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Climate change projections
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Population effects of warming

Recruitment plotted against
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Performance decline
Growth
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Relative Feed Intake (%)

Atlantic cod food intake at different temperatures
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Aerobic Scope Model
“Energy tank”

Optimal Acute
temperature warm

Max Metabolic

- oo .
o Locomotion
Locomotion
S | Growth
9 reproduction
O
g Growth
5 - .
< reproduction
< Basal MR

(¢b}
o £
c wm
© =
CICJO

o)
c g
=%
= £

(¢b}
=
Cc 0
® =
%O

O
c S
=T
S £



Thermal physiology and the OCLTT hypothesis

(Oxygen and Capacity Limited Thermal Tolerance)
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Acclimation

Atlantic halibut
Hippoglossus hippoglossus

Grans, Jutfelt et al. 2014 J Exp Biol
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Aerobic scope
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Are fish sensitive to ocean acidification?

In theory: NO e

Three reasons

1. Active muscles
produce lots of CO,
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Are fish sensitive to ocean acidification?

In theory: NO

Three reasons

1. Active muscles
produce lots of CO,

2. Low increase of
internal pCO,
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1. Internal buffering of
HCO, and other
buffers

extracellular pH (pHe)




Behavioural effects of CO, in fish?

« Olfaction

e Hearing

e Learning

o Activity

* Predator escape
e Lateralization




Behavioural change in Nordic species?

Goby larvae Yes?

Goby adults No

Stickleback larvae No
Stickleback adults Yes?, No

* = Atlantic cod larvae No

Z 2 Atlantic cod juveniles No

’ Wrasse juvenile No
: Small-spotted catshark Yes?, No

Neurophysiological problem?

Forsgren et al. 2013; Sundin and Jutfelt 2015; Jutfelt et al. 2013; Naslund et al. Jutfelt 2014; Sundin and Jutfelt In
prep; Maneja et al. 2013; Jutfelt et al. 2013; Jutfelt et al. 2015; Sundin and Jutfelt 2015; Green and Jutfelt 2014
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Tissue damage
In Atlantic cod
larvae




Survival

Cod larvae recruitment collapse?

@resund
Western Baltic cod

Days Post Hatching

e Ambient CO,
vy High CO,

Survival

Arcto-Norwegian
Barents Sea cod

Ambient CO, / High Food
Ambient CO, / Low Food
High CO, / High Food
High CO, / Low Food

Days Post Hatching
Stiasny et al. 2016 Ocean Acidification Effects on Atlantic Cod Larval Survival and Recruitment to the Fished Population




Mesocosms




Ecosystem effects

Geomar KOSMOS Kristineberg mesocosms 2013
Michael Sswat and Catriona Clemmesen

Ten large mesocosms (19 m, 50m?3), five months, 70 people
Enclosed natural ecosystems

Five with control water and five with 760 ppm
Added 1000 herring eggs to each

Simultaneous lab experiments
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Ecosystem effects

Geomar KOSMOS Kristineberg mesocosms 2013
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