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Abstract
The workers of the ant Myrmica sabuleti detain numerosity abilities, have a notion of the running time, and can acquire
operant conditioning. The present work examines if, according to these skills and through conditioning, the workers of
this ant can associate a learned quantity of a given element with the time period of its occurrence. We collectively trained
such ants from 8 to 19 o’clock to a stand bearing a given quantity of an element and from 20 o’clock to 7 o’clock next day
to a stand bearing another quantity of the same element, and we tested them in front of these two amounts at 16 o’clock
and 4 o’clock next day. At 16 o’clock, the ants reacted essentially to the amount presented during training from 8 to 19
o’clock, and at 4 o’clock to the amount presented during training from 20 o’clock to 7 o’clock. They thus associated the
learned quantity of an element with the period of the day during which this learning occurred. It may be argued that this
association simply results from the three cognitive capabilities cited here above, and does not require any other more
complex skill. In addition, the ants appeared to have better learned from 20 to 7 o’clock than from 8 to 19 o’clock, i.e.,
during the time of day corresponding to their period of highest natural activity.
Keywords: quantity assessment, Myrmica sabuleti, operant conditioning, periods of activity, running time
1. Introduction
The aim of the present work was to examine if the workers of the ant Myrmica sabuleti Meinert, 1861 can associate the
sight (the learning) of a quantity of an element with the time period during which this quantity was learned. Here below,
we successively briefly report information about the numerosity abilities and the sense of running time of M. sabuteli ants,
then of other animal species.
The workers of the ant M. sabuleti have many cognitive abilities. Among others, they detain numerosity abilities
summarized, for the readers’ convenience, in Cammaerts & Cammaerts (2020d, 2020e, 2022a). Briefly, M. sabuleti
workers can add and subtract one visual or olfactory cue to and from other ones when perceiving the results of the
operation; they natively possess a left to right oriented number line with a logarithmic mental positioning of the quantities
on this line. Through experiences, they acquire a concrete notion of zero. They can acquire numerical symbolisms and use
the symbols for adding. They can expect the following element in an increasing or decreasing arithmetic or geometric
sequence when being in presence of the sequence. They add two numbers of elements if these elements are identical, and
if they are sighted simultaneously, i.e., if they are located from one another at a horizontal distance not exceeding 5 cm and
at a vertical distance not exceeding 4 cm, as well as if they are not perceived after a time gap longer than 7 minutes and 45
seconds between them (Cammaerts & Cammaerts, 2019a, 2019b, 2021c, 2021d, 2022c).
Myrmica sabuleti ants have a notion of the running time (Cammaerts, 2010). This was revealed through several
experimental works (Cammaerts 2004, 2010, 2013a), and was particularly obvious when demonstrating that these ants
can expect the time o’clock of the occurrence of an event on the basis of previous occurrences of this event (Cammaerts &
Cammaerts, 2016b). However, young ants do not yet detain this ability (Cammaerts, 2013b; Cammaerts & Cammaerts,
2015c). In addition, the workers of M. sabuleti natively detain a circadian rhythm (Cammaerts et al., 2011).
Similar abilities have been found in many vertebrates and invertebrates. A non-exhaustive list of these abilities is here
below reported and much more information can be found in the references here above cited.
Numerosity abilities can be ranked in four successive steps: evaluating amounts of elements, counting the number of
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elements, adding and subtracting elements, acquiring numerical symbolisms. Evaluating amounts of elements has been
observed for instance in fishes (Agrillo et al., 2017), rats (Cox & Montrose, 2016), and spiders (Rodriguez et al., 2015).
Counting elements has been shown for instance in frogs (Rose, 2018), birds (Pepperberg, 2012) and monkeys (Beran,
2008). Adding and subtracting elements is an ability detained for instance by birds (Rugani et al., 2009) and monkeys
(Flombaum et al., 2005). Birds (Xia et al., 2000) and chimpanzees (Biro & Matsuzawa, 2001) can acquire numerical
symbolisms. New born chicks were even shown to possess a number line (Rugani et al., 2015). The notion of zero was
showed to be acquired by birds (Pepperberg & Gordon, 2005) and chimpanzees (Biro & Matsuzawa, 2001). Learning a
sequence of numbers or of other elements has been observed in several animal species (Kershenbaum et al., 2014).
Expecting the following element of a sequence was observed e.g., in monkeys (Brannon & Terrace, 2000).
Expectative behavior requires having a notion of the running time. Such a notion has been found to be detained by, e.g.,
great apes (Osvath & Osvath, 2008). Bees, according to their navigation system, also detain this notion (Eban-Rothschild
& Bloch 2012). In addition to their notion of the running time, most of animal species including humans detain an innate
circadian rhythm. The trait and properties of such a rhythm are explained for instance in the reviews of Murphy and
Campbell (1996) and of Rivkees (2007). These authors focus on mammalians and provide information on the
physiological mechanisms which act in accordance with a circadian rhythm. Forager honeybees possess an obvious
circadian rhythm ruled by a molecular clock that is more similar to that of mammals than to that of fruit flies
(Eban-Rothschild and Bloch 2012). Using anesthesia, an experimental work on the clock time behavior of the honeybees
showed that the circadian clock of these insects is ruled by mRNA oscillations of two genes, cryptochrome-m and period
(Cheeseman et al., 2012).
Workers of the ant M. sabuleti aged of about 2 years have a notion of the running time and are able to acquire conditioning
(as shown in all of our here above cited references). They might thus be able to associate a given quantity of elements with
its time period of occurrence. The ability to associate elements with their time period of occurrence could possibly be
acquired thanks to conditioning. Indeed, it is nowadays admitted that during a conditioning process, the individuals not
only associate the reward with the conditional stimulus, but also associate the reward and the conditional stimulus with
several other parameters such as events occurring at the same time, environment characteristics, and time o’clock. The
latter parameter is probably the main one memorized (Enquist et al., 2016)
Therefore, for M. sabuleti workers, detaining the ability to associate a learned quantity of an element with the time period
during which this quantity has been learned is not a meaningless hypothesis. This hypothesis is all the more plausible
since these ants can associate visual cues (squares, circles, stars) with the part of the day corresponding to their learning
(Cammaerts & Cammaerts, 2022b). We here investigate about the potential ability of the workers of the ant M. sabuleti to
associate learned quantities of elements with the time period during which these quantities were learned.
2. Materials and Method
2.1 Collection and Maintenance of Ants
We experimented on four colonies of Myrmica sabuleti, Meinert 1861 (labelled A, B, C, D) collected in May 2021 from
an abandoned quarry located in the Aise valley (Ardenne, Belgium). The colonies lived under stones, and contained about
600 workers, brood and a queen. In the laboratory, each colony was maintained in one to three glass tubes half-filled with
water, a cotton plug separating the water from the ants. The tubes were covered with transparent red paper for providing
the ants with a low lighting inside their nest. The nest tubes of each colony were deposited in a tray (34 cm x 23 cm x 4 cm)
the borders of which having been slightly covered with talc to prevent ants from escaping. These trays served as foraging
areas in which food was delivered, namely pieces of Tenebrio molitor larvae (Linnaeus, 1758) provided three times per
week, and sugar water continuously provided in small cotton-plugged tubes. The lighting of the laboratory was provided
by a window (natural daytime light) and by the low artificial lighting (night-time light) of annexed rooms. Artificial
lightning equaled ca at least 330 lux while testing the ants (during about 10 minutes), and about 110 lux during the other
night-time periods. The temperature equaled ca 20°C, the humidity ca 80%, and the electromagnetic field ca 2 μWm2.
These conditions were suitable to the used species, M. sabuleti. Ants are here often named ‘workers’ or ‘nestmates’ or
‘congeners’ as usually do researchers on social insects.
2.2 Experimental Planning and Design
The figures 1 and 2 help to understand the following subsections.
Two experiments were performed, a first one on colonies A and B, a second one on colonies C and D. Each time, the ants
were trained during four successive days and tested eight times over these training days. More precisely, the ants of
colonies A and B were trained to 1 black rectangle from 20 o’clock until 7 o’clock and to 3 black rectangles from 8
o’clock until 19 o’clock, the ants being thus deprived of any stimulus from 7 to 8 o’clock and from 19 to 20 o’clock. The
ants of colonies C and D were trained to 2 black circles from 8 o’clock until 19 o’clock and to 4 black circles from 20
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o’clock until 7 o’clock, these ants being thus deprived, such as those of colonies A and B, of any stimulus from 7 to 8
o’clock and from 19 to 20 o’clock. The 1 and 3 black rectangles as well as the 2 and 4 black circles are described in the
following paragraph. This planning allowed managing a time interval of 16 hours between the experiments I and II. Let us
add that we choose such kinds of graphical elements because we know that the workers of the ant M. sabuleti can
discriminate them (Cammaerts, 2008). Over their training, the ants of colonies A, B, C, and D were tested each day at 4
and 16 o’clock (in total, eight times) in front of the two kinds of stimuli used during training. The training and testing
protocols as well as the analysis of the recorded data are detailed in the paragraphs below.

Figure 1. Schematized experimental design and protocol
During four days, the ants were trained to a given number of an element during a defined time period and to another given
number of an element during another time period. The ants were tested in front of these two quantities of elements twice
each day, at two o’clock times corresponding to the two training time periods, in order to see if they could associate each
of the two quantities with the time period during which they were trained to them.
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2.3 Cues
The cues presented to the ants were 1 or 3 black rectangles for experiment I (colonies A and B) (1.1 cm x 0.25 cm) as well
as 2 or 4 black circles for experiment II (colonies C and D) (diameter: 0.45 cm). These cues were drawn using Microsoft
Word® software inside a white square (2 cm x 2 cm), these squares being then printed and cut. Using extra transparent
sticky paper, each square was tied on the front face of a stand constructed in strong white paper (Steinbach®, Malmedy,
Belgium, 250g/m2), presenting a vertical part (2 cm x 2 cm; on which the cue was tied), as well as a duly folded horizontal
part [2 x (1 cm x 0.5 cm)] for ensuring the vertical maintenance of the stand. The cues were tied on the stands three days
before starting the experiments in order to avoid any remaining odor. The cues and stands used to test the ants were
identical to those used for training them, but were new, never used.
2.4 Experimental Protocol
The ants were trained in their foraging area to each cue during its allocated time period of presence, the cue being set close
to the nest entrance which served as a reward, on the left of the entrance for colonies A and C, and on its right for colonies
B and D. The ants underwent so operant conditioning to the cue. Colonies A and B (experiment I) were provided with 1
black rectangle from 20 o’clock to 7 o’clock and with 3 black rectangles from 8 o’clock to 19 o’clock, while colonies C
and D (experiment II) were provided with 2 black circles from 8 o’clock to 19 o’clock and with 4 black circles from 20
o’clock to 7 o’clock. This difference between experiments I and II aimed to avoid any possible link between the time
period and the size (smaller or larger) of the presented amounts of elements. The two cues were presented during four
successive days according to the above cited planning, which includes a gap of one hour between the presentations of each
of the two cues. A gap of sixteen hours existed between the last test made during Experiment I and the first cue deposit
made for Experiment II.
Over these four days, the ants were tested at 4 and 16 o’clock, thus eight times in total, each time in a separate tray, each
colony having its own tray devoted to testing. Each tray measured 21 cm x 15 cm x 7 cm, had its borders slightly covered
with talc, and contained the two kinds of cues to which the ants have been conditioned. These two quantities (the smaller
and the larger) of elements were randomly set on the left or the right in the tray. To make a test on a colony, 25 ants of this
colony were transferred into their tray devoted to testing, and half a minute later the number of visits made by the ants
when approaching each of the two presented cues at a distance less than 2 cm were counted 20 times over 10 minutes.
After that, the ants were returned to their foraging area. For each test, each colony and each kind of cue, the sum of the 20
counts was established. These sums, i.e. the total numbers of ants sighted near each cue during each test on each two
colonies of an Experiment are given in Table 1.
Adding the corresponding sums obtained for each test made on the two colonies used for an Experiment allowed
calculating the proportions of ants having visited each two presented cues (i.e., the ants’ conditioning scores). These
proportions are given in the text. The variability of the numbers of ants sighted during testing near the stands bearing the
quantities they saw during the time of the day corresponding or not to the time of the day of their learning is shown in
Figure 3.
There was no statistical difference between the conditional scores of the ants of colonies A and B, nor between those of the
ants of colonies C and D, regarding the correspondence between the time of the test and the daily period of the training
(Mann-Whitney tests). The scores of colonies A + B (experiment I) and of C + D (experiment II) were thus pooled for
further statistical analyses.
During the first testing session in each of these two experiments, the ants were faced to a cue to which they had already
been trained and to another cue which was new for them. This first testing session was thus not taken into account in the
following statistical analysis. The effect of the predictors ‘training period’ (day-time or night-time), ‘time of testing’ (4 or
16 o’clock) and ‘colony’ (A, B, C or D, ‘colony’ set as a block effect) and of the interaction between training and testing
time on the workers’ response (i.e., the total number of sighted workers near each cue) was analyzed by a GLMM
regression based on the ‘car’ package in R software (function glm, formula: ‘total number of workers ~ training
period*time of testing + colony’). Likelihood-ratio tests were made for each predictor. The link function was chosen by
comparing the median, mean and variance of the worker’s responses in each case of a training period corresponding to a
time of testing. All 8 cases, each containing 6 to 8 response values depending on whether the first counting session could
or could not be taken into account, showed a variance very different from the mean which, in turn, was similar to the
median, what means that a Gaussian family link function appeared to be the best choice.
3. Results
3.1 Experiment I
Numerical and statistical results are given in Table 1, photos are shown in Figure 2, and a graphical synthesis of the
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variability of the results can be seen in Figure 3.
Table 1 shows that the ants of colonies A and B very significantly associated the learned quantities of elements and the
time period of the day during which they were presented to them. Their responses at 4 or 16 o’clock were strongly
correlated to the time periods 20 to 7 or 8 to 19 o’clock (P = 2.095E-9).
The mean response of the ants of colonies A and B to one black rectangle to which they were trained during the night and
tested at night (at 4 o’clock) equaled 89.26%, and their mean response to 3 of these rectangles to which they were trained
during the day and tested at day (at 16 o’clock) equaled 86.11%. Trained at night and tested at day, their mean response
equaled 13.97% while when trained during the day and tested at night, their mean response equaled 10.74%.
Figure 3 shows that, when tested, the number of visits made by the ants to a cue (a quantity) at a time of the day
corresponding to that of its learning was higher and did not overlap with the number of visits they made to a cue (a
quantity) at a time of the day not corresponding to that of its learning.
Table 1. Results of two experiments made for knowing if ants can associate through conditioning a given number of
elements with the time period during which it was learned. *: the learning period corresponding to this test having not yet
taken place, the first counting session was not taken into account in the statistical analysis
Experiment I.

trained during
Days 1 to 4,

Predictor’s effect

N°of ants of colonies A and B
20h to 7h

and

on the workers’ response

8h to 19h

and sighted in front of

(GLM, likelihood ratio test)

Testing time

1 element

3 elements

1,

4h

35 and 40

13* and 1*

16h

8 and 5

31 and 46

4h

34 and 20

4 and 3

16h

7 and 8

36 and 53

χ² = 0.155; df = 1; P = 0.6935

4h

112 and 29

14 and 2

Colony:

16h

6 and 5

22 and 49

χ² = 0.821; df = 1; P = 0.3648

4h

45 and 40

2 and 3

Interaction, training and test time:

16h

9 and 4

49 and 33

χ² = 35.884; df = 1; P = 2.095E-09

2,
3,
4,

Experiment II.

8h to 19h

and

1,
2,
3,
4,

Time of testing:

Predictor’s effect

2 elements

on the workers’ response

20h to 7h

and sighted in front of
Testing time

χ² = 0.030; df = 1; P = 0.8634

N°of ants of colonies C and D
trained during

Days 1 to 4,

Training period:

(GLM, likelihood ratio test)

4 elements

16h

54 and 53

14* and 5*

Training period:

4h

3 and 5

49 and 38

χ² = 8.088; df = 1; P = 0.0045

16h

57 and 48

10 and 7

Time of testing:

4h

11 and 0

58 and 42

χ² = 0.398; df = 1; P = 0.5280

16h

27 and 32

1 and 9

4h

3 and 3

36 and 42

16h

33 and 27

5 and 7

Interaction, training and test time:

4h

4 and 4

26 and 61

χ² = 108,101; df = 1; P < 2.2E-16

Colony:
χ² = 0.002; df = 1; P = 0.9661

Experiment I: when the number of elements they saw was 1 (presented from 20 to 7 o’clock) or 3 (presented from 8 to 19
o’clock), the ants went essentially to 1 element at 4 o’clock and to 3 elements at 16 o’clock. They have thus associated
each learned amount with its time period of occurrence. Experiment II: when 2 elements were presented on a stand from 8
to 19 o’clock, and 4 from 20 to 7 o’clock, the ants mostly reacted to 2 elements at 16 o’clock and to 4 elements at 4 o’clock.
They have thus also associated the two learned quantities with their time period of occurrence.
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Figure 2. Some views of the experiments
For Experiments I and II, the upper photos show the ants’ training and the lower photos show the ants’ testing. Experiment
I: trained to 1 black rectangle from 20 to 7 o’clock, the ants responded mostly to that cue when tested at 4 o’clock (i.e.
during the time period of their training to 1 rectangle); trained to 3 black rectangles from 8 to 19 o’clock, the ants
responded mostly to that cue when tested at 16 o’clock (i.e. during the time period of their training to 3 rectangles).
Experiment II: in the same way, trained to 2 black circles from 8 to 19 o’clock, the ants responded essentially to that cue
when tested at 16 o’clock (i.e. during the time period of their training to 2 circles), and trained to 4 black circles from 20 to
7 o’clock, they responded essentially to that cue when tested at 4 o’clock (i.e. during the time period of their training to 4
circles). The ants associated thus the correct numbers of elements with the time periods during which they were
conditioned to them.
3.2 Experiment II
Numerical and statistical results are given in Table 1, photos are shown in Figure 2, and a graphical synthesis of the
variability of the results can be seen in Figure 3.
Table 1 shows that the ants of colonies C and D also duly associated the learned quantities of elements with the time
periods of the day during which they were trained to them. A strong correlation again existed between the ants’ responses
at 16 or 4 o’clock and the time periods 8 to 19 or 20 to 7 o’clock (P < 2.2E-16). In this experiment, the time of day when
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the training took place had some influence on the ants' response (P = 0.005), but not much compared to the relation
between training period and test time.
The mean response of the ants of colonies C and D to 2 black circles, to which they were trained during the day and tested
at day, i.e., 16 o’clock, equaled 84.96%, and their mean response to 4 of these circles, to which they were trained during
the night and tested at night, i.e., 4 o’clock, equaled 91.53%. Trained during the day and tested by night, their mean
response equaled 8.47% while when trained during the night and tested by day, their mean response equaled 15.04%.
Figure 3 shows again that, when tested, the number of visits made by the ants to a cue (a quantity) at a time of the day
corresponding to that of its learning was higher and did not overlap with the number of visits they made to a cue (a
quantity) at a time of the day not corresponding to that of its learning.

Figure 3. Graphical summary of the ants’ association between a quantity of an element and the time period of the day
during which this quantity was learned
The ants’ responses were assessed by their numbers of visits to each cue (a stand bearing a quantity) at a ‘day time’ (16
o’clock) and a ‘night time’ (4 o’clock) corresponding or not to the time during which the ants learned the cue (the
quantity). The box-plots show the mean, 95% confidence interval and extremes of the numbers of visits to the learned
quantities of elements. The first testing session was not taken into account since the learning of one of the two quantities
had not yet begun. The ants reacted each time more to the quantity expected to be present at a time of the day
corresponding to its learning.
3.3 Comparison of Experiments I and II
The results of the two experiments were in agreement with each other though the size of the presented quantities and the
time period of their presentation were inverted. The association between the learned elements and the time period of their
perception by the ants does not depend on the size or the quantity learned.
The ants’ percentages of responses at 4 o’clock to the elements presented during training from 20 to 7 o’clock (1 element
was then presented on a stand during Experiment I, and 4 elements during Experiment II) were somewhat higher than
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those recorded at 16 o’clock to the amounts presented from 8 to 19 o’clock during training (3 elements were then
presented on a stand during Experiment I, and 2 elements during Experiment II). This difference between the ants’
conditioning scores in function of the time of the day, although not particularly marked (the mean of the ants’ proportions
of responses at the time of the day corresponding to that of their learning was 91.49% (84.06 – 100, with ϭ = 4.44) when
tested during the night and 85.56% (78.05 – 96.43, with ϭ = 5.33) when tested during the day), was nevertheless
statistically significant. Indeed, a Wilcoxon test made between twelve pairs (three pairs per colony because the first
counting session could not be taken into account) of scores (percentages of visits in favor of the cues corresponding to the
time of the day of their learning) gives P = 0.028 for T = 11. Furthermore, several days after the end of the experiments,
thus not in presence of any element, the ants that were moving a few centimeters at the surrounding of their nest entrance
were in each colony punctually counted (i.e., during at most a few seconds), each hour from 0 to 6 o’clock and each hour
from 12 to 19 o’clock. Thus, a total of 32 counts (8 counts x 4 colonies) were made during the night and of 32 counts (8
counts x 4 colonies) during the afternoon. The mean number of ants observed there during the night was 8.49 (extremes: 3
– 20) and that during the afternoon 1.41 (extremes: 0 – 4). Assuming that one hour between each count was sufficient for
avoiding counting the same ants, a Mann-Whitney U test was performed, and this showed that these two series of numbers
differed highly significantly (Z, adjusted = 6.764; P < 10E-6). The ants have thus best learned at the time of the day when
they walked the more around the cues set at their nest entrance.
4. Discussion
We have here shown that, through conditioning, the workers of M. sabuleti could associate a sighted quantity of an
element with its time period of occurrence. Let us precise that the graphical elements presented to the ants during each
choice test had the same shape, color and size. The only difference between those presented during the two training time
periods was their number and their totalized surface. Thus, the ants may have associated quantities with time periods.
Note that the inside of the ants’ nest was maintained under low lighting thanks to red transparent paper, that foragers
navigated all over their foraging area for short time periods as in nature, and that the choice of the concerned periods of the
day does not allow us to conclude anything about the existence of a possible association between cue learning and the
circadian rhythm of the workers, such a study being not the aim of the present research.
It was also not the purpose of the present work to know whether, when ants associate quantities with the time of day of
their learning, their reaction depends (as in an operation) or does not depend (as in a count) on confounding variables such
as the shape, color, or size of the items presented.
It is debatable whether the workers' response was due to a preference toward the cue they saw most recently and an
aversion to the cue they saw least recently, which is perceived as a novelty (neophobia). Their correct choice of a new
element in an arithmetic or geometric sequence (Cammaerts & Cammaerts, 2021a, 2021b) shows that this should not be
the case. In addition, experiments about potential neophobia were conducted in the course of our work on ants’ association
of odors with the time period of the day during which these odors were learned. The results of these experiments allowed
concluding that ants obviously and statistically do not display neophobia (Cammaerts & Cammaerts, submitted)
Associating a cue (a visual cue, an odor, or a given quantity of elements) with its time period of occurrence may simply
result from conditioning acquisition. Indeed, as stated in the Introduction section, during a conditioning process, several
parameters, with among others the running time, play a role, and are memorized together with the conditional stimulus
and the reward. In the here performed experiments, the reward was the nest entrance, and on the basis of the high
conditioning scores obtained, it can be admitted that, for ants, their nest entrance is a valuable reward.
This ability to associate through conditioning elements with their time periods of occurrence may not be detained by
young ants. Indeed, ants 1 to 2 years old must yet acquire the notion of the running time (Cammaerts, 2013b; Cammaerts
& Cammaerts, 2015c). The associating skill here revealed in foraging ants certainly exists in other animals, including
humans who can associate learned amounts of items with their time period of occurrence. Such an association can be
useful along the everyday life. The individuals would know that, during a given time period, they can look for a given
amount of items and not for another one. They thus would earn time and save working.
In the laboratory, the workers of M. sabuleti were observed to be more active during several time periods between 20 and
7 o’clock than during the 8 to 19 o’clock period. This difference in the ants’ daily activity is in accordance with their better
learning during the nocturnal period of the day than during the diurnal period. In other words, the ants seemed to better
learn while being active. Let us point out that a link between learning and periods of greater daily activity is also observed
in humans (Montagner, 2008).
To conclude, we here revealed one more skill detained by ants thanks to their ability of acquiring conditioning, to their
perception of the running time and to their capability of distinguishing quantities of elements: the association of sighted
quantities with the time of day of their learning. Associating cues to a particular time of day could help ants in their daily
tasks.
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