Forestry Unit for an Environmental Science Class
By Jim Collins, Manton Consolidated Schools
Target Grade/Subject: High School Environmental Science class
Unit Description
This unit is designed to supplement and add to my current forestry unit used in a high school
environmental class. Much of this unit will be based on activities as well as terminology. Typically I would teach
a portion of terminology and then get students in the field. I plan on having students identify trees, perform
plot calculations, identify what stage of succession a forest is in, calculate the carbon sequestration of a stand of
trees, and capture/identify any insects which may be harmful to the trees.
Goal
By the end of this unit students will have an understanding of: Michigan’s forest ecology, any human
interactions that affect the forest ecology, a description of events that have shaped Michigan’s forest, and
current challenges that Michigan’s forests face today. Specifically students will be able to identify tree species,
measure the height of a tree, measure the diameter at breast of height of a tree, calculate the number of trees
present in a defined acreage of forest, calculate the amount of carbon in a tree, and identify any harmful insects
in the area.
Sources
Burton V. Barnes and Warren H. Wagner, Jr. Michigan Trees: A Guide to the Trees of the Great Lakes
Region (revised and updated).2004. University of Michigan Press.
Dickmann, Donald, and Larry Leefers. 2006. The Forests of Michigan. University of Michigan Press.
Stearns, F.W. 1997. History of the Lake States Forests: Natural and Human Impacts. In Lake States
Regional Forest Resources Assessment: Technical Papers, J.M. Vasievich and H.H. Webster, editors.
USDA Forest Service GTR NC‐189, p. 8‐29. http://www.ncrs.fs.fed.us/gla/reports/history.htm
Dr. Erik Lilleskov, USDA Forest Service‐Forest Service Scientists
Dr. Linda Nagel, School of Forest Resources & Environmental Science, MTU
Rita Koch PhD student: School of Forest Resources & Environmental Science, MTU
Jim Rivard,M.S., School of Forest Resources & Environmental Science MTU
Maria Janowiak: Northern Institute of applied Carbon Science
Objectives
1.
2.
3.
4.
5.
6.

Students will be able to identify trees according to leaf characteristics
Describe how Michigan forests have changed through history
Be able to measure physical dimensions of trees, calculating the number of trees per acre
Describe the life history of a stand of trees
Calculate the amount of carbon present in a single tree and in a stand of trees
Capture and identify any harmful insects present in the forest
(i.e. E. Tent Caterpillars, Gypsy Moths)
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Lesson 1: Identifying trees according to their leaves
Benchmarks that this lesson can apply to:
B1.1A: Generate new questions that can be investigated in the laboratory or field
B1.2D: Evaluate scientific explanations in a peer review process or discussion
L5.p1A: Define a species and give examples
L5.p1B: Define a population and identify local populations
B5.1e: Explain how natural selection leads to organisms that are well suited for the environment
Materials:
Print Tree ID Key (using Leaves) from: http://www.uwsp.edu/cnr/LEAF/Students/tree_id.aspx
Make one copy per student.
Procedure
1. Provide handout: Glossary of terms used in tree id key (see handout)
2. Go over terms that we will use: needle‐shaped, single needles, cluster needles, bundle needles, flat
needles, square or round needles, alternate, opposite, simple, compound, lobes, chambered pith,
leaf petiole shape. (see handout)
3. Discuss stages of succession and causes of succession (see notes)
4. Handout the tree identification key for both deciduous and coniferous trees
5. Take students into the field, this could be a small forested section next to school or a bus ride to a
wooded forest.
6. Use the key on a several trees as examples allowing students to become familiar with the tree and
it’s leaf or needle
7. Allow students to identify several others on their own.
Discussion
Not only will we identify certain species but also for each species we will discuss: the habitats that trees
grow in, their tolerance of shade, what stage of succession they are found in, and commercial uses in
Michigan. This information is to be written on the data sheet. Students will be given several data sheet
to complete.
Assessment
Completion of species data sheets
As a lab practicum take students back to the field and have them identify the trees correctly using the
key or collect the leaf specimens and have them identify theses in the classroom.

Notes
Tolerance: expression of competition among species. Very tolerant species can grow in densely shaded
areas
Primary Succession: when vegetation becomes established on a barren area or a small lake or pond
slowly becomes filled with plants and their remnants
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Disturbances: Land clearing, logging, wildfires, agriculture, drainage of wetlands, damming of rivers,
mining, urban and industrial development, building of roads
Secondary Succession: The recovery of an ecosystem following a major disturbance
4 stages of secondary succession:
a.

Stand initiation: trees, shrubs, grasses, and herbs reestablish through buried seeds,
surviving stems, or root structures
b. Stem exclusion: competition allows dominant species to take over as the tree canopy closes
in
c. Understory re‐initiation: tolerant shrubs, trees, and plants dominate the understory
increasing biodiversity
d. Old growth: consists of the more tolerant species which are typically long lived
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Name: _____________________
Tree Identification Data Sheet
Species: ____________________
Preferred Habitat: _______________________________________________________________
Shade Tolerance: _______________________________________________________________
Stage of Succession: _____________________________________________________________
Commercial uses in Michigan: _____________________________________________________

Species: ____________________
Preferred Habitat: _______________________________________________________________
Shade Tolerance: _______________________________________________________________
Stage of Succession: _____________________________________________________________
Commercial uses in Michigan: _____________________________________________________

Species: ____________________
Preferred Habitat: _______________________________________________________________
Shade Tolerance: _______________________________________________________________
Stage of Succession: _____________________________________________________________
Commercial uses in Michigan: _____________________________________________________

Species: ____________________
Preferred Habitat: _______________________________________________________________
Shade Tolerance: _______________________________________________________________
Stage of Succession: _____________________________________________________________
Commercial uses in Michigan: _____________________________________________________
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Lesson 2: Michigan’s Forest History
Objective: Students will create a brochure of detailing Michigan’s forest history
Benchmarks this lesson can apply to:
B1.2k Analyze how science and society interact from a historical, political, economic, or social
perspective
Procedure:
1.
2.
3.
4.
5.

Students will read Pages 2‐5, 7‐10, and 16 from History of the Lake States Forests: Natural and
Human Impacts. In Lake States Regional Forest Resources Assessment by Stearns, F.W.
Also: students can watch part I of The Greater Good video
Students will then have access to Microsoft publisher to create a brochure detailing parts of
Michigan’s forest history.
Their brochures should include information on: Post‐Glacial period, Early Human Activity, The White
Pine Era, The Hardwood and Railroad Era, and Current Time.
Students brochure’s should include pictures for each time era and written as if it were given to a
person taking a tour of Michigan’s forest history (see rubric in the assessment). These can be taken
off of the internet or scanned from personal family photographs.

Assessment (Rubric) :
Brochure written as a tour guide (5 pts)
Creative
(5 pts)

Somewhat creative
(4‐3 pts)

States purpose
(2 pts)

Lacks creativity
(1 pt)

Includes main events detailing each of the following time eras (3 pts each)
Post‐Glacial period
Early Human Activity
The White Pine Era
The Hardwood and Railroad Era
Current Time

/3
/3
/3
/3
/3

Includes Pictures describing each era (1 pt each)
Post‐Glacial period
Early Human Activity
The White Pine Era
The Hardwood and Railroad Era
Current Time
Total Points =

/1
/1
/1
/1
/1
/25
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Lesson 3: Life History of a Stand
Objective: Describe the Life History of a Stand of Trees
Benchmarks this lesson applies to:
B1.1D Identify patterns in data and relate them to theoretical models
L3.p3A Identify the factors in an ecosystem that influence fluctuations in population size
L3.p4A Recognize that, and describe how, human beings are part of Earth’s ecosystems. Note that
human activities can deliberately or inadvertently alter the equilibrium in ecosystems.
Key Concepts:
Students need to understand concepts in the notes from section 1, if necessary review these
terms with them again.
Other Terms
Life History: patterns of growth, reproduction, and longevity that are related to specific
demands for survival in a particular place at particular time
Life History Strategies: Vegetative vs. sexual reproduction, seed size, seed dispersal
distance, regeneration niche, growth rates, tree height, understory or shade tolerance,
stress avoidance and tolerance, environmental conditions which it favors (nutrients, water,
temperature, and stress tolerance)
regeneration niche: where the seed lands and regenerates. Each species varies for example
Sugar Maple needs bare mineral soil where as Aspen will use root sucking shoots and light
cottony seeds.
Suites of Traits:
a. Early successional – small seeds and long distance dispersal, rapid growth, shallow
canopies, lower leaf area, shade tolerant, understory intolerant, early reproduction,
and shorter life span
b. Late successional – larger seeds, shorter distance dispersal, slower growth, deeper
canopies, higher leaf area, shade tolerant, understory tolerant, later reproduction,
and longer life span
Procedure:
1. Students are to be taken to a wooded lot or school forest or local forest.
2. Students will locate a center for their plot which is to be 26.33ft if red pine forests are used
this is 1/20th of an acre. If Hardwood forests are present then 37.24ft represents 1/20th of
an acre.
3. Students will be given a D‐tape which converts circumference to dbh (diameter at breast
height). Procedures for measuring dbh are as follows:
a.
b.
c.
d.

Dbh is measured at 4.5 ft above the ground
Students will measure from any high points for example if it is on a slope
If the tree is leaning the student measures perpendicular to ground
If the tree is deformed at the base then the diameter is measure above the deformity
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4.

5.
6.
7.

e. If the tree is bottlenecked the diameter will be measured at 1 ½ inches above
bottleneck if it is at least 3 feet above the ground
f. If the tree forks then the diameter is measured at 3 1/2 feet above the fork.
If D‐tapes are unavailable students may measure circumference and convert to diameter
using the formula: diameter = Circumference/ 3.14 (Also: Simple D‐tapes can be made by
acquiring cheap sewing tapes ahead of time and marking diameters on the tape. These
should be measured in inches)
Students will measure dbh of trees greater than 2cm dbh
Students will tally saplings less than 2 cm dbh and greater than 0.5 m heigh in the same
plots
Students will sample tree seedlings less than 0.5m high using five randomly located 1 m2
plots

Analyses
1.

Have students create bar graphs for each species in the plot showing dbh for each
individual species
2. These can also be broken up into dbh’s for trees in the canopy and those in the understory
3. Further analyses can be done where each student group has access to a different stand type
of trees. Students can then display their bar graphs in comparison to other stands (i.e. red
pine vs. hardwood)
4. Students will then answer the conclusion questions on the handout
Assessment:
1.

Students will complete the handout and record their information.
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Name: _____________________
Life History Analyses
Procedure
8. Students are to be taken to a wooded lot or school forest or local forest.
9. Students will locate a center for their plot which is to be ft if red pine forests are used this is
1/20th of an acre. If Hardwood forests are present then ft represents of an acre
10. Students will be given a D‐tape which converts circumference to dbh (diameter at breast
height). Procedures for measuring dbh are as follows:
a. Dbh is measured at 1.37 m above the ground
b. Students will measure from any high points
c. If the tree is leaning the student measures perpendicular to ground
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11. Students will measure dbh of trees greater than 2cm dbh
12. Students will tally saplings less than 2 cm dbh and greater than 0.5 m heigh in the same
plots
13. Students will sample tree seedlings less than 0.5m high using five randomly located 1 m2
plots
Data
Tree Species

Dbh
(record all dbh for each species in one row)

Seedling Tally

Conclusions
1. How would we expect the size distribution of early vs. later successional species to differ?
2. What is the successional stage of the site? (stand initiation, stem exclusion, understory reinitiation, or
old growth)
3. What evidence do you see that supports this successional stage?
4. Is there any evidence of humans altering the site? How might this affect the sites life history?
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Lesson 4: Carbon Sequestration
Objectives: Students will calculate the amount of Carbon in a tree and use previously collected data to
estimate the amount of Carbon in a stand. Furthermore students will compare this to the amount of
carbon produced by an average persons driving.
Benchmarks this lesson may apply to:
E 2.3A Explain how carbon exists in different forms such as limestone (rock), carbon dioxide (gas),
carbonic acid (water), and animals (life) within Earth systems and how those forms can be beneficial or
harmful to humans.
L2.p3A Explain the significance of carbon in organic molecules
L2.p3B Explain the origins of plant mass
B1.1C Conduct scientific investigations using appropriate tools and techniques (e.g., selecting an
instrument that measures the desired quantity‐ length, volume, weight, time interval, temperature—
with the appropriate level of precision).
Procedures and Assessment
1.

Complete Activity handout on Carbon in Trees
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Name: ___________________
Carbon in Trees
Description: Recent interest in the use of forests for carbon sequestration and bio‐energy require
knowledge about the amount of carbon stored in a tree or forest. For this activity, you will estimate the
amount of carbon stored in a nearby or favorite tree.
Objectives: Measure tree diameter, calculate biomass and carbon mass.
Materials: Tree(s), Diameter tape and/or tape measure; Calculator and/or spread sheet software;
pencil; allometric equation for tree species
1.

Measure tree diameter
If using a tape measure, measure the circumference of the tree at breast height (4.5 feet off the
ground). If necessary , convert this value to cm. Then, using tree circumference calculate the
diameter.
Circumference _____________cm

Diameter _____________cm

Or: If using a diameter tape, the tree is measured the same way but it is not necessary to calculate
diameter since the tape already does that for you. If necessary convert this value to cm.
Diameter: ______________ cm
2.

Calculate the biomass for the whole tree
To calculate tree biomass, we use a standard allometric equation of the form M=aDb, where M is the
above ground tree biomass (dry weight in kg), D is the diameter at breast height (cm), and “a” and
“b” are species specific coefficients. Locate the coefficients for the species of the tree that you have
in the table and calculate the tree biomass (M).
Tree Species: ________________
Biomass (M): ________________ kg
Species
Ash
Aspen
Balsam Fir
Basswood
Beech
E. Hemlock
N. White Cedar
Red Maple
Red Oak
Red Pine
Sugar Maple
White Birch
White Oak
White Pine
Yellow Birch

a
.16
.05
.07
.09
.20
.10
.09
.16
.13
.78
.17
.12
.20
.75
.09

b
2.35
2.51
2.50
2.35
2.39
2.36
2.23
2.31
2.42
2.42
2.36
2.43
2.16
2.38
2.59
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3.

Determine Carbon Content
Since Carbon is the major building block for life, a tree contains a large portion of carbon (about half
of its biomass). To determine how much carbon is in your tree:
Multiply biomass (M) by 0.521 for hardwood tree
Multiply biomass (M) by 0.498 for softwood trees
Carbon content: _____________ kg
Multiply by 2.2 to convert to lbs
Carbon content: ___________ lb

Conclusion Question
One lb of C is equal to 3.67 lbs of CO2. Also, a car emits 19.6 lbs of CO2 for each gallon of gas. If a
person uses 400 gallons of gas a year, then their CO2 emissions from driving would equal the amount of
carbon sequestered in ______________ of these trees
Further Application
Measure the diameter of every tree in a plot (26.33 ft radius for red pine or ft for hardwood). This
represents 1/20th of an acre. Calculate your carbon content for each tree in the plot and multiply by 20
to estimate the amount of carbon per acre. If a known acreage is used then multiply by that number to
attain the amount of carbon for the forest (i.e. if 60 acre forest multiply by 60). The Table below can be
used to fill in answers

Tree
Diameter
(cm)

Biomas
(kg)

Carbon
content
(kg)

Carbon
content
(lbs)

Carbon
Content per
acre

Carbon
content in
forest
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Lesson 5: Harmful Insects
Objectives: To investigate the presence of any insects which may be pests to any tree in the area.
Benchmarks:
Procedures:
1.

2.
3.
4.

5.

6.

First students will be presented with background information on different types of harmful insects.
Here they will view the powerpoint (from Rita Koch) and be expected to take notes on different
terms such as: Pathogen, Pest, Host, Symptoms, Signs. Furthermore, we will discuss different
feeding groups of insects: defoliators, sap suckers, seed/cone eaters, phloem boring, wood boring,
and gall makers. We will then discuss three insects in detail: The Gypsy Moth, the Emerald Ash
Borer, and the Eastern Tent Caterpillar.
Students will read an article on the Emerald Ash Borer and answer questions on the work sheet.
We will then go out into the school forest, adjacent to the school, and set up several pitfall traps as
well as sticky traps to detect the presence of any harmful insects
Pitfall Trap:
a. Equipment: Plastic drink cups, long box nails, Styrofoam plates (dessert or full size), Lo‐tox
propylene glycol antifreeze, bulb digger, and a small spade
b. Dig a hole with the bulb digger and widen with the spade
c. Place two nested drinking cups in the hole so that the lip of the cups is flush with the ground
surface
d. Remove inner cup and fill one third full with 50% propylene glycol solution (or water with
dish detergent). Put back inside other cup.
e. Put two nails in the ground opposite each other alongside the cup so that an inch of nail
sticks up.
f. Stick two more nails through the edge of the plate opposite each other and push into the
ground over the plate. The first set of nails should hold plate up so there is space for insects
to crawl into the cup.
g. Leave overnight and observe insects next day
h. See diagram on following page
Sticky Trap:
a. Use colored paper (purple and yellow were recommended) and attach to a 1” by 1” post
about 4 ‘ off of ground or post of similar dimensions.
b. Cover the colored paper with a transparency sheet and cover the transparency sheet with a
sticky agent (“tangle‐foot”) recommended. Tangle‐foot can be bought at your local
hardware store or a similar sticky product.
c. Leave these overnight and observe insects next day
As part of the assessment students will then complete the data collection WS
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Name: _____________________
WS on Emerald Ash Borer
1.

Describe how Emerald Ash Borer is harmful in three different ways to Michigan’s Ash trees?

2.

Describe the appearance of the adult Emerald Ash Borer?

3.

Describe the appearance of the larvae Emerald Ash Borer?

4.

Complete the diagram by filling in information for each stage of the Emerald Ash Borer’s life
cycle next to the appropriate block.

Adult

Pupae

Pre‐pupal
larvae

Mating

First instar
larvae
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5.

Where is the Emerald Ash Borer native? What trees is it known to attack?

6.

What do the exit holes of emerging adults look like?

7.

What are some other signs which may confirm the presence of Emerald Ash borer?
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Name: _____________________
Insect Collection Data WS
Purpose: To identify any harmful insects that might be present in our school forest and to
determine which colors they prefer.
Pitfall Trap Data
Location

Number of Insects

Types of Species

Sticky Trap Data
Location

Color of Paper

Number of Insects

Types of Species

Conclusions
1. Which trapping method produced the best results?
2. Were there any harmful insects present? Which ones and where were they found?
3. Which color paper attracted insects the most? Why might this be?
4. What would be an additional study we could do to increase our data collection?
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