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Upper Elementary Lessons
This 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

section, 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 relation

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

Biological 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 Teacher's Guide

includes:

• A detailed outline of each section

showing the sequence of lessons,

activities and worksheets.

• Estimated time needed to

complete the section.

• Teaching objectives.

• Main ideas and concepts.

• Teacher background information.

• 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 • Introduction • 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 to 7 hours of class time spread over

1 to 3 weeks. This does not include

extension or outdoor activities.

Abstracts and Michigan
teaching objectives

• Part One, Lesson 1
Biomes

Michigan Curriculum Framework

References

Science: Standard 1.1

Constructing New Scientific
Knowledge, II. 1 Reflecting on

Scientific Knowledge, V.l The

Geosphere,

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

Inquiry and Research

Social Studies: Standard II.2

Human/Environment Interactions,

V.l 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.

2 • Part One • Introduction

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 their "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
scientists 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.

I Part One, Lesson 2
Ecosystems

Michigan Curriculum Framework
References

Science: Standard 1.1

Constructing New Scientific

Knowledge, II. 1 Reflecting on
Scientific Knowledge, III.2

Organization of LivingThings, 111.5

Ecosystems

Social Studies: Standard 11.2

Human/Environment Interactions,

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 their 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 fea

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

livingand nonliving factors in their
ecosystems.
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7. The information on their ecosys
tems is then shared with the rest

of the class.

• Part One, Lesson 3
Community Relationships

Michigan Curriculum Framework

References

Science: Standard 1.1

Constructing New Scientific
Knowledge, II. 1 Reflecting on
Scientific Knowledge, III.2 The
Organization of LivingThings, III.5
Ecosystems

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

Processes

Method

Students will investigate the rela
tionships between ditferent organisms
within a community. Students will learn

what organisms do within their commu

nity, and team basicinteractions oforgan
isms important to the understanding of
ecologyand biologicalcontrol.

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.

I Part One, Lesson 4
Food Chains

Michigan Curriculum Framework
References

Science: Standard 1.1

Constructing New Scientific
Knowledge, II. 1 Reflecting on
Scientific Knowledge, III.2
Organization of Living Things, III.5
Ecosystems

Social Studies: II.2 Human/

Environment Interactions

Method

Students will use the information

gathered 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 to 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, desert, tropical forest, ocean,

grassland, temperate deciduous for
est and savanna.

• Each 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.

• Each 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 Great 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 • Introduction • 3



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 nonlivingfac
tors such as rich soil and lots of shade.

A marsh ecosystem is also made up

of plants (cattails, 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 individualsof other
species and with nonliving factors in
the ecosystem. For example, a red-
wingedblackbird 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 eaten 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. Ifyou take the hundreds of organ
isms in a marsh community and think

4 • Part One • Introduction
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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 photosynthesis.
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 producers 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 of
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 foodchain. 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. Most organisms eat more

than one thing. For example, the
perch may eat 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 variety 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.
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PART ONE

Mission: Life on Earth

Lesson Ofte<: Biomes

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.

Part Onv Mission: Life on Earth

Lesson, Out-: Bioptus

You aw utxMil u>begin an fActltnjt nuVni-
Uirv wltti your leather. Vbu utll Ik- n-artlug.
working wfUi other students and complet
ing worksheets There is a glossary Iti the
bock of your workbook In rasp ycu want lo
look,up toe meaning of a »wd

Xwi are a croup of scientist* from flatlet
(your group should select Uie

name of (he planet) traveling through
space. Your mission [9to loratc and Ktttily
life In other parte of the universe. Ah you
ure tipping through Uie Milky Way galaxy.
the computerized scanner ahnarclyour
spaceship briefly picks up some tinustial
signals from nn unknown source. Afier
decoding Uie signals, the computer [Mints
mil eight clues and a picture of a myxirrl-
ih» ob|ecl. Is II a life form?

STOP RKA1)I\<;and get Uie picture from
your teacher,

'die only clue your spaceship computer
recognizes ts HAKIM, which your rompul-
er tells you ts the name of a ptanel In the
Milky Way Cataxy. \oar learn of sclcnUsls
decides to e\pkirr the ptanel called Karth
and Ui try l» learn more about the mys
tery life form In the picture and Ihr mean*
tags of Uie other clues. You have no other
InformnUon ahoui KarUi.

As you approach Karth tn
the spaceship, you begin
to make uhscrvuUims.

-'$> K<"p ir-idlinc and (wanUk- UnaItwa Kpsre W«ct»fceri

Part One • Lesson One • 5
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Ivor*' • CeofffrMoft IHMbOOfc IMMMMMMtiffBlOM

(Whrr intrmdin* Inlnratfkm on rllmalr

<#
TIIIHMJKVIA) tth,.l air «»m«-of the InU-nMine l.m.1form* (aoMUtM pMM, rlr.l?

HbuM>wiiii<- w i» iiiis area? \\m or *h> n»i?

torn t'.ini <>r Kteniteu to* dfaantttd UuM BtfU Mimidrd idonrkKU typn of ntan on
theba*h <>i (eoiraplilctocaUon, ClUuieud topographyToe**mow ik ailed hifHiws
Youlitu »a*i .1lour Moitirs In Noilli Ariiciici Some other MORHV fWUMl on Karlh arr
ocean, Iittplt.il dirol. tntplcal *aianna .mil mountains

Lflol.it Ihr MOMMpMppttCdhv\i»ir Ir.iihrr .m.tOtmtfttwhorrmm*uf Inn* btOMKS

H>U>lln« at On-twumemap.ran yw find Ihr name and local** «4inr lour blomrs >ow
KMMBtpMrHl "It Ihr l**l»wk»hwl'' 1J-l Ihr n.utir*r-lllir lOOl !**nc«hrrr.

Viur tr-mtrf-(Irntl-U ha* on* iMMlU* nwanina «>* tan <rfthe «lur- 1 \fc*lll w6
BIOMK You»lll no» rrOfl uorilnj: on Ihr rrnutnin- rlurs .« y*i continue to wanh R>r
the m>»l»r> liir bra

.. m.„„-,,,„ ENDOF LESSON ONE.

LMWlOM*

A CLOSER LOOK Worksheet

ICMlier ha* n map of Ihr l.irc>-land arv.i lh.il >
it rxplonr. Each lr.im »tfKfmtMl »lll (3*1.1 mh
•r a.s<t£iii-il to ttplocr an<l catlwr Information f

U b> RuUbinc ll In »

e i.>rsr map

I.I 0OMPI1IC I(H.UmV Uh.H U III.' latitude?

GUMIIBi «hot b toe annual unocai of precipttaikm? .

In «hat formdOMthr pfTfJpKfllMI MOT? _

tth.it is ihr Irmprrjlurr rana*1"injunum .

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 to

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 IJ.S./norlhweslern

Mexico - Baja/San Diego area

(desert biome).

#3 Southern tip of Florida (ever

green broadleaf forest biome).

#4 Great Lakes (temperate decidu

ous forest biome).

Remember that the most impor

tant skill in this activity is the ability

to locate the small map by matching
it to the North America map. and then

doing some research to learn about

the area. The take-home message is

that North America is divided into a

variety of biomes.

Ilore 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 Uriel for these areas may or may

not match this information.

tundra

temperate

deciduous

Forest

desert

evergreen

broadleaf

foresl

Longitude 100 w 85 W 112 W 81 W

Latitude 62 N 44 N 32 N 26 N

Avg. annual
precipitation

15 " 30" 10" GO"

Avg. annual
temp, range

-20 to 55

degrees F
10 to 80

degrees F
30 to 95

degrees F
50 to 82

degrees 1-'

8 • Part One • Lesson One
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PART ONE

Mission: Life on Earth

Lessotv One,: Biomes

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.

«a si Ohm1 Mission: Life on Earth

Lessen- One.: Biomes

Vihj are about to begin an exciting adven
ture ullti your teacher, luu Mil be [r.idlnc.
working with other students and complet
ing worksheets. There Is a glossary In the
bark of your workbook In case you want to
ssik up (he meaning of a word,

lou are a group of scientists ftrnn Planet
(your group should select the

name of the planet) traveling through
space. Vour mission Is to locate and study
life In other parts of the universe. .V*you
are tipping through the Milky Way galaxy,
the computerized scantier aboard your
spaceship briefly picks up some unusual
signals from an unknown source. After
decoding the signals, the computer prints
mil eight clues and a picture erfa myslrrl-
nus nb|rrt. Is II a life form?

STIII' KiLMHNC. and get (he plcuirc from
your teacher.

The only clue your spaceship computer
recognizes Is KARI'll. which your comput
er tells you Is the name or a planet In Ihr
Milky Way Galaxy. Your team of scientists
decides to explore the planet called forth
and to try to learn more about the mys
tery life form In the picture and the mean
ings of the other clues. You have no other
information about forth.

As you approach forth in
(he spaceship, you begin
to make observations.

$£ Slop reading and brgla [nr lint Fna Spar* ftarkalnft

Part One • Lesson One • 5
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VIEW FROM SPACE Worksheet
i i..'; -1 • _ -

rurrm mi: si hi \ci: r

i makr b> looUne at Uie pool"'

,Km HGmmmn mm.

n h-r hM .1 III llitr pNrtiicr>i;>h of thr llirth 1* 11 mMD MUk pb tofn I '•
twnne Uul ><>u irr fni-n .uWhrr ptjrvt awl h-i*

jkr t>yli«(liii( at 16h phnto1
no klto»lnt*i- jl.mt Unit. *ti

If >uu fu<l »o IpowVOJ* trf Earth, you »iKjld not br .ihl* tn u-fl that *oinr I
hy only looking at Utepftoto too rtmld. Iw»rtrr. make UV•tecntthn III
Miftacr of Uw Earth jporars lo be tiMird by oor type of tuteLuwr. lh> >>

"part of UK e>arfAffof UV planet Karth U rmrrr
me it a based on >otir amino* liKmledrr thai v

^^

llcxrtbc >iwf ofrw-nJf*«n« on IAr «»r* *»•*»»

Instructions for teachers

Students should now begin their
View From Space worksheet.

Teachers must provide a color satel

lite photo of the Earth tor this work

sheet. Try these resources:

• Most libraries have atlases with

satellite photos of Earth.

• Check the following Web site on
the Internet: <www.arcinc.com/

globe l.htmx

Teacher tips on the worksheet

This worksheet helps students

learn and practice their observational
skills as well as practice formulating
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
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Inference since the photo is licit. You
cannot tell that the Earth is a sphere

by looking only at the photo. You may

need to give students more examples.

You also may want to have students

read some of their observations to

the whole class, then have the class

discuss it each one is an observation

or an inference. The most important

observation (which leads to the next

activity) 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 finished

with the View From Space
Worksheet.

Suggested journal entry

Ilave the students look closely at the

picture of the mystery organism and
draw a picture of it in their journals.
Along with the drawing, have the stu

dents include three observations they

can make by looking at the picture.

MlKi: \ snil Ki: Hike a fcain.

>?->er\:»Uon or in Infrrriifr bawl «j

Extension idea

Another important observational

skill is to be able to make quick and

accurate observations when needed.

When studying animals, you may get

only a brief look before the animal

disappears from sight. You can help

students learn and practice this skill

in various ways. One way is lo Hud a

picture of an animal in a magazine or

book and show it to the students for

only a few seconds. Another way is to

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 not

observed?

Instructions for teachers

The students can now continue

reading the workbook text. For the

next activity, you will need to provide

the large black and while map of North
America as well as the four small

black and white maps (provided in
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Now that you have made your observa
tions from the spaceship, your learn of
scientists has decided to take a closer
look at Earth and continue the search for
meanings to the clues and the mystery
life form. After sending some probes to
Garth, some of the scientists discover
that the surface of KarthIs covered partly
by land and partly by water. You have

selected one of the large land areas lo
explore. You land the spaceship on Karth.

You have decided to divide Into four explo
ration teams. Kach learn will be assigned
to a different nrcu In make observations

and lo report Us observations to the rest
of the sclenllslH. Your teacher has a map
of Uie large exploration area.

<$$ Stop iraflng andlook Uthemap.

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)
to an area somewhere on the large
map of North America. If you need
help, there is a key in the teacher'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 to

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-
ic.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

tear leather h» • nup of the lartf Urui jom that >ihi .11
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(IIM Ml S%M l« Ihe annual amount of pirdplUUoo?

la kh.it form Ax* IN- pm-ipllaUon nmir?

tthal !• the temperature ran*r? maximum minimum

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

Lesson 1

The lour small maps come direct

ly from the larger map of North
America, though they may be a slight

ly different scale. Most arc easy to

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).

The Purple Loosestrife Project • Cooperator's Handbook

(Khrr intrrr»tiR£ lnft.rn
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ocean, Implcal forvM, tropical Kavaniu and inouutJiln*.

mm types oi areas
n art' called bK.m<

• (uuiki on Earth b

n ul the four biomes y

I END OFLESSON ONE.

#2 Southwestern ll.S./norUiwestern

Mexico - Baja/San Diego area

(desert biome).

#3 Southern tip of Florida (ever

green broadleaf forest biome).

#4 Great Lakes (temperate decidu

ous forest biome).

Remember that the most Impor

tant skill in Ibis activity is Ihe ability

to locate the small map by matching
it to the North America map. and then

doing some research to learn about

the area. The lake-home message is

that North America is divided into a

variety 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 match this information.

tundra

temperate
deciduous

forest

desert

evergreen

broadleaf

forest

Longitude 100 w 85 W 112 w 81 W

Latitude 62 N 44 N 32 N 26 N

Avg. annual

precipitation
15" 30" 10" 60"

Avg. annual
temp, range

-20 to 55

degrees F
10 to 80

degrees F
30 to 95

degrees F

50 to 82

degrees F

8 • Part One • Lesson One
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Average Annual Precipitation
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Teacher tips on the worksheet

Even though the stale boundaries

are nol shown on the North America

map. students will need to figure out

what slates are in or near their small

section to look up information. You

will need lo provide a road atlas or

other map showing the slate bound

aries for this task. After the work

sheet, there is a page with a key lo the
location of the five sections, most of

Ihe informalion asked for on Ihe work

sheet (in case you have a hard lime

finding the information), as well as an
example of a graph. After the four
teams have gathered the data on the

worksheets, they should share their

findingswith Ihe olher teams. Sharing
and reporting informalion is an impor

tant skill for scientists. Teachers can

decide the most appropriate way for
the students to share and display the

informalion. One suggestion is to

compile some of the information in a

graph. Agreat way to share this infor
mation is to draw a matrix on the

temp dec forest desert ever brlf forest

avg precip (inches)

chalkboard (if you arc unfamiliar with

a matrix, see the Familiar Organisms

worksheet in Lesson 2). Across the

top of the matrix, you can list the four

biomes. Along the side of 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 importantskill learned by com

pleting this worksheet is the prob

lem-solving process of identifying

where each small map is located on

the North America map and figuring
out how to go about finding informa

tion about that area. The process is

important: Ihe actual information they

find is secondary. In other words,

don't worry about finding all the infor

mation on the worksheet if it becomes

difficult or frustrating.

Suggested journal entry
Have students choose a biome and

describe what they think they would

see if they traveled through the biome.

Students should now be finished

with the A Closer Look

Worksheet.

Instructions for teachers

For students to complete the next
activity, 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

worksheet in Lesson 2. To continue,

students should read the following

information in the student workbooks.

Suggested journal entry
I lave each student select two bio

mes from the four they studied and

write how the biomes are similar

and/or different from each other.

Part One • Lesson One
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PART ONE

Mission: Life on Earth

Lesson, Two: Ecosystems

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 to 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.

Luton, 1Um>: Ecosystem*

Once you start looking closely ill a blomc.
>uu ntll find Uuil each blame Includes a
variety of different aims. Tor example. If
you were to explore Ihe ocean tilome. you
would find shorelines, dcep-wiiler areas
and coral reefs. In Ihr desert biome, you
might find sagebrush, open desert and
lush riverbeds. In Ihe temperate decidu
ous forest blame, you would find fores!*,
rivers, dimes, and a variety of wetlands
such as swamps, bogs and marshes. You
would also find different organisms In
eaeh of these amis. All of these areas an?

called ecosystems. An ecosystem Is a
group of Interacting organisms and the
physical or non-living factors that affect
them. Physical or non-living factors are
things such as water, air and soil. So,
within the ocean biome. there are a vari
ety of ecosystems. Including Ihe shoreline
ecosystem and the coral reef ecosystem.
In Ihe temperate deciduous forest biome.
ecosystems include forest, marsh, swamp,
lake, dune and river ecosystems. The
word "lemperale* means an area with a
moderate climate and distinct seasons.

The word deciduous means trees that lose

all their leaves In the fall.

WHAT IS AN ORGANISM?

lionet Kanh Is home lo a huge number of
hvtng things. Kach of tbrse living things Is
called an organism. It has been estimated
that there may be as many as 30 million
different kinds of organisms on Karth.
About I .5 million of these have been sci

entifically Identified. Tou are already

familiar with many organ-
Isms because they live In
the same area that you do.
These may Include maple
trees, grass, dandelions,
earthworms, daddy Ion-
glegs, bees. ant*, robins
and squirrels. Vim may be
familiar with other organ
isms as pets, such as
dogs, cats and fish. You
are familiar with many organisms because
they are things you may eat. such as
apples, oranges, mushrooms, carrots,
lettuce, peanuts, fish, chickens, cows and
pigs. Other orgaalsms you may haw never
seen but have rend about or seen pictures
or. such as palm trees, cacti, dolphins,
tigers, polar bears, sharks and flamingos.
Kach kind of organism Is known by scien
tists as a species. For Instance, there are
many kinds or species of maple trees.
Including sugar maple, silver maple and
red maple. In Michigan alone, there are
about 400 species of birds. Including
American robin, great blue heron and bald
eagle. You ure also an organism. You
belong lo the human species.

Have you ever wondered why some
spcrlcs are found only In certain arras on
Karth? Why aren't (here monkeys In the
trees around your school? Why aren't
there seals along Ihe Creat takes shore
lines? II you traveled to Arizona, would
Uie organisms be the same or different
from those In Ihe Great takes region?

Stop rrjdtat aad been Uie I'aaOUr OruakuM HsrtiiBMi.

Part One • Lesson Two • 11
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Tips for teachers on worksheet

Now ask students to begin the

Familiar Organisms worksheet. The

purpose of this worksheet is to get

students lo 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 throughout 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 caixis and place them in groups

according to categories that they

invent. 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

categories, so use your imagination.

After students have finished clas

sifying the organisms, ask the fol

lowing questions:

12 • Part One • Lesson Two
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• What, categories did you use to clas

sify the organisms?

• Were any of the organisms hard to

lit into your categories?

• How would you change your cate

gories so all Ihe organisms fit?

Students should now be finished with

the Familiar Organisms Worksheet.

Instructions for teachers

To continue the scientists from

space story line, students should read

the workbook text.

Student workbook information

Your team of scientists has suc

cessfully gathered information and

learned about biomes, ecosystems
and organisms on Karth. Although

nobody has located the mystery life

form yet. you decide that if is a type

of organism. You also have learned

that the clue "marsh" refers to a type
of ecosystem in a biome called the

temperate deciduous forest biome.

You feel that you are getting closer to

finding the mystery organism and you

decide to divide into two groups to

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 their

Comparing Fcosyslcms Worksheet.
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COMPARING ECOSYSTEMS Worksheet
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Tips for teachers on worksheet

The first task on the Comparing

Organisms worksheet is for students

to locate and draw the temperate
deciduous forest biome on the work

sheet map. You will need to supply
the biome map (supplied with the unit)
for students to complete this work

sheet. It will be important for stu

dents to observe that the temperate

deciduous forest biome is found in

several areas on Earth, includingparts
of North America. England, Europe
and Asia. This is a major underlying
factor that allows organisms from

these other regions lo live success

fully in North America. Purple looses

trife, which is native to Europe, is one
such example. Much of Part Two,

Invasion of Purple Loosestrife, will

build on this concept.
Before students begin page 2 of

the Comparing Organisms worksheet,

assign each student (or have them

choose) to either the forest or the

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 to provide some

resources for students to create the

list of forest or marsh organisms. The

best resources are probably field

guides and textbooks. The final task

for this worksheet is for students to

draw a picture of their ecosystem,
including the organisms they record

ed on the worksheet. This will get
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 together

on an ecosystem mural where all their

organisms would be included.

Students could add other things to

the mural as new topics are covered.

The students should now be finished

with the Comparing Ecosystems
Worksheet

Instructions for teachers

To finish Lesson 2, have the stu

dents read the remaining student

information in Lesson 2 and discuss

how many of the clues they have dis

covered ihe meaning of. Students

should have identified the mystery

organism by now. If not, you may want

to give them suggestions on figuring

it out.

Part One • Lesson Two • 13
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PART ONE

Mission: Life on Earth

Lesson, Three,: Community KeJMbKsklps
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 worksheet, 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.

Lesson, Three-: Community Relationships

You have leaned Ui.it the Karth is divided

Into (nooks and thai each bJamc baa a vari
ety of ecosystems. One other term you need
to know is 'community." A community Is
simply all lite Uvtng organisms In an ecosys
tem. The forest community includes all Ibe
plants and animals dial Ihe In the forest
ecosystem, such as trees, ferns, squirrels,
woodpeckers, forest Insects and hundreds
more organisms. The marsh community
includes all the plants and animals In the
marsh ecosystem such as muskrals. red-
winged blackbirds, drngmuues. snails, cat
tails, sedges and many more. All of the
organisms In a community depend on one
another for food, shelter, nesting sites and
other things.

It uas late tall, and a chipmunk was busy
pieparlng Rtr the long Muter ahead. The
chipmunk um gathering beech needs and
acorns and storing them Inlu underground
home beneath a huge maple lire.
Chipmunksdont hibernate, so they need
plenty or stored food to last through the Mu
ter. In Its search for seeds, the chipmunk had
found a moth cocoon, which It was eating
when II heard the warning call of a blue lay.
The chipmunk dropped the cocoon and
quickly hid Inan old woodpecker hole Ina
nearby tree. Momenta later, a hawk snooped
throughthe moods, grabbed the blue lay with
Its sharp talons and. alter a snort struggle,
new off tilth the dead blue lay. The chipmunk
might have been the hawks meal Instead of
the blue lay If It hadnXquickly escaped Into
the tree. Alter the hawk had gone. Ihe chip
munk gathered some of the blue lay feathers
that had been left behind and used them,
along with some grasses and deer hair It
found In the. noods. lo build a narni uoocr-
gmmd nest lo help It sunhv the winter.

In tlus short story. Ihe chipmunk
has Interactions with many other
members of the forest community.
Kach one of these Interactions Is

called a relationship. The chip
munk has a relationship with Ihe -
beech andoaktrees thatmake ^-,
Ihe beech seeds and scorns that

the chipmunk eats, it has a relation
ship with (he caterpillar lhal made the
cocoon that It was eating. The roots of the
large maple tree hold the soil together: this
allows the chipmunk to make uodergrouml
tunnels, so the chipmunk tuts a relationship
with the maple tree. The chipmunk has two
relationships with the blue. [ay. One Is bear
ing the blue Jaywarning call, which helped
the chipmunk escape from Ihe hawk, and
Ihe other Is using the blue lay feathers In lis
nest. The chipmunk also has a relationship
with the woodpecker that made the bole In
Ihe tree where ihe chipmunk hkt from the
bawfc.The chipmunk has relationships with
the grasses and the deer because Elused
parts of them to build Its nest The chip
munk also has relationships with non-thing
factors such as the air It breathes, the soil
that It walks on and burrows Into, and the
water It drinks. As you can see. the chip
munk depends on many other organisms nnd
non-living factors to survive This bi true for
all living organisms. Including humans.
Remember, a community Is all the organ
isms In un ecosystem, and an ecosystem Is a
group of interacting organisms and the non
living factors thai affect them. Now II Is your
Urn la find relationships. On the
Relationships Wnisheet Is another short
story about organisms. Carefully read Ihe
story and sec how many relationships you
can find.

Cnmptrlc Ibe KebUssalupa HfBtisaret.
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$g> Slop rradins END OFLESSON THREE.

Tips for teachers on the
Relationships Worksheet

This worksheet can be done by

each student individually or in small

groups wilh a sharing of results when

finished.

Suggested journal entry

Have Ihe students write their own

relationship story and list the rela

tionships they used.

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 arc

a lew relationships to get you start

ed.

• Think of all the things we use wood
lor (heat, houses, tools, etc.). These

arc relationships wc have with

trees.

• Everything wc; eat comes from an
organism. Kach food is a relation

ship.

• What about plants and animals we

use to make clothes?
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PART ONE

Mission: Life on Earth

Lesson Pour: Pood, Ckourvs

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 food chains).
The scientists from another planet 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
tery 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
this lesson by having the students
read the Student Workbook text.

Lesson,Four: Food Chains

By ntiw. your Icam of scientists has
learned the meaning of Die elite 'purple"
mill tiiivi' idcMMcd the mystery organism
us purple loasetiUife, n plant lliul lives In
lite marsh eoiwuutilly. You are now Inter
ested In learning more about the marsh
unit otlter comimmlUcs. There tire many
types of Interactions nml relationships
between organism* In earn community.
Although each community has a different
set of orgunlsms. sueh as the marsh com-
nmnlly and the forest rommuntty. nil com
munities have certain relationships In
common. We are going to leant more
about several special types of relation
ships Uial are found In every community.

Kvcry community has producers and con-

I'ruduccrs are plants that contain chloro
phyll line pigment In plants that makes
Ihem urrcn|. The amazing thlnjt about
these plants Is that they can make their
own lood The chlorophyll Imps energy
Imm sunlight, and along with carbon diox
ide from the air and water from the soli,

these plants make food through a process
called photosynthesis. Remember, produc
ers (green plants) arr the only tilings on
Karth that can make their own food.

Animals are never producers.

Consumers are animals, wltlch cannot

make their own food and depend on pro
ducers for food. There arc different types
of consumers. A herbivore Is a consumer

that eals only plants. A carnivore Is a con
sumer thai cuts only animals. An omni
vore eats both plants and animals. Are
you a herbivore, a carnivore or an omnl-

An example of a herbivore in
Ihe forest would be a red

squirrel, which cots seeds
and a herbivore In Uie marsh

would lie a muskrat. which

eats email roots. An example
ofa carnivore En the forest ^Z^v
would be a scarlet tanas-
er. which cats caterpillars, and a *
carnivore In a marsh would be a dragon
fly, which cats other insects. An example
of an omnivore In the forest would be a

litack-capped chickadee, wtilch cats both
insects and seeds, and an omnivore In the

marsh wmild be a painted turtle, which
cats both auualtc plants and small ani
mals such as snails and Insects.

When carnivores or outntvorcs capture
and kill other animals for food, they arc
called prrdatora. The animal that Is killed
and eaten Is called the prey. This Is called
a predatorvprey relationship. When carni
vores or omnlvorcs eat animals lhal are

already dead, tbey are called scavengers.

If you cat a hot dog on a bun. which of the
following terms wnutd apply to you?

Circle the words which would apply.

Producer

Onnhorc Carnhorr

i*rr> Soneager

Herbhorr

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

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 worksheet. 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 energy 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

so 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

Part One • Lesson Four • 17
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Kach lime one organism is eaten by
another organism, a relationship exists. A
food chain Is a special way of looking at
these relationships. Ut's look 81 a food
chain with three links.

CRAS.S •» fttOtlSK •» IIWK

This shows that the grass was eaten by
the mouse and the mouse was eaten by
the hawk. The hawk Is at the top of this
food chain, so It Is not eaten by anything.
Lets look at another example.

AIvGAK * K.W1I, •» iMTKR BKrTIi! •

Ml.WHW •» PERQI • I.AKK THOIT *»

IIDMA.M

We can look at each link In the food chain
and learn what II eats and what eats It.

For example, the minnow eaut the water
beetle and Is eaten by Ihe perch. You may
have noticed that the first link In a food

chain Is nhvays a producer, because

,ft. Stop reading ENDOFPARTONE.

producers arc the only organisms lhal
can make food. Remember, producers get
their energy from the sun. All the other
links arc consumers. The number of links
In a food chain depends on how many
consumers are Involved. Can you use
some of the new terms yon learned to
describe parts of the food chain? Which
organism In the above food chain Is a her
bivore? Which are carnivores? Are there
any predator-prey relationships? As you
can see. you can learn a lot about rela
tionships In n community by making and
looking at food chains.

All the scientists from Planet
have now returned to the spaceship wilh
Information on the forest ecosystem and
the marsh ecosystem (from Comparing
Ecosystems Worksheet In lesson «2|.
Vbur next task Is to take the Information
you gathered In the ecosystems and try to
understand more aboul how the organ
isms Interact with one another and about

some of the relationships within each
community.

•gt|> \eUiSotleFoodCijlnljrmcuMly

CorjiTatulaUoas1.Tour mission to explore
Earth has been very successful. The only
due that you may not have learned the
meaning of Is "INVWER." He will team
more aboul the meaning of this word In
the next section. You will now return U>

Planet and report your exciting
discoveries aboul 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
SUNcard. After placing the SUNcard,

the next card(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

18 • Part One • Lesson Four

only one kind of producer were pre

sent. What 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 put together. Not

all organisms are used in these exam

ples. You also do not have to 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

Wrap-up
It's time to wrap up Part I 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.

ground beetle

/
downy spider

woodpecker

/
aphid

t
walking stick

SUN' -t>- oak tree e- katydid garter snake

white-footed mouse moss red squirrel chipmunk

red-shouldered hawk white-tailed deer

Marsh Ecosystem Example

great blue heron

\
mosquito mian<m

mink malard -«*•

crayfish
\

duckweed

snail cattail

muskrat

mayfly

lady beetle

dragonfly

\
red-winged blackbird

purple loosestrife

\
leaf beetle
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PART TWO - INVASION OF PURPLE LOOSESTRIFE

Timing 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 root crown and plant,
see "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 section 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 Worksheet

LESSON 2: PRESS

CONFERENCE 29

You Are a Journalist Worksheet

LESSON 3: A TRIP ACROSS THE

OCEAN 33

Tree Time Line Worksheet

Purple Loosestrife Time Line
Activity

LESSON 4: CYCLES 35

Cycles Worksheet

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

PARTTWO: Field tests in several class

rooms indicate that, teachers should

expect Part Two to take 6 to 8 hours

of class time spread over about 4
weeks. This time does not include

extension or outdoor activities.

Abstracts and Michigan
teaching objectives

• Part Two, Lesson 1
Invasion Discovered

Michigan Curriculum Framework
References

Science: Standard 1.1

Constructing NewKnowledge, II.1
Reflecting on ScientificKnowledge

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

Method

Building on the investigation in
Part 1, students will explore the Idea
of exotic species and how they elTect
native species. This lesson is a ques

tioning strategy exercise (who, what,
where, when, and how).

Materials

Article and worksheet in the

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 to ask one of the

biologists who discovered the
aliens.

4. The class will decide on the five

questions that they would like to
explore.

Part Two • Lesson One • 21



• Part Two, Lesson 2
Press Conference

Michigan Curriculum Framework
References

Science: Standard 1.1

Constructing New Scientific

Knowledge. II. 1 Reflecting on

Scientific Knowledge, III.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.
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• Part Two, Lesson 3
A Trip Across The Ocean
Michigan Curriculum Framework

References

Science: Standard 1.1

Constructing New Scientific

Knowledge, II. 1 Reflecting On

Scientific Knowledge

Social Studies: Standard 1.1

Time and Chronology, 1.2
Comprehending the Past, II.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 looses

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 tree.

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.

• Part Two, Lesson 4
Cycles

Michigan Curriculum Framework
References

EngUsh: 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.

• Part Two, Lesson 5
Life Cycles

Michigan Curriculum Framework
References

Science: Standard 1.1

Constructing New Scientific
Knowledge, II. 1 Reflecting on
Scientific Knowledge, III.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.



Section Four • Teacher's Guide

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.

• Part Two. Lesson 6
Protecting Wetlands

Michigan Curriculum Framework

References

Science: Standard II.1 Reflecting

on Scientific Knowledge, III.5
Ecosystems

English: Standards 1,2,3 Meaning
and Communication

Method

This last lesson in Part II brings
together information learned in Part I

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

• The Great Lakes region is not 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.

• 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 throughout the
Great Lakes region and is having a

negative impact on many native

plants and animals.

• Native wetlands are disappearing

because ofa varietyofhuman-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

Ifyou 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 temperate

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 to 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.
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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 eastern

chipmunk from the temperate decid

uous forest biome to the tropical rain

forest biome, they also could not sur

vive because they are not 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

ifwe moved a plant or animal from the

European temperate deciduous forest
biome to the temperate deciduous

forest biome in the Great Lakes

region? Many plants and animals,
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 exotr

ic plants and animals.

There are many examples of exot

ic plants and animals in the Great
Lakes region that came momthe 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 - were not brought to
North America, some species grew

out of control.

Let's take a look at one exotic plant

species called purple loosestrife.
Purple loosestrife is a native wetland
plant in Europe. This means that

Europe is the location where purple
loosestrife 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 Great
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.

Howdid purple loosestrife get from

the Atlantic 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 created 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 to see, with a connection to Lake

Erie, how purple loosestrife arrived in

the Great Lakes region. By 1900, pur
ple loosestrife 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 fromgrowingout
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 Great Lakes wetland,

where it has no natural enemies, It

quicklygrows 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

grow 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 to a clump of leaves during the
first year. The food made by these
leaves is stored in the root, which is

the 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 food, nesting sites,
nesting materials and cover for the
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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 wetr

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 to

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

manymore are destroyed each year by
development. Because of these threats,
Great Lakes wetlands are disappearing

at an alarming rate (see studentwork
book information for details).

Youare now ready to begin this sec

tion with students.
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PART TWO

Invasion of Purple Loosestrife

Lesson, Otte,: trwnsioK, "Discovered

Instructions for teachers

Part Two includes a variety of worksheets and

activities leading up to the life cycle of purple

loosestrife and its impact on wetlands. Part 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.

Part 'B\vo Invasion of Purple Loosestrife

Lesson,One-.-Invasion, Discovered-

TObegin, read the following newspaper article.

Aliens Invade the Midwest
Anytown, USA

Biologists have discov
ered that millions 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 seen the

aliens also have discov

ered that large numbers
of aliens, some of them
7 feet tall, arc living in

marshes and swamps,
along shorelines and in
other wetland areas.

Although the aliens
appear to be harmless,
theirnumbers are grow
ing out of control. In
some wetlands, the

aliens have killed many
native plants and have
forced many of the
native animals to leave.

What can be done to

slop this invasion?

Stop tVMttag And cunpicte ihr IflvBtian ABrm Worlitbrct.

LMWnOntaZB
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»
INVADING ALIENS Worksheet

Alter rt-Jdins Uie •mptpef Jrtlik "Allen* Invade Uir MldwrM" In yuir -tuuVnl HQft-
buni_yuu maybe lnterr*lnl In fliutlng mil rjiirr about dUttimtdal

Mmand Ibe other MurjenL-. »lll brrume nn**(-.ifr re.-iiirrv V*reporters, yuu mil Dad
out more about Uir ImixJtn h> »;ui--lK-mnc onr of Uie hMocbU *ho dWmrml ibe
Kim.

Thtal of (hr qorsumw >«j mould Hie to a-l U»r Molocia -i»d utile Ihrw qoesUoos In Uie
Rani* on Dim mwtsfceet id-ml »orr> jU«t ihe IMMBia rtehl0o»»

Antwen

AaMm

I.IM.OA.

w

Aiumrrs

$$ Slop rradtat END OFLESSON ONE.

lwcO*i»

Teacher tips on the Invading
Aliens Worksheet

This is designed as a questioning

strategy exercise (who. what, where,

when, why and how). Alter students

have read the article, divide; the class

into several small groups. Have each

group complete one worksheet. Much
group of students will then work

together to decide on live questions

they would like to ask one of the biol

ogists who discovered the invasion. At
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this point, students are not expected

to know the meaning of the word

"invasion" as it applies to exotic

organisms. Alter students decide on

their five questions, 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

to in the future). What do the stu

dents think is the most important

information lo gel from Ihe 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 to their questions as they

complete the following lessons. In

the next lesson, students will be asked

to revisit this worksheet and to write

answers to their questions.
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PART TWO

Invasion of Purple Loosestrife

Lesson, Two: Press Conference,

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.

Lesson, TUm - Press CtrtftreHCt,

The newspaper article "Alton* Invade the
Midwest" has caused much concern .ind

raised many questions. Tb answer these
questions, a press conference has been
scheduled between a croup of reporters
nnd one of the blotoftlKts who discovered
the Invasion. You and tite other students

are the reporters. A written copy of the
questions you will be asking the biologist
tn the press conference Is below. Ustcn
closely to each question and answer.
There Is space after each question for you
Ui take note*. You will use your notes to
wrllr an artlclr about the Invastmi.

01 KSTIOrXS ASKKI> BY KKI*OKTKKS
(trad questions In order nUrrt)

Have you seen the aliens?

This sounds scary! IK> Me J$g
have towony about brln« -^gK-
attacked? Jgft

•^•r^

Where are these aliens from?

Prom Karth! 1 thought aliens wrir like tit
tle green men from Maw

What do they look tike?

What docs "native" mean?

Htm l>ffi«rv they?

UM*T«,ai7

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 fromthe press
conference. As each question is asked

by a reporter and answered by the
biologist, all students should take

notes on all the responses. There is

space after each question in the stu

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.

Questions asked by reporters (read

1. Have you seen the aliens?

Biologist: Yes.

2. What do they look like?

Biologist: They are purple and
green.

3. How big are they?

Biologist: Theycan be as small as
the point ofa pencil or 8 feet tall.

4. This sounds scary! Do we have to
worry about being attacked?

Biologist: No. These aliens move
very slowly and are not a threat

questions in ordergiven)

unless you are a plant or animal
that lives in wetlands.

5. Where are these aliens from?

Biologist: The aliens are from
Earth.

6. From Earth! I 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
thatare living in areas where they
are not native.
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Howcan a planl or animal become mi
alien?

Yousaidthai tlicMidwestis being invaded
by aliens. What do you mean by "being
invaded"?

So. how can an ulicn organism survive?

Youhave given different meanings to the
words "native," "alien" and "invader" Arc
then!anyOtherwordswe needto knowlo
understandwhat is goingOH willt(hisalien

Can you give trie wme examples of real
aliens?

So. what arc these 7 foot-tall, purple and
green organisms lli.it are invading ihe
Midwest?

Docsit havesomethinglo do wilhbiomes?

Yousaid that most alien organisms in North
Americaare nativelo Europe,Howdid these
plants and animals get acioss Uie Atlantie
Ocean to North America?

<^> Slup reading ami eellUtmettHU from the

MBiMWifto

YOU ARE A JOURNALIST Worksheet

A ImjniullM Is J prrsun \>hu E.illuo llitiiiiiinllnn nail itsrs Ihr lalorinalHin 1" vm11.-.im-
rlrs. sw h as ABMpBpefBadBMptUM BrtlCUB or TVnen rrimlls limine Ihr |irm» rnn-
fcrrnir, >s>uSJUtrml liilormalkia on .in .illrn liiv.islnn Vim mift Vn-m lhal Ihr r»iillc
Inv.itlrr Is .1 |>lai>lr.illnl purplr h-jsrstiifc Nov* II Is lime In nm.itil/r sour nolrs anil In
wittr .1 nr\v-|>.i|s r arlidr isi ll.r hivjskm llrtln war ankle Ik'Iiiw If >'ju nrcr] morr

nmm. ronuni anolhrr pine ot |>j[ht.

Srr ymr Irarhrr f.n liivltni lions lirhnv hmlnnlns Ihr arlirlr.

UmtlMaM

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 its
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
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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. Thesaguaro 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
possible, since the cactus is stillin
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. Tiiere aremany 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

mon apple trees, Queen Anne's
lace and corn. Most alien organ
isms in North America are native

to Europe. Do you know why?

11. 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. Ifan organism
travels from the temperatedecid
uous forest of Europeto the tem
perate deciduous forest of North
America, it may be able to survive
because the areas are verysimilar.

12. You said thai most alien organ

isms in North America are

native lo Europe. How did these

plants and animals gel across

the Atlantic Ocean to North

America?
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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. Manyalien
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.

13. You said that the Midwest is

being invaded by aliens. What

do you mean by "being invaded"?

Biologist: The word "invasion" is
another word that has multiple
meanings.Biologistsuse 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 starling.

14. You have given different mean

ings to 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
wordyou should know. The word
is "exotic". To a biologist, "exotic"
means exactlythe same as "alien".
So, a house mouse is an exotic or

alien animal and corn is an exotic

or alienplant Biologistsprefer to
use the word "exotic" instead of

"alien", so from now on we will

use the word "exotic".

15. 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 worksheet from

Lesson 1. After each question they

wrote 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 writing
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

get 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 Worksheet.

Teacher tips on the You are a
Journalist Worksheet

This worksheet is a writing exer

cise in which students use their press

conference notes and questions/

answers from the Invading Aliens
worksheet to write a newspaper arti

cle. Writing skills are taught in many
ways, so you will need to discuss the

format and methods used in your

classroom with the students before

they begin. Ifyou are not a classroom
teacher, here is one way you could

have your students organize their

notes and information:

• List the major points they think arc

important—who, what, where,

when, why, how.

• Place these major points in an order

that makes sense for an article.

• Use this outline to write the article.

You may want to limit the length of the

article bygiving 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

dents 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 include

what they liked and/or disliked about

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 Ol\ 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
you will be teaching American history (or other history topics), the work
sheet and activity in Lesson 3 will help students understand the invasion
ofpurple loosestrife in the context ofyour 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 tke OceoM,
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, ifyou 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

separate years).

Lesson, Three- - ATrip-Across the- Ocean,
l*urple loosestrife was brought Irom
Europe lo (lie Atlantic coast of North
America In the early 1800s. liecausc pur
ple loosestrife Is a wetland plant. It crew
near the seaports In Europe where ships
would come and go. Some ships would
load sand or water from these seaport
areas to add weight. This extra weight,
called ballast, helped the ships sail better.
Since purple loosestrife grew In these
seaport areas, the sand and water some
times contained tiny purple loosestrife
seeds. When Ihe ships arrived In North
America, they would dump Ihe sand and
water ballast and any purple loosestrife
seeds that It contained. These seeds could

then grow In their 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 18,10. Many people planted It
In their gardens because of Its pretty pur
ple (lowers.

How did purple looscslrire
get from Ihe Atlantic coast
of North America to the

Great Lakes region? You
have to remember that In

the early IfiOOs. then; was
no easy way for people to
trawl Inland from the

Atlantic Ocean. People
didn't have cars or airplanes. Their main
transportation was by non-motnrized
boats and barges, so they began building
canals. A canal is like river but II Is made

by people. By IH40. there were more than
3.000 miles of canals connecting the
Atlantic Ocean and inland areas. The most

famous canal was the Erie Canal, which

connected Lake Eric with the Hudson

River. Boats and barges traveling the
canals were used to transport people,
farm animals, lumber, coal, grain and
other materials needed to make new set

tlements In the Midwest. They also provid
ed purple loosestrife seeds an easy way to
spread, and by 1900. purple loosestrife
had spread to many wetlands In the Great
Lakes region and beyond.

fy%> Stop mtiltnjc andcumpkh* Uie TrrrTime IJnrWorLnhrrl.

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 worksheet 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 to 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 pieces 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

room (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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Here are some ideas to get you

starled:

• The years various presidents were

born or died.

• The birthdates of other famous

people.

• The birthdates of grandparents.

• The year the school was built.

• The years various things were

invented (cars, color TV, etc.).

After the list is made, have the

students write Ihese events on the

tree lime line in the appropriate loca
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tions. Now it's time to think about the

invasion of purple loosestrife. Have

the students make a list of Ihe dates

mentioned in the student workbook

informalion they read at Ihe begin

ning of Lesson 3 and place these pur

ple loosestrife-related events on the

lime line. You may want lo highlight,

the purple loosestrife dates so they

are more noticeable than other dales.

When finished, discuss other histor

ical events that were happening at
approximalely the same lime as Ihe

purple loosestrife-related events.

Extension idea

Find out what olher exotic organ

isms are in the Great Lakes region,

including where they came from and

how they got here.

Suggested journal entry

Choose an exotic organism in the

Great Lakes region (other than pur

ple loosestrife) and write a short

report aboul it. Include where it is

native;, how and when il got here, and

what problems it is causing (if any).

Gould the invasion of the exotic organ

ism have been prevented? How?
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PART TWO

Invasion of Purple Loosestrife

Lessofv Four: Cycles
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LESSON #4: CYCLES

CYCLES Worksheet
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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, Youwill need to supply dinner-

size paper plates for this worksheet.

Tips for teachers on the Cycles
Worksheet

• The day of 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.

• Does the cycle have a beginning or

an end? Although students may

think that the cycle starts on their

birthday (since we asked them lo

start there) or on January 1. il is

important for them to realize that

you can start a cycle at any point

and when you return lo the starling

point, one cycle (or one year, in

this case) will have passed. For

example, the Chinese calendar

starts at a different time of year

than ours. The reason for using

paper plates is so that students,

when finished, can compare their

cycles wilh oilier students' by turn

ing the plates so the dates match.

What 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 of events.

The main difference is that the time

line is linear and the events will

never repeat themselves. The time

line will never go back to the year

1800 and start over. A cycle does,

however, repeal itself.

• A daily cycle can easily be made by

using the hours of a day instead of

months of the year. Students 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.

I lave the students save their paper

plate cycles lo use in another activi

ty 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 take more time than the other lessons. Students

will learn 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 Cooperator's Handbook. If
your plant is not showing any signs of growth two weeks
after planting the root crown, see cooperator's handbook.
Section Two.

Lesson, Five- • Life- Cycles
A <>.!"• Ik ii special way at looking lit infor- All nimvrlnc plants have
million. One type of cycle is called n lire
cycle. Ufc cycles are used to ttlww Uir
sluKt't*"I mi organisms Ute. In this lesson,
we will Icwi] more hIkiuI Uir Me cyrlrs of
points. Siime planl* turn* llnwcrs (even
Uioitfili (tie [lower* may tie ttiin) lo we).
iintl sonic plimlK. such us mmscs into lems
never have flowers. We will he Iramlng
.iIbiiiI the life ryrlrH ol flowerlnii plants.

rvcnil slagr* In IJielr llie
eyrie. The main Mages are
roots, stems, leaves, (low

ers anil need*. These

singes run lie arraic.nl as
shown Mow. lite arrows

show Uir din'cilon of thr

cycle.

r" %
«t:iw kiwis wo

V J
l-fts think about thr tile cyrle at .1 flower*
lug plant >«u are already familiar with: a
corn plant. Have >ou ever eaten mm on
the cob? Kach of thr little yrltow kernels of
corn >ihieal is actually a ami need If >wi
bought corn seeds and planted 11wed [11
the twill, the wed would first make a small

root. This root would attach the plant to
the will, take water In cm [he soil and Mewl

the water to all parts of the plan). Next.
the tln>'corn plant unuld ktow u stem and
leave*. The mots, iilrra. and lea\rs would

continue to grow and. after cnmtiix for two
to three months, the corn plant would
make tiny flown. These flower* would
then develop (nlo elustcn of needs (which
we rati com on the art)) So. the life staccs
i>? corn plant* are seeds, mots. Ktetn and
leave*. (Viwrnt. then bark to seed* ocaln.
Thfc Is Ihe life ode of a corn plant.

Karh com plant Ihes less than one year
and pie* through Its entire lire cycle tn that
time. This kind of plant Is called an annual
plant. Some flowering plants, such as car*
rtrt plants, take two yean to complete their
life cycle to they air called biennial (two-
>cur| plants. Many flowrririA plants, such
as trees, live for many year* and are called
perennial plants Rvcry kind of plant lias a
life eycl*'

Now that >ihj know a tltlte about life c>cles
of (Vmertni: plants, lets learn more ubuul
purple loosestrife and Its life c>cle. The
drawings on the next two pases Khe tnfor-
matlon on (he stages In the life cycle of
purple IcMtseHtrlfe. l-uok at the drawtn&t as
you learn about ((xwestrlfr^ ttfe stage*-

Extension idea

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.

3. 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
leaves - late May through mid-

July.

• 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

furpte loosestrife (s a perennial plant.
This means that one plant can tlve for
many years. The life cycle below show*

a purple loosestrife plant during the first
two years of lis llfr.

LIFE CYCLE OF PURPLE LOOSESTRIFE

The drawing* on this pafie show the parts
of an older purple loosestrife plant In
more detail.

The plant eo*t btccrr durtit* thr
ssnaer and enms Renter* in Uie
l3te«prt&it

la the next spcts*. the ptact a»r» U* food
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A mature ttv+n mwned (ran thr soil

-^> SUv reading and tibc-iuts thettfe cycle ofpurple toouxtnte «1U> your leartKT.

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-to-8 week period. This

should be continued after the bee
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tles are released on the plant to show

the effect of the beetles on the plant.

This activity is highly recommended.

Grow other plants

Buy a couple small plants or plant

several types of seeds and have stu

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 cut 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 the 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 fragile 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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Sou Its time to take a closer look at the

life stages of purple loosestrife. \Ve will
learn more aboul the roots, stems, leave*.
Rowers and seeds of purple bmscsuifc
and of other flowering plants you may be
familiar wtih. One very Important thing to
remember Is that all the life stages of any
plant have one main purpose: to help the
plant survive. The first stage we will learn
about Is moot.

Hants with a taproot system have one big
root that rocs deep down In the soil.
Smaller roots grow out the sides of this
big mol. Have you ever eaten a carrot?
The orange part of a carrot, the pari we
eat. Is a taproot, and wr tire eating food
that the carrot plant has stored In this tap
root If the carrot taproot was left In the
ground. It would use that food lo grow
stems, leaves, flowers and seeds, (hie car

rot plant Likes two years to complete Its
life cycle, so carrots ate called biennials.

hunts with a fibrous mot system have
muny roots of various sixes from large
main roots to very small roots, lite roots
are like the branches In a tree • smaller

roots branch off of larger mots fibrous
roots go In many direction* in the soil.
The tomato plant Is an example of a plant
with a fibrous root system.

Some plants, such as walnut trees, have
both a taproot and fibrous moot.

- Roots attach the plant to the soil mi II
will stay In one place and not be blown
away by the wind or washed away by
rain.

• Roots lake In water and minerals from

toe soil that are used by the stems,
leaves, flowers and seeds of the plant.

• Kor plants that Ihr more than one year
(biennials and perennials), roots store
food that the plant uses later to grow
stents, leaves, flowcra uttd seeds.

What do roots look tike?

1-ook at a plant's roots. All the roots of
one plant form its "root system." Every
kind of plant has a silently different root
system. Two common types of root sys
tems are taproots and fibrous roots.

Una of all. purple loosestrife plants are
perennial plants, like trees • they can live
for many years. In purple hsjscHlrtfe.
however, Ihe stems and leaves die every
rail but the roots remain alive through the
winter. So the mots arc very Important for
purple loosestrife to survive. I*itrple
loosestrife has a npccuil kind of root sys
tem called a root crown Instead of grow
ing |ust one stem, many stems can grow
from one root crown. 1.00k at the life cycle
of purple loosestrife drawings to see whal
the root system looks like.

Although a plant make* roots to help
It suntie. many organisms (Including
humans) have learned lo use roots In
a variety of «ujs. Some of these
Include:

• People like lo eat the roots of some
plants such as carrots, sweet potatoes.
radishes and beets These roots arc

actually food stored by the plant to use
later.

• Much of the sugar wr eal also comes
from a root: the sugar beet.

• Some animals eal roots.

.)it> Now cornpktr Uir KoctsHortsfcert.

* Some animals, such as certain insects.
will burrow Into the soil and live on

roots.

l-lxamplcs of Insects [bat live on mots
are mot maggots (files) and corn root
worm (beetle).

• Roots also help hold the soli together
and so make It easier for burrowing
animals such as chipmunks to make
underground burrows

Atl of these are examples of relationships
lhal organisms have with plant mots.

Instructions for teachers

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 to take a closer

look at each of the life stages of pur

ple loosestrife - roots, stems, leaves,

{lowers and seeds. The information for

each life stage includes how each
stage helps plants survive, what each

stage looks like, what this stage in

the life cycle of purple loosestrife

looks like, and relationships that other

plants and animals (including

humans) have with the stage.

Continue by having students read in
their student workbooks.
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ROOTS Worksheet
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Tips for teachers on Roots
Worksheet

The Roots worksheet will help stu

dents understand more about ihe pur
ple loosestrife root crown. The

students drawings of the carrot and
tomato root systems will vary, but

they should look something like the

drawings below.

Extension idea

Buy one or two small polled plants

from your local nursery (you can buy

houseplanls in the winter) and have

students wash the soil away from the

roots lo see the root systems. The
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easiest way to do this without dam

aging the rooks is lo remove Ihe plant

from the pot and submerge Ihe root

ball into a container of water. The

soil should rinse away, exposing the

roots (you may have to dunk il a few

limes). Dispose of the muddy water in

a proper and safe location.

Extension idea

Buy a carrot from the grocery

store (one that is whole and not

peeled). Plant the carrot in a pot so

only ihe very top of the carrot (where
Ihe leaves were attached) is above

the soil. If the carrot is too long for the

pot, you can cut off pari of the bottom.

Water the carrot and see what hap

pens. The carrot is a taproot where

food made by the leaves during its

first year ofgrowth is stored. The car
rot should use this food to grow new

leaves. This is a great example of a

biennial plant.

Instructions for teachers

This lesson continues with infor

mation and a worksheet on stems

and leaves. Students can continue by

reading the stems and leaves infor
malion in their student workbooks.
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Stems form a strong frame to support
Uie above-ground part of the plant.
Including leaves, Rowers and seeds.

' Stems carry water and minerals from
the roots lo Uir leaves, (lowers and
seeds.

tVbat do stems look tike?

Stems come In many sizes, shapes and
cuter*. A targe oak tree, for Instance, has
a large stem line trunk), uhlch supports
smaller stems (brunches), which support
even smaller stems (twigs), tf you look at
cross-sections ol stems, some are round,
some arc square and some are like a tri
angle. Some stems are botlow. while oth
ers are solid. Some stems arc bard and
SLUT: others arc soft and flexible. Some
stems even tune thorns, which may pro
tect the plant from being eaten by animals.

Plant leaves can be arranged along the
stem In many ways. iMik al the two
drawings below. The drawing on the left
shows a planl with leaves without leaf
stems. Il ulso shows leaves thai arc grow
ing opposite each other. "Opposite*
means the leaves arr growing In pairs
and each leaf has another leaf growing
directly across from II on the stem.

l*urplc loosestrife leaves arc green and
rovrrcd with very smalt hairs. One tall
purple loosestrife stem will have about
50 leaves, and each leaf Is about 4 Inches
long and only about 1/2 Inch wide. The
leaves do not have leaf stems. Purple
loosestrife leaves ran be found growing
along the stem In several nays, look al
the drawings of purple loosestrife stems

In Ibe spring, the root crown of purple
loosestrife will begin to grow new stents.
These stems can grow to be seven feet
tall by the end of summer, and each main
stem will have many smaller side stems,
leaves, flowrr* and seeds. The main

stems of purple loosestrife are aboul 1/2
Inch wide and square In cross-section.
Because these stems grow bom a root
crown, the stems are clustered together.

Though plants make stents to help thrm
survive, many organisms have learned lo
use stems In a variety of ways. Here are
lust a few

<asparagus

• Some animals, especially Inserts, will
live Inside stems. Kxamplrs or such
Insects Include the Kuropcnn corn borer
(molh) and the pine weevil (beetle).

• Some birds (such as the cardinal) will
use stems In nest building. Small sterns
arr used to build the nest and many
nests arr attached to larger sierra

• Some animals use hollow cavtUcs In

targe stems (tree trunks) for nests or
shelter (woodpeckers, squirrels, owls,
raccoons, porcupines).

• People have many things made from
wood, such us houses, rurnlltur and
toys. All wood comes rrom stems.

All of these arc rrlatlonshlps that organ
isms have with stems of plants.

Ttw)Pvrpm la ainCiiH EiBtltf » Ct>d»tntmf M

The drawing on the right has leaves wilh
leaf sterns. This drawing also nanus
Iraws that arc not growing opposite each
othrr. They are not growing in pairs. This
Is called an alternate leaf arrangement.
Can you see the difference?

and leaves below. The drawing on the lelt
Nhows leaves thai are growing opposite
each other In pairs. The center drawing
shows leaves growing In whorls of Hirer.
The drawing on the right shows a purple
loosestrife stem that has some leave*

growing opposite and some growing alter
nate. !>ookal your purple loosestrife
planl and see how the leaves are
arranged.

•

When )»u studied food chains. >ou
learned lhal the leaves of plants can
make their own food. These plants arr
called producers. Producers hove a grren
pigment called chlorophyll, which traps
the energy from sunlight, and uses U
along with carbon dioxide from the air
and water from the soil, to make food.

Ttits Is called photosvuthests. This
remarkable food-making process that alt
other thing organisms depend on for their
food, mostly happens tn leaves of plants.
So. leaves help a flowering plant survtvr
by trapping sunlight and making food
through photosynthesis. Kach leaf Is like a
small food factor)-. This food travels
Ihrough the slems of the planl to make
morr leaves, flowers, seeds and roots.
Some plants store this food In the roots
during the winter.

What do teatr* look tike?

Every kind of planl has a different kind of
leaf. There arr many thousands of kinds of
(lowering plants on Karth. so there Is a
huge variety of leaves, leaves vary In
size, shape, thickness and color. Some
leaves are smooth. wtUlc others are cov

ered by wool, hairs or wax. You are proba
bly familiar w-tlh many leaves, such as
maple and onk leaves. Did you know that
cactus spines and pine needles arr also
leaves?

Uo back to the drawing of purple loose-
strife on page 39 and look carefully at the
leaves. On the lines below, describe the

purple loosestrife leaves In as much detail
as you ran. Include size and shape and
how the leaves arr attached lo Ibe stem.

<££> Aflrryouarrflflktwrf drsmUnt tar pc.rpfe k*mei*rtte tejnr*. roatlcae iradtac

Plants make leaves to help Ihcm survive,
but many organisms have learned to use
leaves In a variety of ways. You have
already learned how other organisms use
roots and slems. ilan you list three rela
tionships thai organisms have with
leaves?

Many animals eal leaves. In fact, there
are leaf eaters In most groups of ani
mals. There are many mammals (deer,
elephants, giraffes, mice, woodchucis,
rabbits), some birds (grouse, geese)
and reptiles (turtles). A huge number of
EnReels eal leaves. Some chew Ihe

leaves (leaf beetles, moth and butterfly

caterpillars), while others suck the
[ulres from leaves (planl bugs, aphlds).

• People also eal leaves such as spinach.
lettuce and cabbage.

• Some Insects live Inside leaves. They
either burrow Inside the leaf, like the
birch leaf miner (a moth), or some will
curl the leaf around them, like the
apple leafrollcr (a moth).

1 Many animals • such as squirrels, chip
munks, votes and many birds * will use
leaves l» build nests.

1 Leaves provide shade and shrttcr that
some animals and plants need.

1 Dead leaves add humus to the soil,
making It more fertile for new plants lo
grow.

All of these arc relationships that organ-
Isms have with leaves of plants.

<£$> Stop ira-finc andOMtpklr UVr Stem am* UatN K«rt**f*t.
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STEMS AND LEAVES Worksheet

Ina ihr* • • Infirlhrr lo hrlji pbaU v

Leatta am Jtsal flMOrtai Usatca caaauftaAotftwraaMor'tiwireea MtafftolMna
raWo! i hlt>t>i>h\tl ih make t.xxl. Ie;nen .?/.«»nn-il i*.iter. iaiI-.h <U«\Mr .1/1,1rnngi
PUuH *rf «.-rr/- adbi rato, ufthft soota toco ibflaofl Md *<«Aw Bp'" noto rue nter
Jr.urN thtimiih Ihr nurf* .wi*flain rhr -Irdis.««/ ,V.jkn L\irt*m illmhle in ,m Itntsllile pas
fount! In Ihr air anwiitl Ihe plant llie laws uir i.iiIhui ihVnMi' fnau Iftr *iir mio Ihr leal
Ihnnixh lln\ holey in Ihe lf.il -tirt.it r the le.i\es j.vi riinyv liiin stiulixhl

JhlsIt.Ml is m-nle inside Ihr k.if.mtl is sent I" rther pans iJUie plant llmiuth Ihe stems
tt-*th u.snlt>\IhepUiil In jyim " Ihr sametimeIhesr tejtrs jte nulMf IbfKf"" I
a/.vi in..ir o»>*vn Ihe mum '«• *rW Inr.. Ihr ji'r thn>U£h fades In thr lr,.\'^

Ihr dr.i*> in* on Uir n*-\l ,.i;v •

I»o lM»n« ul J imrplr loi«<r*Utfr pliM
ami uv II Ui flnni. thr i!r,i»inj; I *r .in
•)•• tblu* Ibr pUtti mm and aukr*.
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J(.t(iiK> infurnulJon

c 2 of wortshrri

Tips for teachers on Stems and
Leaves Worksheet

This worksheet will show students

how Ihe stems, leaves and roots of a

plant work together to help a plant

survive. Students read a story and

use the information lo complete a

drawing of a close-up of a purple

loosestrife root, stem and leaves.

Included is a finished drawing as a

model. You may want lo make an over

head of this drawing lo help students

get started. Students may want lo use

colored pencils or crayons to show

the movement of Ihe water, food, etc.

Students are also introduced to pho

tosynthesis. After students compiele

the worksheet, it may be helpful to

review ihe process by making a draw
ing on the chalkboard or on a poster

with the whole class.

Instructions for teachers

The next section and worksheet

in this lesson cover Bowers. Students

can continue by reading the flower

information in Iheir student work

books.
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G
Hov «io Rowers help ii1..hIh Burette

Plants make flowers lor one reason i
make seeds Hut he loir a IIow<

a seed, something has lo happen 10lhal
nower. Pollen, which is made by Mowers.
usually must It transported from ilir
(lower of one planl to Ihr (lower of anoth
er planl liefore a seed can Ix- made. This
Is called pollination Pollen, however. <an
not move h>Itself. Dan you gKM how
pollen moves (nun OOCMower to another''

Vour t.uexs

i nuki

I I nun i *flov r lot otli.'i

One way pollen move* lltun one Mower lo
another Is by floating in (he wind
Flowering plants (hat depend on Uie wind
for pollination an- colled wtnd-polllnuted
plants. The pollen made t>v lite flowers of
Wind-pollIllOtCd plains Is ver> small and
light weight so ii can easily float in ihe
wind Pollen ran travel lor miles In the
wind There Is so nun ti pollen In the air
lh.it a few ofihepollen grains will likel*
failon o (lowerof another planl *<> seeds
can develop. Fins is how com flower*.
evergreen ln-cs and main oilier plants .in
pollinalrd. If Ihr pollen from a com flower
landed on Ihe flower id an evergreen Irrr.
no .seed would !»• made II has in lx* Ihr

pollen fnun Uie exact s.ime kind ot planl
for a seed t« develop. So. to m.ike mm
seeds, pollen (rum one nirn plant must
land on Ibe flower of anothrr corn planl
Most ol the pollen In Ihe air WVW falls on

Plants make Mowers to help Ibem survive.
but many organisms have learned lo use
Mowers In a varlely of ways Men- an- |ust
a few;

• Some animals, including some mam
mals and some Insects sot ti as tfarlpa
ral Mnwrrs

Some small animals the Inside of

Ship rvaillnji ami nnnpl.tr il
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another flower, n hist lands
and docs not help make ids

Do von or any olher students In vour class
have allergies or hay fever'.'Manypeople
are allergic in pollen During certain
limesofthe year,manykindsof pollen
may be In the air at ihe same lime. All of
USbreathe In pollen, but only some of us
0TC allergic lo M.

Ihe olher way lhal flowering plants ore
pollinated Is h> animals called polllna-
lon*. Pollinators are mostly Insn is (esp.-
i tally liees. butterflies, mollis, files and
beetles). but thrrv art* also some birds
{hummingbirds) and some bats thai poll!-
n.de flowers Rowers from Ihrsc kinds of

plants are often easy lo see. colorful, fra
grant and .nun- in a huge variety of
shapes and si/rs. These flowers look and
smell Ihe way ihry do for only onr rea
son: i» attract pollinators so the (lowers
can make seeds. I.cis use a butterfly as
an example. Manybutterflies feed on nec
tar, (a Ivpe ol sugar water! made by ami
found Inside nuwers Before the butter n>
can get the rrecua u mmi find the

(lower. Plants make flowers lhal arc big.
colorful and fragrant SO It Is easy for Ihe
butterflyi» findthem.Oncethe buuerfty
finds the flower, it gets its reward a drop
of sweet nectar. Althoughibe butterfly
doesn'l know II. It also picks op some
pollen from that flower. Pollen from this
kind of plant Is usually slkkv so II will
slid 10 Ibe bodies of pollinators After
Ibe butterfly eals Ibe nectar from one
flower, it files to another flower for more

nectar and the pollen, lhal Is stock to the
butterfly gcLs moved from one Power 10

another. Ihe flowers an- pollinated and
seeds can develop,

Althoughpeople enjoy Howersbecause <>(
their beautiful shapes, colors am) smells
plants do not make Mowers for people.

PlOfKl • CoOpMMor'i rUmUjoo-

• Some Insects eat pollen.

• \s vim already know, some animals use

the BO tar made by Mowers as food

• Some spiders si! on flowers and catch

pollinators to eat.

• People gniw and use Mowers because
Ihey like llie colors, shapes and odors

All of these arr relationships lhal organ
isms haw With Mowers of plants.

The(lowers of wlitd-polllnah-dplants are
usually small and hard lo see They ore
not COlorftll ami do not have Strong odors.
Canyouguess why?

wh.ii do doners took tike.'

Everyone has seen flowers Flowers come
In a huge \arlety of colors, sizes, shapes
and odors. Many flowers are seldom seen
by most people. Some an- very small with
out bright odors (like those of mosl wind-
pollinated plants). Some an- high In Ibe
tops or trees when- they arc hard lo see,
while others an' hidden by IcOVCS Do you
have a favorite Mower'.'

lAKik ai ihe life cycle of purple loosestrife
drawing page 39 and a color photo of pur
ple loosestrife look closed at Bio flowers
Qnd. In Ihe space below dCS(i IbOthe Min
ers in as much detail us you can Include
size, shape and olher features youSCO,

jjg. Uteri)

POLLINATION Worksheet

» l« a dmlne i'( a fleM filled w

0\e IVM The oal> »a> one ol thr**" flower*
* pollen fnun one ffcmer U>another of

e. of the flowem. and UVti Xhe l-v

pollen from
from every flower

Uii.n kind Of flower does purple
loosestrife have?

Purple loosestrife lias a bright purple
flower. Bach flower Is about \ri inch wide
and has five or sl\ petals. Kach purple
loosestrife stem can haw hundreds oi
these Mowers, mostlygrowing near the
top o| ihe stem Purple loosestrife plains
make Mowers In the 8

Do Mm think purple loosestrife is pollinat

ed by the wind or by pollinators: why?

• itS • No

II you wrote thai purple loosestrife Mow
ers an- colorful so itiey attract polllna-
lors, you an* rigid kerneioher. wlnd-polll-
natcd plants do not have to attract polli
nators, so their Mowers are usually small
and not colorful.

Many people like purple loosestrife
because II has colorful Mowers. In fact,

you already learned that some purple
loosestrife was Drought10 North America
fnun Europe because people wanted ihis
beautiful plant In iheir gardens. To some
people, a wetland niied with purple
loosestrife Mowers In Ihe summer can be
a beautihll sight We will learn, however,
thai purple loosestrife in a wetland makes
II bard for many native wetland plants and
animals lo survive.

Tips for teachers on the
Pollination Worksheet

This worksheet is designed to help

you explore llie basic concept ol

flower pollination. There are four
kinds of plants on the worksheet,

each with a different shaped flower.

The pollinator (a bee) visits six of llie

flowers as shown by the lines and

arrows. As the bee visits eaeh flower.

it carries with it pollen from every

previously visited flower. The students
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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

There fat one main way that seeds help a
plant lo survtvc. Can you guess what It In?

Seeds are a flowering plants way of mak
ing new plants. Facry seed has all the
material and Information It needs to make
another plant of the same kind. For exam
ple, a seed from a maple tree can grow lo
be only another maple tree. This Is very
Important for planl survival because.
without seeds, there wouldn't be any new
plants.

Before most seeds can grow into plants,
something must happen: they must travel
lo a new location. Il Is Important for
plants and animals to be able to move
around. If plants and animals could not
move lo new locations, there wouldn't be

enough resources (food, water, space) for
most to Ihe and grow. It would be too
rmwded. Plants and animals need to be

able to spread to new areas where they
can find plentiful resources. Young anl-
mats can get from one place to another
because they have tees, wines, fins or
other ways of traveling to new locotlom.
Young plants (seeds) also must be able to
travel to find space to grow. How seeds
travel from one place to another ts called
seed dispersal.

Seeds have special ways or dispersal. The
most common ways Ihnt seeds arc dis
persed are:

KUrklng to animal tor or feathers •
Many planl seeds have small books or
olher features that will stick to an animal.

The seed travels stock to the animal and
eventually foils In a new location: exam
ples Include burdock and Queen Anne's
lace.

Hotting h» the wtsd • Some plants have
special structures that ad like small para
chutes and can Goal great distances In the
wind; examples Inrhtde common dandelion,
common mtlkweed and gotdennxL

Being food for animals • Many plants
produce seeds with a Juicy covering that
animals like to cat. The Juicy covering ts
digested by the animal but the hard seed
passes through the animal's digestive sys
tem and Is left In a new location In its

droppings. An example of this Is an
American robin eating a wild grape. The
hard grape seeds Inside the Juicy grape
pass through the bird's digestive system
and are left In the bird droppings In
another location. Other animals will store

or bury' seeds to cat later. Some of the
seeds arc never eaten and can grow Into
new plants where they were stored. An
example of this would be a fax squirrel
burying acorns (oak seeds}, which It digs
up later for food. Some of the acorns arc
never found again by the squirrel, and
they grow Into new oak trees.

Floating tn water • Some wetland plants
hove seeds that float from one place to
another In currents nf lakes and rivers or

In floods. One example of a floating seed
Is ji coconut.

What do seeds look like?

Every kind of flowering plant has a dlfler-
enl seed. This means that there arc thou*

sands of kinds of seeds In many sizes,
shapes and colors. Have you ever cairn
an apple or a tomato? You probably
noticed that tns.de Uie apple or tomato
there arc many seeds. Some seeds travel
tn groups, such as apple or tomato seeds.
while other seeds travel alone, such as an
acorn or a milkweed seed. The planl ports
we call fruits, some vegetables and nuts
all contain seeds. Some, like a cherry or a
peach, contain a single seed (the pit).
(Hhcre. like a raspberry or a cucumber.
hove many seeds.

Moot kind of seed does purple loottcw
(rife have?

Purple loosestrife has a very small brown
seed. Each seed Is about the size of Uie

period al the end of Uils sentence. After
purple loosestrife flowers are pollinated,
the purple flower petals fall otT and a
structure called a seed capsule Is formed
on the stem. (See the life cycle of purple
loosestrife drawing on page_ for a draw*
tng of a seed capsule.) Kach seed capsule
Is aboul 1/4 Inch long and each can con
tain more than 100 seeds. Kach stem ran

have hundreds of seed capsules.

How does purple loosestrife get from one
wetland to another? The seeds of purple
loosestrife are mostly responsible for the
spread of the plant to other weUands. The
soil In a weUand ts usually muddy and
slicks lo things tike the legs of a deer or
the feet of a duck or a heron, or to the
tires of off-road vehicles or the boots of

hunters. Many purple loosestrife seeds

ore mixed with the weUand soil and are

moved to new wetlands by sticking to
these things. Some scientists also believe
lhal purple loosestrife seeds can travel by-
wind, by sucking to the feathers of birds
or by being eaten by animals and led In
other weUands In their droppings,
ilccausc of these many ways the seeds
can travel, purple loosestrife can easily
spread from one weUand to another.

Plants make seeds to help them survive,
but many organisms have learned to use
seeds In a variety of ways. Plants usually
make tots of seeds. Let's take a maple
tree as an example. One maple tree will
make thousands of maple seeds. Only a
few of these seeds will grow to become
another maple tree, so there arc lots of
extra seeds. Many of the extra seeds
mode by plants art; used by animals. Here
arc. a few examples:

• Many animals. Including human beings.
eat seeds.

• Some small animals, especially Insects.
such as grain moths and seed weevils
(a beetle) live Inside some kinds of
seeds.

• Some birds will line their nests with

soft seeds (such as thistle or milkweed
seeds).

All of these are relaUonshtps thai organ
isms have with seeds of plants.

<Jjti> Stop reading awlromptete Uir SeeSDIh|mtmJ aritvtiy (letInstruction:! ftum viwr teacher.

<9fe Now complete the Putfte liKwenlilfr norltsberi,

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
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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 activity 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 to help them determine the dis

persal strategies for the various seeds

- e.g., does the seed stick to things,

does it float 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

activity 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 it.

Kach purple loosestrife planl has four

slems. Kach of these, slems has 75

seed capsules, and each seed cap

sule has 100 seeds in it. What is the

total number of purple loosestrife

seeds in this weUand?

ANSWER: 6.000.000 seeds (200 x 4

\75x 100 = 6.000.000)

In addition to integrating math

Into the lesson, this also demon

strates the enormous number of

seeds that can be produced by purple

loosestrife in a small wclland.

Tips for teachers on worksheet

The Purple Loosestrife worksheet

is included as a review for students of

the material covered in Lesson 5. If

desired, teachers may also use this as

an assessment tool. A copy of the

worksheet with answers is included.

PURPLE LOOSESTRIFE Worksheet

V««have leanirrj about Uir -.ukt. -4 the tifr (-vrlr iA purplr l-r^-mr,- un i
«h«rl. >«m »lll rrvlo* HMM "•' ll«* Mil lmj.ion.iiil irtfnnrulKin .itm-.it purplr
Trv to answer llie ijurMlon-. [r»in what ><>urrmrmher. If vou d

tor Uie Hnva in vi»ir wrfcfcook.

I. Purple knnriflfo it n (»in ir ihr correct anvwer]

nnwribn| plant Don-rtowei

v 7 v j
i Kin-h sI.kt <>'•' li'iiil-* lilr inli- lirlps n Mirvtvr. Try to match Uie *(,«*•* Ix-luw *l

I Hiil trIU bOWII hrt|w Uie |>lant survive (draw t llM ln>m Uir utitjjr L
Ixlalrnirnl).

Ptowere MUKblftrpUMIothrM-,

Sccdi Supp»ri Uir (riant atanr Uie ground

leaves MAe food (or the plant

SIMM VIale seed-

Ki»t* HOWa plant Iravi 1. |0 nr» |.|;m*>»

1. One. purple lnoxentrtfr pl.inl **;m»
describes tnli upc nl plant

row tor Plan

W.MI. PEKKNNI v IIIINMU.

", llMM ., • |T --T. Ill r, ,.' ., [ ,,•,'.- |). r*and *hapr or a real

n 3? WIDE AND
SQUARE

7 vvliatcvloraretBeflowenofiMipletuiMnitnfr? PURPLE

riirplr lnoscslrHe Ilom'is nil- |-illniiili'il liy. (t In Ir Un- iwm-rl UHM)

INSKCTS

VERY SMALL (ABOUTTHE 5IZE OF A PERIOD)

PROWN

Ho* uV> purple kwsesinfr *erd« pt from "ir pt*r I" MwUkT?

MOSTLY BY FLOATING IN WATER

»:. snip ir.mii,- END OF LESSON FIVE.

»
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PART TWO

Invasion of Purple Loosestrife

Lesson, Six: Protecting WetLmJs
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. Meeting this chal
lenge through biological control is the focus of Part Three.

Students can continue by reading the followinginforma
tion in their student workbooks

Lesson,Six - Protecting WttUtuU
Their arr lorn of native wetland plant*
Why cant we lust let purplr loosestrife
Ihr with all Ihr othrr wetland plants? tn
Kurope. whirr purplr loosestrife ts native.
It doe* live alone with nil thr othrr plant*
itnil tt ts not a problem. Thr reason to that
ihrrr hit many animal*. moHtly Insects,
lhal rat purplr loosestrife tn Kurope. Wr
rail these animal* the natural enemies of

purplr loosestrife. By rating leaves, roots,
flowers and seeds, these natural enemies

keep purple loosestrife from growing out
of control. When purple loosrslrtfr was
brought lo North America, II trfl all It*
natural enrmtes behind tn Kumpe. There
weren't any natural enemies In North
America lo eal purple loosestrife Without
any natural enemies. purple loosestrife
grows 4itil of control In North American
wetlands

This Is the reason that purple loosestrife
Is a problem here. There ts only enough
sparr for a certain number of plants and
animals in live In a wetland ecosystem
The more Hpacr thai Is taken by purple
loosestrife plants, thr less spare there ts
Tor other plants and animals. If the native
plants dont have enough space, they will
die and new Needs wont have enough
room lo gnnv. Another problem ts thai the
native plants provide food for thr wetland
animals. Ilecausr most animals do not eal

purplr loosestrife, a weUand tilled with
purple loosestrife does not provide
enough food for many animals to survive
[(the animal* dont have enough food and
spare, they may die or move lo another
area. Also, without enough food and
spare, animals cannot raise families In
thr wetland. Their are thousands of rrla-

tkmshtps belwren the many organisms In

a native wetland communi

ty These organisms depend
on relationships lo survive.
When an exotic organism
such as purple loosestrife
becomes common, many of
theserelationships arcdls- J2 +̂
turbed and food chains are

broken.

rruca vvur trartkrr

W hy Is II so Important to protect these
wrtlands. anyway? Wetland ecosystems
arr hnpotianl for many reasons. One rea
son, which we already talkrd aboul. Is thai
wetlands provide homes for many kinds of
plants and animals. Without wetlands,
these organisms could not survive.
Wetlands also remove pollution from the
water and all organisms. Including
humans, need clean water lo the. When (t

rain*, the ratnwnter picks up small parti
cles irf soil and carries them to the near-

est river, pond or hike, tn some places,
such as cttles and farms, the rain also car

ries things that pollute thr water such as
fertilizer and motor otl When this muddy.
polluted waiter enters a weUand. the water
Is slowed down and most of the soil parti*
rles and pollution settle lo Ihe bottom of
the weUand. tini can think of a wetland as

a big sponge that helps prevent the muddy
and polluted w*ucr Iron* reaching the
rivers, ponds and lakes, tt also stows down
the water and helps prevent flooding.
Wetlands are also Important In people who
enjoy hiking, canoeing, bird watching, pho
tography and wildlife viewing

Wetland Relationship Game

Instructions for teachers

The Wetland Relationship Game

is meant to help students understand

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 wetr
land and randomly spread them
out. This represents a wetland
where purple loosestrife is just

beginning to grow. Students should

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:

• It takes 20 cattails for 1 muskrat

to live (muskrats eat cattails).

• It takes 4 muskrats to make a

clearing big enough for 1 duck

to live.

• It 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

lo write this information on the

chalkboard so each student can

read and follow the directions.

Roll of 1 - New cattails are grow
ing from seeds.

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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Manywetlands have been destroyed by
people. There used to be many more wet
lands. II Is estimated lhat. In the 17008.
there were more Uian 10 million acres of
wetlands In the Greal Lakes region. By
1990. over half of these wetlands were

gone, and anollicr 6.501) acres of wetlands
are still being destroyed each year.
Scientists estimate we have lost more than
120 million wetland acres In the United

States since European* arrived and that
we still lose about 100.000 acres each
year to development Most ol these wet
lands are destroyed because ol human

activities. Many wetland areas have been
drained and Oiled so they could be used as
building sites. Others have become so pol
luted thai organisms cannot live there. If
more people understood the value of wet
lands, they would want to protect them
Instead of destroying litem. There are laws
to help proteel some wetlands from being
destroyed, but Uiese laws cannot keep
purple loosestrire from spreading. The
challenge for scientists Is to come up with
a plan to control purple loosestrife while
al the same time protecting the native
plants and animals In the wetlands.

Stoprcaanj. END OF PART TWO.

coaUMcnSa

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.

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
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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.

5. 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.

6. 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 threats
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

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

learned in Parts One and Two. liming 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 about 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 Cooperator's 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 Worksheet

LESSON 4: LEAF BEETLES AND

PURPLE LOOSESTRIFE

TOGETHER 65

Annual Cycle Worksheet

LESSON 5: SELECTING NATURAL

ENEMIES FOR

BIOLOGICAL CONTROL

67

Student Activity: Which Natural

Enemy is Best

LESSON 6: BIOLOGICAL CONTROL

OF PURPLE LOOSES

TRIFE 71

Biological Control Worksheet

ESTIMATED TIME TO COMPLETE

PART THREE: Field tests in several

classrooms indicate that, teachers

should expect Part III to take a total

of 4 to 6 hours of class time spread

over about 4 weeks. This time does

not include extensions or outdoor

activities.

Abstracts and Michigan
teaching objectives

• Part Three, Lesson 1
Controlling Purple Loosestrife

Michigan Curriculum Framework

References

Science: Standard 1.1

Constructing New Scientific

Knowledge, 11.2 Reflecting on

Scientific Knowledge, III.5

Ecosystems

Social Studies: Standard II.2

HumanNEnvironment Interaction

English: Standard 1,2,3 Meaning

and Communication, 4 Language

Method

Students will be challenged to

think about some solutions to prob

lems caused by the invasion of purple

loosestrife and the risks involved in

different control strategies.

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 choose the solution to

solve the problem.

5. At the end of the lesson, students

will be introduced to the idea of

biological control.

• PartThree, Lesson 2
Biological Control

Michigan Curriculum Framework
References

Science: Standard 1.1

Constructing New Scientific
Knowledge, II.2 Reflecting on
Scientific Knowledge

Social Studies: Standard II.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
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cycle, amount of plant eaten, and

how these relate to biological
control.

5. Then the students will be asked

to make predictions in their jour

nals of what they think will hap
pen.

• Part Three, Lesson 3
Life Cycle of Leaf Beetles

Michigan Curriculum Framework
References

Science: Standard 1.1

Constructing New Scientific
Knowledge, II. 1 Reflecting on
Scientific Knowledge, III.2 The
Organization of LivingThings

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 at 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
leaf 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.

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

Michigan Curriculum Framework

References

Science: Standard 1.1

Constructing New Scientific
Knowledge, II.1 Reflecting on
Scientific Knowledge, III.2 The
Organization of Living Things

Method

Now that students have learned

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.

• PartThree, Lesson 5
Selecting Natural Enemies for
Biological Control

Michigan Curriculum Framework

References

Science: Standard 1.1

Constructing New Scientific

Knowledge, II.1 Reflecting on
Scientific Knowledge. III.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 into 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.

• Part III, Lesson 6
Biological Control Of Purple
Loosestrife

Michigan Curriculum Framework

References

Science: Standard 1.1

Constructing New Scientific
Knowledge. II. 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 to compiele 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 loosestrife 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.

• Several 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.

• It is important to understand the

life cycle of both the natural enemy

(biological control agent) and the
exotic organism (target 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 (generalistvs. 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 loosestrife because
their life cycle is closely tied to the

life cycle of purple loosestrife.

• Scientists predict that 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 scientists have tried a

variety of methods in an attempt to

control or eradicate purple looses

trife from Great Lakes 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 tried 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 ofscientists 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 beetles, 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

transversovlttatus, 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:
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• Is 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 easily

raised in large numbers at an

acceptable cost?

• 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 from 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 stales

have successfully reared large num

bers of these beetles. Releases of

4,000 to 6,000 beetles per site have

resulted In dramatic reductions in

purple loosestrife populations. If the

beetle population is high enough, pur

ple loosestrife plants can become

defoliated, this kills plants and

reduces seed production. With these

promising results 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 successftjl biological con

trol program. Biological control of

purple loosestrife is no exception. As

mentioned earlier, 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 methods 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 about biological control.
Before leaf beetles (or any biological

control agent) 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 Agriculture (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
lhal 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 beetles 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, On&: Controlling Purple Loosestrife
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 involved 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.

•P'TUPli ^IhnVfcji* Biological Control& sfllli U U III! 11 ^ U ofPurple Loosestr

Ussoh, One, - CottfroUUu} Purple, Loosestrife,
As yew know, the Invasion of purplr
loosestrife Id causing pmblcins hi North
American wetlands. Air there solutions lo

these problems? tt Is Important to under
stand ecology and life cycles of organisms
If you ore going to try to find solutions lo
problems such as the Invasion of purplr
loosestrife,

l*el's review some of the problem:* caused
by the Invasion of purple loosestrife. If
you need more review, go back mid read
(he Information In Section 1 mid Sec-tlim II

in your workbook.

Purple loosestrife Is a flowering phinl
thai Is native to wetlands In Kurope. In
Huropc, purple loosestrife Is an Important
part ol Ihe wetland ecosystem. Purple
loosestrife has many relationships with
other weUand plants and animals In this
wetland community. One very Important
relationship is thai purple loosestrife pro
vide* food for some ol ihe animals, espe
cially Insccti.. Some trisects eal (he roots,
some eat Ihe leaves and stems, some eal

the (lowers and some eal (he seeds of

purple loosestrife. These relationships
control the number of purple loosestrife
plants that pxiw In these European wet-
lands. If these Insects were not In the

wetland cailng the purple loosestrife,
there would be too many purple looses
trife plants. If there were loo many purple
loosestrife plants, there wouldn't be
enough room for Ihe olher plants and

animals lo live. So you can
see that the relationships
between purple ItHiscslrifc
and the Insects that eat II

arc very Important to the
ecology of (he tiuropean
wetlands. These Insects
that eat purple loosestrife
are called Ihe natural ene

mies of purple loosestrife.

Before the year IIWO. purple loosestrife
did nol grow In North America. North
America mid Kurope are separated hy llie
Atlantic Ocean, so It would have been

hard for purple loosestrife 10 get lo North
America. As more and more people trav-
eled across the ocean on ships, however.
purple loosestrife seeds were also trans
ported on these ships In batlast water,
mixed tn bags of grain or stuck to the hair
of farm animals. By I(KM), purple looses
trife was growing In many wetlands In (he
Ureal l*akcs regkin.

llecause purple loosestrife Is an exotic
planl (not native) In North America, tl has
no natural enemies In North American

wetlands. All Its natural enemies are In

Kurope. Without natural enemies In North
America, purple loosestrife grows out of
control. In wetlands when* there arc too

many purple loosestrife plants, there Isn't
enough room for native plants and ani
mals to thr. This harms the native wet

land plants and animals In North America.
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Because of Its life cycle, purple looses
trife can spread rapidly when there arc no
natural enemies to control It. hirplc
loosestrife can spread In Inn ways: by
roots and by seeds. Purple loosestrife
roots «el bigger each year. As Utc mors
get bigger, they make more steins, (eaves,
timers and seeds. These bigger plants
talc up more room than smaller plants.
One purple loosestrife plant can nukr
over 2 million seeds. These seeds travel

to other wetlands by floating In the water
or by mixing with the wetland mud. which
then sticks to animals that walk through
thr wetland. II may take years before
thrre arc lots of purple loosestrife plants

growing In 11wrlland. Once this happens,
however. Ihe purple loosestrife plants can
spread rapidly, and It may take only a few
years for II to take over the entire wet
land.

Is thrre any nay lo control the spread
of purple loosestrife?

Many people are trying to find a solution
to this problem. Everyone agrees that,
because purplr loosestrife Is already
growing Inriorth America, thereIs
to get rid of II completely. But are thrre
other solutions? The chatlenge Is to con
trol purple loosestrife without harming
the native wetland plants and animals or
the wetland eeosyslcnv

Tips for teachers on the
Solutions 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?
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way

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 loosestrife plants and, no matr

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-term 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, but 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 took over the wetland, the

other plants and animals wouldn't

have enough space to live.

Did any students come up with

the idea of trying to find an animal (a
natural enemy) to eat purple looses
trife as a control solution? If so, tell

/^^k
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»
SOLUTIONS Worksheet

Vti jit a land u»nrr anil )<m »anl lo proiot jour Ma hican urUjnd. Tbc *l/r ol the »rl-
t»n«Il« T«l acre* .luring 4 »all un-jmi ihr HrtLind la*| >rar. >ou cnHlrrd •*«<• purplr
rtimroi )!*i bad nrvr wm I*f.<rr pi-tHne in v-irral area* «-tIhr urtlund C-*tM>our
r>mrr bn<*. >\«i Mt-RiiflnJ mot? plant* tn purplr loosrsu.fr. V* drfWurtrt a *unr> and
Irarartt Uut the wrtJaod Ha* about 50 purplr kaw^witr plant* tfouiftR in rath anr Vro
iivn. lhal br« au-r nf lu lif*-eyflt. M»tll br cnly a Ir* >rars l*rfnrr thr »holr »rtlAml t*
mwpd with purplr ImmJUIfc V»ujI«i l\n«.i*that if ihU lupprn*. \tiree anal hr
, .iij'i -;.i..' fi.r man> ol Ihr nallvr ttrtlaml plants arid animals lo Ihr. >«g d»ni tu\r

\rr> mmh MM¥ lit hlfr •ortCfl Of I" tW)'\j- BMW malrriah i>rryuipmrni lo mniml
(MfptolOOMMttB

lour i tldcnpi i» l» pn>IfiI Utr WHllOdCCOSJfUaln>mIttr iQVMloa Olpurplr IflMHlntE
vtltnoul hanninc Itir ollirr wrll.mil plant* anil animal*

Aflir r-jiliiit al-iul i-ifiifiillirii: purplr lo»«r*irih\ wiu inakr Uir [nlltming Ii-l ol colu1li>n«
Krai] r.,<h -nlullon ami *nir »hv «ki would or wuulrfn'1 rhoosr Ihr solution In sohr >nur
probka

Y»uhave lirarrl Uial MHWprnplr air iiMn™ fin- In crnilrol purplr hmsrslNfr Ml ihat 1*
nrntril is a bummi; putiR ami a nuiirh llurnltie ivnuld pmrnl purplr k-.iso.irUc Irum
mallriK wrd* bin Mould not kill Uir rt«d <muii*. ho Uir kIk.Ii* *t ll-n! viou'd Imi lo lie
humid r\rrv rnuplr yr.lM to krrp pmplr loii*r«I:ilr under (unlrul.

soiiiiinii il • SPMI HRSBICIDSH

HriMi Id.-.* air .hrmi.al. (hat lill plants Vuu rvail about a heibklde thai Can be sprajcil
<.n Ihr «vU«Bd lhal uin uol kill .iiilmah hul will kill BO)plant it Is -prayed un All )<>u
BIW In dDIs Bpni Ihr tirihii kk •<!•<•' a u'ar 10iniiiml UKpurplr loosestrife.

M«l..... ••

Xnrichhif »iUi.iNn.illi«r-*rr wrll.uir] al^. h.i* purple k—^-inlr and «n

pullms r.Mh planl »ut Ir*hand Ihr nrlrM».>r -il.) II |O0| 28 hour. oCMfk I
irmcnr Mm lurplr fc«»«^lrllr planU fulling '•> hand mu»l t-r 4>nr e\rry \
the purplr kt-—-*Ullc under <..nind

them that what they are suggesting

is called biological control. Students

will begin lo learn aboul 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

generalise feeder (feeding on many
organisms) lo be an effective bio

logical control agent. Lesson 5 focus

es on this.

• I -IIOMMIIIV.

CM >oh llilnk Ol •>») nlhrr IMHlUBMl

END OF LESSON ONE.

Extension idea

One way to organize the informa

lion from the student's worksheets is

lo make a matrix on Ihe chalkboard

or a poster. One side of the matrix

would be the solutions and Ihe olher

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: Bblogical Control,
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.

Lesson- Tun - BwUaUol ControL

in find a predator la preda
tor Is an animal that eats

olher animals) lhal eats
mice and lei It live In the

barn. One example of a
mouse predator Is a bam
owl. Ham owls make their

nrsts In bams and catch

lots of mire to eat and lo

fred the young owls. The owls control the
number of mice by eating them. Another
mouse predator thai fanners could use Is
a cat. Cats and barn owls eal mice, so

they are called natural enemies of mice.
This Is an example of biological control:
using a living organism (the cat or owl) to
control the numbers of another living
organism (mice). Not all the mice are
eaten, bul enough are eaten so they are
no longer such a problem.

Here are two more new lerms for you to
Irani aboul biological control. The organ-
Ism used to control another organism Is
called ihe biological control agent. The
organism being controlled is called the
largci organism. In example tt, the bio
logical control agent Is the owl or the cat.
The target organism Is the mouse.

KXAMI'I.K «!!

Alfalfa Is a very Important crop In the
United Stales and Is grown on millions of
acres of farmland. Parmer* use alfalfa to
feed animals such as callle. sheep and
horses. The alfalfa weevil, a native of

Kurope. Invaded the United Slates, and
the weevils were eating too much of the
alfalfa crop. They wen- a big problem
because they had mi natural enemies In
the I'nilcd Stairs and their numbers grew
out of control. Al flrsl. the only way farm-

Now that you have finished the Solutions
Worksheet, you know Hint II In hard lo
find a good solution lo the problems
caused by the Invasion of purple looses
trife. There arc many ways lo control or
kill the purple loosestrife as 11grow* back
each year, but Ibcsc ways also harm the
native plants and animals. There Is anoth
er way lo control exotic organisms such
as purple loosestrife. It Is called biologi
cal control.

Una! b>UlotoglcaJ Control?

The science called biology Is the study of
thing organisms. A person who studtrs
thing organisms Is called a biologist
biological control means using thing
organisms to control other organisms.
Let's learn about biological control by
looking at some examples.

KXAMI'I.K «l

Most farms have barns to store bags of
seeds lhal the farmers will planl In the
fields and also lo store bags of food to
feed the farm animals. Because of all the

seeds and animal food, barns arc great
places for mice to live. In fail, sometimes
bams have so many mice that Ihcy cat or
spoil too much of Ihe farmer's seeds and
animal food. This Is a problem for the
farmer. How can the farmer control the

mouse population? Mousetraps won't
work because there are loo many mice
and It would lake too much time lo set

and check Ihe many trans. Mouse poison
Is not a good solution because the poison
could get Into the food chain and harm
other animals. For example, a fox might
eat a poisoned mouse and Ihls would
harm the fox. Poison and traps can also
be expensive. Another solution wuuld be

IMPORTANT!

This is the point when leaf 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
the Cooperator's Handbook for
instructions and information.

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

As soon as the leaf beetles have

been placed inside the sleeve cage,

students should begin making obser

vations. The primary objectives of
making observations are for students
to And 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

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 be about a 6-

week period and will give students
the opportunity lo observe the

entire life cycle of the leaf beetles.

You should make observations at

least once each week.

• It 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. Ifyou 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 it is recommended

to wait about 3 weeks after the

beetles are placed on your plant
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era could kill Ihe weevils was by spraying
the fields wilh pestktdcx. To find another
solution, scientists «rul to Kurope. where
the weevils are native, and found out that
animals were the natural enemies of Ihe

weevils In Kurope. They collected some of
these natural enemies and brought Ihem
lo the United Stales, where they were
raised and released In alfalfa fields. These
natural enemies were tiny wasps thai
would lay their eggs Inside the weevil's
body. When toe eggs hatched, the wasp
larvae would Ihe and feed Inside the wee
vils and the weevils would be killed. After
several years, there were so many wasps
In Ihe alfalfa fields thai the number of

weevils was under control. This saved the
farmers lots of time and money because
they dldnl have lo spray the fields. This
also protects native plants and animals
that may be harmed by pesticides This ts
another example of biological control.

In example »2. which organism Is the bio
logical control agent?

the wasp

ing up so much space that many of the
native plants and animals couldn't Ihe their
anymore. Klamath weed was also poisonous
to some animals that tried to eat II. I"Topic
tried lo control the Klamath weed with her-
btctdes. but It was expensive and dldnl
work very well. In the ISMOs.scientists
went to Kurope. where Klamath weed Is
nathe. and found several kinds of beetles
lhal eal Klamath weed. These natural ene
mies of Klamath weed were brought to
California and released In the grasslands.
These naturalenemies become very com
mon In Ihe grasslands and have eaten
almost all of the Klamath weed. Once Ihe
Klamath weed wns gone, the native plants
and anlmab returned to Ihe In Ibe grass
lands. Thbi b another example of hkilogk-al
control

Which of the organisms In example 13 Is
the natural enemy?

the beetles

lien? Is what some scientists are doing to
control iKJrptcloosestrife using biological
control. In Ihe 1980s, a group of scientists
traveled to Kuropeto find some natural
enemies of purple loosestrife. Do you
know why the scientists went lo Kurope to
do this?

(desired answer -because

purpleloosestrife is native
to Europe, that is where it's

natural enemies are found)

They found more than 120 kinds of
Insects lhal are natural enemies of pur
ple loosestrife In Kurope. After studying
ihe life cycles of these natural enemies.
Ihey chose several of the natural ene

mies lo bring back to North America.
These natural enemies were tested by
scientists to make sure they would eat
only purple loosestrife and not native
wetland plants or crops in North
America. .Nalural enemies lhal passed
the tests could be raised and released In

wetlands In North America. Scientists

believe that these nalural enemies will

live In the wetlands and eat most of (he

purple looseslrife. Controlling purple
loosestrife will assure that the native
plants and animals will nave enough
space lo live In the wetlands. One of
these natural enemies that eats purple
loosestrife is called a leal beetle. The

leaf beetle Is the biological control agent
and purple loosestrife Is the target
organism. We will learn more about the
leaf beetle In the next lesson.

Which organism Is Ihe largci organism?

the alfalfa weevil

Which Is the target organism?

Klamath weed

Which Is the biological control agent?

the beetles

Lei's think about purple loosestrife and
biological control. As you know, purple
loosestrife Is native to Kuropebut mm
grows In North America. Because It dors
al have any natural enemies In North
America. II grows out of control. What
would you do lo control purple loosestrife?

(desired answer -find sortie

natural enemies that will

eat purple loosestrife)

KXAMI'I.K «3

In the first two examples, the target organ-
Ism was an animal: the mouse In example
II and Ihe weevil In example »2. Biological
control can also be used lo control plants.
Here ts an example. In about 1900. o plant
called the Klamath weed Invaded California.
Klamathneed b native to Kuropeand Is an
exotic Invader in North America. By 1940.
Klamath weed had grown oul of control and
had taken over millions of acres of grass
land ecosystems In California and other
western stales. The Klamath weed was tak

<^> snip trading ami get ttMnicUons htmIMteacher. END OFLESSON TWO.

before you partially remove the
sleeve cage. This willgive 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 what 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.
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- 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 not.

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. Youmay
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 what the
larvae doing. Also record the size of
larvae. If you find a larva on a leaf, try

removingthe entire leaf from the plant
and placing the leaf and larva in a
petri dish or other clear container.

Youmay 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" is 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

ADULT FEEDING

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

to 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

LARVAL FEEDING
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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
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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: Life Cycles ofLeafBeetles
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.

Lesson, Three- - Life- Cycle- ofLeafBeetles
When sclenllslH Iry lo decide which nalur
al enemy to use In a biological control pro
gram, one of tin: first tnlngs they look at
are life oclc». They need lo study Ihe life
cycle nf the tnrgrt organism (purple
loosestrife) and the life cycle of the biolog
ical control agent (leaf beetles). We haw
already learned about the life ode ol pur
ple loosestrife, so now we will lake a rlus-
cr look al the life cycle of leaf beetled.

Uaf beetles an: Insects. You may not
have seen leal beetles before, but you
have seen many olher kinds of insect*
such as grasshopper*, butterflies, lady-
bugs, bumblebees, ants, dragonnies and
mosquitoes. Although all these animals
look very dllTcn-nl from each other. Ihcy
arc all InnerIs Not all Insects have Ihe
same kind or lire ode. Their are two
main types of life cycles In Insects.

I,cts talk about a grasshopper's'
life cycle. When the liny grass
hopper egg hatches, a small
grasshopper nymph emerges, ^jj
The nymph looks like a small
grasshopper, but Itswings ~~-.-^
arenotfully grown. During -^*\4
Its life cycle, the nymph will grow
bigger by shedding Its skin several
times. When an Insect sheds lis skin. II

Is called molting. When Ihe grasshopper
nymph molts for Ihr last time, tt turns
Into an adull grasshopper and has fully
grown wings. These adull grasshoppers
ran also mate, and the remale grasshop
pers tay eggs, which complete* the life
Otic. This kind of life ciete Is called
simple metamorphosis. There are three
stages In simple metamorphosis: the egg.
the nymph and the adull (sec drawing).

KIM

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 beetle has complete meta

morphosis (like the butterfly).

Students should be able to see that

the larva and pupa look 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.

The blank spaces should be filled

in with egg, larva, pupa and adult
(in that order).

This question isn't as obvious, but
the information is given in the

student workbook information.

The egg stage does not 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.

It 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

HllWlhWBH

to use as a comparison. If you

have a dead leaf beetle (or other

type of beetle such as a Iadybug)

you can dissect it to 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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Olher Insects thai have simple mclflmor-
pilosis Include <rickets, nxkrtiiii lies,
prayingmontlds, earwigs and cicadas,

Theother type«>r Wr cycleis colledcom-
pieU netanorpbosls. Lei's use a buuctflj
as .in example When a butterfh ecu
b.iii !i<s .11alerpUlar or larva cmcrjtrs.
Tills ealrrplllar looks nothing Ilk'' .in inlult
butterfly Tills larva Wfll eal loLs ol food
ami ulll moll sneral times. Kach llmr II

mulls, ii nt-is a mile bigger. The last time

oilier Insects thai have complete
ants, bees ami wasps.

• Pwpt* loe.wxt.Jf* ProfM! • Coop»™.o.'»

the larva molls. II lnnis hilo the next
stage of Un- lifecyclecalleda pupa This
pupa doesn't move around or Iced hut
there is a lot goingon Inside the pupa, it
Is turninp Into an adull ImUerllv* The

adull butterfly cmerccs from the pupa.
Trie adults will male and the females Mil
lay rti>. This complete?* the life c>ile.
Thereare fourstagesin completemcia-
inoiphosls: the rjx the larva, thr pupa
ami the adult (see drawlii«).

«TO&

c luile mollis, Hire-

Pi:-..•- i • r.-,--.'- .

BEETLE LIFE CYCLE Worksheet

IU-lo* I* Ihe llfi-<•«!<• ..Uk.it

Ihr purpk loosestrife plant In >
rrad ihr dirrctlon* and iiur>u.>n« bekm

xtotpli*•wt.tmnrpbrttM rnmpwte mruoorphoaw

,'l Youknow lhat kallKrIkM.il purplr lo,.w*ti Ife Whkh slafies i.l tl.<-lt.il l—lk'n 1.1,
<>tk do >mi UiliiLwould lent on Uir purplr looMtttfUV h-.nr.>'
circle air coned Itedktf stage*
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•j*.' Sloprra-litis andrompklrII

i iicraanwaeM
mtaii beetle in id'
Swtfjwioui iin

r Inlrirslinc BKU RBOOllr.il bceUe> l.")k ill Ihr rtrav
Ik i>ilr dlafiTJiu. Ihr photo of thr Jilnll and Ihr llvr l<
•omriif Ihrsr fi'.ilnn-x

1111X11 • ITjo|mh4 i- Ujc *rn«r> trotrr »ifUir kal lici-llr. Thr brad has l»u ruapuuixt
r>r« (ra-h human r>r run oat) oor km. rath trrUr eyr bm n»> wnatl kiwv *i lor]

|< ••rpouinl oml. Al*oalLxnrd lo thr brad arr lu lone
rail 4Btrnii.tr *frrk»~). Thr antrnnar arr u*rd lr» ihr kaf bccUe U
low h muI odor* Ihts hrlp-t ihr bcrllcs loctlfl Other beetle*, find purpk (OOSmilfc Id CM
.ml mold rnenilr* Ihr rnoulhp.irtt arv jl-i found In ihr hrod Uuf urrUrs have thrwlni:
•oaUtperu no iii'v cm chew hnies in parpki krasntilfc kem. Cm >outtmi ihe coat'
powl r\i s tad theantennaeon ihr dreitDtr tho catfl nee ihe noatbparu on thedm
ion because Uxa sit on ihr nadcnltte ol the beeUe* bead

tllOKW • ItNBMU pwpOHot Ihr lhor.ivtatOhdpUw k;d hrotk mo\earound Ihr leg*
m HttObedUlIhr Umr.ix InsrfWh:nr M", lrf> SomeIWCCtt hJM kfis SetigMdI"r
Naptoi (gnMboopnvl or (orcucttni ,«n (pmiai ataaus), a leafbecUeliire* m
dMtCMdRW nDdBR Md ninnlne llan >nuvr jll -ix kp. in Ihr i!rj»inif Thebrrilr-
talntn jit id-1 jlUihrd to Uw lhor.iv Brcllr.* limr tW vvmc*(I»u lunj (nmt «lnj> and
UuvJlhjKki.l/iE.1 Ihr cnllrr back ul Ihr k^f hrrlk (rurpl Uw brjd) Krinrmt t) thr
d>Mrd(root »tne» Lwl at toe drawIm Vhi i an m-t thr -iraifht tinr ronntiy: dtiwn thr
bad oClh€ bcrlk. ThWl» »b«rr thr !»•> fnmt »lnc» ciinir ti*i*thrr thr»r hard fi>«nl
•Wet on l-rUn. protril Uir bcrUc'H wthrr *tne« and bfrf> a» It movrs anmnil or »hrn il
dip UiniiiRh Uir -oil Ihr back ulntM. »hkh *ee \rry rruKllr, arc foldrd and Ud In • A (
the haM noai Kim-«.

VIIIHIMIA • tin- iihdniiK'11 Ii M.IIand Ii iim-iIIiv Ihr l-rllr lur hiralhmc. rvn I.OIIC and
othrr iinporLini runcUona Ihe abdomen alwhwi men)ncntn. nndiortbc tnseen body
fliililt .mil paits ol llie Mumaell. You<an we in Ihr drawlne a small part ol thr atxtomni
Out u fin line OH)from under thr bock Ol Ihr loKkd fmni which.

|<«>nir propk

.^. suHt rr.idirx END OF LESSON THREE.
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PART THREE

Biological Control of Purple Loosestrife

Lesson, Four: Beetles and, Loosestrife Together
Instructions for teachers

Now that students have learned about the life cycles of

both purple loosestrife (Part Two) and leaf beetles, this les
son will focus on how these two life cycles fit together and

how the leaf beetles affect the growth of purple loosestrife.
Begin by having students read the following information
in their student workbooks.

Lesson, Four - LeafBeetles and, Purple- Loosestrife- Together
Ynu hare learned about the life cycle nf
purple loosestrife, the life cycle ol Uie leaf
beetle and biological control. As >i>u
know, llie problem with purple loosestrife
In North American wetlands Is thai II has
no natural enemies here. Wlicn tear bee.
Men (the biological control agent) are

rrlrascd Into these wt't-

lands. Ihry eal purple
loosestrife (the largci
organism) and help control
the number of purple
loosestrife plants that are
growing In the wetland.

<££> stopir«2ax sadcmar4rtetfte.taiBBlC><!eW«rlaftcrt
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ANNUAL CYCLE Worksheet

ror ihr Mdlofjral .iwilrul ul pwplr ln.-w-lJ.lr to work, ihr Iraf bCCUMMM I* aWr '•>
i.vmiilrlr Ihrlr lllr ovlr In a wrUand whrrr i-urplr h«.w«mir I. enwtnc Ur m r-.inc i.
lolhm j cniu|) o( kat beetle* in a wetland lo *re what lhr> arr rttdncourine tin?annum*
ol one year Krforr yuu*4art.)w MMMCd000MHMl papr' nad I"" «• '•<' '•"• M U
>'* rr*l Ihr Infi-mallon below,draw a pliture for Mr h of thr WHH Intludr pur|-lr
hmmtflfr plant* and leaf berUr. In raeh of thr drawing b>aha* where U«-yarr toMed
and what »ta*e Ihry arr In tn Ihrlr lllr CfCke. Krrormbrr lo -how what l» coliifion l.rth
*b«c and brio* thr Rn-und

nWIKI - Snow and Itr 60
•oor drad raltall straw «1

Uir wrd rapnulr* Mill atla
f and 3 hLxi-enpped c

purplekXMmntr«irm% at.-vr Uirno* arr drad. UirnmtoofIhr purplr towwinfr
ptanU arc 4dl»rIn thr *4t U*>alive arr adult Iraf brrtlr* lh.il h-nr do* lain thr w-l ar
Ihr pwrpk lotmrsUlfr rwt> or arr huddlrd tocelher in thr hollo* drad .1.
li>«M-»intr Ibrsr adult leal brrUra will hibrnutr unlit *priiu;

r only plant* Maine ahovr Ihr «nu« «rr

r fluffy »eedhead» nad dMd purplr loov^uitr »lrm* wit
\be only utra* ul Wr arc wunr drrr track.* Uinnmri Uir

r ratine thr *rrd» from thr cattail »lrm*. Thoufn thr

sraiNG - Thr warm .lay* of fpfft|| tltn* r.rw hfr W Ihr wrlland Ihr aiww and We mrlv
and thr wetland plant.' l-rain in crow to* *urm* ami hSBWI Ibe COtUtfb) »<ndupmani ol
thrir k«e. narrow arm tenet, thai gri to hr mem trrt hifih ReeVntaaedbtoctaUtfo.
win. n vpeM thr wtntrr In thr souUirrn I'nlird Stair., km n-liirnrd U hulld thnr nr«l* In
thrsr rallall lrave* The purple loonr-vlrile ronb have »Lirtrd tn grow, and r.i. h root
erown ha* crown Mortal n*-wtrrrn stem.. 1-nh *trm 1* «rvrral frri hich and lu* man>
teevee SooaaRerUMpurplr lou»rMxifr «lrm«hr«n 10crow ihr adultIraf brtOmdhj out
of their ovrrwlnlrrlr.). -Itr* In ihr toll or old *lrm. and rilmh un ihr purplr U-»rMrtfr
ttrffi*. They begin to Irrd. Thin frrding Ri.il.ra Uny hole* In Ihr km*, The fcMID adull
becUCi hQMUSI i lu^lrr*ofhrrtlr rfjr* on Ihr-trm* and lr.r.o ol purplr h-wnlrlfr. Il>
latr BpftaC.mi«l of thr r«-« h.ivr hatrhril lnu>Wfl lanar lhr,r hinallhttW rrawl lo
Ihr lip*ofIftr purplr l..»r>lnfr »lrm-..whrn-IhryIn tlunu.w Iraii^ lh»C r.irl\ lUfetl
lAIhe larvar arr hanl u. arr hr. .m.r ihry arr v.r> Miiall and aiv u-mill, hlddrn hrlwrni
Uir nrw lej\e* al Uir li<« ol ihr slrm*

The Purple Loosestrife Project • Cooperator's Handbook

purplr flowrrH Thr rrd-wlncrd
vinfird MotlhU'l-1 It •'.. I 1 l|
anwind thr wrUand Thr adull I

::• •;••• .: .'. •• .' • ! . • 1 I..! .

But*. Thr Iral t^elie larvar. hn

r brUur moir thancrs In thr wrtland The catta
\rr 0 Irrl till fhr ralLilt* havr lormcd Ihrlr d

purplr hiovstnfr planfe arc ttnrrrd with br*
rp£* haw hatrhrd Somr of the )vuqe r

; othrr* hair airen'Jy trft thr ar*U and ai
^ lhal *prnl Ltd winlrr In thr HM and U
ground, mhrrr rao*l will hr ratro by oUit

b«axr lfcr*r larcrr tartar arr
MR) t.. v, r .„ ihr\ rat ;«rpV- WwrMritr \ea\is Waay of thr purplr

n-*. en* tall and did t>4 m-ilr flowrrs trrrausr most ol thrlr Itj*p5 i
hrrllr t.mar and adulW Jn*t before Uir larvar turn into pupae. Ihry
purple lnm«r*uVr pUnt.» and burrow Into thr Mrtl Ulrr »pmdiru; wo
pu(fc»r Uir pupae 1haner Into a-lult beeUe* It>rM-adutl bretlrs du; «

r l„t\4r riant-. 1 f Uir> bejtin Irrdiat on Uir leaves

nit.- r.iili. a tirar m prepare lor win r. Ml thr leaf bretlrs are now la the adult »ta£r
Md win ntr.rf btimiw mm ihr wll or h 0 plant rjrm* wttrre U»ry wilt hibernate Umxicn
thr winter The purplr ImMraUllr MrUK h.d >urMvrd are i»i» Inrnine brown and dvinc

The oof* that had ttowrr* havr made l< 1of ««eda. and these seeds have fallen onto Uie
MIlMdHU iinl.Uir n.iL..iadMrdi< the purple loosestrife plantf will remain altve.
The 1atlall Iravrn aie «lv> lunnti* brow . and the Uny seed* are blowin* In the wind to
Hi area* The rrd>w1need biackbinh 1 • [ormlng larp- Ifcx-l.*and are «eltln* rradv lo tl)
•nuih lor the winter

END OF LESSON FOUR.

Tips for teachers on the Annual
Cycle Worksheet

The main objective of this work
sheet is Lo set the students to locus

on how the life cycles of the leaf bee

tles and purple loosestrife are con
nected and what 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 leaf beetles) at

first. After the students have finished

their drawings, it may be helpful lo

read through each of the seasons

again to review what the organisms

are doing. Observing the activities

and stages of the leaf beetles in your
classroom will also help reinforce the
ideas.

Extension idea

Have students create a mural of a

wetland where purple loosestrife and
leaf beetles live.

Suggested journal entry

Have students select other plants

and animals that live in the wetland

(possibly from their lists from Part

One) and write a story about their
annual cycles. Some suggestions
include the marsh wren, leopard frog,

muskrat or painted turtle.
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PART THREE

Biological Control of Purple Loosestrife

Lesson, Five: Selecting Natural Emmies
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 to 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.

Lestm Hut, - Selecting Natural EnemiesforBiologicAl Control
We have learned a lot about purplr
loosestrife, leaf br riles and biological
control. Have you wondered why and how
these leaf IrreUc* wvrc ptrk.fl In he. used
Instead ol some other anlm.il? As you
know, purple loosestrife watt brought In
North America (rum Kurope and has
become a big problem In wetlands. The
leaf beetles are also brought from Kurope
lo be released In North America. How do

sclenUsb* know Uml the Iraf beettcH won'I

also become :i problem In North America?
There arc always sonic risks when an
exotic organism (such as (tie leaf beetle)
is released. This Ix why It Is very Impor
tant for scientists to slutty and carefully
choose these biological control agent*
before they arc released. In lite United
States, sdentlsls fnun (he U.S.

Department of Agriculture must study, test
and approve all organisms before they can
be released In a biological control pro
gram. UT* learn about Home of the uur-H-
[Ions a Kcfenltsl must answer when decid

ing on a biological control agent.

Insects. RkIi, birds and

mainiuals lhal the (here.

Anollier problem Is that.
with so much waler choke-

weed, people cant use Uie
water for recreation such

as swimming, boating, film
ing or witter skiing. Water
choke-weed In a native

pliint In the lcni|KTate.
deciduous forest biome In V™^.
Kurope and the tropical for
est hlnme of Asia, where tt has many nat
ural enemies that keep Its growth under
control.

A gnmp or scientists would like lo use
biological contnil lo try lo control Uie
growth or water choke-weed. They travel
lo Kurope and Asia, where water choke-
weed Is native, and discover several nat
ural enemies of waler choke-weed Ihul

ihry think might be good biological con
trol agents. They study the life cycles and
hnbliit of ilie.se natural enemies and now

must decide which of these natural ene

mies would Ik*the best biological control
agent Torwater rhoke-wrrd.

Thr Solution

You are the scientists who must decide

which of the natural enemies would be

best lo control water cboke-wrrd. Here

are the matn things you must use to make
your decision:

I. To control water choke-weed, thousands

of Individuals of the natural enemy
would hove to be released In each lake.

The sciential* cant bring thai many
from Kurope or Asia, so the)-wuuld have
to be able to easily and cheaply raise
largr numbers of the nalural enemy In
laboratories In the I nlted Stales.

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 Activity:
WHICH NATURAL ENEMY IS BEST?

Thr Problem

SclenllslH have discovered an exotic plant
In several area ponds and lakes The
plant, called water chokr-wrcd. grow*
very fast and clogs the ponds and takes
wtth stems and leavrs. This causes sever

al problems. One problem Is that none ol
the native aquatic animals eal water
choke-weed With bo much water choke-

weed, the native plants rani grow so
there Isn't enough food for many of the

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
"TheProblem" 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 to control water

choke-weed. Kach group will then

report its decision and explain to the

class why members made their deci
sion.

Another, more time-consuming
way to conduct the activity is for each

small group to 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 he
able In survive year round In Michigan
ponds and lakes.

3. The natural enemy would have to cat
lout of water choke-weed hut not eat

any native plants or crops.

4. The nalural enemy cannol be harmful
to humans or olher organisms.

WATKR CIIOKK-W'KKI) NATURAL KNKMY #1

i survive even the cold-

water <:iu)ki:-wi:i:i> natural knkmy »:i

This natural enemy ts an Insert called Ihe
green water beetle and Is native to lakes
In the temper-ale deciduous forest blomc
of Kurope. In Kurope. II Is found only In
lakes with lots of water choke-weed. After

studying lis life cycle, srlrntlsls dlsrirv-
cird that II Is a predator and It rats only
other Insects lhal eat waler choke-weed

During the winter. It survives by burrow
ing Into tiie take bottom. Crren water
beetles are cheap and easy to raise In
laboratories and are not harmful to any
native plants or animals.

WATKR CIKrkK-WKKI) NATURAL KNKMY M

This natural enemy ts called the pond try
and Is native to the temperate deciduous
forest biome tn Kurope. The adult pond
files do not fred or btte and live only a
few days. The female adult pond flics lay
their eggs only on waler choke-need
leaves. When the eggs hatch, the pond fly
larvae burrow Into the water choke-weed

stems and eal Ihrlr way all the way to the
roots. One larva can kill an entire water
choke-weed plant. The fly spends Ihe win
ter as a pupa In the roots ami then. In the
spring, the pupa floats lo the water sur
face where the adult pond fly emerges.
The larvae will burrow Into and eat only
water chokr-ui'cd. The pond tiles am easy
and cheap to raise and douT harm or
bother any otber organisms.

WATKR OIOKK-WKKI) NATURAL KNKMY M

This natural enemy ts called Ihe water
leaf beetle. These bisects caul seem to

get enough water rhoke-wrcd and will eal
It until II is gone. Scientists found they
could easily and cheaply raise thousands

of waler lear beetles hy keeping thrm tn
cages and feeding them corn and cattail
leavrs. Ilrcmisc they arc from the temper
ate deciduous forest blomc In Kurope, (tie
water leaf beetles ran easily survive the
winters In Ibe Great Lakes Hasln.

WATKK CIIUKK-WKKI) NATURAL KNKMY I 6

This natural enemy Is cailrd Ihe purple
stem weevil (a kind of beelle). The purple
stem weevil Is nnUvr lo the temperate
deciduous forest biome In Kurope and
easily survives the winter in the (.rent

l.akcs Elasln. tt Is truly a water choke-
weed specialist and lives Its entire life
cycle on the plant. The adult weevils eat
the seeds so there are. fewer new waler

choke-weed plants. The larvae eal lots of
stems and leaves of water choke-weed.

The purple stem weevil will not eal any
thing else and is not harmful lo any
other organisms. Scientists have found
thai II lakes three years using expensive
growth chambers to raise about 100
weevils In Ihe laboratory.

This natural enemy Is a small ftsh called
the weed minnow. In Indoor experiments.
II was found to rat only water choke-weed
and to pose no threat to humans or any
other organisms. The weed minnow Is
very easy to raise in tndoor water tanks
and II dorsnt cost much to raise them hy
Ihe thousands. Karri smatl flsh eats sever

al water choke-weed leaves every hour.
The weed minnow ts native to wetlands In

tropical areas ol Asia, where It does a
great |oh controlling the growth of water
choke-weed. The weed mlnnuw cannot

survive If the water temperature goes
below 50 degrees Fahrenheit.

WATKR CIII)KK-WEKI> NATURAL KNKMY »2

Tills natural enemy Is a small mammal
called Uie water rat. Water rats are native
to lakes In the temperate deciduous forest
biome of Europe, where they eat huge
amounts of waler chokc-wved. They won't
cm any other kind of plant. They also
make Ihrlr nests In Ihe water choke-

weed. During the nesting season, waler
rats are very aggressive and will bile and
chase away any otiier mammals or birds
within sight. Waler rats can be easily and
cheaply raised by Uie thousands In Uie

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 if 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
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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

Ifwater 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. 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

It was found that green water bee

tles are predators of other insects

that eat water choke-weed. If there

are fewer insects eating water

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.

4. Is it harmful to humans or other

organisms? NO

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 chokc-wced

and not any other plants? YES

/5ffl®\
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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 the 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.

4. 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 leaf beetles are

not the best natural enemy.

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

effective. Also, the growth cham

bers are expensive. For these

reasons, the purple stem weevil

is not the best natural enemy.

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? NO
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PART THREE

Biological Control of Purple Loosestrife

Lesson, Six,: Biocontroi ofPurple, Loosestrife
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.

Lesson, Six - Biological Control ofPurple- Loosestrife,
Now thai yoo know how scientists choose
a natural enemy for use In biological con
trol, lets learn some of the reasons that
leaf beetles were chosen lo control purple
loosestrife. As you read before, scientists
traveled lo Europe,(where purple looses
trife Is nallve) and Identified more than
120 kinds of Insects thai are nalural ene

mies of purple loosestrife In Kurope. Here
air some of the main reasons thai the leaf

beetle was chosen to be used In a biologi
cal control program for purplr loosestrife.

1. It was found that many of the natural
enemies of purple loosestrife arc
dimcutt or expensive to raise In large
numbers. Leaf beetles can be easlly
ralsed In laboratories, greenhouses and
classriKHns by growing purple looses
trife plants In pots and then letting the
leaf beetles live on the plants. The leaf
beetles can'l escape because u screen
bag Is placed over the potted ptanl. The
leaf beetles will complete their entire
life ode on these potted plants and
then can be released Inlo wetlands

utirir purple loosestrife Is growing.

2. Ilrcnuse the leaf beetles are native to

the Irmpcralc deciduous forest blomc
of Kurope (where the climate Is similar
to thai In the (irrat takes rrglm). they
can survive yrar round after titey are
released Into the wetlands. Once Uiey
are released Into a wrlland where pur
ple loosestrife grows, the leaf beetles
ran go through their life cycle every
year and continue local purple looses-
Irlfc Tor many years.

3. Leaf beetles eal lots of purple looses
trife. Both the adults and the larvae of

leaf beetles eat purple loosestrife. By

eating many of the
leaves. Uie leaf beellcs

keep purple loosestrife
from growing oul of con
trol. Also. If a plant has
too many of Its [eaves
eaten. II won't make

enough food to make
flowers. II ft doesn't

make flowers, ft rant make seeds.
With fewer seeds, there are fewer new

purple loosestrife plants. When ihcrc
arc fewer purplr loosestrife plants,
there Is more rami for the native

planls and animals lo live.

. Scientists tested the leaf beetles and

found lhal they would not eat anything
except purple loosestrife and would
lay their eggs only on purple looses
trife. They placed hungry adults and
larvae of leaf beetles Inside cages and
tried to gel them to eal other planls.
The only planl they would eal was pur
ple loosestrife. This Is very Important
when rbooslng a natural enemy. An
animal lhal eats only one kind of
organism, such as Ihe leaf beetle lhal
cols only purple loosestrife, Is called n
specialist. An animal that cats many
kinds of other organisms (such as a
rabbit, wltlch eats many kinds of
planls) is called a genrralbu. Most
animals used in biological control
programs arc specialists. Do you think
human beings arc speclallsl or gener-
ailsl feeders?

. Because the leaf beetles eal only pur
ple loosestrife, they are not harmful to
human being or other organisms.
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BIOLOGICAL CONTROL Worksheet ii tea j!m>lr,it irj. I of ihr MM* of purple tottOAflBl kM th-*t»^. |

Al-mil uliJld.111' iliilM-u itoiii'c ih.H Iuim>( |nir|irr Iimhi-MUIc leaves «

An*m*r the fiiUirninj; iiit<—tl<m~ -if— -til Hie lunln^i .A <iniinil •! iMipli- I "i-r-ihlr. Mmwill
tuvr ui ImA .il iinil nsr your oli-mallim* "I Uir Iral Ix-cllr* ami tin* iiaroir h»i«".«trltf
1-lir.l to mttrtt some i«f Ihe qurttioriM

wr.n vm UmOral'Luc >oufound eat clutfera? _

VVhal *.i* Ihr first clatr jim m» j hnj"

WhMMJ

Tips for teachers on Biological
Control Worksheet

This worksheet is designed for
students to use to make sense of their

observations. Il may be best to con

struct the life cycle and dales togeth

er and then have students use the

life cycle and other observations to

answer the questions. The pupae

would have been present between the

time students first saw large larvae
and the time they first saw new-gen

eration adults.
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3 In Uir npjcr Mm wrlir a .umm.iry of yo« Wl t*«Uc otMntttaM What h..o,.rnr,r
VVii.il illil>nuflritlmm I lnlrrr>llnfi?I>i»1 tMplMlH«uriirl!-r)\>WDo ynu h.i\r H) i|ur*-
lions Unit »rrr itol .wmrrril hy >inir riOsmdUtiiii?

s tn.uil'.;:' l.\J.[|lll yiir

t>ingjmutiuiM' hnj —dyu«rdtWuMtw tor hrtpcd control tbeipfcad of pun-ir •"
inlr by raNInjt Iraf brrtk* In the cliv-rwrn Tbrsr If .if l-n-tlo- «HI be rclrjsrd into a
»rll.in<i r-ri-syMrm wlirrr purplr 1<.™-.;mIVis .1 .in-Mrm Tt.r lr.it twrllr-. you ral«-.|«
rat Ihr pur\Ar iMMttfUfl In Ihr »rllan<t The fnimlr BdtfU Mill lay lots or rapt nn<lthr
Irut licrtlc* will «>ni|il.lr Ihrlr lift- eyrie p.kii yr.ir .it lim;: ,i- Hun- t< purplr looir.slrltr
lo <;il Hi" lc.it ttrrllrx lhal .ur rrk-a-c-J llil- H.ir .mil fnlim- i'ni<Talii>ii-i (il lc.il Imlli'v

will hrl|>control purplr lomrMilfc In Uirvullaiul for many )WI Vniianil your 11Mb
in.itc. [naOr 11all Ii.i|ij«-ii i>>living hloloplral roiilml

SrlroUxtswill u-.it BUT IMtltldl CTPfyJf&ttOCOMtCt HI •nn.iHnn anil 1
on Ihe hcrtlri ..r.ilihr |iuri>lr kvi*r*trtfG[ilanUl|u«l H you did In Ihr ctaHVOM) H*)
»HI ttr If Ihr numbrr of Iraf hrrllr* W lnrrr.olM of drcmi-lfitt Tbry »<" *•*«'««<*> Ul
purplr lowrstnfr In wr If It U SprrartlOCor If II1* |.rinfi conltollnl by tftr Iraf brrUr*
Ihr Ififi/rm-itMin thry &t fnun thrsr arlland arv^» ulll hrlfi Uirm m.iir ilr.i*n«rt annul
ho* lo brllrr loniml |«urplr |oc«i^infr In Ihr fulurr And yuu hrlprrl maVr It happB'ii'

Uulbevtof all. ti* laiiinclnr Ir-ifbrfiloA In your cla*»n»iinami reka^Bf UK9H in tfW
IdinJ. >uu hirtc ticliK'd In (milril a urll.inri rrosyslrm iind Ihr mam nalln- iil.ml- .m.l
m.tK Uiii Un- llirir.

>v M^rrarimc END OF LESSON SIX.

Extension idea

Have students use the dales and

observations they made to create a

time line. Students could add obser

vations they found interesting, life

stage information and other facts to

the time line.

Extension idea

Using your observations, write a

class report of your results and send

it to the Purple Loosestrife Project

at Michigan Stale University. 334

Natural Resources Building, East

Lansing, Ml 48824.

Instructions for teachers

In Lesson 2. students made pre
dictions of what they thought would
happen alter the leaf 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 lheir student work
books.

~
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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 to. "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 to 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 each one eats and

what eats it and the direction of

energy flow.

GENERALIST - An animal that

feeds on many types of plants

and/or animals.

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

tor.

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 insect

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.
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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
sometimes 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 to areas

with a moderate climate and

distinct seasons.

THORAX - One of the three main

body parts of an adult insect. 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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FOREST

ECOSYSTEM

FOOD CHAIN

CARDS

ECOSYSTEM: FOREST

ORGANISM:

CLASSIFICATION:

FOOD:

ECOSYSTEM: FOREST

ORGANISM:

CLASSIFICATION:

FOOD:

ECOSYSTEM: FOREST

ORGANISM:

CLASSIFICATION:

FOOD:

I
I
I

+

SUN

Gives plants the energy
to make their own food

I ECOSYSTEM: FOREST
I
I ORGANISM:

CLASSIFICATION:

FOOD:

! ECOSYSTEM: FOREST
I
I

ORGANISM:

CLASSIFICATION:

FOOD:

I ECOSYSTEM: FOREST
I
I
I
I
| CLASSIFICATION:
I
I FOOD:

ORGANISM:
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ECOSYSTEM: FOREST 1 ECOSYSTEM: FOREST

ORGANISM: short-tailed shrew 1 ORGANISM: centipede

CLASSIFICATION: mammal J CLASSIFICATION: centipede
FOOD: insects and earthworms | FOOD: insects

_J
T

ECOSYSTEM: FOREST ! ECOSYSTEM: FOREST

ORGANISM: ground beetle 1 ORGANISM: walkingstick

CLASSIFICATION: insect J CLASSIFICATION: insect
FOOD: insects | FOOD: plants

ECOSYSTEM: FOREST ! ECOSYSTEM: FOREST

ORGANISM: white-footed mouse 1 ORGANISM: moss

CLASSIFICATION: mammal J CLASSIFICATION: plant
FOOD: plant seeds and insects j FOOD: uses sunlight to make its own food

ECOSYSTEM: FOREST ! ECOSYSTEM: FOREST

ORGANISM: fern 1 ORGANISM: downy woodpecker

CLASSIFICATION: plant J CLASSIFICATION: bird
FOOD: uses sunlight to make its own food | FOOD: insects

I 1 1
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ECOSYSTEM: FOREST

ORGANISM: oak tree

CLASSIFICATION: plant

FOOD: uses sunlight to make its own food

ECOSYSTEM: FOREST

ORGANISM: red squirrel

CLASSIFICATION: mammal

FOOD: tree seeds

ECOSYSTEM: FOREST

ORGANISM: black-capped chickadee

CLASSIFICATION: bird

FOOD: plant seeds and insects

ECOSYSTEM: FOREST

ORGANISM: American toad

CLASSIFICATION: amphibian

FOOD: insects

I ECOSYSTEM: FOREST
I
I

I ORGANISM: katydid

| CLASSIFICATION: insect
I
I FOOD: plants

! ECOSYSTEM: FOREST
I
I

I ORGANISM: red-shouldered hawk
I

j CLASSIFICATION: bird
I
I FOOD: mammals

I ECOSYSTEM: FOREST
I
I

I ORGANISM: ant

I
I
I
| FOOD: insects
I
I

+

CLASSIFICATION: insect

I ECOSYSTEM: FOREST
I
I

I ORGANISM: spider

| CLASSIFICATION: arachnid
I
l FOOD: insects
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ECOSYSTEM: FOREST

ORGANISM: aphid

CLASSIFICATION: insect

FOOD: plant juices

ECOSYSTEM: FOREST

ORGANISM: chipmunk

CLASSIFICATION: mammal

FOOD: tree seeds and insects

ECOSYSTEM: FOREST

ORGANISM: earthworm

CLASSIFICATION: segmented worm

FOOD: dead plants

ECOSYSTEM: FOREST

ORGANISM: violet

CLASSIFICATION: plant

FOOD: uses sunlight to make its own food

I ECOSYSTEM: FOREST
I
I

I ORGANISM: maple tree
I

| CLASSIFICATION: plant
I
• FOOD: uses sunlight to make its own food

I ECOSYSTEM: FOREST
I
I

I ORGANISM: red-backed salamander
I
I

CLASSIFICATION: amphibian

FOOD: earthworms and insects

I ECOSYSTEM: FOREST
I
I

I ORGANISM: garter snake

| CLASSIFICATION: reptile
I
• FOOD: toads, earthworms and insects

I ECOSYSTEM: FOREST
I
I

I ORGANISM: white-tailed deer
I
I

CLASSIFICATION: mammal

FOOD: plants
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MARSH

ECOSYSTEM

FOOD CHAIN

CARDS

ECOSYSTEM: MARSH

ORGANISM:

CLASSIFICATION:

FOOD:

ECOSYSTEM: MARSH

ORGANISM:

CLASSIFICATION:

FOOD:

ECOSYSTEM: MARSH

ORGANISM:

CLASSIFICATION:

FOOD:

SUN

Gives plants the energy
to make their own food

! ECOSYSTEM: MARSH
I

! ORGANISM:

CLASSIFICATION:

FOOD:

I ECOSYSTEM: MARSH
I
I ORGANISM:

CLASSIFICATION:

FOOD:

I ECOSYSTEM: MARSH
I

! ORGANISM:

CLASSIFICATION:

FOOD:
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ECOSYSTEM: MARSH

ORGANISM: red-winged blackbird

CLASSIFICATION: bird

FOOD: plant seeds and insects

ECOSYSTEM: MARSH

ORGANISM: lady beetle

CLASSIFICATION: insect

FOOD: insects

ECOSYSTEM: MARSH

ORGANISM: mayfly

CLASSIFICATION: insect

FOOD: young mayflies eat plants

ECOSYSTEM: MARSH

ORGANISM: duckweed

CLASSIFICATION: plant

FOOD: uses sunlight to make its own food

I
I
I
I

I ORGANISM: loosestrife leaf beetle
I
I
I
I
I
I
I

+

ECOSYSTEM: MARSH

CLASSIFICATION: insect

FOOD: purple loosestrife

ECOSYSTEM: MARSH

ORGANISM: sedge

CLASSIFICATION: plant

FOOD: uses sunlight to make its own food

I ECOSYSTEM: MARSH
I
I

I ORGANISM: minnow
I
I

+

CLASSIFICATION: fish

FOOD: algae and insects

I ECOSYSTEM: MARSH
I
I

I ORGANISM: green frog

| CLASSIFICATION: amphibian
I
l FOOD: insects
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ECOSYSTEM: MARSH ! ECOSYSTEM: MARSH

ORGANISM: snail 1 ORGANISM: crayfish

CLASSIFICATION: mollusk 1 CLASSIFICATION: crustacean

FOOD: plants | FOOD: plants

ECOSYSTEM: MARSH ! ECOSYSTEM: MARSH

ORGANISM: leech 1 ORGANISM: algae

CLASSIFICATION: segmented worm J CLASSIFICATION: plant
FOOD: blood of turtles, fish and frogs | FOOD: uses sunlight to make its own food

ECOSYSTEM: MARSH ! ECOSYSTEM: MARSH

ORGANISM: dragonfly 1 ORGANISM: mallard

CLASSIFICATION: insect | CLASSIFICATION: bird
FOOD: mosquitoes and other insects j FOOD: duckweed and other plants

ECOSYSTEM: MARSH ! ECOSYSTEM: MARSH

ORGANISM: purple loosestrife 1 ORGANISM: mosquito

CLASSIFICATION: plant j CLASSIFICATION: insect
FOOD: uses sunlight to make its own food j FOOD: blood ofmammals and birds and

| plant juices

I 1 ,

Illustration G • Part One • Lesson Four • 99



The Purple Loosestrife Project • Cooperator's Handbook

100 • Teacher Classroom Materials



Section Four • Teacher's Guide

ECOSYSTEM: MARSH ECOSYSTEM: MARSH

ORGANISM: diving beetle ORGANISM: snapping turtle

CLASSIFICATION: insect CLASSIFICATION: reptile

FOOD: insects and snails FOOD: plants and animals

ECOSYSTEM: MARSH ECOSYSTEM: MARSH

ORGANISM: muskrat ORGANISM: cattail

CLASSIFICATION: mammal CLASSIFICATION: plant

FOOD: cattails FOOD: uses sunlight to make its own food

ECOSYSTEM: MARSH ECOSYSTEM: MARSH

ORGANISM: water snake ORGANISM: mink

CLASSIFICATION: reptile CLASSIFICATION: mammal

FOOD: frogs, crayfish and fish FOOD: crayfish, fish and birds

ECOSYSTEM: MARSH ECOSYSTEM: MARSH

ORGANISM: great blue heron ORGANISM: giant water bug

CLASSIFICATION: bird CLASSIFICATION: insect

FOOD: frogs, fish and snakes FOOD: insects and fish

I 1 ,
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ENERGY

1 1

ENERGY

i mi* mi*mi* i 1111*1111*1111*
FLOW ; FLOW

ENERGY ENERGY

j 1111*1111*1111* i 1111*1111*1111*
FLOW FLOW

ENERGY ENERGY

| 1111*1111*1111* 1111*1111*1111* |
FLOW ; FLOW

1 —— '

ENERGY ENERGY

i ^iin^iiiii^iiiii 411114111141111 i
j FLOW ! FLOW
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Forest Ecosystem Example

downy
woodpecker

\.

spider

/
aphid

ground beetle

/
walkingstick

violet SUN • oak tree • katydid garter snake

white-footed mouse moss

red-shouldered hawk white-tailed deer

Marsh Ecosystem Example

mosquito

mink

crayfish

snail

great blue heron

\
minnow

muskrat

red squirrel

mayfly'

chipmunk

lady beetle

dragonfly

\
red-winged blackbird

purple loosestrife

\
leaf beetle
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TREE TIMELINE
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