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The Baird's tapir is the largest land mammal living in the Mexican
Selva Maya, which is the largest tropical forest in America after the
Amazon. Tapirs are herbivores that play a key role in maintaining the
health of tropical forests by dispersing seeds in their feces (poop).
Tapirs are mysterious, silent, and nocturnal characteristics that make
them difficult to study. In our research, we analyzed the microbes
in tapirs’ feces to understand the health of tapir populations in the
Mexican Selva Maya. We found that a large amount of variety in tapirs’
fecal microbes is associated with a healthy tropical forest ecosystem.
Maybe the analysis of the fecal microbes of wildlife can be used as a
gentle technique to help us understand the health status of animals
and the environments in which they live.
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FECES

Material that is
evacuated during
defecation. Stool is
made up of undigested
food, bacteria, mucus,
and cells from

the intestines.

Figure 1

(A) We performed

our study in the

forest around
Calakmul, in the Selva
Maya in Mexico.
Sampling sites are
shown by colored dots
on the map: dry season
(red circles) and rainy
season (blue squares).
(B) A tapir in the dry
season. (C) A tapir
during the rainy season
(Photographs:

Jonathan Pérez-Flores).

THE TAPIR—GARDENER OF THE MEXICAN SELVA MAYA

Hidden in the middle of the deep tropical forest in southeast Mexico
known as the Selva Maya, the Mayan city of Calakmul remained
undiscovered for hundreds of years. Yet, during that time, a mysterious
and silent gardener kept the Selva Maya healthy. This peculiar gardener
travels long distances and feeds on many species of trees—but has
an interesting way of planting them! The gardener leaves its feces
(poop), which contains a mixture of seeds from the fruits it ate and
other digested materials that serve as fertilizer, in the forest around
Calakmul. When archeologists started exploring the ancient ruins of
Calakmul, they were wary of the mighty jaguar, laughed at the sight of
the spider monkeys, and enjoyed the bats emerging from the caves at
dusk—but they neither heard nor saw the secret gardener: the tapir.
In addition to being a protected archaeological site, Calakmul is also
home to an important population of tapirs (Figure 1). However, the
Selva Maya constantly experiences deforestation events, fires (natural
and human-caused) and the increasing effects of climate change,
including frequent and intense droughts [1].

Figure 1

The tapir species that lives around Calakmul called the Baird's tapir. It
is the biggest mammal in the Selva Maya, which is the largest tropical
forest in America after the Amazon. Sadly, tapir populations have
declined due toillegal hunting, fires, droughts, and habitat destruction.
Baird's tapir is considered an endangered species by the International
Union for Conservation of Nature [2].

Tapirs are shy, nocturnal animals that prefer to live in well-preserved
forests, far away from noise and people. Tapirs travel several kilometers
each night, visiting the same sites looking for food and water. Their
travels create trails through the forest, which other animals can use.
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Figure 2

(A) Tapirs are
herbivores. Their feces
contain seeds from the
fruits they eat and
provides good
fertilizers for the seeds
to grow in. Since tapirs
walk throughout the
tropical forest in search
of food, they disperse
seeds as they go. (B)
We collected samples
of tapir fresh feces in
both the dry and rainy
seasons. In the lab, we
analyzed samples to
determine the tapirs’
diets and to study the
diversity of their fecal
microbiomes.

BACTERIA

Groups of tiny
organisms, they are
most diverse organisms
on the planet.

MICROBES

Tiny organisms, most
commonly bacteria or
fungi, that can only be
seen with

a microscope.

HOST

An organism on or in
which another
organism (like a
bacterium) lives.

Tapirs are herbivores—their diets mainly consist of fruits, leaves, stems,
roots, bark, and flowers, from up to 70 plant species. They are not
picky eaters and will eat the seeds and the skins of fruits. When they
relieve themselves, the seeds return to the ground, along with the best
fertilizer in the forest—their feces (Figure 2A). In just 1 year, an adult
tapir will disperse over 9,000 seeds in one hectare of tropical forest.
This is why they are called the silent gardeners of the tropical forests
[3]. Tapir calves have stripes and spots on their bodies that help them
hide from predators, such as jaguars. The calves find their own food
and water.
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TAPIR FECES: A STINKY INVESTIGATION?

When we hear the words “bacteria” or "microbes,” we generally
think of something dirty or associated with a disease. However, the
vast majority of microbes are harmless. In fact, microbes live in and
on every single organism, and thousands of microbial communities
actually help the animals they live in or on, which are called the hosts.
Many recent studies have revealed the strong connection that exists
between animals and their microbes. The types of microbes that live
on and inside animals vary according to factors such as lifestyle, diet,
age, gender, and host health. This tells us that a healthy community
of microbes very likely means a healthy animal—which in turn tells us
that the ecosystem the animal lives in is probably healthy, too [4].
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FECAL
MICROBIOME

All the various
microorganisms that
are part of an
animal’s feces.

DIVERSITY

Variety and number of
species in
a community.

GENOMIC ANALYSIS

Study (identification,
measurement, or
comparison) of all the
genes of an organism
(plants, animals, fungi,
or microbes). Almost
every cell in an
organism’s body has a
complete copy of

the genome.

DYSBIOSIS

Loss of microbial
diversity that can affect
the health of

the animal.

In the wild, trained teams of scientists and veterinarians can trap
animals briefly and release them after they have taken measurements
and samples, which can tell them about the animals’ health status.
Working with tapirs presents a big problem because they are difficult
animals to capture. Further, wild animals get really stressed when
people trap them, and the shy tapir is no exception. Recently, a new
approach has been developed that allows scientists to study animal
health by analyzing the collection of microbes in their feces, called
the fecal microbiome. We decided to study the diversity of the fecal
microbiomes of Baird's tapirs from the Selva Maya, to learn about their
health status during both the rainy and dry seasons.

THE SEARCH FOR BAIRD’S TAPIR FECES

Our team took long walks in the interior of the Selva Maya, in search
of tapir latrines, as tapir toilets are commonly known. When we found
a fresh fecal sample, we carefully stored it and brought it back to
the laboratory. First, we used the fecal samples to study the diets of
the tapirs, by analyzing the percentages of fruits, leaves, and stems
present. Then, a part of the sample was used for genomic analysis,
which tells us the numbers and types of microbes present in the tapir
feces. During our year of sampling work, it was even possible to include
samples from a sick tapir, which provided us with valuable information
about the differences between fecal microbiomes from healthy and
sick animals.

FECAL MICROBES: A CLUE TO TAPIRS' HEALTH

Our study used feces samples from tapirs as a safe and animal-friendly
technique to study their health. We analyzed 47 samples, and the
diversity of microbes found in these samples confirmed that tapirs
have good health during both dry and rainy seasons, but the sick tapir
had fewer bacteria in its feces (Figure 2B). Tapirs (and other animals)
that are in poor health often have decreased microbial diversity in their
fecal microbiomes; this is known as dysbiosis.

The names of bacteria are often a bit complicated to pronounce,
even for scientists, but it is important to know their names and their
roles within the host. The most abundant microbes living in tapir feces
were Firmicutes, Bacteroidetes, Proteobacteria, and Kiritimatiellaeota,
among others. Knowing which microbes are present helps us to
understand what they do. Leaves, twigs, and fruits are not easy to
digest, but with the help of microbes, they can be broken down into
substances animals need to stay healthy, including proteins, vitamins,
lipids, and sugars. When an animal feeds on the same food for a long
time, such as when it lives in captivity and has a diet with no variety,
the diversity in the fecal microbiome is lost, and that animal becomes
more susceptible to certain diseases. We were happily surprised by
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Figure 3

We learned that the
tapirs of the Selva Maya
around Calakmul are in
good health because
their microbiomes
remained diverse
through both the rainy
and dry seasons. This
tells us that the tropical
forest is also healthy
because it contains a
great diversity of plants
for tapirs to feed on
throughout the year.

our results! Despite the major weather differences between the rainy
and dry seasons in the Selva Maya, tapirs’ fecal microbiomes did
not change significantly (Figure 3). For this stability to occur, the
environment must also be healthy, because our results showed that
tapirs consumed similar amounts and types of food during both the
dry season and the rainy season.

Figure 3

Our results suggest that the Selva Maya is a preserved tropical forest,
with lots of water available and a great diversity of plants. The diversity
of tapirs’ fecal microbiomes helps maintain a healthy tropical forest
because a healthy microbiome helps a tapir to digest many kinds of
food and to then disperse a variety of seeds through its feces. In the
future, we could study fecal samples to assess the health of other
animals, too. Imagine what we could discover about other animals in
the forests around Calakmul.
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