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Abstract 
It was previously shown that workers of the ant Myrmica sabuleti can discriminate small numbers of elements 
during testing when these elements were identical to those learned during training. Here we examine if this 
numerosity ability still subsists if the shape, color, size or location of the elements (dots) to count are modified 
between training and testing. We found that the ants’ counting ability was not significantly affected by changing 
one of these features although a somewhat lesser ability was observed. Among the changes, it was that of the 
relative position of the elements which disrupted the most the ants’ counting ability, followed by a change of their 
size. A change in the color or the shape affected the least the ants’ counting. These impacts of feature changes in 
the learned cues on the ants’ counting can be explained by characteristics of the visual perception of the species as 
well as by its behavioral ecology. 
Keywords: Extraneous Variables, Myrmica sabuleti, Numerosity, Operant Conditioning, Visual Perception 
1. Introduction 
Workers of the ant Myrmica sabuleti Meinert 1861 can distinguish different numbers and shapes of elements 
(Cammaerts, 2008). They can also add and subtract visual elements when having clearly sighted the result of the 
operation during training (Cammaerts & Cammaerts, 2019b, c, e). These findings were obtained using cues of 
identical shape, color, size and location during training and testing. However, the ants may have memorized a 
displayed image without having sensu stricto counted the presented elements. 
It was thus imperative to examine if these ants could also discriminate numbers of elements when those presented 
during testing differ from those used for training by their shape, size, color or relative position. Such kind of 
control for extraneous variables co-varying with counting has already been done in studies on numerosity 
perception involving some invertebrates, vertebrates and humans. Some species tested for their numerosity 
abilities could be controlled for co-variates by the introduction of simple changes in the presented cues, such as 
varying their size (in a spider: Rodríguez, Briceño, Briceño-Aguilar, & Höbel, 2015; in chimpanzees: Tomonaga, 
2008), as well as their pattern (in pigeons: Emmerton & Renner, 2006; in gorillas and orangutans: Gazes, Diamond, 
Hope, Caillaud, Stoinski, & Hampton, 2017), or for food items, by changing their nature (in a grey parrot: 
Pepperberg, 2012) or pictures representing them (in an elephant: Irie, Hiraiwa-Hasegawa, & Kutsukake, 2019). 
Numerosity in other species was controlled for shape, size, brightness and location of presented cues (in a 
mosquito fish: Agrillo, Dadda, Serena, & Bisazza, 2009) or needed to be controlled with the help of time interval 
and dummies (in dogs and wolves: Range, Jenikejew, Schröder, & Virányi, 2014). When testing rhesus and snow 
monkeys, more elaborated changes including shape, size, cumulative surface (area), color and pattern of displayed 
cues were used (Brannon & Terrace, 1998, 2000), as well as density (Cantlon & Brannon, 2006; Jordan & Brannon, 
2006), linearity of pattern (Nieder, Freedman, & Miller, 2002) and cumulative perimeter (Okuyama, Kuki, & 
Mushiake, 2015). Volume of food items was also taken into account (Flombaum, Junge, & Hauser, 2005). Crows 
were also tested with variable size, area, density and linearity of dot displays (Ditz & Nieder, 2015). Honeybees 
were tested using different shape, size, color, pattern surface and display of cues (Howard, Avarguès-Weber, 
Garcia, Greentree, & Dyer, 2019). As for numerosity in humans, control for extraneous variables took account on 
the individuals’ age. No control could be used for neonates (0 to 3-days old). For 6 – 8-months infants, size and 
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pattern displayed (Xu & Spelke, 2000) including spacing of displayed dots (Rugani & de Hevia, 2017) were used. 
Preschool children were tested using variable size, color and displayed pattern (Merritt & Brannon, 2013) and 
adults could be tested using different size, cumulative surface and perimeter, density, and displayed pattern 
(Cantlon & Brannon, 2006; Merten & Nieder, 2008). 
In the case of the ant Myrmica sabuleti, numerosity abilites (same references as above) were shown without 
changing between training and testing the features of the elements to count. In the present work on recognition 
ability between 1 to 4 elements, we changed the shape, color, size and position of cues between training and testing, 
however only one of these changes being made at a time, in order to assess the effect of each of these changes on 
the ants’ discrimination between numbers. 
2. Material and Methods 
2.1 Collection and Maintenance of Ants 
The experiments were performed on colonies collected in September 2019 in abandoned quarries at Marchin 
(Condroz, Belgium) and at Olloy/Viroin (Ardenne, Belgium). Six of the collected colonies contained 200 - 500 
workers, a queen and brood. Another colony contained more than 2,000 workers, brood and several queens, and 
was divided in six smaller colonies. Twelve experimental colonies were thus maintained in the laboratory, each 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 or 30cm x 15cm x 5cm) which served as foraging area, food 
being available on it as pieces of Tenebrio molitor larvae (Linnaeus, 1758) deposited three times per week and as, 
permanently set, a cotton plugged tube filled with sugar water. The ambient temperature was ca 20°C, the 
humidity 80%, the lighting 330 lux while working on ants, and the electromagnetism 2µWm2. These 
environmental conditions were optimum for the species. 

 

Figure 1. Experimental design used for examining if ants distinguish different numbers of elements whatever their 
shape, color, size or location 

The ants were trained on their foraging area to a number of elements set near the food vs another number set far 
from food. They were tested in a separate tray faced with two cues having the same number of elements, but these 
elements differed by their shape, color, size, or relative position from those used for training (one difference being 
used at a time). The elements presented to the ants were each time tied to a stand (upper part of the schema) 
maintained vertically thanks to a duly horizontally folded base. Details are given in the text, cues are schematized 
in Figure 2, and photos of the experiments are shown in Figure 3. 
 
2.2 Training and Testing 
The ants were continuously trained on their foraging area (operant conditioning) during two days: a stand bearing 
the cue (see below) they are expected to memorize (i.e. the ‘correct’ cue) was set near the food and another stand 
bearing the cue they should not memorize (i.e. the ‘wrong’ cue) was set far from the food (Figure 1, lower left part; 
Figure 3, the upper photo for each colony). Each training day, the ants present in the vicinity of the two presented 
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cues were counted several times per day, and the mean of these counts was established. These means are given in 
the text only and did not require statistical analysis. 
After 7, 24, 31, and 48 training hours, the ants were tested in a separated tray (21cm x 15cm x 7cm). the borders of 
which having been slightly covered with talc to prevent escaping. Each tray contained two stands bearing cues 
differing by one characteristic from those presented during training (see below) and set at about seven centimeters 
from one another (Figure 1, lower right part; Figure 3, the lower photo for each colony). To make a test, 25 ants of 
the experimented colony were transported into the tray devoted to testing and the ants approaching each of the two 
stands at a distance of at most 2cm were counted twenty times over ten minutes (Table 1). The twenty counts 
relative to the two cues allowed establishing the ants’ proportion of correct responses (i.e. the ants’ responses to the 
number of elements identical to that set near the food during training), a proportion given only in the text. The 
numbers of elements corresponding to those presented during training were randomly located on the left or on the 
right in the tray devoted to testing. After each test, the ants were immediately returned into their foraging area, very 
near their nest entrance. After having made the four tests (i.e. after 7, 24, 31, and 48 training hours) on a colony, the 
average of the ants’ conditioning scores (% of correct responses) was calculated (Table 1, last column). 

 

Figure 2. Cues (numbers of elements) presented to the ants, during training and testing 
These experiments were made to examine if the ants’ discrimination between two numbers of elements was not 
impacted by extraneous characteristics (shape, color, size, location) of these elements. The elements set near the 
food during training were the ‘correct’ cues; those set far from food were the ‘wrong’ cues. During each test, the 
presented elements differed by one characteristic. Details (methods, results, statistics, and explanations) are given 
in the text and the Appendix; photos of the experiments are shown in Figure 3. 
 
2.3 Cues Presented to the Ants 
Each cue presented to the ants was drawn in a paper square (2.5cm x 2.5cm) using Word® software. They were 
then printed, cut, and tied on the front face of a stand (Figure 1, upper part; Figure 3). Each stand was made of 
strong white paper (Steinbach®), had a vertical (2.5cm x 2.5cm) part, and kept its verticality thanks to a duly 
folded horizontal part [2 x (1.25cm x 0.5cm)] (same Figures). The cues presented to the different colonies are 
schematized in Figure 2; these presentations and their aim were as follows. 
For examining the influence of the shape of elements on the ants’ counting ability, respectively 1, 2, and 3 black 
squares (0.5cm x 0.5cm) were presented during training to colonies A, B, and C near their food (= the numbers of 
elements to memorize, i.e. the ‘correct number’) and 2, 3, and 4 of such squares far from the food. During testing, 
the ants of colonies A, B, C were confronted to respectively 1, 2 and 3 black circles (Ø 6 mm) (the ‘correct cue’) 
versus 2, 3 and 4 of such circles. 
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To study the influence of the color of elements on the ants’ counting ability, respectively 1, 2, and 3 violet squares 
(0.5cm x 0.5cm) were presented during training to colonies D, E, and F near their food (= the numbers of elements 
to memorize, i.e. the ‘correct number’) and 2, 3, and 4 such squares far from the food. During testing, the ants of 
colonies D, E, F were confronted to respectively 1, 2 and 3 green squares (0.5cm x 0.5cm) (the ‘correct cue’) 
versus 2, 3 and 4 such squares. Myrmica sabuleti workers have been shown to discriminate colors, even under low 
light intensity (Cammaerts, 2007; M.-C. Cammaerts & D. Cammaerts, 2009). 
For examining the influence of the size of elements on the ants’ counting ability, colonies G, H, I received during 
training respectively 1, 2 and 3 black squares (0.3cm x 0.3cm) near their food (the numbers of elements to count 
and memorize) and 2, 3 and 4 of such squares far from the food, and during testing, the ants of these colonies G, H, 
I were confronted to respectively 1, 2 and 3 larger black squares (0.5cm x 0.5cm) ( the ‘correct cue’) versus 2, 3 
and 4 of such larger black squares. 
In order to assess on the ants’ counting ability the effect of a change in the relative position of elements displayed 
on a stand, the colonies J, K, L were provided during training with respectively 1, 2 and 3 black squares (0.5cm x 
0.5cm) set near the food (the number to memorize) and with 2, 3 and 4 such squares set far from the food. The ants 
of these colonies J, K, L were tested in front of respectively 1, 2 and 3 black squares (0.5cm x 0.5cm) (the ‘correct 
cue’) which relative position on the stand differed from that during training versus 2, 3 and 4 of such squares 
differently positioned. 
2.4 Statistical Analysis 
The effect of changes in shape, color, size or relative position of the elements on the ants’ counting ability (i.e. on 
their choice of the correct versus the wrong numbers of elements) was separately analyzed for 1 vs 2, 2 vs 3 and 3 
vs 4 elements and for 7, 24, 31 or 48 training hours. The twenty numbers chronologically obtained for each kind of 
stand were summed by four, and the five values obtained for a stand were compared to those obtained for the other 
stand using the non-parametric test of Wilcoxon (Siegel & Castellan, 1989). The results of these tests are given in 
the Appendix. 
We also compared to one another the impact of the four kinds of changes made to the elements. As the counting of 
the tested ants present at close proximity of the stands bearing the correct and the wrong number of elements 
corresponded to the sum of the number of workers sighted in the course of 10 min, such a counting inflated the 
number of ants present at a given time near each stand, although providing a more comfortable computation size 
when using statistical tests. However, all the protocols and counting were identical, what allowed comparison. 
Moreover, the workers counted during 10 minutes were not necessarily those staying close to each of the two 
stands, as they could walk from one stand to the other. Thus, the numbers of ants counted near the correct and the 
wrong numbers of elements were not entirely independent. Nevertheless, as all the other variables were 
independent from each other, the non-parametric Chi-square test for independent samples appeared to be a 
practical choice. This test was thus used to compare the ants’ correct and incorrect choices in relation with the four 
changes. Moreover, the Chi-square test for 2 x 2 contingency tables (Siegel & Castellan, 1989) was used to 
compare only the changes which leaded to the highest difference in the ants’ average % of correct responses, i.e. 
the changes in shape and in relative position. Furthermore, for reducing as much as possible the non-independent 
character of the number of ants observed near each stand, we used the exact probability Fisher test (same reference 
as above) for a comparison between every two kinds of change, by taking into account the number of ants sighted 
during only the first two minutes of their counting, thus at a time when their walking to another stand was the most 
limited. These small numbers of ants corresponded to the first number of each five counts related in the Appendix. 
3. Results 
Numerical results are given in Table 1, photos of the experiments are shown in Figure 3, numerical and statistical 
details are related in the Appendix located at the end of the present paper. 
3.1 Discrimination of Numbers of Elements Whatever Their Shape 
During their training to 1vs 2 black squares, the ants of colony A were sufficiently numerous at any time around the 
two presented cues for seeing and memorizing them. Tested after 7, 24, 31, and 48 training hours in front of 1 and 
2 black circles, these ants went essentially to the 1 black circle (Table 1, line 1), and presented a conditioning score 
of 67.8%, 78.7%, 74.0% and 81.8% respectively. Each time, the counts corresponding to these scores were 
statistically significant (P = 0.031). The average ants’ conditioning score over their entire training equaled 77.3%. 
During their training to 2 vs 3 black squares, the ants of colony B were numerous enough all around these two cues 
to see and memorize them. Tested after 7, 24, 31, and 48 training hours in front of 2 and 3 black circles, these ants 
reacted essentially to the 2 circles (Table 1, line 2). They presented a conditioning score of 70%, 80.3%, 68.9% and 
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79.3% respectively, the counts corresponding to these scores being each time statistically significant (P = 0.031). 
Over their 48 training hours, the ants presented an average conditioning score of 73.8%. While being trained to 3 vs 
4 black squares, the ants of colony C were numerous enough in the vicinity of these two cues for seeing and 
memorizing them. Tested after 7, 24, 31 and 48 training hours faced with 3 and 4 black circles, these ants went 
mostly to the 3 circles (Table 1, line 3), and presented a conditioning score of 68.1%, 71.6%, 69.4 and 73.8% 
respectively, the counts corresponding to these scores being statistically significant (P = 0.031). The ants’ average 
conditioning score for their entire training time equaled 70.9%. We can thus conclude that the ants of colonies A, B, 
and C distinguished respectively 1, 2 and 3 elements from 2, 3 and 4 elements, and thus correctly counted them, i.e. 
independently of their shape (squares or circles). 
3.2 Discrimination of Numbers of Elements Whatever Their Color 
While being trained to 1 vs 2 violet squares, the ants of colony D were sufficiently numerous all around these two 
cues for seeing and memorize them. Tested faced with 1 and 2 green squares after successively 7, 24, 31, and 48 
training hours, these ants went mostly to the 1 green square (Table 1, line 4), presenting a conditioning score of 
70.8%, 75.4%, 85.1%, and 77.2% respectively. The counts corresponding to these scores were statistically 
significant (P = 0.031). The ants’ average conditioning score assessed over the entire training time equaled 77.2%. 
During their training to 2 vs 3 violet squares, the ants of colony E were sufficiently numerous at any time all around 
these two cues to see and memorize them. Tested in front of 2 and 3 green squares after successively 7, 24, 31 and 
48 training hours, the ants went mostly to the 2 green squares (Table 1, line 5), and presented a conditioning score 
of 69.8%, 75.4%, 85.1%, and 77.2% respectively, the counts corresponding to all these scores being significant (P 
= 0.031). Over their 48 training hours, the ants of colony E reached an average conditioning score of 73.9%. While 
being trained to 3 vs 4 violet squares, the ants of colony F were rather numerous at any time all around these two 
cues, what allowed them seeing and memorizing the two cues. Tested faced with 3 and 4 green squares after 
successively 7, 24, 31, and 48 training hours, these ants reacted essentially to the 3 green squares (Table 1, line 6), 
presenting a conditioning score of 68.3%, 70.0%, 73.5%, and 70.7% respectively. The counts corresponding to 
these four scores were statistically significant (P = 0.031). The ants’ average conditioning score over 48 training 
hours equaled 70.8%. Thus, the ants of colonies D, E and F respectively duly distinguished 1 from 2, 2 from 3, and 
3 from 4 squares whatever their color. 
 
Table 1. Ants’ discrimination of numbers of visual elements when those used for testing differed by one of their 
characteristics from those used for training 

Colony Characteristic changed 
between training and 

testing 

Training: n° of elements set 
near food      far from it 

Testing: n° of ants counted near the ‘correct’ 
cue / the ‘wrong’ cue 

after 7 hrs   24 hrs   31 hrs   48 hrs 

Average % of 
correct 

responses 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 

shape 
shape 
shape 
color 
color 
color 
size 
size 
size 

position 
position 
position 

1              2 
2              3 
3              4 
1              2 
2              3 
3              4 
1              2 
2              3 
3              4 
1              2 
2              3 
3              4 

40/19     63/16     57/20    45/10  
56/24     53/13     62/28    46/12 
32/15     53/21     59/26    59/21 
46/19     52/17     57/10    51/15 
81/35     73/30     49/13    57/26 
41/19     49/21     61/22    58/24 
40/17     44/15     62/19    55/16 
37/11     46/19     44/11    37/21 
34/17     79/37     39/18    29/13 
53/23     49/20     57/16    47/20 
46/21     46/23     41/11    47/22 
61/34     47/18     59/28    58/31 

77.3% 
73.8% 
70.9% 
77.2% 
73.9% 
70.8% 
75.0% 
72.2% 
68.0% 
72.3% 
70.6% 
66.2% 

The correct cue was that corresponding to the number of elements located near the food during training (Figure 2). 
The ants could discriminate the presented elements: all the scores were higher than 50%. However, when the cues 
used for training and testing were identical, the ants’ discrimination between 1 and 2 elements had a mean score of 
81.9% (see the sub section 3.5). The ants’ counting is thus influenced mostly by the relative position of the 
elements to count, somewhat by their size, and slightly by their shape or their color. Details on the methods, results 
and statistics are given in the text and in the Appendix; photos of the experiments are shown in Figure 3. 
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3.3 Discrimination of Numbers of Elements Whatever Their Size 
While being trained to 1 vs 2 small black squares, the ants of colony G were sufficiently numerous at any time all 
around these two cues for seeing and memorizing them. Tested in front of 1 and 2 large squares after 7, 24, 31, and 
48 training hours, these ants went essentially to the 1 large square (Table 1, line 7). They reached a conditioning 
score of 70.2%, 75.4%, 85.1%, and 77.2% respectively, the counts corresponding to these scores being statistically 
significant (P = 0.031). The average ants’ conditioning score over their 48 training hours equaled 75.0%. During 
their training to 2 vs 3 small black squares, the ants of colony H were very numerous all around these two cues and 
could thus perceive and memorize them. Tested faced with 2 and 3 large squares after 7, 24, 31, and 48 training 
hours successively, these ants reacted mostly to the 2 large squares, presenting a conditioning score of 75.5%, 
70.8%, 80.0%, and 63.8% respectively (Table 1, line 8). The counts corresponding to these scores were significant 
(P = 0.031). Calculated over the entire training time, the ants’ average conditioning score equaled 72.2%. While 
being trained to 3 vs 4 small squares, the ants of colony I were very numerous all around these two cues and thus 
able to see and memorize them. Tested in front of 3 and 4 large squares after 7, 24, 31, and 48 training hours 
successively, these ants went mostly towards the 3 squares, presenting a conditioning score of 66.7%, 68.1%, 
68.4%, and 69.0%% respectively (Table 1, line 9). The counts corresponding to each of these scores were 
significant (P = 0.31). The ants’ average conditioning score calculated using the numbers of ants counted during 
the four testing sessions equaled 68.0%. Consequently, the ants of respectively colonies G, H, and I correctly 
distinguished 1 from 2, 2 from 3, and 3 from 4 elements, independently of the smaller or the larger size of these 
elements. 
3.4 Discrimination of Numbers of Elements Whatever Their Relative Position 
During their training to 1vs 2 black squares, the ants of colony J were numerous enough at any time all around 
these two cues to memorize them. Tested in front of 1 and 2 black squares otherwise located than during training 
after 7, 24, 31 and 48 training hours successively, these ants went mostly to the 1 square (Table 1, line 10), 
presenting a conditioning score of 69.7%, 71.0%, 78.1% and 70.1% respectively. The counts corresponding to 
these scores were statistically significant (P = 0.031). Over their 48 training hours, the ants of colony J had an 
average conditioning score of 72.3%. While being trained to 2 vs 3 black squares, the ants of colony K were 
sufficiently numerous all around these two cues for seeing and memorizing them. Tested faced with 2 and 3 black 
squares otherwise located than during training, after successively 7, 24, 31, and 48 training hours, these ants went 
mostly to the 2 squares (Table 1, line 11), and presented a conditioning score of 68.7%, 66.7%, 78.8%, and 68.1% 
respectively. The counts corresponding to these scores were significant (P = 0.031). The ants’ average 
conditioning score calculated on the basis of the four testing sessions equaled 70.6%. During their training to 3 vs 
4 black squares, the ants of colony L were numerous enough at any time in the vicinity of these two cues to see and 
memorize them. Tested in front of 2 and 3 black squares otherwise located than during training, after successively 
7, 24, 31, and 48 training hours, these ants went essentially towards the 3 squares (Table 1, line 12), presenting 
successively a conditioning score of 64.2%, 72.3%, 67.8%, and 65.2%. The counts corresponding to these scores 
were statistically significant (P = 0.031). The ants’ average conditioning score calculated over the four testing 
sessions equaled 66.2%. Consequently, the ants of colonies J, K, and L duly discriminated 1 from 2, 2 from 3, and 
3 from 4 elements respectively, even if those presented during testing were somewhat otherwise positioned than 
those presented during training. 
3.5 Effect of Shape, Color, Size and Relative Position of Elements on Their Counting 
The ants duly and statistically significantly distinguished the presented numbers of elements even if changes in 
their shape, color, size and relative position were brought for testing (as ascertained by Wilcoxon tests after each of 
the four training times). 
However, the discrimination accuracy observed in the present work was somewhat lower than that obtained in 
previous works on the same species when the cues were unchanged between training and testing. More precisely, 
during a study on the notion of zero, a mean conditioning score of 78.1% was obtained for the ants’ discrimination 
between 1 and 2 circles, after 48 training hours (Cammaerts & Cammaerts, 2019a, Table 1). In a study on the ants’ 
correct location of the zero (Cammaerts & Cammaerts, 2019d), after two training days, these insects presented a 
conditioning score of 83.3% (meanly 4.0 vs 0.8 ants) when asked to learn 2 vs 1 elements, and a score of 82.6% 
(meanly 3.8 vs 0.8 ants) when asked to learn 1 vs 2 elements. In a study on the ants’ representation of numbers on 
their number line (Cammaerts & Cammaerts, 2020), a mean conditioning score of 83.4% was observed for the ants’ 
discrimination of 1 vs 2 elements, for a training period up to 48 hours. All these proportions are in agreement with 
one another, their average being 81.9%. This is higher than the values here obtained for the discrimination 
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accuracy between 1 and 2 elements (77.3%, 77.2%, 75.0% and 72.3%: Table 1) when respectively the shape, the 
color, the size and the relative position of these elements differed between training and testing. 
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Figure 3. Views of the experiments made to know if ants can recognize 1 to 4 elements even if those seen during 
testing differ from those seen during training by their shape, color, size, or location 

For each colony, the upper photo concerns the ants’ training, and the lower one concerns the ants’ testing. Details 
(methods, results, and statistics) are given in the text and the Appendix; numerical results are given in Table 1. 
Briefly, the ants correctly counted the elements one characteristic of which had been changed. They were only 
slightly influenced by a change of shape or color of these elements, somewhat by a change of their size, and rather 
more by a change in their relative position. Such a behavior has ecological and physiological explanations, and 
may be useful to the ants while foraging or navigating. 

 
Coming back to the present work, the proportion of correct responses varied according to the kind of change made 
after training (Table 1), the choice being the more correct when the shape or the color was changed, somewhat 
lesser correct when the size was changed and the less correct when the relative position of the elements was 
changed. Nevertheless, there was statistically no significant difference between the number of tested ants having 
chosen the correct or the wrong number of elements faced to either 1 vs 2, 2 vs 3 or 3 vs 4 elements, according to a 
change in shape, color, size or position of the elements and after training times of either 7, 24, 31 or 48 hours (χ2 
tests: all results with P > 0.30). The same conclusion holds when the comparison involved only the changes leading 
to the most extreme differences (change of shape and change of relative position: χ2 tests: all results with P > 0.20). 
There was also no statistical difference when Fisher tests were used on the number of ants sighted during only the 
first two minutes of their counting (all results with P (two-tailed) > 0.25). 
The impact of each of these four changes on the species’ counting ability is commented in the Discussion section. 
Incidentally, a decrease of the ants’ scores when discriminating between increasing number of elements must be 
noted. This can be accounted for a size effect, i.e. the fact that discrimination becomes harder when numbers or 
physical stimuli increase in magnitude (Cammaerts & Cammaerts, 2020). 
4. Discussion – Conclusion 
Having previously shown that the workers of the ant M. sabuleti can distinguish different numbers of elements, 
however by using cues differing only by the numbers of their elements during training and testing, we here 
examined if these ants can also distinguish two different numbers of elements when these elements differed by 
their shape, color, size or location between training and testing. Using operant conditioning, we found that the 
workers of the ant M. sabuleti correctly discriminated 1 from 2, 2 from 3 and 3 from 4 elements (squares or circles), 
and thus counted the numbers of these elements, even when those presented during testing differed by their shape, 
their color, their size or their location from those presented during training. We can thus conclude that the ants duly 
distinguish small numbers of sighted elements. 
Nevertheless, the ants’ counting or discriminating ability is not fully independent of the characteristics of the 
elements to count, even for numbers 1 to 4. Indeed, the ants’ ability in counting 1 and 2 elements observed in the 
present work was somewhat lower than those observed in previous works during which the characteristics of the 
elements to count were identical between training and testing. For the discrimination between 1 and 2 elements, we 
previously obtained a mean conditioning score of 81.9% (see sub section 3.5), while in the present work we 
observed a conditioning score of 77.3%, 77.2%, 75.0% and 72.3 % when respectively the shape, color, size and 
relative position of the elements to count differed between training and testing. The location of the elements had 
the highest impact on the ants’ counting, followed by the size and, to a lesser extent by the shape and color of these 
elements. Such an impact can be explained by characteristics of the visual perception of the species and by its 
ecology and may thus have a meaning for its life in the wild. Indeed, Myrmica sabuleti is the most active during the 
night and even if, to some extent, colors can be still discriminated by foragers during the dark period of the day 
(Cammaerts, 2007; M.-C. Cammaerts & D. Cammaerts, 2009), they are not particularly important for navigating 
during that time period. Moreover, M. sabuleti workers have a visual perception of poor quality, with a large 
subtended angle of vision (Cammaerts, 2004). They distinguish squares and circles with difficulties (as well as 
rectangles and ellipses) (Cammaerts, 2008). Therefore, for them, a small change of shape does not seriously affect 
what they visually perceive. On the contrary, a change of size and above all of the relative position of sighted 
elements may be important for these ants, and are thus likely to impact their counting ability. Finally, in the wild, 
the characteristics (shape, color, size, position) of encountered elements (prey, sugar food, cues useful to navigate) 
are probably as important as their numbers for correctly navigating to the nest, to food sites, and for foraging all 
around. 
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This is valid for numbers 1 to 4, the ants probably subitizing these small numbers instead of effectively counting 
them. Faced with larger numbers of elements, the ants could perhaps be more largely influenced by the physical 
characteristics of the encountered elements. 
We cannot compare the present observations and conclusions (i.e. the ants duly count elements even if 
characteristics of these elements somewhat change, but do so then less well) to those of studies on other animal 
species for which several features of the cues were changed at the same time, the aim of these other works having 
been to control number discrimination, not to analyze the effect of each extraneous feature on the animal 
numerosity ability. We can only advance that the ants’ counting or number discrimination can be somewhat 
impacted by co-varying features of the elements to count, and that, ranked according to the importance of their 
impact, the relative position, then the size, and finally equally the color and the shape affect the ants’ counting. 
For introducing the present work, we reported some studies which showed that animals can count, although the 
numbers of elements that were displayed during testing had not the same characteristics as those presented during 
training. Here below, we discuss about other works on the subject. 
The work of Gross et al. (2009) on honeybees obviously experimentally proved that these insects truly counted 
numbers of elements independently of their color, configuration, area, perimeter or the illusory contours they 
formed. However, this counting ability had a limit: 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. In another work (Bortot et al., 2019), bees were found to 
effectively count numbers of elements (black circles) (using absolute rather than relative numerosity in their 
number discrimination) whatever the size and pattern of these dots, the correct number being the smaller or the 
larger one, and could apply this learning to other pairs of numbers of elements. 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, such as that of M. sabuleti when at least one feature of the elements to count differs between training and 
testing. 
During their experiments on elephants, Irie et al. (2019) showed that an elephant could count, or at least subitize, 
two different amounts of elements (pictures of fruits), doing so without being affected by the numerical distance 
and size of the presented amounts or by their ratio. However, this finding was obtained with only one individual 
with a proportion of correct responses of 66.8%, a performance of a somewhat low level. 
Even if their aim was not to examine the effect of co-variants of the elements to be counted (their aim was to check 
if Weber’s law could be applied), Jordan and Brannon (2006) revealed that rhesus monkeys truly count items (cues 
of different size, color, density and displayed pattern) independently of their non-numerical characteristics. In the 
same way, but experimenting on crows (Corvus corone) with the aim of looking if Weber’s law could be applied to 
these birds’ counting ability, Ditz and Nieder (2016) pointed out at the same time that these crows correctly count 
elements, responding even if the elements presented during testing differed by their size and display from those 
used for training. Although in the present work on the ant M. sabuleti, extraneous features were not controlled as 
much as in the above-cited experimental works, our results nevertheless show that workers of this ant can count 
even if some characteristics of the elements to be counted are changed between training and testing. Tomonaga 
(2006) experimented on chimpanzees and while proving that they duly count elements in line with Weber’s law, he 
showed that pattern characteristics of the dot display somewhat influenced the monkeys’ counting ability though 
these monkeys still significantly perceived the difference between the number of dots. This result recalls what we 
found on ants. 
As a conclusion, we can advance that workers of the ant M. sabuleti are able to make true counting and 
discrimination of small numbers of elements, this ability being to some extent affected by changes in relative 
position (essentially), size (to a lower extend), color and shape (to the lesser extend) of the elements to count. The 
effects of these extraneous variables may be explained by the visual perception accuracy, the navigation 
requirement and the ecology of the species. 
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Appendix 
Here, we detail the numerical and statistical results obtained in the course of the twelve conducted experiments and 
briefly related in the subsection ‘Results’ under the subtitles here repeated. 
3.1 Discrimination of Numbers Whatever Their Shape 
Trained to 1 black square set near the food vs 2 black squares set far from the food, the ants of colony A were 
meanly 3.5 on this area. Tested after 7 training hours in front of 1 and 2 black circles, these ants already went 
somewhat more to the 1 black circle than to the 2 black circles (40 vs 19). Their proportion of correct responses 
equaled 67.8%. Summed by four, the numbers of ants sighted near 1 black circle were 7, 6, 12, 11, 4, and sighted 
near the 2 circles they were 1, 4, 7, 5, 2. These two series statistically differed (N = 5, T = 15, P = 0.031). After 24 
training hours, the ants went promptly to the 1 black circle, and less to the 2 black circles (63 vs 16), presenting 
thus a conditioning score of 78.7%. Summed by four over the twenty counts, the numbers of ants counted near the 
1 circle were 11, 14, 7, 18, 13, and counted near the 2 circles they were 2, 4, 4, 3, 3. These two series of values 
significantly differed (N = 5, T = 15, P = 0.031). After 31 training hours, the ants went again essentially to the 1 
circle but not as promptly as previously (57 vs 20), presenting then a conditioning score of 74.0%. Summed by four, 
the numbers of ants sighted near the 1 circle were 10, 9, 12, 13, 13, and those sighted near the two circles were 4, 3, 
5, 4, 4. The two obtained series statistically differed (N = 5, T = 15, P = 0.031). After a total of 48 training hours, 
the ants went more promptly to the 1 circle than previously (45 vs 10), reaching a final conditioning score of 81.8%. 
Summed by four over the twenty counts, the numbers of ants approaching the 1 circle were 8, 9, 9, 8, 11, and of 
those approaching the 2 circles, 2, 3, 2, 2, 1. These two series statistically differed (N = 5, T = 15, P = 0.031). The 
ants’ average conditioning score calculated on the basis of the four assessments made over their total training time 
equaled 77.3%. We can thus conclude that the ants very well distinguished the 1 circle from the 2 circles, counting 
therefore 1 and 2 elements, even if those presented during testing had a different shape than those presented during 
training. 
During their training to 2 black squares set near the food vs 3 black squares set far from food, the ants of colony B 
were meanly 3.8 at any time on this area. Tested after 7 training hours, these ants already reacted essentially to the 
2 circles, 56 ants having been counted near that cue and 24 ones near the other cue. The ants presented thus a 
conditioning score of 70%. Summed by four over the twenty counts, the numbers of ants sighted in front of the 2 
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circles were 10, 11, 11, 12, 12, and sighted in front of the 3 circles they were 3, 4, 5, 8, 4. These two series 
significantly differed (N = 5, T = 15, P = 0.031). After 24 training hours, the ants promptly went more to the 2 
circles than to the 3 circles (53 vs 13), and presented thus a conditioning score of 80.3%. Summed by four, the 
numbers of ants counted near the 2 circles were 7, 10, 12, 10, 14, and those counted near the 3 circles were 2, 4, 4, 
0, 3. These two series statistically differed (N = 5, T = 15, P = 0.031). After having been trained for 31 hours, the 
ants again went essentially to the 2 circles, but less than during the previous test: they were 62 in doing so while 28 
ants went to the 3 circles. Their conditioning score equaled thus 68.9%. Summed by four, the numbers of ants 
which moved to the 2 circles were 10, 11, 14, 11, 16, and which moved to the 3 circles, 6, 4, 4, 8, 6. These two 
series significantly differed (N = 5, T = 15, T = 0.031). After a total of 48 training hours, the ants went again 
promptly to the 2 circles and less to the 3 ones (46 vs 12). Their conditioning score equaled then 79.3%. Summed 
by four, the numbers of ants which reacted to the 2 circles were 6, 11, 9, 9, 11, and those of ants which reacted to 
the 3 circles were 1, 4, 3, 2, 2. These two series statistically differed (N = 5, T = 15, P = 0.031). At the end of the 
experiment, the average ants’ conditioning score appeared to equal 73.8%. It can thus be concluded that the ants 
distinguished 2 circles from 3 circles, counted these two numbers of elements, even if those presented during 
testing had a different shape than those presented during training. 
While being trained to 3 black squares set near the food vs 4 such squares set far from the food, the ants of colony 
C were meanly 3.8 there at any time. After 7 training hours, these ants went mostly to the 3 circles, 32 ants having 
been counted there and 15 ones near the 4 circles. The ants presented thus at that time a conditioning score of 
68.1%. Summed by four over the twenty counts, the numbers of ants sighted near the 3 circles were 6, 6, 6, 5, 9, 
and those sighted near the 4 circles were 2, 3, 3, 2, 5. These two series of values significantly differed (N = 5, T = 
15, P = 0.031). The ants reacted more obviously essentially to the 3 circles after 24 training hours: they were 53 in 
going towards that cue and 21 ones in going to the 4 circles. They reached thus a conditioning score of 71.6%. 
Summed by four over the twenty counts, the numbers of ants sighted near the 3 circles were 6, 15, 9, 14, 9, and 
sighted near the 4 circles they were 2, 6, 4, 6, 3. These two series significantly differed (N = 5, T = 15, P = 0.031). 
After 31 training hours, the ants went on reacting mostly to the 3 circles (59 vs 26 reacting to the 4 circles), and 
presented thus a conditioning score of 69.4%. Summed by four, the numbers of ants which approached the 3 circles 
were 12, 10, 11, 11, 15, and those of ants which approached the 4 circles were 5, 5, 6, 5, 5. These two series 
significantly differed (N = 5, T = 15, P = 0.031). After a total of 48 training hours, the ants again went essentially to 
the 3 circles, being 59 in doing so while 21 ants went to the 4 circles. The ants’ conditioning score equaled thus at 
that time 73.8%. Summed by four, the numbers of ants sighted in front of the 3 circles were 7, 8, 12, 17, 15, and 
those sighted in front of the 4 circles were 1, 3, 6, 6, 5. These two series statistically differed (N = 5, T = 15, P = 
0.031). The ants’ average conditioning score obtained over their total training time equaled 70.9%. We can thus 
conclude that the ants distinguished 3 elements from 4 elements and duly counted them independently of their 
shape. 
3.2 Discrimination of Numbers Whatever Their Color 
While being trained to 1 violet square set near the food versus 2 such squares set far from the food, the ants of 
colony D were meanly 6.4 at any time all around these two cues. Tested after 7 training hours, these ants went more 
to the 1 presented green square than to the 2 green squares, 46 ants having approached the 1 green square and 19 
ants having approached the 2 squares. The ants’ conditioning equaled thus at that time 70.8%. Summed by four, 
the numbers of ants counted near the 1 green square were 11, 12, 8, 7, 8 and those counted in front of the 2 green 
squares were 3, 6, 2, 2, 6. These two series significantly differed (N = 5, T = 15, P = 0.031). After 24 training hours, 
the ants’ moving towards the 1 green square was more obvious, 52 ants having been counted near that cue and 19 
ones near the 2 green squares. The ants’ conditioning score equaled thus at that time 75.4%. Summed by four, the 
numbers of ants sighted near the 1 square were 15, 10, 9, 9, 9, and sighted near the 2 squares they were 2, 4, 4, 4, 3. 
These two series statistically differed (N = 5, T = 15, P = 0.031). After 31 training hours, the ants still more 
approached essentially the 1 green square: they were 57 in doing so and only 10 in approaching the 2 squares. The 
ants’ conditioning score was thus of 85.1%. Summed by four, the numbers of ants reacting to 1 square were 7, 8, 10, 
15, 17, and reacting to 2 squares they were 2, 0, 2, 3, 3. The two series once more significantly differed (N = 5, T = 
15, P = 0.031). After a total of 48 hours, the ants went again, though less obviously, mostly to the 1 square, being 
51 in doing so while 15 ones went to the 2 squares. The ants presented then a conditioning score of 77.2%. 
Summed by four over the twenty counts, the numbers of ants having approached the 1 square were 10, 12, 10, 8, 11, 
and those having approached the 2 squares were 3, 4, 2, 3, 3. These two series significantly differed (N = 5, T = 15, 
P = 0.031). The ants’ average conditioning score over their 48 training hours equaled 77.2%. The ants have thus 
distinguished 1 from 2 elements independently of the color of these elements. 
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During their training to 2 violet squares versus 3 such squares, the ants of colony E were rather numerous at any 
time all around these two cues (they were meanly 7.1). As soon as after 7 training hours, these ants went somewhat 
mostly to the 2 green squares: 81 ants were sighted in front of that cue and 35 ones in front of the other cue, the ants’ 
conditioning score equaling thus 69.8%. Summed by four, the numbers of ants counted near the 2 green squares 
were 17, 22, 14, 14, 14, and near the 3 green squares, they were 7, 12, 5, 6, 5. These two series statistically differed 
(N = 5, T = 15, P = 0.031). After 24 training hours, the ants similarly went mostly to the 2 green squares, 73 ants 
having been counted there and 30 ones near the other cue. The ants’ conditioning score equaled thus 70.9% at that 
time. Summed by four, the numbers of ants reacting to the 2 squares were 22, 16, 12, 14, 9, and those of ants 
reacting to the 3 squares were 10, 6, 5, 4, 5, these two series statistically differing (N = 5, T = 15, P = 0.031). After 
31 training hours, the ants went more promptly essentially to the 2 squares: they were 49 in doing so while 13 ones 
went to the 3 squares. The ants’ conditioning score was thus 79.0%. Summed by four, the numbers of ants sighted 
near the 2 squares were 10, 11, 8, 12, 8, and sighted near the 3 squares they were 2, 4, 2, 2, 3. The two obtained 
series of values significantly differed (N = 5, T = 15, P = 0.031). After a total of 48 hours, the ants once more went 
mostly to the 2 squares, though somewhat less than during the previous test. Being 57 in doing so and 26 in going 
to the 3 squares, the ants presented a conditioning score of 68.7%. Summed by four over the twenty counts, the 
numbers of ants approaching the 2 squares were 7, 12, 13, 14, 11, and those of ants approaching the 3 squares were 
4, 7, 6, 6, 3. These two series were statistically different (N = 5, T = 15, P = 0.031). Over their 48 training hours, the 
ants of colony E had an average conditioning score of 73.9%. The ants discriminated thus well 2 from 3 elements, 
whatever their color. 
While being training to 3 violet squares versus 4 such squares, the ants of colony F were meanly 4.8 at any time all 
around these two cues, what was sufficient for seeing and memorizing the two presented squares. Tested after 7 
training hours, these ants already went essentially to the 3 green squares: 41 did so while 19 ants went to the 4 
green squares, the ants’ conditioning score equaling thus 68.3%. Summed by four, the numbers of ants counted 
near the 3 squares were 8, 8, 8, 9, 8 and counted near the 4 squares, they were 3, 4, 3, 4, 5. These two series 
statistically differed (N = 5, T = 15, P = 0.031). After 24 training hours, the ants again went essentially to the 3 
green squares, being 49 in doing so while 21 ants went to the 4 circles. The ants presented thus at that time a 
conditioning score of 70.0%. Summed by four, the numbers of ants sighted near the 3 squares were 10, 10, 8, 10, 
11, and sighted near the 4 squares they were 3, 4, 4, 5, 5. These two series significantly differed (N = 5, T = 15, P 
= 0.031). After 31 training hours, the ants went somewhat mostly to the 3 green squares. They were 61 in doing so 
while 22 ants went to the 4 squares. The ants had thus then a conditioning score of 73.5%. Summed by four, the 
numbers of ants which approached the 3 squares were 7, 10, 14, 15, 15, and those which approached the 4 squares 
were 2, 2, 4, 7, 7. These two series statistically differed (N = 5, T = 15, P = 0.031). After a total of 48 training hours, 
the ants went on going essentially towards the 3 squares, being 58 in doing so while 24 ones went to the 4 squares. 
The ants’ conditioning equaled thus 70.7%. Summed by four, the numbers of ants counted in front of the 3 squares 
were 13, 10, 11, 14, 10, and counted in front of the 4 squares they were 4, 4, 4, 6, 6. Once more, these two series 
statistically differed (N = 5, T = 15, P = 0.031). The ants’ average conditioning score over their 48 training hours 
equaled 70.8%. We can thus conclude that the ants duly counted 3 and 4 elements whatever the color (violet or 
green) of these elements. 
3.3 Discrimination of Numbers Whatever Their Size 
While being trained to 1 small black square set near the food versus 2 such squares set far from the food, the ants of 
colony G were rather numerous (meanly 5.0) at any time all around these two cues. Tested after 7 training hours, 
these ants already went essentially to the 1 large square: they were 40 in doing so while 17 ants went to the 2 large 
squares. The ants’ conditioning score equaled thus then 70.2%. Summed by four, the numbers of ants counted near 
the 1 square were 6, 6, 7, 9, 12, and counted near the 2 squares they were 1, 2, 3, 5, 6. These two series statistically 
differed (N = 5, T = 15, P = 0.031). After 24 training hours, the ants went again essentially to the 1 square being 44 
in doing so while 15 ants went to the 2 squares, the ants presenting thus a conditioning score of 74.6%. Summed by 
four, the numbers of ants sighted near the 1 square were 8, 9, 9, 8, 10, and those of ants sighted near the 2 squares 
were 2, 4, 4, 2, 3. These two series significantly differed (N = 5, T = 15, P = 0.031). After having been trained for 
31 hours, the ants presented a conditioning score of 76.5% since 62 ants were counted in front of the 1 square and 
19 ones in front of the 2 squares. Summed by four, the numbers of ants reacting to the 1 square were 12, 12, 13, 15, 
10, and those of ants reacting to the 2 squares were 5, 3, 3, 6, 0. The two series statistically differed (N = 5, T = 15, 
P = 0.031). After a total of 48 hours, the ants went on going mostly to the 1 large square; they were 55 in doing so 
while 16 ones went to the 2 squares. The ants’ conditioning score equaled thus 77.5%. Summed by four, the 
numbers of ants sighted near the 1 square were 7, 8, 12, 10, 19, and sighted near the 2 squares they were 3, 3, 3, 2, 
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5. These two series significantly differed (N = 5, T = 15, P = 0.031). The average ants’ conditioning score over 
their 48 training hours equaled 75.0%. Thus, the ants duly counted 1 and 2 elements, whatever their size. 
During their training to 2 small black squares set near their food versus 3 such squares set far from the food, the 
ants of colony H were very numerous all around these two cues. They were indeed meanly 11.0 at any time on this 
area. After 7 training hours, these ants reacted mostly to the 2 large squares, being 37 in going towards that cue 
while 11 ones went to the 3 large squares. The ants presented thus a conditioning score of 75.5%. Summed by four 
over the twenty counts, the numbers of ants sighted near the 2 squares were 4, 8, 11, 8, 6, and sighted near the 3 
squares, they were 0, 4, 3, 3, 2. These two series statistically differed (N = 5, T = 15, P = 0.031). After 24 training 
hours, the ants again moved essentially to the 2 squares: 46 ones did so and 19 ones went to the 3 squares, the ants 
presenting thus a conditioning score of 70.8%. Summed by four, the numbers of ants approaching the 2 squares 
were 7, 9, 11, 9, 10, and of ants approaching the 3 squares were 0, 4, 5, 7, 3. These two series statistically differed 
(N = 5, T = 15, P = 0.031). After having been trained for 31 hours, 44 tested ants went to the 2 squares and 11 ones 
went to the 3 squares, the ants’ conditioning score equaling thus 80.0%. Summed by four, the numbers of ants 
moving to the 2 squares were 9, 14, 5, 8, 8, and of ants moving to the 3 squares were 2, 4, 1, 0, 4. These two series 
significantly differed (N = 5, T = 15, P = 0.031). After a total of 48 training hours, the ants went again, though less 
obviously, to the 2 large squares, 37 ones having been sighted there and 21 ants having been sighted near the 3 
squares. The ants’ conditioning score equaled at that time 63.8%. Summed by four, the numbers of ants counted 
near the 2 squares were 7, 6, 6, 10, 8, and those of ants counted near the 3 squares were 3, 4, 3, 8, 3, these two series 
significantly differing (N = 5, T = 15, P = 0.031). Calculated over the entire training time, the ants’ average 
conditioning score equaled 72.2%. The ants thus duly discriminated and counted 2 and 3 squares independently of 
their size. 
While being trained to 3 small squares set near the food versus 4 such squares set far from food, the ants of colony 
I were very numerous all around these two cues (they were meanly 11.8 there at any time). Tested after 7 training 
hours in front of 3 and 4 large squares, these ants went somewhat mostly towards the 3 squares. Indeed, 34 ants 
were counted in front of these 3 squares while 17 ones were counted in front of the 4 squares, the ants presenting 
thus a conditioning score of 66.7%. Summed by four, the numbers of ants sighted near the 3 squares were 4, 7, 7, 7, 
9, and of ants sighted near the 4 squares were 0, 5, 4, 3, 5. These two series statistically differed (N = 5, T = 15, P 
= 0.031). Tested after 24 training hours, the ants again reacted essentially to the 3 large squares: 79 ants have been 
counted in front of such squares and 37 ones in front of the 4 squares. The ants’ conditioning score equaled thus at 
that time 68.1%. Summed by four, the numbers of ants sighted near the 3 squares were 8, 12, 17, 21, 21, and 
sighted near the 4 squares were 2, 6, 8, 10, 11. These two series statistically differed (N = 5, T = 15, P = 0.031). 
After 31 training hours, the ants once more went mostly to the 3 squares, being 39 in doing so while 18 ants went to 
the 4 squares. The ants had thus then a conditioning score of 68.4%. Summed by four, the numbers of ants having 
approached the 3 squares were 5, 7, 9, 9, 9, and those of ants having approached the 4 squares were 1, 3, 5, 4, 4. The 
two obtained series significantly differed (N = 5, T = 15, P = 0.031). After a total of 48 training hours, the ants went 
on reacting mostly to the 3 large squares, being 29 in doing so while 13 reacted to the 4 squares. They presented 
thus a conditioning score of 69.0%. Summed by four, the numbers of ants counted near the 3 squares were 6, 7, 5, 
7, 4, and those of ants counted near the 4 squares were 0, 6, 3, 4, 0. These two series statistically differed (N = 5, T 
= 15, P = 0.031). Over their entire training time, the ants had an average conditioning score of 68.0%. They thus 
duly counted the 3 and the 4 presented squares even if those seen during testing were larger than those seen during 
training. 
3.4 Discrimination of Numbers Whatever Their Location 
While being trained to 1 black square set near the food versus 2 such squares set far from the food, the ants of 
colony J were very numerous around these two cues, being meanly 11.8 there at any time. Tested after 7 training 
hours in front of 1 and 2 squares otherwise located than during training, these ants went essentially to the 1 square, 
being 53 in doing so while 23 ants went to the 2 squares. They thus presented a conditioning score of 69.7%. 
Summed by four over the twenty counts, the numbers of ants sighted near the 1 square were 12, 14, 9, 10, 8, and 
those of ants sighted near the 2 squares were 5, 7, 5, 5, 1. These two series of five values significantly differed (N 
= 5, T = 15, P = 0.031). After 24 training hours, these ants went on approaching essentially the 1 square: they were 
49 in doing so while 20 ants approached the 2 squares. The ants presented thus at that time a conditioning score of 
71.0%. Summed by four, the numbers of ants having approached the 1 square were 10, 12, 9, 6, 12, and those of 
ants having approached the 2 squares were 3, 5, 4, 2, 6. The two obtained series of values significantly differed (N 
= 5, T = 15, P = 0.031). After 31 training hours, the ants more promptly went mostly towards the 1 square: they 
were 57 in doing so while 16 ants went to the two squares. The ants’ conditioning score equaled thus then 78.1%. 
Summed by four, the numbers of ants counted near the 1 square were 10, 11, 9, 16, 11, and those of ants counted 
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near the 2 squares were 1, 3, 1, 7, 4. These two series statistically differed (N = 5, T = 15, P = 0.031). After having 
been trained for 48 hours, the ants again went essentially to the 1 square, being 47 in doing so while 20 ants went to 
the 2 squares. They thus presented a conditioning score of 70.1%. Summed by four, the numbers of ants sighted 
near the 1 square were 10, 10, 10, 8, 9, and of ants sighted near the 2 squares were 5, 6, 5, 2, 2. These two series 
statistically differed (N = 5, T = 15, P = 0.031). Calculated over the four testing sessions, the average ants’ 
conditioning score equaled 72.3%. The ants have thus duly distinguished and counted 1 and 2 elements though 
their relative position somewhat differed between training and testing. 
During their training to 2 black squares set near the food versus 3 such squares set far from the food, the ants of 
colony K were meanly 9.0 in the vicinity of these two cues at any time, being thus able to see and memorize these 
two cues. They were tested in front of 2 and 3 black squares otherwise located than during training. After 7 training 
hours, however, the ants went somewhat mostly to the 2 squares: 46 ants were counted there while 21 ones were 
counted near the 3 squares. The ants’ conditioning score equaled thus at that time 68.7%. Summed by four, the 
numbers of ants counted near the 1 square were 9, 11, 9, 9, 8, and those of ants counted near the 3 squares were 3, 
4, 4, 5, 5. These two series of values significantly differed (N = 5, T = 15, P = 0.031). After 24 training hours, the 
ants again went somewhat mostly to the 2 squares, being 46 in doing so, while 23 ants went to the 3 squares. The 
ants had thus at that time a conditioning score of 66.7%. Summed by four, the numbers of ants having reacted to 
the 2 squares were 9, 9, 12, 12, 4, and those of ants having reacted to the 3 squares were 4, 5, 5, 6, 3. These two 
series significantly differed (N = 5, T = 15, P = 0.031). Tested after 31 training hours, the ants went more promptly 
essentially to the 2 squares: 41 ants did so while 11 ants went to the 3 squares, the ants’ conditioning equaling thus 
78.8%. Summed by four, the numbers of ants sighted near the 2 squares were 10, 6, 5, 7, 13, and those of ants 
sighted near the 3 squares were 2, 2, 2, 1, 4. The two obtained series were statistically different (N = 5, T = 15, P = 
0.031). After a total of 48 training hours, the ants again went essentially, though less promptly, to the 2 squares, 
being 47 in doing so while 22 went to the 3 squares. The ants’ conditioning score equaled thus 68.1%. Summed by 
four, the numbers of ants having approached the 2 squares were 7, 9, 8, 9, 14, and those of ants having approached 
the 3 squares were 2, 4, 6, 4, 6. These two series significantly differed (N = 5, T = 15, P = 0.031). Calculated over 
the four testing sessions, the ants’ average conditioning score equaled 70.6%. The ants have thus well counted 2 
and 3 squares even if these squares were otherwise positioned during testing and training. 
While being trained to 3 black squares set near the food and 4 such squares set far from the food, the ants of colony 
L were meanly 7.3 at any time in the vicinity of these two cues, having the possibility to see and memorize them. 
Tested after 7 training hours, these ants went somewhat mostly to the 3 squares, being 61 in doing so while 34 ants 
went to the 4 squares. The ants’ conditioning score equaled thus 64.2% at that time. Summed by four, the numbers 
of ants sighted near the 3 squares were 14, 11, 15, 12, 9, and those of ants sighted near the 4 squares were 6, 6, 10, 
9, 4. These two series were statistically different (N = 5, T = 15, P = 0.031). After 24 training hours, the ants went 
more promptly mostly to the 3 squares: they were 47 in doing so while 18 ants went to the 4 squares. The ants 
presented thus a conditioning score of 72.3% at that time. Summed by four, the numbers of ants counted near the 3 
squares were 8, 8, 10, 9, 12, and those of ants counted near the 4 squares were 1, 4, 5, 4, 4. These two series of 
values significantly differed (N = 5, T = 15, P = 0.031). After having been trained for 31 hours, the ants went again, 
thought somewhat less, mostly to the 3 squares: 59 did so and 28 ants went to the 4 squares, the ants’ conditioning 
score equaling thus 67.8%. Summed by four, the numbers of ants approaching the 3 squares were 6, 18, 8, 16, 11, 
and of ants approaching the 4 squares were 2, 8, 7, 7, 4. These two series statistically differed (N = 5, T = 15, P = 
0.031). After a total of 48 training hours, the ants again reacted mostly to the 3 squares: 58 ants did so while 31 
ones reacted to the 4 squares. The ants’ conditioning score equaled thus at that time 65.2. Summed by four, the 
numbers of ants moving to the 3 squares were 10, 9, 12, 9, 12, and those of ants moving to the 4 squares were 5, 5, 
5, 5, 11. These two series significantly differed (N = 5, T = 15, P = 0.031). Calculated over the four testing sessions, 
the ants’ average conditioning score equaled 66.2%. The ants have thus correctly counted and discriminated 3 and 
4 elements even if those they saw during testing were differently positioned than those they saw during training. 
 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


