[image: image1.png]



 [image: image4.png]BIODIVERSITY PROTOCOL




     [image: image2.png]Bioenergy
ustainability
12 Project

G



   [image: image3.png]pEs ioenergy

BeSt ustainability

schoolyard Experiment




Biodiversity: It’s all connected!

Exploring biodiversity and organisms’ interactions with their environments
Overview

Biodiversity is the impressive variety of life on Earth and essential interdependence among all living things.  In the course of these lessons, students will be given the opportunity to develop an understanding of the term and why it is important.  Students will observe how plant biodiversity impacts insect biodiversity and how plant biodiversity can impact how much plants grow.  By the end of this lesson, students will have practiced observing, collecting, and organizing data, and they will have had opportunities to do firsthand work in the BioEnergy SusTainability (BEST) plots.  These experiences will help each student develop a more sophisticated definition of biodiversity, obtain important scientific skills and develop a sense of how organisms interact with their environment.

Objectives

At the conclusion of the lesson, students will be able to:
· Define biodiversity

· Discuss facts and issues related to biodiversity, especially in Michigan

· Recognize that plant and insect diversity exists

· List reasons why biodiversity is important

· Practice different ways that scientists collect data

· Name plant and insect species found in the BEST plots (and likely in your school yards)

· Classify insects to the level of order based on morphology with the use of a picture and description guide

· Classify plants to the level of species based on morphology with the use of a picture and description guide
· Observe characteristics of different plants and insects

· Collect biomass and biodiversity data

· Organize data in tables and graphs
Length of Lesson

Two to three 45-minute class periods. Break points are suggested in the lesson.
Grade Levels

K-12, modifications discussed throughout lesson

Standards covered

Kindergarten through 4th Grade
INQUIRY

K-7 Standard S.IP: Develop an understanding that scientific inquiry and reasoning involves observing, questioning, investigating, recording, and developing solutions to problems

S.IP.E.1 Inquiry involves generating questions, conducting investigations, and developing solutions to problems through reasoning and observation.

S.IP.00.11 Make purposeful observation of the natural world using the appropriate senses.

S.IP.00.12 Generate questions based on observations.

S.IP.00.13 Plan and conduct simple investigations.

S.IP.00.14 Manipulate simple tools (for example: hand lens, pencils, balances, non-standard objects for measurement) that aid observation and data collection.

S.IP.00.15 Make accurate measurements with appropriate (non-standard) units for the measurement tool.

S.IP.00.16 Construct simple charts from data and observations.

S.IA.E.1 Inquiry includes an analysis and presentation of findings that lead to future questions, research, and investigations.

S.IA.00.12 Share ideas about science through purposeful conversation.

S.IA.00.13 Communicate and present findings of observations.

S.IA.00.14 Develop strategies for information gathering (ask an expert, use a book, make observations, conduct simple investigations, and watch a video).

CONTENT
L.OL.E.1 Life Requirements- Organisms have basic needs. Animals and plants need air, water, and food. Plants also require light. Plants and animals use food as a source of energy and as a source of building material for growth and repair.

L.OL.00.11 Identify that living things have basic needs.

L.OL.00.12 Identify and compare living and nonliving things.

L.OL.01.13 Identify the needs of animals.

L.OL.02.14 Identify the needs of plants.

L.OL.E.4 Classification- Organisms can be classified on the basis of observable characteristics.

L.OL.03.41 Classify plants on the basis of observable physical characteristics (roots, leaves, stems, and flowers).

5th Grade through 8th grade
INQUIRY
S.IP.M.1 Inquiry involves generating questions, conducting investigations, and developing solutions to problems through reasoning and observation.

S.IP.05.11 Generate scientific questions based on observations, investigations, and research.

S.IP.05.12 Design and conduct scientific investigations.

S.IP.05.13 Use tools and equipment (spring scales, stop watches, meter sticks and tapes, models, hand lens) appropriate to scientific investigations.

S.IP.05.14 Use metric measurement devices in an investigation.

S.IP.05.15 Construct charts and graphs from data and observations.

S.IP.05.16 Identify patterns in data.

S.IA.M.1 Inquiry includes an analysis and presentation of findings that lead to future questions, research, and investigations.

S.IA.05.11 Analyze information from data tables and graphs to answer scientific questions.

S.IA.05.12 Evaluate data, claims, and personal knowledge through collaborative science discourse.

S.IA.05.13 Communicate and defend findings of observations and investigations using evidence.

S.IA.05.14 Draw conclusions from sets of data from multiple trials of a scientific investigation.

S.IA.05.15 Use multiple sources of information to evaluate strengths and weaknesses of claims, arguments, or data.

5th Grade through 8th grade (continued)
CONTENT
L.EV.05.11 Explain how behavioral characteristics (adaptation, instinct, learning, habit) of animals help 

them to survive in their environment. 

L.EV.05.12 Describe the physical characteristics (traits) of organisms that help them survive in their environment.
L.EC.M.3 Biotic and Abiotic Factors- The number of organisms and populations an ecosystem can support depends on the biotic (living) resources available and abiotic (nonliving) factors, such as quality of light and water, range of temperatures, and soil composition.

L.EC.06.31 Identify the living (biotic) and nonliving (abiotic) components of an ecosystem.

8th Grade
INQUIRY
E1.1A Generate new questions that can be investigated in the laboratory or field.

E1.1C Conduct scientific investigations using appropriate tools and techniques (e.g., selecting an instrument that measures the desired quantity—length, volume, weight, time interval, temperature—with the appropriate level of precision).

9th Grade through 12th Grade
INQUIRY
B1.1C Conduct scientific investigations using appropriate tools and techniques (e.g., selecting an instrument that measures the desired quantity—length, volume, weight, time interval, temperature—with the appropriate level of precision). 
CONTENT
L3.p2B Describe common ecological relationships between and among species and their environments (competition, territory, carrying capacity, natural balance, population, dependence, survival, and other biotic and abiotic factors). (prerequisite)

L3.p3B Distinguish between the living (biotic) and nonliving (abiotic) components of an ecosystem. (prerequisite)
L5.p1A Define a species and give examples. (prerequisite) 
L5.p1B Define a population and identify local populations. (prerequisite)

Materials 

· Biodiversity PowerPoint 

· contains biodiversity gee-whiz quiz and some background information
· available at: http://kbsgk12project.kbs.msu.edu/lessons

· BEST plot plant guide

· http://kbsgk12project.kbs.msu.edu/best-research-network/plants/
· Invertebrate (includes Insects) guide

· will be available at: http://kbsgk12project.kbs.msu.edu/best-research-network/
· BEST plots Biodiversity Protocol: Plant Biodiversity

· BEST plots Biodiversity Protocol: Insect Biodiversity

· BEST plots Protocol: Randomization Procedure

· (Optional) Aerial photo of BEST plot 

· http://kbsgk12project.kbs.msu.edu/best-research-network/allblockmaps_021811/
· (Optional) Early spring weed guide

· http://weeds.cropsci.illinois.edu/extension/Other/NCR614.pdf
· (Optional) Common weed seedling guide

· http://fieldcrop.msu.edu/sites/fieldcrop/files/Ncr607.pdf
· (Optional) Dos and Don’ts of Field Work 

· At end of lesson in “Additional Materials” section
Before this lesson
Your students likely need practice identifying plants and insects they may find in the plots.

1) Practice identifying plants:


- Make copies of the pictures of switchgrass and prairie plants provided in your BEST plots binder


but cover up the name of the plant in the picture.


- Give each student a picture and have them find other students with the same picture.


- Challenge students to make up a common name and scientific name for their plant. There are


no wrong answers! Students should be prepared to explain why they decided on their


names. Also, have your students name 2-3 things about their plant that might make it


easier to identify it (e.g., it has a long, thin stalk with a feathery tip, or it has a dark green


stem and an orange-yellow flower.)


- Groups report out the names they gave their plants and why they chose those names. Also,


have your students name 2-3 things about their plant that might make it easier to identify


it (e.g., it has a long, thin stalk with a feathery tip, or it has a dark green stem and an


orange-yellow flower.)


- Optional: Have groups that have similar plants (i.e., the grasses; small, bunched flowers; big


single flowers) get together and decide what makes the plants within their group



distinguishable. Have groups report out.


- Optional: Instead of photos of plants, collect individual plants from an auxiliary plot. Avoid pulling


plants off of plots used to collect core data.

2) Practice identifying insects (and other invertebrates).


- Follow the steps above but use the Invertebrate Guide provided in your binder for the pictures of


insects and other invertebrates.

3) Practice using a dichotomous key.


- See GK-12 Lesson Plan by Liz Schultheis posted here: 






http://kbsgk12project.kbs.msu.edu/lessons

Background
Researchers exploring biodiversity want to understand the variety of life. This includes the kinds and numbers of organisms on Earth, their genetic relationships, and their ecological roles (sometimes set apart as species diversity, genetic diversity, and ecological diversity). The first step in understanding biodiversity is to find out what organisms exist.
You don’t have to travel to the rain forests of the Amazon or the coral reefs of Australia to discover biodiversity. Just walk out the door, and you’ll find an amazing diversity of life in backyards, vacant lots, streams and ponds, fields, gardens, roadsides and other natural and developed areas (e.g., our BEST Plots!).  In this activity, students will have a chance to explore the diversity of life in their school’s BEST Plots. They’ll also get an introduction to how scientists size up the biodiversity of an area—and why it’s so hard to count the species that live there.

The opposite of biodiversity is referred to as monoculture, or the growing of one species of organism, such as a lawn, a wheat field, or cornfield. Because all of the species are identical, there are few complex food webs and disease can spread quickly. Monoculture is like a banquet table for disease organisms. Monoculture often requires extensive use of pesticides and herbicides (to fight nature's tendency to diversify communities) and is very labor and energy intensive (fighting nature is tough). Humans often try to reduce diversity because it is easier to harvest a crop (whether it is wheat, corn, a lawn or a secondary forest) if it all contains the same species, but this obviously creates serious problems.
Activities of the session

1. Introduction (10-15 minutes)
a. Take a “gee-whiz quiz” to find out how much students know about biodiversity, especially in Michigan. You may pick and choose questions from the Biodiversity PowerPoint depending on your class and grade level. 

b. While taking the biodiversity quiz students will learn about some of the tantalizing stranger-than-fiction tidbits that biodiversity has to offer. In the process, they’ll become familiar with some important biodiversity basics.  Students may take the quiz in groups or individually.  Give time for students to complete the quiz and tell them that their answers won’t be graded and that it’s okay if many of their answers are wild guesses.  This is just a fun introduction to biodiversity.  Distribute the answers, have them score their quizzes and afterward, discuss each of the questions and answers.  How did they do?  Were they surprised by any of the answers?  Which ones?
2. Develop a class definition of biodiversity and a list of reasons why it’s important (5-10 minutes)
a. Explain to the students that the quiz was designed to point out some interesting facts about the natural world, as well as to introduce the concept of biodiversity. Ask the students what they think biodiversity means, and have them write their ideas on the board. 

b. Next, have the students use the information on the board and in the quiz to list reasons biodiversity is important. Afterward, combine their group lists to form a single class list. Your class list might include food, clothing, housing, ecosystem services, natural beauty, camping and hiking.

3. A Look at Biodiversity

a. In this part of the activity, your students will have a chance to go outside and take a firsthand look at biodiversity in their own local environment. Observation is very important in science. This activity is a great opportunity for students to develop their observation skills. Be sure that they use objective observations: facts only; no personal feelings; no value judgments; no assumptions; no bias; measure instead of guessing.
4. Set the Stage (5 minutes)
a. Today we'll practice being scientists by measuring biodiversity. 

b. Motivations

i. Students are collecting the same data in the same way at 22 schools in south-western Michigan. 

ii. Perhaps your class has been hired by the Nature Conservancy to determine if there are any plant or insect species near your school that should be considered endangered or invasive.

c. What kinds of things would your students need to consider as they inventory the biodiversity of this area? List their ideas on the board or overhead. If the students don’t suggest anything along these lines, ask them if there might be differences depending on the time of year.  Would they expect to find the same species in areas covered by grass as in areas where trees grow? Do they think the relative numbers of individuals, or the population sizes, of each species might be important?  Save these questions for the wrap-up.
If needed, steps 5 & 6 could be done in a separate class period.

5. Explain the task (5-10 minutes)

a. Explain to the students where their study site is located and consider sharing a map of the location. Aerial photographs of your BEST plots can be found at http://kbsgk12project.kbs.msu.edu/best-research-network/allblockmaps_021811/  
b. Divide the group into teams of four or five students and explain that the team members must work together to design a way to fill out their sheets as completely as possible in a relatively short time. Tell them they will have only 30 minutes to work at the site. 

c. The following can be more or less directed depending on grade level and your specific class.

i. Groups should discuss: Where are they going to look? What are they going to look for? How will they record what they find? Are they going to draw sketches of different species or take very detailed notes? How are they going to divide up the work? 
ii. Remind the groups that immediate identification of different species is not a necessary goal of this activity. Students can take photos and make drawings of unknown organisms to be identified later. (Depending on your group and the time you have available, you can teach your students to use field guides and incorporate accurate species identification into the survey.)
iii. Now give the students time to work in their teams to come up with their inventory plans: including roles; responsibilities (data recorder, observers, etc.); equipment needs and distribution among team members; and time allotment.
6. Conduct the task (30 minutes)
a. Take the students to the study area and give them approximately 30 minutes to conduct their survey. 
b. Follow the BEST plot Protocols: Plant Biodiversity and Insect Biodiversity

i. These protocols require the use of another protocol: Randomization Procedure. For time, you should plan to practice this protocol on a previous day. This could be done inside or outside and on or off the BEST plot. However, the most relevant experience would be on the BEST plot.

c. Remind students of safety precautions and of the “Dos and Don’ts of Field Work” (available at end of lesson plan in “Additional Materials” section). Have the students draw sketches of items that are hard to describe or identify. Students should not collect any materials.
If needed, steps 7-9 could be done in a separate class period.
7. Finalize findings (15-25 minutes, variable depending on scope of analysis)
a. Elementary: Have students discuss their findings. Which organisms were very common? Which seemed to be rare? Groups report out answers to these questions. As a class, create a chart to illustrate abundance of plant or insect species/types. Practice reading the graph as a class. Ask students why some species/types might be more common than others. Connect to plants’ and animals’ needs in their environments.

i. As a class, create a graph to illustrate your findings. Exs: pictograph using plant or insect pictures stacked up, pie chart, bar graph, line graph.
b. Middle & High School: Give the teams time to review their results and consolidate information. Have them make notes on the sketch of the area to indicate where certain things were found or where animals or plants were concentrated.

i. Data processing options:

1. Small groups develop their own summary data tables and graphs; write conclusions based on data; share with class.

2. Each group provides data for class data set and all students graph and make conclusions based on class data set. 
3. Groups share graphs and help each other to interpret. Students find similarities/differences in data? Ask students why some species/types might be more common than others. Connect to plants’ and animals’ needs in their environments.
8. Share results (10-15 minutes)
a. Have the groups report on their findings and discuss the processes they used. How many different living things did they find? Where did they find different things? Did they find any native species? Nonnative species?  Were species evenly distributed across the site or did the students find greater variety in particular areas? If there were distribution differences, where did they find the greatest diversity? Do they think that as a group they found everything out there?
b. What factors might have affected the number of species they found? For example, would they have expected to find the same number and types of species if they’d done this at a different time of year? Or with magnifying glasses? Did one team have a way to complete the investigation that worked particularly well? What was the hardest thing about conducting this task?  Were they surprised by anything they found or didn’t find?

9. Discussion (5+ minutes)
a. Have the students look back at the questions they generated in step 4c. Based on their recent field experience, is there any other information they need to know about the land in order to make a complete inventory of its biodiversity? What kinds of organisms have they probably missed? Do they think these kinds of rapid inventories are useful?

b. Potential answers & reflections: It’s often difficult to find all the species in an area in a short amount of time. Because animals tend to come and go from different areas, they can be missed if the amount of time spent looking for them is too short. Very small or microscopic organisms can be hard to find and identify. Also, there are often seasonal changes in the organisms in an area, so an inventory conducted at one time of year might be very different from an inventory of the same area at a different time of year. But despite their problems, rapid inventories are often very useful because they are a way to quickly get a good idea of the diversity of species in an area.
Extensions and Modifications

1. Create a bulletin board or other display featuring the class definition of biodiversity and magazine photos and student artwork that illustrate biodiversity. Students should choose photos and create artwork that portrays the different levels of biodiversity (genetic, species, ecosystem). Encourage students to connect facts from the lessons with their artwork or photos. If the class continues studying biodiversity, the bulletin board can be updated to include new knowledge and ideas.
2. Have students develop a TV or radio informational program of one to three minutes to help people understand the meaning of biodiversity. They can use the quiz from the introduction as part of the program content. Remind students that the more creative and entertaining their spots are, the more likely others are to get the message.  When they’ve finished, have them share their efforts with the rest of the class.
3. Create a collage or diorama about Michigan’s biodiversity or our plot biodiversity. Create and hang mobiles featuring Michigan species (or out plot species) in the classroom.   
4. Have each student select a quiz question that he/she answered incorrectly or a question that interests him/her. Ask the students to research the subject of the question and use the information they find to write a paragraph that either explains the correct answer or gives more details on the subject.
5. You can turn this activity into a quiz show game with you as the host. Give each group a copy of the quiz and choose a spokesperson for each team. Then start the game by reading a quiz 
question aloud. Give the groups a minute or so to discuss possible answers. Have team spokespersons raise their hands to indicate their team’s readiness to answer the question and have the groups answer on a first-come, first-served basis. Score one point for each correct answer per question. If the first group misses an answer, other groups may try. Tally the points on the board and see which team wins!

Assessment

Biodiversity
Write each letter of the alphabet on a separate slip of paper. Fold the slips, put them into a container and have each student pick one. Then have each student write a poem or limerick about an animal, plant or other life form that lives in Michigan and starts with his or her letter. As an option, have the students draw or cut out pictures to go along with their writings and compile them into a book. Possible titles for the book include Biodiversity A to Z, An Encyclopedia of Biodiversity or A Poetic Look at Biodiversity. You could also have the students present their poems to younger students.
Data collection and understanding of findings
Have each student write a newspaper article reporting the research that the class conducted. The article should identify which members of the teams played what roles in the task, logistics of their inventory plans and biodiversity results of their task.
Additional Materials
Dos and Don’ts of Field Work

Do
✔ Do be sure that you have all the materials you need before you head to the study site.

✔ Do be a careful observer.

✔ Do take careful notes about what you find, including information about the locations and characteristics of plants and animals.

✔ Do handle animals/insects with care—and handle them as little as possible.

✔ Do return animals/insects you find to the places where you found them.

✔ Do replace logs and rocks to the position you found them.

✔ Do stay within the boundaries of your study area.

✔ Do try to identify unknown species while you’re in the field.

✔ Do look for animal signs as well as actual animals.

✔ Do wash your hands carefully as soon as you return to the classroom.

Don’t
✘ Don’t damage trees or other plants by digging them up, ripping off leaves or tearing at the bark.

✘ Don’t put anything you find—such as berries, leaves, mushrooms and bark—in your mouth. Also, don’t put your fingers in your mouth until after you have returned to the classroom and washed your hands thoroughly.

✘ Don’t chase after, yell at or throw things at animals you see.

✘ Don’t touch animal droppings, dead animals, mushrooms or human refuse such as bandages, broken glass, rusty cans or needles.

✘ Don’t reach under logs or rocks, crevices or other spaces if you can’t see into them.
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