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Teacher’s Guide to Field Science in the Classroom: Using Scientific Tools and Databases 
to Explore Okaloosa Ecosystems and Wildlife

Activity 2: Understanding Species Patterns and Relationships

Key Question
What is the relationship between abundance, richness, and activity patterns of species in a given area? How do we know?

Objective
Students analyze a small data set from eMammal to understand relationships between species in a given area.

Grades 9-12		Time 50 minutes 

Materials
· Pen/paper
· Internet Access
· Okaloosa SCIENCE Classroom Data – Student and Teacher versions [link to come on eMammal Academy]
· Data Analysis worksheet – NOTE: this worksheet and the instructions in this activity are written for using Excel with a larger data set to more accurately replicate what scientists are looking at. If you prefer to have student do calculations by hand with smaller number sets, or are uncomfortable using Excel, download the Subset Data Analysis Worksheet.

Directions
1. What is data analysis?
Remind students that in the last activity, they focused on understanding and recognizing the key characteristics of science, scientific data, and how camera trap images are a form of scientific data that scientists can use to investigate the ecology and species dynamics of an area. In this activity they will actually explore this data and analyze it in order to answer a research question. 

Have students get in their small groups again and ask: What are examples of data analysis? In other words, what are some ways you can look at data to make meaning of it? Have them write down their ideas and then share as a class. [Students should come up with ideas like graphing, looking for patterns, writing summaries, finding mathematical relationships, describing qualitatively, comparing to other data, etc.]

2. What is relative species abundance and species richness?
Before setting students loose to analyze their data, they must first understand the underlying concepts of relative abundance and species richness, both of which are used to describe the diversity of an ecosystem. Explain that there are many types of ways to describe the diversity of an ecosystem – genetic diversity, species diversity, or even ecological diversity. For these activities, we are focusing on species diversity, which is often broken down into species richness (number of different species) and relative abundance (number of individuals of a species over total number of individuals present). 

Direct them to the following instructional reading to learn more about these concepts and have them take notes to refer back to as needed: 

What is biodiversity? http://eol.org/info/about_biodiversity
What is a species? http://eol.org/info/species_concepts

After students have had a few minutes to read about these concepts, ask the class to explain them in their own words to check for understanding. [Students should recognize that richness is the total number of different species in an area while abundance is the relative percent of each species present]

If students struggle with these concepts, they could count the number of something present in the classroom, such as light hair and dark hair or males and females. The species richness is two (light v. dark hair) while the relative abundance is how many light v dark haired people as compared to one another (for example, 60% of the students have dark hair compared to 40% with light hair). This is a simplified example, compared to the realities of an ecosystem, but can perhaps help students distinguish the two terms from one another. 

3. Analyze eMammal Data – Relative Species Abundance and Richness
[bookmark: _GoBack]Pose the following questions to students: What is the relative species richness and diversity of the Okaloosa region? 

Using this question, help students form a hypothesis as a class. Write the hypothes(es) on the board. If students pose more than one, write all of them on the board. They will use their hypothesis to guide their analysis of eMammal data, but they will be revisited at the end of class. 

Explain to students that they will use a calculation called the Shannon Index to provide a measure of diversity that accounts for both species richness and relative abundance. Generally, the higher a Shannon Index, the more diverse the area is considered.

Next, have students download the Okaloosa SCIENCE Classroom Data Student file and work in groups to fill out the eMammal Data Analysis worksheet for Part I, making sure they fill out their hypotheses first. Check in with students as they work to make sure they understand the instructions in their worksheet. [If you want to use the subset data and hand calculations instead, give students the Subset Worksheet]

4. Using eMammal online tools – Activity Patterns
After students have finished Part I, assign groups to work on one of the three questions in Part II, using the online eMammal tools to answer them. Check in on students to make sure they are following the procedures in the Data Analysis worksheet.

Students will explore the following instructional readings to further their understanding of the potential species interactions, such as competition and predation, involved in their research questions and how the data they find on the eMammal website supports these interactions (or not!):

Competition: https://en.wikipedia.org/wiki/Competition
Predation: https://en.wikipedia.org/wiki/Predation
Bobcat: http://animals.nationalgeographic.com/animals/mammals/bobcat/
Squirrel: http://eol.org/pages/347685/overview
Raccoon: http://animals.nationalgeographic.com/animals/mammals/raccoon/

Tip: If you want students to practice more data analysis in Excel, you can have them manually assess the questions in Part II of the worksheet by using the additional instructions attached to the end of this activity

Tip: Students can complete these readings before beginning Activity 2 as a homework assignment.

5. Drawing and Discussing Inferences
Once students have finished their worksheets, have them share and discuss their observations and inferences as a class for each research question separately. Encourage students to ask questions about each other’s inferences and come up with other ways of thinking about their data observations. In particular, students can ask questions about the validity and reliability of the data and whether or not additional data is needed to support their thinking. 

PART I
Correct numbers and graphs are in the Okaloosa SCIENCE Classroom Data_Teacher Version Excel File or Okaloosa SCIENCE Classroom Data_SubsetVersion Excel File. Students should find the overall richness is 17 species and Shannon Index is 1.144  for the former and richness of 19 and index of 1.92 for the latter.

Shannon Indices are primarily useful when compared between areas, so student’s inferences will vary and may generally state the area seems diverse. You can discuss with them that they will be able to explore this idea more when they compare different habitats in the next activity.

PART II
For the first research question, students should see that the southern portion of Okaloosa has a slightly higher species richness, but the northern portion has slightly higher Shannon/Simpson diversity indices. So, while the southern portion may have more different types of species, the northern portion is overall more diverse in terms of both richness and relative abundance. Some inferences might be –there are more resources there for more animals (e.g., water, food, space) or the habitats are more suitable, there are less roads or human activity. But ultimately, students should recognize they would need a lot more information to be confident about these types of inferences (more data over longer periods of time, vegetation and habitat surveys, human activity surveys, etc.)

For the second and third research question, use student’s results to discuss predation and competition. They should see bobcat and squirrel may not seem to have a lot of overlap, although there is a spike in bobcat activity in the early morning that overlaps with squirrels(observation). Therefore, using this data along with information from the instructional readings, we can infer that bobcat might prey on squirrel during that short overlap, which is why there is an activity spike. During the rest of the day, squirrels are likely able to avoid predation from bobcats. Students should recognize additional information would be helpful for this inference as well (e.g., looking at bobcat scat to find evidence of squirrel bones/fur).

Squirrel and raccoon, however, have very little overlap -  squirrels are diurnal and raccoons nocturnal (observation)-  and therefore it is unlikely they interact physically (inference). However, based on the instructional readings, they still may or may not compete for resources because they both eat seeds and nuts, just likely not at the same time.]

Finally, have students review their list of questions they wrote in Activity 1. Based on their experiences trying to analyze camera trap data, ask students to revise their questions or come up with additional questions that could be answered using camera trap images.
Extensions
Using the online eMammal tools, compare activity patterns for a species of interest between different locations. Students will have to look at activity patterns for one area at a time, write down their observations, then look at activity patterns for a second area and compare/contrast. What are similarities and differences and potential inferences?

Optional instructions for manual activity graphing:
1) Open the Okaloosa SCIENCE Classroom Data_STUDENT Excel File
2) Click on the “Hourly Activity Data and Tables” tab and you will see data for just the hour of the day of detection, detection, and species along with activity tables for four species. 
3) In the Cell for Bobcat and Hour 0, enter the following equation:
=SUMIFS(B:B,C:C,“Bobcat", A:A,0)

This equation just means Excel sums the detection if the species is bobcat and the hour is 0.

You can copy this equation into all the cells under Bobcat by clicking on the first cell ONCE and then dragging down the small black square that shows up in the bottom right corner (see below). 
 (
Drag this small black square down
 to copy the equation down the column.
)










Or you can just copy and paste it from the version listed above. You will need to change the final number in the equation to reflect the hour you are interested in.

4) Repeat step 3 for each species by copying the equation above and changing the species name and hour. The activity graphs will automatically fill in.

Standards/Benchmarks
Florida Standards
SC.912.L.17.1 Discuss the characteristics of populations, such as number of individuals, age structure, density, and pattern of distribution

SC.912.L.17.6 Compare and contrast the relationships among organisms, including predation, parasitism, competition, commensalism, and mutualism

NGSS
DCI: LS2.A: Interdependent Relationships in Ecosystems 
· Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations they can support. These limits result from such factors as the availability of living and nonliving resources and from such challenges such as predation, competition, and disease. Organisms would have the capacity to produce populations of great size were it not for the fact that environments and resources are finite. This fundamental tension affects the abundance (number of individuals) of species in any given ecosystem. (HS-LS2-1),(HS-LS2-2)

SEP 2: Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and developing models to predict and show relationships among variables between systems and their components in the natural and designed worlds. 
· Develop and/or use a model (including mathematical and computational) to generate data to support explanations, predict phenomena, analyze systems, and/or solve problems

SEP 4: Analyzing data in 9–12 builds on K–8 experiences and progresses to introducing more detailed statistical analysis, the comparison of data sets for consistency, and the use of models to generate and analyze data.
· Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in order to make valid and reliable scientific claims or determine an optimal design solution.

SEP 5: Mathematical and computational thinking in 9-12 builds on K-8 experiences and progresses to using algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, represent, and model data. Simple computational simulations are created and used based on mathematical models of basic assumptions.
· Use mathematical representations of phenomena or design solutions to support and revise explanations. 
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