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HOW DO SOCIAL BEES COORDINATE THEIR DAILY
ACTIVITIES?
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As pollinators, bees provide an essential ecosystem service that
supports biodiversity and agriculture. To be successful pollinators,
bees need to adjust their activities to the times when the plants offer
pollen and nectar. The bees do so by coupling their inner biological
clocks not only to environmental cycles, like seasons, but also to
the inner clocks of plants. But how do bees “tell time” so that they
can organize their activities? To answer this question, we developed
an easy-to-use and low-cost monitoring device to track the activity
of different species of social bees throughout the day. With our
device, we could do more than describe bees’ activity patterns—we
also found that bees are active during the night. Altogether, our
results help us to understand the activity schedules of these essential
pollinator and how they may be affected by environmental factors in
the face of climate change and human activities.
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BIOLOGICAL CLOCK

A function of living
organisms that allows
them to predict and
adapt to daily (~24h)
and seasonal changes
in Earth's climate.

CIRCADIAN

From Latin circa, which
means “around”, and
dian, which means
“day”, a circadian clock
is another name for the
biological clock.

EUSOCIAL

Refers to group-living
species in which one
dominant member has
kids, and most other
members of the group
help raise them instead
of having their own.

LARVAE

The young, immature
stages of many insects
and other animals.
Larvae hatch from eggs
and spend this stage
eating and growing
before changing

into adults.

FORAGING

The action of actively
searching for food or
other resources. In
social bees, foraging
involves gathering
essential resources for
the colony.

HOW DO ANIMALS “PLAN” AND “TELL TIME"?

Did you ever wonder how animals track time without a clock? Guess
what? Animals have super-cool clocks, too! These clocks are just
a little bit different from the clocks you are probably thinking of. In fact,
most living beings rely on an inner biological clock to organize their
daily activities and behaviors. This includes you! But why are biological
clocks important?

The biological clocks of insects and other organisms allow them
to predict normal daily changes in Earth’s environmental conditions,
including changes in temperature, humidity, light, and food availability
[1]. The biological clock is also involved in the control of the body's
internal cycles. Have you ever noticed how you generally fall asleep or
feel hungry always at the same times of the day, every day? These are
examples of how the biological clock works. More interestingly, this
clock also ticks with a duration of around 24 h. That is why it is called
the “circadian” clock—from the Latin circa, which means “around”, and
dian, which means “day”.

Social bees are very interesting organisms in which to study biological
timing, as some species are grouped in well-organized societies, just
like us. Some bee species may live in hives that house hundreds
or even thousands of individuals. These societies are composed of
a single queen that lays eggs, and female workers that perform
all the other tasks. Such bees are called highly eusocial bees [2].
The activities of these bees depend on both internal (individual and
social) conditions and external environmental conditions like light
and temperature.

For example, in honeybees, there are two main tasks performed by
the workers. The first task is performed by the young bees, nurses,
which care for and feed the larvae. The older bees are responsible
for gathering resources including pollen, nectar, and water, which
is called foraging. Interestingly, these two types of workers differ in
their circadian rhythms. Nurses work around the clock, as their sisters,
while still larvae need their constant attention. Foragers are very well
synchronized with the daily cycle, meaning they have fixed periods of
sleep and activity.

HOW CAN WE MONITOR THE DAILY ACTIVITIES OF
BEES?

Traditionally, the movements of an individual organism are recorded
to understand how its internal clock works. Movement studies can
also be used to understand how an organism “syncs up” with external
signals, like light for example. However, this method does not work
well for bees. As social insects, bees need to be in contact with their
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INFRARED SENSOR

A device that detects
heat or invisible
infrared light, helping a
machine “see” warm
objects, like bees.

Figure 1

(A) Experimental setup
developed for
monitoring the activity
of colonies of eusocial
bees (image generated
using https://canva.
com). (B) A glass tube is
placed into the hive
entrance, and the bees
are counted by our
infrared sensor device
as they pass through
the tube. (C) A close-up
of the exit tube of the
device, in the hive of an
experimental colony of
stingless bees.

nestmates [3]. So how can we monitor the activity rhythms in a natural
colony, such as foraging behavior?

The simplest way to monitor the activity of a hive is by counting the
number of times bees go in and out of the hive. The problem is that
this method requires several hours of work, and it is easy to lose count.
To solve this problem, we developed a low-cost, electronic device to
automatically monitor hive activity.

HOW DOES OUR ELECTRONIC MONITORING DEVICE
OPERATE?

Our hive-monitoring device consists of an infrared (IR) sensor, which
counts the bees that cross through the IR beam. Like us, bees do not
see infrared light, so it does not bother or affect them. The numbers
of crossings are added up over a defined time interval (Figure 1). What
is really cool is that the counting can be done over several days, and
our device is automatic and very easy to use. Researchers only need to
place a glass tube (the diameter of which can be adjusted according
to the bees'’ size) into the entrance of the hive and connect the device
to a computer (Figure 1).
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Figure 1

The recording is based on Arduino, which is a simple, open-source
platform that is easy to program. You can learn more about Arduino
here. In the setup shown in Figure 1, we kept the colonies in
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STINGLESS BEES

Highly social bees, like
honeybees. They
include many different
species and live in
warm regions around
the world, including
Central and South
America, Africa, India
and Southeast Asia,
and Oceania.

Figure 2

The stingless bee
species analyzed in our
study. (A) Mandacaia
bee guarding the nest
entrance. (B) Yellow
marmelada bee
workers at the entrance
of a hive. (C, D) Images
of a mandacaia and a
yellow marmelada bee,
respectively. The black
bars below the images
indicate the size scale
of the bees.

an observation room, but this setup could also work in outdoor,
real-world conditions.

EVERY SPECIES HAS ITS OWN PREFERRED TIMING OF
FORAGING

Several questions may arise when studying how animals, like bees,
behave. For example, does their body size affect when they work? Or
could bees also have a favorite time to be active, just like us? Some
people, for example, are early birds (they wake up early), while others
are night owls (they stay up late).

To address these two questions, we monitored three different species
of social bees. The first one was the honeybee, which is found
worldwide, and two species of stingless bees. The first stingless
species was the mandacaia bee (meaning “"wonderful guard” in
Tupi-Guarani, an indigenous language from Brazil), a large, black, hairy
species. The second stingless species was the rather slender and much
smaller yellow marmelada bee. Neither species can sting, and they are
native to South America, mainly Brazil (Figure 2).

25 mm 25 mm

Figure 2

We analyzed the averaged daily in-and-out counts, over a 10-day
monitoring period. For each species, we simultaneously analyzed two
hives (Figure 3).

kids Volume 13 | Article 1547105 @ 4


https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2025.1547105
https://kids.frontiersin.org/article/10.3389/frym.2025.1547105
https://kids.frontiersin.org/article/10.3389/frym.2025.1547105

Figure 3

Average activity of the
bee colonies
monitored in our
10-day experiments. (A,
B) The two honeybee
colonies had different
activity patterns, with
Colony 1 being
constantly active during
the day, and Colony 2
concentrating their
outside activities in the
morning and evening.
(C, D) Mandacaia bees
were preferably “early
birds”, with higher
activity in the morning.
(E, F) The yellow
marmelada colonies
had well-distributed
activity throughout the
day, with preference for
warmer times. The
white and gray
background represents
the average light-dark
phases. Time is shown
on the x-axis and the
number of bees
counted is shown on
the y-axis.
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For the honeybee, we found clear differences in the pattern of activity
between the two hives. The activity of Colony 1 was well distributed
throughout the day. In contrast, Colony 2 had two clear peaks in
activity, the first in the early morning and the second in the late
afternoon. This was a very cool finding, since the honeybee hives
shared the same space. These results show that internal factors may
influence the bees’ activity, such as their genetic backgrounds.

In contrast, the stingless bee species had more uniform and similar
activity patterns between hives. The mandacaia colonies were
predominantly “early birds” and also showed increased activity during
the nighttime. In contrast, yellow marmelada bee colonies had a
well-distributed activity pattern throughout the whole day, but little
activity during the night.

In general, these differences show that each species has preferences
in their patterns of activity. But why? One big difference between these
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species is their size. Larger, darker species like mandacaia can overheat
in the hot tropical sun. Meanwhile, smaller, lighter species like the
yellow marmelada bee may get too cold during cooler parts of the
day. Because of this, both species should stay active at times that help
them avoid the dangers of the weather.

Also, just like us, bees have preferred foods. Therefore, they also need
to know when flowers have the most nectar or pollen available. To do
this, bees match their inner clocks to the inner clocks of the plants they
will visit [4]. So, it is not only animals that keep track of time—plants do,
too! The sunflower is a great example—it moves its ‘head’ to follow the
sun as the sun travels across the sky during the day.

Another eye-catching result is that all the colonies showed some
level of activity during the night. This suggests that bees also perform
tasks in the dark. Such tasks could include keeping the colony's
temperature and humidity stable, guarding the nest entrance, and
removing waste from the hive—all types of activity that do not directly
rely on light.

WHY IS IT IMPORTANT TO UNDERSTAND INSECT
BEHAVIOR?

As Earth's climate changes and biodiversity is lost, pollinators are
struggling to maintain their usual activities—putting both agriculture
and entire ecosystems at risk. Thus, it is essential to understand how
these very important insects behave. Currently, scientists all over the
world are trying to comprehend how chemicals, such as pesticides,
can impact non-pest species including bees, butterflies, and moths
[5]. To understand the effects of chemicals like pesticides, scientists
must first understand how these insects function and behave in normal
conditions. Several studies have already shown that pesticides can
impact insects’ daily activity patterns and learning capacity.

In conclusion, we believe a device like the one we developed and
tested could be useful for studying how these potentially harmful
factors influence social insects on a larger scale. Our method could
also provide important information about insect health, foraging
preferences, and social organization. Altogether, our results help us
to understand the activity schedules of these essential pollinators and
how they may be affected by environmental factors in the face of
climate change and human activities.
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YOUNG REVIEWERS

NORI, AGE: 15

When | was a little kid | did not like to talk too much, but still | liked to joke around.
| had many interests as a kid, everytime | tried a new thing | would get bored of it
easily and would get a new interest, the interest that has been around for a long time
is art. | fell in love with it and decided that | wanted to dedicate my life to art.
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