Marking Beans – Population Study Lab 	          Name: ANSWER SHEET- Example

Purpose: 
· To estimate total population size.
· To review concepts of mean, standard deviation, and standard error (of the mean).

Background (review): 
In studying a population there are two broad approaches that can be taken, a census or a sample.  A census describes when every individual in the population is counted for or measured.  A sample is when a subset of the population is measured or counted and then statistics are used to extrapolate from this group to the whole population.  The goal is to have a representative sample, so that the measurements from the sample are applicable to the whole.
A technique called sampling is sometimes used to estimate population size. In this procedure, the organisms in a few small areas are counted and projected to the entire area. For instance, if a biologist counts 10 squirrels living in a 200 square foot area, she could predict that there are 100 squirrels living in a 2000 square foot area. One type of sampling is quadrat sampling.
Another method used to determine population size is tagging or mark recapture methods. Tagging is frequently used on species like butterflies (namely monarchs) and fish. Sometimes the “tags” are stickers (in the case of butterflies), ear clips, or notches made in fins of fish. The purpose of these tags is to track migration, health, and range as well as to help determine population numbers of species in an area. Estimating the population size requires capture individuals, marking them, and then resampling the population to see how many out of your sample are marked. It is assumed that after tagging the individuals fully mix with the whole population and tagged animals are not different than untagged animals. By then taking random samples and determining the percent tagged, biologists are able to hypothesize the population of that species in that area.

Procedure:
1.  Fill a bag with a scoop of white beans or get the pre-made bag.  Do not count the beans in the bag.
2.  Use the cup to take a sample of beans.  Count these beans and then count out the exact same number of black beans and place the black beans into the bag. The black beans are serving as the marked individuals in the population.  Set aside the white beans.
3.  Mix up the population, being careful not to spill your beans.
4.  Use the cup to take a sample from the bag.  Count the total number of beans in the sample. Count the total number of black beans in the sample. Record this data. Replace the beans back into the population and mix again.
5.  Repeat step 4 until you have 10 samples.

	Total Marked (M)
(Number of Black Beans Added to Bag)
	40





Data Tables and Tables for Calculations
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Sample Size (K)
	20
	21
	19
	15
	22
	26
	18
	24
	27
	24

	Marked in Sample (m)
	8
	3
	5
	6
	7
	8
	6
	4
	9
	7

	Percent
Marked in Sample (p)
	0.40
	0.14
	0.26
	0.40
	0.32
	0.31
	0.33
	0.17
	0.33
	0.29

	Total Population Estimate
	100
	280
	152
	100
	125.7
	130
	120
	240
	120
	137.1



	
	Mean
	Standard Deviation
	Standard Error of the Mean

	Sample Size (K)
	21.6
	3.75
	1.19

	Marked in Sample (m)
	6.3
	1.89
	0.60

	Percent
Marked in Sample (p)
	0.30
	0.09
	0.03

	Total Population Estimate
	150.49
	60.51
	19.14
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Questions:
1. What is the mean of your percent tagged fish from the 10 samples?
30% is the mean tagging rate.

2. What is your mean estimate of the total population size from the 10 samples?
150.49 is the mean estimate of the total population size.

3. What is the standard error (of the mean) for the mean estimate of total population size from the 10 samples?
19.14 is the standard error of the mean for the mean estimate of total population size.

4. What do you think would happen to the standard error (of the mean) if we had 100 samples instead of 10? Hint: Look at the equation for standard error (of the mean)
The standard error of the mean gets smaller as the sample size increases. This is because the standard error of the mean is the standard deviation divided by the square root of the sample size. So as sample size goes up, the denominator gets larger so the value will decrease.

5. Can you think of a reason in which the estimate produced from this type of marking experiment would be biased? That is, if we marked fish in a pond can you think of something that would cause us to arrive at an incorrect estimate? Hint: think of differences in the individuals that are marked and the individuals that are unmarked. Think of the equation for estimating total population size.
If tagging or marking kills the individuals then the proportion of marked individuals will be changing with time (as they die from tagging) so the estimate produced will be biased.
ANSWERS HERE WILL VARY
Look to Part 2 for more examples of answers.

6. Outline a simple plan for using a tagging study to assess a local population. In a few sentences identify the species you want to tag, how you would sample them, and how you suggest tagging them.
We could use a tagging study to estimate the number of squirrels living in Balboa Park. We could set traps to capture them and then mark those that we capture with ear tags. Then we could recapture them with the traps and estimate the total population.

ANSWERS HERE WILL VARY.
