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Abstract: The single marking and recapture method is one of t ill' methods
couu nun ly used to estimate fish population size . Then' are four foruiula e in this
n n- t hud . t wo III' which an' suggested by Hailey (195 11, one by Cha pma n (1952 ) a nd the
la s t by Hickel' (19 75). For th is reason , in the curren t study , firs tly, one of Hailey's
formulae (195 1) was examined mathematically and sta t istically.• econd ly, numer ical
data obtained from DUZb'l.1I1eS (198 5 ) were used and his results from Mogan Lake were
compared. As a result , population size estimation of the carp iCyp rin us carpio L. ) in
this lake wa s calculated using the four formulae as 9716+:360, 9:38 1±3354 (Bailey,
1951 J, 9409±:3218 (Cha pman , 1952 1and 9410+:3:364 (Hickel', 1!175 1. It is suggested that
as the confidence interval is narrower in the formula propo- r-d by Cha pma n (1952 )

tha n the other formulae , the results obtained using this forrnu b a n ' more ruliahle.
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1. INTRODUCTION

The single marking and recapture method has been widely used by field
•

biologists and ecologists to investigate the dynamics of biulogicul populations, For a
closed population the classical problem for capture-recapture expe r iments is the
est ima tion of the population size . For this reason , this study was ca rried out to
dl'tt' t'l ll illl' which formula suggested by Hailey (195 1) , Chapma n ( 195:2 ) a nd Hickel'
( 19 75 1 is more reliable to est ima te fish population size in the s ingk- marking a nd
recapture meth..J . .
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.. Presented at .1' '' Balkan Confe re nce nn Operat ional Research



:.! 1Ii LJ . Dr-m i I' . 1\1. Akar ! [o; Sl imat ion Ill" Fi s h Populat inn Size

2. MATERIAL AND METHOD

In this stu dy , numerical data obtained fro m Duzgu nes (1985 ) were used. In
•

addi tion t ill' s ingl,· marking and recapture method is given be low.

2.1. Single Marking and Recapture Method (Petersen Method)

TIll' Peterson method is the simpliest method known as the Petersen or
Linco ln Index m e t hod . In this study. we used the following slightly differen t nota tion
tIJ tha t used by Ricker (1975). FIJ I' instance r is t ill' number IJ f individuals in t he
second sam ple that a re marked (R, Hickel' ter minology in 1975 )

N = Size of popu lation at the t ime of marking

M = Nu mber of fish ma rked in the firs t. sa m ple

C = 'l'o ia l num ber of fi sh captu red for census in the second sa m ple
•

r = Nu mber of fish in the second sa m ple t hat are marked

To est ima te abudunce by the single marking and recapture method, a sa m ple
Il l' I'd a n ima ls is ca ptu red, marked a nd released. La ter a second sa m ple of C animals is
captu red and t ill' number of marked a n imals in the sample, r, is determined . In this
situ a t ion till' pruhuh ility of ca tch ing the marked individuals in the popu lation will he
p = M N .

T o develop a mathematical model for such a su rvey, marking exper iments a re
""sed on m lJ(leis with assumptions as follows :

1. TI ll' popu lation is closed to additions (bir ths or immigrants I and deletions
•

(de" ths or om igrun ts )

2. All a ni ma ls are equally likely to be captured in each sa m ple

:3. Marks are not los t and are not ove rlooked by the observer

4. Animals do not lose ma rks between the two sam pling periods

5. Marking individuals does not affect their catchahilitv
•

Other conside ra t ions

Accidental deaths do not affect t he first assumption

TIll' tagged fish are rando m ly dis tribu ted in the population,
All tagged fi sh are reported

When the seco nd sam ple is taken the fish in the popu lation are of t wo types ­
uuukcd and unmarked. Two different models have been applied. The binomial model
fil l' s.unplinj; with rv plucement and the hypergeo iuetr ic model for sa m pling withou t

•
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replacement. If sampling is without replacement then the model that will he used is
till' hypcrgcometric. In this situation, the function of hypergeometric distribu tiun is
li/l'lllulated as IDe Groot. 1986):

<
. Np, .A·,!
" V('1'</' ) = " r r 0 1 'J. ,, /\, ' = ..- ....

vC
( 1)

But while N -, "J) this distribution approaches the binomial distribution.
Thus:

I" I " (" . )' C"r: r (' r
1111 .r: / I = " r P q

.\" "
(2)

At this point, P = M Nand CJ = (N - M ):N. So if N is fairly big then there is

110 important difference between the sampling without replacement and the
replucomcut sam pling. 1"01' this reason , population size can he found by the binomial

. distribu tion .

The maximum Likelihood Method that is used by Bailey 11951J to est imate
population size is written below for the present study:

I. (C
e =

lr "

M r N - M \ c r

N N ) (3 )

This equation can he solved for N , Thus:

(cL = In
I',

M ( N - M+ r ln , + (C- r )ln
N \ N

(4)

a.
--= () =
tiN

•

- = 1'
,iN

• ' J

-M N-
•

MN
+ (C- r)

IN - (N- M )jI N'2
• •

(N - M ) N

•

(5)
M

• •

N (N - M )

/' (
- - . + IC - 1' ) -:-----.---

N

aL =0
i'N

•

•

- r (N - M )+ M (C - r ) = 0
•

- rN + rM + MC - Mr =0
•

-rN = -MC
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'I'hus we find that:

•

N = M t: ,. ( G)

N j ,; I ,l' Muximum Likelihood est im a te of population s ize . 'I'h is valu« is

known ;-;o n 1<.' t in l'~ s a s the Lincoln Index (Seher , (1982): cited in Kenneth e t al ., ( 1990)) .

A number of modifications of the basic equation (6) are given in 'I'a lile 1.

Table I: Formulae fiJI' estimating population size (N) by the Petersen Method.

I{ efl'n'nct' Type of Population size (N )
•

Variance of (N )
sa m pling"

Bailev Direct • MC M'1.C(C -r )N =
•

•
\'<lr(N ) =\ Hl51 1 I' r :1

Hailev Direct • lvl (C + 1) ' J

N I/ =
• M - (C + 1)(C - I' )•

\ ar( N 1/ ) =i l !J5 11 1' +1 .J
( r+ l) -( r+ ~)

•

Cha pm a n Direct • (M + 1)(l' + 1) • (M + 1)( C + 1)( M - I' )( C - r)
N c = - 1 \'ar( N c) = '1". "

11952) 1' +1 ' J
( I' + 1)- ( I' + 2)

I{ ieker Direct • \ M+ l)(C+ l) .J

N fl = • (M+ lnC+ l)( C - r)
v.u ( N H , = -t- -I·

I l !J7 51
'.' ", '

I' + 1 . .) .
( I' -i- ~ )- ( ,. + 2 )

•
I

* Va riunce fou nd by Seher ( 1982) (Cited in Kenneth et al , (1990))

** Variance found by Chapman (1952 ),

"Direct" sa m pIing m eans

"" 11 11' 11' ,; iZl' t (' ) I. , ohurined .
that sampling is continued until a predetermined

-

If the s t!COIHI differential of 8'1. (4 ) is taken:

I 7)

•

I' M (2N -M )(l' -r )

N + N '1. (N _M )'1.~N:!( ,
-...,.-

•

Her« ifwe put v- = M l' N in this equation we find ;

• •

IM c N I M (2N - M )(C - 1' )
= - . + - ...:....,...--:.- ..:...:....- --..:.

. ) ' J
N N- (N - !v1)-

- ,

. .
M C('J.N - M )(M - N )

. .). . )

N- (N - M )-

•

-:! Lc:
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By u s ing the Cra mer -Ra o l ncquulity Theory (H ue l. 19 71 l :

l i"W:! I aN

..
and vat(N ) =

Thu s :

- 1

Me
-

..
\ 'a t ( N ) = - - --:-...,-,---

•

\ 'a l"l N ) =

• •J •

N- (N -M l

Me
18 I

.. ..
Meanwhile if we put N = AIC I' in Eq . (8), v:u( N ) is found a s :

, ,
I' ) - II I M( ' 1' 1 - Jl I

JI( ,
v I(Me\ :In, ) = ~-----'.:-----~

•

a nd t h us :

vun 1\' I =
M :!(' { C - I' I

:1
I'

Leslie ( 1Dfj~ ) (cited in Ricker, 19 75 ) s h ows /I = I' M that t he es t. im at« of th«

mll' of «xplo itu t iou uf the popu lat ion is an unbia sed m aximum like lihood «st im uu -.

Ass u mi ng rundnm mixing of uuu-kod and unmarked fi s h , its varia nce is fou nd from

i h« hin .un ia l di - t ri hu tiu u . Acco rdi ng to it. if I' is va riab le . t h« hinumia l di s trihu tiun is :

I' 1:1( I Al .\' ), ( '\ ;\/ I\' II 1 - AI ,\' II
•

N HI - M
.,

.".1-

CI M\'a n I' )
-------,----~

M :!
\ :u l /I ) =

T hu s \ all /I ) is found a s :

C(1 - M IV)
\ a r( /I ) = ------

NM
I l t) I

..

•

If till' number of marked individuals (r l is s m a ll, t han r C is approxi ma te to

.\ / .\ ' , Th us if r (' is wri t t r-n ins toud of M N in Eq . ( 10 I. v.ut /I ) :

(; I'
\ all/l ) = .. ( 1 - -/

.1'v1N L'
I 11I

•
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•

Hence if we put N = MC I' value in Eq . j l Lr then:

r (C -I' )
vnrt /I ) = ---,-­

M:!.C
112J

Sim ilurlv, an unbiased estimate of the reciprocal of population size can be-
found by direct proportion holuw (Ricker , 1975):

r

MC

1 /I
.. = - = - -

N C

•

The large-sample sa m pling' variance of (1 N) is:

c".!
•

vart l ' N )=
\,ar(/I ) rl C - r if M:!.C-

C:!.

Thus :

•

v.ut l I 14 I

•

The reciprocal of Eq. t 14) is a constant estimate of N , that is

MG C•

N =- - - -
I' /I

The sampling variance of Eq. 115) is the same with Eq, (9 l. This is expressed
by Hailey (1951 ), Rieker (1975) found that values of MC r are not symmetrically

distributed whereas values of r MC are . Thus assuming errol' that shows a normal
•

dis trrbutiou . th« confidence limit of 1 N is calculated and tilt' inverted version of the
•

valu es found is taken and tilt! confidence limits of N are found. Moreover, Ricker

(19 75) su ggests using the formulae below to find the confidence limits of r:

",,95 = I' + 1.92 + 1.9lj JI' + 1 ( Hi)

",,9 ~) = r + :3.22 ± 2.57IjJ;· + 1.7 ( 17 l

Equat ion (15) is a consistent est im uto of N in that it touds to approximate
the cor rect value as sa m ple s ize increases. Hut it is not quite the hest estimate.

Bailey t 1951) and Chapman (1951) haw shown that by ordinary "direct"
sa m pling this i" tru e whether sampling is direct or inverse. Equation 115) tends to
over es t ima te t h v true population and the above authors proposed modified formulae
which gi ve an unbiased estimate in most situations. Chapman's version is as follows:
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I ~ 1)
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•
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,;, I M + l )( L' + I )
H e = - 1

,. +1

8. RESULTS

•

;V II =

,-- -. , .
•N + 1. ~ 11 V\ 'a r( N I

Bai ley's 119511expressio n is as fo llows :

•

Furthermore hy u sing 95';;· the limits of confidence of N

the equatio n below (Ke n no t h e t a l., 1990 );

Hut Hicke l' 119751 indicates that om itting - 1 is of IlU practical s igl lific' lllce .
For this reaso n : he propose-d equ ation below is a mure practical form of Eq . ( I S) :

•

IJU ZgUlll 'S ( 1 ~ 1 .s f) 1 n uukod :1:10 carp fi sh iCyprin u« curpn» L. ) 1M I and J'( 'k'asl'd

them into Moga ll La ke . Later 795 ca rp fish wor« captured of which '27 fi s h ha d I H ' ('II

marked. Thus the resu lts of the fish popu lation size according to the s ingl« marking

a nd recaptu re m .-t hod given a re in 'I'a hle ~ .

Table 2 : Hl'su lt s of till' fi s h po pu lat ion size according to the s ingle marking and

reca p ture nu-t h ud giw· n in 'I'a hlu Z in the Duzgu nos 1198f)) stu dy in l'viorgan

La ke .

-
Hl' 1'(' n' nee Popula t ion Varia nce Limits of confidence ( N )

•
( N )

•

s ize ( N)

,

1 ~l~ 'r 1 ~Hj .J,. ~ 1
,. , - IN + l. ~H i \" :II ( N I r -r-

Bailov I I !)51 1 97 1G :1:nS04 1 IG114, 1:3:11 S1 IG7:27.1 :3S0S I I
• •

Bai lev i 1951 ) 9:18 1 ~ !) :2811 5 160'27. 1:27:1f) I IG5G7. 1:n :141
•

•

Chu pm a u I I !J:')~ I 9409 '26%G89 IGI 91,I :2 G:2 71 IG587.1:317:31

Hick I.' I' I 197!i ) !)4 10 :294f)S88 IG04G, 1:2 7741 IG587, 1:11 741
I

•
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As see n in Table :2 , it is suggested that as the confidence interval is narrower
in the formu la proposed by Cha pmen 1195:2 l than in till! other formulae , the results
ohtai ned using t h is formula are more reliable in the single marking and recapture
method (ca lcu la t ion of resul ts in Table :2 are given in Appendix 1).

4. DISCUSSION

The hasic assumption in fact is that N is constan t t h roughou t t ill' period in
which individuals a re being marked and recaptured , It is therefo re particularly su ited
to cst .i mat ing the fish population size in a pond or lake a t a particular t ime. It is not
st r ict ly a pplicable, ho weve r. for estimat ing fi sh population size in the sea if t he
recaptures are mado by com merc ia l fi shermen over a fairly long period of tim e,

j·;"tilllating fish populatio n size with known methods for couunorcial fi shes is
difficul t when the ve ry high cost. of such investigations is ta ke n into consideration ,

TIlt' rn "king technique ca n 1)(' used both for pelagic and demersal fi shes .
'I' hus it is pus. lie that ma ny parnmoters belonging t.o the fish popula tion ca n he
calcu lu t c-d wi th the "ingll' uuuking' and recapture method. But the-re an' some
difficu lties in pructice . 1"01' exam ple, as marking sma ll fi sh ca uses mortulity , t h is
method shou ld he used with cau t ion for sma ll fi shes and 1)(' caught, or reported. In
additio n markin g' individuals ca n affect. t he ir ca tchahility.

REFERENCES

I' I lbilpy. :,\ .•J., "()II est imal ing l ilt' s iz« "I" mnhil« popul.u inn s I"rllm rpl'i1ll1l1re clal a", HiulI/I'l ril.u.

al:i t 1us1 ) ~ !J:~ · :1 ()(i .

121 Chapma n. D.(i .. "Some propr-rt ies of t he hypergeomeu-ie dist.rihut ion wi t h applir.u ions In
ZlInlngica l S, 1I11 1'1p l'I!llSlIreS", I II/I! . Cali] . Publ , Stut ; 1 I Elfil ) 1:11 ·1 GI).-

I ; I ( 'hilI'JIlan , D (; ., "l nv- rs«, mu lt il' ll' an d seq ll l' nl in l sample l'enslIsps", Biunu-tric« l"i I 1! 1:l~ J :.!l"i li·

.1I Hi

1-1 / I)p ( ; I't ll l l , 1\ 1. 11., IJr lJIJII/Jl /,ly SIIIII ,,,'i, '''', Sel'l Jlu l Edition , C'lrnpgi"·I\ II'II"n lllli\"'I 'si ly, .\ cl cli,,,n.
\r l·., I"y [' lI hlish ing C"JIlI'i1n.l' . I !ll"i(i .

lSI [) lI zgllnes, 8 .. "Mugun ( ii)IOnciek i "awn (Cyprinll s carpi» 1.. , l!,fil:\ ) Stok lurrnin Tuhurini
Ozpr inl' n il' Arust irma", Dukt nru Tezi . A . O. Zi r . Fak. SII (' r. Bi)l. , l !ll"ifi .

le' l I IIlf' I. o.r.. lntrud nct ion Iu Moll/l'lI/olif'lll SIIIII .<l in:, Fou rt h EdiliulI, Universi t v Ill" Cu li forni« ,
•

Lo. ;. .\ n/-:l· le" , 1!'71 .

17 1 I\ l'nnl·th , I l.I' .. :'\il'hn ls, .J.Il .. Browni«, C., and H ines, .J .E., S ' o' i ", ' im l I lI / i 'n 'II " " [or ClIIJIII,.(',

1( ,','o/Jl ll n ' E.I}",,. /1II cn ts, Wi ldl.ili' MUIIUJ.:rrtIJhs, J\ I'uhlirru ion o!' l hp Wilrl l. if « S ' ll' iPI,I' , :'\n 1117.
l!J!JlI .

lSI Les lir-, P .I I. , "T Ill' " I imnt inn 01" pnpulat inn pnramet e rs Irnm d.uu nhtnined hy means nl' ca pt ure­
rt-rup t u 1',' met hnd I I. T IIP PSI iilia I io n nI" lot a I num he 1',, ", RiUIIIetr i 1.' 11 , ;-1 1:\ ( 1!lfi ~ ) : -I (i;~- ;-11:\1:\ .

1"1 Ri cker, W.8 . (.''' /II I Jl l l lI l i u lI atu] 11I /('''I II'('/ lI l i uII o] Biolou ic«! S l lI l l ", ' i " s ur F ish l'opu lution«,
F ish . Rl' s : B" " rd Can.. 1!J7!1 .

11111 :-i .,h.' r, (i .:\ .F ., Es1/l1Ill1/l I,1.!. "r Alli/lllll Abu ndauv» 1I11d [{"llIl f'd l 'nrn nu-tcr«, S (,l'u l/(l I~''' , I ' '' II .

( i l'l rJi n, Lundu n, Hll"i :! .



U. Demir, M. Akar i Estimation of Fish Population Size

APPENDIX 1.

Ca lcu la t ion of results in Table 2

M = :~ ~,W . C = 795 . I" = 27

limit" of cnn fid . lice I" from Eq, ( 1G I:

27 + 1.92 + 1.96J27 + 1 119.39/

Bailey

119511
N = MC = 3:30 x 795 = 9716

I" 27

-
N., = Me = 330 A 795 = 6727

I" :39

N
I

= MC = 330 ,795 = 1:3808
I" 19

N· M :!.C(C - 1" ) 330:!. x 795(795 - 27 ) = .'),')7 ul)41
van ) = :1 = )) (1

/' 27:1
~::"":'-_--------------j

• •

N+1.96 variN )

9716 + 1.96J3:nS04 1

971r: !::. : ~ (j02

l ti l 1. ] :$:31 8 I

•

Bailev
•

(19511
,.:, _ M (C + 1) _ :3:30(795 + 1) 9')81
1\ /I - = .)c

1" +1 '27 +1
. J . J

~ '1 (. 1 (( . ')')(')- (-g r:: ] )( - .. " ') - ),N l V, - (.. + ) . - I" ) 0).) I .H · /:7,) - - , = 292811!i
I'a I ( /I ) = " - " ' _ '

( r-r-1) -( I"T ~ ) ( 2 7+ 1 n ~ , + ~ )

I
. I'

N ± 1.96" van N )
,----

!,l:381 ± 1.96 J2928115

9:381 + :~:354

II '()" - 1')"-'J" I) _ ,. _ / ol .)

N
I

= M (C + 1) = :3:30(795 + 1 1 = 1:H:34
r +l is -:

. M (C + 1) _ :330(795 + 1) _ 6r::6-
l'l/., = - - ,) I

- I" + 1 39 + 1

•

Cha pm a n
119521

1\' + UHjJV:II ( 1\' )
---

!Hml t l !)lj J~lj9fj(j89

!)4t J ~J + :3~ l H

IIi UH . 121.in I

,
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Ricker • (M+ IH C + l ) (:-1 :30 + 1)(795 + 1)
N - =94111-/{ - -

I EJ7 5 ) I' + 1 27 + 1
' J 'J

• ( M + l n C + l )(C - I' ) (:330 + I n795 + 1)(795 - 27 )
\,:lr( N H.I = =2945888--

(1'+ 1):.!( I' + 2)
' J

(2 7 + 1 )~ (27 + 2 )

• • • (M + 1)((,' + 1) (330 + 1)(795 + 1)N ± 1.96, V:II( N J N) = =1:3174--
1' +1 19 + 1

94111 ± 1.91;'" 294!)R8~ • ( M + 1)((,' + 1) (:3:30 + 1)(795 + 1)
N'J = =6587-U4 )n t :i:i64 -- 1' +1 39 + 1

1611 11; . 12774 1

•
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