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Expedition Team




For small expeditions, scientists may work alone.




For bigger expeditions, they work with teams to study how fungi

[fun-jai] interact with other parts of the natural world.




I study fungi.




Mycologist

[my-kol-uh-jist]




I study plants.




Botanist

[bot-n-ist]




I teach people about

the plants, animals,

and fungi in the park

where I work.




Park Naturalist

[park nach-ruh-list]




I’m a college

student studying to

be a mycologist.




Research Assistant




I identify, describe, and sort

new and existing fungal

species [spee-sheez].




Fungal Taxonomist

[fun-gull tak-son-uh-mist]
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To August and Will,

who make life an adventure. —ASF




To Oliver,

who makes the best fan art. —ACM
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PICK YOUR PATH




SCIENCE

EXPLORERS




Search for a

MYSTERIOUS

MUSHROOM




Amy Seto Forrester &

Andy Chou Musser
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Join the Team




We are going on an expedition to find a fungus called

Amparoina spinosissima [am-pah-ro-ee-nah spi-no-siss-ee-mah].




We want to learn more about it and how

it’s connected to other fungi, plants, and

animals.




But A. spinosissima is

tiny, so it’s hard to find.
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We need your help making choices on our expedition.




Some choices will lead us closer to

A. spinosissima; other choices might not.




But we’ll still see and learn amazing things!




See a word you don’t know?




Check the glossary on page 93.




Remember to always check with a grown-up

before collecting fungal specimens!
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All mushrooms, including A. spinosissima,

are part of fungi. But not all fungi grow

mushrooms or fruiting bodies.




Fruiting bodies come in

many shapes and sizes.




A mushroom is just one

kind of fruiting body.




Most mushrooms have stems,

caps, and gills.




One is called a fungus.




Two or more are called fungi.




Scientists who study fungi

are called mycologists.
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Even though mycologists have learned some things

about A. spinosissima, they still have many questions.




Where are all the

places it grows?




Do any animals eat it?




We don’t know!




Why don’t mycologists know more?




Because A. spinosissima is a tiny mushroom that is only

found in remote tropical forests, and it’s easily confused

with other fungal species.
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Plant or Animal?




Another reason mycologists don’t know more about fungi

is that for a long time, scientists thought fungi were plants.




Fungi grow in the ground,

but they don’t have roots

or make food from sunlight,

so they can’t be plants.




And they can’t be animals,

because they don’t have

mouths or stomachs!




Then what are they?




10







[image: ]

We know now that

fungi are definitely not

plants OR animals.




They’re in a kingdom

all their own:






i
n
g
d
o
m
.

h
e
 
f
u
n
g
a






There’s so much to learn

because there are so many

fungal species and so few

mycologists to study them.




Scientists think there are

more than 2 million fungal

species, but so far they

have found and studied

fewer than 200,000!
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Hungry, Hungry Fungi




Fungi don’t have roots or leaves or mouths like plants or animals;

instead, they absorb nutrients [noo-tree-unts] through their

mycelium [my-see-lee-um] in one of three ways.




Mutualists [mew-choo-uhl-ists]

become partners with a host in

exchange for nutrients.
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Pathogens [path-uh-juns]

and parasites [par-uh-sites]

infect a host (a living plant, animal, or other

fungus) to get nutrients. Pathogens usually

kill their hosts; parasites just harm them.
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Knowing how a fungus gets its nutrients can

help us figure out its preferred substrate

[sub-streyt], the material it usually grows on.
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Saprobes [sap-robes] or decomposers

get nutrients by decomposing, or breaking down,

dead plants and animals, microbes, or poop.
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Spiny Wonder




A. spinosissima is a saprobe, and its preferred substrates

are small, decaying twigs on tropical forest floors.




This species’ unique

spines fall off and

grow into mushrooms.




Gills have cells that

grow and release spores.




The mushroom

(or fruiting body)

makes and spreads

spores and spines.




The substrate is

the material a

fungus grows on.




Mycelium, the body

of a fungus, is made

up of millions of

hyphae [hay-fee].
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Spinosissima comes

from the Latin word

spinosus, which means

the most spiny.




The universal veil protects




A.




spinosissima like an eggshell until

the stem grows and breaks through.




Spores help fungi

reproduce and travel,

like plant seeds.




Hyphae are spaghetti-shaped

threads that hold everything fungi

need to live, grow, and reproduce.




One of the best ways for us to learn about




A.




spinosissima is to collect specimens from

their natural habitats to study in the lab.
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Getting Ready




On our expedition, we are honored to be guests on the lands

of Indigenous [in-dij-uh-nuhs] Peoples.




So our planning starts with reading and listening to their

knowledgeable voices and partnering with local Indigenous

scientists.




Mushroom

foraging has

been in my family

for generations.




Sara, botanist

Sangay National Park,

Ecuador [ek-wuh-dawr]




I know the fungi

on my family’s

favorite trails like

friends!




Kai, fungal taxonomist

Hawai‘i [ha-vai-ee]

Volcanoes National Park,

United States




My family hands

down scientific

knowledge through

traditional stories.




Maya, naturalist

Silent Valley National Park,

India
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It’s time to pack for your expedition!




It’s important to pack everything you need,

because there are no shops in the rainforest!




Walkie-talkies, because

cell phones don’t work

in remote areas




Camera, because

some fungi change color

after they are cut




Wax paper bags and basket,

for protecting specimens




Waterproof clothing

and hiking boots




GPS and waterproof map,

for navigation




Guidebook, waterproof notebook,

and markers, for taking notes




Small knife, for collecting

mushrooms, and hand

lens, for looking closely




Food, water, bug repellent,

and first aid kit
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Preparing the Lab




Make sure your equipment is working so you are ready

to study the specimens you collect on your expedition.
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Some fungi can be identified by their visible morphology

[mawr-fol-uh-jee]—easy-to-see characteristics [kar-ik-tuh-ris-tiks].




Cap

Stem

Color

Texture




Gills

Pores

Ridges

Teeth
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But many fungi can only be identified by

looking at them through a microscope.




How to Look at a Fungus’s Microscopic Morphology




1.




Take a tiny piece of

the specimen’s gills, pores,

ridges, or teeth.




2.




Place the piece on a slide

and flatten with a coverslip.




3. Zoom in to see the tiny

characteristics (microscopic

morphology) that can give

you a lot of clues.




For example, A. spinosissima

has smooth spores that are

ellipsoidal [ih-lip-soid-l].
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When we can’t identify a fungal species just by

looking at morphology, we can sometimes identify

it by studying its DNA.




Each species has a unique DNA sequence,

and scientists need chemicals and machines

to see and study it.
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DNA carries all the information about

how a species will grow, look, and function.




It’s found in every cell of every living thing: fungi, plants,

animals, bacteria—even you!
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How to Get DNA from a Fungal Specimen




1.




Dry: Use hot air to remove

all water from the specimen

to preserve its DNA.




2.




Extract:

Open up the cells to get clean

DNA from inside.




3.




Amplify: Make millions of

copies of the specimen’s tiny

DNA so it can be read clearly.




4.




Sequence: Use a laser to

read the DNA and record

the sequence using four

letters (A, T, G, and C).




If the DNA sequence matches

one already in our giant database,

the species can usually be identified.




But if there’s no match, it might be a species that has never

been sequenced!
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Your Adventure Begins




Now it’s time for YOU to make some choices so your adventure

can begin!




Start by picking a research assistant.




I studied fungi in a lab at school,

using chemistry and computers.




Skills:




Medical Aid




Fixing Field

Equipment




Rock Climbing




NAME: Remi




To pick Remi, go to page 79.
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I learned to study fungi while working

with plants and animals in the field.




Skills:




Plant Identification




Wilderness Survival




Botanical

Illustration




NAME: Jude




To pick Jude, go to page 81.
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CLIMBING GEAR




Pick Your Gear





H
a
r
n
e
s
s
S
h
o
e
s
H
e
l
m
e
t
C
h
a
l
k
 
b
a
g
P
r
o
t
e
c
t
i
o
n
 
e
q
u
i
p
m
e
n
t
R
o
p
e
B
e
l
a
y
 
d
e
v
i
c
e





If Remi is your research assistant, go to page 75 to pick the climbing gear.

If Jude is your research assistant, go to page 42 to pick the climbing gear.
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TECH GEAR
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If Remi is your research assistant, go to page 31 to pick the tech gear.

If Jude is your research assistant, go to page 38 to pick the tech gear.
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Go to Your Expedition Site!




Sangay National Park, Ecuador




A.




spinosissima has already been found here,

but the steep, rocky trails make this park with

three volcanoes a challenge to explore, so there

may be more!




To pick this expedition site, go to page 62.




Scientists think A. spinosissima was originally endemic [en-dem-ik]

to Central and South America and then spread to other places.




Endemic species are found only

in specific areas.
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Silent Valley National Park, India

More than 300 fungal species have been

identified in this park, but scientists think there

are many more—A. spinosissima could be one

of them, because it’s been found nearby.




To pick this expedition site, go to page 28.




Hawai‘i Volcanoes National Park, United States




A.




spinosissima has been found on other parts

of the island, so maybe it grows in this park with

many endemic species and two active volcanoes!




To pick this expedition site, go to page 54.
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Silent Valley National Park




You take a plane, a train, a bus, and finally a jeep to meet Maya

at the entrance to this park’s 50-million-year-old rainforest.




Coimbatore

[koh-im-bah-tawr]




Silent Valley

National Park




India




We need to study the fungi in

this park now, because nearby

farming is destroying the

natural habitats of so many

species.
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Stepping onto the trail just

before dawn, you realize that

this park isn’t “silent” at all!




Birds are trilling and screeching,

and frogs are croaking.
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Your adventure continues on page 52.
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You hike toward Volcán Sangay

until you see a white fungus.




When I crush this mushroom,

there’s no smell, or odor—

which matches what we know

about A. spinosissima.




You take notes and photos and collect a few specimens

so you can study them in the lab.




RUMBLE.

RUMBLE.




The ground is shaking!




What’s going on?




Your adventure continues on page 40.
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You Picked the Tech Gear!




I’m glad you picked the tech gear!




We can use the drone’s camera to take photos and

find out what’s ahead!




To pick your expedition site, go to page 26.
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Some plants have leaves, sap, or other parts

that can be harmful to humans, but I can’t

find this plant in our guidebook.




You decide to take a risk, but

as you collect the white fungus,

some sap drips onto your hands.




Your adventure continues on page 57.
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The mushrooms are growing

on twigs, the preferred

substrate for A. spinosissima!




You take notes and photos

and collect a few mushrooms.




What’s that above you?





H
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A snail scrapes apart

its food using its radula

[raj-oo-luh], a flexible

band of thousands of

microscopic teeth.




SKEEE

SKEEE

SKEEEEE!




A sudden sound

makes you jump!




What is it?




Your adventure continues on page 46.




33







[image: ]

You walk around the edge

of the boulders and find

a jelly fungus with a squishy,

see-through fruiting body.




You take pictures and notes,

then collect a specimen

to study later.




As you step closer, you

slip on loose rocks and

fall to the ground.




CRASH!




You’re okay,

but your camera

is smashed.




The sun is setting,

so you start hiking

back to the jeep.
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In the lab, it’s clear that none of your specimens are




A.




spinosissima, but you are able to identify the jelly fungus.




MATCH FOUND




Dacryopinax spathularia

[da-cry-o-pin-ax spa-thu-lar-ee-ah]




The Latin origin of this saprobe’s name tells

us what it looks like: Spatha, like the word

spatula, means flat spoon.




You didn’t find A. spinosissima, but you collected specimens

that will help mycologists learn more about fungi in this park!




End of expedition.

To try again, go back to page 22.
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You back away from the

old bridge and follow the

trail, looking closely at

the forest floor.
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Look, small white mushrooms

growing on twigs with spines

on their caps!




Could they be A. spinosissima?




Your team takes photos and

notes and packs your specimens

in wax bags.




Then it’s time to hike back to the jeep and get to the lab.




Your adventure continues on page 56.
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That’s an elephant ear plant!




Don’t touch its sap, because it will

make your skin red and itchy!




Jude gives you gloves

to protect your skin while

you collect a specimen.




You’re about to start hiking

when you see footprints

and hear something rustling

behind you.




Your adventure continues on page 65.
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You Picked the Tech Gear!




Wonderful!




With this small drone, we’ll be able to scout past any obstacles

blocking the steep rainforest trails and decide which way to go.




To pick your expedition site, go to page 26.
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I love tinkering with computers.




PING!




Your GPS is fixed!




Back on the trail, you hike until you find a cluster of cup fungi.




These fungi are in their

early stages.
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Eventually, the short stems

will grow into cups to release

spores.




You collect a specimen, but when you

open your basket, there’s something inside!




Your adventure continues on page 48.
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BOOM!




Volcanic ash rains down as you

run along the trail toward safety.




Thankfully, Sara went over the emergency evacuation plan

before your expedition.
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Volcán Sangay erupts with

as many as 950 explosions

every day!




Some are small, while others

are much larger.




You left your basket behind,

but that’s okay, because you’re

safe from the volcanic eruption!




Maybe you can use your photos

and notes and go back to collect

a new specimen another day.




End of expedition.

To try again, go back to page 22.
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You Picked

the Climbing Gear!




Super!




We’ll be hiking through areas

where mudslides are common,

so this gear will be helpful if

the trail is blocked.




To pick your expedition site, go to page 26.
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In the lab, you look at the mushrooms you found at the top of the cliff.




The spores are ellipsoidal, just like A. spinosissima’s!




You sequence the DNA and check the database for a match.




MATCH FOUND




Mycena alphitophora

[my-see-nah al-fi-toe-fo-rah]




This tiny saprobe is in Mycena, a genus, or

group, that includes more than 500 tiny and

hard-to-find species.




We didn’t find A. spinosissima, but scientists

will be excited to study this specimen and

learn more about the genus Mycena.




End of expedition.

To try again, go back to page 22.
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You unpack your drone

and launch it into the cave.
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Drone batteries don’t last long,

so you speed up, zooming

around tight turns.




Suddenly, there’s

daylight ahead.
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Sensors alert you when the propellers

get too close to the tunnel walls.




Sara was right—

this lava tube is

a tunnel!




Are those

mushrooms?!




•




REC




LOW BATTERY!




Your adventure continues on page 68.
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Oh no—startled, you drop

and step on your basket,

crushing most of your

specimens!




CRUNCH!




SKEEE

SKEEE

SKEEEEE!




You look up and see a rare ‘io [ee-oh],

also known as a Hawaiian hawk.




The ‘io is the only hawk native to Hawai‘i.




46







[image: ]

The sun is setting, so you take your crushed specimens back to the lab.




Most of them are too smooshed to study.




But one is still whole!




You look at its morphology and then dry it and sequence its DNA.




MATCH FOUND




Aseroe rubra

[ah-ser-oh ru-brah]




The name of this saprobe species from the

stinkhorn family comes from the Greek word

aseroe, meaning disgusting juice, and the

Latin word rubra, meaning red.




You didn’t find A. spinosissima, but you

identified a “disgusting red juice” mushroom!




End of expedition.

To try again, go back to page 22.
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It’s an invasive leopard slug . . . and it ate all your specimens!




Wait! Here’s one the slug didn’t get!




Back at the lab, you study the specimen, sequence its DNA,

and run it through the database.




MATCH FOUND




Cyptotrama asprata

[sip-toe-tra-mah as-pra-tah]




Golden-scruffy collybia [co-lee-beuh] is the

common name of this brightly colored saprobe

that decomposes wood.




Even though you didn’t find A. spinosissima,

you identified an amazing specimen.




End of expedition.

To try again, go back to page 22.
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You turn left, and soon you reach an old bridge.




I used to cross this bridge a lot, but

I haven’t been here in a few years.
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The cables seem strong, but if the planks

are rotted, you could fall into the rushing

water and be swept into sharp rocks!




To cross the bridge, go to page 60.

To stay by the river, go to page 36.
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I can’t fix the GPS,

but we’ve got a

waterproof map.




Jude navigates your team

to a k puka [kee-poo-kah],

a tree island in the middle

of ancient, hardened lava.
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There are so many amazing plants,

animals, and fungi living in this

unique ecosystem [ee-koh-sis-tuhm]!
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When a k puka is formed, species

caught inside may evolve differently

than those outside—some even

evolve into entirely new species!
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BOOM!




Thunder shakes the ground as

lightning flashes and rain pours down.




Your adventure continues on page 58.
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A few miles along the trail, an Indian pangolin

[pang-guh-lin] tears apart a termite mound with

its strong claws.




Pangolins don’t have teeth—instead, they use

their sticky tongues to quickly snatch up prey.




Up ahead, the trail splits.




Along one path, a Malabar giant squirrel jumps between trees.




They can jump

up to 20 feet

(6.1 metres)!




52







[image: ]

Look, there’s a mutualist fungus

growing on the termite mound!




The termites and fungus

need each other to survive.




The fungus uses the termites’

poop as a substrate and a source

of nutrients until the fungus itself

becomes food for the termites.
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Down the other path, you can hear the

calls of lion-tailed macaques [muh-kaks].




These endangered primates have been

around for more than 2 million years!




To follow the Malabar giant squirrel, go to page 74.

To follow the lion-tailed macaques, go to page 66.




53







[image: ]

Hawai‘i Volcanoes

National Park




After you land at the airport, Kai drives your jeep into the park, past

Mauna Loa [mou-nuh loh-uh], the largest active volcano on earth.




Hawai‘i




Hilo

[hee-loh]




Hawai‘i

Volcanoes

National Park




Scientists think there are

more than 400 Hawaiian

fungal species that have

yet to be identified!
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The sun feels warm on your skin, but

fog and rain could roll in very quickly.
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Your adventure continues on page 64.
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At the lab, you see that the spores of the small white mushrooms

are ellipsoidal and smooth!




They look just like




A.




spinosissima spores!




This could be it!




Let’s see if the DNA matches

the sequence in the database!




Your adventure continues on page 84.
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The sap makes

your skin red

and itchy.




Your team

rushes you to a

doctor, who treats

your swollen hands.




By the time you get your specimens to the lab, they are all mushy

and moldy, so you’ll have to collect more another day.




You didn’t find A. spinosissima today, but scientists will be

excited to study your photos of T. mesenterica.




It’s also called

witches’ butter,

yellow brain,

and golden

jelly fungus!




End of expedition.

To try again, go back to page 22.
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We’d better get going!




This storm is a big one!




You rush to the lab to study

the white mushroom you

found by the waterfall.




Maybe it’s A. spinosissima!
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The cap and gills look like

those of A. spinosissima, but

there’s black on the stem.




And the spores

aren’t ellipsoidal.




You dehydrate your specimen and then sequence the DNA.




MATCH FOUND




Tetrapyrgos nigripes

[te-tra-peer-goes ny-gry-pees]




The black stem of this species is reflected in its name.

Nigri is Latin for black, and pes means foot.




You didn’t find A. spinosissima,

but you got to explore a k puka,

and scientists will be excited to

study this specimen.




End of expedition.

To try again, go back to page 22.
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Maya walks across the bridge first.




The cables sway, and the planks creak.




You take one step, then two steps,

moving faster to keep up.




Watch out for that—




CRACK!
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Suddenly, you’re falling!




SPLASH!




The river’s current is fast,

but your team is faster.




They run downstream

and pull you ashore just in time.




Your basket of specimens is lost,

but you saw a Malabar giant

squirrel and a rare Indian pangolin.




Wow!




End of expedition.

To try again, go back to page 22.
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Sangay National Park




Sara meets you at the airport, and you drive into the mountains,

through the park, and finally to an area that’s off-limits to tourists.




Quito [kee-toe]




Ecuador




Sangay

National Park




There are so many special ecosystems

[ee-koh-sis-tuhms] to explore, including

rainforests, cloud forests, and grasslands.
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As you hike into the rainforest and climb over lava rocks,

your boots sink into mud and your muscles burn.
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Your adventure continues on page 76.
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As you hike, the lemony scent of pilo [pee-loh] flowers floats in the air.
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Suddenly, you smell rotting meat and poop . . . It’s a starfish fungus!




You collect a specimen,

avoiding the flies drawn

in by the stink.




The flies get covered in

gleba [glee-buh], a slime

filled with spores.




The flies will carry the spores to other places to grow.




Ahead, the path forks, with

salty ocean air down one path

and a waterfall down the other.




To head toward the ocean, go to page 73.

To head toward the waterfall, go to page 80.
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You turn around and see an Andean bear pick up your basket and

disappear into the trees!




Andean bears live in trees,

sometimes building platforms

out of sticks and leaves to eat

and sleep on.




You didn’t find A. spinosissima,

but your notes and photos will

help scientists working to protect

the endangered Andean bear.




I’ve never seen

an Andean bear

in this part of

the park!




End of expedition.

To try again, go back to page 22.
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You follow the path and find

the lion-tailed macaques

foraging in a jackfruit tree.




They can store as

much food in their

cheek pouches as they

can in their stomachs.
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On the ground, you see mushrooms

growing on elephant poop!




You collect a specimen so you can

identify this saprobe in the lab.




When fungi decompose poop, some

carbon and nutrients are absorbed, and

the rest become part of the soil or air.




You hike deeper into the forest until you see white mushrooms!




They look like A. spinosissima!




You collect a specimen

and hurry back to the lab.




Your adventure continues on page 78.
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SMASH!




The battery dies, and the

drone crashes to the ground.




I think we have just enough time to hike

through the lava tube to get the drone!




You crawl and climb

for over an hour.




Finally, you see daylight!




Look, there’s the drone

and the white mushrooms!




You take notes and pictures, collect a specimen, and hike back

through the lava tube, making it to your jeep just as the sun sets.
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At the lab, you look at the shape of the specimen’s spores.




They look like




A.




spinosissima’s

spores!




You sequence the DNA and check for a match in the database.




MATCH FOUND




Mycena tenerrima

[my-see-nah ten-err-ee-mah]




The dusting of sugar-like bits on its cap explains

this saprobe’s common name: frosty bonnet.




You didn’t find A. spinosissima, but

scientists will be excited to study your

M. tenerrima specimen and notes!




End of expedition.

To try again, go back to page 22.
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You unpack your climbing

gear and do a safety check

before Maya starts climbing.




Soon she is high up the cliff.




Suddenly,

her foot slips!




SWOOSH!




WHOMP!




The rope pulls tight

as you catch Maya,

and she swings safely

back to the wall.
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In a few quick moves, Maya

zigzags back up the cliff.




She sets up gear

so it’s easier

for you to follow.




Soon you’re all

together at the top.




Look, white mushrooms!




You take photos and

collect specimens until

your basket is full.




Time to

head back

to the lab.




Your adventure continues on page 43.
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Without a drone, exploring the lava tube is too risky, so you

continue on the main path until you find a fallen tree.




Wow, Camillea leprieurii

[ca-mill-ee-ah lep-ry-ee-ur-ee-eye]!




When it’s time to reproduce, spores shoot out

of this fungus’s tube-shaped fruiting body.




Ahead, one trail leads

to one of the most

active volcanoes in the

world, and the other

leads to a rushing river.




Volcán

[vol-cahn]

Sangay




Upano

[oo-pan-oh]

River




To head toward the volcano, go to page 30.

To head toward the river, go to page 82.
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Hiking toward the ocean, you look down and see some fuzzy

mushrooms!




It’s a saprobe fungus called Coprinopsis

lagopus [co-prin-op-sis la-go-pus].




By the end of the day, the caps will curl up and lose their fuzz,

and the gills will turn black and disintegrate as spores are released.




You collect a specimen and then hike

until you see white mushrooms!




Your adventure continues on page 33.
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You follow the Malabar giant squirrel and

take pictures until it disappears into the trees.




Look, there’s a polypore [pol-ee-pawr] fungus called Microporus affinis.




It has tiny holes, or pores, instead

of gills for releasing spores!




Polypores can live for years, and

each growing season, they add a

new layer of spore tissue on top

of the old.




Ahead, the trail splits.

Should you turn

left or right?




To turn left, go to page 49.

To turn right, go to page 77.
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You Picked

the Climbing Gear!




Fantastic!




We can use this gear

to reach remote areas

that scientists haven’t

explored yet!




To pick your expedition site, go to page 26.
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You hike through lush forest until you see a jelly fungus on a branch.




This fungus feeds on a host

fungus that grows like a thin

crust on the branch.
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Fungi that are parasites

to other fungi are called

mycoparasites [my-koh-

par-uh-sites].




Look, maybe this

lava tube is a tunnel!




It might take too long to

explore, but if you packed

the tech gear, you can use

the drone to check it out!




If you packed the tech gear, go to page 44.

If you didn’t pack the tech gear, go to page 72.
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You turn right and hike up the hill until

you see a cluster of Geastrum fimbriatum

[gee-ass-trum fim-bry-at-um].




When this fungus is ready to release spores,

its outer layers split open to reveal a spore case.




You try to hike up the path,

but it’s blocked by boulders.




There must have

been a mudslide here.




Going around the boulders will take hours,

but if you packed the climbing gear, you can take

a shortcut over the cliff and back to the path.




If you packed the climbing gear, go to page 70.

If you didn’t pack the climbing gear, go to page 34.
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In the lab, you study the white mushroom’s morphology,

but your microscope breaks!




Oh no—we can’t look at

microscopic characteristics, but

we can still sequence the DNA.




SEQUENCE FAILED




The DNA sequence wasn’t

clear enough to read.




Let’s try

the elephant

dung fungus!




MATCH FOUND




Stropharia bicolor

[stro-far-ee-ah by-col-ur]




Animals eat and poop out the spores of this

coprophilous [kuh-prof-uh-luhs] (or “dung-loving”)

fungus, which then grows in the nutrient-rich poop.




You didn’t find A. spinosissima, but you collected one of the

few fungi in this area that grow on elephant dung, and you

saw endangered lion-tailed macaques!




End of expedition.

To try again, go back to page 22.
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Remi Is Your

Research Assistant!




I can’t wait to get out into the field!




Do you need help picking field gear?




Some areas will be rocky, so ropes could be handy.




Also, remote control technology makes navigating

unknown areas faster and safer.




To pick your gear, go to page 24.
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Just a short way down the path, you find the waterfall.




Let’s gather specimens

of all these mushrooms!
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Before you start hiking again, you check your location.




BEEP!




Your GPS stops working.




Can your research assistant fix it?




If Jude is your research assistant, go to page 50.

If Remi is your research assistant, go to page 39.
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Jude Is Your

Research Assistant!




This expedition is going to be amazing!




Are you ready to pick your field gear?




There are some challenging trails, so having a drone

would be helpful for scouting out hard-to-reach spots,

and climbing gear would help us get to them safely.




To pick your gear, go to page 24.
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As you get closer to the river, you

hear the chattering of giant otters.




They can make at least 15 different kinds of

sounds to communicate with one another.
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Then you notice

black blobs on

the trees!
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This saprobe fungus is named

after the one-eyed cyclops

from Greek mythology.




You continue hiking until you find white mushrooms under a plant

dripping with sap.




You want to collect a specimen,

but you know that some plants

have harmful sap.




Sara is busy taking notes, so

you ask your research assistant

to identify the plant.




If Jude is your research assistant, go to page 37.

If Remi is your research assistant, go to page 32.
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MATCH FOUND




Amparoina spinosissima




The characteristics and

DNA sequence match!




You found it!
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Not many scientists have collected




A.




spinosissima specimens.




Now you are one of them.




Congratulations!
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A Note from Amy and Andy




While creating this book, we asked scientists many

questions. We’ve done our best to use scientific

information about mycology. We also put a lot of our

imagination into this book. Any mistakes are our own.




It is our intention to be respectful of the Indigenous

Peoples from the regions we featured and their

ancestral and current homelands, cultures, and histories.

In the twenty-first century, national parks do important

preservation and scientific work. However, prior to the

establishment of national parks by current governments

around the world, Indigenous Peoples lived on these

lands and were their original caretakers and scientists.

Their relationships with the lands predate national parks.

We encourage you to read writing by, listen to, and learn

from the Indigenous Peoples whose lands you live on and

explore. Native Land Digital (https://native-land.ca/) is

one place to start.
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Scientists know quite a bit about fungi, but there’s still so

much to discover. What can fungi teach us about climate

change? What are all the ways fungi are connected to

the plants, animals, and other fungi around them? What

amazing and wonderful fungi have we yet to identify?

There’s still a lot to explore. Will you be the scientist who

helps solve these mysteries?
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Fungi, Animals, and Plants in This Book




Search your local library or online to find books and

information about these amazing fungi, animals, and plants!




A note about names: A single species can often be called several different common

names depending on who is writing or talking about it. It is important to remember that

these names have, in most cases, been selected by white European scientists rather than

by Indigenous Peoples who may have known about the species for thousands of years.

Many fungal species do not have common names, which is why we use their scientific

names in this book. As scientists continue to engage in conversations about colonialism

and learn more about fungal species, these names may change.




FUNGI




Scientific Name




Common Name




Amparoina spinosissima

Flaky bonnet

Apiosporina morbosa

Poop on a stick

Ascocoryne sarcoides

Jelly drops

Aseroe rubra

Starfish fungus

Camillea leprieurii

No common name

Coprinopsis lagopus

Hare’s foot inkcap

Cyptotrama asprata

Golden-scruffy collybia

Dacryopinax spathularia

Fan-shaped jelly fungus

Geastrum fimbriatum

Sessile earthstar

Hypoxylon cyclops

No common name

Leucoagaricus gongylophorus

No common name

Microporus affinis

Dark-footed tinypore

Mycena alphitophora

No common name

Mycena tenerrima

Frosty bonnet
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Rhodotus palmatus

Wrinkled peach

Stropharia bicolor

No common name

Termitomyces clypeatus

No common name

Tetrapyrgos nigripes

Black-stalked marasmius

Tremella fuciformis

Snow fungus

Tremella mesenterica

Witches’ butter (or yellow

brain or golden jelly fungus)




ANIMALS




Scientific Name




Common Name




Branta sandvicensis

Nene

Buteo solitarius

‘Io (or Hawaiian hawk)

Drepanis coccinea

‘I‘iwi

Eleutherodactylus coqui

Coqui frog

Grypotyphlops acutus

Beaked worm snake

Himatione sanguinea

‘Apapane

Idea malabarica

Malabar tree nymph

Limax maximus

Leopard slug

Macaca silenus

Lion-tailed macaque

Manis crassicaudata

Indian pangolin

Mazama rufina

Little red brocket

Minervarya keralensis

Kerala warty frog

Odontotermes sp.

Termite

Pachliopta pandiyana

Malabar rose butterfly

Partulina physa

Hawaiian tree snail

Piranga rubriceps

Red-hooded tanager

Psittacula columboides

Malabar parakeet

Pteronura brasiliensis

Giant otter

Raorchestes nerostagona

Water drop frog
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Ratufa indica

Malabar giant squirrel

Sylvilagus andinus

Andean cottontail

Theridion grallator

Nananana makaki‘i

Tonatia saurophila

Stripe-headed round-eared bat

Tremarctos ornatus

Andean bear

Vanessa tameamea

Kamehameha butterfly

Vultur gryphus

Andean condor




PLANTS




Scientific Name




Common Name




Acacia koa

Koa

Capparis sandwichiana

Pilo

Cedrela odorata

Spanish cedar

Metrosideros polymorpha

Xanthosoma viviparum

Elephant ear plant
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Glossary




Adapt: To change over time for survival based on the

environment




Characteristic: A quality or feature that is typical for a

species




Decompose: To break down or rot dead organisms, such

as fungi, plants, or animals, into smaller pieces




Ecosystem: A community of fungi, plants, animals, and

microbes that work together within their environment




Endangered: At risk of extinction




Evolve: To undergo the process by which a species’

characteristics change over time to increase its chances

of survival




Expedition: A trip taken by one or more scientists to study

the natural world




Extinction: When there are no longer any living organisms

of a particular species
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Genus: A group of closely related species that share an

ancestor and one or more common characteristics




Habitat: The environment where a creature usually lives




Indigenous Peoples: The original inhabitants and

caretakers of particular lands and their descendants




Invasive species: A species introduced to a new habitat

where it does not naturally live and where it causes harm




Kingdom: A very large, broad group of living things that

share major characteristics; even bigger than a genus




Morphology: The size, shape, and structure of an

organism




Mycelium: The body of a fungus, made up of millions of

hyphae




Native species: A species that naturally lives in a habitat

and has adapted to survive in that particular place




Nutrients: Substances that living creatures use to live

and grow
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Organism: An individual fungus, plant, animal, bacterium,

microbe, or other living thing




Reproduce: To make more, by either making copies or

having babies




Species: A group of related living creatures that have

things in common and can produce offspring




Specimen: Something collected for scientific study




Substrate: The material that fungi grow in or on and get

nutrients from
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Some fungi

can glow in the dark

using bioluminescence

[bye-oh-loom-in-

eh-cents].




Pseudoflowers

[soo-doh-flou-ers]

are fungi that have

adapted to look like

flowers.




The DNA in

dried fungal specimens

can last for over

100 years.




Some fungi make

mushrooms, and some don’t.

Fungi without mushrooms include

yeasts used to make bread and

molds that grow on old bread.
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Meet the Creators




Amy Seto Forrester (she/her) draws on a decade of

experience as a children’s librarian and her performing

arts background to create diverse, engaging books for

developing readers. She lives on a farm in Oregon with

her husband, son, and a flock of ridiculous chickens.




Andy Chou Musser (he/him) is the author-illustrator of

A Home Under the Stars, cocreator of Papilio with Ben

Clanton and Corey R. Tabor, and cocreator of the Ploof

series with Ben Clanton. Andy lives in Seattle with his

wife and two cats.




Amy and Andy are siblings who love to collaborate.

This is their second book together. They proudly identify

as mixed-race Chinese American.




To learn more about Science Explorers and to download

free activities, visit www.scienceexplorersbooks.com.
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Preparing the Lab

Make sure your equipment is working so you are ready

to study the specimens you collect on your expedition.

DNA sequencer
[see-kwun-ser]

Dehydrator

Computer

Some fungi can be identified by their visible morphology
[mawr-fol-uh-jee]—easy-to-see characteristics [kar-ik-tuh-ris-tiks].
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Wonderful!

With this small drone, we’ll be able to scout past any obstacles

blocking the steep rainforest trails and decide which way to go.

>

1

To pick your expedition site, go to page 26.
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You rush to the lab to study

the white mushroom you

found by the waterfall.

@ Maybe it’s A. spinosissima!
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In the lab, you study the white mushroom’s morphology,

but your microscope breaks!

Oh no—we can’t look at
microscopic characteristics, but

we can still sequence the DNA.

SEQUENCE FAILED Let's try
the elephant

The DNA sequence wasn’t dung fungus!

clear enough to read.

MATCH FOUND

Stropharia bicolor
[stro-far-ee-ah by-col-ur]

Animals eat and poop out the spores of this

coprophilous [kuh-prof-uh-luhs] (or “dung-loving”)
fungus, which then grows in the nutrient-rich poop.

You didn’t find A. spinosissima, but you collected one of the
few fungi in this area that grow on elephant dung, and you

saw endangered lion-tailed macaques!

End of expedition.
. To try again, go back to page 22.
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PICK YOUR PATH

CHRONICLE BOOKS
SAN FRANCISCO
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TECH GEAR

Batteries

P

Spare parts

If Remi is your research assistant, go to page 3l to pick the tech gear.

If Jude is your research assistant, go to page 38 to pick the tech gear. e
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The DNA in
dried fungal specimens
can last for over

100 years.

Pseudoflowers
[soo-doh-flou-ers]
are fungi that have
adapted to look like

flowers.
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Not many scientists have collected

A. spinosissima specimens.

Now you are one of them.

Congratulations!
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You turn around and see an Andean bear pick up your basket and

disappear into the trees!

You didn’t find A. spinosissima,
but your notes and photos will

help scientists working to protect

the endangered Andean bear.

I’ve never seen

an Andean bear

Andean bears live in trees,

in this part of

sometimes building platforms the park!
out of sticks and leaves to eat

and sleep on.

End of expedition.
To try again, go back to page 22. ‘
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7 Sensors alert you when the propellers

= get too close to the tunnel walls.

Sara was right—
this lava tube is

a tunnel!

Are those

mushrooms?!

LOW BATTERY!

Your adventure continues on page 68. ‘
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Knowing how a fungus gets its nutrients can
help us figure out its preferred substrate

[sub-streyt], the material it usually grows on.

Saprobes [sap-robes] or decomposers

get nutrients by decomposing, or breaking down,

dead plants and animals, microbes, or poop.
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A Note from Amy and Andy

While creating this book, we asked scientists many
questions. We’ve done our best to use scientific
information about mycology. We also put a lot of our

imagination into this book. Any mistakes are our own.

It is our intention to be respectful of the Indigenous
Peoples from the regions we featured and their
ancestral and current homelands, cultures, and histories.
In the twenty-first century, national parks do important
preservation and scientific work. However, prior to the
establishment of national parks by current governments
around the world, Indigenous Peoples lived on these
lands and were their original caretakers and scientists.
Their relationships with the lands predate national parks.
We encourage you to read writing by, listen to, and learn
from the Indigenous Peoples whose lands you live on and
explore. Native Land Digital (https:/native-land.ca/) is

one place to start.
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Glossary

Adapt: To change over time for survival based on the

environment

Characteristic: A quality or feature that is typical for a

species

Decompose: To break down or rot dead organisms, such

as fungi, plants, or animals, into smaller pieces

Ecosystem: A community of fungi, plants, animals, and

microbes that work together within their environment
Endangered: At risk of extinction

Evolve: To undergo the process by which a species’
characteristics change over time to increase its chances

of survival

Expedition: A trip taken by one or more scientists to study

the natural world

Extinction: When there are no longer any living organisms

of a particular species
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46

Oh no—startled, you drop

and step on your basket,
crushing most of your

specimens!

You look up and see a rare ‘io [ee-oh],

also known as a Hawaiian hawk.

The ‘io is the only hawk native to Hawai‘i.
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Join the Team

We are going on an expedition to find a fungus called

Amparoina spinosissima [am-pah-ro-ee-nah spi-no-siss-ee-mah].

We want to learn more about it and how
it’s connected to other fungi, plants, and

animals.

But A. spinosissima is

tiny, so it’s hard to find.
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Look, there’s a mutualist fungus

growing on the termite mound!

The termites and fungus

Rty
need each other to survive. ~
The fungus uses the termites’ o
poop as a substrate and a source ~ :
of nutrients until the fungus itself :

T becomes food for the termites. ‘

@ 5 w "
b Y ? L]
Term ;. S T —
fi ter~my :’nltomy ces'clypeatus |

15 Maseeselyspec yh-tus]

Down the other path, you can hear the

calls of lion-tailed macaques [muh-kaks].

These endangered primates have been

around for more than 2 million years!

To follow the Malabar giant squirrel, go to page 74.
To follow the lion-tailed macaques, go to page 66. ‘
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But many fungi can only be identified by

looking at them through a microscope.

How to Look at a Fungus’s Microscopic Morphology

I. Take a tiny piece of
the specimen’s gills, pores,
ridges, or teeth.

2. Place the piece on a slide

and flatten with a coverslip.

3. Zoom in to see the tiny
characteristics (microscopic
morphology) that can give

you a lot of clues.

For example, A. spinosissima
has smooth spores that are
ellipsoidal [ih-lip-soid-].
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Just a short way down the path, you find the waterfall.

Let’s gather specimens

of all these mushrooms!

Before you start hiking again, you check your location.

Your GPS stops working.

Can your research assistant fix it?

If Jude is your research assistant, go to page 50.

If Remi is your research assistant, go to page 39.
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A few miles along the trail, an Indian pangolin

[pang-guh-Llin] tears apart a termite mound with

its strong claws.

Pangolins don’t have teeth—instead, they use

their sticky tongues to quickly snatch up prey.

Up ahead, the trail splits.

Along one path, a Malabar giant squirrel jumps between trees.

They can jump
up to 20 feet

(6.1 metres)!
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e e g

The cap and gills look like And the spores

those of A. spinosissima, but aren’t ellipsoidal.

there’s black on the stem.

MATCH FOUND

Tetrapyrgos nigripes
[te-tra-peer-goes ny-gry-pees]

The black stem of this species is reflected in its name.

Nigri is Latin for black, and pes means foot.

You didn’t find A. spinosissima,
but you got to explore a kipuka,
and scientists will be excited to

study this specimen.

End of expedition.

To try again, go back to page 22. e
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CLIMBING GEAR

bsj

Belay device

Harness

Helmet

Protection equipment

Chalk bag

If Remi is your research assistant, go to page 75 to pick the climbing gear.

Q If Jude is your research assistant, go to page 42 to pick the climbing gear.
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Little red b’°Cket

Volcanic ash rains down as you

run along the trail toward safety.

Thankfully, Sara went over the emergency evacuation plan

before your expedition.
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As you hike, the lemony scent of pilo [pee-loh] flowers floats in the air.

ella fuciformis
o\-la fu-cee-for-misj

You collect a specimen,
avoiding the flies drawn
in by the stink.

The flies get covered in
gleba [glee-buh], a slime
filled with spores.

LN

-
Ahead, the path forks, with '

salty ocean air down one path

and a waterfall down the other.

To head toward the ocean, go to page 73.

o To head toward the waterfall, go to page 80.
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Meet the Creators

Amy Seto Forrester (she/her) draws on a decade of

experience as a children’s librarian and her performing
arts background to create diverse, engaging books for
developing readers. She lives on a farm in Oregon with

her husband, son, and a flock of ridiculous chickens.

Andy Chou Musser (he/him) is the author-illustrator of
A Home Under the Stars, cocreator of Papilio with Ben
Clanton and Corey R. Tabor, and cocreator of the Ploof
series with Ben Clanton. Andy lives in Seattle with his

wife and two cats.

Amy and Andy are siblings who love to collaborate.
This is their second book together. They proudly identify

as mixed-race Chinese American.

To learn more about Science Explorers and to download

free activities, visit www.scienceexplorersbooks.com.
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Hungry, Hungry Fungi
Fungi don’t have roots or leaves or mouths like plants or animals;

instead, they absorb nutrients [noo-tree-unts] through their

mycelium [my-see-lee-um] in one of three ways.

Mutualists [mew-choo-uhl-ists]
become partners with a host in

exchange for nutrients.

£ e

Pathogens [path-uh-juns]

and parasites [par-uh-sites] = T
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Ratufa indica Malabar giant squirrel

Sylvilagus andinus Andean cottontail

Theridion grallator Nananana makaki‘i
Tonatia saurophila | Stripe-headed round-eared bat
Tremarctos ornatus Andean bear

Vanessa tameamea Kamehameha butterfly

Vultur gryphus Andean condor
PLANTS
Scientific Name Common Name
]
Acacia koa Koa
Capparis sandwichiana ! Pilo
Cedrela odorata | Spanish cedar
Metrosideros polymorpha | ‘Ohi‘a lehua

Xanthosoma viviparum Elephant ear plant
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There are so many amazing plants,

animals, and fungi living in this

unique ecosystem [ee-koh-sis-tuhm]!

g
o
Koo\\@\\
When a kipuka is formed, species
caught inside may evolve differently
~ than those outside—some even
evolve into entirely new species!

o mehﬂmeh°
y-uh] butterfly

-ma
\\cuh-mov—“““,m

1t
.

Your adventure continues on page 58. °
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She sets up gear

so it’s easier

for you to follow.

Soon you’re all

together at the top.

Look, white mushrooms!

Time to
head back
to the lab.

Your adventure continues on page 43.

71
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You left your basket behind,
but that’s okay, because you’re

safe from the volcanic eruption!

Maybe you can use your photos
and notes and go back to collect

a new specimen another day.

Volcan Sangay erupts with

as many as 950 explosions

every day!

Some are small, while others

are much larger.

End of expedition.
To try again, go back to page 22. Q
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Genus: A group of closely related species that share an

ancestor and one or more common characteristics
Habitat: The environment where a creature usually lives

Indigenous Peoples: The original inhabitants and

caretakers of particular lands and their descendants

Invasive species: A species introduced to a new habitat

where it does not naturally live and where it causes harm

Kingdom: A very large, broad group of living things that

share major characteristics; even bigger than a genus

Morphology: The size, shape, and structure of an

organism

Mycelium: The body of a fungus, made up of millions of

hyphae

Native species: A species that naturally lives in a habitat

and has adapted to survive in that particular place

Nutrients: Substances that living creatures use to live

and grow
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How to Get DNA from a Fungal Specimen

I. Dry: Use hot air to remove 2. Extract:
all water from the specimen Open up the cells to get clean
to preserve its DNA. DNA from inside.

4. Sequence: Use a laser to
3. Amplify: Make millions of read the DNA and record

copies of the specimen’s tiny the sequence using four
DNA so it can be read clearly. letters (A, T, G, and Q).

If the DNA sequence matches
one already in our giant database, o 2
o fe\f —
) K0\ M

the species can usually be identified.

But if there’s no match, it might be a species that has never
been sequenced! .
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Spiny Wonder

A. spinosissima is a saprobe, and its preferred substrates

are small, decaying twigs on tropical forest floors.

This species’ unique
spines fall off and
/ grow into mushrooms.

Gills have cells that
grow and release spores.

L5 N

‘...; = vy,

The mushroom /
(or fruiting body)

makes and spreads
spores and spines.

The substrate is
the material a
fungus grows on.

Mycelium, the body
of a fungus, is made
up of millions of

G hyphae [hay-fee].

25

e
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Even though mycologists have learned some things

about A. spinosissima, they still have many questions.

Where are all the

places it grows?

Do any animals eat it?

Why don’t mycologists know more?

Because A. spinosissima is a tiny mushroom that is only
found in remote tropical forests, and it’s easily confused
with other fungal species. ‘
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At the lab, you look at the shape of the specimen’s spores.

They look like

A. spinosissima’s

spores!

You sequence the DNA and check for a match in the database.

"\ \ ‘/ \
/\>12 “f__l\ ~ Youdidn't find A. spinosissima, but
AN scientists will be excited to study your

M. tenerrima specimen and notes!

End of expedition.

To try again, go back to page 22. e
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-
Martin Bidartondo, PhD Patricia Ononiwu Kaishian, PhD
Professor of Molecular Ecology, Imperial Mycologist and Curator of Mycology,
College London, and Honorary Research New York State Museum

Associate, Royal Botanic Gardens, Kew

Sara Branco, PhD Yan Wang, PhD
Associate Professor, Department of Assistant Professor, Department of
Integrative Biology, University of Biological Sciences, University of Toronto
Colorado Denver Scarborough

Additional thanks to

Julia Kuo, Terhi Vesterinen, Colin Brandt, Ben Clanton,
Chris Z. Yu, Joy Zhang, Metal Pig critique group, Annie
Carl, Bryan Wilson, Andrew James Sapala, Blake Chamness,
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Library’s Youth Services staff, Sophie Bidartondo Shibano,
and Mom and Dad.
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74

You follow the Malabar giant squirrel and

take pictures until it disappears into the trees.

It has tiny holes, or pores, instead Ahead, the trail splits.

of gills for releasing spores! i i
Should you turn

left or right? '/

Polypores can live for years, and
each growing season, they add a
new layer of spore tissue on top
of the old.

To turn left, go to page 449.
To turn right, go to page 77.
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It’s time to pack for your expedition!

.

7/

It’s important to pack everything you need,

because there are no shops in the rainforest!

-

Walkie-talkies, because
cell phones don’t work
in remote areas

Camera, because
some fungi change color
after they are cut

Wax paper bags and basket,
for protecting specimens

GPS and waterproof map, %
for navigation
Small knife, for collecting ;
mushrooms, and hand
lens, for looking closely

Guidebook, waterproof notebook, Food, water, bug repellent,
and markers, for taking notes and first aid kit .

Waterproof clothing
and hiking boots
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Native Governance Center. October 22, 2019.
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That’s an elephant ear plant!

Don’t touch its sap, because it will

3 make your skin red and itchy!

Jude gives you gloves it
to protect your skin while i :

you collect a specimen. v

You’re about to start hiking

when you see footprints

and hear something rustling

behind you.

Your adventure continues on page 65. .
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Learn More

Books
Fungarium curated by Katie Scott and Ester Gaya
(Big Picture: 2019).

Fungus Is Among Us! by Joy Keller, illustrated by

Erica Salcedo (Innovation: 2019).

Humongous Fungus: The Weird and Wonderful
Kingdom of Fungi by Lynne Boddy, illustrated by
Wenijia Tang (DK Publishing: 2021).

This Land by Ashley Fairbanks, illustrated by Bridget
George (Crown Books for Young Readers: 2024).

Websites

Education. British Mycological Society. https:/www.

britmycolsoc.org.uk/education.html.

Hawai‘i Volcanoes National Park, Hawai‘i. National

Park Service. https://www.nps.gov/havo/index.htm.
Indigenous STEAM. https://indigenoussteam.org/.

The Language of the Land. Hawai‘i Volcanoes
National Park, Hawai‘i. National Park Service.
https://www.nps.gov/maps/stories/the-language-of-
the-land.html.

Lessons from the Earth and Beyond. https:/www.

lessonsfromearthandbeyond.ca/.
Native Land Digital. https:/native-land.ca/.

Sangay National Park. UNESCO World Heritage

Convention. https://whc.unesco.org/en/list/260/.

Silent Valley National Park. http:/www.silentvalley.

gov.in/.
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You follow the path and find
the lion-tailed macaques

foraging in a jackfruit tree.

They can store as
much food in their
cheek pouches as they

can in their stomachs.
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When we can’t identify a fungal species just by

looking at morphology, we can sometimes identify
it by studying its DNA.

Each species has a unique DNA sequence,
and scientists need chemicals and machines

to see and study it.
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Hiking toward the ocean, you look down and see some fuzzy

mushrooms!

It’s a saprobe fungus called Coprinopsis

lagopus [co-prin-op-sis la-go-pus].

By the end of the day, the caps will curl up and lose their fuzz,

and the gills will turn black and disintegrate as spores are released.

You collect a specimen and then hike

until you see white mushrooms!

Your adventure continues on page 33. o3
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Getting Ready

On our expedition, we are honored to be guests on the lands

of Indigenous [in-dij-uh-nuhs] Peoples.

So our planning starts with reading and listening to their

knowledgeable voices and partnering with local Indigenous

scientists.
Mushroom I know the fungi My family hands
foraging has on my family’s down scientific
been in my family favorite trails like knowledge through
for generations. friends! traditional stories.

Sara, botanist Kai, fungal taxonomist Maya, naturalist
Sangay National Park, Hawai‘i [ha-vai-ee] Silent Valley National Park,
Ecuador [ek-wuh-dawr] Volcanoes National Park, India

United States
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In the lab, you look at the mushrooms you found at the top of the cliff.

The spores are ellipsoidal, just like A. spinosissima’s!

You sequence the DNA and check the database for a match.

MATCH FOUND

Mycena alphitophora
[my-see-nah al-fi-toe-fo-rah]

This tiny saprobe is in Mycena, a genus, or
group, that includes more than 500 tiny and

hard-to-find species.

We didn’t find A. spinosissima, but scientists
will be excited to study this specimen and

learn more about the genus Mycena.

End of expedition.

To try again, go back to page 22. .
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I love tinkering with computers.

These fungi are m,thelr ’
arly stages. f

»

You collect a specimen, but when you

open your basket, there’s something inside!

Your adventure continues on page 48. 3q
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Organism: An individual fungus, plant, animal, bacterium,

microbe, or other living thing

Reproduce: To make more, by either making copies or

having babies

Species: A group of related living creatures that have

things in common and can produce offspring
Specimen: Something collected for scientific study

Substrate: The material that fungi grow in or on and get

nutrients from
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You unpack your drone

and launch it into the cave.

Drone batteries don’t last long,
so you speed up, zooming

around tight turns.

Suddenly, there’s
daylight ahead.

Stripe-headed
round-eared bot
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Without a drone, exploring the lava tube is too risky, so you

continue on the main path until you find a fallen tree.

Wow, Camillea leprieurii

[ca-mill-ee-ah lep-ry-ee-ur-ee-eye]!

When it’s time to reproduce, spores shoot out

of this fungus’s tube-shaped fruiting body.

| i | Volcan

Lol S O o i — [vol-cahn]

A Sangay

S S o Q
Ahead, one trail leads ™
) Upano

l
L 3 |
to one of the most A ‘ \ - [oo-pan-oh]
. -~ Q
!
-3

active volcanoes in the e

world, and the other w\ 3

leads to a rushing river.

To head toward the volcano, go to page 30.

To head toward the river, go to page 82.
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- ¢
TR e S On the ground, you see mushrooms
—

growing on elephant poop!

You collect a specimen so you can

“identify this saprobe in the lab.

When fungi decompose poop, some
carbon and nutrients are absorbed, and

the rest become part of the soil or air.

They look like A. spinosissima!

b

You-collect a specimen
and hurry back to the lab.

Your adventure continues on page 78. >
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It’s an invasive leopard slug . . . and it ate all your specimens!

Wait! Here’s one the slug didn’t get!

Back at the lab, you study the specimen, sequence its DNA,
and run it through the database.

MATCH FOUND

Cyptotrama asprata
[sip-toe-tra-mah as-pra-tah]

Golden-scruffy collybia [co-lee-beuh] is the

common name of this brightly colored saprobe
that decomposes wood.

Even though you didn’t find A. spinosissima,

you identified an amazing specimen.

End of expedition.

o To try again, go back to page 22.
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Silent Valley National Park

You take a plane, a train, a bus, and finally a jeep to meet Maya

at the entrance to this park’s 50-million-year-old rainforest. \

5\ Coimbatore

M\, [koh-im-bah-tawr]

Silent Valley
National Park

} We need to study the fungi in
| this park now, because nearby
2 farming is destroying the

" natural habitats of so many

I
| t
. species. '
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sMASH:!

I think we have just enough time to hike ,’%\\\\ Y
through the lava tube to get the drone! :

You crawl and climb

for over an hour.

Finally, you see daylight!

You take notes and pictures, collect a specimen, and hike back

g through the lava tube, making it to your jeep just as the sun sets.
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The universal veil protects
A. spinosissima like an eggshell until
the stem grows and breaks through.

Spores help fungi
reproduce and travel,
like plant seeds.

Hyphae are spaghetti-shaped
threads that hold everything fungi
need to live, grow, and reproduce.

FOne of the best ways for us to learn about

l A. spinosissima is to collect specimens from

their natural habitats to study in the lab.
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In the lab, it’s clear that none of your specimens are

A. spinosissima, but you are able to identify the jelly fungus.

MATCH FOUND

Dacryopinax spathularia
[da-cry-o-pin-ax spa-thu-lar-ee-ah]

The Latin origin of this saprobe’s name tells
us what it looks like: Spatha, like the word

spatula, means flat spoon.

You didn’t find A. spinosissima, but you collected specimens

that will help mycologists learn more about fungi in this park!

End of expedition.

To try again, go back to page 22. =
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All mushrooms, including A. spinosissima,
are part of fungi. But not all fungi grow

mushrooms or fruiting bodies.

Fruiting bodies come in Most mushrooms have stems,

many shapes and sizes. caps, and gills.

\
» ¥

A mushroom is just one

One is called a fungus.

kind of fruiting body. Two or more are called fungi.

Scientists who study fungi

are called mycologists.
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Fungi, Animals, and Plants in This Book

Search your local library or online to find books and

information about these amazing fungi, animals, and plants!

A note about names: A single species can often be called several different common
names depending on who is writing or talking about it. It is important to remember that
these names have, in most cases, been selected by white European scientists rather than
by Indigenous Peoples who may have known about the species for thousands of years.
Many fungal species do not have common names, which is why we use their scientific
names in this book. As scientists continue to engage in conversations about colonialism

and learn more about fungal species, these names may change.

Scientific Name Common Name

Amparoina spinosissima Flaky bonnet

Apiosporina morbosa Poop on a stick
Ascocoryne sarcoides Jelly drops
Aseroe rubra Starfish fungus
Camillea leprieurii No common name

Coprinopsis lagopus Hare’s foot inkcap

Cyptotrama asprata Golden-scruffy collybia

Dacryopinax spathularia | Fan-shaped jelly fungus

Geastrum fimbriatum Sessile earthstar

Hypoxylon cyclops No common name

Leucoagaricus gongylophorus No common name i;

Microporus affinis Dark-footed tinypore X il

Mycena alphitophora No common name & - ” °
e, o

Mycena tenerrima “ Frosty bonnet \ /I °
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Gear!
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Super!

We’ll be hiking through areas

where mudslides are common,
so this gear will be helpful if
the trail is blocked.

To pick your expedition site, go to page 26.
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NaME: Remi a ‘

Your Adventure Begins

Now it’s time for YOU to make some choices so your adventure

can begin!

S S T
Start by picking a research assistant. i \
_/ Skills: ;
I studied fungi in a lab at school, | 4
using chemistry and computers. //’ N |
| i
| s
1 |
| |
3 Medical Aid
AR el
e
? i g
‘ Fixing Field
| Equipment
,' i
| _
?
§

\ Rock Climbing J

et ey s T——— O

To pick Remi, go to page 79.
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I can’t fix the GPS,

. [ce-€e-Wee
but we’ve got a st !

waterproof map.

Jude navigates your team
to a kipuka [kee-poo-kah],
a tree island in the middle

of ancient, hardened lava.
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You hike toward Volcan Sangay

until you see a white fungus.

When I crush this mushroom,

there’s no smell, or odor—

which matches what we know

about A. spinosissima.

e

You take notes and photos and collect a few specimens

so you can study them in the lab.

RUMBL | The ground is shaking!
E
RUMBLE What’s going on?

e Your adventure continues on page 40.
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You unpack your climbing

gear and do a safety check

before Maya starts climbing.

Soon she is high up the cliff.

Suddenly,

her foot slips!

The rope pulls tight
as you catch Maya,
and she swings safely
back to the wall.
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We are exploring remote tropical forests
in search of a mysterious mushroom called

AMPAROINA SPINOSISSIMA.

We are curious to learn more about this rare, spiny wonder.
But it won’t be easy to find these tiny fungi.
We need your help making choices on our expedition.

7z

. «
Nls &

Pick your Pick your Pick your
research assistant. field gear. expedition site.

Be careful—not every path leads where you expect, but whatever
path you pick, you’ll see and learn amazing things!

% “Immensely engaging, this reader packs an informational punch.”
—Booklist, starred review

@ & @ “An engaging, fun, and deep guide to how sea research happens.”
: —Kirkus Reviews

. Ll .»? A New York Public Library Best Book of the Year
Q GIANT 1S

5 S00ID A Good Housekeeping Kids’ Book Award winner
[ _jy '3 An Amazon Best Book of the Month

A Science Friday Best Science Book for Kids

NOW YOUR
ADVENTURE BEGINS!
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Sangay National Park

Sara meets you at the airport, and you drive into the mountains,

through the park, and finally to an area that’s off-limits to tourists.

e bt - B eaiiia e pRp—

it

:’/

There are so many special ecosystems
[ee-koh-sis-tuhms] to explore, including

rainforests, cloud forests, and grasslands.
{

| X

62
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They can make at least I5 different kinds of

sounds to communicate with one another.
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NnAME: Jude

To pick Jude, go to page 8I. .
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You hike through lush forest until you see a jelly fungus on a branch.

This fungus feeds on a host Look, maybe this

fungus that grows like a thin

lava tube is a tunnel!

crust on the branch.

// j’ ve“ﬁz «

7 e
Fungi that are parasites It might take too long to
to other fungi are called explore, but if you packed
mycoparasites [my-koh- the tech gear, you can use
par-uh-sites]. the drone to check it out!

If you packed the tech gear, go to page 44.

6 If you didn’t pack the tech gear, go to page 72.
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36

You back away from the

old bridge and follow the

trail, looking closély at
the forest floor.

. Look, small white mushrooms
growing on twigs with spines

| on their caps!

Could they be A. spinosissima?

Your team takes photos and

notes and packs your specimens

in wax bags.

Then it’s time to hike back to the jeep and get to the lab.

Your adventure continues on page 56.
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As you hike into the rainforest and climb over lava rocks,

your boots sink into mud and your muscles burn.

sPuniSh Cedar

ged tanager
O
g

Qg,

Your adventure continues on page 76.
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You Picked
the Climbing Gear!

Fantastic!

We can use this gear
to reach remote areas

that scientists haven’t

explored yet!

To pick your expedition site, go to page 26.
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Scientists know quite a bit about fungi, but there’s still so
much to discover. What can fungi teach us about climate
change? What are all the ways fungi are connected to
the plants, animals, and other fungi around them? What
amazing and wonderful fungi have we yet to identify?

There’s still a lot to explore. Will you be the scientist who

helps solve these mysteries?
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We need your help making choices on our expedition.

Some choices will lead us closer to

A. spinosissima; other choices might not.

But we’ll still see and learn amazing things!

See a word you don’t know?

Check the glossary on page 93.

Remember to always check with a grown-up

before collecting fungal specimens!
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The sun is setting, so you take your crushed specimens back to the lab.

Most of them are too smooshed to study.

But one is still whole!

You look at its morphology and then dry it and sequence its DNA.

MATCH FOUND

Aseroe rubra
[ah-ser-oh ru-brah]

The name of this saprobe species from the
stinkhorn family comes from the Greek word
aseroe, meaning disgusting juice, and the

Latin word rubra, meaning red.

. You didn’t find A. spinosissima, but you |
identified a “disgusting red juice” mushroom! '

gr—————— o S — S, —

End of expedition.

To try again, go back to page 22. e
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Suddenly, you’re falling!

Your basket of specimens is lost,
but you saw a Malabar giant

squirrel and a rare Indian pangolin.

End of expedition.

To try again, go back to page 22.
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Jude Is Your
Research Assistant!

This expedition is going to be amazing!

Are you ready to pick your field gear?

There are some challenging trails, so having a drone
would be helpful for scouting out hard-to-reach spots,

and climbing gear would help us get to them safely.

To pick your gear, go to page 24.

8l
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Rhodotus palmatus Wrinkled peach

No common name

Stropharia bicolor

Termitomyces clypeatus No common name
Tetrapyrgos nigripes * Black-stalked marasmius
Tremella fuciformis % Snow fungus

Tremella mesenterica Witches’ butter (or yellow

brain or golden jelly fungus)

Scientific Name Common Name
{

Branta sandvicensis | Nené
Buteo solitarius ‘Io (or Hawaiian hawk)
Drepanis coccinea L Tiwi
Eleutherodactylus coqui Coqui frog
Grypotyphlops acutus Beaked worm snake
Himatione sanguinea ‘Apapane

Idea malabarica Malabar tree nymph

Limax maximus Leopard slug

Macaca silenus Lion-tailed macaque

Manis crassicaudata Indian pangolin
Mazama rufina Little red brocket
Minervarya keralensis “ Kerala warty frog
Odontotermes sp. Termite

Pachliopta pandiyana 1 i Malabar rose butterfly

Partulina physa Hawaiian tree snail

Piranga rubriceps Red-hooded tanager

Psittacula columboides

Malabar parakeet
Pteronura brasiliensis i Giant otter

Raorchestes nerostagona | Water drop frog
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We know now that There’s so much to learn

fungi are definitely because there are so many

plants OR animals. fungal species and so few

mycologists to study them.
They’re in a kingdom

all their own:

Scientists think there are

more than 2 million fungal

species, but so far they

have found and studied
fewer than 200,000!
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You Picked the Tech Gear!

I'm glad you picked the tech gear!

We can use the drone’s camera to take photos and

find out what’s ahead!

To pick your expedition site, go to page 26. .
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Stepping onto the trail just
before dawn, you realize that

this park isn’t “silent” at all!

Birds are trilling and screeching,

and frogs are croaking.

(et 9roP frog

$° P
)

i
A 1f Yo & Vi
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You walk around the edge

As you step closer, you
of the boulders and find

slip on loose rocks and
a jelly fungus with a squishy, fall to the ground.
see-through fruiting body.

You’re okay,
but your camera

is smashed.

The sunis setting,
so you start hiking
back to the jeep.
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I used to cross this bridge a lot, but

I haven’t been here in a few years.

The cables seem strong, but if the planks
are rotted, you could fall into the rushing
water and be swept into sharp rocks!

eeo
ko
°d worm snake To cross the bridge, go to page 60.

To stay by the river, go to page 36.





OEBPS/images/page054.jpg
Hawai‘i Volcanoes
National Park

After you land at the airport, Kai drives your jeep into the park, past

Mauna Loa [mou-nuh loh-uh], the largest active volcano on earth.

Hilo _
[hee-loh]

——

Hawai‘i
W
\

{ Volcanoes ‘?’ ik
N ‘ftiona{l—Eark—"———w\’—x-c i1 e
| i )

-

e i P et . TR e e A .

Scientists think there are

more than 400 Hawaiian

i
fungal species that have i
yet to be identified! t

e "—"—‘a—\r-v—/;
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The sap makes
your skin red

and itchy.

Your team
rushes you to a

doctor, who treats

your swollen hands.

By the time you get your specimens to the lab, they are all mushy

and moldy, so you’ll have to collect more another day.

You didn’t find A. spinosissima today, but scientists will be

excited to study your photos of T. mesenterica.

It’s also called
witches’ butter,

yellow brain,

and golden

wly fungus!

End of expedition.

To try again, go back to page 22. -
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You turn right and hike up the hill until

you see a cluster of Geastrum fimbriatum

[gee-ass-trum fim-bry-at-um].

When this fungus is ready to release spores,

its outer layers split open to reveal a spore case.

You try to hike up the path,
but it’s blocked by boulders.

Going around the boulders will take hours,

but if you packed the climbing gear, you can take

a shortcut over the cliff and back to the path.

If you packed the climbing gear, go to page 70.

If you didn’t pack the climbing gear, go to page 34. —
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Fungi grow in the ground,

And they can’t be animals,

but they don’t have roots
4 because they don’t have

or make food from sunlight,
mouths or stomachs!

so they can’t be plants.

Then what are they?
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Then you no v ‘ . .
black blobs on - 4

the trees!

H poxylon cyclops
{hi-poX€€° -lawn sai- dOps]

ThIS saprobe fungus is named
after the one-eyed cyclops

from Greek mythology.

You continue hiking until you find white mushrooms under a plant
dripping with sap.

You want to collect a specimen,'

but you know that some plants

have harmful sap.

Sara is busy taking notes, so
you ask your research assistant

to identify the plant.

If Jude is your research assistant, go to page 37.

If Remi is your research assistant, go to page 32. 83
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Go to Your Expedition Site!

TR AVEE .

Sangay Ndﬁdnlg?ark, Ecuador

A. spinosissima has already been found here,

but the steep, rocky trails make this park with

three volcanoes a challenge to explore, so there ‘
may be more!

To pick this expedition site, go to page 62.

Scientists think A. spinosissima was originally endemic [en-dem-ik]

to Central and South America and then spread to other places.

Endemic species are found only

in specific areas.
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At the lab, you see that the spores of the small white mushrooms

are ellipsoidal and smooth!

s B e e T

They look just like i

A. spinosissima spores!

This could be it!

Let’s see if the DNA matches

the sequence in the database!

Your adventure continues on page 84.
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The mushrooms are growing

on twigs, the preferred

substrate for A. spinosissima!

You take notes and photos

and collect a few mushrooms.

SKEEE
GKEEE

Your adventure continues on page 46.

What's that above you?
?;. :’3 e M‘,“"

A snail scrapes apart
its food using its radula
[raj-oo-luh], a flexible
band of thousands of

microscopic teeth.

33
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Expedition Team

For small expeditions, scientists may work alone.

For bigger expeditions, they work with teams to study how fungi
[fun-jai] interact with other parts of the natural world.

I study plants.

Botanist

[bot-n-ist]

I'm a college
student studying to

be a mycologist.

Research Assistant

I study fungi.

Mycologist
[my-kol-uh-jist]

I teach people about
the plants, animals,
and fungi in the park

where I work.

Park Naturalist
[park nach-ruh-Llist]

I identify, describe, and sort
new and existing fungal

species [spee-sheez].

Fungal Taxonomist

[fun-gull tak-son-uh-mist]
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Some plants have leaves, sap, or other parts

that can be harmful to humans, but I can’t

find this plant in our guidebook.

You decide to take a risk, but

as you collect the white fungus,

some sap drips onto your hands.

Q Your adventure continues on page 57.
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To August and Will,

who make life an adventure. —ASF

To Oliver,
who makes the best fan art. —ACM
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Remi Is Your

Research Assistant!
B y

I can’t wait to get out into the field!

Do you need help picking field gear?

Some areas will be rocky, so ropes could be handy.

Also, remote control technology makes navigating

unknown areas faster and safer.

To pick your gear, go to page 24. .
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The sun feels warm on your skin, but

fog and rain could roll in very quickly.

‘ Néng [nqy-\"""\

v i‘% Your adventure continues on page 64. e
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Moo

Maya walks across the bridge first.
The cables sway, and the planks creak.

You take one step, then two steps,

moving faster to keep up.

Y \Watch out for that—
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MATCH FOUND

Amparoina spinosissima

The characteristics and

DNA sequence match!

You found it!
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Hawai‘i Volcanoes National Park, United States
A. spinosissima has been found on other parts
of the island, so maybe it grows in this park with

many endemic species and two active volcanoes!

To pick this expedition site, go to page 54.





