Forestry Teacher Institute Teaching Unit
Aaron Gaffney (July 5, 2009)
Overview and Explanation
This unit was created as part of the Forestry Teacher Institute at Michigan Technological University.
The unit is designed for eleventh and twelfth grade Advanced Biology at Charlevoix High School
(Charlevoix, Michigan). The major themes for the unit are forest history, forest health, tree
identification, and forest measurements.
The unit is designed on a framework based on Understanding by Design (UBD). UBD units are
designed backwards, beginning with standards and objectives and ending with lessons and activities.
The standards cited are from the State of Michigan High School Content Expectations. The local
objectives have been written and coded specifically for this unit and course at Charlevoix High School.
The length of the unit is dependant on individual situations. Charlevoix High School operates on a
block schedule, with one 60 minute block and two 93 minute blocks each week. Under that schedule it
is anticipated that this unit will take three-four weeks including field trips and assessments.
All presentations and reference materials have been included in attachments.
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Charlevoix High School

Forest Ecology
A Northern Michigan Perspective

Advanced Biology – Environmental Science
Stage 1 – Desired Results
Overarching Goals/Essential Questions
•
•

Why are forests a vital natural resource?
What constitutes a healthy forest?

•
•

Why is tree identification important?
How do you measure a forest?

State of Michigan High School Content Expectations
Science – Biology (B) and Earth (E)
•
B1.1A Generate new questions that can be investigated in the laboratory or field.
•
B1.1C Conduct scientific investigations using appropriate tools and techniques
•
B1.1h Draw conclusions from data presented in charts or tables.
•
B1.2C Develop an understanding of a scientific concept by accessing information from multiple sources.
B1.2D Evaluate scientific explanations in a peer review process or discussion format.
•
B1.2k Analyze how science and society interact from a historical, political, economic, or social perspective.
•
B3.4A Describe ecosystem stability. Understand that if a disaster such as flood or fire occurs, the damaged
ecosystem is likely to recover in stages of succession that eventually result in a system similar to the original.
•
B3.4C Examine the negative impact of human activities.
•
E4.p3A Describe how glaciers have affected the Michigan landscape and how the resulting landforms impact
our state economy. (prerequisite)
•
E4.p3C Explain the formation of the Great Lakes. (prerequisite)
Mathematics
P9.1 Convert between polar and rectangular coordinates. Graph functions given in polar coordinates.
•
G1.3.1 Solve problems about angles, side lengths, or areas using trigonometric ratios in right triangles.
•

English Language Arts
1.5 Produce a variety of written, spoken, multigenre, and multimedia works, making conscious choices about
language, form, style, and/or visual representation for each work.
•
3.3 Use knowledge of literary history, traditions, and theory to respond to and analyze the meaning of texts.
•
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Skills/Objectives
Student will know…Students will be able to
Local
Code

Objectives

E.F.1

Describe the history of Northern Michigan forests.
•
Explain the effects of glaciation on Northern Michigan landscapes.
•
Define ecological succession and give examples of primary and secondary succession
•
Describe the composition of Northern Michigan forests prior to European settlement.
•
Describe the logging of Northern Michigan forests during the 19th and 20th centuries.
•
Create a timeline showing the major events in Northern Michigan forest history.

E.F.2

Evaluate the “health” of a forest in regards to land use management.
•
Develop a definition for a healthy forest by comparing utilitarian and ecosystem perspectives.
•
Compare and contrast the utilitarian and ecosystem perspectives of forest health.
•
List and evaluate the potential uses of Northern Michigan forests.

E.F.3

Use a dichotomous key to identify common Northern Michigan trees.
•
Use the Michigan Trees dichotomous key to identify trees encountered in local forests.

E.F.4

Analyze local forests to determine stand boundaries.
•
Identify forest types such as hardwood, coniferous, cedar swamp, even aged, and mixed aged.

E.F.5

Use appropriate tools to make, record, and interpret forest measurements.
•
Construct and use a clinometer and Biltmore stick to measure tree height and DBH.
•
Use a tape measure to layout a 1/10th acre forest plot.
o Identify, measure, and record all canopy and understory tree species.
o Use sampling methods to identify and record all herbaceous plant species.
o Construct a scale drawing showing all species recorded.
•
Record and analyze all data using appropriate computer technology.

E.F.6

Create and design an interpretive trail system for the Mt. McSauba Recreational Area
•
Create a map of the Mt. McSauba Recreational Trail System
•
Describe the types of forest resources found within the trail system
•
Create plaques identifying major tree species found within the trial system
•
Develop a brochure advertising the new interpretive features of the Mt. McSauba trails.

Note** possible activity depending upon approval and financing.

Key Terms and Definitions
Acre
Alternate
Biltmore stick
Biomass
Canopy
Clear-cut
Climax community
Clinometer

Ecological succession
Ecology
Ecosystem
Entire
Forest
Forest floor
Glacier
Lobed

Community
Compound
Coniferous
DBH
Deciduous
Diameter tape
Dichotomous
Disturbance
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Opposite
Serrate
Silviculture
Simple
Stand
Understory
Utilitarian
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Stage 2 – Assessment Evidence
Performance Tasks/Projects/Labs
Assessment
•
•
•

Scaled time line for Northern Michigan forests.
Tree identification lab practicum (identify trees in the field)
Forest measurements lab report

Skills/Objectives
Assessed
E.F.1
E.F.3
E.F.5

Other Evidence (observations, work samples, assignments)
Assessment
•

Skills/Objectives
Assessed
E.F.1
E.F.4

Hartwick Pines field trip evaluation

Written Evidence (types 2, 3, 4, self assessments)
Assessment
•

Primary source article summary (Concepts of Forest Health).

Skills/Objectives
Assessed
E.F.2

Summative Assessments (quizzes, tests, exams)
Assessment
•

Skills/Objectives
Assessed
E.F.1
E.F.2
E.F.3
E.F.5

Forest Ecology Unit Assessment
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Stage 3 – Learning Plan
Lessons/Presentations/Activities

Required
Materials

1. What is a forest? How did Northern Michigan forests come to look as they do?
•
Begin with a discussion of what a forest is. Walk through a local forest and have students write
down observations. Ask students to share their knowledge of, and experiences in forests.
•
Lecture. Share with students the presentation Forest Ecology, emphasize the following;

Forest
Ecology
PowerPoint

Slide

1
2
3
4
5
6

7
8
9
10
11
12
14

15
16
17
18

19
24
25
27
28
29
30
•

Comments
This unit will be spent studying some aspects of forests and forest ecology. An entire class, or
years of college study, could be dedicated to the subject.
Define ecosystem, biotic, and abiotic if necessary. Give examples.
Note local area on map. What percent is forest?
General overview of presentation. Theme of constant change (either natural or man made)
should be emphasized.
Once a glacier reaches approximately 300 feet in thickness the bottom becomes “plastic” and
the glacier begins to flow.
Glaciers follow a path of least resistance. The Great Lakes were carved out of ancient river
valleys. As a glacier moves it picks up debris and carries it along. When the glacier
eventually retreats the accumulated debris is left behind. Remnants of copper outcroppings
from the western Upper Peninsula have been found in southwestern Michigan.
Note the varied shape of the Great Lakes as the glacier retreated and compare to present day.
Species (plant and animal) had moved south and east away from the encroaching ice.
List possible disturbances (fire, farming, volcano, etc.). Note that disturbances can be
manmade or natural.
Emphasize time. 1000’s of years.
The definition of climax community is controversial. All ecosystems are in an endless state of
flux. Disturbances (minor and major) play a constant role.
Stress that secondary succession occurs where soil (or soil building organisms) are present.
Both primary and secondary succession end at the same climax community.
Emphasize that fire, wind, and clearing by Native Americans created constant disturbance to
the forests. However, the disturbances were minor compared to what would happen during the
19th and 20th centuries.
Read paragraph to students. Stress that most forests were mixed age.
Locate local area.
Photographs from Estivant Pines (Copper Harbor, Michigan) and Hartwick Pines (Grayling,
Michigan)
Depending on the age of the class, a brief description of the surveying process is appropriate.
Indicate that four witness trees were marked surrounding each section corner. Explain that
recorded evidence of witness trees helps to “reconstruct” pre-settlement forests. (See The
Forests of Michigan, Dickmann, pages 94-100)
Tell students that White Pine were scattered throughout the Northern Michigan landscape.
Surveyors recorded areas with large distributions.
In spring rivers became a “sea of logs”. Floated to Great Lake ports.
Define clear-cut and hardwood.
Define slash. Emphasize that fire destroyed soils and changed the distribution of species as a
result of secondary succession.
Picture from Kingston Plains in the Upper Peninsula. Still a stump field. Very slow
secondary succession. Fires play a key role.
Define silviculture as agriculture with trees. Discuss possible uses of forests (leads into next
lesson).
Locate local area. Compare to pre-settlement (slide 16)

Michigan
Forest
timeline
assignment
A Glacier
Passed This
Way
background
reading

Assign Michigan forest timeline. See handout for directions.
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2. What makes a healthy forest? What are possible uses for forests?
•
Brainstorm uses for forests. Possible ideas should include recreation, logging, wildlife, hunting,
fishing, etc.
•
Discuss what constitutes a healthy forest. Try to lead students to the idea that in many respects
forest health is partially determined by forest use.
•
Assign primary source summary type 3 (Concepts of Forest Health). Stress each of the three
focus correction areas. Show students a model article summary.
•
(At a later date when summaries have been submitted) discuss article. Compare the utilitarian
and ecosystem perspectives. Ask students which they agree with.

3. What tree is this? How do you identify common Northern Michigan trees?
•
Bring in a variety of leaf/branch samples. Ask students to spend a few minutes identifying.
Have at least one pine, maple. Ask them what kind of pine? What species of maple.
•
Pass out and introduce Michigan Trees. Allow students a few minutes to browse the book.
•
Tree Identification PowerPoint. Discuss with students that identifying trees is a scientific
process. Flipping through the book to find a reasonable picture is inefficient and inaccurate. As
scientists we have a process for everything. The PowerPoint lays out the process for identifying
trees. The PowerPoint assumes use of the Michigan Trees book referenced above.
Slide

2

Concepts of
Forest
Health
Primary
source
summary
instructions
Concepts of
Forest
Health,
summary
Tree
Identification
PowerPoint

Michigan
Trees book
Example
leaves

Comments
Ask students to identify each of the leaves. Give students a few minutes to make
guesses. From left to right starting with the top row; Northern White Cedar, Red Oak, Ash Leaf
Maple, Tamarack, Horse Chestnut, Basswood, Red Pine, Sugar Maple, White Pine, White Ash, Beech, Quaking Aspen

3

Forest ecosystems are composed of many plants (trees, herbs, ferns, and mosses),
animals, and abiotic factors (soil, climate, etc.). Our focus will be primarily on trees
Stress the pairing of statements and yes/no answers. An example key follows.
Keys can only be used for the species listed. The key from Michigan Trees will not
help to identify ferns and herbs (not trees), palms (not found in Michigan), etc.
It might be helpful to have an example of each fruit. Use the key to identify each
species, always starting at the top.
Each of these terms is discussed in greater detail.
Coniferous trees keep their leaves (yes needles are leaves), while deciduous trees loose
their leaves in the fall.
It is important to have an example of each type of leaf for students to look at. This is
one of the most important distinctions to make when identifying trees.
Opposite leaves are relatively easy to identify. Alternate leaves may appear to be
clustered together.
There are many variations of toothed.
Stress the difference between lobed and compound. Lobes are essentially “big teeth”.
This page is of extreme importance. The Michigan Trees book is filled with unknown
words. Placing a sticky note on the glossary is a good idea. Even as a teacher you will
encounter unknown words, use this as an example for students. Stress not to give up.
Slides 14-16 lead the students through the identification of an Ash Leaf Maple (Box
Elder). It would be helpful for each group of students to have a small branch with
leaves to look at.
Remember, for summer identification always begins on page 48!

4
5
6
7
8
9
10
11
12
13

14

17
•

At this point, students should spend several hours identifying trees in the field. It would
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be best to have the students work in groups of 2-3, making sure that everyone takes a
turn “holding the book”.
4. This objective, “analyze local forests to determine stand boundaries”, should be accomplished as
a walking filed trip.
•
On your walk, try to identify changes in the forest.
•
What types of trees are present? Are they all the same size?
•
How old do you think the trees are?
•
Is there ground cover? How much? What type?
•
Would walking through the forest be easy?
•
How much light reaches the forest floor?
•
Is the ground dry? Swampy?
•
As you walk identify different “stands” of trees. Try to determine boundaries.

Access to
a forest

5. How big is that tree? The answer depends on what you are measuring. This lesson looks at
different ways to measure trees, tools to measure with, and ways to record data.
•
To begin, look at a tree (either out a window or on a nature walk) and ask students how big it is.
Let the students give answers to show that unless they know what they are measuring for it’s a
difficult question to answer. (Height, girth, crown diameter, mass, volume, etc.)
•
Back in the classroom show the PowerPoint Measuring Trees.

Measuring
Trees
PowerPoint

Slide

2
3

4
5
6
7

8
9
10
11
12

13
14
15
•

Comments
Explain that the focus of this lesson will be on height and DBH. Explain what is meant
by DBH. Mass, age, and stored carbon will be discussed in a later lesson.
If comfortable, briefly explain how a clinometer uses trigonometry to calculate height.
While not a math class, it does represent an excellent science application for advanced
math techniques.
Show an example of a Biltmore stick that will be constructed by students.
Demonstrate the use of a diameter tape. Show students how it differs from a traditional
tape measure.
Briefly go over each of the special situations. While not extremely important at this
level, it does provide some background for the field exercise.
At this time pause to build a clinometer and Biltmore stick. See separate handouts and
directions. Once constructed, take time in the filed to practice using each instrument.
Make sure to measure trees in advance to check student work.
The following set of slides should be shown prior to going into the field to record data.
Discuss the concept of acre. Talk to students about their own houses. Do they live on a
city lot? How big is it? Do they live in the country? How many acres do they own?
Demonstrate the plot layout procedure.
This portion is optional. Again, a great time to bring in some advanced math (polar
coordinates) and show their relationship to science.
Stress the concept of canopy. Talk about closed vs. open canopy. How much light
reaches the forest floor. This will determine what types of understory (next slide)
species are found
This represents the next generation of trees. When a tree is removed (falls, is cut) from
the canopy understory trees grow quickly (in tree time) to replace it.
Again, this portion is optional. This class (Advanced Biology) will be working on
herbaceous plant identification, so it will be an opportunity to practice.
Students should receive copies of slides 10, 12, 13, and 14 to take into the field.

Once field measurements have been completed, students should have access to a computer lab
and Microsoft Excel to analyze their data. The instructions for data analysis are found on the
Field Measurements Data Analysis document. In short, students will create three spreadsheets,
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Sample
clinometer
and Biltmore
stick.
Diameter
tape.
Biltmore
stick
instructions
Clinometer
instructions
Materials to
construct
Biltmore
sticks and
clinometers
(see
handouts)
Tree
measurement
recording
handouts.
(Note: three
worksheets in
file, tabs at
bottom)

Plot
description
worksheet.
Data
Analysis
spreadsheets
Field
measurements
data analysis
instructions
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three charts, answer reflection questions, and compile all results into a finished report entitled
Forest Measurements, Data Analysis.
6. Hartwick Pines Field Trip. As a culminating activity students will visit Hartwick Pines State
Park to view examples of old growth forest, as well as explore a replica logging camp. This trip
will provide students with a first hand view of what a climax community looks like, and will
give them a glimpse of what happened to Michigan forests in the late 19th and early 20th
centuries.
Resources
Michigan Trees: A Guide to the Trees of the Great Lakes Region, Barnes and Wagner, 2004
Biology: AP Edition, 7th Edition, Campbell and Reece, 2005
A Glacier…Passed This Way, Kelley, 1960
How to Make and Use a Clinometer, Friends of Urban Forest, San Francisco, California, 1993
Concepts of Forest Health, Kolb, Wagner, and Covington, 1994
History of the Lakes States Forest: natural and Human Impacts, Stearns
Making a Tree Scale Stick, Mississippi State University
The Forests of Michigan, Dickmann and Leefers, 2003
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