





'Table 1. Mean numbers of ants present on the experimental apj.arati- at times fa (food deliverance), tb (food
retrieval), b’ (1 min after meat retrieval), fc (5 min before m=at re::ieval), to (times other than ta, tb and tc).
For ta, tb, tb": mean of 5 values; for 7¢: mean of 10 values; for to: nican of 41, 51, 61 or 71 values depending
on experiment. *: significantly larger or smaller than mean :umb-: at fo. (*): significantly larger (instead of
smaller as expected) than mean number at fo. NS: not significantly z1fferent from mean number at fo. Level of

probability = 0.05.

reward tested colonies | test to ta {c tb tb’
sugared | A,B,C,D 1 126 | 19.6* 10.4 *
water 2 183 | 22.8* 134 *
E,F,GH 1 11.7 | 18.2* 42*
2 145 | 26.2* 7.0*
L,JLKL 1 8.1 16.0 * 52%*
2 145 | 25.0* 14.2 NS
meat A,B,CD 1 1.0 28* [ 1.2% 0.0* 02*
2 2.2 44* | 64* | 20NS 1.6 *
E,F,G H 1 45 | 100* | 7.1* 36* 1.8 *
2 2.2 94* | 80* | 28NS | 24 NS
LJLKL 1 4.0 74* | 88* | 64(% 58(%
2 4.7 92* | 6.7* | 6.0(* | 46NS
An entire experiment consisted successively of ~ Ant testing

a control, six first training (= conditioning)
experiments, a first test, six second fraining (=
conditioning) experiments, and finally a second
test.

Ant conditioning

The six first and second training experiments
were made one per day, at different times to
avoid temporal learning (possible in this species,
Cammaerts, 2004 a).

A training experiment (simultaneously
performed on four colonies) consisted of:

- firstly placing the experimental (training)
apparatus onto the foraging area of the four
used colonies at a given time of day;

- then waiting the elapsed time that the ants
of these four colonies were required to
learn;

- immediately thereafter, delivering, onto the
experimental apparatus, on the cover glass
slide, the adequate reward (sugared
water/piece of cockroach);

- from that moment, waiting for exactly 20
min;

- thereafter promptly removing the reward
and the experimental apparatus from the
foraging area of the four used colonies,
gently putting back on their tray those ants
present on the removed objects.

Each control, first and second test were

performed as follows:

- the experimental (test) apparatus were
deposited on the foraging area of the four
used colonies (no reward given here);

- then, immediately, for each of the four used
colonies, the ants present on the
experimental apparatus were counted each
30 s. This was done without interruption,
successively for: the elapsed time the ants
had to learn (5, 10 or 15 min), the 20 min
during which the reward had previously
been given, and the 5 min following the
time at which the reward and the apparatus
were removed at the training sessions;

- thereafter, the test apparatus were removed
from the foraging area of the four used
colonies, and those ants present on the
apparatus gently returned onto their tray.

Statistical analysis

The mean numbers of ants (of the four
colonies used to perform one experiment) present
on the experimental apparatus at the time at
which food was delivered during training (ta =
mean of numbers at ta — 30’ to ta + 1°30°";
mean of 5 values), at the time at which food was
retrieved during training (tb = mean of numbers
at tb to tb + 2°; mean of 5 values) and, only when
ants were trained with meat as a reward, during

/97




the five minutes preceding the time tb (tc = mean
of numbers at tb — 5’to tb — 30°’; mean of 10
values) as well as during the elapsed time 1
minute after tb (b’ = mean of numbers at tb +
1°30” to tb + 3°30°’; mean of 5 values) were
compared to the mean numbers of ants present
on the apparatus at times other than ta, tb and tc
(i.e. mean of 41, 51, 61 or 71 values depending
on the experiment), using the non-parametric 2 x
2 contingency table x*> test (SIEGEL &
CASTELLAN, 1989).

Results

Control

Before any conditioning, only 1 to 4 ants were
present, at a given time, on the experimental
apparatus deposited, without reward, on the
foraging area of the twelve ant colonies used.
The mean number randomly varied over the
course of time (Fig. 2, graph 1).

Learning with sugared water as a reward

Ants of the first series (colonies A-D) were
more numerous (P < 0.01) on the experimental
apparatus 5-6 min after the apparatus were
deposited on the colonies’ foraging area. After
that, the ants were somewhat less numerous but
still climbed onto the apparatus. Twenty-five
minutes after the beginning of the test, i.e. at the
time of food retrieval during training, they
became less numerous (P < 0.01) (Fig. 2, graph
2; Tab. 1 upper part, A, B, C, D).

The numbers of ants of the second series (E-
H) present on the experimental apparatus
increased 10 min after depositing the apparatus
on the foraging area (P < 0.01). Immediately
thereafter it decreased, finally dropping down (P
< 0.01) 30 min after this deposit, i.e. exactly
when the reward was retrieved during training
(Fig. 2, graph 3; Tab. 1 upper part, E, F, G, H).

In the third series (I-L), significantly more ants
climbed onto the experimental apparatus 15 min
after its deposit (P < 0.01). Immediately
thereafter, fewer ants climbed on the apparatus.
Then, suddenly, 35 min after the beginning of
the test, significantly fewer (P < 0.01, first test) —
or as many ants as at times other than the ‘food
delivering’ and the ‘food retrieving’ times (NS,
second test) — still remained on the apparatus
(Fig. 2, graph 4; Tab. 1 upper part, I, J, K, L).

L.earning with meat as a reward

Ti:e ants of the first series (A-D) present on
the experimental apparatus became more
nuraerous 10 min after the apparatus was
decosited (P < 0.01). Their numbers declined
ur:il about 28 min after the beginning of the test.
A: that time, they again became very numerous
(I’ < 0.01). After that, about 30.to 32 min after
the beginning of the test (i.e. just after food
refrieval during training), the ant numbers
dropped drastically (P < 0.01; Fig. 2, graph 5;
Tab. 1 lower part, A, B, C, D).

The ants of the second series (E-H) climbing
on the apparatus became more numerous 15 min
after apparatus deposition (P < 0.01). Numbers
dropped again until about 30 min after test begin.
At that time, numbers again increased
considerably (P < 0.01). About 35 to 37 min after
apparatus deposition (i.e. just after food was
retrieval during training), they stopped climbing
onto and even left the experimental apparatus. In
fact, their numbers dropped below (P < 0.01, first
test) or were similar to (NS, second test) those at
times other than ‘food deliverance’, ‘before food
retrieval’ and ‘food retrieval’ (Fig. 2, graph 6;
Tab. 1 lower part, E, F, G, H).

In the third series (I-L), ant numbers on the
experimental apparatus increased 5 min after
apparatus deposition (P < 0.01), then decreased
and again increased (P < 0.01) about 22 min after
deposition. The numbers again decreased about
25 to 27 min after the initial presentation of the
apparatus (i.e. after the time of food retrieval
during training), but were not statistically smaller
than the values at times other than ‘food
deliverance’, ‘before food retrieval’ and ‘food
retrieval’ (NS or statistically larger; Fig. 2, graph
7; Tab. 1 lower part, I, J, K, L)

Qualitative observations

During the training phase of those experiments
using meat as a reward, after two to three training
(conditioning) experiments, the ants pulled the
delivered piece of cockroach away from the
apparatus (about 5 min before the time that the
experimenter removed that piece of cockroach)
(Fig. 1, B). Note that while the present work was
performed, 32 other ant colonies were
maintained in the laboratory without being
tested: none of them pulled the delivered meat
away as quickly as that observed for the twelve
trained colonies (e.g. 10 to 24 hours later in
untested ants).
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Figure 2. Mean number of ants (y-axis) present, in the course of time (x-axis: numbers of
counts, one count each 30 sec, t = 0: deposit of the experimental apparatus) on the
experimental apparatus during the experiments. Graph 1 = control experiment. Graphs 2 to
7 = test experiments. With sugared water as a reward, colonies A, B, C, D had to leam a 5
min elapsed time (graph 2), colonies E, F, G, H, a 10 min (graph 3) and colonies I, J, K, L,
a 15 min (graph 4). With meat as a reward, colonies A, B, C, D had to learn a 10 min elapsed
time (graph 5), colonies E, F, G, H, a 15 min (graph 6) and colonies I, J, K, L, a 5 min (graph
7). Left arrows: times at which food was delivered during training; right arrows: times at
which food was retrieved during training. Arcs of circle: time periods preceding meat
retrieving during training. Black curves: first test; grey curves: second test.
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During training and testing experiments,
foraging ants were often seen changing their
direction of movement, moving towards the
deposited apparatus and walking around it until
the precise time at which food was (traiﬁling
experiments) or should have been (test
experiments) delivered. At that precise time, they
climbed onto the apparatus.

Conclusion - Discussion

Our results allow the conclusion that

- during the tests, ants were always more
numerous on the experimental apparatus at
the time corresponding to that at which,
during training, they received food on these
apparatus, than at the other times;

- during the tests, ants were also always more
numerous on the apparatus at a time
preceding that at which, during training,
meat food was retrieved from the apparatus,
than at the other times;

- during the tests, ant numbers on the
apparatus dropped at the time
corresponding to that at which, during
training, the delivered sugared water was
retrieved;

- during the tests, ants became progressively,
and not immediately, less numerous on the
apparatus a little later than at the time at
which, during training, meat was retrieved.
This delay is because many ants climbed
onto the apparatus a few minutes before the
time at which meat was retrieved during
training;

- after a few training experiments using meat
as a reward and during the following
training experiments, ants pulled the meat
away from the experimental apparatus a few
minutes before its retrieval and transported
it towards their nest. We consider such
behaviour, never observed in not trained
colonies, as being anticipation of an
expected event,

The behaviour after the deposition of the
experimental apparatus and before reward
delivery underlines an anticipatory behaviour in
some ants.

Ants thus apparently perceived and evaluated
elapsed time and, unexpectedly, anticipated
following events. Such abilities are clearly
advantageous in situ. Certain events may occur at
precise elapsed times after other events and may

pers:st du: ing rather precise time periods (f.i. the
prescnce of dew). If they are able to evaluate
such elznsed times, ants can come to the correct
place a: the correct time and leave when no
fu ther «dvantages can be expected. They can
even cxhibit appropriate behaviour before the
occurrcnce of an event. Taking food away from
the feod site towards the nest avoids the loss of
that food, which might otherwise be picked up by
other animals, destroyed, relocated or covered by
material if not transported very near the nest. In
general, for any behaviour, elapsed time
evaluation may improve animals’ survival.

On one hand, the exhibition of such behaviour
requires a previous training (or learning) phase.
Does such a learned notion persist? On the other
hand, we show here time elapsed estimation at a
collective level. One next step would be to
determine whether ants also have a notion of
‘elapsed time’ at an individual level.

Physiological mechanisms exist which allow
an animal to evaluate elapsed time. This is
proved by Pavlov’s experiments on dogs and
Ruch’s experiments on rats (RUCH, 1931 and
references therein). Such a phenomenon,
however, has rarely been demonstrated in
invertebrates, though circadian rhythms have
been pointed out (PASSERA & ARON 2005). Bees
probably have that notion (CHAUVIN, 1954;
SCHNEIDER et al., 1986; CNAANI et al., 2003,
references therein). SRINIVASAN et al. (2004)
demonstrated the phenomenon in bees based on
certain visual motor computations. However, this
possible evaluation system does not explain how
bees continue to correctly assess elapsed time
when their movement is delayed or stopped (e.g.
by wind, obstacles). The present experiments
argue for a rather precise notion of elapsed time
in ants, even without movement.
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