
Cyanobacteria  cyanobloom CyanoMetDB
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