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Frontiers is more than just an open-access publisher of scholarly articles: it is
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. The ocean was the origin of life on earth billions of years ago and itis vital for the
AbOUt th |S future of humanity. It is vast, deep, harsh and somehow “rebellious” to uncover
its secrets and hence, there is much that is unexplored and misunderstood.
Scientists need to study the ocean to better understand its functioning and
properties, as well as how they shape our environment and impact us. For
example, do you know what the role of the ocean is on weather and climate?
There still remains so much to explore in ocean biodiversity and the diverse
resources that can be found (for example, fish stocks, bio-molecules, and also
minerals, oil, and gas). How can we make sure that our use of these resources
is done sustainably and how can we minimize our impacts (e.g. pollution,
acidification) on the ocean as our human population increases?

In this collection of Frontiers for Young Minds, scientists from various
disciplines in oceanography share their knowledge and motivations, give
insights in innovative tools and recent discoveries to better understand this
ocean. The collection will target a large range of oceanic environments
from the open ocean to the coast, the surface to the abysses also including
specific areas like coral reefs or sea-ice environments. It will cover marine
disciplines that range from physics to chemistry, from biology to ecology and
from economy to conservation and policies. It will address innovative tools
and methods that are used to observe and characterize oceanic properties
and features: ships and satellites, the highly diverse variety of robots as well as
genomics or artificial intelligence. Finally, it will encompass a great variety of
scales, ranging from the diel to geological time-scales and from loco-regional
to global scales and also from the tiniest cells to the biggest living animals on
our planet.

The United Nations have declared the 2021-2030 period as the "“Decade of
Ocean Science for Sustainable Development”, stressing the urgent need to
approach fundamental issues related to the ocean and the future of humanity
on well sounded scientific grounds and knowledge. This Ocean Collection
aims to provide information to young readers that will help them to increase
their understanding of the ocean and its central role in nature and our lives.
We hope to empower them to make informed decisions in these challenging
times and to engage to protect, study and enjoy its richness.

See here our previous Volumes: Volume 1 and Volume 2!
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If you walk on the beach, you may observe many kinds of stones
of diverse colors. Surprisingly, some of these “stones” may be algae!
ALYSA A certain type of red algae creates structures called redstones,
AGE: 11 also known as rhodoliths. Rhodoliths are important builders and
can create extensive banks at the bottom of the oceans. These

CLEO bioengineers create an oasis for marine life. Marine worms, crabs, and
AGE: 11 . . .

sea stars, for example, can live in and on rhodoliths. However, human
SHWETHAKIE activities, including pollution and removal of rhodoliths for aquarium
AGE: 11 decoration, may harm rhodolith banks. Rhodoliths are sensitive to

disturbances and should be protected. In this article, we explain the
main attributes of rhodoliths, including their formation, distribution,
and importance, as well as conservation measures, we can take. We
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ALGAE

Also known as
seaweed, representing
marine creatures that
produce their own
food through a process
of light capture
(photosynthesis),
similar to terrestrial
plants. Examples: kelps,
rhodoliths, rockweed,
sea lettuce.

RHODOLITHS

Unattached calcareous
reddish stones,
composed of at least
50% of a red alga type,
that roll on the ocean
bottom, establishing
extensive banks, as a
set of marine houses.

BIOENGINEERS

These are the creatures
that are able to carry
out constructions or
modifications in the
environment where
they live, for example
by building their own
houses or making
small paths.

CALCAREOUS

Anything that is formed
by calcium carbonate,
for example, shells,
pearl, coastal cliffs,
corals, limestones, and
some algae (such

as rhodoliths).

CALCIUM
CARBONATE

It corresponds to a
substance formed by
calcium (Ca?™) and
carbonate (constituted
by carbon and oxygen:
co§‘), constructing
the chemical formula
CaCOgz, which forms
the

calcareous materials.

Costa et al. Rock and Rolling Underwater

hope that what you learn about rhodoliths will inspire you to defend
these fascinating “rock-and-rolling” ocean creatures.

MYSTERIOUS REDSTONES: “LIVING ROCKS"”

Perhaps, while walking on the beach, snorkeling, or diving, you have
seen stones of various colors. You may have even seen a redstone, but
you probably did not recognize its importance at the time, because
redstones look just like any other stone in the sea—but they are
not! While redstones may look like stones, gravel, or rocks, they are
in fact made of living and dead algae [1]. The algae that makeup
redstones belong to the group Rhodophyta (red algae). Redstones
have a scientific name: rhodoliths! This means stones with a reddish
color that roll on the ocean bottom. Rhodolith “stones” are composed
of at least 50% red algae.

Rhodoliths live in all oceans: the Pacific Ocean (Southern Japan),
near Southern Australia, in the Gulf of California, the Mediterranean
Sea, the North Atlantic Ocean (from Norway to Portugal), and the
Caribbean Sea. There are many rhodoliths in the South Atlantic Ocean,
particularly in the Abrolhos Archipelago in Northeast Brazil [2]. They
can be present from the intertidal beach, where we walk, to the open
sea, up to 270 meters in depth [1]. Rhodoliths have lived in the seas
since the Cretaceous period, 145-66 million years ago [1]. This is the
same time that dinosaurs lived on our planet!

Although our “rock-and-rolling” friends are not as famous as
dinosaurs, rhodoliths play essential roles in marine ecosystems! Algae
produce oxygen, making it available for other marine life. Rhodoliths
are also bioengineers, meaning that they build structures that serve as
habitats and food sources for many sea creatures.

Hopefully, after reading this article, you will understand the importance
of these amazing marine "houses” and be motivated to help us
preserve them!

HOW ARE RHODOLITHS FORMED?

The algae that form rhodoliths are called calcareous algae because
they use a substance called calcium carbonate (CaCO3z) to grow
and form banks on the ocean bottom [3]. How do they do this?
Well, calcium carbonate is composed of two substances: calcium and
carbonate. Calcium (Ca?t) is naturally present in seawater. Carbonate
(CO%‘) is created when carbon dioxide (CO5) gas from the atmosphere
contacts seawater and undergoes some chemical reactions to create
calcium carbonate. Then, corals, molluscs, calcareous algae, and
other ocean organisms can take up calcium carbonate to build their

kids.frontiersin.org April 2022 | Volume 10 | Article 675695 [133



Figure 1

(1) Calcium (Ca2™),
found in ocean water,
and carbonate (CO%‘),
created when CO»
from the atmosphere
undergoes chemical
reactions, combine to
form calcium
carbonate (CaCOz). (2)
Other sources of
CaCOgz include dead
shells, corals, other
algae, and fragments of
broken-down rocks. (3)
Rhodoliths form and
grow by assimilating
(CaCOg3) into their
skeletons. (4) Rhodolith
banks on the ocean
bottom consist of three
rhodolith types:
boxwork, pralines, and
unattached branches.
These banks serve as
habitat for other ocean
creatures.

ASSIMILATION

In nature, involves the
acquisition of a certain
substances by living
beings with the aim of
using it for their own
benefit, for example for
food or protection.

Costa et al. Rock and Rolling Underwater
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skeletons, in a process called calcium carbonate assimilation. The
breakdown of rock formations in the ocean may also add calcium
carbonate to the seawater. When organisms that have skeletons built
of calcium carbonate die, the calcium carbonate returns to the water
to be used again. By this process, dying rhodoliths are one of the main
sources of calcium carbonate in the oceans (Figure 1).

RHODOLITHS HAVE A VARIETY OF FORMS

Rhodoliths may grow into different forms [1]. In contrast to coral reefs,
they are not attached to the seabed and may “rock and roll” underwater
with the ocean currents. When they get too heavy, rhodoliths settle to
the bottom and establish extensive banks, which provide important
habitats for other sea creatures.

There are three types of rhodoliths: boxwork, unattached branches,
and pralines (Figures 1, 2A) [4]. The boxwork type has an internal
structure called a nucleus, which can be a small pebble or the
remnants of another living creature, such as a piece of coral skeleton
or shell. From this nucleus, the rhodolith grows into a compact shape.
Unattached branches do not have a nucleus and have several tree
branch-like structures. Finally, pralines also have a nucleus, upon
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Examples of rhodoliths.
(A) Rhodolith types: 1.
Boxwork; 2.
Unattached branches;
3. Praline. (B) Internal
part of rhodoliths, with
the overlapping
layering (remarkably on
the right photo). (C)
Rhodolith associated
with the starlet coral
Siderastrea stellata,
seen on the top right.
(D) Algae growing on
the rhodolith surface:
1. red algae; 2.
calcareous green algae
(Photographs’ credit: K.
Massei).

Costa et al. Rock and Rolling Underwater

which multiple bumps develop. All three types of rhodoliths grow by
adding overlapping layers of calcium carbonate (Figure 2B).

Many factors may influence rhodolith formation and growth, including
the movement of ocean water, the amount of light present, and
calcium carbonate availability. Ocean water movement influences
their shape: rhodoliths get “rounder” as they roll with the water. The
less water movement, the more branches the rhodoliths will have [5].
Light is essential for rhodolith growth because algae need light for
photosynthesis [6]. Calcium carbonate in seawater is essential because
calcareous algae need this substance for their growth.

As rhodoliths develop, other organisms may stick to their surfaces. The
tropical starlet corals are an example because they take advantage of
the shelter and attachment surface provided by the rhodolith, making
the rhodolith its home (Figure 2C). Other kinds of algae may also attach
and grow on rhodoliths (Figure 2D).

A tropical rhodolith bank can reach a diameter similar to that of a
soccer ball, but these banks grow slowly: only 1 to 1.5 mm per year [2].
They also have a long life span (>100 years). These “elders of the sea”
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Figure 3

When there is too
much carbon dioxide
(COy) in the air from air
pollution, then too
much carbon dioxide
will be dissolved in the
ocean which increases
the acidity of the
ocean. Ocean
acidification makes it
difficult for calcareous
creatures—like
rhodoliths, corals,
snails, or clams—to
absorb carbonate as
they grow and can
even result in their
death in extreme cases.

OCEAN
ACIDIFICATION

Phenomenon
characterized by
increased acidity (pH
decrease) in seawater
due to the carbonates
spread, caused
essentially by human
action, with the burning
of petroleum products,
such as coal and oil.

BLUE CARBON

Carbon is a component
widely found in nature,
constituting from
graphite and diamond
to petroleum. When
this substance is stably
stored in the ocean it is
called blue carbon.
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are potential indicators of environmental changes that have happened
over time.

Rhodolith banks provide several essential benefits. In addition to
providing habitats for other creatures and promoting local biodiversity,
rhodolith banks can also protect the coasts against the erosive action
of waves. They also have important benefits for the local climate.
Too many free carbonates (CO%‘) in the oceans can be harmful. The
chemical reactions that generate carbonates also produce hydrogen
ions (H™), which increases the seawater acidity. This is the cause of
ocean acidification, which is dangerous because it can cause the
death of ocean life, including our rock-and-rolling friends. Calcareous
organisms like rhodoliths are essential for “storing” carbonates in
their skeletons. This process turns carbonates into non-harmful forms
and helps to prevent ocean acidification (Figure 3). However, this
equilibrium is fragile, and human activities disrupt it [7].

Another climate-related benefit of rhodoliths is that the algae "trap”
carbon dioxide (COy) from the atmosphere during photosynthesis.
Carbon dioxide is naturally present in the atmosphere and living
organisms release it when they breathe. However, over the last
two centuries, the carbon dioxide concentration has increased
considerably due to the burning of fossil fuels. When there is too
much carbon dioxide in the atmosphere, it can contribute to global
warming and climate changes. So, when rhodolith beds capture and
trap carbon, they help to lower atmospheric carbon dioxide levels
(Figure 3). The carbon stored in marine ecosystems is known as blue
carbon [8].
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HUMANS AND RHODOLITHS

For humans, rhodoliths are important sources of marine limestone,
which has several uses. It can be used in agriculture, to lower the soil’s
acidity; in the cosmetic industry, to produce toothpaste and bath salts;
and in the food industry, as a food supplement. Rhodoliths can also be
used to create bone implants that are compatible with human tissues.
Finally, rhodoliths can be used in aquariums, as decoration and as living
water filters.

While direct harvesting of rhodoliths can obviously damage them,
other human actions may also affect rhodoliths and the life forms
linked to them. One example is inappropriate waste disposal at sea,
causing for example contamination of seawater (organic pollution),
increased amount of plastics (plastic pollution), and other materials
that are harmful to the ocean balance. Uncontrolled tourism can result
in the trampling of rhodoliths that live on coastlines. Among the most
damaging human actions are dredging and bottom trawling, directly
removing the bottom-dwelling creatures, such as rhodoliths. Drilling
for oil and gas are also damaging, and the disposal of waste material
produced by drilling can bury entire communities of rhodoliths.

HELP US PRESERVE RHODOLITHS!

We hope you now better understand the importance of our
‘rock-and-rolling” friends, the rhodoliths! There are still many things
we do not know about them, so more research on rhodoliths is
needed to better understand their role in regulating Earth’s climate
and how we can continue to harvest them for important purposes
while also conserving their populations. We must be especially careful
because they recover so slowly: thousands of years are required to
form an extensive rhodolith bank! Protecting rhodoliths is urgent
because the destruction of their banks would be catastrophic. Imagine
everything else that might be negatively affected: marine species that
use rhodoliths as habitat, coastal lands that they protect from erosion,
and even our climate, which rhodoliths help to keep in balance the
best they can.

So, what can you do to help preserve rhodoliths? Knowing about
them—what they are, where they are found, their importance, and
the negative impacts of their destruction—is the best way to start
protecting them. Now that you know these things about rhodoliths
and their benefits for the environment, you can raise other people’s
awareness of them [9]. If more people understand these organisms,
we will be in a better position to create the needed strategies and
policies for their conservation. The more people who understand
these fascinating, mysterious, “living rocks,” the greater our power to
preserve them!
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YOUNG REVIEWERS

ALYSA, AGE: 11

As a Year Six student in Adelaide, | have developed a constantly growing interest in
science, particularly in the fields chemistry and biology. Throughout my life, also a
love of music and mathematics has strongly developed, much to the contrary of
the much-hated Physical Education. This Frontiers for Young Minds organization
provides an excellent opportunity to learn a significant amount regarding science
papers and journals, and general subjects that are currently being investigated.
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CLEO, AGE: 11

My name is Cleo, | am interested in science and technology, | like to study wildlife
and have rescued some native creatures before. Science about living things is very
interesting to me.

SHWETHAKIE, AGE: 11

My name is Shwethakie and | am 11 years old. | love reviewing papers with others and
seeing what their perspective is and how it is different to mine. | will enjoy learning
about new topics with others as well!
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