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Activity 2e: Research Techniques - Mark-Recapture Studies
This is the fifth part of a set of five activities about Humpback Whales

The other parts are…
2a: What is Photo-identification?

2b: Designing and Conducting a Photo-Id Experiment
2c: Matching Humpback Fluke Photographs

2d: A Simulated Research Cruise
…and are available at the website at the top of the page.

While it is important to estimate populations of marine mammal species for conservation and
management purposes, it is impossible to get an accurate count of all the individuals of any one
species. Researchers must survey a portion of the population, then use statistical formulae to
determine population estimates. One of the simplest statistical formulae is the Petersen two
sample capture-recapture estimator:

N1 = n1(n2+1)/(m2+1)

V1 = [n1 (n2+1)(n2-m2)] / [(m2+1) (m2+2)]

where:
N1 = estimated population size
n1 = number of individuals identified from photographs in sample 1
n2 = number of individuals identified from photographs in sample 2
m2 = number of individuals identified from photographs in both sample 1 and sample 2
V1 = estimated variance of N1 .

For a middle school level lesson, you can probably ignore the formula for variance. An adequate
discussion of the varying population estimates will be sufficient for these students.

You can create your own mark/recapture situation with a large shopping bag full of Styrofoam
peanuts and a pen. Have several stations set up around the room so that your whole class can
perform this experiment after you have demonstrated it. Then, get together for a discussion to
compare results.

Materials
Shopping bag full of Styrofoam peanuts
Selection of colored markers
Watch
Paper and pencil
Calculator

Procedure
1. For 1 minute, have a student reach into the bag and pull out one peanut at a time and count
them.

2. Have another student mark each peanut with a pen and put the marked peanuts back into the
bag. The number of marked peanuts equals n1.
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3. For 1 minute, have another student reach into the bag and pull out one peanut at a time and
count them. This number of peanuts equals n2.

4. See how many of the peanuts from the second sample were marked during the first sampling.
This number equals m2.

5. Use these numbers in the Petersen two sample capture-recapture estimator to determine a
population estimate for the peanuts in the bag. You can then count all the peanuts to check your
accuracy.

6. Discuss what factors could affect your total estimate, such as sampling time (corresponds to
effort), total number of peanuts (actual population), size of bag (distribution range). Perform two
more counts changing 1 factor each time.

7. Prepare a short report on your findings including your raw data, population estimates, what
factors you varied and how that influenced your results. Briefly discuss the problems of using
this technique in determining marine mammal populations.

8. As a class, discuss how this simple experiment is inadequate for determining actual whale
populations. What factors need to be addressed?

The ocean is not a closed system. Whales are born and die, they move out of one area and into
another. Other factors include how frequently and consistently the population is being sampled.
This is dependent on weather conditions, boat availability, funding, equipment, etc. How the data
is collected is important, too, as students in the class should have discovered by their different
results.

Variance:
The (population) variance of a random variable is a non-negative number which gives an idea of
how widely spread the values of the random variable are likely to be; the larger the variance, the
more scattered the observations on average.

Stating the variance gives an impression of how closely concentrated around the expected value
the distribution is; it is a measure of the 'spread' of a distribution about its average value.

The larger the variance, the farther the individual values of the random variable (observations)
tend to be from the mean, on average.

The smaller the variance, the closer the individual values of the random variable (observations)
tend to be to the mean, on average.


