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Abstract

The ant Myrmica sabuleti uses essentially odors for navigating. It has also several skills which presume that it could learn,
memorize a sequence of odors and afterwards use it for navigating. By training (operative conditioning) then testing forager
workers, we demonstrate that these ants are able to soon learn and memorize a sequence of four odors, i.e., thyme, lavender,
basilica, and orange zest, linearly set during training between the nest entrance and the food site, and a simple additional
experiment showed that the trained ants effectively used the learned sequence of odors for moving between the nest and
the food. Moreover, as workers of this ant can associate odors with the time of the day during which they perceive them, they
should be able to use a memorized sequence of odors at appropriate time periods in order to optimize a safe navigation. As
this ant is known to use visual cues, odometry, area marking, and deposition of the trail pheromone to navigate, it is also liable

to combine these strategies with that of following odor sequences.
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Introduction

Workers of the ant Myrmica sabuleti Meinert, 1861 use
essentially odors for foraging. They use visual cues only in
the absence of odors [1]. Although their eyes are of small
size [2], and provide a subtended angle of 5° 12’ [3], they can
distinguish different numbers, shapes and orientations of
cues [4], as well as colors [5], even under low light intensity
[6]. This ant species lives chiefly in areas containing odorous
plants, in contrast to other Myrmica species [7]. The workers
of M. sabuleti can soon acquire olfactory conditioning, though
rapidly losing it after the removal of the cues [8].

The Workers of the Ant Myrmica sabuleti can Learn and Use a Sequence of Four Odors to Navigate

between Nest and Food Site

The workers of the ant M. sabuleti detains many skills,
among others numerical ones, and a few of them concern
odors. For example, they can add and subtract odors [9], and
can associate odors with the time period of the day during
which they were perceived [10]. They can also guess the
following element of an increasing or a decreasing arithmetic
or geometric sequence, being thus able to perceive and
memorize a sequence [11,12]. They can later on apply what
they have acquired through operant conditioning [13].

On the basis of the biology and the cognitive abilities of M.
sabuleti, we wondered if workers of this species could learn
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and remind a sequence of odors, and use this memorized
sequence for navigating. The present work aimed thus to
examine if they detain the ability to memorize an odorous
sequence and thereafter if they use this skill for finding their
way while foraging. Hereunder we first summarize some
useful information about navigation in ants.

Ants forage by using their trail and area marking
pheromones, as well as visual cues, visual landmarks,
path integration, odometry, and environmental odors [14-
18]. The use of memorized visual cues for foraging could
be explained thanks to two ‘models’, the snapshot and
the sketchmap systems described by Chameron [19] and
summarized in Passera and Aron [20]. Ants can also use
visual cues located in the canopy [21], celestial cues [22,23],
and polarized light [24]. The ability to learn, memorize and
use sequences of visual cues has been demonstrated in
Gigantiops destructor [25]. Path integration is also one of
the ants’ foraging strategies [26,27], generally helped by an
exploratory search in the nearby area [28]. Odometry can
also be used together with other foraging systems [29,30].
The use of odors as complementary cues has also, but not
frequently, been observed [31,32]. The ants’ use of odors
for navigating is thus not frequent, but the use of sequences
of visual cues has already been observed. It was thus of
interest to examine if an ant such as M. sabuleti, which relies
essentially on odors for finding its way, can learn, memorize
and use a sequence of odors. The aim of the present study
was thus to investigate the potential ability of the workers of
the ant M. sabuleti to forage by using a memorized sequence
of four olfactory cues.

Materials and Methods
Collection and Maintenance of Ants

The experiments were made on two colonies of Myrmica
sabuleti Meinert, 1861 collected in September 2022 from
an abandoned quarry located in the Aise valley (Ardenne,
Belgium) at 49°48’40” N latitude and 5°15’22” E longitude.
Each colony contained a queen, brood, and about 600
workers. In the laboratory, these colonies were maintained
in artificial nests made of one glass tube half-filled with
water, a cotton-plug separating the ants from the water. The
tube nest of each colony was placed in a tray (34 cm x 23 cm
x 4 cm) which inner sides have been covered with talc. The
tray served as a foraging area. Food was placed in it, and the
ants were also trained in it. Sugared water was permanently
provided in a small glass tube plugged with cotton, and
pieces of mealworms were delivered three times per week
on a glass-slide. Food was located at about 12 cm away from
the nest entrance during the ants’ training (Figures 1 & 2).
Temperature was maintained at 20° * 2° C. Humidity was
about 80% and remained constant over the course of the
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experimentation. The lighting had a constant intensity of
330 lux while experimenting and caring of the ants; during
the other time periods, it varied between 330 and 110
lux. Electromagnetism had an intensity of 2 pyWm? These
conditions are suitable to M. sabuleti. The ants are here often
named workers or foragers or nestmates as do researchers
on social insects.

The Four Olfactory Cues

The four used odors were those of thyme, lavender,
basilica, and orange zests. For each of them, small pieces of
the plant, fruit, or peel were inserted in small glass tubes
(diameter: 0.8 cm, length: 4.0 cm) plugged with a light
cotton ball (Figures 1 & 2). Two identical series of four tubes,
each tube of a series containing one of the four odors, were
arranged in the same order and in parallel on each side of the
pathway connecting the nest entrance to the food (Figures
1 & 2, Upper parts). The same number of new tubes, never
used before, containing in the same order or not these odors,
was used to test the ants (Figures 1 & 2, Lower parts). The
experimental work lasting six days, only the orange zests had
to be renewed every two days.

Training

For each two colonies, two ordered sequences of ‘thyme,
lavender, basilica, and orange zest’ odors were set between
the nestentrance and the food site, one on theleftand asecond
on the right of a virtual line connecting nest and food (Figures
1 & 2, Upper parts), the two sequences being approximately
5 cm apart. The ants so underwent operant conditioning, the
rewards being the food and the nest entrance. The ants of
each colony were in this manner conditioned during three
consecutive days during which the ants moving in the area
between the two provided sequences of four odors were
punctually counted four times per day, i.e., twice during the
day and twice during the night. For each colony, the mean of
the four daily counts was established, and finally, the average
of these 3 daily means was calculated (Table 1). This allowed
checking if the ants had the opportunity to duly perceive
the four provided odors. The ants’ training was thereafter
continued while testing their learning and memorization of a
sequence of four odors was conducted during three following
days, as explained below. One week after this experiment,
the ants were again trained in order to make an additional
observation, i.e., to see if they adequately use the learned
sequence of odors.

Testing the Learning and Memorization of a
Sequence of Four Odors

This is schematized in (Figure 1, Lower part), and
two photos of it can be seen in Figure 2, lower part. The
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numerical results are given in Table 1, lower part. While
training continued, the ants were tested on each of the
three following days in a separate tray (30 cm x 15 cm x
4 cm), each colony being tested in its own tray. Inside of a
tray, two sequences of four odors were deposited, one on
the left, the other about 5 cm away on the right, one of the
two sequences being the correct one (i.e., that in the order
presented during training), the other sequence being a
wrong one (i.e., with the odors being in another order). For
colony A, the wrong sequence was ‘lavender, thyme, orange
zest, basilica’ and was set along the left border of the tray;
for colony B, the wrong sequence was ‘basilica, orange zest,
thyme, lavender’ and was set along the right border of the
tray. In each tray, a thin line was pencil drawn in order to
delimitate the middle of the area lying between the two
sequences of four odors, the ‘correct’ and the ‘wrong’ one. To
conduct each of the three successive tests, for each colony,
25 ants were first transferred into a cup and then placed
together in their test tray, at the head of the median line
between the two odor sequences, i.e., at the start of these
sequences, the ants perceiving them just as they should
have done when they went out of their nest during training.
Then the ants sighted in each of the two areas separated by
the pencil-drawn line (one of the areas lying on the side of
the ‘correct’ sequence, the other on the side of the ‘wrong’
sequence) were counted twenty times during ten minutes.
For each of the three testing days and each colony, the total
number of ants sighted on the side of the ‘correct’ sequence
were compared to the total number sighted on the side of
the ‘wrong’ sequence by using the binomial test [33] where
the proportion of cases expected for each side is P = Q =
0.5. Moreover, the proportions of ants having visited the
‘correct’ and the ‘wrong’ sequence were established for
each of the three tests and are reported in the text.
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Examining the Ability of Ants to Navigate
through the use of a Learned Odor Sequence

A weekafter the end of the previous experience, the ants
were again trained in order to examine if they effectively can
travel from the nest to a food site by following a sequence
of odors that they had previously learned. The ants were
thus again trained to two identical sequences of four odors,
(i.e., arranged in the same order) and located as they were
during the training process of the previous experience.
Twenty four hours after such training, the odors and the
food were removed and two new series of odors as well
as two new food sites were used. The two series of odors
were one with the odors in the ‘correct’ order and the other
one with the odors in the ‘wrong’ order. They were laid so
that, although both led to the nest entrance, they diverged
at the opposite end, which led for each to its own food site.
These two food sites, of identical composition, were located
in the opposite left and right corners of the foraging area.
This setting up constitutes the start of the testing. The ants
moving along each of the two series of four ordered odors
as well as eventually reaching so the food site and returning
to the nest were counted 20 times over 10 minutes. The
two series of counted numbers were compared as those
obtained during the former experiment. Testing was not
continued any longer because once reaching the food
corresponding to the ‘correct’ odor sequence, some ants
could, by following the edge of the tray, reach the opposite
food site located at the end of the ‘wrong’ sequence and,
returning to the nest along this ‘wrong’ sequence, they
should ultimately learn it as a correct one. Results are given
in the text, and photos are shown in Figure 3.

Figure 1: Experimental design used for examining if the workers of the ant M. sabuleti can learn and use a sequence of four
odors for navigating. Upper part: the ants were trained in their foraging area to two identical (correct) sequences set between
the nest and the food. Lower part: after three days, while training continued, they were tested, in a separate tray, in front of a
correct and a wrong sequence, the correct one being on one side for colony A and on the other side for colony B. Photos can be
seen in Figure 2; results are summarized in Table 1 and detailed in the text.
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Figure 2: Experiments made on colonies A and B to know if ants can learn and use a sequence of four odors. Upper part:
training to the ‘correct’ sequence set between the nest and the food. Lower part: testing in front of a correct and a wrong
sequence (the correct sequence is visible in the top of the picture for colony A and in the bottom of the picture for colony B).
The ants walked more on the side of the correct than on the side of the wrong sequence.

Results
Training

Meanly, 4.08 ants of colony A and 7.00 ants of colony
B were seen walking along the two provided sequences of
odors (Table 1). Since the learning process lasted three days,
the ants had the opportunity to perceive and memorize the
sequence through operant conditioning,.

Testing the Learning and Memorization of a
Sequence of Four Odors

The numerical results are given in Table 2. During the
first test, the 25 tested ants of colony A made 183 visits to
the correct sequence and 116 visits to the wrong sequence,
while those of colony B made 243 and 30 visits to the correct
and the wrong sequence respectively. This corresponded to a
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total of 74.48% (n = 426) of the visits for the correct sequence
and 25.52% (146) of the visits for the wrong sequence. Note
that the ants of colony B better responded than ants of colony
A, what agreed with the fact that more of them had been seen
along the sequence during training (Table 1). In the course of
the second test, the numbers of ants’ visits were, for colony
A, 331 correct ones and 102 wrong ones, and for colony B,
325 correct ones and 44 wrong ones. This leaded to a total
of 81.80% (656) of the visits to the correct sequence of
odors, and 18.20% (146) of the visits to the wrong sequence
of odors. Note also that the numbers of correct responses
increased from the first to the second test. When the third
test was performed, the ants of colony A went 259 times
along the correct sequence and 63 times along the wrong
one, while the ants of colony B went 335 times along the
correct sequence and 26 times along the wrong one. There
were thus 86.97% (594) of correct responses and 13.03%
(89) of wrong ones, a score still higher than the previous
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one. For each testing day and for each colony, a binomial
test gives P < 0.0001. Consequently, the workers of the ant
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species M. sabuleti could learn and memorize a sequence of
four different odors.

L Mean number of ants sighted between the two sequences of odors
Training
Colony A Colony B
Day 1 4.25 6.75
Day 2 4.75 6
Day 3 3.25 8.25
mean 4.08 7

Table 1: Average number of ants seen during training along an ordered sequence of 4 odors (thyme, lavender, basilica, orange
zest). In each colony, two of these ‘correct, identical sequences were placed between the nest and the food.

Testing Number of ants sighted along the correct vs the wrong sequence of odors
Colony A Colony B
Day 4 183vs 116 243 vs 30
Day 5 331vs 102 325vs 44
Day6 259 vs 63 335vs 26

Table 2: During testing in a separate tray, a correct and a wrong sequence were presented (Figures 1 and 2, lower parts). The
ants obviously more approached the correct sequence. Details are given in the text.

Figure 3: Views on the use of a learned odor sequence for navigating. Trained to recognize a given sequence of odors and then
confronted with this ‘correct’ and an ‘incorrect’ sequence, each of these two sequences having been placed between the nest
and a food source, the ants walked from the nest entrance to food, and vice-versa, along the ‘correct’ sequence and not the
‘wrong’ one. They thus used a learned sequence of odors to navigate.

Examining the Ability of Ants to Navigate
through the Use of a Learned Odor Sequence

During this observation, the numbers of ants counted
along the correct versus the wrong sequence of odors were
for colony A 64 vs 1, and for colony B 71 vs 4, thus for the
two colonies, 135 vs 5, what corresponded to 96.43% of
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correct responses. The numbers of counted ants are here
lower than in the experiment conducted in order to see if
they memorized a learned sequence of odors, because this
time the test was not based on the reaction of 25 ants, but
on the small number of those foraging or present at the
nest entrance (see in Table 1 the small number of ants that
were sighted during training). Statistical testing appears
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unnecessary, but it may nevertheless be said that a binomial
test gives P < 10 for both colonies. Thus, the ants duly and
very significantly used the learned sequence of odors for
moving between their nest and the food.

Discussion

On the basis of what is known of the biology of Myrmica
sabuleti and on the foraging abilities of other ant species, we
checked if the former ant species can learn and memorize
a sequence of four odors that could be used for navigating
between nest and food. We found that, in less than three days,
they could memorize such a sequence, their performance
increasing over their training, reaching about 87% in six
days. In addition, we showed that they effectively used the
learned sequence of odors for navigating between their nest
and food. Moreover, since they can associate odors with the
time of the day during which they perceived them [10], they
should be able to use a learned odor sequence for navigating
in the wild during the time period when the environmental
conditions are suitable and the exposure to predation is
minimalized.

M. sabuleti workers can also use visual cues in the
absence of odor [34], can use odometry [35], can expect
the next localization of food [36], and detain an efficient
recruitment system to food [37]. At the start of the studies
on ants’ navigation it was not obvious that ants often use at
the same time several navigation systems, what optimizes
their foraging, e.g.,, their food collection and their coming
back to the nest, transporting corpses to the cemeteries
and relocating their nest. Nowadays, this simultaneous
use of multiple navigational strategies has been observed,
described and analyzed, for instance in desert ants which
use in parallel several systems of navigation [38]. It has
been explained in clear words by Freas and Schultheiss: ants
integrate different navigational cues, and use them according
to different strategies what allows them adapting their
foraging tasks to the environment and the available cues
[39]. The latter reference is a mini review, and the references
therein perfectly summarize what is nowadays known about
ants’ navigation.

Finally, the most common cumulative use is that of visual
and olfactory cues, what has been obviously demonstrated
in the desert ant Cataglyphis fortis. These ants use visual
and olfactory cues to return to the nest and benefit from
combining the use of these two kinds of cue [32]. What also
often occurs is the use of odometry and another system,
such as path integration improved by sum-compass, an
observation once more made in the ant Cataglyphis fortis [40].
In addition, this species uses visual cues and route memories,
the latter system not suppressing the former ones. All this
allows the ants, with regard to their foraging activity, to make
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an efficient decision each time adapted to the colony’s food
demand and to the environmental circumstances [40].

Conclusion

The present work showed that the workers of the ant
Myrmica sabuleti can memorize a sequence of four odors and
use it for navigating between nest and a food site. Since they
can associate odors with the time period of the day during
which they perceive them, they, moreover, should be able
to use a memorized sequence of odors at appropriate time
periods in order to optimize a safe navigation. M. sabuleti
workers are also able to use simultaneously several foraging
systems as they not only can use odorous cues, but also
visual ones, area marking, trail pheromone laying, odometry,
and maybe the memory of previous runs for efficiently
navigating. Navigating using a sequence of odors is a method
that enters the current way of thinking about the complexity
of navigation in ants. Using at the same time several systems
of navigation optimize foraging and adapts it to the needs of
the colony and to environmental circumstances.
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