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Abstract

Knowing that the workers of the ant Myrmica sabuleti can distinguish different numbers of elements and have a
basic notion of zero, we here examine if they can add two numbers of identical elements seen simultaneously. As
soon as after three training days, the ants could respond significantly more to the sumof1+1,2+ 1,3+ 1, and 3
+ 2 elements than to the two initial numbers of elements seen during training and to the wrong sums 3, 4, 5 and 6
respectively. Their ability in giving the correct response seemed to somewhat decrease with increasing numbers to
add. Twenty-four hours after the removal of the initial numbers presented during training, the ants no longer
responded essentially to the correct sum of these numbers.
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1. Introduction

The capability of adding numbers of identical elements has been observed in only a few animal species. This
capability has been acquired over the animals’ evolution, and by individuals in the course of their life. A first step
of such an acquisition consists in globally distinguishing different amounts of elements, without counting these
elements but ranking the different amounts on an ordinal scale. Such ability is rather common in the animals’
kingdom and has been observed, among others, in fishes, birds and mammals (Agrillo, Dadda, Serena, & Bisazza,
2008; Rugani, Vallortigara, Priftis, & Regolin, 2015; Range, Jenikejew, Schroder, & Viranyi, 2014; Brannon,
Herbert, & Terrace, 1988). A second step in the acquisition of the adding numbers capability consists in counting
the perceived elements for obtaining a precise assessment of their amount. This ability has been observed for
instance in male frogs, birds and monkeys (Rose, 2018; Hunt, Low, & Burns, 2008; Pepperberg & Gordon, 2005;
Xia, Sieman, & Delius, 2000; Woodruff & Premack, 1981). Is this ability detained by ants? On the basis of a
previous work made on Myrmica sabuleti Meinert 1861 in which we showed that this ant can distinguish different
numbers of elements (Cammaerts, 2008), we presumed that some basic counting by ants may occur, at least for
small amounts of elements. For checking this presumption, we here aimed to examine if these ants could reach the
following third step of the acquisition of a number concept. This third step consists in being able to add or subtract
numbers of identical elements, an ability proved to be detained by some birds, monkeys and rats (Rugani et al.,
2015; Brannon et al., 1988; Woodruff & Premack, 1981; Church & Meck, 1984). The fourth step in the acquisition
of'a number concept consists in making a correspondence between each number and a symbol, and this, until now,
has been shown to be achieved (learned) by chimpanzees (they can acquire a visual representation of the numbers
1 to 9) (Matsuzawa, 2009) and parrots (they can acquire a phonetic representation of the numbers 1 to 9)
(Pepperberg, 2006; Hauser, Carey, & Hauser, 2000).

In the present work, we examine if ants could detain, at least to some extent, the third (and thus a fortiori the
second) step of the notion of number of elements. It has been shown that bees have the notion of zero and correctly
locate the zero in an increasing as well as in a decreasing series of numbers (Howard, Avargués-Weber, Garcia,
Greentree, & Dyer, 2018). In ants, besides having pointed out that M. sabuleti workers can distinguish different
numbers of elements (Cammaerts, 2008), we have also shown that they have a basic notion of zero using their
visual as well as their olfactory perception (Cammaerts & Cammaerts, 2019a, 2019b). Here, we intended to work
again on colonies of M. sabuleti, presenting them either 1 + 1, 0or 2+ 1, or 3 + 1, or 3 + 2 elements, and looking if
they could, each time, add the two presented numbers of elements, i.e. could preferentially react to the sum of these
elements (i.e. 2, 3, 4 and 5) instead of to the initial terms or to a wrong sum of them.
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2. Material and Methods
2.1 Collection and Maintenance of Ants

The experiments have been conducted on 8 colonies of M. sabuleti (labeled A to H) collected in September 2018,
in an abandoned quarry of the Aise valley (Ardenne, Belgium) and in June 2018 at Marchin (Condroz, Belgium),
also in an abandoned quarry. Each colony contained about 500 workers, brood and a queen. They were maintained
in the laboratory in two to three glass tubes half filled with water, a cotton plug separating the ants from the water.
The nest tubes of each colony were set in a tray (34cm x 23cm X 4cm) serving as foraging area. In these trays,
pieces of Tenebrio molitor larvae (Linnaeus, 1758) were deposited three times per week, and cotton plugged tubes
filled with sugar water were permanently set. The ambient temperature was ca 20°C, the humidity 80%, the
lighting 330lux while working on ants, and the electromagnetism 2pWm?, optimum environmental conditions for
the species. The ants of a same colony are here often named ‘nestmates’ as researchers on social insects commonly
do.

2.2 Cues Presented to the Ants

The elements presented to the ants were squares (0.3cm X 0.3cm) of strong blue paper (Canson®) tied to a stand
(2.5cm x 2.5cm) made of strong white paper (Steinbach®) and maintained vertically thanks to its duly folded
horizontal base (2.5cm % 0.5cm) (Figure 1 upper part). The number of elements tied to the stand differed according
to the conducted experiment (I to IV; Figure 1 lower part). During the training part of each experiment, two stands
with their elements were presented to the ants; during the testing part of these experiments, four stands were
presented to the ants. As shown in the lower part of Figure 1, one and the other of the two stands presented during
training supported 1 and 1 elements during experiment I, 2 and 1 elements during experiment II, 3 and 1 elements
during experiment III, and 3 and 2 elements during experiment IV. During testing, the four stands supported the
one and the other numbers of elements presented during training, their sum and their sum plus one element.
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Figure 1. Numbers of elements and their display used to examine if ants could add these numbers

The experimental design is shown in Figure 2 and some photos are shown in Figure 3.

2.3 Experimental Design

The experiment I was made on colonies A and B, the experiment II on colonies C and D, the experiment III on
colonies E and F, and the experiment IV on colonies G and H. Each time, the two stands with their elements were
set, at the same time, in the ants’ foraging area, the face with the elements turned towards the nest entrance,
between the meat and the sugar water food (Figure 2, upper part). Such a presentation to the ants was the ants’
training, and lasted 12 days.
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Figure 2. Schematic representation of the design used for knowing if ants could add numbers of elements

These elements are shown in Figure 1 and some photos are shown in Figure 3.

At days 3, 6,9 and 12 of the 12 training days, the ants of each colony were tested in a separate tray (30cm x 15cm
x 4cm) the borders of which having been slightly covered with talc to prevent escaping, and into which having
been set the four stands devoted to test, bearing the adequate numbers of elements (Figure 2, lower part). The
elements tied to the four stands were the same as those presented during training, their correct sum, and a wrong
sum of them. They were thus for the experiments I, 11, I1I, and IV respectively: 1, 1,2,3;2,1,3,4;3,1,4,5; 3,2,
5, 6 (Figure 1, lower part).

2.4 Experimental Protocol

At each training day, the ants, of each colony surrounding the two presented stands with the elements, were
counted six times over the day, and the two mean values were established (Tables 1 to 4, upper part).

At each testing day (corresponding to days 3, 6, 9 and 12 of training), 25 ants of each colony were transferred into
their tray devoted to testing (Figure 2, lower part), and the ants present at a distance of 0-2cm from each of the four
stands (the two stands bearing the two numbers presented during training, the stand with the correct sum, and the
stand with the sum + one more element) set in the tray were counted 20 times over 10 experimental minutes. The
means of these counts were established (Tables 1 to 4, lower part). The proportion of correct responses (= the
proportion of ants choosing the correct added number of elements = the number of these ants among the total
number of ants seen near all the stands) was calculated for each testing day. These proportions are given in the text,
not in a table. The numbers of ants near each kind of stand, obtained during the four testing sessions and totalized,
allowed calculating, for each kind of experiment (I to IV), the percentage of responses given to each kind of
numbers of elements presented. These percentages are presented in Figure 4.

At the end of each four experiments, the two stands set on the ants’ foraging area were removed and the ants tested
24 hours later for assessing their remembering of the learned adding of numbers (if any), a complementary
experiment reported only in the text and not in Tables.
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Experiment L, colonies A and B, ants’ ability in adding 1 + 1 elements:

colony A

colony B
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Experiment II, colonies C and D, ants’ ability in adding 2 + 1 elements

colony C colony D

Experiment III, colonies E and F, ants’ ability in adding 3 + 1 elements

colony E

colony F

colony E colony F

Experiment IV, colonies G and H, ants’ ability in adding 3 + 2 elements

colony G

colony G colony H

Figure 3. Some photos of the experiments

The numbers of elements presented to the ants are schematized in Figure 1, the experimental design is schematized
in Figure 2, and details and statistics are given in the text. Briefly, during experiment I, the ants were more
numerous in front of 2 elements, having thus correctly added 1 + 1 elements. During experiment II, the ants were
more numerous in front of 3 elements, having thus correctly added 2 + 1 elements. During experiment III, more
ants approached the stand with four elements; they have thus correctly added 3 + 2 elements. During experiment
IV, more ants came in front of the stand with 5 elements, giving thus the correct response 3 +2 = 5.
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Figure 4. Comparison of the results of experiments I to IV

The numbers of elements presented to the ants and the experimental design are shown in Figures 1 and 2. For each
experiment, the ants were trained to two numbers of elements (1 and 1,2 and 1, 3 and 1, 3 and 2), and then tested in
front of these two numbers, their correct sum and a wrong sum. They reacted the best to the correct sum (2, 3, 4, 5),
and seemed to do so somewhat less well as the number of elements increased. Accordingly, they also responded
somewhat more to the wrong sum of elements (5, 6) as the numbers of elements increased.

2.5 Statistical Analysis
The data relative to the ants’ training did not require any statistical analysis.

Those concerning the ants’ testing (i.e. their responses to the four presented numbers of elements) were twice
statistically analyzed. First, for each presented number of elements, at each testing day (days 3, 6, 9 and 12), the 20
numbers of ants were chronologically grouped and added by four, and the five sums so obtained (not written in the
tables) for each stand could be compared to one another using the non parametric test of Wilcoxon (Siegel &
Castellan, 1989). Secondly, for each experiment (I to IV), the totality of the obtained mean values was statistically
analyzed. For each of the four numbers of elements presented to the ants, the eight mean values obtained for the
two colonies (2) at each of the four testing days (4) (= 8 mean values) were compared to one another using the
non-parametric test of Wilcoxon (Siegel & Castellan, 1989).

3. Results
The numerical results of each experiment are given in a separate table and are graphically summarized in Figure 4.
3.1 Experiment I, Ability in Adding 1 + 1 Elements

During their training, the ants were sufficiently numerous near the two presented stands for progressively
memorizing these cues (Table 1, upper part). Indeed, meanly 4.86 of them were usually seen in due place.

As for the testing (Table 1, lower part; Figure 3, upper part), already at day 3, the ants appeared to be more present
near the stand bearing 2 elements than near the other stands. Summed by four, the numbers of these ants equaled
successively 14, 14, 17, 12 and 16 over the 10 experimental minutes, what statistically differed from the numbers
obtained for the stand bearing 1 element and located aside that with 2 elements (2, 3, 11, 10, 8) (N=5, T=+15, P
=0.031) and the stand bearing 3 elements (3, 6, 5, 5, 6,9) (N=5, T =+15, P=0.031). In the same way, at testing
day 6, the ants were more numerous near the stand bearing 2 elements than near the other stands. These numbers
summed for the two colonies and by four over the experimental time equaled 22, 20, 15, 14 and 13, while those in
front of the stand with one element (located aside that with 2 elements, the second larger count) equaled 4, 8, 7, 2
and 4 respectively. These two numerical series statistically differed (N =5, T=+15, P =0.031). At testing day 9,
the ants were also more numerous near the stand bearing 2 elements (their successive sums were 21, 26, 10, 12 and
14) than near the stand bearing 3 elements (5, 5, 9, 6 and 7). They were still less numerous in the vicinity of the
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other stands. The ants thus essentially chose the stand with the correct sum of elements (= 2). At day 12, the ants of
colonies A and B were again more numerous near the stand bearing 2 elements than near the other stands. They
were also somewhat numerous in front of the stand bearing one element (and set aside that with 2 elements), but
the difference between such a presence and that in front of 2 elements was significant (N =15, T =+15, P =0.031).

Table 1. Results of experiment I made on colonies A and B for examining if ants could add 1 + 1 elements

Training Mean of 6 daily counts of the ants present near the two presented numbers of elements

days 1 2 3 4 5 6 7 8 9 10 11 12
colony A 3.8 6.3 6.5 3.5 6.5 4.7 4.8 5.7 43 6.3 7.5 7.3
colony B 2.7 33 3.5 4.2 4.7 3.8 33 5.7 3.7 6.3 4.7 43
Testing Mean of 20 counts of the ants approaching each of the four presented numbers of elements

days 3 6 9 12

n° of elements 1 1 2 3 1 1 2 3 1 1 2 3 1 1 2 3
colony A 05 12 24 08 0.1 07 15 06 0.1 08 24 1.0 03 05 20 0.1
colony B 03 05 13 038 02 06 28 04 0.1 08 23 0.6 02 1.0 1.5 03

Details, statistics and means are given in the text. After having been trained to 1 element and 1 element presented
side by side near their food, the ants responded essentially to 2 elements when tested in front of 1, 1, 2 and 3
elements. They could thus correctly add 1 + 1 elements, and also distinguish 1, 2 and 3 elements.

The proportions of correct responses (i.e. responding to 2 elements) at testing days 3, 6, 9 and 12 were 48.0%,
63.2%, 58.7% and 60.5% respectively. Thus, the ants succeeded to add 1 and 1 elements and to respond to 2
elements with a final score of about 60%.

The 8 mean numbers of ants of the two colonies counted during the four testing days near the stand bearing 2
elements (Table 1, lower part) were statistically higher than the means obtained for the other stands (bearing 1, or
1, or 3 elements). The smallest difference was with the ants seen in front of the stand with 1 element located just on
the right, and this was already highly significant (N = 8, T = +36, P = 0.004). Consequently, the ants obviously
chose the correct sum of two elements after having been trained to 1 and 1 elements, already acquiring this notion
in 3 days.

Finally, the ants’ global responses given during this experiment I to the four presented numbers of elements
represented 6.3%, 21.3%, 56.4% and 16.0% of all the responses, for the numbers 1, 1, 2 (the correct response) and
3 respectively (Figure 4). This is compared to the ants’ global response given during the experiments I1, IIT and IV
in the sub-section ‘Comparison of experiments I to IV".

Twenty-four hours after the removal of the stands presented to train the ants, the mean numbers of ants near 1, 1, 2
and 3 elements were 1.4, 2.7, 1.6 and 0.7 for colony A, as well as 1.7, 1.6, 1.7 and 0.7 for colony B. The ants were
thus no longer more numerous near the stand bearing 2 elements than near the other stands. They were somewhat
more numerous near one of the stands bearing 1 element, but this was not statistically different from the ants’
presence near the other stand bearing 1 element (N = 5, T = 14, P = 0.063), and not different from the ants’
presence near the stand bearing 2 elements (N =4, T =10, P = 0.063). The ants were the less numerous in front of
the stand bearing 3 elements (N =5, T = -15, P = 0.031). Thus, the ants did not memorize the added number of
elements and retained only the visual appearance of an element (a blue small square).

3.2 Experiment II, Ability in Adding 2 + 1 Elements

The trained ants were numerous enough near the two kinds of number of elements presented, for acquiring the
memory of these two cues (Table 2, upper part). Meanly 4.39 ones commonly surrounded the two cues.

Concerning the ants’ testing (Table 2, lower part; Figure 3, second part), at day 3, the ants seemed to be slightly
more numerous in the vicinity of the stand bearing 3 elements than in the vicinity of the three other stands. The
numbers of these ants summed for the two colonies and by four over the 10 experimental minutes were 11, 13, 9,
10 and 15, while the numbers recorded near the stand with one element (the second larger count) were 1, 7, 13, 7
and 5. The difference between these two series of numbers was just under the limit of significance (N =4, T = 10,
P =0.063) and lower than that obtained in the course of the experiment I. At day 6, the ants were more numerous in
front of the stand bearing 3 elements than in front of the other stands. The numbers of ants counted in front of 3
elements and summed by four equaled 20, 12, 16, 12 and 24, while those counted in front of 4 elements equaled 3,
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4,5, 8 and 8, these two series statistically differing (N =5, T =+15, P = 0.03). Thus, after 6 training days, the ants
preferred the correctly added number of elements (2 + 1 = 3). At day 9, most of the ants went in front of the stands
bearing 3 and 1 elements, being statistically more numerous near the former stand (successive numbers of ants: 11,
17, 18, 17 and 15) than near the latter one (successive numbers of ants: 8,9, 12, 7and 3 (N=5, T=15,P =0.031).
At day 12, the ants of colonies C and D were again more numerous in the vicinity of the stand bearing 3 elements
than near the other stands. The differences between such presences and those near 1 as well as 4 elements were
significant (N =5, T=+15,P =0.031).

Table 2. Results of experiment II made on colonies C and D for examining if ants could add 2 + 1 elements

Training Mean of 6 daily counts of the ants present near the two presented numbers of elements

days 1 2 3 4 5 6 7 8 9 10 11 12
colony C 2.5 2.5 3.5 43 6.7 33 53 6.7 4.7 5.5 5.7 3.7
colony D 1.5 3.7 3.5 4.7 3.7 4.5 3.5 4.5 3.7 3.7 4.3 4.7
Testing Mean of 20 counts of the ants approaching each of the four presented numbers of elements

days 3 6 9 12

n° of elements 2 1 3 4 2 1 3 4 2 1 3 4 2 1 3 4
colony C 12 1.2 18 05 0.1 05 16 09 07 09 1.6 0.1 0.1 1.1 39 09
colony D 04 06 14 0.1 09 07 26 06 0.1 1.1 24 0.1 0.1 08 36 09

Details, statistics and means are given in the text. After having been trained to 2 elements and 1 element set side by
side near their food, the ants responded essentially to 3 elements when tested in front of 2, 1, 3, and 4 elements.
They could thus distinguish these 2, 1, 3 and 4 elements, and correctly add 2 + 1 elements = 3 elements.

The proportions of correct responses (choosing the stand bearing 3 elements) at testing days 3, 6, 9 and 12 were
44.7%, 54.2%, 56.1% and 66.7% respectively. Thus, they could add 2 and 1 elements and respond to the correct
sum of 3 elements with a final score of about 67%.

The 8 mean numbers of ants of the two colonies counted at each four testing days near the stand bearing 3 elements
(Table 2, lower part) were statistically higher than those corresponding to the other stands (bearing 2, or 1, or 4
elements). The smallest difference was that with the means corresponding to the ants seen in front of 1 element,
and this smallest difference was already statistically significant (N =8, T =+36, P =0.004). Consequently, the ants
correctly selected the sum of 3 elements, acquiring such a notion in about 6 days.

Finally, the ants’ global responses given to 2, 1, 3 (the correct response) and 4 elements were 10.7%, 20.6%, 56.4%,
and 12.2% respectively (Figure 4). These proportions are compared to those obtained for the experiments I, IIT and
IV in the sub-section ‘Comparison of experiments [ to IV".

Twenty-four hours after the removal of the stands presented for training, the ants were no longer more numerous in
front of the stand bearing 3 elements. Indeed, the mean ant numbers seen in front of 2, 1, 3 and 4 elements were, for
colony C 1.1, 1.4, 1.2 and 0.3, and for colony D, 0.6, 1.3, 1.0 and 1.2. The ants were somewhat more numerous in
front of 1 element: this slightly higher presence differed from that in front of two elements (N =5, T =15, P =
0.031), but not from that in front of 3 elements (N=5, T=+11, -4, P=0.219). The ants’ lowest presence was that
in front of 4 elements, which differed from that in front of 1 and 3 elements (N=5, T =15, P =0.031), but not from
that in front of two elements (N =5, T = +5, -10, P = 0.313). Consequently, the ants did not remember what they
previously learned.

3.3 Experiment II1, Ability in Adding 3 + 1 Elements

During training, the ants were numerous enough near the two kinds of presented numbers for becoming able to
remember these two numbers (Table 3, upper part). There were indeed meanly 6.4 ants near these two numbers.

When tested at day 3, the ants appeared to be more numerous in front of the stand bearing 4 elements than in front
of the other stands (Table 3, lower part; Figure 3, third part). They were also somewhat numerous in front of the
stand bearing 5 elements, and not in front of the other stands. However, the numbers of ants of the two colonies
approaching the stand with 4 elements, summed by four, were 11, 14, 9, 12 and 8, while those recorded for the
stand with 5 elements were 5, 4, 1, 6 and 4, two series of numbers statistically differing (N =5, T=15,P =0.031).
At day 6, the ants went preferentially in front of the stand bearing 4 elements: their numbers, added by four over
the experimental time, equaled 15, 15, 16, 13 and 12. The second more visited stand was that bearing 5 elements:
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the numbers of ants counted there over the 10 experimental minutes and summed by four were 2, 6, 3, 6 and 5.
These two series statistically differed (N =5, T = 15, P = 0.031), the ants reacting thus correctly essentially to 4
elements. At day 9, the ants again went preferentially to the stand bearing 4 elements, the numbers of them,
summed by four over the experimental time, equaling 11, 16, 11, 12 and 12. The second stand the more visited was
that bearing 5 elements, the numbers of ants summed by four over the experimental time being 5, 2, 5, 8 and 8. The
two series of ant numbers statistically differed (N =5, T =15, P =0.031), the ants having thus correctly essentially
reacted to 4 elements. At day 12, the ants again essentially reacted to 4 elements and, at a lower extent, to 5
elements, the numbers of reacting ants, summed by four over the experimental time, equaling for 4 elements 22, 22,
14, 15, 19 and for 5 elements, 7, 12, 7, 6, 7. These two series of ant numbers statistically differed (N =5, T=15,P
=0.031), the ants having thus once more correctly reacted the most to 4 elements.

Table 3. Results of experiment III made on colonies E and F for examining if ants could add 3 + 1 elements

Training Mean of 6 daily counts of the ants present near the two presented numbers of elements

days 1 2 3 4 5 6 7 8 9 10 11 12
colony E 6.3 5.5 6.8 7.5 6.5 6.3 7.2 7.8 8.3 9.2 6.3 4.5
colony F 8.0 53 53 4.8 6.5 5.7 5.5 5.5 53 5.7 5.8 7.7
Testing Mean of 20 counts of the ants approaching each of the four presented numbers of elements

days 3 6 9 12

n° of elements 3 1 4 5 3 1 4 5 3 1 4 5 3 1 4 5
colony E 02 04 14 06 0.1 04 15 05 06 04 20 038 05 07 27 1.1
colony F 02 05 14 04 00 07 21 07 02 04 17 1.7 08 1.1 46 20

Details, statistics and means are given in the text. After having been trained to 3 elements and 1 element presented
side by side near their food, the ants, tested in front of 3, 1, 4 and 5 elements went essentially towards 4 elements,
and to a lower extent, to 5 elements. They thus correctly added 3 + 1 =4.

The proportions of correct responses obtained at testing days 3, 6, 9 and 12 were 56.1%, 60.2%, 54.5% and 54.7%
respectively. Thus, the ants reacted correctly to 4 elements with a score of about 55%.

Looking to the 8 mean numbers of ants obtained for the two colonies and the four conducted experiments (Table 3)
shows that the higher ones concerned the ants’ choice of 4 elements. The smallest difference was between these
higher mean values and those concerning the ants’ choice of 5 elements, and even this smallest difference was
statistically significant (N = 7, T = 28, P = 0.008). Consequently, the ants reacted statistically the most to the
correct sum of 4 elements throughout all the experiments.

The ants’ global responses given to 3, 1, 4 (correct response) and 5 elements were 8.1%, 14.3%, 54.2%, and 24.3%
respectively (Figure 4), what is compared to corresponding results obtained for experiments I, IT and IV in the
sub-section ‘Comparison of experiments I to IV".

Twenty-four hours after the removal of the stands used for training, the ants reacted essentially to 1 element and to
4 elements, the mean ant numbers for colony E being 0.3, 1.4, 1.4, 0.9 and for colony F 0.2, 1.3, 1.1, 0.1, for 3, 1,
4 and 5 elements respectively. The numbers of ants of the two colonies summed by four over the 10 experimental
minutes were 13, 13, 9, 11, 8 for the stand with 1 element, and 7, 12, 10, 14, 6 for the stand with 4 elements, two
series statistically similar (N =5, T =-8, +7, P =0.50). Thus, the ants went on reacting to the element ‘a small blue
square’, but no longer to the correct sum (i.e. 3 + 1 =4).

3.4 Experiment IV, Ability in Adding 3 + 2 Elements

During training, meanly 5.6 ants of the two used colonies approached the two presented stands bearing two
different numbers (Table 4, upper part). They ants had thus sufficiently the occasion to learn these two numbers of
elements (i.e. 3 and 2 elements).

When tested at day 3, the ants seemed approaching more often the stand bearing 4 elements than the other stands
(Table 4, lower part; Figure 3, last part). They also somewhat approached the stand bearing 5 elements. However,
the numbers of ants counted in front of 4 elements and summed by four equaled 17, 19, 18, 19 and 14, while those
of ants approaching 5 elements equaled 10, 10, 10, 10 and 9. These two series of recorded numbers statistically
differed (N =5, T =15, P=0.031). The ants responded thus more to 4 elements than to 5 elements and, a fortiori,
than to 3 and 2 elements. When tested at day 6, the ants were more numerous in front of the stand bearing 5
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elements. The second more visited stand was that bearing 6 elements. The numbers of ants counted in front of 5
elements and 6 elements, summed by four, equaled 20, 18, 18, 15, 15 and 4, 6, 7, 8, 7 respectively, two series of
numbers statistically differing (N =5, T =15, P=0.031). The ants thus correctly reacted essentially to 5 elements.
At day 9, the ants essentially moved again towards the stand bearing 5 elements, and moved also but less towards
the stand bearing 6 elements. The ant numbers, summed by four over the 10 experimental minutes, equaled 20, 12,
18, 11 and 13 in the former case, and 5, 4, 9, 8 and 8 in the latter case. These two series statistically differed (N =5,
T=15,P=0.031), the ants having thus essentially responded to the correct sum of 5 elements. At day 12, the ants
once more reacted essentially to 5 elements and, at a lower extent, to 6 elements, the numbers of these reacting ants,
summed by four over the 10 experimental minutes, equaling 11, 15, 14, 16, 15 for 5 elements, and 6, 8, 7, 8, 9 for
6 elements. These two series statistically differed (N =5, T = 15, P = 0.031), the ants having thus essentially
responded to 5 elements.

Table 4. Results of experiment IV made on colonies G and H for examining if ants could add 3 + 2 elements

Training Mean of 6 daily counts of the ants present near the two presented numbers of elements

days 1 2 3 4 5 6 7 8 9 10 11 12
colony G 3.5 6.3 4.7 4.7 7.2 6.3 6.5 53 5.7 5.0 4.8 4.5
colony H 4.3 4.7 4.5 4.8 7.7 6.3 6.7 5.5 6.5 7.0 6.5 6.5
Testing Mean of 20 counts of the ants approaching each of the four presented numbers of elements

days 3 6 9 12

n° of elements 3 2 5 6 3 2 5 6 3 2 5 6 3 2 5 6
colony G 03 08 14 09 03 08 1.8 038 00 07 27 1.1 1.0 02 16 1.1
colony H 02 1.0 3.0 1.6 1.0 07 25 08 03 03 15 07 0.1 1.0 20 09

Details, statistics and means are given in the text. After having been trained to 3 elements and 2 elements deposited
side by side near their food, the ants tested in front of 3, 2, 5 and 6 elements essentially moved to 5 elements, and at
a lower extent, to 6 elements, having thus correctly made the addition 3 +2 = 5.

The proportions of correct responses given by the ants of the two colonies at testing days 3, 6, 9 and 12 equaled
48.6%, 49.7%, 57.6% and 46.1% respectively. Therefore, the ants gave the correct response ‘5 elements’ with a
mean score of about 50%.

A look to the 8 mean numbers of ants obtained for the two colonies during the four experiments (Table 4) shows
that the higher mean numbers were those relative to 5 elements, and that the secondly higher ones were those
relative to 6 elements. Even the small difference between these two higher mean numbers was statistically
significant (N = 8, T = 36, P = 0.004). Consequently, the ants have mostly responded to 5 elements, having thus
visually added the 3 and 2 elements seen during training.

The global responses given by ants to 3, 2, 5 (the correct response) and 6 elements represented 9.7%, 16.6%,
49.8%, and 23.9% respectively (Figure 4). This is compared to what was obtained for experiments I, I and III in
the sub-section ‘Comparison of experiments [ to IV".

Twenty-four hours after the removal of the stands used for training, the ants reacted essentially to 2 elements and to
5 elements, the mean ant numbers for colony G being 1.0, 1.3, 1.3, 0.9 and for colony H 0.4, 1.1, 2.0, 1.2 for 3, 2,
5 and 6 elements respectively. The numbers of ants of the two colonies summed by four over the 20 experimental
minutes were 12, 12, 16, 13, 11 for the stand with 2 elements, and 12, 6, 12, 11, 7 for the stand with 5 elements, two
series which did not (or only very slightly) statistically differ (N =4, T = 10, P = 0.063). Thus, the ants went on
reacting to the element ‘a small blue square’, but no longer strongly to the correct sum 3 + 2 = 5 of such blue
squares.

3.5 Comparison of Experiments I to IV

This comparison is graphically shown in Figure 4. In presence of 1 and 1 elements, as well as of 2 and 1 elements,
the ants gave the correct response with a global score of 56.4%, and responded also to 1 element with a score of
about 21%. In presence of 3 and | elements, the ants gave the correct response with a score of ca 54%, and reacted
also to 5 elements with a score of ca 24%. Effectively, the visual difference between 4 and 5 elements is small. In
presence of 3 and 2 elements, the ants gave the correct response with a score of ca 50%, and reacted also to 6
elements with a score of ca 24%. Effectively, the visual difference between 5 and 6 elements was slight.
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Consequently, the ants could visually add identical elements seen at the same time side by side, and seemed to do
so less well as the number of elements increased.

4. Discussion-Conclusion

Having previously shown that the workers of the ant Myrmica sabuleti have a basic notion of ‘zero’ (= nothing)
(Cammaerts & Cammaerts, 2019a, b) and knowing that they can distinguish different numbers of elements
(Cammaerts, 2008), we here examined if they can also add two numbers of identical elements. The notion of
numbers precedes that of zero in the humans’ life and history and in the animals’ evolution (Fuson, 1988; Michelot,
1966). The ability of adding can also be acquired before the mathematical concept of zero (e.g. Greeks and
Romans could add but never used a symbol for ‘zero’).

We found that trained at the same time to 1 and 1 elements, 2 and 1 elements, 3 and 1 elements, 3 and 2 elements,
M. sabuleti workers thereafter reacted essentially to 2, 3, 4 and 5 elements respectively, having thus correctly
reacted to the addition of the two numbers of elements presented during training. Such a result confirms our
previous finding of the M. sabuleti workers’ ability in distinguishing different numbers of elements (Cammaerts,
2008), and it somewhat enlarges what is known about the cognition of the species and its limits. Let us however
remark that, during experiments III and IV, the ants reacted essentially to the correct added numbers equaling 4
and 5 elements respectively, but, among the three possible wrong responses, they responded the more to the correct
added numbers of elements plus one element, i.e. 5 and 6 elements respectively. This kind of response did not
occur during experiments I and II. Thus, for these ants, distinguishing different numbers of elements may become
increasingly difficult when the number of elements enlarges, an observation also made in monkeys (Hauser et al.,
2000).

The ants have been here trained in the presence of two numbers of elements to be added, what was at the same level
as what was done on an elephant (one single individual) (e.g. Irie, Hiraiwa-Hasegawa, & Kutsukake, 2019), but
what differed from what has been done on robins and several monkeys (Garland & Low, 2014; Flombaum, Junge,
& Hauser, 2005; Beran, 2008). The latter animals were confronted to one number of elements (visual, olfactory or
acoustic cues), then with another number of identical elements, and they could later react to the correctly added
numbers of elements. In other words, during such complex experiments, the trained individuals were never
confronted at the same time to the numbers of elements they should add, while during our experiment, the trained
ants were simultaneously confronted to two numbers to add. A future research should examine if ants could add
numbers of identical elements when they see them consecutively (i.e. when they see a second set of elements a
short time after having seen a first set).

What has been done in the present work looks like the learning of adding by young children: they are presented at
the same time with two numbers of objects (often of two different colors) and must find the sum. However, later on,
they progressively learn to add several numbers of elements without necessarily seeing them at the same time.
What was done in the present work may also approach, but at a quantitative level, the bees’ qualitative perception
of two different odors and to their subsequent reaction to a mixture of the two odors, another part of their brain
being then active (Guerrieri, 2005). Note that for vertebrates also, the cerebral part active when responding to the
sum of two numbers of elements differs from the two cerebral parts active when perceiving separately the two
numbers elements (Nieder, Freedman, & Miller, 2002).

We know that M. sabuleti workers have a basic, visual and olfactory, notion of zero. Do they consider the zero not
only as ‘an absence’ a ‘not presence’ a ‘nothing’, but also as an element at the start of an increasing series of
elements and at the end of a decreasing series of elements? Future experiments will tempt to answer this question.

In conclusion, M. sabuleti workers have the notion of numbers and the basic concrete notion of zero, and they can
add different numbers of identical elements when they perceive them at the same time. This might be the limit of
their cognition. It remains to examine if they can add numbers of elements when seeing them not simultaneously
but consecutively (one then another one, in any order), and if they consider the zero as being less than one element.
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