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To promote awareness of invasive species issues, the United States 

Forest Service has graciously funded the Protecting Our Forest 

Ecosystems: The Emerald Ash Borer curriculum and pilot program.  This 

funding has enabled the Peggy Notebaert Nature Museum to offer this 

program free to middle school teachers in Chicago Public Schools during 

4th quarter 2009.  The USFS has also supplied each teacher with a free 

Emerald Ash Borer Identification Kit.   

 

We thank them for their support. 
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Lesson Summary  
Students will be introduced to the vast 

diversity that exists on our planet.  Through 

station activities, they will explore food 

webs, nutrient cycling, biodiversity, and 

ecosystem services in coastal, forest, 

prairie, and urban ecosystems, respectively. 

 

Time Allotment  

75 minutes 

 

Materials  

You will need 2 of each station. 

Station 1: Food Webs in Coastal 

Ecosystems 

 Food Web #1 (see Advance 

Preparation) 

 Food Web #2 (see Advance 
Preparation) 

 New Food Chain Guide (see Advance 

Preparation) 

 Food Web #1 Answer Key (see 
Advance Preparation) 

 Food Web #2 Answer Key (see 

Advance Preparation) 

 3 envelopes (see Advance Preparation) 
 

Station 2: Nutrient Cycling in Forest 

Ecosystems 

 5 plastic cups 

 5 labels (see Advance Preparation) 

 30 black pom poms (Atmosphere) 

 30 blue pom poms (Bacteria/Fungi) 

 20 white pom poms (Soil/Dead Plants) 

 10 green pom poms (Plants) 

 1 brown pom pom (Rocks) 
 

Station 3: Biodiversity in Prairie Ecosystems 

 Prairie Plot #1 (see Advance 

Preparation) 

 Prairie Plot #2 (see Advance 
Preparation) 

 Ruler 

 Dry erase marker 
 Calculator  

 Paper towel 

 

Station 4: Ecosystem Services in Urban 

Ecosystems 

 Heat lamp (shared by both stations; see 
Advance Preparation) 

 Asphalt shingle 

 Pothos plant leaf 

 2 thermometers 

 Stop watch 

 Dry erase marker 

 Paper towel 

 Urban Area Surface Map (see Advance 
Preparation) 

 Urban Area Heat Map Transparency 

(see Advance Preparation) 

 Directions and Class Data Chart  

 

Per student: 

 Introductory Reading 

 Food Web Data Sheet 

 Nutrient Cycling Data Sheet 

 Measuring Biodiversity Data Sheet 

 Urban Heat Island Data Sheet 

 

Advance  Preparation  

Copy: 

 Introductory Reading 

 Food Web Data Sheet 

 Nutrient Cycling Data Sheet 

 Measuring Biodiversity Data Sheet 

 Urban Heat Island Data Sheet. 

 

Station 1:  Copy and laminate Food Web 

#1, Food Web #2, New Food Chain Guide, 

Food Web #1 Answer Key, and Food Web 
#2 Answer Key.  Label the three envelopes 

òFood Web #1ó, òFood Web #2ó, and 

òFood Web Missing Linkó.  Cut out the 

organisms in Food Web #1 Answer Key 
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and place all but the Octopus in the 

envelope labeled òFood Web #1ó.  Repeat 

with Food Web #2 Answer Key, placing all 

but the Octopus in the envelope labeled 

òFood Web #2ó.  Put both of the Octopus 

cards in the envelope labeled òFood Web 

Missing Linkó.  Make two sets of everything, 

and set up the station in an area of the 

classroom. 

 

Station 2:  Use the labels to label one cup 

Atmosphere, one cup Bacteria/Fungi, one 
cup Soil/Dead Plants, one cup Plants, and 

one cup Rocks.  Place the black pom poms 

in the Atmosphere cup, the blue pom poms 

in the Bacteria/Fungi cup, the white pom 

poms in the Soil/Dead Plants cup, the green 

pom poms in the Plants cup, and the brown 

pom pom in the Rocks cup.  Repeat so that 

there are two sets, and set up the station in 

an area of the classroom. 

 

Station 3: Make color copies of Prairie 

Plot #1 Left, Prairie Plot #1 Right, Prairie 

Plot #2 Left, and Prairie Plot #2 Right.  To 

make Prairie Plot #1, cut the left edge off of 

Prairie Plot #1 Right and tape it to Prairie 

Plot #1 Left, making sure the rows line up.  

Repeat to create Prairie Plot #2.  Laminate 

the prairie plots.  Make sure there are two 

sets of all materials for the station, and set 

them up in an area of the classroom. 

 

Station 4: Make 2 copies of the Directions 

and Class Data Chart.  Make 2 color copies 

of the Urban Area Surface Map and 

laminate them.  Make 2 color overhead 

transparencies of the Urban Area Heat 

Map.  Secure the heat lamp approximately 

one foot above a flat surface in an area 

where it can be easily plugged in.  (The 

floor may be used as a flat surface.)  Adjust 

the lamp so that it points directly 

downward.  Place the two shingles and the 

two plant leaves underneath the lamp.  

Place the other materials at the station. 

 

Arrange students in cooperative groups.   

 

Lesson Objectives  
 Define the term òecosystemó. 

 Describe and apply the concepts of food 

webs, nutrient cycling, biodiversity, and 

ecosystem services within specific 

ecosystems. 

 Apply the same concepts to other 

ecosystems. 

 

Illinois Goals and Standards for 

Middle/Junior High School  
Science: 

Goal 11: A.3a, A.3b, A.3c, A.3e, A.3f, A.3g 

Goal 12:  A.3c, B.3a, B.3b, E.3b 

Goal 13:  B.3d 

 

Math: 
Goal 7: A.3b, B.3 

Goal 10: A.3a 

 

Language Arts: 

Goal 1:  B.3d, C.3a, C.3f 

Goal 2:  B.3a 

Goal 4:  A.3a, A.3c 

 

Vocabulary  
Abiota 

Biodiversity 

Biota 

Ecosystem 

Ecosystem services 

Food chain 

Food web 

General Diversity Index 

Limiting nutrient 

Nitrogen 

Nutrients 

Pool 
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Primary consumers 

Producers 

Secondary consumers 

Top consumers 

Trophic level 

Urban heat island 

 

Background Information  
An ecosystem  is all of the plants, animals, 

and other organisms, or biota , that live in 

an area and the non-living environment with 

which they interact.  The non-living 

environment includes components, also 

called abiota , such as parts of the soil, 

water, nutrients, air, light, and temperature.  

A pond, a deciduous forest, and an alpine 

grassland are all examples of specific 

ecosystems.  They are diverse in type, in 

the species they support, and in the genes 

of their inhabitants.   

 

Scientists who study ecosystems are 
interested in exploring ecosystem features 

such as how energy flows through food 

chains and food webs, how nutrients cycle, 

what variety of life, or biodiversity , is 

present in the ecosystem, what services the 

ecosystem provides, and what happens to 

the system when activities change these 

processes.  These features and processes 

are intimately connected.  An event that 

directly affects one of them can influence all 

of them. 

 

Information about the specific station topics: 

 

Station 1: Food Webs  

Food chains  are used to describe the flow 

of energy through different organisms in an 

ecosystem at each level of feeding.  These 

levels, called trophic levels , begin with 

producers , which are organisms (such as 

plants) that make their own food from 

inorganic substances.  The second trophic 

level includes the primary consumers , or 

herbivorous animals that feed on producers.  

Secondary consumers  feed on the 

primary consumers and can be both 

herbivorous and carnivorous organisms.  

More trophic levels are added as needed, 

and food chains end with top consumers , 

or animals that have few or no natural 

enemies.  The net energy transferred from 

one tropic level to the next decreases with 

each consecutive trophic level, and as much 

as 90% of the energy can be lost between 
each trophic level. 

 

Food chains are the building blocks for a 

food web , which is a more complex 

representation of the relationships between 

many organisms in an ecosystem.  One 

example of a food chain may be: 

phytoplankton krill crabs octopi 

(phytoplankton being the producer and 

octopi being the top consumer).  A food 

web, however, acknowledges that krill are 

eaten by more than just crabs, and that 

octopi do not only eat crabs exclusively, 

etc.  Food webs illustrate the many 

predator-prey relationships present in an 

ecosystem and more accurately describe 

the interconnectedness of the organisms.  

Because of these interconnections, if even 

one organism in the food web goes extinct, 

the entire food web can be affected, 

completely changing the dynamics of the 

ecosystem. 

 

At this station, students put together two 

incomplete food webs from a coastal 

ecosystem and use clues to discover that a 

single organism is missing from each web, 

the octopus.  Using the octopus, they build 

a new food chain connecting the two food 

webs.  Finally, they think about what would 

happen to the food webs if one of the 

organisms became extinct. 
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Station 2: Nutrient Cycling  

Nutrients  are chemicals found in the 

environment that living things need to live 

and grow.  Nutrients cycle continuously 

throughout ecosystems.  In ecosystems that 

have not been disturbed (for example, by 

wildfire or human activities), nutrients 

mostly recycle within the ecosystem.  The 

amounts of nutrients present, and the 

proportions of each in an ecosystem, can 

limit the amount of plant and animal growth 

that can occur within that ecosystem.  
Generally, competition for nutrients is 

intense.  All organisms, therefore, have 

developed unique adaptations for capturing 

nutrients.  Organisms also tend to differ 

slightly from one species to the next in 

terms of the amounts and proportions of 

nutrients they require for optimal growth.  

Because of competition for nutrients, 

diverse ecosystems will usually retain the 

majority of nutrients within the ecosystem, 

with nutrients cycling from one pool , or 

place, to the next.  In some disturbed 

ecosystems, nutrients can be added (for 

example, through fertilizer applications or 

pollutants), or removed (for example, by 

harvesting plants) from the system.   

 

Nitrogen  is one of the primary nutrients 

required for plant growth.  Because 

nitrogen is so important, it is generally not 

available in excess, and additions of nitrogen 

to soils will typically lead to increased plant 

growth.  For this reason, nitrogen is 

considered a limiting nutrient .  Industrial 

and agricultural activities can lead to excess 

nitrogen additions to nearby forests and 

other ecosystems.  This often benefits fast-

growing, weedy, invasive species much 

more than it benefits slower-growing native 

species adapted to lower nitrogen 

availability.  In addition, excess nitrogen can 

lead to losses of nitrate from the system, 

which can have negative effects on stream 

organisms and even on human health. 

 

Nitrogen cycles continuously within an 

ecosystem, and most of the nitrogen that 

plants use has been recycled within the 

system.  Almost no nitrogen enters soil or 

other parts of an ecosystem through 

weathering of rocks.  Nitrogen is abundant 

in the atmosphere (it constitutes nearly 

80%), but the majority of it is in tightly 

bound N2 molecules that most living things 
cannot access.  A few species of bacteria 

are able to break the N2 molecules into 

usable molecules through a process known 

as nitrogen fixation, thus taking nitrogen 

from the atmosphere.  Bacteria and fungi 

can further utilize nitrogen, and release 

forms into the soil that plants can take up, 

through the processes of ammonification 

and nitrification.  Plants then assimilate it 

into their growing tissues.  When plants die, 

nitrogen is recycled by bacteria and fungi 

that break down plant tissues.  Nitrogen 

can return to the atmosphere through 

denitrification, a process carried out by soil 

bacteria that convert nitrogen back to its 

gaseous forms. 

 

At this station, each pom pom represents a 

unit of nitrogen, and the cups represent 

pools where the nitrogen could be found in 

a forest ecosystem.  Students will move 

units of nitrogen from one pool to another 

along the pathways that nitrogen cycles.  

They will observe a great deal of movement 

of nitrogen, but the total amount of 

nitrogen in the pools overall will not 

change.  While the pom poms will start off 

all the same color within each pool, at the 

end of the activity the colors will be mixed, 

representing the cycling of nitrogen through 

the system.  This is typical of an ecosystem 

that has not been disturbed.  If far more 
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nitrogen was added to the soil, for example 

through human activities, than could be 

taken up by the native plants, the excess 

would benefit invasive species and could 

lead to losses from the system. 

 

Station 3: Biodiversity  

Biodiversity is the variety of life within all 

ecosystems.  Figures, as of 2002, estimate 

that about 1.7 million species have been 

identified in the world, 53% of them being 

insects.  However, there are many species 
that have not been identified yet.  It is 

estimated that the total number of species 

on earth is between 10 and 300 million.  It 

is likely that the actual number of species 

on earth will never be known.  Threats, 

such as habitat loss, invasive species, and 

pollution, are resulting in an incredible loss 

of biodiversity that means many species may 

disappear before they are even found.   

 

Biodiversity is vital to the health and 

sustainability of an ecosystem.  An 

ecosystem with a greater variation of living 

things is better able to withstand or adapt 

to any changes that may occur.  Scientists 

use biodiversity partly as a measure of an 

ecosystemõs health, and there are several 

indices used to generate a numeric 

representation of an ecosystemõs diversity.  

Diversity indices take into consideration 

both the number of species in an ecosystem 

and their evenness.  Evenness has to do 

with the number of individual 

representatives of each species present.  

Say, for example, one ecosystem has three 

species, A, B, and C, that are represented 

by 93, 1, and 1 individuals, respectively.  

This ecosystem has low evenness and low 

diversity.  Another ecosystem has the same 

three species, but they are represented by 

35, 32, and 33 individuals, respectively.  This 

ecosystem has greater evenness and, 

therefore, greater diversity.  Biodiversity 

indices generate a number between 0 and 1.  

The closer the number is to 1, the greater 

the biodiversity and the health of the 

ecosystem.  The lower the number, the 

lower the biodiversity and the more likely it 

is that the ecosystem is unhealthy. 

 

At this station, students calculate the 

General Diversity Index , one of many 

biodiversity indices, for two prairie plots.  

Both have the same number of species, but 
in different numbers, or evenness.  Prairie 

plot #1 is very diverse, and therefore, very 

healthy.  Prairie plot #2, on the other hand, 

has low diversity and is unhealthy.  Students 

then think about what might happen to 

these prairie plots if an entire section of the 

plot is wiped out by a fire.  Because plot #2 

has low diversity, two species go extinct, 

making it more difficult for this plot to 

recover.  Because of the diversity in plot 

#1, all of the species are still present after 

the fire, allowing this plot to recover more 

quickly with all of the species still 

represented. 

 

Station 4: Ecosystems Services  

Ecosystem services  are the resources 

and processes supplied by an ecosystem.  

Resources supplied by an ecosystem include 

items such as food and timber.  Some 

processes provided by an ecosystem include 

pollination of plants by insects, cleaning of 

water by wetland plants and soil, and plant 

cover preventing erosion. 

 

One of many ecosystem services that plants 

provide is temperature regulation.  Plants 

are able to cool the surrounding air by 

evaporating water from their leaves in a 

process called transpiration.  Plants also 

assist with temperature regulation by 

shading areas from the sunõs rays and using 
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carbon dioxide that might otherwise be 

trapped in the atmosphere.   

 

The temperature regulating abilities of 

plants are particularly evident in urban 

settings.  Most dark surfaces absorb the 

sunõs light and radiate the energy as heat.  

Since there are so many dark surfaces in 

urban areas (dark roofing, parking lots, 

paved roads, etc.), cities often become 

urban heat islands .  An urban heat island 

is an area with higher temperatures than 
the surrounding areas as a result of its 

absorption of so much energy from the sun.   

 

In addition to a higher percentage of dark 

surfaces, urban areas often have fewer 

green spaces (trees, parks, gardens, etc.) 

than other areas.  This lack of plant material 

contributes to the urban heat island effect 

for several reasons.  First of all, dark 

surfaces absorb more of the sunõs rays than 

plant surfaces, which reflect much of the 

sunlight back into the sky.  Also, unlike 

plants, dark surfaces have no mechanism for 

cooling the air around them.  The removal 

of green spaces in urban areas decreases a 

cityõs ability to use plants to manage its 

temperature.   

 

At this station, students complete an 

experiment that demonstrates that darker 

surface absorb and radiate more heat than 

plants.  Students also look at photographs 

that show the correlation between surface 

cover (dark surfaces, plant surfaces, etc.) 

and temperature.  They use this information 

to make recommendations about how the 

cityõs urban heat island effect could be 

reduced. 

 

Pre-lesson Activity  
1. Pass out the introductory reading and 

read it out loud to the class.  (see 

Variations) 

 

2. Have students spend a moment 

imagining what the rain forest 

ecosystem might be like.  What does it 

look like?  What does it feel like?  What 

does it smell like?   

 

3. Ask students about their experiences 

with forests.  What other descriptions 

can they give of forests?  Write these 

ideas on the board. How are they the 

same or different from what was 

described in the story? 

 

4. Explain that the rainforest from the 

story and a forest in the local area are 

both ecosystems.  Students will revisit 

the topic of ecosystems as part of the 
òInitial Discussionó of this lesson. 

 

Initial Discussion  
5. Write the word òecosystemó on the 

board.  Brainstorm with the students 

some of the ecosystems near them 

(lake, river, grove, urban landscapes, 

coastal area, mountains, etc.). 

 

6. Explain that an ecosystem is all of the 
living organisms, or biota, in an area and 

the physical environment, or abiota, 

with which they interact.  Pick one 

ecosystem and define it further by 

brainstorming the living things and the 

physical environment that might be 

there.  See the following chart as an 

example. 

 

 

 

 



Protecting Our Forest Ecosystems  Lesson 1 

Global Diversity  
 

 

 9 
 © 2009 The Peggy Notebaert Nature Museum 

 naturemuseum.org 

Ecosystem: Deciduous Forest 
 

BIOTA  ABIOTA  

Squirrels Soil 

Spiders Air 

Oak trees Sunlight 

Caterpillars Rain water 

Deer Rocks 

 

7. Tell students that today they will be 

learning about some of the important 

features of an ecosystem. 

 

Hands-On Activity  
8. Explain that groups will be rotating 

through four stations.  Each station has 

an activity that focuses on a specific 

ecosystem feature (i.e. food webs, 

nutrient cycling, biodiversity, and 

ecosystem services) and a particular 

ecosystem (i.e. coastal, forest, prairie, 

and urban ecosystems, respectively). 

 

9. Tell the groups that at each station they 

should read the instructions and then 

work on the activity.  They will get 10 

minutes to complete as much of the 

activity as they can and then will rotate 

to the next station.  (see Variations) 

 

10. Once all of the groups have rotated 

through the four stations, have them 
return to their seats. 

 

Relate Activity to Concept  
11. Discuss each station with the students.   

Have them share their observations and 

what they learned.  (see Background 

Information for more on each stationõs 

topic) 

 

12. Explain that even though each station 

used one type of ecosystem to 

demonstrate one of the four ecosystem 

features, all four of the features are 

present in all ecosystems.  For example, 

the forest was used to demonstrate 

nutrient cycling, but nutrient cycling 

occurs in prairies, urban and coastal 

ecosystems, and other ecosystems as 

well. 

 

13. Return to the Introductory Reading.  In 

their groups, have students go through 

the reading again.  Ask them to mark 

and label any words, phrases, sentences, 
or sections that relate to the four 

ecosystem features they learned about 

today: food webs, biodiversity, nutrient 

cycling, and ecosystem services.  (see 

Variations) 

 

14. Have students share the connections 

they found between the ecosystem 

features from the activities and the text 

from the Introductory Reading (accept 

all answers). 

 

Variations  
 If time is short, just read the first four 

paragraphs of the Introductory Reading 

to the class.  The second part of the 

reading can be read at another time or 

as homework, along with step 13 of the 

lesson. 

 If there are time constraints, make sure 
that each station is covered by at least 

one group and rotate fewer times, or 

do not rotate at all.  Have groups share 

what they learned at their station with 

the rest of the class. 

 If time is short, have the students do 

step 13 for homework and then discuss 

it the next day. 

 Make a transparency of the 

Introductory Reading and do steps 13 

and 14 as a class on the overhead. 
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 To allow for more in-depth 
understandings of the ecosystem 

features and more time for discussion, 

split the stations over two class periods, 

and give students more time at each 

station.   

 

Assessment 
Collect and grade the data sheets. 

 

Have students write their own descriptive 

story about an experience they have had in 

an ecosystem, using the excerpt from 

Diversity of Life as an example.  Students 

should include information about how the 

four ecosystem features from the activities 

are present in the ecosystem being 

discussed. 

 

 

Extension Activities  
 

Ecosystem Research 

Have students research food webs, 

biodiversity, nutrient cycling, and/or 

ecosystem services in a new ecosystem and 

present the information they gather to the 
class.   

 

Recommended Resources  
Biodiversity 911 on the Web, 

www.biodiversity911.org 

 

Diversity of Life by E.O. Wilson 

ISBN 0393319407 

 

Ecosystem Services, 
www.esa.org/education_diversity/pdfDocs/ 

ecosystemservices.pdf 

 

Heat Island Effect, www.epa.gov/heatisland/ 

 

Whatõs it Like Where You Live?: Biomes of 

the World, www.mbgnet.net/ 
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Introductory Reading:  
Adapted from:  Diversity of Life by E.O. Wilson, Pellegrino University Research Professor and 

Honorary Curator in Entomology at Harvard University. 

 

One night, at the edge of rain forest north of Manaus, in the Amazon Basin, I was enclosed in 

darkness so complete I could not see beyond my outstretched hand.  The forest at night is an 

experience in sensory deprivation most of the time, black and silent as the midnight zone of a 

cave.  Life is out there in expected abundance.  The jungle teems with life, but in a manner 

mostly beyond the reach of human senses.  Ninety-nine percent of the animals find their way by 

chemical trails.  I swept the ground with the beam from my headlamp for signs of life, and found 

ð diamonds!  They were reflections from the eyes of wolf spiders, members of the family 

Lycosidae, on the prowl for insect prey.   

 

The moon was down, and only starlight etched the tops of the trees.  It was the dry season, 

and the air had cooled enough to make the humidity pleasant.  A storm was about an hour 

away.  I welcomed a meteorõs streak and the occasional courtship flash of luminescent click 

beetles among the nearby but unseen shrubs.  Even the passage of a jetliner 10,000 meters up, a 

regular event each night around ten oõclock, I awaited with pleasure.  A week in the rain forest 

had transformed its distant rumble from an urban irritant into a comforting sign of the 

continuance of my own species.  We are no match, however, to the dominant subgroup of 

social insects, the ants.  Ants make up almost half of the insect biomass overall and seventy 

percent of the individual insects found in the treetops.  They are only slightly less abundant in 

grasslands, deserts, and temperate forests throughout the rest of the world. 

 

Around me the storm grew until sheet lightning spread across the western sky.  The 

thunderhead reared up like a top-heavy monster in slow motion, tilted forward, blotting out 

the stars.  The forest erupted in a simulation of violent life.  Lightning bolts broke to the front 

and then closer, to the right and left, 10,000 volts dropping along an ionizing path at 800 

kilometers an hour, kicking a countersurge skyward ten times faster, back and forth in a split 

second, the whole perceived as a single flash and crack of sound.  The wind freshened, and the 

rain came stalking through the forest.   

 
In the midst of chaos something to the side caught my attention.  The lightning bolts were 

acting like strobe flashes to illuminate the wall of the rain forest.  At intervals, I glimpsed the 

storied structure:  top canopy 30 meters off the ground, middle trees spread raggedly below 

that, and a lowermost scattering of shrubs and small trees.  The forest was framed for a few 

moments in this theatrical setting.  Its image turned surreal, projected into the unbounded 

wildness of the human imagination, thrown back in time 10,000 years.  Somewhere close I knew 

spear-nosed bats flew through the tree crowns in search of fruit, palm vipers coiled in ambush 

in the roots of orchids, jaguars walked the riverõs edge; around them eight hundred species of 

trees stood, more than are native to all of North America; and a thousand species of 

butterflies, six percent of the entire world fauna, waited for the dawn.   
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The storm arrived, racing from the forestõs edge, turning from scattered splashing drops into 

sheets of water driven by gusts of wind.  Leptodactylid frogs struck up a loud monotonous 

honking on the forest floor close by.  They were all around.  I wondered where they had been 

during the day in the rotting debris they are supposed to prefer.  Farther out, a troop of red 

howler monkeys chimed in, their chorus one of the strangest to be heard in all of nature, as 

enthralling in its way as the songs of humpback whales.  For me, these rain time calls are a 

celebration of the forestõs vitality:  Rejoice!  The powers of nature are within our compass, the storm 

is a part of our biology!  

 

The storm event of minor violence opened gaps in the forestécreating a new environment for 

animals, fungi, and microorganisms of a different kind from those in the dark forest interior.  In 

the following months, I will see pioneer plant species take seed.  All around this second-growth 
vegetation, the fallen trees and branches (from the storm) rot and crumble, offering hiding 

places and food to a vast array of baisiomycete fungi, slime molds, ponerine ants, scolytid 

beetles, bark lice, earwigs, embiopteran webspinners, zorapterans, entomobryomorph 

springtails, japygid diplurans, and schizomid arachnids, pseudoscorpions, real scorpions, and 

other forms that live mostly or exclusively in this habitat.  They add thousands of species to the 

diversity of the primary forest and more importantly, are key to maintaining the world as we 

know it.  Life in this local site struck down by a passing storm springs back quickly because 

enough diversity still exists.  Opportunistic species, evolved for just such an occasion, rush in to 

fill the spaces.  They begin the succession that circles back to something resembling the original 

state of the environment.  This is the assembly of life that took a billion years to evolve.  It has 

eaten the storms ð folded them into its genes ð and created the world that created us.  It holds 

the world steady! 
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Station 1: Food Webs in Coastal Ecosystems  
Food Web Data Sheet  Name: ________________________ 
 

1. Reconstruct the two food webs given the spaces provided.  Use the written clues on each 

organism to help determine which organism fits in each box.  One organism has been 

omitted and is the missing link for both food webs, so one box will be blank in each food 

web.  All food webs start with a producer, an organism (like a plant) that makes its own 

food from inorganic substances.  Observe the flow of energy by following the arrows from 

each box. 

 

2. Make a prediction, given the clues, about which organism is missing in each food web (again, 

this will be the same organism).  After you have made your prediction, open the missing link 
envelope to reveal the organism that is missing from both food webs.  What is it?  

 

 

 

 

3. Create your own food chain using the missing link organism.  Your food chain should link 

the two webs by using 2 species from each food web that relate to the missing link 

organism.   Write out the food chain you created with the missing organism (use the New 

Food Chain Guide to help you place the organisms in your food chain). 

 

 

 

 

 

 

 

 

 

 

 

4. What other organism connects these two food webs?  If this organism became extinct, 

what would happen to the food webs?  Would any other organisms have trouble finding 

food and possibly go extinct as well?
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New Food Chain Guide  
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Food Web #1  

 

 

 

 

 

 

 

 



Protecting Our Forest Ecosystems  Lesson 1 

Global Diversity  Food Webs  
 

 

 16 
 © 2009 The Peggy Notebaert Nature Museum 

 naturemuseum.org 

Food Web #1 
Answer Key  

 
Dolphins  are marine 

mammals that feed mostly 

on large fish. 

  
Mackerel  are large fish 

that mainly feed on 

smaller fish, squid, and 

crab. 

 

 
Blenny  are a group of 

small fish that feed on 

small crustaceans like 

water fleas and krill. 

 

 
 Krill are shrimp-like 

marine invertebrates that 

feed on phytoplankton. 

 

 
Diatoms  are a major 

group of algae and are a 

type of phytoplankton. 

 

 
Octopi  are eight-legged 

cephalopods that feed on 

lobsters, clams, and crabs. 

 

 
Crabs are ten-legged 

omnivores that eat 

mollusks, worms, and 

small invertebrates. 

 
Water fleas  are small 

aquatic crustaceans that 
feed on many types of 

phytoplankton. 
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Food Web #2  
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Food Web #2 

Answer Key  

 
Octopi are eight-legged 

cephalopods that feed on 

lobsters, clams, and crabs. 

 

 
Sea urchins  are spiny sea 

creatures that love to feed 

on kelp. 

 

 
Crabs  are large, ten-legged 

omnivores that eat small 

fish, invertebrates, algae and 

some echinoderms. 

 

 
Sea stars are echinoderms 
that feed on clams, sea 

urchins, small fish, and 

oysters. 

 

 
Greenbones  are small fish 

that feed on brown algae. 

 

 
Sea otters  are marine 

mammals that feed on over 
100 different prey species.  

Among these are sea 

urchins, clams, sea stars, 

and large crabs. 

 

 
Kelp  is a type of algae and 

is often called seaweed. 
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Station 2: Nutrient Cycling in Forest Ecosystems  
Nutrient Cycling Data Sheet  Name: ___________________________ 
 

Nitrogen is a nutrient that all living things need.  Nitrogen constantly cycles from one place, or 

pool, to the next.  In this activity, you will model nitrogen cycling in a forest. 
 

Assign one person to each pool, except to rocks.  Each person will be responsible for moving 

the units of nitrogen as indicated.  One person should be the timer.  Do this activity for three 

minutes, then complete the table and answer the questions. 
 

Atmosphere: Every 20 seconds, take one molecule from SOIL. 

Bacteria/Fungi:  Every 20 seconds, take one molecule from ATMOSPHERE. 

Soil: 
Every 20 seconds, take one molecule from PLANTS. 

Every 20 seconds, take one molecule from BACTERIA AND FUNGI. 

Plants: Every 20 seconds, take one molecule from SOIL. 

Rocks: Every 300,000,000 seconds, place one molecule in the SOIL. 

 

 

 BEGINNING:   END:   

Pool  

Total 

number of 

pom poms  

Colors of pom poms  

Total 

number of 

pom poms  

Colors of pom poms  

(circle all that 

apply)  

Atmosphere 30 
black      blue     white 

green         brown 
 

black     blue     white 

green         brown 

Bacteria/fungi 30 
black     blue      white 

green         brown 
 

black     blue     white 
green         brown 

Soil/dead 

plants 
20 

black     blue     white  

green         brown 
 

black     blue     white 

green         brown 

Plants 10 
black     blue     white 

green        brown 
 

black     blue     white 

green         brown 

Rocks 1 
black     blue     white 

green       brown  
 

black     blue     white 

green           brown 
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1. Did the color of pom poms (source of nitrogen) in each pool change?  Why? 

 

 

 

 

2. Did any pool, or pools, end up with more of a particular color?  Which ones and where did 

that nitrogen come from? 

 

 

 

 

 
 

 

 

3. Did the number of pom poms (amount of nitrogen) in each pool change?  Why do you think 

this happened? 

 

 

 

 

 

 

 

 

 

4. Humans move into the forest and start adding additional nitrogen (pom poms) to the soil.  

How will this affect the nitrogen in the system?  In which pools might this new nitrogen 

accumulate? 
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Station 3: Biodiversity in Prairie Ecosystems  

Measuring Biodiversity Data Sheet  Name: _______________________ 
 

1. Biodiversity is the number and variety of different organisms living in an ecosystem.  The 

greater the biodiversity, the more different types of organisms there are and the healthier 

the ecosystem is.  Compare and contrast the two prairie plots.  Make a hypothesis about 

which plot is more diverse and why you think that. 

 

 

 

 

 

2. Using the ruler and the dry erase marker, draw a straight line across Prairie Plot #1 from 

the left side to the right side.  The line can be horizontal or on an angle.  This line 

represents your transect line. 
 

3. Each square represents a single plant.  The letter in the corner of the box is to help identify 

the plants as follows: 
 

A Big Blue Stem  E Rough Goldenrod  

B Indian Grass  F Compass Plant  

C New England Aster  G Pale Purple Coneflower  

D Spiderwort  H Butterfly Weed  
 

4. Starting at one end, record in order the letter of each plant (box) that the line crosses.   
 

Example:  AAAEECCCDBBBBAAADDDDCCCBB 

  The example has 5 different types of plants (A, B, C, D, E) and 25 total plants. 
 

Your plants:  

                         

 

                         

 

What is your total number of plants ?     
 

5. Calculate the number of runs.  A run ends when a new plant appears in the count.  You can 

circle each group of like letters to easily find the runs. 
 

Example:  AAA     EE     CCC     D     BBBB     AAA     DDDD     CCC     BB 

  The example has 9 runs. 
 

What is your total number of runs ?    
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6. The General Diversity Index is used to compare different plant communities.  The General 

Diversity Index can be found by dividing the total number of runs by the total number of 

plants. 
 

Example:   General Diversity Index = Total Runs/Total Plants = 9/25 = 0.36  
 

What is your General Diversity Index for Prairie Plot #1?      
 

7. Repeat the process with Prairie Plot #2.  Your plants: 
 

                         

 

                         

 

Total number of plants ?    Total number of runs ?    

 

General Diversity Index for Prairie Plot #2?      
 

8. The General Diversity Index generates a number between 0 and 1.  The lower the number, 

the lower the diversity in the area.  Which prairie plot is more diverse?  Do you accept or 

reject your hypothesis from #1? 

 

 

 

 

9. A healthy prairie should have a General Diversity Index between 0.7 or 0.9, meaning it has a 

high diversity of plants (close to 100%).  A field of grass and weeds may only have an index 

between 0.1 or 0.3, which represents a low diversity of plants.  Are these areas unhealthy? 

 

 

 

 

 

10. A fire wipes out all of the plants in the right half of both prairie plots.  Would any plant 

species go extinct in Prairie Plot #1?  In Prairie Plot #2?  If so, which? 

 

 

Which plot do you predict will be better able to recover?  Why? 



Prairie Plot #1 Left  

 

A C B F G 

E 

D 

H 

B 

B B 

B B 

B 

B B 

B 

B B 

A 

A A 

A 

A A A 

A 

A 

C C C 

C 

C 

C 

C C 

D D 

D D 

D 

D 

E 

E 

E 

E E 

F 

F 

F 

F 

G 

G 

G 

H 

H 



Prairie Plot #1 Right  

 

 

B 

B 

B 

B 

B 

B 

B B 

A A 

A A 

A 

A 

A 

A 

A A 

C C 

C 

C 

C 

C 

D 

D 

D 

D 

D 

D D 

D D 

E 

E E 

E E 

F F 

F 

F F 

F 

G 

G G 

G 

G 

G 

H 

H 

H H 

H 

H 



Prairie Plot #2 Left  

 

B B B B 

B B B B B B B 

B 

B B 

A A A 

A A A A A A A 

A A A A A A A 

A A A A A 

A A A A A 

A A A A A 

A A A 

D D 

F 

G G 

H H 



Prairie Plot #2 Right  

 

 

B B B B B B B 

B B B B B B 

B B B 

B B B 

B B B B B B B 

B B B B B B B 

A A A 

A A A A 

A A A A A A 

A A A A C C C 

E 

E 

F 
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Station 4: Ecosystem Services in Urban Ecosystems  

Urban Heat Island Data Sheet  Name: __________________________ 
 

1. Follow the directions on the Directions and Class Data Chart sheet for information on how 

to complete this experiment.  
 

 Asphalt Shingle 

Temperature  

Pothos Leaf  

Temperature  

Initial Temperature (lamp off) °C °C 

Temperature after 2 minutes °C °C 

Change in Temperature  

(0 min. to 2 min.)  
°C °C 

Temperature after 4 minutes °C °C 

Change in Temperature  

(2 min. to 4 min.)  
°C °C 

Total Change in Temperature  

(0 min. to 4 min.)  
°C °C 

 

2. Which material had a greater change in temperature when placed under the heat lamp?  

Why do you think that is? 

 

 

 

 

 

3. Record your initial and final temperatures for each material (the ones in the gray boxes 

above) on the Directions and Class Data Chart.  If you are group 2, 3, and 4, look at the 

other temperatures recorded on the chart.  Did each group have the same initial 

temperature, or was there some heat carrying over from the previous group?  Compare the 

pothos leaf and shingle temperatures. 

 

 



Protecting Our Forest Ecosy stems  Lesson 1 

Global Diversity  Ecosystem Services  
 

 

 28 
 © 2009 The Peggy Notebaert Nature Museum 

 naturemuseum.org 

4. Look at the Urban Area Surface Map.  Circle three areas with a high density of green 

surfaces, such as trees or parks.  (These areas appear green on the map.) 

 

5. Place the Urban Area Heat Map transparency directly on top of the photograph of the city 

that you just marked.  What is the correlation, or connection, between the areas you 

circled and the cool areas on the heat map?   

 

 

 

 

 

 
 

 

 

 

 

 

6. A city with large amounts of dark surfaces can create what is known as an urban heat 

island.  An urban heat island traps heat near the Earthõs surface, making the area hotter 

than the surrounding areas.  Based on your findings from the heat lamp test, how might 

this city reduce the urban heat island effect?
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Station 4: Ecosystem Services in Urban Ecosystems  

Directions and Class Data Chart  
1. Each group member must fill out his/her own data sheet. 

 

2. You will be sharing the heat lamp with another group, so coordinate your timing with them.  

The heat lamp is the only material being shared by the two groups. 
 

3. Place the asphalt shingle (with the black side UP) and the pothos leaf directly under the heat 

lamp (off).  The items should be equal distances from the center of the heat lamp.   
 

4. Take the temperatures of the asphalt shingle and the pothos leaf by placing a thermometer 

directly on each item.  Record the temperatures (in Celsius) in the table on your data sheet. 
 

5. Turn on the heat lamp.  Start the stopwatch.  Take the temperatures of both materials after 

two minutes.  Allow the stopwatch to continue.  Record the temperatures in the table on 

your data sheet.  Calculate the change in temperature for each material. 
 

6. When the stopwatch reaches four minutes, take the temperatures again, and complete the 

table on your data sheet.  After taking your final temperature, turn off the heat lamp . 
  

7. Complete the rest of your data sheet. 
 

8. Once you have completed the data sheet, record your initial and final temperatures for 

each material on the following chart: 

-The first group visiting this station is òGroup 1.ó 

-Enter ONLY your initial and final temperatures.  All four groups visiting this station will 
record their data on the same chart. 

 

  Shingle Pothos Leaf  

Group 1  
Initial temperature (0 minutes) хC хC 

Final temperature (4 minutes) хC хC 

Group 2  
Initial temperature (0 minutes) хC хC 

Final temperature (4 minutes) хC хC 

Group 3  
Initial temperature (0 minutes) хC хC 

Final temperature (4 minutes) хC хC 

Group 4  
Initial temperature (0 minutes) хC хC 

Final temperature (4 minutes) хC хC 

 

9. Wipe the dry erase marker off of the map. 
 

10. Arrange all materials exactly as you found them.
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Urban Area  

Heat Map  

 

Please wipe this map clean before leaving this station.  
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Urban Area  

Surface Map 

Please wipe this map clean before leaving this station.  
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Lesson Summary  
Students play a detective game to learn 

about the consequences of disturbing an 

ecosystem, using real world examples. 

 

Time Allotment  
50 minutes 

 

Materials  

Per Group: 

 12 small cups 

 Game Direction Sheet 

 Game Board 

 4 Game pieces 

 2 Dice 

 1 Case description 

 12 Clue cards 

 Evidence sheet 

 Tip sheet 

 

Advance Preparation  

Make 2 copies of each case description 

sheet and each set of clue cards.    

 
Make 8 copies of the Game Direction 

Sheet, Tip sheet, and Evidence sheet. 

 

To create the clue cards, fold each page in 

half so that on one side of the card is the 

category and on the other side is the clue.  

Use glue to secure. 

 

Cut out the descriptions, without the 

answers, and the clue cards and group them 

according to case number. 

 

Enlarge the game board to 11ó x 17ó paper 

 

Arrange students in cooperative groups.   

 

Lesson Objectives  
 Describe how biodiversity is affected by 

disturbance. 

 Recognize real ecosystems where 

species are in danger of being lost. 

 

Illinois Goals and Standards for 

Middle/Junior High School  
Science: 

Goal 12:  A.3c, B.3b  

Goal 13:  B.3d 

 

Language Arts: 

Goal 1:  C.3a 

Goal 2:  B.3a 

Goal 4:  A.3a, A.3c 

 

Vocabulary  
Systemic species loss 

 

Background Information  
Ecosystems change when they are 

controlled or disturbed.  These changes can 

be the result of human or natural causes, 

and can be intentional or accidental.  An 

island ecosystem can be severely disturbed, 

for example, after a hurricane.  Heavy rains 

can cause erosion, plants and animals can be 

swept away, and valuable habitat may be 

lost.   

 

An ecosystem that is healthy is able to 

overcome these natural disturbances.  Plant 

and animal species will re-colonize areas 

that have been destroyed, and slowly the 

pieces will get put back together to create a 

functioning ecosystem. 

 

Human disturbances can also change an 

ecosystem.  Destruction of habitat, altering 

water flow, or introducing new species can 

alter the health and productivity of an 

ecosystem.  Plant and animal species can be 

lost, even to the point of becoming extinct.  



Protecting Our Forest Ecos ystems  Lesson 2 

Ecosystem Crime Solvers  
 

 

 33 
 © 2009 The Peggy Notebaert Nature Museum 

 naturemuseum.org 

This type of systemic species loss can 

create a cascading effect whereby more and 

more species in a disturbed ecosystem are 

at risk.   Many of the most fragile 

ecosystems in the world are in danger 

because of human caused disturbances.     

 

But as much as humans may be a part of the 

problem, they are also a part of the 

solution.  By working to restore disturbed 

habitats, humans can slow or even stop the 

loss of biodiversity.    

 

Initial Discussion  
1. Begin the discussion by passing out 

about a dozen small cups to each group.  

Challenge students to build a vertical 

structure using all the cups.  Give 

students 5 minutes to complete the 

challenge. 

 

2. Relate the structures they built to an 

ecosystem.  An ecosystem is a system of 

complex interactions between different 

types of organisms and their 

environment.  The cups that were used 

to build the structure represent the 

biodiversity in the ecosystem.   

 

3. Ask students to remove one cup near 

the bottom of their structure.  What 

happens to the other cups?  Did they all 

fall down, or just some of them?  What 

happens if another cup is removed? 

 

4. Discuss with students how all the 

species in an ecosystem are connected.  
If one species is removed, it can affect 

the other species in the ecosystem.  If 

enough species are removed (or cups in 

this example), the entire ecosystem 

could collapse.   

 

5. Have students brainstorm ways that a 

species can be removed from an 

ecosystem.  Discuss the difference 

between natural ecosystem disturbance 

and human ecosystem disturbance (see 

Background Information). 

 

Hands-On Activity  
6. Tell students they will play a game to 

learn about some real life examples of 

ecosystems that are in danger of losing 

important species.  Each example is set 

up as a mystery, and students will 

become detectives in order to solve the 

case.  They will collect clues in order to 

discover the who, what, and why of 

each ecosystem crime. 

 

7. Pass out a game board, game pieces, 

dice, and a direction sheet to each 

group.  Have each group assign roles 

and read the game directions, or read 

them aloud as a class. 

 

8. When each group is ready, pass out 

their case description and give them 

their clue cards to place face down in 

the middle of the game board.  Give the 

prosecutor a copy of the òEcosystem 

Crime Solvers Evidence Sheet.ó 

  

9. Students should play the game until all 

the evidence has been collected.  Once 

collected, the prosecutor should come 

and ask for the òEcosystem Crime 

Solvers Tip Sheet.ó  Students will then 

use the sheet to compare their clues 
with the descriptions on the tip sheet. 

 

10. Once the group has solved the crime, 

the prosecutor will come and explain 

the case to the judge (the teacher).  If 

they are correct, congratulations, they 

have solved the crime!  If not, instruct 
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them to go back and look at their tip 

sheet again to identify the correct 

criminal, scene, or criminal pattern.   

 

Relate Activity to Concept  
11.  After all the groups have finished, have 

the prosecutor in each group brief the 
rest of the class about their case.  What 

is happening in this ecosystem?  Who is 

the culprit?  Since two groups will have 

the same case, have the other group 

reflect on the game.  What was the 

hardest part?  Was there any 

disagreement about who the criminal 

was, where the crime took place, or 

how it was done? 

 

12. Have students think back to the activity 

about the complex interactions of the 

species in an ecosystem.  What do they 

think will happen to the ecosystem if the 

òcriminaló is not stopped?  What types 

of control methods do they think could 

be used? 

 

Assessment 
Collect and grade the data sheets. 

 

Have students research these cases using 

the internet.  Challenge each group to 

create a case study they can share with the 

class that includes more information about 

the crime, the criminal, and what is being 

done to stop them 
 

 

Recommended Resources  
Global Invasive Species Database, 

www.issg.org/database 

 

Invasive Species Specialist Group, 

www.issg.org 

 

USDA Forest Service Pest Alerts 

www.na.fs.fed.us/pubs/palerts.shtm 
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PLAYING THE GAME  
Directions: 

1. Assign a role to each player.  Three players will be detectives and will 

collect clues, and 1 player will be the prosecutor and will record the clues 

on the evidence sheet. 

Detective #1: ___________________________ 

Detective #2:____________________________ 

Detective #3:____________________________ 

Prosecutor:_____________________________ 

2. Each player should select a game piece and put their game pieces in the 

square marked òPolice Headquarters.ó 

3. The 3 detectives will travel to the crime scene and collect clues.  Detective 

#1 will be in charge of collecting clues about the òSuspect,ó Detective #2 

will be in charge of collecting clues about the òScene,ó and Detective #3 

will be in charge of collecting clues about the òPattern.ó 

4. Each detective should roll a die to see who goes first.  The detective that 

roles the highest number gets to begin.  The detective to the left of that 

player will go next, followed by the last detective.   

5. During their turn, a detective will role both dice and move toward the 

òCrime Scene.ó  Once a detective has made it to the center of the board, 

they will collect a clue and bring it back to the prosecutor at òPolice 

Headquartersó so it can be recorded on the evidence sheet.  Detectives 

must return their game piece back to òPolice Headquartersó 

every time they collect a piece of evidence . 

6. Play will continue until all the clues have been collected. 

7. The prosecutor will take the evidence sheet to the teacher to get a copy of 

the òEcosystem Crime Solvers Tip Sheet.ó  The prosecutor will compare 

the clues to the descriptions in the tip sheet in order to identify the 

suspect, the scene, and the pattern.   

8. When all players are in agreement, the prosecutor will go to the 

courthouse to present the case against the suspect to the judge.  The 

prosecutor should move their game piece around the game board until they 

reach the courthouse. 

9. Once they reach the courthouse, the prosecutor will use the evidence 

sheet to make their case against the suspect in front of the judge.   
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Ecosystem Crime Solvers Case Description #1  
The Crime:  

A popular native, the red land crab, has been disappearing in huge numbers.  

Over 20 million red land crabs have died at the hands of an unknown suspect.  

The loss of the red land crab has widespread consequences for the ecosystem in 

which it lives.  The land crab is responsible for maintaining high nutrient cycling 

rates by eating plants and encouraging regular decomposition.  Many other 

species depend on the services the red land crab provides, including many native 

birds, reptiles, and mammals, some of which are found nowhere else in the 

world.  If the red land crab continues to disappear, several species may be lost, 

perhaps even become extinct.  The perpetrator of this crime must be found and 

all measures to stop the destruction must be taken.  Your task is to find out who 

the criminal is, where the crime took place, and how it is causing all of the 

destruction to this ecosystem.   

 

Answer: Crazy Ant  Case Description  
 
 

Ecosystem Crime Solvers Case Description #2  
The Crime:  

The landscape is changing in the forests of this ecosystem, and not in a good way.  

Many of the important services such as nutrient cycling, decomposition, and 

productivity have been altered.  The resources that humans and wildlife 

depended on are now different.  The effects are far-reaching, extending even to 

forested streams and impacting the aquatic animals that live there.  A species 

that once dominated this ecosystem has been reduced to being a small-role 

player, due to the activities of this criminal.  The perpetrator of this crime must 

be found and all measures to stop the destruction must be taken.  Your task is to 

find out who the criminal is, where the crime took place, and how it is causing all 

of the destruction to this ecosystem.   

 

Answer: Chestnut Blight Case Description  
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Ecosystem Crime Solvers Case Description #3 

The Crime:  

Itõs quiet here at the scene of the crime, too quiet.  The beautiful calls of native 

birds have all but vanished.  And thatõs not all thatõs missing.  A variety of 

different types of lizards, including geckos, are quickly disappearing.  Many 

nocturnal species are in trouble as well.  Bats, mostly fruit bats, are in such 

danger that they have almost completely disappeared from this ecosystem.  

Humans arenõt immune to this dangerous criminal either.  Massive power 

outages and dangerous encounters with children have all been blamed on this 

unknown bandit.  The perpetrator of this crime must be found and all measures 

to stop the destruction must be taken.  Your task is to find out who the criminal 

is, where the crime took place, and how it is causing all of the destruction to this 

ecosystem.   

 

Answer: Brown Tree Snake Case Description  

 
 

Ecosystem Crime Solvers Case Description #4 
The Crime:  

The effects of this criminal are far-reaching.  There arenõt many places here 

where you canõt find damage done by the perpetrator.  Its quiet stealth took this 

ecosystem by surprise, and now it seems like there is no stopping it.  All manner 

of flora and fauna have been affected by the actions of this criminal.  It is capable 

of toppling massive pine trees and causes destruction and chaos wherever it 

goes.  Huge economic losses in the ecosystem have been attributed to this 

criminal.  The perpetrator of this crime must be found and all measures to stop 

the destruction must be taken.  Your task is to find out who the criminal is, 

where the crime took place, and how it is causing all of the destruction to this 

ecosystem.   

 

Answer: Kudzu Case Description  
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Ecosystem Crime Solvers Evidence Sheet  
Directions:  

Use this sheet to collect evidence.  Record each clue for the suspect, scene, and criminal 

pattern.  When you have collected all the clues, compare the evidence to the Ecosystem 

Crime Solvers Tip Sheet.  Match the clues you collected to the descriptions on the tip sheet 

to find out who committed the crime, where the crime occurred, and how they did it.  

Record your choices for suspect, scene, and pattern in the box at the right and then take 

your case to the courthouse where you will present your case to the judge.   

Suspect:______________________________________ 

 

Scene:_______________________________________ 

 

Pattern:______________________________________ 

 

SUSPECT CLU E #1 SUSPECT CLUE # 2 SUSPECT CLUE # 3 SUSPECT CLUE #4  

 
   

SCENE CLUE #1.  SCENE CLUE #2  SCENE CLUE #3  SCENE CLUE #4  

   . 

CRIMINAL PATTERN 

CLUE #1  

CRIMINAL PATTERN 

CLUE #2  

CRIMINAL PATTERN 

CLUE #3  

CRIMINAL PATTERN 

CLUE #4  

 .  . 
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Ecosystem Crime Solvers  Tip Sheet  
Directions  
Use this sheet to identify the suspect, the scene, and the criminal pattern investigated during the game.  Match the clues that were collected with the 

descriptions on this page.  Once you have identified who committed the crime, where the crime took place, and how the criminal did it, take your case to 

the judge.   

 

SUSPECT #1: Crazy Ant  SUSPECT #2: Brown Tree Snake  SUSPECT #3: Kudzu  SUSPECT #4: Chestnut Blight  

The crazy ant probably originated in Africa or 

Asia, but can now be found in locations across 
the Pacific and Caribbean.  Once it establishes 
a new colony, it can begin to change an 

ecosystem in as little as 6 months.  The crazy 
ant can live in a variety of habitats including 
grasslands, woodlands, and rainforests. 

Native of Australia, Indonesia, and Papua New Guinea, the 

brown tree snake has been introduced to a variety of 
pacific islands. It has few natural predators on these 
islands, so once established, it begins to cause problems 

immediately.  Its diet consists of lizards, small rodents, 
birds, and bats.  It even causes problems for humans, 
posing a danger to small children with its bite. 

A native of Asia, kudzu is a climbing vine capable of 

reaching heights of twenty to thirty meters.  Kudzu 
has made its way to Australia, the U.S., and even 
parts of Italy.  It grows well in a variety of conditions, 

but prefers areas that receive plenty of sunlight with 
mild winters and warm summers.  There is no known 
animal that eats kudzu. 

A native of Japan, this fungus attacks a very specific 
host ð chestnut trees.  The chestnut blight is resistant 

to many control methods including chemicals, burning 
of trees, and cutting trees down.  Because it can 
spread easily and is hard to kill, it can wipe out an 

entire forest of chestnut trees with ease. 

SCENE #1: Northeast U.S.  SCENE #2: Christmas Island  SCENE #3: Southeast U.S.  SCENE #4: Guam  

This region of the United States covers nine 
states and includes coastal regions, mountains, 
forests, and river valleys.  The climate of the 

Northeast varies, but generally is 
characterized by warm summers and snowy, 
cold winters.  Hardy tree species are 

common in the forests here including oaks, 
chestnuts, maples, and a variety of pines. 

Christmas Island is a territory of Australia in the Indian 

Ocean, with a tropical climate.  Because the island is so 
isolated, there are very few residents who live in 
settlements along the northern coast.  Christmas Island is 

covered in a dense rainforest and is home to many types 
of plant and animal species that are found nowhere else in 
the world, some of which are now endangered. 

This region of the United States covers about a 

dozen states and includes coastal regions, mountains, 
savannahs, swamplands, and river valleys.  The climate 
of the Southeast is characterized by hot and humid 

summers and mild winters with little, if any, snowfall.  
Many tree species in this area keep their leaves all 
year long because of the mild winters. 

Guam is an island in the western pacific ocean, with a 
hot and humid climate.  Throughout its history, many 

types of plants and animals have been introduced 
there, eliminating most of the islandõs native species.  
Guam is covered with grasslands with few remaining 

natural forests. 

CRIMINAL PATTERN #1: Smother  CRIMINAL PATTERN #2: Invade  CRIMINAL P ATTERN #3: Infest  CRIMINAL PATTERN #4: Devour  

This criminal does its dirty work by 

smothering out plants under a solid blanket of 
leaves.  Because it grows so quickly, this 
criminal can spread a foot in a single day.  It is 

a threat not only to native plants and trees, 
but also to all the wildlife that depend on 
them for food and shelter. 

This criminal really gets around.  Invaders are easily 
transported to a new habitat and begin to alter it very 

quickly.  Whether they are attacking other animals, eating 
too much food, or invading a burrow to make their home, 
this criminal is a threat to reptiles, birds, mammals, and 

other arthropods. 

It is easy for this criminal to òget under your skin.ó  A 
slight nick or wound is all this criminal needs to infest 
a healthy tree.  Once inside, this criminal will not only 

kill important tissues, it will also infest new sprouts 
on the tree. 

This criminal needs only to eat in order to cause 
destruction.  Because it usually has no natural 
predators, this criminal can afford to eat as much as it 

wants.  It is a threat to bird and mammal populations, 
especially those that previously had no predators. 
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Case #1: Crazy Ant Clue Cards  

 

Colony Coastal 

Quickly 

changes 

ecosystem 
   

African native Tropical 

Easy to 

transport to 

new locations 
   

Herbivore Rain forest 
Harmful to 

many species 

   

Small 
Endangered 

species 

Attacks 

animals 

   



Protecting Our Forest Ecosystems  Lesson 2 

Ecosystem Crime Solvers  
 

 

 41 
 © 2009 The Peggy Notebaert Nature Museum 

 naturemuseum.org 

Case #3: Brown Tree Snake Clue Cards  

 

Carnivore Humid 

Easy to 

Transport to 

new locations 
   

Few 

predators 

Few native 

species 

Destructive 

predator 

   

Large 
Grasslands & 

forests 

Wide variety 

of foods 

   

Island 

specialist 
Pacific Ocean 

Deadly to 

native species 
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Case #4: Kudzu Clue Cards  

 

Asian native Mild climate 
Moves 

quickly 

   

No known  

predators 

Wide range 

of 

ecosystems 

Threatens 

trees and 

wildlife 
   

Grows 

quickly 
Large area Climbing 

   

Lives in a 

variety of 

habitats 

Trees keep 

leaves 
Clinging 
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Case #2: Chestnut Blight Clue Cards  

 

Hard to kill Large area 
Prevents new 

growth 

   

Tiny 
Trees lose 

leaves 
Harmful 

   

Spreads easily 

Coastal and 

mountain 

regions 

Under the 

surface 

   

Asian native 
Temperate 

climate 
Sneaky 
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Lesson Summary  
Students will participate in a forest product 

search in their classroom.  They will then 

sort exotic species ID cards to discover the 

difference between invasive and noninvasive 

species and design their own species card 

about a local exotic species. 

 

Time Allotment  

50 minutes 

 

Materials  

Per group: 

 2 dry erase markers 

 1 set of 11 exotic species cards 

 Create Your Own Invasive Species Card 

Data Sheet 

 

Per student: 

 Forest Products sheet 

 

Advance Preparation  
Make copies of the Create Your Own 

Invasive Species Card data sheet and the 

Forest Products sheet.  If possible, make 

the Forest Products sheet double-sided. 

 

Print the exotic species card pages double-

sided, laminate them, and cut them out. 

 

Optional:  Reserve time in the computer lab 

or library for researching local invasive 

species. 

 

Arrange students in cooperative groups (6 

groups with 5 students each). 

 

Lesson Objectives  
 Identify frequently used items that come 

from forests. 

 Differentiate between exotic invasive 

species and exotic noninvasive species. 

 Examine qualities and descriptions of 

exotic species. 

 Identify and research a local exotic 

species. 

 

Illinois  Goals and Standards for 

Middle/Junior High School  
Science: 

Goal 12: B.2a 

Goal 13: B.2f 

 

Language Arts: 

Goal 1: C.2f 

Goal 3: B.2a 

Goal 4: A.3a, A.3b, A.3c, A.3d, B.2b 

Goal 5: A.2b 

 

Vocabulary  
Exotic species 

Invasive species 

Noninvasive species 

 

Background Information  
Exotic species  are organisms that are 

introduced to an ecosystem from a different 

region, state, or country.  While many 

exotic species are insects, plants, or 

diseases caused by viruses, bacteria, and/or 

fungi, any organism that is not native or 

original to an ecosystem can be considered 

exotic.  Typically, exotic species are 

introduced by humans, either intentionally 

or unintentionally.  Many unintentional 

introductions happen when the organism 

hitches a ride inside the packing materials 

for a product, or in or on the ships used to 

transport products.  It is possible for these 

species to cause some harm to native 

species through competition for resources, 

predation, etc. 

 

Exotic species can be invasive or 

noninvasive.  Exotic invasive species are 

not only foreign to an area, but also crowd 
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out, take over, and sometimes even kill 

native species.  They can completely disrupt 

how an ecosystem functions, causing it to 

fall apart.  A good example is the zebra 

mussel, which has invaded the Great Lakes, 

killed native mussels, and altered the Great 

Lakes food web, among other things.   

 

Some exotic species are noninvasive  and 

do not cause as much devastation to the 

ecosystem.  For example, Curly Dock is a 

plant originally from Eurasia that grows in 
dry poor soil of disturbed areas but typically 

does not inhibit the growth of native 

species.  Some plants used in gardens, such 

as the Persian Lilac, are considered 

noninvasive because they no longer have 

the ability to reproduce on their own, and 

therefore are less likely to spread into 

native ecosystems. 

 

Some exotic invasive species threaten 

forest ecosystems and the products that 

come from them.  Trees and all of their 

parts are used to make thousands of 

products.  In addition to products made 

from solid wood and wood pulp, there are 

many surprising things produced from the 

bark, roots and leaves, sap and gum, and 

cellulose of trees.  Even the chemical by-

products of these processes can be used to 

make products.  Cork and dyes are made 

from the bark of trees, while the roots and 

leaves yield oils and teas.  Sap and gum are 

processed to make products such as 

rubber, adhesives, and fireworks.  Cellulose 

is the fibrous material that makes up wood. 

When wood pulp products like paper are 

made, the heat and chemicals from the 

process break down the structure of the 

wood and release the cellulose fibers.  

Chemical by-products of this process can 

be used in products such as paint, 

detergents, and asphalt.  Cellulose is not 

only used for making paper.  It is used to 

make many other products from toilet seats 

to nail polish!  Of course, trees provide 

humans and other animals with products 

such as fruit, nuts, shade, oxygen, and 

wildlife habitat.  

 

Initial Discussion  
1. Ask students to list everyday items that 

come from trees.  Write 10-15 on the 

board.   

 

2. Give students the following òDid You 

Know?ó information: òEach year, the 

average American uses the equivalent of 

one tree, 100 feet tall and 16 inches in 

diameter, to fulfill wood and paper 

needs.ó and òOne large tree can provide 

a day's oxygen for four people.ó 

 

3. Give students a few examples of 

products that are not usually thought to 
have come from forests (pick from the 

provided list). 

 

4. Challenge students to name or write 

down one item not on the board that 

they see in their classroom (or that they 

use daily) that comes from trees. 

 

5. Pass out the forest product list to the 

students and give them time to look 

through it.  Discuss the list as a class. 

 

6. Have students pick one item to focus on 

and to imagine a day in their life without 

that item.  What would change?ñ

routines, ability, function, environment?  

Have some students share their 

thoughts with the class and discuss. 

 

7. Ask students if there is anything they 

can think of that might make these tree 



Protecting Our Forest Ecosystems  Lesson 3 

Threats to Forests  
 

 

 47 
 © 2009 The Peggy Notebaert Nature Museum 

 naturemuseum.org 

resources disappear.  Accept all 

answers. 

 

8. Introduce exotic species by asking if 

students know about ____(pick a local 

exotic species) e.g. the zebra mussel in 

the Great Lakes.  Explain that it is exotic 

because it came in the ballasts of ships 

carrying goods from Asia.  

 

9. Introduce invasive species by asking if 

students know the whole problem of 
_______________ (example from #8) 

e.g. the zebra mussel presence.  They eat 

large quantities of algae, which is at the 

bottom of the food chain, so there is little 

left for the native crustaceans and 

arthropods.  This causes a decrease in their 

population.  In turn the decreasing food 

source causes populations of larger fish like 

trout, perch, etc to decline.  This impacts 

birds of prey that feed on those larger 

fishéetc.  Explain that an invasive 

species is one that disrupts native 

ecosystems. 

 

Hands-On Activity  
10. Tell students they are going to learn 

more about exotic species using exotic 

species cards.  Some of the species are 

invasive, and some are noninvasive. 

 

11. Put students into groups of five, and give 

each group a set of exotic species cards.  

Have them distribute the cards equally 

among the group members, with each 

student having 2-3 cards. 

 

12. Students should read their cards, and 

using the dry erase markers, they should 

check one box per heading on the back 

of their cards based on the information 

given on the front. 

 

13. When students have finished, they will 

begin laying down their cards in a series 

of ôsorts.õ When students are finished 

with each sort, discuss the answers as a 

class (see Answer Key). 

 

14. Explain Sort #1: Type of Exotic.  

Students will put all insects into one 

pile, plants in another, and diseases in 

another. 

 

15. Students should go around the table and 
share with the group what species they 

have, where they are placing it, and why. 

 

16. Once the sort has been discussed by the 

class, students should pick up their 

cards and use them again for the next 

sort. 

 

17. Explain each additional sort, following 

steps #14-16.  Use the Answer Key as a 

guide to the categories for each sort. 

 

18. Make sure that for Sort #4, the students 

understand to sort according to how 

widespread the exotic species is within 

the region it is currently living.  Explain 

to the students that if there are no control 

measures, management, or predators, and 

it spreads easily, the infestation will likely be 

severe.  If only one of these applies to the 

invader, it has a moderate to slight impact.  

 

19. The final sort is the most important 

sort.  Students should look for specific 

descriptions as to whether or not the 

exotic species invades, crowds, or is 

destructive to native species.  If so, it is 

an invasive species, if not, it is 

noninvasive.  This is a major learning 

objective so reinforcement of the 

concept will be important. 

 



Protecting Our Forest Ecosystems  Lesson 3 

Threats to Forests  
 

 

 48 
 © 2009 The Peggy Notebaert Nature Museum 

 naturemuseum.org 

20. When the sorts are complete, discuss 

with students that exotic invasive 

species are far more threatening to 

forests than exotic noninvasive species.  

Ask the students why. (see Background 

Information) Ask students to give 

examples to support their answers using 

the check boxes on the back of their 

cards and the results of the sorts. 

 

21. Have each group share the similar 

characteristics that all of the invasive 
species have.  (See Background 

Information) 

 

Relate Activity to Concept  
22. Explain to students that there are local 

invasive species threatening our 

ecosystems today.  For example, in the 

Chicago region, the Emerald Ash Borer 

is an exotic species causing significant 

damage to the ash tree population. 
 

23. Have students do some research in 

your school library or computer lab to 

find some local invasive species.  Have 

them use the Create Your Own Invasive 

Species Card data sheet to guide their 

research and to create their own 

invasive species card in a similar style to 

the ones used in the sorts. 

 

Assessment 
Develop and use a rubric to evaluate the 

invasive species cards the students create. 

 

 

Recommended Resources  
Bugwood Network, www.bugwood.org 

 

Donõt Move Firewood, 

www.dontmovefirewood.org  

 

Forest Pests, www.forestpests.org 

Global Invasive Species Database, 

www.issg.org/database 

 

Invasive and Exotic Species to North 

America, www.invasive.org 

 

Invasive Species Information Node, 

//invasivespecies.nbii.gov/ 

 

North Central Integrated Pest Management 

Center, www.ncipmc.org 
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Sirex  Woodwasp (Sirex noctilio abricius) 

This insect is native 
to Europe and Asia.  
It probably arr ived in 
the United States in 
wood packing 
material.  The 
woodwasp attacks 
pine trees, injecting a 
toxic mucus and 
fungus into the treeôs sapwood.  The mucus and 
fungus work together to kill the tree and create a 
suitable environment for the insectôs larvae to 
grow.   

Hemlock Woolly Adelgid  
(Adelges tsugae Annand) 

This native Asian 
insect was 
accidentally 
introduced to the 
United States in the 
1920ôs.  This insect 
attacks hemlock 
trees, a type of 
evergreen found in the Eastern U.S.  The adelgid 
sucks the sap from young tree branches, 
preventing the tree from growing.  Without new 
growth, mature trees die within a few years.   

Sudden Oak Death  (Phytophthora ramorum) 

It is not known how 
this fungus came to 
the United States, but 
since 1995, it has 
caused widespread 
damage to oak trees 
along the U.S. Pacific 
coast.  The fungus 
causes oak trees to develop oozing sores, which 
allow other types of pests to invade the already 
damaged tree.  These other invaders cause 
further tree damage, leading to eventual tree 
death.   

Gypsy Moth  (Lymantria dispar) 

The gypsy moth was 
intentionally introduced to 
the U.S. in 1869.  It is 
native to Europe and Asia, 
but is considered a pest 
here.  The caterpillar of 
the gypsy moth feeds on 
the leaves of many different tree species.  At 
high densities, the gypsy moth is capable of 
stripping a tree of all of its leaves, also known as 
defoliation.  If a tree suffers defoliation in more 
than one growing season, it is in jeopardy of 
invasion from other, potentially deadly pests.  

Eastern  Spruce Gall Adelgid  
 (Adelges abietis) 

This insect was 
accidentally 
introduced from 
Europe in the 19th 
century.  This aphid 
attacks spruces, a 
type of evergreen 
tree.  The aphid larvae will crawl inside the base 
of the needles, feeding and growing.  The spruce 
tree will produce a hard pineapple shaped growth 
around the larvae called a gall.  The galls are 
unsightly, but cause little damage to the spruce 
trees. 

Pale Green Weevil (Polydrusus impressifrons) 

This small, European 
insect was first 
discovered in the U.S. 
in 1906.  They are 
known to feed on a 
variety of types of 
trees, including apple, 
birch, black locust, and 
oak.  They are not 
considered a pest, because they cause little 
damage to the trees they feed on.  The larvae of 
the weevil feed on roots,  but without much harm 
to the tree.  
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Asian Longhorned Beetle  
(Anoplophora glabripennis) 

 This beetle is a 
native of China and 
Korea.  It arrived in 
the U.S. in the late 
1980ôs, probably in 
wood packing 
material.  This insect 
attacks hardwood trees including maples and 
willows.  The larvae of this insect drill holes deep 
into the bark of the tree, and then feed off the 
nutrients inside.  This causes severe damage, 
eventually leading to tree death.  

Dutch Elm Disease  (Ophiostoma ulmi) 

A fungus native to 
Europe and Asia, 
Dutch Elm disease 
was accidentally 
introduced to the U.S.  
This fungus only 
attacks elm trees, and 
is spread by the elm bark beetle.  When an elm is 
infected, it tries to fight off the fungus internally.  
This causes water and nutrients to stop flowing in 
the tree.  Branches begin to fall off the tree, and 
slowly, the whole tree begins to die.  It has 
devastated native populations of Elms in the U.S. 

Saltcedar  (Tamarix ramosissima) 

 Introduced as a 
garden plant in the 
1820s, saltcedar is 
native to Europe and 
Asia.  Saltcedar can 
take the form of a 
shrub or a small 
tree, and is widespread in the western part of the 
country.  Saltcedars are aggressive invaders, 
crowding out other native plants and trees by 
consuming large amounts of water and secreting 
salt which harms other trees.  Their low 
ecological value make them hard to manage. 

Japanese Knotweed  (Fallopia japonica) 

This plant was 
introduced to the U.S. 
in the late 1800ôs as a 
garden plant.  Native to 
Asia, it has become a 
nuisance in many states 
in the eastern and 
central U.S.  Knotweed 
is an aggressive plant that can live in a variety of 
different habitats.  It is especially good at 
crowding out other native plants, forming dense 
thickets that are difficult to get rid of and that 
spread quite rapidly.  

Norway Maple (Acer platanoides) 

A native of Eastern 
Europe and Asia, this 
tree was intentionally 
introduced to the U.S. 
in the late 1700ôs and 
was a popular city 
tree.  It escaped 
cultivation, and can 
now be found in many urban and suburba n 
forests.  Norway maples tolerate lots of shade, 
allowing them to establish in a variety of habitats.  
While not considered a threat, Norway maples do 
crowd out other native species. 

Photo Credits  
All images courtesy of www.forestryimages.org unless 

otherwise noted 
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Hemlock Woolly Adelgid  
(Adelges tsugae Annand) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intentional  

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region:  

 None   Slight  Medium  Severe 

 INVASIVE OR  NONINVASIVE?  

Sirex  Woodwasp (Sirex noctilio abricius) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intentional  

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region:  

 None   Slight  Medium  Severe 

 INVASIV E OR  NONINVASIVE?  

Gypsy Moth  (Lymantria dispar) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intentional  

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region : 

 None   Slight  Medium  Severe 

 INVASIVE OR  NONINVASIVE?  

Sudden Oak Death  (Phytophthora ramorum) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intentional  

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region:  

 None   Slight  Medium  Severe 

 INVASIVE OR  NONINVASIVE?  

Pale Green Weevil (Polydrusus impressifrons) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intenti onal 

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region:  

 None   Slight  Medium  Severe 

 INVASIVE OR  NONINVASIVE?  

Eastern Spruce Gall Adelgid  
(Adelges abietis) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intentional  

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region:  

 None   Slight  Medium  Severe 

 INVASIVE OR  NONINVASIVE?  
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Dutch Elm Di sease  (Ophiostoma ulmi) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intentional  

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region:  

 None   Slight  Medium  Severe 

 INVASIVE OR  NONINVASIVE?  

Asian Longhorned Beetle  
(Anoplophora glabripennis) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intentional  

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region:  

 None   Slight  Medium  Severe 

 INVASIVE OR  NONINVASIVE?  

Japanese Knotweed  (Fallopia japonica) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intentional  

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region:  

 None   Slight  Medium  Severe 

 INVASIVE OR  NONINVASIVE?  

Saltcedar  (Tamarix ramosissima) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intentional  

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region:  

 None   Slight  Medium  Severe 

 INVASIVE OR  NONINVASIVE?  

 Norway Maple (Acer platanoides) 

Type:  

 Insect  Plant   Disease 

Introduction:  

 Accidental  Shipping/Freight  Intentional  

 Unknown 

Damages:  

 Leaves/Needles  Bark/Branches/Wood   

 Roots   Space for native species 

Impact to Region:  

 None   Slight  Medium  Severe 

 INVASIVE OR  NONINVASIVE?  
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Exotic Species Card Sort Answer Key  

Sort #1: Type of Exotic  

Insects Plants Disease 

 Sirex Woodwasp 

 Hemlock Woolly Adelgid 

 Gypsy Moth 

 Eastern Spruce Gall Adelgid 

 Pale Green Weevil 

 Asian Longhorned Beetle 

 Saltcedar 

 Japanese Knotweed 

 Norway Maple 

 Sudden Oak Death 

 Dutch Elm Disease 

 

Sort #2: How did they get here?  

Accidental  Shipping/Freight  Intentional  Unknown  

 Hemlock Woolly Adelgid 

 Eastern Spruce Gall Adelgid 

 Dutch Elm Disease 

 Sirex Woodwasp 

 Asian Longhorned Beetle 

 Gypsy Moth,  Saltcedar 

 Japanese Knotweed 

 Norway Maple 

 Sudden Oak Death 

 Pale Green Weevil 

Sort #3: What do they damage?  

Leaves/Needles Bark/Branches/Wood  Roots Space for natives  

 Gypsy Moth 

 Eastern Spruce Gall 

Adelgid 

 Sirex Woodwasp 

 Hemlock Woolly Adelgid 

 Sudden Oak Death 

 Asian Longhorned Beetle 

 Dutch Elm Disease 

 Pale Green 

Weevil 

 Saltcedar 

 Japanese Knotweed 

 Norway Maple 

Sort #4: How large is their impact?  

None  Slight  Medium  Severe 

 Pale Green 

Weevil 

 Eastern Spruce 

Gall Adelgid 

 Norway Maple 

 Sirex 

Woodwasp 

 Hemlock Woolly Adelgid 

 Sudden Oak Death 

 Gypsy Moth 

 Asian Longhorned 

Beetle 

 Dutch Elm Disease 

 Saltcedar 

 Japanese 

Knotweed 

Sort #5: Exotic Invasive vs. exotic noninvasive 
Exotic noninvasive species Exotic invasive species 

 Eastern Spruce Gall Adelgid 

 Pale Green Weevil 
 Norway Maple 

 Hemlock Woolly Adelgid 

 Sudden Oak Death 

 Gypsy Moth 

 Asian Longhorned Beetle 

 Dutch Elm Disease 

 Saltcedar 

 Japanese Knotweed 

 Sirex Woodwasp  
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Forest Products List  
 

Bark  

Cork 

Dyes 

Bulletin boards 

Inner core of baseballs 
Shoe polish 

Tannin 

 

Cellulose and chemical by -products  

Photographic film 

Glasses frames 

Sponges 

Mirror backs 

Rayon 

Sausage casings 

Cellophane 

Toilet seats 

Toothbrushes 

Plastic pens 

Football helmets 

Hard hats 

Electrical tape 

Lampshades 

Adhesives 

Carpeting and upholstery 

Insecticides 

Cement 

Ceramic products 

Cosmetics 

Artificial vanilla flavoring 

Deodorants 

Hair spray 

Some pharmaceutical medications (L-Dopa 

for Parkinsonõs) 

Fungicides 
Fertilizer 

Static remover 

Paint 

Varnish 

Lacquer 

Printing inks 

Rubber/latex products 

Soaps 

Disinfectants 

Polishes 

Mouthwash 

Toothpaste 
Detergents 

Shampoo 

Floor tiles 

Ice cream thickener 

Imitation leather 

Sandwich bags 

Shatterproof glass 

 

Roots and leaves 

Oils 

Teas 

 

Sap and Gum  

Adhesives 

Crayons 

Rubber 

Inks 

Electrical insulation 

Explosives 

Fireworks 

Food flavoring 

Glues 

Insecticides 

Paint and varnishes 

Perfumes 

Tires 

Shoe polish 

Soap 

Sugar and syrup 

Wax 
Chewing gum 

 

Solid wood  

Desks 

Pencil 

Baseball bat 

Charcoal 
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Musical instruments 

Rulers 

Doors 

Window frames/sills 

Flooring 

Bookcases 

Fencing 

Ladders 

Cabinets 

 

Wood pulp  

Books 

Building insulation 

Cardboard boxes 

Paper 

Disposable diapers 

Milk cartons 

Paper towels 

Paper plates 

Playing cards 

Postage stamps 

Tissues 

Toilet paper 

Textbooks 

 

Other products  

Fruits 
Nuts 

Shade 

Oxygen 

Wildlife habitat 
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Create Your Own Invasive Species Card Data Sheet  

 
Common name of invader:  

 

 

Scientific name:  

 

 

How was it introduced?  Where did it come from?  

 

 

 

 

 

 

 

What damage does it cause to its host?  

 

 

 

 

 

 

 

What damage does it cause to the ecosystem where it is found?  

 

 

 

 

 

 

 
Other facts or information you want to in clude: 
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Create your invasive species card in the box below:  
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Lesson Summary  
Students will take on the roles of United 

States Forest Service employees to make 

management decisions for a forest preserve.  

They will then assess whether they balanced 

the environmental and financial 

considerations that are critical for the 
sustainability of their forest. 

 

Time Allotment  

100 minutes (lesson may take place over 2 

days) 

 

Materials  

 Overhead transparency of Forest 
Preserve Map 

 Decision Options overhead 

transparencies or posters 

 

Per group: 

 Forest Preserve Map 

 Wet-erase markers 

 Forest Management Assessment sheet 

 Calculator 

 Die 

 

Per student: 

 Forest Management Roles sheet 

 Decision Priorities sheet 

 Additional Forest Management Projects 

sheet 

 Job title placard 

 

Advanc e Preparation  
Arrange students in cooperative groups.  

Split the students as evenly as possible 

among the 5 available jobs.   

 

Make copies of the Forest Management 

Roles sheets, the Decision Priorities sheets, 

and the Additional Forest Management 

Projects sheet, and assemble them in a 

packet for each student.  Each student 

needs the packet that corresponds to 

his/her specific Forest Service job. 

 

Make a transparency of the Forest Preserve 

Map and Decision Options.  Alternatively, 

the Decision Options can be made into 

posters. 

 

Lesson Objectives  
 Describe roles and priorities of United 

States Forest Service employees.  

 Advocate for a position on topics of 

debate, based on given roles and 

priorities, in order to reach a decision 

collaboratively. 

 Represent group decisions spatially on a 

map and map key. 
 Evaluate the success of the group forest 

management plan based on 

environmental and financial criteria. 

 

Illinois Goals and Standards for 

Middle/Junior High School  
Science: 

Goal 11: A.3c, A.3e, B.3b 

Goal 12: B.3a 

Goal 13: B.3a, B.3c, B.3d, B.3e, B.3f 

 

Math: 

Goal 6: B.3a, C.3a, C.3b 

Goal 7: A.3b, C.3a 

Goal 9: A.3c 

Goal 10: A.3a, B.3 

 

Language Arts: 

Goal 1: B.3b, B.3d, C.3d 

Goal 4: A.3a, A.3c, A.3d, B.3b, B.3c, B.3d 
 

Social Science: 

Goal 15: C.3 

Goal 17: A.3b, B.3a, B.3b 
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Vocabulary  
Biologist 

Consensus 

Entomologist 

Forest quality 

Forester 

Hydrologist 
Outdoor recreation specialist 

Threatened species 

 

Background Information  
Founded in 1905, the United States Forest 

Service currently manages 193 million acres 

of forests and grasslands.  The mission of 

the Forest Service, to care for land and 

people, is based on a concept of sustainable 

multiple-use management.  By that concept, 
the Forest Service means that resources 

should be protected in ways that provide 

the greatest combination of benefits for the 

American people, the quality of the 

environment, and the productivity of the 

managed land.   

 

Environmental and ecological considerations 

are therefore of critical importance to the 

Forest Service.  These environmental 

concerns include reducing the risk of 

destructive forest fires, ensuring that 

watersheds and water quality are protected, 

reducing the impacts of invasive species, and 

conducting research.  Another important 

ecological goal of the Forest Service is 

protection of endangered and threatened 

species, or species that are at risk of 

extinction, through species and habitat 

conservation and recovery programs. 

 

Equally important are considerations of 

benefits of the forests for American 

citizens.  These include providing outdoor 

recreation opportunities for the public, 

managing the land in ways that maintain 

sources of energy, and providing work 

opportunities.  The Forest Service 

generates revenue through admission fees 

for public access to areas used for 

recreation, and through sales of timber, 

minerals, and grazing rights.  These activities 

help to provide funding for acquiring new 

land to protect, assisting communities in 

forest management and fire protection, and 

treating forests affected by invasive species 

and other pests. 

 

In meeting both environmental and public 

goals, a major concern of forest managers is 

maintenance of forest quality .  One 

measure by which forest quality is assessed 

is forest health, or the health of the trees 

and other living organisms in the forest, 

which affects the resilience of the forest in 

the event of forest fires, droughts, or other 

environmental changes.  Forest quality 

assessments also include the ecosystem 

processes that occur in a forest, which are 

affected by the types of trees, the age 

structure of the forest tree populations, and 

the ecological functions (decomposition, 

nutrient cycling, etc.) that the forest can 

sustain.  The capacity of a forest to provide 
benefits to the environment and people is 

also an important forest quality 

consideration.  This includes biodiversity, 

impacts on local climate and water quality, 

recreation options, and the aesthetic and 

cultural value of the forest.  In this lesson, 

high, medium, and low forest quality are 

used to distinguish between areas of the 

forest that would differ in forest quality 

factors. 

 

Initial Discussion  
1. Show students the Forest Preserve Map.  

Tell them that they will be playing the 

roles of forest managers, and will have 

the opportunity to make decisions 
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about what will happen in their forest 

preserve. 

 

2. Ask students what they would have to 

consider if they were in charge of 

managing a large forest, listing responses 

on the board. 

 

3. Explain that forest managers have to 

consider the environment when making 

decisions, but they also have to think 

about the ways that the forest can 

benefit the public (see Background 

Information).  Another important 

consideration for forest managers is 

money.  Explain that projects that 

benefit the environment and people 

who use forests have to have funding, so 

in some ways managing a forest can also 

be like managing a business.  Tell 

students that they will need to consider 

the environment, the public, and money 

as they make their decisions. 

 

Hands-On Activity  
4. Pass the Forest Service job packets and 

placards to students, and give them a 

few minutes to read over their job 

descriptions and priorities for the 

management game.   

 

5. Next, have students meet in groups 

with the other students who have the 

same job title.  These five groups will 

be: Foresters, Hydrologi sts, 

Biologists, Entomologists, and 

Outdoor Recreation Specialists .  
(See Forest Management Roles sheets 

for information about each job.) 

 

6. Allow the groups ten minutes to discuss 

their priorities for the decisions they 

will be making during the management 

game.  Make sure that all students are 

clear that they will be advocating for 

projects based on what their job title 

entails, regardless of what they 

personally would do in the same 

situation. 

 

7. As students discuss the decision 

priorities, have them take notes on the 

key points of their position.  Tell them 

that they will use these key points when 

they meet with the management groups 

to make decisions about their forest 

preserve. 

 

8. Once students have discussed the 

decision priorities with their groups, 

reorganize them into new groups with 

one representative of each job title.  If 

the number of students does not allow 

for exactly one of each job title to be 

represented in each group, then some 

groups may have an additional 

representative (two foresters, for 

example). 

 

9. Distribute a map, die, and wet erase 

markers to each group, and give them a 
few minutes to familiarize themselves 

with the map and map key, and to 

introduce themselves using their job 

titles.  Discuss forest quality categories 

and define threatened species (see 

Background Information). 

 

10. Show the Decision 1 Options overhead 

or poster to the class, and explain that 

they must now come to a consensus 

about the type of recreation facility to 

add to their forest preserve.  Make it 

clear that not everyone will be able to 

get their first choice of project, so they 

will instead have to listen carefully to 

what their group members say and 
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make compromises, in order to reach 

the best possible decision.    

 

11. Notify the students that they will have 

ten minutes to make their first decision 

and mark it on their map.  However, if 

they have not made a decision after 

eight minutes, they will have to roll a die 

to select one student to make the 

decision for the entire group, using the 

numbers on the job descriptions.  The 

student whose number is rolled can 

make any decision they chooseñeven if 

it is not one that most group members 

would preferñso the students should 

do their best to reach an agreement in 

the time allotted. 

 

12. After allowing students ten minutes to 

reach their first decision, make sure that 

each group has marked their new 

recreation facility (a trail, a campsite, or 

a visitorõs center) on the map, and 

added a corresponding key. 

 

13. Display the Decision 2 Options 

overhead or poster and give each group 
ten minutes to reach their second 

decision about harvesting timber, 

according to the same rules as for the 

first decision.  Once the time is up, 

make sure that each group has marked 

their timber harvest decision (no cut, a 

selective cut, or a clear cut) on the map, 

and added a corresponding key.  (Note: 

If this lesson is to be divided into separate 

class periods, this would be an appropriate 

stopping point.) 

 

14. For the final decision, students may 

choose up to three of the five possible 

additional projects.  Give students ten 

minutes to advocate for their òpet 

projectsó and to reach a consensus 

about the projects to choose.  If time 

begins to run out before a group has 

reached a decision, have them vote to 

determine the top three projects.  Make 

sure that these projects have each been 

indicated on the map and map key.  

(Note: If this lesson is to be divided into 

separate class periods, this would be an 

appropriate stopping point.) 

 

15. Give each group a Forest Management 

Assessment sheet, and have them 

evaluate the success of their 

management decisions based on 

environmental and financial criteria.  

Allow the students approximately fifteen 

minutes to total their points for each 

section and calculate the difference 

between the Money Generated and 

Environmental Quality sections. 

 

Relate Activity to Concept  
16. Have students comment on whether 

they were able to successfully balance 

environmental and financial priorities in 

their forests.  If they did not, ask them 

to explain what decisions they could 

have made differently in order to 

accomplish this.  

 

17. Discuss with the group whether they 

feel that their forest would be able to 

resist a threat such as an invasive 

species.  Have students identify 

environmental or economic decisions 

they made that would protect their 

forest if such a threat did occur.  Allow 
groups a few minutes to answer this 

question on their management 

assessment sheets. 

 

18. Allow time for students to comment on 

their overall impressions of the 

management game.  Some questions you 
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could ask them are:  Was it difficult to 

argue for priorities that you might not 

necessarily have agreed with?  Was it 

difficult to reach decisions with the 

group?  What were some ways that the 

group was best able to reach agreement 

for the decisions?  How might the 

decision-making process be similar or 

different if they were making decisions 

about an actual forest preserve? 

   

Variations  
 If time is limited, have students roll the 

die to determine which of the third 

decision projects to implement.  

Numbers on the dice correspond to the 

order of the projects on the sheet.  If 

the group rolls a six, they may only 

choose two programs.  If they roll a six 

again before choosing two programs, 

then they may only choose one. 

 Groups may be arranged to enhance 
student opportunities for participation.  

 If time allows, have students display 

their maps and deliver a brief 

presentation to the rest of the class 

about the decisions they made, their 

reasons for making those decisions, how 

successful they were in balancing 

priorities, and what they would do 

differently if they had the opportunity to 

play the management game again. 

 If time allows, have groups reargue the 
three decisions based on what they 

learned the first time.  Have them redo 

their map and Forest Management 

Assessment to see if their score 

changed. 

 

Assessment 
Have students brainstorm additional threats 

to their forest (a forest fire, a loss of 

funding, a hurricane, etc.).  Have each 

student choose one of these threats, and 

write a paragraph explaining how their 

forest preserve would be impacted by this 

threat, and what each member of the 

management team could do to respond to 

or prevent the worst impacts of this threat. 

 

Collect and grade the forest management 

assessment sheets. 

 

 

Extension Activities  
 

Forest Service Jobs  

Have students research other jobs at the 

United States Forest Service.  The Forest 

Service has a variety of volunteer 

opportunities for high school students, and 

employment opportunities for students in 

college. 

 

Recommended Resources  
US Forest Service, www.fs.fed.us 

 

US Forest Service, Just for Kids, 

www.fs.fed.us/kids
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Forest Management Roles  

 

#1 - Forester  
 

Job Description:  

 
It is my job to monitor the health of the entire forest so that it can be maintained for years to 

come.  I consult with other Forest Service employees and private parties to ensure that their 

actions do not severely impact the forestõs health.  I pay close attention to when and how trees 

are removed from the forest.  I know that timber can be sold for large amounts of money, so I 

try to find a balance between making money and keeping the forest healthy. 

 

 

There are many workers who are involved in making decisions about the forest, 

and each worker has his/her own ideas about what is important.  Often, each 
worker will have a òpet project,ó or a project that ties closely to his/her own 

interests.   

 

Here is a òpet projectó that a forester might have: 

 
Reforest a previously clear -cut area along a road .  This option allows me to plant trees 

with a high timber value.  The trees will be worth a lot of money when they are selectively 

harvested in years to come.  This money could be used to complete a variety of other forest 

projects.  Reforesting a clear-cut area would also create additional habitats for forest animals, 

reduce water runoff and erosion, and make the forest more beautiful for visitors.   
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Forest Management Roles  

 

#2 - Entomologist  
 

Job Description:  

 
It is my job to monitor the insects in the forest.  I consult with other Forest Service employees 

about how their decisions might impact insect populations in the forest or lead to the spreading 

of harmful insects.  I also monitor the health and habitat of the insect populations currently 

living in the forest.  I am concerned with how certain actions and decisions could affect insects 

and how changes in insect populations or habitats could affect the health of the entire forest. 

 

 

There are many workers who are involved in making decisions about the forest, 

and each worker has his/her own ideas about what is important.  Often, each 
worker will have a òpet project,ó or a project that ties closely to his/her own 

interests.   

 

Here is a òpet projectó that an entomologist might have: 

 
Implement a monitoring program to assess the threat posed by an invasive insect.  

This program would help me detect if an invasive insect is spreading through the forest.  If 

invasive insects are detected early, it will be possible to minimize the damage to the forest.  A 

monitoring program could also protect trees that could be sold to generate money in the 

future.   
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Forest Management Roles 

 

#3 - Biologist  
 

Job Description:  

 
I am in charge of monitoring the health of the wildlife in the forest.  I spend much of my time 

making sure that the forest is healthy enough for animals to survive and prosper.  Though I like 

to minimize human damage to the forest, I understand that forests are great tools for learning 

about nature.  I spend time researching to learn more about the wildlife in the forest, and I 

enjoy sharing my knowledge with others.  I hope that what they learn from me will help them 

make decisions that benefit the environment. 

 
There are many workers who are involved in making decisions about the forest, 

and each worker has his/her own ideas about what is important.  Often, each 

worker will have a òpet project,ó or a project that ties closely to his/her own 

interests.   

 

Here is a òpet projectó that a biologist might have: 

 
Remove an existing trail to create a wilderness preserve that protects a threatened 

species.  This species has survived in the forest in very small numbers, and the numbers are 

getting even smaller.  A trail that is leading visitors near the species can disrupt its habitat and 

make the situation even more severe.  Removing the trail will restore this area of the forest to 

its natural state, which will be beneficial for the rare species.  This option will help to stabilize 

the population of the threatened species so that it can be enjoyed by visitors for many years to 

come.   
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Forest Management Roles  

 

#4 - Hydrologist  
 

Job Description:  

 
I am responsible for ensuring that the surface and groundwater supplies are clean and well-

maintained.  I know that plants and animals depend on the water supplies to live.  I consult with 

other Forest Service employees to let them know about how certain decisions might impact 

the water supplies.  I can also give advice about how potential deforestation might affect water 

runoff or erosion.  I typically do not like to have many paved roads or buildings in the forest 

because these things cannot absorb and filter water in the same way that the natural landscape 

can. 

 

There are many workers who are involved in making decisions about the forest, 
and each worker has his/her own ideas about what is important.  Often, each 

worker will have a òpet project,ó or a project that ties closely to his/her own 

interests.   

 

Here is a òpet projectó that a hydrologist might have: 

 
Plant fast -growing trees in a previously clear -cut area near a water source.   These 

fast-growing trees will not be useful for harvesting later, but they will hold the soil in place and 

keep it from running into the water.  This will have a positive impact on water quality and will 

benefit the wildlife that lives in the water.  Healthy wildlife could be used to generate money in 

the future, but only if their habitat remains clean.  The trees would also make the area around 

the water more beautiful and would create more habitat areas for land animals. 
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Forest Management Roles  

 

#5 - Outdoor Recreation Planner  
 

Job Description:  

 
It is my job to make sure that people have something enjoyable to do when they visit the 

forest.  I also want to make sure that the forests are accessible to visitors.  I am concerned 

about maintaining the natural beauty of the forest, because that is why most people come to 

the forest in the first place.  I know that building additional attractions for visitors will draw 

more people to the forest, which is one major way that the forest can make money. 

 
There are many workers who are involved in making decisions about the forest, 

and each worker has his/her  own ideas about what is important.  Often, each 

worker will have a òpet project,ó or a project that ties closely to his/her own 

interests.   

 

Here is a òpet projectó that an outdoor recreation planner might have: 

 
Add a trail to access a remote area of th e forest.   This would increase the distance of a 

trail system, which gives more options to the visitors.  It could even attract new visitors to the 

forest.  A hiking trail is small enough that it would not severely damage the forest ecosystem 

around it, and building the trail would not require the removal of a huge number of trees.   
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Decision 1 Options  
 

 

Option 1: Build a visitor center that can be reached by motor vehicles.  

Visitor centers often include education centers, informational materials, and g ift 
shops and are staffed by forest rangers.  

 The visitor center must be a minimum of 1 square in area. 

 

 The visitor center may be built on an existing road.  

OR  

 The visitor center may be built on a NEW road that runs through the location of your 
choice.   

 

 

Option 2: Build a campsite along a hiking trail.  
 The campsite must be a minimum of 2 squares in area.  The campsite can be placed at 

any location along a trail. 

 

 The campsite may be placed along an existing trail. 
OR 

 You may build the campsite on a NEW hiking trail.  (A new trail must begin on another 

trail or road.) 

 

 

Option 3:  Make a new hiking trail.  
 The hiking trail must be at least 5 squares long.  The hiking trail must begin on another 

trail or road so that it is accessible to visitors. 
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Decision 1 Priorities  
 

#1 - Forester  
 

1. A campsite would be the ideal choice for me, especially in a medium quality area of the 

forest.   

 I do NOT want a campsite to be placed in a high quality area of the forest, because 

this will increase visitor traffic near fragile and threatened plants and animals. 

 A campsite in a low quality area of the forest would do very little damage to the 
forest, but it would also not be as exciting for visitors to see. 

 

2. A visitor center  is my second choice, as long as the visitor center is primarily in a low 

quality area of the forest.   

 A visitor center would attract many new visitors to the forest, which would bring in 

money. 

 Money generated by a visitor center could be used to fund tree replanting in the 
future. 

 I do NOT want this option if the road or visitor center will be in a high quality area 

of the forest. 

 

3. A hiking trail  would be my least favorite option.   

 A hiking trail would do very little damage to the forest ecosystem, but it would not 
be as useful for visitors. 

 A hiking trail would not generate very much money 

 Though itõs not my favorite choice, I would be okay with a hiking trail as long as it 
doesnõt go within 2 squares of a threatened species. 

 



Protecting Our Forest Ecosystems  Lesson 4  

Forest Management  
 

 

 70 
 © 2009 The Peggy Notebaert Nature Museum 

 naturemuseum.org 

 

Decision 1 Priorities  
 

#2 - Entomologist  
 

1. A hiking trail would be my favorite option, especially in a medium or low quality area of the 

forest. 

 A small walking trail through the forest would limit the damage to native insect 

habitats. 

 I do NOT want a hiking trail within 2 squares of an invasive insect sighting, because 
people could potentially spread these invasive insects throughout the forest. 

 

2.  A campsite  would be my next choice, as long as the campsite is NOT within 2 squares of 

an invasive insect sighting.   

 This option would do much less damage to insect populations than a visitor center. 

 Building a campsite would not require the removal of too many trees, so the damage 
to the forest ecosystem would be more limited. 

 I do NOT want a campsite in a high quality area of the forest. 

 

3. A visitor center would be my last choice.   

 The removal of so many trees from the forest could ruin the habitats where many of 
the forestõs native insect populations live.   

 Visitors might introduce invasive species into the forest as they are travelling to the 

visitor center, and invasive species could travel on their vehicles. 

 I will NOT be okay with a visitor center within 7 squares of an invasive insect 
sighting.
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Decision 1 Priorities  
 

#3 - Biologist  
 

1. A visitor center  is my favorite option, as long as it is NOT within 4 squares of a 

threatened species.   

 The resources at the visitor center could help educate people about the native 

species in the forest and teach them about how human actions affect the 

environment.   

 The money generated by a visitor center could be used to support forest projects to 
protect wildlife. 

 I would prefer to have the visitor center in a low quality area to limit the damage 

done to the forest ecosystem. 

 

2. A campsite  would be my next favorite option.   

 A campsite doesnõt provide many opportunities to educate visitors about the 
important species in the forest. 

 A campsite would generate some money that could be used for other projects, but 

not as much as a visitor center. 

 I do NOT want a campsite within 3 squares of a threatened species. 
 

3. A hiking trail  would be my last choice. 

 A hiking trail could not easily be used to educate forest visitors.   

 A hiking trail would do minimal damage to the forest ecosystem, but it would not 
bring in very much money. 

 I do NOT want a hiking trail within 2 squares of any threatened species. 
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Decision 1 Priorities  
 

#4 - Hydrologist  
 

1. A hiking trail  would be my first choice.   

 Since a hiking trail would be fairly small, it probably would not have a drastic impact 

on water runoff in the forest.   

 Since very few trees would have to be eliminated for this plan, it is unlikely that 

erosion would be a huge factor.   

 I would prefer that a hiking trail be built at least 2 squares from the river or lake. 

 

2. A campsite  would be my next choice.   

 The construction of the campsite would require the removal of a larger number of 
trees, which could result in abnormal water runoff.  This runoff could impact the 

surface water supplies or cause erosion.   

 If a campsite is built, I would like it to be at least 3 squares from the river or lake. 

 I will NOT agree to a campsite within 1 square of the river or lake. 
 

3. A visitor center  would be my least favorite option.   

 Water that would normally find its way into the absorbent surfaces of the forest 

floor will not be absorbed by the building, and the water may become polluted by 

litter, vehicles, or other human sources. 

 If a visitor center must be built, I would like it to be at least 5 squares from the river 

or lake. 

 I absolutely do NOT want a visitor center within 4 squares of the river or lake. 
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Decision 1 Priorities  
 

#5 - Outdoor Recreation Planner  
 

1. A visitor center  is my first choice.   

 It is my goal to make the forest as accessible and enjoyable as possible for human 

visitors. 

 A visitor center would bring many new visitors into the forest, which would bring in 

a lot of money. 

 I would prefer to have the visitor center in a medium quality area of the forest to 

ensure that visitors have a wonderful experience. 

 

2. A campsite  is my next choice.   

 This gives visitors the option to stay in the natural environment of the forest for 
more extended periods of time. 

 A campsite would not generate as much money as a visitor center, but it would 

bring some money into the forest. 

 I do NOT want to have the campsite in a low quality area of the forest, because it 

would not be as enjoyable for the visitors. 

 

3. A hiking trail  is my least favorite option.   

 This option would not attract very many visitors to the forest, and it would not give 

visitors a chance to do something new in the forest. 

 If a hiking trail is chosen, I would like it in a high quality area of the forest that does 
not currently have a trail. 

 I do not want the hiking trail within 2 squares of a threatened species, because I do 

not want to negatively impact these fragile species. 
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Decision 2 Options  
 

 

Option 1: Do not cut any t rees.   
 
 

Option 2: Selectively cut an area.  When an area of the forest is selectively 

cut, many of the trees in the area are left standing.  Only certain trees are 

removed.  

 The selectively cut area must be 6 squares in area. 

 You must build a logging road from the nearest point on a public access road.  Loggers 

will use this road to bring in equipment and remove trees. 

 

 

Option 3:  Clear cut an area.  When an area of the forest is clear cut, all of the 

trees in that area are removed.  

 The clear cut area must be 6 squares in area. 

 You must build a logging road from the nearest point on a public access road or another 

logging road.  Loggers will use this road to bring in equipment and remove trees. 
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Decision 2 Priorities  
 

#1 - Forester  
 

1. A clear cut in a low quality forest area would be my first choice.   

 The trees that we remove could be sold for a lot of money. 

 A clear cut would allow me to make room to plant more valuable trees that could 
be selectively harvested at a later date. 

 I do NOT want a clear cut in a medium or high quality area of the forest, because 

these areas are more fragile and have a greater diversity of organisms. 

 

2. A selective cut  would be my next choice. 

 A selective cut in a low or medium quality forest area could help to prevent 
overcrowding, and it could make room for more valuable trees to be planted at a 

later date. 

 I do NOT want a selective cut in a high quality area of the forest because it could 

cause too much damage to such an important part of the forest ecosystem. 

 

3. No cut  would be my last option. 

 Forests could become overcrowded, which could stifle growth and diversity. 

 This option does not generate any money. 

 However, this is a better option than cutting down ANY trees in a high quality area 

of the forest. 
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Decision 2 Priorities  
 

#2 - Entomologist  
 

1. A clear cut of the area around an invasive insect sighting would be my first choice. 

 Clear cutting this area could potentially remove the invasive insect from the forest, 

which could keep it from spreading. 

 In the future, trees that are more resistant to invasive species could be planted in 

this area. 

 The area around the invasive insect sighting is the ONLY place I would like a clear 

cut. 

 

2. A selective cut  would by my second choice.   

 A selective cut of the area around an invasive insect sighting would allow me to 
remove trees that appear to be infected. 

 A selective cut allows me to leave enough trees for the native insects to use as part 

of their habitats. 

 If possible, I would like to avoid cutting down any trees in high quality areas of the 

forest, because these areas often contain a high number of native insect species. 

   

3. No cut  would be my last choice.   

 Cutting down trees is an effective way of managing invasive insect species, so this 

option would NOT help to stop the spread of these insects. 
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Decision 2 Priorities  
 

#3 - Biologist  
 

1. A selective cut  would be my first choice.   

 A selective cut would allow me to get rid of trees that might be making the forest 

unhealthy. 

 A selective cut does not completely destroy animal habitats.   

 I would prefer not to selectively cut trees within 3 squares of a threatened species 

because they are already so fragile. 

 

2. No cut  would be my next choice.   

 If no trees are removed, animal habitats will remain intact. 

 This option is better than clear cutting large areas of the forest, because it wonõt 

create fragmented habitats. 

 

3. A clear cut  is my least favorite option.   

 Clear cutting in the forest destroys animal habitats and leaves animals with no place 

to go.   

 Even if animals are able to find another place to live, clear cutting removes many of 

the plant resources that animals use for food.   

 I would only be okay with a clear cut in a low quality area of the forest AND at least 

3 squares away from a threatened species. 
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Decision 2 Priorities  
 

#4 - Hydrologi st 
 

1. No cut  would be my first choice.   

 There would not be any changes in water runoff that might affect the surface and 

ground water supplies. 

 No machines would need to enter the forest, and machines could potentially bring 

pollutants into the forest. 

 

2. A selective cut  would be my next choice.   

 A selective cut does not usually have a drastic effect on water runoff, erosion, or 

pollution, as long as the location is chosen wisely. 

 I do NOT want a selective cut within 2 squares of the river or lake, because this 
could cause more water runoff problems and pollution of surface water supplies. 

 

3. A clear cut  would be my last choice.   

 Large areas of open land will result in drastic changes in the way water moves over 

and into the land.   

 The increase in human and equipment traffic required to cut down so many trees 
could lead to pollution of the surface and ground water systems. 

 I absolutely do NOT want a clear cut within 5 squares of the river or lake.  
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Decision 2 Priorities  
 

#5 - Outdoor Recreation Planner  
 

1. A cle ar cut  would be my first option, as long as it is at least 5 squares away from any 

visitor center, campground, trail, or road. 

 The money generated by selling logs from a section of the forest could be used to 

create more trails, informational signs, or scenic outlooks for visitors.   

 I do NOT want a clear cut near the high-traffic visitor areas because it would be 
unattractive and bring noisy machines too close to visitors. 

 

2. No cut  would be my next option.   

 This would not require bringing any noisy machines into the forest that could 

potentially disrupt the visitors. 

 This would not cost any money. 

 This option is better than cutting down any trees near the high-traffic visitor areas. 

 

3.  A selective cut  would be my last option. 

 A selective cut would bring noisy equipment into the forest. 

 It would not generate a lot of money for the forest service. 

 I do NOT want a selective cut within 3 squares of a visitor center, campground, 

trail, or road because of the increased equipment traffic and noise. 
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Additional For est Management Projects  

 

A MAXIMUM  of three options may be chosen and added to the map. 
 

Forester  
Reforest a previously clear -cut area along a road .  This option allows me to plant trees 

with a high timber value.  The trees will be worth a lot of money when they are selectively 
harvested in years to come.  This money could be used to complete a variety of other forest 

projects.  Reforesting a clear-cut area would also create additional habitats for forest animals, 

reduce water runoff and erosion, and make the forest more beautiful for visitors.   

 

Entomologist  
Implement a monitoring program to assess the threat posed by an invasive insect.  

This program would help me detect if an invasive insect is spreading through the forest.  If 

invasive insects are detected early, it will be possible to minimize the damage to the forest.  A 

monitoring program could protect trees that could be sold to generate money in the future.  (If 

this option is chosen, circle òyesó next to Insect Monitoring in the key.)   
 

Biologist  
Remove an existing trail to create a wilderness preserve that protects a threatened 

species.  This species has survived in the forest in very small numbers, and the numbers are 

getting even smaller.  The current trail is leading visitors near the species, which is disrupting its 

habitat and making the situation even more severe.  Removing the trail will restore this area of 

the forest to its natural state, which will be beneficial for the rare species.  This option will help 

to stabilize the population of the threatened species so that it can be enjoyed by visitors for 

many years to come.   
 

Hydrologist  
Plant fast -growing trees in a previously clear -cut area near a water source.   These 

fast-growing trees will not be useful for harvesting later, but they will hold the soil in place and 

keep it from running into the water.  This will have a positive impact on water quality and will 

benefit the wildlife that lives in the water.  Healthy wildlife could be used to generate money in 

the future, but only if their habitat remains clean.  The trees would also make the area around 

the water more beautiful and would create more habitat areas for land animals. 

 

Outdoor Recreation Planner  
 Add a trail to access a remote area of the forest.   This would increase the distance of 

our entire trail system, which gives more options to the visitors.  It could even attract new 

visitors to the forest.  A hiking trail is small enough that it would not severely damage the forest 

ecosystem around it, and building the trail would not require the removal of a huge number of 

trees.  The new hiking trail should lead into an area of the forest that does not currently have a 

trail and should be connected to at least one other trail or road so that visitors can access it 

easily. 
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Forest Manageme nt Assessment  Names: ________________________ 
Use this worksheet to evaluate your forest management based money generated and 

environmental quality. 

Money Generated:  

Recreation:  Points  

1. Number of Trails:   

Add the following points depending on the number of trails in your forest:    

No trails  0    1 trail  1    2 trails  4    3 trails  6    4 trails  7 

______ 

2. Visitor Facilities:  

Add the following points if there is a: 

Visitor center  16  Campground  8 

Neither a campground nor a visitor center  0 

______ 

3. Public Roads: 

Add 6 point for each public road. 
______ 

4. Other:  

Add 1 point if a clear cut was reforested near the river or lake.  This will 

protect the waterways for visitor use. 

______ 

5. Location of Clear Cut Tree Harvesting:  

Subtract  2 points for each clear cut within 2 squares of a campground, 

trail, visitor center, or public road. 

______ 

Timber Harvesting:    

1. Harvesting Method:  

Add 0 points if no new harvesting occurred. 

Add 10 points for each new selective cut area. 

Add 22 points for each new clear cut area. 

______ 

2. Logging Roads: 

Add 2 point for each road added to reach a clear or selective cut. 
______ 

3. Replanting with Trees:  

Add 12 points of you replanted a clear cut area near the road with trees 

for harvest later. 

______ 

4. Other:  

Add 2 points if an invasive species monitoring program was implemented.  

This will protect the trees in the forest that may be harvested in the future. 

______ 

Money Generated Total Points:  ______ 
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Environmental Quality:  

Habitat Protection:  Points  

1. Recreation:  

Add the following points depending on the number of trails in your forest:  

No trails  6    1 trail  5    2 trails  4    3 trails  1    4 trails  0 

Add the following points for a campground in a: 

High quality area  0               Low quality area  4 

Medium quality area  1          No campground created  6 

Add the following points for a visitor center in a: 

High quality area  0               Low quality area  2 

Medium quality area  1          No visitor center created  8 

 

 

______ 

 

 

______ 

 

 

 

______ 

2. Timber Harvesting:  

Add the following points for each selective cut in a: 

High quality area  0 

Medium quality area  2 

Low quality area  4 

Add 8 points if no selective cutting occurred. 

Add the following points for each clear cut in a: 

High quality area  0 

Medium quality area  1 

Low quality area  2 

Add 10 points if no new clear cutting occurred. 

 

______ 

______ 

______ 

______ 

 

______ 

______ 

______ 

______ 

3. Other:  

Subtract  1 point for each road in your forest. 

Add 5 points if an invasive species monitoring program was implemented. 

Add 4 points if a wildlife preserve was created. 

Add 4 points if a clear cut was reforested near the river or lake to create 

new habitat. 

______ 

______ 

______ 

 

______ 

Species Protection:   

1. Recreation:  

Subtract  1 point for each trail or road less than 2 squares from a 

threatened species. 

Subtract  2 points for each campground or visitor center less than 2 

squares from a threatened species. 

Add 4 points if no recreation activities are within 2 squares of any of the 

threatened species in the forest. 

 

______ 

 

______ 

 

______ 
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2. Timber Harvesting  

Subtract  3 points for each selective cut less than 2 squares from a 

threatened species. 

Subtract  5 points for each clear cut less than 2 squares from a threatened 

species. 

Add 4 point if no timber harvesting occurred within 2 squares of any of the 

threatened species in the forest. 

 

______ 

 

______ 

 

______ 

3. Other:  

Add 4 points if an invasive species monitoring program was implemented. 

Add 5 points if a wildlife preserve was created. 

Add 4 points if a clear cut was reforested near the river or lake to create 

new habitat. 

______ 

______ 

 

______ 

Water Protection:   

1. Recreation:  

Subtract  1 point for each road less than 2 squares from the river or lake. 

Subtract  2 points for each campground or visitor center less than 2 

squares from the river or lake. 

Add 4 points if no recreation activities are within 2 squares of the river or 

lake. 

 

______ 

 

______ 

 

______ 

2. Timber Harvesting:  

Subtract  3 points for each selective cut less than 2 squares from the river 

or lake. 

Subtract  5 points for each clear cut less than 2 squares from the river or 

lake. 

Add 4 points if no timber harvesting occurred within 2 squares of the river 

or lake. 

 

______ 

 

______ 

 

______ 

3. Other:  

Add 4 points if an invasive species monitoring program was implemented. 

Add 5 points if a clear cut was reforested near the river or lake to create 

new habitat. 

 

______ 

 

______ 

Environmental Quality Total Points:  ______ 
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Forest Management Data Sheet  Name: __________________________ 
 

Forest management involves a careful balance between generating money and protecting habitat, 

species, and water systems.  Evaluate how well your team did. 

1. Record the total points below for Money Generated and Environmental Quality. 

Money Generated =  _________ 

Environmental Quality =  _________ 

Subtract the smaller number from the larger number to find your teamõs Forest Management 

Score. 

Forest Management Score:  ___________________ 

In the chart below, find the range that your teamõs Forest Management Score falls within.  Circle 

the range and read the explanation for your score. 

Scale: Explanation:  

0-20 

 

Well 

balanced 

This management plan found a good balance between generating money and 

protecting environmental quality.  There will be money for maintenance of 

facilities and programs and to develop new projects that could bring in new 

money and help the environment.  The protection of habitat, species, and 

water systems was also carefully thought about.  This is especially important 

since these are the things that attract people to the forest in the first place.  

Therefore, the environment benefits and the amount of money coming in will 

be stable, or may even increase. 

21-55 

 

Partially 

balanced 

Finding a good balance between generating money and protecting 

environmental quality is not easy, but it is important for the forest to be 

sustainable and healthy.  This plan tried to consider both, but ended up slightly 

favoring one aspect over the other.  Keep thinking about these management 

decisions to find a way toward a balance between the two. 

56-80 
 

Poorly 

balanced 

One aspect, either money generated or environmental quality, was favored 

very strongly over the other.  While this may seem to be good in the short 

term, in the long term the forest will suffer.  Just focusing on generating as 

much money as possible now, and neglecting environmental protection, can 

result in an unhealthy forest that is unattractive to visitors and loses its value 
for future timber harvesting.  This could result in actually losing money in the 

long term.  Alternatively, just focusing on environmental protection, and not 

generating any money, may result in a healthy forest; however, there will be no 

money to support new projects, such as habitat restoration or species 

monitoring, and people may be less likely to support new environmental 

initiatives.  Therefore, it is critical to find a balance between generating money 

and protecting environmental quality. 
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2. What range did your teamõs Forest Management Score fall in?  Why do you think this is?   

 

 

 

 

 

 

 

If your teamõs Forest Management Score was òPartially Balancedó or òPoorly Balancedó, which 

aspect did you favor more, generating money or environmental quality?  Why? 

 

 

 

 

 

 

 

 

 

If your teamõs Forest Management Score was òWell Balancedó, what decisions and/or 

compromises did you make to reach a balance between generating money and environmental 

quality?  What was your teamõs approach? 

 

 

 

 

 
 

 

 

 

3. If you had the chance to revise your teamõs management decisions, what would you do 
differently? 
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4. A well managed forest is more likely to be protected from invasion by a new species.   

What kinds of features or practices would make a forest more susceptible to an invasive 

species? 

 

 

 

 

 

 

 

 

 

What kinds of features or practices would help protect a forest from invasive species? 

 

 

 

 

 

 

 

 

 

Based on these, how do you think your teamõs forest would do if another invasive species was 

sighted in the forest? 
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Forest Preserve Map    
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Lesson Summary  
Students learn about the various parts of a 

tree by studying the different stages of the 

Emerald Ash Borer (EAB) life cycle and 

identifying the EABõs location on and in the 

tree at each stage.  They are introduced to 

warning signs used to detect EAB presence 
in trees, and learn about the damage done 

to ash trees during the various stages of the 

EAB life cycle. 

 

Time Allotment  

50 minutes 

 Trunk cross-section poster 

 EAB larva sample 

 EAB adult sample 

 Damaged wood (with galleries) sample 

 Wood sample with D-shaped exit holes 

 Dry erase marker 
 

Materials  

Per group: 

 Ash trunk cross-section 

 Envelope with photos of EAB at each 
stage in its life cycle 

 Envelope with photos of ash tree bark, 

leaves, and seeds 

 

Per student: 

 Data sheet 

 

Advance Preparation  
Make copies of the data sheet. 

 

Label each envelope òThe Emerald Ash 

Borer Life Cycleó and place inside a set of 

pictures depicting the EAB life cycle.  The 

set should include a picture of the egg, 

larva, pupa, and adult stages of the life cycle 

and a picture of wood with the galleries. 

 

Arrange students in cooperative groups.   

Lesson Objectives  
 Compare the stages of the Emerald Ash 

Borer life cycle. 

 Identify the functions of the various 

parts of an ash tree. 

 Analyze the impact of the Emerald Ash 

Borer on the health of ash trees. 
 

Illinois Goals and Standards for 

Middle/Junior High School  
Science: 

Goal 12: A.3a, A.3c, B.3b 

 

Math: 

Goal 7: A.3b, C.3a 

Goal 9: A.3c 

 

Language Arts: 

Goal 4: A.3a, A.3b, A.3c. A.3d 

 

Vocabulary  
Bark 

Cambium 

Galleries 

Heartwood 

Larva 

Phloem 

Primary growth 

Pupa 

Sapwood 

Secondary growth 

Trunk cross section 

Water sprout 

Xylem 

 

Background  Information  
Trees grow by making their own food using 

water from the soil, carbon dioxide from 

the air, and light energy from the sun, 

through a process called photosynthesis.  

Plants collect sunlight and take in carbon 

dioxide through their leaves.  Their roots 

reach deep within the ground and act like 

straws to soak up water.  Stems connect 
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the activities of the roots and the leaves.  In 

trees, these woody stems are called trunks. 

 

There are two main types of growth in 

trees: primary growth  (trees grow taller 

and send out new branches, and roots grow 

longer), and secondary growth  (tree 

trunks and stems grow thicker).  Specialized 

cells at the tip of the tree cause it to grow 

taller and send out new branches.  This 

primary growth helps trees reach up, down, 

and out to collect sunlight and water.  At 

the same time, a different type of cell causes 

the trunk and branches to grow in width.  

These cells make up the cambium .   

 

The cambium layer of the tree is the source 

of phloem  and xylem .  Phloem grows 

outward from the cambium, and xylem 

grows inward.  Phloem is the tissue that 

carries nutrients made in the leaves (during 

photosynthesis) throughout the rest of the 

tree.  Xylem is the tissue that is responsible 

for carrying water from the roots through 

the rest of the plant.   New xylem and 

phloem can add up to an inch of secondary 

growth each year, which helps with 
structural support of the tree and adds 

additional tissue for water and nutrient 

transport. 

 

The outermost layer of a tree is bark , 

which acts as a barrier to water, gases, and 

some invaders.  In some trees, the phloem, 

cambium, and xylem are concentrated close 

to the bark.  In other trees these tissues are 

spread more evenly throughout the 

sapwood .  The sapwood is made up mostly 

of xylem and, therefore, is important for 

transporting water through the tree.  Inside 

the sapwood is the heartwood , which is 

made up of xylem that is no longer actively 

transporting water throughout the plant.   

The following diagram of a trunk cross -

section  shows a horizontal slice out of the 

tree: 

 
 

Each part of the tree is important to the 

overall health of the tree.  For example, ash 

trees, which are affected by the Emerald 

Ash Borer (EAB) , die very quickly after 

EABs damage the phloem and xylem.  The 

EAB does no significant damage to other 

parts of the tree, but the entire tree still 

perishes.   

 

The EAB completes its life cycle in one 
year.  The adults are present from May 

through August, feeding on ash leaves to 

survive.  The adult does not damage the 

tree by eating leaves.  The mature adults 

will mate on the ash trees and will lay eggs 

in cracks in the bark.  The eggs are roughly 

1mm in length and will take 2-3 weeks to 

hatch as larvae  (singular: larva; plural: 

larvae).  Once hatched, the larvae begin 

feeding.  They chew through the outer bark 

to the phloem, and sometimes as deep as 

the xylem, feeding in S-shaped tunnels called 

galleries.  These galleries disrupt the treeõs 

ability to transport water and nutrients.  

Most of the larvaeõs feeding and growth 

occur from August to  October.  The larvae 

then pupate and overwinter approximately 

half an inch into the sapwood.  In the spring, 
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the pupae (singular: pupa; plural: pupae) 

take 2-3 weeks to become adults.  The new 

adults then emerge from a D-shaped hole in 

the bark to mate and lay eggs, starting the 

cycle over again. 

 

The larval stage of the EAB life cycle is the 

only stage that does significant, life-

threatening damage to the ash tree, because 

the galleries created by the larvae inhibit 

the treeõs ability to transport nutrients and 

water.  Once this happens, the leaves and 

branches at the top of the tree begin to die, 

because they are no longer receiving the 

water and nutrients that they need.  The 

tree may also start growing water 

sprouts , which look like new branches and 

leaves growing near the bottom of the 

trunk.  The tree grows water sprouts in an 

attempt to reproduce before it dies. 

 

Ash trees have large phloem and xylem cells 

that are concentrated near the bark, which 

makes them particularly susceptible to 

infestation by EABs.  Since the EAB larvae 

are feeding on the tree so close to the bark, 

they are easily accessible to woodpeckers.  
Increased woodpecker activity on an ash 

tree in the winter is often a hint that the 

tree might be infested with EABs. 

 

Initial Discus sion 
1. Begin the lesson by reading the letter 

from Angie Opiola about the Emerald 

Ash Borer (EAB) and why it is 

important to care about the damage it 

causes to ash trees. 
 

2. Ask students what they learned about 

the EAB and the problems it is causing.  

(Accept all answers) 

 

3. Ask students what information they 

need to know to analyze the problems 

caused by the EAB.  (Possible answers 

include: information about how the EAB 

attacks trees, information about when 

the EAB does its damage, information 

about what causes the trees to die, etc.) 

 

Hands-On Activity  
4. Pass out a data sheet to each student, 

and pass out an envelope of ash tree 

pictures to each group.  Circulate the 

bark samples showing galleries and D-

shaped exit holes to each group. 

 

5. Have students look at the photos and 

bark samples and make observations 

about the ash tree.  Have several 

students share verbal descriptions of the 

treeõs leaves, bark, and seeds. 

 

6. On their data sheets, have students 

shade in one ash leaf on the healthy side 

of the tree.  While coloring the leaf, 

students should observe that each leaf 

has multiple leaflets, most of which are 

directly opposite another leaflet.  (Note: 

all leaves on the studentsõ data sheet 

have 7 leaflets; 6 of these leaflets have a 

leaflet opposite them, and the final 

leaflet is at the top of the leaf.  The 7 

leaflets together comprise a single leaf.)  

 

7. Using the photos of the ash tree bark as 

a guide, students should draw bark with 

distinct diamond shaped ridges on a 

small section of the tree diagram on their 

data sheets.  

 
8. Using the photos of the ash tree seeds 

as a guide, have students draw a few ash 

tree seeds on the backs of their data 

sheets.  The seeds are usually present 

on the tree in the late fall and early 

winter. 
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9. Follow the included teacher script to 

navigate through the EAB life cycle.  It is 

not necessary to follow the script 

verbatim.  All teacher and student 

directions are included on the script.  

The teacher will mark the location of 

the EAB on the trunk cross-section 

poster, and each student will mark the 

location of the EAB on his/her own data 

sheet. 

 

Relate Activity to Concept  
10.  Lead students in a discussion about the 

functions of the tree and the EAB life 

cycle.  Possible questions include: 

 Why does the entire tree die if the 

EAB is only damaging the phloem 

and xylem?  (When the phloem and 

xylem tissues become damaged, the 

tree can no longer transport water 

and nutrients properly.  All parts of 

the tree depend upon the water and 

nutrients, so the entire tree suffers 

when it cannot get these things.) 

 Why might the ash tree be more 
susceptible to EAB damage than 

other trees?   (The phloem and 

xylem in ash trees are concentrated 

near the bark.  This makes these 

cells more easily accessible to EAB 

larvae.) 

 What are some things that make the 

EAB difficult to detect?  (Possible 
answers include: The EAB is 

extremely small and spends a large 

part of its life inside the tree.  

Woodpeckers and water sprouts 

exist on trees that are not infested 

with the EAB, so they are not always 

a reliable indicator of EAB presence.  

Many warning signs of EAB presence 

are not visible until after the tree is 

infested.) 

   

Variations  
 Instead of using the teacher script, have 
students investigate the EABõs life cycle 

and use what they find to mark the 

EABõs location in the tree at various 

stages. 

 If time is a constraint, complete the 

trunk cross-section poster as a class, 

and have students complete only the full 

tree diagram on their data sheets. 

 

Assessment 
Collect and grade data sheet. 

 

Have students write a òYear in the Lifeó 

story from the point of view of either an 

Emerald Ash Borer or an ash tree infested 

by the EAB. 

 

Extension Activities  
 
EAB Calendar  

Have students use an annual calendar to 

record the stages of the EAB life cycle.  

Students can then mark the calendar with 

warning signs to look for during each 

season. 

 

Life Cycle Experts  

Split students into four groups, and make 

each group responsible for researching a 

specific EAB life cycle stage.  Have the 

groups make presentations to the class 

about the extra information that they have 

learned about the EAB.  

 

Recommended Resources  
Ash Tree Identification, 

www.emeraldashborer.info/files/E2942.pdf  

 

Emerald Ash Borer, 

www.emeraldashborer.info 
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Teacher Script  

Note to teachers:   This script is intended as a guideline to move you through the lesson.  It is 

not necessary to use the text in this script verbatim.  Directions for student actions are given in 

italics.  Directions for teacher actions are given in bold.  
 

Egg 

The Emerald Ash Borer (EAB) life cycle begins with an egg.  Adult EABs lay their eggs in small 

cracks or crevices in the bark of ash trees during the summer (Late May through August).   
 

Have students take out and look at the EAB egg photograph.  Ask them to share 

some observations.  
 

As we move through the EAB life cycle, we will record the EABõs position on the tree, and we 

will also look at how the EAB moves into deeper layers of the tree.  The circle on the bottom 

right corner of your data sheet shows a trunk cross-section, or a horizontal slice of the tree. 
 

Use th e trunk cross -section samples to show how a trunk cross -section is a 

horizontal slice of the tree.  
 

On the tree diagram, draw several EAB eggs on the bark of the tree trunk.  Use the legend as a guide 

for how to draw the eggs.  
 

The bark is the outermost layer of the tree.   
 

On the trunk cross-section diagram, mark the eggs at their proper locationñon the bark.  Use the 

trunk cross-section legend as a guide for how to mark the trunk cross-section. Using a dry erase 

marker, mark the location of the eggs on the trunk cross -section poster.  
 

Larva  

After 1-3 weeks as eggs, the EABs will hatch as larvae.  (larva, singular; larvae, plural)  As soon 

as they hatch, the new larvae begin to tunnel through the treeõs outer bark.  Once they make it 

through the outer bark, they begin to feed near the treeõs cambium layer.   
 

Point out the cambium layer on the trunk cross -section poster.  
 

The treeõs cambium layer creates phloem and xylem.  Phloem is tissue in the tree that is 

primarily used for transporting nutrients through the tree. Xylem is tissue in the tree that is 

used mostly for transporting water through the tree. The EAB larvae eat through the phloem 

and xylem in the treeõs cambium layer by carving out S-shaped tunnels called galleries.  As the 

larvae feed on the phloem and xylem, these important tissues become damaged.  How might 
this affect the tree? 
 

Show students the damaged wood sample and the EAB larva specimen and have 

them take out the pictures of the damaged wood and larva.  Guide students to 

brainstorm wh at might happen to the tree once the phloem and xylem are 

damaged.  

 

On the trunk cross-section diagram, mark the larvae at their proper locationñin the cambium layer.  
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Use a dry erase marker to mark the location of the larvae on the trunk cross -

section pos ter . In the full tree diagram, draw an S-shaped gallery on the right side of the trunk.  Use 

the legends as guides. 
 

These galleries are what cause the irreversible damage to the ash tree.  Each larva makes its 

own gallery, and there can be hundreds of these damaging tunnels in one tree.  Since the 

galleries cut off both nutrients and water to the branches and leaves, the leaves and branches of 

the tree will begin to die.  Now that the tree is damaged, it will be more susceptible to invasion 
by future generations of EABs. 
 

On the full tree diagram, shade in some of the branches and leaves on the EAB-infested half of the tree 

to represent die-off. 
 

Pupae 

In the fall, larvae pupate and overwinter about a ½ inch into the sapwood.  After this 

overwintering period, pupae take 2-3 weeks to become adult EABs. 
 

Have student take out the picture of the pupa and share some observations.  
 

On the trunk cross-section diagram, mark the pupae at their proper locationñin the sapwood.  Use the 

trunk cross-section legend as a guide. Using a dry erase marker, mark the pupae on the 

trunk cross -section poster at their proper location.  
 

Ash trees infested with EABs tend to experience increased woodpecker activity in the winter.  

What might be the cause of this?  Allow students to t hink of possible explanations.  

Woodpecker activity increases in infested ash trees because the woodpeckers are able to reach 

the EAB pupae that are overwintering in the outer bark of the ash tree. 
 

Draw a woodpecker on one of the branches of the ash tree. 
 

Adults  

In the spring, newly formed adults emerge from a D-shaped exit hole in the bark to mate and 

lay eggs.  Adult EABs feed on the leaves of the ash tree, but this does not do any significant 

damage. 
 

Show students the adult EAB specimen and have them take out the photographs of 

the adult and of D -shaped exit holes.  
 

On the full tree diagram, draw a D-shaped exit hole in the bark to the left of the gallery. 
 

The EAB life cycle will start over again when these adult EABs lay eggs on the bark of ash trees 

from late May through August. 
 

Additional Damage  

Ash trees that are experiencing an infestation of EABs often begin to grow water sprouts on 

their trunks and branches in an attempt to reproduce before they die.  These water sprouts are 

often lush and fast-growing, but they are not strong.   
 

Using the legend as a guide, draw water sprouts coming out of the trunk of the ash tree.
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March 19, 2009 
 

Dear Students, 
 

My name is Angie Opiola and I am an Interpretive Specialist with the Forest Preserve District of 
Will County.  I teach families, adults, kids, and students just like you about the environment and 
nature.  It is my job to make sure that students are aware of all the cool and interesting things 
that nature has to offer so that when you grow up you will feel the need to be a steward of the 
environment, thus protecting it. 
 

Iôd like to tell you a little about the Emerald Ash Borer and the damage it does to ash trees.  Itôs 
a small little insect (a little bigger than a grain of rice) and I think you can guess the color of it ï 
green!  Itôs from Asia, a whole continent and ocean away!  What makes it so harmful is its life 
cycle: eggs are laid in the treesô many crevices and once the eggs hatch, the larvae need to eat, 
so what do you think they eat?  The inside of the tree!  This cuts off water and nutrients that 
usually circulate in the tree, which results in death.  You may be thinking - who cares?  Well, 
there are many reasons to care:  
 

 Ash trees provide homes for many insects, birds and mammals. 

 Ash trees have been around so long that early Native Americans in this region built bows 
and arrows and snowshoes out of them!   

  If you enjoy the familiar ócrackô of a baseball bat, sitting on furniture, listening to musical 
instruments, or skiing, youôll want ash around! 

 

The Emerald Ash Borer wouldnôt be such a pest if just one or two trees died on occasion, but 
sadly, thatôs not whatôs happening.  Just think, nearly every female EAB is going to lay eggs, 
and all of those tiny little larvae need to eat.  Consequently, ash trees are dying by the millions!  
Though itôs not too late to save them!  Many ash trees are still alive and doing well.  It will take 
educating students just like you to help save the ash ï you will learn how as you go through 
these lessons.  
 

Thank you so much for taking the time to learn something about this threat to our ash trees.   
The Forest Preserve District of Will County considers the EAB a real threat that needs to be 
taken seriously, which is why a curriculum like this has been developed.  As you grow older 
some of you may make your way into education or science careers that may deal with this very 
issue and the effects of the EAB.  I hope to cross your path!     
 

Sincerely, 
 

Angie Opiola 
Interpretive Specialist,  
Forest Preserve District of Will County 

 

17540 W. Laraway Road / Joliet, IL 60433  

815.727.8700 / fax 815.722.3608  

www.fpdwc.org  

 

 

CORY S. SINGER, President  

JIM BLACKBURN , Vice President  

LEE ANN GOODSON , Secretary  

RONALD SVARA , Treasurer  

MARCELLA M. DEMAURO , Executive Director  
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