
Evolution of birds’ feet
Currently, the most supported hypothesis is that birds evolved from a branch of 
theropod dinosaurs. When we compare the feet of theropods with those of early 
fossil relatives, such as Archaeopteryx, and of present day chickens, the similarity 
is remarkable (see Figure 1). The difference in the bird lineage is the presence of an 
opposable digit, the hallux. In 2015, scientists at the University of Chile reported 
that chemically preventing the movement of the hallux during chicken development 
resulted in limbs exactly like those of theropods.

Figure 1 Comparison of the hind limb digits of chicken and theropod
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Flightless sprinters
From their theropod origins, birds have undergone 
remarkable radiations to provide the diversity we 
now see. After first evolving flight, some lineages 
reverted to flightlessness while others evolved aquatic 
adaptations. It’s an extraordinary expansion. The 
emu, Dromaius novaehollandiae, is typical of many 
large flightless birds (ratites). Emus, along with other 
ratites such as cassowaries, have lost their hallux 
during evolution and have only three, forward-
facing toes. Both species reach running speeds of 
around 50 km h−1. The champion runner is of course 
the ostrich. The ostrich lost further toes during its 
evolution and now has only two. It reaches speeds 
over 70 km h−1. The loss of toes contributes to 
a reduction in lower-leg mass and reduces 
ground contact. Such adaptations are 
found in many cursorial animals. For 
example, horses run on the toenail of 
their third digit.

Organisation of bird toes
Most birds’ feet have four toes and they have a variety of forms (see Figure 2). Birds 
in the order Passeriformes (perching birds, such as the robin and the wheatear) 
show anisodactyly — an adaptation that facilitates perching and general walking. 
Woodpeckers, owls, cuckoos and roadrunners have a zygodactyl arrangement of toes, 
kingfishers a syndactyl arrangement, and swifts are an example of pamprodactyly.

Figure 2 The organisation of birds’ toes. Digit 1 is the hallux. In the 
pamprodactyl arrangement, digits 1 and 4 can move freely so help the feet 
to cling
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Chasing the waves
Adaptations of birds’ feet that facilitate running have 
evolved more than once. An example in the northern 
hemisphere is the sanderling. These waders breed on the 
Arctic tundra, migrating south in autumn and returning 
in summer. They are common on UK shores in spring, 
gathering in small flocks to probe the sand of wave-
washed beaches for invertebrates. They can be seen 
sprinting in front of the receding waves to get their food, 
running back and forth. Like emus, sanderlings have 
three toes and no hallux.

Outrunning the coyote?
Other birds have different foot adaptations. As a child in the 1970s, I loved the 
Road Runner from the Warner Brothers’ cartoon and his ability to outrun and 
outsmart Wylie Coyote. In real life, the roadrunner, Geococcyx californicus, lives 
in the deserts of southwestern USA and Central America, catching reptiles and 
small mammals and almost 
never flying. Its zygodactyl 
feet demonstrate relatedness 
to woodpeckers and cuckoos. 
This arrangement of toes 
is usually associated with 
climbing birds, but it is also 
suitable for running. However, 
while roadrunners can reach 
speeds of up to 30 km h−1, this 
is not fast enough to outrun a 
hungry coyote!

Bird adaptations for running
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How an ostrich outruns a top athlete: 
www.youtube.com/watch?v=rJ0Ex4Xp3gM

Sanderlings dodging the waves: 
www.youtube.com/watch?v=HDyhPUkKiFY

Further viewing  

You can download a pdf of this spread to 
print as a poster at www.hoddereducation.
co.uk/bioreviewextras
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Cursorial  Animals adapted to running. 

Hallux  The first digit of the hind limb — big toe in humans.

Theropod  A member from the dinosaur suborder theropoda.  ‘Thero’, meaning 
beast, ‘poda’ meaning footed. They have hollow bones, a wishbone and three 
forward-facing toes.

Terms explained 

A greater American roadrunner

Sanderling, showing a three-
toed adaptation to running
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The feet of two large ratites — 
emu (top) and ostrich (bottom)

A wheatear (Oenanthe 
oenanthe) showing 
anisodactyl toes


