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Instructional Plan Title/Focus: Estimating moving populations

Lesson Objectives: [What should students know and be able to do as a result of this lesson?]
Students will be exposed to the methods used by field ecologists to estimate the population size of animals using the mark-recapture technique. Students will also be exposed to the population of aquatic macro-invertebrates in a local stream and methods for sampling macro-invertebrates. As well, the students should be able to demonstrate the variables and their effect on the Lincoln-Peterson mark-recapture equation, explain some of the assumptions and problems with the model, and describe the effect of averaging multiple samples on the precision of a population estimate.
Key Concept(s): [Describe the science concepts that are the focus of the lesson.]
· Mark-recapture estimates of population size (and understanding of Lincoln-Peterson mark-recapture equation) 

· The power of averaging and sample size to estimate an unknown variable

· The use of models to conceptualize and validate scientific methods
Instructional Materials and Resources: [List the materials that you will need for this lesson (handouts, overheads, lab supplies, etc.)]

Field Lab, Day 1 & 3 (can also be done in classroom with crickets. See attached PDF)

· Plastic or metal trays (for invertabrate counting)

· Flat bottomed kick net (for sampling  aquatic inverts)

· or – aquarium dip nets (if sampling water striders)

· WhiteOut or Paint Pens (for invertebrate marking)

· Wading shoes or waders 

· Invertebrate ID key or camera to take images of specimens for later ID (optional)

· Paper and pencils for data recording (students should bring these)
Class Day, Day 2

· Small paper lunch sacks (or other opaque container) for each group of 3 students 

· large macaroni noodles (any small, mark-able object can be used, marbles, beans…)

· Felt tip pens 

Procedures:
· Engage:  
(1) Identify how you are going to introduce the lesson in a way that gains students’ attention and gets them involved.  (1) Describe how you will pre-assess student understanding related to the lesson and help students make connections to prior experiences/lessons.
Students will be engaged through the initial Adopt-A-Stream field trip to capture and mark aquatic invertebrates. Although field trips and working with animals is engaging I plan to guide their thinking by initiating the trip with a question: 

“How can we count all the aquatic invertebrates in our study reach?” 

This will be accompanied by a brainstorm of possible counting methods starting at the small group level and then brought back to the whole class to write ideas on the board. 

Day 2, in which we conduct an in-class exploration of the mark recapture technique, will be re-engaged with an additional class brainstorm to add to our previous ideas about counting from Day 1 and add the dimension of what problems each method would encounter. This will be preceded by an extremely quick PowerPoint showing images of migratory or high-movement animal populations showing the scale across which they move and highlighting the difficulty of counting them.

· Explore:
Give detailed, step-by-step instructions on how you will implement the lesson plan and what students will do during the lesson.  Include clear directions for activities including teacher questions. 
The methods for the field lab are contained in the attached PDF’s. The focus of this lesson plan is on the in-class model of mark-recapture. A worksheet will be handed out during the last field work day that serves as a way of further probing the why and how of mark-recapture by applying it directly to the fieldwork they are doing.

Day 2

Introduce the materials

· Hand out a paper bag to each group and ask one student to reach into the large macaroni bag and put a large handful (~50) macaroni’s into the groups bag. 

· Give each group a felt tipped pen for marking the macaroni. 

· Instruct the groups to take out 15 macaroni’s and mark them with a mark that can be seen from all sides of the noodle so it won’t be missed.

· Return the noodles to the bag and shake to distribute

Introduce the Model (write all class answers on the board)

· Ask “what does the macaroni represent?”

· Ask “what does the bag represent?”

· Ask “what do the marked macaroni represent?”

· What are we trying to understand with this model?

Now that the model has been introduced begin introducing the Lincoln-Peterson equation variables. Explain that this is a second type of model, used to mathematically predict population size. 
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P = entire population

C1 = # captured the first time (all are marked)

C2 = # captured the second time

M2 = # of marked individuals in second capture set


[image: image2..pict]    or, 
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!! Be sure to walk through each variable as they do it in the macaroni model along with you

· P = all the macaroni in the bag

· C1 = the number we took out and marked 

· C2 = Reach in and take out 15 macaroni from the bag without looking

· M2 = Count the number of macaroni that are marked from the 15 you just took out.

Explore the model

· Using the worksheet provided pick a variable of the Lincoln-Peterson equation and vary them.  (or more variables if there is time)

· Repeat the recapture 5 times for each variation and average (remind them of this, it is on the worksheet as well)

· Fill in answers to the questions on the sheet.
· Explain: 

Explain how you will guide students to share what they have learned and connect their learning to the objectives and key concepts of the lesson.

The worksheet provided with the lab asks some leading questions about the variables in the macaroni model, how they apply to the macro invert sampling they are doing, and what assumptions the model is making. After they have completed the activity of varying the inputs to the Lincoln-Peterson model we will bring it back to the whole class for discussion of what they think.

Key questions to probe:

· What factors in a real-life population might make our predictions less reliable? (tag loss, death, birth, movement out of study area)

· Why might this be an important tool for ecologists?

· Why do we need to average our results? Why does this help us come up with a better estimate?

· How did the macaroni model help us to better understand how Lincoln-Peterson works in ways that we couldn’t at the stream site?
· Elaborate: 
Describe activities that will engage students in applying the concepts that they have learned to new situations/problems. If this will occur in subsequent lessons, identify this and briefly describe how this will occur.

The students will elaborate on this lesson during Day 3, in which they will recapture macro invertebrates from the same study reach and conduct the Lincoln-Peterson estimate of population size. During this exercise we will discuss and how it applies to our reach, continue to discuss sources of error, and ways of dealing with it that are beyond the math we used (i.e. – three pass depletion methods, open system methods of mark-recapture, integration of sex and age estimation)

Students or classes who are interested or are not challenged enough by the math or the macaroni model could also be tasked with calculating the confidence interval for the estimates of their macaroni experiment. The equation is below:
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The key would be to explain that this is a measure of the accuracy of the estimate. Just like a political poll you would expect your results to be between the two S.E.’s 95% of the time. Your margin of error (like a TV reporter would say +/- 5 percentage points) is +/- whatever the two times S.E. 

Identification of the invertebrates is also an excellent extension of this lesson. If field guides are available the ID can be done in the field. It might be more easily accomplished using photos taken in the field. With a digital camera, using the macro setting, take pictures of some of the macroinvertebrates. In the classroom ID keys in books or online can be 

· Evaluate: 
Describe how you will assess what students have learned through this lesson.

The students will be assessed formatively at each step with small group and class sharing that will give an indication of whether they are getting the concepts or not. They will also be filling in worksheets for each day of the lab which will act as a measure of their progress. The summative assessment will be up to the teacher at this point.
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