MICHU-E-99-004

=i D

Cooperator's Handbook ° Section Four

Upper Elementary Lessons
Teacher’s Guide

The Purple Loosestrife Project
Michigan State University
January 1999



The Purple Loosestrife Project Cooperator’s Handbook

January 1999

MSU-E-2690-4
e } Teacher's Guide
MSU-E-2690-5
AiSBiansgs } Student Workbook
AUTHORS
David Chapman, Okemos High School
Michelle Corlew, Waubonsie Valley High
Shari Dann, MSU
Leonard "Chip” Francke, MSU
Michael Haas, MSU
Merle Heidemann, MSU
Ann Hesselsweet, Orchard View Alternative High School
Michael Klepinger, Michigan Sea Grant
Doug Landis, MSU
Joyce Parker, MSU
Jason Potter, Haslett High School
Donald Sebolt. MSU

ORIGINAL ARTWORK

Kathryn Darnell

LAYOUT & DESIGN
Charlie Sharp, Sharp Des!gns, Inc.
Outreach Communications, MSU

Ken Dettmer, Graphicom

EDITOR
Michael Klepinger

The Michigan Sea Grant College Program is
a cooperative program of the University of
Michigan and Michigan State University.
Funded by the National Oceanic and Atmo-
spheric Administration (NOAA).

MSU is an affirmative action and equal op-
portunity institution. Extension programs
and materials are available to all without
regard to race, color, national origin, sex,
handicap, age. or religion. Issued in further-
ance of Extension work in agriculture and
home economics, Acts of May 8 and June
30, 1914, in cooperation with the U.S. De-

partment of Agriculture.

NONGAMIS
WILDLIEL

DNR

MICHIGAN STATE

UNIVERSITY




Contents

SECTION 1

SECTION 2

SECTION 8

The Purple Loosestrife Project
Cooperator’s Handbook

Cooperator Lssentials

Introduction

Purpose and Layout of the Cooperators Handbook

Frequently Asked Questions

Project Overview: The Purple Loosestrife Project at Michigan State University
The Role of Project Cooperators

Reading Materials and Additional Resources

Rearing and Releasing Natural Enemies to Control Purple Loosestrife
Life History and Ecology of Galerucella and Hylobius

The Nuts and Bolts of Natural Enemy Rearing and Release

Raising Galerucelia Beetles Indoors

Outdoor Rearing of Galerucelia Beetles

Secondary School Actlvity Set

Purple Loosestrife Educational Opportunities
Adapling the Aclivities

Abstracts of Activities for Young Aduits

SECTION 4

Upper Elementary Lessons
Teachers Guide
Student Workbook

(i



The Purple Loosestrife Project e Cooperator’s Handbook

@ Upper Elementary Teacher's Guide

Part One - Mission: Life On Earth

Lesson One:
Lesson Two:
Lesson Three:

Abstracts, Objectives and Background . . . . .......... ... . ... . ... 2
Biomes . ... ... e 5
Ecosystems . ........... . ... e 11
Community Relationships .. ............. ... ... 15
Food Chains .............. . .. ... . . . .. . . . . ... 17

Lesson Four:

Part Two - Invasion of Purple Loosestrife

Lesson One:
Lesson Two:
Lesson Three:
Lesson Four:
Lesson Five:

Abstracts, Objectives and Background . ... ......... ... ... ... ... . ... ..... 21
Invasion Discovered . ... .......... .0t 27
Press Conference ............ ... .. 0. 29
ATripAcrossthe Ocean ... .......... ... ... 0., 33
CYCIeS . . 35
Life Cycles .. ...... ... i e 37
ProtectingWetlands . ................ ... ... ... . ... ..... 47

Lesson Six:

Part Three - Biological Control of Purple Loosestrife

Lesson One:
Lesson Two:
Lesson Three:
Lesson Four:
Lesson Five:
Lesson Six:

Student Glossary
References.. . . ..

(™ Abstracts, Objectives and Background . . ... ..........oournnnnn.. 49
' Controlling Purple Loosestrife ............................ 55
Biological Control ......... ... ... ... ... ... .. . .. . . ... ... 59
Life Cycles of LeafBeetles .. ............... ... ... ... ... 63
Beetles and Loosestrife Together .. ........................ 65
Selecting Natural Enemies . .............................. 67
Biocontrol of Purple Loosestrife ........................... 71
.................................................. 73
.................................................. 75




Section Four e Teacher's Guide

Upper Elementary Lessons

his unit is designed for upper elementary students. It is, however, also writ-

ten in a format that can be used by middle school teachers, nature cen-
ter staff members, scout leaders and others involved in youth education.
It is designed for use by teachers and other youth leaders with little or no sci-
ence background as well as those already familiar with the subject.

The unit is divided into three parts. Each part includes a series of lessons,
activities and worksheets. Ideally, teachers will conduct the unit sequentially.

Part One
Mission: Life on earth

Understanding basic ecological
concepts is important to under-
standing biological control. In this
scction, students become a group of
scientists from another planet whose
mission is to learn about life on Earth.
Background information, activities
and worksheets will introduce the
students to biomes, ecosystems, com-
munities, organisms and relalion-
ships. Comparing and learning about
the ecology of the marsh ecosystem
and the forest ecosystem is the pri-
mary focus of this section.

Part Two
Invasion of purple loosestrife

Based on knowledge and skills
gained in Part One, students partic-
ipate in activities that introduce them
to native and exotic organisms, the
importance of natural enemies and
the impact of exotic species on
ecosystems. Students grow a purple
loosestrife plant in the classroom,
learn about its life cycle and com-
pare it with life cycles of other plants.

Part Three
Biolagical control of purple
loosestrife

This final section relies on knowl-
edge and skills gained in previous
sections to introduce students to the
management of exotic organisms,
including biological control. Students
will be supplied with a population of

leaf beetles that they will place on
their purple loosestrife plant.
Activities will focus on insect life
cycles, selection of biological control
agents, and monitoring and evaluat-
ing of the beetles’ effect on the plant.

Format of the unit

Teacher information is presented
here with the information students
have in their student workbooks.
Information in the Teachers Guide
includes:

e A detailed outline of each section
showing the sequence of lessons,
activities and worksheets.

e Estimated time needed to
complete the section.

¢ Teaching objectives.
¢ Main ideas and concepts.
¢ Teacher background information.

e Detailed instructions for
teachers.

¢ Materials (some materials are
included and some must be
provided by teachers).

¢ Tips on helping students
complete the worksheets.

¢ Recommended resources (to be
provided by teachers).

¢ Suggested journal entries.
¢ Extension ideas.
* Glossary.

A note on teaching objectives
The science teaching objectives
(Using Scientific Knowledge,

Constructing New Scientific
Knowledge and Reflecting on Scientific
Knowledge) in this unit come direct-
ly from the Michigan Essential Goals
and Objectives for Science Education
(MEGOSE) framework. Objectives
from the Michigan Curriculum
Framework for social studies, English
language arts and mathematics are
also included to help teachers inte-
grate the unit in the classroom.

Student Journals

Many of the lessons contain sug-
gestions for student journal entries.
In addition to being good writing exer-
cises, these entries are meant to help
students explore concepts, integrate
other subjects and develop a deeper
understanding of the subject. Journals
are not provided.

Part One e introduction m 1
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PART ONE - MISSION: LIFE ON EARTH

LESSON 1: BIOMES .................... 5
View From Space Worksheet
A Closer Look Worksheet
LESSON 2: ECOSYSTEMS ........... 11

Familiar Organisms Worksheet
Comparing Ecosystems
Worksheet

LESSON 3: COMMUNITY
RELATIONSHIPS ..... 15
Relationships Worksheet

LESSON 4: FOOD CHAINS........... 17
Food Chain Cards Activity

ESTIMATED TIME TO COMPLETE
PART ONE: Field tests in several
classrooms suggest that teachers
should expect Part One to take from
5 10 7 hours of class time spread over
1 to 3 weeks. This does not include
extension or outdoor activities.

Abstracts and Michigan

teaching objectives

M Part One, Lesson 1
Biomes

Michigan Curriculum Framework
References

Science: Standard 1.1
Constructing New Scientific
Knowledge, 11.1 Reflecting on
Scientific Knowledge, V.1 The
Geosphere,

Language Arts: Standards 1,2,3
Meaning and Communication, 11
Inquiry and Research

Social Studies: Standard 11.2
Human/Environment Interactions,
V.1 Information Processing, V.2
Conducting Investigations

Method

Students will make observations
about the differences in the Earth’s
surface. Students will make infer-
ences about what might cause these
differences.

Materials

World atlas, handouts or overhead
maps of the world, the US, and the
major biomes.

Procedure

1. Students become scientists from
another planet who have no
information or knowledge about
Earth. They will make observa-
tions from Lheir “spaceship”.

2. An overhead will be shown of
the Earth. Students will record
observations about the differ-
ences they see and record them
in their workbooks.

3. They may then draw a picture in
the workbook of the differences
that are most notable.

4. After making their observations
from space, students will take a
closer look by sending teams of
scientisls to explore the Earth's
surface. Five teams of scientists
will explore five different biomes.

5. Using the resources provided,
students will answer questions
in the workbook about their five
exploration areas such as plants
and animals, temperature range,
and amount and form of precipi-
tation.

B Part One, Lesson 2
Ecosystems
Michigan Curriculum Framework
References
Science: Standard 1.1
Constructing New Scientific
Knowledge, 11.1 Reflecting on
Scientific Knowledge, I11.2
Organization of Living Things, 111.5
Ecosystems
Social Studies: Standard 11.2
Human/Environment Intcractions,
Mathematics: Standard 1.1
Patterns

Method

Students will continue their
exploration of the planet Earth. They
will be asked to think about differ-
ent animals and plants that occur
within selected ecosystems.
Students will narrow Lheir focus and
discover the differences within
ecosystems. They will fill-in a matrix
of the organisms that occur in
selected ecosystems, and work in
groups to answer questions and
classify their organisms.

Materials
Maps and workbooks provided.
World atlas.

Procedure '

1. Students will read in the work
book about the different ecosys-
tems that occur within a biome.
They will speculate about the dif-
ferent organisms that occur
within ecosystems and what they
indicate, (e.g. cactus=desert,
salmon=freshwater ecosystem).

2. Students will be given a matrix
to fill out using the species of
their choice.

3. Students will then make observa-
tions about which organisms in
their matrix have similar fca-
tures.

4. The names of all the organisms
will be placed on cards. The
cards will be placed into cate-
gories of the student’s choosing,
sorted by color, size, shape, etc.

5. Next, the students will narrow
their focus to the temperate decid-
uous forest biome. The class will
be split into two groups, one study
ing the forest ecosystem, the other
studying the marsh ecosystem.

6. They will find information on the
living and nonliving factors in their
ecosystems.

2 M Part One e Introduction
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7. The information on their ecosys-
tems is then shared with the rest
of the class.

B Part One, Lesson 3
Community Relationships
Michigan Curriculum Framework

References

Science: Standard 1.1
Constructing New Scientific
Knowledge, 11.1 Reflecting on
Scientific Knowledge, 111.2 The
Organization of Living Things, I11.5
Ecosystems

English: Standards 1,2,3 Meaning
and Communication, 7 Skills and
Processes

Method

Students will investigate the rela-
Lionships between different organisms
within a community. Students will learn
what organisms do within their commu-
nity, and learn basic interactions of organ-
isms important to the understanding of
ecology and biological control.

Materials
Student workbooks provided

Procedure

1. After being introduced to the topic
of community relationships, stu-
dents will read a short story about
a forest community.

2. Students will record the relation-
ships they find within the story.

3. They will then answer some
questions about the community
relationships.

B Part One, Lesson 4

Food Chains

Michigan Curriculum Framework
References

Science: Standard 1.1
Constructing New Scientific
Knowledge, 11.1 Reflecting on
Scientific Knowledge, I11.2
Organization of Living Things, I11.5
Ecosystems

Social Studies: 11.2 Human/
Environmenl Interactions

Method

Students will use the information
gathecred from Lesson 3 to try to
understand more about how the
organisms interact with each other
and about relationships in each com-
munity.

Materials
Food chain cards provided

Procedure

1. Using the information gathered
about the forest and marshland
ecosystems in Lessons 2 and 3,
students will be introduced to a
simple food chain and the vocab-
ulary that applies to it, e.g. pro-
ducer, herbivore, and predator.

2. The teacher will distribute 24
organisms cards to the students,
(marked either forest or marsh-
land).

3. One sun card will be used per
ecosystem.

4. There will be eight energy flow
cards Lo go between the different
organisms.

5. The students will place them-
selves, according to their
assigned card, where they think
they belong in the food chain.
The vocabulary that applies to
certain members of the food
chain can be reviewed.

Part One:

Main Ideas and Concepts

* The surface of the Earth is divided
into various biomes on the basis of
geographic location, climate, topog-
raphy and other physical features.
Some of the major biomes are tun-
dra, descrt, tropical forest, ocean,
grassland, temperate deciduous lor-
esl and savanna.

¢ Lach biome is made up of ecosys-
tems. An ecosystem is a group of
interacting organisms and the phys-
ical or nonliving factors that affect
them. The temperate deciduous for-
est biome is made up of ecosys-
tems including various forest types,
dunes, fields, wetlands, lakes and
river ecosystems.

¢ [ach ecosystem has a unique set of
living organisms that interact with
one another and with the physical
or nonliving factors. The living
organisms in an ecosystem are
called a community.

¢ The marsh and the forest are two
types of ecosystems found within
the temperate deciduous forest
biome. Each of these ecosystems
has a community with a unique set
of interacting organisms.

¢ Every community is similar in that
it has organisms that are produc-
ers, consumers and decomposers.

¢ The living organisms in a commu-
nity interact with one another.
These interactions are called rela-
tionships. One type of relationship
is called a food chain.

Part One:
Background Information -
Concepts of Ecology

Because of differences in
geographic location, climate and
topography, the surface of the Earth
is covered by biomes such as tun-
dra, desert, ocean, temperate grass-
land and tropical savanna. Much of
the Greal Lakes region is within the
temperate deciduous forest biome.
“Temperate” refers to a moderate
climate with distinct seasons; “decid-
uous” refers to trees that lose all
their leaves in the fall.

Each biome is made up of a variety
of ecosystems, An ecosystem is defined
as a group of interacting organisms
and the physical or nonliving factors

Part One e Introduction m 3
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that affect them. Nonliving factors
include such things as water, soil and
air. If you were to travel through the
temperate deciduous forest biome, you
would encounter a variety of ecosys-
tems, including forests, dunes, lakes,
ponds, rivers, swamps and marshes.
Each of these ecosystems has a unique
set of plants and animals that interact
with one another and with the nonliv-
ing factors. For example, a forest
ecosystem is made up of plants (a vari-
ety of trees, ferns, wildflowers and
many more), animals (red squirrel,
scarlet tanager, red-backed salaman-
der and many more) and nonliving fac-
tors such as rich soil and lots of shade.
A marsh ecosystem is also made up
of plants (catlails, sedges and many
more), animals (muskrat, red-winged
blackbird, fish and many more), and
nonliving factors such as standing
water, mucky soil and open sunlight.
The interacting living organisms
within an ecosystem are called a com-
munity. For example, all the living
organisms in the marsh ecosystem
would be referred to as the marsh
community. The living organisms in a
community interact with one another.
These interactions are called rela-
tionships. Organisms have relation-
ships with other individuals of the
same species, with individuals of other
species and with nonliving factors in
the ecosystem. For example, a red-
winged blackbird in a marsh ecosystem
has many relationships. The blackbird
builds a nest of sedges, milkweed and
grasses attached to cattails. The black-
bird eats many kinds of insects and
seeds. The blackbird chases other birds
away from its nesting area. The black-
bird may be ealen by a hawk or may
have parasites on its skin. The black-
bird may use a branch as its favorite
perch. Each one of these interactions
with another organism is a relation-
ship. If you take the hundreds of organ-
isms in a marsh community and think

about the great number of relation-
ships each has with other community
members and with nonliving factors,
you can see that each ecosystem is a
complex web of relationships.

Although each community is made
up of a different set of living organ-
isms, all communities have some
things in common. Every community
has producers, consumers and
decomposers.

Producers are plants that can
make their own food through the
process of pholosynthesis.
Photosynthesis usually takes place
in the leaf, where the green pigment
chlorophyll is found. Photosynthesis
occurs when the leaf takes carbon
dioxide (from the air) and water (from
the soil) and, with energy from sun-
light, produces food and oxygen.

Consumers are animals that can-
not make their own food and depend
on proeducers for their food. There are
various types of consumers.
Herbivores are consumers that eat
only plants. Carnivores are consumers
that eat only animals. Omnivores are
consumers that eat both plants and
animals. When a carnivore or an
omnivore captures, kills and eats
other animals, it is called a preda-
tor. The animal that is eaten by the
predator is called the prey. The rela-
tionship between the two organisms
is called a predator-prey relationship.
When a carnivore or an omnivore
feeds on an animal that is already
dead, it is called a scavenger.

Although the material in this unit
will focus primarily on producers and
consumers, it is important to know
that all communities also have organ-
isms called decomposers, which live
in or on dead plants or animals and
aid in decomposition and nutrient
cycling. Decomposers include organ-
isms such as fungi and bacteria.

A food chain is a special way ol
looking at the relationships between

producers and consumers. Producers
are always the first link in a food chain
because they are the only organisms
that can make food. The next link in
the food chain is a consumer that eats
a producer. A deer eating grass is a
simple food chain. The number of links
in a food chain depends on how many
consumers are involved.

GREEN PLANT = SMALL INSECT =
LARGE INSECT = MINNOW =
PERCH = LAKE TROUT = HUMAN

is an example of a longer food
chain. The arrows between links in
the food chain show the direction of
energy flow from one organism to
another. Mosl organisms eat more
than one thing. For example, the
perch may eal several types of
insects, small fish, tadpoles and
snails. If you connect all the various
food chains together, you create a
food web.

In summary, the Earth is made up
of various biomes. Each biome is
made up of a variely of ecosystems,
and every ecosystem includes a com-
munity of living organisms and non-
living factors, all of which form a
complex web of relationships.

You are now ready to begin Part
One with students.

4 W Part One e Introduction
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PART ONE

Mission: Life on Earth

Lesson, One: Blomes

Instructions for teachers

To begin, have the students read the student work- S skt Ore B}
book text (or read il together as a class). Lesson 1 sets Boerl (MNenes
the stage and storyline followed throughout Parl One. 'l CDE1C ision: e on earn
You may not want to mention the name “purple loose- — T
strife” yet because it is the mystery life form that students Lesson, One: Biomes
will be trying to identify throughout this section. It is all Ui i ot Leocher, Yoo ol b o, she Aol ot e
right, however, if students already know about purple bl R
loosestrife. They will just be able to identify the mystery e i e
life form earlier in these lessons. Rame o ihe plonen tmeiin thosseh

space. Your misslon [s W locate snd study
life 0 other parts of the uriverse. As you
nre Zipping tirough the Mitky Way gatuxy,
the computerized scanner aboard your
spaceship triefly pleks up gome unustil
slgnals from an unknown saurce. After
decoding the signals. the computer prints
oul cight clues and a picture of a mystert-
ous object. Is It a life form?

STOP READING and get the plcture fom
your teacher,

“The only clue your spaceship computer
recognlzes (s EARTH, which your compist-
er tells you Is the name of a planet In the
Milhy Way Gatiny. Your team of sclenlisis
decides W explore the planel called Earth
and 10 try to learn more about the mys-
tery tife form in the picture and the mcan-
Ings of the other clues. You have no uther
Information abow Farth.

> Stop rading and begin the View Frem Space Weckabert.

Lacson O @y

Part One e Lesson One m §
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A CLOSER LOOK Worksheet

clen

w explore and gather iformation from

il

Now ih
pron
GEOGRAPHIC LOCATHON: Whal I the Latitude

CLIMATE: What I8 the annual amount of pi

In what form does the precipltation occur”

88 Lesson Ora

Tha Purple Loosestrife Profect s Cooperator's Handbook

Your teacher bas @ map of the large Jand area that you and the other scientlsts have eho-
will get & small map section showlng the area ihey

What S the temperaturr range? madmon minkmu

average ___ & Swp reating END OF LESSON ONE.

Stiadent Workboo o Part Ore

Other interesting information on climate

TOPOGRAPIY: What are some of the Interesting land furms {moustains, plalns, eic.)?

Would you like o v

© I this area? Why or why not?

— = j ]
- {l?ﬁ‘:d

Losson One @9

Key to location of small maps
for A Closer Look Worksheet in
Lesson 1

The four small maps come direct-
Iy from the larger map of North
America, though they may be a slight-
ly different scale. Most are easy Lo
match to the North America map.
These areas were selected because
each is located in a different biome.
The locations and biomes are:
#1 On the west side of Hudson Bay

in northern Canada (tundra

biome).

#2 Southwestern U.S./northwestlern
Mexico — Baja/San Diego arca
(desert biome).

#3 Southern tip of Florida (ever
green broadleaf foresl biome).

#4 Greal Lakes (temperate decidu-
ous lorest biome).

Remember that the most impor-
tant skill in this aclivily is the ability
Lo locate the small map by matching
it to the North America map, and then
doing some research Lo learn about
the area. The take-home message is

that North America is divided into a
variely of biomes.

Here is a sample of the information
we found for each area and a sample
graph showing one way to display the
information. The information the stu-
dents find for these areas may or may
not maltch this information.

temperate evergreen
tundra deciduous deserl broadleal
forest forest
Longitude 100 W 8o W 112 W 81 W
Latitude 62 N 44 N 32N 26 N
Avg. annual 15" 30" 10" 60"
precipitation
Avg. annual -20 to 35 10 to 80 30 to 95 50 to 82
temp. range degrees F degrees F degrees I’ degrees I

8 ® Part One e Lesson One
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PART ONE

Mission: Life on Earth

Lesson. One: Blomes

Instructions for teachers

To begin, have the students read the student work-
book text (or read it together as a class). Lesson 1 sets
the stage and storyline followed throughout Part One.
You may not want to mention the name “purple loose-
strife” yet because it is the mystery life form that students
will be trying to identify throughout this section. It is all
right, however, if students already know about purple
loosestrife. They will just be able to identify the mystery
life form earlier in these lessons.

‘Student Workbook « Part One
D emll AN
E ’ &li E‘H (ll) JIE {i} Mission: Life on Earth

Lesson, One: Blowes

Yiwa are zbout to begin an exciting adven- As yuu approach Earth in
ture with your teacher. You will be reading.  the spaceship, you begin
working with other students and complet-  to make observistions.

ing worksheels. There Is a glossary tn the

back of your workbood (n case you want to

{ook up the meaniag of a word.

You are a group of scientsts from Planet

{your group should sctect the

name of the planet) traveling through

space. Your misston s Lo locate and study

lite tn other parts of the universe. As yuu
are zipping through the Milky Way gatany.
the computerized scatiner aboand your
aparceship briefly picks up some sausual
signals from an unknown source. Aler
decoding the signals, the computer prints
out elght clues and a picture of 8 mysiert-
ous obfect. Is It a life form?

STOP READING and get the pletme from
your teacher,

The only chue your spaceship computer
reeognizes Is FARTH, whlch your comput-
er tells you Is the name of o planet in the
MIthy Way Galaxy. Your team of actentista
dectdes to explore the planet calted Barth
and th try to learn more aboul the mys-
tery (lfe form In the pteture and the mean-
Ings of the other clues. You have no other
Information about Earth.

> Siop reading and begtn the View Froam Space Wackaheet,

Part One e Lesson One WM 5
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VIEW FROM SPACE Worksheet

Your tracher has a satellite pho of the Earth. Look

' planet 8 o kno
ehservations can you make by looking at this photo?

Neal, draw a
sou pde

g 10 e wpa

A mLesson Gre

T Purple Loosestrits Project « Coogerator's Handbook

ow (e observations

much of Earth

Here is another statemen

Rt

and; why?

‘Etudent Workbook « Part Ore

ent 2
2 Inference because i s based on your p

Write below whether you think his Is an pservation of an lnference based oa the photo

the surface

at zbout the photo.

ARTH 15 SHAPED LIKE A SPHERE (Hke a ball)

— Question |

ferenees? Labet cach olservation with a0 0" and cach Inference with an

he first page of this worksbeet, Are they

uestion 2

Question 3

Congratulations, you are now ready Lo land on Farth during the next activity!

Lessan Orm w8

Instructions for teachers

Students should now begin their
View I'rom Space worksheet.
Teachers must provide a color salel-
lite photo of the Earth for this work-
sheel. Try these resources:

e Most libraries have atlases with
salellite photos of Earth.

e Check the following Web site on
the Internel: <www.arcine.com/
globel.htm>.

Teacher tips on the worksheet
This worksheet helps students
learn and practice their observational
skills as well as practice formulaling
questions based on what they
observe. Both of these skills are very
important in science. Students also
learn the difference between an
observation and an inference. The
observations students make by look-
ing at the photo should not be biased
by any previously known information.
Two examples are given on the stu-
dent worksheet. The “Earth is shaped
like a sphere” example is also an

6 M Part One e Lesson One

inference since the photo is flat. You
cannot tell that the Earth is a sphere
by looking only at the photo. You may
need Lo give students more examples.
You also may want to have students
read some ol their observations o
the whole class, then have the class
discuss il each one is an observation
or an inference. The most important
observation (which leads to the next
aclivity) is that the surface of Earth
is covered by areas of several colors.

Another observation that the stu-
dents may not think of is Lo estimate
the percent of the photo covered by
the various colors.

Students should now be [inished
with the View From Space
Worksheet.

Suggested journal entry

Have the students look closely at the
picture of the mystery organism and
draw a picture of il in their journals.
Along with the drawing, have the stu-
dents include three observations they
an make by looking at the picture.

Extension idea

Another important observational
skill is to be able to make quick and
accurale observalions when needed.
When studying animals, you may get
only a briel look before the animal
disappears from sight. You can help
students learn and practice this skill
in various ways. One way is to find a
picture of an animal in a magazine or
book and show il to the students for
only a few seconds. Another way is (o
select a short section of a nature
video and let the students view it (if
there are only natural sounds in the
video, leave the sound on; if there is
narration, turn the sound off). What
things did the students observe? What
are some things that were nol
observed?

Instructions for teachers

The students can now conlinue
reading the workbook text. For the
next activity, you will need to provide
the large black and white map of North
America as well as the four small
black and white maps (provided in
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sclieatists has dectded to take a closer

Now that you have made your observa- selected ane of the large land areas
tions from the spaceship. your leam of explore. You land the spaceshlp on Earth,

look at Earth and continue the scarch for — You hove decided W divide tto four explo-
meanings 10 the clues and the mystery ratlon wams, Each team will be assigned
life form. After sending some protiea to o a dilfesent area o make observations
Earth, somie of the scientists dincmver and to feport iy abrervations to the resy
that the surface of Earth ts covered partly  of the xcientisis. Your teacher hos a map
by land and partly by water, You have of the large exploration area.

£ {%@3&
. %;ﬁ\/}g

> Stop reading 30d look at the map.

$8Lewacn Ore

the Materials Section of the unit). You
may want to make several copies or
an overhead of the map of North
America. The students will also need
to be divided into four teams. The
small maps need to be cut so one map
can be given to each of the four teams.
You may want to glue or tape each
small map to an index card.

Instructions for teachers

Give one small map to each team.
These maps can be matched (even
though they may be a different scale)
lo an area somewhere on the large
map of North America. If you need
help, there is a key in the leacher’s
guide with the location of each small
map. After all four teams locate their
areas on the map of North America,
the students are ready to complete
the A Closer Look worksheet. This
worksheet will require students Lo
look up information about their area
and record the information on the
worksheet. Teachers will need to pro-
vide the resources for this.

Here are some resource ideas:
¢ Encyclopedias.

¢ Books on geography, social studies,
earth science, ecology or weather.

¢ A U.S./Canada road atlas.
¢ Farmer's Almanac.

* A globe.

¢ Student atlas.

¢ National Geographic Web site:
<http://www.nationalgeograph-
fc.com>.

¢ Biome Information Web site:
<http://mbgnet.mobot.org/MGBnet/
live/> (go to What's It Like Where
You Live, then to Virtual Biomes).

Part One @ Lesson One ® 7
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A CLOSER LOOK Worksheet
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Ny
- - — — ’2} 2
hat you and the other scienlists have cho- ———re e B
Map Soction Awiinz The afes Ny TOPOGRAPHY: What acr some of the Inferrsting land forms (montains, plains, ele )7
4. T do s, take your small -
an area on the large map. Afer
the o —
| - —
puld you Bke Lo five In this area? Why or why aot?
4
P ~J bime map supplied by your leather and observe where some of these biomes
/ i fiodd the name snd location of the four blomes your
17 List the names of the four blomes here.
-
|
1 - —
c |
g ' —
@ . . W sts has now found the meaning of two of e claes, EARTH and
begin working on the rematning clues 35 yua continoe ta scarch for
hat " phic Jocation of your exploration area, usc ihe resourves life form
v ther the folloning ol
GEOGRAPIIC LOCATION: Latitude?. — —
CLIMATE: What is th of precipitation”
minimm: average i swp reading. END OF LESSON ONE.
#8 Lo Ot Losscn Goa w9

Shudent Worktok « Part One

e Interesting information on climate:

Key to location of small maps
for A Closer Look Worksheet in
Lesson 1

The four small maps come direct-
ly from the larger map of North
America, though they may be a slight-
ly different scale. Most are easy Lo
match to the North America map.
These areas were selected because
cach is located in a different biome.
The locations and biomes are:

#1 On the west side of Hudson Bay
in northern Canada (lundra
hiome).

#2 Southwestern U.S./northweslern
Mexico — Baja/San Diego arca
(desert biome).

#3 Southern Lip of Florida (ever
green broadleal forest biome).

#4 Greal Lakes (lemperate decidu-
ous forest biome).

Remember thal the most impor-
tant skill in this activily is the abilily
Lo locate the small map by matching
it to the North America map, and then

doing some research to learn aboul

the area. The lake-home message is

that North America is divided inlo a
variely of biomes.

Here is a sample of the information
we found for each area and a sample
graph showing one way to display the
information. The information the stu-
dents lind for these areas may or may
nol match this information.

Lemperate evergreen
Lundra deciduous desert broadleal
forest forest
Longitude 100 W 80 W 112W 81 W
Latitude 62 N 44 N 32N 26 N
Avg. annual 15 30" 10" 60"
precipitation
Aveg. annual -20 to 55 10 to 80 30 Lo 95 50 to 82
lemp. range degrees I’ degrees I’ degrees I degrees F

8 W Part One e Lesson One
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Average Annual Precipitation
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Teacher tips on the worksheet
Even though the stale boundaries
are not shown on the North America
map, students will need Lo figure out
what states are in or near their small
section Lo look up information. You
will need Lo provide a road atlas or
other map showing the state bound-
aries for this task. After the work-
sheet, there is a page wilh a key o the

location of the five sections, most of

the information asked for on the work-
sheel (in case you have a hard time
finding the information), as well as an
example ol a graph. After the lfour
Lleams have gathered the data on the
worksheelts, they should share their
findings with the other teams. Sharing
and reporting information is an impor-
Lant skill for scientists. Teachers can
decide the most appropriate way for
the students to share and display the
information. One suggestion is Lo
compile some of the information in a
graph. A greal way to share this infor-
mation is to draw a maltrix on the

chalkboard (il you are unfamiliar with
amatrix, see the Familiar Organisms
worksheel in Lesson 2). Across the
Lop ol the matrix, you can list the four
biomes. Along Lhe side ol the matrix,
you can list the data categories from
the A Closer Look worksheet.
Students can then fill in each box of
the matrix and discuss the results.

An important skill Iearned by com-
pleting this worksheel is the prob-
lem-solving process of idenlifying
where each small map is located on
the North America map and figuring
out how to go aboul finding informa-
Lion about thal area. The process is
important; the actual information they
[ind is secondary. In other words,
don’t worry aboul finding all the infor-
mation on the worksheet if' it becomes
difficult or frustrating.

Suggested journal entry

Have students choose a biome and
describe whal they think they would
see il they traveled through the biome.

Students should now be finished
with the A Closer Look
Worksheet.

Instructions for teachers

['or students to complete the next
aclivity, you will need the biome map
supplied with the unit in the materi-
als section. This biome map will also
be needed for students Lo complete a
worksheel in Lesson 2. To conlinue,
students should read the following
information in the student workbooks.

Suggested journal entry

Have each student select two bio-
mes from the four they studied and
wrile how the biomes are similar
and/or different from each other.

Part One e Lesson One m 9
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PART ONE

Mission: Life on Earth

Lesson Two: Ecof/v:tew

Instructions for teachers

In Lesson 2 students will build on the biome activities
and worksheets of the previous lesson and begin to under-
stand that biomes are composed of various ecosystems
and that ecosystems are composed of both living organ-
isms and nonliving factors. The story line of scientists from
another planet trying to find the meaning o the remain-
ing clues and the identity of the mystery organism is con-
tinued. Begin this lesson by having the students read in
their workbooks.

Shcent Workbook o Purt One

Lesson, Two: Ecosystanu

Once you start tooking closely at o blome.
you will find that each blome Includes a
variety of different areas. For example, If
you were to explose the ocesn blome, you
winthd Aind siioeelines, deep-water arcas
and coral reels. In the desert blome, you
might And sagebrush, open dexert and
tush riverbeds. In the temperote decldu-
ous forest blome, you would Do forests,
rivers. dunes, aid a variety of wetlinds
such as swrmps, bogs aid manshes, You
wothi atso Ood different organisms in
cach of these arcan. All of these areas are
catled coosyslems. An ccosystem In o
group of Interacting organtsms and the
physical or ron-fiving (actors that affect
them. Physical or non-living factors are
things such as water. alr and soll. So,
within the ocean biome, there are o vari-
ely of ecosystems. Including the shoreilne
coosystem and the coral reef ecosyslem.
In the lemperate dectduous forest blome,
oooRyRtems Include forest, marsh, swamp,
lake, dune and river ecosystems. The
wond “lemperate” means an area with a
maoderate cilmate and digtinet seasoins.
The word dectduous means trees that lose
all their leaves (n the fall.

WUAT IS AN ORGANISW?

Planet Karth Is home to a huge number of
Iiving things. Each of thesc living things I
called an organism. [t has been estimated
that there may be as many as 30 miltton
different kinds of organisms on Earth.
About 1.5 miftion of thexse have been act
enlifically Kentifted. You are already

familiar with many organ-
1sms because they live tn
the same anea that you do.
These may tnclude maple
trees, grass, dandellons,
carthworms, daddy lon.
glegs, bees, ants, mbins
and sguircein. You may be
famlllar with other organ.
{RmS as pets, such a8
dogy, cats and fish. You
are famlitior with many organisms becatise
they are ihings you muy cal. such as
apples. oranges. Muskrooms, carrols,
lettuce, peanuts, fish, chickens, cows und
Mgy, Other organiams you may have never
seen but have read aboul or seen pletures
of, such an palm trees, cact, doiphtas,
Ugern, polar bears, gharks and Mamingos.
Kach kind of organism Is krown by sclen-
USLS a8 a specles. For Instinee, there are
many kinds or species of maple Wees,
Including sugar maple. sihver maple and
red maple. In Michigan alone, there are
aboul 400 species of birds, Including
American robin, great blue heron and bald
cagle. You are also an organism. You
belong to the human species.

Have you ever wonderod why some
species are found only In certaln arcas o
Earth? Why area’t there monkeys in the
treen asound your schoa)? Why aren’t
there seals along the Great Lakes shore-
(inex? If you Lraveled to Artzona, would
the organlsms be the same or different
from thoxe tn the Greal Lakes peglon?

P> Siop reading 230 degn the Famillar Ocganiams Workabeed.

Lessen Too @ 11
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s e W of the 2
farest. 1L hi 10 leave a box blauk if you are
category. Wrile one organism In each box.
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FAMILIAR ORGANISMS Worksheet

The diagram below I called a malrix. A matrix 18 a special way of koking at of organizing
! our n

an organism in that

mammal | bird I

amphibian

wnseet | plant

May Ive in
a buman
Deingk house

Seen on TV,
In & movie
orat a 2o

A wild mnimal
In your
nelghborhood

What featares do all Insects have in comman?

o of rganisms”
Firs scien

Livestaa
marsh

12 Lasseon Twa

stemn and the other grou
st now be Jaoking fur the mystery organtsm

o Tiegln the Comparing Feosystems Workshert

Loason Tao W13

Tips for teachers on worksheet

Now ask students to begin the
IFamiliar Organisms worksheet. The
purpose of this worksheet is to get
students to think about the organ-
isms that they are already familiar
with and to see that organisms can be
sorted or classified in various ways.
The students will be dealing with
organisms Lhroughout the rest of the
unit.

Extension idea

Write the organisms the students
listed on the Familiar Organisms
worksheet matrix on a blank card or
piece of paper. Have the students
look at the variety of organisms on
all the cards and place them in groups
according to categories thal they
invenl. For example, put all the organ-
isms with four legs in one category,
or separate organisms by size, shape
or color. There are no right or wrong
calegories, so use your imagination.

After students have finished clas-
silying the organisms, ask the fol-
lowing questions:

12 ® Part One e Lesson Two

e What categories did you use to clas-
sily the organisms?

e Were any of the organisms hard to
fit into your categories?

e How would you change your cate-
gories so all the organisms fit?

Students should now be finished with
the Familiar Organisms Worksheel.

Instructions for teachers

To continue the scienlists [rom
space story line, students should read
the workbook texl.

Student workbook information
Your team ol scientisls has suc-
cessfully gathered information and
learned about biomes, ecosyslems
and organisms on Earth. Although
nobody has located the mystery life
form yet, you decide that it is a type
ol organism. You also have learned
that the clue “marsh” refers to a type
ol ecosystem in a biome called the
temperale deciduous forest biome.
You feel that you are gelting closer Lo

finding the mystery organism and you
decide to divide into two groups Lo
explore the temperate deciduous for-
est biome. One group will explore
the forest ecosystem and the other
group will explore the marsh ecosys-
tem. All scientists must now be look-
ing for the mystery organism.

Students should now begin Lheir
;omparing Ecosystems Worksheel.
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COMPARING ECOSYSTEMS Worksheet

Student Workbaok « Part One

BIOME NAME

ECOSYSTEM NAME:

T LIVING ORGANISMS - Use the rrs

Also, va s
and show
Your 1
perate deciduos

only o your ol

Do you live fn s blome?

1w Lessen T

INADER  EARTH

COMMUNITY MARSI

provided by Sour Teacher, bry 1

Camplete the rest of this

List tao of the non-Iiving or physical factors i your ecosystem

Ba
uriginal elght clues o you now know the smeaning of? (ircle the ones you kuow)

Have you identificd the mystery organism? If yes, how did you find B7 1 pot, what i your
next step in trying to ind 0?

NAME OF MYSTERY ORGANESM

o Swp reading. END OF LESSON TWO.

em o the
Using

te ¢ v
e following Information about your

warksheel by fling n the blanks.

4 picture of your ecosysten
il

i about the lem-
el the marsh ecosystem).

s ad tafutmation you collected s far, how many of the

HOME
PURPLE

FEOSYSTEM  ORGANISM

Lesson Two w15

Tips for teachers on worksheet

The first task on the Comparing
Organisms worksheel is for students
Lo locate and draw the temperate
deciduous forest biome on the work-
sheel map. You will nced Lo supply
the biome map (supplied with the unit)
for students Lo complete this work-
sheet. It will be important for stu-
dents Lo observe that the tlemperate
deciduous forest biome is found in
several arcas on Earlh, including parts
ol North America, England, Europe
and Asia. This is a major underlying
factor that allows organisms from
Lhese other regions Lo live success-
[ully in North America. Purple looses-
trife, which is native to Europe, is one
such example. Much of Part Two,
Invasion of Purple Loosestrile, will
build on this concepl.

Before students begin page 2 of
the Comparing Organisms worksheet,
assign each student (or have them
choose) Lo either the forest or Lthe
marsh ecosystem. About half the class
should be assigned to each. They will

write the name of this ecosystem on
their worksheet before completing
the rest of the worksheet.

You will need Lo provide some
resources for students to create the
list of forest or marsh organisms. The
besl resources are probably field
guides and Lextbooks. The [inal task
for this worksheel is [or students Lo
draw a picture of their ecosystem,
including the organisms they record-
ed on the worksheel. This will gel
them to think about where the organ-
isms would be found within each
ecosystem.

Extension idea

All the forest students and all the
marsh students could work Ltogether
on an ecosystem mural where all their
organisms would be included.
Students could add other things to
the mural as new Lopics are covered.

The students should now be finished
with the Comparing Ecosyslems
Worksheet.

Instructions for teachers

To finish Lesson 2, have Lhe slu-
dents read the remaining student
information in Lesson 2 and discuss
how many of the clues they have dis-
covered the meaning of. Students
should have identified the mystery
organism by now. Il not, you may wanl,
Lo give them suggestions on figuring
il oul.

Part One e Lesson Two ® 13
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PART ONE

Mission: Life on Earth

Lesson, Three: Community Relationships

Instructions for teachers

The focus of the next two lessons is getting students
to begin thinking about organisms in different ways—
not just what it is and where it lives, but also what it
does where it lives. Learning about the basic interac-
tions of organisms is crucial to understanding ecology and
biological control. Students should be able to complete
this lesson, including the worksheel, without much help
from the teacher.

When you are ready to begin, students can read the text
in their workbooks and begin the Relationships
Worksheet.

Shuet Workboek « Purt One

Lesson Three: Comumunity Relationships

You have learned st the Earth is divided
Into biomes and thal cach blome has a vari-
ety of ecosystems. (Inc other term you necd
10 know is “rommunily.” A community ks
simply all the ihing organisms In 2n coosys-
tem. The forest community includes all the
plants and animals that Iive tn the lorest

more organisms. The marsh community
Inciudes all the plants and antmals to the
marsh coosystem such as muskrats, red-
winged blackbirds, dragonflies. snafls, cat-
talls, sedges and many more. All of the
onganisms in a community depend on oac
another for food, shelter, nesting siles and
other things.

Read tds short story sdout a chiponzk bn
the forest community.

b8 was fate [oli, and a chipaunk was busy

lre.
Chipmunks dont hibernate, so they need
Plenty of stored food to fast through the win-
ler. In fts scarch for seeds, the chipmunk had
Jound a moth cocoon, which it was eating
when il heard the waming eall of a blue fay.
The chipmunk dropped the cocoon and
quickly hid in an old hole ina

In this shot slory, the chipmunk

has interactons with many other

members of the forest community.
Fach onc of these interactons Is

called a relationship. The chip-

the beech sceds and acoms thal RSN
the chipmunk cats. it kas a relation- .
ship with the caterplitar that made the
00000 that it was euting. The ronts of the
tampe maple tree hold the soll togeiher: this
sllows the chipmunk to make undengrousd
tuanels, so the chipmunk has a relatioaship
with the mapie tree. The chipmunk has iwo
relztionships with the bluc fay. One is hear-
ing the blue juy waming call. which heiped
the chipmunk escape from the hawk. and
the other (s using the blue fay festhers in s
nest. The chipmunk aiso has a relationship
‘with the woodpecker that made the hole tn
the tree where the chipmunk hid from the
hawk. The chipmunk has relationships with
the grasses and the: doer bocause i used
parta of them to bulld its nest. The chip-
munk also has relattonships with non-Iving
Eactors such us the air it beeathes, the soll
thal it walks on and burrows into, and the
witer It drinks. A you can ee, the chip-
munk depends on many ohier organisms and
non-lving frctors o sunvive. This bs true for

nearby tree. Momeats laten, & hawk swooped

few off with the dead blue jgy. The chipmunk
might huve been the hawks meal tnstead of
the blue Jay if it kadnt quickly escaped inio
the tree. ARer the bawk had goae. the chip-
munk gathered some of the blue Jay feathers
that had been left behind and used them,
aloag with some grasses and deer hair it
found In the woods, (o bulld & warm under
&round nest to help it survive the winlter.

all iviag including humens.
Remember, o community s all the organ.
Isms In an ecosysiem. aml an ecosystem I3 8
@uoup of interacting organisms and the non-
[ving factors that affect them. Now (L Is your
wm lo find relationships. On the
Relationships Worksheet ks another altort
story aboul organtams. Carefutly read the
mnnum see how many refationships you
can find.

P Compicic tbe Relationships Worksheet.

Losaon Tvee @ 17
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RELATIONSHIPS Worksheet

Read the following shiort story about the marsh ecosystem. A1 the botlom of Bie work.
sheet, st o8 many relationships as you can find in the story

14 wins s warm summe day 1o the marsh. A deer was grazing on grasses along the o
the march and rat was eating the stems of the many
using some of the cattall leaves o bulld a houst with an und
woult raise 168 young. An adalt leaf beetle, which had spent
had emerged and was erawling up the stem of @ purple ko
female beetle and she was laying small clusters of eges on
Laid by another beetle had already hatched and the tny larva
lonsestrife leaves. A spider had built 2 web between the purple
cattall. A small moth and a couple mosquitoes had already
the spider was busy eating the moth. A ladybird beetle had
trife plant and it was eating the leaf beetle larvae when & red-winged blackbind flew n
grabbied the Ladybird beetie. aad flew to a bearby group of cattails. The blockbind bad o
nest made of sedge and grass leaves Liat were woven around the cattail leaves. The
Blackbind fed the ladybird beetle 1o oae of the baby binds in the nest. Near U
Best, 3 patated Wrtle Was sitlng i e sun on Wp of & big branch st had alien tnto the
marsh from a nearby willow e

g o the purple
sestrife plant and &

ptured 0 the web and
nd the purple looses

Make i list of the refationships you can find In this story (use the back of the worksheel if
you need more room)

Student Workbook « Part One

Diet you Nt any relationships between organisms and noaliving factors?

108 Losace Thea

=r— & sup reading. END OF LESSON THREE.

Lesson Thres W19

Tips for teachers on the
Relationships Worksheet

This worksheel can be done by
each student individually or in small
groups with a sharing of results when
finished.

Extension idea

Human beings also interact with
many other organisms and depend
on many relationships with other
organisms. As a group, make a list of
relationships you have with other
organisms and how these relation-
ships help you Lo survive. Below are

a few relationships to get you starl-

ed.

e Think ol all the things we use wood
for (heat, houses, lools, ete.). These
are relationships we have with
Lrees.

e liverything we eat comes [rom an
organism. Each food is a relation-
ship.

¢ What about plants and animals we
use to make clothes?

Suggested journal entry

Have the students write their own
relationship story and list the rela-
Lionships they used.

16 ® Part One e Lesson Three
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PART ONE

Mission: Life on Earth

Lesson, Four: Eood, Chains

Instructions for teachers

This is the final lesson in Part One. Before begin-
ning Lesson 4 with students, you will need to prepare
the food chain cards. Lesson 4 challenges students to
think in more detail about a special type of relationship:
food chains. A very important concept to reinforce as
you complete this lesson is that ecosystems vary in
many ways (e.g., different organisms and different non-
living factors), but all ecosystems also have many
things in common (e.g., all have producers and con-
sumers, which form relationships such as focd chains).
The scientists from another planel story line will end
with the completion of this lesson. Instructions on how
to prepare the cards are included later in this lesson.
If students have not figured out the name of the mys-
lery organism, you should tell them it is a wetland
plant called purple loosestrife.

Once you are prepared for the Food
Chain Card Activity, you can begin

Lesson, Four : Food, Chains

By now. your team of setentists has
learned the nicaning of the clue “purple”™
and have (dentifted the mystery organism
o8 purple tousestedfe, o plont thet Lives in
the marsh commually, You are now lnter-
eated In learning more alknel the marsh
and other communites, There are many
types of Interacttons and relationships
between organtsma In each community.
Although each community hus a different
set of orgunlsms, such as the marsh com.

munity and the forest community. all com-

munlites have oortain relationships tn
oummon, We are golng 1o learn more
about severul spectal types of relation-
ships that are fouad (0 every communily.
Every comumunily has producers and con-
sumers.

Producens are plants that contain chloro-
phytl (the pigment in plants that makes
them green). The amazing thing about
these plants is that they can make thelr
own food. The chlorophyil iraps encrgy

Irom sunlight, a0d along with carbon diov-

Ide from the alr and water fron the soll,
these plants make food through a process.

called photosynithesls. Remember. produc-

e {green plants) are the only things on
Earth that can make thelr own food.
Animals are never producess.

Consumers are antmals, which cannot

make thelr oun food and depenrd on pro-
ducers for food. There ane different lypes.
of consumens. A kerbivore Is a coasumer

that cats only plants. A carnivore (s a con-

sumer that cats only animals. An omnl-
sore cats both placts and animals. Are
you a herblvore, a camivore or an omnl-

An example of a kerbivore in 3
the forest woukd be 4 red

squlrrel, which eats seeds
and @ herbivore In the marsh
would be a muskeat, which
cats catlall roots. An exumple "2
of o caraivore In the forest 70 #<
would be a scarlet tanag- -
er, which cats caterplliars. and a
camivore In a marsh would be a dragon-
y. which cats uther innects. An example
of an omnivore {n the forest would be a

hlack-capped chickadee, which eats both

insects and seeds, and an omnivore In the
manih woutd be a painted turite, which
cats both aquatic plants and small ani-
mals kizch as analls and Insects.

When carnhores or virnivores caplure
and kil other animats for food. they are
called predators. The animal that is killed
and caten is called the prey. This is called
a predatonprey relatioaship. When carni-
vores o omphines cal anlmals that are
alseady dead, they are called scavengers.

1 you cat a hot dog on a bun, which of the
fotlowiag terms would apply Lo you?
Clrcle the words which would apply.
Producer

Cousumer  erbhore

Omehore Carntvore Predator

frey Scavenger

this lesson by having the students
read the Student Workbook text.

Food chain card activity
instructions for teachers

One copy of the food chain cards
is included in the materials section
of the unit. You can either cut these
cards out or make copies to cut up.
There are two sets of cards: one for
the forest ecosystem and one for
the marsh ecosystem.
Each set includes:

* 24 organism cards. Each organism
card includes the name of the
ecosystem (either forest or marsh),
name of the organism, classification
of the organism (insect, bird, mam-
mal, etc.) and what the organism
eats.

¢ One SUN card (only one SUN card
should be used for each ecosystem).

¢ On the same page as the SUN card

sore?

Losson Four @21

are blank organism cards for either
forest or marsh ecosystems. The
use of these is optional but encour-
aged. Students can use these blank
cards to make additional food chain
cards by using organisms they iden-
tified in Lesson 2 on the Comparing
Ecosystems worksheel. These can
be used to supplement the other
organism cards.

There is one sheet of ENERGY
FLOW cards. One of these eight
cards goes between each link in
the food chain with the arrow point-
ing in the direction of encrgy flow.
The energy flows from the sun to
producers and then to consumers.

You will need to make enough
copies of the energy flow card page
8o there are about the same num-
ber of energy flow cards as there
are organism cards.

Once you have all the cards pre-
pared, the procedure is simple. The
students who explored the marsh
ecosystem in Lesson 2 will work on
the marsh ecosystem food chains,
and those who did the forest ecosys-
tem in Lesson 2 will work on the for-
est ecosystem food chains. Each
group will need a fairly large surface
to work where the group can sit in a
circle around the cards and all par-
ticipate. Divide the cards among the
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Can you explain why you citcled certain
wonds?

producers are the only orgarlsms that
can make food. Remember, producers get
Ahelr energy from the sun. All the other
links arc The number of links

n a food chaln depends on how many
are Involved. Can you use

Fach Unie one orgunism is caten by
enother organtsm, a relatiorship extsts, A
foud chaln is a spectal way of fooking at
these retationships. 1.ets took 8t a food
chaln with three links,

GRASS = MOUSE we JAWK

This shows that the grass was eaten by

some of the new terins you leamed to
describe parts of the food chaln? Which
organiam (n the abeve food chatn I8 o her-
bivore? Which are carnivores? Are there
any predator-prey relationships? As you
can see, you can learn a lot about reln-
tonships In 0 community by making snd
looking at food chains.

All the scientists from Ploact

have now returned to the spaceship with
informatton on the forest ecosystem and
the marsh ccosystem (from Comparing
Ecosystems Worksheet (n Lesson #2).
Your next task I to take the Information

the mouse and the mouse was caten by
the hawk. The hawk Is at the top of this
food chatn, 8o [t Is not eaten by anything.
Lets look at another example. community.

ALGAE = SNAIL = WATER BEETIE =

nUMAN

nd feam what It cata and what eats (L.
Far exzmple, the minnow eats the water

have nollced that the first link tn a food Planet
chaln Is always a producer. because

W sop reading. END OF PART ONE.

you gathered tn the ecosystems and try to
undersiand more aboul how the ergan-
isms {nteract with one another and about
some of the relationships within cach

o
MINVOW me PERCI] =0 LAKE TROUT w28 Neut &0 the Fo0d Chain Card actvty

¥ ! Your misslon to cxplore
Earth has been very sucoessiul. The only
We can look at cach liak tn the food chaln  clue that you may not have leamed the
meaning of is “INVADER." We will teamn
more about the meaning of this wond
beetle and Is caten by the perch. You may  the next sectlon. You will pow return Lo
and report your exciting
discoveries about life on Earth.

students and have them work togeth-
er to link the cards to make a food
chain/web. You may want each stu-
dent to copy the food web onto a piece
of paper or in his/her journal.

All food chains begin with energy
from the sun, so start by placing the
SUN card. After placing the SUN card,
the next cand(s) are always producers
(plants that use sunlight to make their
own food). An energy flow arrow is
placed to show the energy going from
the sun to the producer. Organisms
that eat producers are the next link,
and organisms that eat these con-
sumers are next. Some chains may
end with the producer; others may
have several links. All the informa-
tion needed to make the links is
included on the cards (e.g., the ground
beetle eats insects, so it could be
linked to any insect card). Since most
organisms are eaten by many types of
other organisms (e.g., earthworms
could be eaten by garter snakes, sala-
manders and shrews) many of the
food chains will not be linear but

rather branched. When you have
many food chains branched together,
you have created a food web! One
thing that should be explained to the
students is that each card represents
a population of organisms, not just
one individual (e.g., the earthworm
card does not represent just one
earthworm but a population of many
individuals so you can have several
organisms branched from the earth-
worm card).

A page included with the food
chain cards shows examples of ways
the food chain cards could be linked
together. The most important thing
to remember is that there are
numerous correct ways to link the
cards together, so don’t try to copy
these samples exactly.

Teacher tips on conducting food
chain card activity

After students have successfully
organized the food chain cards for the
forest and marsh ecosystems, it is
important to ask them what they think
would happen to either ecosystem if

only one kind of producer were pre-
sent. Whalt is the difference between
a natural field ecosystem with many
types of plants and a cornfield with
only one type of plant? What would
happen to a marsh if one plant “took
over” and all the other plants, such as
cattails, were crowded out? This is
exactly what happens when purple
loosestrife becomes established in
wetlands in North America. Can stu-
dents predict what effect this would
have on the marsh food chain? This
will be covered in detail in Part Two.

Food chain card examples

On the following page are two
examples of possible ways the food
chain cards can be pul together. Not
all organisms are used in these exam-
ples. You also do not have Lo use
every organism card to complete the
activity. These examples show only
the organism names. The cards also
show what each organism eats, so it
is easy to make the various chains.

Extension ideas

Get some blank index cards (one
for each student) and write the name
of a different familiar organism on
each card. Without letting the stu-
dents see what is written on the
cards, tape one card to the back of
each student so everyone else can
see what is on the card. The game is
for each student to guess what
organism is written on his/her back
by asking other students questions.
All questions must be answered
“yes”, “no” or “I don't know.”
Students can ask another student
only one question before moving to
the next person.

Outdoor activities

In your school yard (or other nat-
ural area if available), take a walk
and list as many different organ-
isms as you can. If you don't know
the name of the organism, draw a
picture of it or describe it. How
many different organisms can you
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find? Can you observe or think of
relationships that each organism
has with other organisms or with
nonliving factors? Can you construct
any food chains with the organisms
you found?

Forest Ecosystem Example

downy spider
woodpeckcr /
aphid
violet <

Wrap-up

It's time to wrap up Part [ at this
point. You may want to return to the
eight clues and the picture of the mys-
tery organism to review the main ideas
and concepts covered in this section.
The only clue not covered in Part I is
“invasion.” Although students will be
familiar with this word, they probably

have never associated the word with
an invasion of an exotic organism.
This will be the focus of Part Two.

After completing the Food Chain Card
Activity, students should read the
remaining student information in the
Student Workbook.

~

white-footed mouse

;

red-shouldered hawk

Marsh Ecosystem Example

SUN

; l

moss red squirrel

|

white-tailed deer

ground beetle

/

walking stick

&> oak tree — katydid = garler snake

N

chipmunk

great blue heron

N\

mosquito

mlnnow

lady beetle

/ dragonfly

MAYIY -

mink <a‘;\malard ~— algae /

™

\

red-winged blackbird

crayfish <————— duckweed -<t—— SUN == purple loosestrife

/

snail

pd

muskrat

cattail

N\

leaf beetle
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PART TWO - INVASION OF PURPLE LOOSESTRIFE

iming is critical for Parts Two and Three because students will be grow-

ing a purple loosestrife plant in the classroom in Part II and will be releas-
ing beetles on their plant in Part Three. To be successful, it is important
that the purple loosestrife root crown is planted early enough to ensure that
the plant will have grown enough to provide food for the beetles when they're
released. For instructions on planting and care of the rool crown and plant,
sce “Raising Galerucella Beetles Indoors™ and “Lighting Requirements for
Indoor Rearing of Galerucella Beetles” in the Cooperator’s Handbook.

You should be at a point where you are ready to begin Lesson 5 of Part
Two about the same time you are potting the purple loosestrife root crown.
You will want to begin this seclion a couple weeks before planting the root
crown so Lessons 1- 4 will have been completed before the planting date.

Part Two
Invasion of Purple Loosestrife

LESSON 1: INVASION
DISCOVERED.......... 27
Invading Aliens Worksheel

LESSON 2: PRESS
CONFERENCE ....... 29
You Are a Journalist Worksheet

LESSON 3: A TRIP ACROSS THE
Tree Time Line Worksheet

Purple Loosestrife Time Line
Activity

LESSON 4: CYGLES.................. 35
Cycles Worksheel

LESSON 5: LIFE CYCLES ......... 37
Roots Worksheet

Stems and Leaves Worksheet
Pollination Worksheet

Seed Dispersal Activity
Purple Loosestrife Worksheet

LESSON 6: PROTECTING
WETLANDS ............. 47
Wetland Relationship Game

ESTIMATED TIME TO COMPLETE
PART TWO: Field tests in several class-
rooms indicate that, teachers should

expect Parl Two to take 6 to 8 hours
of class time spread over aboul 4
weeks. This time does not include
extension or outdoor activities.

Abstracts and Michigan
teaching objectives

M Part Two, Lesson 1
Invasion Discovered

Michigan Curriculum Framework
References

Science: Standard 1.1
Constructing New Knowledge, [1.1
Reflecting on Scientific Knowledge

English: Standards 1,2,3 Mcaning
and Comprehension, 11 Inquiry
and Research

Method

Building on Lhe investigation in
Part 1, students will explore the idea
of exolic species and how they effect
native species. This lesson is a ques-
tioning strategy exercise (who, what,
where, when, and how).

Materials
Article and worksheet in Lhe
student workbook provided

Procedure

1. After reviewing terms from Part
1, students will read the article
“Aliens Invade the Midwest”.

2. Students will complete the
Invading Aliens worksheet.

3. Students will become newspaper
reporters who want to find out
more about the aliens. Each stu-
dent will create five questions
they would like Lo ask one of the
biologists who discovered the
alicns.

4. The class will decide on the five
questions that they would like to
explore.
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M Part Two, Lesson 2
Press Conference

Michigan Curriculum Framework
References

Science: Standard 1.1
Constructing New Scientific
Knowledge, I1.1 Reflecting on
Scientific Knowledge, 1.5
Ecosystems

English: Standards 2,3 Meaning
and Communication, 11 Inquiry
and Research

Method

Students will act as reporters who
are responsible for writing an article
based on information they get at a
press conference.

Materials
Biome map and color photo of pur-
ple loosestrife provided

Procedure

1. Students will act as reporters
and ask questions from the stu-
dent workbook.

2. The teacher will play the part of
the biologist and respond to the
questions raised by the students.
Answers are in the teacher’s
guide.

3. Students should take notes on all
the responses that are given by
the biologist (teacher).

4. Students will try to answer ques-
tions raised in the previous les-
son (Lesson 1) with the informa-
tion they gathered at the press
conference.

5. Students will organize their notes
from the press conference and
write an article from the infor-
mation they have gathered. They
may be instructed to use the
questioning strategy of who,
what, where, when, why, and
how.

M Part Two, Lesson 3
A Trip Across The Ocean

Michigan Curriculum Framework
References

Science: Standard 1.1
Constructing New Scientific
Knowledge, I1.1 Reflecting On
Scientific Knowledge

Social Studies: Standard 1.1
Time and Chronology, 1.2
Comprehending the Past, 11.2
Human/Environment Interaction,
11.4 Regions, Patterns, and
Processes

Method

Students will explore the history of
the invasion of purple loosestrife.
They will trace the arrival and spread
of purple loosestrife, and identify
other major historical events occur-
ring during the time period.

Materials
Student workbooks provided

Procedure

1. Students will read historical
information about purple lcoses-
trife in their workbooks.

2. Using a cross-section of a tree,
students will construct their own
tree trunk time line. They will
mark the major events in their life
on the different rings on the lree.

3. Next, the class will construct a
two hundred year old time line
and trace the arrival and spread
of purple loosestrife using the
information read in the student
workbook.

M Part Two, Lesson 4
Cycles

Michigan Curriculum Framework
References

English: Standards 1,2,3 Meaning

and Communication, 4 Language

Social Studies: Standard 11.2
Human/Environment Interaction

Method

Students will construct a cycle of
important events that happen to them.
They will use important dates of the
year to organize information. This
will be helpful in understanding the
plant life cycle taught in Lesson 5.

Materials
Dinner-size paper plates, bold
markers or crayons

Procedure

1. Students will write down impor-
tant dates of the year such as
their birthday, Christmas, and St.
Patrick’s day.

2. These events will be recorded on
the paper plates next to the
month that they occur.

3. Students will answer questions
that will help them to under-
stand how the information is
organized and the nature of a
cycle.

4. Students should save their paper
plate cycles to use in Lesson 5.

B Part Two, Lesson 5

Life Cycles

Michigan Curriculum Framework
References

Science: Standard 1.1
Constructing New Scientific
Knowledge, 11.1 Reflecting on
Scientific Knowledge, II1.2
Organization of Living Things

English: Standards 1,2,3 Meaning
and Communication

Method

Students observe the life cycle of
purple loosestrife in this lesson, which
has four parts; 1) Roots 2) Stems and
leaves 3) Flowers 4) Seeds, and pol-
lination. This lesson should take sev-
eral days to complete.
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Materials

Microscope or magnifying glass,
variety of seeds, potted purple looses-
trife plant

Procedure

1. After an introduction to the life
cycle of flowering plants, stu-
dents will observe the life stages
of purple loosestrife.

2. Students will make observations
about the root system of the
classroom plant. They will draw
what they see in the workbook
and then discuss how this par-
ticular root system helps the
plant survive.

3. As shoots and leaves appear,
students will make observations
about the stems and leaves, stu-
dents will make drawings in the
workbook.

4. The class will read a passage in
the workbook about photosyn-
thesis. Next, they make a dia-
gram showing the movement of
energy and food through the
stems and leaves.

5. Next students will examine how
the flowers help the purple
loosestrife plant survive. They
will make observations about
the plant’s flowers and discuss
pollination as a factor in its
reproduction.

6. Students will complete a work-
sheet to show how bees and
other animals help to pollinate
flowers.

7. Students will then investigate
how seeds help flowering plants
survive.

8. After observing features of a
number of seeds, students will
classify the seeds based on
inferences about dispersal
mechanisms.

M Part Two, Lesson 6
Protecting Wetlands

Michigan Curriculum Framework
References

Science: Standard 11.1 Reflecting
on Scientific Knowledge, 111.5
Ecosystems

English: Standards 1,2,3 Meaning
and Communication

Method

This last lesson in Part I brings
together information learned in Part [
and II on purple loosestrife, exotic vs.
native organisms and their relation-
ships. Threats to wetland ecosystems
are also covered. This lesson intro-
duces the idea of biological control.

Materials

“Hula” hoop or length of yarn,
something to represent 300 cattail
plants and 300 purple loosestrife
plants (e.g. pennies, popcorn, etc.),
one die

Procedure

1. After reading some about the
threats to wetlands, students will
play the wetland relationship
game described in the workbook.

2. This game will demonstrate how
purple loosestrife can invade a
wetland and how an exotic
organism can disrupt the natural
relationships that occur in wet-
land ecosystems.

3. After recording the results of the
game students will answer some
questions in the workbook about
what they think will happen to
the wetland ecosystem.

4. Next students will read about
why wetlands are important to
the environment.

Part Two:
Main Ideas and Concepts

e The Great Lakes region is nol the
only place on Earth with a tem-
perate deciduous forest biome.
Because of similar geographic loca-
tion, climate, topography and other
physical features, a large part of
Europe and part of Asia are also
in a temperate deciduous forest
biome.

¢ Because Europe and North America
are separated by the Atlantic
Ocean, most of the plants and ani-
mals that have developed in these
two areas are different. The plants
and animals that developed in
Europe are native to Europe. The
plants and animals that developed
in North America are native to
North America.

e A plant or animal living away from
its native environment is called
“exotic”.

¢ There are various ways by which
plants and animals end up away
from their native environment.
Some are intentional and some are
accidental.

¢ Purple loosestrife is an example of
a plant that is native to European
wetlands that was transported
across the ocean and now grows
in Great Lakes region wetlands. In
the Great Lakes region, purple
loosestrife is an exotic plant.

* In Europe, where purple looses-
trife is native, many natural ene-
mies eat the plant and keep its
population under control. In the
Great Lakes region, these natural
enemies are absent and purple
loosestrife populations are grow-
ing out of control.

¢ Without any natural enemies, pur-
ple loosestrife easily spreads and
grows out of control because of its
life cycle.
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¢ Purple loosestrife has spread to
many wetland areas throughoul the
Great Lakes region and is having a
negative impact on many native
plants and animals.

¢ Native wetlands are disappearing
because of a variety of human-caused
factors, including purple loosestrife,
development and pollution.

¢ Native wetlands are important
because they provide homes for
many plants and animals, protect
water quality, reduce flooding and
erosion, and provide recreation for
humans.

Part Two:
Background Information - The
Problem of Purple Loosestrife

If you again look at the map of the
earth’s biomes, you see that the Great
Lakes region is not the only place in
the world where there is a lemperate
deciduous forest biome. Because of its
similar climate, geographic location
and other physical features, a large
part of Europe is also part of the tem-
perate deciduous forest biome. But
because Europe and North America
are separated by the Atlantic Ocean,
each has different species of plants
and animals, which have developed
over millions of years.

Let's use the marsh ecosystem as
an example. We already learned that
a marsh in the Great Lakes region
may have cattails, sedges, muskrats,
dragonflies, and many more plants
and animals that make up the marsh
community. These plants and animals
are native 1o the Great Lakes region.
If we were to visit a marsh ecosystem
in Europe, at first it may look very
similar to a Great Lakes wetland. If
we looked closely, however, we would
see many plants and animals that are
not found in the Great Lakes region.
These organisms make up the
European marsh community and are
native to Europe.

What do you think would happen
if you tried to move plants and ani-
mals to a different biome? If you
moved a saguaro cactus and a road-
runner from the desert biome to the
tundra biome, they would not be able
Lo survive because they are not adapt-
ed to the climate of the tundra. If you
moved a sugar maple and an castern
chipmunk from the temperate decid-
uous forest biome to the tropical rain
forest biome, they also could not sur-
vive because they are nol adapted to
the amount of rainfall, the wet and dry
seasons, and other factors of a trop-
ical climate.

What do you think would happen
if we moved a plant or animal from the
European temperate deciduous forest
biome to the temperate deciduous
forest biome in the Greal Lakes
region? Many planls and animalis,
because the climate and other phys-
ical conditions are similar, would be
able to survive. What would be miss-
ing, however, are all the relationships
with other organisms from its native
ecosystem. These plants and animals
would not be native to the new area.
They would be known as alien or exol-
ic plants and animals.

There are many examples of exot-
ic plants and animals in the Great
Lakes region that came from the tem-
perate deciduous forest biome in
Europe. How did these plants and
animals get across the Atlantic
Ocean? Most were brought by ships
traveling from Europe to North
America. Some - such as the
European starling, honeybee, gypsy
moth and wild carrot - were brought
intentionally. Most, however, were
transported by accident. Norway rats
and the house mouse were stowaways
aboard ships. Some, such as the
zebra mussel, were transported in
the ballast of ships. Ballast is mate-
rial, usually water or sand, that is
loaded onto ships to add weight,

which makes the ships more stable.
Many ships add ballast in European
ports, where they pick up the organ-
isms, and then dump the ballast when
they reach North America. Many
plants were also accidentally brought
to North America as seeds, either
mixed in bags of grain or stuck to the
hair of farm animals. Because the
natural enemies of these exotic organ-
isms - such as predators, herbivores
and parasites - werc not brought to
North America, some species grew
oul, of control.

Let’s take a look at one exotic plant
species called purple loosestrife.
Purple looscstrife is a native wetland
plant in Europe. This means that
Europe is the location where purple
leosestrife originated. Purple looses-
trife is thought to have arrived along
the east coast of North America in
the early 1800s accidentally as seeds
in the cargo and ballast of early sail-
ing ships and as seeds stuck to ani-
mals such as sheep. Some purple
loosestrife was also introduced inten-
tionally by immigrants as a medicinal
herb, landscape flower and nectar
source for honeybees. Purple looses-
trife is still sold today in many gar-
dening catalogs and nurseries, but
its sale is now illegal in some Greal
Lakes states, including Michigan. It
has also been found that many of the
wildflower seed mixes used by home-
owners and road commissions contain
seeds of purple loosestrife.

How did purple loosestrife get from
the Atlanlic shoreline of North
America to inland areas such as the
Great Lakes region? In their rush to
settle the new land, immigrants began
building a network of canals to inland
areas. These canals were perfect for
the invasion of purple loosestrife for
two reasons. The first is that these
water canals and the ships traveling
on them made the transport and dis-
persal of seeds easy, and second is
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that building the canals crealed huge
areas of disturbed wetlands for pur-
ple loosestrife to invade. One of the
largest canal projects was the Erie
Canal, completed in 1825, which con-
nected Lake Erie to the Hudson River
and other canals in New York. It is
easy Lo see, with a connection to Lake
Erie, how purple loosestrife arrived in
the Great Lakes region. By 1800, pur-
ple leosestrife had spread to many
wetlands in the Great Lakes region.
Purple loosestrife is a producer,
and there are many native herbivores
that eat purple loosestrife in Europe.
In fact, scientists have identified at
least 120 species of insect herbivores
that feed on purple loosestrife in
Europe. Some eat flower buds, some
eat flowers, some eat leaves, some
eat stems, some eat seeds and some
eat roots. Because of these herbi-
vores, only a certain number of pur-
ple loosestrife plants can survive in
the European wetlands. If these her-
bivores were to disappear, purple
loosestrife would grow out of control,
and this would have a negative effect
on the other plants and animals in
the wetland. So the relationships
between purple loosestrife and the
herbivores that feed on it are impor-
tant to the health of the European
wetland ecosystem. All the other
plants and animals in the wetland
have similar relationships, which
make the wetland a complex web of
interrelated plants and animals.
The same is true for the wetlands
in the Great Lakes region. Each of the
native wetland plants is fed on by a
variety of native herbivores, this feed-
ing keeps each plant from growing out
of control. There is a natural balance
that keeps both the plant and animal
populations from becoming too abun-
dant. When purple loosestrife begins
growing in a Greal Lakes wetland,
where it has no natural enemies, it
quickly grows out of control and crowds

out the native plants and animals.

Purple loosestrife has a life cycle
well adapted to living in wetlands. Its
seeds are primarily responsible for
its spread to other wetlands. Purple
loosestrife seeds are very small and
extremely numerous. Some seeds
travel between wetlands by floating.
Others will sink to the bottom of the
wetland and then rise to the surface
after germination and are dispersed
as floating seedlings. Many of the
seeds are mixed with the wetland soil,
which sticks to animals such as deer
or herons, or to tires of off-road vehi-
cles or boots of hunters and so are
dispersed in this manner. Scientists
have suggested that purple looses-
trife seeds may also be dispersed by
wind, by sticking to the feathers of
birds, or by being eaten by animals
and then deposited in other wetlands
in their droppings. Because of these
many dispersal strategies, purple
loosestrife can easily spread from
one wetland to another. In addition,
seeds are viable up to three years,
have an 80 per cent germination rate
and can germinate in a wide range of
soil conditions.

Once a seed finds a suitable loca-
tion, it will begin to grow roots, stems
and leaves. Eventually (it takes 3-5
years for it to become a mature plant),
the plant will develop a large root
crown made up of many stems. The
root crown survives through the win-
ter and grows new stems and leaves
each year. One mature plant can grow
over eight feet tall. The plants also
arow very close to one another and
form a stand so dense that it crowds
out the native plants. During the sum-
mer, the plants produce abundant
and beautiful spikes of purple lowers.
These flowers are insect-pollinated.
After pollination, the flowers produce
tiny seeds, which are stored in small
seed capsules. Studies have shown
that there are about 1,000 seed cap-

sules per stem and about 90 seeds
per seed capsule. This means that
one mature plant can produce more
than 2 million seeds each year! These
seeds fall into the water and on the
mud ready to be transported to anoth-
er wetland.

Another adaptation that allows
purple loosestrife to be such a suc-
cessful invader is that it thrives in
disturbed areas. When the root
crowns of purple loosestrife are dam-
aged by trampling, machinery or by
other means, the injured roots will
send up even more new stems. All of
these adaptations give purple looses-
trife a competitive advantage over
native vegetation that allows it to take
over entire wetland areas.

Purple loosestrife is called a
perennial because each plant can
survive for many years. During the
winter, the stems, leaves and flow-
ers of purple loosestrife die, but, the
root crown remains alive in the wet-
land soil and will grow again when
spring arrives. The seeds also over-
winter. Trees are another example of
perennials. Some Kinds of plants are
called annuals because they com-
plete their entire life cycle in one
growing season and only the seeds
remain alive to grow new plants the
following year. Corn is an example of
an annual. Other plants are called
biennials because they complete their
entire life cycle in two years. A car-
rot, for example, will grow from a
seed Lo a clump of leaves during the
first year. The food made by these
leaves is stored in the root, which is
Lthe only part of the plant which lives
through the winter. During the second
year, the food stored in the root is
used by the plant to grow new leaves
and a tall flower stalk. After pollina-
tion, seeds are formed and the entire
plant, except the seeds, will die. If
you ever had a garden with carrots,
you probably haven’t seen the flowers
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and seeds. This is because we harvest
the carrot taproot after the first year
of a two-year cycle so we can eat the
food the plant has stored in the tap-
root. If you were to leave some car-
rots in your garden for another year,
the plant would use the food in the
taproot to grow new leaves as well
as flowers. The flowers would make
seeds and the rest of the plant would
then die.

The main physical characteristics
used to identify purple loosestrife
from other wetland plants are the
purple flower spikes, a square stem
with opposite or whorled stemless
leaves, and, during late fall and win-
ter, the tall, dead stems with the seed
capsules.

How does purple loosestrife affect
native plants and animals? First, let's
think about a native cattail marsh in
North America before the invasion of
purple loosestrife. Although cattails
may be the dominant plant, many
other species of wetland plants would
also be mixed within the cattails and
found along the wetland edge and
near open areas of water throughout
the marsh. The cattails and other
plants provide (ood, nesting sites,
nesting materials and cover for the

numerous species of wetland animals,
such as muskrats, mink, birds, turtles,
frogs, fish, insects and other inver-
tebrates. Animals such as raccoons,
foxes, hawks and owls will visit the
marsh for food. A complex web of
relationships among the native plants
and animals keeps the marsh ecosys-
tem diverse.

When purple loosestrife becomes
established in a wetland area, it usu-
ally forms a dense stand where few
other plants can survive. Once purple
loosestrife is the dominant plant,
many of the relationships between
the native plants and animals are dis-
rupted. Native plants cannot compete
with the aggressive purple looses-
trife, so they disappear from the wet-
land. Once the native plants are gone,
the animals that depended on these
plants for food, cover, nesting sites,
nesting materials, areas to raise
young and other needs have a hard
time surviving and either die or leave
the wetland area. It has been found
that few native animals use purple
loosestrife as a nesting site or as
food. These marshes are also home o
fragile and rare species of plants and
animals that cannot survive the inva-
sion of purple loosestrife. Purple

loosestrife also changes the struc-
ture of the marsh. For example, by
eating cattails, muskrats create small
areas of open water throughout the
marsh. These open areas are used by
many species, such as waterfowl, for
nesting and feeding. A marsh domi-
nated by purple loosestrife does not
have these openings. Many migrato-
ry birds also use these wetland areas
as resting and feeding areas during
their spring and fall migration. Once
purple loosestrife Is present, the areas
may not provide the open mudflats
and food required by these migrant
species. Some animals, such as red-
winged blackbirds and swamp spar-
rows are able to survive in purple
loosestrife stands, but most cannot.

Purple loosestrife is not the only
threat to Great Lakes wetlands. Many
wetlands suffer from pollution, and
many more are destroyed each year by
development. Because of these threats,
Great Lakes wetlands are disappearing
at an alarming rate (see student work-
book information for details).

You are now ready to begin this sec-
tion with students.
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PART TWO

Invasion of Purple Loosestrife

Lesson, One: Invaston Discovered,

Instructions for teachers

Part Two includes a variety of worksheets and
activities leading up to the life cycle of purple
loosestrife and its impacl on wetlands. Parl Two
builds on ideas and information covered in Part
One, so it will be helpful to review with the
students the main points of Part One before begin-
ning, including the meanings of the clues from Part
One. The clues are EARTH, BIOME, ECOSYSTEM.
ORGANISM, COMMUNITY, MARSH and PURPLE.
The last clue, INVASION, will be discussed in this
section. Begin Lesson 1 by having students read the
newspaper article “Aliens Invade he Midwest” in
their student workbooks.

Student Workhook o Part Two

- 4 1
‘D& ﬁ E‘ ﬂ B\\ QD Invasion of Purple Loosestrife

Lesson One : Invasion Discovered

“To begin. read the following newspaper artlcle.

Aliens Invade the Midwest

Anytown, USA

Biologists have discov-
ered that mitlions of
aliens have invaded
much of North America,
including the Great
Lakes region, and that
this invasion has been
going on for over 100
years! The biologists
who have scen the
aliens also have discov-
cred that large aumbers
of aliens, some of them
7 feet tall, are living in

marshes and swamps,
zlong shorelines and in
other wetland arcas.
Although the aliens
appear to be harmless,

ing out of control. In
some wetlands, the
alicns have killed many
native plants and have
forced many of the
native animals to leave,
What can be done to
stop this invasion?

P> Slop reading and complcie the lavading Alins Workabeel.

LoexnOne 023
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INVADING ALIENS Worksheet
i

Afer reading the newspager article *Aliens
baok. you may be interested in fnds

Question 1 -

Answer:

Question 2 -

Answer:

24 M Lessan One
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your stident work-

Mogist and write these questions In the
wwers right now)

Question 3 -

Answer:

ers. you will find
scovered the

Question 4 -

Answer:

Question 5+

Answer:

Studant Workbook & Part Two

o S

s Siop eading. END OF LESSON ONE.

[7i8]
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Teacher tips on the Invading
Aliens Worksheet

This is designed as a questioning
strategy exercise (who, what, where,
when, why and how). After students
have read the article, divide the class
into several small groups. Have each
group complete one worksheel. Fach
group of students will then work
together to decide on five questions
they would like to ask one of the biol-
ogists who discovered the invasion. At

28 W Part Two e Lesson One

this point, students are not expected
Lo know the meaning of the word
“invasion” as il applies Lo exotic
organisms. After students decide on
their five queslions, have all the
groups share by making a list of the
questions on the chalkboard or on a
poster (write the questions in a place
where they can be saved and referred
Lo in the future). What do the stu-
dents think is the most important
information to get from the biologist?

Can two or more of the questions be
merged into one question? Finally, as
a group, create five “best questions”
that the class would like to ask the
biologist. Students will learn the
answers Lo their questions as they
complete the following lessons. In
the next lesson, students will be asked
to revisil this worksheet and to write
answers Lo Ltheir questions.
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PART TWO

Invasion of Purple Loosestrife

Lesson, Two: Press Cory@rm

Instructions for teachers

In Lesson 2, students will begin to learn the answers
to their questions by participating in a mock press con-
ference between a group of reporters (the students) and
one of the biologists who discovered the invasion (the
teacher or another adult).

Before students begin this lesson, you will need to
think about how you want to organize the press confer-
ence. First, a person playing the role of the biologist
must be selected. It may be best for you (or another
adult) to be the biologist because many of the biologist's
responses are long and contain words the students may
not be familiar with. All the students are reporters and
they should raise their hands if they want to be selected
to ask a question. The students have the reporter ques-
tions in their student workbooks but not the biologist's
responses. The biologist’s responses are only in the
teacher’s guide. Students should follow along with the
questions in their student workbooks during the press con-
ference, and questions should be asked in the order writ-
ten. To make this easier, questions are numbered.

As part of this lesson, students will
act as reporters and will be respon-
sible for writing an article based on
the information they get from the press

Biologist: Yes.
conference. As each question is asked g

by a reporter and answered by the 2. What do they look like?

biologist, all students should take
notes on all the responses. There is

green.
space after each question in the stu-

Lesson Two - Press Conference

The pewspaper article “Aliens tnvide the
Midwest™ has caused much concern and
ritised many questions. To answer these
queations, 4 press conference has been
scheduled belween a group of reporters
aad one of the who

This sounds scary! Do we
have to worry about betng
attacked?

e (nvaston. You and the ather students
are the reporters. A writlen copy of the
questions you will be asking the blologist
tn the presa conlerence Is below, Listen
closely to each question and answer.
There ts space after each question for you
o take otes. You will use your antes to
wrile an aricle sbout the lavaston,

OQUESTIONS ASKED BY REPORTERS
(reand guestions I order giver):

Have you xeen the stiens?

What do they look (Ike?

How big are they?

Where are these alleas fom?

From Earth! ! thought atlens were ke [it-
tle green men from Mars.

What docs “native” mean?

1. Have you seen the aliens?

Biologist: They are purple and

Questions asked by reporters (read questions in order given)
unless you are a plant or animal

that lives in wetlands.

5. Where are these aliens from?

Earth.

Biologist: The aliens are from

dent workbooks for students to take
notes on the biologist’s responses. It
may be helpful to have the biome map
and the color photo of purple looses-
trife (both supplied with Part I) to use
as resources during the press con-
ference. To begin, have the students
read the first paragraph of Lesson 2.

3. How big are they?

Biologist: They can be as small as
the point of a pencil or 8 feet tall.

4. This sounds scary! Do we have o
worry about being attacked?
Biologist: No. These aliens move
very slowly and are not a threat

. From Earth! 1 thought aliens were

like little green men from Mars.
Biologist: Sometimes the word
“alien” is used to mean life from
other planets, but “alien” is also
used to describe plants or animals
that are living in areas where they
are not native.
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How can a plant or animal become an
alien?
invaded™?

S0, bow can an alien organism survive?

invasion?

Can you give me some examples of real

Tha Purple Loossstrita Project o Cooparsior's Handbook

You said that the Midwest is being invaded
by aliens. What do you mean by “being

You have given different meanings to the
wards “native,” “alien”” and *
there any other words we need to know (o

understand what is going on with this alicn

ader” Are

aliens?

Midwest?
Does it have something to do with biomes?

So. what are these 7 foot-tall, purple and
green organisims that are invading the

Student Workbook » Part Twa

A Journalist I8 o person who gatl
ol

TITLE OF ARTICLE: _

YOU ARE A JOURNALIST Worksheet

parple loosests
1 Whie Invislon, Begin your anticle below, 1 you need miore
e

See your teacher for lnstructlons before beglantng te artiche

¥

formation L write

ife. Now It s nizE your not

You said that most alien organisms in North

America are native to Europe. How did these
plants and animals get acress the Atlantic
Ocean to North America?

> Stop reading and get Instruetions from the Leachee,

28w Lasson Two
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7. What does “native” mean?
Biologist: “Native” is another word
that has many meanings. There
are many organisms living on
Earth, but different organisms live
in different areas or biomes. For
example, a polar bear lives in the
tundra biome and the saguaro
cactus lives in the desert biome.
So we say that the polar bear is
native to the tundra and the
saguaro cactus is native to the
desert. Every organism has a
native area.

8. How can a plant or animal
become an alien”?

Biologist: A plant or animal is
called an alien when it is living
away from its native area. If a
polar bear were moved from ils
native tundra to the desert, it
would be called an alien. Of
course, because the tundra biome
and the desert biome are so dif-
ferent, polar bears would not be
able to survive in the desert, just
as a saguaro cactus would not be

30 B Part Two e Lesson Two

able to survive if it were moved
from the desert to the tundra.
Most organisms could not survive
being moved to a different biome.

9. So, how can some organisms

survive as aliens?

Biologist: Let's use the cactus as
an example. The saguaro cactus is
native to desert areas only in
North America. What if a saguaro
cactus seed found its way to a
desert area in Asia? It may be
paossible, since the cactus is still in
a desert biome, that the cactus
seed could grow and survive. If it
did, it would be an alien in the
Asian desert.

10. Can you give me some
examples of real aliens?
Biologist: Yes. There are many alien
plants and animals in North
America. Some you may be famil-
iar with are house mice, European
starlings, ring-necked pheasants,
honeybees, gypsy moths, zebra
mussels, Scotch pine trees, com-

11.

12.

mon apple trees, Queen Anne’s
lace and corn. Most alien organ-
isms in North America are native
to Europe. Do you know why?

Does it have something to do
with biomes?

Biologist: Right! Much of the
eastern part of North America
and much of Europe are in the
temperate  deciduous  forest
biome. Because the two areas are
separated by the Atlantic Ocean,
each area has developed different
plants and animals. If an organism
travels from the temperate decid-
uvous forest of Europe to the tem-
perate deciduous forest of North
America, it may be able to survive
because the areas are very similar.

You said that most alien organ-
isms in North America are
native 1o Europe. How did these
plants and animals gel across
the Atlantic Ocean to North
America?
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13.

14.

Biologist: That is an excellent
question. Most aliens were
brought to North America by
humans. Some animals, such as
the honeybee, were brought on
purpose. Many alien plants were
brought on purpose from Europe
to plant in gardens. Other alien
organisms were brought by acci-
dent The house mouse and the
Norway rat came accidentally as
stowaways aboard ships carrying
farm animals and grain to North
America from Europe. Many alien
plants also came by accident on
ships because their seeds were
mixed in with bags of grain or
stuck to the hair of farm animals.

You said that the Midwest is
being invaded by aliens. What
do you mean by “being invaded™?
Biolagist: The word “invasion” is
another word that has multiple
meanings. Biologists use the word
“invasion” when an alien organism
becomes a problem because its
population cannot be controlled.
We can say that North America
has been invaded by the house
mouse and the European starfing.

You have given different mean-
ings 10 the words “native”, “alien”
and “invasion”. Are there any
other words we need to know to
understand what is going on with
this alien inva-sion?

Biologist: Well, there is one other
word you should know. The word
is “exotic” To a biologist, “exotic”
means exactly the same as “alien’”.
So, a house mouse is an exotic or
alien animal and corn is an exotic
or alfen plant. Biologists prefer to
use the word “exotic” instead of
“alien’, so from now on we will
use the word “exotic”.

. So, what are these 8-foot-tall,

purple and green exotics that
are invading the Midwest?

Biologist: The exotic organism
we are talking about is a plant
called purple loosestrife. Purple
loosestrife is native to wetland
areas in Europe.

Instructions for teachers

Before starting the next work-
sheet, have students go back to the
Invading Aliens worksheel from
Lesson 1. After each question they
wrole on this worksheet, there is a
space for them to write an answer
from information they obtained from
the press conference. Have each stu-
dent finish the worksheet by wriling
an answer, if known, to each of their
questions. Also, discuss as a group
the five best questions that the class
came up with in Lesson 1. They may
not have all the information needed to
answer every question, but they will
gel more information in the follow-
ing lessons. After completing this
task, students can complete the You
Are a Journalist worksheet.

After writing answers to your ques-
tions on the Invading Aliens
Worksheet, you can complete the You
Are A Journalist Worksheel.

Teacher tips on the You are a
Journalist Worksheet

This worksheel is a writing exer-
cise in which students use their press
conference notes and questions/
answers from the Invading Aliens
worksheel to write a newspaper arti-
cle. Writing skills are taught in many
ways, s0 you will need to discuss the

format and methods used in your
classroom with the students before
they begin. If you are not a classrcom
teacher, here is one way you could
have your students organize their
notes and information:
¢ [ist the major points they think are
important—who, what, where,
when, why, how.

¢ Place these major points in an order
that makes sense for an article.

o Use this outline to write the article.

You may want to limit the length of the
article by giving the students a max-
imum number of words or sen-
tences.

Suggested journal entry

Select a science article from a
newspaper or magazine for the stu-
denls to read (or have each student
select an article he/she finds inter-
esting). Have the students make an
outline of the main points of the arti-
cle in their journals and also inciude
whalt they liked and/or disliked aboul
how the article was written. The
Internet is also a good resource for
this activity.

Extension idea

From this point through the end
of the school year, have students
collect newspaper and magazine
articles on exotic organisms (or
wildlife in general, if you want a
broader subject). The articles
can be displayed on a bulletin
board or kept in a scrapbook.

NOTE TO TEACHERS ON LESSONS 3 AND 4 Lessons 3 and 4 are
recommended but optional, depending on your time limitations and teach-
ing objectives. Lesson 3 is designed to integrate history into this unit. If
Yyou will be teaching American history (or other history topics), the work-
sheet and activity in Lesson 3 will help students understand the invasion
of purple loosestrife in the context of your other history lessons. Lesson 4
deals with the concept of cycles and is meant to help students under-
stand life cycles (Lesson 5). If you decide to omit Lesson 3,
students should still read the information in their student workbooks
before going on. There is no information for students to read for Lesson 4.
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PART TWO

Invasion of Purple Loosestrife

Lesson, Three: A Trip Across the Ocean

Teacher tips on the Tree Time Line Worksheet
Before beginning this worksheet, it will be important
for students to understand that the drawings on the work-
sheet and the one they will draw represent a cross-sec-
tion of a tree showing the annual growth rings. As trees
grow, they add a growth ring each year. These annual
growth rings can be seen when viewing a cross-section
of the tree. For example, if you were to cut down a 50-year-
old tree and look at the top of the stump, you would see
50 concentric rings the largest (outermost) ring is the most
current growth and the smallest (center) ring is the old-
est (the year the tree started growing). So, if this 50-
year-old tree was cut down in 1998, each ring would
represent one year and the center ring would represent
1948. You may be able to obtain a real cross-section of
a tree to use as a demonstration from anyone who works
with or cuts wood. If you look at a real cross-section of
a tree, you may notice that dark and light rings seem to
alternate. The dark areas represent periods of dorman-
cy of the tree (winter) and the light areas represent the
growing season. So, one year of growth is represented by
a dark ring and a light ring together (don’t count them as

Eaudunt Workhook « Part Twa

Lesson Three - A Trip Across the Ocean

Purple logsestrife was brought from
Eusipe to the Attartlc coust of North
Amertea In the early 1800s. Because pur-
ple loosestrife is & wetland plant, It grew
ncar the seaports In Europe where ships
would come and go. Some ships would
toad sand or water from these seaport
areas to add welght. This extra weight,
called hatlast, helped the ships sall better.
$ince purple toosestrife grew in these
scaport areas, the sand and water some-
tmes contaloed tny purple loosestrife
secds. When the ships arrived e North
Amertea, they woutd demp the sand and
water baltast and any purple loosestrife
seeds that [t contained, These seeds could
then grow In thelr new home, Some pur-
ple loosestrife plants were brought to
North America on purpose by people who
used the plant as medicine or as flowers
for honeybees, Purple loosestrife was
common on the Atlantic coast of North
America by 1830. Many people planted it
tn their gardens because of its pretly pur-
ple Nowers.

How did purple toosestrife
get fven the Alantic coast
of North America to e
Great Lakes reglon? You
have to remember that In
the early 18003, there was
no easy way for people to ;\'( }
wravel Inland from the =2
Atlantic Ocean. People
didn't have cars or airplanes. Their main
transporiation was by non-motorized
boats and barges, so they began buflding
canals. A canal s like river bul It I8 made
by people. By 1840, there were more than
3,000 miles of canals connecting the
Atlantic Ocean and intand areas. The most
famous canal was the Erle Canal, which
connccted Lake Erie with the Hudson
River. Boats and barges traveling the
canals were used to transport people,
farm antmats. lumber, coal, grain and
other materials needed to moke new set-
tements In the Midwest. They also provid-

cd purple loosestrife seeds an easy way W
spread, and by 1900, purple loosestrife
had spread W many wetlands In the Great
Lakes reglon and beyond,

P> Stop reading and complete e Tree Tme Line Workahrel.
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separate years).

In this lesson each student will
use the blank tree time line (showing
a cross-section of an 18-year-old tree)
on the worksheet to show events that
have happened mostly during their
lifetimes. You may want to come up
with a class list of events for the 18-
year period that all students can
include on their personal time lines.
Then students can personalize their
time lines by adding their birth years
and other events as noted on the
worksheet. This is an excellent home-
work assignment and opportunity for
parent involvement.

Students should now complete the
purple loosestrife Time Line Activity.

Instructions for teachers

The Tree Time Line worksheel is
designed to prepare students for the
final task in this lesson. Students, as
a group, will create a tree time line
going back 200 years. As you can
imagine, you will need a very large
surface Lo draw this on (about an 8-
foot square if you draw the rings
about the same width as those on the
student worksheet). One suggestion
is to use large pieces of flip-chart
paper and tape several picces togeth-
er to make one large drawing sur-
face. After the 200 rings are drawn,
each ring (or every five or ten rings)
should be labeled with the year it rep-
resents. An option is to just draw a

wedge of the 200-year-old tree (like
a piece of a pie). This would still show
all 200 years but would take less
reom (about a 4-foot square) and less
time to draw the lines.

Your tree will represent the past
200 years. The next step is for the
students to decide which events they
would like to place on the time line.
You can do this as a class or have
each student come up with several
ideas. Some historical references,
such as an encyclopedia, will be need-
ed for this. Students could also
research events and find dates on the
Internet. If you have covered history
in your classroom, you could integrate
the information into this lesson.
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TREE TIME LINE Worksheet

inp (or the end of the

fang ed
o8 Ul whese % wis ). you wold be b Img umr.m -sertion of that tree trunk.

5

wulit see many clrcles or rings
trees grow, they form
growth rings. The
sanallest {center) ring would have g % life. The biggest
{outer} ring would e the most recent grwth or the s ife for the year
the ree 13 cut down). I you kaow what year the tee was ¢ . you can label cach of
the growth rings by year. ANer the growth rings are Labeled by year. you can add impor-
tant events that happened during these years. This bs a tve Ume line

every ye

Shusbert Workbeost & Part T

SUARING YOUR OWN TREE TIME LINE

Yout Leacher bias 3 d

ol & Cruss-se id tree. This tree was oot i
down In 1097, To make your own tree G

tions <3

First, label cach growth fing With Lhe year it grew. Remember, Uhe BLgaest 1ing 1S the year
the Lree was cul down, and the small center AR 15 the year Uhe Lee Degan pstng

Find the tiog Labeled with the sear you were el It s your birth year

Mals

that happened during Whese years and write the

stcrs, frieads of pets

ew house, City oF school

® yean s Leam won @ champlonship

 the yrar you lost your fiest Looth

Can yonu think of more?

Now I8 bs your turm to create a Lve Ume lne.

33 8 Lusson Three

4 swpwading END OF LESSON THREE.
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Here are some ideas to get you

started:

¢ The years various presidents were
born or died.

e The birthdates ol other famous
people.

e The birthdates of grandparents.

¢ The year the school was built.

e The years various things were
invented (cars, color TV, elc.).

After the list is made, have the

students wrile these evenls on the
tree time line in the appropriate loca-
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tions. Now it's time to think aboul the
invasion of purple loosestrife. Have
the students make a list of the dales
mentioned in the student workbook
information they read at the begin-
ning of Lesson 3 and place these pur-
ple loosestrife-related events on the
time line. You may want to highlight
the purple loosestrife dates so they
are more noticeable than other dates.
When [inished, discuss other histor-
ical evenls thal were happening at
approximately the same lime as the
purple loosestrife-related events,

Extension idea

Iind out what other exotic organ-
isms are in the Greal Lakes region,
including where they came from and
how they gol here.

Suggested journal entry

Choose an exotic organism in the
Greal Lakes region (other than pur-
ple loosestrile) and write a short
report about it. Include where it is
native, how and when it got here, and
what problems il is causing (if any).
Could the invasion of the exotic organ-
ism have been prevented? How?
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Invasion of Purple Loosestrife

Lesson, Four: C)/cla;

LESSON #4: CYCLES

< J%
=
A tycle ts @ special way of organizing and looking at information. Lets
ookl an example

CYCLES Worksheet

hat happen every year, Your

A friend’s birthday

New Year's Day

Day of the year with e b
blanks. get a paper plate

el
s
/
i
/d
I~
E]
e hYs
< ?

After yoss hae Labeled the papes
currect I on the plate

Congratulations! You have just created & cycle

3 mLssstn Fousr
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¢ dates from the list abone (o the

e s

liere a

Draw
inthe

i

Briscent Workbook  Pan Twa.

tiecause the cyele you made shows events that Kappen every year. it is ealled an anaual
e

Compare yout cytle wi
othe

Q ves Q
Does a cycte have @ beginning of an ead? Do you have o stant ot any particular place tn
the et

O s O

e a tree Lime e What ks the difference between 2 tme line and a

. Stop wating END OF LESSON FOUR.

uf €yrie and some questions 1o answer

ion of your cyce. Does this cyele fver go

¢ stdents. If you line up your birthday with
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Instructions for teachers

Lesson 4 will focus on the gener-
al concept of cycles. Begin by having
students complete the Cycles work-
sheet. You will need to supply dinner-
size paper plates for this worksheet.

Tips for teachers on the Cycles
Worksheet

e The day ol the year with the most
daylight is the summer solstice,
which occurs around June 21, The
day of the year with the least day-
light is the winter solstice, around
December 21.

e Does the cycle have a beginning or
an end? Although studenls may
think that the cycle starts on their

birthday (since we asked them to
start there) or on January 1, il is
important for them to realize that
you can slarl a cycle al any point
and when you return lo the starting
point, one cycle (or one year, in
this case) will have passed. FFor
example, the Chinese calendar
starts al a different time of year
than ours. The reason for using
paper plates is so that students,
when flinished, can compare Lheir
cycles with other students’ by turn-
ing the plates so the dates mateh,
Whalt is the difference in a time line
(which they did in Lesson 3) and a
cycle? Both the time line and the

cycle show a sequence ol evenls.
The main dilference is that the lime
line is linear and the evenls will
never repeat themselves. The time
line will never go back Lo the year
1800 and start over. A cyele does,
however, repeal, itsell.

e A daily cycle can easily be made by
using the hours of a day instead of
months ol the year. Studenls can
make a list of things they do or things
that happen at the same time every
day and make their own daily cycle.
You could also try a lunar cycle.

Have the students save Lheir paper
plate cycles Lo use in another activi-
Ly described in Lesson 5.
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PART TWO

Invasion of Purple Loosestrife
Lesson Five: Life Cycles

Instructions for teachers

Lesson 5 is the most important lesson in Part Two
and will Lake more time than the other lessons. Students
will lcarn about the life cycle of purple loosestrife by
making observations on the growth of the classroom
plant, participating in activities, answering questions
and completing worksheets on the stages of the life cycle:
roots, stems, leaves, flowers and seeds. You should have
your potted purple loosestrife root crown in the classroom
when you start Lesson 5. As mentioned previously, it is
very important that the root crown be planted in early
March to ensure enough growth for the beetle release in
Part Three. For instructions on planting and care of the
root crown and plant, see “Raising Galerucella Beetles
Indoors” and “Lighting Requirements for Indoor Rearing
of Galerucella Beetles” in the Cooperators Handbook. If
your plant is not showing any signs of growth two weeks
after planting the root crown, see cooperator’'s handbook,
Section Two.

Shudent WorkBook » Part Two

Lesson Five - Life Cycles

A cyvle Is a special way of looking at tnfor
matton. One type of cycle i cafled a fle
cycle. Life eyeles are used to shiow the
stages of an organismd Ule. In this leswn,
we will learm more abowt the life cycles of
plants. Some plants kave flowers (even
though the Nowers may be kand 10 see).
and some plants, Such i mosses and feras
never have ftowers. We will be learming
about the life cycles of Nowerltg plants,

All flowering plants have
Neveral stages tn thelr life
oycke. The maln stages are
FOOLR, Klems, teaves, flow-
ors and keeds, These
Klages can be arranged ag .
atown below, The arrous —
show the direction of the )
oyele.

7\

SEEDN

NTEMS AND LEAVES

N\’

FLOWERS

Lets think aboat the life cycle of a Qower-
Ing plant you are already famtllar with: a
corn plart. Have you ever caten corn on
the cob? Each of the little yeitow hkemels of
com you eal is actually a com sced. If you
bought com secds and planted a seed
the soll, the seed would finst make a small
Tool. This oot woutd attach the plant 10
the sall. take water from the solt and send
the water to all parts of the planl. Next.
the tiny comn plint would grow o stem and
teaves. The roots, stem, and leaves would
conilnue o gow and, after gowing lor ivo
10 three months. the corn plant would
make tiny flowers. Thexe flowers sould
then deselop tnto clusters of seeds (which
we call com on the cob). So, the life stages
of corn plasts are seeds, oots, sterm and
feivex, fowers. then back Lo seeds agiln.
This Is the life oycle of 2 com plant,

Hach cor plant lives less than ore year
sl goes through s entire life cycle tn that
time. This kind of plant s cailed an snnuat
plant. Some Nowertag plasts, such as car-
ot platts, take two years to complete thelr
Hfe cycle. so they are calted blenntat (two-
sear) plants. Many flowering plants, such
a trees. live for many yrams and ae calted
perennlal plants, Every kind of plant kas a
Itfe cycte.

N that you hoow a Hittte about life cycles
of owertng plants, teth leam moee about
purple lonsestrife and its lfe oycle. The
dranings on the aexl twu pages ghe tnfor-
mation on the stages (0 the life cyvle of
purple loasestrife, Lok at the drawings a3
you team abuoat kaonextrifes fife stages.
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Extension idea 3.

If students completed the annual
cycles on paper plates in Lesson 4,
have them write the stages of the
corn life cycle on their plates (or they
could make new plates). These corn
life cycles should include the follow-
ing three things.

1. The months of the year.

2. Arrows showing the direction of
the cycle.

The stages of the corn plant placed
in the proper location on the cycle
as follows:

¢ Seeds begin to grow — late
April through May.

¢ Plant grows roots, stems and
lecaves ~ late May through mid-
July.

e Peak of flowering — mid-to late
July.

¢ Seeds fully formed and ready to
harvest — late October.

¢ Plant spends the winter as seeds
—November through late
April—And the cycle is now
complete.
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LIFE CYCLE OF PURPLE LOOSESTRIFE

Purple toosestrile i a perennlial planl.
This means that onc plant can live for
wmany years. The life cycle below shows

tw years of (s life.
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e roots
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late sprizg .
foene

Seeds clade by the flowrrs of 2 purple
Joonestrife plant (ad thetr way 0 2
wettand

[a the apring. 2 seed beginn
1o uw (ol & seediiag with
foots, stemn 30d leaves
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1n the fall, the sters and beave of the
phart die. Some of the food wade by the
Ieaves doring the suamer t etomd 12
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LIFE CYCLE OF PURPLE LOOSESTRIFE

The drawlags on this page show the parts
of an otder purple toosestrife plant to

The Wp of a purple lossestnie siem
ehowtzg feaves 20d Dowers,

W Slop reading aad discuss the e cycie of purple loowostrtie with your Leacher,

A close-up of 3 sced capsle.

A mature ccowa removed (rom the sl
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Important information on
plant observations

As you work through Lesson 5
with the students, it is important for
students to apply what they are learn-
ing to purple loosestrife by making
observations on the classroom purple
loosestrife plant. Building observa-
tional skills is an important part of
this unit. Here are some ideas on
making these observations.

Drawings

This is a good way to integrate art
into the unit. Have students make a
record of plant growth by drawing the
purple loosestrife plant once every
week. Have them draw the plant in as
much detail as possible and have
them attempt to draw it to scale. You
may want to show them artwork of
other plants (in field guides, etc.) to
give them examples of how other peo-
ple draw plants. By doing this, stu-
dents will have a sequence of
drawings showing the growth of the
plant over a 6-t0-8 week period. This
should be continued after the bee-

ties are released on the plant Lo show
the effect of the beeties on the plant.
This activily is highly recommended.

Grow other plants

Buy a couple small plants or plant
several types of seeds and have slu-
dents compare the growth of these
plants with that of purple loosestrife.
How are the roots, stems, leaves,
flowers and seeds similar or different?
Also, in preparation for Part Three, try
planting a couple other kinds of seeds
in the same pot with the purple
loosestrife. This will be a good test
after you place beetles on your plant
to see if the beetles eat only the pur-
ple loosestrife.

Chart stem growth

Pick and mark (try twist-ties) a
couple purple loosestrife stems and
keep track of each stem’s growth.
Pick a day each week to record data
such as number of leaves on the stem,
the distance along the stem between
leaves, stem height and stem width.
In the plant care instructions, you are
told to cul back or pinch off the stem

tips when they reach about 14 inch-
es in height. Try leaving several stems
unpinched and compare the growth of
these with the stems that are pinched
off. These data can then be shown in
graph form by showing time along
one axis and growth along the other.

Have a stem race

When the stems are just several
inches tall (there should be from 10
to 20 stems growing from Lhe root
crown), have students select which of
the stems they think will be the tallest
after a two-week period. The stems
will have to be marked (be careful -
stems are very [ragile when small).

Water use

Record the date and amount of
water used each time you add water
to the bottom tray of your plant. Can
you figure out if the plant uses more,
less or the same amount of water as
it gets bigger?

Students can now begin Lesson 5
by reading the life cycle information
in the student workbooks.
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Now (1 tme Lo take a closer look at the
1ile elages of purpic loosestrife. We will
learn more aboul the roots, stems, leaves,
NMowers and seeds of purple loosestrife
and of other fowering plants you may be
famiiiar with, One very tinportant thing o
remember Is that alb the life stages of any
plant have one main purposc: to heip the
plant suntve. The first stage we will leam
abuut is mots,

roors

ltow do roots help Dowering plants

suntve?

* Roots attach the plant to the sofl so i
will stay tn enc plece and not be blown
away by the wind ar washed away by
raln.

* Roots Lake in water and mincrats frm
the sotf that are used by the stems,
teaves. flowers and seeds of the planl.

* For plagts that Ive more than one year
{bicnaials and perennials), roots store
food that the plunt txes Inter to grow
slems. leaves, Mlowers atd seeds.

What do roots look lke?

Look at a plant’s roots. AH the roats of
one plant form its “rom system.” Every
kind of ptant has a rlightly differcot oot
wystem, TWO COMmon types of feal gys-

Mants with a tapront sysiem have one big
ol that goes deep down In the xoll.
Smaller roots grow oul the skdex of this
hig oo, Llave you ever eaten a carnt?
‘The orange part of a carmol, the part we
cat, I8 a taproot, and we are cating food
hart the carrot plant has atoned in this tap-
ront. if the carrot Laproot was befl In the
ground. (8 would use that food 1o grow
stem, leaves. Nowers and seeds. Une car-
o plant takes two years to complete Us
Hife cyvle, 50 carrots are called blenntals,

Plats with o Abrous mot Kystem uve
muny muots of varous sizes fom lurge
main foots to very st roots. The roals.
are (ke the dranches fn a tree - smatler
mots branch off of larger mots. Fibrous
mols o tn many directions tn the soill.
The tomato plant s an example of a plant
with a Mibrous root sysiem.

Some plants, such as walaut trees, have
Guth & tupmot and fibrous roots.

Whai Afnd of root daes purple toases
atrife have?

First of all. purpte loosestrife plants are
perennlal plants, ke trees - they can live
for many yeams. tn purple lonsestrife,
Bowever, the stems and leaves die every
Lall but the oot remeln allve through the
winter. So the roots are very tmportant for
purpte loosestrife to sunive, IMerple
looeestrife has a npeclal kitd of ot gys-
tem called a root crown. listead of grow-
tng [ust oue stem. Many siems can grow
from oae rool crown. Look at the life oycle
of purple toosestrife druwings to see whal
the mat Rystem looks fike.

Chudent Workheet o Purt Twe

Allough a plant makes rools o help

it sunive, many organisms (inciuding

humans) have tearncd lo use roals In

a varlety of wayn, Some of these

Inctude:

* People like to eat the roots of some
Mants such as carrots, sweel potatoes.
radishes and beets, These roots are
actually tond stored by the plant to use
later.

* Much of the sugar we cal also comes
from a mot: the sugar beet.

* Same anlmals eal o8,

* Some animals. such as certaln insects,
will burrow into the soll and live on
rools.

Examples of tnsects that live on roots
are oot maggots (Mies) and corn root
worm {beetle).

* Roots #lso help hold the goll tngether
and 8o make (1 caster for burrowing
animals such a8 chipmunks to make
underground burrows.

All ol these are examples of retatlonships
that organisms kive with plant mots,

tems are taprools and fibrous roots.
Je> Now complete the Roots Wocksherd.
Instructions for teachers look at each of the life stages of pur-  looks like, and relationships that other

Before continuing this lesson, it
would be helpful to discuss the life
cycle of purple loosestrife with the
class. The information in the student
workbook and the worksheets in this
lesson are designed Lo take a closer

ple loosestrife - roots, stems, leaves,
flowers and seeds. The information for
each life stage includes how each
slage helps plants survive, what each
stage looks like, what this stage in
the life cycle of purple loosestrife

plants and animals (including
humans) have with the stage.
Continue by having students read in
their student workbooks.
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ROOTS Worksheet

e the ground, 1 b4 yoo
undergrund ol syslems.

CARROT

DESCRIPTIONS

TAFROC

Smaller roots grow cal the skdes of Uis big rot

'S = Flants with & Bbrous
4 10 very small mots. The
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Flants with a Laproot system have one big ol Lhat goes deep dows I Uie soll

system have many
[ s are like the branch
' off from larger mots, These fbrus mots go In many directions
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Tips for teachers on Roots
Worksheet

The Roots worksheet will help stu-
dents understand more about the pur-
ple loosestrile root crown. The
student’s drawings of the carrol and
tomato root systems will vary, but
they should look something like the
drawings below.

Extension idea

Buy one or two small potted plants
from your local nursery (you can buy
houseplants in the winter) and have
students wash the soil away from the
rootls to see the root systems. The

casiest way to do this without dam-
aging the rools is Lo remove the plant
from the pot and submerge the root
ball into a container ol water. The
soil should rinse away, exposing the
roots (you may have to dunk it a few
limes). Dispose of the muddy waler in
a proper and safe location.

Extension idea

Buy a carrol from the grocery
store (one that is whole and not
peeled). Plant the carrot in a pol so
only the very Lop of the carrot (where
the leaves were attached) is above
the soil. If the carrol is too long for the

pot, you can cut off part of the bottom.
Waler the carrot and see what hap-
pens. The carrol is a taproot where
food made by the leaves during its
first year of growth is slored. The car-
rot should use this food Lo grow new
leaves. This is a greal example of a
biennial plant.

Instructions for teachers

This lesson continues with infor-
mation and a worksheel on stems
and leaves. Students can continue by
reading the stems and leaves infor-
mation in their student workbhooks.
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liow do stemn hetp fowerting plants

sunire?

* Stems form a stivag frime o support
e above-ground part of the plant,
tncluding (caves, Bowers and seeds.

* Sicms carry water and minerals from
the ks t the leaves, Nowers and
Reeds.

* Stema carry food made by the leaves to
Oowers. xeeds and mots.

Wt do xiems look [ike?

Stems come tn many sizes, shapes and
cvlors. A Lamge 0ak tree, for instance, has
a lampe ’lem {the trunk), which supports
rmaller Mems (branches). which support
even smalier stems (Iwigs). [f you look at
cruss-sections of stems. some are pound,
some are squane and soree are like a tri-
angle, Some stems are hotlow, while oth.
rs are selld. Some stems are hard and
SUT; others are xoft and flexible. Some
stems cven luve thoms, which may pro-
tect the plant frum betag caten by antmals.

What kad of stenss does purple
toanestrife have?

Ia Le xpring, the ot crown of purple
Tonseatrife will begin to grow new stems,
These stems can grow to be seven feet
Lall by the end of summer. and each main
stem wil) have many smaller slde stems,
leaves, Nowers and seeds. The main
stema of purpie loosestrife are abow 1/2
Inch wide and square In cross-section.
Because these stems grow rom o ool
crown, the stems are clustered together.

Though plants make stems to help them

sunive, many organisma have learned (o

use stems In a variely of wayw, Here are

fust a few.

¢ Many mammals eal stems {deer. mice,
\ules, beavers. Fadbits. some Insects).

© People cat stems guch as asparagus
and rhubarh.

* Some animals, cspecially insects, will
five Inslte stems. Examples of such
Insects inctude: the European com borer
{maih) and the pine weesl (beetle).

© Some binds (such as the cardtnal) wil)
use stems to nest bullding. Small stems
are used (o bulld the rest and many
nexts are attached to lager slems.

* Some antmals use hollow cavilies In
large glems (Iree Lrunks) for nests o
shelter (woodpeckers, squirrels, owls,
raccoons, porceplaes).

¢ I'cople have many thicgs made fom
wood, such a8 houses, furniture anid
tays. All wood comes from stems.

All of these are relationshipe that organ.
fsma have with stems of plants.

40 Lasscn v
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LEAVES

tiow do leaves help Ctowering ptants
sunive?

When you studted food chains. you
learned that the leaves of plants can
make thelr own food. These plants are
called producens. Producers have a grven
pigment called chiorophytl, which traps
the encegy from suntight, and uses i
along with carbon dioxide from the air
and water from the soll, to make fond.
This is called phatosynthests. This
remarkable food-making process that att
other thing organtsms depend on for their
food. nostly happens In leaves of plants.
So. leaves belp a flowering plant sunive
by trapping sunrlight and making food
through photasynthesis. Each leaf Is like o
small food factory. This food travels
through the stems of the planl to make
more beaves, flowens, seeds and rots.
Some plants stare this food In the rots
during the winter,

What do teaven look like?

Every kind of plant has a different Aind of
teaf. There are many thousands of kinds of
Nowertng plants on Earth, so there (s 3
huge variely of lcaves, Leaves vary In
#lze, shape, thickness and color. Some
teaves are smooth. while uthers are cov
ered by wool, hatrs or wax. You are proba.
by famitine with many leaves, such as
maple s aak leaves. Did you know that
cactus spines and pine needtes are also
leaves?

o back to the drawing of purple loose-
wtrife oo page 39 and took carefully at the
teaves. On the lines below, describe the
purple loosestrile lcaves In as much detall
a you can, laclude atze and shape and
how the leaves are atlached Lo the stem.

B> At you 20¢ fNinkded deacribing the parple looaemtrite leaves, CoRIGDC reading.
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Ptant leaves cun be arranged slong the
stem [n many ways. Look at the two
drawings below. The drawing on the left
shows a planl with leaves without leal
stems. I slxo shows leaves that are grow-
Ing oppostte cach other. “Oppasite”
means the leaves are growing In paim
and each leafl has another teal groming
directly across from il on the slem.

What kind of lraves does purple
loosentrifo have?

Purple loosestrife lcaves are green and
covered with very small hars. One tail
purple tonsestrife stem will have about
50 leaves. gnd cach leaf s about 4 (nches
long and caly about 1/2 inch wide. The
teaves do not have teafl stems. Purple
tooscatrife leaven can be fuurd growing
along the siem In several ways, Look 2t
the drawings of purple loascstrile stems

The drawtng on the right has leaves with
feul steems. This deawing also shows
Teaves that afe not growing opposite cach
other. They are not growing ia pates, This
I8 catled an alternate leal arrangement.
Can you sce the difference?

¢

r Nasar
: STEM

and leaves below. The drawing on the et
khowa leaves thal are growing opposite
each other In palrs, The center drawing
shows leaves growing In whorls of three,
The drawtng on the right shows a purple
looseatrife stem that hits some leives
frowing opposite and some gnwing after-
nate. Look at your purple kooseatrife
plant and see how the leaves ire
arranged.

0 Losson Five
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Plants make leives to help them survive,
bt many erganisms have learned to uge
feaves I i vartety of ways. You have
already tearned how other organisms use
rools and stems. Can you list three relo-
tonshipe that organisms have with
teaves?

2

3.

There ure many retatfonships that organ-
tmx have with leaves.

* Many anlmals eat leaves. In fact. there
are leaf caters In most groups of anl-
mals. There ane many mammals (deer,
clephants. giraffes, mice. woodchucks,
rabbits), some birds {grouse. gresc)
and repitles (turtles). A huge number of
Ensects eal leaves. Some chew the
teaves (leaf beetles, moth and bulterfly

cuterpitlars), white others suck the
fulees from Jeaves (plant bugs, ophids).

* People als eat leaves such a3 spinach,
Pettuce and cabbage.

* Some insects live Instde leaves. They
clther burrow taside the leal. like the
birch leaf miner (3 moth). or some will
curl the teaf around them, like the
apple leafroller (a moth).

* Many animals - such #s squirrels, chip-
nmturks. voles and many birds < witl use
Ieaves 1o bulld nests.

* Leaves provide skade and shelter that
some animals and plants need.

* Dead leaves add humus to the soll,
making it more fertite for new plants to
',

* Many organisms (worms, Insects. fungi)
atna [ive on this humus,

Al of these are relgtionships that organ-
Ismy have with leaves of plants,

P> Siop reading and compicic the Strma 2a¢ Loaira Workaheet.

Losean Five B &7
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STEMS AND LEAVES Warksheet THE PURPLE LOOSESTRIFE FOOD FACTORY

tion from the story on page | of this worksheed. Anish this drawing in as

 wsederstand how Fots, stems and leaves
i belp plants survive. [begin by reading U

How they all work Loget

s pholosynthests. Pholosynibesis Is the process all plants
sosynthesis can also be shown In the followln

WATER  + CARBON DIOVDE LAY - 00D+ O
(from sofl) [fron the alr) {with chlomphyll — (ptants and animals peed
and suntight) food N ARYAED L AUTVIVE]

> Vontinne on page 2 of worksheet

42 WLesson v

Tips for teachers on Stems and
Leaves Worksheet

This worksheel will show students -
how the stems, leaves and rools ol a =
plant work together to help a plant -
survive. Students read a story and £
use the information to complete a &
drawing of a close-up of a purple 0 AREDR)
loosestrife rool, stem and leaves. B SIekIDE
Included is a linished drawing as a
model. You may wanl, lo make an over- O coohs
head of this drawing to help studenls A
get started. Students may wanl Lo use
colored pencils or crayons Lo show
the movement of the water, food, elc. 0
Students are also introduced Lo pho- 0
tosynthesis. Afler students complete
the worksheel, it may be helplul o 0
review the process by making a draw- 0
ing on the chalkboard or on a poster
with the whole class.

=

P =

&

3 CAREON)
é\ >  DIonbE

3/ b FacmRY Faob FACTORY
6::

SOl LEVEL

Instructions for teachers e

The next section and worksheel &
in this lesson cover flowers. Students
can continue by reading the flower
information in their student work-
books.
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FLOWERS ﬂ

low do Mowers help plants suvive?

Plants make flowers for one reason: 0
make seeds. But before o flower can
a seed, something has to happen to that
Nower. Pollen, which i made by Nowers,
usually must be transparted from the
Nower of one plant to the Nower of anoth-
er plant before a seed can be made. This
Is called pollination. Pollen, however, can-
not move by liself. Can you guess how
polien moves from one Nower W another?

Your Guess

There are two maln wavs that poll
travel from one fMlower W another,
One way pollen moves from one ower
another [s by floating in the wind,
Flowering plants that depend on the wind
for pollination are called wind-pollinated
plants. The pollen made by the flowers of
wind-pollinated plants 15 very small and
light weight so it can casily foal in the
wind. Pollen can travel for miles in the
wind. There is so much pollen in th
that a few of the pollen grains will lik
fall on a Nower of another plant so
can develop. This is how corn flowers,
evergreen trees and many olher plants are
pollinated. If the pollen from

landed on the Nower of an ¢
no seed would be
pollen from the exact sa
for a seed to develop. So
seeds, pollen from one corn plant must
land on the fower of another com plant
Mast of the pollen in the alr never falls on

50w Losaon Five
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another Dower. 1 Just Lands on the grounid
andd does not help make seeds

Do yau or any other students in your ¢
ergles ar hay fever? Many peaple
Ie 1o pollen. Durlng certaln
times of the year, many kinds of pollen
may be in the air at the same time. All of
us breathe n pollen. but only some of us
are allergle to it

The other way that Nowering plants are
pollinated is by animals called pallin
tors. Pollinators are mostly Insects (espe-
clally bees, butterflies, moths, flies and
beetles), but there are also some birds
{hummingbirds) and some bats that polli-
nate flow Flowers from these Knds of
plants are often easy Lo see. colorful, fra-
arant and come in a huge variety of
shapes and sizes, These Nowers look and
11 the way they do for only one ¢
s00: Lo attract pollinators so the flowers
m make seeds, Lets use a bullerfly as

1 example, Many butterflies feed on nee-
I, (i type of sugar water) made by and
Touind Inside fowers. Before the bulterly
can get the pectar, 1€ must find the

Plams make Nowers Wt are bg,
colorful and fragrant so it Is casy for the
butterdly to find them. Onee the butterfy
fnds the Nower, It gets its reward: a drop
of sweet nectar, Although the butterfly
doesn't know it 1t also pleks up some
pallen from that fower. Pollen from this
Kioit of plant i usually sticky so It will
stick to the bodies of pollinalors. Aler
the butterfly eats the nectar from one
fower, it flies 1 another Nower for more
nectar and the pollen, that Is stuck to the
butterfly gets moved [rom one Nower (o
another. The Nowers are pollinated and

seeds can develop.

Althiough people enjoy Nowers becatise of
their beautiful shapes, colors and smells.
plants do not make flowers for people.

Student Workbook s Part Two

Plants imake Nowers 1
s0 the fowers can mike

itract pollinators— What kind of flower does purple
reds, loosestrife have?

The fowers of wind-pollinated plants are Purple loosestrife has a bright purple
usually small and hand o see, They ane Mower, Each Mower is about 172 inch wide
not colorful and do ot have strong odors. — and has ve o six pelals. Each purple
Can you guess why?! Inosestrife stom can have hundreds of
these flowers, mostly growing near the
top of the stem. Purple loosestrife plants
make flowers in the summer,

- — Do you think purple looseswife is pollinat-
ed by the wind or by pollinators: why?

What do flawers look like? Qvws O

Everyone has seen flowers. Flowers come
in a huge variety of colors, sizes. sh
and odors. Many flowers are seldom seen
by most people. Some are very small with-
out bright colors (like those of most wind-
pollinated plants). Some arc high In the

W 1o see,

Do you

Why?

re hidden by |
flower?

Loak at the life cycle of purple Toosestrife (1 you wiote that purple loosestrife ow-
drawing page 39 and a color photo of pur- e are colorful so they attract pollina-
ple loosestrile. Look closely at the lowers  yaes, you are right. Remember, wind-palil-
and. in the space below, describe the Qow= pated plants do not have to atract polli-
ers in as much detail as you can. Inclide  pators, so thelr Nowers are usually small
size, shape and other HEEH You see, and not colorful

Many peaple like purple loosestrile
hecause it has colorful Nowers. In fact,
you already learned that some purple
loosestrife was brought to Nerth America
from Europe because people wanted this
beautlful plant In Weir gandens. To some
people. a welland filled with purple
————  loosestrife Nowers in the summer can be
& beautiful sight. We will learn, howeser,
that purple loasestrife In a wetland makes
it hard for many native wetland plants and
< ani 1o survive.

Mo After Mnishing your description, contine reading.

Lossen Five m §1

Plants make fowers t help them survive,

but many organisms have learned to use

flowers In a variety of ways. Here are just

afew

* Some animals. including some mam-
mals and some insccts such as trips.
cal flowers

* People cat Nower buds such as broceoll
and cauliNower.

* Some small animals live Inside of
Nowers.

> Stop reading and complete

2w Lasson Fivs
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yme Insects eat pollen.
mals use
fond

1t on flowers and c3
pollinators to eat

= People grow and use flowers because
they like the colors, shapes and odors.

All of these are relationships that org:

Ilsms have with Nowers of plants.

-

Studant Workbook « Part Two

POLLINATION Worksheet

Below 1s a drawing of a fleld filled with wildfiowers. There are four binds of wildiowers in = )
the ficld. The only way oae of these flowers can make a seed i i a poltinator {the bee)

moves polien from one flower 1o another of the same kind The bee enters the feld and

Visits some of the flowers. and then the boe leaves the Neld The bee picks op and carries
pollen from each flawer Ihat It visite. When Uhe bee leaves Uhe fikd, It Is carrying polien

from every flower that 1t sisited

Fullow the path of the bee and color the flowers
have been pollinated

in pow make seeds because they

BEE
LEAVES

Lasscn Fiva 883

flower pollination. There are four flowers as shown by the lines and
Pollination Worksheet kinds of plants on the worksheet, —arrows. As the bee visits each flower,

This workshecl is designed to help — each with a different shaped flower. it carries with it pollen from every
you explore Lhe basic concept of  The pollinator (a bee) visils six of the  previously visited flower. The students

Tips for teachers on the
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are to color the flowers that can now
make seeds. For any flower to make
a seed, the pollinator must transfer
pollen from one flower to another of
the same kind. On the worksheet, this
happens only with the last two flow-
ers that the bee visits, so these are
the only flowers that can make seeds.

Instructions for teachers

The final part of this lesson deals
with seeds and includes information,
questions and an activity. Students
can continue by reading the following
information in their student work-
books

-~
SEEDS
llow do seeds kelp fNowertog plants
suntve?

There 19 one main way thal seeds help a
plzat to suntve. Can you guess what It is?

Your Guess,

Secds have xpecial ways of dispersal, The
most common ways that eeds are dis-
persed are:

Slicking to antmal fur or feathers -
Many plant seeds have small hooks or

nlhe' features that will stick 1o an antma).

The seed trovels stuck to the animat and
eveatually falls In a new location: exam-
uen lactude burdock and Queen Annes

nmhmm « Some plants have

Seeds are 3 Nowertng plants way of moak-
ing new plants. Every secd has all the
malerial and tnformation it necds to make
snother plant of the szme kind. For exaom-
ple, a seed frum o maple tree can grow Lo
be only another maple tree. This I8 very
Important for plant survival because,
without sceds. there wouldn't be eny new
planta.

Before most sceds can grow lato plama,
something must happen: they must travel
to a new locatlon, {t 18 important for
planta and animals to be able to move
around. If plants and animals could not
move o pew locations, there wouldn't be
cnough resources (food. waler. space) for
most to live and grow. It would be too
crowded. Plants and animals need Lo be
asble to spread to new areas where they
can (ind plentiful resources. Young anl-
mals can get (rom oae place to another
because they have legs. wings, fias or
other ways of traveling Lo new locations.
Young plants (seeds) also must be able to
travel Lo fnd space to grow, How seeds
travel from one place to another Is calted
seed dispersal.

wind; examples Inciude common dandeiion,
Roldesmxd.

common milkweed and

Betng food for animals - Many plants
produce seeds with a futcy onvering that
enimals ltke 1o cat. The julcy covering ks
digested by the antmal but the hard seed
passes theough the antmal’s digestive sys-
tem and Is lell In a rew location in is
droppings. An example of this i3 en
American robin eating a wild grape. The
hard grape sceds ingide the fulcy grape
pass through the binda digestive system
end are lefl In the bird droppings In
enother location. Other animals will stove
or bury sceds 1o cat later. Some of the
sceds are never eaten and can grow Iato
new plants where they were stored. An
example of this would be a fox squlered
buntng acorns (ozk seeds). which it digs
up later for tood. Some of the acoms are
never found agaln by the squirrel, and
they grow inlo new oak trees.

Floatlag tn waler - Some wetland plants
have seeds that floal from one plice to
another (n current of lakes and rivers or
tn floods. Ore example of a oatiag seed

Studenl Workbook » Pent Two

What do secds took [lke?

Every kind of flowertng plant has a differ-
el seed. This means Lhat thepe are thou-
sands of kinds of sceds in many sizes.
shapes end colors. Have you ever eaten
an apple or a tomato” You probably
notlced that tnside the apple or tomato
there are many secds. Some seeds travel
in groups. such as appic of lomato seeds,
whilc other seeds travel alone, such as an
acorm of @ milkaeed seed. The plant parts
we call fruits, some vegetables and nuts
all contatn seeds. Some, ltke a cherry or o
peach. contain a stagle seed (the pht).
nhers, (ke a raspberry or o cucumber,
hive many seeds.

What kind of seed does purple loosens
trife have?

Purplc loosestrife has a very small brown
seed. Each seed 18 about the size of the
period at the end of this sentenco, After
purple loosestrife Rowers are pollinated,
the purple Rower petals fall off and &
structure catled a secd capsule Is formed
on the stem. (See the life cycle of purple
loosesirife drawing on page__ for a draw-
Ing of a reed capsule.) Each seed capsule
Is about 124 Inch long and each can con-
tain more than 100 seeds. Each stem can
have hundreds of sced capsules.

tHow does purple loosestsife get from one
wetland to another? The seeds of purple
loosestrife are mostly fespoasible for the
peead of the plant to other wellands. The
s0il in @ wetland is usuaily muddy and
sticks to things like the legs of a deer or
the fect of a duck or a heron, or to the
tres of off-road vehicles or the boota of
hunters. Many purple loosestrile sceds

are mixed with the wetland soll and are
maved 1o new wetlands by sticking to
these things. Some scientists also belleve
that purple loosestrile seeds can travel by
wind. by sticking to the feathers of birds
or by being caten by animals and let in
ather wetlands n thelr droppings.
Because of these many ways the seeds
can teavel, purple loosestrife can cagily
spread from one weiland to another.

Plants make seeds to help them sunvive.
but many organisms have learned to use
seeds {n a variety of ways. Plants usually
make lots of seeds. Let's toke a maple
tree as ea example. One maple tree will
make thousands of maple seeds. Only a
few of these seeds will grow 10 become
another maple iree, so there are lots of
cextra sceds. Many of the extra seeds
made by plants are used by antmals. Here
are o few examples:

* Many antmals, inctuding human befngs.
cat needs.

* Some small antmats, especlally tnsects,
such as grain moths and sced weevils
{a beetle) live Inside some kinds of
seeds.

* Same birds will ne thetr nests with
sofl sceds (such as thistle or milkweed
reeds).

All of these are relationships thal organ-
1ams have with seeds of plants.

I3 a coconut,
@i Siop mading ond el abot waye thal eede
can travel from ooe place o snother.

UalacnFve

,% Stop reading and comptele the Seed Dinpersal acihvily. Get Instructions frum your tracher.

R Now completc the Purpie Loowesirife Workatioes.
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Seed Dispersal Activity

Instructions for teachers

In this activity, students will com-
pare a variety of seeds and fruits and
classify each by its method of dis-
persal.

Materials needed
¢ seed and fruit samples

¢ hand magnifiers
¢ a dissecting scope (optional)
an old sock (white is best)

gardening books with pictures of
flowers

wildflower field guide

STEP 1. Avariety of seeds (including
fruits and vegetables) should be col-
lected. Some can be brought or col-
lected by students from their
homes/yards. Some can be collected
as a group activily around the school
yard. One method of collecting seeds
is for the teacher to place an old sock
over his/her shoe and walk through an
old field or any area that has wild
plants. You can then pick seeds off
the sock.

STEP 2. After a variety of seeds are
collected, students should observe
each seed with the magnifiers and
scope (if available) and try to deter-
mine how each seed is dispersed. The

most common dispersal strategies are
described in the seeds section of
Lesson 5 in the student workbooks.
Students should develop simple exper-
iments o help them determine the dis-
persal strategies for the various seeds
- e.g., does the seed stick to things,
does it loat in water, does it float in the
air? Do any of the seeds have more
than one dispersal strategy?

STEP 3. Students should classify the
seeds according to method of seed
dispersal.

STEP 4. An optional part of this
aclivity is for the students to try to find
pictures of some of the flowers that
match the collected seeds.
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Extension idea

To integrate math into this lesson
present this math problem for stu-
dents Lo solve individually or in
groups.

There is a wetland with 200 pur-
ple loosestrife plants growing in il.
Isach purple loosestrife plant has four
stems. Each of these stems has 75
seed capsules, and each sced cap-
sule has 100 seeds in il. What is the

total number of purple loosestrife
seeds in this wetland?

ANSWER: 6,000,000 seeds (200 x 4
X 75 x 100 = 6,000,000)

In addition to integrating math
inlo the lesson, this also demon-
strates the enormous number of
seeds that can be produced by purple
loosestrife in a small wetland.

Tips for teachers on worksheet
The Purple Loosestrife worksheet
is included as a review for students of
the material covered in Lesson 5. 1f
desired, leachers may also use this as
an assessment tool. A copy of the
worksheet with answers is included.

You have learned about the
sheet. you will
Try to answer the g
fof the answers n y

1. Purple Toosestrife 15 a: (clivle the cormeet snswer)

Mwering plant

Tha Purpla Looasatife Project = Cooparator s Handbook

PURPLE LOOSESTRIFE Worksheet

non-flowering plant

2. Which of the following life cycles I8 drusn correctly? (etrele the correct one)

Studant Workbaok « Part Two

russ-section of a purple losestrife stem. Make 1 the size and shape of a real

. Which of the following drawings fooks more ke U leaves and stem of a purple
Toosestrife plant? (eirele the correet drawing)

OO
./ \_/

7. What calar are the Nowens of purple lonsestrife? PURPLE

the correct statement)

3. Each stage of a plants lifo cyclo belps 18 survive, Try o match the
the statement that tells how 1t belps the plant survive (draw a ine

WIND

describes his bype of plant,

ANNUAL PERENNIAL

56 8 Lesson Five

1. Une purple Joosestrife plant can grow for many years. Cirele the wonl below that

HIENNIAL

STAGES STATEMENTS
Flawens Atzch the plant to the soll
Seeds BROWN
lLeaves Make food for the plant.

How do purple loosestrife s
Stems Make seeds.
Roots How a plant travels 1 pew places

Prerple loosestrife Nowers are pollinated by, (cirle e correct word)

Tiw would you describe & purplie losestrife seed®

VERY SMALL (ABOUT THE SIZE OF A PERIOD)

ccds get from one place 1o another?

MOSTLY BY FLOATING IN WATER

M Stop eading. END ‘OF LESSON FIVE.

o
]:I 3/; WIDE AND >

SQUARE

SEEDS

Leasan Frve @87
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PART TWO

Invasion of Purple Loosestrife

Lesson, Six: Protecté@ Wetlands

Instructions for teachers

This last lesson in Part Two brings together informa-
tion that students have learned in Part One and Two on
purple loosestrife, exotic vs. native organisms and rela-
tionships. The importance of and threats to wetland
ecosystems are also covered. This lesson also serves as
an introduction to Part Three of this unit by stating that
scientists are challenged to come up with a plan to con-
trol purple loosestrife while at the same time protecting
native wetland plants and animals. Meecting this chal-
lenge through biological control is the focus of Part Three.
Students can continue by reading the following informa-
tion in their student workbooks

Wetland Relationship Game

Instructions for teachers
The Wetland Relationship Game
is meant to help students understand

Ctudent Workhesh o Purt Tws

Lesson Six - Protecting Wetlands

There are lots of Bailve wettand plants.
Why cant we jusl et purple loosestrife
live with all the otker weiland plants? tn
Europe, where purple loosestrtle I8 native,
[t does (ive along with all the other plants
and it I3 rot a problem. The reason s that
there are many animals, mostly tnsects.
that eat purple kosestrife (n Europe. We
cafl these animats the natura) enemies of
purple looaestrife. By cating leaves, roots,
Nowers and seeds, these natural enemies
heep purple looxestrife from growing out
of control, When purpie loosestrife was
brought lo North America, it le@ all Rs
ratural eremics bedind in Europe. There
werea't any gatural epemies tn North
Amertca W eat purple loosestrife. Withaut
uny patural citemies. purple looseatrife
#own out of contnl In North Amertcan
wrtlands.

This is the reason that purple loosestrile
Is a problem here. There ts only enough
apace for 2 centala number of plants and
anlmals to ive In @ welland coosystem.
The more space thal i taken by purple
kxmestrife plinls, the bexs space there I8
for other plants and antmats, if the nathve
Plants doa have coough space, they will
dle £nd new seeds wunl hine conugh
ron 10 grow. Another problem is that the
nathe plants prostde food for the wetiznd
animals. ilecause most sntmats do not cat
purpte loosestrile. a wetland Nlled with
purple lnosestrife docs not prstde
enough food for many animals Lo survive,
It the antmals don't have erough food and
space, they may dle or move lo another
area. Also, without enough fuod and
space, animals cannot ralse familtes In

a native wetland communl-
ty. Theae organisma depend
on relationships (o survtve.
When an exotic organtsm
such as purple loosestrife

becomes common. many of o
these relattonships are dis- 2-‘ .

turbed and food chalns are LA\
broken. .

... Swp rading aod play e wrttand
P relationship game. Get Instructions
froe your tracher

Why I Il s tmportant to protect tiese
wrilands, anyway? Wetland ecosystems
are nportant for many reasons. ORe fea-
. which we already talked about. Is that
wellands proside homes for many kinds of
plants and animals. Withou! wetlands,
these organtsms could pot sunvive.
Wetlands also remove pollution from the
water and ) organisms, including
humans, need clean waler o live. When &t
rains. the ralnwater picks up small parts-
cten of xoll and carries them to the near-
8t river. pond of lake. in some places.
such ax citles and farms, the faln also car-
riea things that pollute the water, such as
fertilizer and molor otl. When this muddy,
polluted water enters a wetland, the water
I slowed down and most of the soll pard-
cles and pollution settle 1o the bottom of
the uctland. You can think of a wetland as
a big sponge that helps prevent the muddy
and polluted waler from reaching the
rivers. ponds and lakes. 1t also slows down
the water and helps prevent flooding.
Wetlands are abw iimportsnt W people who

how purple loosestrife crowds out
native plants and animals in a wetland
ecosystem.

MATERIALS NEEDED

¢ Something to define the wetland
boundary (a hula hoop or piece of
yarn).

¢ 300 “cattail plants”.

¢ 300 “purple loosestrife plants”.
(You will need to select two dis-
tinct items to represent cattails
and loosestrife plants, such as pen-
nies, popcorn, beans, etc.).

¢ One die.

GAME DIRECTIONS

1. Place 200 cattail plants and 20
purple loosestrife plants in the wet-
land and randomly spread them
out. This represents a wetland
where purple loosestrife is just
beginning to grow. Students should

the wetland. There are thouzands of rela-  enjoy hiking. canocing, bird watching. pho-
Uanships beiween the many organlems In - tography and wildiife viewing

understand that cattails are native
and purple loosestrife is exotic.

. Use the following criteria to fig-

ure out how many muskrats,

ducks and mink can live in the

wetland and record the informa-

tion on a piece of paper:

* |t takes 20 cattails for 1 muskrat
to live (muskrats eat cattails).

¢ IL takes 4 muskrals to make a
clearing big enough for 1 duck
Lo live.

¢ [t takes 2 ducks for 1 mink to
live (mink eat ducks).

Students should come up with the

following: a marsh with 200

cattails can support 10 muskrats;

10 muskrats can support 2 ducks;
2 ducks can support 1 mink.

3. Have students take turns rolling

the die and adding and/or remov-
ing plants from the wetland as
described below. You may want
to write this information on the
chalkboard so each student can
read and follow the directions.

Roll of 1 - New cattails are grow-
ing from secds.
ADD 2 cattail plants.

Roll of 2 - Cattails are living but
not making seeds because purple
loosestrife is taking up more
space.

ADD 2 purple loosestrife plants.
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Many wetlands have been destroyed by
people. There used to be many more wet-
lands. 1t Is estimated that, in the 1700s,
there were mare than 10 miilion acres of
wetlands in the Greal Lakes reglon, By
1890, over hall of these wetlands were

are stlll being destroyed each year.

120 million wetland acres [n the United
States slace Furapeans arrived and that
we sUll tose about 100,000 acres each
year W devetopment. Must of these wet-
lands are destroyed becanse of human

P& Stop reading. END OF PART TWO.

activities, Many wetland areas have bren
drained and Niled 5o they could be used as
butlding sites. Others have become o pol-
tuted that organtsms carnot live there. (f
more people understood the value of wet-
tands, they would want to protect them
gone. and arother 6,50 acres of wetlonds  [nstead of destroying them. There are liws
1o help protect some wetlands from belng
Scteatlsts estimate we bave lost more than  destroyed, bist these laws cannot keep
parple loogestrife from spreading. The
chellenge for sclentists is 10 come up with
a plan t control purple loosestrife while
al the same Ume protecting the native
plants and animals in the wetlands.

608 Loeaon Sux

Roll of 3 - Purple loosestrife
seeds are growing but the plants
are still small.

ADD 3 purple loosestrife plants.

Roll of 4 — Purple loosestrife
plants are getting bigger and tak-
ing space away from cattails.
REMOVE 4 cattails.

Roll of 5 — Purple loosestrife
plants are growing bigger and are
making lots of seeds.

REMOVE 6 cattails and ADD 3
purple loosestrife plants.

Roll of 6 — Purple loosestrife is
spreading rapidly and taking up
lots of space.

REMOVE 8 cattails and ADD 4
purple loosestrife.

4. If you have a class of about 30
students, have each student take
one turn. After this first round,
stop and count the number of cat-
tails left in the marsh. Using the
same criteria used before, have
the students figure out how many
muskrats, ducks and mink can

now live in the wetland. For
example, if only 100 cattails are
left, this would support 5
muskrats, 1 duck and 0 mink.
Also count the number of purple
loosestrife plants that are now in
the wetland. Record this informa-
tion with the previous numbers
for comparison.

. Have the students play another

round (or play until most or all of
the cattails are gone). After this
round, again figure how many
muskrats, ducks and mink could
live on the number of cattails left
in the wetland and count the num-
ber of purple loosestrife plants
now in the wetland. Record this
with the previous numbers and
compare.

. Finally, have each student write

two things he/she learned about

purple loosestrife by playing the

game. Here are some of the main

take-home messages:

¢ Purple loosestrife crowds out
the native plants by growing from

seeds and by growing bigger and
more densely.

¢ As the native plants disappear,
the animals that depend on the
plants also disappear.

¢ Because purple loosestrife is an
exotic, a marsh filled with pur-
ple loosestrife doesn't provide
food, space or other resources
needed by many native animals.

Instructions for teachers

After completing the Wetland
Relationship Game, students can con-
tinue by reading the remaining infor-
mation in their student workbooks.

Extension idea

Are there any endangered or threal-
ened species of plants or animals that
live in wetlands and may be harmed by
the invasion of purple loosestrife? Get
a copy of the endangered and threat-
ened species list for your area and
learn which ones live in wetlands.
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PART THREE - BIOLOGICAL CONTROL OF PURPLE LOOSESTRIFE

his final section of the unit relies on ideas and concepts that students

learned in Parts One and Two. Timing is important for Part Three because
you will be receiving and placing leaf beetles on the purple loosestrife plant
you are growing in the classroom. To be successful, beetles need to be
placed on the classroom purple loosestrife plant in mid-April in Michigan.
This will ensure that the leaf beetles will complete their life cycle on the class-
room plant before they are taken to a wetland area for release at the end of
the school year. It is best to complete Lesson 1 in advance of receiving
beetles, so you will want to begin Part Three aboul a week before the
beetles are shipped to you.

For instructions and information on infesting your classroom purple
loosestrife plant with beetles and making a beetle release in a wetland,
refer to “Raising Galerucella Beetles Indoors” and “Lighting Requirements
for Indoor Rearing of Galerucella Beetles” in the Cooperators Handbook.

Even though you may finish all the lessons before the end of the school year,
it will be important to care for the plant and the beetles until the release.

Part Three:
Biological Control of Purple
Loosestrife

LESSON 1: CONTROLLING PURPLE
LOOSESTRIFE......... 55
Solutions Worksheet

LESSON 2: BIOLOGICAL
CONTROL................. 59
Making observations after place-
ment of the leaf beetles

LESSON 3: LIFE CYCLE OF LEAF
BEETLES................. 63
Beetle Life Cycle Worksheel

LESSON 4: LEAF BEETLES AND
PURPLE LOOSESTRIFE
TOGETHER ............ 65

Annual Cycle Worksheel,

LESSON 5: SELECTING NATURAL
ENEMIES FOR
BIOLOGICAL CONTROL

Student Activity: Which Natural
Enemy is Best

LESSON 6: BIOLOGICAL CONTROL
OF PURPLE LOOSES-
TRIFE ..o 71

Biological Control Worksheet

ESTIMATED TIME TO COMPLETE
PART THREE: Field tests in several
classrooms indicate that, teachers
should expect Part Il to take a total
of 4 1o 6 hours of class time spread
over about 4 weeks. This time does
not include extensions or outdoor
activities.

Abstracts and Michigan
teaching objectives

B Part Three, Lesson 1
Controlling Purple Loosestrife

Michigan Curriculum Framework
References

Science: Standard 1.1
Constructing New Scientific
Knowledge, 1.2 Reflecting on
Scientific Knowledge, II1.5
Ecosystems

Social Studies: Standard 11.2
Human\Environment Interaction

English: Standard 1,2,3 Meaning
and Communication, 4 Language

Method

Students will be challenged Lo
think about some solutions to prob-
lems caused by the invasion of purpic

loosestrife and the risks involved in
different control sirategies.

Materials
Student workbook.

Procedure

1. Students will begin by reading
some background information in
their workbooks.

2. They will then be challenged to
think of ways to control purple
loosestrife without harming the
native wetland plants and ani-
mals or the wetland ecosystem.

3. Students will then move to the
solutions worksheet where they
are given a list of four different
solutions to controlling the
spread of purple loosestrife.
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4, After reading the solutions they
will write why they would or
would not cheose the solution to
solve the problem.

5. At the end of the lesson, students
will be introduced to the idea of
biological control.

B Part Three, Lesson 2
Biological Control
Michigan Curriculum Framework
References

Science: Standard 1.1
Constructing New Scientific
Knowledge, 11.2 Reflecting on
Scientific Knowledge

Social Studies: Standard 1.2
Human\Environment Interactions

English: Standards 1,2,3 Meaning
and Communication, 4 Language

Method

This lesson introduces students
to biological control. This is also when
students will receive and place leaf
beetles on the purple loosestrife plant
they have grown in the classroom.

Materials
Student workbook, leaf beetles.

Procedure

1. Students will begin by reading
information in their workbooks.
They will read three example of
how biological control is used.

2. After reading the examples, stu-
dents will answer questions
about the different aspects of
biological control like who is the
target organism and which is the
control agent.

3. After becoming familiar with bio-
logical control, students will
place their beetles on their
plants.

4. Next, they will make observa-
tions of the beetles on the plants,
such as stages of the beetle’s life

cycle, amount of plant eaten, and
how these relate o biological
control.

5. Then the students will be asked
to make predictions in their jour-
nais of what they think will hap-
pen.

M Part Three, Lesson 3
Life Cycle of Leaf Beetles
Michigan Curriculum Framework
References
Science: Standard 1.1
Constructing New Scientific
Knowledge, I1.1 Reflecting on
Scientific Knowledge, 111.2 The
Organization of Living Things

Method

The main focus of this lesson is on
the life cycle of insects. Students will
become familiar with both the simple
and complete metamorphosis of
insects and how these relate to the
leaf beetle and biological control.

Materials
Provided in student workbook.

Procedure

1. Students will study diagrams of
insects who have both a simple
and a complete metamorphosis.

2. They will be asked to compare
the different life cycles of each
typ of metamorphosis.

3. Then, they will look al the life
cycle of the leaf beetle and com-
pare it to what they already
know.

4. Students will then learn about
the different body parts of the
leal beetle and how these parts
are used.

5. Finally, the students will be
asked to draw a picture of the
leaf beetle’s life cycle in their
journals.

M Part Three, Lesson 4
Leaf Beetles & Purple
Loosestrife Together

Michigan Curriculum Framework
References

Science: Standard 1.1

Constructing New Scientific

Knowledge, 11.1 Reflecting on

Scientific Knowledge, 111.2 The

Organization of Living Things

Method

Now that students have iearned
about the life cycles of both purple
loosestrife (Part II) and leaf beetles,
this lesson will focus on how these
two life cycles fit together and how the
leaf beetles affect the growth of pur-
ple loosestrife.

Materials
Student workbooks, blank paper,
pencils or crayons.

Procedure

1. Students will follow a group of
leaf beetles in a Michigan wet-
land to see what they are doing
during different seasons of one
year.

2. As they read the information |,
students will draw a different
picture for each of the seasons.

3. Included in each of the drawings
will ne the purple loosestrife and
the leaf beetles. They will show
where the leaf beetles are locat-
ed and what stage of their life
cycle they are in.

M Part Three, Lesson 5
Selecting Natural Enemies for
Biological Control
Michigan Curriculum Framework

References
Science: Standard 1.1
Constructing New Scientific
Knowledge, I1.1 Reflecting on
Scienlific Knowledge, Il[.2 The
Organization of Living Things
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Method

This lesson will help students
understand some of the basic ques-
tions that are asked by scientists
when selecting a natural enemy to
be used as a biological control agent.
By using the criteria given, students
will evaluate each natural enemy and
select the one that they feel is best.

Materials
Provided in student workbook.

Procedure

1. Students will read The Problem
paragraph and list the four main
things used to make a decision.

2. Divide the class inlo six groups
and assign one natural enemy to
each group.

3. Each group will read about their
natural enemy, and by using the
four criteria, decide whether or
not it would be a good natural
enemy to control water choke
weed.

4. Each group will then report their
decision and discuss why they
made their decision to the rest of
the class.

M Part l11, Lesson 6
Biclogical Contro! Of Purple
Loosestrife

Michigan Curriculum Framework
References

Science: Standard 1.1

Constructing New Scienlific

Knowledge, 11.1 Reflecting on

Scientific Knowledge, 111.5

Ecosystems

Method

This final lesson of the unit will
focus on the biological control of pur-
ple loosestrife. Students will read about
why leaf beetles were selected as bio-
logical control agents for the control of
purple loosestrife and will use their
observations of beetles in the class-

room {0 complele a worksheet.

Materials
Provided in student workbook.

Procedure

1. Students will begin by reading
information about why scientists
chose leaf beetles to be used as
the natural enemy to control pur-
ple loosestrife.

2. Students will complete the bio-
logical control worksheet.

3. In the worksheet, students will
record information they observed
about the effects of the leaf bee-
tles on the purple loosestrife.

Part Three:
Main Ideas and Concepts

¢ Because purple ioosestrife has
invaded many wetlands in North
America and is having a negative
impact on native plants and ani-
mals, land managers and scientists
are working on ways to control pur-
ple loosestrife to protect wetlands.

e Scveral mechanical control meth-
ods have been tried, including hand
pulling plants, burning and spray-
ing herbicides. All of these methods
have negative effects on the wet-
land and are not effective on a large
scale.

¢ Another method of controlling exot-
ic organisms is called biological
control. Biological control has been
successful in controlling a variety
of exotic plants and animals. Using
biological control on purple looses-
trife is a main focus of scientists
and land managers.

¢ [t is important to understand the
life cycle of both the natural enemy
(biological control agent) and the
exotic organism (targetl organism)
when developing a biological con-
trol program.

* Many factors are involved in select-

ing the proper natural enemies for
biological control, including feeding
behavior (generalist vs. specialist),
ability to raise the natural enemy in
large numbers and cost.

» Scientists decided that leaf beetles
would be the best natural enemy to
be raised as a biological control
agent for purple lcosestrife because
their life cycle is closely tied to the
life cycle of purple loosestrife.

¢ Scientists predict thal releasing
leaf beetles into area wetlands will
cause purple loosestrife popula-
tions to decline to a point where
they are no longer having a nega-
tive impact on native plants and
animals.

¢ To test this prediction, scientists
must evaluate and monitor the
activities of the leaf beetles and
purple loosestrife in a wetland
ecosystem. They must also evalu-
ate the risks and benefits of a bio-
logical control program.

Part Three:

Background Information -
Management of Purple
Loosestrife

Are there any solutions to the pur-
ple loosestrife problem? Land man-
agers and scienlists have tried a
variety of methods in an attempt to
control or eradicate purple looses-
trife from Great [.akes wetlands. One
method is the use of herbicides.
Although there are herbicides that
kill purple loosestrife, they also kill
many of the native plants. This is, in
turn, harmful to many wetland ani-
mals. Other control methods that have
been tricd include water manipulation
(flooding and/or removal of water
from the site), tilling, hand pulling of
plants and burning. Though some of
these control methods may work on
a small scale or in certain situations,
they are not good solutions for con-
trolling purple loosestrife on a large
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scale while at the same time pro-
tecting or restoring the native plants
and animals in a wetland. Besides
protecting the native wildlife, other
important factors when choosing a
control method include cost and
whether it is a long-term solution.

Scientists and land managers have
turned their attention to a control
method called biological control.
Biological control involves finding the
exotic pest’s natural enemies in its
native range and introducing the nat-
ural enemies into the area where the
pest is a problem. This type of biolog-
ical control is called classical or impor-
tation biological control. The goal of
classical biological control is not exter-
minating the pest species but reducing
the pest population to an acceptable
level. Examples of classical biological
control are given in Lesson 2.

Can biological control be used to
control purple loosestrife? In the late
1980s, a team of scientists traveled to
Europe to locate potential natural ene-
mies in the native range of purple
loosestrife. Through research and field
observations, they identified 120
species of insects that eat purple
loosestrife. After studying the habits
and life cycles of these insects, three
species were selected as the most
promising natural enemies for the bio-
logical control of purple loosestrife.
Two of the selected insects are small
leaf beelles, Galerucella calmarien-
sis and G. pusilla, which feed on the
leaves and stems of purple looses-
trife. The third insect is a weevil
(another type of beetle), Hylobius
transversovittatus, which lives and
feeds on the roots of purple loosestrife.

How and why did the scientists
choose these three insects out of the
120 identified?

After studying the feeding habits
and life cycles of the insects, scien-
tists decided which ones would be
best on the basis of a variety of fac-
tors, including:

¢ [s the insect host-specific? That is,
does the insect eat only purple
loosestrife, or does it eat other
plants as well?

¢ Can the natural enemy be casily
raised in large numbers al an
acceptable cost?

e [Is it likely that the insect will be
able to survive and thrive in its new
environment?

¢ Is the insect likely to have a large
enough population when estab-
lished to have an impact on pur-
ple loosestrife?

It has been found that the two leaf
beetles are easier to raise than the
weevil for biological control, so we
will concentrate on the leaf beetles.
Galerucella calmariensis and G. pusil-
la are both 3 to 5 mm long and half
as wide. They are light brown with a
dark stripe on the thorax. Both have
similar life cycles and ways of feed-
ing on purple loosestrife. DNA analy-
sis and behavioral studies have shown
that they are, however, distinct
species. Both species share the fol-
lowing life cycle. Overwintering
(hibernating) adult beetles emerge
in spring [rom the soil litter beneath
the host plants or from the dead hol-
low stems. They are very mobile as
they seek out new stands of purple
loosestrife and feed on newly emerg-
ing leaves. These adults soon mate
and the females lay small clusters of
eggs on the stems and leaves of pur-
ple loosestrife. Each female lays 300
to 400 eggs. Several weeks after mat-
ing and egg laying, all these adults
die.

When the eggs hatch, the young
larvae feed on leaf and flower buds at
the tips of the purple loosestrife
stems. These small larvae are difficult
to see because many are hidden
between the new leaves. The older
and bigger larvae feed on all parts of
the host plant and are easier to find.
After molting several times, the lar-

vae will crawl into the soil at the base
of the purple loosestrife plant and
pupate. New adult beetles emerge
from these pupae in mid summer and
dig out of the soil to feed on the pur-
ple loosestrife plants. These adults
overwinter.

Entomologists in several states
have successfully reared large num-
bers of these beetles. Releases of
4,000 to 6,000 beetles per site have
resulted in dramaltic reductions in
purple loosestrife populations. If the
beetle population is high enough, pur-
ple loosestirife plants can become
defoliated, this kills plants and
reduces seed production. With these
promising resulls and with ongoing
research and release programs, it is
hoped that this invasive plant can be
controlled and that native flora and
fauna will reestablish in these wetland
areas.

Once leaf beetles are released into
a wetland, a long-term monitoring
and evaluation program begins. Data
are collected on changes in the pop-
ulation of purple loosestrife, success
of the leaf beetles (feeding and repro-
duction) and changes in the plant
community. This information is stan-
dardized and stored in a central data-
base so researchers and land
managers anywhere can make use of
the information.

Whenever a biological control pro-
gram is implemented, there are
always many questions and concerns.
Evaluating and weighing potential
risks and benefits is an important
part of any successful biological con-
trol program. Biological control of
purple loosestrife is no exception. As
mentioned carlier, there are many
risks and few benefits to other con-
trol methods such as spraying her-
bicides, handpulling, tilling and
burning. The challenge is to control
purple loosestrife while at the same
time protecting native plants and ani-
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mals. These metheds may control pur-
ple loosestrife to some degree, but
they are either harmful to native
wildlife or not practical on a large
scale. There is also a risk in doing
nothing. Purple loosestrife is not
going to go away by itself, and doing
nothing means it is only a matter of
time before it spreads and has a neg-
ative impact on many wetland areas.
Taking appropriate action before pur-
ple loosestrife dominates a wetland is
the key to successful control.

Is biological control safe? How do
you know that the leaf beetles won't
become pests by eating native plants

or crops? These are commonly asked
questions aboul biological control.
Before leaf beetles (or any biological
control agenl) can be released in a
biological control program, they must
undergo and pass several tests. This
testing is regulated by the U.S.
Department of Agriculturc (USDA).
Many of the tests determine which
plants the leaf beetles will feed on,
both as adults and larvae. It is very
important to select a natural enemy
that is a specialist feeder - feeds only
on the target organism - and not a
generalist feeder - feeds on many
plants. It was found that the leaf bee-

tles would feed and lay eggs only on
purple loosestrife and not on native
wetland plants, closely related plants
or crops. The leaf beelles were also
tested to make sure they were free
of disease or parasites that might
affect other organisms. After exten-
sive testing, the USDA approved the
use of the leaf beetles for biological
control of purple loosestrife in 1992,

You are now ready to begin this
section with students.
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PART THREE

Biological Control of Purple Loosestrife

Lesson One: Controllmj PW[M& Loo:atr?@

Instructions for teachers

In Lesson 1, students will be challenged to think about
some solutions to problems caused by the invasion of
purple loosestrife and the risks invoived in various con-
trol strategies. The lesson begins with a brief review of
the problem followed by a worksheet dealing with pos-
sible solutions. Begin by having students read the following
information in the student workbooks.

Student Workhook o Part Thrse:

D m Biologicail Contro!
!J. 0 Wﬂ U hﬁ’\?&u‘ o;on?gI::Loggestrife

Lesson, One. - Controlling Purple Lomdrya

As you kitow, the tnvasion of purple
toosestrife I8 cauring problemns in North
American wetlands. Are there sulutions Lo
these problems? [t s tmportant to snder-
stand ecology and |ife cycles of organisms
#f you are golng to try to find solutions to
problems such as the lavaston of purple
loosestrife,

Lets review some of the problems caused
by the: tvaston of purple loosestrife. If
you need more review, go back and read
the information n Section 1 and Sectlon ()
i your workbook.

Purple loosestrife 18 a Rowering plan)
that I8 nattve to wellands in Burope. In
FEurope, purpte loosestrife 1s an impaortant
parrt of tie wetland ccosystem. Purple
toosestrife has many relationships with
other wetland planix and animals (n this
wetland community. One very important
relationship Is that purple loasestrife pro-
vides food for soine of the anlmals, espe-
cially Insects. Some nsects ezt the roots,
gome eat the leaves and rtems, some cal
the Nowers and xome eal the seeds of
purple loasestrife. These relationships
control the number of purple loosextrile
plants that grow in these European wel-
lands. If these Insects were not In the
wetland eating the purple loosestrile,
there would be 100 many purple looses-
uife plants. If there were too many purple
loosestrife plants. there wouldn't be
enough room for the other plants and

animals to live. 8o you can
see thal the relationships
between purple koseatrife
and the insects that eat It
are very important to the
ecology of the European
wellands. These tisects
that cat purphe toonestrifc
are called the aatural ene-
ntes of purple loosestrife.

Before the year 1800, purple loosestrife
did nol grow tn North Amerlea, North
Amerlea and Europe are separated by the
Attantte Ocean, wo [t would have been
hard for purple Woosestrife 10 get (o North
America. As more and more people trave
eled aeross the ocean on ’hips, however,
urple loosesirife seeds were alko trans-
ported on these xhips In ballast water,
mixed tn bags of graln or suck to the Ralr
of farm antmals, By 1800, purple looses-
trife was growing in mony wettands in the
Great Lakes reglon.

Becaune purple toosestrile s an exatic
Mani (not native) tn North America, It has
no patural enemies [n Nosth American
wetlands. All tts natural cremies are in
Europe. Without natural enemics in North
America, purple looscstrife grows out of
canteol. fn wetlands where there are too
many purple loosestrife plants, there lsn't
caough rom for native plants and anl-
mats 1o live. This harms the native wel-
tand plants and arimals in North America.

Losacn e @ 61
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tem in North America.

ratural encmles to contol It Purpic lao,

loasestrife can spread (n fwo ways: by
roois and by seeds. Purple loosestrile
moots gel bigger each year. As the roots

{ne purple loosestrife plant can make

the welland, It may take years before
there are lots of purple Joosestrife plants

€20 Locacn One

“This is why prple loosestrife I8 o prob- &rowing In o welland. Once this happens,

however, the purple loosestrife planis can
Because of s ife e te looses- spread capldly, and (L may take only a fow
trife can spread u;ly::y w‘:":: Ihere are poy  STM for 1t to take over the entlre wet-

In ikere any way (o control the spread
of purple loonentrife?

&et blgger, they make more stoms, leaves,  Many people are trytng Lo find a solution
Nowers and seeds. These bigger plants x”‘ 9'“”:;‘“:* ‘:""’““: m“‘a"“‘
take up mere rom X usc purple loosesirtfc (s already

P ihan smaller plaats growing (n North America, there 13 no way
over 2 mililon seeds. These seeds trave) 40 £t d of it completely. But are there
10 other wetlands by flozting in the water  9ABer solutlons? The challenge Is to coa-
or by mixing with the wetland mud, which 1Vl Purple looestrile without harmiog

then sticks to animals that walk through ¢ nathve etland plants and animats oc
the wetland ccoxysiem.

Tips for teachers on the
Scolutions Worksheet

Students can complete all four of
the worksheets individually, or you
may want to divide the class into four
groups and assign one of the solu-
tions to each group. The groups can
then share their comments with the
whole class. Discuss the risks and
benefits of each solution. You may
want first to make a list on the chalk-
board or an overhead of the ques-
tions a land manager might ask to
make this decision. These questions
may include:

Does the solution control the pur-
ple loosestrife?

Does it harm other plants and ani-
mals?

Does it cost too much money?
Does it take too much time?

Does it have to be done annually
and indefinitely?

Is it a long-term solution?

Do I need more information to
make a decision?

Students should be encouraged to
examine each solution carefully and
to think about the risks and benefits
of each. Here are some thoughts on
each solution.

Solution 1 - Burning the wetland
would Kill or stunt existing purple
loosestrife plants, but it would not
kill the root crowns or seeds in the
soil. Burning would also harm other
plants and animals. Burning is not a
long-term solution because purple
loosestrife would grow back along
with the other plants. This solution
does not cost much and doesn’t take
much time.

Solution 2 - Spraying herbicides
would slow the spread of purple
loosestrife, but it would also kill other
wetland plants. Even though it does
not directly kill animals, all the ani-
mals depend on plants for food, shel-
ter and nesting sites, so this would
also be harmful to the animals. If you
were to spot spray only the purple
loosestrife plants, you would use less
herbicide and would protect most of

the other plants from being sprayed.
The problem with spot spraying is
that you would miss many of the small
purple leosestrife plants and, no mat-
ter how careful you are, some of the
herbicide would be sprayed on other
plants or into the water. Once a toxic
chemical is in the ecosystem, it may
find its way into food chains where it
could be harmful to other organisms.
This also is not a long-lterm solution
because spraying would have to be
done each year. Spraying could be
costly.

Solution 3 - Pulling by hand seems
to be a good solution. It doesn’t cost
much and there are no toxic chemi-
cals. It also does no harm to most of
the other plants and animals (just
the ones you step on while you are
walking through the wetland). This
is a good solution for a small wet-
land that is not heavily infested with
purple loosestrife, bul it is impracti-
cal on a large scale. If you use the
figures given, you can prove this point.
The neighbor spent 25 hours finding
and pulling 100 plants. That’s 15 min-
utes per plant. The land manager has
500 acres with 50 plants per acre.
That is a total of 25,000 plants. At
15 minutes per plant, it would take
6,250 hours to hand pull the plants.
If one person pulled plants 40 hours
every week, it would take over 150
weeks. The only way to do this would
be to have lots of people to help pull
plants and that would cost too much.

Solution 4 - Doing nothing is not a
good solution to the problem. Though
it wouldn't take any time or cost any-
thing, the purple loosestrife would
not be controlled. Once the purple
loosestrife Look over the wetland, the
other plants and animals wouldn’t
have enough space o live.

Did any students come up with
the idea of trying to find an animal (a
natural enemy) Lo eat purpie looses-
trife as a control solution? If so, tell
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SOLUTIONS Worksheet

ry of the native
hire workers of |

petpalling purphe nasestrife, you make th
pl write why you wonld oF wouldn'l chac

problem

alution #1 « BURN TIE WETLAND

Tha Purpie Loosesints Project o Conparstor's Harcbook

an wetland. The stze of the wet-
car. you boticed same parple

I
solution tn sobve your

You have heand that same prople are using fire to control purple loosesirife, Al that 1s
needes
making seeds but would not kil th
bumed every couple years to keep

ch. Buring would prevent purpie loosestrife from
ool cruwas, w0 the whale wetland would have to be
rple lousesteife under control

Student Workbook « Part Theee

Solutlon #3 « PLLL BY HAND

Solution #4 « DO NOTIING

Bappens

Can you thiak of any other solitlons?

A swp rading,. END OF LESSON ONE.

fe and controls it by

- &
- & 25 bours of work to find and <1:£:
Fulling by hand must be done every year t heep ¢ 4]

One soluthon Lt Likes no Ume or money s L do nothing to the wetland and see what

Lasson Crna w65

them that whal they are suggesting
is called biological control. Students
will begin Lo learn about biological
control in Lesson 2. They will also
learn that a natural enemy must be
a specialist feeder (feeding only on
the target organism) rather than a
generalist feeder (feeding on many
organisms) to be an effective bio-
logical control agenl. Lesson 5 focus-
’s on this.

Extension idea

One way to organize the informa-
Ltion from the student’s worksheels is
lo make a matrix on the chalkboard
or a poster. One side ol the matrix
would be the solutions and the other
would be the questions listed above.
The class could then add a “yes” or
“no” to each of the boxes in the
matrix.
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PART THREE

Biological Control of Purple Loosestrife

Lesson, Two: Béoloﬁimé Contvol

Instructions for teachers

Lesson 2 introduces students to biological control.
This is also when students will receive and place leaf
beetles on the purple loosestrife plant they have grown
in the classroom. There is no worksheet with this lesson,
but the students are asked to answer several questions
as they read the information in their workbooks. Begin this
lesson by having students read the following information
in their student workbooks.

IMPORTANT!

This is the point when leafl bee-
tles should be placed on your purple
loosestrife plant. See “Raising
Galerucella Beetles Indoors” and
“Lighting Requirements for Indoor
Rearing of Galerucella Beetles” in

Ctudent Workbook o Part Thrse

Lesson Two - Biologécal Control

Now thtat you have finighed the Solullons
Worksheet, you know that It Is hard to
find a good solution to the problems
caused by the tnvaston of purple looses-
trife. There are many ways to control or
kil the purple loosestrife as i1 grows back
cach year, but these ways also harm the
rative plants and apimals. There s anoth-
er way to control exotic organtsms such
as purple loosestrife. It Is called blologl.
cal control.

What s Blologlczl Contror?
The cience called blotogy ts the study of
thing arganisms. A person who studies
thing arganixms bs called 3 biologiat.
Biotogical coatrol means using living

o control other
Lets learn about blological control by
laking at some examples.

EXAMPLE #3

Mast farms have bams ta store bags of
sceds (hal the farmers will plant In the
fields and also 1o store bags of fond to

feed the farm antmals. Because of all the
#eeds and antmal food, baras are great
places for mice to iive. In fact, sometimes
baras have so many mice that they ¢at or
#poll too much of the farmee's keeds and
animal food. This 18 a problem for the
tarmer. How can the farmer control the
mouse poputation? Mousetrips won'l
wurk because there are Loo ntany mice
and [t wouid take too much time Lo set
and check the many traps. Mouse polson
(8 not a good solutlon because the polson
could get into the food chain and harm
othee caimats. For exampie. a fox might
eat a poisoned mouse and Lhis woold
harm the fox. Poison and traps can atso
be expensive. Anather solution would be

1o Nnd & predator (a preda-
tor Is an animal that eata
other anlmals) that eats
mice and let it flve tn the
barn. One example of a
mouse predator is a barn :
owl. Barn owls make thetr xf i
nests tn barns and catch b
oty of mice 10 cat and o
(eed the young owls. The owds control the
number of mice by cating them. Another
mouse predator that farmers could use s
a cat. Cats and bom owts eal mice, &0
they are cailed natura) enemles of mice.
This ts an exaimple of biological coatrol:
uslng o liviag organtsm (the cal or uwd) to
cunteol the pumbers of another living
organism (mice). Not all the mice are
caten. bul enotgh are caten so they are
ao longer such a problem.

Here are two more new (erms for you to
tearn about blological control. The organ-
Ism ued to control another onganism Is
called the blotogical controb agent. The
organtsm being controlled Is catled the
Larget arganism. In example #1, the blo-
logtcal control agent (8 the owl or the cat.
The targel osganism is the mouse,

EXAMPLE #2

Alfella is a very Important crop in the
United States and I8 grown on milllons of
acres of farmland. Formers use alfalfa to
feed animals such us catile, sheep and
horses. The aifalfa weewll. a native of
Europe. tnvaded the United States. and
the weevils were cating too much of the
alfalfa crup. They were a big problem
because they had no natural cnemies la
the United States and thetr aumbers grew
out of contsol. At first, the oaty way farm-

the Cooperator’s Handbook for
instructions and information.

Tips for teachers on making
observations after placement of
the leaf beetles

As soon as the leal beetles have
been placed inside the sleeve cage,
students should begin making obser-
vations. The primary objectives of
making observations are for students
to find and identify the stages of the
beetle’s life cycle (except the pupa,
which is not visible because it is
under the soil) and to observe how
each stage behaves. It is also impor-
tant that students continually relate
these observations to the biological
control of purple loosestrife. Teachers
will need to be sure the focus of
biological control is not lost in the
excitement of raising beetles and
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making observations. Here are some
important tips on making observa-
tions:

¢ You should plan to make observa-
tions on a regular basis beginning
when the beetles are placed on the
plant and continuing until the bee-
tles are taken to be released in a
wetland. This will bc about a 6-
week period and will give students
the opportunity to observe the
entire life cycle of the leaf beetles.
You should make observations at
least once each week.

e [t is very difficult to see the beetle
stages (especially eggs and larvae)
by looking through the sleeve cage.

To make these observations, the
sleeve cage will have to be loos-
ened and partially slipped over the
tomato cage so some of the leaves
and stems are visible to the stu-
dents. The adult beetles are the
only stage that might escape when
the plant is exposed. If you are care-
ful, this should not be a problem. If
an adult does escape (and you can
find it), try to get it Lo walk onto a
piece of paper and then transfer it
back on the plant. Adult beetles
are fairly easy to see through the
sleeve cage, so il is recommended
to wait about 3 weeks after the
beetles are placed on your plant
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€rs could kil the weevils was by spraying
the ficids with pesticides. To find another
solution, scientists wenl to Europe. where
the weewils are native. and found out that
animals were the patural enemles of the
weevils In Europe. They collected some of
these nalural encmics and brought them
to the United States, where they were
raised and released (n 2lalfa Nelds, These
natural enceles were Uny wasps that
would Iay their eggs tnside the weevils
body. When the eggs hatched. the wasp
larvae would ihve and feed lastde the wee-
ils and the weevils woald be kifled. After
several years, there were 50 many wasps
fn the alfalfa Nelds that the number of
weevils was under control. This saved the
farmers lots of time and moncy because
they didnL have Lo spray the (lelds. This
also protects native plants and animals
that may be harmed by pestictdes. This (s
another example of biological control.

tn cxampie #2, which organtsm s the dio-
togical control agent?

the wasp

Whtch organtsm Is the larget organism?
the alfalfa weevil

EXAMPLE #3

In the flrst two examples, the target organ-
Ism was an animal: the mouse In example
#1 and the weevil In example #2. Blologica!
coatsol can also be used Lo controt plants.
Here is an examptle. In about 1900, a plant
called the Klamath weed Invaded Callforala,
Klamath weed s native to Europe and 3 an
exalic invader in North Amertca. By 1940,
Klamath weed had grown out of control and
had taken over millions of acres of grass-
land ecosystems in Callforssta and other

Ing up ko much gpace (hal many of the
nathe planis and satmals coatdn five there
anymore. Klamath weed was also

bictdes, bt [t was expensive and didnt
wark very well. fn the 19406, scientists
went Lo Furope, where Kiamuth weed s
native. and (ound severad kinds of beethen
(hat esl Klamath weed. These natural enc-
mies of Klamath weed were brought o
Californla and refeased In the grasstands.
These astaral enemics became very com-
mon In the grassiands and have caten
atmast all of the Klamath weed. Once the
Klamath weed was gone, the native plants
and animats returmed (o ive in the gross-
lands. This b snother example of blotogical
coatrol.

Which of (he organiams tn example 3 Is
the natural enemy?

the beetles

Which I8 the target ogentam?
Klamath weed

Which s the blological control agent?

Lels think about purpie loosestsife and

Coatent Workbook « Part Thve

liere ks what some sclentists are dolng to
control purple looscstrife using blological
control. In the 1880s, a group of scleatists
traveled to Europe to find some natura)
encmies of purple loosestrife. Do you
know why the sctentlsis weat to Europe to
do this?

(desired answer
purple | strife is native

b,

mies Lo bring back to North Amenica.
These natural enemies were tested by
sclentists to make sure they would eat
only purple Joosestrile and not native
wetland plants or crops in North
America. Natural enemies that passed
he tesis could be raised and released in
wetlands In North Amcrica. Scieatisis
belleve that these natural enemies will
{ive In the wettands and cat most of the

to Europe, that is where it's
| are found)

They found more than 120 kinds of
Insects that are natural enemics of pur-
ple loosestrile in Europe. After studying
the life cycles of these natural eacmies,
they chose several of the natural enc-

biotogical control. As you krow, purpte
loosostrife 13 native to Europe but now
frows In North America. Because it does-
't have any natura) cnemies In Korth
America, It grows out of contrl. What

purple € purple
toosestrife will assure that the nathve
plants and animals will have crough
space 1o live in the wetlands. One of
these natural enemies that eats purple
toosestrile i3 called a leal beetle. The
teaf beetie (3 the blological coatrol agent
and purple toosestrife is the Larget
organism. We will learn more about the
teaf beetle In the next lesson.

would you do to conteel purple looaestrfe?

(desired answer -find some

natural enemles that will

i St0p rrading and get Intructions from the teacher. END OF LESSON TWO.

wesiem states. The Klamath weed was tak-

8@ Laseon Twa

eat purple loosestrife)
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before you partially remove the
sleeve cage. This will give the adults
the opportunity to mate and lay
eggs. After this 3-week period,
there should be egg clusters on the
plant.

» Color photographs (enlarged) of
an egg cluster, larvae and an adult
are supplied in the materials sec-
tion of the unit to help with your
observations. Lesson 3 focuses on
the leaf beetle’s life cycle.
Completing this lesson soon after
the placement of beetles on your
plant will help students make bet-
ter observations and aid in their
understanding of whal is going on.

¢ Students should design their own
observation form (either on paper.,
a poster or the chalkboard). The
observation form should include
the following columns:

- Date of placement of beetles on
the plant.

- Date of observations.

- Stages of beetle’s life cycle
observed.

- Location and behavior of the
stages observed.

- Amount of purple loosestrife
foliage eaten.

- How observations relate to bio
logical control.

Students may have other ideas on
other observations to make. Taking
photographs and making drawings
should also be encouraged.

Teacher information to help stu-
dents make observations on the
leaf beetle’s life cycle

It is hoped that students, through
making careful observations and by
completing the other lessons, will
construct much of this information
on their own as they make their
observations over a period of 4 to 6
weeks.

ADULTS - You will start out with
about 20 adult leaf beetles (the ones
you place on the purple loosestrife
plant). The adults are usually light
brown (color may vary). These adults
spent last winter buried in the soil.

During the first week after being
placed on the plant, these adults can
be observed feeding on leaves, walk-
ing around on the plant and mating.
After mating, the female adults will lay
eggs. These adults will continue to
feed and live on the plant for about 4
to 6 weeks and then will die. You may
notice a steady decline in the number
of living adults as time passes. When
observing adults, have students
describe how the adult uses its legs
and antennae as it feeds and moves
about. Can the adults walk upside-
down? If yes, why? Do they ever fly?
Do they ever stretch their wings? Are
the adults always moving or do they
rest? Are they usually alone or in
groups?

EGG CLUSTERS - Look at the
photo of the egg cluster. It may take
up to two weeks from the day they
are placed on the plant before the
females lay eggs. Leaf beetles lay
their tiny cream-colored eggs in clus-
ters of up to 18 eggs per cluster. One
cluster may be only about 1 mm
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across. A thin black string of fecal
material is deposited over the egg
cluster by the female. Look for egg
clusters on stems and leaves, espe-
cially in the leaf axils (the point where
the leaf is attached to the stem).
When an egg cluster is found, record
its location on the observation sheet
(e.g., in the leaf axil about 20 cm
above soil level). How many egg clus-
ters can the students find? You may
want to mark the location of a couple
egg clusters (place a twist-tie a cou-
ple inches away on the stem so you
can easily find the same clusters
again) and watch what happens. If
you have a magnifier, you may be able
to tell if eggs have hatched or nol.
Egg clusters are almost impossible
to find by looking through the sleeve
cage. Partially remove the sleeve cage
(as described previously) to look for
egg clusters.

LARVAE - (Note: “larva” is singu-
lar, “larvae” is plural and “larval” is
an adjective (the larval stage). Look
at the photo of the leaf beetle larvae.
Leaf beetle larvae are yellow to
orange with black stripes that run
side-to-side across the body. Larvae
molt several times. Each time they
molt, they get a little bigger. You may
not be able to find the early stages of
the larvae because they are very small
and they usually crawl to the tips of
the stems where they are hidden
between the newly-growing leaves.
So don't be alarmed if you can't find
any of the early larval stages. It takes
about three weeks after hatching from
an egg for larvae to be full-grown. A
full-grown larva may be found any-
where on the plant or crawling on
the sleeve cage and will be about 7
mm long (1/4 inch). These full-grown
larvae should be easy to find on the
plant. Larvae feed in all stages. As
larvae get bigger, you may notice
small black spots on the leaves. This
is the fecal material (frass) from the
larvae. Have students make and

record observations of when and
where they see larvae and whal the
larvae doing. Also record the size of
larvae. If you find a larva on a leaf, try
removing the entire leaf from the plant
and placing the leaf and larva in a
petri dish or other clear conlainer.
You may want to place a couple other
leaves in the container also. Students
can then make close observations of
the larva (use a magnifier or micro-
scope if available). Return the larva
to the plant before the leaf dries out
(after a couple hours). Though it
would be difficult to count larvae
accurately, students may be able to
make observations about whether the
larvae seem to be increasing or
decreasing in numbers or in size each
time they make observations.

PUPAE - (Note: “pupa” is singular,
“pupae” is plural and “pupal” Iis an
adjective (the pupal stage). Just
before a full-grown larva molts into a
pupa, it will crawl down the plant and
bury itself in the soil, where it will
remain for about two weeks. Students
will not be able to see the pupal stage.

NEW-GENERATION ADULTS - A
new generation of adults will emerge
underground from the pupae, dig out
of the soil and begin feeding on the
purple loosestrife. These adults will
be lighter in color than the adults
that were placed into the sleeve cage
and usually will gather near the top

of the sleeve cage. Though most of
the adults that were placed into the
sleeve cage will be dead, a few may
still be alive. This means that there
may be a slight overlap period when
adults from both generations will be
present. Students should make obser-
vations on the general number of
adults they see on the plant and what
they are doing. There should be a
decrease in numbers of adults as the
original adults die and then a sud-
den increase when the next genera-
tion begins emerging.

From the time the beetles are
placed into the sleeve cage to the
time the new generation of adults
emerge is about 6 to 8 weeks. Once
you start to see the new generation of
adults, it is time for the beetles to be
released into a wetland. Your one
plant may produce from 500 to 1,000
new adult beetles, so it is important
1o release the beetles into a wetland
before too many emerge. Your plant
will not be able to provide enough
food for these beetles.

AMOUNT OF FOLIAGE EATEN -
This is where students will make
observations related to the effective-
ness of the leaf beetles as biological
control agents. Are the beetles eating
the purple loosestrife, how much are
they eating and what stages are eat-
ing the most leaves? Having the stu-
dents figure out a process for

ADULT FEEDING

LARVAL FEEDING

Part Three e Lesson Two B 61



The Purple Loosestrife Project e Cooperator’s Handbook

estimating the amount of foliage eaten
would be a good activity in itself.
Students should also make obser-
vations on feeding patterns. Do dif-
ferent stages feed on different parts
of the plant and in different ways?
Here are some thoughts on feeding
pattern observations. Adults usually
feed by making small holes through
the leaves but not eating the leaf
veins. Larvae usually eat the upper
layer of the leaf surface, leaving the
lower layer behind. These areas will

appear as small “windows” in the
leaves. Larvae usually begin feeding
near the top of the stems and then
progress downward. The drawing
shows both adult and larval feeding
patterns.

Be sure there are enough leaves
left on the plant for the remaining
larvae and/or adults to eat, or pro-
vide fresh clippings from the field.

MAKING PREDICTIONS (journal
entry) - After placing the beetles on
your purple loosestrife plant, have

students make predictions in their
journals of what they think will hap-
pen. What will happen to the beetles?
What will happen to the plant? Keep
these predictions handy and revisit
them periodically to see how accu-
rate they are. Do students want to
change their predictions as they
observe and learn more about the
beetle’s life cycle? Students will be
asked to revisit these predictions in
Lesson 6.
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PART THREE

Biological Control of Purple Loosestrife

Lesson Three: Lg%/ C/vc[e/: of Leaf Beettes

Instructions for teachers

Now that you have placed the leaf beetles on the pur-
ple loosestrife plant in the classroom, students will begin
to learn more about the leaf beetles. The main focus of
this lesson is life cycles of insects. Begin by having stu-
dents read in their student workbooks.

Tips for teachers on Beetle Life
Cycle Worksheet

Students should be able to com-
plete this worksheet after reading the
information in their student work-
books.

1. The leaf bectle has complele meta-
morphosis (like the butterfly).
Students should be able to see that
the larva and pupa lock different
from the adult. If this were simple
metamorphosis (like the grasshop-
per), the stages (except the egg)
would all resemble the adult. The
term “nymph” is used only for
stages in simple metamorphosis.
The terms “larva” and “pupa” are
used only for stages of complete
metamorphosis.

$autant Wertbask o Purt Tives.

When scientista iry W decide which nawr-
al enemy ter use tn a blologleal controd pro-
gram, oae of the Arst things they fook at
are fife cycles. They need Lo study the life
cycle of the target organism (purple
loasestrife) sad the life cycle of the blotog-
feal control agent (leal beetles). We have
atready tearned about the life cycle of pur-
ple tooscstrtfe, xo now we witl ke a clos-
er look at the Itfe cycle of ieaf beetles.

Leaf beeiles are Insects. You may not
have seen leal beetles before, but you
have seen many other kinds of insects
such as grasshoppers, butterflies, lady-
bugs. bumblebees, ants, dragonflies and
mosquitoes. Although all these antmats.
look very different from each other, they
are all Insects. Not all insects have the
same kind of llfe cycle. There ave two
mzin lypes of Wfe eyeles i Inzects.

Lesson, Three - Lqiq'cl&q‘uafsuda

Lets talk about 2 grasshopper’s
fife cycte. When the Uny grass-
hopper egz hatches. a small
grasshopper nymph emerges. <
The nymph looks [ike a small
grasshopper, bul lts wings A
are not fully grown. During If -
s life cycle, the nymph will grow ~y=s
bigger by shedding Its akin weveral
ttmes. When an Inscct sheds s skin,
ts called moltlng, When the grasshopper
nyinph molts for the last Ume, (L Wrns
tnto an adull grasshopper and has fully
grown wings. These adull grasshoppers
can ziso mate, and the female grasshop-
pers tay eggs. which completes the lile
oycte. This kind of life cycle is called
simple metamorphosis. There are three
stages In simplc metamorphosls: the cgR,
the nymph and the adull (sce drawing).

< Sk swert
N A\

ADIAT % w‘% é‘ag‘ :
NP \—/ NYMPH

HGE

Losson These 8 T

2. The blank spaces should be filled
in with egg, larva, pupa and adult
(in that order).

3. This question isn’t as obvious, but
the information is given in the
student workbook information.
The egg stage does nol feed. The
larva stage is a feeding stage. As
the larva gets bigger, it eats
more. The pupa does not feed.
The adult stage is also a feeding
stage. So it is the larva and adult
stages that eat and help control
purple loosestrife.

4. 1t is hard to see all the parts of
an insect in one drawing or
photo. You may be able to find
other drawings of other beetles

to use as a comparison. If you
have a dead leaf beetle (or other
type of beetle such as a ladybug)
you can dissect it Lo see the hard
front wings, fragile back wings
and other parts.

Journal entry

Have students draw a picture of
the life cycle of the leaf beetle and
color the drawings to reflect the true
colors of each stage. Use the descrip-
tions in Lesson 2 and/or the photos to
find out what colors to use.

Extension idea

Have students learn about the life
cycle of another insect they are familiar
with and construct/draw its life cycle.
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ts that have simple me
sls Include crickets, cockroaches,
praying mantids, earwigs and clcadas.

the larva molts, L turns into the |
e of the life cvele called a pupa. This
doesn't move anvund or feed. but,
The other tpe of life cycle is called com- T 18 @ 10t going on Inside the
plete metamorphosis. Let's use a bullerfly 'S WDIE Into an adult butterfly

as an example. When a bulterfly egg adull butlerfly emengea from Lhe pupa.
halches, a caerpiliar of larva cmerges. The adults will mate and the females will
This caterpillar looks nothing like an adull 1Y £88s- This completes the llfe cycle.
butterlly. This larva will cat lots of fogd  There are four stages in complete meta-
and will molt several Limes, Each time it~ MOTPOSIS: the egg. the larva, the pupit
molts. It gets o litle bigger. The last tme 21 e adult (see drawing)

i Ak
Jaseeeti)

Other Insects that have complete
ants, bees and wasps,

morphosis include moths, Mes, mosquitoes,

M Stop reading and complete the Beelle Life Cycle Worksheel

72 Lassn Thies
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| BEETLE LIFE CYCLE Worksheet i ere e sane othe lterest.

adult beetle 1a e 1t

; i g Seo I you can fnd son

Baetow b the Hfe cycle of 4 leaf beete. This bs the same kind of leal beetle tat 18 lving on
the purplo looscstrife plant in your classroim, Look carefully at the life cycle and then
read the directions a0d questions below,

acta bt leal beetles. Look it the drawing of the
wle diagram, the photo of e sdlt and the live leaf heetles
of these features

M

Adult §eaf beeties, ke all Insects, huve Uiree maln body parts: the hesd, Ue thoray and
the abdormen

BEAD - The head is the seasory cester of the feal beetle, The head has two comgound
eyes (each human e3v has oaly poe lens; cach berile eye hus many small lenses. 0 (hey
aiv calied compotned cyes). Also attached b he head are bwo Jong anteanac {some people
call antennae “feelers™). The antennae are used by Whe leal beetie W sense vibrations,
touch and edors, This helps the beetles locate uther beetles, fnd purple kosestrile to eat
and avold enemles, The moulkparts are abso found in the head. Leaf beetles have chewiog
mouthpaits so they can chew holes In purple loosestrife Ieaves. Can you find the com-
veu and Uhe antenniae on the drawing? You can't sec he mouthparts on the draw

ccause they ane on the underskde of the beetles head

THORAN - Tho ik purpose of the thoras is 1 heljy the beaf beetie move anwnd. The legs
od W the thorax. Insects hive sk Jege, Some Insects hive legs designed for
Jumplig (grassboppers] of for catching piey (praying mantis). A leaf beetle’s legs am
designed for walking and running. Can you sec all sy legs in the drowing? The beetle's
Wings are slso allached 1o the Woray, Bretles bive lour wings (1w bard froat wings and
two saft back wiags). The eatire back of Lhe eaf beetle (excrpt the head) s covercd by the
Tolded froat wings. Look at Lhe drowing, You can see Lhe straight line running down the
Back of te beetle. This Is where the two frunt wings come sgether. These hard froat
wings on beelles proteet the beetle’s other wings and body a3 it moves aroand or whea it
digs through the soll. The back wings, which are very fragile, are folded and hidden under
the hard front wings,

ABBOMEN - The alidomen b soft and bs sed by the beello for breathing, egs Lying and
uttrer fmpeortant functions, The sbdomen ubso has many nerves, mich of the insects body
n 0 parts of the stomach, You can see i the drawing o small part of the abdomen
that Is stiching onl from under the back of tie falded font wings.

What type of metamorphosis Is shown 1a the leaf beetie e ¢
Cifcle the CorTect answer,

simple metamarphoals  complete metamorphosts

| 2 There Is a blank space next W each of the stages n the life cycle. FIlL I these spaces
with the proper name for cach stage

3. You know that leaf beetles cat purple loosestrife. Which stage
eycle do you think woald feed o the purple loosestrife leaves”
Circle the correet feeding stages

o larva pupa it sup reading. END OF LESSON THREE.

A Lasson Trne Lassn Threa @75
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PART THREE

Biological Control of Purple Loosestrife

Lesson, Four: Beetles and Loo:a:trg%/ Toyetﬁer

Instructions for teachers

Now that students have learned about the life cycles of e —
both purple loosestrife (Part Two) and leaf beetles, this les- Lesson, Four - Leaf Bestles and, purple Loosestrife Together
son will focus on how these two life cycles fit together and e i e ot e 1 Bty i gl
how the leaf beetles affect the growth of purple loosestrife. B e i e ot o an i o

no natural enemies here. Whien leal bee-  loosestrife plants that are:

Begin by haVing SLUdents mad l‘he rOllOWing informauon ties (the blologleal control sgent) are Rrowing (n the wetland,
in their student workbooks.

> $10p reading 3nd complete the Axaual Cycle Workabeet

Losacn Four 8 77

Part Three e Lesson Four B 65



The Purple Loosestrife Project e Cooperator’s Handbook

ANNUAL CYCLE Worksheet

For the biologscal contiml of pirple looses
vomplete their lfe cycle In & wetland w
follow a group of beat b
of one year, Hrfn') u
you read the
Joosestrfe planta and eaf beeticn In ach of he dr mrm
and whal stage ey are i b thelr life cycles. Remember to
above and below the ground.

the

locsestrife, These adult leaf beetles will hibernate until spring

\e sevov pova on
which spent the winter Ia the s
these cattail leaves. The purple
crown has gruwn severol o

i

| beetles |J) <-v-ul|rru te rwr beetin s on

Th  Leseon Four

Tha Purple Loasssirite Project s Conparsior's Hendbook

trife o work, the leaf beetles must be able L
rple boosestrife I growing. We

hat they are dolog
\m paper and penc

where th ted
o Whial ks golig oo both

g above ibe

Wl\c len e m of s spring !mnz new life 1o the wetland. The snow and lee mell
4

£ s
y hegin to feed. This feeding makes tiny holes In the leay

oW are
trife stems with
h th

The ones that had fi

wouth for the winter.

Stusdant Workhook « Pant Thres

pup
climb up the purple kosestrile plants,

FALL - Fall 15 & lime Lo prepare for
aad will either barrow 1o the
the winter. The parple loosestri

ade a setics of drawings showing the annual cycle of parple nsestrife
in & wetland

o supmadng END OF LESSON FOUR,

covered with beautifel
i cegs e Batchod. Some of the young red-

; others have already lefl th and are Mying
umuuu

time tn the soff as
of the soll aad
1e they begin feeding on Lhe leaves

¥

er. Al the leal beetles are now In the wtull stage
stems where they will hibernate thregh
nived are pow turning brown and dying,
Heese seeds have faflen onio the
loosestrife plants will remain alive
iny sceds are blostng In the wiad to
blackbinds are forming large flocks and are getting ready Lo fy

Leasan Four 8 78

Tips for teachers on the Annual
Cycle Worksheet

The main objective of Lhis work-
sheel is to set the students to focus
on how the life cycles of the leaf bee-
tles and purple loosestrife are con-
nected and whal each organism is
doing during the various seasons. A
lot of information is given and it may
be difficult to grasp (especially the
annual cycle of the leal beetles) al
[irst. After the students have finished
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their drawings, it may be helpful to
read through cach of the seasons
again to review what the organisms
are doing. Observing the aclivilies
and stages of the leal beetles in your
classroom will also help reinforce the
idcas

Extension idea

Have students creale a mural of a
wetlland where purple loosestrife and
leal beetles live.

Suggested journal entry

Have students selecl other plants
and animals that live in the welland
(possibly from their lists from Part
One) and wrilte a story about their
annual cycles. Some suggeslions
include the marsh wren, leopard frog,
muskrat or painted turtle.
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PART THREE

Biological Control of Purple Loosestrife

Lesson, Ftve: S electug Naturval Enemies

Instructions for teachers

Up to this point, students know that leaf beetles are
used as a biological control agent for purple loosestrife.
Lesson 5 will help students understand some of the basic
questions that scientists ask when selecting a natural
enemy Lo be used as a biological control agent. What are
the risks and benefits of releasing a particular natural
enemy? In the activity, the students are given a hypo-
thetical situation and a list of hypothetical natural ene-
mies. By using the criteria given, students will evaluate
each natural enemy and select the one that they feel is
best. You may want to complete the following extension

idea before beginning.

Extension idea

Scientists must make many deci-
sions must be made when selecting a
natural enemy for biological control.
What are some of the criteria stu-
dents use to make decisions in their
lives? Divide the students into four
groups. Have students pretend that a
$10 bill has been given to each stu-
dent. Members of each group must
pool their money and agree on how
they would spend it. Whatever they
buy must be useful and agreeable to
everyone in their group. After they
have made their decision, have each
group write down the criteria they
used to make their decision. This

Student Werkbeok » Fart Theee . o
Lesson Five - Selecting Natural Enemcies for Biological Control

We have tearned a lot about purple
{nosestrife. leaf beetles and blological

Inncety, fsh, birds ond
maminals that tive there.

cantrol. Have you wondered why and how
these teaf beetles were pteked to be osed
Instead of sosne other animal? As you
know, purple leosestrife wiss brought o
North Amertea (rom Europe and has
become a big problem In wetlands, The
leat beetles are also brought from Europe
W be released in North America. How do
sclentists know that the leaf beetles won't
also beeome a probilem in North Amerlea?
Thene are always vome risks when an
exotte organism (such ay the leal beetle)
is refeased. This In why it s very tmpor
Lont for sclentists W stuidy and carefully
choose these btelogical conteol ageats
before they are released. In the United
States, scientlsts from the ILS,
Department of Agrtculture ntust stady, test
and approve all orgaiisms before they con
be released in a blological contl pro-
gram. Lets leam about some of the ques-
tlons a scientist must answer when decid-
tng am @ blalogical control agent.

B Stop reading 20d get tnstructions from
the teacher.

Student Activity:

WHICH NATURAL ENEMY IS BEST?
The Problem

Scicntists have discovered an exotlc plant
In severa) arca ponds and lakes. The
plant. called water choke-weed, grows
very fast and clogs the ponds and lakes
With stems and leaves. This caunes sever-
al problems. Oac problem Is that none of
the Rative aquatic animals eal water
choke-weed. With ko much water clioke-

Another problem s that,
with ko much water choke-
weed, people can't use the
water for recreation such
an swimming. boating. Nsh-
Ing or water sking. Weler
choke-weed In o native T y
plant In the temperate 0
dectduons forest blome i
Europe and the troplei for-
st blome of Asta, whene [t has many nat-
tiral encantes that keep s growih under
control,

A group of sclentints wold Uke 1o use
blatogical conteal to try to conteol the
#rowth of water choke-weed, They travel
o Europe and Asla, where water chobe.
weed Is rative, and discover several nat-
uriil enenles of water chake-weed that
they tink might be good blolugteat cone
trol agents. They study the life cycles and
habits of these natural enemies and pow
st decide which of these nutural ene-
mtes woutd be the best blological control
agent for water choke-weed.

The Solution

You iire the selentists who must decide
which of the satural enemies would be
best to control water choke-weed. Here
otre the matn things you must use to make
your declxlon:

1. To contil water choke-weed, thousands
of Indhiduats of the noturat enemy
would have o be releaned In cach take.
The scientists can bring that many
from Europe of Axla. %o they would e
o be able t casily and cheaply ratse

weed. the native plants canl grow xo
there Ixn't enough food (or many of the

lamge numbers of the natural eaemy 0
laboratocies In the United States.

Losecn e a6

information can then be shared with
the entire class.

Students can begin by reading in
their student workbooks.

Instructions for teachers

To begin, students should read
“The Problem” paragraph and the list
of four main things used to make a
decision. You may want to go over
this material with the whole class to
be sure everyone understands the
activity. It is also important, that stu-
dents understand that this is hypo-
thetical. There are six potential water
choke-weed natural enemies. Divide
the class into six groups and assign

one of the natural enemies to each
group. Each group will read about its
natural enemy and by using the four
criteria, decide whether it would be
a good natural enemy Lo control water
choke-weed. Each group will then
report its decision and explain to the
class why members made their deci-
sion.

Another, more lime-consuming
way to conduct the activity is for each
small group Lo evaluate all six nat-
ural enemies and decide which is
best. Each group can then share its
findings and reasoning.
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2. The natural enemy would have to be
able (o survive year round in Michigan
ponds and jakes.

3. The natural encmy would have to cat
Iois of water choke-weed but not eat
any native plants or crops.

4. The natural enemy cannol be harmful
0 humans or other organisms.

WATER CHOKE-WEED NATURAL ENEMY #1

(% Sludenta stop readizg and gt tnstructions:
from the Leacher.

This natural cnemy I3 a small Gsh called
the weed miienow. In indoor experiments.
11 wos found to cal only water choke-weed
and to pose no threal to humans or any
other organisms. The weed mianow is
very casy o raise Ia tndoor water Lanks
and L doesn’t vost much to raise them by
he tounands, Each small fish eals sever-
af sater choke-weed leaves every hour.
The weed minnow Is pative to wettands in
tropical arcas of Asta, where [l does a
&reat {ob contrulling the growth of waler
choke-weed. The weed minnow cannot
aurvive If the water lemperature goes
betow 50 degrees Fahrenhedt.

WATER CHOKE-WEED NATURAL ENFMY #2
This natursl encmy Is a snezll mammal
called the water rat. Water rats are gative
to lakes In the temperate dectduous forest
blome of Eugope, whepe they eat huge
amounts of water choke-weed. They won't
cal any other Mnd of plant. They also
mitke thelr nests in the water choke-
weed. Durtng the nesting season. water
rats are very aggresaive and will bite and
chase away any other mammats or birds
‘within sight. Water rats can be easlly and
cheaply raised by ihe thousands In the

1aboratory and can survive even the cold-
est winters,

WATER CHOKE-WEED NATURAL ENEMY #3
This natral coemy ts an nsect called the
green water beetle and 18 rathve to lakes
tn the temperate dectduous forest blome
of Earope. in Europe, It is found oaly i
takes with tols of water choke-weed. Afler
studying s [fe cyrle, seleatisia dixcove
cred that 8 is o predator and I cate only
other Insects thal cat waler chokes-weed.
During the winter, It sunives by burrow.
Ing tnto the take boltom, Green water
beetles are cheap and casy to ratse In
laboratortes and are nol harmful 1o any
native plants of animals.

WATER CHOKE-WEED NATURAL ENEMY #4
This natural cnemy bs called the pond Ry
amd I8 native to the temperate deciduous
forest blome tn Europe. The adull poad
flles do rot feed or bite and live valy a
few days. The female adult pond Otes fay
thelr cgas valy on water choke-weed
feaves. When the egga hatch, the pond Ry
farvae burcow into the water choke-weed
stems and eat thelr way all the way to the
roots. One larva can kill an entire water
choke-weed plent, The Ny sperds the win-
ter as a pupa in the conts ond thea, In the
spring. the pupa Boats to the water sur-
face where the adult pond My emerges.
The larvac wil burrow Into and cat onby
water choke-weed. The pond fen ane eary
and cheap W raise and don’t haem or
bother any other organlsms,

WATER CHOKE-WEED NATURAL ENENIY #5
This natural enemy ts calted the water
leaf beetle. These Inseets can't seem to
get enough water choke-weed and will et
1t untll it i3 gone. Sclentists found they
could easily and cheaply ralse thousands

of water leaf beettes hy keeptng them tn
cages end feedlag them corn and cattall
teaves. Decause they ere from the temper-
ate declduous forest blome In Europe, the
water leaf beetlen can caslly survive the
winters (0 the Great Lakes Bosln,

WATER CILOKE-WEED NATURAL ENEMY # 6
This natural enemy I8 catied the purple
stem weevl) (a Med of beetle). The purple
stem weenll I nathve (o the lemperate
declduous fores! blome In Europe and
casily survives the winter tn the Great

> S0 reacing. END OF LESSON FIVE.

Lakes Basin. [t I8 truly a water choke-
weed spectallst and lives (ts entire life
cycle on the plant. The adult weevlls eat
the seeds 50 there are fewer pew willer
choke-weed planis. The larvae cat lots of
stems nd leaves of waler choke-weed.
The purple stem weevil will not cat any-
thing else and ts not harmful to any
other organtsms. Scienttsts have found
that it Lakes three years ustng expensive
growth chambens 1o raise about 100
weevlls In the taboratory.

28 Leecn Pve
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Tips for teachers on the Which
Natural Enemy is Best activity

Here is information on why only
one of the natural enemies (#4) is
the best selection for a biological con-
trol agent of water choke-weed. These
explanations follow the four criteria
listed in the activity.

NATURAL ENEMY #1
WEED MINNOW

1. Can it be easily and cheaply
raised in a laboratory? YES

2. Can it survive year round in
Michigan? NO

Because it is native to tropical
areas, it cannot survive il the
water temperature goes below
50 degrees Fahrenheit. Water
temperatures go well below 50
degrees during Michigan win-
ters. Because of this, it is not the
best natural enemy.

3. Does it eat only water choke-
weed and not any other plants?
YES

4. Is it harmful to humans or other
organisms? NO

NATURAL ENEMY #2
WATER RAT

1. Can it be easily and cheaply
raised in a laboratory? YES

2. Can it survive year round in
Michigan? YES

3. Does it eat only water choke-
weed and not any other plants?
YES

4, Is it harmful to humans or other
organisms? YES

If water rats are aggressive during
the nesting season, this would have
a negative effect on the native ani-
mals that also use the pond or lake for
nesting and feeding. It also would
restrict recreational swimming.
Because of this, water rats are not the
best natural enemy

NATURAL ENEMY #3

GREEN WATER BEETLE

1. Gan it be easily and cheaply
raised in a laboratory? YES

2. Can it survive year round in
Michigan? YES

3. Does il eat only water choke-
weed and not any other plants?
NO

It was found that green water bee-
tles are predators of other insects
that eat water choke-weed. If there
are fewer insects eating waler
choke-weed (because they are
being eaten by the green water bee-
tles), there would be more water
choke-weed. Because of this, green
water beetles are not the best nat-
ural enemy.

Is it harmful to humans or other
organisms? NO

b

NATUAL ENEMY #4
POND FLY

1. Can it be easily and cheaply
raised in a laboratory? YES

2. Can it survive year round in
Michigan? YES

3. Does it eat only water choke-weed
and not any other plants? YES
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4. Is it harmful to humans or other
organisms? NO

The pond fly meets all of the
selection criteria and is Lhe best
natural enemy to control water
choke-weed.

NATURAL ENEMY #5
WATER LEAF BEETLE

1. Can it be easily and cheaply
raised in a laboratory? YES

2. Can it survive year round in
Michigan? YES

3. Does it eat only water choke-
weed and not any other plants?
NO
Water leaf beetles will eat lots of
water choke-weed, but they will
also eat other plants, such as

corn and cattails. This would not
be good.

. Is it harmful to humans or other

organisms? YES

If these insects became a pest of
corn and cattails, it would affect
both humans and any animals
that depend on cattails for food,
cover or nesting sites. For these
reasons, water leafl beelles are
not the best natural encmy.

NATURAL ENEMY #6
PURPLE STEM WEEVIL

1. Can it be easily and cheaply

raised in a laboratory? NO

Taking 3 years to raise only 100
beetles would not be practical or
cffective. Also, the growth cham-

bers are cxpensive. For Lhese
reasons, the purple stem weevil
is not the best natural enemy.

. Can it survive year round in

Michigan? YES

. Does it eal only water choke-

weed and not any other plants?
YES

. Is it harmful to humans or other

organisms? NO
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PART THREE

Biological Control of Purple Loosestrife

Lesson, Stx.: Blocontrol of Pwpl& Loos&:tr%/

Instructions for teachers

This final lesson of the unit will focus on the biologi-
cal control of purple loosestrife. Students will read about
why leaf beetles were selected as biological control agents
for the control of purple loosestrife and will use their
observations of beetles in the classroom to complete a
worksheet. This worksheet can also be used to assess stu-
dent understanding of the biological control of purple
loosestrife. Because the worksheet is based on student
observations, it should be completed toward the end of
the school year (so that students have observations of the
entire beetle life cycle). Begin by having students read the
following information in their student workbooks.

Snsdont Werkhaek o Purt Three

Lessoi Stx. - Biological Control of Purple Loosestrife

Now thal you know how xclentists choose
2 natural enemy for use (n biological con-
ol lets leam some of the reasons that
teal beetles were chosen to control purple
lvosesirtfe. As you read before, sclentists
traveled to Europe (where purpte looses-
trife (s nattve) and ldcatifled more than
120 kinds of tnsects that re natural ene-
miea of purple loosestrife In Furope, Here
are some of the mala reasoas that the leal
bectie was chosen to be used 10 3 biologi-
cal vantel program for purple loosestrile,

. It wnn found that many of the natural
erembes of purple loosestrife are
diMcult or expensive to ratse in large
rumbers. Leaf beetles can be casily
rataed [n laboeatories, greenhouses and
clasaruoins by growing purple kooses-
Irife plants tn pots and then letting the
teat beetles live on the plants. The feal
beetles can’l escape becuuse o sereen
bag is placed over the potted planl. The
teaf beetles will complete their entire
[ife cycle on these polled plants and
then can be reicascd Into wetlands
where purple looscstrife 18 growing.

Because the ieaf beetles are native to
the lemperate dectduous focesl blome
of Europe (where the climate 18 simitar
ta that tn the Great Lakes region), they
can sunive year round afler they are
released into the wetlands. Once they
are released Into o welland where pur-
ple loasestrife grows, the teaf beetles
can go through thelr life eycle every
year and continue (o cat purple looses.
trite for maay years.

N

3. Leaf beetles eal tots of purple tooses.
trife. Both the adults and the larvac of
leal beetles eal purple lonsesirife. By

catlng many of the
teaves. the Jeaf beetles
keep purple loosestrife
from growing out of con-
trol. Also, If a plant has
100 many of {18 leaves. P
caten, it won't make J{f
cenough (ood to make T
foners. I i doexat
make fowers, il can't make seeds.
With fewer seeds, there are fewer new
purple Jooscstrife planis. When there
are fewer purple loosestrife plants,
thiere 18 more room for the natlve
plants aid animals to live.

4. Sclentists tested the leaf beetles and
found thal they would not ezt anything
excepl purple loosestrife and would
fay their eggs only on purple looses-
trife. They placed hungry adults and
larvae of leaf beetles tside cagen and
tried to gel them to eat other plants.
The orly plant they would eal was pur
ple loosesirife. Thix I8 very important
when choosing a natural enemy. An
animal that eats only one kind of
organtsm, such aa the leafl beetle thal
cats only purple loosestrife, Is called o
spectalist. An animal that ecats many
kinds of uther organlsms (such as a
rabbit, which cats many kinds of
plants) Is called a geperalist. Most
animals ysed In blological control
programs are specialists. Do you think
human beingy are spectalist or gener
allst feedern?

5. Because the leaf beetles cal onty pur
ple lovsestrife, they are oot harmful to
human being or othcr organisms.

Slop reading 2nd compiete the Blolegical
Control Worksheel.

Laseon Sa 883
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- owing questions abo
hate b and use your obsery;
plant me of the questio

d the Hfe stages of the be
he dates of the obaervatho

your ¢l

What was e first date you saw @ lanva®

figure out the dates Wat the pugsie were present?

Below 5 e e cyele of the leal beetie, Add tese dates to th
when each e slage was observed
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BIOLOGICAL CONTROL Worksheet

antrol of purple loosestrife, You wil
of heetles and the parple kosestrile

etic on your parple lossestrifo plant, you

What waat the date you placed the adult leaf bectles on the purple kesesteile plant in

What way Uhe first date you s3w @ adull from the new geveration” _

Even tough you didel see any pupse (becatse they are burted in the soll). can you

e Wifee eyl drawing o show

beettes

Studect Workbooh « Pan Thise

2. You aiso kept track of the amount of purpie looses

About what ate did you notice that 1618 of parple loose

Match s date 10 your life cycle dates. Which Hie etage 6o you tisk was cal

of the purple loosestrile leaves?

1. I the space below. write a summary of your leal beetle observations. What happened”
What did you find most interesting? Did anything surpeise you? Do you have any ques-
Hhons Lhat were #ot asswered by your observations?

feaf that was caten by the

strife leaves were calen”

allng most

e lonsestrif
U

orra
Tow 1o better o
But best of

mals that lhe there,

Based on your observations, do you think that putihe loosestrile €an be controlied by
where purple kisestrife is growing? Explain your

rple loosestrite in the fulure

2 Whe leaf beetles in your classroom and refeasing them b ot
Tand, you have helped t potect a wetland ecosystem and the many native plants and anl.

l"" swp reading. END OF LESSON SIX.

s spreading o rum be
v these wetland areas W make d
belped make it
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Tips for teachers on Biological
Control Worksheet

This worksheel is designed for
students to use to make sense of their
observations. Il may be best o con-
struct the life cycle and dates togeth-
er and then have students use the
life cycle and olher observations Lo
answer the questions. The pupae
would have been present between the
Lime students [irst saw large larvae
and the time they first saw new-gen-
eration adults.
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Extension idea

Have students use the dates and
observations they made Lo creale a
time line. Students could add obser-
valions they found interesting, life
stage information and other facts Lo
Lthe time line.

Extension idea

Using your observalions, write a
class report of your results and send
il Lo the Purple Loosestrile Project
al Michigan State University, 334
Natural Resources Building, East
Lansing, MI 48824,

Instructions for teachers

In Lesson 2, students made pre-
dictions ol whal they thought would
happen after the leal beetles were
placed on the plant. Revisit these pre-
dictions with the students and dis-
cuss, based on their observations,
why their predictions were or were
not accurate. 'To finish this section,
have the students read the following
information in their student work-
hooks.



Section Four e Teacher’s Guide

Student Glossary

ABDOMEN - One of the three
main body parts of an adult
insect.

ADULT - The stage in the life cycle
of an insect that may have fully
grown wings (some insect adults
don’t have wings — for example
fleas) and can mate and lay eggs.

ALIEN - A plant or animal that is
living in an area that it is not
native t0. “Alien” means the same
as “exotic.”

ANTENNAE - Sensory structures
on the heads of insects (also
called “feelers”).

ANNUAL - A plant that completes
its life cycle in one year.

BIENNIAL - A plant that takes two
years to complete its life cycle.

BIOLOGICAL CONTROL - Using
an organism (the biological con-
trol agent or natural enemy) to
control another organism (the tar-
get organism).

BIOLOGICAL CONTROL AGENT -
An organism that is used in a bio-
logical control program to control
another (target) organism.

BIOME - A large area of the Earth
shaped by geographic location,
climate, topography and other
physical features. Examples of
biomes include tropical rain for-
est, tundra, ocean, grassland and
temperate deciduous forest.

COMMUNITY - All the interacting
organisms within an ecosystem.
For example, all the living organ-
isms in a marsh ecosystem make
up the marsh community.

COMPOUND EYES - Eyes, as in
adult insects, that are made up of
many tiny lenses. Each human eye
has only one lens.

CARBON DIOXIDE - An invisible
gas in the air that green plants
use to make food and oxygen
through the process of photosyn-
thesis.

CARNIVORE - An animal that eats
only other animals.

CHLOROPHYLL - The green pig-
ment in plants that captures ener-
gy from the sun in the process of
photosynthesis.

CONSUMER - Any organism that
cannot make its own food and
must eat other organisms to get
energy.

DECIDUOUS - Refers Lo trees and
shrubs that lose all their leaves in
the fall.

DISPERSAL - The various ways
that seeds travel from place to
place.

ECOLOGY - The study of living
organisms and their relationships.

ECOSYSTEM - A group of interact-
ing organisms (community) and
the non-living or physical factors
that affect them.

EGG - One stage of an insect's life
cycle. Eggs are laid by adult
females.

EXOTIC - A plant or animal that is
living in an area to which it is not
native. “Exotic” means the same
thing as “alien”.

FOOD CHAIN - A sequence of
organisms in a community that
shows which ecach one eats and
what eats it and the direction of
energy flow.

GENERALIST - An animal that
feeds on many types of plants
and/or animais.

GREAT LAKES REGION — The
states and provinces in North
America that surround the five
Great Lakes.

HERBICIDE - A chemical that is
used to kill plants.

HERBIVORE — An animal that eats
only plants.

INVASION - When an exotic plant
or animal begins living in an area
where it didn't live before.

LARVA (larvae [plural]) - A stage
in the life cycle of an insect that
undergoes complete metamorpho-
sis. It is the stage after the egg
and before the pupa.

LATITUDE - Imaginary lines on
the Earth used to measure dis-
tance north and south of the equa-
Lor.

LIFE CYCLE — A way to show the
different stages of an organism's
life.

LONGITUDE - Imaginary lines
used to measure distance east and
west around the Earth.

METAMORPHOSIS - The changes
that insects go through as they
complete their life cycle. Some
insects undergo simple metamor-
phosis which has three life stages:
egg, nymph and adult. Some
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insects undergo complete meta-
morphosis, which has four life
stages: egg, larva, pupa and adult.

MOLTING - The shedding of skin
by a nymph or larva that allows it
to grow bigger or to change into a
different life stage.

NATIVE - A plant or animal that is
living in the area where it original-
ly developed.

NATURAL ENEMY - An organism
that controls the numbers of other
organisms. Predators and herbi-
vores are examples.

NECTAR - The sweet liquid made
by flowers to attract pollinators.

NYMPH - A life stage of an insecl
that undergoes simple metamor-
phosis. It is the stage after the
egg and before the adult.

OMNIVORE - An animal that eats
both plants and animals.

ORGANISM - An individual of any
living thing.

OXYGEN - An invisible gas made
by green leaves through the
process of photosynthesis..

PESTICIDE - A chemical that is
used to Kill organisms that
humans consider pests.

PHOTOSYNTHESIS — The process
by which green leaves (with chloro-
phyll) capture energy from sunlight
and use carbon dioxide and water
to make food and oxygen.

POLLEN - Small particles made
by the male parts of flowers.

POLLINATION - The transfer of
pollen from flower to the flower so
the flowers can make seeds.
Pollen is usually transferred
between plants by the wind or by
pollinators.

POLLINATOR - An animal, usually
an insect, that transfers pollen
from oneflower to another flower.

PRECIPITATION - Rain, snow, hail
and sleet.

PREDATOR - An organism that
captures, Kills and eats other ani-
mals.

PREY - An organism captured,
killed and eaten by a predator.

PRODUCER - Organisms (mostly
green plants) that make their own
food using the energy from sun-
light.

PUPA or pupae (plural) - A stage
in the life cycle of an insect that
undergoes complete metamorpho-
sis. It is the stage after the larva
and before the adult.

RELATIONSHIP - Any interaction
between individual organisms or
between an organism and non-liv-
ing factors. Relationships are
somelimes called interrelation-
ships.

SPECIALIST - An animal that
feeds on only one kind of plant or
animal.

SPECIES - A specific kind of
organism.

TARGET ORGANISM - The organ-
ism that is being controlled in a
biological control program.

TEMPERATE - Refers 10 areas
with a moderate climate and
distinct seasons.

THORAX - One of the three main
body parts of an adult inscct. The
legs and wings are attached to the
thorax.

TOPOGRAPHY - The surface fea-
tures of land, such as mountains,
valleys, plains, rivers and lakes.

WETLAND - An area that usually
has standing water for at least
part of the year. Some wetland
types are marshes, swamps and
bogs.
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ECOSYSTEM: FOREST

ORGANISM: short-tailed shrew

CLASSIFICATION: mammal

FOOD: insects and earthworms

ECOSYSTEM: FOREST

ORGANISM: ground beetle

CLASSIFICATION: insect

FOOD: insects
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FOOD: insects

ECOSYSTEM: FOREST
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ORGANISM: white-footed mouse ORGANISM: moss

CLASSIFICATION: mammal CLASSIFICATION: plant

FOOD: plant seeds and insects FOOD: uses sunlight to make its own food

ECOSYSTEM: FOREST

ECOSYSTEM: FOREST

ORGANISM: fern ORGANISM: downy woodpecker

CLASSIFICATION: plant CLASSIFICATION: bird

FOOD: uses sunlight to make its own food FOOD: insects
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ECOSYSTEM: FOREST

ORGANISM: oak tree ORGANISM: katydid

CLASSIFICATION: plant CLASSIFICATION: insect

FOOD: uses sunlight to make its own food FOOD: plants

ECOSYSTEM: FOREST

ORGANISM: red squirrel ORGANISM: red-shouldered hawk

CLASSIFICATION: mammal CLASSIFICATION: bird

FOOD: tree seeds FOOD: mammals

ECOSYSTEM: FOREST

ORGANISM: black-capped chickadee ORGANISM: ant

CLASSIFICATION: bird CLASSIFICATION: insect

FOOD: plant seeds and insects FOOD: insects
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ECOSYSTEM: FOREST

ORGANISM: American toad ORGANISM: spider

CLASSIFICATION: amphibian CLASSIFICATION: arachnid

FOOD: insects FOOD: insects
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ECOSYSTEM: FOREST

ECOSYSTEM: FOREST

ORGANISM: aphid ORGANISM: maple tree

CLASSIFICATION: insect CLASSIFICATION: plant

FOOD: plant juices FOOD: uses sunlight to make its own food

ECOSYSTEM: FOREST

ORGANISM: chipmunk ORGANISM: red-backed salamander

CLASSIFICATION: mammal CLASSIFICATION: amphibian

FOOD: tree seeds and insects FOOD: earthworms and insects
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ORGANISM: earthworm ORGANISM: garter snake

CLASSIFICATION: segmented worm CLASSIFICATION: reptile
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ORGANISM: violet ORGANISM: white-tailed deer

CLASSIFICATION: plant CLASSIFICATION: mammal

FOOD: uses sunlight to make its own food FOOD: plants
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ECOSYSTEM: MARSH ECOSYSTEM: MARSH

ORGANISM: red-winged blackbird ORGANISM: loosestrife leaf beetle

CLASSIFICATION: bird CLASSIFICATION: insect

FOOD: plant seeds and insects FOOD: purple loosestrife
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ORGANISM: lady beetle ORGANISM: sedge
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ORGANISM: duckweed ORGANISM: green frog
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FOOD: uses sunlight to make its own food FOOD: insects
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ECOSYSTEM: MARSH

ORGANISM: snail ORGANISM: crayfish

CLASSIFICATION: mollusk CLASSIFICATION: crustacean

FOOD: plants FOOD: plants

ECOSYSTEM: MARSH

ORGANISM: leech ORGANISM: algae

CLASSIFICATION: segmented worm CLASSIFICATION: plant

FOOD: blood of turtles, fish and frogs FOOD: uses sunlight to make its own food
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ORGANISM: diving beetle

CLASSIFICATION: insect

FOOD: insects and snails

ORGANISM: muskrat

CLASSIFICATION: mammal

FOOD: cattails

ORGANISM: water snake

CLASSIFICATION: reptile

FOOD: frogs, crayfish and fish

ORGANISM: great blue heron

CLASSIFICATION: bird

FOOD: frogs, fish and snakes

ORGANISM: snapping turtle

CLASSIFICATION: reptile

FOOD: plants and animals
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FOOD: crayfish, fish and birds
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Forest Ecosystem Example

downy spider ground beetle
woodpecker / /
aphid walkingstick
violet < SUN <+ 0ak tree —- Katydid —\b%arter snake
white-footed mouse moss red squirrel chipmunk
red-shouldered hawk white-tailed deer

Marsh Ecosystem Example

great blue heron

\ lady beetle
mosquito / dragonfly

minnow Mayfly -

mink <——— mallard <t———— algae / red-winged blackbird

crayfish <————— duckweed <——— SUN e=———i> purple loosestrife

e
snail / cattail \
/ leaf beetle

muskrat
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TREE TIMELINE
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