 Grades 4-6                                                                                                                                               Cincinnati Nature Center


	 Forest Ecology

	GOAL: To investigate the biotic and abiotic components of an eastern deciduous forest and their functions and interactions.

	BACKGROUND INFORMATION 
Forest Ecology background, Diversity, Mammals of Ohio, and Sequence of Bloom.

	LEARNING OBJECTIVES:
Students will

1) Practice using a dichotomous key and gather data using scientific instruments.
2) Learn to identify stages of forest succession.
3) Describe forest stratification and, in each stratum, identify representative organisms and their adaptations and interrelationships.
4) Identify several forest micro-habitats (rotting logs, leaf litter, tree bark, etc.)
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	VOCABULARY

deciduous, conifer, canopy, understory, leaf litter, sustainability, succession, habitat, microhabitat, niche, dichotomous key and related terms (alternate, opposite, simple and compound leaves, toothed, lobed, pinnate and palmate), moss, lichen, fungus, snag, shrub, vine, bark, bud, leaf scar, thorn, fruit, seed, flower
EQUIPMENT

RW Tree Trail key,  Master Tree Finder field guide (if age-appropriate), soil auger, ruler, 1 meter lengths of rope, 2 red wire flags, data collection worksheet, illustration of stratification, “Uses of  Trees”  cards, magnifying glasses
Large Group Introduction/Closing
(10-15 minutes each)
Staff will open the day with a simplified “keying” activity to identify individual students (e.g., shoe color and style).
To close, staff will use an activity to reinforce that local forested areas are not all identical, and have measurable differences.


	
	

	Small Group Procedure
	Suggestions for Direct Experience

	1.  Practice Classification/Observation Skills 
     (30 minutes)
	

	Concept: Students can improve observation and classification skills by using keys and maps to identify forest components and characteristics.
Procedures:

· Review GIS maps to reveal the variety of forest types at Rowe Woods.

· Share a personal story to generate excitement about visiting the forest.
· Direct an activity to help students discriminate among vegetative types. 

· Provide an opportunity for students to identify one or more trees using the simple dichotomous key pamphlet, “Tree Trail.”
Activities: 
Tree Keying (required)


Meet a Tree (Cornell)
	Find examples of moss, lichen, vines, trees, and shrubs; compare biotic differences (structure, growth pattern, color, size, etc.).
Find plants in various life stages (flowers, seeds or nuts, seedlings, full grown trees, decaying snags).

Compare and contrast various trees, using age-appropriate terminology to discuss their parts (see vocabulary section and keys).
If trees are not leafed out, discuss ways to identify them through bark, shield fungus, buds, etc.


	2.  Collect Data in Two Different Forest Types
     (90 minutes)
	

	Concept: Observations of forest components lead to conclusions about age, history, and type.
Procedures:

· Use stratification illustration to familiarize students with levels of the forest

· Demonstrate proper use and purposes of equipment (soil auger, diversity rope, Master Tree Finder guide if appropriate).
· Find signs of forest interrelationships and effects of over-population and/or species invasion.
Activities: 
Data Collection Worksheet (required) for 2 areas
How to Age a Tree

Rotting Log Investigation
Tree keying (several prominent trees)
	Look for examples of pioneer species (red cedar, black locust, white ash) in the succession fields.
Look for seedlings on the forest floor, and discuss regeneration. Find gaps in the canopy where understory trees are competing for sunlight.

Using magnifying glasses, search for leaf litter invertebrates.  
Look for interrelationships: squirrels and acorns, snakes and chipmunk holes, caterpillars and leaves, worms and robins, lichen (algae and fungi), deer and vegetation, invasive and native flora. 
Observe seasonal features (spring wildflowers and maple syrup taps; fall seed dispersal, including masting and fungi).
Identify several food chains, and discuss energy flow through a food chain.

	3.  Lunch Under the “Trees” (30 minutes)

	

	Concept: Lunch provides an opportunity to reflect on the many things trees give us.

Procedures:

· Ask if any students are eating the product of a tree (apples, oranges, walnuts) and discuss other edible tree products (spices, syrup, fruits and nuts).

· Ask students to find building materials that came from trees (wood panels, beams).
Activities:

Forest Animal Lunch
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	4.  Examine Benefits of Forests for Humans
    (30 minutes)
	


	Concept:  People use forests advantageously.

Procedures:

· Find and/or discuss evidence of these forest benefits for humans:

a) shade

b) gas exchange with plants or flora
c) protection of watershed and erosion control
d) lumber (building materials) and paper
e) food (nuts and fruits)

f) recreation

g) wildlife habitat

Activities:

“Uses of Trees” Activity

Solo Sit

Hug a Tree Activity
	Visit the log cabin, the Rowe Building, or Krippendorf Lodge (wood for building materials and types of harvest techniques).

Visit a hilly forest area (watershed runoff and erosion control).

Locate a tree species that provides human food (walnut, pawpaw, maple). If available, visit the “honey tree.”
Observe one of the larger RW trees; discuss its age and value.




	Vocabulary – Forest Ecology


COMMUNITY -– a group of interacting populations of animals and plants living in the same place, interdependent on one another for food and shelter

CANOPY – the tallest trees in the forest, which collect the bulk of solar radiation

DECIDUOUS TREES – trees that lose all their leaves seasonally 

DICHOTOMOUS KEY – an identification tool that uses paired statements to identify an organism
HABITAT –- the physical place where an organism or community of organisms live

LICHEN – algae and fungi living as one symbiotic organism 

MICROHABITAT -– a specific area with unique conditions within a larger habitat

NATIVE SPECIES -- usually considered to have been in Ohio prior to European settlement
NICHE -- how an animal secures its needs or fits in the community; the functional role of a species

PIONEER PLANTS – the first plants to inhabit barren land

POPULATION -- a group of organisms of one species living in a certain place at the same time

SHRUB LAYER -- a layer of woody plants that branch near ground level into several main stems

STRATIFICATION – division of a forest or aquatic community into distinguishable layers on the basis of temperature, moisture, light, vegetative structure, and other factors, creating zones for different plant and animal types

SUCCESSION – replacement of one community by another; often progresses to a stable terminal or climax community 

UNDERSTORY – the layer of trees directly below the canopy
	Follow-Up Activities


Make a seed collection categorized by distribution methods from various habitats

Read both The Lorax and The Truax and discuss 
Visit a paper plant

Visit a tree farm

Make a collage of products from trees

Ask students to brainstorm a list of forest products used in their kitchens, food, living room, bedroom, and backyard.

“Something for Everyone” activity – enclosed from Zero Population Growth’s Counting on People: Elementary Population and Environmental Activities

“To Log or Not to Log” – enclosed from Zero Population Growth’s Earth Matters: Studies For Our Global Future

“Timber” activity – enclosed from Zero Population Growth’s People and the Planet: Lessons for a Sustainable Future

	Forest Ecology – Standards (Ideal for 4th Grade)


Forest Ecology addresses the following Ohio academic standards:
3-5 Life Sciences Benchmark A: Differentiate between the life cycles of different plants and animals.
· Grade 4 Indicator 1: Compare the life cycles of different plants including germination, maturity, reproduction, and death.

· Grade 4 Indicator 5: Describe how organisms interact with one another in various ways (e.g. many plants depend on animals for carrying pollen or dispersing seeds).

3-5 Life Sciences Benchmark B: Analyze plant and animal structures and functions needed for survival and describe the flow of energy through a system that all organisms use to survive.
· Grade 4 Indicator 2: Relate plant structures to their specific functions.
· Grade 4 Indicator 3: Classify common plants according to their characteristics (seeds, roots, stems, leaves).
3-5 Scientific Inquiry Benchmark A: Use appropriate instruments safely to observe, measure, and collect data when conducting a scientific investigation.
· Grade 5 Indicator 1: Select and safely use the appropriate tools to collect data when conducting investigations and communicating findings to others.
6-8 Life Sciences Benchmark C: Explain how energy entering ecosystems as sunlight supports organisms through photosynthesis and the transfer of energy through interactions of organisms and the environment.

· Grade 7 Indicator 2: Investigate how organisms or populations may interact with one another. through symbiotic relationships and how some species have become so adapted to each other that neither could survive without the other (predator-prey, parasitism, mutualism, commensalisms).

6-8 Life Sciences Benchmark D: Explain how extinction of a species occurs when the environment changes and its adaptive characteristics are insufficient to allow survival.

· Grade 7 Indicator 4: Explain how overpopulation impacts an ecosystem.

· Grade 7 Indicator 5: Explain that some environmental changes occur slowly while others occur rapidly (forest and pond succession, fires, decomposition).
6-8 Life Sciences Benchmark B: Describe the characteristics of an organism in terms of a combination of inherited traits and recognize reproduction as a characteristic of living organisms essential to the continuation of the species.

· Grade 8 Indicator 3: Explain how variations in structure, behavior, or physiology allow some organisms to enhance their reproductive success and survival in a particular environment.

Forest Ecology Activities
Dichotomous Tree Keying –  It’s not necessary to memorize every tree in the forest if you know how to use a dichotomous tree key, which leads you through a series of either/or questions (always two possible answers – a “dichotomy”) until you arrive at a final choice.  To use a tree key, you must know definitions such as alternate and opposite, pinnate and palmate, compound and simple, toothed, lobed, bud, and vein.  Always begin with the first pair of statements in the key, and always read both statements before making a choice.  
Meet a Tree (From Joseph Cornell) – Define an area with little or no herbaceous layer for this activity (the edge of a trail, the oak allee, etc.)  Be sure students know how to identify poison ivy and stinging nettle.  Ask students to find a partner.  In each team, one student will be blindfolded and led carefully to a tree by his/her partner. (It is the “sighted” partner’s job to keep his/her partner safe from poison ivy, rocks, and nettles).  The blindfolded student will explore the tree to feel its uniqueness … the texture of the bark, diameter and height, branches within reach, lichens on the bark.  Ask questions to encourage interest.  “Do you think your tree is dead or alive?  Do you think it’s older or younger than you?”  When the blindfolded student is finished exploring the tree, the partner will lead the student back to the central starting location.  Now, with blindfolds off, each student will try to relocate the tree they “met” previously.  Partners will then switch roles.

Data Collection Worksheet (for Two Forest Types)

Choose two distinct forest types from the map. Complete each task below for both forest areas that you visit; record your data on the worksheet. 

(1) Identify the land formation present.

(2) Identify the forest layers present. Note which layers of the forest are in bloom or have leafed out. Are they all in the same stage in their life cycle?

(3) Estimate percentage of tree canopy and light that comes through the canopy.
(4) Do a “diversity count” by placing the 1 meter rope along a random section of the trail’s edge; mark off the other two corners of a square by inserting the two flags 1 meter into the forest. (Note: Only the instructor should walk off the trail.)  Have students imagine that this square extends upwards through the forest.  Count the different species of plants that are in this forest block, and measure the diameter of the largest tree using a Biltmore stick or the “Hug a Tree” activity. 
(5) Make notes about any animals or animal evidence, such as a squirrel drey or eaten acorns, earthworm castings, bird nests, woodpecker holes, tracks on leaves or soil, galls, spider webs, deer rubs or browse lines and scat, etc. Record notes in the forest zone in which you observed them, e.g., squirrel drey in canopy, or spider web in understory.   

(6) Use a soil auger to obtain a vertical section of soil. Estimate the level of moisture in the soil (hydric, mesic, or xeric), and determine the soil texture (loose and friable, hard and clay-like, etc.). Then measure the depth of organic layer (leaf litter) in centimeters.

How to Age a Tree  

A particular tree can be aged by examining a cross section of the stump or by taking a core sample from a living tree. A number of circles called annual rings will be seen, formed each year by cambium between the wood and bark.  The large lighter pores of each annual ring compose the springwood, and the darker, smaller pores compare the summerwood.  By counting the annual rings, you can tell the age of the tree.  Practice counting rings, either with a small tree “cookie” in your pack, the core sample, or a stump on the Rowe building porch or in the woods.

Forest Animal Lunch

Have each student pick a forest animal and talk about what its lunch would be. Does its lunch come directly or indirectly from trees?

Uses of Trees Activity 

Use the cards to discuss how tree products are valuable to humans. Show the pictures and have students guess the use, or ask for ideas, and as they are discussed, show the cards.  Can you think of other creative ways to discuss this concept?

Solo Sit

Separate students along a quiet area, perhaps in the oak allee, near the cabin, or along a trail.  Have the students sit quietly (sit-upons may be useful) for 10 minutes, during which they should concentrate on what they hear, see, smell, and observe.  Gather the group to share experiences.  

Hug a Tree Activity

How many children does it take to hug one of the huge trees on the property? Estimate the age or height of a tree based on its diameter. A child’s arm span is approximately equal to his/her height. Count the number of students hugging the tree. Multiply by a quick estimate of their average height to get the circumference. Divide by 3 (close to pi) to estimate the diameter. Identify the tree, and multiply by the factor below for that particular species of tree.  What value does this tree have as lumber?  What other value does it have?

White Oak: 6.8
Red Oak: 5.1

Sugar Maple: 6.7
Beech: 6
Rotting Log Investigation

Find a rotting log near the trail in one of the forest areas. Discuss the idea of a microhabitat. Help students find and list plants and animals that are using the log for food or homes. 

Using an Increment Borer
Remove borer bit and extractor.  Place bit into handle and secure. Have someone else hold the extractor.

Rub beeswax onto screw tip of borer bit.
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Hold borer perpendicular to tree trunk aimed toward the center of the tree at DBH (diameter breast height), 4 ½ feet.  Push and screw into a dead tree.  Go a little over half way into tree.  When done boring, gently push extractor, curved side up, into borer bit.  Do not bend extractor.  Turn borer bit counterclockwise ½ turn.  Pull out extractor gently.  When sample is removed, count the rings.

Core sample can be gently removed from extractor. BE CAREFUL.     

Using a Tree Measuring Stick

Diameter of Tree:

Hold stick with “Diameter of Tree” side facing you.

At DBH (diameter breast height), 4 ½ feet, hold the stick 25 inches away from you (the stick is 25 inches long) horizontally against the tree.

Adjust the stick so that the left end lines up with the left side of the tree.  Don’t move your head.

Read the measurement to the right on the stick without moving your head.
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Tree Height:

Stand 66 feet away from the base of the tree.  Stay at the same ground level of the tree.

Extend your arm and hold the stick 25 inches from your eye with the “Number of 16 Foot Logs” side toward you.

Sight the bottom of the stick at the base of the tree and measure the number on the left side of the stick with the height of the tree.  Multiply that number by 16 feet.
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CNC FOREST ECOLOGY DATA SHEET

Date:__________________
Educator: _____________________________

	
	FOREST SITE #1
	FOREST SITE #2

	Landform
	(  ) valley   (  ) slope   (  ) hilltop

(  ) other: __________


	(  ) valley   (  ) slope   (  ) hilltop

(  ) other: __________



	Forest Layers
	Check all that are present; circle flowering and/or seeding.
(  ) canopy (flowering—seeding)
(  ) understory (flowering—seeding)
(  ) shrub (flowering—seeding)
(  ) wildflowers/ferns (flowering—seeding—sporing))
(  ) litter (leaf layer)
	Check all that are present; circle flowering and/or seeding.
(  ) canopy (flowering—seeding)
(  ) understory (flowering—seeding)
(  ) shrub (flowering—seeding)
(  ) wildflowers/ferns (flowering—seeding—sporing)
(  ) litter (leaf layer)

	Canopy Density
	Place X on line.
Dense canopy—Moderate canopy—Open canopy

 (little light)           (medium light)        (much light)

______________________________________________
	Place X on line.
Dense canopy—Moderate canopy—Open canopy

 (little light)           (medium light)        (much light)

______________________________________________



	Tree Descriptions
	Main species present:

Sizes/Ages: Mixed (  ) or Uniform (  )

Diameter of largest tree _____________

	Main species present:

Sizes/Ages: Mixed (  ) or Uniform (  )

Diameter of largest tree _____________



	Animal Evidence
	List observations in zone.

Mammals

Birds

Reptiles/

Amphibians

Invertebrates

Canopy

Understory

Shrub/

Wildflower
Litter/Soil


	List observations in zone.

Mammals

Birds

Reptiles/

Amphibians

Invertebrates

Canopy

Understory

Shrub/

Wildflower
Litter/Soil



	Diversity
	Number of different plant species in rope/flag area: ______


	Number of different plant species in rope/flag area: ______

	Food Chains
	Write an example of a forest food chain with at least four links.



	Soil Components
	Place X on each line.
Moisture:                            Texture:  

Hydric—Mesic—Xeric          Loose—Medium—Hard

(wet)                   (dry)

__________________         ___________________

Litter layer (organic matter) in cms: ________
	Place X on each line.

Moisture:                             Texture:  

Hydric—Mesic—Xeric          Loose—Medium—Hard

(wet)                   (dry)

__________________         ___________________

Litter layer (organic matter) in cms: ________

	Forest Type
	(Check all that apply.)

(  ) mature  (  ) young

(  ) dry  (  ) moist  (  ) edge  


	(  ) mature  (  ) young

(  ) dry  (  ) moist  (  ) edge  
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