
Population Size Estimation

In this chapter the goal is to estimate the population size, instead of a
mean, proportion, or total like in other parts of the course. Some examples
include estimation of the number of animals in a region, or the number of
people attending an event. There are five methods discussed in this chapter,
and we will look at four of these methods.

Direct and Inverse Sampling

These methods involve sampling a population, marking the sampled mem-
bers, then returning them to the population. A next phase of sampling is
conducted, and the proportion of previously marked members is used to
obtain an estimate of the population size. These methods are also called
capture-recapture, or mark-recapture methods. Some assumptions that are
needed are: a closed population, SRS samples in each sampling, independent
samples, and marking that is recognizable in future samples.

Direct Sampling
In direct sampling, a first random sample of size t is taken, marked, and

returned to the population. A later random sample of size n is taken, and
s of those are observed to be marked. If N is the unknown population size,
then both t/N and s/n are estimators of the proportion of tagged members
of the population. Thus, we can set these estimates to be equal and solve
for N , yielding the population size estimator and estimated variance:

N̂ =
nt

s
, V̂ (N̂) =

t2n(n− s)

s3

To use this method, n must be set large enough so that the probability
of the event that s > 0 is close to 1. Also, this estimator is biased, with
approximate bias of N(N−t)

nt
, so by setting n and t to be large, we can lower

this bias. A less biased estimator proposed by Chapman (1951) is:

N̂c =
(n + 1)(t + 1)

(s + 1)
− 1, with V̂ (N̂c) =

(n + 1)(t + 1)(t− s)(n− s)

(s + 1)2(s + 2)

Inverse Sampling
For this method, we again obtain a first random sample of size t, then

mark and return them to the population. Now when we take the later
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random sample we keep sampling until we recapture s members that are
marked, and the sample size required to obtain the s marked members is n.
From this data we obtain an estimator of N and an estimated variance:

N̂ =
nt

s
, V̂ (N̂) =

t2n(n− s)

s2(s + 1)

This method has the advantages that we can guarantee that s is greater
than zero, and this estimator and its variance estimator are both unbiased.

Note that in section 4 of this chapter are graphs and tables for choosing
sample sizes for both direct and inverse sampling.
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