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If you have a garden, you have probably seen many insects flying
around looking for food. Despite having miniature brains, these small
creatures can learn and memorize flower features, mainly colors
and smells, which they associate with nectar and pollen (their food)
provided by the flowers. Honeybees are not the only pollinators in
nature—wasps also pollinate flowers, but less is known about them.
We studied whether wasps could learn and memorize information.
We developed a study to investigate whether wasps could learn to
associate a flowery smell with sugary water. We found that female
and male wasps have powerful learning and memory abilities, which
are important for their daily social lives.
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Figure 1

(A) A male wasp (white
face) of the
Mischocyttarus
cerberus species. One
compound eye and
one antenna are
labeled. These
structures work in
similar ways as our eyes
and noses. (B) A nest of
M. cerberus, with a
female (yellow face)
and a male (white face)
indicated.

STIMULI

Signals that make an
organism notice or
react to something.

INSECTS' BRAINS HAVE SOPHISTICATED ABILITIES

If you look outside, you will find insects everywhere: a fly hovering
around a basket of fruit, a bee landing on flowers, a beetle crawling
on the ground, or even a wasp hovering over your barbecue. Have
you ever thought about how these insects manage to find food in
nature? Something you may not know is that, despite their relatively
small brains, these tiny creatures are good at learning and memorizing
information [1]. Their antennae and their compound eyes (Figure 1A)
function kind of like our own noses and eyes. These organs are
responsible for detecting odors and visual information, and the details
are transported to their brains.
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The learning and memory abilities of insects can be studied in the
laboratory or in their natural environments. A simple way to study
how animals learn, including insects, is by presenting them with the
information we want them to learn in combination with something
they like—a reward. Animals, like humans, are good at creating mental
links between two things. For example, they can associate a new smell
and a food they like eating. The approach we use to teach insects is
inspired by the scientist lvan Pavlov, who received the Nobel prize in
1904. Pavlov understood that dogs were good at creating a mental
connection between neutral (not responsible for triggering a natural
behavior) information like the sound of a bell and something they
like to have for lunch, such as a piece of meat. Pavlov realized the
reward could activate a natural behavior in the animals. For example,
when dogs see a piece of meat (reward) they start salivating (natural
behavior). On its own, the neutral information does not have the same
effect as the reward—a bell does not normally cause dogs to salivate.
However, we can cause the bell and the meat to have similar effects
by using some tricks. When we present an animal with the neutral
information and the reward together several times, after a while, both
stimuli can induce the natural behavior (Figure 2) [2].
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Figure 2

(A) Before the
experiment, a dog
salivates when it sees
meat and a wasp
exposes its tongue
when its antennae
contact sugar water. (B)
Before learning, a dog
does not salivate in
response to a bell, and
a wasp does not react
to a flowery scent. (C)
During the teaching
phase, the dog hears
the bell, followed
immediately by the
meat. The wasp
experiences the scent
followed immediately
by the sugar water. This
helps the animals learn
the relationship
between the two
stimuli. (D) After being
taught, the dog
salivates when it hears
the bell, and the wasp
exposes its tongue in
response to the scent.

CUTICULAR
HYDROCARBONS

These are special
substances on insects’
bodies that protect
them from losing water
and help them
recognize each other.
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But the story does not stop here! After an animal learns new
information, scientists can also test whether the animal can keep
memories of the new information. This is like the strategy your
teachers might use after showing you a new concept at school. After
learning something new, you probably take an exam so your teacher
can check what you memorized. We decided to do this experiment
with the wasp Mischocyttarus cerberus (M. cerberus for short; Figure
1B) [3].

UNDERSTANDING SOCIAL WASPS

Wasps are important in nature—they prey on certain crop pests and
they also pollinate flowers [4]. The species we studied, M. cerberus,
is a social species, which means that they live together in a shared
nest and cooperate in their daily activities. In this society, individuals
communicate with each other using chemical messages. Wasps touch
each other frequently with their antennae, which allows them to smell
and recognize each other. The bodies of social wasps are covered by
a mix of chemical compounds, which carry information about their
age, whether they are male or female, health status, the nest to which
they belong, and their species. Most of these chemical compounds are
cuticular hydrocarbons (CHCs), which are made of atoms of carbon
and hydrogen. Once wasps touch each other, they detect the type of
information provided by the CHCs.

We believe that noticing and learning odors is fundamental for wasps,
not only when they are at their nests but also when they are outside
searching for food. We decided to use the approach developed by
Pavlov to understand if these tiny creatures can learn odors the way
Pavolv's dogs learned the association between food and the bell.
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LINALOOL

It is one of the most
common
floral perfumes.

FORAGERS

Females of social
insects responsible for
leaving their colonies
to search for food

in nature.

QUEENS

Females of social
insects responsible for
producing laying eggs
which become new
individuals in

the colony.

USING PAVLOV’'S METHOD FOR WASPS

We developed an approach in which a wasp received an odor
stimulation (the neutral information) followed by sugar water (sucrose;
the reward) delivered to their antennae. This made the wasp stick out
its tongue to drink the sugar water (Figure 2C). We wanted to teach the
wasps that the odor was associated with food. We used a floral odor
called linalool as the neutral information. After presenting both the
food and the odor, we expected the wasps to open their mouths and
stick out their tongues in response to the odor alone (Figure 2D).

To test if wasps learn odors based on the association of those
odors with food, we used foragers, a group of wasps responsible for
collecting food for the nest and divided them into two groups. One
group, called group A, was presented with the odor and the reward
together (with the odor a few seconds before the sugar water). The
other group (group B) was presented with the reward and the neutral
information separated by more time, so there was no association
between these things.

We found that only group A wasps could make the connection
between the smell and food. How do we know that? When wasps
make the connection, they stick out their tongues in response to the
odor, which is exactly what we examined in Figure 3A. More wasps that
received the reward and neutral information together exposed their
tongues across the six times we did the experiment. In the group B
wasps, we saw no evidence of the wasps sticking out their tongues in
response to the odor. Further, only the group A wasps could create a
memory of the information we taught them.

DO ALL TYPES OF WASPS IN A NEST PERFORM
SIMILARLY?

Wasp nests are composed by different groups of adult individuals
(e.g. queens, workers and males). Queens are responsible for the
reproduction in the colony, workers take care of all the colony
activities and males do not contribute for the social environment (they
stay around for a while and then they leave the nest to search for
queens). Beyond foragers, we wondered whether different types of
wasps in the nest could learn the same way, so we did an experiment
that included queens (females) and males in our investigation. Since
we already knew that pairing the sucrose solution and the floral odor
was necessary for wasps to learn and memorize the association, in
this experiment we only used the condition in which the food and
odor were given together. We found that queens and males also
learned the association between the food and the odor (Figure 3B),
and they held that information in memory for at least 1h after the
training. The fact that multiple types of wasps in the next can learn and
remember associations tells us that learning and memory are present
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Figure 3

(A) We presented the
wasps with the odor
and the sugar water
together six six times
(“trial” on x-axis), to see
if they would learn to
stick out their tongues
in response to just the
floral odor. In the first
first trial, no wasps
stuck out their tongues
because it was the first
first time they were
learning the task. From
the second second trial
onwards, the wasps
that received the odor
and sugar water
together remembered
the association and got
better at it! (B) Both
queens and males
could also learn in this
way. The ‘n”
corresponds to the
number of wasps
tested.

NECTAR

This is a sweet liquid
produce by flowers that
attract insects and
contribute for
promoting

pollination services.
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in this species and do not differ according to the role developed by
different individuals.

LEARNING AND MEMORY IN A NATURAL CONTEXT

The ability to learn and memorize odors is important when wasps
search for food. A wasp landing on a flower may learn the connection
between a floral fragrance and nectar reward. When wasps experience
both floral fragrance and the nectar at the same time, they learn to
come back to the same flower in a second trip. Plus, since wasps can
recognize each other via chemical messages, their ability to learn and
remember might possibly help them to remember who does or does
not belong to their nests, which may prevent their nests from being
occupied by strangers.

CONCLUSION: TINY BRAINS, IMPORTANT FUNCTIONS

Although wasps have tiny brains, they have fascinating learning and
memory abilities. In this article, we explained how different groups of
wasps can learn via by associating neutral information (an odor) with
something they like to eat (a sugary reward). They achieve this in the
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same way described by Ivan Pavlov when he studied his famous dogs,
which learned to salivate to the sound of a bell predicting food. In our
experiment, the wasps learned to extend their tongues in response to
an odor that predicted sugar water. Learning and memory abilities are
present in both female and male wasps, and can help them in multiple
aspects of their lives, from foraging for food to social interactions. Our
results call attention to the fact that complex brain abilities, including
learning and memory, are not limited to big brains but can also be
found in tiny brains. Even though humans and insects are different,
they share a common ancestor. By studying how insects learn, we can
better understand our own brains and the complex activities they allow
us to do every day.
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