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TITLE: Native Plant Garden: Assessing biodiversity in a school garden
Authors: Jenn Yost & Carla Fresquez, PhD candidates, University of California, Santa Cruz

Bill Callahan, Biology/Chemistry Teacher, Watsonville High School, Watsonville, CA
Field tested with: 10th grade Biology, Watsonville High School, Watsonville, CA (Fall, 2012)
Module Type: Long-term restoration experiment with associated lectures/discussions 
Duration: 3 block periods spread throughout the year. One at the beginning of the year (pre-planting), another at the end of the year (post-planting), and a final period (interpret results).
Key materials:  

· Barren patch of land that can be planted with native species and irrigated

· Donated or purchased native plants

· Quadrats (50 cm x 50 cm recommended)

· Meter tapes (20 m long depending on the size of your plot)

· Clipboards, rulers (in cm), and latex gloves
· Insect nets and insect killing jars and ethanol (95%, for preserving soft-bodied insects)

· Vials (for preserving the insects in - small)

· Plant press (newspaper, cardboard, heavy books can suffice as a plant press)

· Blank paper for plant collections

Concepts: Ecology, biodiversity, community relationships, change in ecosystems, native plants, plant morphology, pollination
Skills: Developing a question, developing methods to answer question, gathering data on biodiversity; restoration; natural history observations, inquiry.
Science Education Standards: 
•National: Science as Inquiry, Life Science
•California:  Biology-Life Sciences: 6. Ecology
Overview:  
Students assess biodiversity before and after planting a native plant garden. Ecosystem services and biodiversity concepts are discussed. Students create their own methods to assess diversity and measure it in their native plant garden. Students interpret the data and compare the results before and after restoration. Goals include: understanding the ecology of an impacted ecosystem and a restored ecosystem; assess biodiversity in two different ecosystem conditions; learn about native species; and plant a garden.
(NOTE: Can include an informative and attractive original image)  
Navigate:  Background
Materials &Time
Starting Point
Procedures
Standards
Supplemental
Background for Teachers
Ecosystem services can be divided into four categories: ecosystem supporting processes, provisioning, regulatory functions, and cultural importance (Millennium Ecosystem Assessment: www.maweb.org/).  

1. Ecosystem-Supporting Processes. Supporting processes include nutrient cycling, the formation of new soil through the process of weathering, and primary production of plants.  These functions are critical for life. 

2. Provisioning. Humans rely on ecosystems for food, fresh water, wood and other building materials, fuel sources, and our medicines. As ecosystems are degraded, we impair our ability to gain these services from the ecosystem. 

3. Regulatory Functions. Healthy ecosystems also regulate large-scale processes like climate, floods, disease, and water purification. 

4. Cultural importance. ecosystems provide cultural significance in the form of aesthetic, spiritual, educational, and recreational elements. 

All of these services are important for human survival and for the survival of all other organisms in the ecosystem.  
Biodiversity is loosely defined as the variety of life in an ecosystem. Biodiversity can be measured as the number of unique genetic units, species, populations, or functional groups. Biodiversity is important to ecosystem function in that diverse ecosystems are more resilient to changes caused by human impacts, diseases, major climatic shifts, etc.  Since humans depend on ecosystem services for survival, it is important that our impacts on ecosystems are not faster or more intense than the system can handle. Currently biodiversity is decreasing at an alarming rate (Pimm and Raven 2000), largely due to habitat loss. Scientists are not sure what will happen to Earth’s major ecosystems when so many species are lost.  They do not know how many species are essential for ecosystems to provide the services we depend on. Therefore, protecting biodiversity is very important for the future of human survival.  
One way we can protect biodiversity is by restoring degraded habitats to more natural conditions. This process can be simulated at a high school through the restoration of a degraded plot of land into local native plant communities. Planting a native garden is one way to expose students to local biodiversity, teach them the importance of biodiversity, and mimic what can be done on a large scale to restore ecosystems once they are degraded.  
In this module, students develop their own methods to quantify biodiversity.  They use their methods to measure biodiversity in a simple, degraded habitat and after planting a native garden that attempts to restore the site to a local native plant community. Students gain first hand experience in native plant gardens, restoration, and human impacts on environments. 

Common Student Misconceptions/Notes to Teachers

Students often have no concept of what a native ecosystem in their region looks like, nor can they name a single native plant.  They often have not looked closely at the plants around them, nor do they realize that most of the plants around them are non-native weeds. Planting species that represent different local plant communities will enrich this module. 

Giving student latex gloves can liberate the exploratory nature of this module.  Gloves seem to make students more willing to dig around in the dirt and feel like they are doing real science (which they are). 

It is very important that the teacher review the methods before the students begin.  If not, then the mistake is usually caught on the second day of assessment and it’s too late at that point to change it.  If students choose fungal diversity, it is possible that they will be gone during the second assessment due to seasonal changes or a lack of rain.  On the second day, stress that data is collected in the same way with the same units. Once native plants are put into the garden, students have a tendency to ignore the weedy plants in their assessments, therefore, the teacher should emphasize that we are measuring total biodiversity (unless of course the students have chosen to measure native verses non-native diversity).
Science Education Standards Addressed

Biology/Life Science Standards for Grades 9-12 (pp. 234-237)

6. Stability in an ecosystem is a balance between competing effects. As a basis for understanding this concept: 

6. a. Students know biodiversity is the sum total of different kinds of organisms and is affected by alterations of habitats.

6. b. Students know how to analyze changes in an ecosystem resulting from changes in climate, human activity, introduction of nonnative species, or changes in population size.

Investigation and Experimentation, 1. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing content in the other four strands, students should develop their own questions and perform investigations. Students will: 

a. Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data. 

c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions. 

Brief Project Overview 

1st classroom day (long day):

The module begins with a classroom discussion and worksheet about biodiversity. The students then make their first “site visit.”  At the site, they record their observations in their notebooks, and as a group they share their impressions of the site. The teacher demonstrates the tools available to measure different aspects of biodiversity. After getting teacher approval, the students use methods they developed to measure biodiversity in the site. Data sheets are collected and summarized by the teacher.

Planting day (Not necessarily during class):

At some time, preferably in the fall, the native garden is planted. The teacher, community members, and/or students can do this during class time or during lunch or after school.

2rd classroom day (long day):

After planting, students visit the “restored” site and reassess biodiversity using the same methods as they previously used. The data sheets are again collected and summarized by the teacher. See the example data excel file and the data summary sheet.

3rd classroom day (long day):

The teacher presents the summarized results from the assessment. All measures of diversity are presented and discussed. In groups, students discuss the results and make conclusions using the class data set. 

Detailed Project Description (Timeline/Procedure)
Advance Preparation and Considerations

Preparation for planting the garden:

· Call 811 before you dig and have the utilities map out any pipes that need to be avoided.

· Having irrigation at the site is important for the long-term success of the garden, but it is not essential. A hose spigot or sprinkler is ideal.

· Send letters to local organizations that might donate plants. 

· Good organizations for Watsonville High School are the UCSC Greenhouses, UCSC Arboretum, California Native Plants Society chapters in Monterey and Santa Cruz, and SunCrest Nurseries. 

Irrigating the site:

Plumbing the site for irrigation is going to be the most difficult part of doing this module successfully. If the site has a sprinkler system, then the work is already done. If not, the best option is to have the school’s grounds person install a water spigot. Worst-case scenario is that the plants need to be hand watered.  Support from the school grounds workers is essential.
Day 1: Site visit #1, 2-h block: The module begins with a powerpoint presentation, classroom discussion and worksheet about biodiversity. What is biodiversity?  How do we measure it?  Who are the players in an ecosystem? We talk about how different communities are more or less diverse and what effect that might have on an ecosystem if there is a sudden change. A good way to show how diversity can vary in different types of ecosystems is using photographs from David Liittschwager, who took pictures of every organism that entered a 1 square meter patch in different natural and degraded ecosystems. More information and good images can be found here.

http://www.npr.org/blogs/krulwich/2012/11/29/166156242/cornstalks-everywhere-but-nothing-else-not-even-a-bee
Talk about what happens when certain species are removed from an ecosystem. This can be demonstrated by showing a basic food web and asking students what will happen when one species is removed (see associated powerpoint). Then students are asked to brainstorm about the services we obtain from ecosystems (see associated powerpoint). 
Students are then exposed to the general plan for the garden, which gets them pretty excited. A site that has experienced significant change, usually due to human impacts, can be restored to be similar to what it was like in a previous time. This usually involves removing plants that are considered weeds and replacing them with native plants from the plant community you are trying to restore. This garden will mimic a restoration project by using local native plant communities as a reference point. “What did ______ (Name of school’s town) look like before the school was built?” Hold a brief discussion about what might have occurred in the area before the school was built or before humans were around.  Historic images of the area and images of native ecosystems in the surrounding area help provide a visual reference. Discussion focuses on "what are we trying to restore the site to?" "How do we figure out what was here before the school?" (The Google Earth timeline function can often provide useful images and information).

The students then make their first “site visit.”  At the site, students sit around the site for 10 minutes of silence.  They record their observations in the attached worksheet. Ask them to record their impressions, their observations, sights, smells, textures, etc. Encourage them to use all their senses. 

Students return to the classroom and the teacher demonstrates the tools available to measure different aspects of biodiversity. Tools should include quadrats, meter tapes, insect nets/jars, rulers, plant press, etc. (see materials list). In groups, the students decide what type of diversity they want to measure (See below for examples of aspects and types of diversity that students may choose) and the methods they are going to use to do so. The teacher needs to approve these methods and give the students an opportunity to revise their methods before they are given equipment and head outside. 

Students record their data and turn in their (attached) worksheets and all associated data to the teacher at the end of the period. 

Examples of types of diversity to measure:

· Number of unique plant species

· Number of unique insect species

· Abundance of plant species

· Abundance of insect species

· Number of native vs. non-native species

· Total number of individuals species of all types

· Diversity in plant heights

· Number of different flower types and who pollinates them

· Diversity of leaf shapes

· Diversity of leaf sizes

· Diversity of plant habits (woody plants vs. herbaceous plants). 

Example methods from students:

Example #1: Measuring: Diversity of plant height at the site

Methods:

1. Run the meter tape through the middle of the site

2. Measure with the ruler the height of the plant closest to every meter mark

3. Record height in data sheet.

4. Then run the meter tape down the middle of the plot perpendicular to our first line and repeat. 

Example #2: Measuring: Overall insect diversity

Methods:

1. Collect every insect we see

2. Put insect in jar

3. Count the number of different insects and the numbers of each kind of insect.

Teacher/student analyses of the data.  Due to time constraints, we have written the module with the teacher conducting the data analyzes and summary, but if time allowed, students could do this as well.  We have placed the focus on interpreting the data, rather than analyzing it. 

Insects: The teacher (can be done with students too) divides all insects up into species and preserves them in vials of ethanol. This will allow all the students to see how many species were found and provides a count of how many (relative abundance) of each species are at the site.

Plants: If students collect plants, they should press them in the plant press. The teacher should combine all the datasets about plants and be prepared to show the students how many plant species were found, and maybe relative abundances of each, depending on what students measured. Once the native plants are put in the ground, it is more difficult to ask the students to make collections.  As an alternative, students can create a digital collection using the camera on their phones. 

Other: Depending on what other variables the class measured, the teacher needs to create a few graphs that summarize the findings.  

Planting Day

Do the planting however is best suited for the school.  This can be a class activity, after-school activity, or done with the donor or other community volunteers. If the garden can be designed such that different plant communities are represented, that is ideal.  Here is a diagram of an example garden. Each square is 7m x 3m and the lines are paths. 

	Redwood understory
	Grassland

	Chaparral
	Coastal scrub


Day 2: Site visit #2, 2-h block:

Now that students are familiar with biodiversity, the teacher passes back their methods/data sheets from the first day. Students should read this and remind themselves of what methods they used to assess biodiversity.  The teacher should emphasize that they must assess biodiversity using the exact same methods in order to make a true comparison. See the day 2 worksheet.

Students collect data and turn in all of their work as a group to the teacher.

Day 3: Biodiversity Analyses, 2-h block:

Prior to this day, the teacher summarizes the data as a series of graphs and makes copies of the graphs for each group. During class, the teacher presents the before and after data to the class and guides them in understanding the graphs.  Each group is given a printout of the graphs and then work in groups to answer the questions in the attached Day-5 worksheet. Using the pre- and post-planting data, they need to make an argument for which showed greater biodiversity, which is likely to provide greater ecosystem services, and which may be more resilient to change? Are there elements of the site that they didn’t measure but that they feel are important to consider?  Which “ecosystem” do they like better and why? Were their methods successful at capturing the diversity at the site? What are potential problems with their data collection methods?

Each group produces a poster or a report to present their conclusions from the pre- and post-planting data.

Assessment Methods

The poster or report will be used to determine if the students have:

1. Learned and implemented the scientific process

2. Developed appropriate methods for the question of interest

3. Drew appropriate conclusions from the data presented

4. Identified areas of improvement for future investigations

Good references:

Photographer David Liittschwager http://www.npr.org/blogs/krulwich/2012/11/29/166156242/cornstalks-everywhere-but-nothing-else-not-even-a-bee

Rosenzweig, M.L. 1995. Species Diversity in Space and Time. Cambridge University Press, New York, NY

Pimm, S. L. and P. Raven. 2000. Extinction by numbers. Nature. 403. Pp. 843-845

Millennium Ecosystem Assessment framework for Ecosystem Service. Ecosystems and Human Well-Being. Our Human Planet: Summary for Decision Makers. www.maweb.org/

Appendices: 

(Index of appended materials)

1) PowerPoint Lecture #1 “What is biodiversity?” for Day 1

2) PowerPoint Lecture #2 “Recap of Biodiversity?” for Day 2

3) Worksheet for day 1 and day 2

4) Excel file of example data

5) Data summary with graphs for student interpretation

National Science Standards (NSES)

A. Science As Inquiry (p.175-176)

Next Generation Science Standards (NGSS)

Cross-cutting concepts- patterns; systems & system models; scale, proportion & quantity
Practices: Asking Questions and Defining Problems, Planning and Carrying Out Investigations, Analyzing and Interpreting Data, Constructing Explanations and Designing Solutions, Engaging in Argument from Evidence, Obtaining, Evaluating, and Communicating Information 
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