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ON THE
INTELLIGENCE OF
BEES




‘Bees are really highly intelligent’: the
insect IQ tests causing a buzz among
scientists

We all know these busy insects are good for crops and
biodiversity, but proof is emerging that they are also clever,
sentient and unique beings

“Our work and that of other labs has shown that bees are really highly
intelligent individuals. That they can count, recognise images of human
faces and learn simple tool use and abstract concepts.”

e | 3 Bees can be trained to perform simple tasks. Photograph: Lars Chittka
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Simultaneous mastering of two abstract
pts by the miniature brain of bees
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Abstract

Sorting objects and events into categories and concepts is a fundamental cognitive
capacity that reduces the cost of learning every particular situation encountered in our

_— o

daily lives. Relational concepts such as “same,” “different,” “better than,” or “larger than"—

gm among others—are essential in human cognition because they allow highly efficient

Information classifying of events irrespective of physical similarity. Mastering a relational concept

involves encoding a relationship by the brain independently of the physical objects linked
by the relation and is, therefore, consistent with abstraction capacities. Processing several
concepts at a time presupposes an even higher level of cognitive sophistication that is not
expected in an invertebrate. We found that the miniature brains of honey bees rapidly

learn to master two abstract concepts simultaneously, one based on spatial relationships
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High-speed videography reveals how honeybees can turn a spatial
concept learning task into a simple discrimination task by stereotyped flight
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Bumblebees socially learn behaviour too complex to
innovate alon

Abstract

Culture refers to behaviours that are socially learned and persist within a population over time.
Increasing evidence suggests that animal culture can, like human culture, be cumulative:
characterized by sequential innovations that build on previous ones!. However, human
cumulative culture involves behaviours so complex that they lie beyond the capacity of any
individual to independently discover during their lifetime*==. To our knowledge, no study has so
far demonstrated this phenomenon in an invertebrate. Here we show that bumblebees can learn
from trained demonstrator bees to open a novel two-step puzzle box to obtain food rewards,
even though they fail to do so independently. Experimenters were unable to train demonstrator
bees to perfi the unrewarded first step without providing a temporary reward linked to this
action, which was removed during later stages of training. However, a third of naive observer bees
learned to open the two-step box from these demonstrators, without ever being rewarded after
the first step. This suggests that social learning might permit the acquisition of behaviours too
complex to ‘re-innovate’ through individual learning. Furthermore, naive bees failed to open the
box despite extended exposure for up to 24 days. This finding challenges a common opinion in
the field: that the capacity to socially learn behaviours that cannot be innovated through

individual trial and error is unique to humans.




where the reward was placed. Bees that learned this complex task then served as

demonstrators for other observer bees who were finally tested to see if they could perform

the task without their demonstrators. Five out of fifteen observer bees managed to do this

on their own and two of them went on to consistently perform the task by themselves. In

The number of demonstrator bees that learnt the task in this study was also low. The fact
that at least a couple of bees did efficiently learn the task demonstrates a proof of principle
— that bees can learn the complex task. However, it also shows that social learning in this
task did not typically lead to success and is therefore unlikely to be an important route to
learning complex tasks. The role of social cues is clarified by another finding from the
study. When examining how observer bees followed demonstrator bees, there was no
difference in following behaviour between successful and unsuccessful observer bees.

Thus, it does not seem likely that even the successful bees learnt specifically because they

were imitating what the demonstrator bees were doing. Finally, it is perhaps unsurprising
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Social learning and culture in bees: Simple
mechanisms, complex outcomes
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Abstract

Bees have been excellent model systems to study social learning — the ability of animals to
change their behaviour based on observations of other individuals. Researchers have
investigated several aspects of social learning in bees, including how it can lead to cultural
traditions. A recent study also argues that bees have the capacity to socially learn
behaviours that they could not innovate on their own. To understand these findings better,
I review what we know about the mechanisms underlying social learning in bees and use
these findings to compare social learning and culture in bees and humans. The findings
suggest that the seemingly complex social behaviours of bees could arise from simple
mechanisms underlying learning in general. I highlight the importance of investigating

cognitive mechanisms and how they might differ across animals.
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Bumblebees surprise scientists with advanced social learning skills

Bee-2-Bee influencing: Bees master complex tasks through social interaction
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Bumblebees socially learn behaviour too complex to
innovate alone

Abstract

Culture refers to behaviours that are socially learned and persist within a population over time.
Increasing evidence suggests that animal culture can, like human culture, be cumulative:
characterized by sequential innovations that build on previous ones!. However, human
cumulative culture involves behaviours so complex that they lie beyond the capacity of a
individual to independently discover during their lifetimel22, To our knowledge, no study has so
far demonstrated this phenomenon in an invertebrate. Here we show that bumblebees can learn
from trained demonstrator bees to open a novel two-step puzzle box to obtain food rewards,
even though they fail to do so independently. Experimenters were unable to train demonstrator
bees to perform the unrewarded first step without providing a temporary reward linked to this
action, which was removed during later stages of training. However, a third of naive observer bees
learned to open the two-step box from these demonstrators, without ever being rewarded after
the first step. This suggests that social learning might permit the acquisition of beha stoo
complex to ‘re-innovate’ through individual learning. Furthermore, naive bees failed to open the
box despite extended exposure for up to 24 days. This finding challenges a common opinion in
the field: that the capacity to socially learn behaviours that cannot be innovated through

individual trial and error is unique to humans.
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Anthropocentric bias may explain research disparities between animal tool use and nest
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. Results
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ON BEE SENTIENCE




Definitions of
sentience

Birch et al 2021, Gibbons et al 2022, Crump et al 2022

“Capacity to have feelings- mental states that are
consciously experienced as good or bad.”

“Sentience is the capacity to feel. Understood broadly,
sentience encompasses all felt experiences, including
sensory experiences (e.g. visual, auditory, tactile,
olfactory) as well as (for example) feelings of warmth,
comfort, fatigue, hunger, thirst, boredom, excitement,
distress, anxiety, pain, pleasure and joy”

"A sentient being might not be able to reflect on its
feelings or to understand others’ feelings.”

“Sentience is the ability to experience feelings and
sensations.”

Animal Welfare (Sentience) Act




A framework
for assessing
if insects feel

pain

Birch et al 2021, Gibbons et al 2022, Crump et al 2022

e 8Criteria

Criterion 1: Nociception

Criterion 2: Sensory integration
Criterion 3: Integrated nociception
Criterion 4: Analgesia

Criterion 5: Motivational trade-offs
Criterion 6: Flexible self-protection
Criterion 7: Associative learning

Criterion 8: Analgesia preference




Gibbons et al 2022

Table 11 Confidence level for each criterion for adults of each focal insect order.

Blattodea

Coleoptera

Diptera

Hymenoptera

Lepidoptera

Orthoptera

VH = Very high; H=High; M =Medium; L =Low; VL =Verylow; VL (no research found) = Very low
(no research found).

Criterion 3:
Integrated

nociception

VL (no
research
found)

VH

VL (no
research
found)

VL(no
research
found)

VL (no
research
found)

Criterion 4:
Analgesia

VL (no
research
found)

VH

VL (no
research
found)

Criterion 5:
Motivational
trade-offs

VL (no
research
found)

VL (no
research
found)

VL (no
research
found)

VL (no
research
found)

Criterion 6:

Flexible
self-

protection

VL (no
research
found)

VL (no
research
found)

VL (no
research
found)

VL (no
research
found)

VL (no
research
found)

Criterion 7:
Associative
learning

VL (no
research
found)

Criterion 8:
Analgesia
preference

VL (no
research
found)

VL (no
research
found)

VL (no
research
found)

VL

VL (no
research
found)

VL (no
research
found)




‘Bees are sentient’: inside the stunning
brains of nature’s hardest workers

03 Boes are

‘Fringe’ research suggests the insects that are essential to
agriculture have emotions, dreams and even PTSD, raising =
complex ethical questions Most viewed




A framework Tt
. * Criterion 1: Nociception
for assessing
I:f inSECtS feel  Criterion 3: Integrated nociception

* Criterion 4: Analgesia
pClIn  Criterion 5: Motivational trade-offs

* Criterion 6: Flexible self-protection

Criterion 2: Sensory integration

 Criterion 7: Associative learning

 Criterion 8: Analgesia preference

Gibbons et al 2022



BRIEF REPORT | PSYCHOLOGICAL AND COGNITIVE SCIENCES fXWinE ®

Motivational trade-offs and modulation of
nociception in bumblebees

‘ THIS ARTICLE HAS BEEN UPDATED ‘

CTED + THIS ARTICLE IS DISCUSSED OM A PODCAST +

Abstract

Insects are traditionally thought to respond to noxious stimuli in an inflexible mann
without the ability to modulate their behavior according to context. We investigated
whether bumblebees’ attraction to high sucrose solution concentrations reduces their
avoidance of noxious heat. Bees were given the choice between either unheated or
noxiously heated (55 °C) feeders with different sucrose concentrations and marked by
different colors. Bees avoided noxious feeders when the unheated feeders contained
high sucrose concentrations, but progressively increased feeding from noxious feeders
when the sucrose concentration at unheated feeders decreased. This shows a
motivational trade-off of nociceptive responses. Bees used learned color cues for their

decisions, and thus the trade-off was based on processing in the brain, rather than just




BRIEF REPORT | PSYCHOLOGICAL AND COGNITIVE SCIENCES fXWine2 8

Motivational trade-offs and modulation of nociception in bumblebees Motivational trade-offs and modulation of
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Abstract

whether bumblebees’ attraction to high sucrose solution concentrations reduces their

W, high sucrose concentrations, but progressively increased feeding from noxious feeders
Cited by 104

when the sucrose concentration at unheated feeders decreased. This shows a
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Feeding arena

Temperature controller

MNest box . .
Microcentrifuge tube

fixed 20mm
above heat-pad

Close-up of a feeder

50 = 50
e oumm and heat-pad

Fig. 2. Testing arena set-up (not to scale). Four feeders on the floor of the arena, 30 cm from the entrance, 15-cm apart. The arena could be accessed from
nest box via a Perspex corridor. A termperature controller was outside the arena and controlled the temperature of each feeder. The iPhone was placed
abowve. Black drcle shows one feeder close up, with the black heat-pad (50 cm x 50 cm), colored Perspex squares (25 an x 25 ecm), and a 1.5-mL microoentri-
fuge tube (with the end cut off) 20 mm abowve the heat-pad. Bee is shown in a feeding position.

Gibbons et al 2022




. * Motivational trade-offs and nociception
Trading off

* ‘Enough flexibility must be shown to indicate centralized, integrative

’ t ' processing of information involving a common measure of value’
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" " * The effect of heat needs to be different for differen
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Insects an d * Motivational trade-offs and nociception
Pain

Y,
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Our Criticisms - Excluding data points in a manner that could bias the

results.

- Statistical models were “overfit” (singular models).
Simpler models do not show the key effect.

- Very low sample size for some crucial points

- Heat was not reliably aversive

Read and Nityananda 2026a, 2026b



Simpler models show no effect

Reanalysis of
the data

Gibbons et al 2022 Read and Nityananda 2026a

Read and Nityananda, 2026
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Excluding data leads to low sample size

Reanalysis of
the data

Gibbons et al 2022 Read and Nityananda 2026a
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Heat is not reliably aversive

Reanalysis of
the data

Gibbons et al 2022 Read and Nityananda 2026a

Read and Nityananda, 2026
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Junior group members

Flag up resources to Teach the P! Build in replications
the lab into projects
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Departments and Universities

CVs without journal
names

Include in promotion
criteria

Hire with open research
as a criterion, or even the
more weighted criterion

Build open research
work into the workload
model



Publishers, Editors, Peer Reviewers

* Open data and code compulsory

* Publish replications- include failed ones

* Publish null results

* Registered reports

* Avratings system for reproduced research (Multi lab, multiple times)
* Ensure they really are shared

* Do not peer review without shared code and data



Funders

Fund large scale Require open Require every Allow for “slow
replication data and open project to science”
efforts access (e.g. Plan include a
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