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Abstract

Numerosity ability is an important biological trait. We examined this trait in the ant Myrmica
sabuleti over sixteen experimental works. A summary of the first nine works has been already
published, and we provide here a summary of the last seven works. During these
last-mentioned studies, we successively showed that ants natively possess a number line,
acquire the notion of zero through experiences, have their counting ability only slightly
affected, depending on the characteristics of the elements to count, can acquire single
symbolism, can learn several symbols at the same time, can add up using learned symbols
and can learn a symbol for zero and use it to add. Four of these abilities correspond to
potential problems of numerical competence in humans. Humans have natively a number line,
but rarely, they may suffer from not having it, what then reduces their skills in mathematics.
Humans have to acquire the notion of zero in the course of their life, but this notion is not
always correctly taught to children. Also, after having been learned to add and subtract using
a concrete representation of numbers, human children should learn calculating using different
representations, and finally without using any concrete representation. Humans can easily
acquire symbolisms, and this ability should be employed without delay over the children’s
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education. No doubt that more knowledge on animal numerosity ability will be acquired in
the future, maybe to be related to human numerical competence.

Keywords: counting, notion of zero, mental number line, numerical symbolism, operant
conditioning

1. Introduction
1.1 Aim of the Present Paper

Animals’ numerical ability, examined in invertebrates and vertebrates (references given
below), is a very interesting subject that has its counterpart in humans. We already
investigated on this subject working on ants as models, and recently published a summary of
our first nine studies on this topic (Cammaerts & Cammaerts, 2020b). These nine studies
concerned the ants’ notion and location of zero, adding and subtracting capability using visual
as well olfactory cues (the cues being presented simultaneously or consecutively), the ants’
possession of a left to right oriented number line, and their arrangement of amounts on that
number line (Cammaerts & Cammaerts, 20193, b, c, d, e, f, g, 2020a; R. Cammaerts & M.-C.
Cammaerts, 2020). We then made seven more studies on the subject (Cammaerts &
Cammaerts, 2020c, d, e, f, g, h, 1). The present paper intends to present a brief report of these
last seven studies. They successively deal with the ants’ native possession of a number line,
acquisition of the notion of zero through experiences, counting accuracy when the
characteristics of the amounts to count are changed, single numerical symbolism acquisition,
multiple numerical symbolisms acquisition, use of numerical symbols for adding, as well as
with the acquisition of a symbol for zero and its use for adding. Here below, in the
introduction section, we summarize what is up to now known about the different numerical
abilities we examined. Then, in a short method section, we recall our general experimental
methods. Thereafter, we briefly report the experimental method specific to each study as well
as the results of these studies. Finally, we comment our results and discuss about four
possible related problems in humans.

1.2 Short Bibliography About the Different Numerical Abilities Here Examined
1.2.1 Possessing a Number Line, Acquiring the Notion of Zero

Investigation on the subject allows presuming that vertebrates have natively a left to right
oriented mental number representation on a scale. For instance, a few days old chicks locate
quantities on such a number line (Rugani et al., 2014; Rugani et al., 2015). Pigeons have also
a mental number line (Brannon et al., 2001; Gallistel et al., 2001). Without having been
trained, rhesus monkeys also appear to position quantities on a scale (Hauser et al., 2000) and
Nieder & Miller (2003) showed, by examining the neural response of rhesus monkeys, that
they coded numerosity on a logarithmic scale. In humans, possessing a number line appears
to be native and independent of the kind of reading or writing specific to civilization and
education (see the instructive review of Rugani & de Hevia, 2017).

Humans lately acquired the notion of zero over their history, some civilizations having never
used a symbol for zero (Romans, Greeks). Humans also lately acquire this notion over their
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life. Three-year-old children do not perceive the zero as being a ‘quantity’ containing no
element (Bialystok & Codd, 2000). Four years old children acquire an understanding of zero
as correct as that of the numbers (Bialystok & Codd, 2000). It was observed that the
cardinality understanding of zero and of small numbers develop independently from one
another in infants 4 to 5 years old (Pixner et al., 2018). At the age of five, children’s thinking
begin to change (Bialystok & Codd, 2000) and at about seven years old, most children
consider that zero is a null amount inside a series of quantities (Wellman & Miller, 1986).
This corresponds to the statement of Nieder (2016) who pictures the humans’ acquisition of
the notion of zero through four main stages. Some non human vertebrates have been proved
to have the notion of zero: the chimpanzee, Pan troglodytes (Biro & Matsuzawa, 2001),
rhesus monkeys, Macaca mulatta (Merritt et al., 2009), and the grey parrot, Psittacus
erithacus, (Pepperberg & Gordon, 2005). Concerning the invertebrates, the workers of the
honeybee Apis mellifera were shown to detain a non abstract notion of zero by observing
their reaction in front of a cue without element presented together with cues containing
several elements (Howard et al., 2018). At our mind, up to now there existed no published
research investigating on the acquisition of the notion of zero by young animals. Our work
(Cammaerts & Cammaerts, 2020d) on this interesting subject fills this gap.

1.2.2 Counting independently of Numerosity Appearance

This ‘true counting’ ability has been examined in several species by introducing changes in
the representation of the cues to count. This has been done, for example, by changing cue
sizes when assessing numerical ability in a spider (Rodr fuez et al., 2015), by changing array
configuration in pigeons (Emmerton & Renner, 2006), chimpanzees (Tomonaga, 2008) and in
gorillas and orangutans (Gazes et al., 2017). Keeping counting ability while changing the
nature of food items and/or their size was demonstrated in dogs and wolves (Range et al.,
2014), in a parrot (Pepperberg, 2012) and in an elephant (Irie et al., 2019). Moreover,
brightness could be changed in mosquito fish (Agrillo et al., 2009). In rhesus and snow
monkeys, it were color, shape, density, total surface, spatial arrangement, volume and total
length that could be changed without affecting counting ability (Brannon & Terrace, 1998,
2000; Cantlon & Brannon, 2006; Jordan & Brannon, 2006; Okuyama et al., 2015; Nieder et
al., 2002; Flombaum et al., 2005). Workers of Apis mellifera have successfully demonstrated
counting skills in front of cues with different shapes, dimensions, colors, displays or area
appearances (Howard et al., 2019a, b). In 6- to 8-months-old human infants lacking
experience with verbal counting, extraneous variables such as dot size and pattern could be
used (Xu & Spelke, 2000; de Hevia & Spelke, 2010; Rugani & de Hevia, 2017). At the age of
four, size, color, location and array display could be used as extraneous variables for numbers
0 to 8 (Merritt & Brannon, 2013). Of course, human adults were successfully experimented
using amounts of elements of different sizes, areas, perimeters, densities, and displayed
patterns (Cantlon & Brannon, 2006; Merten & Nieder, 2008). We intended to somewhat fill
the gap between true counting and the masking effect of extraneous variables in ants
(Cammaerts & Cammaerts, 2020e).
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1.2.3 Acquiring Numerical Symbolisms

The honeybee could associate symbols such as shapes with 2 or 3 dots (Howard et al., 2019c).
Pigeons could associate visual symbols with up to 4 elements (Xia et al., 2000) and a parrot
(Psittacus erithacus) could associate vocal and visual symbols with up to 6 elements
(Pepperberg, 2006a, b). Chimpanzees (Pan troglodytes) could associate Arabic numerals with
1 up to 7 or 9 elements (Murofushi, 1997; Matsuzawa, 1985; Beran, 2004) including the
symbol 0 for “nothing” (Biro & Matsuzawa, 2001). Rhesus monkeys (Macaca mulatta:
Washburn & Rumbauch, 1991), squirrel monkeys (Saimiri sciureus: Olthof et al., 1997), and
capuchin monkeys (Cebus apella: Beran et al., 2008) could also associate Arabic numerals 0
to 9 with their corresponding number of food items.

1.2.4 Using Learned Numerical Symbols for Making Arithmetic Operations

Adding up and subtracting numbers of elements is an ability observed as early as in newborn
chicks (Rugani et al., 2009). Dogs were shown to add and subtract numbers (West & Young,
2002), and this ability was shown to be clearly detained by adult birds (Brannon et al., 2001;
Garland & Low, 2014), by rhesus (Hauser et al., 1996; Flombaum et al., 2005) as well as by
snow monkeys (Macaca fuscata: Okuyama et al., 2015) and by chimpanzees (Rumbaugh et al.,
1987). Honeybees have also been proved to be able to add up and subtract 1 element from 1 to
5 other ones (Howard et al., 2019a, b). The workers of the ant M. sabuleti could also make
additions and subtractions, but only when perceiving the result of the operation during training
(Cammaerts & Cammaerts, 2019a, b, ¢). Several animal species can associate symbols with
numbers of elements (see the above subsection). The further step should be the capability of
making arithmetic operations by using learned numerical symbols. This was obtained in pigeons
(Olthof, & Roberts, 2000), in a grey parrot (Pepperberg, 2006a, 2012), in squirrel monkeys
(Olthof et al., 1997) and in chimpanzees (Boysen & Berntson, 1989). Also, the honeybee could
learn to associate a symbol such as a given color with an addition or a subtraction to be made
(Howard et al., 2019a). Making additions or subtractions using moreover a symbol for zero
should be the still further step. However, animals not often detain the notion of zero.
Honeybees detain it (Howard et al., 2018). Knowing what is zero for a parrot ( Psittacus
erithacus) has been studied in several steps (Pepperberg, 1988; Pepperberg & Gordon, 2005;
Pepperberg, 2006a, b) what finally showed that it could make additions using the numbers
‘zero’ to 6. Chimpanzees (Pan troglodytes) concretely perceive ‘zero’ as being the lower
quantity (Biro & Matsuzawa, 2001). They could associate Arabic numbers with symbols
including a symbol 0 for “nothing” (Biro & Matsuzawa, 2001) and could make additions using
Arabic numbers 0 to 4 (Boysen & Berntson, 1989). Investigating on such potential abilities (i.e.
making arithmetic operations using symbols, including the zero) in ants was thus our ultimate
aim (Cammaerts & Cammaerts, 2020h, i).

1.3 Presentation of the Present Paper

We first briefly describe our methods which are detailed in our previous successive papers.
We then summarize our findings in seven subsections, each one corresponding to an already
published work. In each of these subsections, we successively explain our experimental
protocol providing photos different from those already published, and then present our
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quantitative results together with tables different from those already published.
2. Methods
2.1 Collection and Maintenance of Ants

We experimented on a total of twelve colonies of Myrmica sabuleti Meinert 1861 collected in
abandoned quarries of the Aise valley, at Olloy/Viroin and Marchin (Belgium). These
colonies were maintained in the laboratory in glass tubes half filled with water and set in
trays which served as foraging areas. The ants were continuously provided with mealworms
(their meat food) and sugar water delivered in small tubes plugged with cotton. The ambient
temperature was ca 20<C, the humidity 80%, and the lighting 330 lux while experimenting on
and caring of the ants.

2.2 Cues, Design and Protocol Common to the Seven Studies

The visual cues presented to the ants were black or colored forms drawn on white paper, then
cut and tied each one on a stand made of strong white paper (2.5cm x 2.5 cm or 2 cm x 2 cm)
and maintained vertically thanks to an orthogonally folded base. The cues used to test the ants
were newly build ones, not those used for training them. During training, the cues to ‘learn’
were set near a reward (e.g. some food) and the cue to avoid was set far from any reward. The
ants were trained in their foraging area and tested in a separate tray. Their responses were
assessed by counting 20 times over 10 minutes the numbers of them approaching each kind
of cue. The proportion of correct responses was established, and the recorded data was
statistically analyzed using the non-parametric Wilcoxon test (Siegel & Castellan, 1988).
Schemas of each experimental design and protocol as well as statistical details can be found
in Cammaerts & Cammaerts (2020c, d, e, f, g, h, 1). Photos of ants’ training and testing are
shown in Figures 1 to 7, and numerical results are given in Tables 1 to 7. All these
illustrations differ from those published in the here above references.

3. Results and Protocol Specific to Each Study
3.1 Ants Natively Detain a Number Line
3.1.1 Protocol

The experiment was performed on only young ants (a few days to a few weeks old) of a large
natural colony. These ants were maintained in six experimental nests, labeled A to F, and fed
with sugared milk. They were trained to a number of green circles set near the food (the cue
to memorize) versus a larger or a smaller number of green circles set far from the food (the
cue to neglect). Colony A was provided with 1 green circle near the food and 3 ones far from
it, colony B with 2 green circles near the food and 4 ones far from it, colony C with 3 green
circles near the food and 5 ones far from it. Colony D was provided with 3 green circles near
the food and 1 one far from it, colony E with 4 green circles near the food and 2 ones far from
it, colony F with 5 green circles near the food and 3 ones far from it. Thus, colonies A, B, C
received a small number to memorize and a larger one to neglect, while colonies D, E, F
received a large number to memorize and a smaller one to neglect. The ants were tested (see
Figure 1) in front of twice the number of green circles they should memorize, one on the left
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and the other on the right of the smaller or larger number they should neglect. More precisely,
the ants of colonies A, B, C were tested in front of 3, 4, 5 circles set between twice 1, 2, 3
circles respectively, while ants of colonies D, E, F were tested in front of 1, 2, 3 circles set
between twice 3, 4, 5 circles respectively. If the young ants possess a number line, they
should react mostly to the 1, 2, 3 circles located on the left of the 3, 4, 5 ones, as well as to
the 3, 4, 5 circles located on the right of the 1, 2, 3 ones.

Figure 1. Views of experiments made on young ants for examining if they detain an oriented
number line. The ants were trained to a small number of elements vs a larger one or to a large
number of elements vs a smaller one. They reacted to the small number located on the left of
the larger one (upper photos) and to the large number located on the right of the smaller one
(lower photos). They thus natively, mentally positioned the small numbers on the left and the
larger ones on the right side of a number line. Numerical results are given in Table 1.

3.1.2 Results

The numerical results are given in Table 1. The ants of colonies A, B, C approached
essentially the 1, 2, 3 circles located on the left of the 3, 4, 5 circles respectively. They located
the smaller numbers on the left of the larger ones. The ants of colonies D, E, F approached
essentially the 3, 4, 5 circles located on the right of the 1, 2, 3 circles respectively. They
located the larger numbers on the right of the smaller ones. Thus, young ants already detain a
number line, on which the amounts are arranged from the left to the right. Ants possess
natively a number line, like other animals examined until now about this topic.

301



ISSN 2157-6076

\\ MacrOthi“k Journal of Biology and Life Science
A Institute ™ 2020, Vol. 11, No. 2

Table 1. Results of experiments made to know if young ants already have an oriented left to
right number line

Colony, training Testing in front of

on the left in the middle on the right

A 1vs3 1:2.7 3:0.7 1: 0.7
B 2vs4 2:2.8 4:0.5 2:0.7
C 3vsb 3:3.0 5:05 3:0.7
D 3vs1 3:0.6 1:0.5 3:35
E 4vs2 4:0.6 2:0.6 4:3.1
F 5vs3 5:0.7 3:0. 5:3.1

Young ants were trained to a small number of circles set near their food vs a larger number set
far from food (colonies A, B, C) or to a large number of circles set near the food vs a smaller
number set far from food (colonies C, D, E). The table gives the mean of 20 counts made
during two tests (N = 40). The tested young ants went mostly to the small number located on
the left of the larger one, and to the large number located on the right of the smaller one. Thus,
they natively mentally positioned the small amounts on the left and the larger ones on the
right of an oriented number scale. Photos are shown in Figure 1.

3.2 Ants Acquire the Notion of Zero Through Experiences
3.2.1 Protocol

The experiments were conducted on only the young ants (of about a few weeks old) of a large
natural colony, divided in four small colonies (A, B, C, D) maintained in artificial nests and
provided with sugared milk delivered in plugged cotton tubes. The ants of colony A were
trained to a black circle set near the food versus a white paper set far from it, those of colony B
to a white paper set near the food versus a black circle set far from it, those of colony C to a
black circle set near the food versus ‘nothing’ far from it, and those of colony D to nothing near
the food versus a black circle set far from it. The ants were tested in front of the two cues
presented during training. This allowed knowing if young ants already have the notion of zero.
After that, each colony was provided with a tube filled of sugared milk and with an empty tube,
set side by side at day 1 and apart from one another at day 2. Thereafter, the ants of colonies A
and B were trained firstly to a white paper set near the food versus a black circle set near an
empty tube, and secondly to a white paper set near the food versus a black circle far from it.
The ants of colonies C and D were trained firstly to ‘nothing’ near the food versus a black circle
set near an empty tube, and secondly to ‘nothing’ near the food versus a black circle set far
from it. These ants were then tested, in two testing sessions, in front of each pair (two in total)
of cues they saw during training. This allowed examining if the young ants could acquire the
notion of zero after having perceived the difference between a filled and an empty tube.
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Trained to a white paper (zero) vs a black circle,
the young ants did not react to the white paper.

They did not perceive zero as being a cue.

The young ants were provided with a filled tube
(on the right) and an empty one (on the left)

After that, trained to ‘nothing’ vs a black circle, the
ants duly responded to ‘nothing’, perceiving it as a
cue. They acquired the notion of zero

Figure 2. Views of experiments made on young ants for examining if they detain the notion of
zero. They had not that notion (upper photos). Through experiences (middle photo), they
acquired it (lower photos). Numerical results are given in Table 2.

3.2.2 Results

The numerical results are given in Table 2. During the first series of experiments, the ants
could acquire conditioning to a concrete cue (a black circle) but not to a white paper or to
‘nothing’. They thus have not the notion of ‘nothing’, of zero. During the second series of
experiments, the ants could be conditioned to a white paper, as well as to ‘nothing’ (what has
never been done), having thus, now, after their perception of a filled tube and an empty one, a
notion of zero, and more exactly a concrete notion of zero. In wild, the ants acquire thus the
notion of zero, of nothing, through experiences, in the course of their life.
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Table 2. Ants’ acquisition of the notion of zero after having concretely experienced such a
notion

First series of experiments

Colony, cues associated vs not associated with food Testing in front of the cues

associated not associated with food

A, ablack circle vs a white paper 3.5 1.0
B, awhite paper vs a black circle 1.2 1.0
C, ablack circle vs nothing 2.2 0.6
D, nothing vs a black circle 1.6 2.1

Second series of experiments

Colonies Testing in front of the cues

cues associated vs not associated with food associated not associated with food
A B

a white paper vs a black circle + an empty tube 2.9 0.7

a white paper vs a black circle far from food 2.0 0.7

C,D

nothing vs a black circle + an empty tube 2.2 0.5

nothing vs a black circle far from food 2.7 0.8

The table gives the mean of 20 counts made during two tests on two colonies (N = 40). First
series: the tested young ants appeared to be able to acquire conditioning to a black circle (a
concrete cue) (colonies A and C) but not to a white paper or to ‘nothing’ (colonies B and D).
They did not perceive the absence of a cue as an element. Second series: After having been
accustomed to a filled and an empty food tube, the young ants were trained to a white paper
or to ‘nothing’ vs a black circle set near an empty tube, then set far from food. When tested,
they responded mostly to the white paper or to the ‘nothing’; they have thus acquired a
concrete notion of zero while simultaneously perceiving a filled and an empty tube. Photos of
the experiments are shown in Figure 2.
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3.3 Influence of the Shape, Color, Size and Position of the Elements on the Ants’Counting
3.3.1 Protocol

The ants of four series of three colonies (labeled A, B, C; D, E, F; G, H, I; J, K, L) were
trainedto 1vs 2 (A, D, G, J),2vs 3 (B, E, H, K), and 3 vs 4 (C, F, I, L) blue squares, the
number to memorize (1, 2, 3) being set near the food, the other (2, 3, 4) being set far from
any reward (Figure 3, the upper photo for each kind of experiment). The ants were then tested
in front of the two numbers of cues presented during training (i.e. that to memorize and that
to avoid) but these cues had either their shape (square changed into circle, colonies A, B, C),
color (blue changed into green, colonies D, E, F), size (small changed into large size, colonies
G, H, 1), or position (their relative position on the stand, colonies J, K, L) changed. Only one
test is illustrated by a photo in Figure 3, for each kind of experiment. These training and
testing sessions were performed to examine if the ants’ counting is influenced by the
appearance of the elements to count. In other words, the entire experiment aimed to know if
ants truly ‘count’ elements or only retain a given figure.

3.3.2 Results

The numerical results are shown in Table 3. Whatever was the change of the characteristics of
the cues to count between training and testing (change of shape, color, size, or position), the
ants still statistically significantly discriminated 1 vs 2, 2 vs 3, and 3 vs 4 of these elements.
However, compared with their usual conditioning score of ca 80% (Cammaerts & Cammaerts,
2014; Cammaerts & Cammaerts, 2019a), their discrimination accuracy was a little affected
when the characteristics of the cues to count were modified between training and testing
(Cammaerts & Cammaerts, 2020e). Changing the shape or the color of the elements to count
only slightly affected the ants’ counting ability (colonies A, B, C, D, E, F). When the size of
the elements was changed (colonies G, H, I), the ants’ counting accuracy was somewhat more
impacted. A stronger, though not yet significant, effect was that caused by a change in the
position of the elements to count between training and testing (colonies J, K, L). Such
influence of the characteristics of the elements to count on the ants’ counting ability is in
agreement with the species’ (M. sabuleti) visual perception, biology and navigation system
(Cammaerts & Cammaerts, 2014)
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Figure 3. Views of experiments made to examine if the ants’ counting ability is influenced by
the characteristics of the elements to count. The ants could acquire conditioning (could count
the elements) even if the shape, color, size or position of the elements were changed between
training and testing. However, their counting accuracy was slightly, somewhat and rather well
affected when the shape or color, the size, and the position respectively of the elements were
changed between training and testing: see the numerical results presented in Table 3.
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Table 3. Influence of the shape, the color, the size and the position of elements on the ants’
counting ability

Colony Training: n° of elements set Characteristic changed Testing: % of correct
near far from food between training and testing responses
A 1 2 shape 77.3%
B 2 3 shape 73.8%
C 3 4 shape 70.9%
D 1 2 color 77.2%
E 2 3 color 73.9%
F 3 4 color 70.8%
G 1 2 size 75.0%
H 3 size 72.2%
I 3 4 size 68.0%
J 1 2 position 72.3%
K 3 position 70.6%
L 3 4 position 66.2%

The correct cue was that located near the food during training. The ants could acquire
conditioning and could thus discriminate and count the two presented cues. However, when
the characteristics of the cues were not changed between training and testing, the ants’ scores
were somewhat higher, ca 80% (e.g. Table 1). Thus, the ants could count elements whatever
their shape, color, size and position, but the accuracy of ‘true’ counting was slightly
influenced by the shape and the color of the elements, somewhat by their size, and rather well
by their displayed position. These ants’ sensitivities to the characteristics of visual elements
are in agreement with the visual perception, the biology and the navigation system of the
studied species. Photos of the experiments are shown in Figure 3.

3.4 Ants Can Acquire Single Symbolism
3.4.1 Protocol

The experiments were made on eight colonies: A and B, C and D, E and F, G and H for the
potential learning of a symbol for numerosities 1, 2, 3 and 4 respectively. The ants’ training
can be seen in Figure 4, the two upper photos for each four symbols. Their testing is
illustrated by only one photo for each symbol (Figure 4, the lower photo for each symbol).
The ants of two colonies were trained to a number of black circles (1, 2, 3 or 4) and its
corresponding symbol, these two cues being set aside the meat food and the sugar water tube
versus the number of black circles minus 1 (so: 0, 1, 2 or 3 circles) set far from any reward.
They were tested, in the course of three successive experiments, first in front of the number
of circles set near the reward during training versus that set far from the reward, secondly in
front of the corresponding symbol versus the number set far from any reward during training,
and finally in front of the ‘correct’ number versus its corresponding symbol. These three
experiments allowed examining if ants can associate a number with a given symbol.
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Figure 4. Views of experiments made to know if ants can acquire single symbolism. The ants
were trained to a number of elements (1, 2, 3 or 4) and a corresponding symbol set on one
and the other side of the food (= the reward) vs that number of elements minus 1 set far from
food. When tested, the ants identically responded to the number of elements and to its
corresponding symbol. They thus acquired single symbolism. Numerical results are given in
Table 4

3.4.2 Results

The numerical results are given in Table 4. When tested, the ants of each two colonies trained
to a number of circles and its corresponding symbol reacted more to the correct number than
to that number minus 1, more to the symbol than to the number minus 1, and similarly to the
number and its corresponding symbol. It was then successively checked if such behavior still
occurred when the shape, color or size of the circles was changed, but these checking
experiments are not here reported since the present paper is only a summary of our research.
The ants’ similarity of reaction to a number and to its symbol proved that they could acquire
single symbolism thanks to operant conditioning.
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Table 4. Ants’ acquisition of single symbolism

Colonies Aand B Colonies Cand D
1circle: 72.4% vs  Qcircle: 27.6% 2 circles: 72.9% vs  1circle: 27.1%
symbol 1: 74.6% vs O circle: 25.4% symbol 2: 65.7% vs  1circle: 34.3%
1circle: 48.1% vs  symbol 1: 51.9% 2circles: 48.7% vs  symbol 2: 51.3%
Colonies E and F Colonies Gand H
3circles: 69.3% vs 2 circles: 30.7% 4 circles: 67.5% vs 3circles: 32.5%
symbol 3: 70.1% vs 2 circles: 29.9% symbol 4: 74.7% vs 3 circles: 25.3%
3circles: 48.7% vs symbol 3: 51.3%  4circles: 49.4% vs symbol 4: 50.6%

The table gives the proportion of responses based on 20 counts made on two colonies (N =
40). Each time, the ants similarly reacted significantly more to the rewarded (correct) number
of circles (1, 2, 3, or 4) and its symbol than to that number minus one. They could thus
acquire single symbolism. Photos of the experiments are shown in Figure 4.

3.5 Ants Can Acquire Multiple Symbolisms
3.5.1 Protocol

The ants of two colonies were at the same time trained to 1, 2, 3 and 4 black circles and to
their corresponding symbol set aside, these four pairs of cues being set near a reward (meat
food, sugar water tube, pieces of thyme and nest entrance) versus 5 circles set far from any
reward (Figure 5, the two upper photos). The ants of the two colonies were then tested in the
course of successive experiments, in front of each number of circles presented during training
and 5 circles, in front of each corresponding symbol and 5 circles, and in front of each
number of circles and their corresponding symbol (12 testing experiments: three kinds of
experiments x four different numbers) (Figure 5, the four lower photos).

3.5.2 Results

Numerical results are given in Table 5. When tested, the ants of the two colonies responded
more to 1, 2, 3 or 4 correct circles than to 5 circles, more to the symbol for 1, 2, 3 and 4
circles than to 5 circles, and similarly to each number of circles and its corresponding symbol.
They thus reacted identically to the different correct numbers and to their corresponding
symbol sighted during training. They associated each correct number with their
corresponding symbol, doing so simultaneously. They thus acquired multiple symbolisms.
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Figure 5. Views of experiments made to know if ants could acquire multiple symbolisms. The
ants of two colonies were simultaneously trained to one dot and its symbol, to two dots and
its symbol, to three dots and its symbol and to four dots and its symbol, each of these four
paired cues being set near a reward vs a cue with five dots set far from any reward (the two
upper photos of the same colony are complementary, the colony being viewed from above
under two different angles). When tested (the four lower photos), the ants duly reacted
identically to the rewarded (correct) numbers and their respective symbol. They thus acquired
multiple (i.e. four) symbolisms. Numerical results are given in Table 5.
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Table 5. Ants’ acquisition of multiple symbolisms

1 circle: 78.5% vs 5circles: 21.5% 2circles: 71.9% vs  5circles: 28.1%
symbol 1: 73.2% vs  5circles: 26.8% symbol 2: 76.1% vs 5 circles: 23.9%
1 circle: 52.6% vs symbol 1: 47.4%  2circles: 53.9% vs symbol 2: 46.1%

3circles: 69.8% vs  5circles: 30.1% 4 circles: 68.0% vs  5circles: 32.0%
symbol 3: 78.8% vs  5circles: 21.2% symbol 4: 74.0% vs 5 circles: 26.0%
3circles: 47.1% vs symbol 3: 52.9%  4circles: 47.5% vs symbol 4: 52.5%

The table gives the proportion of correct responses based on 20 counts made on two colonies
(N = 40). The ants of the two colonies could simultaneously associate the numbers 1, 2, 3,
and 4 to their corresponding symbol since they similarly reacted to these numbers and
symbols. They thus acquired multiple symbolisms thanks to operant conditioning. Photos are
shown in Figure 5.

3.6 Ants Can Use Learned Numerical Symbols for Making Additions
3.6.1 Protocol

Firstly, the ants of colonies A and C were trained to two numbers of black circles and the ants
of colonies B and D were trained to three numbers of such circles, as well as each time to
their corresponding symbols, these cues being set aside a reward (the meat food, the sugar
water tube, pieces of thyme) versus a white paper set far from any reward (Figure 6, upper
left photo). They were then tested, in the course of series of experiments, first in front of each
two or three numbers of circles presented during training versus a white paper, then in front
of each two or three corresponding symbols versus a white paper, and finally in front of each
two or three numbers versus their corresponding symbol (Figure 6, lower left photos). These
thirty experiments [two series of three experiments on colonies A and C (2 x 3 x 2) + three
series of three experiments on colonies B and D (3 x 3 x 2)] allowed checking if the ants
could acquire the proposed symbolisms.

After that, a second training was conducted: the ants of the four colonies were moreover
provided with two numbers of circles set side by side on one side of the nest entrance and
with their two corresponding symbols set side by side on the other side of the nest entrance
(Figure 6, upper right photo). They were then tested, in the course of two experiments, in
front of the correct added numbers and of two wrong numbers of circles, then in front of a
symbol corresponding to the correct added numbers and of two wrong symbols (Figure 6,
lower right photos). These eight experiments (two on each four colonies) allowed examining
if the ants could make the suggested additions by using the numbers of circles as well as the
corresponding symbols.
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Figure 6. Views of experiments made on colony B in order to see if ants could use learned
symbols for making additions. Only the experiments relative to one kind of addition are here
illustrated, three other additions having also been examined. The ants were firstly trained to
two numbers of elements and to their corresponding symbols (upper left photos), and the
ants’ symbolism acquisition was checked (lower left photo). The ants were then trained in
front of a suggested addition using the numbers of elements as well as their symbols (upper
right photo). The tested ants could make the addition using either the numbers or their
symbols (lower right photos). Numerical results are given in Table 6.

3.6.2 Results

The numerical results are given in Table 6. During their first testing, the ants of each colony
similarly responded to the numbers of circles and their corresponding symbols presented
during training. They thus acquired the required multiple symbolisms. During their second
testing, the ants of each colony reacted mostly to the correct added numbers of circles, as well
as to the correct corresponding symbols. They thus duly added up the numbers as well as the
symbols presented side by side, i.e. they made the suggested addition using the numbers of
elements as well as their corresponding symbols.
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Table 6. Ants’ use of learned symbols for making a suggested addition

Colony A Colony C
1 circle: 72.0% vs  0Ocircle: 28% 2 circles: 80.9% vs  Ocircle: 19.1%
symbol 1: 72.1% vs  Ocircle : 27.0% symbol 2: 72.5% vs  Ocircle: 27.3%
symbol 1: 50.0% vs 1 circle: 50.0% symbol 2:48.3% vs  2circles: 51.7%
2 circles: 70.9% vs  Ocircle: 27.3% 4 circles : 80.6% vs  Ocircle:19.4%
symbol 2: 72.7% vs 0 circle: 27.3% symbol 4:74.6% vs OQOcircle: 25.4%
symbol 2: 50.7% vs 2 circles: 49.3% symbol 4:50.0% vs 4 circles: 50.0%
1:183% Vs2:61.7% vsOcircle:20.0%  2:132% vs4:67.9% vs 2 circles: 18.9%
symbol 1: 28.8% vs2:67.3% vs0:3.8% symbol 2: 13.2% vs4:67.6% vs2:19.1%
Colony B Colony D

1 circle: 76.5% vs  Ocircle: 23.5% 3 circles: 74.5% vs  Ocircle: 25.5%

symbol 1: 82.9% vs Ocircle:17.1% symbol 3: 80.4% vs  0circle: 19.6%

symbol 1: 49.0% vs  1circle: 51.0% symbol 3: 48.2% vs 3 circles: 51.8%

2 circles: 78.1% vs  Ocircle: 21.9% 1 circle: 71.0% vs  Ocircle: 29.0%

symbol 2: 78.0% vs 0 circle: 22.0% symbol 1: 78.4% vs  Ocircle: 21.6%

symbol 2: 48.2% vs 2 circles: 51.8% symbol 1: 50.8% vs  1circle: 49.2%

3 circles: 71.9% vs  Ocircle: 28.1% 4 circles: 81.5% vs  Ocircle: 18.5%

symbol 3: 72.9% vs O circle: 27.1% symbol 4: 82.1% vs  Ocircle: 17.9%

symbol 3: 48.6% vs  3circles: 51.4% symbol 4: 48.5% vs  4circles: 51.5%

1: 7.1% vs3:73.2% vs 2 circles: 19.6% 3:14.1% vs4:61.3% vs1circle: 24.6%

symbol 1:13.1% vs 3:65.6% vs2:21.3% symbol 3: 6.7% vs4:83.3% vs1:10.0%

The table gives the proportion of correct responses based on 20 counts (N = 20). Each time,
the ants could acquire the presented multiple symbolisms and make the suggested addition
(colonies A, B, C, D: respectively 1 + 1,1+ 2,2 + 2, 3 + 1) using the numbers as well as the
symbols presented side by side. Photos are shown in Figure 6.
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3.7 Ants Can Learn a Symbol for Zero and Use It for Making Additions
3.7.1 Protocol

The ants of four colonies were firstly trained to a number of black circles (1, 2, 3 and 4
respectively) as well as to its corresponding symbol, the two cues being set aside the sugar
water tube versus 5 black circles set far from any reward. At the same time, they were also
trained to a white paper (= zero circle) and a symbol for zero, these two cues being set near
the meat food versus the 5 circles set far from food (Figure 7, upper left photo). The ants of
the four colonies were then tested in front of the number of circles sighted during training
versus 5 circles, in front of its corresponding symbol versus 5 circles, in front of the number
of circles versus its symbol, in front of a blank paper versus 5 circles, in front of the symbol
for zero versus 5 circles, and in front of the symbol for zero versus a blank paper (Figure 7,
lower left photos). These six tests allowed checking if ants duly acquired the required
symbolisms.

After that, the ants of the four colonies were moreover provided with a number of black
circles (again respectively 1, 2, 3 and 4) and a blank paper, the two cues being set on the left
of the nest entrance, as well as at the same time with the symbol for the number of circles (i.e.
respectively the symbol for 1, 2, 3 or 4) and the symbol for zero, these two cues being set on
the right of the nest entrance (Figure 7, upper right photo). The ants of the four colonies were
then tested in front of 5 circles, of the number of circles provided during training, and of a
white paper, then, in front of 5 circles, of the symbol corresponding to the number of circles
seen during training and of the symbol for zero (Figure 7, lower right photos). These two tests
allowed knowing if the ants could make a suggested addition (i.e. 1+ 0,2+ 0,3+ 0,4 +0)
using the numbers of circles and using the corresponding symbols.

3.7.2 Results

The results are numerically presented in Table 7. During their first testing session, the ants of
each colony responded similarly to the number of circles and its corresponding symbol, as
well as similarly to the blank paper and to its corresponding symbol, to which they had been
trained. They duly acquired the two required symbolisms. During their second testing session,
these ants approached significantly mostly the number of circles as well as the symbol which
corresponded to the result of the suggested addition (1+0=1,2+0=2,3+0=3,4+0=4).
They thus duly added up a number of elements + zero element = the number of elements, as
well as a symbol for a number + a symbol for zero = the symbol for the number. They could
learn a symbol for zero, and could use it for adding, just like they could use numerical
symbols (see the previous experiment related here above).
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Figure 7. Views of experiments performed for knowing if ants could learn a symbol for zero
and use it to add up. Only the experiments relative to one addition are here illustrated; three
other series of experiments relative to three other additions were also performed. The ants
were firstly trained to a number of elements and its corresponding symbol as well to zero
element and its corresponding symbol (upper left photos), and the ants’ acquisition of these
symbolisms was checked (lower left photo). The ants were then trained in front of a
suggested addition represented by the numbers of elements as well as by the corresponding
symbols (upper right photo). When tested, the ants could make the addition using either the
numbers or their symbols (lower right photos). Numerical results are given in Table 7.
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Table 7. Ants’ learning of a symbol for zero and using of it for adding up

Colony A
1 circle: 78.9% vs  5circles: 21.1%
symbol 1: 76.5% vs 5 circles: 23.5%
symbol 1: 52.8% vs  1circle: 47.2%
0 circle: 85.2% vs  5circles: 14.8%
symbol 0: 78.3% vs  5circles: 21.7%

symbol 0: 47.2% vs O circle: 52.8%

Colony B

2 circles: 77.1% VS
symbol 2: 75.8%  vs
symbol 2: 51.6%  vs
0 circle: 74.1% VS
symbol 0: 85.9%  vs
symbol 0: 50.0%  vs

5 circles: 22.9%
5 circles: 24.2%
2 circles: 48.4%
5 circles: 25.4%
5 circles: 14.1%
0 circle: 50.0%

5:5.0% vs1:63.3% vsOcircle: 31.7%

5circles:10.6% vssyl:72.7% vs sy0:16.7%

5:12.8% vs 2: 66.0%

5 circles:8.2%

VS sy2:77.6%

vs O circle: 21.3%

vs sy0:14.3%

Colony C
3 circles: 82.6% vs  5circles: 17.4%
symbol 3: 84.6% vs  5circles: 15.4%
symbol 3: 51.5% vs 3 circles: 48.5%
0 circle : 86.7% vs  5circles: 13.3%
symbol 0: 85.4% vs  5circles: 14.6%

symbol 0: 50.0% vs 0O circle: 50.0%

Colony D

4 circles: 78.0% VS
symbol 4: 84.5%  vs
symbol 4:51.1%  vs
0 circle: 80.6% 'S

symbol 0: 77.9%  vs
symbol 0: 48.8%  vs

5 circles: 22.8%
5 circles: 15.5%
4 circles: 48.9%
5 circles: 19.4%
5 circles: 22.1%
0 circle: 51.2%

vs 4: 60.4%

vs O circle: 26.4%

5:16.1% vs3:67.9% vsOcircle: 16.1% 5:13.2%

5circles:13.7% vssy3: 70.6% vssy0: 15.7%  5circles:10.3% vssy4: 74.1% vs sy0: 15.5%

The table gives the proportions of correct responses based on 20 counts (N = 20). Each time,
the ants could acquire the proposed symbolisms including that for zero, and could make the
suggested addition (colonies A, B, C, D: respectively 1 + 0,2 + 0, 3 + 0, 4 + 0) using the
numbers as well as the symbols presented side by side. Photos are shown in Figure 7.

4. Discussion

In this section, we first comment our findings in the order they have been related, then we
present four associated potential problems that may appear in human’s numerical competence,
and thirdly, we propose a personal conclusion.

4.1 Comments

The native characteristic of the number line. Ants natively possess a mental number line.
Human infants at the age of 7-8 months, before experiencing language, symbolism and
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measurement, tend to relate numerical magnitude with spatial length, what is the essence of a
mental number line (de Hevia & Spelke, 2010). Even neonates relate numbers and durations
to spatial length when these dimensions vary in the same direction, although not when in
opposite directions (de Hevia, lzard et al., 2014). At the age of 7 months, infants prefer
increasing numerical sequences than decreasing ones when they are displayed in a left to
right spatial orientation, as well as decreasing sequences than increasing ones when under the
reverse orientation (de Hevia, Girelli et al., 2014). They have a native number line, what is
still observed in preschool 3 to 5 year old children who intuitively relate numbers and length
(de Hevia et al., 2012). It appears that the precision of these preschool infants in representing
amounts on a number line predicts their later mathematical performance (Mazzocco et al.,
2011). The human number mapping is initially logarithmic, but mathematical education
induces a shift towards a linear mapping (Dehaene et al., 2008). Such a shift from logarithmic
to linear representation of amounts was examined in the course of infants’ education (Laski &
Siegler, 2007; Siegler et al., 2009). The acquisition of a precise number representation is ‘a
mental revolution, unique to Homo sapiens’, and is the first step to higher mathematics
(Dehaene, 2011, p 260).

The notion of zero. Ant workers acquire the notion of zero thanks to individual experiences.
Here, we presented to ants an empty and a filled sugar water tubes in order to learn them the
notion of ‘nothing’, of zero. In the wild, the ants could acquire that notion when perceiving
the absence of water or of food, the departure of male and/or female individuals, the death of
one of their queens, etc. For animals living in groups, zero may be learned through the
departure or the death of the pack leader. Each time, the brutal absence of a vital or important
element may bring the notion of zero to an animal. The acquisition of the notion of zero may
thus occur at different moments of an individuals’ life, potential differences appearing
therefore among individuals and possibly between populations. Brysbaert (1995) found that
humans take more time to read the numeral 0 than expected on the basis of their numbers
representation. Zero learning differs from that of true amounts, but finally, zero is perceived
as being the smallest quantity located on the humans’ mental number line (Pinhas & Tzelgov,
2012). In fact, human children lately acquire a correct notion of zero (ca at the age of four:
Bialystok & Codd, 2000; Nieder, 2016) and do not represent it by a symbol before the age of
about six (Wellman & Miller, 1986).

True counting. We found that ants went on duly counting elements when their shape, color,
size or location was changed, although their counting accuracy was then lower and this, when
only one characteristic of the elements has been changed. True counting was demonstrated in
honeybees. Gross et al. (2009) experimentally proved that they truly counted numbers of
elements independently of their color, configuration, area, perimeter or the illusory contours
they formed. However, bees could apply their learning of distinguishing 2 from 3 to that of 3
from 4, but not to that of 4 from 5 and 5 from 6. Bortot et al. (2019) showed that bees
effectively could be learned to count numbers of black circles whatever the size and pattern
configuration of these dots, the correct number being the smaller or the larger one. However,
the latter ability was significant for 2 vs 3 and 3 vs 2 but not for 3 vs 4 and 4 vs 3. The bees’
true counting ability may thus be limited to 4 items. Irie et al. (2019) showed that an elephant
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could distinguish two different amounts of elements without being affected by the numerical
distance, the size or the ratio of these amounts or by their ratio. However, this finding was
obtained in only one individual with a proportion of correct responses equaling 66.8%, what
was a rather low performance. Jordan and Brannon (2006) showed that rhesus monkeys truly
counted items independently of their non-numerical characteristics. In the same way, Ditz and
Nieder (2016) demonstrated that crows (Corvus corone) correctly counted elements even if
the elements presented during testing differed by their size and display from those used for
training. In contrast, Tomonaga (2006) showed that pattern characteristics of the dot display
somewhat influenced the chimpanzees’ counting ability though they still significantly
perceived the difference between the number of dots. This result recalls what we found on
ants.

Symbolism acquisition and use. We have checked (but reported the information only in the
paper relative to symbolism acquisition (Cammaerts & Cammaerts, 2020f) and not in the
present summary) that ants could associate numbers with symbols, even if the color, shape or
size of the elements representing the numbers were changed. The ants appeared to better
make the proposed additions when using the symbols than when using the numbers. Animals’
symbolism acquisition may thus be easy since useful, and the list of species able to acquire
numerical symbolism given in the introduction section may be longer. Indeed, up to now,
using numerical symbolism including the zero for making additions has been found only in
chimpanzees (Pan troglodytes) (Boysen & Berntson, 1989), and in rhesus monkeys (Macaca
mulatta) (Washburn & Rumbaugh, 1991). However, it is plausible that such ability is
detained by other animals not yet investigated as for this topic since the use of symbols is not
a complex task but an easy one, a task simplifying, for example, the counting and calculation
of amounts. In fact, species living in groups use visual, acoustical, olfactory and tactile (i.e.
(biological) signals to communicate. Each of these social signals can be considered as being a
symbol with its own signification and usefulness. There is a gap between numerical
symbolisms acquired by humans through education, and the symbolism learned through
conditioning by animals. The numerical competence of humans passes from an iconic to an
indexical and finally to a symbolic stage, but animals are constrained to an indexical level
(Nieder, 2009). Let us add that among all the animal species, even if they make use of several
symbolisms in their day-to-day life, no one has been shown to have spontaneously created a
numerical symbolism. Only the human species did so (Howard et al., 2019b).

4.2 Related Events in Humans

Humans’ innate possession of a number line is validated by the consequence of two health
impairments. Firstly, brain damage (hemi-spatial neglect) affects the representation of
numbers on a mental number line (Zorzi et al., 2002). Secondly, children with normal
intelligence but difficulties when starting to learn simple mathematical operations appear to
be deficient as for the possession of a number line (dyscalculia) Such children are treated
thanks to a particular training program and make progress in mathematical learning in the
course of their acquisition of a number line (Kucian et al., 2011).

Of course, infants must acquire true counting for going on with mathematical education. The
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notion of numbers and the elementary arithmetical operations should be learned to infants
during their most adequate life period, using a concrete representation of the numbers, and
only one (always the same) representation until the infants could correctly count, add up and
subtract. Thereafter, some short time periods should be devoted to extent the acquired
learning to several kinds of number representations in order to soon obtain the children’s
counting, adding up and subtracting abilities without the help of concretely representing the
numbers. At that time, the notion of zero should be included in the infants’ education.

Zero is a non-native notion that has to be explained to infants. Unfortunately, this learning is
not always efficiently made (Wheeler & Feghali, 1983). More attention should be paid to this
important point of the humans’ education, childhood being the best life period for learning
the signification of the zero. Attention should be paid to the manner according to which this
learning would be optimally performed.

Concerning numerical symbolism (and any other symbolisms), it appears that it can easily be
acquired by several animal species, and in fact also by humans at any age. Even more, many
tasks (mathematical and other ones) could be easier and more rapidly performed using
symbolism. We advice to think as soon as possible to learn symbols to infants, to not neglect
this small but very important part of the humans’ education. The use of symbolism is valid for
nearly all the cognitive topics, e.g. music, mathematics, writing, driving, visual
communication, etc... In other words, learning symbolisms to infants must not be delayed;
learning and using symbols is easily acquired by them, and makes plenty of their activities
easier and more rapid.

4.3 Conclusion

Studying animals’ numerosity abilities shows that humans are not the only species possessing
such abilities. Vertebrates and invertebrates also can count, add, subtract amounts, have a
native number line, may acquire the notion of zero, and can acquire symbolisms, all this
being beneficial for their life. Moreover, such studies point out several numerical
particularities in animals which exist in humans and are important for the mathematical
learning of the latter. Animals serve as biological models for better understanding human
biology, and this includes numerical abilities.
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