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Have you ever dived into the ocean and seen several colored

“rocks” in the water? Those “rocks” might actually be animals called

corals! Corals form coral reefs and they are very important, because

thousands of marine animals depend on them for survival. Did you

know that corals and humans have something in common? Both

have what are called mutualistic microorganisms (or as we like to call

them, M&Ms) living within them! Mutualistic microorganisms are tiny

organisms that strengthen and help both humans and corals when

they start to get sick. One of the main causes of coral disease and

death is rising seawater temperature. The curious thing is that in some

places, such as the Red Sea, the temperature of the oceans is higher

than it is in other places, yet there are several corals living happily

there. How is this possible? Are M&Ms one of the factors helping

corals survive in these high-temperature environments?
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AN ANCIENT ANIMAL NEEDS HELP

Corals have been around for a long time, living in the oceans
for millions of years, probably even before the dinosaurs existed.
Currently, coral reefs cover only 1% of the ocean area, but one out
of four marine animals rely on coral reefs to survive. It is in coral reefs
that these sea animals find food,make their homes, protect themselves
from predators, and breed their young [1]. What if corals vanished
forever?Where would all other coral-dependent animals live? It would
surely be a great disaster (Figure 1).

One of the big threats to coral is the rising temperature of the
oceans. Although corals have been around for millions of years,
they are fragile animals in some ways, particularly when it comes to
changes in temperature. Here is what happens: there are organisms
called zooxanthellae (pronounced zoo-uh-zan-thel-ee), which are
very small and live inside most of the shallow-water corals. These
zooxanthellae can carry out photosynthesis; in other words, they can

PHOTOSYNTHESIS

A chemical process
used by many
organisms (e.g., plants,
many microbes) to use
the energy of light to
make sugars from
carbon dioxide.

turn sunlight into food. They are so e�cient at producing food from
sunlight that they can feed themselves and feed the coral as well.
Therefore, themain source of food and energy for these corals to grow
comes from the zooxanthellae that live inside them. In return, corals
protect the zooxanthellae and provide some nutrients to help them
grow. This very friendly relationship between coral and zooxanthellae
is known as mutualism.

MUTUALISM

The interaction
between two or more
species, in which each
organism benefits from
the interaction in
some way.

As ocean temperatures rise, largely due to global warming and
the greenhouse e�ect, the friendly relationship between corals and
zooxanthellae becomes less friendly. Zooxanthellae start to produce
less food, as well as some toxic compounds, and corals start to kick
them out of their homes. In this way, corals lose their main source
of energy, and also lose the beautiful brownish/greenish colors they
once had, turning white. This phenomenon is called coral bleaching
[2]. Because zooxanthellae help to protect corals from the sun, when
corals are bleached, they are unprotected from the harmful e�ects
of direct sunlight. In extreme cases, some corals will try to protect
themselves by increasing their own bluish, yellowish, or purple colors
[3]. These bright colors act as a sunscreen and are the last resort some
corals have to protect themselves from the sun.

If corals lose zooxanthellae for a long period of time, they will not
PROBIOTICS

Living microorganisms
that provide health
benefits when in
traduced to a host.

have the necessary energy to survive and will eventually die. This is
the main negative impact of rising ocean temperatures, and it is at
this point that M&Ms may be able to help corals, through their role
as probiotics.
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Figure 1

Figure 1

(A) A healthy coral reef,
with other living marine
beings living in
harmony. (B) An
unhealthy, bleached
coral reef, without
other living
marine beings.

THE GREAT SAVIOR: PROBIOTICS

Probiotics are microorganisms that can be used to bring health
HOST

An organism that
houses another
organism as a guest,
with the guest typically
receiving nourishment
and shelter from
the host.

benefits to the organism they live in or on, which is called the
host. In humans, for example, probiotics have been used to help
with the digestion of food and to protect people from invasion
by illness-causing microorganisms known as pathogens. M&Ms are
good candidates for use as probiotics, because these organisms
are already known to provide benefits for their hosts. Positive
interactions between M&Ms and their hosts do not occur only in
humans and corals. Many plants also use a mutualistic relationship
with microorganisms to grow. Legumes, which include important
grain-producing plants like beans, peas, and peanuts, are a good
example. Legumes have microorganisms living inside their roots, and
some of them are called plant growth-promoting rhizobacteria. These
beneficial microorganisms provide the legumes with nitrogen, which
is an essential element for strong plant growth.

Could it be that providing more mutualistic microorganisms to
struggling corals might help them to survive in higher water
temperatures? Although corals do not have digestive tracts like
humans, or roots like plants, they still have several microorganisms
associated with them that can be beneficial. These microorganisms
protect corals against pathogens, act as food for the corals, or
provide some micronutrients that corals need to grow [4]. So maybe
we can also use the good microorganisms that live with corals as
probiotics. Researchers around the world have been studying whether
probiotics can help corals when corals are endangered by rising
ocean temperatures.

A recent study showed that, yes, probiotics may help corals survive
during heat stress. In this study, the researchers isolated several
microorganisms that live on corals and grew them in the lab.
All these microorganisms were tested, using various laboratory
techniques, to find out which microorganisms could potentially
help weakened corals to survive. The researchers found seven such
“potential super microorganisms” and did an experiment to see if
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Figure 2

Figure 2

Coral probiotics help
corals to survive high
water temperatures. (A)
Corals that are not
protected by probiotics
lose their zooxanthellae
and become bleached
when the temperature
goes up 4◦C above the
ideal temperature. (B)
Corals that are
protected by probiotics
do not lose their
zooxanthellae and
maintain their color,
even when the
temperature goes up
4◦C above the ideal
temperature. This tells
us that certain probiotic
microorganisms can
help to protect corals
against increases in
water temperature.

these microorganisms could actually act as probiotics and protect
corals in rising water temperatures (Figures 2A,B). To visualize this
experiment, imagine two aquariums the size of shoeboxes, each with
water and three small corals (the size of ping pong balls) inside. The
researchers then raised thewater temperature of the two aquariums to
a temperature at which the corals begin to weaken. In one aquarium,
they added the potential probiotic microorganisms to the corals and in
the other aquarium they just left the corals alone, without adding any
probiotics. At the end of these experiments, the researchers saw that
the corals that received the probiotics were much stronger, happier,
and more colorful than the corals that did not receive probiotics. This
was the first evidence that probiotics may help corals survive when
they are sick or stressed by temperature increases. The “potential super
microorganisms” tested could therefore be renamed “actual super
microorganisms.” An animation showing coral probiotics working is
available at (https://youtu.be/toYkTciZyuQ). Remember that, so far,
these probiotics have only been tested in the laboratory with a few
coral species, so we do not yet know for sure if they would work on
all corals in the actual ocean environment.

HOWDO PROBIOTICS REALLY HELP CORALS?

Researchers still do not understand exactly how probiotics help corals.
It is possible that these probiotic microorganisms help to keep the
mutualistic relationship between zooxanthellae and corals stable,
reducing bleaching. Maybe microorganisms somehow manage to
soothe this troubled relationship at higher temperatures, preventing
corals from expelling the zooxanthellae, so the corals do not lose their
main source of energy for growth.

A second possibility is that the probiotic microorganisms themselves
could be supplying energy to corals, by releasing large amounts
of nutrients or even being eaten directly by corals. If the probiotic
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microorganisms are somehow feeding the corals, the corals might
feel less stress from losing some of the food that comes from
the zooxanthellae. There are many possibilities as to how probiotic
organisms help corals, and more studies are being done to discover
and understand what really happens in this interaction among
microorganisms, zooxanthellae, and corals.

THE RED SEA: A POSSIBLE SOURCE OF PROBIOTICS

Try to imagine a place where the average ocean temperature is
naturally high. A place that has water temperatures warm enough that
no coral from anywhere else in the world could survive. This place is
the Red Sea, a region located between Africa and Asia. There, water
temperatures can reach up to 33◦C [5], while ocean temperatures
elsewhere in the world where corals live are ∼25◦C.

This temperature di�erence between the Red Sea and other parts of
the world may seem small, but for corals, which are so sensitive to
temperature changes, this di�erence is very large and dangerous. Then
how have corals lived happily for thousands of years in the Red Sea?
Scientists think this could be because of the helpful microorganisms
that these corals have. It is possible that these microorganisms have
evolved with corals and have adapted to the high temperatures of the
Red Sea, so they can give their corals enough strength to withstand
these high temperatures. This makes the Red Sea a possible source of
new probiotics to study.

Some studies are being conducted in the Red Sea to find new helpful
microorganisms that can turn corals into super corals that are able
to survive at high temperatures. If we find such microorganisms, we
could use the microorganism to protect corals living in other regions
of the world that su�er from high ocean temperatures. This may
give these stressed corals a better chance to stay alive, and may
also save the lives of all other sea creatures that make coral reefs
their homes.
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I am from Montana in the USA and I like backpacking, snorkeling, floor hockey,

science, learning about missions to Mars, and music. I have a dog named Geba and

I like watching the Mandalorian.
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My name is Umairah and I am 15 years old. I am from Malaysia but I have been living

in Saudi Arabia for 7 years. I play volleyball and I enjoy Biology in school.
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