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Navigation by path integration has 
been demonstrated in species as 

diverse as ants, homing pigeons and 
humans. In a recent study of olfactory 
effects on path integration in young 
homing pigeons, we showed that birds 
deprived of odors during displacement 
to nearby release sites were disoriented, 
while those exposed to natural odors, or 
to artificial/novel odors, were homeward 
oriented. These findings show that olfac-
tory input activates non-olfactory path 
integration systems and, in the absence 
of olfactory stimulation, cues normally 
used by young pigeons for path integra-
tion, failed to produce homeward orienta-
tion. Interestingly, in humans, olfactory 
dysfunction is frequently observed in 
patients in the early stages of Alzheimer 
disease (AD). A large portion of early AD 
patients also exhibit a specific failure of 
path integration ability, including a defi-
cit in perception of radial optic flow cues 
necessary for accurate heading determi-
nation (“motion blindness”). Here we 
suggest that loss of olfactory activation of 
path integrations systems could explain 
the navigational impairment in the early 
stages of Alzheimer disease patients. 
Moreover, we propose that odor expo-
sures, similar to experiments carried out 
with pigeons, provide a powerful non-
invasive technique to determine whether 
deficits on olfactory activation play a sig-
nificant role in this debilitating disease.

Olfaction plays many well established roles 
in vertebrate sensory perception, includ-
ing recognition of conspecifics, avoidance 
of predators, location and assessment of 

food resources, and activation of the stor-
age and recall of episodic memory.1,2 Less 
well understood is the role of odors in 
vertebrate navigation.3 In vertebrates as 
diverse as birds and sea turtles, olfactory 
cues have been hypothesized to provide 
an important source of navigational map 
information. Large body of experiments, 
most carried out with homing pigeons, 
have shown that olfactory deprivation 
causes decreases in the accuracy of hom-
ing orientation and/or homing success.

In a recent study, we investigated the 
effects of olfactory exposure during dis-
placement to release sites on the homing 
orientation of young pigeons.3 Young, 
inexperienced pigeons have been shown to 
rely on information obtained during dis-
placement (i.e., path integration) to deter-
mine the home direction.4,5 Consistent 
with findings from other researchers, 
young birds deprived of olfactory infor-
mation during displacement were dis-
oriented. In contrast, birds exposed to 
natural odors, or to artificial/novel odors 
(presented in a manner that could not 
provide navigational information3), were 
homeward oriented, demonstrating that 
the role of olfactory input on the homing 
systems of young pigeons is activational, 
rather than a navigational. When deprived 
of olfactory input, pigeons apparently did 
not integrate correctly a variety of other 
non-olfactory cues (e.g., directional infor-
mation from familiar landmarks, mag-
netic and sun compasses), which they have 
been shown to use for path integration in 
other contexts.6

In humans, deficits in olfactory dis-
crimination are generally associated with 
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impairment, exposure to a sequence of 
novel odors should improve a patient’s 
ability to retrace the route of a displace-
ment, as well as to draw or ‘map’ this route. 
Novel odor exposure should also improve 
radial optic flow discrimination, which is 
an important component of the human 
path integration system.16-18 Similarly, in 
normal human subjects, olfactory depri-
vation produced by exposure to synthetic 
air should cause a decrease in navigational 
performance, in mapping ability, and in 
radial optic flow discrimination that is 
reversed by introduction of novel odors. 
A similar approach may prove useful in 
determining whether abnormally high 
or low levels of olfactory activation con-
tribute to other cognitive disorders that 
involve cross modal ‘gating’ of sensory 
information.
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