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Microbialites are rock-like underwater structures that look like reefs
but are made entirely of millions of microbes. These structures
are very ancient and can be found in different environments on
every continent on Earth. Mexico has many microbialite reefs,
in desert valleys, crater-lakes, and coastal lagoons. Science helps
us to understand the microbes that build microbialites, to know
whether the same kinds of microbes make up microbialites in
different regions of the world, and to ﬁgure out how the microbes
organize into microbialites. Many things are damaging microbialites
in Mexico, including poorly planned development, pollution from
lack of sewage treatment, too much water usage, and the fertilizers
used for agriculture. Policies that regulate development are urgently
needed to help save these diverse and ancient microbial reefs.
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WHAT ARE MICROBIALITES?
MICROBIALITE
A rock-like structure
made by millions of
microbes that
precipitate carbonate.

MICROBE
An organism that is
seen under
the microscope.

STROMATOLITE
Fossilized microbialites,
and are the oldest
fossils dated so far.

CYANOBACTERIA
A phylum of bacteria
that can
make photosynthesis.

EXOPOLYMERIC
SUBSTANCES (EPS)
Mucous-like molecules
released by
microorganisms into
their environment,
which help the
microbes remain close
together and
communicate with
each other.

Do you know what a microbialite is? Not many people do. This is
because microbialites look like slimy underwater rocks, but they are
actually reefs made up of microbes (simple, one-celled organisms).
Microbialites are fascinating, because these rock-like structures are
made by the interaction of millions of microbes that live in certain
aquatic environments. The microbes facilitate the precipitation of
minerals from the water, to form the microbialite structure [1].
Since microbialites are like rocks, they have remained on earth
since extremely ancient times. Fossilized microbialites, known as
stromatolites (from the Greek strõma, meaning bed or layer, and
lithos, meaning rock), are the oldest evidence of life on Earth, dating
back to 3.7 billion years ago [2].
Cyanobacteria are one type of microbe found in microbialites, and
these bacteria do all kinds of important work. Cyanobacteria build
shelters that protect the microbial community from dangerous things
in the environment, including protecting them from drying out and
from damage by the sun’s UV rays. The shelters built by cyanobacteria
trap and bind sediments and minerals, which help to grow the
microbialites [3, 4]. Cyanobacteria are also involved in producing
slimy substances called exopolymeric substances (EPS), which are
like mucous. Exopolymeric substances help microbes to stay close
to each other and allow the cells to communicate with each other
[4]. Cyanobacteria also have pigments that interact with photons
from the Sun, allowing them to perform photosynthesis, which leads
to the incorporation of carbon from the atmosphere (in the form
of CO2 ) into their cells. Cyanobacteria take up water and produce
oxygen during photosynthesis. Since microbialites are so old, they
probably participated in oxygenating the early Earth. Gently and slowly,
bubble by bubble, microbialites produced oxygen, and by ∼2.4 billion
years ago, the chemistry of earth’s atmosphere had changed enough
to support the evolution of other life forms [5]. Cyanobacteria are
one of the food sources for other kinds of microbes, helping many
different kinds of microbes work together as a unit to form the
microbialite community.

WHERE DO MICROBIALITES LIVE?
There are living microbialites in different aquatic environments all
over the globe, including polar, temperate, and tropical locations.
In Mexico, there are microbialite communities in different locations,
including coastal lagoons, crater-lakes, and desert ponds (Figure 1).

ARE ALL MICROBIALITES IN MEXICO THE SAME?
In our study, we wanted to understand if microbialites from different
locations in Mexico are similar or different, in terms of the microbes
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Figure 1
Microbialite reef locations
in Mexico that were
examined in our study:
Cuatro Ciénegas basin
in Northern México,
crater-lake Alchichica
in Central México, and
Bacalar lagoon in the
Yucatán Península.

Figure 1

POLYMERASE
CHAIN REACTION
(PCR)
A laboratory technique
for obtaining millions of
copies of pieces of
DNA, so that they can
be more
easily analyzed.

that make them up. To study this, we explored various sites using
catamarans, kayaks, and boats. Once we identiﬁed microbialite reefs,
we took small samples (∼2 g) of microbialites from the ﬁrst few
millimeters of their surface, using clean, microbe-free tools and
containers. We stored these samples in coolers and then froze them
when we got back to the laboratory. Later, we extracted the DNA
from these microbialite samples, using different enzymes, soaps,
and organic molecules. To study this DNA, we ﬁrst ampliﬁed it
using a technique known as polymerase chain reaction (PCR) and
analyzed how similar or different the microbial DNA sequences were
to each other.
By comparing certain regions of the microbial DNA, thousands of
microbes can be identiﬁed from a pea-sized rocky sample!
We found that all the microbialite communities we studied had
the same groups of microbes, just in slightly different proportions
(Figure 2) [6]. The main microbes in microbialites are Cyanobacteria
(which we already discussed), Proteobacteria and Bacteroidetes
kids.frontiersin.org
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Figure 2
Several different kinds
of bacteria make up the
microbialites found in
various regions of
Mexico. The types of
bacteria are listed on
the left, and the pie
charts under the
pictures of the
microbialites show that
microbialites from each
location are made up
of different proportions
of these same types
of bacteria.

Figure 2

(which are very diverse and can digest many types of substrates,
including carbon, nitrogen, and sulfur), Chloroﬂexi (which can do a
type of photosynthesis that does not produce oxygen, but instead
produces a substance called sulﬁde), and Archaea (which can produce
and eat methane) (Figure 3).
Proteobacteria are the most diverse bacteria in microbialites,
making up 30–40% of the total diversity in these structures,
followed by a group of bacteria that we know very little about
and are called unclassiﬁed bacteria, which make ∼20% of the
bacteria in microbialites. Other bacteria, including Bacteroidetes,
Plactomycetes, Verrucomicrobia, Chloroﬂexi, and Cyanobacteria
comprise the remaining diversity (Figure 2). The microbes in
microbialites have been interacting amongst themselves and with the
environment for many millions of years, and have helped transform the
Earth, making our life on this planet possible through the production
of oxygen and other important processes. Microbial communities
like the ones that form microbialites help the Earth to function
as a unit.

ARE MICROBIALITES IN MEXICO DOING WELL?
Since microbialites are self-sufficient, they only need clean water,
sunlight, and gases from the atmosphere to grow and develop. All
the microbialites we have studied in Mexico live in places with clean
and clear water, and we have found massive microbialite formations
that have been dated to be ∼10,000 years of age [7]. Some of
the beautiful aquatic environments where microbialites have thrived
for thousands of years have warm, clear, tropical waters. This is
the case for a coastal lagoon called Bacalar in southern Mexico,
which has attracted loads of tourists. But a problem arises when
there is no infrastructure to treat the sewage from the growing
population, leading to pollution of the lagoon. Microbialites in Bacalar
lagoon and in other areas of Mexico are being threatened by human
activities. In northern Mexico, the microbialites that thrive in the
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Figure 3
Many microbes build
microbialites. They do
photosynthesis, and
capture CO2 ,
producing oxygen and
are active in the
nitrogen, sulfur and
methane cycles.

Figure 3

Cuatro Cienegas valley, which has many ponds in the middle of a
desert, are at risk because too much water is being removed from
the ponds for agriculture. In central Mexico, microbialites that live
in crater-lakes are also at risk, due to both pollution and too much
water usage.
Humans are the main problem for the world’s biodiversity, but we
are also the solution. Microbialites are part of Earth’s history and it
is wonderful that we can observe these ancient communities today!
We have the responsibility to be educated about our environment and
to make intelligent choices. Let us use efficient water treatment and
technology to save microbialites and other aquatic life! Before going
on a holiday, read about the places you will visit and learn about the
plants, animals, and bacteria that live there, so that you can enjoy their
company without harming them or their environment.
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YOUNG REVIEWERS
DANA, AGE: 14
My name is Dana. I am 14 years old and I live in Guanajuato, Mexico. I have been
dancing ballet and jazz since I was 2 years. I love science, specially astronomy.
I would like to study it in the future. I also would like to be an engineer or
a lawyer.
MARÍA JOSE, AGE: 14
My name is María Jose, my friends call me Majo. I am 14 years old, I live in Guanajuato,
Mexico. I like ballet, I have been practice it since I was 3 years old. I like science and
I want to be a doctor.

MARIANA, AGE: 15
My Name is Mariana, I am 15 years old and I live in Guanajuato, Mexico. My favorite
sport is squash, I have been playing it since I was 6 years old. My favorite subjects are
History and Chemistry. In the future I would like to become a Scientist.
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