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A SALTY CORAL SECRET: HOW HIGH SALINITY
HELPS CORALS TO BE STRONGER
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Corals are mysterious animals that have been around for ages. They
are the creators of beautiful reefs. Sadly, the reefs that we love to
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\{ SAVANA look at are in danger of overheating and are disappearing from our
| ACETS planet. While this sounds bad, not all corals are affected the same
way by warm seawater. Corals from the Red Sea seem to be more
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resistant to higher temperatures than are corals from other regions.
AcE:12 Red Sea reefs are thriving in seawater that is hotter than that in
other places. But what is their secret? What makes Red Sea corals
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AGE: 12 stronger and more heat resistant? We know that Red Sea corals not
' only handle the incredibly high temperatures, but also deal with
eI high salinity (saltiness). This connection between high salinity and
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salinity makes corals stronger?
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Figure 1

The surprisingly similar
tissue of corals and
anemones. You can see
the very simple cell
layering of corals and
Aiptasia, the coral
model organism, in
orange (outer and inner
cell layer) and the
in-between jelly in
green. The algae
symbionts are shown in
brown and live inside
the inner cell layer.
They can be found in
Aiptasia as well as
corals.

Gegner and Voolstra A Salty Coral Secret

ANCIENT CREATURES IN DANGER OF OVERHEATING

Reefs are incredibly colorful, fascinating underwater structures. They
are created by some of the world'’s oldest animals: corals. Corals have
been around since the time of the dinosaurs, but unlike those famous
creatures, corals did not go extinct. At least not yet.

This impressive survival track record is in danger, due to stressful envi-
ronmental conditions that make it hard for corals to survive in today’s
oceans. The biggest problem corals are facing is the quickly rising ocean
temperature.

Global Ocean warming leads to the whitening of corals around the
world, a phenomenon that is known as coral bleaching [1]. But what is
coral bleaching and why is it bad for corals?

When we think of animals, we generally think of them as individuals,
like a dog oralion ora fish. But corals are different. Corals live together

in-between jelly
Inner cell layer Algae symbiont
Aiptasia - a Coral
coral model
Figure 1
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Plants that live in the
water. They do not
flower like land plants
and have no roots or
stems. You can find
them as single cells, for
examples, in corals and
anemones.

A close relative of the
coral. They have the
same structure and live
the same way as corals,
but are squishier,
because they have no
skeletons.

A close relationship in
which two living things
work together, e.g.,
algae and the coral or
anemone.

The amount of salt in
water, for example, in
seawater. You can find a
range of different
salinities in the ocean,
depending on the
region. The Red Sea has
some of the highest
levels of salt.
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with plants, tiny algae that provide food and in return are allowed to live
inside the tissue, the inner cell layer, of corals or anemones (Figure 1)
[2]. This type of teamwork and close relationship is called symbiosis
and the partners involved in it, the coral and the algae in this case, are
called symbionts. Algae symbionts can perform photosynthesis, a pro-
cess you may have heard about that plants use to transform sunlight
into energy. In our coral symbiosis, the energy coming from all algae
symbionts becomes food for the corals. The algae also provide the
beautiful colors we see when we look at coral reefs, because corals
themselves are colorless.

Corals faced with difficult environmental conditions, for example, high
water temperatures, experience the breakdown of this symbiosis. This
results in the loss of their colorful algae friends within them, leaving only
the see-through coral tissue on the white coral skeleton—a bleached
coral. This bleached coral will no longer have the benefit of the addi-
tional food provided by the algae, which makes life hard for them. But
not all corals are bleaching at the same level. They bleach at different
temperatures, depending on the type of corals or algae, and where they
live. To understand how bleaching works, we looked at the strongest
corals we could find: Red Sea corals.

THE RED SEA: ONLY FOR THE STRONGEST

When we look at the Red Sea, we can find corals that are more resistant
to bleaching than other corals worldwide. But why is that?

Coralsin the Red Sea have to handle higher temperatures, yet they seem
to grow and do just fine. The Red Sea is a very warm sea compared to
other places. There, summer temperatures can reach up to 34°C, while
other ocean waters may reach around 29-32°C. Interestingly, corals
in the Red Sea are not only living in higher temperatures but also in
higher salinity. Salinity is a measure of the amount of salt in the water,
and the Red Sea has some of the world's highest salt levels. That is why
we started wondering whether salinity could be a piece of the puzzle
and the ability to live in high salinity one of the secrets of the strong
Red Sea corals?

To answer this and other questions related to coral bleaching, scientists
often use a coral model organism, which means an animal that is easier
to study than corals but at the same time is very similar to corals. Meet
Aiptasia! (Figure 1).

Aiptasiais a tiny anemone that shares a similar body structure with corals
but lacks the skeleton. Aiptasia also has the same symbiosis with algae
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that corals have. Aiptasia and corals are closely related and live in similar
ways. Besides that, Aiptasia has the advantage that it can be kept in the
laboratory and is easy to care for [3]. In contrast, corals need a lot of
care. They need big aquarium tanks with lots of technology inside to
keep them alive and bringing corals from the reef to the laboratory can
be very challenging as well. This makes corals hard to study.

DOES HIGH SALINITY MAKE A DIFFERENCE DURING
BLEACHING?

To find out if salinity affects the symbiosis of Aiptasia and its algal symbi-
onts, we thought of an experiment. Aiptasia were kept in three different
levels of salinity: low, medium, and high, at a control temperature of
25°C. This temperature is known to be the best for anemones with-
out creating any additional stress. After they got used to their level of
salinity, half of the anemones from each salinity level were put under
heat stress, by increasing the temperature to 34°C, a temperature that
resulted in bleaching. To measure how much the Aiptasia in each group
bleached, we counted the algal symbionts living in them. Since bleach-
ing is a visible process (causing see-through vs. brown anemones), we
also took pictures to illustrate our results.

After 8 days of heat stress, we looked at our anemones and investi-
gated whether salinity affected how much they bleached. Looking at
Figures 2A,B, do you see differences between the anemones in the low,
medium, and high salinity after the heat stress?

Indeed, the pictures reveal that anemones that experienced heat stress
in the low salinity condition were completely see-through. Compare
that with the brownish anemone in the highest salinity level. It seems
that there is a difference in the amount of bleaching seen between
the different salinities. But wait, pictures can fool us! To measure if our
impression was correct, we counted the number of algal cells that were
inside the anemones. The bar graph in Figure 2C shows the percentage
of algal cells that are still present after heat stress, compared with our
control Aiptasia: 100% would mean that the anemone did not bleach,
0% that the anemone bleached completely, and no algae were left. The
percentages we calculated from counting the algae confirmed what
our eyes told us already. Low salinity anemones bleached more (only
13.6% algae remaining) than higher salinity anemones (30.5 and 37.2%
algae remaining).

But what is happening inside the anemones when they are in high
salinity to create such an effect?
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Figure 2

The different effects of
salinity during
bleaching. Here you
see the differences
between low, medium,
and high salinity on our
anemones, after heat
stress. (A) A cartoon
view of the color of
Aiptasia. (B) Photos of
Aiptasia in each
condition. The view is
from the top. You can
see the mouth region
and the tentacles.

(C) A bar graph
showing the counted
numbers of algae that
are still in the anemone
after eight days of heat
stress. The fact that all
the bars are below
100% means that all
anemones bleached,
but those living in high
salinity bleached less.
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Bleaching of anemones
with heat stress at different salinities

Medium Salinity High Salinity

C Percentage of algae remaining in anemones after heat stress
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Low Salinity

EXPLODING CHERRIES AND SALTY CORALS

Before we talk about what happens with our tiny anemone in high
salinity, let us talk about cherries. Yes, cherries—red, sweet, delicious
cherries.

If you are lucky enough to have a cherry tree at home with some cherries
on it, you may want to check on them after the next heavy rain. Why?
Because you will see that some of the cherries will be cracked open
(Figure 3A), even though they were perfectly fine before the rain! You
may be wondering how rain can crack open cherries and what this has
to do with anemones. The answer has to do with the fact that cherries
are sweet and with something called osmosis.
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Figure 3

The story of the
bursting cherry.

(A) Cherries crack open
after rain due to the
difference in the
amount of sugar
between the inside of
the cell and the
outside. (B) Osmosis is
the movement of water
from an area with a

low concentration of a
molecule to an area
with a higher
concentration. In this
case, the water moves
from a low amount of
sugar outside the cell
(right) to a high amount
inside the cell (left). The
sugar is shown in red,
the water in blue, and
the white arrow shows
the movement of the
water.

A molecule that is
involved in the
adjustment to salinity.
They are produced or
broken down to help
reduce the salt
difference between the
inside of a cell and the
outside.
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A B Osmosis

Sugars Water

Figure 3

Osmosis is the movement of water from an area where there is a low
amount of a substance, for example sugar, to an area where there is a
higher amount (Figure 3B). If you think about the cracked cherry, this
means that the water from the rain moved from outside the cherry,
where there was no sugar, to the inside of the sugary cells, filling up the
cells until they burst. The difference in the amount of sugar between
inside and outside of the cherry is what moves the water. Osmosis plays
a role in many things, not only the cracking of cherries. Osmosis also
plays a role in what happens to our anemones!

Anemones and corals live at different salinities, but they never break
open when the salinity changes. Even if you move an anemone from
high salinity to low salinity in our experiment, it will not burst like
the cherries. Why is that? It is because corals and anemones do not
have a difference in the salinity inside their cells compared with the
seawater [4]. Corals and anemones produce and break down mol-
ecules that are called osmolytes, in order to adjust their cells to the
seawater environment. That way, they can keep the salinity the same
both inside and outside their cells. No difference in salinity means
no water movement. That way, these animals do not suffer the same
fate as the cherries.

So, this means that the anemones in the high salinity condition in our
experiment had to increase the amount of osmolytes in their cells, to
adjust to the amount of salt outside the cells. This gave us a hint that
the production of osmolytes may be connected to the lesser degree
of bleaching that we see in certain corals. What it is exactly about the
osmolytes that help the coral survive in warm water we cannot say from
the results of our experiment. But we know from other experiments
that osmolytes sometimes live a double life in cells. They are not only
important for salinity adjustments, but also help reduce the amount of
other dangerous molecules that can damage the cells. These dangerous
molecules are also linked to coral bleaching [5]. A reduction in these
dangerous molecules due to the production of osmolytes may explain
why the anemones in high salinity are more resistant to bleaching,
compared with the anemones in low salinity.
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IN ANUTSHELL

By experimenting with our tiny anemones, we were able to uncover
the fact that water salinity somehow affects anemone bleaching.
We showed that high salinity reduced bleaching during heat stress.
This information is also useful for corals, since Aiptasia and cor-
als are very similar. The exact process that is behind this effect is still
mysterious, but we are on the right track to understanding it better.
Our next experiments will test this high salinity effect in corals from
the Red Sea. Here, corals live in conditions with naturally high salinity
and are also known to be resistant to bleaching. What happens when
corals from the Red Sea are put into conditions of low salinity? Do you
have an idea? We surely will find out—stay tuned!
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YOUNG REVIEWERS

SAVANA, AGE: 13

| love dogs, my favorite color is red, and | love hanging out with my friends.

KAREN, AGE: 12

| am a very creative girl. My hobbies are sports and studying, and anything to do with
art. | really like to try new things and explore things that | find interesting. | say that |
am very unique, unlike other people. That is just what makes me, me!

MALSHI, AGE: 12

My name is Malshi, and | am 12 years old. | like Science and Math and | am interested
in Chemistry. | love reading in my spare time and | love playing the piano. My favorite
sport is badminton and in the future, | want to be a scientist.

YOUSSEF, AGE: 12

lam a runner, swimmer, love to study, and read books. | especially love to read books.
| chose Frontiers for Young minds because | wanted two things. My name on an
official website! | wanted challenge. As an average seventh grader, | wanted to push
myself in knowing new facts regarding science. And now that this is finished, | do
not have the same knowledge when | started, than | have now. Thank you Frontiers
for Young Minds!! ©
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ZIA, AGE: 12

One of my favorite subjects in school is Science. | am very curious about how the
daily things we do in our life happen. | especially like Biology and Cosmology. |
watch a lot of documentaries about space and like to research on my interests.
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| was always fascinated by the ocean and loved to explore reefs, but | never thought
that I would call myself a Coral Biologist one day. | started out studying General Biology
(B.Sc.), after which, | slowly moved closer to Marine Sciences. In the end | was rather
curious about the methods used than a single organism in research. So | continued
working on fish in Brazil (M.Sc.) and recently, | finished my Ph.D. in Saudi Arabia in which
| researched what makes corals stronger during stress. *hagen.gegner@kaust.edu.sa

CHRISTIAN R. VOOLSTRA

| started out studying the development of fruit flies and how the house mouse adjusts
to different environments, before diving into coral biology. Nowadays, |, and many
other researchers with me, are beginning to understand that all animals and plants
team up with tiny living organisms, so-called microbes or bacteria, to digest food,
stay healthy, and fight stress. In my lab, we study the different types of bacteria that
live with corals and how they help their animal host to survive under stress.
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