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Abstract: A simple method of estimating stock size at age and fisbiuS mortality rates from catch at age data based on the near linearity in fisbing mortality of the square root of the ratio of catch at age n to tbe surviving number of fiab at age n+l 1s presented. 

Definitions: 

\ 
Analyai.: 

C
n Catch of fish from a year-class at age n 

Fn Instantaneous rate of fishing mortality on the year-class 1n year n 
M Instantaneous rate of natural mortality 

Pn Stock size in numbers of the year-class at the beginning of year n 
exp Exponential function 

The catch equations of Beverton and Holt (1957)~ 
. F 

Cn • 2 (1- exp(-Fn -M)Pn+l 
Fn-+l! 

and Pn+l • Pn exp(-Fn-M) 

allow Cn to be expressed as 

so that if Pn and Cn are known, Fn may be obtained by solving equation (1) 

(1) 

If a starting value F is assumed for the fishing mortality in the last year of fishing, a population estimate for the final year may be obtained by: 

P - if survival to the next year is negligible 

I G2 



or 
p _ F+H X C

l1Dal 

F(1-ezp(-F-II)j 
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if aome fiab survive. 

Figure 1 abowa "'CnfPO+1 as a function of Po for differing values of K. Observe that for 

Po > 0.05, the curves are nearly linear. 

Because of the near linearity shown in Figure 1, it 1s possible to solve equation 1 for Fo 

if ~, Pn+l' and M are known by taking the square root of both sides and applying successive linear 

interpolations or extrapolations (method of regula falsi) until Po 1s obtained with sufficient accuracy. 

When Po 18 known, Po may be obtained as 

p _ Fn+H C 
n -- n 

Fn(l-exp(-Fn -II» 

80 that it 18 ~oa81ble to obtain successively estimates of Po and Fo for all years beginning with the 
last. 

A program bas been written for the Rewlitt-Packard 982LA calculator employing this method. 
Initial estimates of Po - 0.3 and Fo - 1.3 are used for the first interpolation. In successive 

iteratioDs, the latest estimate of Pn replaces the pTevious estimate farthest from the new estimate. 

Iterations continue untilV CDJPn+l is estimated within 10-4• Negative estimates of Pn are replaced by 

0.001. 

Testa of the program indicate very Tapid convergence in estimates of Pn with only three to 

six iterations required in moat cases. 

BP 65 ProgTam: 

A program has been written fOT the BP65 programmable pocket calculator implementing the above 
method. The program is stored On two magnetic cards. The first contains the initialization for a 
yeaT class. The estimated Tates of natural and fishing mortalities and the catch of the oldest fish 
are input and the popUlation size of oldest fish is output and stored for further analysis. The program 
on the second card calculates Pn and Pn the rate of fishing mortality in year n and population size 

of the year class in year n using the catch in year n and the population size in year 0+1 for a given 
year class. The user inputs an undeTestimate and overestimate of Po and the program improves these 

estimates by successive linear interpolations- (method of regula falsi) until sufficient accuracy is ob
tained. 

Tests of the program showed that in the range 0.01, M ~ 1 and 0.001 ~ F $.1· convergence 
was achieved in about 30 seconds with a maximum error of one part in 104 for Pn and Fn if the initial 
estimates of Pn were within a factor of 10 of the true value. 

Conclusion: 

eaa:l.ly. 

Reference: 

The program l:f,stings follow. 

The new method enables precise solutions of the catch equation to be obtained quickly and 

Beverton, R. J. H., end 5. J. Holt (1957), On the dynamics of exploited fish 
popUlations. Fisb Invest. Series II, Va. XIX. 
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HP-65 Program Form 
Title_-'vp"'-I.lJDwl"'t;,.l ... al"'l"z"'e ____________ --"D"'O!W'blJ1.ee"dBleY~·C&.'-M .. -"l';JlblO04d __ Page ---l-- of ---2..-

SWITCH TO WIPAGM. PAlSS IT] I PRGM I TO CUlAR MBIOIW· 

KEY CODE COMMENTS KEY CODE COMMENTS REGISTERS ENTRY SHOWN ENTRY SHOWN 

ILBL 23 R, M 
A 11 -.--

1nL.n. " 
~ --- R2 F 

~ n. 
STO 1 3301 
RjS 84 R3 C,P 

."" . .. no " lls.. ....... 
D ... n .. n. C 60 R. 
~ Jl1 

TO 5 3305 
R 1--TN 24 

LBL 23 5(l_e-i)=t 

R 1? 

ilCL 2 .. 07 Rs ____ , 
RCL 1 3401 
+ 61 --
CS 42 R7 
2OC~ 32 70 

1n 07 
- 51 Re 
• 35 

l/X 04 
STO 5 .. 0. f>. -z -1 R9 __ ... _ 
r.RT. 21 

C 13 -
RCL 5 3405 LABELS 
ll-CL 3 3403 A I:D1 t 
30 X 71 80 B I:ocom 
RCL...2 >I.n. C C<>!!II>l 

~ 81 0 __ .. __ 
CL 2 3402 E ___ 

CL 1 3401 0_ .. _ 
+ 61 1 _ 
y 71 2 

"TO , ,"0' p 3 
RTN 4 

5 __ 
.0 90 6 ____ 

7 
8 __ . _ 

9 

FLAGS 

1 

2 

50 "'" TO R£CORD PROGIU.M INSERT M,I,GNETIC C ... RO WITH SWITCH SET AT WIPRGM 
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HP-65 User Instructions 
Title v p Page_i_of _2_ 

Programmer w. DOqble:d~a~Y=======~ __ --::;:::::==::;;;;;:=====:":D~al~e~=-::; ___ _ 
, t OJ-UP Ii I Ml , I VPI I I Ml 

m~:1: 'iii NlIIP IWI 
STEP INSTRUCTIONS INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Initialize M A M 

F R/S F 

c R/S 1.000 

either 

2 fiohing incomplete D p 

or II --

2 fishing complete II ~ p 

-

- -

--

. - --
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HP-65 Program Form 
Title Virtua' population. Doub'ed,y'. Method Page_2_ol~ 

SWfTQt TO WIPRGM PRESS ill I PRGM I TO CLEAR MEMORV 

KEY CODE COMMENTS KEY CODE COMMENTS REGISTERS ENTRY SHOWN ENTRY SHOWN 
ai 2' I y.<v .;;;:;-

.~, v R. " 
A 11 GTn 22 

RCL 6 3406 C 2 02 
RCL3 3403 n' In~ • ".n R. F 
! IIr --= I.~ • ,on. 

--;-
" I;;;;~ ., 

no A 11 R3 P 
STO 7 3307 LilL 23 
RCL 5 3405 2 02 
" RCL 3404 60 RCL 3402 R4 F, - 51 .~A ,. ..n 

y . - " IA~n " 
-~-

In" ,. o<n,. • -=--- -
" R5 --.!L __ 

B 12 LBL 23 '~_/p ---"- -
RCL 5 3405 I-- New F B 12 -=--- -:-X .~ STO.2 3302 R6 Ca.' 
- 51 ... 

r;;-,;, • ',.n< L 

" 
-----

,,' 1? I"~n • .. R7 ·c Ip 
2<RCL ,. 'M. 70..:-1 -;~ UT 

----~ 

X 71 ' . n1 ~--+ 61 1 01 RS_used 
iR6;-5 

- -
3405 - 51 _ .. 

• " 
RCL 2 3402 

r;;;;r-A ,,,n. -- X 71 R9 ___ 
B 12 10,., 2 'An2 ---- 51 ~ 2. 

81 f 31_ I------ LABELS 
I.~n • .. no .- 09 A Run 
30n .. ~TN 24 B Sub 

~ .-;;n;- 1BL 23 I~ C ___ 
-- - --, n1 - 51 0_ --

• 35 r;;;;r- • '40> E~ ___ 
ASS 06 tRf{~ 84 F 0 
rvvv , .. RC 1 3401 1 update 
--;;; -.;; + 61 2 unA_ •• 

5 05 I.n. " 3_. '-iX>y 3524 Con~e~~e~ce Test ~. ., 4 ____ 
IGTO 22 f-1 32 5 ____ 

40' M 90 1n 07 6 __ . __ 
r;;;;;, ~ OS 42 7 _____ 

~ --w;;: -l-
_. 
~- , n, -

L ;:, 
8 ___ 

~ 51 9~ ___ .. ~---

2. 
~.-

35 .; 
n. RCL 2 3402 FLAGS 

Inn •• "no , 81 1 ---
r ~~T. Q ".n. - RCL 6 3406 

- --- 51 v " 2 ____ 

• 35 I.~n , I .. ., n 

so ASS 06 roo ..... 24 
-u 

TO RU:ORD PROGRAM INSERT MAGNETIC CAflD WITH SWITCH SET AT WIPfIGM 
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HP-65 User Instructions 
TiIIe' ____ V:c.~P_~.-...:Ana=~ly!..:.::1::.. ___________________ Page __ of __ 

Programmer W. Doubleday 0.10 ____ _ 

'ii~ Ii 
I , I v.p. se~ 

IDcom , I u I Y PI I I 

INSTRUCTIONS INPUT KEYS OUTPUT STEP DATA/UNITS DATA/UNITS 

II 
-~ 

1. Run V.P. Setup I . _-_ .. - -- -_ . 

- .. _-
~ e1\.t startin2. values F SIO 

" 
F 

_Fi-
I STO 5 F2 -_._- - - ---- -----

.c"..- I STO 6 Cn - ---- --
3. Run I II A F 

~- --
4. I IIRiS Pn 

-----

II -- --

II Go to 2 And •• ' •• fft •• '.llex acea 1-----
II 
II 
II 
II -- _. 

I 
I ---

I --_._- -

- --

.-

II 
II --- --

II --

II _. - -

II 
I IL..J - --

I II I 
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o L'---'---'--'---'---'-~---'-~l~. o;;-'----'-----'---'~'---'---'---'--'---'--12.0 

F 

Fig. 1. je[;:o as a function of 
Pn+l 

G8 

F for M between 0 and 1. 




