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Flowers usually provide their pollinators with food, such as nectar.
But some owers trick their pollinators into pollinating without

o ering any food. Cheater owers from the same species can be
of di erent colors, and this might confuse the pollinators, because
they have to visit many owers before learning that all of the colors
represent cheater owers. To investigate this, we trained bees to
visit arti cial owers that we could change the color of. The bees
learned which colors represent owers with no food, and they
preferred to take a risk visiting owers with new colors, instead o f
the ones they already recognized as cheaters. Also, bees visited more
owers and spent more time visiting them when owers of two

di erent colors were presented, compared to when only one color of
owers was available. We con rmed that presenting owers of more
colors is a good strategy for tricking pollinators and thus increasing
pollination events.
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NECTAR

A sugary substance
usually o ered by
owers to their
pollinators. Nectar is a
great energy source
and bees use it to
make honey.

POLLINATION

The way most

owering plants
reproduce. It is the
action of bringing the
pollen grains to the
ovules, fecundating the
ower. Most of the
times, this is done by an
animal visiting the
ower,

named pollinator.

POLLEN

The yellow grainy oral
structure that contains
the male genetic
information of a plant.
It can be carried by
pollinators from ower
to ower

during pollination.

OVULE

A structure inside a
ower that contains the
female genetic
information of the
plant. It is fertilized by
the pollen grains and
then develops into

a fruit.

POLYMORPHISMS

The di erent forms of
the same species. For
an example, the various
eye colors of humans
are polymorphisms.
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FLOWERS AND POLLINATORS

If you take some time to observe a garden with owering plants, you
might see some animals visiting the owers, including bees, butte ries,
beetles, and birds. These creatures are likely to be searching f or food in
the owers, probably nectar . When one of these animals ies from one
ower to another ower of the same species, it is helping the plants

to reproduce by pollinating them. Pollinating animals pick up and
transport pollen grains that can fertilize the ovules of the next owers
they visit. Pollen grains and ovules are special cells that, when b rought
together through the pollination process, will form a fruit.

But how does an animal choose which owers to visit? Similar to
humans, pollinators have senses, such as vision and smell, tha t they
can use to identify owers. They can also learn which colors and
scents are presentin owers that contain food. If they rememberthe se
signals, they can choose which owers they should visit next, which
helps them to be as e ective as possible in getting food.

ARE ALL FLOWERS RELIABLE?

Not all owers provide nectar for pollinators. Some cheating owe rs
trick pollinators into pollinating them, without providing any foo  d [1].
These so-called deceptive owers were discovered a long time ago
and scientists have been interested in them for many years. But, the
same way pollinators can learn that certain colors and scents indi cate
the presence of food, they can also learn that the signals sent by
cheating owers mean that there is no food in them. So, these cheating
plants need strategies to trick pollinators into pollinating them.

There are two main strategies that cheating plants use to trick their
pollinators. First, deceptive owers can imitate the colors and sce nts
of other owersthat do provide food to their pollinators. Let us call this
the imitation strategy. Second, cheating owers can display genera |
signals, such as attractive colors and scents, that do not imitate an y
other speci ¢ ower but that signal to the pollinators that food migh t
be present. Let us call this the general signals strategy.

Plants that follow the general signals strategy often present their
owers in various forms [1]. For example, individual plants of the
same cheating species can have owers with di erent colors—one
plant may have red owers and another white, for instance. These
di erences in owers of the same species are called  polymorphisms
and they can occur not only with colors, but with scents too! In the
1970s, a scientist named Bernd Heinrich hypothesized that ower s
with polymorphisms could help cheating plants because it is hard er
for pollinators to learn that all of the di erent owers do not conta in
food [2]. In other words, the pollinator would have to visit  every single
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Figure 1

When a bee is
looking for food, it
must choose which
owers to visit. This can
be very di cult when
some owers are
cheaters with no food,
and even harder if
cheating owers have
more than one color
that the bee needs to
learn! (Image credit:
Juliana Maltoni).

Figure 2

(A) Flowers of the
deceptive orchid come
in white and purple
polymorphisms. (B) The
bee species we used in
our study, visiting an
orchid ower. (C)A bee
visiting an arti cial

ower with a
gray-colored paper.

The paper was changed
to white or purple in

our experiments, to
mimic the orchid. The
bee is marked with two
yellow dots, so we

know which bee we are
training at that

moment.

Aguiar How to Trick a Bee

di erent ower to realize that there is no food available, and in the
process, the plants are more likely to be pollinated. Clever, righ t?!

INVESTIGATING THE CHEATING MECHANISM

Based on Heinrich's idea, we decided to investigate whether
presenting di erently colored owers with no food would confuse

the pollinators (Figure 1), so that they would visit more owers than

if all the cheating owers were the same color. To study this, we used
the example of a deceptive orchid with color polymorphism, which
presents both white and purple owers (Figure 2A) [3]. In Brazil, th is
orchid is visited by many bees, including an interesting specie s thatis
very di erent from the common honey bee in size (itis much smal ler),
color (it is all black), and its lack of a stinger (Figure 2B). We used this
bee species for our experiments.

Figure 1

Figure 2

Scientists have known for years that bees can see colors [4]. So,
we used a special piece of equipment to measure the exact colors
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of the orchid owers, so that we could reproduce those colors in
our experiments.

TRAINING THE BEES

Did you know that bees can be trained to do tricks (kind of like dogs) in
exchange for a reward [5]? In fact, this is how scientists rstdisc overed
that bees could see in color [4, 6]. These scientists trained bees to visit
di erently colored papers, in experiments very similar to the on es we
used in our research. In our experiment, we created an arti cial ower
that we could change the color of, using di erently colored piece s of
paper. The colors matched the colors of the deceptive orchid (Fig ure
2C). As a reward, we placed sugar water inside the arti cial owers. If
we wanted the bees to learn that the owers had no food, we used
plain water instead.

RISKING THE UNKNOWN

For our experiments, we used beehives in the garden in front of ou
research lab. One good thing about training bees is that they alway
come back to their hive, so we do not need to worry about them
escaping during the experiment! It took a lot of hard work and abou t
2 years to nish all of the experiments.

0w =

First, we trained the bees to visit arti cial owers with sugar water, but
without any colored paper, so they would learn that the arti cial owe r
was a food source. We used a special kind of sugar water with no odor,
so the bees could not smell it. We did this so that the bees would not
learn the smell of the sugar—because we wanted them to focus on the
colors of the arti cial ower instead. After the bees learned how tou se
the arti cial owers, we changed the colors to match one color of the
orchid owers (let us use white as an example). We also replaced th e
sugar water with plain water, so we could teach the bees that the white
color meant no food.

After the bees visited 10 owers during this learning period, we
removed all of the white owers and replaced them with two owers
with plain water: one white and one purple (matching the purple of the
orchid). We wanted to see if the bees, knowing that white means no
food, would be more likely to visita new color while in search of food.
This simulated what the cheating orchid does in nature—presenting
di erently colored owers, all with no food. We found that, during
the training, the bees learned not to visit the color without sugar
(Figure 3A). When we tested them with two colors of owers, they
remembered which color not to visit—they took a chance on the new
color, even though they did not know if they would nd food there
(Figure 3B).
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Figure 3

(A) The percentage of
bees visiting the color
without food decreased
after 10 visits, meaning
that they learned to
avoid this color. (B) The
trained bees preferred
to visit a new color,
instead of the one they
learned has no food.
(C) If two colors of
cheating owers were
available, bees made
more visits to the
owers and (D) spent
more time visiting them
than when only one
color was presented.
Bees prefer to take a
risk on an unknown
color, which makes it
harder for them to learn
which owers have no
food, increasing
pollination chances.
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Figure 3

MORE COLORS MAKE MORE POLLINATION

In another experiment, after teaching the bees to visit the arti cial
owers, we replaced all of the owers with new owers that were
either all white or all purple, or with a group of owers in which half
were white and half were purple. In both cases, allthe owershad plai n
water. We expected that, when two colors of owers were present,
the bees would visit more owers and take more time to learn that
the two di erent colors meant no food, compared to when only one
color was presented. That was what we saw! When two di erent colors
of owers were available, the bees made more visits (Figure 3C) and
took more time to realize that the owers had no food (Figure 3D),
compared to when only one color was available.

THE CONCLUSION: GREAT CHEATERS COME IN DIFFERENT
COLORS!

Plants are usually honest with their pollinators, by o ering them f  ood
in exchange for pollination services. But, in nature, there are a Iso
some cheating owers that do not provide food for their pollinator S.
In our experiments, we showed that presenting di erently colored

owers can make it more di cult for pollinators to learn that a pla nt
is cheating. The more di cult it is for a pollinator to learn this, the
more likely that pollinator is to visit more owers from the cheatin g
plant—and pollinate them! This idea was originally hypothesized by
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Bernd Heinrich in the 1970s, and we were very excited to con rm
his ideas!
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