Yugoslav Journal ol Operations Research
8 (1998), Number 2, 215-224

ESTIMATION OF FISH POPULATION SIZE BY SINGLE
MARKING AND RECAPTURE METHOD*

Umit DEMIR, Mustafa AKAR

Universitly of Cukurova, Facully of Fisheries, Turkey
Communicated by Byron Papathanassiou

Abstract: 'The single marking and recapture method is one of the methods
commonly used to estimate fish population size. There are four formulae in this
method. two of which are suggested by Bailey (1951), one by Chapman (1952) and the
last by Ricker (1975). For this reason, in the current study, firstly, one of Bailey's
formulae (1951) was examined mathematically and statistically. Secondly, numerical
data obtained from Duzgunes (1985) were used and his results from Mogan Lake were
compared. As a result, population size estimation of the carp (Cyprinus carpio L.) in
this lake was calculated using the four formulae as 97164360, 9381+3354 (Bailey,
1951), 9409+3218 (Chapman, 1952) and 9410+3364 (Ricker, 1975). It 1s suggested that
as the confidence interval i1s narrower in the formula proposcd by Chapman (1952)
than the other formulae, the results obtained using this formula are more rehiable.
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1. INTRODUCTION

The simgle marking and recapture method has been widely used by field
biologists and ecologists to investigate the dynamics of biological populations. For a
closed population the classical problem for capture-recapture experiments is the
estimation of the population size. For this reason, this study was carried out to
determine which formula suggested by Bailey (1951), Chapman (1952) and Ricker
(1975) 1s more rehable to estimate fish population size i the single marking and

recapture methe.d.
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2. MATERIAL AND METHOD

In this study, numerical data obtained from Duzgunes (1985) were used. In
addition the sinele marking and recapture method is given below.

2.1. Single Marking and Recapture Method (Petersen Method)

The Petersen method 1s the simpliest method known as the Petersen or
Lincoln Index method. In this study, we used the following slightly different notation
to that used by Ricker (1975). For instance r is the number of individuals in the
second sample that are marked (R. Ricker terminology in 1975)

N = Size of population at the time of marking
M = Number of fish marked in the first sample
(' = T'otal number of fish captured for census in the second sample

r = Number of fish in the second sample that are marked

To estimate abudance by the single marking and recapture method, a sample
of M animals 1s captured, marked and released. Later a second sample of C animals 1s
captured and the number of marked anunals in the sample, r, 1s determined. In this
situation the probability of catching the marked individuals in the population will be
N=IMEING,

T'o develop a mathematical model for such a survey, marking experiments are
based on models with assumptions as follows:

1. The population is closed to additions (births or immigrants) and deletions
(deaths or emigrants)

2. All animals are equally likely to be captured in each sample
3. Marks are not lost and are not overlooked by the observer

4. Anmmnals do not lose marks between the two sampling periods
5. Marking individuals does not affect their catchability

Other considerations

- Acadental deaths do not affect the first assumption
- The tagged fish are randomly distributed in the population
L
- All tagged fish are reported
When the second sample is taken the fish in the population are of two types -

marked and unmarked. Two different models have been applied. The binomial model
tor sampling with replacement and the hypergeometric model for sampling without
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replacement. If sampling is without replacement then the model that will be used is
the hvpergeometric. In this situation, the function of hypergeometric distribution is
formulated as (De Groot, 1986):

Npge+Nq
o r=0.12 (1)
1Ai' . - . Bads |

Ce

P(r) =

But while N — » this distribution approaches the binomial distribution.

Thus:

\[im P(r)y=CS pqt " (2)

At thispoint, p=M N and q=(N-M) N. So if N i1s fairly big then there is
no important difference between the sampling without replacement and the
replacement samoling. For this reason, population size can be found by the binomial
chstribution.

The maximum Likelihood Method that i1s used by Bailey (1951) to estimate
population size is written below for the present study:

,' f(:](M)"(N—M\" q q
= (3)
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T'his equation can be solved for N. Thus:
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-rN = -MC



Thus we find that:
Nr = A’{(' '

._\r l o
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(6)

e Maximum Likelihood estimate of population size. This value 1s

known sometinies as the Lincoln Index (Seber, (1982); cited in Kenneth et al.; (1990)).
A number of modifications of the basic equation (6) are given in Table 1.

Table 1: Formulae for estimating population size (N) by the Petersen Method.

Reference | Type of Population size (V) Variance of (N )
sampling
| | -
Bailey Direct N - MC(C - N ) M2C(C —r)
(1951) r i) S 3
| | e
Bailev Direct el o M(C+1) | i M*(C +1)C - r)
(1951 SRR VALY B 3 a
. | (r+1)"(r +2)
Chapin: 'ec : M+1)C+1 : M+1XC+1)YM-rxC-r) ,
1(1 ll."n | Direct N,. = ( ) L Vo N = ( I .),( N e
(1952) r+1 (r+1)"(r+2)
Ricker Direct N - (M + LC +1) s (M + 1)7-‘-'((; + 1XC -r) e
(1975) R r+1 var(Ng) = N7 .
(r+2)°(r+2)
i

" Variance found by Seber (1982) (Cited in Kenneth et al. (1990))

“* Variance found by Chapman (1952).

‘Direct” sampling means that sampling i1s continued until a predetermined

sample s1ze () 15 obtained.

If the second differential of Eq. (4) 1s taken:

°L __r  M@N-MyC-r)
ON? N N%N-M)>?

Here if we put » = MC' N in this equation we find;

__IMC N| M@N-M)C-r)
N N*(N - M)
MC  MC@2N-M)M -N)

A

NN - M)*
tﬁ'EL 3 M(
‘) s
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By using the Cramer-Rao Inequality Theory (Hoel, 1971):

[ at) f 9 |
SO0 e\ :
f-‘?[ —-—;), =-L t :L J and var(N) = Leap)
| ON? ON L 1
= J E :
i lﬁ'A'r- /
1'hus:
: -1
a4t JiNe—
var(N) = ; N
N2 N - M)
var(N) = YA Xy (8)

MC
Meanwhile 1if we put N = MC r in Eq. (8), var N) 1s found as:

TN (MC »)” |[(MC r)- M|
MC

and thus:

(Y)

M-C(C'- r

3
!

VariiN ) =

Leshe (1952) (cited in Ricker, 1975) shows «w =r M that the estimate of the
rate ot exploitation of the population 1s an unbiased maximum hkehhood estimate.
Assuming random mixing of marked and unmarked fish, 1ts variance is found from
the binomial distribution. According to it if 7 1s variable, the binomial distribution 1s:

P~ BCM N).CM Nx1-M N)

var(2) CM NYY1-M N)
var(u) = = -

M~ M-

Thus varce) 1s found as:

\;ll'(zsz("(l_n/! i (10)

NM

If the number of marked individuals () 1s small, than » C 1s approximate to
M N . Thusif » C 1s written instead of M N 1n Eq. (10), var(u) :
(> r

) Tt (11)

MN &
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Hence if we put N = MC » value in Eq. (11) then:

r-r) (12)
M*=C

var(u) =

Similarly, an unbiased estimate of the reciprocal of population size can be
found by direct proportion below (Ricker, 1975):

1T= u_r (13)
N v IME

The large-sample sampling variance of (1 N) 1s:

varc ) 5 rC-r )/ M ZC

\-’m‘(IIN ) = 2 ("’

Thus:

. Ny = 2 14
("

The reciprocal of Eq. (14) 1s a constant estimate of N, that is

_Mc_¢

A l

N (15)

The sampling variance of Eq. (15) is the same with Eq. (9). This 1s expressed
bv Bailey (1951). Ricker (1975) found that values of MC r are not symmetrically
distributed whereas values of r MC are. Thus assuming errvor that shows a normal
distribution, the confidence limit of 1 N is calculated and the inverted version of the

values found 1s taken and the confidence hmits of N are found. Moreover, Ricker
(1975) suggests using the formulae below to find the confidence hmits of

Y090 = r+l.92il.96\/fr+l (16)

1,99 = r+3.22+2576Jr +1.7 (17)

Equation (15) 1s a consistent estimate of N in that it tends to approximate
the correct value as sample size increases. But it i1s not quite the best estimate.

Bailey (1951) and Chapman (1951) have shown that by ordinary "direct”
sampling this is true whether sampling is direct or inverse. Equation (15) tends to
over estimate the true population and the above authors proposed modified formulae
which give an unbiased estimate in most situations. Chapman's version is as follows:
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(M +1)C +1) 1

» + 1

(18]

i\r( v -

But Ricker (1975) indicates that omitting -1 is of no practical significance.
For this reason the proposed equation below is a more practical form of Eq. (18):

¢M-:-ln(_,'+_1_:

;\' ) — l 1() l
i ;+1
Bailey's (1951) expression 1s as follows:
3‘;’” _ M(C +1) (90)
r+1

Furthermore by using 95% the linits of confidence of N can also be found by

the equation below (Kenneth et al., 1990);

N = ol (5] \f\'ur( f\-.’) (21)

3. RESULTS

In this section, the results obtained using the formulae above are compared.
Thus we could conclude which tormula 1s more rehable to estimate population size.

Duzgunes (1985) marked 330 carp tish (Cyprinus carpro L.) (M) and released
them into Mogan Lake. Later 795 carp fish were captured of which 27 fish had been
marked. Thus the results of the tish population si1ze according to the single marking
and recapture method given are in Table 2.

Table 2: Results of the fish population size according to the single marking and
recapture method given in Table 2 1n the Duzgunes (1985) study in Morgan

Lake.
I -
Reference Population| Variance Linits of confidence (N)
s1ze (N) (N)
r-— —T . ', - : — P —
N + l.?)fi\f\;u‘l N) P+ LD 190bR + 1
W ” |
Bailey (1951 9716 3378041 6114, 13318 16727, 13808
T 1 - !
Bailey (1951) | 9381 2928115 | 6027, 12735 16567, 13134
Chapman (1952) 9409 2696689 6191, 12627 16587, 13173
1 ! !
Ricker (1975) 9410 2945888 6046, 12774 6587, 13174
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As seen 1n Table 2, it 1s suggested that as the confidence interval 1s narrower
m the formula proposed by Chapmen (1952) than in the other formulae, the results
obtained using this formula are more reliable in the single marking and recapture
method (calculation of results in T'able 2 are given in Appendix 1).

4. DISCUSSION

I'he basic assumption 1n fact i1s that N 1s constant throughout the period m
which individuals are being marked and recaptured. It 1s therefore particularly suited
to estimating the fish population size in a pond or lake at a particular time. It 1s not
strictly applicable, however, for estimating fish population size In the sea it the
recaptures are made by commenrcial fishermen over a fairly long period of time.

[ostimating fish population size with known methods for commercial fishes 1s
difficult when the very high cost of such investigations is taken into consideration.

The m vking technique can be used both for pelagic and demersal fishes.
Thus 1t 15 pos: Hle that many parameters belonging to the fish population can be
calculated with the single marking and recapture method. But there are some
cifficulties 1 practice. For example, as marking small fish causes mortality, this
method should be used with caution for small fishes and be caught, or reported. In
addition marking individuals can affect their catchability.
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APPENDIX 1.

Calculation of results in Table 2

M =330.C =795.r = 27

lmits of confidc nee r from Eq. (16):

27 +1.92 +1.96+/27 +1 119. 39
Bailey | o _ MC _330x795 __ b
N=——= = 9716
(1951) r 27
P ‘adzI "y S e 3. 2 ' g "‘2 |
var(N) = ( (f ") - i) X795(,395 ) = 3378041
|| = r iy 2l
N + 1.96\/\:;11'(1\:’) Nl = _A_l_(_ - 330 ;(95 = 13808
r 1¢
9716 +1.96+3378041 o _MC _330x795
9716 = 3602 o e A Ty L
161 1. 13318]
Bailey | -  M(C+1) 330(795+1
dal (y Ar“ ¥ ( Z =T ) - Ly (f i)+ ) = 9381
(1951) ;41 27 +1
- S(C+1)C=r) 330°(795+1)795-27) ..
AN = M~ (( +Ul}(_ r) _ 3307(795 +.)l)f1 | 1) _ 9993115
(r+1)=(r+2) (27 +1)°(27 +2)
rr — — - —
| AT - .' 330(795
N +196yvar(N) Ny dAlC *l”“ . 3301‘:)9 ’l*”l' - 13134
. r+ 9 +
9381 +1.9672928115 | n o MC+D) 330795 +1) _
1602712735 |
; :_ ¢ ‘ / ; 330) 795 ) | ;
(Ch \pman e (M +1xC+1) e (330 +1)(795 +1) 1 = 9409
(195H2) 1"+ 1 27 +1
o (M +1)C + 1M -r)xC-r)
\':Il'(z\(('} = g
(r+1y"(r+2)
330 5 330 — 2 D —2 .
| _ (330 +1X795 + (330 - 270795 - 27) _ 600
(27 +1)°(27 +2)
L ] = i :
) . _ . T =T
N +1.96/var(N) s b O e ) Nl B T
| ;+ 1 19+ 1
9409 1 962696689 N MADCHY 330+ 1T+ D) | e
9409 + 3218 S S T N i
16191. 12627 |
| ) B s s 2




U. Demir, M. Akar / Estimation ol Fish Population Size

(M +1)C+1) (330+1)795+1)

NH " — : =9410
r+1 27 +1
A . ,' pality - Y o - _9
i (M +1) ((2+1)((, fhe (330 +1) (79.;+1)(795 27) _ 9945383
(r+1)(r+2) (27 + )= (27 + 2)

N 4 1.96\/vm(N) Nl 3 (M +1)C+1) 3 (330 +1)(795 +1) _ 13174
r+1 19 +1

9410 £1.96V2045888 | - (M +1XC+1) _ (330+1XT95+1) _ . oo

9410 + 3364 < r4l = 39 + 1 Sl

16046, 12774 |




