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identical tents equally spaced to reach an artificial feeder placed between the 3rd and 4th tents. After training, the spacing between tents was decreased, thus creating a conflict between the distance previously flown and the number of tents passed while flying to the goal. After this manipulation, a significant percentage of bees (22%) flew a shorter distance and landed after passing the 3 rd tent, thus prioritizing landmark number [START_REF] Chittka | Can honey-bees count landmarks?[END_REF]. Similar results were obtained when bees were trained to fly into a tunnel to find food reward after a given number of yellow stripes displayed on the walls and floor of the tunnel [START_REF] Dacke | Evidence for counting in insects[END_REF]. Although the shape, size and position of the landmarks were changed, bees preferred to land after the correct number of landmarks (up to four), irrespective of the distance flown These works indicate, therefore, that bees are capable of sequential enumerating of landmarks while navigating to a goal. Spatial arrays of items have been also used in experiments in which a delayed matching-to-sample protocol was used to train bees to fly into a Y-maze and choose the stimulus containing the same number of items as a sample presented at the maze entrance [START_REF] Gross | Number-based visual generalisation in the honeybee[END_REF].

Bees trained to match sample arrays with two or three items learned the task and transferred correctly their choice to novel arrays with the appropriate number of items but differing in color, shape and configuration. However, they failed sometimes when the sample contained four items. Higher numbers resulted in more unsuccessful performances, thus suggesting that the limit of numerosity in these experiments may be close to 4 [START_REF] Gross | Number-based visual generalisation in the honeybee[END_REF].

The numerosity of bees, like that of some monkeys and birds, also includes the concept of zero, i.e. a quantity at the low end of a continuous series of positive numbers [START_REF] Nieder | Representing something out of nothing: the dawning of zero[END_REF], as shown by training bees to follow the constant rule of always choosing the smaller of two numerosities, which varied between 1 and 4. When they were presented with one item vs. an empty background, a situation they never saw during the training, they preferred the empty background, which they treated as a quantity smaller than sets of one, two, or more items [START_REF] Howard | Numerical ordering of zero in honey bees[END_REF]. Furthermore, their performance improved as the magnitude of difference between two numerosities increased (0 vs. 6 easier than 0 vs. 1; Fig. 1b). Thus, bees have a representation of empty sets and understand 0 as a low end of a series of positive numbers. Their numerosity discrimination performance reproduces the 'numerical distance effect' found in vertebrates, i.e. the fact that the ability to discriminate between two numbers improves as the numerical distance between them increases.

As the previous study relied on the bees' capacity to use relative numerosity (choice of 'smaller than'), another study confronted bees with the choice of using either absolute or relative numerosity judgments [START_REF] Bortot | Honey bees use absolute rather than relative numerosity in number discrimination[END_REF]. One group of bees ('larger') was trained to choose 3 over 2, while another group ('smaller') was trained to choose 3 over 4. Bees were then tested with novel stimuli displaying the numerosity previously rewarded (3) vs. a novel numerosity (4 for 'larger' and 2 for 'smaller'). Bees preferred the three-item stimulus, consistently with absolute numerosity, and contrary to vertebrates, which tend to use relative numerosity in similar situations. Yet, a numerical size effect common to vertebrates was also visible because discrimination of two numbers worsened as their numerical size increased (i.e. performance after 3 vs. 4 was worse than after 2 vs. 3 training), consistently with Weber's law [START_REF] Bortot | Honey bees use absolute rather than relative numerosity in number discrimination[END_REF].

Bees can also perform rudimentary arithmetic operations as shown by another recent work [START_REF] Howard | Numerical cognition in honeybees enables addition and subtraction[END_REF] in which the color (blue or yellow) of a sample item array at the entrance of a Ymaze indicated the arithmetic operation to perform (Fig 1b). If it was blue, the bees entering the maze had to choose the array containing one more element than the sample to get the reward (addition). If it was yellow, they had to choose the array containing one less element than the sample (subtraction). Bees learned the task and transferred their choice correctly to novel numerosities, which, depending on their color, determined the operation to perform.

These results indicate that rudimentary arithmetic can be mastered by bees [START_REF] Howard | Numerical cognition in honeybees enables addition and subtraction[END_REF]. Symbolic matching was shown in experiments in which different groups of bees were trained to match a sign (N or ┴ ) to a given numerosity (2 or 3) or vice versa [START_REF] Howard | Symbolic representation of numerosity by honeybees (Apis mellifera): matching characters to small quantities[END_REF]. Both groups learned their respective task and transferred it to novel situations involving numerosities changed in color, shape and configuration. Yet, they failed at reversing their specific task (i.e. from number-to-sign if trained on sign-to-number, and vice versa). As bees master different forms of reversal, the failure exhibited in these experiments may be related to the numerical aspect of the task and thus reveals a limitation in the numerical competences of these insects.

Despite the fascination that some of these results exert, they do not allow access to the neural circuits mediating numerosity as all the experiments were performed with free-flying insects, which renders brain analyses difficult. Yet, neurons, or neural assemblies, dedicated to numbers could exist in the bee brain, as found in some vertebrates [START_REF] Nieder | Evolution of cognitive and neural solutions enabling numerosity judgements: lessons from primates and corvids[END_REF]. It has been argued that numerosity circuits are evolutionary conserved among vertebrates and located in brain areas functionally homologous to the mammalian neocortex [START_REF] Nieder | Evolution of cognitive and neural solutions enabling numerosity judgements: lessons from primates and corvids[END_REF]. Although bees do not possess a neocortex, higher-order areas of their brain could fulfil some of the requirements for numerosity representation. The central complex, a region of the insect brain receiving highly processed and topologically ordered visual input from the optic lobes, which mediates also short-term forms of visual memory [START_REF] Pfeiffer | Organization and functional roles of the central complex in the insect brain[END_REF] and which participates in navigation, path integration and object recognition, appears as an interesting candidate for visual number representation.

Further studies should address the involvement of this and other brain structures in bee numerosity.

Bees and vertebrates share similarities in their numeric competences. They both perform basic arithmetic operations and exhibit the numerical distance effect and the numerical size effect, which are distinctive of the approximate number system (ANS), a system used to represent small and large numerosities and which follows Weber's law. These similarities should not be surprising. The survival of bees depends on navigation skills that allow returning to the hive and on their capacity to achieve efficient foraging choices. For this insect, estimating landmark number or flower-array number can play a crucial role for individual and colony survival. Selective pressure may have favored the evolution of numerical competence in bees, in the same way it favored it in vertebrates. Future research should uncover the neural solutions implemented by bees to achieve numerosity judgments and determine similarity and differences with the neural architectures existing in vertebrates.

This comparative approach will provide crucial insights to understand the evolutionary origins of numeric skills. Adapted from [START_REF] Howard | Numerical ordering of zero in honey bees[END_REF]; (c) and (d) adapted from [START_REF] Howard | Numerical cognition in honeybees enables addition and subtraction[END_REF], courtesy of S. Howard.
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 1 Figure 1. Zero representation and rudimentary arithmetics in bee numerosity. (a) Left.