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Introduction

Honey bees (Apis mellifera) are known for their
important role in the environment as the chief
pollinators for agricultural crops and plants. Their
recent decline in numbers is of great concern and
has stimulated research efforts to further
understand the behaviour and ecology of this
fascinating animal.

For centuries humans have maintained a special
relationship with the honey bee through the
practice of bee keeping. This has helped scientists
to study the honey bee and its unique behaviours.

The honey bee is of interest to the fields of animal
behaviour, neuroscience and robotics. Bees display
a range of complex behaviours despite a brain
volume of only 1 mm³, which contains
approximately 950, 000 neurons (Menzel et al.,
2006). Thus, when compared to other research
species such as the rat and pigeon, the honey bee
brain can be considered as a relatively simple
structure.

It is difficult to imagine the use of a tiny insect
brain to the complex field of neuroscience when
we only think of honey bees as little insects that
buzz around. What we do not consider is how do
they know where they are going? Do they simply
fly around and land on any flower that takes their
fancy? When thought of in this light the small
world of the honey bee becomes very interesting.

The main objectives of my investigation were to
establish how the honey bee is able to navigate
successfully in its environment, and whether their
ability to learn would make a good model of spatial
learning.

Spatial Learning

Spatial learning is a form of associative learning
that is essential for navigation. In the case of the
honey bee it allows foragers to recognise
landmarks in the environment and deduce from
these what actions are needed to move towards
their goal.

If foragers navigate with the help of visual
landmarks they must learn the outcomes of
following those landmarks. For example, picture a
forager flying from the hive to a meadow full of
flowers. In the meadow there is a prominent tree;
just to the left of the tree is a particularly good
patch of high-yielding flowers. From experience
the forager will have learnt which direction the
field is with regards to the position of the hive
entrance. Once she is out in the open meadow the
prominent landmark tree is visible to her. Also
from prior foraging trips she will have learnt and
committed to memory that if she flies towards the
tree and then bears left she will reach the patch of
flowers.

In most cases the product of spatial learning is the
formation of spatial memories that can be called
upon to remember the location of food sources or
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other locations. In the example above, the forager
learnt that flying left of the landmark tree took her
closer rather than further away from her
destination. She has also made an association
between the prominent, landmark tree and the
patch of flowers – this is associative learning.

Tests of Spatial Learning Displacing honey bees
within their normal foraging range is a useful
method of testing their capabilities for spatial
learning and memory. Generally, these tests
involve displacing bees as they depart from their
hive or feeding station and releasing them at a
different site within their range. An experiment
based on this method, conducted by James Gould
and colleagues, released bees one at a time after
displacement and involved the monitoring of flight
direction after release. In this test the foragers
were released within site of a large tree that
served as a prominent, visual landmark (Figure 1).
Foragers were found to fly directly to the food
source along an unfamiliar route. It is thought that
the bees were able to recognise the landmark and
work out their location with respect to the
landmark and destination (food source) (Gould
and Gould, 1994).

In addition to these visual cues, odours are also
important for the final approach to the flower.
Research has shown that odours are a useful cue
to direct foraging animals to a particular food
source. In the case of the honey bee, the flowers

in which it seeks to obtain its meal of pollen and
nectar, give off a unique odour that signals their
position within the environment. The closer the
honey bee is to its goal the stronger the
concentration of the odour particles in the air. This
gradient concentration is able to guide the honey

bee to the exact flower which is producing the
odour.

Navigation

Honey bees are able to navigate familiar and novel
routes with an accuracy that is comparable with
that of higher vertebrates. In addition, this is
achieved with remarkably fewer neurons and a
poor visual system. As a result of these limitations,
honey bees have a well-developed range of
navigational strategies, with positional and
directional information supplied from the sun,
physical environmental landmarks, polarized light
and odours.

Studies by James and Carol Gould have confirmed
that the primary navigational tool used by honey
bees is the sun. From a young age honey bees will
learn the position of the sun with regard to local
visual landmarks. These memories will serve as
important ‘maps’ for when the bees mature and
begin to forage in the environment.

Figure 1: Illustration of the

foraging range and flight paths
of displaced foragers. Single
dotted line shows the novel
route taken by the displaced
foragers. Paired arcs show the
familiar route taken by
foragers from hive to food
source (Gould and Gould,
1994)
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The use of visual landmarks is an important cue
that allows the displaced forager to locate its
desired destination. It is known that as a honey
bee approaches and departs from a food source, it
will learn and commit to memory any landmarks
and their spatial coordinates in relation to the food
source (Lehrer and Collett, 1994). This form of
spatial learning may also be a component of the
theory of cognitive maps, which as hypothesised
by Gould (1986), is not restricted to vertebrate
species, and is the explanation for the accuracy in
which honey bees navigate.

The theory of ‘mental’ or ‘cognitive’ maps has
been proposed for various species, including the
honey bee, and involves the formation of a
‘mental’ map of the animal’s surroundings. This
theory is used as an explanation for the ability of
displaced individuals to accurately find their way
back to their nest site or original destination, via a
novel route.

Displacement experiments performed by Gould
(1986) tested this theory of cognitive maps in
honey bees. James Gould trained several groups
of bees (Apis mellifera ligustica) to different
feeding stations within a normal foraging distance.
Trained bees were then captured as they were
setting off from the hive, and were displaced to
different sites in the area. Gould then monitored
the direction of flight and flight times to the
expected goal. The theory that invertebrates can
only navigate via route-specific landmarks, would
have resulted in foragers returning via a known
route to the hive and then picking up the path that

they were originally flying towards (Figure 3).
Instead, by recording the flight times of displaced
foragers, Gould concluded that foragers were
navigating to their original goal via a novel route,
aided by an awareness of their position in relation
to local visual cues. For example, bees that were
trained to forage at site A were displaced to site B
as they were leaving the hive. If the bees had a
mental map of the local area they would be able to
fly directly to site A on a novel route (their original
destination before being displaced), without h
aving to fly via the hive. This experiment disputes
the theory that honey bees are only able to
navigate via memories of route-specific landmarks,
preventing them from travelling new routes
between two familiar sites.

An alternative to the cognitive map theory is the
idea that honey bees store a sequence of visual
images as they fly along a familiar route (Gould,
1986), this is known as a ‘route-based system’

(Gould and Gould, 1994). If this was the case, in
the above experiment the displaced foragers
would have had to fly back to the hive before
setting out to the food source. However, as
already explained this did not happen, which
permits the assumption that the foragers
successfully navigated along a novel route to the
food source with the help of a cognitive map of
their range (Gould and Gould, 1994).

Neurobiology

It is clear from the honey bees amazing ability to
learn and navigate successfully, that there is

Figure 3: Displacement experiments

conducted by Gould (1986). Honey bees
(Apis mellifera ligustica) were able to
travel along a novel route between two
familiar sites, aided by a cognitive map
of the local area.
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something special occurring in its brain that is
allowing it to perform these behaviours. The fact
that the honey bee can learn and navigate is not
special in itself as this has been studied in many
other species. However what is special is that the
honey bee achieves all of this in its short lifespan
with only 950, ooo neurons.

This may not mean much unless compared to
other species – for example the estimated total
number of neurons in the central nervous system
for:

- common octopus and small mammals –
30 to 100 million neurons

- whales and elephants – exceeding 200
billion neurons

- humans – 10 billion to 1 trillion
neurons (Williams and Herrup, 1988)

The reason for all the interest in the honey bee
brain is that due to its small size it is possible that
the essential neural components for spatial
learning and/or navigation are present in the
limited neurons of the honey bee brain. This has
fuelled numerous studies on the structure and
function of specific areas in the brain.

Previous research has highlighted prominent brain
structures that are involved in sensory processing
and integration. These structures have been
termed the mushroom bodies, which are thought
to be analogous to the mammalian hippocampus.
The mammalian hippocampus is the centre of
higher-order processing, spatial learning and
memory formation (Kolb and Whishaw, 2006).

The mushroom bodies have been found to receive
a variety of neuronal inputs from the sensory
organs, such as the compound eyes and the
proboscis. Paired with the role of forming
memories it has been proposed that the
mushroom bodies are a likely site for spatial-
related learning. This is a fair proposal that fits
with the requirements of spatial learning. As
mentioned the foraging honey bee will use its
senses to locate its food source, whether it
reaches its destination by using its eyes or its sense
of smell. The honey bee will then remember the
location of the food source and the journey taken;
therefore strengthening the idea that the
mushroom bodies are involved with spatial
learning.

The neurobiology of spatial learning in the honey
bee is a key part of understanding how such tiny
foragers are able to navigate and memorise their

environments. However it seems that the only
way to study this type of learning is to monitor the
movements of free-flying bees. This has been
done successfully in behavioural studies, however
to understand the neural processes occurring
during this behaviour recordings must be taken
from the neurons themselves. At the present
there is no such technique for spatial learning, but
this is not the case for olfactory learning. Both
spatial and olfactory learning are considered to be
forms of associative learning, and with olfactory
learning being one of the most studied forms of
learning in invertebrates, information gathered
from these studies may be applied to spatial
learning.

Conclusion

Despite the potential of the honey bee brain to
provide fascinating information on the neural
processes of navigation and spatial learning, it is
proving very tricky to obtain. The main
disadvantage of using the honey bee as a model is
the lack of experimental techniques available to
manipulate and record from such a tiny nervous
system.

However this is what research is all about. The
development of techniques and methods runs
hand-in-hand with the successes of obtaining
ground-breaking information. The honey bee has
already proved its worth in confirming the use of
cognitive mapping and polarized light for
navigation, and undoubtedly has more secrets to
be uncovered.
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