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GDP being pledged towards significant reduc-
tions (27%; Table 1) represents 9% of the
global economy; the upper bound represents
16.7%, which is slightly larger than the GDP of
Japan, the world’s second largest economy.
Although there is no US federal cooperation
with Kyoto, the implementation of climate-
change policies by lower levels of government
are widespread and governed by pledges that
are not dissimilar from the targets adopted in
Kyoto. These pooled efforts will ultimately be
gauged by the real reductions in emissions that
they achieve.
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ANT NAVIGATION

Priming of visual route memories

Ants travelling to and fro between their nest
and a foraging area may follow stereotyped
foodward and homeward routes that are
guided by different visual and directional
memory sequences'®. Honeybees are known
to fly a feeder-to-hive or hive-to-feeder vector
according to whether or not they have recently
fed — their feeding state controls which com-
pass direction they select’”. We show here that
the feeding state of the wood ant Formica rufa
also determines the choice between an outward
or inward journey, but by priming the selective
retrieval of visual landmark memories.

We trained the ants along a foraging route in
which the appearance of a landmark differed
on the ants’ foodward and homeward paths.
The ants ran 1 m from a start-pot to a drop of
sucrose, both of which lay 20 cm from a black
wall that was 2 m long and 20 cm high. They
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were guided by the remembered appearance of
the wall®, which was to their left on the way to
food and to their right on the way home. (For
methods, see supplementary information.)

To investigate the role of feeding state in
priming visual memories for the foodward or
homeward route, trained ants that had either
been fed or left unfed were placed individually
in a start-pot midway along the wall (Fig. 1a).
Unfed ants walked so that they viewed the wall
on their left (59 out of 63 paths from 23 ants);
fed ants viewed the wall on their right (56 of 61
paths from 20 ants). The wall was regularly
rotated during training and the visual scene
was identical for fed and unfed ants. We con-
clude that the ants’ feeding state, rather than
the compass orientation or panoramic con-
text, determines whether foodward or home-
ward memories are primed.

Figure 1| Wood ants use feeding state
to select visual memories for guiding
routes towards food or the nest.

a, Individual trajectories of unfed and
previously fed ants released from a
start-pot (white circle). Thick line
indicates the mean path, with 95%
confidence interval (CI) plotted every
10 cm. b, Trajectories of ants when the
start-pot is placed midway between two

S walls. The exit from the start-pot is at
d the top of the figure. Fed ants left in the
direction of the exit; unfed ants circled
Foodward . . .
100 the pot before choosing a direction.
= -1 o SR ; ¢, Y-shaped maze (dotted lines indicate
% o _"_'_CfT_e_‘_"{_a_r_‘f'[_ front wall) with different patterns for
O 50%  homeward and foodward routes (see
& supplementary information). Distance
0 from Y junction to pattern, 33 cm.
wo o 9100 g Ants performance on foodward and
Training trials . . .. .
homeward journeys in training, showing

mean choices of 11 ants (95% CI).
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Ants did not just learn fixed motor patterns
(for example, to turn left when fed) as the paths
were the same, irrespective of whether the exit
from the ants’ start-pot faced the wall (as in
training) or faced away. Ants placed midway
between two identical walls 80 cm apart
(Fig. 1b) walked closer to the left wall when
unfed (20 of 20 paths, 9 ants) and to the right
wall when fed (22 of 22 paths, 9 ants), thereby
matching the route-specific visual memory
that was primed by their feeding state.

In a second experiment, ants learned a forag-
ing route in which they ran twice through the
same Y’ maze, first to reach food and then to be
returned to the nest. Each arm of the Y’led toa
different visual pattern (Fig. 1c). One of the two
patterns signalled the way to food, and the other
the way home. Training patterns were fre-
quently switched between sides. Antslearned to
choose the foodward pattern when unfed and
the homeward pattern after feeding (Fig. 1d).

In unrewarded tests, unfed or previously fed
ants made two journeys through the maze.
On both journeys, ants chose the foodward
pattern when unfed (first journey, 41 out of 44
correct; second, 37 of 41 correct) and the
homeward pattern when fed (first journey, 38
of 43 correct; second, 25 of 28 correct) (all
P <0.0001). We conclude that the ants’ visual
memories were primed by feeding state and
not by the sequence of rewarded patterns.

Although ants are rigid in sticking to famil-
iar routes, they are like honeybees in that they
show flexibility in choosing between routes.
The selective priming of visual and vector
memories specific to a particular route is an
important component of this flexibility”* .
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