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What do CYANO-models need?

1- Response of HAB to future CC
(physiology, life cycle, adaptation???)

2- Temporal and spatial dynamics
(Who is there, how much, where and when?)

3-Trophic interactions
(grazer-prey-competitor incl. heterotrophic bacteria)

4-Biotic/chemical interactions
(bioactive compounds)




Colonial cyanobacteria




Filamentous cyanobacteria (N,-fixers)




Picocyanobacteria







Peptide Hepatotoxins (Microcystins and Nodularin)
Neurotoxins

Cylindrospermopsin

B3-N-methylamino-L-alanine (BMAA)
Lipopolysaccharide Endotoxins

Other NR peptides (spumigins, aeruginosins, anabaenopeptids, unknown )




Nodularin and other NR-peptides

Bertos Fortis et al. 2013 ::iiz



The Baltic Sea

20E \ 30°E 57'N

\

Pacific

30

50

70

90

110

130

150

170

190

220

250



Baltic Sea Region

Good Environment Status



HypoxXxia

Eutrophication

Conley et al. 2011



Eutrophication Hypoxia

SMHI

Conley et al. 2011



Climate change

Precipitations

Smhi.se Sal i N ity

1999 2071-2100

Meier et al. 2006



The Baltic Sea is warming faster than other seas

Figure 7. Trend of SST- Anomalies of the annual averages of the Baltic referring to
the long-term means 1990 — 2012.

Siegel & Gerth 2014



Phytoplankton
Increased In the
Aland Sea from
1979 to 2008

Significant trends (p<0.05) in
environmental (squares) and
zooplankton parameters (triangles)
in the Aland Sea from 1979 to
2011, and in phytoplankton
(circles) from 1979 to 2008.

Suikkanen et al. 2013



Chlorophyll a

Legrand et al. 2015



Phytoplankton

Mild winter favours
dinoflagellates
over diatoms In spring

Legrand et al. 2015



Science 2008

Warmer climates boost cyanobacterial dominance in shallow lakes
Kosten et al. 2012 DOI: 10.1111/j.1365-2486.2011.02488.x
Global Change Biology




Nodularia spumigena

surface accumulation

Kahru and Elmgren 2014



Probability that SST will exceed 18°C in summer Day of 15t occurrence of Cyano bloom

+ 20-30% + 10-15 days

% Linnaeus University | Centre
Ecology and Evolution in
Microbial model Systems

Neumann et al. 2012



Life cycle strategies in cyanobacteria

Suikkanen et al. 2011 ’i



Life cycle strategies in cyanobacteria

Including LC stages in models:

Better temporal variability
Hense and Burchard 2101
Hense et al. 2013

Suikkanen et al. 2011 ’i



Increase in cyanobacteria in the future

Including LC stages in models:

Better temporal variability
Hense and Burchard 2010
Hense et al. 2013

Hense et al. 2013 &



Climate extremes impacts on cyanobacteria
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Climate extremes impacts on cyanobacteria

Gallina et al. 2011 ’i



Theme 1

A standard view is that increased temperature (+4 C)
in the photic zone will boost summer phytoplankton (cyanos) blooms

in the Baltic proper
Spring bloom
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Main trophic pathways in planktonic food webs

CSIC webpage)




Salinity (1965-2000)

River runoff

20m

Vuorinen et al. 1998



Facing salinity changes: Adaptation?

Nodularia spumigena
Biovolume KAC11

Salinity

Klotz et al. 2014



Shock, Adaptation, Recovery?

Morphotypes KAC11

Akinetes

/

Biovolume

!

Klotz et al. 2014




Shock, Adaptation, Recovery?
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Klotz et al. 2014 &
Bertos Fortis et al. in review



Perspectives Climate, cyanobacterial dynamics and salinity

Towards reduced salinity

» Natural selection and rapid adaptation drive cyanobacterial
dynamics.

* Reduced growth, biovolume and buoyancy

« Shorter filaments => increased grazing pressure

« No impact on toxin content (nodularin)

» Restricted peptide profile => high tolerance to lower
salinity and a strong competitive ability against co-
occurrent strains

Lower salinity could favour N. spumigena genotypes that will alter food
web efficiency In response to temperature and eutrophication



Toxicity and shift in salinity in the Baltic Sea?

Bertos Fortis et al. 2013




Some do better than others...
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Competitive advantage
Or extreme cost?
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Olofsson 2011



Salinity (1965-2000)

River runoff

20m



Seasonal development in the Northern Baltic Sea

Phytoplankton
Cyanobacteria
(1992-2011)

Zooplankton
(1992-2011)

Food consumption

Planktivorous fish
(Arrhenius & Hansson 1993)

Karlson et al. 2015 .Si‘.



Occurrence of Synechococcus in Zooplankton

Field-collected zooplankton
GC: Gut Content
ssGC: size specific Gut Content

Motwani & Gorokhova 2013 :’i°



N,-fixation in live cells

Distribution of 2C*4N-, 33C/12C and °>N/*N in single Nodularia cells as
measured by nanoSIMS after 6 h incubations with 13C and 1°N,.
Ploug et al. 2011 ISME



N,-fixing Cyanobacteria stimulate secondary
production In the Baltic Sea

Karlson et al. 2015



Value of N:P ratios for predicting
cyanobacterial blooms



How much N is fixed by cyanobacteria?

Role of environmental factors?

Transfer to higher trophic level?

Can the losses of combined nitrogen by denitrification counteract

eutrophication?
IOW 2012



