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ABSTRACT 

This research project is designed to evaluate the effectiveness of infusing an 

environmental education curriculum into the 10th, 11th, and 12th grade students at Greenwood 

High School. It is the goal of the project to study the changes in their knowledge level and to 

further their understanding about plant ecology, insects, and their interdependence. The project 

incorporates the creation of an interconnected unit plan. 

One aspect of the unit is a lesson plan on plant ecology; the branch of science concerned 

with the interrelationships of plants and organisms within their environments through the study 

of the plant communities, species types and numbers, the interaction between different kinds of 

plants and organisms, geographic distributions, and soil moisture, temperature, and soil type. 

(Dictionary by Farlex, 2008) 

The second lesson plan will encompass the benefits and harmful insects found in our 

area. This will encompass beetles, butterflies, moths, bees, and other insects found in Wisconsin 

and specifically to our area. The final lesson plan will cover the connection and interdependence 

of plants and insects. The beneficial insects are those insects that do not feed off of the plants, 

but act as pollinators. Harmful insects are insects that cause harm, feed on, diminish, or degrade 

the plants ability to grow and/or survive. 

The study of the plant and insect interaction was accomplished through the creation of a 

Butterfly Garden on the school grounds of Greenwood High School. The study was conducted 

over a period of twelve weeks with daily monitoring taking place. The Butterfly Garden was 

maintained by the students for optimum flower production during our eight week period. 
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CHAPTER! 

INTRODUCTION 

Is there a purpose for why flowers are so colorful and beautiful? Plants expend a great 

amount of energy into producing flowers; which in turn produce nectar. The reason a plant 

produces flowers is for sexual reproduction. Berenbaum (1995) states that "Sexual reproduction 

is just as important for plants as it is for animals when it comes to generating genetic variation, 

but plants have a singular disadvantage compared to animals when it comes to sex: they can't just 

get up and find themselves a mate." 

In order for plants to reproduce they must rely on vectors to transfer pollen from one 

plant to another. These vectors can be insects, birds, or the wind which ensures the transfer of 

pollen from one flower to another to be successful. Flowers can attract pollinators by providing 

ample nectar of the right composition, and by advertising this nectar by deep shape and 

recognizable floral patterns, by providing excess pollen as food, or by providing shelter or a 

place to raise (and feed) young - or by at least looking as if they do (Faegri and van der Pijl 

1971). 

Habitat destruction is occurring at an alarming rate under the guise of progress. Even in 

rural areas, residential and commercial development is expanding and natural habitats for 

wildlife is being degraded or eliminated. What was accomplished at Greenwood High School 

was a habitat restoration project of building a butterfly garden to encourage butterflies and other 

insects to grow and feed on native and horticultural annuals and perennial flowering plants. 

Insect species require and seek out the nectar from specific flowering plants. Specifically, 

butterflies select certain species of plants to feed and lay their eggs on. With our butterfly 
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garden, we are encouraging an annual population of butterflies for years to come. 

This project took place at Greenwood High School during the fall of 2006 and continued 

through the 2007/2008 calendar school year. Our butterfly garden involved planning, designing, 

and construction of the garden to attract, retain, and encourage butterfly populations. The 

butterfly garden was collaborated with students enrolled in 10th grade Biology, 1 Ith & 12th grade 

Science Issues, 11 th grade Landscape & Design, and 11 th & 12th grade Greenhouse courses. To 

establish a successful butterfly garden, we needed to provide larval host plants and nectar 

sources for butterflies, other insect, and bird pollinators. 



STATEMENT OF THE PROBLEM 

Problem: The purpose of the research project is the infusion of an environmental education 

curriculum for 10th
, 11 th

, and 12th grade students to further their understanding about plant 

ecology, insects, and their interdependence through the creation of a Butterfly Garden. 

SUBPROBLEMS: 

Subproblem 1: The first subproblem is establishing a new environmental education 

curriculum as part of an existing science course or to establish a stand alone Environmental 

Education Course. 

Subproblem 2: The second subproblem is to create a unit plan, activities, and/or labs on 

plant ecology, harmful and beneficial insects, and their interaction that will be incorporated into 

the newly established Environmental Education Curriculum. 

Subproblem 3: The third subproblem is building a Butterfly garden for observations of 

plant and insect interaction. 

Subproblem 4: The fourth subproblem is to analyze and interpret the data collected to 

evaluate the lesson plans, activities, labs, standards addressed for an Environmental Education 

Curriculum, and the students understanding of the topic material established. 
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RESEARCH QUESTION AND HYPOTHESIS: 

1. The research question: How much information and knowledge do Junior and 

Senior high school students have in the area of plants and insect 

interdependencies and how can their level of knowledge be elevated? 

2. Hypothesis: If 10th
, 11 t\ and 12th grade students are introduced to a newly 

developed Environmental Education Curriculum, specifically covering plant 

ecology, insects, and their interdependence, then there will be an increase in their 

understanding of environmental topics. 

LIMITATIONS AND DELIMITATIONS: 

1. This research project will only study those high school students in the 10th
, 11 th

, 

and 12th grade at Greenwood High School who elected to sign up for this newly 

created class with an Environmental Education Curriculum. 

2. This research project will not attempt to determine or evaluate the preparation and 

training of the teachers who implement the Environmental Education Curriculum. 

3. This study will not attempt to limit the Environmental Education Curriculum 

solely to the science department; integration of other core areas may be included 

and are highly recommended. 

4. This study will only be conducted over the period of time necessary to complete 

the lesson plans on the understanding of plant ecology, insects, and their 

interdependence. 
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5. This study will not focus on the number of students who have signed up for this 

environmental education course, but solely on the knowledge gained throughout 

the course. 

DEFINITION OF TERMS: 

1. Activity: An activity is defined as an alternative learning tool implemented by 

teachers to engage students usually after a lecture on a topic or subject. It requires 

student involvement and interaction with other students toward a certain goal or 

objective. 

2. Environmental Education: "Environmental education is a lifelong learning 

process that leads to an informed and involved citizenry having the creative 

problem-solving skills, scientific and social literacy, ethical awareness and 

sensitivity for the relationship between humans and the environment, and 

commitment to engage in responsible individual and cooperative actions. By these 

actions, environmentally literate citizens will help ensure an ecologically and 

economically sustainable environment." (WEEB, 2006) 

3. Environmental Education Curriculum: A series of related lesson plans, 

activities, and labs developed by teachers for the purpose of teaching students, 

according to Wisconsin Model Academic Standards For Science, the necessary 

information with objectives, outcomes, and framework necessary to meet the 

definition of Environmental Education. 

4. Interdependence: Is defined as a reciprocal relation between interdependent 
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entities (objects or individuals or groups). (WordNet 2.0, 2003) 

5. Lab: A lab is defined as another alternative learning tool implemented by 

teachers to engage students usually after a lecture on a topic or subject. A lab is a 

workplace or area for conducting scientific research; usually under controlled 

conditions; in an indoor or outdoor setting where students begin by make a 

hypothesis, conduct an experiment, analyzing data, and writing a report on the 

findings. 

6. Lesson Plan: A lesson plan is defined as an outline, usually prepared by a 

teacher, which is a complete overview of a topic area covering the important or 

main points of the lesson. The lessons are arranged and presented in a logical 

sequence in which it will be presented to the students. 

7. Plant Ecology: Ecology is the branch of science concerned with the 

interrelationships of organisms and their environments especially as manifested 

by natural cycles and rhythms, community development and structure, interaction 

between different kinds of organisms, geographic distributions and population 

alternatives. (Webster's, 1981) Plant ecology deals specifically with the 

interrelationships between plants, animals, arthropods, microbes, soil moisture, 

temperature, soil type, plant types, and distribution, and species to name a few. 
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ASSUMPTIONS: 

1. The First Assumption: Teachers will be willing to participate in implementing a 

new Environmental Education Curriculum. 

2. The Second Assumption: Students who have signed up for this elective class 

have an interest in environmental issues and the study of environmental topics. 

3. The Third Assumption: There is a need for creating an Environmental 

Education Curriculum to enhance the knowledge and awareness of 10th
, 11th, and 

12th grade high school students in the area of environmental topics. 

4. The Fourth Assumption: The time, energy, and development of an 

Environmental Education Curriculum will continue to expand and evolve into a 

fully integrated course after the research project has ended. 

5. The Fifth Assumption: The students are willing participants in the research 

project being conducted and they will cooperate fully. 

IMPORTANCE OF THE STUDY: 

Outdoor education enables students and teachers to leave the confines of the walled in 

classroom and interact with nature and the environment free from the limitations. With a 

curriculum that takes place out of doors, outdoor education is a means of curriculum enrichment 

that departs from the traditional teachings of confined classrooms. The building of a butterfly 

garden as a science project in school is a valuable educational tool and experience for students 

and teachers alike. 
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Research conducted on outdoor education programs for behavior disordered students 

yields a number of positive findings. Among these are improvement in self-concept, social 

adjustment, academic achievement, and group cohesion. Relationships with peers, parents, 

teachers, and counselors were also improved in some of the programs. Teachers also reported 

greater ability to teach specific skills and academic behaviors, and to lessen disruptive behavior 

when programs were conducted out of doors. (Lappin, 1984) 

In the construction, observations, studying, and maintaining of the butterfly garden, 

students will use critical thinking skills, math skills, teambuilding skills, cooperative skills, and 

science skills. This project is not limited to the science curriculum, but can be utilized as a 

school wide project where everyone will enjoy and learn from this experience along with the 

garden and butterflies in general. 

Students in the 10th
, 11 th

, and 12th grade have a limited knowledge base to draw from in 

the area of plant ecology, insects, and their interdependence. The intent is for high school 

teachers to have a Wisconsin Model Academic Standard (see Appendix A) appropriate lesson 

plans which incorporate a variety of learning styles (lecture, hands-on activities, field trips, and 

labs) and stimulates within the students an excitement for learning about environmental topics. 

This curriculum can spark an environmental awareness that high school students will take with 

them throughout their adult lives and provide the tools necessary for making sound 

environmental decisions. 

The long-term goal is to have an Environmental Education Curriculum integrated into a 

science class or to establish a new course on environmental education. Teaching staff will assist 

in researching, learning, developing, and implementing a well-balanced environmental high 

school education program. The research will provide direction into the area of environmental 
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education with a focus on plant ecology, insects, and their interdependence. The benefits gained 

through this research will enhance the validity, reliability, and knowledgebase in environmental 

education topics. 
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CHAPTER II 

REVIEW OF LITERATURE 

RATIONALE FOR TEACHING ENVIRONMENTAL EDUCATION CURRICULUM: 

Education has numerous definitions that center around the core premise that it is a 

process of acquiring knowledge and being able to act upon this knowledge in a responsible 

manner. "The function of education, therefore, is to teach one to think intensively and to think 

critically. But education which stops with efficiency may prove the greatest menace to society." 

(King Jr., 1948). 

Science provides the foundation for credible decision-making. Only through adequate 

knowledge about the risks to human health and ecosystems, and innovative solutions to prevent 

pollution and reduce risk, can we continue to enjoy a high quality life. (EPA, 2006) The 

classroom that has a standalone or an integrated curriculum on Environmental Education (EE) 

can address problems that society is facing in relation to the environment. EE seeks to instill the 

critical thinking skills needed to make informed decisions on and then take the necessary action 

on environmental issues. 

Many years have passed since 1930 when there was a call for teachers to present 

conservation of natural resources into their lesson plans. This action came about due to 

Wisconsin's long standing history for promoting environmental education. The environmental 

education standard is an umbrella document that describes the integration of the disciplinary 

standards to create curricula that will produce environmentally literate citizens. (WDPI, 2005) 

While modem science curriculum in high schools has kept relative pace with an ever-
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changing world, EE still lags significantly behind. A study conducted in 1987 found that, even 

though state mandate exists, most schools in many states do not include environmental education 

in their curricula (Schoenfeld, A. C. & Disinger, J, 1988) This study emphasizes the need for 

creating an EE curriculum in the school systems. The best avenue would be to have a separate 

class on EE, but in reality if any components are being taught in the schools it is usually a unit in 

another science course. 

For these reasons, it is imperative that an EE curriculum be created that aim and purpose 

is to teach people about the natural world, particularly about ways in which ecosystems work, 

and the human connection. Through an EE program, people's perceptions, thoughts, and ideas 

about the environment and their world will be focused on how to make changes to the 

environment through their actions. Students need to be shown how they can make a difference. 

A Native American saying says: Tell me and I'll forget. Show me, and I may not remember. 

Involve me, and I'll understand (Inspirational Quotes, 2003). This is what EE main focus is 

trying to accomplish. 

CREATING A NEW ENVIRONMENTAL EDUCATION CURRICULUM: 

Students need to be able to apply the skills they learn to become effective problem 

solvers. Although there is no single teaching tool that all students will respond favorably toward 

under every situation, it is imperative that the teacher employs a variety of methods and 

presentations to achieve an environment conducive to learning. By creating this learning 

environment atmosphere, the teacher can better assist the students in acquiring knowledge. 

The purpose of an EE curriculum is to involve students through problem solving, hands

on activities, field trips, inquirer based activities, and student centered learning. The goal was to 
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empower kids to take action on issues that directly effect them so not only would they increase 

their awareness about environmental issues ( a desired outcome), but also would be provided with 

a variety of tools that they could use to effect change, thereby giving them a voice in the world. 

(McKisson Evans, 2002). The students should be exposed to a variety of learning styles in order 

to critically evaluate the material presented to make informed decisions. By using variations to 

present the material, the student will have the opportunity to explore the immediate environment 

using all of their senses--sight, hearing, smell, touch and taste 

This is a challenging task for the teacher to engage students in topics of the environment. 

Therefore, the problem every environmental educator must address is how to motivate students 

into action without terrifying them into inaction. Environmental educators that fail to address the 

potential fear-producing effect of their lessons risk creating in their students a calloused or even 

fearful attitude toward nature, what educator David Sobel has referred to as "Ecophobia." 

(Haskin, 1999) 

Creating a unit lesson on insects, plants, and their interaction through the creation of a 

butterfly garden provides authentic, real world, and hands-on applications. One term that has 

been employed to being outside interacting with nature is called Naturalistic intelligence. This 

term is an extension to Professor Howard Gardner's Multiple Intelligence Theory and including 

an eighth intelligence; naturalistic intelligence or nature smart. Naturalist intelligence deals with 

sensing patterns in and making connections to elements in nature. Using this same intelligence, 

people possessing enhanced levels of this intelligence may also be very interested in other 

species, or in the environment and the earth (Wilson, 1998) 
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CREATION OF A BUTTERFLY GARDEN: 

Over the years there has been an increase in public interest in natural history and concern 

for the environment which has greatly boosted the popularity of butterfly gardens. The study of 

the relationships between insects and plants provides important information about the biology of 

both the insects and the plants with which they associate. The growing of plants (in the form of a 

butterfly garden) to study the attracted butterflies and other insects can also offer many exciting 

experiments and potentially important projects for the young entomologist. (Bohnet, 1988) 

Through the creation of a butterfly garden students are engaged with understanding how 

evolution and natural selection has brought flowering plants and insects together. Natural 

selection has favored those flowering plants that are most attractive to pollinators, and those 

pollinators best able to get floral rewards. Millions of years of coevolution between flowering 

plants and their pollinators, with each participating species population acting as a selective agent 

on the other, have resulted in overwhelming biodiversity of both insects and flowering plants 

(Stebbins, 1983). 

Although humans may plant flowers solely for their beauty, this is not the reason that 

insects and pollinators are attracted to them. "The shapes and colors of the flowers, their scent, 

their location on the stalks, the season and daily schedule of their pollen and nectar offerings, as 

well as other qualities we admire but seldom understand, are adjusted precisely to attract 

particular species of insects; and those specialists in turn, whether beetles, butterflies, bees, or 

some other group, are genetically adapted to respond to certain kinds of flowers" (Wilson 1999). 

Table 1 - Pollination Syndromes: Characteristics of flowers and the animal vectors that 

shape them - identifies the pollinating vectors and the characteristics of the flowers each vector 
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selects. Utilizing this table, students will discover that there is more to learn from a butterfly 

garden than taking time to smell the flowers. 

Table 1. Pollination Syndromes: Characteristics of flowers and the animal vectors that shape 

them. 

Vector Characteristics of Flower Characteristics of Vector 

Wind * Inconspicuous, green or dull in color, 
petals reduced or absent, abundant and in 

* Abiotic 

canopy 

Beetles, flies * Dull colors, dark red, strong, spicy odor, * Good sense of smell 
or odor of rotting flesh, flat shape * Some lay eggs in rotting 
* May have light window (flies) flesh 

Bees * Often blue or yellow, with landing * Good sense of vision, 
platform smell 
* Often have markings that act as nectar * Often have body hairs 
guides, sometimes in UV spectrum * Can perceive depth, 
* Reduced numbers of floral parts "count" petals 
* Often irregular in shape * Do not see true red - see 
* May have deep tube or spur for nectar UV 

Moths * Open at dusk or night, emit sweet odor at * Most active at night 
night * Strong sense of smell 
* Often dull or white * Have long proboscis for 
* Long corolla, no landing platform nectar acquisition 

Butterflies * Open in day, emit some odor in day * Active in day 
* Landing platform * Have long, thin proboscis 
* Long corolla tube, narrow for nectar acquisition 
* May be blue, purple, red, yellow * Can see red 
* May have nectar guide * Alight on blossoms 

Hummingbirds * Red, large flowers with deep nectar tube * Vision much like human -
and abundant nectar see red 
* Little or no fragrance * Long bill and tongue, 
* Open in day large body 
* No landing platform * Little sense of smell 
* No nectar guide * Intelligent - remember 

and return to flowers with 
abundant reward 
* Active in day 
* Approach flower and 
hover 

http ://tiee.ecoed.net/vol/v2/ experiments/pollinate/ description.html 
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Activities that students will conduct while studying the butterfly garden will be to collect 

data. Areas of data collecting data may include measuring the change in plant growth, species 

visiting the butterfly garden over time, identifying possible causes of changes in insect density 

over time, and/or to provide a historic record of species visiting the butterfly garden. By having 

the students document the insect species visiting or living in butterfly garden, they can learn 

more about plant and insect species interactions. 

Finally, field studies can be implemented to collect data on the populations of insect 

species. Student data collectors will visit the site and collect specific information about the 

butterflies or species that they observe there. Some topics to consider for documentation can be 

the species identified, number of species, habitat type, and the weather conditions. Other 

information collected from the butterfly garden could include Hi Count (the highest number of a 

given species seen in an hour), total number of species seen in a given year, and the total number 

of different species seen at that site to date. 

TEACHER AND LESSON PLAN EVALUATION: 

When students study insects, plants, and their interaction, there is a lot of information 

stored in their notebooks. Unfortunately, this information is just a collection of annotations until 

it is interpreted to find out what meaningful interpretations can be found. In the scientific 

community all of these collected data are sifted through to determine answers to their questions 

or hypothesis. 

One type of data collecting is the evaluation. The evaluation is a process which attempts 

to determine as systematically and objectively as possible the validity, relevance, effectiveness, 
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efficiency, impact, and sustainability of the unit or the teacher in reaching the objectives. This 

research project will incorporate two evaluations; one to evaluate the unit and its subcomponents 

and the other is the teacher evaluation. 

Students need to have the opportunity to evaluate the teacher and the unit. Gathering data 

from the student's perspective is a valuable tool for the teacher to become a more effective 

educator. An area of concern with using student's evaluation surveys is that a student's grade 

may affect how they rate the teacher or the lesson. A positive correlation between student 

evaluations of teaching (SET) and student grades has been found in previous empirical work. 

(Isely and Singh, 2005) 

Another aspect that will be employed is to use peer evaluation to determine the 

effectiveness of the unit, the individual lessons, and the activities. Through peer evaluation a 

teacher receives feedback from a fellow educator and learning and teaching improves. In peer 

observation the observer should act to provide the observee with as an objective view of the 

teaching session as possible, and review and reflect on the experience with the observee in a way 

that informs future thinking and practice. (Harnrnersely-Fletcher and Orsmond, 2005). 

Also, the teacher will complete a self-evaluation to provide data from their perspective on 

how the unit proceeded and flowed. This self-evaluation can be in the form of a reflection paper. 

By writing down their thoughts shortly after completing each component of the unit, it becomes 

an effective tool for making the unit better. As Clegg et al. (2002) stated, "reflective practice is 

becoming a favored paradigm for continued professional development in higher education." 

(p.131) 
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CHAPTER III 

METHODOLOGY 

This chapter describes the methodology employed during the study which is based on a 

longitudinal approach to assessing the knowledge gained by students planning, building, 

observing, collecting, and analyzing data from the Greenwood High School Butterfly Garden. It 

details the outdoor education programs, the various data collection strategies and tools, and the 

analyses that were carried out to address the research questions. This design focuses on the 

interaction and responses of a collection of three classes, Landscape and Design, Greenhouse, 

and Biology, and determines the student's perspectives of the interdependence of plants and 

insects. 

SUBPROBLEMS 

Subproblem 1: The first subproblem is establishing a new Environmental Education 

Curriculum as part of an existing science course or to establish a stand alone Environmental 

Education Course. Steps taken to answer subproblems include: 

1. Research and identify the materials necessary to conduct an 

Environmental Education Curriculum from various sources - electronic, 

print, and/or personal information from experts in the field of 

environmental education. Background and detailed information was 

collected on specific flowers that attract butterflies found in Wisconsin, 

bloom times of flowers (spring, summer, fall, etc.), nutrient, water, and 
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sunlight requirements of flowering plants, insects that are attracted to 

flowering plants, insect anatomy and morphology, how to guide for 

constructing a butterfly garden, required material list, and maintenance 

requirements of a butterfly garden. 

2. Collect and organize unit plan material for the environmental education 

unit curriculum, labs, activities, and field trips that will be employed to 

make the course successful. A variety of material for creating the 

curriculum was gathered through print and electronic books. Activities 

and labs, for enhancing learning outcomes, came from internet searches, 

biology lab textbooks, and biology lab manuals. Field trips consisted of 

visiting the butterfly garden on predetermined intervals to monitor, 

observe, and tabulate insects visiting the garden. 

3. Identify and list projected required resources and materials needed to 

implement the Environmental Education Curriculum. Items needed to 

create the new curriculum is a computer with internet access, a word 

processing program, printer, 3-ringed binders (store printed materials), 

print material (books, articles, magazines, etc. on related topic areas), and 

materials needed to conduct labs and activities. 

4. Once all materials are accumulated, construct a logical sequence of how 

the unit lesson plans, activities, and labs will flow throughout the 

comprehensive unit plan. Lesson plans, activities, and labs order started 

with the butterfly garden design and layout, a detailed drawing was 

created showing the dimensions and location. A lesson on the selected 
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flower arrangement, based on height and time of flower bloom, was next. 

An activity for identifying insects was followed by a lab on insect 

anatomy and physiology. A lesson was written on the benefits and 

harmful attributed of insects. An activity on the scientific method was 

presented. Finally, a review on the data collecting and analyzing was 

given in a lecture format. 

5. Construct lesson plans in accordance with Appendix A: Wisconsin Model 

Academic Standards For Science-Standard F: Life and Environmental 

Science Performance Standards- Grade 12. During the writing phase of 

complete unit, each lesson each lesson plan was written with student goals 

and objectives in mind, following the Wisconsin Model Academic 

Standards For Science. (See Appendix A) 

6. Estimated Completion Date: December 2006 

Subproblem 2: The second subproblem is to create a unit plan, activities, and/or labs on 

plant ecology, harmful and beneficial insects, and their interaction that will be incorporated into 

the newly established Environmental Education Curriculum. 

1. Using the materials collected; construct a separate lesson plan that will be 

included into the Environmental Education Curriculum on plant ecology. 

This lesson will encompass plant physiology and identification along with 

world biomes. Students will understand how the structure of plants in our 

area have evolved and adapted to survive our extreme weather conditions. 

Also, the evolution of flowering plants to coexists with insects. 
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2. Write a lesson plan on insects that can be found in and around our school 

that are considered harmful or beneficial and include it as part of the 

Environmental Education Curriculum. Student research into what 

constitutes harmful and beneficial insects is the starting point. Then a 

lesson on what insects call Wisconsin home is next followed by listing 

harmful and beneficial insects. 

3. Create a lesson plan that incorporates the interaction between insects and 

plants. Present a lesson on mutualism and symbiotic relationships. 

Demonstrations and examples can be displayed or shown during the 

lecture. This may include, but is not limited to pollination by insects, 

plants as a food source and what insects feed on them, habitat of insects 

and their choice of host plants, etc. This will be followed by an activity 

where students observe first hand how and why plants are dependent upon 

insects for their survival. Visiting flowering trees and plants found on 

school grounds will demonstrate the symbiotic relationship between plants 

and insects. 

4. Finally, when all lesson plans are completed they will be compiled and 

reviewed for consistency, validity, and reliability. This is accomplished 

through peer review or cross curriculum reviews from faculty members in 

the school district. Completion can be conducted as a pre-, trans-, or post 

style review and all recommendations and suggestive inputs presented in 

an informal setting with the instructing teacher. 

5. Estimated Completion Date: May 2008 
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Subproblem 3: The third subproblem is building a Butterfly garden for observations of 

plant and insect interaction. 

I. Research and collect information on building a butterfly garden. Through 

the use of internet or print material, study the criteria for designing and the 

layout of a productive butterfly garden. Budgetary constraints, cost of 

materials, site location, and the size of the butterfly garden will dictate 

overall composition. 

2. Compile a listing of materials, cost, and time needed to construct the 

butterfly garden. Once the location and size of the butterfly garden was 

determined, a detailed material list was drawn up by the students. This list 

consisted of tools needed to construct, place soil and nutrients, planting, 

watering, and fertilizing of the flowers, and general maintenance of the 

butterfly garden. This would include, but not limited to: rakes, shovels, 

hoes, water cans, fertilizer, hammers, nails, wood (various lengths and 

widths), and weed guard/barrier material. 

3. Select a site for the butterfly garden with approval form the school district 

administration. Considering the shape, directional angle of the sun, soil 

composition, drainage, and size of the butterfly garden, a site was selected 

around the school logo sign located on the front lawn next to the main 

entrance of the high school building. 

4. Identify the plants suitable for our climate that will be planted in the 

butterfly garden and procure them via greenhouse growing, purchase, or 

donations. Using seed catalogs (Jung J.W. Jung Seed Company and 
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Burgess Seed and Plant Company) and internet sites, select flowering 

plants that will prosper in our climate zone. Flower choice is dependent 

on height, flower bloom timeframe, and cost. We selected plants that 

bloom from summer through fall and a variety of colors and flower 

shapes. Donated flowers also assisted in offsetting budgetary constraints. 

5. Set the plants in an arrangement per predetermined layout plan. 

Arrangement of flowers was based on time of bloom, flower color, and 

height. A terraced style layout was selected with height being the main 

consideration due to required observations of insects visiting the butterfly 

garden. The planting consisted of taller flowering plants in the center of 

the garden with gradually smaller plants encircling each sequential row. 

6. Establish a maintenances schedule for weeding, fertilizing, and watering. 

Weeding and fertilizing is accomplished in the spring to prepare for new 

growth and in the fall to ensure the plants have adequate nutrients 

throughout the summer. Watering was coordinated to be completed 

throughout the summer and fall when watering of school grounds occurs. 

Additional watering will be on an as needed basis during hot and dry 

periods. 

7. Create a schedule for visiting the butterfly garden for observations of 

insects visiting, feeding, and pollinating on the flowering plants. Site 

visits were conducted at least three times per week once the butterfly 

garden was completed. Observations and data collections were conducted 

by the students and teacher of the Biology class. All observations and 
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annotations of data collected occurred at the beginning of class time 

during the 2nd hour at 9:00 and 3rd hour at 10:00 class periods. 

8. Estimated Completion Date: May 2008 

Subproblem 4: The fourth subproblem is to analyze and interpret the data collected to 

evaluate the lesson plans, activities, labs, standards addressed for an Environmental Education 

Curriculum, and the students understanding of the topic material established. 

1. Develop questionnaires covering questions for students to rate and 

evaluate the course. Areas covered were: was the course challenging, did 

it expand knowledge of the topics covered, did topics enhanced learning, 

was information presented conducive to learning, and would the course be 

recommended to other students. (Student Course Evaluation Form -

Appendix C). Another questionnaire asks students to evaluate how well 

the lessons were presented. This questionnaire asks about presentation 

effectiveness, style of presentations, learning outcome, facilitating 

discussion, etc. (Teacher Evaluation Form - Appendix D). 

2. Distribute questionnaires and/or surveys to the students and have them 

complete them with responses that reflect their views on the 

Environmental Education Curriculum. Questionnaires were distributed at 

the conclusion of the course so student responses were fresh and 

meaningful. Students absent on the last day of class were presented the 

questionnaire upon their return. Students and teachers participating in the 

butterfly garden project were surveyed. The surveys were completed in a 
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series of rounds. Round 1 was a trans-survey conducted by a teacher 

observing the teacher conducting the unit lessons (Appendix B -Peer 

Observation Form). The second survey, Round 2 -post-survey, 

conducted by students evaluating the course content (Appendix C -

Student Course Evaluation Form) and the teacher evaluation form 

(Appendix D - Teacher Evaluation Form). Finally Round 3 - post -

survey completed by the teacher conducting the lessons (Appendix E

Teacher Self Assessment Worksheet). 

3. Interview the teacher(s) who conducted the unit lesson to get their 

perspective on the fluency, structure, and overall opinion of the 

Environmental Education Curriculum. First, teachers conducting the unit 

or specific topic areas were asked to evaluate themselves, as honestly as 

possible, using the Teacher Self-Assessment Worksheet (Appendix E). 

The worksheet asked the teacher to carefully reflect on your teaching 

experience and their performance in each of the four domains of teaching. 

This form is used as a resource to assist the teacher to make them a better 

educator, make the curriculum stronger, and to ensure student objectives 

are being met. After completion and reflection, collaborating teachers and 

factuality directly involved in the butterfly garden reviewed, discussed, 

and made suggestive critiques of the curriculum and expound on 

improvements. 

4. Compile data from the student questionnaires and/or surveys along with 

the teacher input and identify any concerns, problem areas, suggestions, 

32 



and/or critiques pertaining to the environmental education curriculum. 

Data collection included the use of surveys and site visits between 

September through mid-November of 2007. Data were only collected 

from students enrolled in Landscape Design, Greenhouse, and Biology 

classes, teachers observing the lessons being administered, and a self 

evaluation by the teachers conducting the lesson. Each questionnaire 

completed by students was completed with anonymity to assist in the 

validity and honesty of each response. Each response was tabulated based 

upon their answers to the questions for course evaluation (Table 6. Student 

Course Evaluation Response) and teacher evaluation (Table 7. Teacher 

Evaluation). Each group of data was compiled into tables for ease of 

discussion. Based on the responses, suggestions and areas of 

improvement to incorporate more activities and labs were implemented. 

Expanding the curriculum to include more observation days and expanded 

time for the observations was considered. 

5. Estimated Completion Date: May 2008 

The Greenwood High School students enrolled in the courses of Landscape and Design, 

Greenhouse, and Biology classes participated in the design, planning, construction, and data 

collecting for this project. The characteristics of the Greenwood High School student body 

enrolled in these courses are listed in Table 2. As shown, the Biology- Life Science class has 

the largest number of students participating in this project. The Agriculture teacher, with her 30 

students, also plays a crucial role in the completion of the butterfly garden. 
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Table 2. Greenwood High School Class Breakdown By 10th
, 11th

, and 12th Grade Students 

(2006-2007 school years) 

Course 10th Grade 11th Grade 12th Grade Total Number 

Of Students In 
C',n~r~e 

Landscape and 3 6 5 14 

Design 

Greenhouse 2 7 7 16 

Biology - Life 38 0 0 38 

Science 

Cumulative 68 

Total 

DATA COLLECTION TOOLS 

The students used data collecting forms while making their observations at the butterfly 

garden. First, an inventory of the insects that were visiting the butterfly garden needed to be 

determined. This was accomplished by the students using Appendix F - Beneficial and Harmful 

Insects Observation Form. Second, the students annotated the number and species of insects 

visiting the butterfly garden using Appendix G-Insect Observation Form. Third, the students 

read Appendix H - Plant Growth Measurement Procedures for instructions on the correct 
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procedures for annotating and graphing plant growth. Fourth, students made annotations to the 

plant growth using Appendix I - Plant Growth Measurement Form. 

MATERIALS 

This section describes the materials utilized during the planning, building, growing, 

maintaining, planting, and studying the butterfly garden erected at Greenwood High School. The 

following list contains materials beyond the normal scope of scientific research (i.e. pencils, 

paper, etc.) It details the participating courses-Landscape and Design, Greenhouse, and 

Biology courses and their requirements. 

1. Garden catalogs including J.W. Jung Seed Company and Burgess Seed and Plant 

Company. 

2. Various books on Butterflies and Insects such as: 

a. Peterson Field Guides-Insects by Donald J. Borrer and Richard E. White, 

Houghton Mifflin Company, Boston, Massachusetts, copyright 1970 

b. An Instant Guide To Insects by Pamela Forey and Cecilia Fitzsimons, 

Longmeadow Press, Stamford, Connecticut, copyright 1994 

c. Peterson Field Guides for Young Naturalists: Butterflies by Jonathan Latimer, 

Houghton Mifflin Company, Boston, Massachusetts, copyright 1970 

d. Butterflies and Moths: A Guide to the More Common American Species by 

Mitchell, Robert T. and H.S. Zimm. Golden Press, New York. Copyright 1987 

3. Various magazines and ads that contain pricing of gardening materials 

4. Internet ready computers 

5. Graphing paper 
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6. Calculator 

7. List of plants selected for butterfly garden 

8. Shovels 

9. Rakes 

10. Gloves 

11. Watering cans/hose 

12. Appendix F - Beneficial and Harmful Insects Observation Form 

13. Appendix G- Insect Observation Form 

14. Appendix H - Plant Growth Measurement Procedures 

15. Appendix I - Plant Growth Measurement Form 

16. Appendix J - Plant Ecology Lesson Plan 

17. Appendix K- Insect Lesson Plan 

18. Appendix L - Insect and Plant Interdependence Lesson Plan 

19. Appendix M-Butterfly and Moth Garden Plants 

PROCEDURES 

1. Landscape and Design class will: 

a. Measure selected area for butterfly garden 

b. Determine soil type of garden site 

c. Research and select plants for butterfly garden (Appendix M - Butterfly and 

moth garden plants.) 

d. Design layout of plants to be utilized in butterfly garden ( example Figure 1 

Butterfly Garden Design) 
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e. Present their butterfly garden design to class 

f. Discuss the benefits of each layout design 

g. Select the layout design to be used for the Greenwood High School Butterfly 

Garden 

2. Greenhouse Class will: 

a. Determine nutrient needs of selected plants 

b. Plant and grow selected plants 

c. Water, fertilize, and cultivate plants 

d. Prepare seedbed of the butterfly garden 

e. According to selected butterfly garden design, plant the plants at the 

appropriate time 

f. Weed, fertilize, and maintain the butterfly garden as needed 
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Figure 1-Butterfly Garden Design 

Butterfly Garden Design 

Figure I illustrates the overall design and layout of flowers of the butterfly garden that should be 

followed when constructing the butterfly garden at Greenwood High School. The flowers 

selected by the students will be a mixture of annual and perennials. 

Flower Selection 

1. Purple Coneflower 13. Gayfeather 

2. Dill 14. Butterfly weed 

3. Hollyhock 15. Petunia 

4. Joe-Pye weed 16. Mountain bluet 

5. Globe centaurea 17. Annual aster 

6. Peony 18. 'Autumn Joy' sedum 

7. Turtlehead 19. Rock cress 

8. Swamp milkweed 20. French marigold 

9. Yarrow 21. 'Happy Returns' daylily 

10. Queen Anne's lace 22. Blanket flower 

11. Tawny daylily 23. Nasturtium 

htti;:1://www.extension.urnn.edu/ distri bution/horticulture/com12onents/DG671 1 e.html 
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3. Biology Science class will: 

a. Research the types of butterflies and other insects in our area 

b. Determine what insects are beneficial and which one are harmful (Appendix F 

- Beneficial and Harmful Insects Observation Form) 

c. Observe the interaction between various insects in and around the butterfly 

garden 

d. Observe, identify, and calculate insects visiting the butterfly garden 

(Appendix G- Insect Observation Form) 

e. Count the species and numbers of insects found at the butterfly garden 

f. Observe predator - prey relationships among insects 

g. Read procedures on measuring plant growth (Appendix H - Plant Growth 

Measurement Procedures) 

h. Observe, record, and graph plant growth (Appendix I - Plant Growth 

Measurement) 
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PLANT GROWTH TABULATIONS 

CHAPTERIV 

RESULTS 

To collect data on our observations, we measured the growth and color of the perennial 

plants in the greenhouse and at the butterfly garden on a weekly basis in the third through eighth 

weeks of growth during the 8 week experimental period. Measurements were taken at the 

beginning and end of each week. The height was a cumulative average of several plants 

measured by the 10th grade biology class. 

Table 3 illustrates the plants that were selected by the students for the butterfly garden 

and the plants' heights, time of bloom, and the flower colors produced as documented from the 

supplier's description. The plants the students selected provided a variety of heights allowing a 

staggered arrangement of planting in the butterfly garden. This terracing of the butterfly garden 

with different plant heights allowed for easier observations and maximized the data collected by 

the students. 

Time of bloom was important in maintaining an array of flowering plants before, during, 

and after the observation period. Plants were selected that bloomed from springtime through late 

fall. Flowering plants with varying colors were also chosen in order to attract as many different 

species of insect pollinators as possible. The colors of the flowers were pink, yellow, purple, 

white, red, and orange. 

Lastly, the shapes of the flowers of the selected plants ranged from small clusters of 

flowers to single large flowers. This variety afforded the opportunity to observe different insect 
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Table 3. Lists of selected flowering plants chosen by the students to be placed in the butterfly 

garden. 

Time Of 

Plant The Average Plant Height Bloom Flower color 

Tall - 3 Feet Medium-2 - Short - Up To 

and Up 3 Feet 2 Feet 

Mallow 2-3feet Summer Pink 

Obedient 3 feet Summer/Fall White 

Coneflower 29inches Summer/Fall Purple/White 

Blanket 10 - 30 inches Summer/Fall Yellow/Red 

Flower 

Black-Eyed 2 - 3 feet Late Summer Yellow 

Susan 

Mums 

18inches Fall Yellow 

Veronica 15inches Spring/Summer Purple 

Columbine 1 - 2 feet Spring Purple/Orange 

Lamium 8inches Spring/Summer Pink 
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Table 4 shows the cumulative data collected on the growth of nine species of perennial 

plants planted. Our height measurements collected by the students reflected similar heights to 

those of the supplier's description for the plants. Each plant was measured on a weekly basis by 

students in each of the two sections of 10th grade biology. The data were then compiled by class 

and tabulated together. Then the data from the two sections were again compiled and tabulated 

as one set of data for the entire 10th grade. 

Not measured or listed in Table 4 were the annual plants that were added to the butterfly 

garden for added color and as fillers for bare spots throughout the butterfly garden. The annual 

plants selected by the students for the butterfly garden were 4 O' Clocks and Petunias. 

Table 4. Plant Growth Measurements. Plant heights recorded during the third through eighth 

week of growth. 

45 
40 
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INSECT OBSERVATION TABULATIONS 

Over the course of the experiment, students observed the different species and numbers 

of insects that visited the butterfly garden. These observations were then annotated on the Insect 

Observation Form (Appendix G). Table 5 lists the five most common visitors to the butterfly 

garden throughout the eight week experiment period. The table lists the species, their common 

name, if the insects were hovering over the plants or actually on plants, and total number of 

insects at the butterfly garden observed by the students at Greenwood High School. 

The data shows that the most common visitor to the butterfly garden was Apis mellifera, 

the common Honey Bee with a cumulative total of 62 bees observed. The rest of the top insects 

in order of frequent observance were the Orange/White Sulfur butterfly, the Bumble Bee, the 

Monarch Butterfly, and the Tiger Swallowtail Butterfly respectively. 

Although other insects were observed hovering over the plants or on the plants at the 

butterfly garden by the students, their numbers were not included in the Table 5 below. 
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Table 5. Top five Insect Visitors to the Butterfly Garden 

Species Common Name Hovering On Plant Total Number 

Observed 

Apis mellifera Honey Bee 11 51 62 

Colias eurytheme Orange/White 6 18 24 

Sulfur 

Megabombus Bumble Bee 4 17 21 
pennsylvanicus 

Danaus Monarch 2 6 8 

plexippus 

Papilio glaucus Tiger 1 2 
,., 
.) 

Swallowtail 

STUDENT COURSE EVALUATION TABULATIONS 

Data were collected by the teacher after the completion of the unit of instruction that was 

presented to the 10th grade Biology classes. The unit was composed of individual lesson plans 

covering the topics of Plant Ecology, Insects, and Insect and Plant Interdependency. These 

lessons were conducted over the course of eight weeks in the 10th grade Biology class. Table 6 is 

a compilation of the data collected from the responses given by the 38 students on the Student 

Course Evaluation Form (Appendix C). The survey consisted of five questions that asked for 
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Table 6. Student Course Evaluation Responses 

Student Course Evaluation Responses 

The class \\05 challenging and expanded my 
knomedge level on the topics 

0 5 IO 15 20 25 30 35 40 

Number Of Responses 

TEACHER EVALUATION FORM 

D Strongly Disagree 

D Disagree 

□ Agree 

D Strongly Agree 

Upon completion of the unit, the students in the 10th grade Biology classes were given 

survey questions pertaining to the evaluation of the teacher' s presenting the lessons in class. 

Plant Ecology, Insects, and Insect and Plant Interdependency lessons were covered during the 

unit. Student's responses to seven questions that asked for their opinion on how well the teacher 

conducted the class were distributed. Table 7 shows the results from the survey with the 

questions and student responses. 
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Table 7. Teacher Evaluation. 

Teacher Evaluation 

The teacher contributes to student learning and 
developnxnt of critical thinking skills 

Feedback and evaluation of student work was 
constructive 

,,, TI1e teacher welcomes questions and facilitates 
; discussions .:: 
"' .. 
:I 
O' The teacher encourages student participation .., .. 
i: 
:I 

r:,J 
The teacher contrasts points of view on the 

topics 

The teacher communicated clearly and concisely 

The teacher demonstrated knowledge of the 
subject matter. 

0 5 10 15 20 25 

Number Of Responses 
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D Strongly Disagree 

□ Disagree 

□ Agree 

D Strongly Agree 



CIIA.PTERV 

DISCUSSION 

The 38 students in the 10th grade biology class at Greenwood High School and the level 

of approval that they expressed by their responses on the course evaluation and teacher 

evaluation questionnaires supports the hypothesis. The students appear to not only enjoy being 

outside, but actually preferred the outdoors to the confined walls of the traditional classroom. 

Data was collected through student evaluation of the course and the teachers supported 

evaluations. Although responses were rated very favorably, several factors may have influenced 

the students to rate all aspects of the questions high. One reason may have been the students like 

the teacher resulting in an inflated rating. Second, may have been that when filling out survey 

questions it is easier to fill in positive responses and complete it quickly instead of putting 

thought into each question. Finally, maybe the high survey responses can be attributed to the 

students simply being able to spend class time outside and not inside. Also, all responses were 

worded positively. 

Unfortunately, many students do not experience the outdoors today as in the past. Nature 

appears to be missing in the lives of the students, even those that live in a rural setting, who 

reside in the Greenwood school district. Most of their experiences are predominantly driven by 

the instant gratification of the media. TV, nature documentaries, National Geographic and other 

nature TV channels and environmental fundraising appeals are conditioning children to think that 

nature is exotic, awe-inspiring and in far, far away, places they will never experience (Chipeniuk, 

1995). 

Students seem to be losing the understanding that nature exists in their own schoolyard, 
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backyards, neighborhoods, and communities. Without even knowing that they are becoming 

further disconnected from nature, students are taking the natural environment for granted. The 

butterfly garden created at Greenwood High school is doing its part to expose students to nature 

a little bit at a time. 

The observations and data collecting conducted by the students worked well. The time 

spent on the Insect Lesson Plan made a difference in the student's knowledge level on the array 

of insect species that can be found in our area. It is important to note that teaching about insects, 

collecting of specimens, and identifying them before starting the data collection added in the 

successful observations. 

The writing of the Environmental Curriculum and the individual unit lessons was a 

lengthy and in-depth process. Although the initial layout and basic structure for the units are in 

place, they are going to need fine tuning and reevaluating over the next several years to ensure a 

quality product is presented. Presentation methods that worked well will be kept in their original 

format, but those topics that need to be presented in another venue will be scrutinized more 

closely. 

RECOMMENDATIONS 

After completing this project there were several lessons learned. First, when conducting 

your preplanning and coordination layout, keep detailed notes on individuals contacted, their 

inputs, and their agreed upon involvement. This project took an enormous amount of time to be 

successful. Having said that, there were situations where individuals who volunteered their time 

or resources in the beginning were not as enthusiastically eager to assist when they were needed 
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To assist in implementing the first recommendation, my second recommendation is to 

keep in constant contact with all people involved. A constant update or reminders of everyone 

role in the project could have eliminated delays. Something as simple as an e-mail reminder or a 

weekly update at building staff meeting informs everyone of the status of the project and 

provides them with upcoming completion dates. 

Third, when conducting observations of the insects visiting the butterfly garden, ensure 

all students are following the established predetermined criteria for what they are observing. 

There were several students, who did not follow the directions for time limits or what constituted 

hovering. Both of these could have been corrected through the use of examples and reminders of 

keeping strict time data before heading out to the butterfly garden. Science is based upon paying 

attention to the details and when this fundamental rule is not adhered to, problems can and do 

arise. This may have been the case with the data collected by the students throughout the 

project. 

Fourth, ensure that the flowers selected for the butterfly garden have been planted in the 

greenhouse the year prior to being planted outside. This will ensure that when time arrives for 

conducting the observations, the flowers are in bloom and are being frequently visited by insects. 

Some of the flowers did not bloom as well as I would have liked, nor were there the numbers of 

insects present due to lack of flowering plants in the butterfly garden. 

Fifth, a butterfly garden is an ongoing process that can be utilized for many years. 

Ensure that you have made arrangements for the maintenance of the butterfly garden. Areas to 

consider are: coordinate who will water the garden while school is not in secession, how will 

future plants be procured, where will the funds come from to purchase fertilizer and other 

supplies, and try to elicit the aid of community individuals and groups to add plants or assist with 
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upkeep of the butterfly garden. 

Finally, set in place an alternate or replacement individual to assume responsibility of 

utilizing and up keeping the butterfly garden in your absence, teaching reassignment, or 

retirement. When a project becomes the sole ownership of one individual, other facility staff is 

excluded. The butterfly garden should be a school wide tool from teaching environmental 

education related topics. Keep the joy of learning about insects, plants, ecology, and the 

environment for years to come through a butterfly garden where all students benefit. 
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Appendix A: Wisconsin Model Academic Standards For Science - Standard F: Life and 
Environmental Science Performance Standards - Grade 12 

Science, Standard F: Life and Environmental Science Performance Standards 
- Grade 12 

By the end of grade twelve, students will: 

THE CELL 

F .12.1 Evaluate the normal structures and the general and special functions of cells in single 
celled and multiple-celled organisms 

F.12.2 Understand how cells differentiate and how cells are regulated 

THE MOLECULAR BASIS OF HEREDITY 

F.12.3 Explain current scientific ideas and information about the molecular and genetic basis of 
heredity 

F.12.4 State the relationships between functions of the cell and functions of the organism as 
related to genetics and heredity 

BIOLOGICAL EVOLUTION 

F.12.5 Understand the theory of evolution, natural selection, and biological classification 

F.12.6. Using concepts of evolution and heredity, account for changes in species and the 
diversity of species, include the influence of these changes on science, e.g. breeding of plants or 
animals 

THE INTERDEPENDENCE OF ORGANISMS 

F.12.7 Investigate how organisms both cooperate and compete in ecosystems 

F.12.8 Using the science themes, infer changes in ecosystems prompted by the introduction of 
new species, environmental conditions, chemicals, and air, water, or earth pollution 

MATTER, ENERGY AND ORGANIZATION IN LIVING SYSTEMS 

F.12.9 Using the science themes, investigate energy systems (related to food chains) to show 
how energy is stored in food (plants and animals) and how energy is released by digestion and 
metabolism 

Al 



F.12.10 Understand the impact of energy on organisms in living systems 

F.12.11 Investigate how the complexity and organization of organisms accommodates the need 
for obtaining, transforming, transporting, releasing, and eliminating the matter and energy* used 
to sustain an organism 

THE BEHAVIOR OF ORGANISMS 

F.12.12 Trace how the sensory and nervous systems of various organisms react to the internal 
and external environment and transmit survival or learning stimuli to cause changes in behavior 
or responses 
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Appendix B - Peer Observation Form (Completed By Observing Teacher) 

Lesson: 

Peer Observation Form (Completed By Observing Teacher) 

Observed By: 

Instruction Yes No 

Lesson Presentation Relevant To 
Topic 

Communicates Direction And 
Procedures Of Lesson 

Monitors Students Progress And 
Adjust Teaching As Needed 

Provides A Variety Of Relevant 
Activities To Ensure Student 
Participation And Enrichment Of 
Curriculum 

I. Examples Of Strengths And Weaknesses 

a. Classroom Environment 

b. Pupil Participation 

II. Areas Needing Improvement 

III. Other Comments: 

Bl 

Instruction Yes 

Develops Appropriate Objectives 
OfLesson 

Uses Effective Questioning 
Techniques 

Communicates Assessment 
Criteria To Students 

Provides A Summary Of Key 
Points Of The Lesson 

No 



Appendix C - Student Course Evaluation Form 

Student Course Evaluation Form 

Strongly Agree Disagree Strongly 
Agree Disagree 

The class was challenging and expanded my 
knowledge level on the topics 

Assignments and activities enhanced 
learning 

Class objectives and expectations were 
clearly defined 

The information presented in this course 
was useful. 

I would recommend this course 

What did you like best about the course? 

What did you like least about the course? 

What would you do to improve the class? 
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Appendix D - Teacher Evaluation Form (Completed By Students) 

Teacher Evaluation Form 

Strongly Agree Disagree Strongly 
Agree Disagree 

The teacher demonstrated knowledge of 
the subject matter. 

The teacher communicated clearly and 
concisely 

The teacher contrasts points of view on the 
topics 

The teacher encourages student 
participation 

The teacher welcomes questions and 
facilitates discussions 

Feedback and evaluation of student work 
was constructive 

The teacher contributes to student learning 
and development of critical thinking skills 

Other Comments: 
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Appendix E -Teacher Self-Assessment Worksheet 

Teacher Self-Assessment Worksheet 

To be used as a resource for additional study, understanding of components, and gathering 
evidence. Carefully reflect on your teaching experience and your performance in each of the 
four domains of teaching. Evaluate yourself as honestly as possible on each element. 

T h" eac m2 

Strength High Medium Low Ongoing 

Teacher plans coherent, progressive, justifiable 
teaching programs to match the needs and 
abilities of his/her pupils 

Teacher communicates effectively with pupils 
using a variety of techniques 

Teacher employs a range of teaching strategies 
and resources 

Teacher sets and maintains expectations and pace 
of work for all pupils 

Classroom Management 

Strength High Medium Low Ongoing 

Teacher organizes and manages classes and 
selects appropriate resources to achieve safe, 
orderly and purposeful activity 

Teacher manages pupil behavior fairly, 
sensitively and consistently and seeking advice of 
colleagues when necessary 

El 



Assessment of Students 

Strength High Medium Low Ongoing 

Teacher understands and applies the principles 
of assessment, recording and reporting 

Teacher uses results of assessment to inform 
learning and teaching 

Professional Reflection 

Strength High Medium Low Ongoing 

Teacher can learn from his/her own experience 
and findings of others 

Teacher can convey an understanding of practice 
and general education matters in his/her 
professional dialogue and communications 

Teacher can reflect on, and take forward, his/her 
own classroom practice, take part in own 
professional development and contribute to 
curriculum development 

Curriculum 

Strength High Medium Low Ongoing 

Teacher demonstrates a detailed knowledge and 
understanding of relevant areas of pre-school, 
primary or secondary school curriculum 
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Teacher has sufficient knowledge and 
understanding to fulfill their responsibility for 
literacy, personal, social, and health education 

Teacher shows understanding of nature and 
development of the curriculum 

Teacher is aware of, and contributes to, cross-
curricular aspect of the curriculum 

Modified from Supporting and Guiding Probationer Teachers, (2005) 
http://www.gtcs.org.uk/nmsmntime/saveasdialog.asp?1ID=1465&sID=1863 
Viewed 27 July 2007 
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Appendix F - Beneficial and Harmful Insects Observation Form 

Beneficial and Harmful Insect Observation Form 

Insect Genus Insect Food Beneficial Date Number 
and Species Common Source or Harmful Observed Observed 

Name 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Fl 



Appendix G - Insect Observation Form 

Insect Observation Form 

General Information 

Date: Start Time: Time Spent Observing: Ending Time: 

Sky Wind Temperature 
□ sunny □ windy, steady D 40-49 

Weather □ cloudy □ windy in gusts D 50-59 
Conditions □ overcast □ light breeze, steady □ 60-69 

□ drizzling □ light breeze in gusts □ 70-79 
□ 

.. 
□ calm □ 80-89 rammg 

□ 90 and up 

Flower - Insect Visiting Information 

Insect Hovering Number Last Time Observed This Flowers Visited 
or Observed Insect 

On Plant 

□ Never □ Not this year 
□ This month □ This week 
□ Yesterday 

□ Never □ Not this year 
□ This month □ Thisweek 
□ Yesterday 

□ Never □ Not this year 
□ This month □ Thisweek 
□ Yesterday 
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□ Never □ Not this year 
□ 1bismonth □ Thisweek 
□ Yesterday 

□ Never □ Not this year 
□ This month □ 1bis week 
□ Yesterday 

□ Never □ Not this year 
□ This month □ This week 
□ Yesterday 

□ Never □ Not this year 
□ 1bismonth □ Thisweek 
□ Yesterday 

□ Never □ Not this year 
□ This month □ Thisweek 
□ Yesterday 

□ Never □ Not this year 
□ This month □ 1bisweek 
□ Yesterday 

□ Never □ Not this year 
□ This month □ This week 
□ Yesterday 

□ Never □ Not this year 
□ This month □ This week 
□ Yesterday 

□ Never □ Not this year 
□ This month □ This week 
□ Yesterday 
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Appendix H - Plant Growth Measurement Procedures 

There are many different features of a plant that can be measured through observation to 
determine the extent of plant growth/health. The following table describes some of the measures 
that you can make and also recommends how frequently you should make these observations 
during the course of your experiment. 

Measurement Procedure Frequency of 
Measurement 

When starting with First Cotyledon Record the number of days from Once 
seeds planting to the emergence of the first 

cotyledon ("seed leave(s)" that are the 
first to emerge from the ground). 

Percentage of Calculate the percentage of seeds that Once 
seeds that germinated under each of the variables 
germinate in your experiment. 

When starting with Plant height • Measure the height of the main Every 2-3 days 
young plants plant from the border of the 

container to the top of the main 
plant stem. 

• Note: you do not want to 
measure from the top of the 
soil, as the soil may condense 
with watering over time. 

Number of Counting Leaves: (4) Every 2-3 days 
leaves (indicates 
a plant's • Count and record the number 
physiological of leaves on each plant. 
age) • Count every visible leaf on the 

plant, including the tips of new 
leaves just beginning to 
emerge. 

• You may want to place the 
plant over some graph paper to 
avoid counting errors. 

Surface area of • Method 1 (5): Trace the leaves Every 2-3 days 
leaves on graph paper and count the 

squares covered to give you an 
estimate of the surface area for 
each leaf. Repeat this for each 
leaf on a plant and for each 
plant in your experiment. 

• Method 2 (6): Trace out each 
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leaf on paper. Make sure to use 
the same type of paper every 
time AND make sure that the 
paper is not wet. Cut out the 
leaf tracings and weigh them. 
Weigh the cutouts and divide 
the total weight by the number 
of leaves to give you the 
average leaf area for each 
plant. Repeat this for each of 
the plants in your experiment. 

• Method 3 (7): Digital image 
analysis: Using a digital 
camera capture an image of a 
plant. Using special software, 
analyze the surface area of the 
leaves. 

Plant color Record any observations on changes Every 2-3 days 
or differences in plant color. 

When you are using 1st Flowering Record the number of days since Once 
flowering plants initial planting to the first flower. 
these two 
measurements serve 
as an additional 
indication of plant 
health 

Number of Record the number of flowers on each Every 2-3 days 
Flowers of the plants. Buds should be included 

in your flower count. 

http://sciencebuddies.org/mentoring/project ideas/PlantBio measunng growth.shtml 
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Appendix I - Plant Growth Measurements 

Plant Growth Measurements 

Plant Height Height Height Height Height Height Total 
Week3 Week4 Week5 Week6 Week7 Week8 Growth 

Mallow 

Coneflower 

Blanket 
Flower 

Obedient 

Black-Eyed 
Susan 

Mums 

Veronica 

Columbine 

Lamium 
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Appendix J- Plant Ecology Lesson Plan 

Class: Biology 
Subject: Plant Ecology 
Estimated Time: 1 - 2 hours 

Objectives: 

Students will: 

Grade Level (s): 

I. Define the term ecology 

10 Day:~ 
Method of Instruction: Lecture 

Revision Date: ----

2. Identify the beneficial impact of a healthy ecosystem 
3. Describe the purpose of ecology 
4. Explain the history of ecology 
5. Describe environmental factors 
6. Explain the difference between k and r strategies of reproduction 
7. List five different biomes of the world 
8. Define a plant community 
9. Identify the location of seven of Wisconsin's plant communities on a map 
I 0. Explain t what a keystone species is and their environmental impact 

Materials/Supplies: 

Overhead Projector 
Overhead of the World Biomes 
PowerPoint of Plant Ecology 
Student handout of Power Point for note taking 

Anticipatory Set: 

Overhead image of a lush forest 

Motivation: 

The overhead image is showing a forest. This is a good representative of a forest 

community and plant community. What is a plant community? How do you define a plant 

community? What features make it unique? Is it important to study plant communities? Why? 

Or why not? 
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Main Body: 

John F. Kennedy Quote 

Ecology - Plant Ecology 

Ecology 

Environmental Science 

Purpose of Ecology 

Environment 

Physical 
Temperature 
Light 
Atmosphere 

Topography 

Biological Features 

predators - prey relationships 

parasite - host relationship 

History of Ecology 

Charles Darwin 1859 

J2 

"The supreme reality of our time is ... the 
vulnerability of our planet.. " 

- John F. Kennedy (1917-1963) 
35th U.S. President Speech 28, June 
1963 

( Oikos = home logia = study of) 

In 1869 the term ecology was coined. 
Ecology is defined as the study of organisms in 
relation to their environment. 

Environmental Science is different from 
ecology in that it examines the quality of the 
environment as it affects humans. 

The purpose of ecology is to determine how 
the environmental factors influence the 
abundance and distribution of organisms. 

The environment is considered to be 
everything in your surroundings. This includes 
physical f ea tu res, the temperature of the 
surroundings, the amount and concentration of 
light, and the atmosphere. 

It is also composed of the topography or 
layout of the land. 

Lastly, the biological aspects of an 
environment are biological features. These 
include competitors (food, space, shelter, etc.), 
herbivores (plant eaters), predators - prey 
relationships (hunted vs. hunters), and 
parasite - host relationship ( one organism 
feeding off of another) 

Charles Darwin in 1859 wrote about the 
adaptation of plants and animals in their ability 



Ernst Haeckel 

Eugen Warming 

The Ecological Society of America 

Ecological Thoughts 

Environmental Factors 

Physical 

Burgmann 's Rule 

Allen's Rule 

Evolutionary Strategies 

r strategy 

rapid but risky reproduction 

J3 

to adapt and survive. 

Ernst Haeckel, a German, in 1869 is credited 
for coining the term "ecology" from oilos logia 

Eugen Warming, from Denmark in 1889 
wrote "Ecological Plant Geography" a book on 
the distribution of plants and their geological 
adaptations. 

The Ecological Society of America was 
founded 1916. 

Everything is connected to everything else. 

Everything must go somewhere. 

Nature knows best. 

There is no such thing as a free lunch. 

Environmental factors can directly affect a 
species physical features, coloration, size, 
shape, etc. and plays a role in their adaptations. 
One rule of thumb about the physical features 
of an organism came from Carl Burgmann. 
Burgmann's Rule where the size of the 
organism is determined by where they live. 
Cold climates mean a bigger organism. 

Another rule of thumb comes from Joel Asaph 
Allen. Allen's Rule, the length of appendages 
relates to the size of an species appendages. 
Cold areas = short appendages and warm areas 
= long appendages. 

Evolutionary strategies of species can utilize 
different strategies. Some species employ the r 
strategy. This strategy is "rapid but risky 
reproduction". These organisms are usually 
small in size, short lived plants, they are poor 
competitors, but are fast growing, with very 
high reproduction rates. These organisms are 



Opportunistic Reproductive Strategy. 

mature fast 
reproduce in mass numbers 
disperse widely 

fugitive species 

k strategy 

slow but sure 

Conservative Reproductive Strategy 

equilibrium species 

Biomes of The World 

http://www.blueplanetbiomes.org/world_ biomes.htm 

known to use an Opportunistic Reproductive 
Strategy. 

Organisms that reproduce with the r strategy 
mature fast, reproduce in mass numbers, 
and are disperse widely throughout their 
habitat. 

R strategy organisms are also known to 
become established in Transient environment 
on steep hillsides and are called "fugitive 
species" because they are the first in an area 
after major disturbances such as fore, 
mudslide, or logging to name a few. 

Another strategy that organisms can use when 
it comes to reproduction is the k strategy. 
Organisms that employ this strategy k strategy 
are "slow but sure" in their growth. These are 
usually large plants, which are long lived, 
good competitors, but are slow growing. 

k strategy organisms are also employ a 
Conservative Reproductive Strategy. 
Organisms that use this strategy mature slow, 
tend to dominate environment for many 
years until next disturbance, are known as 
"equilibrium species", that are found in a 
stable environment. 

A Biome is a large geographical area of 
distinctive plant and animal groups, which are 
adapted to that particular environment. The 
climate and geography of a region determines 
what type of biome can exist in that region. 

All living things are closely related to their 
environment. Any change in one part of an 
environment, like an increase or decrease of a 
species of animal or plant, causes a ripple 
effect of change in through other parts of the 
environment. 

There are considered ten biomes located 
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Tundra Biome 

http://www.blueplanetbiomes.org/world_biomes.htm 

Boreal or Taiga Biome 

http://www.blueplanetbiomes.org/world _ biomes.htm 

Temperate/Deciduous Forest Biome 

JS 

throughout the world. The first we will cover 
is the Tundra Biome. Located at latitudes 55° 
to 70° North, the tundra is a vast and treeless 
land which covers about 20% of the Earth's 
surface, circumnavigating the North pole. 

Some of the characteristics of a tundra biome 
are extremely cold climate, low biotic 
diversity (living organisms), short season of 
growth and reproduction, and large 
population oscillations (huge swings in 
numbers of species in an area due to the time 
of the season. 

The second biome is the Boreal or Taiga 
Biome. The taiga is the biome of the 
needleleaf forest. Taiga is the Russian word 
for forest and is the largest biome in the world. 
It stretches over Eurasia and North America. 

This biome is classified by its temperatures 
that are very low, precipitation is primarily 
in the form of snow, and the soil is thin, 
nutrient-poor, and acidic. 

The taiga doesn't have as many plants and 
animal species. It does have millions of insects 
in the summertime. Birds migrate there every 
year to nest and feed. 

The third biome is called the 
Temperate/Deciduous Forest Biome. 
Deciduous forests can be found in the eastern 
half of North America, and the middle of 
Europe. There are many deciduous forests in 
Asia. 

The characteristics of the Temperate Forest 
Biome are temperature varies from -30° C to 
30° C (-22 - 860 F), the soil is fertile, 
enriched with decaying litter, and the flora: 
characterized by 3-4 tree species per square 
kilometer. 

The deciduous forest has four distinct seasons, 
spring, summer, autumn, and winter. In the 



http://www.blueplanetbiomes.org/world_biomes.htm 

cover less than 6% of Earth's land 
surface 

produce 40% of Earth's oxygen. 

Grassland Biome 

http://www.blueplanetbiomes.org/world_biomes.htm 

tropical grasslands are called savannas 
temperate grasslands 
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autumn the leaves change color. During the 
winter months the trees lose their leaves. 

The fourth biome is the Tropical Rain Forest. 
The Tropical Rain Forest is classified due to its 
large amounts of rainfall. Precipitation 
averages around 2-2.3 meters or more per 
year. The plants that grow in this biome are 
tall trees with vines, called epiphytes. The 
animal inhabitants are mainly arboreal 
climbers, creepers, and rodents. 

Rainforests now cover less than 6% of 
Earth's land surface. Scientists estimate that 
more than half of all the world's plant and 
animal species live in tropical rain forests. 
Tropical rainforests produce 40% of Earth's 
oxygen. 

The fifth biome is called the Grassland 
Biome. As its name implies, the Grassland 
Biome are lands dominated by grasses and 
not large shrubs or trees. 

Grassland biomes are large, rolling terrains of 
grasses, flowers and herbs. Latitude, soil and 
local climates for the most part determine what 
kinds of plants grow in particular grassland. 

The Grassland Biome is divided into two main 
divisions. The tropical grasslands are called 
savannas. Savannas are located in throughout 
Africa. The temperate grasslands are located 
in North America. 

The Grassland Biomes are classified due to 
trees and large shrubs being absent. In this 
area the rainfall is less than SO cm/year. The 
organisms are specialized vegetation, 
vertebrate, and invertebrate animals that 
call this area home. Also, there are relatively 
few large mammals. 

The Desert Biome is the sixth type ofbiome 
and is defined as having a rainfall is less than 



Desert Biome 

http://www.b I ueplanetbiom es.org/world _ bio mes.ht m 

Aquatic Biome 

Chaparral Biome 

Plant Community 

50 cm/year. Plants and animals in the Desert 
Biome are unique in that they contain 
specialized vegetation, vertebrate, and 
invertebrate animals. 

Also in the Desert Biome, there are relatively 
few large mammals. The only animals they 
have that can survive have the ability to burrow 
under ground. This is because they would not 
be able to live in the hot sun and heat. They 
only come out in the night when it is a little 
cooler. 

The seventh biome is a collection of areas that 
make up the Aquatic Bio mes of the world. 
They include rivers, lakes, estuaries, 
intertidal Zones, coral Reefs, oceanic 
pelagic, and the abyssal zones (below oceanic 
pelagic). 

The eighth biome is the Chaparral Biome. 
The chaparral biome can be found on most 
continents - the west coast of the United States, 
the west coast of South America, the Cape 
Town area of South Africa, the western tip of 
Australia and the coastal areas of the 
Mediterranean. 

The terrain of the chaparral biome can be flat 
plains, rocky hills and mountain slopes. It is 
sometimes used in movies for the "Wild West". 

Very hot and dry is the way to classify the 
Chaparral. The temperature in a Chaparral 
winter is very mild and is usually about 10 °C. 
In the summer the temperature is so hot and 
dry at 40 °C that fires and droughts are very 
common. 

A Plant Community is defined as a group of 
plants that commonly occur together. 

Plant Communities are categorized and named 
by the dominant species that can be found 
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Wisconsin Plant Community Map 

Forest Community 

50 % canopy cover. 

Savanna Community 

oak openings 
pine barrens 
cedar glades. 

Swamp Community 

Marsh Community 

Bog Community 
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there, the physiographic features 
(topographic features) of the land, and the 
ecotones (the gradual transition between 
two communities). 

In Wisconsin, there are many different plant 
communities located throughout the state. 
Each one is classified due to the dominant 
plant species that can be found in a particular 
area. 

The first Wisconsin Plant Community to be 
described is the Forest community. The 
Forest Community contains at least 50 % 
canopy cover. This is the amount of cover 
provided in the upper levels of the tree species 
in the area. 

The second plant community found in 
Wisconsin is the Savanna Community. In the 
Savanna Community, there is less than 50 % 
(tree) canopy cover. 

The types of Savannas that can be found in 
Wisconsin are the called oak openings, pine 
barrens, and cedar glades. Each one has 
unique species that reside and dominate in the 
area. 

The third Wisconsin Plant Community is 
called the Swamp Community. The Swamp 
Community contains wet, mineral soil in 
which woody plants are dominate (i.e. cedar 
swamps, shrub swamps) 

Another Wisconsin Plant Community is called 
the Marsh Community. This fourth 
Wisconsin community is defined by its wet, 
mineral soils and is dominated by 
herbaceous plants. These herbaceous plants 
are mainly cattail marsh and reed marsh. 

The fifth type of Wisconsin Plant Community 
is called the Bog Community. This 



Fen Community 

sedges are called a "rich fen". 

"poor fens" - old lake bottoms 

Grassland Community 

less than one tree per acre. 

Prairie - dominated by native species. 

steppe - dry prairie 
sedge meadows - wet 

Beach Community 

Dune Community 
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community can be defined as having wet, 
organic soil dominated by sphagnum moss. 
In the Bog Community, is a very acidic soil 
where anaerobic life forms survive and thrive. 

The Fen Community is the sixth type of 
Wisconsin Plant Community. The Fen 
Community is dominated by wet, organic soil. 
The area is also dominated by grasses & 
sedges is called a "rich fen". 

A unique feature in a Fen Community is called 
a "poor fens." This type of Fen is developed 
in old lake bottoms. 

The seventh of Wisconsin's Plant 
Communities is the Grassland Community. 
This community is defined as having less than 
one tree per acre. 

In the Grassland Community, a Prairie is 
dominated by native species. Two types of 
Grasslands are the steppe ( also called a dry 
prairie) and the sedge meadows (a wet 
environment) 

When a Grassland Community is dominated 
by non-native plants, then it is called a Field. 

Number eight of Wisconsin's Plant 
Communities is the Beach Community. A 
Beach Community is close to water, located at 
low elevations, and is dominated by beach 
grasses. 

The Dune Community makes up the ninth 
Wisconsin Plant Community. The Dune 
Community is further from water at higher 
elevations. This area is also dominated by 
woody vegetation. 



Alien Invaders 

Plants and Animals At Risk In The United 
States 

Wisconsin Plants and Animals In Danger 

Animals - 9 species 

Plants - 6 species 

Succession 

Plant communities are constantly 
changing their composition 

Different species adapt to different 

The United States is the playground (and 
breeding ground) for more than 50,000 non
native plant and animal species. They menace 
the environments and native species they 
infiltrate, causing up to $138 billion dollars in 
damages every year. 

Source: Worldwatch Institute; The Nature 
Conservatory; USDA; AP Research 

More than 1,200 species have been listed as 
endangered or threatened by the National 
Fish and Wildlife Service. 

■ Animals - 9 species 
• butterfly, Karner blue 
• dragonfly, Hine's emerald 
• eagle, bald 
• higgins eye 
• lynx, Canada 
• maple leaf, winged 
• Plover, piping 
• warbler, Kirtland's 
• wolf, gray 

■ Plants - 6 species 
• bush-clover, prairie 
• iris, dwarf lake 
• locoweed, Fassett's 
• monkshood, northern wild 
• orchid, eastern prairie fringed 
• thistle, Pitcher' 

The term Succession can be defined as the 
process of one plant community replaces 
another. 

Plant communities are constantly changing 
their composition at any given time and at any 
given place. The environment is never 
stagnant. 

When succession occurs, plant communities 
are constantly changing and so are the species 
that live in the area. Different species adapt 
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environments (natural selection) 

plants change their environment until it is 
no longer suitable to them 

Primary succession 
major catastrophe 

1st plants to arrive on new substrate 

no influence from previous plants. 

Secondary Succession 

under influence from previous plants 

Old Succession 

Annuals ➔ Perennials ➔ Shrubs ➔ Trees 

Reasons For Succession 

to different environments, this is called 
natural selection. 

A reason that succession is constantly 
changing is that the plants that reside in the 
area change their environment until it is no 
longer suitable to them. When one species of 
plants can no longer survive or out competed 
by other plants, they die off and new species 
take over. 

Succession can be broken down into two 
different types based on several factors. 
Primary succession usually occurs after 
major catastrophe has changed the landscape. 
This can happen after a fire, mudslide, or 
logging, to name a few. 

After a major change to the landscape occurs, 
Primary Succession plants are the 1st plants to 
arrive on new substrate and there is no 
influence from previous plants. 

The other type of succession is called 
Secondary Succession. Plants in the 
secondary succession are sites still under 
influence from previous plants. 

An example of succession that is occurring 
over a long period of time is called Old 
Succession. This occurs in a series of stages. 

It starts off with the arrival of annuals -
pioneer species arrive (Primary Succession). 
These initial plants gone in 1 or 2 years and 
then shrubs invade the area (Secondary 
Succession). After many years of shrubs 
dominating the area trees start emerging and 
become the dominant plant species. 

Why does succession occur? What causes the 
changes? Changes occur because as plants 
emerge and grow, their nutrient needs and 
sunlight requirements change. 
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- canopy of leaves develop 

- light intensity ~ on forest floor 

- temperature ~ in forest 

- relative humidity ~ 

- evaporation rates ~ 

- soil moisture ~ 

Soil composition 

- leaf litter layer formed 
- leaf litter adds organic material 

- decaying organic matter 

- increase WRC 

Closure: 

An example is when trees start to grow, a 
canopy of leaves develop. This in turn 
changes the light intensity on forest floor. 
The amount of light reaching the ground is 
reduced. 

Reduced sunlight causes a decrease in the 
temperature in forest. Lower temperatures 
results in an increase of the relative humidity. 

When the relative humidity is increased it 
causes the evaporation rates to decrease. 
Less evaporation means an increase in the 
amount of soil moisture in the forest. 

Another reason for succession change is that 
the Soil composition changes. Over time in 
the forest a leaf litter layer is formed. This 
leaf litter adds organic material to the soil 
making it fertile. 

In time the leaf litter begins decaying and 
organic matter releases its nutrients. This in 
turn increases the WRC (water retaining 
capacity) of the soil. The end result is a new 
environment and thus new species that use 
the area for their existence. 

Plant Ecology is a web of interconnected components vital to our existence. The concept of 

plant ecology has been with us since it was first coined in 1869 by Ernst Haeckel. Since that 

time, man has educated himself in the importance of plant ecology. Biomes are a large 

geographical area of distinctive plant and animal groups, which are adapted to that particular 

environment. The climate and geography of a region determines what type of biome can exist in 

that region. A further breakdown is the nine different plant communities located throughout 
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Wisconsin. These communities are what make our state special. Succession is the process of 

one plant community replaces another. This ever changing phenomenon is a type of natural 

selection. 

Assessment/Evaluation: 

Oral Assessment: 

Students will: 

1. Explain the type ofbiome that we are part of 
2. Describe plant ecology 
3. Describe the process of succession 
4. Explain how succession alters a forest composition 
5. Compare and contrast succession 

Student Individual Assignment: 

Modification/Changes: 
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Appendix K - Insect Lesson Plan 

Class: Biology Grade Level (s): 10 Day: .8. 
Subject: Entomology - Insects 
Estimated Time: I - 2 hours 

Method of Instruction: Lecture 
Revision Date: 

Objectives: 

Students will: 

I. Explain the beneficial impact of plants 
2. Describe the difference between r and k strategies of reproduction 
3. List the types of plant communities found throughout Wisconsin 
4. Explain several characteristics of three types ofbiomes 
5. Describe the two types of succession 

Materials/Supplies: 

Overhead Projector 
Overhead of Insects 
Overhead of Grasshopper 

Anticipatory Set: 

Overhead of Beetle 

Motivation: 

----

The overhead is showing an insect. This is a good representative of the Class Insecta. 

What is this insect? What features make it an insect? How many different types of insects can 

you name? Are insects a benefit to humans? Why? Or why not? Can insects be harmful to 

humans? In what ways? Overall, are the insects that we see on a daily basis useful or are they a 

menace? 

Kl 



Main Body: 

CLASS INSECTA 

Close to 1 million 

Entomology 

Occur almost everywhere 

Not invaded the ocean 

Less than a millimeter to about 6 
(six) inches long 

More insects - than birds in US 

DESTRICTIVE 

Damage or kill cultivated plants 
Damage or contaminate stored 
foods 

Attack man or animals 

Bite, sting, vectors 

The Class Insecta, made up of insects, are 
the most numerous, remarkable, and 
diverse of all the groups of arthropods. 

There are more species of insects than all 
the other classes of animals combined. The 
number of insects species named has been 
estimated at close to 1 million - three 
times as many as there are in the rest of the 
animal kingdom, with thousands, perhaps 
millions, of other species yet to be 
discovered and classified. The study of 
insects is called entomology 

They occur almost everywhere, play a 
significant role in the world of nature, and 
affect man directly or indirectly in many 
ways. They also exhibit some unusual 
physiological and structural peculiarities. 

The only habitat they have not invaded to 
any extent is the ocean. Most of them are 
small and some are minute. Insects vary in 
length from less than a millimeter to 
about 6 (six) inches long, but more than 
half of them is less than ¼ inch. 

There may be more kinds of insects living 
on an acre of land than species of birds 
in the entire United States. Their 
numbers may be as high as several million 
per acre. 

From man's point of view the insects are 
extremely important animals, some are 
very destructive, and many are very 
beneficial. Insects may damage or kill 
cultivated plants, they may damage or 
contaminate stored foods and other 
products, and they may attack man or 
animals and bite, sting, or act as vectors 
(carriers) for disease. 
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BENEFITS 

Pollinating activities 

Entomophagy 

HISTORY 
350 million years 
2 million years for humans 

REPRODUCTION 
Enormous reproductive capacity 

Extreme example 

By their pollinating activities they make 
possible the production of many 
agricultural crops, including many orchard 
fruits, nuts, clovers, vegetables, cotton, and 
tobacco. 

1. They provide us with honey, 
beeswax, silk, and other 
products of commercial value 

2. They serve as the primary food 
for birds, fish, and other 
beneficial animal. 

3. They perform valuable services 
as scavengers 

4. They help keep harmful animals 
and plants in check 

5. They have been useful in 
scientific medical research 

6. People in all walks of life look 
them upon as interesting 
animals. 

In some countries the eating of insects is 
considered a delicacy or a mainstay for 
existence. Entomophagy is the eating of 
insects. 

Insects have lived on the earth for about 
350 million years, compared with less than 
2 million years for humans. During this 
time they have evolved in many directions 
to become adapted to life 

Most insects have enormous reproductive 
capacity, and if it were not for the many 
checks on their increase ( enemies, adverse 
environmental conditions, and the like) we 
would soon be overrun by them. 

To cite an extreme example; a pair of 
pomace flies (Drosophila), in which the 
female can lay a hundred eggs, may have 
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Parthenogenetically 

ANATOMY 

Exoskeleton 

Most insects are relatively small 

Less than 6 millimeters 

Only invertebrates with wings 

Structures in addition to paired 

limbs 

Primary internal organs 

Head 
Thorax 
Abdomen 

25 generations a year and could (if there 
were no checks) increase in a year to about 
1041 flies. This number of flies, packed 
thousand to a cubic inch, would form a 
ball 96 million miles in diameter! 

Many insects can reproduce 
parthenogenetically (without a male 
fertilizing the eggs), and the eggs of some 
insects hatch into not just one young but 
into many - over a thousand in the case of 
some of the chalcids (very small wasp) 

Compared with humans, insects are 
peculiarly constructed animals. They 
might be said to be inside out because their 
skeleton is on the outside, or upside down 
because their nerve cord extends along the 
lower side of the body and the heart lies 
above the alimentary canal. 

In an animal whose skeleton is on the 
outside of the body (exoskeleton), the 
mechanics of support and growth are such 
that the animal is limited to a relatively 
small size. Most insects are relatively 
small; probably three-fourths or more are 
less than 6 millimeters in length. Their 
small size enables them to live in places 
that would not be available to larger 
animals. 

Insects are the only invertebrates with 
wings, and these wings have had a 
different evolutionary origin from that of 
the vertebrates. The wings of flying 
vertebrates (birds, bats, and others) are 
modifications of the forelimbs; those of 
insects are structures in addition to the 
paired limbs. 

The primary internal organs of the insect 
are contained within the head, the thorax, 
and the abdomen, with ancillary 
components such as the musculature 
system and trachea extending throughout 
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Primary organs 

Brain and nerve cord 

Psuedo-lungs - trachea 

Heart of the circulatory 
system 

RESPIRATION 

No lungs 

Breath through tiny holes 

CIRCULATORY SYSTEM 

Heart 

Open system 

Hemolymph 

Hemecoel 

Peristaltic 

the body. 

The primary organs are; 
1. The brain and nerve cord of 

the nervous system, which 
extends ventrally from the head 
back to the anus with branches 
to all other parts of the body 

2. The psuedo-lungs and trachea 
of the respiratory system, 
which run laterally from the 
spiracles located on most 
segments of the thorax and 
abdomen into every part of the 
body 

3. The heart of the circulatory 
system, which runs along the 
dorsal side from the apex of the 
abdomen into the head; and the 
organs of the digestive system, 
which extend from the head to 
the anus. 

They have no lungs, but breath through a 
number of tiny holes in their body wall -
all behind the head - and the air entering 
these holes is distributed over the body and 
directly to the tissues through a multitude 
of tiny branching tubes. 

The circulatory systems of vertebrates are 
closed, that is there are vessels that carry 
the blood to and from the tissues. In 
insects the circulatory system is open. 
The hemolymph (blood of arthropods) 
flows unrestricted through the body cavity 
(the hemecoel). The only blood vessel in 
the insect is a tube running dorsally from 
the head to the posterior segments of the 
abdomen. 

The heart pulses in a peristaltic 
(rhythmic) manner pushing the blood 
toward the head or neck where it enters the 
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Blood 

Yellow or greenish 

Predominant function 

SENSES 

Mechanical 

Tactile hairs 

Campaniform sensilla 

Chordotonal sensilla 

Chemical senses 

Taste organs 

body cavity and is forced back to the 
posterior of the abdomen. Unlike 
vertebrates, where the tissues have the 
blood carried into them via capillaries, the 
insect's tissues are bathed in the blood. 
The heart and blood are unimportant in the 
transport of oxygen to the tissues. 

The blood of the insect functions the same 
as the vertebrate, although it is rarely red, 
usually yellow or greenish. The ratios of 
these functions are not the same, however. 
Its predominant function is the 
transportation of food, waste and 
hormones, and secondarily provides 
oxygen and carbon dioxide exchanges for 
remote body parts not directly served by 
the trachea. 

Insects smell with their antennae; some 
taste with their feet; and some hear with 
special organs in their abdomen, front legs, 
or antennae. 

There are three principal mechanical sense 
organs; tactile hairs, campaniform 
sensilla and chordotonal sensilla. 
Perhaps most of the spines and hairs of the 
insect are provided with sensory cells. 
These give the insect a sense of touch by 
hair movement. The campaniform 
sensilla are dome-like structures containing 
a sensory cell, which gives the insect a 
sense of pressure and cuticle flexation. 
The chordotonal sensilla are constructed 
of elastic bands stretching from one body 
wall to another, providing a sense of body 
kenetics. In the second antenna! segment 
is the Johnston's organ, similar to the 
chordotonal sensilla, providing antenna! 
position sense. 

The chemical senses are taste and smell, 
and like in mammals, the taste is a touching 
sense and the smell is a distance sense. 
The taste organs are primarily in the 
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VISION 

Simple 

Smell organs 

Compound 

Rhabdom 

Ommatidia 

Ocelli 

mouth, but may (like some Hymenoptera) 
be in the antenna or (like some 
Lepidoptera) in the tarsi. The smell 
organs are primarily on the antenna, but 
may be in other locations. Insect chemical 
senses are extraordinarily keen, for 
instance, the male Luna moth may detect 
female pheromones up to 10 miles. 

Insects have two types of eyes, simple 
( ocelli) and compound. Ocelli are 
present in many larvae, nymphs and adults 
(although not all). Most adults possess 
compound eyes (again, not all). 

Each compound eye is composed of a 
number of units ( ommatidia) ranging from 
a few ( as in some Collembola) too many 
thousands (as in the Odanata). The unit is 
a flat-planed, hexogonal (usually) facet of 
cuticular material secreted by two 
epidermal cells lying atop a crystalline 
cone composed of four cells. 

The sensory part extends from the apex of 
the cone to the basement membrane, 
consisting of a bundle of cells. These cells 
form a rod called a rhabdom (this structure 
is where the stimuli is picked up) and are 
composed of a varying number of sets. A 
similarity to day and night vision in 
mammals exists in insects. 

There are ommatidia (visual section of a 
compound eye), which are short and 
develop its own image, collecting 
(probably) into a mosaic. There are also 
ommatidia, which are elongated and are 
grouped around one rhabdom. 

The former are more prevalent in the 
diurnal insects and the latter in the 
nocturnal insects. Both may be present in 
the same eye. The ocelli are simpler, with 
each consisting of a facet and an 
underlying layer or retina. It used to be 
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Simple light sensors 

Perceive a full image 

Sensitive to motion 

HEARING 
Tactile hairs 

Tympanums 

DIGESTIVE SYSTEM 

Foregut 

thought that the ocelli were simple light 
sensors, but recent experiments show that 
they can (but not necessarily) perceive a 
full image. 

Indeed, the best example of this ( although 
not insect) is in the jumping spiders, where 
the two front ocelli are quite large and the 
spider is very capable of discerning targets 
of different shapes and even distances. 

Insects probably do not get as much detail 
as vertebrates, but are very sensitive to 
motion. Also, they see a greater range of 
light than the vertebrates, falling short of 
the red ranges, but extending further into 
the ultra-violet. 

Insects hear by delicate tactile hairs or 
tympanums (ear drums). Most insects 
have the hairs over the entire body while 
some ( such as mosquitoes), have them 
focused on the antenna. 

Tympanums are present in some 
Lepidoptera and Orthoptera. Moths may 
have them on the dorsal surface of the 
metathorax. Short-homed grasshoppers 
have them on the first abdominal segment. 
Long-homed grasshoppers and crickets 
have them (when present) are on the 
proximal end of the anterior tibia. Mantids 
are unique in that some males ( only those 
that have well-developed flight) may have 
ONE tympanum located centro-dorsally on 
the mesothorax. 

As with most animals, digestion starts at 
the mouth, an opening at the anterior-most 
part of the body. The structure of the 
mouth is widely varied in the insect Orders, 
and is of great importance in taxonomic 
determination. This leads into the 
alimentary canal, a tube extending from the 
mouth to the anus. It is divided into three 
regions; the foregut (stomodaeum), the 
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Midgut 
Hindgut 

METAMORPHOSIS 

Start with egg - end with adult 

Hemimetabolous 

Holometabolous 

Simple/Incomplete 
metamorphosis 

3 stages 

Have no pupa 

Wings develop outside 

body 

Young - miniature adults 

Complete metamorphosis 
4 stage life cycle 
Have a pupa 
Wings develop inside their 
bodies 

midgut (mesenteron) and hindgut 
(proctodaeum). 

The most dramatic way of dividing up the 
insect world is separate them into those that 
have an incomplete metamorphosis (i.e. 
Hemimetabolous insects) and those that 
have a complete metamorphosis (i.e. 
Holometabolous insects). 

The important thing here is the degree 
of metamorphosis the insect undergoes in 
its journey from an egg to an adult. All 
insect life cycles start with an egg, and 
end with an adult insect, it is only the 
path between these two points that makes 
the difference. The question that 
distinguishes the two different paths is 
really; is there a pupa? or is their not? 

Hemimetabolous = Egg » Nymph » 
Adult (3 stages) 

Holometabolous = Egg » Larva » Pupa >► 
Adult ( 4 stages) 

Insects with an incomplete 
metamorphosis (i.e. the 3 stages or 
Hemimetabolous ones) have no pupa and 
their wings, in those insects that have 
wings, develop on the outside of their 
body. What hatches out of the egg looks, 
in most cases, like a wingless miniature 
version of the adult insect. Some good 
common examples are Cockroaches, 
Grasshoppers, Crickets, Stick Insects and 
True Bugs (Shield bugs, Squash bugs, 
Stink bugs etc.) 

Insects with a complete metamorphosis 
and a 4-stage life cycle (i.e. the 
Holometabolous ones) do have a pupa and 
their wings develop inside their bodies 
and are therefore not seen at all until the 
adult insect emerges. The young of 
holometabolous insects, properly called 

K9 



Young - larva 

DEFENSE 

Play dead 

Camouflage 

Chemical warfare 

Other defenses 

'larva' seldom look anything like the adult 
forms of the insect at all. Some well 
known examples are: 

1. True Flies (Diptera) and their 
maggots 

2. Butterflies (Lepidoptera) and 
their caterpillars 

3. Dobsonflies (Neuroptera) and 
their hellgrammites 

4. Beetles (Coleoptera) and their 
grubs. 

You may have noticed that I have used a 
different name to describe the larva of each 
type of insects, these names are common 
names and are not used as strictly as the 
more general 'larva' but they often convey 
useful information so it is fun to know 
them. 

Insects often have interesting and effective 
means of defense against intruders and 
enemies. Many "play dead", either by 
dropping to the ground and remaining 
motionless or by "freezing in a 
characteristic position. Others are masters 
at the art of camouflage; blending in with 
their environment or by closely resembling 
other insects. 

Many insects utilize a "chemical warfare" 
type of defense. Some secrete foul
smelling substances when disturbed; stink 
bugs, broad-headed bugs, lacewings, and 
some beetles might be called the skunks of 
the insect world because they have very 
unpleasant odor. 

Some insects: 
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1. Inflict painful bites when 
handled. 



Order Lepidoptera 

Closure: 

2. Severe pinches 

3. Bite 

4. Sting 

5. Use chemical acids 

We are going to move onto the Order 
Lepodoptera: grasshoppers, crickets, and 
katydids. 

The Class Insecta, made up of insects, are the most numerous, remarkable, and diverse of 

all the groups of arthropods. There are more species of insects than all the other classes of 

animals combined. There may be more kinds of insects living on an acre of land than species of 

birds in the entire United States. The number of insects species named has been estimated at 

close to 1 million - three times as many as there are in the rest of the animal kingdom, with 

thousands, perhaps millions, of other species yet to be discovered and classified. The study of 

insects is called entomology. They occur almost everywhere, play a significant role in the world 

of nature, and affect man directly or indirectly in many ways. 

Assessment/Evaluation: 

Oral Assessment: 

Students will: 

1. Explain the beneficial impact insects have on plants 
2. Describe the inter-relationship of insects and the environment 
3. Describe the anatomy of insects 
4. Explain the respiratory system of insects 
5. Describe the circulatory system of insects 

Student Individual Assignment: 

Modification/Changes: 
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Appendix L - Insect and Plant Interdisciplinary Lesson Plan 

Class: Biology Grade Level (s): 
Subject: Insect and Plant Interdependence 
Estimated Time: 1 - 2 hours 

Objectives: 

Students will: 

10 Day:~ 
Method of Instruction: Lecture 

Revision Date: ----

1. Define the interdependence that exists between plants and insects 
2. Identify two insects and plants that maintain an interdependence 
3. Identify six parts of a flower 
4. Define the term pollination 
5. Describe two ways pollination occurs in flowering plants 

Materials/Supplies: 

Overhead Projector 
Overhead of the World Biomes 
PowerPoint of Plant Ecology 
Student handout of Power Point for note talcing 
flower (example: tiger lily) 
tray 
dissecting knives 
magnifying glasses 
digital camera 
notebook (journal) 
pencil 
thread 
tape 
scissors 
index cards 

Anticipatory Set: 

Overhead image of an insect eating on a plant leaf 

Motivation: 

Show image of a flower covered meadow and read the following introduction. 
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Imagine yourself in the middle of a meadow in the springtime. Everywhere you look 

there are an almost unlimited array of colors and smells from hundreds of thousands of fragrant 

flowers. Insects like bees, butterflies, and dragonflies are hovering over the flowers; darting 

from plant to plant. Upon closer examination you notice smaller insects moving all over the 

plants, beetles, grasshoppers, ants, etc. 

All of the flowering plants in the world make up more than half of the population of 

plants living today. These flowering plants include a variety of garden plants, wild flowers, 

fruits, grains, herbs, shrubs, trees, vines, vegetables and floating plants. Flowering plants 

provide nectar for insects and birds, and food for various types of living things. 

Main Body: 

Symbiosis 

Mutualism 

mutualisms are facultative 

obligate interdependence 

angiosperm 

In nature species need one another in order to 
survive. When this occurs, it is called 
Symbiosis. Symbiosis is defined as a close, 
prolonged association between two or more 
different organisms of different species that 
may, but does not necessarily, benefit each 
member. 

In other instances, a relationship between 
organisms occurs that is called Mutualism. 
The defination of mutulism is a biological 
interaction that is beneficial to both parties. 

Most mutualisms are facultative, meaning 
the partners can successfully live apart. Over 
time however, some mutualisms are so 
dependent upon one another that they can no 
longer survive without each other; they have a 
mutually obligate interdependence. 

Many species of angiosperm (flowering) 
plants require the services of a vector to 
achieve pollination. 
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Pollination 

anther 

stigma 

Activity 1 

Pollination is the transfer of pollen from the 
anther (male component of a flower) to the 
surface of the stigma (female component of a 
flower). When pollination occurs, both the 
vector and the plant benefits. The animal 
recieves nectar, a food source, and the plant 
has its gamates fertilized. 

We are identifying insect pollinators and hope 
to evaluate the effects of several factors that 
influence pollinator visitation rates. 

Knowledge of insect pollinators and of the 
interdependence of insects and plants is 
essential for developing an understanding of 
the interdependence that exists between them. 

Activity 1 - Labeling a plant 

Before beginning this unit, have your students 
draw and label a plant ( any plant they choose is 
fine) and write what they think plants need in 
order to live and grow. 

Provide students with a sheet of paper and 
instruct them to fold it in half. On the left side 
of the folded paper, have students write their 
names and be sure to have them write the date. 

After students draw and label a plant and write 
what they think plants need in order to live and 
grow, collect the papers. At the end of this 
unit, hand the papers back to the students, have 
them draw and label a plant on the right side of 
the folded paper, and write what they now 
think plants need in order to live and grow. 

Make sure they include the date. Comparing 
the before-and-after work will serve as a 
graphic example of what students have learned. 
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Activity 2 

biology .clc. uc.ed u/ .. ./plan t%20fa m ilies.htm 

Dissecting A Fruit 

Design A Flower 

Bees 
4,000 species of native bees 

Dissect A Fruit 

After studying a number of different flowers, 
have students study fruits. What part of the 
fruit was the ovary? What part of the fruit were 
the ovules? Compare the fruit structure of 
apples, berries, and olives ( or other one-seeded 
fruits) . 

Design A Flower 

Have students work in groups to design models 
of flowers that are pollinated various ways. 
One flower could mimic an insect to attract 
other insects for pollination. Another flower 
could rely on humans for pollination. Still 
another flower could be pollinated by the wind. 
Display the designs in the classroom with 
small captions describing the flower's unique 
characteristics. 

In the United States there are about 4,000 
species of native bees. These bees vary from 
1 /8 of an inch to over one inch. Most of these 
bees are "solitary" nesting and, having no hive 
to defend (as do nonnative honeybees), they 
are unlikely to sting. 
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Yell ow, blue, purple flowers. 

Butterflies 
red, orange, yellow, pink, and blue 

Moths 
light-colored flowers 

Pollinating Beetles 
wide-open flowers 

Flies 
green, white, or cream flowers 

Hummingbirds 
red, orange, purple/red tubular flowers 
with lots of nectar 

Harmful insects 

Integrated Pest Management (1PM) 

U.S. Environmental Protection Agency 

Bees are attracted to yellow, blue, purple 
flowers. 

Butterflies are attracted to red, orange, 
yellow, pink, and blue flowers. 

Light-colored flowers that open at dusk 
such as evening primrose attract moths. 

Pollinating beetles prefer wide-open flowers, 
such as aster, sunflower, rose, and butterfly 
weed. 

Flies prefer green, white, or cream flowers. 
They have short tongues, so prefer simple
bowl shapes. 

Hummingbirds are attracted to red, orange, 
purple/red tubular flowers with lots of 
nectar ( e.g., honeysuckle, sage, fuchsia, 
jewelweed, fireweed, cardinal flower, bee 
balm, nasturtium, century plant). No landing 
areas are needed since they hover while 
feeding. 

Insects can be beneficial, such as pollinators, 
but they can also be harmful and destructive to 
plants. 

Harmful insects need to be controlled to 
prevent destruction to the plant. One method 
of insect control is with spraying pesticides. 
This is not the preferred technique, but some 
people still use this method. 

A pest management technique being employed 
is called integrated pest management (1PM). 
IPM isn't new or a single strategy, 1PM a 
combination of pest-control strategies to 
monitor and control the amount of damage 
pests do to crops 

The U.S. Environmental Protection Agency 
defines Integrated Pest Management (1PM) as 
an effective and environmentally sensitive 
approach to pest management that relies on a 

L5 



1PM programs use current, comprehensive 
information on the life cycles of pests and 
their interaction with the environment. 

manage pest damage 

1PM does not completely eliminate all pests 

EPA recommends 

Changing crop production methods 

Using crop scouts 

Carefully choosing pesticides 

Use of physical control methods 

Using techniques that minimize chemical 
applications 

combination of common-sense practices. 

1PM programs use current, comprehensive 
information on the life cycles of pests and 
their interaction with the environment. This 
information, in combination with available pest 
control methods, is used to manage pest 
damage by the most economical means, and 
with the least possible hazard to people, 
property, and the environment. 

The use of 1PM does not completely 
eliminate all pests because it would not be 
good for the plant or the environment. Instead 
of killing off all the pests, 1PM uses a method 
that controls the numbers of pests on plants to 
a manageable threshold level and the 
environment is as minimally affected as 
possible. 

The EPA recommends the following methods 
that could be integrated in an 1PM program: 

• Changing crop production methods 
to prevent pests, such as the use of 
fallow periods to reduce populations of 
certain key pests. 
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• Using crop scouts to identify if and 
when pests and diseases are actually 
present in the field, rather than spraying 
chemicals frequently just in case. 

• Carefully choosing pesticides that 
manage an insect pest while not killing 
the beneficial organisms that are doing 
a good job of controlling another pest. 

• The use of physical control methods 
when economically feasible, such as 
cultivation of weeds or tillage to bury 
pathogens. 

• Using techniques that minimize 
chemical applications, such as 
"wiping" technology for applying 



herbicides directly to weed surfaces. 

Assessment/Evaluation: 

Oral Assessment: 

Students will: 

1. Explain the beneficial impact insects have on plants 
2. Describe the inter-relationship of insects and the environment 
3. Describe a symbiotic relationship 
4. Describe mutualism 
5. Explain Integrated Pest Management (1PM) 
6. Compare and contrast 1PM management practices 

Student Individual Assignment: 

Modification/Changes: 
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Appendix M - Butterfly and Moth Garden Plants. 

This table is based on a listing of plants rated excellent by Carrol L. Henderson in Landscaping 
for Wildlife, available through Minnesota' s Bookstore at the Minnesota Department of Natural 
Resources (612-297-3000 or 1-800-652-9747; ask for Minnesota' s Bookstore). 

Key: Sun: F=fu.11, FP=full to partial, PS=partial to shade, A=all light conditions; Comments: 
Hardy in MN zones 3-4, except where noted; Cat=caterpillars; AB=adult butterflies; AM=adult 
moths. 

Scientific name Common name Height Sun Comments Cat AB AM 

Annuals 

Anethum graveolens dill 3' F X 

Calendula officinalis calendula, pot marigold 1' FP X 

Heliotropium arborescens heliotrope 1- 2' FP X X 

Mirabilis jalapa four o ' clock 1.5- 2' FP X 

Nicotiana alata flowering tobacco 1.5-3' FP X 

Petroselinum crispum parsley 1' FP X 

Petunia x hybrida petunia 1' FP X X 

Pimpinella anisum anise 1.5' F X 

Rosemarinus officinalis rosemary 2- 3' F X 

Tagetes erecta American or 1.5- 3' F X X 
African marigold 

Tagetes patula French marigold 1' F X X 

Tithonia rotundifolia Mexican sunflower 2.5' F X 

Scientific name Common name Height Sun Comments Cat AB AM 

Annuals 

Tropaeolum majus nasturtium 1' FP X 

Verbena spp. verbena 8- 14" F X 
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Zinnis elegans zinnia 1- 3' FP X 

Biennials/perennials 

Achillea millefolium yarrow 2' F X 

Alcea rosea hollyhock 6' F X X 

Amorpha canescens leadplant 2' F X 

Anaphalis margaritacea pearly everlasting 2' F X 

Arabis spp. rock cress .5- 1' FP X 

Asclepias incarnata swamp milkweed 4' FP X X 

Asclepias speciosa showy milkweed 3' FP X X 

Asclepias syriaca common milkweed 3' FP X X 

Asclepias tuberosa butterfl yweed 3' FP X 

Scientific name Common name Height Sun Comments Cat AB AM 

Biennials/perennials 

Aster ericoides heath heather 3' F X X 

Aster spp. aster 3- 5' FP X X 

Bidens aristosa tickseed sunflower 3-4' F X 

Carex spp. sedge 1' F X 

Centaurea dealbata Persian centaurea 2' FP X 

Centaurea macrocephala globe centaurea 3' F zones 4-5 X 

Centaurea montana mountain bluet 2' F zone4 X 

Chef one glabra turtlehead 2' F zone4 X 

Cirsium flodmanii prairie thistle 1-2' F X 

Daucus carota Queen Anne's Lace 2' FP X X 

Dianthus barbatus sweet William 1.5' FP X 
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Echinacea purpurea purple coneflower 4' FP X 

Scientific name Common name Height Sun Comments Cat AB AM 

Biennials/perennials 

Echinops spp. globe thistle 4' FP X 

Epilobium angustifolium fireweed 4' FP X 

Erigeron spp. fleabane 2' F X 

Eupatorium maculatum Joe-Pye weed 5' FP X 

Eupatorium perfoliatum boneset 3' FP X 

Euthamia graminifolia lance leaved goldenrod 2' F X 

Gaillardia x grandiflora blanketflower 2-3' F X 

Gentiana septemfida var. dwarf blue gentian l' A zones 4-5 X 
lagondechiana 

Helianthus laetiflorus showy sunflower 2-4' F X 

Helianthus maximiliani narrow leaved 3-5' F X 
sunflower 

Helianthus occidentalis western sunflower 3' F X 

Heliopsis helianthoides oxeye daisy 3' F X 

Scientific name Common name Height Sun Comments Cat AB AM 

Biennials/perennials 

Hemerocallis spp. day lily 3--6' F X 

Hesperis matronalis dame's rocket 3' PS X 

Houstonia spp. houstonia 8" F X 

Hyssopus officinalis hyssop 2' F X 

Liatris aspera rough blazing star 2-3' FP X 

Liatris cylindracea dwarf blazing star 2' FP X 
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Liatris ligulistylus meadow blazing star 1-1.5' FP X 

Liatris punctata dotted gayfeather 1' FP X 

Liatris pycnostachya prairie blazing star 5' FP X 

Liatris spicata gayfeather, blazing star 3' F X 

Lilium candidum Madonna lily 6' FP X 

Lupinus perennis lupine 2' A X X 

Lupinus 'Russell Hybrids' Russell lupine 5' A X X 

Scientific name Common name Height Sun Comments Cat AB AM 

Biennials/perennials 

Mentha piperita peppermint 2' FP X 

Mentha spicata spearmint 2' PS zones 4-5 X 

Monarda didyma scarlet bergamot 3' A X X 

Monarda fistulosa wild bergamot 2' F X X 

Oenothera biennis common 3-4' F X 
evening primose 

Paeonia spp. peony 3' FP X 

Prune/la vulgaris selfheal l' FP zones 4-5 X 

Rudbeckia fulgida Goldsturm black- 2' FP X X 
'Goldsturm' eyed Susan 

Rudbeckia hirta 'Gloriosa' gloriosa daisy 3' FP X X 

Rumex spp. docks 2' FP X 

Sedum albo-roseum pink live forever 2' A X X 

Sedum spectabile sedum 2' A X X 

Scientific name Common name Height Sun Comments Cat AB AM 

Biennials/perennials 
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Solidago nemoralis gray goldenrod 2' F X 

Solidago rigida stiff goldenrod 4' F X 

Solidago rugosa rough stemmed 1-7' F X 
goldenrod 

Solidago speciosa showy goldenrod 3' F X 

Thymus vulgaris thyme 1' F zone 5 X 

Trifolium pratense red clover 1.5' F X 

Vicia spp. vetch 3' F X 

Viola spp. violets 1' A X 

Trees, shrubs, vines 

Acer negundo boxelder 75' FP X 

Aristolochia durior Dutchman's pipe 30' FP zones 4-5 X 

Betula spp. birch FP X 

Ceanothus americanus New Jersey tea 3' FP X 

Scientific name Common name Height Sun Comments Cat AB AM 

Trees, shrubs, vines 

Cephalanthus occidentalis button bush 12' FP zones 4-5 X 

Clethra alnifolia sweet pepperbush 6' FP zones 4-5 X 

Ledum groenlandicum Labrador tea 3' FP X 

Lindera benzoin spicebush 15' A zones 4-5 X 

Philadelphus coronarius sweet mockorange 9' FP X 

Populus spp. poplar A X 

Prunus spp. stone fruits ( e.g., plum, F X 
cherry) 

Quercus spp. oak F X 
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Rubus allegheniensis wild blackberry 6' FP X 

Salix discolor pussy willow 10-20' F X 

Salix humilis var. prairie willow 4' F X 
microphylla 

Salix nigra black willow 50' FP zones 4-5 X X 

Scientific name Common name Height Sun Comments Cat AB AM 

Trees, shrubs, vines 

Salix pentandra laurel willow 36' FP X X 

Spirea alba narrowleaf 4' F X 
meadowsweet 

Spirea latifolia broadleaf meadowsweet 6' A X 

Spirea tomentosa hard hack 4' A X 

Symphoricarpos occidentalis wolfberry 6' A X 

Symphoricarpos orbiculatus coral berry 3' A X 

Syringa x hyacinthiflora Canadian lilac 16' FP zones 4-5 X 

Syringa josiflexa Chinese/Hungarian lilac 15' FP zones 4-5 X 

Syringa meyeri dwarf Korean lilac 5' FP zones 4-5 X 

Syringa patula 'Miss Kim' Miss Kim Korean lilac 4' FP zones 4-5 X 

Syringa x prestoniae Preston lilac 10' FP X 

Weigelia jlorida weigelia 9' F zones 4-5 X 

http://www.extension.umn.edu/distribution/horticulture/components/6711 t04.html 
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