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NAME: ANSWER KEY / TEACHER GUIDE 

Purpose:
· to practice calculating population density and abundance
· to practice using quadrats to sample a population
· to practice calculating means and standard deviations

Materials:
· Quadrats			
· 3 Habitats delineated
· Galápagos fur seal and marine iguana cutouts 
· calculator		
To do this activity you will need to have lots of open area. You will need to set up three areas to represent the three habitat types (ocean, sunny shore, and shady shore).  You can use different color sheets to do this or use cones and string.  You will need to print out at least 15-20 of each of the animal cards from the Teacher instructions folder. You should place the animal printouts so that only images of animals in the water are in the area representing the ocean habitat and that more fur seals on land are in the area representing shady shore and more marine iguanas on land are in the area representing sunny shore.  For more detailed instructions read the Teacher instructions folder.	

Background
It is often of great interest in ecological studies to estimate how many individuals make up a population.  In this lab we will use a technique known as quadrat sampling to first count the number of each species found within a known area (the quadrat),then to calculate the density, and to finally extrapolate to an estimate of overall abundance. It is often not possible to count all of the individuals of a species, so sampling is used. By studying a fraction of the entire population, or a sample, one is able to draw conclusions at the population level while saving time, money, and often reducing any negative impacts on the species or environment.



In this lab we will be using quadrat sampling to estimate the abundance of Galápagos marine iguanas and Galápagos fur seals from our mini Galápagos Island.  

The teacher has marked out three areas (hereafter referred to as habitats). You will need to measure the length and width (to calculate area) of each of these habitats.  Within each habitat there are cards which show Galapagos fur seals in the water, Galapagos fur seals on the shore, Galapagos marine iguanas in the water, and Galapagos marine iguanas on the shore.   You will be using quadrat sampling to estimate density and total abundance of both the fur seals and the marine iguanas.

More about the Galapagos Islands (from UNESCO’s World Heritage Center, http://whc.unesco.org/en/list/1) Situated in the Pacific Ocean some 1,000 km from the South American continent, these 19 islands and the surrounding marine reserve have been called a unique ‘living museum and showcase of evolution’. Located at the confluence of three ocean currents, the Galápagos are a ‘melting pot’ of marine species. Ongoing seismic and volcanic activity reflects the processes that formed the islands. These processes, together with the extreme isolation of the islands, led to the development of unusual animal life – such as the land iguana, the giant tortoise and the many types of finch – that inspired Charles Darwin’s theory of evolution by natural selection following his visit in 1835.

Lab Vocabulary 
abundance: number of individuals of a species found over a specific time and place
census: a complete count. A population census means every single individual was counted.
density: measure of individuals per area
ecology: study of interactions of organisms with their environment, literally “study of place to live”  
habitat: the area inhabited by a particular animal or specie.  A habitat is comprised of physical factors (temperature, humidity, rainfall, light, etc.) and biotic factors (ex. availability of food).
mean: average value
sample: a portion or piece that is representative of the whole
standard deviation: a measure of how spread values are (a measure of variability)
quadrat: a specific shape, typically a square, used as a unit of study

Area Calculations
Calculate the area using length and widths of your quadrat, habitat 1, habitat 2, and habitat 3.  Record what color/material corresponds to habitat 1, 2, and 3.  Fill out the space provided in the table below, this will help you keep track of which habitat is which color.
	Habitat
	Length (inches)
	Width (inches)
	Area = length x width (inches2)
	Area (m2)

	1

	
	
	
	

	2

	
	
	
	

	3

	
	
	
	

	Quadrat Interior
	
	
	
	



1. Record what habitat corresponds to, the teacher will provide this information.
Don’t tell the students what the habitats represent until the end of the activity. This way they can try and guess. If you feel this will make the activity too complicated, go ahead and tell them what all three habitats are.  An alternative is to tell them which 2 habitats are shore and the one habitat that is the ocean, and then they can try and discern the differences between the two land habitats.
	
	Looks like
	Represents

	Habitat 1

	
	Ocean

	Habitat 2

	
	Sunny shore

	Habitat 3

	
	Shady shore



2. What are some reasons that it may not be possible to complete a census of a population?  
Answers will vary.  Time, money, mobile species, cryptic species, etc.
3. Which habitat do you expect to have the highest density of Galápagos fur seals (species 1)? Why?
They will need to know the habitat types to answer this.  Answers will vary.
Shore, seals like to be on land.
4. Which habitat do you expect to have the highest density of Galápagos marine iguanas (species 2)? Why?
They will need to know the habitat types to answer this.  Answers will vary.
Shore, iguanas like to be on land.
5. What factors do you suspect are causing the differences in density? Why?
Answers will vary. Competition, predation, nursing site, etc.  May mention the physiological needs of the species, ecototherms (iguanas) need the sun if it’s cool and endotherms (seals) may want to cool off in the shade if the sun makes them too warm.

Choose one of the three habitats, and place the three quadrats randomly within this habitat.  Count the number of species 1 (fur seal) and species 2 (marine iguana) appearing in each quadrat and fill out Data Table 2. 
1. Calculate the mean number of each species found in the quadrats.  Calculate the standard deviation.
2. Complete the density and abundance calculations.  You will use your area calculations.

	Habitat you picked

	

	Area of this habitat

	


Count Data
	
	Number in Quadrat 1
	Number in Quadrat 2
	Number in Quadrat 3
	Average (across three quadrats)
	Standard Deviation

	Fur Seal

	
	
	
	
	

	Marine Iguana
	
	
	
	
	

	
Density Calculations
Use the observed data to calculate density.  

	
	Quadrat 1
	Quadrat 2
	Quadrat 3
	Mean Density
	Standard Deviation

	Fur Seal

	
	
	
	
	

	Marine Iguana
	
	
	
	
	

	
Abundance Calculations
Use the calculated densities and areas to calculate total abundance. 

	
	Quadrat 1
	Quadrat 2
	Quadrat 3
	Mean Abundance
	Standard Deviation

	Fur Seal

	
	
	
	
	

	Marine Iguana
	
	
	
	
	



Mean			 
Standard Deviation	
Follow up question:
How does the mean differ from the individual counts?  What do you think would happen to the calculated mean if you took even more quadrats? The mean is the average, so it may be larger or smaller than some of the values. If we took even more quadrats the mean will approach the true population mean. This is because with more information we become more accurate.

Place one quadrat in each of the three habitats (note: each quadrat must fall completely within a habitat, no overlap is allowed).
a. Count the number of each species per quadrat and complete Data Table 3.
b. Calculate the mean number of each species found in the quadrats.  Calculate the standard deviation.
c. Complete the density and abundance calculations.
Count Data
	
	Number in Habitat 1
	Number in Habitat 2
	Number in Habitat 3
	Average (across three habitats)
	Standard Deviation

	Fur Seal

	
	
	
	
	

	Marine Iguana
	
	
	
	
	

	
Density Calculations
Use the observed data to calculate density.  

	
	Habitat 1
	Habitat 2
	Habitat 3
	Mean Density
	Standard Deviation

	Fur Seal

	
	
	
	
	

	Marine Iguana
	
	
	
	
	

	
Abundance Calculations
Use the calculated densities and areas to calculate total abundance. 


	
	Habitat 1
	Habitat 2
	Habitat 3
	Mean Abundance
	Standard Deviation

	Area

	
	
	
	
	

	Fur Seal

	
	
	
	
	

	Marine Iguana
	
	
	
	
	




Mean			 

Standard Deviation	


Wrap Up Questions:

1. Would quadrat sampling have worked for fur seals and marine iguanas in reality? If not, why?
No. Answers will vary.  Fur seals are quite large, they would not fit in any reasonable quadrat.  Also they are both highly mobile. 

2. Describe a method of sampling that would work better for these species.
Answers will vary.  Random sample, line-transect sample, survey, etc.

3. Give an example of an animal species that could be studied using the quadrat sampling method to estimate total abundance.
Answers will vary.  Snails would work well.

4. Was there a difference in abundance of fur seals between the habitat types?
Answers will vary.  Should be yes.

5. What do you think caused this difference in abundance by habitat type for fur seals?
Answers will vary. May say seals prefer to be on the shore. 

6. Was there a difference in abundance of marine iguanas between the habitat types?
Answers will vary. May say iguanas prefer to be on the shore. 

7. What do you think caused this difference in abundance by habitat type for the marine iguanas?
Answers will vary. May say iguanas prefer to be on the shore driven by a physiological need to conserve energy.  May say iguanas prefer the sunny habitat, this is because they are ectotherms and want to get warm from the sun.

8. What difference between fur seals and marine iguanas do you think led to any differences in their abundance by habitats?  Think in terms of competition for resources (space, food, shelter, light, etc.).
Answers will vary. Seals have nurseries on shore. Seals like to aggregate in large groups on shore. Seals are endotherms and iguanas are ectotherms, so iguanas may need more sun.

9. Now that the teacher has explicitly told you what habitat 1, 2, and 3 represent and the actual populations in each. Why do you think the seals and iguanas are found in different numbers in each?
[bookmark: _GoBack]Answers will vary. Answer may be identical to the one in #8 if it used some information on the habitats.
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