Teacher Instructions for Quadrat Sampling Activity with Chi-squared Extension
The purpose of this activity is for students to conduct a study in which they use quadrat sampling.  Students will be evaluating the abundance and density of sea urchins and sea stars in various kelp forest and urchin barren habitats. 
We suggest that you divide the students into teams, and each team gets their own set of Quadrat Sampling base sheets and quadrats.  You can make quadrats out of coffee stirrer sticks taped together or popsicle sticks, or you can print out slide 2 from “Kelp_UrchinBarren_QuadratExamples” in the Step2_Quadrat Sampling Base Sheets folder.  Every group will need 3 quadrats.  The base sheets are slides 3, 4, and 5 from “Kelp_UrchinBarren_QuadratExamples” in the Step2_Quadrat Sampling Base Sheets folder.  Every group will need a set of these three base sheets.  You should print the base sheets so that 1 slide is printed per page (and they need to print in a horizontal layout.  You can laminate the printed quadrats if you want to use them multiple times or make them sturdier.
[bookmark: _GoBack]The three habitats represent an urchin barren, mixed habitat and a strongly kelp dominated ecosystem.  Slide 3 is the urchin barren. In an urchin barren the urchins are dominant, and we see very few kelp plants.  The urchins each the kelp holdfasts (how the kelp attaches to rocks) so it is difficult for kelp to live in an urchin barren.  Slide 4 is the mixed habitat and we see equal amounts of rock and kelp as well as equal numbers (approximately) of sea urchins and sea stars. Slide 5 represents a kelp forest (note this kelp forest only has one species of kelp, in reality we would observe multiple species of kelp, but to keep the graphic simple we only use one species).  In this kelp forest we see lots of kelp and some sea stars and sea urchins. Also, we notice that the small urchins tend to only be found near larger urchins, this is because small urchins like to settle under larger urchins for protection.
The student handout requires that students calculate total abundance, area, density, averages, and standard deviations.  The students are practicing calculating the mean (average) and standard deviation in order to be prepared to calculate standard errors.  Understanding standard error is required for the AP Biology exam.  Equations are provided in the handout, but you may want to review them with the class beforehand.
Review the handout prior to giving it to students. The tables on page 1, the 1st table on page 2, and the 1st table on page 3 are the parts of this lab that they have to do while in class with their groups. It may be worth pointing this out to them in case they run out of time for all the calculations. The students can do the calculations at home if need be.
Go over the wrap up questions with the entire class.  The skill used for these questions involve making use of observation, inference, and informal hypotheses.
There is an optional handout which requires that the students take their quadrat data and do a chi-squared analysis of it.  This a good refresher of their chi-squared skills.

Equations Used:



Mean  
Standard Deviation	

Materials:
· Student Handout (1 per student)
· Base sheets (1 per group)
· Quadrats, either cut out paper quadrats from base sheets or make popsicle stick quadrats approximately 2”x2” (need 3 per group)
· Calculators (1 per student ideal, 1 per group minimum)
· Rulers (1 per group)

Instructions
1. You can either construct mini-quadrats by taping together broken coffee stirrers (the type you can find for free at a Starbucks) or you can print the page from the Habitat sheets PowerPoint file and cut out the quadrats (or make the students do this). 
2. Every student will need an activity sheet.
3. Every group will need 3 mini quadrats, ruler, calculator, species, and habitat print outs for all three habitats.
4. In case time is limited have the students complete the parts of the tables that are shaded in grey. These are the parts that require the quadrats and habitat sheets, the rest is calculations that can be done on their own.
5. Every student within a group should have identical answers for all quantitative parts. Answers may very between groups due to the individual group placement of quadrats.
6. If you want groups to share out. Have them share the results from placing three quadrats within one habitat. See how groups that choose the same habitat compare. You can calculate class means and class averages if you wish.
7. Students can also share their answers to the second part where they did one quadrat per habitat.

Example Data Table from Student Worksheet

	Counts--Observed Data                                                                            Habitat: Habitat 1

	
	Quadrat 1
	Quadrat 2
	Quadrat 3
	Mean
	Standard Deviation

	Species 1
Sea Urchin
	5
	3
	6
	(5 + 3+ 6) / 3 = 4.66666
	Sqrt (((5 – 4.6666)^2 + (3 – 4.6666) ^2 + (6 – 4.6666)^2 ) / (3 – 1) ) = 1.527525

	Species 2
Sea Star
	3
	4
	3
	(3 + 4 + 3) / 3 = 3.333335
	Sqrt (((3 – 3.3333)^2 + (4 – 3.3333) ^2 + (3 – 3.3333)^2 ) / (3 – 1) ) = 0.5773503

	
Complete the density and abundance calculations.  You will use your area calculations from Data Table 1.


	Density Calculations
                            Area of quadrat interior: 4 sq. inches = 4 sq m

	
	Quadrat 1
	Quadrat 2
	Quadrat 3
	Mean Density
	Standard Deviation

	Species 1
Sea Urchin
	1.25
	0.75
	1.50
	(1.25 + 0.75 + 1.50) / 3 = 1.166667
	0.3818813

	Species 2
Sea Star
	0.75
	1.00
	0.75
	(0.75 + 1.00 + 0.75) / 3 = 0.8333333
	0.1443376

	

	Abundance Calculations.  We can use the density in the quadrat to find the overall abundance.
        Total Area of Habitat: 80 sq inches = 80 sq m
Note: Areas in this answer key are made up, the area of the quadrat will depend on what you use. The area of the habitat depends on how large you print the sheet.

	
	Based on Quadrat 1
	Based on Quadrat 2
	Based on Quadrat 3
	Mean Abundance
	Standard Deviation

	Species 1
Sea Urchin
	400
	240
	480
	373.3333
	122.202

	Species 2
Sea Star
	240
	320
	240
	266.6667
	46.18802



Answers for questions will vary.

Students should notice the difference in amount of rocks vs. kelp and how this relates to the numbers of sea urchins and sea stars.
