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Summary
A new study shows that bumblebees learn socially, and this resulted in a novel behavior becoming dominant across a group. 
These findings highlight the opportunity going forward to use social insects to address how simple cognitive mechanisms 
can underpin the development of complex behavioral phenomena.
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“Culture”, defined as persistent behavioral norms within a group, 
created through the spread of information socially, is often hailed 
as a landmark of human society. The study of culture in non-
human animals has garnered recent interest, including experimen-
tal demonstrations of how cultural norms can arise in wild primate 
and bird populations. A recent study (Bridges et al., 2023) shows 
that within bumblebee groups too, a novel behavior can spread 
via social learning, resulting in a dominant behavior. This result 
presents the opportunity to use bees to examine the cognitive 
mechanisms underlying the establishment of behavioral traditions.

Bridges et al. trained bees to one of two solutions to a “puz-
zle-box” feeder, requiring individuals to push a blue or red tab 
to gain a sucrose reward. Each solution was equally difficult, 
resulting in the same reward. “Demonstrator” bees were trained 
to perform one of the two variants (“red” or “blue”). “Observer” 
colonies were then given access to puzzle-boxes with demon-
strators, allowing the behavior to spread throughout the group 
via social learning. In Experiment 1, four colonies, or replicates 
(two red, two blue), were each given access to eight puzzle-
boxes in an arena, each containing a single demonstrator. Two 
control colonies were given the same puzzle-boxes without a 
demonstrator. Fourteen bees from the experimental colonies 
learned to open the feeder, nearly always in line with the dem-
onstrated color, whereas only one control bee learned. To deter-
mine if control bees simply needed more time to learn, Experi-
ment 2 lasted twice as long as Experiment 1, using one red, one 
blue, and two control colonies. Here, the highest number of 

learners (nine) was in one of the controls, while only four bees 
in each of the red and blue colonies learned.

Taken together, these experiments show that social learn-
ing can facilitate information spread, in line with previous 
work (Leadbeater & Chittka, 2007). The authors suggest that 
their findings demonstrate the potential for novel behavior to 
arise via genetic assimilation of learned behavior (the Bald-
win effect). While an interesting idea, this conclusion would 
need further experiments, specifically showing that behav-
iors are genetically transmitted, rather than remaining plastic. 
More generally, linking cognition to fitness is no easy task, 
and recent work shows that even a seemingly advantageous 
cognitive trait like working memory can have a positive or 
negative relationship with bees’ foraging efficiency depend-
ing on environmental conditions (Pull et al., 2022).

In a third experiment, Bridges et al. introduced both vari-
ants (two red-, two blue-trained demonstrators) at the same 
time, to determine if one variant would become dominant. 
Two observer colonies were attached to an arena, with twice 
the number of puzzle-boxes as before, to encourage a greater 
number of foragers. The experiment was repeated twice. At 
the end of the first iteration, most observer bees performed the 
red variant, whereas at the end of the second (using new colo-
nies), most performed the blue variant. These results show 
that, in theory, when variants have equal payoffs, either one 
can prevail, despite a seeming blue color preference (control 
bees that solved the puzzle-box generally chose blue). The 
convergence on a single strategy was not driven by individuals 
changing their preferences to “conform,” but rather new learn-
ers were more likely to adopt the preference of the majority.

That bumblebees learned more readily with demonstrators 
and that this led to a dominant behavior presents the opportu-
nity to examine the cognitive mechanisms that may underpin 
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the development of behavioral traditions. Previous work with 
bumblebees has shown that social learning can be explained 
by second-order conditioning (Leadbeater & Dawson, 2017), 
where individuals initially learn that other bees (conditioned 
stimuli/CS1) predict sucrose rewards (unconditioned stimuli/
US+) when encountering conspecifics on feeders. Conspecifics 
(CS1) then become paired with a second conditioned stimulus 
(CS2; in this case, a blue or red tab). This may in part explain 
how bees learned in the current experiment, although there was 
also the opportunity for individual learning (i.e., via first-order 
conditioning), as observers could land next to a demonstrator 
feeding from a puzzle-box and gain the reward themselves. 
Bridges et al. raise the possibility of local enhancement versus 
stimulus enhancement as processes by which bees learned, and 
past work suggests that both may be at play: naïve bees may be 
first drawn to conspecifics as salient stimuli (local enhance-
ment). After gaining rewards themselves, observers likely learn 
that a tab-stimulus predicts reward and generalize that response 
to all tabs of that color (stimulus enhancement). In cases where 
there were two behavioral variants (Experiment 3), as soon as 
one strategy became the majority by chance, new observers 
would more frequently witness that stimulus as predicting 
reward, and thus that option would be more strongly reinforced.

Exactly what is “social” in social learning is a multi-faceted 
question. Animals may have sensory and attentional systems 
tuned to social cues, which may then be moderated by individ-
ual experience (Leadbeater & Dawson, 2017). In Bridges et al., 
observer bees were likely drawn to conspecifics, but could also 
directly pair the colored tab with reward themselves through direct 
sampling. As such, it is not clear whether learning success was 
driven by bees observing demonstrators, or through them being 
more likely to gain rewards themselves via the puzzle-box already 
having been opened and rewards made available. These two non-
exclusive possibilities could be teased apart by having “yoked” 
controls, where puzzle-boxes open (e.g., by hidden magnets), 
allowing observers to access rewards, but without demonstra-
tors present. Previous work including this control (Loukola et al., 
2017) found that using a magnet to create “ghost” movement of 
stimuli enhanced learning over no-demonstrator conditions, but 
not to the extent as having a demonstrator, indicating that both 
conspecific cues and other influences play a role in enhancing 
learning in the experimental treatments in Bridges et al.

In exploring the establishment of new, learned behaviors, 
Bridges et al. (along with other work using similar terminol-
ogy, e.g., Loukola et al., 2017) highlight the novel behavior 
as “unnatural.” On the face of it, solving the puzzle-box does 
indeed appear to be a “novel, nonnatural foraging behaviour.” 
One of the (often endearing) perks of working with bumblebees 
is their aptitude for visiting novel types of “flowers”: artificial 
flowers have been used in countless experiments since the time 
of Karl von Frisch and Charles Henry Turner. Honeybees and 
bumblebees may be particularly apt at visiting artificial flow-
ers (lacking the scent, texture etc. of a real flower), because, as 

generalists, they visit a vast variety of floral species, which vary 
across a number of traits spanning modalities and morpholo-
gies, and requiring different handling strategies. From a human 
perspective, an artificial flower may appear more “natural” 
than solving a puzzle-box or rolling a ball (as in Loukola et al., 
2017), yet in all cases, a bee encounters a stimulus (e.g., sees a 
color), performs a motor action (e.g., pushes with its body or 
scrabbles with its legs), and gains a sucrose reward. Each of 
these components are analogous to a natural foraging scenario. 
Thus, the cognitive mechanisms behind seemingly novel and 
complex behavior may be explained via the same associative 
mechanisms bees use when foraging on natural flowers. Creat-
ing a division between natural versus unnatural stimuli, and 
“behavioral innovations” versus natural foraging behavior, is 
therefore not clear-cut, and necessitates careful consideration 
from the animal’s sensory and cognitive perspective.

Whether bumblebees establish persistent cultures in the wild 
is unanswered, yet many (including Darwin) have suggested that 
social learning may play a role in the context of nectar-robbing. 
In environments that have warm climates year-round, many 
bumblebee species are active throughout the winter, leading to 
the possibility of social information spread across different colo-
nies, and even species. However, it is perhaps even more exciting 
if bumblebees do not socially learn and/or establish behavioral 
traditions in the wild, but can under laboratory settings, since it 
demonstrates the cognitive underpinnings necessary and suf-
ficient for such behavior may be widespread and thus could 
readily be honed to a social context when favored by selection.

Funding  F.M. is funded by NSF IOS-2028613.

References

Bridges, A. D., MaBouDi, H., Procenko, O., Lockwood, C., Moham-
med, Y., Kowalewska, A., Romero González, J. E., Woodgate, 
J. L., & Chittka, L. (2023). Bumblebees acquire alternative 
puzzle-box solutions via social learning. PLOS Biology, 21(3), 
e3002019. https://​doi.​org/​10.​1371/​journ​al.​pbio.​30020​19

Leadbeater, E., & Chittka, L. (2007). Social learning in insects–
from miniature brains to consensus building. Current Biology, 
17(16), R703-13. https://​doi.​org/​10.​1016/j.​cub.​2007.​06.​012

Leadbeater, E., & Dawson, E. H. (2017). A social insect perspective 
on the evolution of social learning mechanisms. Proceedings of 
the National Academy of Sciences, 114(30), 7838–7845. https://​
doi.​org/​10.​1073/​pnas.​16207​44114

Loukola, O. J., Perry, C. J., Coscos, L., & Chittka, L. (2017). Bum-
blebees show cognitive flexibility by improving on an observed 
complex behavior. Science, 355(6327), 833–836. https://​doi.​org/​
10.​1126/​scien​ce.​aag23​60

Pull, C. D., Petkova, I., Watrobska, C., Pasquier, G., Perez Fernan-
dez, M., & Leadbeater, E. (2022). Ecology dictates the value of 
memory for foraging bees. Current Biology, 32(19), 4279-4285.
e4. https://​doi.​org/​10.​1016/j.​cub.​2022.​07.​062

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1371/journal.pbio.3002019
https://doi.org/10.1016/j.cub.2007.06.012
https://doi.org/10.1073/pnas.1620744114
https://doi.org/10.1073/pnas.1620744114
https://doi.org/10.1126/science.aag2360
https://doi.org/10.1126/science.aag2360
https://doi.org/10.1016/j.cub.2022.07.062

	Bumblebees show capacity for behavioral traditions
	Summary
	References


