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Being able to abstract relations of similarity is considered one of the hall-
marks of human cognition. While previous research has shown that other
animals (e.g. primates) can attend to relational similarity, they struggle to
focus on object similarity. This is in contrast with humans. And it is precisely
the ability to attend to objects that it is argued to make relational reasoning
uniquely human. What about invertebrates? Despite earlier studies indicat-
ing that bees are capable of learning abstract relationships (e.g. ‘same’ and
‘different’), no research has investigated whether bees can spontaneously
attend to relational similarity and whether they can do so when relational
matches compete with object matches. To test this, a spatial matching task
(with and without competing object matches) previously used with children
and great apes was adapted for use with wild-caught bumblebees. When
object matches were not present, bumblebees spontaneously used relational
similarity. Importantly, when competing object matches were present, bum-
blebees still focused on relations over objects. These findings indicate that the
absence of object bias is also present in invertebrates and suggest that the
relational gap between humans and other animals is due to their preference
for relations over objects.

A common mistake that preschool—but not older—children make when asked
‘duck is to duckling as tiger to?’ is to answer ‘duckling’ (i.e. object/perceptual
similarity) instead of ‘cub’ (i.e. relational similarity) [1]. Understanding that
critical object properties are not necessarily the properties of the objects indivi-
dually, but the relations of the properties of the different objects to each other is
fundamental for recognizing relational similarity [2]. The capacity to perceive
relational similarity as different from object similarity impacts reasoning and is
often considered a hallmark of human cognition [3].

Using match-to-sample tasks (MTS)—in which a sample stimulus is
presented with two comparison stimuli, a correct and an incorrect match—
vertebrates (e.g. primates and birds [1,4]) and invertebrates (e.g. bees [5])
have been shown to recognize relational similarity. However, there are short-
comings with this paradigm. The MTS entails a large amount of training and
performance can be explained by simply accounting for the perceptual variabil-
ity between the presented stimuli—rather than by identifying the relation
between the stimuli [6]. Whereas work with vertebrates has overcome these
issues by using spatial mapping tasks (e.g. [1,7]), it is still unknown if
invertebrates could recognize relational similarity in these tasks.

Most of the evidence on relational processing (i.e. acquiring and extrapolat-
ing implicit knowledge) and relational learning (e.g. learning same/different,
larger/smaller rules) comes from honeybees (e.g. [5,8-10]); however,
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bumblebees can also learn to process relations [11] and solve
problems never before encountered in their evolutionary his-
tory [12,13]. Additionally, bumblebees have extraordinary
spatial memory skills (e.g. [14,15]). As such, they are good
candidates to investigate their relational skills in a spatial
mapping task. For this purpose, a spatial mapping paradigm
developed by Christie ef al. [1] was modified for use with
wild-caught bees. Specifically, I examined bumblebees’ rela-
tional reasoning in two tasks: (i) a pure relational task
(Experiment 1) and (ii) a relational task that included compet-
ing object matches (Experiment 2). Previous research in bees
has not investigated spontaneous relational reasoning when
relational matches compete with object matches. Addressing
this issue is important because establishing comparisons
between similar objects (e.g. bicycles and tricycles are
vehicles) contributes to develop abstract relationships (e.g.
skateboards are also vehicles) and, so far, only humans
have been shown to do so [16]. Thus, it is expected that,
like in other animals, bees recognize relational similarities
spontaneously and show a preference for relational matches
compared to concrete objects.

2. Experiment 1: relational similarity

Bumblebees experienced two sets of objects (baited and
searching arrays). First, they were presented with two
baited objects—only one them was dipped in sucrose. Their
task was to find the corresponding strip in the searching
array. This experiment examined whether bees would spon-
taneously use relational alignment in their searches. There
were two conditions: aligned and misaligned. In the aligned
condition, the baited and searching arrays were spatially
aligned: top strip-> top strip, bottom strip->bottom strip.
In the misaligned condition, only the bottom strip of the
baited array was aligned with the top strip of the searching
array. It was predicted that if bees establish a relational corre-
spondence between the baited and searching arrays, they
should search top- > top, bottom- > bottom regardless of the
alignment of strips. However, if bees consider each strip inde-
pendently, they would struggle with the bottom trials in the
misaligned condition. Consequently, a worse performance in
the misaligned condition compared to the aligned condition
would be predicted.

(@) Methods
(i) Subjects

The data were collected between August and September
2021 in Northumberland (UK). A total of 33 bees were cap-
tured, although three of them completed less than six trials
and were not included in the analyses. The final sample
was 30 bees of the following species: Bombus pascuorum
(n=23), Bombus lapidarious (n=3), Bombus lucorum (n=2),
Bombus terrestris (n=1) and Bombus bohemicus (n=1). Sex
was visually identified (females=11; males=11 and eight
could not be clearly identified).

(ii) Apparatus

A transparent plastic tube (14 x 3.5 cm) with four holes at the
end through which the stimuli could be inserted was used.
Two holes were drilled on the right-hand side of the tube
and the other two holes on the left-hand side of the tube

(figure 1a,b). For both conditions, the distance between the
top right hole and the top and bottom left holes was equal
(2 cm). The same was true for the bottom left hole. This
allowed to control for proximity as a potential factor influen-
cing bees’ searches. Blue strips of paper (3 x0.2 cm) were
used as stimuli: two were introduced through the right side
of the tube (baited array) and two through the left side
(searching array). The strips were fixed in Playdoh to
introduce them simultaneously in the tube.

(iii) Procedure

I followed Muth et al.’s [17] procedure to test wild-caught
bees. Subjects were left in the tube on average for 2 h prior
to testing to allow them to habituate to the tubes and
become motivated to forage.

The procedure was the same for the aligned and misa-
ligned conditions (figure 1a,b). Subjects first were presented
with the baited strips on the right-hand side of the tube
(Experimenter’s (E) perspective). Only one of the strips—
either top or bottom—was dipped in 50% (w/w) sucrose.
Bees were allowed to explore both strips so they could
notice that only one of them was rewarded. Once the bee
made contact with the strip dipped in sucrose—either by
using its antennae or proboscis—it was given (on average)
5-6s to drink the solution. Then, the baited objects were
removed and the E introduced the searching strips. These
strips were dipped in water. A choice was considered
when the bees touched the strip with the antennae or pro-
boscis. Each bee received a total of 12 trials and the
position of the reward—top or bottom—was counterba-
lanced across trials. New paper strips were used for each
trial and in each array. Importantly, bees did not receive
any training prior to these trials and their choices were
never rewarded.

(iv) Analyses

Data were analysed using R v.2022.02.0 using a binomial gen-
eral liner mixed model [18]. The dependent variable was
whether bees’ choice was correct (coded 1) or incorrect
(coded 0), the independent variable was experimental con-
dition as a categorical variable and a random factor was the
individual bees. In the aligned and misaligned conditions,
spatial matches were considered as correct. Wilcoxon tests
were used to analyse if performance in each condition was
significantly above chance.

(b) Results and discussion

There was no effect of condition on bees’ performance (esti-
mate s.d. =—0.384, z=1.773, p=0.060, 95% CI=—-0.84 to 0.01;
figure 1c). Subjects performed significantly above chance in
both aligned (Wilcoxon test: W=78, p=0.002) and misaligned
conditions (Wilcoxon test: W=75.5, p=0.048; see electronic
supplementary material for individual performances). These
results are in contrast to Christie ef al.’s [1] findings—chimpan-
zees and bonobos only performed well in the aligned
condition. However, the misaligned condition differs between
both studies: whereas in Christie et al.” [1] study subjects had
to learn a non-parallel mapping strategy (e.g. seeing food
being hidden in the top position should lead to search for
the reward in the bottom position of the searching array), in
the present study, bees chose between two strips that matched
either the relative or absolute position of the baited strip.
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Figure 1. Experimental set-up of Experiment 1. Bees experience one of the two paper strips baited on the (i) (E's perspective; baited array), and they had to search
among the containers on the (ii) (searching array). All the stimuli were identical. In both the aligned (a) and misaligned (b) conditions, the correct mapping
between hide and search is the parallel spatial relations. Importantly, in the misaligned condition (b), the bottom strip of the baited array spatially matches
the top strip of the search array. If bees perceive relational similarity, they should perform better in the aligned than in the misaligned condition; (c) represents
the percentage of correct responses in the aligned and misaligned condition (Experiment 1). Bees searched in the correct location significantly above chance in both

conditions. *p < 0.05.

Additionally, bees’ choices were never rewarded. Thus, these
differences in methodology could explain why bees favoured
relational over positional cues.

Subjects were significantly above chance in the first trial
of the aligned condition (binomial test, p =0.035) but not of
the misaligned condition (binomial test, p = 1). The advantage
of the parallel alignment (i.e. aligned condition) compared to
the oblique alignment (i.e. misaligned condition) was only evi-
dent in the first trial. There were no differences in
performance between the first six and the last six trials in
either of the conditions (aligned: W=29.5, p=0.878; misa-
ligned: W=19.5, p =0.440)—suggesting that motivation did
not affect subjects” performances.

These results indicated that bumblebees, like primates,
spontaneously succeeded at a spatial mapping task. Impor-
tantly, previous research has shown that when relational
similarity competes with object similarity, young children
[1] prefer object over relational match. This is not the case
for other vertebrates (e.g. primates: [1]). In fact, it has been
argued that a greater focus on object similarity in humans
could be contributing to the analogical gap between
humans and other animals (e.g. [16]). Bees rely on multimo-
dal signals (e.g. colour and patterns of tactile surface
structure) to learn floral patterns and improve their foraging
effectiveness (e.g. [19,20]). As such, the effect of the object
matches might be particularly obvious in bees. To test this

possibility, object matches were introduced to the task in a
new experiment.

3. Experiment 2: relational versus object
similarity

Similar to Experiment 1, in two conditions—aligned and mis-
aligned—bees were presented with baited and searching
arrays, but, in contrast with Experiment 1, the objects were
now different (i.e. a blue strip and a yellow paper stick).
The same objects were used for the baited and searching
arrays, although they were distributed differently. Whereas
in the baited array, the blue strip was at the top and the
yellow paper stick was at the bottom, the objects’ position
was reversed in the searching array (figure 2a,b). Thus, in
the aligned condition, object matches competed with the
spatial relational rule (i.e. aligned searches). In the misaligned
condition, the alignment of the object was oblique. Of par-
ticular importance were the trials in which the bottom
object of the baited array was rewarded. This is because
this bottom object matched the top object of the searching
array (i.e. yellow stick). Thus, although the same objects
were spatially aligned, a correct relational response would
involve searching in the misaligned non-matching object
(i.e. blue strip; figure 24,b). It was predicted that if subjects
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Figure 2. Experimental set-up of Experiment 2. Bees experience one of the stimuli baited on the (i) (E's perspective; baited aray), and they had to search among the
containers on the (ii) (searching array). In contrast with Experiment 1, the objects were now different. In both the aligned (a) and misaligned (b) conditions, the correct
mapping between hide and search is the parallel spatial relations. Importantly, in the misaligned condition (b), the bottom object of the baited array spatially matches the top
object of the search array. Thus, although the same objects were spatially aligned, a correct relational response would involve searching in the misaligned non-matching object
(i.e. blue strip). It was predicted that if subjects attended to object matches over relational matches, they would struggle in these trials. Consequently, a worse performance in
the misaligned condition compared to the aligned would be predicted; (c) represents the percentage of correct responses in the aligned and misaligned conditions (Experiment
2). Bees only searched in the correct location significantly above chance in the misaligned condition. *p < 0.05.

were to focus on object matches over relational matches,
they would struggle in these trials. Consequently, a worse
performance in the misaligned condition compared to the
aligned would be predicted.

(@) Methods
(i) Subjects

The data were collected between August and September
2021 in Northumberland (UK). A total of 32 bees were cap-
tured; however, two of them completed less than six trials
and were not included in the analyses. The final sample
was 30 bees of the following species: Bombus pascuorum
(n=23), Bombus terrestris (n =4) and Bombus rupestris (n=3).
Sex was visually identified (females=13; males=15 and
two could not be clearly identified).

(ii) Apparatus

The same tubes as in Experiment 1 were used. Blue strips of
paper (3 x0.20cm) and yellow paper lollipop sticks (3 x
0.32 cm) were used as stimuli (figure 24,b). The objects were
inserted in Playdoh to introduce them in the tube
simultaneously.

(iii) Procedure
As before, bees were left in the tube on average for 2 h prior
to testing. The same procedure as in Experiment 1 was

followed for the aligned and misaligned conditions. Bees
received a total of 12 trials, no training was provided prior
to these trials and bees’ choices were never rewarded.

(iv) Analyses

The same analyses as in Experiment 1 were conducted. In
both aligned and misaligned conditions, spatial matches were
considered as correct.

(b) Results and discussion

Subjects” performance was affected by condition (estimate
s.d.=0.523, z=2.350, p=0.018, 95% CI=0.07 to 0.98)—with
bees performing better in the misaligned condition than in
the aligned condition (figure 2c). In fact, bees performed
significantly above chance in the misaligned condition (Wil-
coxon testt W=74.5, p=0.045) but not in the aligned
condition (Wilcoxon test: W=24, p=0.293). Importantly, in
the misaligned condition, bees’ performances did not differ
between the bottom (i.e. incorrect object match competes
with correct spatial match) and top trials (Wilcoxon test:
W=091.5, p=0.078)—suggesting that bees’ searches were not
affected by the competing object match.

As in Experiment 1, there were no differences in perform-
ance between the first six and the last six trials in either of the
conditions (aligned: W=44.5, p=0.323; misaligned: W=59,
p =0.706)—implying that change in motivation did not play
a role in bees’ choices.
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In the present paradigm, bees did not seem to focus on
object matches. This finding is supported by their perform-
ance in the misaligned condition. However, bees’ difficulty
in the aligned condition suggests that the presence of object
matches might have affected their responses—recall that in
Experiment 1 bees performed significantly above chance in
the aligned condition. In fact, individual performance (elec-
tronic supplementary material) indicates that whereas 40%
of the subjects usually used a relational strategy, 40% fre-
quently relied on an object matching strategy. Thus, two
competing strategies seem to be at play in the aligned con-
dition. It is possible that the lack of objects next to the top
hole in the baited array and to the bottom hole in the search-
ing array in the misaligned condition might have facilitated
the use of the relational mapping strategy.

The present findings indicate that wild bumblebees can
spontaneously attend to relational similarity. Importantly,
when object matches competed with relational matches,
bees tended to focus on relations more than on objects.
Studies have shown that bees can learn to abstract
relational representations (i.e. ‘sameness’) in the context of col-
ours, smells, sizes and quantities (e.g. [5,8-11,21]). The results
presented here extend previous findings by showing that bees
spontaneously prefer relational similarity over object simi-
larity. These results are along the lines of previously
reported findings in non-human primates (e.g. [1,7]). Evi-
dently, a preference for relational over object matches does
not mean that bees cannot make object matches—in fact,
some bees in Experiment 2 did show a preference for object
matches. Importantly, bees’ lifestyles incorporate effective
learning and memory capabilities with complex navigation
skills as well as flexible visual system for pattern recognition
[22]—which surely facilitates object recognition and object
matching. Also, previous evidence from DMTS indicates that

bees match objects [5]. Thus, it is possible that the nature of [ 5 |

the paradigm used here—i.e. number of trials and/or
responses not being rewarded—affected bees’ performances.
One would expect that if they had been given more trials
and their searches had been rewarded, they might have been
able to consistently exploit object matches.

The absence of object bias reported here extends previous
findings in vertebrates (e.g. chimpanzees) to invertebrates
(i.e. bumblebees). It has been argued that it is young children’s
abilities to establish comparisons between similar objects that,
over time, contribute to a more elaborated capacity to establish
abstract relationships. Thus, these results are of great impor-
tance because they help confirm that the relational gap
between humans and other animals is not due to animals’
inability to identify relational similarities but to their
preference for relational over object similarities [16].

In conclusion, the present results question the view that
vertebrates, and in particular non-human primates, may be
the only animals able to spontaneously attend to relations of
similarity—wild bumblebees can also do so. Moreover, bum-
blebees, like non-human primates, also focused strongly on
relations over objects—which suggests that their cognition
might not be as concrete as previously argued. Studies like
the one presented here indicate that social insects are useful
models for understanding the evolution of cognition.

The experiments received ethical approval from the University
of Stirling’s Ethics Committee (project name: Cognition in wild bees;
project no.: 4041).

The data are provided in the electronic supplementary
material [23].
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analysis, investigation, methodology and writing—original draft.
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