
lthough flight is efficient in terms 
of the energetic cost per unit dis-
tance covered, powered flight is 
one of the most energetically ex-
pensive modes of locomotion per 

unit time. This means that birds re-
quire an effective respiratory system 
to deliver sufficient oxygen to power 
the flight muscles. Unlike mammals, 
where the lungs are blind structures 
and air flow in and out is tidal, birds 
have through-flow lungs connected to 
a series of air sacs. 

The main role of the air sacs is to 
act as bellows, pushing air continu-
ously through the lungs while the bird 
breathes in and out. Because air flow 
is unidirectional, a counter-current 
blood flow system ensures that as 
much oxygen as possible is harvested. 
As a result, gas exchange in birds is 
much more efficient than in mammals. 

Interestingly, this adaptation is not 
confined to birds. Crocodiles and alli-
gators have a similar system, although 
air flow is driven by a different mecha-
nism. The avian air sac system proba-
bly evolved in theropod dinosaurs, the 
direct ancestors of modern birds. Vari-
ous lines of evidence indicate that the 

pterosaurs, the first flying vertebrates, 
also had a through-flow lung linked to 
a network of air sacs. 

Birds typically have nine air sacs, 
many of which have non-ventilatory 
appendages termed diverticula that ex-
tend throughout much of a bird’s body. 
In addition to facilitating gas exchange, 
air sacs influence heat exchange and 
moisture loss. They also play a role 
in vocalisations by regulating air flow 
across the syrinx and by creating reso-
nance chambers. In some species, the 
air sacs and diverticula are used in 
displays. In the Marabou Stork, for in-
stance, they inflate neck pouches that 
indicate social status. Subcutaneous 
air sacs also help to buffer the impact 
of plunge diving in gannets and some 
pelicans. 

A recent paper by Emma Schachner 
and colleagues in Nature (doi: 10.1038/
s41586-024-07485-y) describes a novel 
function for the subpectoral diverticu-
lum, an extension of the interclavicu-
lar air sac that lies between the flight 
muscles in some birds. During flight, 
the wing’s downstroke is powered by 
the pectoralis muscle, the larger of the 
two main flight muscles on the outside 
of a bird’s breast. The supracoracoideus 
muscle, which lies along the breastbone 
under the pectoralis muscle, raises the 
wing during the recovery stroke. 

When a bird is soaring or gliding, 
its wing muscles don’t need to expand 
and contract, but the pectoralis muscle 
holds the wing at the correct angle to 
ensure effective flight. This requires an 
isometric contraction and incurs some 
energy expenditure. Soaring birds have 
slow muscle fibres deep in their pecto-
ralis specifically for this role, and these 
use less energy than the fast muscle fi-
bres used for powered flight. 

The force exerted by the pectoralis 
muscle during soaring flight depends on 
the angle between the muscle and its in-
sertion point on the humerus; the more 
vertical this angle, the less force required. 
Inflating the subpectoral diverticulum, 
which lies between the two flight mus-
cles, increases the angle of attachment to 
the humerus, reducing the effort required 
by the pectoralis muscle while soaring. 

As expected, a well-developed sub-
pectoral diverticulum is only found in 
birds that regularly soar or glide, in-
cluding eagles, hawks, vultures, storks, 
cranes, pelicans, gannets, frigatebirds, 
cormorants, albatrosses and petrels. 

This is the first direct evidence that 
the air sac system can play a role in the 
mechanics of avian flight. It will be in-
teresting to see whether it sparks fur-
ther discoveries about this overlooked 
organ system.
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A recent study describes how an extension of the interclavicular 

air sac between the major flight muscles helps birds to soar.

air sacs facilitate soaring

ALTA OOSTHUIZEN

what’s in a name?
Fiery-necked Nightjar Caprimulgus pectoralis 

‘A breasted goat-sucker.’

Capri/mulgus (Latin: capra = goat + mulgere = to milk) 

The Old English name of ‘goat-sucker’ for nightjars reflects a false 

belief based on the birds’ wide gape and their tendency to be 

found in the vicinity of goats. This ancient notion was articulated 

by the first-century writer Pliny, who stated, ‘Those called goat-

suckers, which resemble a rather large ‘blackbird’, are night thieves. 

They enter the shepherd’s stall and fly to the goat’s udders in order 

to suck their milk, which injures the udder and makes it perish, and 

the goats they have milked in this way go blind.’ The truth is that 

nightjars eat the insects that are plentiful near stock pens.

pectoralis (Latin: pectoralis = of the breast)

This refers to the white throat patch that is exposed when the 

Fiery-necked Nightjar is calling. The most notable of its calls, 

‘Good Lord, deliver us’, is unlike that of other nightjars such as 

the European, Rufous-cheeked and Square-tailed, whose calls 

resemble a frog-like jarring or churring and can be sustained for 

several minutes.

François Levaillant, the French explorer and early ornithologist 

of South African birds, noted that in France nightjars were popu-

larly referred to as crapauds volants, or ‘flying toads’.
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ABOVE  Air sacs reduce the energy used to hold 

wings at the correct angle for soaring in birds 

like this Tristan Albatross.
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