


• Scan in photos of orcas feeding on great whales
• Know there are lots of orcas in the north Pacific















A Life without Oxygen: 
The Physiology of Marine Mammals
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COMPETITION FOR RESOURCES



How marine mammals do what 
they do!





Dive Response

• Stop Breathing

• ↓ Cardiac Output

• ↓ Peripheral Blood Flow

• Lungs Collapse below 60m

• But Maintain Aerobic Metabolism

























Adaptations to Maintain Aerobic 
Metabolism under Hypoxic Conditions

↑ Volume Density of Mitochondria

↑Aerobic Enzyme Capacities 

↑Myoglobin Concentrations

↑ Reliance on fatty acids As the main 
fuel source for aerobic metabolism

↓Intra-muscular Diffusion Distances 

↓ Capillary supply











Adaptations to Maintain Aerobic 
Metabolism under Hypoxic Conditions 

in Deep Divers
↓ Volume Density of Mitochondria

↑Aerobic Enzyme Capacities 

↑Myoglobin Concentrations

↑ Reliance on fatty acids As the main 
fuel source for aerobic metabolism

↓Intra-muscular Diffusion Distances 

↓ Capillary supply
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C. Bottlenose Dolphin 
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D. Blue Whale





Body Mass (kg)

0.1 1 10 100 1000 10000

Vo
lu

m
e 

D
en

si
ty

 o
f M

ito
ch

on
dr

ia
 (%

Vv
(m

t,f
))

0

2

4

6

8

10

12

Dogs

Harbor Seals

Northern Fur
Seals

Ponies

Steller Sea
Lions

Weddell 
Seals



Adaptations to Maintain Aerobic Metabolism 
under Hypoxic Conditions

1) An increased aerobic capacity (or one that is matched 
to routine levels of exertion)

2) A high reliance on fatty acid catabolism for aerobic ATP production

3) Enhanced oxygen storage in the skeletal muscles

4) A reduced dependency (e.g., decreased capillary density) on blood-
borne oxygen and metabolites compared to terrestrial mammals 
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