
Respiration

Waiting to exhale… and then 
inhale… and then exhale… and 

so on.









Vertebrate Respiration 

Exchanging waste byproducts (mostly CO2) of cellular respiration for 
oxygen 
External: Gas exchange between blood and external environment
Internal: Gas exchange between blood and internal tissues

O2-rich air 
or water

CO2-rich 
blood



Ways to Improve Respiration

• Increase surface area 
• Decrease barrier width
• Increase rate of flow of air/water over 

surface
• Increase rate of flow of blood through 

surface
• Match rates of air/water flow and blood 

flow
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Lungs/Gas Bladders



Cutaneous Respiration
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Lamprey Ventilation

Larval Stage
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Lamprey Ventilation

Adult Stage

Pharynx
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Elasmobranchs



Ram Ventilation



Jaws

Exapted Gill Arches

Allow for increased 
water flow into mouth

Good for respiration

Good for obtaining 
food



Jaws

470 Ma (Ordovician)

Oldest known are 
fossil Placoderms and 
Acanthodians

Acanthodian

Placoderms



Gnathostome Phylogeny
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Dual Pump



Elasmobranch vs. Opercular
Actinopterygian
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External Gills
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Bothriolepus
•Middle to Late 
Devonian (387-360 
Ma) Placoderm

•Armored head

•Fossil evidence of 
paired lungs?
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Lungs vs. Gas Bladders

• Lungs are ventral to digestive track, gas 
bladders are dorsal

• Lungs are paired (usually), gas bladders 
are singular

• Blood from lung exits directly to heart, 
blood from gas bladders  goes back into 
general circulation system.
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Buccal (Pulse) Pump
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Aspiration Pump



Ichthyostega (365 Ma, Devonian)

The axial skeleton of the Devonian tetrapod Ichthyostega. Per Erik Ahlberg, Jennifer A. Clack & Henning Blom, Nature 437, 137-
140(1 September 2005); doi:10.1038/nature03893
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Mammal Lungs

Compression of lung 
cavity

Expansion of lung cavity

Air flow at 
muzzle



Mammal Lungs

Diaphragm: 
Recoiled 
(Compressing)



Mammal Lungs



Mammal Lungs



Avian Lungs



Avian Lungs
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