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Plants use many strategies to defend themselves against animals

that eat plants, also called herbivores. One clever way that some

plants, called myrmecophytes, do this is by teaming up with ants.

Myrmecophytes are plants that have evolved close relationships

with ants. In return for protection from herbivores, myrmecophytes

provide ants with food and/or shelter. Sounds like a great deal, right?

Yes, but sometimes working with ants can be tricky for a plant.

Because myrmecophytes cannot choose the ant bodyguards that

they get, they must balance their needs with the needs of their ant

defenders. In this article, we introduce a classic example of plants that

have beneficial relationships with ants, describe how ants and plants

in these relationships depend on each other, and investigate how

these ant-dependent plants interact with various ant species.
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HOWDO PLANTS DEFEND THEMSELVES AGAINST

HERBIVORES?

Plants use many strategies to defend themselves against herbivores.
HERBIVORE

An animal that feeds
on plants.

They use physical defenses like thorns, spines, and prickles to prevent
herbivores from eating their leaves. They also use chemical defenses
like repellents and toxins to make their leaves taste bad. As an

TOXINS

Poisonous substances
that plants, animals,
and bacteria produce
that can be harmful
to consume.

added defense, some plants also recruit and attract natural enemies
of herbivores as bodyguards. Ants are one such natural enemy
of herbivores.

Have you ever been bitten or stung by something, only to find out that
the o�ender was a small ant? If your answer to that question is “yes,”
youmight know that, although they are small, ants can bemighty. That
is why some plants, called myrmecophytes or “ant-plants,” use ants

MYRMECOPHYTES

Plants that live in
mutualism with ants,
also called “ant-plants,”
and produce
specialized structures
for ants to live in and
feed on.

as bodyguards to help protect them from herbivores. Myrmecophytes
are plants that team up with ants in a relationship that is good for
both of them, called amutualism. In thesemutualisms, plants and ants

MUTUALISM

A close relationship
between two or more
species that is good for
all involved.

benefit from working together to help each other grow and survive:
ants defend plants from herbivores and plants provide ants with food
and/or shelter. It is a great deal!

ACACIA TREES, ANT-DEPENDENT PLANTS

Acacia trees are one example of plants that are myrmecophytes.
Acacias are a group of trees and shrubs native to tropical and
subtropical regions of the world, found in Australia, Africa, and
Central and South America. While not all acacia species have
established relationships with ants, many completely depend on ants
to survive.

In Central America, acacia trees depend on the defense that various ant
species in the genus Pseudomyrmex provide (Figure 1) [1]. To reward

GENUS

A group of closely
related organisms.

ants for their bodyguard services, these acacia trees produce food
and shelter for ants to use. Shelter is provided by hollow spines, in
which ants sleep and care for their larvae, while food is provided in two
ways. First, acacia trees produce a sugary liquid called nectar that ants
drink. This nectar is produced by special structures called extrafloral
nectaries, found on the bases of acacia leaves. Second, acacia trees

EXTRAFLORAL

NECTARIES

Specialized glands
found on plant leaves
that produce nectar for
ants to drink.

also produce protein-rich structures on the tips of their leaves called
Beltian bodies (Figure 2). Ants remove these Beltian bodies, one by

BELTIAN BODIES

Protein-rich organs
that develop on the tips
of some acacia leaves
and that ants use as
food for their larvae.

one, from the tips of acacia leaves and feed them to their larvae.

But, with the production of tasty treats like nectar and Beltian bodies
comes the risk of attracting cheaters or lazy ant defenders. Sometimes,
ant species live in acacia trees and feed on the food rewards that the
trees produce, without protecting the trees from herbivores in return!
Because acacia trees use their energy and resources to produce these
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Figure 1

Figure 1

An example of a
species of acacia tree
that depends on the
protection provided by
ants to survive.

Figure 2

Figure 2

Acacia trees reward
ants with food and
shelter in return for
protection against
herbivores. Shelter is
provided in the form of
hollow spines in which
ants live, and food is
provided by extrafloral
nectaries and Beltian
bodies (Photograph
credit: S.
Amador-Vargas).

rewards for the ants, having ants that cheat or are lazy means that the
tree is wasting its precious resources.

SO, WHAT HAPPENS IF AN ACACIA TREE GETS A LAZY ANT

DEFENDER?

You might expect an acacia tree to respond to a lazy ant colony in two
ways. First, the tree could produce more rewards to try to motivate
the ants to protect it better from herbivores. This would be a costly
response in the beginning, because the acacia tree would need to
use its resources and energy to make more rewards for the ants, but
it could pay o� in the long term if the ants get better at scaring o�
herbivores. Second, the acacia tree could punish the ants by reducing
the number and amount of rewards the ants receive. This would be
cheap for the tree in the short term, but it could mean that the ants
would have no reason to protect the tree in the future, which would
not be good for the tree. So, which one is it?
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To answer this question, we investigated whether acacia trees in
Panama, a country in Central America, reward their ant defenders
di�erently depending on how well the ants protect them against
herbivores. To do this, we first selected acacia trees that were each
occupied by one of three ant species: a strong defender, a medium
defender, and a weak defender. Each of these ant species provide
acacia trees with di�erent levels of defense against herbivores and
consume di�erent rewards. The best defender is Pseudomyrmex

spinicola (Figure 3A). P. spinicola protects acacia trees by delivering
a painful bite and sting to herbivores and, in return, lives in the spines
of acacia trees and feeds on both types of food rewards (nectar and
Beltian bodies) [2, 3]. The medium-level defender is Pseudomyrmex

simulans (Figure 3B). P. simulans also lives in the spines of acacia
trees, feeds on both types of food rewards, and stings and bites
herbivores but does not defend acacia trees from herbivores as well
as P. spinicola. This is because their stings and bites do not hurt as
much as P. spinicola’s. But at least P. simulans ants try to defend their
acacia homes! Lastly, the weakest defender is Crematogaster crinosa

(Figure 3C). C. crinosa uses shelter and consumes only the nectar
food rewards, but this species provides little defense against herbivores
[4]. Instead of stinging or biting herbivores (because they cannot), C.
crinosa shoot drops of acid from their abdomens. This sounds like
it would be very scary for herbivores but it really does not hurt the
herbivores very much. For that reason, C. crinosa ants are considered
cheaters of the ant-acacia mutualism; they take advantage of the
rewards that acacia trees produce without giving them much defense
in return!

Figure 3

Figure 3

Some ant species
protect acacia trees
from herbivores better
than others. (A) The
best defender, P.
spinicola, protects
acacia trees by biting
and stinging herbivores.
(B) The medium
defender, P. simulans,
also protects acacia
trees by biting and
stinging herbivores,
although not as well.
(C) The weakest
defender, C. crinosa,
only sprays a mild acid
that does not hurt the
herbivores (Photograph
credit: S.
Amador-Vargas).

Next, to compare how acacia trees reward their di�erent ant
bodyguards, we counted the number of food and shelter rewards
they produced when occupied by the di�erent ant species. For food
rewards, we counted the number of extrafloral nectaries and Beltian
bodies that leaves had on them. For shelter rewards, we measured
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the size and counted the number of spines (“ant homes”) that trees
produced. So, what did we find?

ACACIA TREES REWARD THEIR ANT BODYGUARDS

DIFFERENTLY

We discovered that acacia trees treat their ant bodyguards di�erently
depending on how well the ants protect them against herbivores.
While the number and size of spines were the same for trees occupied
by each of the ant species, the number of food rewards produced
by trees were di�erent! When occupied by strong defenders like P.

spinicola or medium defenders like P. simulans, acacia trees produced
a similar number of nectar food rewards. But when acacia trees were
occupied by lazy defenders likeC. crinosa, they added an extra nectary
on the tips of their leaves!

Why might that be? Although this is still very much a mystery, we
think that acacia trees might try to encourage lazy ants to patrol and
defend the entire length of a leaf, by producing an additional extrafloral
nectary at the leaf tip. Remember, C. crinosa ants only consume the
nectar that acacia trees produce, so maybe the best way to motivate
them to patrol the entire leaf is by producing a nectar reward that is
far away from their spine homes. Many herbivores are afraid of ants,
so even if these ants do not attack or hurt intruders, having a lazy ant
colony like C. crinosa might still be better than having no ants!

WHY DOES THIS MATTER?

Ant-acacia mutualisms are an example of positive interactions that
have evolved between organisms in nature. Studying how these
interactions vary with di�erent ant bodyguards can teach us a lot
about relationships and finding the balance between give and take.
It can also help us to understand how these types of relationships are
maintained and how they a�ect the survival and reproduction of both
participants—the ants and the plants.

Our discovery now opens a lot of new questions. For example, we
would like to know how acacia trees can tell which ant species is living
in their spines. Also, if trees reward a lazy ant species like C. crinosa

with an extra nectary reward, why do the other ant species not cheat
as well? Ant-acacia mutualisms present an exciting system to study
questions on species interactions, and there are still somanymysteries
that we need uncover. We hope that you join us in future quests to find
these answers and, maybe the next time you get stung by an ant, you
will remember this article and understand why some plants use ants
as their bodyguards!
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