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ABSTRACT

The efficient planning of a Petersen-type mark and recapture experiment requires some
knowledge of the order of magnitude of the population size N. Sample sizes M and C of the
mark and recapture samples, respectively, may then be ascertained on the basis of a guessed
value of N to achieve any desired degree of accuracy with any specified degree of confidence.
Restrictions on the sample sizes M and C are that MC must exceed 4 times the guessed value
of N, and the total costs of M and C must be equal. Graphs and formulas are given defining
sample size to attain preassigned levels of accuracy and precision of population estimation.
A method of choosing sample sizes such that experimental costs are minimized is described.

INTRODUCTION

One of the major decisions which must be
made in planning a Petersen mark-recapture
experiment is the amount of resources in terms
of men, time, money, etc., which are to be
invested in the experiment. The greater the
investment, the greater will be the accuracy
of the estimate of population size if resources
are properly allocated. Our purpose in this
paper is to provide a guide to effective plan-
ning in the form of formulas and graphs show-
ing the relationship between the size and costs
of the experiment and the accuracy and pre-
cision of the attendant population estimate.

Determining sample size for any experi-
ment, whether with fish, tomato plants, or
vacuum tubes, presents difficulties of the same
type as the proverbial problem of lifting one-
self by one’s bootstraps. In the mark-recap-
ture experiment the precision of estimation
associated with any given sample size depends
upon the size of the population from which
the sample is drawn; consequently, to predict
in advance the level of accuracy of an experi-
ment is tantamount to predicting population
size—or predicting precisely that unknown
quantity which the experiment is designed to
estimate.

The answer to this paradox lies in a pilot
study, or an educated guess of population size
based on other evidence and experience. Some
guess, at least as to the order of magnitude of
the population, is necessary if the planning of
the experiment is not to be done completely in
the dark, and the purpose of the experiment
may then be regarded as the objective confir-
mation of or improvement upon this earlier
guess. While this approach to planning is ad-
mittedly crude, it is presently the only ap-
proach available to us, and the logic of the
situation suggests that no substantially more
refined approach is possible. We shall assume,
therefore, that a rough estimate of population
size is available from some source. We take
up from there the problem of assessing the
relation between sample size and accuracy of
the resulting estimate, to provide for the ex-
perimenter an indication of how he may
expect the Petersen estimate to perform at any
contemplated sample size. Cost considera-
tions are then introduced and formulas for
optimum allocation of resources to different
phases of the experiment are developed.

PETERSEN ESTIMATE

A Petersen estimate is obtained by equating
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the proportion of marked fish observed in a
sample to the proportion marked in the pop-
ulation, and then solving the equation for
number in the population. Thus

MC

V=T

(1)
where M is the number marked and released,
C is the number subsequently exam-
ined for marks,
R is the number of marks found in the
sample C,
N is the total (and unknown) number
in the population, and

A
N is the Petersen estimate of V.

The Petersen estimate may be used where
one or both of the following conditions ap-
plies: the marked fish, M, become randomly
distributed in the population before the second
sample, C, is taken; the second sample, C, is
selected at random from the population. Cir-
cumstances that might invalidate the above
conditions are discussed by Ricker (1958).
Here we assume that these conditions are
satisfied.

BIAS IN THE PETERSEN ESTIMATE

Various modifications have been suggested
to improve the standard Petersen estimator,
such as adding 1 to each factor in the numer-
ator and denominator, and Bailey (1951) and
Chapman (1951) have shown that under cer-
tain conditions the estimator

_ M1+
~ R+1

N*

is exactly unbiased. A condition necessary
for this unbiasedness, however, is that the
total size of the mark and recapture samples
(M + C) must equal or exceed the size of the
population (N). To express this another way,
the size of the recapture sample (C) must
equal or exceed the number of unmarked
members in the population (N-M). This
condition would guarantee that the recapture
sample includes at least one marked member
(R 21). In many sampling situations M and
C are small enough to admit the possibility
that the recapture sample may not contain
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any marked members, and when this possi-
bility exists, all forms of the Petersen esti-
mator are biased downward by a factor equal
to the probability of getting no recaptures.
The estimator N*, for example, instead of
estimating /N, is then an estimate of

N-(N-M) h(0; C, M+1, N)

~N_N(1- M+1)c+1
N
_{M+1)(C+1)
~ N - Ne N ,

where h denotes the hypergeometric function
(Lieberman and Owen, 1961).
For any form of the Petersen estimator

such as N or N* the bias is therefore approx-
imately 100eMC/N percent (Chapman, 1951)
and thus becomes negligible only when the
product of the two sample sizes (M X C) ex-
ceeds the population size (N) by at least a
factor of 3 or 4. If MC =~ N, then the Petersen
estimator underestimates N by approximately
37 percent on the average, while if MC ~ 3N
then the bias is reduced to 5 percent and for
MC ~ 4N the bias is less than 2 percent. At
the other extreme where sample sizes are un-
reasonably small in relation to population size
the bias of Petersen-type estimators approaches
100 percent. This is illustrated by the absurd
but simple example where M =C=1; the
probability of a recapture (R=1) is then
1/N and the probability of no recapture
(R=0) is 1 - (1/N), so the average value of
the estimator N* is

avg N* = (W—l)(l—%)
(HEE)
o )a()
_5-2,

and regardless of the population size N being
estimated, the estimator V* is seen to be an
estimate of something less than 3.

The approximation given by

_(ME1)(C+1)

Approx. Bias = 100e N percent

improves as [V gets large, but is of the correct
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Ficure 1.—Sample size when 1 —a = 0.95 and p = 0.50; recommended for preliminary studies or manage-
ment surveys. Data for N << 100 based on tables of hypergeometric distribution.

order of magnitude even for populations as
small as N = 100. Table 1 indicates the error
in the approximation at this level of popula-
tion size for the case of equal-sized samples
(M =C). We conclude, therefore, that the
approximation of bias by the above formula is
satisfactory for populations of the larger sizes
likely to be dealt with in practice.

The list of conditions necessary for the
validity of the Petersen estimate should there-
fore include the following: the product of the
two sample sizes M and C must exceed 4 times
the population size N. Since MC/N is both
the mean and approximate variance of R (see
below), we can use tabulated values of stan-
dard normal deviates to determine that if 7 or
more recaptures are made, then the lower
95 percent confidence limit of MC/N will

exceed 4, or with 95 percent confidence the

bias is negligible. Reference here is only to
the theoretical bias of the estimator under
random sampling, not to any bias that might
result from improper sampling methods.

ACCURACY, PRECISION, AND SAMPLE SIZE

Let 1—« be the probability that the popu-

lation estimate N will not differ from the true
population size by more than 100p percent,
i.e., by not more than pN. Here p denotes
the level of accuracy, and 1-a the level of

TasLE 1. - Comparison of exact and approximate per-

cent bias of N* when N =100 and M =C

Sample size, where M = C

Bias 50 25 20 15 10 5 1
Exact [} 0.1 03 50 264 693 97.0
Approximate 00 0.1 12 7.7 298 698 96.0
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Ficure 2.—Sample size when 1-a =095 and p =0.25; recommended for management studies. Data
for N < 100 based on tables of hypergeometric distribution.

precision. The relation between «, p, and N
as stated above is

Sample size in a Petersen mark-recapture
experiment is specified by two numbers, either
M and C or M and R. Chapman (1952) refers
to a census design specifying M and C as
“direct” and one specifying M and R as “in-
verse.” We consider only the direct method
here though this may require slightly larger
sample sizes than would the inverse method.
With p = 0.10 and 1- « = 0.95, the practical
advantage of the inverse is negligible at all
population sizes. With p=0.50 and 1 -a =
0.95, the inverse method requires about 1 per-
cent less effort than the direct method when

<N_N<
P <——<p

1-a<p( @)

the population size, N, is 100; with larger N
the advantage rapidly becomes negligible (see
Chapman, 1952, p. 289).

To determine sample size, substitute equa-
tions (1) and (2) and rearrange the resulting
equation to obtain (3) which does not con-

MC

tain N.
1—a<P<L< <——). (3)
(1+p)N (1-p)N

Designate MC/[(1 + p)N] as R, and
MC/{1-p)N] as Ry, thus

].—(XSP(RL<R<RU). (4)

Equation (4) reads thus: the probability
of obtaining between R; (“L” for “lower
bound”) and Ry (“U” for “upper bound”)
recaptures when M, C, N, and p are fixed is
equal to or greater than 1 - a.
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Ficure 3.—Sample size when 1-a =095 and p = 0.10; recommended for research. Data for N < 100

based on tables of hypergeometric distribution.

The distribution of R in (4) is hypergeo-
metric. Lieberman and Owen (1961) have
tabulated the probability function for the
hypergeometric distribution for populations
to size 100. These tabulations may be used
with equations (3) and (4) to determine
sample size with the Petersen estimate in the
following manner.

Consider population size fixed, say N,. We
intend to find a combination of the sample
sizes M and C, say M, and Cj, so that (3) will
be satisfied and such that sample sizes of
M;—1 and C; or M; and C; -1 would not
satisfy it. For fixed «, p, and N one guesses
a combination of M and C, and substitutes all
values in equation (3). Generally R, and Ry
will be nonintegers and must be rounded to
integers, R.* and Ry*, so that

1-a < P(R, <R, <R<Ry*<Ryp). (5

Having obtained R.* and Ry*, enter the
tables and determine if the probability of
obtaining an R as in (5) is greater than or
equal to 1 -a. Choose a second pair of M
and C and repeat the procedure. Continue
iterating until the smallest sample sizes M,
and C, are found that satisfy the equation.

Figures 1 to 3 are based on iterations as
described above. Figure 1 shows plots of
combinations of M and C that satisfy equation
(4) for population sizes between 3 and 100
when p=0.50 and 1-4=0.95. In other
words, Figure 1 summarizes sample sizes re-
quired if the experimenter is prepared to
accept errors in population size up to 50 per-
cent but requires 95 percent certainty that
errors will not exceed 50 percent. Figure 2



220

D. S. ROBSON AND H. A. REGIER

/
S. 0,
0 % %
%, 9, % "%
%, . %0, %o
% %, %, %, %
¢ () (o) (¢} (o}
O, 20, AN N
S 9D o —— 100,000
70, 0, © ’
© 00 OO
o %, 9,
S %, o
8 >0, N\
S % % N N \
¢ (o) N\, N N
& '/O 90 ! \ N N N N
<& S % % /% K N N N N
7 “
& % "%, PN BN 10,000 £
< S, 20, N — - °
[o) ()
o to) v E
/Oo 'Ooo N, s
S ‘OOO 5 q \\ AN 3
o ‘ooo'l A NN 1N - A H
o) \ N \ \ N ]
4 N N
% % A IR N A 1 N N \\ L N N \\ b S
8 (o) e . v s — s w— 1,000
50, o N . ~ » >
(¢) AN AN o
IS (o} N N N N E
0, A N AN N N AN N N SET, 3
fo. © \\\ NTITN N NI\ NHEN AN NCHIN
s OO. N\ N N N N N
0, N
(o] N
% \ A N '\ \ N N Ny
N = 100
AN ~
(2] X x A Y N AY X,
A AN AW AN N, AN N
S AN N\, N N AN N N
40 100 1,000 10,000 100,000 1,000,000

Number marked

Ficure 4. - Sample size when 1-a=0.95 and p =0.50; recommended for preliminary studies and
management surveys. Data based on normal approximation to the hypergeometric distribution.

has similar graphs for 95 percent confidence
that errors will not exceed 25 percent, and
Figure 3 for 95 percent confidence that errors
will not exceed 10 percent.

The curves drawn in the figures denote ap-
proximate sample sizes. Because of the round-
ing necessary in equation (5), it is not always
possible to find one pair of numbers M and C
such that all larger values satisfy equation (5)
and all smaller values do not satisfy it. Thus
for p=10.50, 1 -« =0.95, and N =100, the
following combinations of M and C satisfy
equation (5): 30, 30; 32, 32; 34, 34; 35, 35;
36, 36; etc. But for the same p, 1 —a, and N
the following do not satisfy it: 28, 28; 29, 29;
31, 31; 33, 33. Such interspersion of accept-
able and nonacceptable sample sizes is due
solely to rounding necessary in equation (5).
Little interspersion occurs with p = 0.10, more
occurs at p = 0.25, and still more at p = 0.50.
The curves drawn in Figures 1 to 3 are a com-
promise in this respect and exclude about as
many acceptable points as they include non-
acceptable points. The curves thus include

some sample sizes for which 1—« is some-
what less than 0.95, but seldom less than 0.92.
The band of interspersion thus presents no
serious problem.

Tables of the hypergeometric distribution
become very bulky at population sizes over
100 and have not yet been tabulated. How-
ever, over certain ranges of M, C, and N
simpler distributions (binomial, Poisson,
and normal) are satisfactorily close approxi-
mations of the hypergeometric (see Lieberman
and Owen, 1961, for a recent discussion).
Figures 4 to 6 are derived from the normal
approximation. The method of deriving sam-
ple sizes using the normal approximation
follows.

Start again with equation (2)

P( < N < )
14 N pj-
Substitute MC/R for N in equation (2), con-

sider V fixed and R varying. Then by rear-
rangement

l1-a (2)

~z
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FIcURE 5.—Sample size when 1-a=10.95 and p =

0.25; recommended for management studies. Data

based on normal approximation to the hypergeometric distribution.

(o <* <o)

Classically the normal approximation to the
hypergeometric is found by setting

l-«

_Mc
=N
o MV-M)CN-C)

N2(N -1)

After substitution and rearrangement we ob-

tain
1_a:¢( p‘/ MCIN-1) )
1-pV (N-M) (N-C)
p MC(N-1)
_¢<_1+p (N—M)(N—C)>(7)

where ®(x) is the cumulative standard nor-
mal probability distribution.

Figures 4 to 6 were obtained from a large
number of iterative solutions of equation (7)

for 1 -« =095, p=0.50, 0.25, or 0.10, and

N ranging from 100 to 1,000,000,000. The
iterations may be done in two stages. First
let
MC(N-1) _
(N-M)(N-C)

and solve equation (7) for D for a particular
combination of p and 1 —«. (Table 2 lists D
for various combinations.) In the second
step fix N =N, for a particular D = D, (in
which p and 1 —« are fixed) and iteratively
derive various combinations of M and C, i.e.,

MC(N,-1)
(Ny-=M) (N;-C)

Such combinations of M and C may be plotted
as in Figures 4 to 6.

Only parts of the ranges in combinations of
M and C for each population size are drawn
in Figures 4 to 6 (cf. Figures 1 to 3). The
relationships are symmetric for M and C, thus
the remaining combinations of M and C are

1.
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Ficure 6.— Sample size when 1 - « = 0.95 and p = 0.10; recommended for research. Data based on normal

approximation to the hypergeometric distribution.

determined simply by mentally reversing the
x- and y-axes. Thus sample sizes (M = 300,
C =600) will yield an estimate as accu-
rate and precise as sample sizes (M = 600,
C =300).

Sample sizes less than 40 were not graphed
since the normal approximation is not suffi-
ciently close at such small sample sizes. The
lines for smaller sample sizes could have been
derived using either the Poisson or binominal
approximations to the hypergeometric but it
was not considered worth the effort. Experi-
ments utilizing markedly unequal sample sizes
(either large M and very small C or vice
versa) would almost certainly be considerably
more costly than if more nearly equal-sized
samples were used (see below).

The fourth line in Table 2 states that the
probability is 5 in 100 that the population
estimate will be in error by more than 50

percent if D =24.4. The experimenter may
desire to know the probability that the esti-
mate will be in error by more than, say, 25
percent with the same D. The answer is ob-
tained again from equation (7), but now
considering D and p fixed. Table 3 lists
various combinations of « and p which when
combined with the D’s from which Figures 4
to 6 were derived satisfy equation (7). As
an example, suppose an experimenter decides
that he will tolerate an error greater than 50
percent with probability less than 100 -95
=5 percent (Table 3, line 2). It follows
that he is also prepared to accept an error
greater than 25 percent if its probability is
less than 100-79 =21 percent (line 3).
Furthermore, his chances are 62 percent of
being in error by more than 10 percent
(line 4).

We showed earlier that the Petersen esti-
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TaBLe 2—Values of D satisfying equation (7) for
selected a and p. Last column shows sample size,
where M = C, to satisfy this relationship for N =
1,000

l1-0a P D M=C
0.75 0.50 4.75 65
0.90 0.50 14.8 108
0.90 0.25 45.5 176
0.95 0.50 24.4 135
0.95 0.25 69.9 210
0.95 0.10 392 385
0.99 0.10 695 455
0.99 0.01 66,300 997

mate was virtually unbiased if either M + C
>N, or MC > 4N. Trial computations with
sample sizes specified in Figures 1 to 3 indi-
cate that these sample sizes generally satisfy
the above approximate criteria. Small sec-
tions in the top left and bottom right corners
of Figure 3 specify sample sizes that do not
quite satisfy these criteria, but when these
sample sizes are used in the bias equation
then the bias is found to be less than 1 percent.
Thus the total ranges of sample sizes in Fig-
ures 1 to 6 are for practical purposes free of
the bias related to the probability of no re-
captures.

We have outlined in some detail the steps
required to determine various combinations
of M and C that will ensure a satisfactorily
accurate (p) and precise (1-a) estimate of
the population size (V) if a fairly good guess
of population size was made and if the assump-
tions on which the Petersen estimate is based
were not violated. We now turn to the ques-
tion of which of the many possible combina-
tions of M and C to use in a particular
experiment.

OPTIMUM ALLOCATION OF RESOURCES

The total cost of an experiment consists of
fixed plus variable costs. Fixed or overhead
costs are independent of sample size and are
not considered further here. Variable costs
depend on sample size, and we assume here
that such costs increase in direct proportion
to sample size. Variable costs are then mM
+ ¢C where m and c are respectively the per
fish costs of catching-marking and catching—
examining.

Emphasis in planning may be on achieving
highest possible accuracy of estimation with
restricted resources, or on achieving a pre-
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TasLe 3.—Combinations of p and 1-a that satisfy
equation (7) for the D’s used in Figures 4 to 6

D P l1-a
24.4 0.88 0.99
24.4 0.50 0.95
24.4 0.25 0.79
24.4 0.10 0.38
24.4 0 0
69.9 0.39 0.99
69.9 0.25 0.95
69.9 0.10 0.60
69.9 0 0

392 0.14 0.99
392 0.10 0.95
392 0.05 0.75
392 0 0

assigned accuracy with unrestricted resources.
Estimates of two parameters are required in
each case: the population size and the rela-
tive costs of catching-marking and catching-
examining. Preliminary estimates of these
data can usually be made based on the litera-
ture, experience, or a pilot study.

(a) Minimum error with limited funds

If available funds are limited, then opti-
mum resource allocation is here considered
to be achieved by maximizing the probability
(1 — &) that the error of estimate will be less
than the preassigned 100p percent.

The formula for optimum allocation is
achieved by differentiating relation (7) as a
function of M and C, subject to the constraint
that

mM + ¢C = a constant, K .

Since ®{x) is a normal probability distribu-
tion, this operation will be equivalent to mini-
mizing the variance.

N-1
am o Py MWDy
1-pV (N-M)(N-C)
p MC(N-T)
_(b(_]-f—p (N—M)(N—C)>()
=& (x)-d(y).

Differentiating by the chain rule and using the
functional relation between C and M

C= 1(K— mM) where K is constant, then
c

d(l-«) d¢ dx d® dy

dM  dx M dy M
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de de
.( P +L_)_

1-p dx l-I-p. dy
Setting d(1—-«)/dM = 0, it {follows that
mM _ N-C . (8)
cC N-M

Since mM + ¢C is known (i.e., total re-
sources available) and rough estimates of
N and m/c are available, relation (8) can
be solved directly for M and C. With large
N, both M and C are small relative to N (see
Figures 4 to 6) so that relation (8) becomes
simply mM = c¢C. Thus an equal division
of resources between catching-marking and
catching—examining is optimal.

(b) Minimum costs with preset accuracy
and precision

We have described above the method of
determining optimum sample size when re-
sources are limited. We now consider the case
where the experimenter desires to estimate the
cost of an experiment in which preset levels
of p and 1 -« are to be obtained.

The optimal sample sizes M and C are now
constrained to satisfy equation (7), and
among all values satisfying (7) we wish to
find a pair which minimizes the total cost of
experimentation; that is, which minimizes

cost = fixed overhead costs + mM + ¢C .

Introducing a Lagrangian multiplier A, we may
rephrase the problem as one of minimizing

FM,C,\) =mM + cC
+A[(1-a) —@(x) + &(y)]

where ®(x) and ®(y) are as defined pre-
viously. The roots of the differential equa-
tions 0F/0M = 0 and 0F/3C = 0 will then be
seen to satisfy relation (8). With M and C
related by (8) the function &(x)—®(y) is
monotonic in either M or C, implying that
a unique solution exists for this minimum cost
problem.

The data required to estimate the cost are
m/c, a rough estimate of N and the chosen

D. S. ROBSON AND H. A. REGIER

p and 1—a. If the chosen p and 1 - a corre-
spond to one of the three combinations on
which Figures 1 to 6 are based, then the rel-
evant figure may be consulted to obtain a
large number of pairs of M and C that will
satisfy the preset levels of p and 1 -a. But
only one combination will minimize costs.
This optimum pair is obtained iteratively by
testing various combinations by inserting them
in the relation

m_ C(N-C)

c M(N-M)

obtained by rearranging relation (8). The
combination of M and C that satisfies the
above equation is the pair that minimizes cost
at the preset level of p and 1 - a.

The use of the figures as above requires
interpolation when the guessed population size
is different from those shown. If the experi-
menter prefers a combination of p and 1-«
different from those in the figures, then the
sample size may be obtained as follows. Con-
sider the three equations previously described:

D MC(N*-1)

“ N M (N -C)’
m_ C(N*-C)
- M(N*-M)’
N*=N.

D is obtained either from Tables 2 or 3 (if
the required combination of p and 1 -« are
tabulated there) or by the method described
earlier. Relative costs, ¢/m, are known, as
before, and a rough estimate of NV is available.
The three equations may then be solved for
M and C. The use of D here presupposes that
population and sample sizes are such that the
normal distribution is a good approximation
to the hypergeometric (i.e., N > 150, M > 50,
C > 50).

ALTERNATIVE METHODS OF CAPTURE

Two or more alternative methods of capture
may be available. A choice of the less costly
can readily be made either by calculating and
comparing total costs of alternative methods,
or by applying relations given below.

Assume overhead (fixed) costs equal in the
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alternative models. Let M,, C,, and M,, C,
be optimum sample totals under two different
cost systems (mj, ¢;) and (m2, cz) at fixed
levels of @ and p. Since

1-a:¢>( p‘/ MC(N-T) )
VN M) (N0
p MC(N-1)
—q)(_l-l-p (N—M)(N—C))’
it follows that
M]C] M2C2

(N-Ms) (N-Cy) (N-M3)(N—Cs)

Furthermore, since N will normally be large
relative to M, C, and MC/N this relation is

essentially

M,C,=M,C, .

The corresponding optimality conditions m, M
= ¢,Cy, maM32 = ¢, C; thus imply that the total
sample sizes for the two methods of capture
must stand in the ratio

\/M2 + C2
M2+C2_ C2 mo

M, +C ‘/Tl lcr
—~+

m,

and the ratio of total cost must be

myM, ‘/ mgaC2

mi M, micy .

For example, if the second method of cap-
ture costs twice as much per captured fish as

the first method and both methods utilize the
same marking techniques, then we might have

m2M2 + 02C2
m1M1 + 01C1

my=m-+¢ c1=¢
me=m+ 2¢c c2 = 2¢

\/mzcz \/
micy

as the ratio of total costs of the two methods.
1f the method of capture is the same in both
cases but the second method employs a mark-
ing technique which costs twice as much as
that used in the first, we might have

so that

(m + 2¢)

m—+ ¢
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my=m-++c ci=c¢
my=2m+c ca=c¢

giving the ratio of total costs as
‘/M2 C2 ‘/2"1 +c
myc, B m+c’

DISCUSSION

We have discussed bias, accuracy, and pre-
cision of the Petersen mark-recapture experi-
ment as affected by sample size and ultimately
by resources allocated to the experiment. Our
purpose was to provide as simple a guide as
possible to effective planning of such experi-
ments. None of the concepts in this paper are
new, but the fact that proper mark-recapture
experiments are not easily designed led us to
believe that a more detailed statistical guide
than presently available (e.g., in Chapman,
1948; Ricker, 1958) would be useful to ex-
perimenters and administrators.

It should be strongly emphasized that all
relations stated in this paper assume that all
practical conditions required for valid use of
the Petersen estimate are met. If this is not
the case, then sample sizes as specified here
will not assure the desired accuracy and pre-
cision. In short, intelligent use of the Petersen
estimate requires not only estimates of sample
sizes but also a considerable knowledge of {ish
behavior, fish movements, gear bias, etc., as
well as skill in obtaining proper samples.

We singled out three combinations of 1 -«
and p for graphing: (0.95, 0.50), (0.95, 0.25),
and (0.95, 0.10). We suggest that these be
considered standard levels of precision and
accuracy. The lowest level of accuracy, p =
0.50, might be satisfactory for preliminary
studies or in management surveys where only
a rough idea of population size and composi-
tion is required. For more accurate manage-
ment work the intermediate level may be
acceptable. For careful research into popula-
tion dynamics, the highest level (0.95, 0.10)
should become routine. Population estimates
are often separated into age-groups, or are
multiplied or divided by other estimates (e.g.,
multiplied by mean weight to obtain total
biomass, divided by another population esti-
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mate to obtain survival) and relatively high
precision and accuracy are required of each
estimate if the variance of the product or
ratio of such estimates is to be reasonably
small.
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