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1

Rot and Decay

Organic Remains
Word Connections
Organism means any 

living thing.

Organic is a way of 

describing a material 

that comes from a living 

or once-living thing.

What do you think 

inorganic means? 

(Hint: the prefix in- 

means “not.”)

Is there such a thing as waste in nature? Trees lose leaves, 

flowers drop petals, snakes shed skin, birds lose feathers, 

people brush out old hair. All animals poop. And eventually, 

all living things die. What happens to the parts, pieces, and 

organic remains living things leave behind? Why isn’t our 

planet covered in piles of this stuff, growing higher and higher 

every day?
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Chapter 12

What Happens to Nature’s Waste?
Fortunately for us, and for all living things, organic remains 

decompose. They rot, decay, and break down into smaller 

pieces. How does this happen?

Word Connection
Break apart the word 

biodegradable to 

find its meaning:

• bio- is a prefix that 

means life.

• degrade means 

to decompose or 

break down.

• -able is a suffix that 

means able to be.

So biodegradable 

means able to be 

decomposed by  

living things.

Organic remains decompose because other living things are 

feeding on them. Organic remains contain nutrients. Nutri-

ents are substances like vitamins and minerals, which all 

 living things need for growth and life.

Organisms that feed upon organic remains are “nature’s recy-

clers.” They break down and recycle the nutrients in dead plants 

and animals, and their waste. These nutrients end up being 

used again by living plants and animals.

Nature’s waste does not get wasted at all. It gets reused. Nature’s 

recyclers feed on the wood from this dead tree. They leave extra 

nutrients from the dead tree in the ground. After the tree is 

gone, other plants will grow in the same spot.

Organic remains, such as a dead tree, are described as biode-

gradable. Everything made by nature returns to nature.

Nature’s waste does not get wasted.

What Happens to People’s Waste?
Much of the waste from people truly does get wasted. One 

problem is that some of our trash is inorganic, which means 

that it is not made from living or once-living things. Nature’s 

recyclers can’t feed on inorganic remains. This waste is not 

biodegradable.

Another problem is that we make so much trash. And then we 

dump it in places where even organic remains can’t be broken 

down. Many waste products that are naturally biodegrad-

able—such as food waste and paper—will not decompose in a 

big, deep landfill dump, because nature’s recyclers can’t live 

there. There isn’t enough soil, light, or water for nature’s recy-

clers to survive.

People’s waste does get wasted in a landfill.
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Chapter 14

Technology and Inventions

Biodegradable Plastics

The number of things we use that last forever is a big problem—

for people and the environment. A plastic sandwich bag will still 

be around when the sandwich, and even the person who ate it, 

are long gone.

Scientists have come up with new biodegradable plastics made 

from wheat and cornstarch. Nature’s recyclers will feed on 

them, because they are made from plants. That means they will 

decompose.

People Doing Science

The Garbage Project

Scientists at the University of Arizona have studied our garbage by 

digging through landfills as if they were archaeological sites. They 

have sorted, weighed, and measured trash from over fifteen landfills 

located across North America, from the deserts of Arizona to the 

Everglades of Florida. What they have found has been a surprise.

Word Connection
An archaeological 

site is a place where 

there is some evidence 

of past human activity. 

Archaeologists are 

the scientists who dig 

and sift through the 

remains at a site. They 

document and analyze 

what they find.

The Garbage Project has found that almost half of the space in 

landfills is taken up by organic materials. Paper, grass clippings, 

and foods—things like carrots, grapes, corn cobs, and half-eaten 

bananas still in their peels—were buried deep in the landfills. 

Scientists could recognize some of these foods even though the 

items were more than 25 years old. They could read some news-

papers that were over 40 years old.

In nature, these things would decompose. But they won’t biode-

grade in a landfill, where nature’s recyclers can’t do their work.

T Think About It!
What do you see in this 

garbage? How long do 

you think it will take to 

decompose?
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Nature’s Recyclers Fact
Here’s how long it takes some commonly used things to decompose, when they are 

scattered about as litter in nature:

Cotton rags 1 to 5 months

Paper 2 to 5 months

Natural fiber rope 3 to 14 months

Orange peels 6 months

Cigarette butts 1 to 12 years

Wax-coated paper milk cartons 5 years

Leather shoes 25 to 40 years

Aluminum cans 80 years

Tin cans 100 years

Plastic soda bottles 450 years

Glass bottles 500 years

Styrofoam More than 1,000,000 years

T Think About It!
Look at the list of prod-

ucts. Which are made of 

organic materials?

Environmental 
Stewardship

What should you do 

if you don’t want to 

waste your garbage? 

You can compost 

organic materials, 

recycle paper, and 

reuse glass and plastic 

containers. Can you 

think of other things 

you can do?

Technology and Inventions

Biodegradable Plastics

The number of things we use that last forever is a big problem—

for people and the environment. A plastic sandwich bag will still 

be around when the sandwich, and even the person who ate it, 

are long gone.

Scientists have come up with new biodegradable plastics made 

from wheat and cornstarch. Nature’s recyclers will feed on 

them, because they are made from plants. That means they will 

decompose.

People Doing Science

The Garbage Project

Scientists at the University of Arizona have studied our garbage by 

digging through landfills as if they were archaeological sites. They 

have sorted, weighed, and measured trash from over fifteen landfills 

located across North America, from the deserts of Arizona to the 

Everglades of Florida. What they have found has been a surprise.

The Garbage Project has found that almost half of the space in 

landfills is taken up by organic materials. Paper, grass clippings, 

and foods—things like carrots, grapes, corn cobs, and half-eaten 

bananas still in their peels—were buried deep in the landfills. 

Scientists could recognize some of these foods even though the 

items were more than 25 years old. They could read some news-

papers that were over 40 years old.

In nature, these things would decompose. But they won’t biode-

grade in a landfill, where nature’s recyclers can’t do their work.
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Right now biodegradable plastics cost a little more than plastics 

made from petroleum, so they aren’t being used as much as they 

could be. But these new plastics could reduce the amount of plas-

tic garbage in litter and landfills. Hopefully, in the future, these 

biodegradable plastics can replace most of the non-biodegradable 

plastics we use today.

This foam packaging is made from cornstarch. It will dissolve in water.

Biodegradable plastic will decompose within months when placed in  
a compost pile.
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Carrion Beetles Scavenge 
Organic Remains

What Are Scavengers?

Look carefully at the natural world around you. Wherever 

you live, you will see organisms eating and breaking down 

organic remains. Some of these organisms are animals we 

call scavengers.

Scavengers are animals that eat dead animals and plants they 

did not kill themselves. They often eat other animals’ leftovers. 

For example, vultures flock to another animal’s kill. They also 

find animals that have died naturally.

2
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Scavengers also eat organic remains that people have left. 

Humans’ leftovers are often very different than what scaven-

gers would eat in the wild.

 
Raccoons search for leftovers in  
garbage cans.  

Gulls eat organic waste they scavenge from 
landfills.

Some scavengers are big, like vultures, raccoons, and gulls. 

But most scavengers are small invertebrates, like beetles and 

earthworms. Big or small, scavengers break down organic 

remains into smaller pieces and eat them.

Word Connection
Vertebrates refers to animals that have a backbone, such as fish, amphibians, 

reptiles, birds, and mammals.

What do you think invertebrates means? (Hint: remember, the prefix in- 

means “not.”)

Carrion Beetles

One day near a pond in South Carolina, a naturalist discov-

ered the body of a small green frog. What caught his eye was 

the activity of scavengers that had come to live on the frog’s 

remains.

This photograph shows what he saw.

Carrion beetles on a dead frog.

Carrion beetles, following the smell of the dead frog, had laid 

their eggs in its body. After the eggs hatched, the beetle larvae 

would feed on the meat.

Even before the beetles arrived, flies had found the dead  

frog and laid their eggs in it. Within hours, their eggs had 

hatched and fly larvae crawled around the meat of the frog.

The adult beetles did not eat the frog meat. They ate the larvae 

of the flies, so there would be frog meat left over for their own 

larvae to eat.
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Scavengers also eat organic remains that people have left. 

Humans’ leftovers are often very different than what scaven-

gers would eat in the wild.

 

 

Some scavengers are big, like vultures, raccoons, and gulls. 

But most scavengers are small invertebrates, like beetles and 

earthworms. Big or small, scavengers break down organic 

remains into smaller pieces and eat them.

Carrion Beetles

One day near a pond in South Carolina, a naturalist discov-

ered the body of a small green frog. What caught his eye was 

the activity of scavengers that had come to live on the frog’s 

remains.

Word Connection
A naturalist is a 

scientist who studies 

plants and animals in 

nature.
This photograph shows what he saw.
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Carrion beetles on a dead frog.

Carrion beetles, following the smell of the dead frog, had laid 

their eggs in its body. After the eggs hatched, the beetle larvae 

would feed on the meat.

Even before the beetles arrived, flies had found the dead  

frog and laid their eggs in it. Within hours, their eggs had 

hatched and fly larvae crawled around the meat of the frog.

The adult beetles did not eat the frog meat. They ate the larvae 

of the flies, so there would be frog meat left over for their own 

larvae to eat.



Chapter 210

The beetles got some additional help in making sure their 

young survived. The naturalist noticed that some of the beetles 

had tiny mites on their backs. The mites had caught a ride 

to the dead frog. Once the beetles landed, the mites crawled 

off and feasted on fly eggs, creating more space for the beetle 

 larvae to grow. Getting rid of some of the fly larvae also meant 

more of the frog meat for the beetle larvae to feed on.
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A carrion beetle with mites on its back.

Within a few weeks, the beetle larvae finished eating the frog 

meat. Smaller organisms then decomposed the rest of its body.

Nutrients that had been in the frog’s body became part of the 

bodies of the organisms that fed on it. The rest of the frog’s 

remains decomposed and became part of the soil.

When the naturalist walked by the same area a month later, 

he saw young green plants growing where the frog once was. Milkweed plants grow near the pond.
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The beetles got some additional help in making sure their 

young survived. The naturalist noticed that some of the beetles 

had tiny mites on their backs. The mites had caught a ride 

to the dead frog. Once the beetles landed, the mites crawled 

off and feasted on fly eggs, creating more space for the beetle 

 larvae to grow. Getting rid of some of the fly larvae also meant 

more of the frog meat for the beetle larvae to feed on.

A carrion beetle with mites on its back.

Within a few weeks, the beetle larvae finished eating the frog 

meat. Smaller organisms then decomposed the rest of its body.

Nutrients that had been in the frog’s body became part of the 

bodies of the organisms that fed on it. The rest of the frog’s 

remains decomposed and became part of the soil.

When the naturalist walked by the same area a month later, 

he saw young green plants growing where the frog once was.
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Milkweed plants grow near the pond.
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People Doing Science

Using Beetles as Scientific Tools

People use the services of all sorts of animals, such as horses, 

guide dogs, and lab rats. Some scientists even use beetles to help 

them do their work.

Most natural history museums collect animal skeletons for scien-

tific research and for public display. These skeletons need to be 

very clean. The tool that many museums use for cleaning bones is 

a kind of carrion beetle called dermestids.

Dermestid beetle larvae eat away the bits of meat or tissue, and 

leave the hard bones. After a few days or a week with the larvae, 

an animal skeleton is clean and ready to display.
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A duck skeleton after it has been cleaned by dermestid beetles.
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Earthworms Scavenge 
Organic Remains

Earthworms

Dig in damp garden soil, roll over a rotting log, or look under 

a pile of decaying leaves. It’s likely you will find an earth-

worm. Earthworms are some of the most important recyclers 

in nature. They help turn decaying organic matter into soil in 

which healthy plants can grow.

3
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What Are Earthworms?

Like beetles, earthworms are invertebrates. They don’t have 

bones or teeth. But beetles have legs and wings and hard 

 bodies. Beetles are insects. Earthworms aren’t.

Nature’s 
 Recyclers Fact

Are caterpillars earth-

worms? Are beetle 

grubs earthworms? 

No. They are insects 

in a stage of life called 

larvae.

Earthworms’ soft bodies are made up of segments, which look 

like rings with grooves between them. Most adult earthworms 

have between 150 to 170 segments.

The “head” end of an earthworm is the first segment. At the 

tip is its mouth. An earthworm doesn’t have eyes, ears, or 

a nose. But it has nerves, and it can sense light, vibrations 

through the soil, and other things in its environment.

T Think About It!
How could you test 

whether an earthworm 

senses light and dark? 

How could you test 

whether an earthworm 

feels sound vibrations?

blood vessels

bristles

hearts

mouth

digestive
system

saddle

anus
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An easy way to find the head end of an earthworm is to look 

for the saddle. The saddle is a smooth band around an adult 

earthworm’s body. It is about one-third of the way down the 

body from the head.

The “tail” end of an earthworm’s body is the last segment at 

the end that is farther from the saddle. The tail segment is  

at the tip of the earthworm’s anus.

Earthworms look like long tubes—and that is what they are, 

outside and inside. The mouth is at one end of the tube, and 

the anus is at the other end.

How Do Earthworms Move?

The outside of an earthworm’s body is long and thin so that it 

can tunnel through the dirt.

An earthworm moves by squeezing two sets of muscles 

together. One set of muscles makes the worm stretch out and 

get thinner. The second set of muscles makes the worm get 

shorter and fatter. The worm moves in waves as it changes 

from longer to shorter to longer.

Earthworms have something else that helps them move. Some 

bristles stick out of the worm’s soft, moist skin all the way from 

the tail end to the head end. They aren’t legs. Earthworms use 

these bristles to stick to the ground and pull themselves ahead. 

They also use their bristles to hold onto the sides of their burrows, 

so that other organisms have a hard time pulling them out.

Being slimy is another thing that helps earthworms move. The 

slime they make helps them slide over the ground and move 

through their tunnels.

How Do Earthworms Breathe?

Since they don’t have noses or lungs, earthworms breathe 

through their skin. To do this, they need to keep their skin 

moist—and that’s another thing the slime does. An earth-

worm’s slime helps it breathe.

Oxygen from the air and water dissolves in the moist layer of 

slime on the worm’s body. Then the oxygen passes through 

the worm’s skin and into its blood. Five hearts pump blood 

through vessels running the length of the worm’s body. If you 

look at the underside of a worm, you might be able to see one 

of these blood vessels.
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What Are Earthworms?

Like beetles, earthworms are invertebrates. They don’t have 

bones or teeth. But beetles have legs and wings and hard 

 bodies. Beetles are insects. Earthworms aren’t.

Earthworms’ soft bodies are made up of segments, which look 

like rings with grooves between them. Most adult earthworms 

have between 150 to 170 segments.

The “head” end of an earthworm is the first segment. At the 

tip is its mouth. An earthworm doesn’t have eyes, ears, or 

a nose. But it has nerves, and it can sense light, vibrations 

through the soil, and other things in its environment.

An easy way to find the head end of an earthworm is to look 

for the saddle. The saddle is a smooth band around an adult 

earthworm’s body. It is about one-third of the way down the 

body from the head.

The “tail” end of an earthworm’s body is the last segment at 

the end that is farther from the saddle. The tail segment is  

at the tip of the earthworm’s anus.

Earthworms look like long tubes—and that is what they are, 

outside and inside. The mouth is at one end of the tube, and 

the anus is at the other end.

How Do Earthworms Move?

The outside of an earthworm’s body is long and thin so that it 

can tunnel through the dirt.

An earthworm moves by squeezing two sets of muscles 

together. One set of muscles makes the worm stretch out and 

get thinner. The second set of muscles makes the worm get 

shorter and fatter. The worm moves in waves as it changes 

from longer to shorter to longer.

T Think About It!
Compare the ways a snake 

or an inchworm moves 

with the way an earth-

worm moves. Their bodies 

are the same shape as an 

earthworm’s. What is dif-

ferent about their move-

ments? Can you relate 

the differences to how or 

where they live?

Earthworms have something else that helps them move. Some 

bristles stick out of the worm’s soft, moist skin all the way from 

the tail end to the head end. They aren’t legs. Earthworms use 

these bristles to stick to the ground and pull themselves ahead. 

They also use their bristles to hold onto the sides of their burrows, 

so that other organisms have a hard time pulling them out.

Being slimy is another thing that helps earthworms move. The 

slime they make helps them slide over the ground and move 

through their tunnels.

How Do Earthworms Breathe?

Since they don’t have noses or lungs, earthworms breathe 

through their skin. To do this, they need to keep their skin 

moist—and that’s another thing the slime does. An earth-

worm’s slime helps it breathe.

Nature’s 
 Recyclers Fact

Earthworms’ hearts are 

not like ours. They  

are extra thick blood 

vessels that connect the 

two main, body-long 

blood vessels. They 

squeeze together to 

keep the blood flowing 

through the earth-

worm’s body.

Oxygen from the air and water dissolves in the moist layer of 

slime on the worm’s body. Then the oxygen passes through 

the worm’s skin and into its blood. Five hearts pump blood 

through vessels running the length of the worm’s body. If you 

look at the underside of a worm, you might be able to see one 

of these blood vessels.
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How Do Earthworms Eat?

Most of the inside of a worm’s body is taken up by its digestive 

system. The digestive system is a tube that runs the length 

of an earthworm’s body. It is like a tube inside a tube. At one 

end, an earthworm takes in food through its mouth. At the 

other end, waste comes out.

To grab whatever it is trying to eat, an earthworm reaches  

out with its mouth and even pushes out part of its throat. 

Then the mouth and throat pop back in so the worm can 

 swallow the food.

Earthworms like to eat dead leaves and organic remains. Some 

types of worms poke out of their burrows to find their food. 

Other types of worms tunnel underground to find food. Earth-

worms can also swallow dirt. They digest the decayed organic 

remains that are mixed in with little bits of rock and sand.

I Try This!
Look at a worm’s insides 

by shining a flashlight 

through it. Do you see the 

long, dark tube that is its 

digestive system? Do you 

see its hearts, up near the 

mouth end?

Once an earthworm digests its food, the rest of the material 

passes through its body. The undigested part comes out as 

droppings called castings.

How Do Earthworms Grow and Reproduce?

All earthworms have both male and female parts. When two 

worms mate, they both make cocoons around their eggs by 

oozing a goop from their saddles. Then they slip the cocoons 

off their bodies, so the eggs can hatch in the soil.

Nature’s 
 Recyclers Fact

Animals that have  

both male and  

female parts are called 

 hermaphrodites.

You may be able to find cocoons in your worm bin. They are 

about the size of a grain of rice. As they develop, the cocoons 

change color. Look for small white, light-brown, yellow, or red 

objects. Some people think they look like miniature lemons.

Baby worms hatch from the ends of the cocoons. They usually 

hatch in about a month. (But if the moisture and temperature 

are not quite right, they may take longer.)

What Kind of Earthworm Are 
We Looking At?

There are approximately 2,700 different kinds of earthworms. 

They live almost all over the earth and there are a lot of them! 

In just one acre of land, there can be more than a million 

earthworms, eating, leaving castings, and working their way 

through the soil.

Earthworms can be separated into three major groups based 

on their feeding and burrowing habits.

Composting Earthworms

In class you will be working with composting earthworms. In 

nature they live in the top part of the soil, where there is lots 

of leaf litter, mulch, and manure—all of which they like to eat. 

They usually don’t go down any deeper than 8 cm (3 in) from 

the soil surface. This makes them the easiest worms to keep in 

a worm bin.
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How Do Earthworms Eat?

Most of the inside of a worm’s body is taken up by its digestive 

system. The digestive system is a tube that runs the length 

of an earthworm’s body. It is like a tube inside a tube. At one 

end, an earthworm takes in food through its mouth. At the 

other end, waste comes out.

To grab whatever it is trying to eat, an earthworm reaches  

out with its mouth and even pushes out part of its throat. 

Then the mouth and throat pop back in so the worm can 

 swallow the food.

Earthworms like to eat dead leaves and organic remains. Some 

types of worms poke out of their burrows to find their food. 

Other types of worms tunnel underground to find food. Earth-

worms can also swallow dirt. They digest the decayed organic 

remains that are mixed in with little bits of rock and sand.

Once an earthworm digests its food, the rest of the material 

passes through its body. The undigested part comes out as 

droppings called castings.

How Do Earthworms Grow and Reproduce?

All earthworms have both male and female parts. When two 

worms mate, they both make cocoons around their eggs by 

oozing a goop from their saddles. Then they slip the cocoons 

off their bodies, so the eggs can hatch in the soil.

You may be able to find cocoons in your worm bin. They are 

about the size of a grain of rice. As they develop, the cocoons 

change color. Look for small white, light-brown, yellow, or red 

objects. Some people think they look like miniature lemons.

Baby worms hatch from the ends of the cocoons. They usually 

hatch in about a month. (But if the moisture and temperature 

are not quite right, they may take longer.)

What Kind of Earthworm Are 
We Looking At?

There are approximately 2,700 different kinds of earthworms. 

They live almost all over the earth and there are a lot of them! 

In just one acre of land, there can be more than a million 

earthworms, eating, leaving castings, and working their way 

through the soil.

Earthworms can be separated into three major groups based 

on their feeding and burrowing habits.

Composting Earthworms

In class you will be working with composting earthworms. In 

nature they live in the top part of the soil, where there is lots 

of leaf litter, mulch, and manure—all of which they like to eat. 

They usually don’t go down any deeper than 8 cm (3 in) from 

the soil surface. This makes them the easiest worms to keep in 

a worm bin.
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Some common composting worms are red wigglers (Eisenia 

foetida) and red tiger worms (Eisenia andrei).

Word Connection
The names in parentheses are the worms’ scientific names. Scientists use these 

names so that people don’t get confused about what they’re calling what. For 

example, you may call your composting worms “redworms,” but others may call 

them “red wigglers.”

In a scientific name the first word is the genus, and the second word is the species. A 

genus is a group of species that have very similar characteristics. A species is a more 

specific group of organisms that can breed with each other.

The words in a scientific name usually come from Latin or Greek, and they often 

describe organisms in some way. (Sometimes they are named after people or places 

too.) See if you can get an idea of what the scientific names of the earthworms 

described in this chapter might mean.

Latin or Greek English meaning

foetid stinking

lumbricus worm

rubra red

terra earth

Shallow Soil-Dwelling Earthworms

Earthworms that live in shallow soil burrow within about 

30 cm (12 in) of the surface of the soil. They make lots of 

 random tunnels through animal pastures and compost piles. 

There they find and feed on decomposing organic matter. As 

they move through the soil, they pass it through their intes-

tines. Their tunnels fill with nutrient-rich castings. Their tun-

neling helps mix the topsoil, and it also helps water and air 

get into the ground.

Redworms (Lumbricus rubellus) are one common type of shal-

low soil-dwelling earthworm.

Deep-Burrowing Earthworms

Earthworms that burrow deep into the soil don’t tunnel 

around looking for food. Deep-burrowing earthworms come 

up to the surface to look for leaves and other plant mate-

rial. Then they pull it down into their burrows. Their burrows 

are permanent, and can reach 2 meters (6 feet) down. These 

earthworms help mix different layers of soil, bringing organic 

remains down, and leaving their castings at the top

A deep-burrowing earthworm that you are probably familiar 

with is the nightcrawler (Lumbricus terrestris).

A nightcrawler (Lumbricus terrestris) pulls organic matter down into its burrow, and 
leaves castings on top.
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Some common composting worms are red wigglers (Eisenia 

foetida) and red tiger worms (Eisenia andrei).

Shallow Soil-Dwelling Earthworms

Earthworms that live in shallow soil burrow within about 

30 cm (12 in) of the surface of the soil. They make lots of 

 random tunnels through animal pastures and compost piles. 

There they find and feed on decomposing organic matter. As 

they move through the soil, they pass it through their intes-

tines. Their tunnels fill with nutrient-rich castings. Their tun-

neling helps mix the topsoil, and it also helps water and air 

get into the ground.

Redworms (Lumbricus rubellus) are one common type of shal-

low soil-dwelling earthworm.

Deep-Burrowing Earthworms

Nature’s Recyclers 
Fact

Giant Australian 

earthworms can grow 

more than 2½ meters 

(8 feet) long. They are 

completely helpless 

outside their burrows.

Earthworms that burrow deep into the soil don’t tunnel 

around looking for food. Deep-burrowing earthworms come 

up to the surface to look for leaves and other plant mate-

rial. Then they pull it down into their burrows. Their burrows 

are permanent, and can reach 2 meters (6 feet) down. These 

earthworms help mix different layers of soil, bringing organic 

remains down, and leaving their castings at the top

A deep-burrowing earthworm that you are probably familiar 

with is the nightcrawler (Lumbricus terrestris).
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A nightcrawler (Lumbricus terrestris) pulls organic matter down into its burrow, and 
leaves castings on top.
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Earthworms in the Soil

Earthworms play an important role in creating healthy soil for 

plants. Their digging and moving through the soil helps air 

and water get to young seeds and plant roots.

Most importantly, earthworms help the soil by leaving cast-

ings. Earthworm castings are rich in nutrients and minerals that 

plants need. The castings are natural fertilizers for plants. With-

out the help of worms recycling the waste of other organisms, 

these remains would pile up and plants would not get the nutri-

ents they need to survive. And, if the plants could not survive, 

animals that depend on them would not be able to survive either.

By eating decaying matter and creating castings, they give 

back to their environment as they clean it up

worm 
castings

worm 
castings
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Exotic Earthworms

The United States has only a few known native species of earth-

worms. Most of the earthworms here were brought by early 

 European settlers. The worms may have arrived in soil clinging to 

the roots of plants, or in soil used for ballast in ships.

The exotic earthworms have spread throughout North America, 

and are found almost everywhere. All they need to survive is  

moist soil and decaying organic matter. They are very useful to 

farmers and gardeners, who can rely on worms to eat the dead 

plants remains. The earthworms recycle nutrients back into the 

soil to help the next year’s crops grow. Of course, many people 

use worms for fishing too!

But the European earthworms are not always good for the North 

American environment. In the Northeast they are eating so much 

forest leaf litter that some plants don’t have the habitat they need 

to grow. Scientists in Minnesota suspect that earthworms may 

even be putting a rare fern at risk of extinction.
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Earthworms in the Soil

Earthworms play an important role in creating healthy soil for 

plants. Their digging and moving through the soil helps air 

and water get to young seeds and plant roots.

Most importantly, earthworms help the soil by leaving cast-

ings. Earthworm castings are rich in nutrients and minerals that 

plants need. The castings are natural fertilizers for plants. With-

out the help of worms recycling the waste of other organisms, 

these remains would pile up and plants would not get the nutri-

ents they need to survive. And, if the plants could not survive, 

animals that depend on them would not be able to survive either.

By eating decaying matter and creating castings, they give 

back to their environment as they clean it up

Exotic Earthworms

Word Connections
ballast—Material that 

weighs down a boat to 

make it more stable.

exotic—From another 

part of the world.

The United States has only a few known native species of earth-

worms. Most of the earthworms here were brought by early 

 European settlers. The worms may have arrived in soil clinging to 

the roots of plants, or in soil used for ballast in ships.

The exotic earthworms have spread throughout North America, 

and are found almost everywhere. All they need to survive is  

moist soil and decaying organic matter. They are very useful to 

farmers and gardeners, who can rely on worms to eat the dead 

plants remains. The earthworms recycle nutrients back into the 

soil to help the next year’s crops grow. Of course, many people 

use worms for fishing too!

But the European earthworms are not always good for the North 

American environment. In the Northeast they are eating so much 

forest leaf litter that some plants don’t have the habitat they need 

to grow. Scientists in Minnesota suspect that earthworms may 

even be putting a rare fern at risk of extinction.

Environmental Stewardship
When your class is done studying worms, what should you do with them? Don’t  

let them go in the woods! They may be different than the types of earthworms that 

live in your area. Maybe you can continue composting with earthworms at school or 

at home.
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Fungi Decompose 
Organic Remains

What Are Decomposers?

Let’s review what happens to plant and animal remains. As 

you’ve seen in a compost pile, bacteria and molds may grow 

on them. Scavengers eat the rotting remains, shredding them 

into small bits and pieces. Tiny invertebrates graze on the 

 bacteria and fungi.

4
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All of the animals excrete what their bodies don’t need. 

(Worm castings are the perfect example.)Word Connection
excrete—To rid the 

body of waste products. Then what happens to the organic materials that are still left 

in a compost pile or on the ground? Fungi and bacteria grow 

on the worm castings and other droppings animals leave. 

They finish the process of decomposition. This is why fungi 

and bacteria are called decomposers.

Molds and bacteria finish the process of decomposition that worms began.

Fungi

Have you ever played on a grass-covered field one day and 

come back the next morning to find the same field suddenly 

filled with mushrooms? Have you opened your refrigerator to 

see mold growing on leftover food? Mushrooms and mold are 

among some of the most amazing decomposers in nature—

fungi.

What Are Fungi?

Mushrooms and molds are fungi. There are about 150,000 

types of fungi, most of which we never even see. They come 

in many different shapes and sizes, and they can grow almost 

anywhere.

The fungi that are the most important decomposers grow on 

dead plant or animal remains. Some grow on animal drop-

pings. Some grow on foods people make, like bread or cheese, 

which contain ingredients that come from plants and animals. 

Fungi break down the organic remains into nutrients that they 

can soak up and use.
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All of the animals excrete what their bodies don’t need. 

(Worm castings are the perfect example.)

Then what happens to the organic materials that are still left 

in a compost pile or on the ground? Fungi and bacteria grow 

on the worm castings and other droppings animals leave. 

They finish the process of decomposition. This is why fungi 

and bacteria are called decomposers.

Molds and bacteria finish the process of decomposition that worms began.

Fungi

Have you ever played on a grass-covered field one day and 

come back the next morning to find the same field suddenly 

filled with mushrooms? Have you opened your refrigerator to 

see mold growing on leftover food? Mushrooms and mold are 

among some of the most amazing decomposers in nature—

fungi.

Word Connection
To show whether there is one or many of something, we usually change the ending 

of a word. For example, we add “s” to the end of many words in English. More than 

one “word” becomes “words.”

Some of our words come from Latin, like fungus. These words take a different 

ending to show that there are many. In this case, more than one “fungus” becomes 

“fungi.” (Here’s how you say it—“fun guy!”)

What Are Fungi?

Nature’s 
 Recyclers Fact

Other types of fungi 

grow on or in living 

plants and animals. 

Some of these fungi 

grow as partners with 

other living things, so 

both benefit. Others 

harm the plants or 

animals they live on. 

These types of fungi 

are called parasites.

Mushrooms and molds are fungi. There are about 150,000 

types of fungi, most of which we never even see. They come 

in many different shapes and sizes, and they can grow almost 

anywhere.

The fungi that are the most important decomposers grow on 

dead plant or animal remains. Some grow on animal drop-

pings. Some grow on foods people make, like bread or cheese, 

which contain ingredients that come from plants and animals. 

Fungi break down the organic remains into nutrients that they 

can soak up and use.
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A fungus is an organism, just like a plant or an animal. When 

you see a fungus, you’re probably not seeing the entire thing. 

A mushroom or a puffball is only a small part of a fungus. 

The main body of a fungus, which you usually don’t see, is 

called the mycelium. The mycelium looks like lots of fine, 

white threads woven together. Sometimes it looks like the roots 

of a plant or like spider webs.
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The white mycelium of this mushroom grows under moss and leaf litter on the forest 
floor.

Nature’s Recyclers Fact
The largest organism ever found is a fungus known as the honey mushroom. It is 

spreading through the roots of trees in the Blue Mountains of Eastern Oregon. Its 

mycelium stretches out over 5½ kilometers (3½ miles), and reaches an average of 

one meter (3 feet) into the ground.

You don’t usually see a mushroom’s mycelium because it is 

growing underground or inside a rotting log. But you can see 

the mycelium of mold. It looks like fuzz when it spreads across 

cheese or fruit.

The mycelium of this mold looks like white fuzz. You can see how it is spreading across 
the lemon.

Like plants, fungi don’t move around, and their mycelia (more 

than one mycelium) sometimes look like roots. But they aren’t 

plants. Plants are green and make their own food. Fungi don’t.
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A fungus is an organism, just like a plant or an animal. When 

you see a fungus, you’re probably not seeing the entire thing. 

A mushroom or a puffball is only a small part of a fungus. 

The main body of a fungus, which you usually don’t see, is 

called the mycelium. The mycelium looks like lots of fine, 

white threads woven together. Sometimes it looks like the roots 

of a plant or like spider webs.

The white mycelium of this mushroom grows under moss and leaf litter on the forest 
floor.

You don’t usually see a mushroom’s mycelium because it is 

growing underground or inside a rotting log. But you can see 

the mycelium of mold. It looks like fuzz when it spreads across 

cheese or fruit.

The mycelium of this mold looks like white fuzz. You can see how it is spreading across 
the lemon.

Like plants, fungi don’t move around, and their mycelia (more 

than one mycelium) sometimes look like roots. But they aren’t 

plants. Plants are green and make their own food. Fungi don’t.
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How Do Fungi Feed?

Since fungi can’t make their own food, they need to get their 

nutrients from somewhere else. Like scavengers, they feed on 

dead plants and animals. But they aren’t animals. Fungi are 

different than animals because they digest their food outside 

of their bodies.

A fungus feeds with its mycelium. The mycelium grows and 

spreads until it reaches organic remains (food for the fungus). 

Once it finds a food source, the mycelium lets out a substance 

that turns the remains into a liquid full of nutrients. This 

nutrient-rich liquid is simple enough that the mycelium can 

take it in and absorb it.

Word Connection
absorb—to soak in 

or up.

T Think About It!
Have you ever noticed 

that moldy foods become 

wet and mushy? That’s 

because the mold myce-

lium is digesting the food 

and making it liquid.

Some of the nutrient-rich liquid is absorbed to help a fungus 

live, grow, and reproduce. But not all the digested nutrients are 

taken in. Some stay in the surrounding soil or water, providing 

plants with important nutrients they need to survive.

Fungi growing on a decomposing log. They leave nutrients behind that plants need  
to grow.

How Do Fungi Grow and Reproduce?

When you see mushrooms that have popped out of the 

ground, you are seeing just part of a fungus. But what part 

is it? Mushrooms are the reproductive structures of a fungus. 

They sprout from the mycelium and push their way above 

ground. They are its fruiting bodies.

The growth of a mushroom from mycelium.
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How Do Fungi Feed?

Since fungi can’t make their own food, they need to get their 

nutrients from somewhere else. Like scavengers, they feed on 

dead plants and animals. But they aren’t animals. Fungi are 

different than animals because they digest their food outside 

of their bodies.

A fungus feeds with its mycelium. The mycelium grows and 

spreads until it reaches organic remains (food for the fungus). 

Once it finds a food source, the mycelium lets out a substance 

that turns the remains into a liquid full of nutrients. This 

nutrient-rich liquid is simple enough that the mycelium can 

take it in and absorb it.

Some of the nutrient-rich liquid is absorbed to help a fungus 

live, grow, and reproduce. But not all the digested nutrients are 

taken in. Some stay in the surrounding soil or water, providing 

plants with important nutrients they need to survive.

Fungi growing on a decomposing log. They leave nutrients behind that plants need  
to grow.

How Do Fungi Grow and Reproduce?

When you see mushrooms that have popped out of the 

ground, you are seeing just part of a fungus. But what part 

is it? Mushrooms are the reproductive structures of a fungus. 

They sprout from the mycelium and push their way above 

ground. They are its fruiting bodies.
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The growth of a mushroom from mycelium.
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Inside the fruiting bodies are hundreds, thousands, or even 

millions of spores. These spores are microscopic—so small 

they can only be seen with a microscope. Spores are similar to 

the seeds of a plant, but they are much smaller and simpler. 

There are also many, many more of them.

Spores can be carried away by the air, rain, or even animals 

and insects. Only a few spores will land in a place where they 

can survive and grow. Most grow best in places that are damp 

and warm, but not hot.

Mushrooms

Different kinds of fungi spread their spores in different ways. 

An umbrella-shaped mushroom, like one you might get from 

a grocery store, releases spores from under its cap. The cap 

forms the top of the mushroom. When the mushroom first 

pops up, the cap is closed. It looks like a closed umbrella. This 

protects the gills under the cap. The gills look like thin folds. 

Spores are produced within the gills.

When the spores are ready to go, the umbrella of the mush-

room opens up. First the stalk pushes up higher above the 

ground. Then the cap opens wide, and the gills release the 

spores.

When a spore lands somewhere that it is able to grow and 

 survive, the mushroom’s life cycle begins again.
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Inside the fruiting bodies are hundreds, thousands, or even 

millions of spores. These spores are microscopic—so small 

they can only be seen with a microscope. Spores are similar to 

the seeds of a plant, but they are much smaller and simpler. 

There are also many, many more of them.

Spores can be carried away by the air, rain, or even animals 

and insects. Only a few spores will land in a place where they 

can survive and grow. Most grow best in places that are damp 

and warm, but not hot.

Mushrooms

Different kinds of fungi spread their spores in different ways. 

An umbrella-shaped mushroom, like one you might get from 

a grocery store, releases spores from under its cap. The cap 

forms the top of the mushroom. When the mushroom first 

pops up, the cap is closed. It looks like a closed umbrella. This 

protects the gills under the cap. The gills look like thin folds. 

Spores are produced within the gills.

When the spores are ready to go, the umbrella of the mush-

room opens up. First the stalk pushes up higher above the 

ground. Then the cap opens wide, and the gills release the 

spores.

When a spore lands somewhere that it is able to grow and 

 survive, the mushroom’s life cycle begins again.

Cap

Gills

Stalk Spores

Mycelium
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Molds

Molds are some of the simplest fungi. Many 

produce spores in little round capsules 

called sporangia. When they are ready, the 

spores drift away in the air like seeds blown 

from a dandelion.

But spores are much smaller and simpler 

than dandelion seeds. A spore is as small 

as a speck of dust. And seeds include stored 

food for a plant. Spores don’t. To be able to 

grow, spores need to land in a spot with a 

food source.

You can’t see them, but mold spores are in the air all the time. 

There are probably mold spores on your windowsill, on your 

desk, and on your shoes.

T Think About It!
Look back at the photo-

graph of a molding lemon. 

Do you see the green part 

on the end of the lemon? 

That is where the mold 

is growing its sporangia. 

The sporangia of different 

molds are different colors.

A microscopic view of the mold used to make blue cheese.

How Pilobolus Spores Reach Their Food

Pilobolus fungi live in cow dung. To get into the dung, their 

spores must first be eaten, digested, and excreted by a cow.  

From these spores, mushrooms grow and produce new spores. 

These spores must get from the cow dung to the grass, so cows 

can eat and eventually poop them out too. How do they do this? 

Pilobolus fungi can shoot out their spores at a height of 2 meters 

(6 feet), and land as far away as 2½ meters (8 feet)!

A Pilobulus fungus growing on dung. The spores are formed in dark brown sporangia that look like hats on the end of 
the fruiting body. The term Pilobolus means “hat thrower.”

A microscopic view 
of mold spores on a 
sporangium.
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Molds

Molds are some of the simplest fungi. Many 

produce spores in little round capsules 

called sporangia. When they are ready, the 

spores drift away in the air like seeds blown 

from a dandelion.

But spores are much smaller and simpler 

than dandelion seeds. A spore is as small 

as a speck of dust. And seeds include stored 

food for a plant. Spores don’t. To be able to 

grow, spores need to land in a spot with a 

food source.

You can’t see them, but mold spores are in the air all the time. 

There are probably mold spores on your windowsill, on your 

desk, and on your shoes.

A microscopic view of the mold used to make blue cheese.

How Pilobolus Spores Reach Their Food

Pilobolus fungi live in cow dung. To get into the dung, their 

spores must first be eaten, digested, and excreted by a cow.  

From these spores, mushrooms grow and produce new spores. 

These spores must get from the cow dung to the grass, so cows 

can eat and eventually poop them out too. How do they do this? 

Pilobolus fungi can shoot out their spores at a height of 2 meters 

(6 feet), and land as far away as 2½ meters (8 feet)!

A Pilobulus fungus growing on dung. The spores are formed in dark brown sporangia that look like hats on the end of 
the fruiting body. The term Pilobolus means “hat thrower.”
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How Do People Use Fungi?

Mushrooms

You’ve probably eaten plenty of mushrooms bought from the 

store, so you know that these fungi are edible. Some people 

even “hunt” for edible mushrooms in the wild.

Caution
Some wild mushrooms are edible, but many are poisonous. Only experts can tell 

the difference. Never eat a mushroom you find in the wild.

T Think About It!
Is this store-bought mush-

room the entire body of a 

fungus? What is missing?

Molds

When you see moldy food, your first reaction is probably 

“Eeeuw!” You’re right: moldy food can make you sick. But did 

you know that some foods and medicines are actually made 

from molds?

For example, people make blue cheese by adding mold to the 

cheese while it ages or “ripens.” They make small holes in  

the cheese, and put the mold in. The mold grows into lines, or 

veins, through the cheese. Working as a decomposer, the mold 

breaks down the structure of the cheese around it. The cheese 

becomes smooth, creamy—and smelly!

Blue cheese with veins of mold that have grown in it.
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How Do People Use Fungi?

Mushrooms

You’ve probably eaten plenty of mushrooms bought from the 

store, so you know that these fungi are edible. Some people 

even “hunt” for edible mushrooms in the wild.

Molds

When you see moldy food, your first reaction is probably 

“Eeeuw!” You’re right: moldy food can make you sick. But did 

you know that some foods and medicines are actually made 

from molds?

For example, people make blue cheese by adding mold to the 

cheese while it ages or “ripens.” They make small holes in  

the cheese, and put the mold in. The mold grows into lines, or 

veins, through the cheese. Working as a decomposer, the mold 

breaks down the structure of the cheese around it. The cheese 

becomes smooth, creamy—and smelly!

Blue cheese with veins of mold that have grown in it.
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People Doing Science

Professor Alexander Fleming had been at the battlefront in World 

War I. He had seen more men die from infected wounds than 

from anything else. He wanted to find a way to kill the bacteria 

that caused infections.

In his lab in 1928, Fleming cleaned up a pile of Petri dishes in 

which he had been growing bacteria. He noticed that one of the 

dishes had been contaminated (made impure or unusable) by a 

mold spore. The mold had grown in the shape of a circle. As Flem-

ing looked at it, he realized that the mold had killed bacteria in a 

ring around it. By accident, he had found what he was looking for!

The antibiotic penicillin is made from a mold. It kills bacteria that are harmful to people. 
In this photograph, the penicillin looks like a white circle, and the bacteria smear looks 
like a squiggly line.

Word Connection
antibiotic—a drug 

that fights against 

organisms that cause 

infections.

Other scientists continued Fleming’s work. They made the mold 

into the world’s first antibiotic, penicillin. Penicillin became 

widely available during World War II. Since then, penicillin and 

other antibiotics have saved millions of lives.
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Bacteria Decompose 
Organic Remains

Bacteria

Our world wouldn’t be the same without bacteria. They were 

the first living things on Earth. They are still the smallest and 

most numerous organisms on Earth.

Bacteria can be found almost everywhere. They live high up in 

the air, deep in the water of the ocean, in polar ice, boiling hot 

springs, and soils around the world. There are more different 

kinds of bacteria than any other kind of organism. Scientists 

have described over 2,000 different kinds, and they know there 

are probably thousands more left to describe.

What Are Bacteria?

All living things are made of cells. A cell is the most basic 

building block of life. A single cell can carry on all of life’s 

 processes. It can take care of its needs for food, water, and air. 

It can reproduce, and it can get rid of waste.

Nature’s 
 Recyclers Fact

A human body is made 

of ten million million 

(10,000,000,000,000) 

cells.

Each bacterium (the single form of the word bacteria) is made 

of just one cell. That one cell measures about one micrometer 

(4/100,000th of an inch) wide. These single-celled organisms—

bacteria—are so small that we can see them only through a 

microscope.

Nature’s 
 Recyclers Fact

Around 1000 bacteria 

would fit on the period at 

the end of this sentence.

5
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The History of Bacteria

The history of bacteria goes back over three billion years. 

 Bacteria have lived on Earth more than 10 million times as  

long as humans have existed.

The earliest fossil remains of bacteria are called stromatolites. 

These are mats that were formed by different kinds of bacteria 

that lived in communities. When these mats got covered by min-

erals, new communities of bacteria grew on top of them. They 

made layers.

A fossil formed by communities of bacteria that grew in layers. This stromatolite fossil is 
over 540 million years old.

When bacteria were the only life form on Earth, our planet was 

covered with these layered mats. Now they grow only in places 

with very high or very low temperatures, and places that are very 

dry, or very salty. These places are hard to live in for most plants 

and animals. So there are very few plants or animals that could eat 

them or take their food and water.

Bacteria play many roles in the environment. The bacteria we 

hear about most are those that cause diseases in plants and 

animals. But most bacteria are harmless, and many are useful.

Some bacteria live in plants and animals, including us. In fact, 

we carry about 100 billion bacteria on our skin. These bacteria 

cause infections only when they get into cuts.

All animals have bacteria that help with digestion. Herbivores—

animals such as cows, rabbits, termites, and earthworms—

especially depend on bacteria. Bacteria packed throughout 

their digestive systems do the work of breaking down the 

tough plant fiber these animals eat.

The most important job bacteria have is decomposing natural 

waste. In soil and water they finish the breakdown of organic 

remains.

What Do Bacteria Look Like?

Most bacteria have one of five basic cell shapes: circular, oval, 

rod, spiral, or comma. They can be found as single cells, in 

pairs, chains, or clusters.

Some of the bacteria that live in soil, where they decompose organic matter.  
These bacteria were photographed through a scanning electron microscope.  
The photograph is colored to show two different shapes of bacteria.
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The History of Bacteria

The history of bacteria goes back over three billion years. 

 Bacteria have lived on Earth more than 10 million times as  

long as humans have existed.

The earliest fossil remains of bacteria are called stromatolites. 

These are mats that were formed by different kinds of bacteria 

that lived in communities. When these mats got covered by min-

erals, new communities of bacteria grew on top of them. They 

made layers.

A fossil formed by communities of bacteria that grew in layers. This stromatolite fossil is 
over 540 million years old.

When bacteria were the only life form on Earth, our planet was 

covered with these layered mats. Now they grow only in places 

with very high or very low temperatures, and places that are very 

dry, or very salty. These places are hard to live in for most plants 

and animals. So there are very few plants or animals that could eat 

them or take their food and water.

Bacteria play many roles in the environment. The bacteria we 

hear about most are those that cause diseases in plants and 

animals. But most bacteria are harmless, and many are useful.

Some bacteria live in plants and animals, including us. In fact, 

we carry about 100 billion bacteria on our skin. These bacteria 

cause infections only when they get into cuts.

Nature’s 
 Recyclers Fact

There are even more 

bacteria in an earth-

worm’s castings than 

there are in its diges-

tive tract. Bacteria 

continue decomposing 

the worm casting after 

a worm has excreted 

it. This helps make 

the castings act like 

“timed-release” plant 

fertilizers.

All animals have bacteria that help with digestion. Herbivores—

animals such as cows, rabbits, termites, and earthworms—

especially depend on bacteria. Bacteria packed throughout 

their digestive systems do the work of breaking down the 

tough plant fiber these animals eat.

The most important job bacteria have is decomposing natural 

waste. In soil and water they finish the breakdown of organic 

remains.

What Do Bacteria Look Like?

Nature’s 
 Recyclers Fact

One cup of soil may 

hold as many bacteria 

as there are people on 

Earth.

Most bacteria have one of five basic cell shapes: circular, oval, 

rod, spiral, or comma. They can be found as single cells, in 

pairs, chains, or clusters.

Some of the bacteria that live in soil, where they decompose organic matter.  
These bacteria were photographed through a scanning electron microscope.  
The photograph is colored to show two different shapes of bacteria.
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People Doing Science

The Discovery of Bacteria

Bacteria were discovered in 1676 by a man with no background 

in science. His name was Anton van Leeuwenhoek (layu-wen-

hook). He worked in the fabric business, and used magnifying 

lenses to examine cloth. He became interested in making a magni-

fier more powerful than those made by anyone else.

Leeuwenhoek made over 500 simple microscopes, some of which 

magnified objects up to 300 times. Leeuwenhoek looked at ani-

mals, plants, water, minerals, and anything else that he could 

place under his lenses. He looked at water in which peppercorns 

had soaked for three weeks, and was surprised to see tiny rod-like 

organisms, which he called “animalicules.” He wrote that they 

were so small that “even if 100 of these animalicules lay stretched 

out against another, they could not reach to the length of a grain 

of coarse sand.”

When he wrote to the Royal Society in London about his observa-

tions, the scientists there did not accept his discovery. The mem-

bers of the society voted against publishing his paper, and wrote a 

letter telling him that it had caused “considerable giggling.”

The Royal Society did ask scientists to try repeating Leeuwenhoek’s 

observations. Leeuwenhoek would not send them one of his own 

microscopes, so Robert Hooke, one of the best scientists of the 

time, used one of the compound microscopes he had invented. 

At first Hooke didn’t see anything. The lenses on early compound 

microscopes were not as clear and perfect as Leeuwenhoek’s 

 magnifiers. But when Hooke used a microscope that magnified 

330 times, he confirmed Leeuwenhoek’s discovery.

How Do Bacteria Feed?

Like all living things, bacteria need food in order to grow and 

reproduce. These decomposers absorb food from the material 

they live in or on.

Since most foods are too complex for a bacterial cell to take 

them in, the bacteria must first break the food down. Like 

fungi, bacteria let out substances that digest the food outside 

of their bodies. Then the bacterial cells can absorb the simpler, 

nutrient-rich forms of the broken-down food.

How Do Bacteria Grow and Reproduce?

Bacteria usually reproduce by just dividing in two. One cell 

divides to form two new cells. Each new cell is an exact copy of 

the parent cell.

Bacteria reproduce very rapidly. It is possible for them to 

divide every 20 or 30 minutes. If conditions are right, in just 

ten hours one bacterium can become one billion bacteria!

One of the reasons we know about bacteria is that when there 

is a large enough number of them, we can see, smell, or even 

taste evidence of what they do.
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People Doing Science

The Discovery of Bacteria

Bacteria were discovered in 1676 by a man with no background 

in science. His name was Anton van Leeuwenhoek (layu-wen-

hook). He worked in the fabric business, and used magnifying 

lenses to examine cloth. He became interested in making a magni-

fier more powerful than those made by anyone else.

Leeuwenhoek made over 500 simple microscopes, some of which 

magnified objects up to 300 times. Leeuwenhoek looked at ani-

mals, plants, water, minerals, and anything else that he could 

place under his lenses. He looked at water in which peppercorns 

had soaked for three weeks, and was surprised to see tiny rod-like 

organisms, which he called “animalicules.” He wrote that they 

were so small that “even if 100 of these animalicules lay stretched 

out against another, they could not reach to the length of a grain 

of coarse sand.”

When he wrote to the Royal Society in London about his observa-

tions, the scientists there did not accept his discovery. The mem-

bers of the society voted against publishing his paper, and wrote a 

letter telling him that it had caused “considerable giggling.”

The Royal Society did ask scientists to try repeating Leeuwenhoek’s 

observations. Leeuwenhoek would not send them one of his own 

microscopes, so Robert Hooke, one of the best scientists of the 

time, used one of the compound microscopes he had invented. 

At first Hooke didn’t see anything. The lenses on early compound 

microscopes were not as clear and perfect as Leeuwenhoek’s 

 magnifiers. But when Hooke used a microscope that magnified 

330 times, he confirmed Leeuwenhoek’s discovery.

How Do Bacteria Feed?

Like all living things, bacteria need food in order to grow and 

reproduce. These decomposers absorb food from the material 

they live in or on.

Since most foods are too complex for a bacterial cell to take 

them in, the bacteria must first break the food down. Like 

fungi, bacteria let out substances that digest the food outside 

of their bodies. Then the bacterial cells can absorb the simpler, 

nutrient-rich forms of the broken-down food.

How Do Bacteria Grow and Reproduce?

Bacteria usually reproduce by just dividing in two. One cell 

divides to form two new cells. Each new cell is an exact copy of 

the parent cell.

Bacteria reproduce very rapidly. It is possible for them to 

divide every 20 or 30 minutes. If conditions are right, in just 

ten hours one bacterium can become one billion bacteria!

T Think About It!
Have you ever seen a 

vase of flowers that has 

been left out for days or 

weeks? If the water looks 

cloudy, you are looking at 

bacteria! The bacteria are 

decomposing the flower 

stems and rapidly repro-

ducing. (A nasty smell is 

another sign that bacteria 

are at work.)

One of the reasons we know about bacteria is that when there 

is a large enough number of them, we can see, smell, or even 

taste evidence of what they do.

Bacteria decompose the stems 
of flowers in a vase. Bacteria 
reproduce quickly, and make 
the water look cloudy and  
smell bad.  
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How Do People Use Bacteria?

Sewage Treatment

The smell at a sewage treatment plant comes from bacteria 

working to decompose human waste. The bacteria already 

present in the waste are encouraged to grow even further at 

the treatment plant.

The sewage is mixed with water and pumped into large tanks. 

There, air is bubbled through. The conditions encourage bacte-

ria to feed and reproduce rapidly. The bacteria break down the 

waste into harmless, nutrient-rich substances.

At a sewage treatment plant, people use bacteria to decompose human waste.

Foods

People have found many other ways to use bacteria in their 

role as decomposers. In almost every culture around the world, 

humans have made foods and drinks with the help of bacteria.

Foods spoiled by certain bacteria can have an awful taste. They 

can even make you sick to your stomach. One way to prevent 

the growth of food-spoiling bacteria is by encouraging “good” 

bacteria to grow instead. Making pickled, or fermented, food 

with good bacteria can actually preserve the food.

Because bacteria let out substances that do the digestion out-

side of their bodies, they change the flavor and texture of 

foods. People have developed many foods that are made with 

bacteria. In some of these foods, the bacteria give a special 

sharp or sour taste that people enjoy.

For example, yogurt is made with a special kind of bacteria 

that breaks down the sugars in milk. They produce an acid that 

gives the yogurt its tangy taste.

Yogurt is made with the help of bacteria.
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How Do People Use Bacteria?

Sewage Treatment

The smell at a sewage treatment plant comes from bacteria 

working to decompose human waste. The bacteria already 

present in the waste are encouraged to grow even further at 

the treatment plant.

The sewage is mixed with water and pumped into large tanks. 

There, air is bubbled through. The conditions encourage bacte-

ria to feed and reproduce rapidly. The bacteria break down the 

waste into harmless, nutrient-rich substances.

At a sewage treatment plant, people use bacteria to decompose human waste.

Foods

People have found many other ways to use bacteria in their 

role as decomposers. In almost every culture around the world, 

humans have made foods and drinks with the help of bacteria.

Word Connection
fermented—changed 

to a simpler organic 

substance. Bacteria fer-

ment foods by feeding 

on the sugars in them.

Foods spoiled by certain bacteria can have an awful taste. They 

can even make you sick to your stomach. One way to prevent 

the growth of food-spoiling bacteria is by encouraging “good” 

bacteria to grow instead. Making pickled, or fermented, food 

with good bacteria can actually preserve the food.

Because bacteria let out substances that do the digestion out-

side of their bodies, they change the flavor and texture of 

foods. People have developed many foods that are made with 

bacteria. In some of these foods, the bacteria give a special 

sharp or sour taste that people enjoy.

T Think About It!
Cultures throughout the 

world have developed 

special foods made with 

bacteria. Are any of these 

fermented or pickled foods 

special to your  family’s 

heritage or culture?

• kimchi

• miso

• fish sauce

• poi

• sauerkraut

• brined pickles

• brined olives

• sourdough bread

• yogurt

• kefir

• pickled meat

• achar

• torshi

For example, yogurt is made with a special kind of bacteria 

that breaks down the sugars in milk. They produce an acid that 

gives the yogurt its tangy taste.

Yogurt is made with the help of bacteria.
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The cheese in the picture below was made with bacteria. The 

bacteria digested the sugar in milk (called lactose) and pro-

duced lactic acid. The lactic acid curdled and thickened the 

milk. (This is how Little Miss Muffett got her curds and whey!) 

The curds then were made into cheese.

The olives in this picture were fermented. Fresh olives have 

skin so tough they can’t be eaten. So olives are soaked in a 

salty solution called brine. In that solution, salt-loving bacte-

ria soften the skin of the olives—so they’re soft enough for  

you to eat.

Cheese and olives are made with the help of bacteria.

Another food product made by bacteria is called xanthan 

(zan-than). Bacteria ferment a simple sugar, and make this 

sweet, gummy substance. Xanthan is used as an ingredient 

in gummy bears, jelly candies, and many salad dressings 

and sauces.

A product of bacteria is used as an ingredient in gummy bear candy.
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The cheese in the picture below was made with bacteria. The 

bacteria digested the sugar in milk (called lactose) and pro-

duced lactic acid. The lactic acid curdled and thickened the 

milk. (This is how Little Miss Muffett got her curds and whey!) 

The curds then were made into cheese.

The olives in this picture were fermented. Fresh olives have 

skin so tough they can’t be eaten. So olives are soaked in a 

salty solution called brine. In that solution, salt-loving bacte-

ria soften the skin of the olives—so they’re soft enough for  

you to eat.

Cheese and olives are made with the help of bacteria.

Another food product made by bacteria is called xanthan 

(zan-than). Bacteria ferment a simple sugar, and make this 

sweet, gummy substance. Xanthan is used as an ingredient 

in gummy bears, jelly candies, and many salad dressings 

and sauces.

A product of bacteria is used as an ingredient in gummy bear candy.
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Nature’s Recyclers 
Help Make Soil

Soil and Nutrients

You have learned about many different living things that 

 scavenge and decompose organic materials. You have read 

that the process of decomposition leaves nutrients in the soil. 

You have observed healthy plants grow in nutrient-rich soil.

What if you were walking around outside…. Would you know 

nutrient-rich soil if you saw it? Would you know it if you 

touched it or smelled it?

6
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How Many of Nature’s Recyclers Live in 
Different Types of Soils?

Agricultural  
(farm) Soil

Prairie Soil Forest Soil

Bacteria  
(per gram [1 tsp]  
of soil)

100 million to 1 billion 100 million to 1 billion 100 million to 1 billion

Fungi  
(per gram [1 tsp]  
of soil)

Several meters Tens to hundreds of 
meters

Several hundred meters

Springtails, mites, and 
other arthropods 
(per 950 square 
centimeters  
[1 square foot])

Up to 100 500 to 2,000 10,000 to 25,000

Earthworms  
(per 950 square 
centimeters  
[1 square foot])

5 to 30 10 to 50 10 to 50

The Organic Parts of Soil

Soil’s organic ingredients include all of the living or once- 

living things in the soil. The living organisms are nature’s 

recyclers: bacteria, fungi, and invertebrates.

The once-living things in soil are plant or animal materials in 

various states of decomposition. They are food sources for the 

living organisms in soil. After many organisms have fed on, 

used, and decomposed the once-living organic matter, it forms 

humus (HYOO-muhs).

Nature’s recyclers help make soil. Invertebrates such as beetles 

and earthworms break down organic remains into smaller 

pieces. They bring the organic materials underground and mix 

them with the inorganic parts of soil—rocks, water, and air. 

Some of the organic materials are left in droppings or castings. 

The remains that are not eaten are left over for fungi and bac-

teria to finish rotting.

Nature’s 
 Recyclers Fact

Soil might appear 

solid, but it’s actually 

full of air. Fresh air 

moves through the  

top 20 cm (8 in) of 

well-drained soil.

Tunnels and burrows made by invertebrates also create air 

spaces where plant roots can reach.

Fungi and bacteria break down the organic remains further. In 

the process they leave behind gluey substances that bind the 

soil particles together. These make the soil crumbly, and allow 

air and water into the soil.

Word Connection
There is a scientific 

term for the smell that 

comes from soil that 

has been watered or 

shoveled. It is called 

geosmin. The word 

comes from Greek 

and means “smell of 

earth.” Decomposer 

bacteria living in the 

soil make substances 

that give off the scent.

Fungi and bacteria also leave behind nutrients, which become 

available for plants to use.

What Is Soil?

Soil is a mixture of many different things. In the natural 

world, these different ingredients are slowly mixed together 

over hundreds or thousands of years.

Some of these ingredients are the organic remains you’ve been 

learning about. The other ingredients are inorganic, meaning 

they were never part of living organisms.
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How Many of Nature’s Recyclers Live in 
Different Types of Soils?

Agricultural  
(farm) Soil

Prairie Soil Forest Soil

Bacteria  
(per gram [1 tsp]  
of soil)

100 million to 1 billion 100 million to 1 billion 100 million to 1 billion

Fungi  
(per gram [1 tsp]  
of soil)

Several meters Tens to hundreds of 
meters

Several hundred meters

Springtails, mites, and 
other arthropods 
(per 950 square 
centimeters  
[1 square foot])

Up to 100 500 to 2,000 10,000 to 25,000

Earthworms  
(per 950 square 
centimeters  
[1 square foot])

5 to 30 10 to 50 10 to 50

The Organic Parts of Soil

Soil’s organic ingredients include all of the living or once- 

living things in the soil. The living organisms are nature’s 

recyclers: bacteria, fungi, and invertebrates.

The once-living things in soil are plant or animal materials in 

various states of decomposition. They are food sources for the 

living organisms in soil. After many organisms have fed on, 

used, and decomposed the once-living organic matter, it forms 

humus (HYOO-muhs).

Nature’s recyclers help make soil. Invertebrates such as beetles 

and earthworms break down organic remains into smaller 

pieces. They bring the organic materials underground and mix 

them with the inorganic parts of soil—rocks, water, and air. 

Some of the organic materials are left in droppings or castings. 

The remains that are not eaten are left over for fungi and bac-

teria to finish rotting.

Tunnels and burrows made by invertebrates also create air 

spaces where plant roots can reach.

Fungi and bacteria break down the organic remains further. In 

the process they leave behind gluey substances that bind the 

soil particles together. These make the soil crumbly, and allow 

air and water into the soil.

Fungi and bacteria also leave behind nutrients, which become 

available for plants to use.

What Is Soil?

Soil is a mixture of many different things. In the natural 

world, these different ingredients are slowly mixed together 

over hundreds or thousands of years.

Some of these ingredients are the organic remains you’ve been 

learning about. The other ingredients are inorganic, meaning 

they were never part of living organisms.
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Humus is dark brown or black and kind of sticky. It holds 

the inorganic parts of soil together. It helps keep soil 

 crumbly, so the ground isn’t too hard for plants to grow.  

It absorbs water easily, so the ground doesn’t dry out. 

Humus also has lots of nutrients that plants need to  

survive, grow, and be healthy.

Adding compost increases the amount of humus in soil.

Have You Ever Seen Humus Being Made? 
Where? How?

Nature’s recyclers make humus. They make crumbly, fertile soil. 

Fertile soil is rich in nutrients, water, and air. These are the materi-

als needed for healthy plant growth.

 

Fungi and bacteria soften rotting logs. They reduce chunks of wood into crumbs of 
humus.
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Humus is dark brown or black and kind of sticky. It holds 

the inorganic parts of soil together. It helps keep soil 

 crumbly, so the ground isn’t too hard for plants to grow.  

It absorbs water easily, so the ground doesn’t dry out. 

Humus also has lots of nutrients that plants need to  

survive, grow, and be healthy.

Adding compost increases the amount of humus in soil.

Have You Ever Seen Humus Being Made? 
Where? How?

Nature’s recyclers make humus. They make crumbly, fertile soil. 

Fertile soil is rich in nutrients, water, and air. These are the materi-

als needed for healthy plant growth.

 

A garden compost bin is a 
good place to watch humus 
being made. Over time, 
nature’s recyclers break 
down dead plant matter into 
smaller and smaller pieces. 
They release nutrients, 
which will be available for 
plants to use when they 
grow in the soil.
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Fungi and bacteria soften rotting logs. They reduce chunks of wood into crumbs of 
humus.
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The Inorganic Parts of Soil

The inorganic matter in soil is the nonliving part. One inor-

ganic ingredient is rock. The rocks in soil have been weath-

ered into very small bits and pieces over thousands of years.

Word Connection
weathered—broken 

down by rain, ice, 

wind, streams, plant 

roots, and changes in 

temperature.

Besides rock pieces, the other inorganic ingredients in soil are 

water and air. In fertile soil, half of the volume (the space the 

soil takes up) is filled with water and air.

Soil scientists look at the sizes of rock pieces, or particles, 

in soil. They figure out how much of each particle size there 

is. From this information, they determine the soil texture. 

The texture of a soil affects how well it holds water, air, and 

 nutrients.

Sand

Sand is the largest size of soil particle. Pieces of sand have lots 

of edges, because wind and water haven’t worn them down 

as much or carried them as far as smaller pieces. If you roll 

grains of sand between your fingers, they feel rough.

Because they are so large, sand particles don’t get packed 

very close together—there are lots of air spaces between them. 

Sandy soil doesn’t get hard. Very sandy soil drains so quickly 

that it has trouble holding water and nutrients.

Silt

Silt is a soil particle that is smaller than sand. It has been bro-

ken down more by nature. If you rub dry silt between your fin-

gers, it feels powdery. If you rub wet silt between your fingers, 

it feels smooth. Silty soil holds water and nutrients well.

Clay

Clay is the smallest size of soil particle. If you rub dry clay 

between your fingers, it feels smooth. If you rub wet clay between 

your fingers, it feels sticky.

Clay particles can get packed together very tightly. This makes 

soil with lots of clay in it very hard. Clay will hold nutrients, 

but it is difficult for water and air to get into clay soils.

Where Is Fertile Soil?

Soil texture is different in different places. In a muddy riverbed 

the soil is soft with silt and clay. In a desert the soil is often 

sandy and dry.

In farms and gardens, the soil is usually an even mix of sand, 

silt, and clay. This mixture is best for plants because it holds 

water, air, and nutrients and is not so tightly packed that it’s 

hard for plants to grow.

Where plants grow, other organisms also live and die. Nature’s 

recyclers break down their organic remains. They make 

humus. They leave nutrients in the soil. With every cycle of 

life, death, and decomposition, the soil becomes fertile.

Fertile soil usually looks dark from the humus in it. Fertile soil 

usually feels loose and moist from the even mix of sand, silt, 

and clay. Fertile soil usually has the smell of geosmin. Would 

you know nutrient-rich soil if you saw it now?
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The Inorganic Parts of Soil

The inorganic matter in soil is the nonliving part. One inor-

ganic ingredient is rock. The rocks in soil have been weath-

ered into very small bits and pieces over thousands of years.

Besides rock pieces, the other inorganic ingredients in soil are 

water and air. In fertile soil, half of the volume (the space the 

soil takes up) is filled with water and air.

Soil scientists look at the sizes of rock pieces, or particles, 

in soil. They figure out how much of each particle size there 

is. From this information, they determine the soil texture. 

The texture of a soil affects how well it holds water, air, and 

 nutrients.

Sand

Sand is the largest size of soil particle. Pieces of sand have lots 

of edges, because wind and water haven’t worn them down 

as much or carried them as far as smaller pieces. If you roll 

grains of sand between your fingers, they feel rough.

Because they are so large, sand particles don’t get packed 

very close together—there are lots of air spaces between them. 

Sandy soil doesn’t get hard. Very sandy soil drains so quickly 

that it has trouble holding water and nutrients.

Silt

Silt is a soil particle that is smaller than sand. It has been bro-

ken down more by nature. If you rub dry silt between your fin-

gers, it feels powdery. If you rub wet silt between your fingers, 

it feels smooth. Silty soil holds water and nutrients well.

Clay

Clay is the smallest size of soil particle. If you rub dry clay 

between your fingers, it feels smooth. If you rub wet clay between 

your fingers, it feels sticky.

ITry This!
Fill a big glass jar about 

halfway with soil. Fill the 

rest of it with water. Stir 

or shake the jar and wait. 

The soil will separate into 

layers. The bottom layer 

will be gravel pieces, 

because they are the 

heaviest. The next layer 

will be sand; then silt, 

then clay. Any flecks and 

clumps left floating on top 

of the cloudy water will be 

organic materials.

Clay particles can get packed together very tightly. This makes 

soil with lots of clay in it very hard. Clay will hold nutrients, 

but it is difficult for water and air to get into clay soils.

Nature’s Recyclers Fact
If a particle of sand were the size of a basketball, then a particle of silt would be the 

size of a baseball, and a particle of clay would be the size of a golf ball.

Where Is Fertile Soil?

Soil texture is different in different places. In a muddy riverbed 

the soil is soft with silt and clay. In a desert the soil is often 

sandy and dry.

In farms and gardens, the soil is usually an even mix of sand, 

silt, and clay. This mixture is best for plants because it holds 

water, air, and nutrients and is not so tightly packed that it’s 

hard for plants to grow.

Where plants grow, other organisms also live and die. Nature’s 

recyclers break down their organic remains. They make 

humus. They leave nutrients in the soil. With every cycle of 

life, death, and decomposition, the soil becomes fertile.

Fertile soil usually looks dark from the humus in it. Fertile soil 

usually feels loose and moist from the even mix of sand, silt, 

and clay. Fertile soil usually has the smell of geosmin. Would 

you know nutrient-rich soil if you saw it now?



TThink About It!
Which organisms in this picture feed on other living things? Which organisms in this picture 

feed on dead things and other organic remains? What happens to the nutrients in the log?

Elizabeth Morales



55

Nutrient Recycling

What Are Nutrients?

Nutrients are substances, like vitamins and minerals, which 

all living things need for healthy growth and life.

Plants get their nutrients from the air, water, and soil. The 

nutrients they get are called inorganic nutrients. Animals, 

fungi, and bacteria get their nutrients from food. The nutrients 

they get are called organic nutrients.

All living things need nutrients, but only a limited amount of 

nutrients can be found on Earth. If organisms used every nutri-

ent only once, then Earth would run out of nutrients. Then no 

more plants and animals could live. Nutrients 
Are Matter

Matter can change 

forms, but it never 

disappears.

But the nutrients on Earth can be used over and over again. 

They move between living things and the physical environ-

ment. They change from organic forms to inorganic forms, 

and then back again. Nutrients are recycled.

7
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How Are Nutrients Recycled?

Nature’s recyclers move nutrients from their organic forms to 

their inorganic forms.

What is the rest of the cycle? It begins with plants. Plants take 

up inorganic nutrients and change them into organic nutrients.

Producers and Consumers

Plants get nutrients from the air, water, and soil. They trap 

light energy from the sun to help them make their own food.

 
Plants make their own food. They use energy from the sun.

Animals cannot make their own food. They eat plants and 

other organisms. When animals eat plants, they get the nutri-

ents and energy they need.

Plants are called producers, because they produce their own 

food. Animals are called consumers. Animals get their nutri-

ents and energy from the plants (and other animals) they eat, 

or consume.

Producers, consumers, and recyclers use and store energy and 

nutrients in their bodies. As one organism eats another organ-

ism, the energy and nutrients are passed along in a food chain.
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How Are Nutrients Recycled?

Nature’s recyclers move nutrients from their organic forms to 

their inorganic forms.

What is the rest of the cycle? It begins with plants. Plants take 

up inorganic nutrients and change them into organic nutrients.

Producers and Consumers

Plants get nutrients from the air, water, and soil. They trap 

light energy from the sun to help them make their own food.

 
Plants make their own food. They use energy from the sun.

Animals cannot make their own food. They eat plants and 

other organisms. When animals eat plants, they get the nutri-

ents and energy they need.

Plants are called producers, because they produce their own 

food. Animals are called consumers. Animals get their nutri-

ents and energy from the plants (and other animals) they eat, 

or consume.

Word Connection
An omnivore is an animal that eats both plants and animals.

The root word vore comes from Latin and means “to eat or swallow.” The root word 

omni means all.

Can you figure out what herbivore might mean? What about carnivore?

Producers, consumers, and recyclers use and store energy and 

nutrients in their bodies. As one organism eats another organ-

ism, the energy and nutrients are passed along in a food chain.

© Marjorie C. Leggitt
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But there is a big difference between what happens to energy 

and what happens to nutrients as they flow through a food 

chain.

What happens to energy in a food chain?

Plants trap energy from the sun, and bring it into a food 

chain. Animals eat the plants, and other animals eat those 

animals. As animals use the energy to live, grow, move, heal, 

and stay warm, they use up some of the energy.

This means that at each link in a food chain, less and less 

energy is passed along when one organism eats another.

What happens to nutrients in a food chain?

Nutrients are different than energy. Nutrients are matter. That 

means they can be used over and over again in different forms 

and never get used up.

Nutrients are simply passed from one organism to the next. 

The nutrients in grass pass to the bison that eats it. The nutri-

ents in a bison pass to the wolf that eats it. The nutrients 

become parts of their bodies.

Nutrients continue to exist even when they change from one 

form to another. They don’t get lost when they are passed from 

one link to another in a food chain. They are constantly being 

reused in different combinations.

A food chain is a model that shows how consumers depend 

on producers. In reality, the relationship between producers 

and consumers, and between different consumers, is much 

more complicated. Many food chains connect with each other 

in what are called food webs.
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But there is a big difference between what happens to energy 

and what happens to nutrients as they flow through a food 

chain.

What happens to energy in a food chain?

Plants trap energy from the sun, and bring it into a food 

chain. Animals eat the plants, and other animals eat those 

animals. As animals use the energy to live, grow, move, heal, 

and stay warm, they use up some of the energy.

This means that at each link in a food chain, less and less 

energy is passed along when one organism eats another.

What happens to nutrients in a food chain?

Nutrients are different than energy. Nutrients are matter. That 

means they can be used over and over again in different forms 

and never get used up.

Nutrients are simply passed from one organism to the next. 

The nutrients in grass pass to the bison that eats it. The nutri-

ents in a bison pass to the wolf that eats it. The nutrients 

become parts of their bodies.

Nutrients continue to exist even when they change from one 

form to another. They don’t get lost when they are passed from 

one link to another in a food chain. They are constantly being 

reused in different combinations.

A food chain is a model that shows how consumers depend 

on producers. In reality, the relationship between producers 

and consumers, and between different consumers, is much 

more complicated. Many food chains connect with each other 

in what are called food webs.

T Think About It!
Can you figure out where 

to put nature’s recyclers in 

your food chain?

© Marjorie C. Leggitt
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Nature’s Recyclers

Plants and animals produce waste, and they die. Even then, 

the nutrients in their bodies don’t disappear. Nature’s recyclers 

break down their organic remains.
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ConsumersProducers

plants herbivore                     carnivore

decomposers          scavengers

Nature's Recyclers

Fungi and bacteria use some of the organic nutrients for their 

own bodies. They leave the rest as inorganic nutrients in the 

soil or water. Then plants take in the inorganic nutrients. The 

nutrients get passed to consumers, and back again to nature’s 

recyclers. This is how nutrients get recycled.

People Doing Science

Dead Salmon Bring Life

Scientists are able to identify nutrients that come from the ocean 

and nutrients that come from the land. In recent years they have 

discovered ocean nutrients far inland, and they have learned that 

salmon brought them there.

Salmon provide food for mammals, birds, stream invertebrates, 

and microscopic organisms. Salmon also provide nutrients for 

plants and mosses in the inland forests next to streams.

As young fish, Pacific salmon travel from the rivers where they 

are born to the ocean. They spend several years in the ocean and 

grow into adults. When they are fully grown, the salmon return 

to the rivers. They lay their eggs in the gravel river bottoms. Then 

they die.
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Nature’s Recyclers

Plants and animals produce waste, and they die. Even then, 

the nutrients in their bodies don’t disappear. Nature’s recyclers 

break down their organic remains.

Fungi and bacteria use some of the organic nutrients for their 

own bodies. They leave the rest as inorganic nutrients in the 

soil or water. Then plants take in the inorganic nutrients. The 

nutrients get passed to consumers, and back again to nature’s 

recyclers. This is how nutrients get recycled.

Word Connection
After reading the word “recycle” so many times, you might be wondering what it 

really means. Let’s try breaking it apart:

• re- is a prefix that means again.   

• cycle means a circle.

So recycle means to circle again. Nutrients are used by producers, consumers, and 

nature’s recyclers. Then nutrients return to the soil or water, and circle again…and 

again…and again....

Nature’s 
 Recyclers Fact

The common sym-

bol used to show 

recycling looks like 

a flattened Mobius 

strip. A Mobius 

strip is an object that 

has one continuous 

surface even though 

it appears to have 

two sides. The symbol 

represents that the 

cycle never ends and 

materials can be used 

over and over again.

People Doing Science

Dead Salmon Bring Life

Scientists are able to identify nutrients that come from the ocean 

and nutrients that come from the land. In recent years they have 

discovered ocean nutrients far inland, and they have learned that 

salmon brought them there.

Salmon provide food for mammals, birds, stream invertebrates, 

and microscopic organisms. Salmon also provide nutrients for 

plants and mosses in the inland forests next to streams.

As young fish, Pacific salmon travel from the rivers where they 

are born to the ocean. They spend several years in the ocean and 

grow into adults. When they are fully grown, the salmon return 

to the rivers. They lay their eggs in the gravel river bottoms. Then 

they die.
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While the adult salmon swim upstream, many animals hunt them. 

Bears, wolves, otters, and eagles catch the fish to eat. Sometimes 

these animals carry the salmon into the forest. When they are 

done eating, they leave the remains of the salmon on the ground. 

There the dead salmon decompose.

The nutrients that the salmon carried in their bodies are absorbed 

in forest soils. Forest mosses and trees take in the salmon’s nutri-

ents for their growth.

The salmon that are not caught provide nutrients to organisms 

that live in the rivers. After the fish have laid their eggs, they die 

and slowly decompose. Stream invertebrates, bacteria, and other 

microscopic organisms feed on them. To complete the nutrient 

recycling, these stream organisms provide food for young salmon 

after they hatch.
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Stories About 
Nature’s Recyclers

A Compost Community

What Is a Compost Pile?

A compost pile is a place to put organic remains: fruit and 

vegetable waste from a kitchen, grass clippings and raked 

leaves from a yard.

But why would people want to put their waste in their back-

yard? Why not just send the stuff to the dump?

People who keep compost piles know that organic remains are 

a storehouse for nutrients that plants in the garden need.

Over time a compost pile breaks down and decomposes. It 

becomes the dark, sweet-smelling, nutrient-rich ingredients  

of soil.

8
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What Is a Compost Community?

The decomposition that happens in a compost pile is carried 

out by a whole community of organisms. This community 

includes all of the different kinds of organisms that come to 

the compost pile to eat and live. They are all nature’s recyclers.

You may recognize some of these creatures, but most of them 

are so small that you probably don’t notice them. In fact, 

some of them are so small that you can’t even see them with-

out a microscope.

Let’s take a look.

A compost pile with a raccoon.

A Raccoon

A raccoon that found its way to a compost pile would have a 

feast there. Raccoons are scavengers. They are also omnivores—

they eat both plants and animals. A raccoon would eat not only 

the fruit and vegetable leftovers, but also any earthworms it 

found in the compost pile.

A raccoon and an earthworm.

Earthworms

When you see earthworms in a compost pile, you know that 

decomposition is happening. Earthworms burrow through to 

eat the rotten fruits, vegetables, and leaves. They shred the 

plant litter, breaking it down.

As earthworms wriggle along, they make tiny pellets called 

castings. The castings help build up the soil and provide 

nutrients in a form that plants can use.

In healthy soil communities there are about 150 earthworms 

per square meter (a little more than one square yard).

A millipede and an earthworm.
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What Is a Compost Community?

The decomposition that happens in a compost pile is carried 

out by a whole community of organisms. This community 

includes all of the different kinds of organisms that come to 

the compost pile to eat and live. They are all nature’s recyclers.

You may recognize some of these creatures, but most of them 

are so small that you probably don’t notice them. In fact, 

some of them are so small that you can’t even see them with-

out a microscope.

Let’s take a look.

A compost pile with a raccoon.

A Raccoon

A raccoon that found its way to a compost pile would have a 

feast there. Raccoons are scavengers. They are also omnivores—

they eat both plants and animals. A raccoon would eat not only 

the fruit and vegetable leftovers, but also any earthworms it 

found in the compost pile.

A raccoon and an earthworm.

Earthworms

When you see earthworms in a compost pile, you know that 

decomposition is happening. Earthworms burrow through to 

eat the rotten fruits, vegetables, and leaves. They shred the 

plant litter, breaking it down.

As earthworms wriggle along, they make tiny pellets called 

castings. The castings help build up the soil and provide 

nutrients in a form that plants can use.

In healthy soil communities there are about 150 earthworms 

per square meter (a little more than one square yard).

A millipede and an earthworm.
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Millipedes

Millipedes are another kind of long, thin creature that lives in 

compost piles. Like earthworms, they are invertebrates—they 

don’t have any bones.

What they do have is lots of legs. “Millipede” means “thou-

sand feet.” Actually, millipedes usually have less than one 

hundred feet. When a millipede moves, ripples pass down its 

body from one pair of legs to the next.

Millipedes graze on the dead leaves and grasses in the outer 

layers of a compost pile. As they travel from place to place, 

they sometimes carry piggybacking mites. Each mite is smaller 

than a grain of sand. The mites jump off when they reach a 

good source of food.

Mites on a millipede.

Mites

Mites, like their spider relatives, have eight legs. Some mites 

are herbivores that feed on decaying plant material. Other 

mites are carnivores that feed on even smaller animals.

Carnivorous mites eat springtails, which also live in compost piles.

A mite eating a springtail.

Springtails

Springtails are a kind of insect. There are more springtails 

than all the other kinds of insects combined. But they are so 

small that they weren’t even discovered until the magnifying 

glass was invented.

Some springtails graze on fungi, like mold. Other springtails 

eat bacteria, nematodes, or the droppings of other soil-feeding 

animals.

A springtail eating mold.

Fungi

Fungi tend to feed on the tough plant remains in a compost 

pile, such as leaf litter or woody pieces. Fungi digest the mate-

rials outside of their bodies. Where fungi feed, the organic 

remains decompose into a liquid full of nutrients. Then the 

fungi take the nutrients in through hairy-looking tubes.

Nematodes

Nematodes are another kind of microscopic invertebrate that 

eat a wide variety of organisms in compost. Some nematodes 

feed on plants, some feed on bacteria and fungi, and others feed 

on other nematodes.
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Millipedes

Millipedes are another kind of long, thin creature that lives in 

compost piles. Like earthworms, they are invertebrates—they 
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What they do have is lots of legs. “Millipede” means “thou-

sand feet.” Actually, millipedes usually have less than one 

hundred feet. When a millipede moves, ripples pass down its 

body from one pair of legs to the next.

Millipedes graze on the dead leaves and grasses in the outer 

layers of a compost pile. As they travel from place to place, 

they sometimes carry piggybacking mites. Each mite is smaller 

than a grain of sand. The mites jump off when they reach a 

good source of food.

Mites on a millipede.

Mites

Mites, like their spider relatives, have eight legs. Some mites 

are herbivores that feed on decaying plant material. Other 

mites are carnivores that feed on even smaller animals.

Carnivorous mites eat springtails, which also live in compost piles.

A mite eating a springtail.

Springtails

Springtails are a kind of insect. There are more springtails 

than all the other kinds of insects combined. But they are so 

small that they weren’t even discovered until the magnifying 

glass was invented.

Some springtails graze on fungi, like mold. Other springtails 

eat bacteria, nematodes, or the droppings of other soil-feeding 

animals.

A springtail eating mold.

Fungi

Fungi tend to feed on the tough plant remains in a compost 

pile, such as leaf litter or woody pieces. Fungi digest the mate-

rials outside of their bodies. Where fungi feed, the organic 

remains decompose into a liquid full of nutrients. Then the 

fungi take the nutrients in through hairy-looking tubes.

Nematodes

Nematodes are another kind of microscopic invertebrate that 

eat a wide variety of organisms in compost. Some nematodes 

feed on plants, some feed on bacteria and fungi, and others feed 

on other nematodes.
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There can be several hundred bacterial-feeding and fungal-feeding 

nematodes in one gram (a teaspoon) of  composted soil.

The smallest nematodes feed on bacteria. They are so small 

that about 20 of them lined up, end to end, would cover only a 

centimeter (less than half an inch).

Bacteria

Bacteria are the smallest decomposers. And there are more bac-

teria than any other kind of decomposer in a compost pile (or 

anywhere else). In one gram (a single teaspoon) of compost, 

there may be between 100 million and 100 billion bacteria.

Bacteria are among the first to decompose fresh plant litter and 

kitchen waste. They cause the smelly, mushy rot that attracts so 

many other compost organisms.

As bacteria decompose organic waste, they release heat. This is 

why, on a cool day, you can see steam rising from a compost pile.

The earthy smell of freshly dug compost is another sign of 

active bacteria.

Soil bacteria.

The FBI in…The Case of the 
Missing Tree

This story needs your detective work. You need to investigate the 

 disappearance of a dead tree.

This case has the FBI stumped—because its agents created the 

 situation!

It is your mission to figure out not only where the tree went, but who 

the FBI agents really are.

The facts, as we know them:

Before it fell, the tree had been standing for a hundred years 

or more. It had become weak. Sap-sucking bugs pricked holes 

in its leaves and limbs. Bark beetles loosened its bark and laid 

eggs underneath. Woodpeckers used their beaks like chisels to 

find the insects inside.

When branches broke, the spores of fungi drifted into the 

damp places. A bracket fungus grew like a shelf on the tree’s 

base. Mushrooms sprouted from the soil below the tree. Their 

mycelium laced around the tree’s roots and softened the roots 

underground.

The tree fell during a winter storm. Winds lashed and broke its 

main branches. Driving rain undercut its rotted roots. Sound-

ing like a crash of thunder, the tree toppled to the ground.

To anyone passing by the following day, the dead tree would 

have looked lifeless. But a closer look would have shown the 

activity of invertebrates finding the log and feeding on it.

Millipedes moved into the damp darkness under the log, and 

ate the decaying bark. Sow bugs crawled into the rotting wood 

for food and moisture. Wood-boring beetle larvae ate their 
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There can be several hundred bacterial-feeding and fungal-feeding 

nematodes in one gram (a teaspoon) of  composted soil.

The smallest nematodes feed on bacteria. They are so small 

that about 20 of them lined up, end to end, would cover only a 

centimeter (less than half an inch).

Bacteria

Bacteria are the smallest decomposers. And there are more bac-

teria than any other kind of decomposer in a compost pile (or 

anywhere else). In one gram (a single teaspoon) of compost, 

there may be between 100 million and 100 billion bacteria.

Bacteria are among the first to decompose fresh plant litter and 

kitchen waste. They cause the smelly, mushy rot that attracts so 

many other compost organisms.

As bacteria decompose organic waste, they release heat. This is 

why, on a cool day, you can see steam rising from a compost pile.

The earthy smell of freshly dug compost is another sign of 

active bacteria.

Soil bacteria.

The FBI in…The Case of the 
Missing Tree

This story needs your detective work. You need to investigate the 

 disappearance of a dead tree.

This case has the FBI stumped—because its agents created the 

 situation!

Word Connection
agent—someone or 

something with the 

power to do or cause 

something.

It is your mission to figure out not only where the tree went, but who 

the FBI agents really are.

The facts, as we know them:

Before it fell, the tree had been standing for a hundred years 

or more. It had become weak. Sap-sucking bugs pricked holes 

in its leaves and limbs. Bark beetles loosened its bark and laid 

eggs underneath. Woodpeckers used their beaks like chisels to 

find the insects inside.

When branches broke, the spores of fungi drifted into the 

damp places. A bracket fungus grew like a shelf on the tree’s 

base. Mushrooms sprouted from the soil below the tree. Their 

mycelium laced around the tree’s roots and softened the roots 

underground.

The tree fell during a winter storm. Winds lashed and broke its 

main branches. Driving rain undercut its rotted roots. Sound-

ing like a crash of thunder, the tree toppled to the ground.

To anyone passing by the following day, the dead tree would 

have looked lifeless. But a closer look would have shown the 

activity of invertebrates finding the log and feeding on it.

Millipedes moved into the damp darkness under the log, and 

ate the decaying bark. Sow bugs crawled into the rotting wood 

for food and moisture. Wood-boring beetle larvae ate their 
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way out through the wood. Termites tunneled in and feasted 

further inside, laying their eggs in deep chambers.

Bacteria living in the invertebrates’ guts helped them 

digest the dead wood. Other bacteria in the droppings and 

remains worked on breaking down what the insects had left 

behind.

Meanwhile, fungi lived and fed on the log too. Their mycelia 

spread through the wood, dissolving it, making the inside of 

the dead tree spongy and soft. After a year, the log’s outer bark 

fell to the ground.

Earthworms nibbled at the rotting bark pieces, and pulled 

them down into the soil. Mushrooms sprang up and spread 

their spores. Invertebrates continued living and eating inside 

the log. Termite dust and sow bug droppings fell to the ground 

below.

Ten years later, the log was gone. In its place, healthy green 

plants grew in a mound of rich, dark soil. The tree had 

 disappeared.

From Bison to Tall Grass Prairie

Standing in the tall grass prairie, 

an old bison grazes on big blue-

stem grasses. He drops a pile of 

dung, and walks away.

The fresh dropping is composed 

of partly digested grasses and 

smelly liquid. It attracts insects 

within minutes.

Flies quickly deposit eggs and leave before their maggots hatch 

and begin eating. Wasps lay eggs too. They hatch into larvae 

that feed on the maggots.

Meanwhile, microscopic bacteria in the dung are eating and 

excreting. They make the smell of the droppings even stronger.

Dung beetles follow the wind-blown odors. The beetles carry 

piggybacking mites, which climb off in the attractive new 

habitat.

The beetles burrow inside the dung patty. They suck on the 

liquid, full of bacteria, which they can digest. They lay eggs. 

Their larvae will eat both the liquid and solid portions of  

the dung before they mature. 

When the larvae become beetles, 

they will go in search of a new 

dung pile.

Around the edges of the bison’s 

dropping, Pilobolus mushrooms 

sprout up. They have been grow-

ing, feeding, and spreading 

through the dung. Now their 
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way out through the wood. Termites tunneled in and feasted 

further inside, laying their eggs in deep chambers.

Bacteria living in the invertebrates’ guts helped them 
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Earthworms nibbled at the rotting bark pieces, and pulled 
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the log. Termite dust and sow bug droppings fell to the ground 

below.

Ten years later, the log was gone. In its place, healthy green 

plants grew in a mound of rich, dark soil. The tree had 

 disappeared.
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Standing in the tall grass prairie, 

an old bison grazes on big blue-

stem grasses. He drops a pile of 

dung, and walks away.

The fresh dropping is composed 

of partly digested grasses and 

smelly liquid. It attracts insects 

within minutes.

Flies quickly deposit eggs and leave before their maggots hatch 

and begin eating. Wasps lay eggs too. They hatch into larvae 

that feed on the maggots.

Meanwhile, microscopic bacteria in the dung are eating and 

excreting. They make the smell of the droppings even stronger.

Dung beetles follow the wind-blown odors. The beetles carry 

piggybacking mites, which climb off in the attractive new 

habitat.

The beetles burrow inside the dung patty. They suck on the 

liquid, full of bacteria, which they can digest. They lay eggs. 

Their larvae will eat both the liquid and solid portions of  

the dung before they mature. 

When the larvae become beetles, 

they will go in search of a new 

dung pile.

Around the edges of the bison’s 

dropping, Pilobolus mushrooms 

sprout up. They have been grow-

ing, feeding, and spreading 

through the dung. Now their 
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fruiting stalks reach toward the sun, and they shoot spores 

into the grasses six feet away.

As the dung patty begins to dry, a 

second type of dung beetle comes. 

A male and female pair gathers a 

large collection of dung, works it 

into a ball, and rolls it into a tunnel 

deep underground. Inside, a beetle 

larva will hatch. It will eat the 

manure ball until it matures.

Only a little bit of the dropping is left now, just a crust of old 

plant material. Bacteria still live in it, and mold begins to 

grow on it. From below, an earthworm chews at the decompos-

ing remains.

By the time his dung has become part of the soil, the old bison 

himself is ready to die. During his life, he crossed miles of prai-

rie, and fathered five calves.

Recently, though, a pack of gray 

wolves noticed how old and weak 

he is. The wolves attacked and 

chased him away from his herd. 

He outran them. But his injuries 

eventually bring him down.

Even before he dies, flies lay eggs 

inside the old bison’s wounds. An 

hour after he dies, three coyotes are 

at his body, gulping down meat. 

Turkey vultures begin to circle over-

head. As the coyotes finish, the 

vultures land on the carcass and pull at 

it with their hooked beaks.

The body is beginning to smell. Bacteria 

eat away at the dead bison from inside, 

creating a putrid gas. More flies, follow-

ing the smell, descend to eat the remains.

Not long after the flies, carrion beetles 

arrive to lay their eggs. They carry mites that eat fly eggs. 

These mites reduce competition for the beetle larvae that will 

hatch—the less flies there are, the more food there will be for 

the larvae.

As the days pass, bacteria spread through the decomposing 

body. Fly and beetle larvae hatch and eat the rotting meat. 

Ants crawl across the carcass, searching for moisture and  

minerals.

After just two weeks, the body 

is dried and nearly gone. Mites 

and small moths feed on the 

skin and fur. Dermestid beetles 

clean the bones. Then mice 

chew the bones into smaller and smaller 

pieces.

Bacteria finish the job. When the bacteria 

are done, the nutrients from the bison’s 

dead body will be minerals in the soil 

below.

After a year, where the old bison’s remains 

once lay, big bluestem grass grows lush 

and tall.
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fruiting stalks reach toward the sun, and they shoot spores 

into the grasses six feet away.

As the dung patty begins to dry, a 

second type of dung beetle comes. 

A male and female pair gathers a 

large collection of dung, works it 

into a ball, and rolls it into a tunnel 

deep underground. Inside, a beetle 

larva will hatch. It will eat the 

manure ball until it matures.

Only a little bit of the dropping is left now, just a crust of old 

plant material. Bacteria still live in it, and mold begins to 

grow on it. From below, an earthworm chews at the decompos-

ing remains.

By the time his dung has become part of the soil, the old bison 

himself is ready to die. During his life, he crossed miles of prai-

rie, and fathered five calves.

Recently, though, a pack of gray 

wolves noticed how old and weak 

he is. The wolves attacked and 

chased him away from his herd. 

He outran them. But his injuries 

eventually bring him down.

Even before he dies, flies lay eggs 

inside the old bison’s wounds. An 

hour after he dies, three coyotes are 

at his body, gulping down meat. 

Turkey vultures begin to circle over-

head. As the coyotes finish, the 

vultures land on the carcass and pull at 

it with their hooked beaks.

The body is beginning to smell. Bacteria 

eat away at the dead bison from inside, 

creating a putrid gas. More flies, follow-

ing the smell, descend to eat the remains.

Not long after the flies, carrion beetles 

arrive to lay their eggs. They carry mites that eat fly eggs. 

These mites reduce competition for the beetle larvae that will 

hatch—the less flies there are, the more food there will be for 

the larvae.

Word Connection
putrid—rotten 

 smelling.

As the days pass, bacteria spread through the decomposing 

body. Fly and beetle larvae hatch and eat the rotting meat. 

Ants crawl across the carcass, searching for moisture and  

minerals.

After just two weeks, the body 

is dried and nearly gone. Mites 

and small moths feed on the 

skin and fur. Dermestid beetles 

clean the bones. Then mice 

chew the bones into smaller and smaller 

pieces.

Bacteria finish the job. When the bacteria 

are done, the nutrients from the bison’s 

dead body will be minerals in the soil 

below.

After a year, where the old bison’s remains 

once lay, big bluestem grass grows lush 

and tall.
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Tools of Science

Keeping Records

When scientists conduct investigations, they keep careful notes 

about what happened along the way. There are lots of good 

reasons for this.

• If the records are neat and well-organized, the data will 

be easier to interpret.

• Scientists use their records to draw conclusions about 

what happened in the investigation.

• If they describe what they did carefully, then other scien-

tists can repeat the investigation or compare it to some-

thing they did that was similar.

• Sometimes scientists discover things they didn’t expect 

during an investigation. Good records help them fig-

ure out what might have happened, and new things to 

 investigate.

Skilled scientists keep track of the things that go wrong as 

well as the things that go right. And they don’t go back and 

change their data, even if the investigation doesn’t go the way 

they hoped.

9
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Data Tables

Scientists use data tables to organize information. If you look 

at data in a table, you may be able to see patterns.

When you want to organize data from your own investiga-

tions in a data table, follow these guidelines:

• Give your data table a title.

• Give each column a heading.

• Make sure you write the units of measurement on your table.

• Put the rows in an order that makes sense. For example, 

if your data follows something over time, start with the 

earliest record and end with the latest record. If your data 

is a list of measurements of different things, start with the 

smallest measurement and move to the largest measure-

ment (or vice versa).

Here are some examples of different tables. See if you can find 

patterns in the data. Think about how you might organize 

your own data in a data table.

This table compares two different things. It makes it possible 

for you to look at the characteristics of dung beetles and car-

rion beetles, side by side.

Comparison of Dung Beetles and Carrion Beetles

Dung Beetles Carrion Beetles
Main food source Herbivore dung Dead animals

Body Oval and hard Flattened and leathery

Legs Broad and spiny Broad and spiny

Feet on front legs Very short Long

Head Hoe-like, sometimes 
with horns

Oval

Antennae Short, plate-like or  
saw-like

Long, clubbed at tips

Scientific family name Scarabaeidae Silphidae

This table is organized by date. That way you can see how 

the amount of garbage produced in the United States has 

increased over time.

Change in the Amount of Garbage Produced in the  

U.S. from 1960 to 2003

Year Weight of Garbage (million tons)
1960 88

1970 121

1980 152

1990 205

2003 236

This table places the data in number order, with the largest 

numbers first and the smallest numbers last. That way you 

can see the materials in order from what makes up the most to 

the least amount of our garbage.

Weight of Garbage Produced in the U.S. in 2003

Material Weight of Garbage (million tons)
Paper 82½

Yard trimmings 28

Food scraps 27½

Plastics 26½

Metals 20

Rubber, leather, and textiles 17½

Glass 12½

Wood 13½

Other trash 8
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Data Tables

Scientists use data tables to organize information. If you look 
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This table is organized by date. That way you can see how 

the amount of garbage produced in the United States has 
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Change in the Amount of Garbage Produced in the  
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This table places the data in number order, with the largest 

numbers first and the smallest numbers last. That way you 

can see the materials in order from what makes up the most to 

the least amount of our garbage.

Weight of Garbage Produced in the U.S. in 2003

Material Weight of Garbage (million tons)
Paper 82½

Yard trimmings 28
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Plastics 26½

Metals 20

Rubber, leather, and textiles 17½

Glass 12½

Wood 13½

Other trash 8
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Graphs

Scientists use graphs and charts to view data in different ways. 

They choose which kind of graph or chart will work best to  

display the information.

Bar GraphsTThink About It!
Is it easier to tell from 

a table or from a graph 

which materials make up 

most of our garbage?

Bar graphs are good tools for making comparisons. This  

graph shows the same data that was in the “Weight of 

 Garbage” table.

This graph shows the highest point in ten locations in the 

United States.
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Graphs

Scientists use graphs and charts to view data in different ways. 

They choose which kind of graph or chart will work best to  

display the information.

Bar Graphs

Bar graphs are good tools for making comparisons. This  

graph shows the same data that was in the “Weight of 

 Garbage” table.

This graph shows the highest point in ten locations in the 

United States.

TThink About It!
Would it be just as easy to find the highest and lowest points if the states were in alpha-

betical order?
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Line Graphs

Line graphs are another way to look at information. They may 

help you see patterns over time.

Each line in this graph shows how the temperature rises and 

falls over the year in each city. By placing data for two cities 

on one graph, you can also compare the temperatures (and 

patterns) in the two cities.
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Line Graphs

Line graphs are another way to look at information. They may 

help you see patterns over time.

Each line in this graph shows how the temperature rises and 

falls over the year in each city. By placing data for two cities 

on one graph, you can also compare the temperatures (and 

patterns) in the two cities.
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Pie Charts

Pie charts can show fractions. This pie chart shows that the 

organic ingredients in soil are made up mostly of decompos-

ing organic matter and humus.

Pie charts are a good way to see what parts make up a whole, 

but it’s hard to see small amounts on them.
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Glossary

absorb
To soak in or soak up.

agent
Someone or something with the power 

to do or cause something.

antibiotic
A drug that fights against organisms 

that cause infections.

anus
An opening at the end of the digestive 

tract where waste leaves the body.

archaeological site
A place where there is some evidence of 

past human activity.

bacteria
Microscopic, single-celled living things, 

some of which work as decomposers as 

they feed on dead organisms. (The sin-

gular form is bacterium.)

biodegradable
Able to be decomposed by living things.

brine
Salt water used for preserving or pick-

ling foods.

bristles
Tiny hair-like structures earthworms use 

to grip the soil and anchor themselves. 

Almost all earthworm segments have 

bristles.

cap
The top part of a mushroom that  

protects the gills and spores. It is  

the button-like structure that first 

appears when the fruiting body of a 

mushroom grows.

carnivore
A consumer that eats only animals.

carrion
Decaying animal flesh (meat).

castings
Remains of digested food left by 

 earthworms.
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cell
The smallest structure of an organ-

ism that can grow, reproduce, and die. 

Some living things are single cells, 

while others are made up of billions  

of cells working together.

compost
Decomposed plant and food waste. 

 People mix compost into soil to add 

nutrients for plants.

consumer
An organism that feeds on other organ-

isms. All animals are consumers.

contaminate
To make dirty or unclean.

cycle
A repeating pattern.

data
A record of what happened during an 

investigation. Information gathered by 

counting, measuring, or other types of 

observation.

decay
The slow, steady breaking down of dead 

plants or animals into simpler parts. 

Also known as rot.

decompose
To rot, decay, or break down into smaller 

pieces.

decomposers
Organisms that break down dead plant 

or animal material to get their nutrients, 

and leave behind some nutrients in the 

soil or water. Decomposers include fungi 

and bacteria.

decomposition
A process in which the remains of living 

things rot, decay, or break down. Other 

living organisms and environmental 

factors such as moisture and tempera-

ture affect this process.

digest
To break down foods into nutrients the 

body can use.

digestive system
A long tube inside an earthworm (and 

other animals), where food is broken 

down into nutrients it can use.

dung
The feces or manure of animals.

edible
Fit to be eaten; nonpoisonous.

energy
The ability to do work or actions, grow, 

or give off heat or light.

environment
Everything around a living thing.
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excrete
To rid the body of waste products.

fermented
Changed to a simpler organic sub-

stance. Bacteria ferment foods by feed-

ing on the sugars in them.

Fleming, Alexander (1881–1955)
A British bacteriologist who discovered 

the antibiotic penicillin.

food chain
A chain of organisms in which each 

organism is food for the next organism 

in the chain.

food web
All the food chains in a community of 

living organisms.

fruiting body
The part of a fungus that makes and 

releases the spores. For example, a 

mushroom.

fungi
A kingdom of living things that is dif-

ferent from both plants and animals. 

Fungi break down the remains of the 

organic material they live in or live on 

to get nutrients. Mushrooms and molds 

are fungi. (The singular form is fungus.)

gill
The part of a mushroom underneath 

the cap that forms and holds the spores.

habitat
The place where an organism can get 

the things it needs to survive.

herbivore
A consumer that eats only plants.

Hooke, Robert (1635–1703)
An English physicist, inventor, and 

mathematician.

humus
The dark brown or black material 

formed from decomposed plant and 

animal matter. Humus contains many 

nutrients.

inorganic
A way of describing a material that 

does not come from a living thing—for 

example, a rock.

invertebrate
An animal without a backbone. Inver-

tebrates include insects, worms, spiders, 

snails, crabs, and clams.

larvae
Newly hatched insects with a different 

body structure from the adult.
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matter
Anything that takes up space and has 

weight. Something that can be held in a 

container and released in another place.

Mobius strip
An object that has one continuous sur-

face even though it appears to have two 

sides.

mold
A fuzzy looking fungus that commonly 

grows on old, moist food in warm areas.

mushroom
The fruiting body produced by some 

fungi.

mycelium
The main part of a fungus. It looks like 

tangled white threads, and is usually 

out of sight inside the organic material 

it feeds on. It is used to absorb nutrients. 

(The plural form is mycelia.)

naturalist
A scientist who studies plants and ani-

mals in nature.

natural waste
Organisms that are no longer living; or 

parts of organisms that are discarded, 

excreted, or no longer needed. Also 

called organic remains.

nature’s recyclers
Scavengers and decomposers.

nutrients
Substances such as vitamins and 

 minerals that organisms need for 

growth and life.

omnivore
A consumer that eats both plants and 

animals.

organic
A way of describing a material that 

comes from a living or once-living 

thing—for example, a leaf from a tree 

or a bone from an animal.

organic remains
Organisms that are no longer living; or 

parts of organisms that are discarded, 

excreted, or no longer needed. Also 

called natural waste.

organism
Any living thing.

parasite
An organism that grows and feeds on or 

in another organism (its host), without 

helping the host’s survival.

particle
A tiny bit of matter, such as a grain  

of sand.
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penicillin
An antibiotic made from certain molds.

perlite
A white, glassy volcanic rock.

producer
An organism that makes its own food. 

All green plants are producers.

putrefaction
The partial decomposition of organic 

remains, producing a bad smell and 

bloating from gas.

putrid
Rotten smelling.

recycle
To circle again; to use again by produc-

ing something new.

rot
To go through decomposition; decay.

saddle
A reproductive structure found in adult 

worms that looks like a thick, swollen 

band.

scavengers
Animals that eat dead organisms they 

did not kill.

segments
The numerous, ring-shaped parts that 

make up an earthworm’s body.

soil texture
The relative amounts of different sizes of 

soil particles.

sporangia
The small, round capsules on some 

molds that contain spores.

spore
The microscopic reproductive part of a 

fungus.

stalk
The stem-like part of a mushroom. 

Sometimes called the “stipe” or “leg.”

stewardship
The act of caring for and maintaining 

something.

stromatolite
The fossil remains of bacterial mats.

van Leeuwenhoek, Anton (1632–1723)
A Dutch microbiologist who was the 

first person to see bacteria. Self-trained 

as a scientist, he was also a fabric mer-

chant and surveyor.
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vertebrate
An animal that has a backbone. Verte-

brates include fish, amphibians, reptiles, 

birds, and mammals.

vibration
A regular back and forth motion. A fast 

rate of sound vibration makes a high 

pitch. A slow rate of sound vibration 

makes a low pitch.

waste
Anything that is discarded because it is 

used up, worn out, or no longer needed.

weathered
Broken down by rain, ice, wind, 

streams, plant roots, and changes in 

temperature.

xanthan
A sweet, gummy substance produced by 

some bacteria.
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carnivores (continued)
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stromatolites, 38, 87
sun, plants trapping light energy of, 56

T
taste, of bacteria, 41
termites, feeding on trees, 70
trash, 3

V
van Leeuwenhoek, Anton, 40, 87
vertebrates

defined, 88
types of, 8

vibrations
defined, 88
sensed by earthworms, 14

vitamins, nutrients, 55
vultures

in food chain, 72–73
as scavengers, 8

W
waste

defined, 88
human, 3–6
in nature, 1–2

water
fertile soil and, 50
making of soil and, 48
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weathered
defined, 88
rocks, 52

wolves, in food chain, 72
wood-boring beetles, 69–70
woodpeckers, 69

X
xanthan, 45, 88

Y
yogurt, 43










