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The only thing 

constantly changing 

is change 

and it comes 

equipped with a 

curse 



  

Different source of variability 

1 - Spatial + microhabitats 

2 - Temporal 

Sources of acidification and variability 



  

Sources of acidification and variability 

- Mixing 
- Biology 
- Interaction with other parameters  
 (e.g. temperature, salinity) 
- Other sources (e.g. SOx/NOx) 
- Etc. 



  

1. Spatial 



  

(Thomsen et al. 2010) 

 pH 7.5, Wara=0.35 

1. Spatial 



  

 pH 5.36, Wara=0.01 

(Tunnicliffe et al. 2009) 

1. Spatial 



  

50 mmol O2 

pH 7.67 

250 mmol O2 

pH 8.00 

1. Microhabitat 



  

“It's evolution, baby 

Do the evolution 

Come on, come on, 

come on” 



  

Q? What is the impact of GW on bears 

Two scenarios: 

- present (15C) 

- future    (18C) 

Conclusion: impact on bears is species-specific 

1. Spatial 



  

0°C 

-   + 

Temperature 

 

Ice <-> water 

1 

>1   <1 

Saturation states 

 

CaCO3 <-> Ca++ + CO3-- 

Equilibrium 

Ocean acidification thresholds 



  

A freezer 

Energy cost 

How to make ice at > 0°C? 



  

How to make CaCO3 at W<1 
W>1 at the calcification site 

(Markel et al. 1986) 



  

No pHe regulation 

pHi regulation 

Role of HCO3-, H+-pumps 

Extra costs 



  

Higher 

temperature = 

higher cost 



  

Not 1 control and 1 scenario 

2. Temporal 



  

pH variability – in time 

(Dorey et al. 2013) 



  

“It's evolution, baby 

Do the evolution 

Come on, come on, 

come on” 



  

(Van Straalen 2007) 

Need to understand the biology of your species 

Stress ecology 



  

Physiological 
tipping point 
reached when out 
of present range of 
variability 

Plasticity vs stress 



  

Present range -> plasticity 

Out of present range -> 
evolution (buffering) 

Plasticity vs stress 



  

Present 

2100 

Other important aspects 

Soft vs hard selection 

Abrupt vs. Gradual changes  



  

Average 

Maximum 

Intensity 

Minimum 
Exposure 

What does matter? 

Variability as a selective force 



  

Local differences 
Multistressor 

Modulating factors 

A fluctuating 
environment 

Each species is 
different 

All species have a tipping point… 

What is a stress(or)? 



  

Different source of variability 

NEVER 1 control vs 1 treatment 

Take species niche & variability into your 
thinking 

Be creative with your design to focus on 
your question 



  

Zalasiewicz et al. 2008 

Global increase of human population 

and a high CO2 world 

 

   - Global warming  

   - Ocean acidification 

   - Hypoxia 

   - Increased precipitation 

   - Increased catastrophic events 

 

 

 

Local impacts including: 

 

   - habitat destruction 

   - over-exploitation of resources 

   - local pollution 

   - Introduction of species 

   - etc. 

Global and local changes 



  

Hoegh-Guldberg & Bruno 2010 Science 

Sea level rise pH 

Temperature 

Not only pH… 



  

(Grans et al. 2014) 

Not only pH 



  

Next episode: 

How can we do that??? 


