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Describing Air Flow in Bird Lungs
Introduction
The anatomy of the respiratory system of birds
is complex, consisting of lungs where exchange
of O2 and CO2 between the air and the blood
take place, a variety of air sacs where gas
exchange does not occur between air and blood,
and a complex system of interconnecting
airways. The lungs do not change much in
volume when the bird breathes, so it was
thought that the air sacs function in some way
as bellows to ventilate the lungs. However, the
pattern of air flow through this complex system
was difficult to figure out. Several attempts had
been made to allow birds to breathe marker
gases and then discover how these gases moved
through the respiratory system. One difficulty
with these experiments was that most birds
have a rather high breathing rate and sampling
techniques were not fast enough to detect the
marker gases in single breaths. Knut SchmidtNielsen from Duke University and colleagues
tried a different approach to solving this
problem. They experimented with a very large
bird, the ostrich, which breathes slowly. They
gave the ostrich single breaths of pure oxygen
and, using an oxygen electrode placed in
different air sacs, showed that the pulse of
oxygen arrived first in air sacs that were in
more posterior locations and then on a second
cycle of inhalation/exhalation, the oxygen pulse
arrived in the more anterior air sacs.
Subsequently, Bretz and Schmidt-Nielsen used a mass spectrometer to detect the marker gases. Because
the mass spectrometer can analyze very tiny volumes, it was possible to increase the rate of sampling air
from the bird respiratory system and therefore achieve accurate breath-by-breath detection of the marker
gas (which in these experiments was argon), and they were also able to do this in ducks, which have a
breathing rate slightly higher than that of ostriches.
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Analyze the Data
Bretz and Schmidt-Nielsen surgically placed a T-tube in the trachea of the ducks which allowed them
switch between air and a reservoir of argon. Thus, they could give the ducks a single breath of argon.
With fine needles, they placed tiny tubes in the various air sacs of the ducks and continuously sampled
the air as the ducks breathed. They were also able to record the breathing of the ducks by measuring the
pressure in these tiny tubes. By giving the ducks single breaths of argon, they were able to compare the
timing of arrival of the argon in different air sacs as a function of the breathing cycle as shown below.

© 2012 Sinauer Associates, Inc.

AP Biology -- John Burroughs School -- M. Bahe
Working With Data from Principles of Life by Hillis

Figure 1 In each panel, the top figure is the pressure curve showing the breathing cycle and the bottom curve is
the argon concentration in A, the caudal thoracic sac; B, the abdominal air sac; C, the cranial thoracic air sac; and
D, interclavicular air sac.

Sampling site

Cycle 0

Cycle 1

Cycle 2

Cycle 3

Cranial thoracic sac

0

0

+

–

Interclavicular sac

0

0

+

–

Caudal thoracic sac

0

+

–

–

Abdominal sac

0

+

–

–

Table 1 The tabulated results on the timing of the marker gas arrival in the different air sacs.
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Question 1
Even with their fast sampling and detection system, there was still a delay between the time the marker
gas arrived at the sampling tube in the bird and when it was detected by the mass spectrometer. How
would Bretz and Schmidt-Nielsen measure this source of error in their data and correct for it?
Question 2
Group the air sacs according to marker gas arrival times.
A. Based on these results, explain how respiratory gases flow through a duck’s respiratory system.
B. What is the significance of this pattern of ventilation of the lungs of a duck?
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