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Lecture 2: Circulation and Gas 
Exchange I (Chapter 42)
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¢ƘŜƳŜǎ ǘƘŀǘ ǿŜΩƭƭ ƻŦǘŜƴ ŎƻƳŜ ŀŎǊƻǎǎΥ

ÅOrganisms have similar functional needs, but 
have developed diverse ways of meeting them

ÅOrganisms must obey physical laws

ÅUnderstanding how an organism works 
involves biochemistry, cell biology, physiology, 
ecology and evolution
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Cellular respiration

ÅA type of controlled 
combustion:

ÅReduced carbon 
(e.g., glucose) + O2
Å ------->  CO2 + H2O

mitochondrion

Organismal respiration -- a simple view
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The simple view is true for animals, 
but there are differences

ÅNeed to consider the problem of how gases 
get into and out of an animal

ÅDifferences are observed in types of 
respiratory surfaces

Å¢Ƙƛǎ ǿƛƭƭ ōŜ ǘƘŜ ŦƻŎǳǎ ƻŦ ǘƻŘŀȅΩǎ ƭŜŎǘǳǊŜ
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Why does size matter in respiration?

ÅRate of diffusion of gases (e.g., oxygen)

Gas molecules

Gas permeable membrane

How fast is diffusion of oxygen?

Å1 micron (µm) in 10-4 seconds

ïOne millionth of a meter in one tenth of a 
millisecond

1 µm

How does diffusion work?
Consider a point source of a 

diffusing substance
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Each molecule will travel randomly 
(brownian motion)

Over time particles will become 
separated

.ǳǘ ǇŀǊǘƛŎƭŜǎ ŘƻƴΩǘ Ƨǳǎǘ ƳƻǾŜ ŀǿŀȅ 
from the original point source
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They are travelling randomly

Thus...

ÅIt takes a long time for molecules to diffuse 
over long distances

Distance

ά{ǇŜŜŘέ ƻŦ ƻȄȅƎŜƴ ŘƛŦŦǳǎƛƻƴ ƛƴ 
liquid

Å1 µm in 10-4 seconds

Å1000 µm (1 mm) in 100 seconds

ÅThus diffusion can supply oxygen only over 
very short distances
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Examples where oxygen diffuses 
only short distances

ÅVertebrate lung

ÅVery small organisms

Vertebrate Lung

Picture is 500 µm across

Diffusion distance from alveoli to capillary is short
Alveoli

Capillary

Vertebrate Lung

Picture is 500 µm across
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Very Small Organisms

Rate of oxygen entry is influenced 
by external concentration

How small does an organism have 
to be to rely on diffusion alone?

ÅConsider a sphericalsea 
creature 1 mm wide

Åoxygen concentrationin 
normal seawater is 
sufficient to support low 
rates of respiration

ÅPredicted that oxygen 
concentration only needs to 
be 71% of normal levels

1 mm


