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Adaptation and Environment

MASTERS OF RECYCLING
Fungi have been in the recycling business for a long, long time—actually as long as plants have been 
around, which adds up to about 400 million years. Fungi, however, don’t do all of the work on their 
own; they also employ help from bacteria and protozoa and are collectively referred to as 
decomposers. Realizing that a single broad-leaved tree has approximately 1 million leaves that weigh 
about 200kg, it can be calculated that in 5 years, 1 tonne of leaves are produced and fall to the 
ground. This means that 1 billion deciduous trees produce 1 billion tonnes of dead leaves every five 
years. With these figures in mind, its easy to imagine that without the decay of materials (particularly 
cellulose and lignin), the earth would soon be knee deep in dead material. So besides this obvious 
reason, why is recycling important?  

THE CARBON CYCLE
The answer to this question can be found in what is called the carbon cycle, a process behind which 
fungi are the driving force. Every molecule of every living tissue contains “trapped” carbon. Plants 
snare mineral elements from the soil in such a way that they are no longer available to aid the growth 
of other plants. However, during the recycling process, enzymes ooze from the fungal body and 
uncouple some of the molecular bonds thereby releasing the carbon (in the form of carbon dioxide) 
into the atmosphere. Fungi also similarly free nitrates and other simple chemicals. These reduced 
chemicals end up in the air, water and soil where they become available to green plants and algae that 
absorb them and process them further. Simplistically speaking, without the decomposers releasing 
these compounds, the plants would soon run out of carbon dioxide and would soon die, and with 
their loss, the entire food chain would crumble.  

MYCORRHIZAS—A TRULY SYMBIOTIC RELATIONSHIP
Mycorrhizas is a term used to refer to a symbiotic relationship that forms between a fungus and the 
roots of a plant (mycos=fungus rhiza=root). In a mycorrhizal relationship, hyphae cover and penetrate 
the roots and absorb water and minerals which they pass onto the plant. In this way, they become like 
far-reaching drinking straws for plants. This increases a plant’s ability to withstand drought and 
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tolerate environmental extremes, which is particularly useful in sandy soils. In addition, the plant 
receives some protection from soil-borne pathogens including other fungi and nematodes 
(roundworms). In exchange, the fungi receive a sturdy helping of their host’s food supply—in some 
cases up to 25% of the total sugars produced! 

More than 90% of all higher plants have mycorrhizal fungi associated with their roots; in lush lowland 
forests, the soil is so full of mycorrhizal fungi that they connect the trees together, so trees and their 
seedlings can exchange food and messages. In the tropics, mycorrhizas are absolutely crucial. This is 
because there is no true topsoil, rather just rotting leaves and fruits. Trees depend on mycorrhizas to 
get enough water and nutrients from the soil, so that when forests are cleared, there is no plant 
debris for fungi to feed on and they die under the hot sun. In recent years there has been a 
developing interest in using mycorrhizal fungi to establish high-yield planted forests, reclaim strip-
mined land, and improve growth of important crops.

LICHENS: A PLEASANT MARRIAGE OR A HOSTILE HOSTAGE TAKING?
Lichens have been a source of wonder for most people, even if only for a passing moment. To see this 
strange organism growing on nothing more than barefaced rock has prompted most of us to wonder: 
just what IS that bizarre life form?

In short, lichens are a colonial partnership between a fungus and an alga in which the fungus, using 
enzymes to extract nutrients from substrate, provides water and minerals for the alga and in turn 
receives food from the alga. Worldwide, there are approximately 27 000 species living in places 
virtually inhospitable to other organisms such as on roof shingles, tree bark, stone walls and on fence 
posts; they thrive as well in the Arctic; and at absolute zero temperatures in the Sahara desert. They 
can live as long as 10 years with nothing more than fog moisture as their water source. These 
fascinating organisms certainly subscribe to the “slow and steady win the race” philosophy: a colony 
in the arctic grows at a rate of only 5 cm per 1000 years (though the more typical rate of growth is 
closer to 100-150 cm per 1000 years) and some colonies have been found to be more than 4500 
years old! 

Lichens grow in three basic forms: as hard flat crusts typically seen on headstones (crustose), as tiny 
flat leaves (foliose), or as ground shrubs or “old man’s beard” tassels hanging from branches 
(fruticose). They are highly sensitive to changes in the chemistry of air and water and therefore are 
valuable indicators of atmospheric pollution; they are killed by both acid rain and elevated levels of 
sulphur dioxide. Lichens are also nutritionally very important, especially to caribou and other native 
mammals in the arctic; they make up to 95% of the reindeers’ total diet.

It has long been thought that lichens were an example of a harmonious symbiotic relationship, much 
like mycorrhizas--but recent research has given scientists reason to reassess this belief. When grown 
separately under laboratory conditions, it has been found that algae can live without fungi and 
actually grow more quickly in their absence. The reverse, however, does not hold true. Fungi are 
essentially helpless without their algal counterpart. It seems more likely that the fungi are holding the 
algae hostage in a cell, constructed by their own body, and providing water and minerals like bread 
and water to prisoners. The clincher comes from an examination of the connective structures between 
the two organisms—the fungi penetrate the algal body with structures very similar to those formed by 
pathogenic fungi. Anthropomorphism aside, is this an example of a perfect marriage as it might at 
first appear or is it something slightly more insidious?  
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PREDATORY FUNGI
One of the most exciting features of some members of the Kingdom Fungi is the ability to act as 
predators. There are a number of different predatory fungi that have structures designed with the 
intention of ensnaring nematodes and other microorganisms. One species of fungi, Arthrobotrys, has a 
particular appetite for threadworms. Threadworms are small nematodes that infest plant roots. They 
can cause illness when ingested by cattle and root-knot disease in crops such as maize, potatoes, 
tomatoes, carrots and hot peppers. This fungus has rings or loops in their hyphae that are made with a 
substance the worms find irresistible. The excited worm wriggles into the loop and in 1/10th of a 
second, the loop blows up like a balloon, snapping the worm shut in its trap. Within 24 hours, the 
fungus will have digested the worm from the inside out, leaving nothing more than the worm’s empty 
skin as evidence. Arthobotrys species may also use sticky knobs or nets to capture their prey. It is 
interesting to note that these predatory fungi can be fed to cattle and introduced to crops as protection 
from the nasty nematodes.  

A second type of fungus, called the lollipop fungus, prefers to prey on small aquatic animals called 
rotifers. They have delicious (well so the rotifer thinks) sticky knobs attached to their hyphae that upon 
contact, glue firmly to their victims mouth. The rotifer may struggle and the knob may break off the 
hyphae but it is too late--the fungus begins to re-grow from inside its victim, eventually killing it.  

The delicious oyster mushroom, Pleurotus ostreatus, uses yet another technique. This wood decay fungus 
produces tiny appendages on its hyphae and these secrete droplets of a potent toxin. This toxin paralyses 
nematodes in seconds but does not kill them. Specialized hyphae then locate the paralyzed victims, 
penetrate their skin, and digest the worm. There’s nothing like a little protein to spice up a traditional 
diet of lignin and cellulose!

MARY, MARY QUITE CONTRARY…FUNGAL GARDENERS
Over the years, humans have discovered just how useful fungi can be as fire starters, foods, and 
medicines. We aren’t the only ones that have found fungi to be especially useful. There are actually a 
number of insects that “garden” fungi.

One such example are the leaf cutter ants that keep fungi in their underground nests and feed leaves 
to the fungi; the fungi then produce clusters of sweet, round swellings on which the insects and their 
larvae feast. 

Termites are another example of fungal gardeners. The termites eat plant material and grow fungal 
cultures in their droppings. The fungi eat the droppings and then termites eat the fungi; when a 
rainstorm is coming, the termites take bits of mycelia outside and spread it on the ground. Days later, 
mushrooms appear and shed spores and the termites gather some of the fungus and carry it to a new 
mound. 

A final example of an insect that uses fungi to their advantage is the ambrosia beetle. These beetles 
carry the “ambrosia” fungus into the sapwood of the tree they visit. There they dig out little burrows 
and grow the fungus on the walls. They will spend most of their lives in the burrows and feeding on 
the fungus which has absorbed nutrients from the tree. Eventually, the adult females emerge and carry 
the fungus to a new host tree. 
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CrissCrossed Fungi
OBJECTIVE 
• To introduce new words associated with fungi

BACKGROUND INFORMATION
To learn about fungi, students need to become familiar with the 
terms used to describe their biology and ecology.  These two  
crosswords will introduce students to some of the terminology 
associated with fungi along with trivia and factoids.

TEACHER INSTRUCTIONS
1. Copy the crossword puzzle appropriate to the grade level of 

your class and hand out one to each student.
2. Have the students work through the puzzle on their own or in 

partners.
3. Go over the solution together and elaborate on the facts  

presented whenever appropriate.
4. Encourage questions!

YOUNGER STUDENTS
Grade 2 may be capable of doing the first puzzle; you may, 
however, wish to do it together as a class.

GRADES 
Puzzle A: 2-4; Puzzle B: 5-6

TYPE OF ACTIVITY 
Crossword puzzles

MATERIALS
• copies of page 52 or 53, 

depending on grade level;  
one per student

• pencils

VOCABULARY 
Refer to answer key on page 
51

Activity 3.1
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TEACHER'S ANSWER KEY

PUZZLE A (MORE SIMPLE)
Across
1. The top part of the mushroom shaped like an umbrella is called the cap .
3. Fall is the best time of year to go mushroom hunting.
8. Fungi recycle dead leaves, grass, and wood and turn them back into soil.
9. Sometimes fungi will live together with trees and help the tree to get enough water and nutrients.
10. The crusty orange stuff you sometimes see on rocks is probably a lichen .
11. The “fruit” of a fungus is usually called a mushroom . 

Down
2. If you squeeze a puffball, you will see a “puff” of spores released.
4. Plants reproduce with seeds, but fungi reproduce with spores .
5. A toadstool is a folk name for a poisonous mushroom.
6. Many tiny threads together form the fungus body called the mycelium .
7. When mushrooms grow in a circle, it is called a fairy ring.
9. Some worms like to eat mushrooms, but some fungi like to eat them!

PUZZLE B (MORE ADVANCED)
Across
4. When fungi recycle dead plants and animals, they release carbon into the atmosphere.
5. Mycelium has been called “the Earth’s living internet” because it connects many living things to 

each other.
6. The scientific name for mushrooms that have gills under their cap is agaric .
10. The mycelium, or fungal body, is a network of branching threads called hyphae .
11. A spore print, much like a fingerprint, is a very useful tool in mushroom identification.
12. Fungi that cause diseases are called parasitic fungi.
15. Lichens are the result of a partnership between fungi and algae.
16. When sunlight enters a room, most of the flecks we see in the air are actually spores.
17. Fungi that help plants get nutrients and water from the soil are called mycorrhizal.

Down
1. In the food chain, fungi, bacteria, and other small organisms are collectively called the 

decomposers .
2. In France, dogs and female pigs are used to sniff out truffles, which are considered a delicacy.
3. Foray is the special name for a mushroom hunt.
5. Someone who studies fungi is called a mycologist .
7. Some fungi will actually set traps for and eat microscopic worms called nematodes.
8. Fungi represent one of the kingdoms of biological classification.
9. Baker’s yeast is a type of fungi that makes bread light and fluffy.
13. Penicillin is the name of an important antibiotic drug that comes from fungi and has saved many 

lives.
14. The cell walls of fungi contain chitin which also forms insects' hard shells.



 

52  THE Fungus FILES

1 2

3

4

6

8

10

11

9

5

7

5

1

4

2 3

6

1110

12 13 14

15

16

17

9

7 8

ACROSS
1. The top part of the mushroom shaped like an umbrella is called the _ _ _.
3. _ _ _ _ is the best time of year to go mushroom hunting.
8 . Fungi _ _ _ _ _ _ _ dead leaves, grass, and wood and turn them back into soil.
9. Sometimes fungi will live together with trees and help the tree to get 

enough _ _ _ _ _ and nutrients.
10. The crusty orange stuff you sometimes see on rocks is probably a _ _ _ _ _ _.
11. The "fruit" of a fungus is usually called a _ _ _ _ _ _ _ _.

DOWN
2. If you squeeze a _ _ _ _ _ _ _ _ , you will see a “puff” of spores released.
4. Plants reproduce with seeds, but fungi reproduce with _ _ _ _ _ _.
5. A _ _ _ _ _ _ _ _ _ is a folk name for a poisonous mushroom.
6. Many tiny threads together form the fungus body called the _ _ _ _ _ _ _ _.
7. When mushrooms grow in a circle, it is called a _ _ _ _ _ ring.
9. Some _ _ _ _ _ like to eat mushrooms, but some fungi like to eat them!

ANSWERS

CAP
FAIRY
FALL
LICHEN
MUSHROOM
MYCELIUM
PUFFBALL
RECYCLE
SPORES
TOADSTOOL
WATER
WORMS

CrissCrossed Fungi A 3.1
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ACROSS
4 .  When fungi recycle dead plants and animals, they release _ _ _ _ _ _ into the atmosphere.
5 . _ _ _ _ _ _ _ _ has been called “the Earth’s living internet” because it connects many living things to each other.
6 . The scientific name for mushrooms that have gills under their cap is _ _ _ _ _ _.
10 . The mycelium, or fungal body, is a network of branching threads called _ _ _ _ _ _
11 . A _ _ _ _ _  _ _ _ _ _, much like a fingerprint, is a very useful tool in mushroom identification.
12 . Fungi that cause diseases are called _ _ _ _ _ _ _ _ _ fungi.
15 . _ _ _ _ _ _ _ are the result of a partnership between fungi and algae.
16 . When sunlight enters a room, most of the flecks we see in the air are actually _ _ _ _ _ _
17 . Fungi that help plants get nutrients and water from the soil are called _ _ _ _ _ _ _ _ _ _ _. 

DOWN
1 . In the food chain, fungi, bacteria and other small organisms are collectively called the  

_ _ _ _ _ _ _ _ _ _ _. 
2 . In France, dogs and female pigs are used to sniff out _ _ _ _ _ _ _ _, which are considered a delicacy.
3 . _ _ _ _ _ is the special name for a mushroom hunt.
5 . Someone who studies fungi is called a _ _ _ _ _ _ _ _ _ _..
7 . Some fungi will actually set traps for and eat microscopic _ _ _ _ _ called nematodes.
8 . Fungi represent one of the _ _ _ _ _ _ _ _ of biological classification.
9 . Baker’s _ _ _ _ _ is a type of fungi that makes bread light and fluffy.
13 . Penicillin is the name of an important _ _ _ _ _ _ _ _ _ _ drug that comes from fungi and has saved many lives.
14 . The cell walls of fungi contain _ _ _ _ _ _ which also forms insects' the hard shells.

CrissCrossed Fungi B
ANSWERS

AGARIC
ANNULUS
ANTIBIOTIC
BUDDING
CARBON
CHITIN
DECOMPOSERS
FORAY
HYPHAE
KINGDOMS
LICHENS
MYCELIUM
MYCOLOGIST
MYCORRHIZAL
PARASITIC
SPORE PRINT
SPORES
TRUFFLES
WORMS
YEAST

3.1
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A-Mazing Mycorrhizas
OBJECTIVE 
• To visually introduce students to the symbiotic phenomenon of 

mycorrhizas

BACKGROUND INFORMATION
Mycologist Paul Stamets has called mycelium the ‘Earth's living 
internet’ because it “connects the ancient intelligence in the 
mushroom to all life on earth.” When fungal mycelia enter into a 
symbiotic relationship with the roots of plants, they are called 
mycorrhizas which literally means “fungus roots”. The mycelia 
cover and penetrate the roots of the plant and provide it with 
water and minerals in exchange for sugar (food). Approximately 
90% of land plants are in a mycorrhizal partnership. 

TEACHER INSTRUCTIONS
1. Make copies of the A-mazing Mycorrhizas worksheet.
3. Hand them out to each student and, depending on the age of 

your students, discuss “symbiosis” and “mycorrhizas”.
4. Show your students some pictures of bolete mushrooms. 

Explain to them that bolete mushrooms are mostly 
mycorrhizal. Point out that boletes are defined by the presence 
of pores, rather than gills, underneath the cap. Boletes are 
some of the more popular edible species around the world.

5. Instruct your students to follow a hypha of the mycorrhizal 
mycelium (from the arrow) to the bolete (the second 
mushroom from the right). Students may wish to colour their 
mazes after completion.

6. Ask if any of the students have ever found a bolete 
mushroom. Did they notice if any trees were growing nearby? 
If so, there is a good possibility they were the mushrooms’ 
mycorrhizal partner. 

EXTENSIONS
1. Recently it has become obvious that sensitive fungal populations 

are being affected by high levels of pollution, which is causing a 
domino effect in the environment: There are fewer edible 
mushrooms available for human and animal consumption; 
microhabitats for insects and rodents are vanishing; 
decomposition/nutrient cycling rates are being affected; and 
ultimately, entire forests are becoming endangered. (See Fungi 
and Pollution on page 59 for more information). You could 
have your students draw up warning posters illustrating the 
ecological consequences of pollution on fungi. 

GRADES 
1-6

TYPE OF ACTIVITY 
Maze

MATERIALS
• copies of page 55
• pencils
• pencil crayons, 

crayons, or markers
• a mushroom field 

bookmarked to a 
picture of a bolete 
mushroom

VOCABULARY 
bolete
hypha
lichen
mycelium
mycorrhizas
symbiosis 

Scientific Classification
Kingdom: Fungi
Phylum: Basidiomycota
Class: Agaricomycetes
Order: Boletales
Family: Boletaceae
Genus: Boletus

Activity 3.2
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3.2A-Mazing Mycorrhizas 
Many mushrooms wrap their mycelium around tree roots and 
help the tree get water and nutrients while getting food from 
the tree in return . This is called a mycorrhizal relationship .
Find your way through the mycelium up to the mycorrhizal Bolete .
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The Mushroom as Muse
The Mushroom is the Elf of Plants
by Emily DIckinson

The Mushroom is the Elf of Plants --
At Evening, it is not --
At Morning, in a Truffled Hut
It stop upon a Spot

As if it tarried always
And yet its whole Career
Is shorter than a Snake's Delay
And fleeter than a Tare --

'Tis Vegetation's Juggler --
The Germ of Alibi --
Doth like a Bubble antedate
And like a Bubble, hie --

I feel as if the Grass was pleased
To have it intermit --
This surreptitious scion
Of Summer's circumspect.

Had Nature any supple Face
Or could she one contemn --
Had Nature an Apostate --
That Mushroom -- it is Him!

When the moon is at the full
Mushrooms you may freely pull.
But when the moon is on the wane
Wait ere you think to pluck again.

(an old rhyme from the county of 
Essex in England)

 Mushroom hunting;
Tall People
 Are no good at it.
   --Yayu

Mushrooms
by Sylvia Plath

Overnight, very
Whitely, discreetly,
Very quietly

Our toes, our noses
Take hold on the loam,
Acquire the air.

Nobody sees us,
Stops us, betrays us;
The small grains make room.

Soft fists insist on
Heaving the needles,
The leafy bedding,

Even the paving.
Our hammers, our rams,
Earless and eyeless,

Perfectly voiceless,
Widen the crannies,
Shoulder through holes. We

Diet on water,
On crumbs of shadow,
Bland-mannered, asking

Little or nothing.
So many of us!
So many of us!

We are shelves, we are
Tables, we are meek,
We are edible,

Nudgers and shovers
In spite of ourselves.
Our kind multiplies:

We shall by morning
Inherit the earth.
Our foot's in the door.


