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Ch. 17 
 

Removal sampling1      
 

 “[The Man] will go on taking and taking, until one day the World 
will say, 'I am no more and I have nothing left to give.’ ” 

-- Old Story Teller (Apocalypto, 2006) 
 
 
Questions to ponder: 

 How is a removal study conducted? 

 How is the removal method similar to a closed mark-recapture study? 

 What is the difference between removal methods with regression and removal methods with mark-
recapture methods? 

 
Sample until you drop? 
 
The methods for removal sampling are based on a simple idea—if you capture samples of 
animals in quick succession and remove the captured individuals each time, you will eventually 
sample every animal.  And, each sample will have fewer animals than the previous, as there are 
fewer animals that remain to be sampled.   
 
As an example, consider a small pond full of ornamental fish in a garden.  If you use a net to 
capture fish, you will capture several on the first attempt.  You remove the fish and place them 
in a holding tank before sampling the pond again.  Now, there are fewer fish in the pond than 
when you started, so you should catch a few less fish on your second attempt.  The process 
continues with each swipe of your net.  Eventually, if you keep sampling the pond, you will 
capture all of the fish.  And, if you counted them as they went into the holding tank, you would 
know the population size of the pond.   

 
However, let’s assume you are somewhat lazy, or more likely, complete removal isn’t practical!  
Do you really want to spend so much time sampling the pond—until you are certain you have 
caught every fish?  Or could the same information be ascertained if you stop after 4-5 samples, 
for example?  Would the pattern of the sample sizes of your captures allow you to estimate how 
many fish are in the pond?   
 

                                                 
1 With thanks for content to Gary White. 
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The Zippin Depletion Method 
 
P. A. P. Moran (1951) was an early proponent of a “mathematical theory for the estimation of 
the total population of an animal in a given region from the records of a series of trapping by 
simple traps (each of which killed the animal)…”  In fact, capture-removal methods were a 
standard in early mammal and fisheries research.  Moran’s influence has largely been forgotten, 
because small mammal and fisheries biologists eventually named the method the “Zippin 
Depletion Method”, after Calvin Zippin who published two useful papers for the estimation of 
small mammal population size (Zippin 1956, 1958).   
 
Removal sampling is still used, perhaps most commonly, by fisheries biologists.  For example, 
electrofishing is a capture technique that lends itself well to the removal method—and the classic 
use of removal sampling has been to sample a stream that has been blocked at points upstream 
and downstream from the sample area to prevent movement out of the area.  A backpack-
mounted device is used for electrofishing, and the first sample of fish are removed from the 
stream and placed into a holding tank.  However, some fish remain in the stream.  More 
electricity and another pass through the section of the stream, and a second sample is removed 
from the population.  And, the sampling continues.  There is no reason to mark the fish as fish 
have been removed from the population, which makes the method quick to accomplish in the 
field.  Of course, you could mark the fish and return them to the stream—then you would only 
count the unmarked fish in the second sample—ignoring the previously marked fish. 
 
Removal methods have broad application to other taxa and other logistical methods for 
sampling with ‘removal’.  Small mammals can be captured with snap traps (a form of ‘recovery’ 
from which the animal cannot be released) or live traps.  Removal sampling may also be 
effective in visual or auditory surveys of birds, frogs, or other animals.  Typical point count 
methods are modified to include time intervals within the time spent at a point.  For example, 
you might break a 4-minute point count into 4, 1-minute segments.  The observer keeps track of 
how many new animals are seen or heard in each time interval.  Animals seen in the previous 
time interval are ignored---just like they would be during a regular point count (you only count 
animals once!). 
 
For example, during an auditory survey of frogs, you might record the following: 
 

Interval 1:  10 frogs 
Interval 2:  5 frogs 
Interval 3:  4 frogs 
Interval 4:  1 frog 

 
It should be clear from the trends you can see in the data that you are getting close to observing 
all of the frogs in this patch of habitat. 
 

Regression methods for removal 
 
Even though Zippin (1956, 1958) described the removal method in terms of binomial events, he 
also provided a “regression method of estimating population size from removal data.”  Perhaps 
due to ease of calculation, early biologists generally turned to the regression method, which was 
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an innovative statistical method to estimate the population size in the area sampled.  As 
subsequent samples were drawn, the catch in the current time period was recorded and also the 
cumulative catch at the end of the current time period—as in this example: 
 

Time period Catch Cumulative catch 
1 82 82 
2 33 115 
3 22 137 

 
Even after 3 time periods, a couple things are clear: (1) we haven’t caught all of the animals in 
the area yet, and (2) we are beginning to get close to the total number of animals, because our 
sample sizes of captures are dropping significantly. 
 
We can create a plot of our data—with the cumulative captures on the y-axis and the captures in 
time period i on the x-axis (Figure 17.1).  If we perform a standard linear regression analysis, we 
will be given the y-intercept.  And, the y-intercept is the statistic in which we have interest—it 
represents the estimate of the population size at our sample point, 150 individuals are estimated 
for this example.  The logic of this approach is that the y-intercept is the predicted cumulative 
catch when we capture 0 animals during time period i—or, the theoretical point at which no 
more animals are left to catch (Figure 17.1). 
 

Figure 17.1: The Zippin deletion regression approach, with cumulative number of animals captured on the y-
axis and the number captured during each interval, i, on the x-axis.  The y-intercept serves as the estimate for 
the population size, N.  Here, the population size estimate is 149.8 (SE=10.6).   
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We can obtain a 95% confidence interval for our estimate of N by using the SE of the intercept 
(95% CI = +/- 1.96*SE) from our regression analysis.  It seems like a slick method (and, 
conceptually, it is very impressive!).   
 
However, there is a potential problem.  Performing a regression on 3, 4, or even 5 points is 
highly questionable (e.g., to obtain growth rates for polar bear cubs).  And, if we did a regression 
using 3-5 sample points, we would expect large standard errors and large confidence intervals.  
And, this is also true of the standard regression methods for removal sampling.   
 
A second problem is that the regression approach, by its linear nature, with a constant slope 
assumes a constant probability of capture, p.  By now, you should anticipate that capture 
probabilities may vary according to many factors, and the use of regression does not allow you 
to test for variation in p across your sampling periods. 
 
We should also point out a feature of the regression method for removal—the capture 
probability (p, the portion of the population that will be captured in a given sampling effort, i) 
affects the slope of the regression line.  In the simulation result shown in Figure 17.2, two 
sampling methods are used to sample a population of 1000 animals with removal sampling.  The 
netting method used on the left results in a 50% capture probability (p)—so, more animals are 
captured and the depletion is achieved more rapidly.  The slope, therefore, is shallow.  However, 
if capture probability, p, is only 5% (the example on the right), fewer animals are captured, and 
the slope is steep.  Both give the estimate of N~1000, but the SE of the estimate for the 
intercept is larger for the figure at right (SE = 34.2) than the figure at left (SE = 0.3), because the 
lower capture probability leads to a smaller range covered on the x-axis.  Thus, we have more 
confidence in our population estimate for the study represented by the figure on the left, with 
higher capture probability (p=0.50). 

 
 
 
 
 
 

 
 
 
 
 
 
 Figure 17.2: Comparison of regression analyses for a removal experiment for a simulated population of 1000 animals 

sampled with capture probability of p=0.50 (left, N̂ =1000.4, SE=0.3) or p=0.05 (right, N̂ =1009.2, SE=34.2).      
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Modern removal methods 
 
It is advantageous to think about removal methods from a mark-recapture framework (Otis et al. 
1978).  In fact, you will recognize that removal sampling is exactly like closed mark-recapture 
sampling to estimate population size—except for the important fact that we do not release any 
animals for recapture.  Thus, the probability of recapture is 0. 
 
We can use modern maximum likelihood-based methods to estimate the population (N) from 
removal methods by thinking of each sample as a binomial event.  Let’s consider a simple case in 
which the survey is divided into two samples: 
 

N:  the population size within ‘reach’ of the sampling gear 

xi : the number of new animals (never observed previously) counted in time i, ti 

 

Thus, we can estimate the expected number of animals captured in each time period, E(xi) as: 

 E(x 1) = Np1 
E(x 2) = N(1-p1)p2 
E(x 3) = N(1-p1)(1-p2)p3 

 
Note that the mark-recapture framework allows unequal “catchability” or encounter rates during 
the experiment, which may be advantageous.  Removal data can be analyzed in any mark-
recapture software program that allows the user to modify the probability of recapture, c.  The 
user must set c=0 for removal methods. 
 
Then, capture histories can be created for individuals sampled.  To match the 3-sample removal 
data used in our previous regression example, the capture histories would be: 
 
 

100  -- 82 individuals with this history 
010  -- 33 individuals with this history 
001  -- 22 individuals with this history 

 
 

Removal sampling assumptions 
 
Removal sampling has two very simple assumptions, in addition to the assumptions inherent in 
all closed-population, mark-recapture studies (see Chapter 8).  First, we assume a closed 
population within a sampling area during the sample duration (across intervals).  And, we 
assume that there is no double-counting of individuals (during and across intervals).  This 
assumption is more easily violated when animals are marked and returned to their habitat or 
visual/auditory counts are occurring.  
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Practical considerations 
 
Removal sampling is conducted during one primary sampling period (e.g., 1 visit to a stream), 
but the method requires several sub-samples, and that effort may create a longer sampling event 
than a single count-type survey. If used for visual surveys (e.g., grassland or forest birds), 
removal sampling requires additional logistics of timing the intervals of the surveys (perhaps 
with a stop watch).  The number of animals and species at a given spot may make removal 
sampling impractical—for example, in many locations in Colombia’s forests, there are over 200 
species of frogs with large populations.  Keeping track of who called and where would drive 
even the sturdiest person insane and would likely produce erroneous population estimates!  
Similarly, in any high density area, such as trying to count red-winged blackbirds in a wetland in 
the central US, the logistics of keeping track of animals that are moving within the sample area 
during a survey would prove to be impossible.  However, using the method to count calling 
grassland birds may prove very possible.  
 
Adjustments can be made to sampling protocols to use removal sampling.  For example, 
biologists could limit the number of species that are being counted to a list of target species.  
The time of the survey could be limited—instead of a 10 minute survey with 5, 2-minute 
intervals, perhaps using a 3-minute survey with 3, 1-minute intervals could be used for red-
winged blackbirds in the example above.   Errors in double-counting increase with interval 
length and replication of 
intervals.  Special data sheets 
can be used to keep track of 
new individuals seen in each 
time interval (Figure 17.3).   
 
Removal methods can be 
applied or adjusted to many 
types of animals.  However, to 
be useful, there must be a large 
initial capture event, and there 
needs to be a pattern of 
declining numbers of captured 
animals.  The method, for 
example, would not provide 
good results if a small sample 
was taken each time from a large 
population of 10,000 animals.  
No noticeable decline in the size 
of the sample of captured 
animals would be observed in 
this situation—the population is 
not being depleted! 
 

Figure 17.3: A data sheet for use at a point count for birds that allows summary of 
data for removal analyses.  The data collected during each time interval is plotted on 
the map of the point count (observer at center dot).  Unique letters indicate unique 
individuals seen during interval.  New observations are circled. 
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Conclusion 
 
Removal methods are some of the oldest methods in fisheries and wildlife ecological research.  
Only certain situations allow for use of the removal method, because significant progress 
towards depletion of the local population must occur during sampling.  In addition, logistics for 
holding tanks (e.g., for fish) must be available; in the case of small mammal removal with snap 
traps, animals are not generally released back to the population, which is not feasible for species 
of conservation concern.  However, the method may be adapted for use in visual/auditory 
surveys and mark-recapture studies that include release of live animals.  Regression methods 
provide quick-and-easy estimates of population size, but they assume equal capture probability 
for individuals in the population during the study.  Modern mark-recapture methods are 
preferred, and allow investigation of variability of capture probabilities. 
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