GENERAL ECOLOGY

MARK-RECATURE

BIO 340



ESTIMATING ANIMAL ABUNDANCE:

MARK-RECAPTURE METHODS

INTRODUCTION

Thus far, we have used sampling methods designed to measure the density and dispersion of sessile organisms (plants and galls). Obviously a different methodology is necessary to measure the abundance of organisms that can move around. A large number of techniques exist for sampling and estimating populations of mobile organisms. This exercise examines one method, the mark-recapture method, which is particularly well suited to the study of larger invertebrates and vertebrates. In this exercise, you will perform an actual mark-recapture study on campus that will allow you to gain insight into some of the techniques and principles involved in a mark-recapture study. 

OBJECTIVES

In today’s lab you will

1.  Take part in estimating the population size of snail population in Rose pond

2.  Learn the four basic assumptions underlying the Lincoln Peterson Model 

3. Learn alternative methods to the Lincoln Peterson Model

KEY TERMS

	Mark-recapture method
	Natality
	Mortality

	Marking period
	Immigration
	Marking effort

	Census population
	Emigration
	Sampling effort

	Marked cohort
	
	


BACKGROUND

Unlike plants, animals are often secretive and usually mobile. Consequently, simple counts or plot sampling techniques are useless for determining population size. However, for several reasons, including understanding population dynamics and setting harvest limits, it is important to estimate animal abundance. Therefore, several techniques have been developed to accomplish this task. Of the numerous possibilities that exist, mark-recapture methods are frequently employed. The general procedure involves capturing and marking animals (this phase is referred to as the marking period). Different animals often require unique capture and marking techniques. The marked animals are then released. After a certain period of time (long enough for the animals to redistribute themselves within the habitat) individuals in the mobile population are again captured and counted. The second cohort of individuals is called the census population. Within the census population a certain number of individuals will carry the mark applied earlier and others will be unmarked. Those individuals carrying the mark belong to the marked cohort. It is important to keep track of the number of marked and unmarked individuals in the census population. This general procedure may be applied either short term or long term and applies to both open and closed populations. Accordingly, the mark recapture model that is used will depend on the population type and the duration of the study (table one).

	Mark-Recapture Model
	Model type
	Description

	Lincoln-Peterson Method
	Closed population
	Fisheries origin, one

marking period

	Schnabel Method
	Closed population 
	Fisheries origin, multiple marking periods

	Jolly-Seber Model 
	Open population
	Multiple marking periods

	Polluck’s Robust Design 


	Combination of closed and open models
	During short periods of

sampling closed

assumptions, over the

longitudinal study treated as open system


Table one. Types of mark-recapture models.

The Lincoln-Peterson Method, which you will be using in lab, is a common method that operates under four basic assumptions:

1.  All individuals in the population have an equal chance of being caught (i.e.) there are no differences in age, sex, size, etc.)

2. Marking must not alter an individual’s behavior, make them more likely to emigrate or be preyed upon, or influence their likelihood of being recaptured. 

3. There must be no input of new individuals to the population during the intervening time interval. Changes in the population due natality (births) and immigration (outside animals entering the population) will dilute the marking effort.

4. Emigration (individuals leaving the population) and mortality (deaths) must be absent or equal for marked and unmarked individuals.

Based on these assumptions, the calculation for estimating the population size is based on equating the proportion of marked individuals in the census population (R/C) to the proportion of marked individuals in the unknown population (M/N). Thus, the calculation formula is:
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where: 

M= number of animals captured and marked in 1st sample 

C= number of animals captured in 2nd sample (marked +unmarked; census population)

R= number of marked animals captured in 2nd sample (marked cohort)

N= estimate of population size 

The size of M represents the marking effort and the size of C represents the sampling effort. The unknown population size (N) may be estimated by rearranging the above formula:

[image: image2.png]



While this formula provides an estimate of the population size, it tends to over estimate N because of a failure to meet one or more of the assumptions (listed above). However, we can correct for the bias by using the following formula:
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unbiased for : (M+C) ≥N and R > 7

DIRECTIONS

PART I: BEAN COUNT

We will be estimating the population size of beans rather than live animals so that you can examine the effect of marking and sampling effort on the final population estimate.  You will mark a small number of beans to simulate low making effort and a large number of beans to simulate high marking effort.  Sample effort depends on the size of the census population.

Since a single measure of the unknown population could be unrepresentative of the actual population (simply due to chance) it is best to use repeated estimates and to be aware of the existence of variance in the sample data.  In both of our efforts we will use several estimates of P as measurements of the true population.

1. Take one of the containers and scoop up 475 beans from the large container filled with unmarked beans.

2. Add 25 beans marked with a felt-tip pen and mix the beans.

3. Without looking draw out 10 beans.  This is p, which you should record on the data sheet.  Also record the number of marked individuals in the sample (m).  Calculate the population size (P) using the formula above.

4. Replace the 10 beans in the jar.  Mix well and sample again.  Repeat 3-4 times to get multiple estimates of P.  Calculate the average value of P ± 1 standard deviation.  Return all beans to the jar when you are finished.

5. Now draw out (without looking) 30 beans.  This is your new p. Record the number of marked individuals in the sample (m) and calculate P.  Repeat 3-4 times to get a good estimate of P (mean ± 1 SD).

6. Next removed 75 unmarked beans from the jar and add 75 marked beans.  One hundred will be your new M.  Draw out 10 individuals for the census population, p.  Record the number of marked individuals in the sample (m) and calculate P.  Repeat 3-4 times to get a good estimate of P (mean ± 1 SD).

7. Now draw out (without looking) 30 beans.  This is your new p. Record the number of marked individuals in the sample (m) and calculate P.  Repeat 3-4 times to get a good estimate of P (mean ± 1 SD).

8. Compare your estimates of P under low marking and sampling effort, low marking and high sampling effort, high marking and low sampling effort, and high marking and high sampling effort.  Calculate percent error for each marking sampling effort.  % error = (mean P – actual density)(100)/ actual density.

Table 1.  Data sheet for bean mark-recapture
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PART II: CMU STUDENT

Each laboratory section will participate in a population census of CMU students.  We will use a modification of the mark-recapture technique.  This modification (called the Schnable Method) employs multiple marking periods and a marking cohort that is ever-increasing in size.  The Tuesday morning section will begin marking students during class change time.  Tuesday afternoon and Thursday sections will mark and census students.  The Friday morning section will only census students.

Groups of 3-4 students should position themselves at strategic points around campus.  Each group should approach travelling students and ask if they would be willing to be marked.  A foot long piece of flagging tape used to mark the students should be tied in a visible place such as on a book bag.  Groups should record how many people the mark (captures) and how many people they see that are already marked (recaptures).

CMU STUDENT CENSUS

Lab section__________________
Location______________________

	Newly marked (M)
	Number unmarked
	Number recaptured (R)
	Total (C)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


DISCUSSION QUESTIONS

1. Remember Assumption 1: Each animal is equally likely to be captured. This assumption is almost never true. Explain how the likelihood of capture is not the same for all individuals at the first marking effort. How would you minimize this problem?

2. Remember Assumption 2: Marking does not influence an individual animal’s probability of recaptured. Describe how being initially captured and marked could (a) increase and (b) decrease an individual’s probability of recapture.

3. Remember Assumption 3: Births and immigration do not occur between the marking and recapture efforts. How might a researcher attempt to insure that the assumption is met?

4. Remember Assumption 4: If mortality & emigration occur between capture and recapture, marked animals have the same combined mortality-emigration rate as unmarked animals. If the assumption is violated, is it more likely because marked animals have a higher rate of mortality + emigration than unmarked animals, or a lower rate? (Explain why) How can a researcher attempt to insure that the assumption is met?

5. Marks should not be lost between capture and recapture. How can a researcher attempt to insure that the assumption is met? What would happen to the estimate if marks were lost?

Data Sheet for Mark-Recapture (Lincoln-Peterson)

1. Number of animals marked during the first census period 

(M)___________________

2. Number of unmarked animals in the second census period 

______________________

3. Number of marked animals in the second census period 

(R)_____________________

4. Number of unmarked + marked animals in the second census period 

(C)____________________

Using the formula, generate an estimate of N. Do you need use the biased corrected formula?

Data Sheet for Mark-Recapture (Schnabel)

	Sampling Period
	Mt
	Ct
	Rt

	1
	 
	 
	 

	2
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	4
	 
	 
	 

	5
	 
	 
	 


Schnabel Formula

N = (Σ(CtMt))/ Σ Rt

Σ(CtMt) = C1M1 + C2M2 + C3M3 + C4M4 + C5M5
Using the Schnabel formula, generate an estimate of N. Do you need use the biased corrected formula?
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