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Our planet Earth s special indeed.
[t has all the stuff that living things need.
Its water, food, and breathable air
create habifats thaf living things share.
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Habifafs exist all the world round,

like forests, grasslands, and inside the ground.
We've found living things where water will boil,
deep under ice, and feeding on oll.
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The world s so ful of critfers galore,

scienfists wondered, “What's in the seafloor?

They drilled down, collected some mud and some rock
and what they discovered came as a shock.




Billions and frillions of microbial cells

are living in sand, rock and seashells.

With so many there, we just had fo know:

How do these microbes live down below?

How do they breathe? What foods do they love?
Do they affect us creafures above?




Microbes are finy, oo small fo see.

Billions could fit inside of a flea.

Thouah you won' spot one, even if you stare,
scienfists know how to fell that they're there.




They collect a sample with super care. - ~ [iNcUsAT
These microbes don't like our regular air. " = =

The sample is brought fo labs where they know

microbes are able to flourish and grow.




Inside the labs, the scientists work

fo find the microbes wherever they lurk.
They ID. each species they find alive
and fry fo determine how they survive.



In some ways microbes are kind of like you.
They all need to eat, and breathe and drink foo.
The seafloor is not a place we could sfay

buf microbes live there in so many ways.




Some live in mud where waters wil flow. ‘
Those near the surface eat marine snow.

'_ Those deeper down have a weird food theylove: *
They feed on fhe poop of microbes above. :

.




Some of them live even deeper than that
surviving inside arock habitat.

They wire together fo form a big bunch
and fhen they can share an electric lunch.




As we find out what these microbes can do,

we think of ways they can help peaple foo.

They could make rare mefals, super strong wires,
or clean eneray our planet re quires.

They may even help us find life in fhe stars

by showing how things might live inside Mars.
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We've just starfed learning about life in the seafloor.
Each expedifion unearths something more.

The more we discover what the seafloor conceals,
the more possibilifies our planet reveals.
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GLOSSARY

Atmosphere: The aimosphere is the layer of the Earth that stretches from the ground to about seven miles above us. It contains the air, which is made of gases
like oxygen, carbon dioxide and nitrogen.

Cell: Cells are like tiny building blocks that make up living things. Some living things, called microbes, have only one cell in their bodies. Other living things have
multiple cells that link together to make-up their bodies. You, for example, have over 37 trillion human cells in your body, plus 100 trillion microbe cells (from the
100 frillion microbes living in your body).

Cell membrane: A cell membrane is basically the outer skin of a cell. The cell membrane holds the cell together and protects the insides. The cell membrane
has openings in it that allow food, water and gases (like oxygen) to pass into the cell.

Chemosynthesis: Chemosynthesis is the process some microbes use to turn carbon, nutrients and other chemicals into energy that the microbe can use to live.
Chemosynthesis is different from photosynthesis, where living things get the food energy they need from sunlight. Microbes that do chemosynthesis have been
found in hydrothermal vents, hot springs, cold seeps, lakes underneath glaciers and inside the seafloor.

Core: Cores are sumples that are drilled out of the ground or out of ice. The JOIDES Resolution drills the seafloor fo collect cores. Its drill fills up a long fube with
rocks and sediment. The fube is brought up to the ship and cut into 1.5 meter length pieces (about 5 feet) fo make the cores. The science team onboard carefully
records the order and location of each core so scientists all over the world can study and learn from them.

Decomposers: Decomposers are microbes (like bacteria) and multi-cellular fungi (like mushrooms) that feed on poop and dead stuff. Decomposers breakdown
the cells found in poop and dead stuff to release the cells’ energy and nutrients. Other living things can then use those energy and nutrients.

Food chain: A food chain is o diagram that shows which living things eat which other living things in a habitat. It is a quick way to show how energy travels
from one living thing to another. Food chains always start with photosynthesizers getting energy from the sun or chemosynthesizers getting energy from carbon,
nuirients or other chemicals. One example of a food chain is: (1) grass gets energy from the sun, then (2) a cow gets energy by eating the grass, and then (3) you
get energy by eating the cow as a hamburger.

Genes: Genes are like the computer programs inside of the cells of living things. Genes tell the cell what to do. The type of genes a living thing has determines
what type of species it is. When living things have babies, their genes are automatically passed onto their babies.



GLOSSARY

Habitat: A habitat is a place where a living thing is able fo find the food, water, space and other things it needs to survive. A habitat can be a place like a forest, a
desert, a coral reef or a pond. A habitat can also be on or inside another living thing's body. Some of the things habitats provide living things with are:
Water - Energy - Nutrients - Stuff to breathe - Enough space to live - Shelter - The right temperatures

Magma: Magma is what we call hot, molten rock inside the Earth. If magma comes out of the ground, then it is called lava.

Marine snows: Marine snow is the stuff that falls down through the ocean from all the animals and other living things that make the ocean their habitat. Marine
snow gets its name because it falls in such large amounts deep in the ocean, marine snow looks like falling snow. Marine snow flakes are made mainly of poop and the
remains of dead fish, algae, plankton, bacteria and other ocean creatures.

Microbe: A microbe is a living thing that only has one cell in its entire body. They are so tiny that we can only see them with a powerful microscope. Bacteria, viruses,
amoeba, archaea and yeast are all types of microbes.

Microbiology: Microbiology is the scientific study of microbes.

Microbiologist: A microbiologist is a scientist who studies microbes. They specialize in studying living things that cannot be seen with the naked eye, like bacterig,
viruses and fungi. They try to understand how microbes live, grow, and survive in their habitats, and how they affect the world around them.

Photosynthesis: Photosynthesis is the process plants, algae and some microbes use to turn water, carbon dioxide and sunlight into sugar and oxygen. The sugar stores
energy the plant can use later fo live and grow. Animals also get energy from these sugars when they eat plants. Most of the oxygen made during photosynihesis is
released in the atmosphere. Humans actually could not survive if it were not for plants and microbes doing photosynthesis. There would not be enough food energy fo eat
or oxygen to breathe without them.

Sediment: Sediment is made of finy bits of rock and microscopic fossils. The tiny bits of rock are sand, silt and clay. Sediment covers the seafloor, but can also be found
in rivers, lakes and the sides of mouniains.

Species: Species are types of living things that have bodies, behaviors and/or habitats that are different from other living things. There are about 1.5 million named
species on Earth and there are probably millions more we have not discovered yet. Just fo give a few examples, around the world there are over 3000 known species of
snakes (like eastern diamondback rattlesnakes, western diamondback rattlesnakes and red diamond rattlesnakes), over 500 known species of sharks (like tiger sharks,
sand tiger sharks and sandbar sharks) and over 240 known species of woodpeckers (like red-headed woodpeckers, red-bellied woodpeckers and red-cockaded woodpeckers).
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A habitat is a place where a living thing is able fo find the food, water, space and other things it needs fo survive. A habitat can be a place like
a forest, a desert, a coral reef or a pond. A habitat can also be on or inside another living thing's body. Some of the things habitats provide living
things with are:

water (like sharks). An environment that has the right combinafion of the things that a plant, animal, fungus, bacteria, etc. needs to survive is

{ that living thing's habitat.
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. "‘ﬂ '. In the 1990, scientists realized there were freshwater lakes and rivers
= i | underneath the mile of ice that covers most of Antarctica. These hidden bodies
PR e _%\ of water did not seem like good habitats, but some scienfists thought there ] :
%ﬁ Y S ;‘ “="" might be living things down there. In 2013, scienfists drilled through a thousand i sl
- W feet (300 meters) of ice fo reach the water in a place called Lake Whillans. a ?
' When they brought samples of the water up, they discovered thousands of
different kinds of microbes using this subglacial lake as their habifatl Because | SEERERS A
there is no sunlight, these microbes are chemosynthesizers. They eat chemicals [ L RN
and minerals, such as iron, sulphur, and ammonium. They find these chemicals in
both the water and the rocks and sediments at the bottom of the lake.

Yellowstone National Park is famous for ifs wildlife. It is also famous for its hot springs, where water temperatures
can be over 185 degrees Fahrenheit (85 degrees Celsius). Hot springs do not sound like good habitats, but

~#q scientists have discovered living things surviving in the scalding water. These microscopic creatures are called
~2= microbes. Most of them survive in hot springs by using photosynthesis. They take water, carbon dioxide and sunlight
== from this habitat and use them fo make food energy. Photosynthesizing microbes are found in the green, yellow,
== orange and red parts of the hot spring (the microbes actually make those colors!). The water in the blue parts of
the hot spring is much too hot for photosynthesizing microbes, but some microbes still live there. Those microbes
eat chemicals in the water fo get the energy they need. They do this through a process called chemosynthesis.

In1977 scientists discovered places in the ocean where incredibly hot water pours out of the seafloor. They called
these places hydrothermal vents. A hydrothermal vent does not seem like a good habitat. These vents are deep

in the ocean, so water pressure there can be incredibly high. You could not see anything because no sunlight reaches
that deep. Also, the femperatures there can reach 750 degrees Fahrenheit (400 degrees Celsius). Also, because
vents are deep in the ocean, water pressure there can be incredibly high, and you could nof see anything because no
sunlight reaches that deep. Despite these conditions, many living things make their homes at hydrothermal vents.
Some microbes live in the hot water pouring out of hydrothermal vents. They use chemosynthesis o get energy

from the minerals and chemicals in the water. Animals such as tubeworms, squat lobsters and rattal fish also make
the hydrothermal vents their habitat. These animals use the chemosynthetic microbes as the base of their

food chains.




l "‘ﬂ ‘. The seafloor is the ground at the bottom of the ocean. It is covered by
. el ot sediment, which is what scientists call grains of fossils and sand. In most

g 1 places, the seafloor is covered by a layer of sediment between 150 and

800 feet (45 and 245 meters) thick, though in some places, the seafloor 13
sediment may be over 60,000 feet (18000 meters) thick! Undemeath & = = = & Rl T
the sediment is mainly a fype of volcanic rock called basalf. This basalt == ' p '
forms as magma inside the Earth rises through the seafloor. When it 7
gets near the cold ocean water, it cools info rock to form new seafloor.
This occurs along mid-ocean ridges, where hydrothermal
vents are found. Most of the seafloor is less than 6 miles
(10 kilometers) thick from the ocean water to the magma.

Scientists have identified and named about 1.5 million different types
of living things. Scientists call each unique type of living thing a
“species.” So far they have found:

As well as many other species in other groups of animals and
microbes!

We are still discovering new species and most scienfists agree
there are many other species left to discover. Different scientists
have different opinions about how many total species there are on
Earth. Most scienfists think there are probably around 9 million
species tofal. We won't know for sure exactly how many species
are ouf there unfil we find them all.
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IJ “ﬂ . I There are over 7,000,000,000 people on Earth g e L wwww‘wwww
- (and counting!). That is a big number, but itisnot - 290,000,000,000,000,000,000,000,000,000 microbes in the seafloor!

nearly as big as the number of microbes onfarth. = @ @ cupemmam, i3 ' & aweman, i
Itis estimated there may be over three nonillion 3100,000,000,000,000,000,000,000,000,000 microbes on Earth!

microbes on Earth. They are by far the most & P Waw W Vi gt S P

numerous living things on Earth. The seafloor W [ et (T NS
. = § Pa BV G S
alone may contain 290 octillion microbes! - ¥ e =

7% 3 Archaea are microbes that look a lof like bacteria. For a long fime scientists thought all archaea were bacteria. In the 1970's, they started
G 54 realizing that the genes of archaea are very different from the genes of bacteria. Archaeal genes are in some ways more like the genes in our
*$ & cells than the genes in bacteria. Archaea can live in environments that most living things cannot, such as in the scalding water of hot springs

= and hydrothermal vents
and hydrothermal vents ANIMATION: htfps://youtube/qifMgmaQMOQ

Bacteria are one of the most common types of microbes, not only in the seafloor, but everywhere. Bacteria tend to come in three basic
N shapes. Some look like Mike and Ike candies (or Mike and [ke's with tails). Some look like balls without enough airin them. Some look like
48 twisty worms or fusilli pasta. Even though different bacteria species may look mostly the same, there is a lot of diversity among bacteria. There
is so much diversity that there can actually be more differences between two different species of bacteria than there are between you and
a fomato plant.

I Viruses are usually called microbes, but not all scientists
L ogmm agree they are actually living things. Viruses don't need
* o eat, drink, or breathe. When they come in contact
{ with a cell from a living thing, though, they can take over
o fhe cell and force it fo make new viruses. Different kinds
B/ of viruses can fake over cells from every living thing on
%8 the planet, including plants, bacteria and people. The

& photo shows a bunch of viruses attached to a bacterium.

Though the largest known living thing on Earth is a fungus
(the 3.5 mile (5.6 kilometers) wide honey mushroom
that lives in Oregon), many fungi are finy, single-celled
microbes, including ones that live in the seafloor. Fungus
microbes are decomposers that feed on poop and dead
stuff. Seafloor funguses fend fo be in the mud and sedi-
ment where they can feed on marine snow and other
stuff left behind by living things.



alicefeagan
Typewritten Text
https://youtu.be/qi1MgmaQM0Q

alicefeagan
Typewritten Text

alicefeagan
Typewritten Text

alicefeagan
Typewritten Text

https://youtu.be/qi1MgmaQM0Q

@9 Scienfists who study microbes are called microbiologists. They specialize in studying living things that
2 cannof be seen with the naked eye, like bacteria, viruses and fungi. They try to understand how
microbes live, grow, and survive in their habitats, and how they affect the world around them.

W Humans are so finy that  Fleas are so finy that
£=¢ sixteen sextillion adult ’rhirin-three thousand
humans could fit of them could fit in

in the Earth an adult human
@ 16,000,000,000,000,000,000,000 33 000 ®
humans ! =

2 . W fleas
Earth 0

Bacteria are so tiny that  Viruses are so tiny that

|
human

one trillion of them ten thousand of them
could fit in a flea could fit in a bacteria
I,(EJUO,QUO,UQU,OOU 10,000 28
utrIM = e viruses = ;
bacteria

: : Microbes are very finy compared to us. An adult human can be over 33 million billion (33,000,000,000,000,000) fimes bigger than a
- el bacteria. We are so much bigger that our bodies are habitats for microbes. You have about 100 trillion (100,000,000,000,000) microbes
e living inside of you right now. This is about three times as many human cells as you have in your body (you have only about 37 trillion
[37,000,000,000,000] of those ). Even though we have so many microbes in our body, microbe cells are very finy compared to human

cells, so they only make-up a couple pounds of your weight.

L il y
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Scientists who study microbes are called
microbiologists. They specialize in studying
living things that cannot be seen with the
naked eye, like bacteria, viruses and fungi.
They try to understand how microbes live,
grow, and survive in their habitafs, and
how they affect the world around them.




VIDEO:

These bacteria were found northeast of New Zealand in
an extinct underwater volcano that was part of the
Loutsville Seamount Trail. Their species name is

Bacillus rigiliprofund;.

hitps://youtu.be/akXrwDRAFkU

were collected 1118 feet (341 meters) below the seafloor.

X 14,000 5.0V SEI SEM

This microscope photo was faken of archaea that were collected 810 feet (247 meters)
below sea level. They were found just off the eastern coast of Japan in the sediments
that fill the Nankai Trough. Their species name is Mefhanocelleus submarinus.

Mikucki JA, Liu YT, Delwiche M, Colwell FS, Boone DR. 2003. Isolation of @ methanogen from deep marine
sediments that contain methane hydrates, and descripfion of Methanoculleus submarinus sp nov. Applied

and Environmental Microbiology 69 3311-3316
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| Each layer in the seafloor sediment can be a
IJ‘ﬂ 'l _ different habitat, each with a different
community of microbes. This is part of a core that was drilled in the South Pacific Gyre

by the JOIDES Resolution. If you look closely, you can see different bands of red, beige
and brown. Each colored band may be the home to different species of microbes.

Microbes would not be able fo survive in the seafloor if the seafloor was not full of
water. About 29 of all the water in the ocean is in the seafloor. (That's about
7.000,000,000,000,000,000 (7 quintillion) gallons in the seafloor, which is more than
twice as much freshwater as is found in all the rivers, streams, lakes and groundwater
on land around the word!)

Marine snow is the stuff that falls down through the ocean from all the animals and other living things that live there. If falls
in such large amounts that deep in the ocean it looks like it is snowing. The flakes are mainly made of poop and the remains

of dead fish, algae, plankton and other ocean creatures. Marine snow eventually reaches the seafloor, where decomposing
microbes can eat if fo get the energy and nufrients they need.

As gross as if may seem, many microbes love poop. People are grossed out by poop because poop can contain the type of
microbes that we call “germs” (the ones that can makes us sick). This is because animal poop contains many microbes from
inside the animal's gut. For example, about 309 of the stuff in your poops is made of your body's microbes. We avoid poop,

but for decomposing microbes, poop does not make them sick and it is an easy way fo get the energy and nufrients
they need.

Microbes that live deep in the seafloor cannot eat marine snow, because it does not seep that far down info the seafloor.
Instead, many of these microbes eat the poop of other microbes. The seafloor sediment is made of layers of different species
of microbes, each eafing the poop of the microbes above them. Microbe poop isn't like ours, though. Depending on what they
eat and breathe, fy tmicrobes can poop out chemicals, minerals and even mefals.




IJ i‘ﬂ .ll Bacteria that live inside seafloor rocks live in a place without

oxygen. Some of these microbes have a unique way of getting
the energy they need to survive. They can pull electrons out of
the rocks to make electricity and then share the electricity with
other bacteria. Filaments grow between the bacteria fo connect
them. The electricity flows through the filaments, just like
electricity Hlows through the wires in your house.

Bceretn. 0 Bacteria connected by flaments’
So far, the deepest 2om. 1

microbes have been found

in the ocean is 2,500 mefers

below the seafloor.

That equals about
8100 feet or over
| 1 Smilest

Electricity happens when electrons flow. Electrons are non-living particles that are so finy, we have not yet
invented a microscope that can see one. All around your home, electrons flow through wires to provide energy to
lights, refrigerators, phone chargers, and everything else thaf runs on electricity. All around your body, electrons
are flowing foo. When the oxygen you breathe reaches sugars from the food you ate, the oxygen pulls electrons
from the sugars, which creates electrical current. The cells in your body use this felectrical current to make ATP,
which is the fuel our cells use to power our body. All living things that breathe oxygen use the oxygen to furn
sugar info energy.
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I J“ﬂ .II The rusty layer on these rocks was put there by microbes that eat ironandpoop [~ .
out rust. Some microbes eaf and breathe metals and minerals and then poop them =

out as different kinds of metals and minerals. The minerals and metals they poop
out can be ones that are useful o people, but hard to find. Some microbiologists
are looking at seafloor microbes to see if any of them poop out rare metals and
minerals that people need. These microbes could potenfially work for us by
making metals for us, without us having to mine the metals from the ground.

The seafloor microbes we are now discovering may help
us find living things on other planets. We now know some
living things can be far from the sunlight and can get the
energy they need from rocks and minerals. That means
there may be microbes on other planefs, like Mars, that

Some microbes make filaments that are very strong and are also great at conducting electricity. These filaments
act just like tiny living wires. Some microbiologists are looking at how microbes make these filaments. They may
find ways these microbe wires can help us make new sustainable technology that can improve our lives.

Bacteria that conduct electricity are already being
used fo make electricity in small batteries. These
microbe-powered batteries make renewable energy
without making any pollution. Some microbiologists are
looking for ways these microbes may one day produce
large amounts of pollution-free electricity for us.
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Science isn't just a bunch of facts
we already know. It is a way to
learn new things so we can better
understand the world we live in.
Scientists are basically explorers
who observe the biggest and sm-
allest things in the universe (and
everything in between). They use
their creafivity fo solve problems
and learn new things. The seafloor
microbiologists are helping us
understand how these microbes
affect our ocean, atmosphere and
other parts of the world. The micr-
obiologists also study what these
microbes do and then think of ways
that microbes can possibly help us. R MAINLY

MICROBE
Like all scientists, they are helping
us fo better understand the world,
s0 we can make better decisions
and lead better lives.
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