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What is future O2 
concentration? 

reach for the green bottle ….. 





the squeeze 

§  warming at surface (Trenberth, 2007)  
§  stratification (Steinacher et al., 2009) 
§  reduced gas solubility (Keeling et al., 2010) 
§  reduced ventilation (Keeling et al., 2010)    
§  deoxygenation at depth (changes in mid-

depths are likely to exceed those at the 
surface (Hofmann and Schellnhuber, 2009) 

§  acidification expands the unfavorable zones 
even if O2 remains constant (Brewer and 
Peltzer, 2009). 



IPCC AR5 2013, Figure 6.30 

§  It is very likely that global warming will 
lead to declines in dissolved O2 in the 
ocean interior – IPCC AR5 2013 



What does low O2 mean? 

imagine that you are a tuna ….. 



60 umol/kg O2 
hypoxic 



tunas  
very high 

metabolic rate 



Brill 1994 

oxygen and tunas 

60 umol/kg O2 



Oxygen in 100-600m layer: Cocco et al 2013, Biogeosciences 

§  [O2] decreasing in most regions 
2000s 2090s difference 

if volume of tuna habitat decreases, 
who’s habitat will increase? 



what high trophic level fishes 
are likely to intersect OML ? 



????????? 

skipjack tuna 

Oxygen section from Seibel 2011 



Bluntnose sixgill (Hexanchus griseus) 



*Perhaps one of the most common shark species world-wide, from nearshore to 2,500 m. 
 

Dave Ebert, Moss Landing Marine Lab 

Bluntnose sixgill (Hexanchus griseus) 



Photo: David Slater 
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Hexanchus griseus, July 26-31, 2011 (5 days). Oxygen contours 
from HOTS 233 (7/18-7/22 2011, Lance Fujieki).  

§  39-41% of time in hypoxic waters 

all day spent in hypoxic water 

Comfort & Weng, 
accepted, DSRII 



= 44 umol/kg 

60  umol/kg 

Comfort & Weng, accepted, DSRII 

skipjack tuna sixgill shark 

both species feed at 200-300m 
 
behavior and activity are very 
different 



Adaptation to low oxygen: 
Metabolic rate  

Garcia, Drazen and Weng, unpublished (undergraduate thesis) 

Sixgill              Prickly              Tiger               Sandbar           Mako          _ 



sixgill shark 

skipjack tuna 

Oxygen section from Seibel 2011 



less habitat for 
tasty things 

more habitat 
for yucky things 



prediction, 
adaptation 

What do we need to know to plan ahead? 



Koehn, J. D., Hobday, A. J., 
Pratchett, M. S., and 
Gillanders, B. M., 2011, Climate 
change and Australian marine 
and freshwater environments, 
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and options for adaptation: 
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Research, v. 62, no. 9, p. 
1148-1164. 

adaptation 
 
engagement with end-users  
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“The skipjack catch and biomass is predicted 
to slightly increase in the Western Central 
Pacific Ocean until 2050” 





State-of-the-art 
model for pelagic fishes 



 
•  temperature 
•  currents 
•  dissolved oxygen 
•  primary production 
 

CO2 not 
considere

d 



 

CO2 not 
considered 



climate-simulating respirometer 
controls T, CO2, O2 
tilapia 

Create future climate in lab 

Metabolic rate 
Routine 
Maximal 

T, O2, CO2 



Gen Del Raye 
Wednesday, 2pm  

Session 1 - 09 



Nonlinear interactions of  
climate stressors 

hemoglobin  

Temperature O2 

CO2 

cardiac  
output 

Temperature 

Fick principle 



Del Raye & Weng, in review DSRII 

Incorporating CO2, O2 and T 



Growth, reproduction, behavior 



•  temperature 
•  currents 
•  dissolved oxygen 

concentration 
•  primary production 
 

  
Interactions 
T, O2, CO2 

+ 



conclusions 

§  climate change may shrink the habitat 
of tunas and expand the habitat of 
OML-adapted species 

§  OML-adapted species might be less 
tasty 

§  Add CO2, interactions to models 
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PS: A brief note on CLIOTOP 



* tunas, bi l l f i shes, sharks, marine 
mammals, turtles and seabirds 

A worldwide comparative effort to 
understand the key processes of oceanic 

ecosystems and their top predator 
species* and determine the impact of 

climate variability . 

2005-2014 

A 10 year international 
research effort 

CLIOTOP 
synthesis 

symposium 

2006 2007 2008 2009 2010 2011 2012 2013 2014 

1st CLIOTOP 
symposium 

Synthesis 
Book 

mid-term 
Workshop 

2nd CLIOTOP 
symposium 

2015 2005 2010 2010 2011 2011 2014 2014 2015 2015 2012 2012 2013 IMBER 2006 2006 2009 2009 2010 2010 2005 2005 2007 2007 2008 2008 GLOBEC 



CLIOTOP structure 

http://www.imber.info/index.php/Science/Regional-Programmes/CLIOTOP 
Key questions and background on the website 



WG4: Synthesis and Modelling 
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•!global interoperable databases 
•!2 ways coupled global mechanistic 

numerical models (atmosphere, ocean, 
biogeochemistry, ecosystems & 
biodiversity, oceanic fisheries, fish markets) 

•!definition of governance scenarios 

Olivier Aumont, Patrick Lehodey, Olivier Maury 
 
Two basin scale end-to-end ecosystem models 
linking physics, biogeochemistry, prey organisms 
to top predator dynamics: 

SEAPODYM 

APECOSM 

The project MACROES (MACRoscope for 
Oceanic Earth System) will help moving the 
WG toward integrated Earth System 
modelling: 
 


