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| Description
t Learners cxplore how some organisms interact with other organisms through symbiotic relation-
| ahips by observing “mystery objects” (plant galls) collected from the local ecosystem.

| Smggested Grade Levels: 4-6

Lesson ObiCCtiVCS Connecting to the Standards

Content Standard A: Content Standard C: Life Science

Science as Inquiry K—4: Understand that all organisms causc
K—4: Ask a question about objects, organ- changes in the environment where they live.
sms, and events in the environment. Some of these changes are detrimental to the

5-8: Develop descriptions, explana- organism or other organisms, whereas others
® i

gons, predictions, and models using
evidence. 5-8: Understand that biological adaptations
§-8: Think critically and logically to include changes in structures, behaviors, or

make the relationships between evi- physiology that enhance survival and reproduc-
tive success in a particular environment.

are beneficial.

dence and explanations.
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world of parasites, from tiny ticks symbiotic relationships found in the
to terrible tapeworms animal kingdom
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This lesson will take several class periods. Suggested scheduling is as follows:

4

® |

Day 1: Engage and Explore with mystery objects, and Explain with Closc -

Encounters Dichotomous Key * |

Day 2: Explore and Explain with Word Sort, Close Encounters of the Sym- * |
biotic Kind article, and What's Eating You? Parasites—The Inside Story ™

Day 3: Elaborate with Weird Friends, and Evaluate with Symbiosis Quiz ' I

GOLDENROD
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Materials .. ... .. ... —

This lesson uses “mystery objects” to engage students and lead them into —

an inquiry on symbiotic relationships in nature. The mystety objects are i

plant galls. If goldenrod grows in your area, you can probably find galls on P

it. The spherical goldenrod gall is caused by a tiny fly. The spindle gall is L

caused by a kind of moth. The galls are often located about two-thirds of -

the way up the stem and can be seen easily, especially in the winter when L

]

the foliage has died. Another easy way to collect galls is to find them on
trees. Oak trees in particular play host to hundreds of different gall-forming
organisms. Keep the galls attached to the leaves or twigs if possible, to help
with identification. See www.cals.ncsu.edu/course/ent525 /close/gallpix /index.
htm for color photographs of some common galls. (Safety note: Golden-
rod is usually not responsible for allergies. The pollen is heavy and sticky,
designed for insect pollination, not wind. Wind-blown ragweed pollen is the
most common culprit for allergies.)

You will need to collect several specimens of at least two kinds of galls
from the local ecosystem, such as the common galls pictured at right.

GOLDENROD
SPINDLE GALL

Other Materials

Centimeter rulers and/or tape measures (1 per pair)
Hand lenses (1 per student)

% Small knife or dissecting scalpel (for adult use only)

Osx LEAF GALL
Cutting board to use when cutting galls open (for adult use only)

Symbiosis Quiz Key (for teacher use)
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Student Pages ...

¢ O-W-L Chart

s Close Encounters Dichotomous Key

¢+ Close Encounters Sorting Cards

¢ Close Encounters of the Symbiotic Kind article
¢  Weird Friends

& Symbiosis Quiz

Background ... .o

Plant galls are actually abnormal outgrowths of the plant’s own tissues. They can be caused by
insects, mites, fungi, or bacteria. Because they are found in an astounding array of shapes, sizes,
colors, and textures and can be easily spotted on trees and other plants, they make excellent
specimens for inquiry in the elementary science classroom. By studying the gall and its loca-
tion on the plant, you can usually determine what kind of organism caused it. Each gall-causing
organism is adapted to only one type of host, and no other plant will do. Most galls are relatively
harmless to their host plants, but all gall-causing organisms are considered parasites.

Parasitism is a form of symbiosis (close interaction between different species) in which one
organism lives on or in a larger host organism and feeds on it while the host is still alive. In
this lesson, students learn about both ectoparasites (parasites that live on the body, such as lice,
mites, ticks, and fleas) and endoparasites (parasites that live inside the body, such as roundworms,
hookworms, and tapeworms). Other types of symbiosis are commensalism, in which one of the
organisms is helped while the other is not affected, and mutualism, in which both organisms
benefit from their close encounter. Mutualism is a win-win relationship. The Elaborate portion
of this lesson explores mutualism in depth.

Adaptations are structures or behaviors that help organisms survive in their environments.
Symbiosis is the result of both structural and behavioral adaptations in organisms. For example,
goldenrod gall fly larvae have special chewing mouthparts that help them cat the inside of the
fibrous goldenrod gall. That is a structural adaptation. When the larvae go through metamor-
phosis inside the gall and become adult flies, their mouthparts change into sucking mouthparts.
So how are they able to exit the gall and fly away if they no longer have chewing mouthparts?
The secret is in a behavioral adaptation: The larvae chew an exit hole in the gall BEFORE they
go through metamorphosis! This behavior helps them survive in their environment. They are
able to leave the gall when the time is right to find a mate and lay their eggs.

The National Science Education Standards suggest that students in grades 5-8 learn that bio-
logical adaptations include changes in structures, behaviors, or physiology that enhance survival
and reproductive success in a particular environment. Understanding adaptation can be chal-
lenging for students at this age. Many students think individual organisms adapt deliberately in
response to their environments. However, organisms don’t adapt because they “want to” or “try
to.” Furthermore, biological adaptation involves naturally occurring variations in populations,
not individuals, and typically takes place over many thousands of years. This lesson focuses on
how different types of adaptations help organisms cxist in symbiotic relationships, rather than
how those structures and behaviors have evolved over time.
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Mystery Objects

Pass out a mystery object (goldenrod ball
gall, oak apple gall, or other plant
gall) to each student or pair of '
students. Do not tell them what
the mystery objects are. Pass
out an O-W-I chart to each
student. Give students several
minutes to carefully
take mea-
surements
and write
obscrvations
in the first column

and then write their “wonderings” about the
objects in the second column.

Ask several students to share their observa-
tions. Then ask whether the observations were
truly observations based on measurements and
the senses, or whether some of them were actu-
ally inferences. Explain that when you make an
inference, you use past experiences to draw a
conclusion based on your obscrvations. So if
any of the observations were guesses about the

OBSERVING OAK LEAF GALLS
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identity of the mystery objects, then those state-
ments were actually inferences. Students who
wrote inferences in the “Observations” column
of the O-W-L chart can rewrite them
into questions in the “Wonderings”
* column instead. For example, “I

wonder if this is an insect living

inside a plant?”

vlore

Demonstrate
how to
safely curt
open a gall. You
will most likely want
to open the galls for each student, especially
the hardened goldenrod gall, because of safety
concerns. Ask a parent volunteer to help. Use
a sturdy cutting board and a small sharp knife
or dissecting scalpel. Carefully insert the knife
blade part way into a gall along its circumfer-
ence. Twist the knife until the gall pops open
Galls can usually be opened this way withour
damaging the larvae inside.

Have students make obscrvations of the
opened objects and compare them with the
observations of other students. Then have them
add to the “Observations” and “Wonderings”
columns of the O-W-L chart.

Close Encounters

Dichotomous Key
Ask students if they are ready to develop some
explanations about their mystery objects.

?  Was anything inside your mystery object®
Is it still there?

?  How do you think it got inside? What do |

you think it was doing in there?
? What do you think it is?
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Tell students they are going to do some
research to clear up the mystery surrounding
their objects. Pass out copies of the Close
Encounters Dichotomous Key. Explain that
the word dichotomous means dividing into two
parts. A dichotomous key has two choices at
every step. Discuss the different characteristics
used in the key such as spherical, elliptical,
encircling twig, and horns. Then tell students
to start with number one, make a choice based
on their observations, and follow the steps of
the key until they have identified the object.
They can find out more about their objects by
reading the rest of the student page.

Oak galls can be difficult to identify because
there are hundreds of varieties. It is sufficient
for the students to identify them as “oak galls”
if they cannot tell which type they have.

Students can now fill out the “Learnings”
column of the O-W-L chart. Have students com-
municate their findings about their mystery
objects by presenting their completed O-W-L
charts in small groups to other students.

Discuss the following questions with the
whole class:

What is your mystery object?
How did the insect get inside the plant?

Is the insect helped or hurt by the plant?
How?

Tell students the name for this type of “close
encounter” between different organisms is
called symbiosis. Explain that symbiotic rela-
donships occur when one organism lives near,
on, or, in some cases, inside another organism
and when at least one organism benefits from
the relationship.

How does your mystery object show sym-
biosis? (An insect is living on or in a plant
and getting food, shelter, and protection
from the plant.)

Some students may have concerns about
the survival of the organisms they arc study-
ing in this inquiry. To disposc of the insect

larvae inside the galls, take the class outside
to a natural area or bird feeder where students
can gently return their organisms to the food
chain. Make sure you are not introducing an
organism into a habitat where it doesn’t belong.
You may want to keep some unopened galls
that are still attached to a stem, twig, or leaf.
Place them in a jar and cover the jar with fine
mesh or cheesecloth. Mist the inside of the
jar occasionally. Observe the jar every day—
students will be amazed to see the insects that
emerge from the galls!

Cxplore

Symbiosis Word Sort and Article

Word Sort
Tell students they are going to do an activity to
explore symbiosis further. Divide students into
pairs. Pass out the Close Encounters Sorting
Cards to each pair.

Open Sort: First, have students do an open
sort of the cards. In an open sort, students
group words into categories and create their
own labels for each category. Have students
explain their reasonings as they are sorting. An
open sort helps students become familiar with
the words, begin thinking about relationships
among the words, and listen for the words in
the reading. As you circulate, ask students to
explain why they grouped the words the way
they did. This can help you determine their
prior knowledge about the meanings of the
words on the cards.

Pairs Read
Pass out the Close Encounters of the Sym-
biotic Kind article. This article will give stu-
dents the necessary information to do a closed
sort with their cards. Have students take
turns reading aloud from the article. While
one student reads a paragraph, the other lis-
tens and makes comments (“I think ...”), asks
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questions (“I wonder ...”), or shares new learn-

ings (“I didn’t know ...).

Closed Sort: Next, have students perform
a closed sort of the cards. In a closed sort,
the teacher provides categories into which
students assign the words. In this case, the
article outlines three categories of symbio-
sis into which the organisms on the cards
can be sorted: parasitism, commensalism,
and mutualism.

Ask students to justify how they sorted their
cards as you move around to each team. Stu-
dents should recognize that there are three
types of symbiosis and identify which organ-
isms belong in each category. Discuss the fol-
lowing questions:

Why is a goldenrod gall fly considered to
be a parasite of the goldenrod plant? (It
lives inside the much larger organism and
feeds on it without killing the goldenrod
plant.)

Relationship of Words in the Closed Sort

SYMBIOSIS
,;,_P !usmﬂ ssersiss s Co ensahsm Mu m -

H PRI

Dog—Flca

A SR s T R

1
Goldenrod—Gall Fly 2 Remora—Shark

Human—Mosqulto

Bark Bectlc——Elm Trce

Also correct: Dog-—Mosqulto

Also correct: Human-—Flea

B e R

l
\H\

I

1

Orchld——Kapok Tree

Why is this relationship NOT considered
to be an example of commensalism? (The
goldenrod plant 1S affected by the gall fly
because it is made to produce abnormal

growths. In commensalism, one of the
organisms is helped but the other is not
affected at all.)

Could the goldenrod gall fly survive with-
out the goldenrod plant? (No, it would not
have a food source for its larvae. A golden-
rod gall fly can live only on a goldenrod
plant. No other kind of plant will do.)

Why do you think it is beneficial for a
parasite to not kill its host? (If the host died,
the parasite would lose its food source.)
Why is a flea considered to be a parasite of
a dog? (It lives on the much larger dog and
feeds on it without killing the dog.)

Next tell students you have a weird and
wonderful book to share with them! This book
will tell them everything they NEVER wanted
to know about parasites. Introduce the author
and illustrator of What's Eating You? Parasites—
The Inside Story. Tell students that the author.
Nicola Davies, is a zoologist whose father was

8 Clown Flsh—Sca Ancmonc

 Also correct: Human—Dog

NATIONAL SCIENCE TEACHERS ASSOCIATION



[image: image7.jpg]j abso a scientist. When she was young, her father
F would let her take apart dead animals so that
| she could learn about dissection! She was fas-
gnated by the parasites that lived inside the
animals. She writes, “I always wondered what
| their lives were like in that strange, warm, dark
| world that is inside all of us.”

' 3’ Turn and Talk

Ask

? Do humans have parasites? Turn and talk.

(Students may be able to list parasites such
as lice, ticks, or tapeworms.)

Wy Determining Importance
Have the students listen for how many differ-
ent kinds of parasites can live on the human
body as you read pages 7 and 8 aloud (430
different kinds!). Next ask students to listen
for the difference between ectoparasites and
endoparasites as you read the interesting facts
on pages 10 through 13 aloud. (Ectoparasites
live on the body and endoparasites live inside
the body.) Then ask

?  What are some ectoparasites of dogs? (fleas,

lice, mites, and ticks)
? What are some endoparasites of dogs? (round-
worms, hookworms, and tapeworms)

Parasite Adaptations

Next explain that parasites have some remark-
able adaptations that help them survive in or on
their hosts. Adaptations are changes in body struc-
tures or behaviors that help organisms survive
in their environments. For example, goldenrod
gall fly larvae have special chewing mouthparts
that help them eat the inside of the fibrous
goldenrod gall. That is a structural adaptation.
When the larvae go through metamorphosis
inside the gall and become adult flies, their
mouthparts change into sucking mouthparts. So
how are they able to exit the gall and fly away if
they no longer have chewing mouthparts? The
secret is in a behavioral adaptation: The larvae
chew an exit hole in the gall BEFORE they go
through metamorphosis! This behavior helps
them survive in their environment. They are
able to leave the gall when the time is right to
find a mate and lay their eggs.

#g# Determining Importance
Tell students that you are going to read about
some more fascinating parasite adaptations.
As you read, have them raise their hands every
time they hear about either a structural or a
behavioral adaptation that helps the parasite
survive in its environment. For example, as you
read on page 15, “First, they need to be small:
It’s no good being the size of an elephant if
your habitat is the fur of a mouse,” students can
raise their hands and say body size is a struc-
tural adaptation. Then have them explain how
this adaptation helps the organism survive (it
can hide in the fur of a much larger animal).
As you read on page 16, “They climb into
grass and bushes, and when they smell an
animal close by, they wave their legs to grab
a ride,” students can raise their hands and say
that climbing grass and bushes is a behavioral
adaptation. Then have them explain how this
adaptation helps the organism survive in its
environment (ticks get closer to their food
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source by climbing into the vegetation where
the host animals can be easily reached).

Then read pages 15 through 24 aloud. If
your students aren’t too grossed out by this
point, read on! However, they should be able
to find plenty of examples of structural and
behavioral adaptations in those pages, so you
can stop after page 24 (about lice) if you wish.

Claborate

Weird Friends
After reading the suggested excerpts of What’s
Eating You? ask

If the symbiotic relationship between a
dog and a flea is parasitism, what kind of
symbiosis is the rclationship between a
service dog or watch dog and its human
owner? Explain. {The type of symbiosis is
mutualism because the human is helped or
protected by the dog, and the dog is fed
and cared for by the human. They both
benefit from the relationship.)

Then tell students they are going to learn
more about the fascinating world of mutualism,
arelationship that is beneficial to both partners.
Mutualism can seem very strange because the
most unlikely creatures do amazing things to
help each other survive. Some act as body-
guards or booby traps, others as hairdressers or
housekeepers. Ask students if they can think
of other examples of mutualism in addition to

the clown fish and the sea anemone featured
in the symbiosis article.

Inferring/Making

Connections

Show students the cover of Weird Friends:
Unlikely Allies in the Animal Kingdom. Ask stu-
dents to infer from the title what the book is
about. Then ask them what they think it might
have to do with the previous activity on plant
galls. (Both the book and the activity are about
symbiotic relationships.)

Determining Importance
Pass out the Weird Friends student page. Ask
pairs of students to rcad through the examples
listed and briefly discuss some predictions
of how each partner might benefit from the

relationship. Then tell students to listen for |

the relationships mentioned on the worksheet

as you read the book aloud. Read aloud Weird
Friends, and pause after each relationship is |
described to give students time to record their |
responses on the student page, listing the benefir

for each partner.

Cvaluate
Symbiosis Quiz

Review the differences among the types of sym-
biosis, then administer the Symbiosis Quiz. Use
the Symbiosis Quiz Key to grade the quiz.
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