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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 (N2-fixers) 



Picocyanobacteria 



Lake Erié 

Baltic Sea SW Pacific Ocean 



•  Peptide Hepatotoxins (Microcystins and Nodularin) 
•  Neurotoxins 
•  Cylindrospermopsin 
•  β-N-methylamino-L-alanine (BMAA) 
•  Lipopolysaccharide Endotoxins 

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



Nodularin and other NR-peptides 

KAC13!

KAC66!

Bertos	
  For)s	
  et	
  al.	
  2013	
  



The Baltic Sea 
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Baltic Sea Region 
Good Environment Status 



NASA Eutrophication 

Conley	
  et	
  al.	
  2011	
  

Hypoxia 



Eutrophication 

SMHI	
  

NASA	
  

Hypoxia 

Conley	
  et	
  al.	
  2011	
  



Smhi.se	
  

Climate change 
Precipitations 

Salinity 

1999	
   2071-­‐2100	
  

Meier	
  et	
  al.	
  2006	
  



Siegel & Gerth 2014 

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

The Baltic Sea is warming faster than other seas 



Suikkanen et al. 2013 

Phytoplankton 
increased in the 
Åland Sea from 
1979 to 2008 

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



Chlorophyll a 

Legrand et al. 2015 



Legrand et al. 2015 

Phytoplankton 
 
Mild winter favours 
dinoflagellates  
over diatoms in spring 



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 



Kahru	
  and	
  Elmgren	
  2014	
  
	
  

Nodularia	
  spumigena	
  
	
  
surface	
  accumula)on	
  



Probability	
  that	
  SST	
  will	
  exceed	
  18°C	
  in	
  summer	
   Day	
  of	
  1st	
  occurrence	
  of	
  Cyano	
  bloom	
  

Neumann	
  et	
  al.	
  2012	
  

+	
  20-­‐30%	
   +	
  10-­‐15	
  days	
  



Life cycle strategies in cyanobacteria 

Suikkanen et al. 2011 



Life cycle strategies in cyanobacteria 

Suikkanen et al. 2011 

Including LC stages in models: 
Better temporal variability 
Hense and Burchard 2101 
Hense et al. 2013  



Increase in cyanobacteria in the future 

Hense et al. 2013  

Including LC stages in models: 
Better temporal variability 
Hense and Burchard 2010 
Hense et al. 2013  



Climate extremes impacts on cyanobacteria 

Gallina et al. 2011 

Biomass Biomass 
toxic 

Diversity 



Climate extremes impacts on cyanobacteria 

Gallina et al. 2011 



A	
  standard	
  view	
  is	
  that	
  increased	
  temperature	
  (+4	
  C)	
  
	
  in	
  the	
  pho)c	
  zone	
  will	
  boost	
  summer	
  phytoplankton	
  (cyanos)	
  blooms	
  
in	
  the	
  Bal)c	
  proper 
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Main trophic pathways in planktonic food webs 

CSIC webpage) 



River	
  runoff	
  

200	
  m	
  

20m	
  

Salinity	
  (1965-­‐2000)	
  

Vuorinen	
  et	
  al.	
  1998	
  



Results 
 

The biomass comparison of Nodularia spumigena in 
the salinities of 7, 5 and 3 revealed that there are signi-
ficant differences between all three salinity treatments 
(one-way ANOVA, Tukey´s post hoc test, p < 0.01, 
n = 101). In the original salinity of 7 N. spumigena 
showed the highest filament bio-mass of around 
100,282.51 µm , in comparison to lower 
33,925.00 µm  in salinity 5 and 12,113.56 µm  in 3 
(mean, Tab. 1). Filaments in 7 were significantly wider 
and longer than in the other salinities (one-way ANO-
VA, length: p < 0.001, diameter: p < 0.01, n = 101). 
Also the morphology differed, in salinity 3 the cells 
were more roundish than oval and showed a high 
amount of akinetes (not statistically proven, Fig. 9). 
The carbon content per cell ranged between 350 –
 502 pg C (Tab. 1). The biovolume per cell seemed to 
be higher in salinity 3, which was not measured under 
microscope, but calculated by having the filament 
length divided by an average cell length. A small error is involved, because in salinity 3 the cells are more 
roundish and include bigger akinetes, which makes the biovolume larger and equally the carbon content. 

Table 1: Sample size, mean, minimum and maximum and median of the filament and cell biovolume and the carbon 
content of Nodularia spumigena.  

Parameter / Salinity Min. Mean STDEV Median Max. 
Biovolume filament-1 [µm³]      

7 10,570.47 100,282.51 72342.64 84,672.16 342,715.17 
5 4,786.04 33,925.00 22950.74 27,740.60 115,587.67 
3 1,079.50 12,113.56 8851.782 10,253.39 44,220.93 

Biovolume cell-1 [µm³]      
7 217.29 327.42 49.65 325.81 502.38 
5 165.56 268.94 44.07 269.03 378.86 
3 138.18 277.17 75.58 272.63 460.23 

Carbon content cell-1 [pg C]      
7 6.21 9.35 1.42 9.31 14.35 
5 4.73 7.68 1.26 7.69 10.82 
3 3.95 7.92 2.16 7.79 13.15 

Filament length [µm]      
7 129.70 1,308.89 110.22 1,126.50 5,052.83 
5 59.91 503.48 333.11 444.89 1,882.17 
3 27.87 186.24 961.54 166.45 512.93 

Sample size: n = 101, notation: STDEV: standard deviation, min. = minimum, max. = maximum. 

Figure 3: Boxplots of the biovolume of Nodularia spumigena 
filaments in the salinities of 3, 5, and 7. Different letters 
indicate significant differences (one-way ANOVA, Tukey´s 
post hoc test, α=0.05,  n=101). 

Biovolume KAC11 

Klotz et al. 2014 

Salinity 

Facing salinity changes: Adaptation? 

Nodularia spumigena 



Shock, Adaptation, Recovery? 

Discussion 
 

The aim of the study was to analyse, if any changes in growth rate of Nodularia spumigena has happened 
in the three salinities over the time period of two years. And veritably differences were detectable; already 
the biomass comparision showed significant differences. Nodularia growing in salinity 7 builds long 
filaments, which are three time longer than the ones from salinity 5 and eight times longer than at salinity 
3. Even the naked eye can see, that the filmanents in 7 are quite long, why they got the name cat hair, 
which is not the case in salinity 5 and 3. In the original salinity (7) Nodularia was up to 5000 µm long, 
which are 5 mm. Smaller filaments were found in salinity 5 (max. 1800 µm) and 3 (max. 512 µm). The 
trichome length was comparable with other studies from Mazur-Marzec et al. (2005) with 1527 ± 791 µm 
(salinity 7), whereas the filaments in salinity 3 were shorter in this study than at theirs with of 
804 ± 534 µm. The much shorter trichomes in the lower salinities are the first sign, that Nodularia still 
thrieves best in its original salinity of 7. 

 

Figure 9: Figure 9: Pictures of Nodularia spumigena taken under the light microscope. As indicated the left column represents 
Nodularia in salinity 7, middle column salinity 5 and right column salinity 3. The bars in the first two rows represent 20 µm 
and the bars in the last row represent 200 µm.  

And there are also other properties demonstrating this. Just in salinity 7 the filaments were buoyant and 
floated on the surface building vast piles (see Fig. 8, treatment 7(7)). Neither in salinity 5 or 3 buoancy 
could be observed after two years. So far, it was reported in the literature, that Nodularia spumigena can 

Morphotypes KAC11 

Klotz et al. 2014 

Akinetes 

Biovolume 



Shock, Adaptation, Recovery? 

Salinity 7 

+ 2 yrs 

Salinity 5 

+ 2 yrs 

Salinity 3 

+ 2 yrs 

Klotz et al. 2014 
Bertos Fortis et al. in review 

KAC11 

+ 3 yrs + 3 yrs + 3 yrs 



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 
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Some do better than others… 

Olofsson 2011 
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River	
  runoff	
  

200	
  m	
  

20m	
  

Salinity	
  (1965-­‐2000)	
  

Grazers	
  



Karlson et al. 2015 

Seasonal development in the Northern Baltic Sea 

Phytoplankton 
Cyanobacteria 
(1992-2011) 

Zooplankton 
(1992-2011) 

Food consumption 
Planktivorous fish 
(Arrhenius & Hansson 1993) 



Motwani & Gorokhova 2013 

Occurrence of Synechococcus in Zooplankton 

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



N2-­‐fixa)on	
  in	
  live	
  cells	
  

Distribu)on	
  of	
  12C14N−,	
  13C/12C	
  and	
  15N/14N	
  in	
  single	
  Nodularia	
  cells	
  as	
  
measured	
  by	
  nanoSIMS	
  acer	
  6 h	
  incuba)ons	
  with	
  13C	
  and	
  15N2.	
  
Ploug	
  et	
  al.	
  2011	
  ISME	
  



N2-fixing Cyanobacteria stimulate secondary 
production in the Baltic Sea 

Karlson	
  et	
  al.	
  2015	
  



Value	
  of	
  N:P	
  ra)os	
  for	
  predic)ng	
  
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	
  denitrifica)on	
  counteract	
  

eutrophica)on?	
  
IOW	
  2012	
  


