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Abstract: A helicopter-assisted mark-recapture study was conducted on a white-tailed deer { Odocoileus
virginianus) population in northern Ohio from late January to early February, 1975. Two hundred and
thirty-four deer were marked with collars on the National Aeronautics and Space Administraticn’s Plum
- Brook Station. The 2,176-ha facility was completely enclosed by a 2.44-m chain-link fence. Collared deer
‘were visually “recaptured” by systematically surveving the Station by helicopter. The population estimate
was 2,499 with a 0.95 confidence interval of 2,405-2,593, a density of 115/km® {298/mi*). Compliance
with model assumptions was investigated through a study of animals on a 199-ha Test Area separated
from the rest of the Station by an interior fence. Modifications employed in this census effort eliminated

many of the problems commonly encountered in mark-recapture work. Prccedures for selecting the opti-
mumn combination of marking and sampling effort in future applications are presented. :
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The mark-recapture method (Petersen
- 1896, Lincoln 1930), used extensively to
estimate tish and small mammal popula-
‘tions, has not found wide application in big
game censusing. Requirements for intensive
sampling and equal probability of recapture
for all animals are major obstacles. Strand-
gaard (1967) used the mark-recapture
method to estimate the size of a roe-decr
(Capreolus capreolus) population. Deer
were marked with collars and visually sam-
pled from an automobile.
found his census procedure to be unsatis-
factory because deer observed along the
roadway did not constitute a truly random
sample from the total population. However,
aerial observation for recapture of marked
deer can potentially solve this problem.
Woolf (1973) was one of the first to use the
aerial sampling approach. He marked ap-
proximately 10 percent of 1,000 deer and
sampled the population from a helicopter.
Visually sampling deer from the air im-
proves compliance with the assumption of
random- sampling by removing trap bias
and allowing for adequate sampling of re-

! Present address: Dept, Zoology, Oregon State
University, Corvallis 97331.
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mote areas. The cost of aerial mark-recap-
ture censusing is justified by the ability to
sample 4 large proportion of the deer herd.
This Jarge sample size enables fewer deer to
be physically handled and marked. The
most powerful innovation of aerial sam-
pling is the potential for multiple sampling.
In this study multiple samples were used to
improve substantially the precision of our
population estimate. The objective of this
study was to design and implement a reli-
able mark-recapture census procedure
which would yield precise and unbiased
estimates of white-tailed deer density,
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CENSUS DESIGN

A helicopter assisted multiple-recapture
census can be divided into 3 phases: (1)
planning phase: obtain a rough estimate of
the herd size and determine how many
deer are to be marked and how many aerial
samples are to be collected; (2) marking
phase; mark an adequate number of deer;
and (3) sampling phase: visually sample
the deer from an aircraft 2 or more times
‘and record the number of marked and un-
~marked deer observed. After each aerial
sample is collected, a separate modified
Petersen estimate (IQT*i) is calculated,
N* = [(Mi+1) (Ci+1)/(Ri + 1)]

— 1, (Chapman 1952)
where, for sample i, M; is the number of
previously marked deer, C, is the total
number of deer chserved, and R; is the
number of marked deer observed. When all
samples have been collected, the final esti-
mate is set’equal to the average of the K

individual estimates and denoted by N*.

The standard error of N* is calculated di-
rectly from the individual estimates,

_ 1 e Qs _ e
SE“\/K(K—l)izﬁ (N. = N%)
( Chapman 1952).

Due to the approximate normality of the

final estimate, N* =2 SE represents an
approximate 95 percent confidence inter-
val for the true population size (N).

The graphs in Fig. 1 were developed to
illustrate suitable combinations of sampling
and marking effort for future applications
of this census procedure. Similar graphs
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were developed by Robson and Regier
{1964) for the single-sample census pro-
cedure, Their analysis indicated that values
of M/N and C/N needed to produce reli-
able estimates of ungulate density were
prohibitive. The graphs in Fig. 1 incorpo-
rate multiple sampling and the large values
of C/N obtainable with aerial sampling as
a means toward reducing the required value
of M/N to a range attainable in routine
field ftudies. To develop the graphs, the
Var(N*|M,C,N,K) needed to be deter-
mined accurately. Exact values for the Var
(N*;M,C,N,K) were obtained via a com-
puter program which calculated the ex-

pectations of N* and N’”i directly. Compar-
ison of the exact Var (N* M,C,N,K) with
values obtained via the Chapman approxi-
mation {Chapman 1951:147) indicated that
this widely accepted approximation con-
sistently exaggerated the Var( N*|M,C,N K}
within the range of M/N and C/N shown
in Fig. 1. In some cases the exaggeration
was over 300 percent of the exact variance.
Thus, the graphs in Fig. 1 represent a
needed alternative to use of the Chapman
variance approximation for calculation of
expected census precision,

To increase legibility of the graphs {Fig.
1), the values for “number of animals
marked” and “number of animals sighted
per aerial sample” were expressed as frac-
tions of the total population, i.e.,, M/N and
C/N, respectively. Graphs were produced
for select values of C/N ranging from 0.3
to 0.6, In practice, the value for C/N will
not be constant. A conservative procedure
for using the graphs when C/N is not con-
stant is to use a lower bound for the antici-
pated values of G/N.

Fig. 1.

Suitable combination of “fraction of the herd marked"

=
{M/NY and "‘number of aerial samples™ {K} to obtain an ax-

pacted 85 percent confidence interval of size &=0.1N for select values of '{raction of the herd samplied™ (C/N). Numbers above
each curve danote population size. C/N is assumed to be constant and equal to 0.30, 0.40, 0.50 or 0,60 for graphs A, B, C,

and D, respectively.
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