
Capture-Mark-Recapture as a Lesson in Field Biology 

Capture-Mark-Recapture (CMR) methods are a very common and powerful tool used by wildlife 

biologists to estimate the number of animals in a given area where a true census of every 

individual is impossible (i.e., most real-world places). This group of techniques has been 

expanded to include techniques to estimate detection rate, survival, seasonal changes, etc., but its 

most basic use is to measure the abundance of a population. The simplest CMR analysis is 

known in ecology as the Lincoln-Peterson index. This method is based on a simple probability 

formula and high school students in grades 10 – 11 should be able to understand it, particularly if 

they actually do it in the field. 

Suggested Study Plans  

Ideally the class will go out into the field and capture some animals, preferably a wildlife 

(vertebrate non-fish) species, since the class focuses on wildlife. A study on an easily identified 

and captured insect would also work well. A few suggestions are given below. Such studies 

where actual vertebrates are being caught and handled require permits. If these cannot be 

acquired, then a suggestion for an in-class demonstration is given below.  

 

Lincoln-Peterson CMR 

The teacher should be familiar with the theory behind Lincoln-Peterson CMR, so that they can 

best facilitate their class. The method requires two sessions of trapping in a reasonably short 

amount of time (e.g., a week or two). In the first session, animals are caught and somehow 

marked. These marks need not be permanent, but must last until the next trapping session. Marks 

may also be natural unique identifiers (e.g., tiger stripes, whale flukes), not just artificial marks. 

In the second trapping session, animals are trapped just as before and presumably you will catch 

some animals that you have never seen before and some animals that have marks. You will then 

have 3 quantities: 

M = The # of animals marked in session 1 

C = The total # of animals captured in session 2 

R = The # of animals caught in session 2 that had marks  

You will use these three numbers to estimate the number of animals in the study area (N). 

There are a few important assumptions that this method requires. The teacher should be familiar 

with them and their implications, though it is up to him/her if they wish to go into them in class. 

1. Marks must be permanent for the study 

2. The study population is closed (no immigration/emigration or births/deaths in the study 

period) 



3. The probability of catching animals is the same for all animals and across trap sessions 

The first two assumptions are usually reasonably met by doing the two sessions in a short period 

of time. The last assumption is very important and often difficult to perfectly meet and to 

quantify, and is a source of a lot of headache for researchers.  

The initial relationship between N, the unknown, and the other known variables is: 

R/M = C/N 

In essence you are creating a subpopulation of marked individuals, and seeing how often you 

catch them again. You then use this “capture probability” to figure out what portion of the total 

population you caught.  

To put it another way, if you recapture, say, 30% of your marked individuals, then you assume 

(based on assumption #3) that all of your captures on the second day represent 30% of the total 

population.  

We can rearrange the equation to get: 

N = (MC)/R 

A less biased estimator of N is  

N = (((M+1)(C+1))/R+1) - 1 

It may or may not be worthwhile to use the last formula in this lesson. Teachers should be aware 

that a true study requires estimates of variability, precision, etc. See Ecological Methodology by 

Krebs or Program MARK by Gary Whiteand the association online documentation for more 

concepts and information.

 

Field Study Suggestions 

The teacher should do their best to make this study a field trip where the students get to catch 

real animals. There is no better way to get your students interested, and experience handling 

animals is valuable for many students in itself. The teacher should scout the site obviously prior 

to bringing the class to make sure the animals actually live there and can be caught. Below are 

some suggestions for field trips: 

Turtles in a city park 

In many parks, turtles will readily approach the shore to be fed. The best example of this 

is Turtle Pond in Central Park. A class that did this study there caught 94 turtles in 4 

hours just by using hand nets from the observation dock. 



Turtles can be sexed visually (males have long foreclaws) so this is another type of data 

you can take. Sex in turtles is determined by the temperature of the egg, so if the sex ratio 

is skewed in your pond this may be something worth investigating and adding to the 

class. Skewed sex ratios have been found in some sea turtles, and this could be an effect 

of global warming (article here). 

In New York State, you need a License to Collect or Possess from the NYS Dept of 

Environmental Conservation to catch painted turtles, but do not need one for the exotic 

red-eared slider. In Central Park there are both, but the ratio is about 50:1 in favor of the 

sliders, but you will probably catch some painteds so go for the state permit. In all cases 

you will need to get a permit from the Park Dept.  Generally, the DEC is easy and the 

NYCDPR can be a headache. 

You will need as many long-handled nets as you have students groups (3 or 4 a group is 

fine). You will also need brightly colored paint markers to mark the turtles. 

Procedure  

Day 1 

I have found it works best to have a data group to measure and mark the turtles and a 

number of trapping groups. Alternatively, each student group can capture and mark their 

own turtles. In this case, each group should code turtles with a letter specific to their 

group and a number based on the turtle (A1, A2, A3 and B1, B2, B3, etc.). This way no 

turtle gets the same code even though each group is working simultaneously. 

This study must be done in the spring, summer, or early fall. In the colder months turtles 

will not be active. Hotter is better, because the turtles will be more active. The best time 

of day to do this is about 11am until dusk. Earlier than 11 the turtles will not be active yet 

(and likely neither will your students). 

Capture Instructions: 

1. Turtles are caught with the nets and gently brought to shore. You can use soft doggie 

treats to lure them closer.  

2. Record the species of turtle (see species info sheet) and measure their lengths by 

placing them on a yard stick. All handling/measuring should be done on the ground so 

if you lose control of a turtle it does not fall from height. Sex can be roughly 

determined also by the length of the claws on the front legs (males have long claws). 

3. A small portion of their shell should be mechanically cleaned of algae and dried with a 

rag and then a number drawn on the shell with the paint marker.  



4. The turtles can be kept in a covered bucket or crate for a few minutes while the paint 

dries. They can then be released in another part of the pond.  Have one of the more 

sensitive students keep an eye on the bucket. 

Day 2 

Same as Day 1 only recaptures are recorded as such. New turtles should also be marked 

so you don’t catch them again. New codes should be used for this day as well (e.g., new 

letters for each group or start at a set number). 

Invertebrate Options: Dragon Flies, Locust Borer Beetles, Freshwater snails 

Dragon flies are large insects that are found near ponds and wetlands that can be caught 

easily with butterfly nets in the early/mid spring and summer. Locust borer beetles can be 

caught in the summer and fall in most goldenrod or aster meadows. Small dots of nail 

polish or paint markers can be used to mark individuals on the abdomen. Make sure 

marks can be easily seen if the animal is recaptured. Unlike the turtles, there is no easy 

way to make individually unique marks (but this doesn’t matter for LP CMR).  

Beetles can be marked as they are found climbing up goldenrod. Dragonflies can be 

netted and gently removed, marked, and released. Be careful with their wings and legs. 

Waders might be needed so some students can walk in the water to catch them. 

In either case, an info sheet should be assembled on the biology and identification of 

whatever species you decide to capture to be added to the field guide. 

A detailed lesson plan on CMR using freshwater snails was written by Tim Stewart and a 

good summary of dragonfly biology and use in the classroom was written by Paul V. 

Switzer. The .pdfs are included with this class. 

In-class options 

A CMR can be performed in class using a tank full of bugs or goldfish. Make sure there 

are too many in the tank for the students to count easily. Crickets work very well because 

they jump around a lot (and are easily available in bulk from pet stores). If you use fish, 

you can use toe clippers to clip a tiny section of a fin. Crickets can be marked with nail 

polish or paint markers. 

A detailed lesson plan on using crickets in the classroom for CMR was written by A. 

Whitley and is included with this class. 

Analysis 

After the field trip, our goal is to have students derive the CMR formula on their own. By 

doing the study first, they should have some inkling as to what the important data were 

(number of captures on Day 2 and number of recaptures). They should be given the hint 



handout and asked to see if they can figure it out among groups of 3 – 4. The teacher can 

roam around and assist groups who are on the verge. In my experience this takes about 20 

minutes for students to get it. 

The teacher should tabulate all the data into a spreadsheet in class (as you are only 

entering 3 numbers: M, C, and R). You can then enter in the formulas and get the 

estimate of N. Alternatively the students can have their own laptops and make their own 

spreadsheets. The teacher can introduce the less-biased estimator if they wish. 

If other variables are measured (length, distance moved, sex) this can lead to a lesson on 

Excel if the students have not used it before.  

 

 


