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Introduction 

The following manual is intended to provide personnel at the 

Northeast Fisheries Center with a package of programs which can be 

readily accessed and used for fish stock assessment. This package 

consists of programs written both by Fishery Management, Biology 

Investigation personnel and by researchers at other laboratories; 

all have been used extensively both at NEFC and elsewhere and are 

thought to be free from error. It will be appreciated if problems 

arising in use of these programs are reported to the ADP Needs Com­

mittee; suggestions for addition or deletion will also be welcomed. 

The package of programs we have assembled consists of three units; 

programs in the first two of these units are covered in this manual. 

Unit I consists of programs which are frequently used in ICNAF stock 

assessment work andean be run on the terminal in conversational mode 

or may be IIbatched ll or run at the WHOI Computer Center using data decks 

and appropriate control cards. Unit II contains programs which would 

not be used routinely but may prove useful for certain types of 

assessment work; these are not stored in conversational mode but may 

be iibatched ll or run from card decks, as above. The final unit (III) 

includes programs written for rather specialized population dynamics 

studies which normally would not be used at NEFC; most of these have 

not been made compatible with the Sigma 7 system, but decks and docu­

mentation are on file and most could be made operational in a relatively 

short time if necessary. 
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Programs in these three units are listed below. For programs in 

Units I and II, write-ups are provided giving references, descriptions, 

and instructions for use. This material will be periodically revised 

and updated as new programs and techniques become available. 

Unit I - "Conversational ll Programs* 

All programs are stored as files under the prefix "FMB,1i e.g. 

FMBGNPD, FMBPRDF, etc. To provide the conversational mode option, 

additional files were required; these may be accessed by typing the 

letter IIC" after the file name {e.g. the file FMBGNPDC allows the user 

to run GENPROD in conversational mode, or jobs may be ilbatched" using 

file FMBGNPD. This is true of all programs in this group except the 

virtual population and prediction programs which run exclusively in 

conversational mode on both the WHOI and RAMUS systems. Note also that 

all of the above files are stored in Account 345 at the WHOI Center and 

must be accessed from this account before being run. 

File Name 

FMBGNPD 

Program and Description 

GENPROD--fits the generalized stock production 

model dp/dt = Hpm-KP-FP to catch and effort data; 

estimates equilibrium yield as a function of 

effort. The parameter m can vary but running averages 

'of effort cannot be calculated internally 

within the program. ." Ii e III lit lit Ii 0 lit Q • 8 Q • ., 0 l1li a •• ., 0 .......... 8' • lit 

Terminal accessing instructions are given on page 94. 
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Unit I - "Conversational ll Programs (continued) 

File Name 

FMBPRDF 

FMBPRED 

FMBRIKR 

FMBVBRT 

Program and Description 

PRODFIT--fits the generalized stock production model 

to catch and effort data; estimates equilibrium yield 

as a function of effort. The parameter m may be esti­

mated or fixed at 2 (logistic model), 1 (Gompertz model) 

or 0 (asymptotic yield model). Running averages of effort 

may be calculated internally within the program. ~ 

"Prediction" Program--predicts stock size and 

catch by age groups and year given stock at age 

in any initial year and recruitment and mortality 

estimates. 

FRG 708 (Piece-wise Integration of Yield Curves)-­

provides equilibrium yield for a given recruitment 

using Ricker's method. This program is extremely 

general in that time-intervals may vary and 

multipliers may be used to adjust F in terms of 

partial recruitment. 

BGC 2 (von Bertalanffy fit)--fits the von Bertalanffy 

growth in length curve to equally spaced age groups 

with unequal sample sizes. 

3 



Unit I - "Conversational" Programs (continued) 

File Name 

FMBVPOP 

FMBYPCT 

Program and Description 

Virtual Population Analysis--estimates F, 

~ (exploitation rate), and initial population 

size by year for a given cohort given catch at 

age data, natural mortality, and a starting F 

value (for the oldest age fished). Time intervals 

must be equally spaced, and catch data must be 

available for all time periods ..................... . 

Yield Per Recruit--provides equilibrium yield for 

a given recruitment using Beverton and Holtis 

method. The model is less flexible than Ricker's 

in that F is considered constant over the 

fishable life span and liknife-edge il recruitment 

is assumed; also, b in the length-weight equation 

is assumed equal to 3. G ••••••••••••••••••••••••••••• 

4 

62 

64 

I • 



1 
'1 

Unit II 

Programs in thi s uni t are stored as fi 1 es under the prefi x uY9, 10 

e.g. Y9CTCV, Y9FPOW, etc. All may be "batched" or run from card decks 

at WHOI using the proper file name. Again, all files are stored in 

Account 345 and must be brought into the useris account before being run. 

File Name 

Y9CHRT 

Y9CTCV 

Y9FPOW 

Program and Description 

COHORT--estimates F, ~ (exploitation rate), and 

initial population size by year for a given cohort 

given catch at age data, natural mortality, and a 

starting F value. Time intervals may vary and 

catches may be 0 for a given interval; different 

sets of M and starting F values may be examined. 

FRG 705 (Catch-curve)--computes mortality and 

survival rates and a variety of associated 

statistical measures for vectors of catch at 

age data. QGI.QQ09 •• (9QeQ."e"eOIj)09~O.Q9Q1QQOQQOO •• QQOQ()GO 

FR 731 (Fishing Power)--computes relative fishing 

power, relative population density, confidence 

intervals, and corrections for bias. 
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Unit II Programs (continued) 

File Name 

Y9VBPD 

Y9YPER 

Y9YPIB 

. Program and Description 

Predicts length at age given parameters of 

the von Bertalanffy growth equation; allows 

computation and use of a weighted to estimate ....... . 

YPER--uses a modification of the Beverton-Holt 

yield equation to produce relative yield per 

recruit isopleths for different E (F/F+M) and 

C (1. values as a function of M and K. 
c/ 1oo ) 

FRG 701 (Yield Per:'Recru,it)--uses the incomplete beta 

function to produce an array of coordinates for 

plotting yield isopleths. The model assumes F constant 

over the fishable life span and "knife-edge ll recruit­

ment; however, b in the length-weight equation can be 

other than 3.0 • ••••.•• Q ••• Q.a.QO.Q.e .. QQ.eQQQo ••• QQQQ.O 
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Unit III 

In the past this group of programs has had little if any application 
at NEFC; however, card decks and documentation are available should the 
need arise. Programs follow: 

Program 

Chapman-Junge 
Analysis 

Chapman-Richards 
Growth Curve 

GXPOPS 

Jolly-Seber 
Analysis 

MGEAR 

Description 

Estimates size of "stratified" populations from 

mark-recapture data. 

Computes a growth curve by a modification of 

the Brody-von Bertalanffy relationship which 

includes an additional parameter controlling 

the position of the inflection point. 

Simulates trends in exploited populations 

under differing assumptions of growth, 

mortality, maturation, and reproductive success. 

Computes estimates of mortality and population 

size from mark-recapture data using JollyU s 

stochastic model~ 

Computes yield per recruit estimates for 

fisheries exploited by several gears with 

differing vectors of age-specific fishing 

mortality, using Ricker's model. 
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Unit III Programs (continued) 

Program 

MURFR2 

Description 

Computes estimates of F and initial population 

size for a given cohort for varying time intervals, 

given mortality and catch at age data. 
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Program: GENPROD (FMBGNPD, FMBGNPDC) 

Programmers: J. J. Pella and P. K. Tomlinson, Operations Research Branch, 

ifornia Fish and Game Department, Terminal Island, California 

References: Pella, J. J. and P. K. Tomlinson. 1969. A generalized 

stock production model. Bull. Inter-Am. Trap. Tuna 

, . Comma 13: 419-496. 

Ricker, W. E .. Computation and interpretation of 

ological statistics of fish populations. Bull. 

she Res. Board Can. 191. 382 pp. 

Description: Program FMBGNPD fits ,the generalized stock production model 

d' 

where 

P = average stock biomass; 

K = instantaneous rate of stock increase at 

densities approaching zero; 

f = qf, catchability multiplied by fishing effort; 

H = KIP where Pmax equals maximum stock sizes and 
max' I 

I 
s " 

m= an arbitrarily selected exponent determining 

the shape of the yield curve. 

iterative procedure is used in which trial values of 

fopt (optimum fishing effort), q (catchability)p 

r 
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r (simple correlation coefficient), and Umax (maximum 

catch/effort) are read in and changed in steps (6) are 

determined by the user until the sum of squares is 

minimized. 

Note that fitting the above model requires estimation of 

a number of parameters; consequently, numerous iterations 

are necessary and unless reasonable constraints are 

placed on m the estimates obtained may be completely 

unrealistic (Ricker, 1975). This is particularly true 

for.estimates of q (which may be suspect no matter 

what constraints are placed on m). The user should 

consult Pella and Tomlinson's paper before attempting 

to run GENPRODe 
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Hints on 'Runninp; GF:NPROD 

When the addition or subtraction of ~r, ~Q, 6r, O~ ~u fails to 

reduce the sum of squares, the ~ts are divided by 10 and the process 

repeated. The number of times the ~ts are divided by 10 (KK) is controlled 

by the user. The best estimates of the parameters ~ q rand u are lopt, " max 

those corresponding to the minimum value of sum of squares found. 

Since guesses are required when using GENPROD, some hints for evaluating 

these are appropriate. The general situation is depicted as one in which 

data (catch and effort) are distributed over a range of population sizes, 

including the optimum. The technique suggested is to choose fopt equal to 

~he mean of the observed efforts; choose Umax equal to the maximum observed 

catch-per-effort; choose Pmax equal to 4 times the maximum observed catch 

and set Q equal to Umax divided by Pmax; choose r equal to 0.8. The lower 

bounds of Fopt and Umax are set at 1/10 the guesses and the upper bounds 

·are set at 10 times the guesseso The bounds of Q should be more liberal, 

say 1/100 and 100 timese The bounds of r are obviously 0 and 1. The 

values for the 6 are simply set equal to the guesses. . " 

Of course, if it is known that the catch-effort data were obtained from 

a segment of the range of population sizes, then the guessing process must 

modified. If serious doubt exists, one should make guesses as suggested 

.. at the same time set very wide bounds and utilize relatively large 6's for 

a quick search across the range. If any of the final estimates equal a 

hound~ the data should be rerun with wider bounds. As for the values of m, 
I 

it is appropriate to choose a range of values greater than 0 but'less than 

4 (m = 1 must he excluded). If little is known about the shape of the pro-

duction curve, try O .. 4~ 0.8, 1.2, 1.6, 2.0, 2.4, 2 .. B, and 3.2 for a first run, 

then try additional values when the approximate range is determined by 

eKamining the values of S ./. 
. ___ ",.... -- _iii" ....... 

ISource: unpublished report on file at the NMFS Southwest Fisheries Center, 
La Jolla, Calif. 
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( 1) 

m 

(2) 

M 

FOPT 

UMAX 

Notation 

(2) 

(exponent in GENPROD model) 

(optimum fishing effort) 

(maximum catch/effort) 

Q Q (catchability) 

Po p(O);eMAX (Initial population/Max population) 

H 

K 

S 

R 

n 1. C. 
L n 1 

t 

P. 
1 

E. 
1 

A 

C. 
1 

U. 
1 

CMAX 

POPT 

PMAX 

H 

K 

(maximum equilibrium yield) 

(optimum stock size) 

(maximum stock size) 

(K/Pmax ) 

(instantaneous rate of stock increase) 

SUM OF SQUARES 

R (correlation coefficient) 

TOTAL CATCH 

AVERAGE CATCH 

AT TIME 

POPULATION SIZE 

APPLIED EFFORT 

OBSERVED CATCH 

EXPECTED CATCH 

OBSERVED CATCH/EFFORT 

EXPECTED CATCH/EFFORT 

Column (1). Used by Pella and Tomlinson (1969). 

Column (2). Used in program output. 
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Program GENPROD may be run on the WH01 system in interactive mode 

by logging on and entering "PLATEN 132 11 followed by IIRUN FMBGNPDC .. 345" 

when prompted by "! II • The user then enters a 1 phameri c i nforma ti on ,. 

control values (note that the number of parameters to be estimated = 4), 

catch and effort data~ and best guesses and limits for fopt ' q, r, and 

Umax as suggested above. Program GENPROD may also be run using card 

decks or on the terminal ;n "batch li mode. In the former case, the 

following control cards are required. 

!JOB 712, - - - - (USER 10) 

!LIMIT (TIME,2),(CORE,lO) 

!ASSIGN F:5,(OEVICE,S1) 

!ASSIGN F:6,(DEVICE,LO) 

!LOAD (EF,(FMBGNPD,345)) 

!RUN 

!DATA 

Data input consists of the following: 

Set #1 1 card 
(Title) 

Gals. 1-80: 

FORMAT (20A4) 

. Header card with alphameric information. 

lWhen typing more than one line of data, the user is cautioned to omit the 
final comma on each line; otherwise a "Oil value will be erroneously 
generated internallYQ 
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Set #2 1 card 
(Intervals) 

Cols .. 1-4:, 

5"':8: 

eels. 9-12: 

, 
" 

eols'. 13-22~·: 

. . 

eols .. 23-321: 

• - c 

eols .. 33-42~': 

eols .. 43-521: 

Ci .... .-

FORMAT (314, 4FI0.0) 

Number of catch intervals (ND). 

Right justify with no decimal. 

Numeral 4- punched column 8 .. 

Number of times (KK) the step intervals (DEL) 
are divided by 100 The larger this value~ 
the greater execution time--but answers contain 
more significant digits. If in doubt, try 3. 
Right justify with no decimal. 

Starting step (DEL(l» for XCI) = fopt. 
If in doubt, leave blank.. Punch decimal • 

Startiug step for X(2) = Qe If in doubt, 
leave blankG Punch decimalG 

Starting step for X(3) = re If in doubt, 
leave blank9 Punch decimalG 

Starting step for X(4) = Umax. If in doubt, 
leave blanko Punch decimal& 

* If columns 13-52 left blank, each DEL will be set equal to its 
respective guess (GUESS). 

Set /13 1 ~ cards .!s 125 
(Catches) 

Cols. 1 ... 80: 

" , 

FORl-fA T (8FIO .. 0 ) 

Each card has 8 fields, with each field con­
taining 10 columns. The catches, e(l), are 
punched with eel) in field 1, C(2) in field 2, 
'III, .. , C(ND) in field ND. Punch 8 catches to a 
card. Punch decimals. 

14 
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fll~ 

(Efforts) 
eols .. 1-S0: 

Set #5 1 ~ cards ~125 
(delta-
'times) eols. 1-80: 

#6 1 card 
(lower 
limits) Cols .. 

Cols. 11-20: 

" eols~ 21-30: 

. Cols D 31-4-0: 

Set #7 1 card 
(upper 
limits) Cols. 1-40: 

Set #B' 1 card 
(guesses for 
initial values) 

Cols. 1-10: 

,Cols .. 11-20: 

ColsQ 21-30: 

Colso 31-40: 

. eols 0 41-50: 

{. 

,(I ., 

, . 

(Of10.0) 

Like set #3, only each field contains the 
effort, E(I), used to make respective 

. catch .. 

FORMAT (aFIO.O) 

Like set #3, only each field contains the 
,: length of time, ~(I) associated with its 

respective catch. 

FORMAT (4FIO.O) 

Lower limit, A(l), of £opt. 
Justify with decimal. 

Lower limit, A(2), of Qo 
Justify with decimal. 

Lower limit, A(3), of I'D 

. Justify with decimalo 

Lower limit, A(4), of Umax@ 
Justify with decimal@ 

FORMAT (4FIO.O) 

Like set #6, only'these four fields contain. 
the ~pper limits, A(5), A(6), A(7) and A(8) 
of flOpt, Q. r, and Umax respectively .. 

I 

FORMAT (4FIO.O) 

Best guess of f.opt (try average observed?)e 
'Justify with aecimal. 

Best guess of Q (try Q = maxo observed catch­
per-effort divided by 4 x maxQ observed catch). 
Justify with decimal~ 

Best guess of r (try r = .8). 
Justify with decimal. 

Best guess of Umax (try observed maximum?). 
Justify with decimale 

CVAL--Test value to stop iteration. CVAL 
stops the iteration on a percent improvement 
basis rather than an absolute improvement 
basis; if left blank~ absolute improvement 
mode will be usedQ Justify with decimal@ 
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Set #9 1 card 
(number of 
m-values) 

Cels" 1-4: 

Cols .. 5-8 . 

Set #10 1 ~ cards 3 
(m-values) 

eels. 1-80: 

.... '1, 

FORMAT (214) 

Number of trial values (Nl1) of m to be read 
in. Right justify with no decimal. 

Number of subintervals (N) each time interval 
is to be divided into. If in doubt, try 1. 
Right justify wi~hout decimal. 

FORMAT (aFIO.O) 

Each card has a fields, with each field 
containIng 10 columns. The trial values 
of m (XM(I)') are punched 'Hith XI1(l) in 
field 1, XM(2) in field 2, ...... , Xl1(NM} in 
field NM.. Punch a values per card. 
J.ustify with decimal 0 

* Repeat all sets for additional jobs. 

Error messages: 

Storage requirements: 

: .......... 

Power function errors can occur without 
:: .' destroying the iteration process II 

'About 4000 for ND ~ 1000. .~ v 

. ",\. . 

.. '!. ~ "I" •. f • '.\.'~' 
, .... : J' ,.---' 

~ ., ... . , " 

" 

. \. ' 

.' 
,:-, 

t 

I 
. ~ 

I 

., ' 
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I 
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To run GENPROD in "batch" mode, the user enters the following 

information on the teletype: 

!E01T 

EDIT HERE 

*BUILD (job name) ... - - -
L,OOO !JOB 

2~000 !LIMIT (TIME,2),(CORE,10) 

3j11000 !ASSIGN F:5,(OEVICE,SI) 

4.000 !ASSIGN F:6,(OEVICE;LO) 

5.000 !LOAD (EF,(FMBGNPO,345)) 

6.000 !RUN 

7.000 !DATA 

8.000 Data card images typed as per above format specifications 

(etc.) 

19.000 Ret li 

*END 

!BATCH (job name) 

10 = SUBMITTED (Time) 

Restrictions:, Number of trtal m,values ~24; 

number of catch intervals ~ 1000e 

17 
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Program: PROOFIT (FMBPROF, FMBPRDFC) 

Programmer: W. W. Fox, Jr., National Marine sheries Service, Southwest 

Fisheries Center, La Jolla, California. 

Reference: Fox, W. We, Jr. 1975. Fitting the gen~ralized stock 

production model by least squares and equilibrium 

. approximation. shu Bull., U.S., 73: 

Description 1 : 

'The generalized stock production model is 

. " •• ,' J. • ~ • ... " m '",. dP/dt =HP , .... KP - qfP . ',~ .. 
. ' . t t. t t 

P is the population size (usually in terms of weight) t f is effective fishing 

, . 
• i .. e .. t standardized from nominal fishing effort to be proportio~al the 

. 
instantaneous fishing mortality coefficient, q is the constant of proportionality 

catchability coefficient) II and H ~ K II and m are constant parameters ... At 

equilibrium (i .. e .. 8 dP/dt:::: 0) '. ' 

" 

or 

and 

., . . .; 

m-l 
p ,,:: (K/H) + (q/H)f 

,m-l m .... l m 
.' U ' == (Kq . III) + {q /H)f 

m .... l 
:: (a + bi) , 

is catch per unit' effort e 

,lSource; uPROOFIT Useris Manual il by W. W. Fox, Jr. (unpublished), on file 
at the NMFS Southwest Fisheries Center, La Jolla, CalifG 920370 
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, ...... 

management implications of the generalize? stock production modc~ are' 

'f ',:::: 
opt 

... 1 

, , , ' m-l 
= (a/b)(l/m - l)(a/m) 

where Umax is the relative density of the population before exploitation; U opt 

is the relative population density providing the m~ximum sustainable yield; 

, ; : fopt is the ~ount of fishing effort to obtain the 'maximum· sustainable yield;' and. 
. . ' 

i " .~ ':- ',: ':. "".':: Y
m 

"" is the maximum sustainable yield" 
\. '." _ .aA , . ' 

r' ':.- .... : 

Estimation Procedure 
"" ~,' . 

" ',' Since catch and fishing effort data usually do not represent equilibrium 

conditions as required by equation (2) Ii the fishing effort must be adjusted to 

approximate equilibrium conditions.. This is done by computing a weighted . 

average of fishing effort for year i over some previous number of years. k D which 

corresponds to the number of year classes making a significant contribution to 

catch in year ill i.e .. 

-f :::: [k $ 

1 
(3) 

[k + (!{ - + • €I + 
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• G" t 

eO a' • 

, . . . . . .. 

t nre 

nre 

some information those k - 1 the data. set can 

k can different ea:ch 2 

" 
provides least-squares estimates of the parameters a. b t 

III equation (2)· by minimizing 
" " 

,".' S = . .' -.... - .' 
" 

QI.. .. .. 

" 

are" statistical weights specifying a multiplicative error structure .. 

iterative pattern search optimization routine is ut~lized to locate the least ... 

: !'.oO '. ~ .:! :. h 

parameter estimates .. order facilitate termination of the searching 

, . 
.. . , . 

. - .- ... ,,' ... 
.. ,'f!> • 

, .' 
." .' 

. e...... 0 : 

, h~we~er j the sum-of~squ~res space is searched 'witn m, Umax 1/ 

Y max" The catchability ~oefficient, q II is estimated after esti~ating a, b II . 
. ~ ~ " . 

, • CiI : •• " 

m utilizing the integral of equatio~ (1) to compute a q each year, 
. .. . .. . 

. . : ' .'". then the yearly q ... values are averaged using arithmetic and geometric means .. 
. .. ...... '. " . 

," III 0. 

. ~. 
Variability indices II V (X) , of all the parameters are computed by the 

~ , 
, .. 

. ': :." "delta" , or propagation of error 11 method G These are riot ·actual variances 1# but 
·.1lI .' ~ 

.- . 
useful for judging the fit of the model in a' qU:a~titative mal~ncr; error 

index is computed for convenience as 

c= (lOO"V(X)];X -. . . 
is the estimated PQ~·Qmetcr .. 

.~" Q 

2The v~lidity of this method has not been examjned. 
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Data Input 

, 92tion 1. catch and fishing effort history. {Ci • fi }. of i = 1. 

n'years length, and a vector of significant year class numbers {ki } are read' 

in. There may be embedded zeros, if they are true zeros and do not simply 

of information. only zeros, 

occurs hi the estimation of q .. catch per unit effort vector is computed 

,internally and the averaged fishing effort vector is computed by equation (3) 

','. " 

with SUBROUTINE AVEFF .. 

Option, 2. --If one wishes to compute the averaged fishing effort vector 

by another method or if data are obtained which represent equilibrium condi-

nons II then this option is selected and the vectors of catch per unit effort and 
, -,' . , . 

,averaged (or equilibrium) fishing effort {Ui,fi } are readin directly. No 
" ' . 

·~~timate of q can be made f however 0 

- - -
10.--- ~ __ 

Starting Values ,', ". : " " 

9ption 1.--Init1al estimates of the parameters are' computed in SUB­

ROUTINE INEST and the user provides the starting estimate fo;' m.' either 0, 

, ' 

' ....... - .~ 
Option 2. --Occasionally the data are so variable thnt INEST does not 

provide compatible starting values for the parameters.. In this case II or in 
<& 

any case. the user m~y c)'pt to enter directly all the initial parametc~ estimates. 

~ 

,.; r: c; ;:, :: :'2 

, . 
r 
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.... ' . 
. ; 

, " 

.. -
. '.;,~ '" 

'1<' 

Model Option 

. . 
The user may allow PRODFIT to estimate m to a.ny desired precision .. ' - . 

• however, are so that no significant reduction 

the residual sum of squares is obtained' by varying m .. user then has 

the option to fix m at 2 jI the logistic model; at 1, Gompertz' model; or at 0 It 

, asympt9tic yield model. '. 
" • ~ ':" • GI 

~Veighting Option 
!"\ : 

.. ,. '." 

.. '. 
~.. .. 

. " ". ~ .' . 
. ~ . . . ~ ", 

..... 

user mB:Y select st~tistical weights as~uming a mUltiplicative error 

":".'..":. structure or may C.hoose t~ not weight the observations. i.e •• Wi = i for all i. 
" ... " •• 0 • ;. ,,0 ... ~ , • 

. .'.' ~ . 
. . '.~. ' ' .. 

... ,f. '. '#. ~ 

.. • ',: ~ # •• --. " 

, ... :,P: ..•. ~ :,: .,.,., '. : " .... ,' ........ '. .:: ,'. . . ., .. 
<> •••••• 

. " .. :~ .:'.~ .. ~ .. .'. :~'. ~ "" ': '.:~. " ' .. ~ :~>;.:: . 
"0' •• ";,. 

• 0 •• .. .. ,. ".: .... _"'.: .,: •• ' ~ : 

. ' Output : . <,. '~. ! .. " 
, .' 

. '.. '~. 

.. " .. 
- .. ~ -: . ' .. 

~., . 
•• ' ~ Go· •• t 

J). ..... 

.. ';:, 
::' .. 

',': 'The output of PRODFIT provides a listing of the input datal) the trans-
, . . 

formed data. initial parameter estimat~s. the iterative solution steps, the final 

. estimates of a •. b. and m and their variability indices. the management implica­
, 

lions of the final model U ,U til f t" and Y and their variability 
max op op max 

indices 9 the observed ~nd predicted values and error ter~s. estimates· of the 
, , . 

catchnbility coefficient. q t and a table of equilibrium values (I 

" 

I' 
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Program PRODFIT may be run on the WHOI system in interactive mode 

by logging on and entering "PLATEN 132" followed by "RUN FMBPRDFC. 345" 

when prompted by 111". The user then supplies alphameric information, 

control values, catch and effort data! and other information as directed. 

Program PRODFIT may also be run using card decks or on the terminal 

in IIbatch" mode. In the former case, the following control cards are 

required: 

!JOB 712, (User 10) 

!LIMIT (TIME,2),(CORE,15) 

!ASSIGN F:5,(DEVICE;SI) 

!ASSIGN F:6,(DEVICE,LO) 

!LOAD (EF,(FMBPRDF,345)) 

!RUN 

!DATA 

Data input consists of the following: 

1. Title card 

eols. 1-80& Header card with alphameric information. 

lWhen typing more than one line of data, the user is cautioned to omit 
the final comma on each line; otherwise, a "a" value will be erroneously 
generated internally. 
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. 
4 

.• I 

. ' 
'j 
! 
, 
~ 
l' 
I " 
i 

. ' 

• ! ,~ 

, ~ 

.' , 

',':. ':Q '·0 
'. , 

6 

Col. 9 

Number of do.tv, points entered (NC) II 

adjusted, no decimal .. 
than 100 points .. 

Data preparation option (NDP) .. 
o if ii are to be calculated .. ' 

· 1 data represcnt equilibrium .. .. 
Starting- values option (NST) " 

· ". 0 starting values computed internally .. 
" 1 starting values are entered by user .. . : . 

. ,',:' '., ." '.' Cols II '10-12' . , Number of digits to which th:e parameters are 
. " " , ". searched (KK) II 

.:' • c. •• 

'. 

" adjusted, no decimal.. (Suggest 5) 

Cols II 13-15 . Number of digits past the decimal to \vhichthe 
. ' '. parameter m is sea'rched (NPl\1') II 

.' " .':.,., , . Right adjusted, no decimal. (Suggest 2) 
f!' ." .. 'G', 

• o. - .. '" 

: .... :,.:: ..... :.:,;: .' .,"':', ":."' ',.'. ,Cols~ .16-19 Fra'ction for determining the parameter upper 
,', ',i' ':', ,> ::, .. , .. ,~ ..... ': ~ ::, .... .. , .. ' ': and lov/er limits in the searching procedure 

. :' :>. ":' : >: ': .,~,' ,.: ,:": ... '. ,:--::' .<., .... : . .'(vL); with deci.mal. [i.e., parameter x (1 ± 
" ,,::, ..... :, ,::.~.\" :.< ':.: '.' ' :.:. ': .. ' :"::. : :'-:" !' .:'. fraction)]" (Suggest 0.25) .. 

l .•... '. .'. .'. . 

". y ..... : > .. :. .·:C~lS. 20-23 . :Sta~ting value for m (Xl\n. Either 0.0, or 

. .,' i -: . .: :. '.,.. .. ,'. '." .': .,' ".: . :' .. : . , .. .1 & 0 J or 2. 0 " 
.... i '" ~ .. , .... 

: I ~ \.' ..... . 

:;, .. 

'I 
f· . 

~ ., 

" 
I 
1 

' ..... : '. Col .. 27 Model' op tion (XS) " 
o estimate m • 

'0, <> .; ........ 

'., ,.," 

;" '0 • 

.'. 
. ,- ' 

II ' I' 

" . 
' .. .. " . 

,.. '. ; . 

Q .' ' , , 

3& 

. , .. ' 

" .' 

" .. 

'. . , . . 1 fix m at starting value. 
," . 

, , 

Weighting option (XV~). 
; .. ,0 additive error lTIodel (unweighted). 

1 multiplicative error model ( weighted) " 
, (Suggest 1) 

Catch cards [C (1)] • FORl\1AT (81" 10.0). (Or CATCH PER 
,UNIT EFFORT if 1 ,vas punc{lcd in column 6 of the Control 
. card,,) P~!lch NC values. Q 

and 
. Fishing effort cards [XE (1)] , FORl'vlAT (8F10 e 0)" . Punch 
NC values 8 "j' 

... .. , ... 
• Q 
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. . .. 
I·t ... ' 

.. 

a _:. 

. " . 

...... :.-: 

" 

" 

5 @ Number of significant year-closs cards [XK (1)] D FORMAT 
(8F10 .. 0). OMIT if !. ~ punchcd in Column §. of the Control 

Punch NC values" ' 
,. , 

6411' Starting values for a, b, m t and residuol sum of squares, 
. . FORMAT (4E 13.6) II Ol\UT if' Q. ~ punched in Column 2. ~ 

runs as i s 

1. ' !***STARTING VALUES INCOl\lPATIBLE**** 
Testing the computed starting values 

m ~ 1 t a > 0 • 0 and b < 0 • 0, or 
. ; m < 1, a. > 0 ,,0 a.nd b > O. 0 

User must enter starting __ _ 
. '!1irectly. 

" :., ," 

" ". , 

Too fe\'{ data points entered" ~o va.riability . 
,. 'indices ca,lculated. ',. ' .. ' 

~ ~ . .' 

.JI • \I 

: 

..... : 9 •• 

",' . , '. ~ 

~. " ....... ~ " '. ', ... 

, .' "',.' ."t 
• ·.··1 .. 

~ '. '.. . . , .,-. " 
~.. . '.', .. 

.. ' "~I • ~ • '. i; I· 
i! " 

\ 

A' '::"': ~'>:' .~,", .'.'> ,., 3 ~ ····ERROR, LOG NEGATIVE VALUE 
.', \ 

': '::',::',':"':~. ,,,. ':, Tried to take the logarithm of zero or a riegative value 
.',: : ',' " . ," .. " .. '., : computing the variability indices ~ No variability 
. ;" .... : .. ;:> ,' ... ~:':.:. '::'.:<'. ind~ces calculated.. . . '" :." .. ",:.," , . , .. 

.... • • : ~ \10 •• ~. ..~." ••• G 

. ,. '. 

, , 

...... 
". .. 

. " ." .. 
... " .. " ..... ,' 

.. ......... . 

. , ~ 

0' •. 
e', . ~ 

.. .I" 

'. .' 

" 

""if", ..... ' 

:. ~ .. Q •• ~ 

" ." 
'0 '. '" 

• '. >-

.~. .' • to oQ 

" 

. ~ ... '. :., .. ." 

'.:'." :.' 
, , 

••• ' 'f'l 0 

" 

.... : .. .'.... '. ' :~Q"" . .'. ~ ..... : ... , .... '," ". .' .......... , . 
Q' :. ~ 0,.' :.: •• ,', 

,', '. :":',',' ,:, . ,., ," ...... 
,". 'q .. " .. ' .~. 

" , 
.. t' ••••• 

. " 

. ; .... , 

• 0 

. .. , 
• \II ' •• "CI !, \10 .... , ..... " !' . 

••• '..... • .... ,' ••• ," G •••• 0', 

• 0, • • 

" . 
, , . 

r . 

'u .. &' :0 .. :..... '. ,', . 
:'p . ;.0. . , , . ' .. :-

.. : ;.,~. . .o~. . . ~' .. ' . .. 

", 

.... 'U 

.. ' .. ' 

" ; ,0 

." 

. '. 

. . 

~ ~ t~\ 

. .. 

,.';.'" 

'!' i 

lIP" ....... ,,, . .' . 
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To run Program PRODFIT in "batch" mode, the user enters the following 

information on the teletype: 

!EDIT 

EDIT HERE 

*BUILD __ (Job name) 

I@OOO !JOB 

2.000 !LIMIT (TIME,2),(CORE,15) 

3_000 !ASSIGN F:5,(DEVICE,SI) 

4.000 !ASSIGN F:6,(DEVICE,LO) 

5~OOO !LOAD (EF,(FMBPRDF,345)) 

6,,000 !RUN 

7.,000 !DATA 

8.000 Data card images typed. as per above format speci cations 

(etc. ) 

13.000 "Ret" 

*END 

!BATCH (Job name) 

ID = SUBMITTED (Time) (Date) 

Restrictions: Number of catch intervals ~ 100. 
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Program: Prediction Model (FMBPREDC, RMPRED*) 

Programmer: R. K. Mayo, NMFS, NEFC, Woods Hole, Massachusetts 

Reference: Tomlinson, P. K. 1968. A generalization of the Murphy 

catch equation. J. Fish. Res. Bd. Can. 27: 821-825. 

This program will calcul s size and in 

and weight for the jth age group and the ith year from age j to age k 

(k ~15) and from year i to year n (n ~10), given stock at age in year i 

and recruitment and mortality estimates in year i and in succeeding years. 

Catch" (numbers at age) in year i is calculated from stock 

size at age the beginning year i according 

where 

j 

NC .. = catch in numbers (jth age); lJ 
NS .. = stock size in numbers (jth age); lJ 
F.. = fishing mortality coefficient (x selection coefficient lJ 

for the jth age); and 

M = natural mortality value (constant over all ages). 

*RAMUS system. 



Catch in weight at age is then computed by 

we .. = NC .. • AW. 
lJ lJ J 

where 

WC;j = weight caught, and 

AWj = average weight at age j 

Stock size (numbers at age) at the beginning of the succeeding year 

is then calculated by 

NS i +1 = NS 01 e-( j+M) (for j = 2,k) 

and 

,1 ,1 

where 

Ri +1,1 = recruitment estimate in numbers for year i+1. 

Stock size in weight at age is then computed by 

WS'+1 . = NS'+1 . Q AW. 1,J 1,J J 

where 

WS'+1 . = weight of stock at age j. 
1 ,J . 
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The program can be run repeatedly with trial F values on the same data 

set. ("conversational mode") or will accept a 'number of data sets. The 

latter option requires estimates of fishing mortality and recruitment for 

each year in each data set. For both options, the user may enter new 

on ents and ghts di ~ or, on 

coefficients and average weights can be taken 'from DATA statements in the 

prog'ram if desired. t, See below instructions on accessing the program for 

information on changing DATA statements~ 

" 
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The following material explains data input in detail and presents 
examples of program operation for IIconversational mode" and for a 
series of data sets. 

(1) 

(2) 

(3) 

Sample Input 

-THE ANSWERS TO tHE FOLLOWlNG QUEstiONS WILL DEtERMINE WHEtHER THE 
PROGRAM WILL RUN fOR ONLY ONE lEAR DR FOR A SERlES o~ ~~S AND DAT( 
I F YOU WANT WR I TTEN OUESt tONS, ENIER "' ... -

_ IF NOT, ENTER 2 .. 
INPUT:~0366 

...... __ ._ .. _---,---------

A "111 will cause the program to print detailed questions for input. 

A 112" will cause the program 
or~ a questi on mark (WHOI). 

print the line number (RAMUS) 

DO YOU WANT TO READ I./'t NEW SEl.COEFfS. AND A .~T.S (ENTER 
-THE CURRENT VALUES LN DAtA Sl~lfME~rS 2~ A~Q ~I (.~NIE~ II 

INPUT=0J430 

A "III will require input for statements (3) and (4). 

A "2" will cause these statements to be bypassed and the program 
will use the data in the DATA statements. 

.11 • 

TYPE LN THE SEL. COEFFS~ fOR H AGE GROV~ 
INPU.THH~480 

VAL liES l. 

.... ? ~~ ~··S ... 4j 4.'. ~ 4,' 111 .• 3 t. ~ ~ @) 1 ~_ 1 ~ 1 

Enter one coefficient for each age group yOU plan to run. This 
variable is DIMENSIONED at 20, and 20 values must be entered. 
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(4) TfPE IN THE AVE. WJS. fOR 
INPUTs0~520 ' 
1 .2'.3IHt~,,,511.Glul •• e~,. 

AGE G.ROUP (20. V-A 

Enter one average. weight for each age group you plan to run. 
This variable is DIMENSIONED at 20, and 20 values must be entered. 

(5) _ DO YOU WANT TO CONVERSE <'ENT.ER 11 O~ fWN 
I NPUT':"056a OA R 

(6) 

A "I" will require data for statements (6) to (10). The program 
will operate in a conversational mode, cycling for one year at a 
time with a new value of F each year. 

A "2" will cause the program to print (6), bypass (7) to (10) and 
proceed to (11). The program will accept a number of data sets 
and years for prediction in this mode. 

VAL OF MB AG~ RC 
i-' I N.P U T me 6" ~ 
L:: i ~2.~ ff, 1 '-1 ~·if·.~~=~------. 

c •• --:--: •. _ :~ __ •• 

~nter the following values on the same line separated by commas: 

Natural Mortality 
Age at Recruitment 
Number of Age Groups 
Number of Data Sets 
Initial year 

(Max 15) 
(Max 3) 
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(7) 

(8) 

r-----

r l~~~,lrEsr~~~Esf~EF;rT~~E~UM8E~ Of RECRUl 
~ I N pur ~ " r3 13 r3 4. f, H RO UGH 8 
j, ? .56~hl~-"';"e0fh10Iih60~"S00 

Of 

Enter the following values on the same line separated by commas: 

Fishing Mortality 
Number of Recruits 
Initial Stock Size for each age group 

Input requirements have now been satisfied for the first cycle in 
conversational mode. A table of stock sizes and catches by age 
group will be printed followed by the next three questions. 

.••• it. 
_ TRY ANOTHER F IF IOU 

DATA SETS, ~t 

13 

Enter a new fishing mortality. 

A ~ositive value causes the program to run for another cycle with the 
same initial stock size and number of recruits, but with a new F. 

A zero value causes the program to return to (1) to allow for entry 
of new stock sizes and F or to run sets of data. 

A negative value causes the program to terminate. 

(9) DO YOU WANT TO STOP PRlN.1LNG S.EL .. COE.FFS~ ANo. A.Vt: .. WJS (ENT~R 1), 
- OTHERW I se', (ENTER 2.) 

I NPU T H~2140 

A ill" will suppress printing of these data. 

A "211 will allow printout. 
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(10) 

(11) 

(12) 

--------------- ---~-----.-----

o 0 YOU WAN T TOP R 1 NT· JUS l T..O tAl. S toe K AN 0 C A J. C:H: 
- 0 THE R'tn 's E, (E N T E R 2) 

,NPUT: f'22"0~ _____ _ 

A "1" will cause only totals to be printed. 

A "2" will cause the full table of stock size and catch by age to be 
printed. 

-'r ________ -____ , ________________ --:-_ 

OPITION' 2- RUN DATA SEtS. AN.SW.ER THE FOLLOWLNG QUEStION. E:NTER VALUES 
-- COR RES POt miN G TOE A C H 0 A 1 A S E 1 O.N A N E If LIN E" PRO G RAM 'tI ILL AC C E P t UP T 0 --

3 DATA SETS W/1" Y.RS E.A WIUP IO 1.5 AGE GPS 

A data set consists of the initial stock size (numbers at each age), 
the number of recruits in each year, and the shing mott~11ty in 
each year. Up to three data sets, each involving up to 10 years of 
prediction, may be run. In each data , the user may change one or 
all of the following parameters: 

Initial stock size 
Number of recruits 
Fishing mortalities 
Number of years. 

However, the partial recruitment selection coefficient for F, the 
average weights, the number of age groups, the natural mortality, 
age at recruitment, and the initial year must remain the same for 
all data sets. 

~o PRINT ONLY TOl Sl~CK AND etcH, ENTER 
-OTHERWISE, ENTER a 

I N P 1J T : a z. 8 3.8_ 

A "Iii will allow only total stock size and catch to be printed 
for each year. 

-
A "2" will cause the program to print the stock size and catch for 
each age group. 
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(13) . 

(14) 

(15) 

(16) 

TYPE THE NUMBER OF iEARS 10 BE RUN I.N THE 
-FIRST DATA SET, THE SECOND DAtA S~T'E1C~ 

(TYPE INTEGER VALUES) 
- ,NPUT=00910 

? 2 . 

,NPUT.:009'" 
- ., 2 

I • 

Enter the number of years to be run for predictions for each 
data set on a new line. (Maximum of 10 years per data set). 
In this example, two years will be run in each of two data 

TYPE THE FISHING MORIALtllES CORRESPONciLNG 
-TO EACH YEAR IN THE fiRSt DAtA Sal' TH~ 

SECOND DATA SET,E1C. (REAL NQ~) . 
-INPUT:01"10 . 

? fII 9'.4 

'NPUT.:~'01" 
? ,. 7.S 5, III 41 S 

Enter one value of F for each year specified in (13). 

TYPE TH'E NUMBER OF RECRU\ tS I.N. EACt1 YEAR. IN 
- THE fiRST DATA SET. tHE SECOND OAlA. SEl'~lC'­

INPUY:01090 
- ? HHHh 900 

INPUT=01090 
. '? 1.0 5 " t 9 50 

Enter one value for each year specified in (13). 
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- I NP U T : " '20" 
1 850'750,650~550'450 

Enter one value for initial stock size for each group t 
recruitment for the first year of each data set, using a new 
line for each data set. 

Data requirements have now been satisfied and the appropriate 
tables of stock size and catch will be printed for the years 
specified. 

When all data have been printed, the following question will be 
asked: 

( TRY SOME MORE f VALUES 
. I NP U r : "23.(J 3 

New fishing mortalities may now be entered in the same manner as in 
(14) and the program will recycle and print new tables. All other 
parameters, however, will remain unchanged. 

To stop runni ng, type an "5'1 (RAMUS) or hi t ~iBreak'l (WHOX) If 

Examples 

The following examples show the two options under which the 
program can be run. In the first case the program is running in a 
conversational mode where new F values must be entered after each cycle. 
After each analysis, the program may be switched back to (1) to allow a 
new choice of options. In the second case, the program was run with 
two sets of data, each with two years of analysis followed by input of 
new F values. An additional example shows a run without printed 
questions in which two data sets are run for ten years of prediction. 
In this example, only total stock and catch were printed in order to 
decrease output time. 
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I .. 

THE ANSWERS TO THE fOllOWlNG aUESTLONS Will DEtERMINE WHETHER tHE 
PROGRAM ly/l Ll RUN fOR ONL,( ONE Y.EAR OR F08.~ S.EJHES Of "RS ~NQ Q.A Tl 

'0 iF YOU WANT WRITtEN QUEStiONS. ENtE~ 
IF NOT, ENTER 2 

. I NPur ~0366 
1 

, 
00 YOU WANT TO READ LN NEt,: SEL.C OEffS e ANq A W lS NtER l)_ O~ I 

) THE CURRENT VALUES IN OAT-A StAIEMEf'i.tS AN.Q, (~NtER. ~ t 
I INPUT:~J43" ., '1 2 
I) 

DO YOU WANT TO CONVERSE ~HER 1 l 0/\ (ENtER 
I INPUTnJ2560 

0 . '1 1 

( 
I TYPE VAL OF M, AiE At RCR1Mt Of J ~ t lUlf 
o .INPUTnH,6(Jo 
I . '1 .2193,6,"1913 I " \ 
t) .TYP THE VALUE OF f tHE Rut 6 
1 NITtA STOCK 51 At A 
I· INPUT:0073~.' G :? e569"000'800'1001600,500~400 
L~-.-.--,-.. .;._----.. '--... q. • -_.-. - ...... --..... ..... -,"---- ... -- .•• -.-~ ••• ---....... -~ •• ----~- .... ~ • ..,.........~"'b.I"I:.~-
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.... 
." , 

'. 

." .. 

k' 

, . 
,I 

! 

\ 

1IP • 

" , 8kHHJ eh0950'fa • 

" 500'30 3.11500 .IP 
;h9;J0~~ ".26600 
1 11D 00200 0.35000' 
1G~000~ e043200'. 
1®J:J~HH' 0·50600 

._* 

RECRUITS(NOCD) 

3 

~~c ~00" 
S 00 . 1,86-200 
6 6~fa.""" 2.'0.·~H~0 
7 5~~!~HHJ Z16~000 

400111020 2 40" 
, - *** 

STOCK, 
,4 
e 
*****._IIII.ft.ft .ft.'!'!fD *fti! .• ~~~ •. ~ ••• 'IiiiI'IiiiI*IiH ••.•• 'IiiiI'IiiiI'IiiiI..te~,~ 

J 
J 

.': 

ANO 
O.A fA SETS, 
JNPU.1.:Z2f770 
~ .4.52 

~~ YOU WANt TO' SlOP PRtK~lNG SfL. COEff 
OTHERWIS~' (ENTER Z) 
lNP.UT:02140 
? 1 

!ft.~.11 ~~,II." ~ •• 'IiiiI 

. l 00 YOU ~lANT TO PR1NT J.ust lO)A.L StOC.K ANO C4J.C.tt (ENJ;~ 11~ 
O.THER~lI·SE' (ENT,ER 2} 

, INPUT: 02200 
':\ "(., 

'".- ~ . : 

,', 

, I 

CAtCH{WY)= 291.951 
** •• ***********~**&*.&&*.~ •• *.** •• 

T R rAN 0 THE R F' I F '(.0 U W l S H lOR EN t E R 0!1'" 1.Q RUN 
OAT~ SETS, OR -0.' to END PROGR~K 
INPUT:0Z070 

1 "." 
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ANSWERS TO THE fOLLOWING OUESTlONS WlLL 
. f OGRAM WILL' RUN FOR ONL lONE YEAR OR fOR A 
., if YOU WANT WRITtEN aUEst~ON.S,. E~lER 1t.'· 
.... [! I F NOT, ENTER 2 

INPUT:00366 
? 1 

~ 

DETERMINE R T 
S~RLES ·~f 185 AND DAtA 

i 

i 

l 
. J 

DO YOU WANT TO READ IN NEW SEL~COEVFSe AND AVE wtS (ENlER \) OR 
THE CURRENT VALUES ~N DAIA StAtEMENTS 2~ AND 3" lEN1~R(2) 

INPUT=0f21430 
? 2 

I
s .00 YOU WANT TO CONVE 

INPUT "056" 
1) OR RUN SEts 

, I . 2 
I , C) . 

GPS NO • j TYPE VAL OF "" 
1 ! INPUT:02600 .' b 'I .2,3'6,2,1973 

\-
, " 

~ \ 

1\ . -

,.). QPITION 2- RUN DAtA SETSe ANSWER tHE fOLLOWING QUESTiON. ENTER VALUES 
• ~ CORRESPONDING TO EACH DAtA SEt ON. A NEW LIN~! PROGR~M .llL ACCEPt UP 

I 3 da,ta sets wilD yrs e~ w/up to 15 aqe gps' 
THE NUMSER OF YEARS TO BE RUN I.N THE 

'J FIRST DATA SET, THE SE.COND DAtA St;T.EIC.~, 
(TYPE INTEGER VALUES) 

I' , NP U T : "" 91" 
!) ? 2 
\ 

) 

I 

) 

'NPUT:01~90 
? 105011950 

i TYPE THE 5 VALUE fOR lNTl tl.AL StOCK. 
! SIZEAT AWES 4 THROUGH 8 fOR 

I!) HiE FIRST DATA SEI,SECOND DAT.A SE1~ECt~. 
INPUT:~120" 
1 e~~,100t600,50J.400 

~) 

I INPUT:~1200 

: ,1 850'150.650,553'45~ 
: 
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) 

) 

) 

,... 
~.' 

. ':") 
.;t. ' 

.. , 

" ) 

.J 

,I -\ .. .; , 
I : , 

~~) 

/~ ,} 
~ ....... " .. 

". ") 

.J 
! . 

I I 

(-
J, , ': ... ~ \ 

",( 

• ." 

.. 
3 "~'8iH'~ 011>"95"~ ." 5000~ " 17500 
5 0·9;?HHJ0 "Gl26600 
6 '."002115 0.35000 " 7 '-02102121 0·43200 

'.("'H'00 011>50600 
*. *.*fI. * *-**'111 

DATA SET YEAR '973 . 
•• .* AGE 
••• 

6 
7 

AGE, 
••• 

• ••• * •• - •• *-

8a0",.a~" 
7,,, 0 II> "fH1 

0'0fl 
·/5fH3","00 
. 400'-003 

STOCK(NO.) . ......... . 
739.32.8 
492 804. 
34349429 
Z.1611>086 
431 .738 

••••••••••• * •••• 
'to'TA'L 
STOCK 
AGE 4 
TO 8. 

RECRultson.) 
•.•••• *-......... 

1.4~.~0a 
l.S611>2~0 

1121.0"0 
21.6.""" 
-ZiJZ.40" 

STOCK(Wt .. >. 

129.330 
1.~ 086 
1.20Gl200 
lZ0 -133 
1 t1.-26£1 

. TOTA~. 
CATCH 

('In. TO 
6JJ3.IiHU~ .. CA reB 

AGE ~ 
T.O e 

CA lCH(NOcd CATCHon.) 
• ••• ' •• '111' ••• 

SSt. 

~~!~~.** ••••••••••• 

1 

"0" 1 
1.1.4 ~Ql41 
92!34~ 
76.952 

2:3.80,0 
~.9 
3~.~_~14 
~~.~e~2 
3.8·.9_.'38. 

*.***.**** ••••• *****.*.*.* ••• *-****** •• * ••• * •• ***.*** ••• **~ •••••• *. 
bATA SET 2 rEAR 1913 M= 0.2000'- f= ~.,18~9 t~ ~~'850 

AGE 
*~* 

.3 

AGE 
*,. 

4 
5 
6 
7 
'8 

R E C, R U ITS (N 0 41 ) 

** ••• ****** •• 

STOCK(NO .. ) 
**"'******* 

850 .~H3a 
150.000 
650.000 
550111000' 
450412"" 

RECRU llS on.) 
• * •. ***,**** **. -' . - . 

99.750 

STOCK(W!41) 
*-* '111.*** .••.• *' 

14,8~ 750 . 
t!J9 .. 500 
22161500 
2.3161600 
22'1~7.00 

.*****.* ••••••••••••••• 
, "--.... .-

CA1CH(NO~~ CATtH(Wr.} 

25'.12'9 
.348·4"'1 
324 41 571 
27441631 
224~10~ 

4.4.053 
92-~679 

113.600 
118·643 
113.1130 

.**** ••••••••• **.** ••• ~*** ••• ***.*** ••• *.****.* ••••••••••••• ***** 
TOTAL 
STOCK 
AGE 4 
TO 8 

. _... . ~ . 
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TOT.AL 
CATCH 
AGE·3· 
TO 8 

(NO. 
1549 

,0 

() 

() 

t), 

--------'-:r 



"-
" 

" .. 
.... 

l' 

.\f • 

.. 
.. 

~ 

-,Il-:'l 
~ 

oI/\~ 

'" 

) 

RECRUITS(NO.) 

3. 
•••••• ** •••• **.*~~ •• * ••• * •• * •• **. 

AGE 
fl. 

4 
5 
~ 
1-
8 

STOCK(NO.) 

746 38'8 
4.1a~~02 

952 
735 

205.392 

srOCKon.) . .......... .. 
1.31J .. 618 
1.25.0213 
1.06.033 
'.04 S 
1.0341 928. 

••••• ** •• ****** ... * ••••• **&*** •• **.**.** ••••• 
TAL (NO@) (WI.) .TOTAL (NO.) 

STOCK 196 468 1 CATCH 559.091 
GE 4 AGE 3 

8. . 10' 8 . 
••• lit •••• * ••••• ****** ......... .,. ....... .,..,. .......... "" ...... "' ....... .... 

. lRY SOf.lf: r~ORE F VALUES 
,INPUT :023~3 

.. - ~ '1 .,5t.6 
i .. 

'INPUT=02303 
,) I? e4, 41> ~ 

DATA seT YEAR 1973 
*********** •• * •• ** ..... *****.* •••• 
AGE RECRUITS(NO .. ) RECRU t IS on. iii) 

' •• * .***.*.~****. .. *.* .. '" '* •• *. * * * 
3 1003.~;)0 95 .. Z00 

• •••••••• ** •• ***** •••• ** ••• ****** • 
AGE STOCK(NO.) S toe K on e. ) 

*** ...... ****** ** •• *-tz* •• * 
4 80011300 14.0" 00 0 
5 100 .. 1000 1,86.200 
G 6iJiJ-roo" 21.0. g00 
1 5"".C0J 216.000 

·s 4J0e0";' 202.400 

40 
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CA TCH(NO.) 
*.******lIIIiI' 

7a-125 

161.054-
Z31~(i24 
215.749 

'179.19,1 
143.8'33 

CA iCHt WT.) 
'*.,.111 • .,. ....... 

936 

.,. •••• 111.111.,.* •• .,..111 

OH4II) 
251 

CATCH(WTe) 
_.**1b ••••• 

'28·184 
61 .• 612 
75.512 
7.1.670 
72 .. 119 

() 

() I 

C) 

o 

o 

o 

() 
':.\ 

o 



. \. 

.' Go 

... 

) 

'\ 

.,' 

" 

.. 
6"(-~/: 

.. TtiE t.~:S1:ERS TO THE fOLLO'oiLNG QUESTIONS wtLL DETERMINE 
:;. , . 

. PROGIUf1 'AI LL RUt! fOR ONLY. ONE 'f.EAR OR fOR A SERlES Of 
IF yeu Wf.NT WRITTEn QUES1Lons, ENIER.la 

.1 IF ~!OT, ENTER 2 
INPUT:2~366 
1 2 

.1 Ni'UT: 0243a 

. ? 2 
~ . 
, YOU WANT TO CONVERSE (EN 

~'\ INPUT: a35G" 
1 2 

.. ) ,H:PUT: 2~6~0 
i'1·2J),6,2,1973 

.RUN. SETS Of OA 

• G 

, 
WHETHER THE 
lRS A f'.!O OA fA 

') OPITION 2- RUN DAtA SEtSe ANSWER THE FOLLOWING QUEStiON. ENtER VALUES 

TS 

.CORRESPONDING TO EACH DAtA SEt ON A NE~ lLNE. PROGRAM Will ACCEPT Up TQ 
3 DAT~ SETS W/10 YRS EA ~/UP to 15 AGE GPS 
:TO PR I NT O~~LY Tor stOCK AND CICHlI.EfHER :2 
~THERWISE, E~TER 1 

. \, 

" : .f. 

INPLJT:~l83a 
: 1 2 

INPUT:~Z910 

.) 1. 10 ." 
! 

it~PU T : 0 ~ 91 jJ 
.J 7 1~ 

INPUT:21010 
':'] : (,10*.8, 

1 

'INPUT :010'0 
".-,. . 1 '''*e.4 I' _ . 

. ', NPUT: 01090 

",) ? 10*1~00 

I NPUT nJ1.39~ 
·"1 
. I .. 1 1~*500 

INPUT:012J0 
.' :) ? e00,7~j,600,50Jj4~J 

HIPU T : 312 0 ~ 
.) ? S~0,702,60~,50Cj4~O 

AGE SEL4I COEff A\lE.WElGHt 
**. *.*11!11!l'11r11,*.*- ••.• *'I1r ......... 

3 "·'830~ 0.09500 
4 01150JJ;} ~h17500 

5 0.903iJ0 ~1I266"~ 
6 'IIJ~J~~ e .. 352l0:J 
7 '410~030 0·4320~ 
8 'IIJZ~j~ 0 .. 50600 

41 

I" 

r . I 

o 

o 

o 
o 

o 

o 

(} 



.. 111 

S T OCi~ 
STOCK 
STOCY. 
STOCK 
srOCK 
STOCK 

.' STeCK 
STOCK 
S TOCI~ 
STOCK 

3Z~J ~~a 
1031.6~9 
1456.7,)3 
1355 11J 
1333.758 
1331.:373 
13310213 
1331.~73 
1331'1,(373 
1331.073 

STCCK30Jz·ac~ 
STOCK 1920.122 
STOCK 13~2.7~1 
STOCK 1~70.€6S 

rOCK . 954.431 
STOCK 9~6.102 
STOCK 905.'02 
STOCK 9:36l1li102 
STOCK 905.1J2 
STOCK 9~6.102 

TRY SOME MO~E f ¥ALUES 
,'.-:- ,I NPUT: 0232~ 

,1. '''.'-.1 
INPUT:~23~3 
?. 1 a. 8'4. 

954 6J0 
52 E e CJ 15 
37.4.216 

.328.733 
31.e l1li 4.4 G 
311.082 
317·;382 
311·082 
317·~82 
317 .. 082 

954e600 
63Z 354 
4.28 411 ~ 34 
319 194. 
266·696 

242 l1li 4.4.1 
z..42~.44.1. 

CATCH 
CATCH 
CATCd 
CATCH 
C~TCH 
CATett 
CA rCH . 
CATCH 
CATCH 
CATCH 

CATCH 
CATCH 
CATCH 
CAT.CH 
CATCH 
CATCH 
CAT.CH 
CATCH 
CATCH 
CA lCt! . 

•• *************111*****.**.***.** .* *** ... " ... -_.. . 

STOCK 
STOCK 
SiOCK 

%f8tR 
STOCK 
STOCK 
STOCK 
STOCK 
STOCK 

3000.000 
2765111851 
2613·894 

2sn l: ~~S 
2503.306 
2523.306 
2523.306 
25;'3.3J€ 
2503.3~6 

954.600 CAtCH 
aS9.222 CATCH 
80441.7.23 CAtCH 
7.65.91~ CATCH 
7.50e 74·3 CA T.CH 
7.51. 011 4,15 CATCH 
7.51.4.15 CATCt{ 
7.51 415 CAICH. 
1.51.415 CAT.CH 
7.51.4.15 CI'\TCH. 

1450 !::29 
887 465 
699.67~ 
648.219 
637·456 
636.093 
636.093 
636.093 
636.093 
636.{393 

807.536 
5430988 . 
317.198 
295@359 

,,. 391 
24.5.860 
2~54;860 

245.85~ 
24.5.869 
2AS. a60 

235·64-3 
216.01. 
20 
1.95 ~e3 i 
193.~ 254 
193i1k368 
19~.368 
193.3q8 
193 .. 368 
i~33.368 

459 

59·081. . 
59., 
S9-~~1 
S9~.14S .. 
59~ 1 S 
59. 5 

*.******** ••• ********************** •• ********-***** ••••••••••••• *. . . .' '--;. , .... ~ '" ..' . - -.. ~ -..• - .. 
STOCK 30Z~.J03 9~4.600 CAtCH 431~234 

. STOC~ 2223.600 13141.636 C~tCH 339.354 
STOCK 16e3.2~1 563.813 CAtCH 258.101 
STOCK 13140112G2 4(3.145 CATCH 201~115 
STOCK 1233.701 351.023 CATCH 11941.060-
STOCK '111.485 320.360 CAT.CH 153~859 
STOCK 1111.485 l2~.360 CATCH 163-859 
STOCK 1'1'.485 32~.360 CAtCH 163.S59 
STOCK 1'11.485 l20.36~ CATCH 163.859 
STOCK 1111.405 32~ •. 3&0 CATCH 163!65S 

TRY SOME MORE f VALUES 
INPUT:"2J~3 
? S 

RUN~~ I UG T I ~1E : HJ.3 SEes 

\ READY 
SAVE 

'"; READY 
SYE 

: " 0 r FAT 1 5 : ~ 5 

42 

() 

o 

o 

o 

o 

C) 

o 
l) : 

C'" 
I' 



Accessing instructions for this program at WHOI differ according 

to whether or not the user wishes to change the DATA statements. If 

no change is necessary, the user merely logs on and enters "FORT4 

FMBPREDC. 345" when prompted by II! ... The word 1I0PTIONS" is then printed, 

to which the response is tlNS.1I 

If DATA statements are to be changed the user logs ont 

copies "FMBPREDC. 345" to a new file within the account he is using, and 

proceeds as follows: 

!EDIT - - (file name) 

EDIT HERE 

* IN 8 

8.000 - - - - - - DATA FW/a,b,c,d (k values) 

* IN 9 

9.000 - ~ !1,1,1,1 ••.• I/(comprising a 

total of 20 values) 

The same procedure is followed for DATA WEIGHT/ ...... on lines 10 

and 11, etc. 

* 

After editing, the command "TV 8-11" will cause the above lines to 

be retyped. If the statements were altered correctly, the user then 

enters END; the signal 1i!1i is then printed, at which the user enters 

liFORT4 - _Ii (file name), followed by iiNS II after the word ilOPTIONS" 

is printed. The user then enters "RUN II when an exclamation point is 

printed. 
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The same program may also be run on the RAMUS system by accessing 

the system. and using the file RMPRED. New selection coefficients and 

average weights are entered on lines 480 and 490, respectively (type 

LIST NH:480, allow the data to be printed, and retype the lines). 

Restrictions: Up to 3 data , 10 and 
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PIECE-WISE INTEGRATION or YIELD CURVES 1 

IDENTIFICATION 
FRG 708 -- Piece-wise Integration of Yield Curves XFMBRIKR, FMBRIKRC) 
Lawrence E. Gales -- April, 1964 
Fisheries Research Institute, University of Washington 

PURPOSE 

This program will compute an approximate yield isopleth for a given number 
of recruits to a fishery when both growth and natural mortality are estimated 
empirically. The calculations are carried out using a modified form of Ricker's 
method for estimatin~ equilibrium yield (see Ricker, 1957, • 208 217). The 
program is in that , natural and fia mortal-
ity rates need not be measured using the same time intervals. Fishing mortality 
rates can be age specific (up to 400 different rates can be appli~d during the life 
of the fish) but the over-all level of fishing mortality can be varied by means of 
multipliers which apply to a~l of the individual age specific rates. The range and 
the intervals between ages at first capture can also be varied by the user. 

The program has two approximation options: 1) an exponential mode which 
assumes that the biomass of the stock changes in a strictly exponential manner 
during any interval when growth, natural mortality and fishing rates are all con= 
stant (see equation 10.4, Ricker, 1958); or, 2) an arithmetic mode which uses the 
ari thrnetipc mean of the stock biomass at the start and at the end of any interval 
during'which all three rates are constant as an estimate of the avera~e biomass 
present during the interval (see equation 10.3 Ricker 1958). 

Input to the program can be given in the form of instantaneous rates for 
growth, natural mortality and fishing mortality or the program can compute the in­
stantaneous growth and natural mortality rates from weight-at-time input and from 
numbers-at-time input. If the l?tter form of input is employed the instantaneous 
average growth rate during the ith period is calculated from the formula: 

g. = In (Wt. l/Wt.)/(t. 1 - t.) 
1 1+ 1 1+ 1 

where ti = time at which the weight of an individual fish is exactly Wti weight units 

Wt. = weight of an individual fish at time t. 
1 1 

Instantaneous natural mortality rates are calculated similarly from the 
formula: 

where t! 
1 

M. = - In(Ntt 'liNt! )/(t! 1 - t'.) 
1 : 1+ 1 1+ 1 

= time at which the number of fish in the stock is. exactlyNti pieces 
if natural mortality is the only source of mortality present 

M. = instantaneous natural mortality rate during the ith time interval 
1 

Nt~= number of fish in the stock at time ti when natural mortality is the 
. 1 only source of mortalitY9 

lUnpublished report on file at College of Fisheries, University of Washington, 
Seattle, WA 98105. 
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The program will compute and print out at specified times the biomass 
of the stock when only natural mortality and growth are present. This 
biomass vector is useful for determining the optimum harvest times for 
stocks (e.g. oyster stocks) that may be completely harvested at one time. 

Program FRG 708 may be run on the WHOI system in interactive mode by 
logging on and entering "PLATEN 132" followed by "RUN FMBRIKRC. 345" when 
prompted by "l". The user then supplies control values, alphameric 
information, and growth and mortality data and other information as directed 

Program FRG 708 may also be run using card decks or on the terminal 
in Itbatch" mode. In the former case, the following control cards are 
required: 

!JOB 712, ____ (User 10) 

!LIMIT (TIME,2),(CORE,lO) 

!ASS1GN F:5,(OEVICE,SI) 

!ASSIGN F:6,(OEVICE,LO) 

!LOAD ,(FMBRIKR,34S)) 

!RUN 

!DATA 

Data input consists of the following: 
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I Parameter 

!2. Purpose: 

This card reads in fo~r parameters (NG, NM, N0PT, N0PTl) which control 
input and output, plus an output label, and is punched according to F0RMAT 
( 4- I 1 , llA 6 ) .. 

B Card format: 

LOCATION FORTRAN PURPOSE 
ON CARD SYMBOL 

Col. 1 NG If 1 read in vector WT 
If 2 read in vector G 

Col. 2· NM If 1 read in vector ANT 
If .., read in vector AM &. 

Col. 3 N~PT If 1 compute VA yield arithmetic mode 
If 2 compute Yr .... yield exponential mode 

u 

Col. 4 N~PTl If 1 
~ 

If 3 

Col. 5-70 C0MNTS Any desired label 
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II Data Cards 

A Set 

SET 

1 

2 

3 

4 

5 

6 

7 

a· 

9 

descriptions and mathematical and F0RTRAN equivalents: 

DESCRIPTION MATH EOVLNT F0RTRAN EOVLllT 

Divisions of p,rowth scale t T 

vlt. at growth scale divisions (NG=l) W
t 

WT 
or 

Instan:taneous growth rates (NG=2) g r, 

Divisions of nat. mort. scale t' TP 

Nos. for nat. mort. computations (NN=l) Nt' ANT 
or 

Instantaneous nat. mort. rates (NM=2) M AM 

Divisions of fishing scale ttl TPP 

Instantaneous fish. mort. ra.tes F r 

t-1ultipliers 111 AAf1 

or 'Tau 

Number at start Nr ANI 
and 

Ave. weight at start WI AWI 

where all mathematical and F0RTRAN symbols excent for Ny, WI' 
ANI, AWl stand for the vectors whose subscr1pted components are des­
cribed in PURPOSE, e.g., t stands for the vect6r (t l , ••• , t ) where t. 
= a division of growth scale = time at which weight of an iRdividual fish 
is exactly Wti wei~ht uni.ts, and T = (T( 1) " ... , T( n» is its FORTRAN eQui v­
alent. 

B Card format and sequence: 

1 Format: 

a SETS 1-8 

For SETS 1-8 the format is 9r8.0, i.e., 9 numbers per card each of 
which is a maximum of 7 digits long plus a decimal point. 
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Each set is preceded by a control card giving the number of values 

in the set (15). The vector of numbers VI'.'" V is then punched n . 

according to 9F8.0 format. VI"." Vg are punched in columns 1-72 

(VI in cols. 1-8, V2 in cols. 9-16, ... , V9 in cols. 65-72) on one card, 

VIO '.'.' V18 are punched in cols. 1-72 on the next, and so on until 

this vector is exhausted. Control and data cards the next set are 

then punched in the ~ame manner, etc. 
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·1 

SET 9 

SET 9 consists of two numbers ANI and AWI punched according to F~RMAT 
(2FI0. 0) , 'i. e., ANI· is punched in cols:. 1-10, and AWl in cols. 11-20 of 
the same card. 

~ Sequence: 

If N~PTl = 2 or 3 the as 

CARD 1 

CARD 2 

CARD 

CARD J 1 + 1 

CARD J 1 + 2 

FORTRAN VECTOR 

PARAMETER CARD 
Control Card (15) 

NG, NM, NOPT, N0PT1, C0MNTS 
No. of I values (LAST) 

_D_AT_A_F_O_R_SE_T _______ T_ (Growth scale divisions) 

,CONTROL \CARD (15) :~o. of ~JT or G values (LAST) 

______________ ~ .. (~~ei ght 
) 

growth 

CONTROL ~ARD (15) No. of vaiues 

e 
CARD J

2 

CARD J 2 + 1 

CARD J
2 

+ 2 

CARD J 3 

CARD J 3 + 1 

CARD J 3 +'2 

CARD 

DATA FOR SET 3 TP (Natural mortality scale~ ------
------------------------------ dimensions) 

-,CONTROL CARD (15) No. of ANT or AM values (LAST) 

DATA FOR SET 4 ANT or AM (Nos. for natural 
rnortallty computatlon or natural mortality rates) 

. . 

. CARD CONTROL;iCARD (15) No. of TPP values (LAST)-
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CARD J 4 + 2 

CARD 

CARD J
S 

+ 1 

CARD J 5+ 2 

CARD J
6 

CARD J
6 

+ 1 

CARD J
6 

+ 2 

CARD J 7 + 1 

CARD J 7 + 1 
- ... - .-

'CARD J
7 

+ 2 

CARD J a 
CARD J

S 
+ 1 

CARD J a + 2 

CONTROL CARD (15) No. of F values (LAST) 

ity scale 
divisions) 

1 i ty rates) 

CONTROL eARlY (15) No. of AAM (multiplier) values (LAST) 

DATA FOR SET 7 AAM (Multipliers) 

CONTROL CARD (15) No. of TAU values (LAST) 

DATA FOR SET 9 ANI, AUI (Initial no. and 
average weight) . 

IF N0PTl = 1 the data within the dotted lines, i.e., from CARD J s +2 to 
CARD J 7 + 1, is deleted. 

This completes the data for one problem. Additional problems may be 
handled simply by adding other groups of data cards in the same manner as 
above. 

LIMITATIONS 

The vectors T, WT, G, TP, ANT and AM can have a 'maximum of 99 comnonents, 
TPP and F a maximum of 400 components, and AAM and TAU a maximum of 20 comnonents. 
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INPUT AND OUTPUT FOR A SAl1PLE PROBLEM 

1. Input 

a Numerical values: 

t =0 1 

t =1 2 

t =2 3 

t =3 4 

t =4 5 

where 

gl=·258 t'=O 
1 Hl =. 025 

g2=·151 t' =1 2 M2=·025 

g3=·095 t'=2 
3 M3=·025 

g4=·063 • 3 

t'=4 5 

(tl,···,t5)~ t - T 

(gl,···,g4)= g - G 

(t 1 ' · · · t )= 
5 

tf: TP 

( ,,, .... ,M
4

)= AM 

( t it til T,PP 
l~··$' 5 

(m1 , ••• ,m5): m = AAM 

(T
l

) ..• ,T5 )= T § TAU 

N ii ANI 
I 

W := AWl 
I 

.025 

t"=O 
1 F =1 1 

t"=l 2 F2=1 

t"=2 3 F =1 
3 

t"=3 4 F =1 4 

t"=4 
5 

and" = Ii means Ilis the F(ZlRTRAN equivalent to". 

b Options and label: 

OPTION PURPOSE 

NG=2 Program'reads in G 

NM=2 Program reads in AM 

m1=·05 T =0 
1 

m2=·10 T _ .. 
2-.J.. 

m3= .15 T :2 
3 

m4= .. 20 3 

mS=·25 T =4 
5 

N(ZlPT=2 Program computes yield ( Y E ) in exponential mode 

NOPTl=2 Program outputs biomass and yield matrix 

LABEL: The label will read "EXP(ZlNENTIAL M(ZlDE". 
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, . 
Card form and sequence: 

NG NM NOPT N~PTl c (tl N T S. 

222 
1 2 

-2 EXPONENTIAL MODE 

CARD 

CARD 
cols. 

CARD 

CARD 
eols .. 

CARD 

CARD 
eols .. 

CARD 

CARD 
·eols .. 

CARD 

CARD 
eols .. 

.258 --------
1-8 

TP(l) 

0 .. --------
1-8 

AM( 

.025 
-1==8--

TPP(l) 

o. 
.... _------
1-8 

2) 

04 

2) 

.151 
....... ------
9-16 

- - - 05 

TP(2) 

1 .. --------
9-16 

- - - 04 

'AMe 2) 

.025 ..... -_ .... _---
9-16 

- - - 05 

TPP(2) 

1. .... -- .... ----
9-16 

3) 5) -

3) G(4) 

.. 095 ,,063 -------- 1!Ii\!i!!!I ______ ... 

17-24 25-32 

TP( TP(4) 5) 

2 .. 3. 4" GIIItIr _______ -------- ... -------
17-24 25-32 33-40 

AM(3) AM(4) 

.025 .025 
-17::24- -25=32-

TPP(3) TPP(4) TPP(5) 

2. 3. 4. -_ ..... ----- -------- --------
17-24 25-32 33--40 
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CARD 
eols. 

CARD 

CARD 

CARD 

CARD 
cols. 

CARD 
eols .. 

_..!!. Output 

- 04 

1 2 3) 

1. 1.. 1 .. 

1--8 9-16 

05 

1) AAM(2) AAM(3) 

.05 .10 .15 -_ ...... _---- ------_ ..... ... ..... ------
1-8 9-16 17-24 

05 

TAU(1) TAU(2) TAU(3) 

0 .. 1 .. '" -------- -- ...... ---_ ... ... _------
1--8 9-16 17-24 

ANI AWl 

1000. 1. .... - .. - ........... --_ ... ----------
1-10 11-20 

. 
........... ____ 1IIli!I$ 

25-32 

AAM(4) AAM(5) 

.. 20 .-25 
GliDCiIi=Io_C»==>et=-==:Ie=J --------
25-32 33""":'40 

TAU(4) TAU(S) 

III Iii ______ IIIiIIIIlCIIIIIII __ .,.Ci\III'IiI'GIIo!\' ___ 

25-32 33-40 

;, 

***************************************************************************** 

EXP0NENTIAL r·;~ DE 
PIECE-WISE lllTEGRATION OF THE YIELD CURVE 

I N PUT D A T A 
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DIVISIONS OF GROWTH SCALE, 9 PER LINE 

(N= 1) o 1.0000 2 .. 0000 3.0000 4.0000 

INSTANTANEOUS GROHTH RATE, 9 PER LINE 

(N= 1) 0.2580 0.1510 0.9500E-01 0 6300£-01 -0 

DIVISIONS OF NATURAL MORTALITY SCALE 9 PER LINE 

(N= o 1.0000 2.0000 3.0000 4.0000 

INSTANTANEOUS NATURAL MORTALITY RATES, 9 PER LINE 

(N= 1) 0.2500E-Ol 0.2500E-Ol 0.2500E-Ol 0.2500E-01 -0 

DIVISIONS OF FISHING SCALE, 9 PER LINE 

(N= 1) 0 lwOOOO 2.0000 3.0000 4.0000 

INSTANTANEOUS FISHING MORTALITY RATES, 9 PER LINE 
_ = d!:!!> -. ___ __ ' 

(N= 1) 1.0000 1.0000 1 .. 0000 1.0000 -0 

MULTIPLIERS, 9 PER LINE. 

(N= 1) 0.5000E-Ol 0.1000 0.1500 0.2000 

VAULES OF TAU, 9 PER LINE 

(N= 1) 0 1.0000 2.0000 3.0000 4.0000 

NUMBER AT START= 1000.000 AVERAGE HEIGHT AT START= 1.000000 

**************************************************************************** 

......... - - - - - - - - - - ............. -- - -- - ....... - - - - - - - - -.- - - - - - - .......... -- - - -
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BIO-MASS VECTOR NO H'ARVEST 

NUMBER TIME BIO-MASS 
1 0 1000.000 
2 1.000000 1262.381 
3 2 .. 000000 1431.897 
4 3.000000 1535.721 
5 4.000000 1595.2-01 

... - - - - ----_ ... 

y I E L D HAT R I X 

.......... IIIIIIIIiI 
- - - III\IIIII> -------

I 
~ I 

T( 5)= 4.000 I 0 0 0 o o 
I 

T( 4)= 3.000 I 76.3271 148.908 217 .. 926 283 .. 556 345.963 
I 

T( 3);= . 2.000 I 144.920 275.801 393.989 500.702 597.042 
I 

T( 2)= 1.000 I 203.432 377 448 526.212 653 301 790 

I 
T( 1)= o. I 248 .. 378 448.484 609.316 738 .. 214 841.169 

- ... - - - - - ......... - ------

MULTIPLIER ••• M( 1)= 0.50000E-01 
M( 2)= 0.10000 
M( 3)= 0.15000 
M( 4)= 0.20000 
M( 5)= 0.25000 

References 

Ricker, W. E. 1958. Hand book of computations for biological statistics 
of fish populations. Fish. Res. Bd. Canada Bull. No. 119. 300 pp. 
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Additions to FRG 708 

The user is cautioned that all values taken on by the age at 

entry, must be represented in the set .of TPP values or the isopleth 

computations will be in error. The program sets all of the instan-

taneous fishing mortality rates for ages less than a given age at entry 

equal to zero that a fish ends 

the given age at entry. 

For example, if the instantaneous fishing mortality rate is constant 

from age 2 to age 10 and TAU, the age of entry, is varied over the 

interval from age 2 to age 10 by one year steps; i.e., TAU = 2.0, 3.0, 

4.0, .. " 10.0, the set of TPP's must also contain the values 2 0 

3.0, 4.~ •••• 10.0; if TPP only contains the values 2eO and 10.0 

of the 0\lt exact~y as if 

TAU were equal to 2.0 for all of the TAU's from 3.0 to 10.0. Since 

the program will accept 400 TPP's this restriction does not place any 

serious limitation on its use. 

A more complete description of the generalized version of Ricker's 

equilibrium yield model and its use is given by Paulik and Bayliff (1967). 

References 

Paulik, G. J. and Bayliff, w. F. 1967. A generalized computer 
program for the Ricker model of equilibrium yield per 
recruitment. (Scheduled for publication in the January, 
1967 issue of the Journal of the Fisheries Research Board 
of Canada.) 
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To submit Program FRG 708 in "batch ll mode, the user enters the 

following information on the teletype: 

!EDIT 

EDIT HERE 

~BUILD (job name) 

1 .. 000 !JOB 

2~000 !LIMIT (TIME,2),(CORE,10) 

3~OOO !ASSIGN F:5,(DEVICE,SI) 

4~000 !ASSIGN F:6,(OEVICE,LO) 

5,000 !LOAD (EF,(FMBRIKR,345)) 

6.000 ! RUN 

7,000 !DATA 

8~OOO Data card images, input as per above format spee1 ons 

26/Cl000 II Retll 

~END 

(etc. ) 

!BATCH (job name) 

10 = SUBMITTED 

Restrictions: T, WT, G, TP, ANT, AM <99 

TPP, F <400 

AAM, TAU <20 
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Program: BGC 2--von Bertalanffy Fit (FMVBRT, FMVBRTC) 

Programmer: N. J. Abramson, California Department of Fisheries and 

Reference; 

Game, Menlo Park, California 

Tomlinson, P. K. and N. J. Abramson. 1961. Fitting the 

von Bertalanffy growth curve-by least squares. Cal Dept. 

Fish and Game, she Bull. 116. pp. 

Description: This program fits the curve It = 100 (l_e-k(t-tO)) by least 

squares with .weights proportional to sample size at each age 

group. A constant time interval between ages is required, 

but the number of lengths in the age groups may be unequal. 

Output provides estimates of L k, to and their standard 
00) 

errors, fitted length sample mean lengths and r 

standard errors, the variance-covariance matrix, and the 

standard error of estimate. 

Program BGC 2 may be run on the WHOI system in interactive mode by logging 

on and entering "Run FMBVBRTC. 345 11 when prompted by "!II. The user 

supplies alphameric information, control values, the number of samples 

in each age group, and length data at age as directed by the program. 

Program BGC 2 may also be run using card decks or on the terminal in 

"batch ll mode. In the former case, the following control cards are 

required: 
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!JOB 712, ____ (User 10) 

!LIMIT (TIME,2),(CORE,30) 

!ASSIGN F:5,(OEVICE,SI) 

!ASSIGN F:6,(OEVICE,LO) 

!LOAD (EF (FMBVBRT,345)) 

!RUN 

!DATA 

Data input consists of the following: 

Card No. 

1. 

2. 

3. 

4. ( +) plus 

5. (+) plus 

Description 

Header card with alphameric information (20A4). 

Variable format specifying configuration length data~ 

1 S 11 1 ( ). 

Number of ages, age of the youngest age group, and time 

interval between age groups (constant). Left--justify 

with three decimal places understood (12, 2F4.3). 

Number of lengths in each age group, beginning with the 

first (2014). If more than 20 age groups are represented, 

numbers continue onto a second card. 

Length data printed according to the variable format 

statement. Age groups are arranged in ascending order, 

and each age group begins on a new card. 
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To submit Program BGC 2 in IIbatch ll mode, the user enters the 

following information on the teletype: 

!E01T 

EDIT HERE 

*BUILD __ (Job name) 

1.000 !JOB 

2.000 !LIMIT (TIME,2),(CORE~30) 

3~000 !ASSIGN F:5,(DEVICE,SI) 

4.000 !ASSIGN F:6,(DEVI ,LO) 

5.000 lLOAD (EF,(FMBVBRT,345)) 

6.000 !RUN 

7.000 !DATA 

8.000 Data card images, input as per above format specifications. 

(etc. ) 

18.000 "Ret. II 

*END 

!BATCH (job name) 

10 = SUBMITTED (Time) (Date) 

Restrictions: Number of age groups ~30; number of lengths 

per age group ~600. 
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VON BERTALANFFY GROHTH IN LENGTH CURVE 

)CC II SAV.PLE PR013Ll~H, TEST DECK 

ESTIMATED PARAMETERS AND STANDARD ERRORS 

: EST It-TATES 
. STANDARD ERRORS 

L INFINITY 

1102.17 
90 .. 84 

181 
.. 049441 

SUB-ZERO 

-2.3232 
7!-t846 

FITTED LENGTHS A1TD SAl"1PLE LENGTHS 

AGE FITTED LENGTH SAMPLE MEAN LENGTH S.E. OF SN~PLE }ffiAN SAMPLE SIZE 

-- '.0 393.62 NO SAMPLE DATA FOR THIS AGE 
1.0 516.34 512.00 
2.0 617.80 1.27 
3 0 701.69 .33 
4 .0 771 . 04 . 5 6 
5.0 828.39 848.75 
6.0 875.81 869.43 
7.0 915.01 893.80 

_ 8 . 0 947 . L~ 3 ' 9 78 . 50 
,.sPYlPLE DATA BEYOND AGE 8.0 NOT AVAILABLE 

VARIANCE-COVARIANCE P~TRIX 

'L INFINITY 
K 
T SUB-ZERO 

L INFINITY 

.. 82519931+04 
-.44147856+01 
.... 47356272+02 

, 

STANDARD ERROR OF ESTlMATE-- 43.7393 

K 

- "lj·414 785 6-{-{) 1 
.. 24443924-02 
It 27419964-01 

9 
11 

T SUB-ZERO 

9 
8 
7 

2 

7356272+02 
.27419964-01 
.. 33044840-00 

PROGRAl,1L'1ED BY BIOHETRICAL ANALYSIS UNIT. HRO. CALIF. FISH AND GAl·ill) MAY, lQ64--BGC II 

BGC II SAMPLE PROBLEM TEST DECK 
(11 FL" • 0) 
03J0001000 
00090011000 UX109CI008000 700050002 
048005480503048505950497058304420475' 
o GJ 60 68806990 65 20 66205 5{I-O 5590 6G80 64510559'0622' 
065906450666066206370762 
0735083707770 7L}80 7 720/900 7tl-90 7640763 

, 0887034308580(; 9L f Ogl, 1078 702ft (j0834 
'083403~4093408320392083908Gl 

03550915094009050854 
0993096{~ 

61 
--------------- --------- -~------ -------------------_._.,._--------,-



Program: Virtual Population Analysis (FMBVPOPC, FMBMLP*) 

Programmer: M. Parrack, National Marine Fisheries Service, Northeast 

Fisheries Center, Woods Hole, Massachusetts 02543 

References Gulland, J. A. 1965. Estimation of mortality rates. Arctic 

Fish~ Working Group Rept. C.M. 9 P 

Pope, J. G. 1972. An investigation of the accuracy of 

virtual population analysis using cohort analyses. 

ICNAF Res. Bull. 9:65-74. 

Description: This program allows estimation of initial population size 

(N;) and instantaneous fishing mortality (F i ) for a given cohort in any 

year i given catch at age data (C;), a value(s) for instantaneous 

natural mortality (M or Mi' constant or,age-s ific) and an initial 

estimate of F for the oldest age (t) in which the year-class was fished 

Ct = Nt F t ( 1-e - (F t +M) ) 

Ft+M 
(1) 

is used to solve for Nt (the stock at the beginning of year t), which is then 

substituted for Ni +1 in the equation 

(2) 

which is solved iteratively for Fie 

* RAMUS system 
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The relation 

(3) 

is then used to obtain a population estimate for the preceding year (N i ), 

which is substituted back into (2) to obtain Fi - 1, and so on. 

This program also estimates the following for each year i: 

-(F.+M) S. == e 1 
1 

U. == F. ( 1-e - ( F i +M) ) 
1 1 

F.+M 
1 

E. == u. + S .. E~~l 
1 1 1 I • 

E t == ( l-e - (F t +M) ) 

Ft+M 

k 
Vk == L: C. 

i+1 1 

For each cohort, input consists of the youngest and oldest ages fished 

and cohort birth year, followed by catch at age data beginning with the 

youngest age. Values for M and a starting value for F at age t are then 

entered. This program may be run on the WHOI system in interactive mode 

by logging on and entering "RUN FMBVPOPC. 345 11 when prompted by "1". 

The user inputs the necessary information for each cohort as directed. 

The same program may also be run on the RAMUS system by accessing the 

system and using the file FMBMLP. 

Restrictions: Number of age groups ~30. 
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Program: Yield per Recruit (FMBYPCT, FMBYPCTC) 

Programmer: M. Parrack, National Marine Fisheries Service, Northeast 

Fisheries Center, Woods Hole, Massachusetts 02543 

Reference: Beverton, R. J. H., and S. J. Holt. 1957. On the dynamics 

of exploited fish populations. -Fish. Invest. Minist. 

Agric. Fish. Food (GB), Sere II, 19, 533 p. 

Description: This program provides equilibrium yield values for a given 

recruitment according to the simple formula of Beverton and Holt (1957: 75). 

The program is written to pass through an inner loop of different ages 

at entry to the exploited phase (tp I) within two successive outer loops 

representing varying levels of fishing and natural mortality. The user 

specifies the input parameters, the ranges and increments for the "age 

at entry" and fishing and natural mortality loops, and the number of 

recruits (R) at age tp (age at recruitment). The model assum~s constant 

fishing mortality over the fishable life span with "knife-edge" selection, 

and a value of 3.0 for b in the length-weight equation. 

The formula is: 

where 

- -M(t '-t ) 3 n e-nK(tp'-to) (l_e-(F+M+nK) (t,-tp')) Y = FRW P P L n A 
w coe n = 0 ="F -+---'-M-:--+-n--:-K--

Yw = yield in weight 

W = asymptotic weight co 

R = number of recruits at age t p' that is, number entering 

the area where fishing is in progress and becoming 

liable to encounters with the gear. 
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F = instantaneous rate of fishing mortality 

M = instantaneous rate of natural mortality 

K = coefficient of catabolism 

to = hypothetical time at which the fish would have been 

o length according to the von Bertalanffy equation. 

t = age at recruitment, i.e. age at which fish become liable p 

to encounters with the gear (t r of Gulland) 

tp· = age at entry to the exploited phase; corresponding to 

50% on the mesh selection ogive (tc of Gulland) 

tA = end of the life span; corresponds to maximum age for 

which adequate data are available. 
\ 

\ 

This program may be run on the WHOI system in interactive mode by 

logging on and entering IIRUN FMBYPCTC. 345 11 when prompted by "lll. The 

user supplies alphameric information and values for M, F, to' t p' tp·' 

t A, k, Woo' and R, as directed. 

This program may also be run using card decks or on the terminal 

in "batch" mode. In the former case, the following control cards are 

required: 

!JOB 712, (user 10) 

!LIMIT (TIME, 2) ,(CORE,lO) 

!ASSIGN F:5,(DEVICE,SI) 

!ASSIGN F:6,(OEVICE,LO) 

!LOAO (EF,(FMBYPCT,345)) 

!RUN 

!DATA 
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Data input consists of the following: 

Card No. 

1 

2+ 

Description 

Header card with alphameric information. 

Data cards, one for each set of yield values 

(isopleths) desired. A blank card terminates 

execution normally. 

Data cards for Program FMBYPCT are punched as follows: 

Cols. 1-4 

Cols. 5-8 

Cols. 9-12 

Cols. 13-16 

Cols.17-20 

Cols. 21-24 

Co1s. 25-28 

Cols. 29-32 

Lowest instantaneous natural mortality rate 

(no decimal; four decimal places understood). 

Highest instantaneous natural mortality rate 

(no decimal; four decimal places understood). 

Increment through which loop traverses 

(no decimal; four decimal places understood). 

Lowest instantaneous fishing mortality rate 

(no decimal; three decimal places understood). 

Highest instantaneous fishing mortality rate 

(no decimal; three decimal places understood). 

Increment through which loop traverses 

(no decimal; three decimal places understood). 

Lowest age of entry to exploited phase t p' 

(no decimal; tw~ decimal places understood). 

Highest age of entry to exploited phase t p ' 

(no decimal; two decimal places understood). 
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", 

Cols. 33-36 Increment through which loop traverses with 
two decimal places understood. 

Cols. 37-41 

Cols. 42-44 

Cols. 45-48 

Cols. 49-52 

Cols. 53-59 

Cols. 60-66 

to (F 5.3) 

tp recruitment age (F 3.2) 

tA end of life span (F 4.2) 

K (F 4.3) 

W (F 7.2) 
00 

R (Recruits at ag~ t p) ~F 7.0) 

Cols. 67-80 Alphameric TO information for isopleths (7A2). 

(Note that alphameric header card precedes: all data cards, and a blank 

card terminates the program). 

To run this program in "batch" mode, the user enters the following 
information on the teletype: 

!EDIT 

EDIT HERE 

*BU1LD (Job name) 

1.000 !JOB 

2.000 !LTM1T (T1ME,2),(CORE,10) 

3.000 !ASS1GN F:5,(DEVICE,SI) 

4.000 !ASSIGN F:6,(DEVICE,LO) 

5e OOO !LOAD (EF,(FMBYPCT,345) 

6.000 !RUN 

7.000 !DATA 

8,000 Data card images, input as per above format specifications. 

(etc. ) 

10.000 II Ret" 

*END 

!BATCH (Job name) 

10 = SUBMITTED (Time) (Date) 
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Program~ COHORT (Y9CHRT) 

Programmer: W. W. Fox, Jr., NMFS, Southwest Fisheries Center, La Jolla, Calif. 

Reference: Tomlinson, P. K. 1970. A generalization of the Murphy catch 
equation. J. Fish. Res. Bd. Canada, 27: 821-825 .. 

This program provides age specific mortality and exploitation rates 

and estimates of virtual population size and population size at the beginning 

of each time interval for a given cohort. Intervals may vary in length and 

have 0 catches. Input consists of catch at age data from age t to age T 

(youngest to oldest), lengths of time intervals (if variable), and mortality 

estimates; natural mortality rates may be held constant or varied as desired. 

The program is set up to travel through a loop of starting F values (N ~ 99) 

within a loop of M values or sets. 

The program reads a header card containing alphameric information followed 

by as many data sets as desired. A blank card following the last set will 

terminate the program normally. Each data set consists of the following cards: 

1. A control card, giving: 

a. Cols. 1-3 = NO = Number of data points (13) 

b. Col. 9 = NT = Time interval option (o-constant; I-variable) (II) 

c. Col. 12 = NM = Natural mortality option (o-constant; 
I-variable) ( II) 

d. Cols. 13-15 = NOM = Number of trial M values (or sets if variable) 
(13) 

e. eols. 16-18 = NDF = Number of starting F values (13) 

2. Catch card(s), giving catches from the youngest to the oldest ages 
for each time interval (8F 10.0). As many as necessary to complete 
the data set. 

3. Time interval card(s). One if constant; as many as necessary to 
complete the set if variable (8F 10.0). If constant, punch interval 
length in first field. 
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, . 4. Natural mortality card(s). For each rate or set of rates, 

one if constant; as many as necessary to complete the set 

if variable (8F 10.0). If constant, punch M value in first 

field. 

Note that the program calls for NOM values or sets of values, 

each of which can contain NDF fishing mor'tality values. 

5. Fishing mortality card(s). NDF starting F values (8F 10.0). 

Note that the deck is arranged so that for a given natural 

mortality value or set of values starting F fishing mortality 

values will be read immediately thereafter. (Thus, NOM sets 

of natural and fishing mortality values will be read in). 

Control cards for running COHORT: 

!JOB 712, ____ (User 10) 

!LIMIT (TIME,2),(CORE~10) 

! ASS IGN F: 5, (DEV ICE, S I) 

!ASSIGN F:6,(DEVICE,LO) 

! LOAD (EF, (Y9CHRT, 345) 

!RUN 

!DATA 

(Data deck) 
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To run Program COHORT in "batch" mode, the user enters the following 

information on the teletype: 

!EDIT 

EDIT HERE 

*BUILD (Job name) 

1.000 Above contra 1 cards ("! JOB II 

'" 
'" 
'" 

8,000 Data card images 

etc. 

*END 

!BATCH (Job name) 

Restrictions: Number of data points ~1000 

Number of starting F values <99 
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ANALYSIS or A CATCH CURV[ PROGRAr~ 

I DF:NTlrICATlOi~ 

FRG 705 -- Analysis of a Catch Curve (Y9CTCV) 
Lawrence E. Gales -- January, 1964 
Fisheries Research Institute, University of Washington 

PURPOSE 

The general problem of analyzing catch curves is discussed by Chap~an and Pobson 
(1950) and Robson and Chapman (1961). This program is based on the results given in 
these two articles. The user is urged to consult these articles b~fore using the 
program. 

The program computes a number of statistical measures associated with a vector 
of catch numbers NO' .NI' ~ ..• Nr where Nj = number of fish caup,ht of (coGed) age "j" • 
Four options are avallah~e: 

OPTION I assumes 1) recruitment and annual survival constant for all a~e groups 
entered in catch vector, ?) all ages in catch vector are fully available to samnling 
gear, 3) ages are known for all fish in catch vector. 

OPTION I Computes: 
Estimate of survival rate 
Variance of survival rate 
Standard error of survival rate 
95% confidence interval for survival rate 
Instantaneous mortality rate 
Estimate of instantaneous mortality rate 
Variance of instantaneous mortality rate 
95% confidence interval for mortality rate 

OPTION 2 tests the hypothesis that the relative frequency in the O-a~e group as 
compared to the older ages does not deviate significantly from the expecte~ frequency 
under Option 1 assumptions. 

OPTION 2 Computes a chi-square statistic associated with the ~iffereIlce 
.between the best estimate and Heinke's est5mate. If this 
statistic exceeds CHI (a chi-square value for ccsi red confL.~ ence 
level) the catch numbers arc recoded as follows: 

N ---) 
I 

N' 
0 

N ---) 
2 

H· Y 

1 

N
3
---) H' 

2 

N ----"'> N I 
I / 1-1 

and thc~ ClbOVG computations ul'C mCldc for the new vector 
Nto~ ••• Nil_I' 
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This test is repeated until the statistic is less than CfiI, a 
• <II I "-'""' .;w.... '" 

theoretlcal chl-square value with one de~ree~of'de&r~e WhlCh 
specifies the significance level of the test. CHI is entered 
on a control card. I f the statistic is less than CHI, the· 
output is the same as in OPTION 1. 

OPTION 3 is to be used when assumption 1) and 2) of OPTIOII 1 hold but it is not 
pcssible to age fish whose coded ap,e is greater than "K". OPTIO~~ 3 assumes that the 
recorded relative frequencies are not reliable fOl' fr;;S--of ages K+l, K+2, ... , I in 
the vector of catch numbers. 

OPTION 3 sums the catch for ages K+l to I and compute~ the same output as 
in OPTION 1 using the catch vector NO' N

l
, ... UK' m where 

m = N K+ 1 + •• v + N I· 

OPTION 4 permits the user to subdivide the catch curve into a number of 
segme~ts. The assumptions listed under OPTION 1 may be satisfied for the consecutive 
age groups in one segment but not for age groups in different segments of a catch 
curve. Because segmentation of a catch curve may be exploratory th~ program allows 
the use of overlapping segments, i.e., one ·age group may appear in more than one 
segment. 

INPUT 

OPTION 4 computes the same output as OPTION 1, for each segment of the 
catch vector (i

1
, i

2
), (i

3
, i

4
), ••• (i ,i 1) where, if i.=A 

d . B ( ) ~ D Pit ,. J an 1. 1 = , 1.,~. 1 means tIle sepment ~.~ ... ,., ·'·~n· J+ J J+ U F . ! 

The estimate of Sj, the survi val rate for the . th seg~_~]?t of 
the catch curve, is obtained by solving equatio1 (19)~of-tn-a'Pman 
and Robson (l96~) by iteration. (-X"'!:.. ..5_ ~"(A"f')\ ~:~~~~t -~_) 

"(: "" ! -,5 J - S' ... I J 
common to a~l options consists of: /r -) '\ 

~"" (' d i f,1 u ", l' ~ ( ~ v <", I \, i ',. \..... '-) 

The input 

~
'set 2. A set of cards for the catch vector punched accordin.r: 

to F0RMAT 09F8.0). The catch numbers ~j are plmched 
(~decima1-E0i£:!) in columns 1-8, 9-15, •.. , G5-72. 

"\ 

I 
I 
t Set 3 

~ 
One parameter card specifying the option, age at full 
recruitment CArR), CHI (OPTION 2, only), K+l (OPTION 
on ly) and idon ti fi cat ion punched aecor'cling to rOW'~AT 
(Il-, F2.0~ FC.3, lit, 6X,/@Aft). 

3 , 

Sets]. and 2 are identical for all opt·ions. The parameter card (SE:T 3) is 
punched in the following man~cr: 

/'<n1C opt) on is d('~,i.r:nated by a single dir,it number I, 2, 3, or' q D1lDChcd in 
I crd lLr~;i J. 
\ 

) Jd' J\ i s a 2 - ti 1. g i t l' i g 11 t a J jus ted n UinD e r p II nell C cl inc 0 1 UTriIl S 2 and :3. 

a
\ CHI is a S - d i gi t n 1.1 mb c r (p 1 usa dec i mal po i n t ), pun c he d ) Il colli m n s l~ - <J • 

K+l is a If-dir,it right adjusted number (with no decirflal point) Dunchcd in 
co] umns 10-13. 

T_he identification is uny alpha-numerical information punched in 
column~; 20-· 70. 
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OPTION 4 requires a fourth set of data which reads in the se~ments (iI' i 2), 
(i 3 , i

4
) ••• etc. according to F0RMAT (20I3) .• i

l 
is a 3-digit ri~ht adjusted 

number (Hith no decimal point) punched in colurr.ns 1-3, i2 is punched in 
columns 4-6, ••• , i (p an odd number, hence the beglnnin£Y, of the segment 
(i ,i J» is always aP3-digit right adjusted number (~ith no decimal point) 
puRcheg+ in columns 3p-2 to 3p. 

INPUT EXAMPLES Sample Data: 

NO :: 118 I :: 9 

N :: 73 AfR ;::; 6 
1 

N2 :: 36 CHI ::: 3.84 

N3 -- 30 • K+l :: 4 

N4 :: 25 (iI' i
2

) :: (0, 3) 

N5 :: 21 (i
3

, i
4

) :: (2, 4) 

N6 :: 16 

N7 :: 14 

N8 :: 10 

Ng 
:: 1 

As many runs as desired may be made by stacking the data sets. 
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OPTION 1 

Set a.. 

Set 3 

Set 3 

CARD Cl 
eols. 

f. ~~R~~ 
\.... eols. 

OPTlo:r 2 

CARD I--No. of values (12) 

No 
1 1 8 .. 

- - - 1-8 - --

36. --------
17-24 

16. --------
4~l-56 

Option 

1 
1 

Option 

AFfZ 

6 
23 

AF'R 

2 3 

CHI 

3 • C II 
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N 
1 

73. --------
9-16 

I DINTI rICA T I O~J 

H A U L 1 
- - 2c-::io -

IDD~TI fJ CATl OtI 

H p, lJ L l 



Set 3 

Set 3 

Set 4 

OPTlo~t 3 Cards 1, 2, (Set 1) and 3 (Set 2) the same. 

r CARD:1 
t eols. 

OP'rION 4 

.1. 
CARD ~ 
eo1s .. 

{ CARD 't 
eols .. 

Option 

3 
1 

Cards 1, 

Option 

4 

1 

oiO 
123 

(Your duta cards) 

AFR 

6 
23 

2, (Set 

AFR 

6 - -'-2 3 

i 
023 

456 

CHI K+l 

1) and 3 (Set 2) the same. 

l' i4 
'032 o 4 

789 10 11-12 

IDENTIFICATION 

H A U L 1 
- - 2o:-io-

IDENTIFICATION 

H ·A U L 1 
- - 20-::7'0 -

Chapman, D. C., and De S. Robson. 1960. The analysis of a catch curve. Biometrics, 
16: 354- 3GB. 

Rob!.::on, D. S., and D. G. Ch<Jpman. 1961. Catch curves and mortality rates. Trans. 
Am. Fish. Soe., 90: 181-189. 
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Control cards for running FRG 705: 

!JOB 712, ____ (User ID) 

!LIMIT (TIME,2),(CORE,10) 

!ASSIGN F:5,(DEVICE,SI) 

!ASSIGN F:6,(DEVICE,LO) 

!LOAD (EF,(Y9CTCV,345)) 

!RUN 

!DATA 

(Data deck) 

To run Program FRG 705 in "batch" mode, the user enters the following 
information on the teletype: 

!EDIT 

EDIT HERE 

*BUILD (Job name) 

1.000 Above control cards (" !JOB" only for statement 1) 

{­

{­

{-

8,000 Data card images 

etc. 

*END 

!BATCH (Job name) 

Restrictions: I <99 

o <N. <9999.9 
-1-

o <AFR <99 

Number of segments <10 
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Identification 

FR 731 -- FP0W Y9FPOW 
Programmed by Catherine Berude and Norman J. Abramson, California 

Department of Fish and Gamer Menlo Park, California 

Introduction and Estimation Procedure 

Analysis of variance as a method for estimating relative 

fishing power \AlaS suggested by Robson (1966). FP0N utilizes 

this method in estimating relative fishing power, relative 

population density, approximat~ confidence intervals and" cor­

rections for bias in the parameter estimates. 

A simple development of the method may be outlined as 

follows. The basic model assumed is 

C .. = q.f. j';s .. 
1J -1 1J J 1J 

(1) 

h C . th h f h . th f' h' t· . th . th were .. l8 e catc1 0 t_e 1. 1.S 1.ng reatment In e J 
1J 

d t . h h b'l' ff" f h .th area- ate s ratum, q. 1S t e catc a 1 lty coe 1c1ent 0 tel 
1 

treatment, f,. is the amount of flshing effort expended by the 
. th t 1 J . . th d -. hIt' 1 reatment 1n the J area- ate, P. 1S t e average popu a 10n 

J 
size in the jth area-date, and s .. is a log-normally distributed 

1J 
random variable. The i treatments may be different vessels, 

vessel types or their attributes (e.g. length, horsepower, ton-

nage) , gear types or characteristics (e.go gill nets, purse 

seines, soak times, trawl footrope lengths), or any other way of 

designating classes within the fishing fleet. It is assumed 

that (1) effort is measured such that within each treatment q. 
1 

is constant, (2) the units 0f effort operate independently, and 

(3) there is no interaction between the treatments and area-dates. 

Dividing through equation (1) by effort and taking natural 

logarithms we have 

In (C .. If . . ) 
lJ lJ 

which may be written as 

= In q. + In P. + In 
1 J 

Y .. =a. +6.+£' .. 
lJ 1 J lJ 
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Equation (2) may be recognized ~s a linear two-factor analysis 

of variance model where the E' .. are assumed to be - N(O,cr 2 ). 
1J ~ 

If the a. and S. were estimable one would have estimates of 
1 J 

the logarithms of the catchability coefficients and population 

densities directly. Since the design matrix is singular and 

therefore no solution exists, one must re-parameterize the model 

and obtain estimates of relative catchability--called relative 

fishing power, Pi--and relative population density, Dj' where 

qijqs p. = 1. 

P.jP 
J s 

D. = 
J 

and s designates the treatment and area-date selected to be the 

standard. Standardized fishing effort' is obtained by 

f . - Ip. f .. 
sJ i 1. 1.J 

such that C. = q f .P. , 
.J s sJ J 

the desired relation with a s~ngle catchability coefficient. 

Re-parameterizing equation (2) we have 

Y .. 
1.J 

+ (a.-a) + (8.-8 ) 
1. s J S 

or Y.. = 11 + a c. + 8' . + E: I • • 

1.J 1. J 1.J 

+ E: I •• 

1.J 

vlhere l1 = a +8 f a I. = (a. -a ) f and 8' . = (8· -8 ) 
S S l 1. S J J s 

(3) 

The design matrix for equation (3) is non-singula~ ~nd the 

o parameters 11, 0. 1
., and 8 t

• are estimated by FP0W solving the 
1 J 

usual normal equations. 

Biased estimates of relative fishing power and relative 

density are obtained as 

anel D . 
BJ 

"-
a' . = e ·1: 

A 

S f _' 

'- e J 
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where p = land D = 1 by definition. The estimates are s s 
biased since they are estimated as logarithms (see Laurent, 

1963) • FP¢W applies an approximate correction for bias ob­

tained from a Taylor series expansion of the estimate about 

its true value. For example, if e is the desired parameter 
" and m is its log-estimate then 

" m = e ( " ) m t. (~-m) 2 m (~-rn) 3 m 
m -m e -, --::2~!,....;---,e + 3 ! e 

" '+ + (m-rn) m + 
4! e .. .... .. 

Taking expectations, the odd terms are all zero and if one 
A 

neglects the terms higher than second order for m near m 

A rn I 2 m 
E(eB)~ e + ~A'''e .. 2 TIl . 

A 

The bias, with m close to its true value m, is approximately 

1 2 m -:::-a '" 0 e , 
2 n 

so an approximate unbiased estimate is 

A m 1 e = e (I - 2om 2) 

In terms of the .parameters of FP0W 
./ ,-

A 

A 

e a 'i(1 '" I' .- (,' , --p. = Var (a' . ) /2) .,c;, 
? 

t,-o- ~-
~ ".' l. l. ~ 

A 

eB'j(l 
A 

and D. = - Var (B I .) /2) 
J J 

FP0W computes approximate 95 % confidence intervals as 

C.l. p. = 
(&'i±I.96x!&ar(a'i) e 

.1. 

A e(S'j±I,,96xI'Gar(B'j) and C.l. D. = 
] 
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Usage Notes 

1. a) The treatments (called B¢ATS by FP0W) may be given any 

numeric designation. However, FP¢W will always select 

the smallest numeric value as the standard. 

b) The AREA-DATES also may be given any numeric designation. 

FP¢W will select as the standard that AREA-DATE with 

the lowest numeric value in which the standard B0AT 

first occurs. 

c) Since the variances of the estimates include the variance 

of the standard, that B0AT which appears in the most 

AREA-DATES should be selected as the standard and be 

given the lowest numeric designation in order to obtain 

the smallest variances of the estimates. 

2. Each B0AT need not appear in every AREA-DATE and zero catch 

observations may be entered. 

3. Catch per ~nit effort va~ues are the data entered into the 

program I' but FP9-5l'l calls them CATCH d 

4. FP¢W computes the expected catch per unit effort for the 

standard B0AT in the standard AREA-DATE. Therefore, standardized 

catch per unit effort may be obtained by multiplying the expected 

value times each of the estimates of relative density. However, 

unless the amount of effort for each B0AT-type is relatively 

uniform within each AREA-DATE, this procedure is not recommended. 

The major drawback to this program is that the estimates are not 

weighted by the amount of effort. With greater effort the var­

iance of the observation is likely to be smaller. One can do 

nothing about the estimates of relative fishing power, but 

better estimates of standardized catch per unit effort may be 

obtained in -the long nanner of mul tiplying each B0AT effort by its 

relative fishing power estimate, summing up the standardized effort 

and dividing it into the catch. 
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5. Another drawback is that an analysis of variance is not 

performed and there is no provision for testing fo~ interaction. 

Also one cannot use alternative ANOVA models such as nested 

designs which often may be the appropriate ones. BMDX64 (Dixon 

1970) may be used prior to FP0N to examine interaction or al­

ternative designs, but its capacity is less than half that of 

FP0W. SPSS may also be used. 

Card Set 

1. Title Card 
cols .. 1-80 

2. Sub-title Card 
cols .. 1-80 

3. Control Card 
eols .. 1=3 

cols. 5-7 

4. Data Input Card 

cols.. 1-80 

Appears on each table. 

. Appears only above data summary. 

YES if covariance matrix desired. 
N0 otherwise-·-left justi fi ed. 

YES if -biased estimates also de­
sired .. 

N0 otherwise--left j usti fi ed. 

i\ uf 
Variable~format statement. 

I 

5. Data Cards--Must agree with Card (4) in format. 

field one 

field tV10 

field three 

6.. Blank Card 
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An a., where i=l ... k treatments 
1 (B0ATS). 

A B. r where j=l ... G n L~~REA-DATES .. 
J 

A catch per unit effort. 
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Control cards for FR 731: 

!JOB 712, ____ (User 10) 

!LIMIT (TIME,3),(CORE,30) 

!PCL 
COpy Y9FPOW,345 to Y9FPOW 
COPY Y9FPSl,345 to Y9FPSI 
COpy Y9FPS2,345 to Y9FPS2 
COpy Y9FPS3,345 to Y9FPS3 
COpy Y9FPS4,345 to Y9FPS4 
COpy Y9FPS5,345 to Y9FPS5 
COpy Y9FPS6,345 to Y9FPS6 
END 

!ASSIGN F:5,(OEVICE,SI) 

!ASSIGN F:6,(OEVICE,LO) 

!ASSIGN F:1,(FILE,FPOWl),.(OUTIN) 

!ASSIGN F:2,(FILE,FPOW2),(OUTIN) 

!LOAO (EF,(Y9FPOW),(Y9FPSl),(Y9FPS2),(Y9FPS3), 

I(BREF) 
(Y9FPS4),(Y9FPS5),(Y9FPS6»,; Lon !Load car4/ 

!TREE Y9FPOW-(Y9FPSl,Y9FPS2-(Y9FPS3,Y9FPS4,Y9FPS5),Y9FPS6) 

! RUN 

!OATA 

To run Program FR 731 in "batch" mode, the user enters the 
following information on the teletype: 

lEOIT 

EDIT HERE 

*BUILO ____ (Job name) 

1,000 Above control cards ("!JOB"only for Statement 1) 
4-
4-
1-

8,000 Data card images 

etc. 

*ENO 

!BATCH (Job name) 

Restrictions: Number of observations ~2,OOO 
Number of treatments + area dates <200 
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PROGRAt1: Y9VBPD (VBPRED) 

PROGRAMMER: Vo Anthony, NMFS, NEFC, Woods Hole, Massachusetts 02543 

This program computes It values at age according to the Von Bertalanffy 
growth equation 

given estimates of Loo , K, and too If desired, a weighted estimate of to 
can be computed, in which case It values are computed. using the weighted 
to value o This latter option requires additional input in the form of 
length at age data Q Note also that the equation may be manipulated by 
varying the exponent IIW'; this should be set equal to I(X~~ = 100) for 
most applications o 

The weighting procedure involves computing 

for each age, summing these values over all ages, and dividing by the 
sum of the weights (It = Loo)o 

The program reads a header card containing alphameric information 
followed by as many data sets as desiredo A blank card following the 
last data set will terminate the program normallyo Each data set 
consists of the following cards: 

10 A control card gi vi ng: 

a. Colo 1 = TOE = weighted to option (0 - not computed; 1 - compute 
weighted to value) 

bo Cols o 8-10 = LL = no o of age intervals (13) 

Co Colso 11-25 = XLI = Loo(F15 0 0) 

do Colso 26-40 ~ XK = K (F1500) 

eo Cols g 41-55 = XTO = to (F1500) 

fo Colso 56-70 '= XM = M (100 for standard equation (FISo0) 

go Colso 71-72 = SIGN (-1 for standard equation (F200) 

2Q (Foy' TOE = 1 only) Variable fOr~n1at st(}t(::ri";c:nt for' 1 at ci.dtcl, 
age values t(I) to be read first (use F specification) (2JA4) 

3. (For TOE = 1 only) Age and length data punched according to the 
variable format specificationo 
4 .. (For TOE = 1 only) Blank card. 
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Control cards for Y9VBPO: 

!JOB 712, ____ (User 10) 

!LIMIT (TIME,2),(CORE,10) 

!ASSIGN F:5,(DEVICE,SI) 

!ASSIGN F:6,(DEVICE,LO) 

!LOAO (EF,(Y9VBPO,345)) 

!RUN 

!DATA 

To run this program (Data deck) in "batch ll mode, the user enters 
the following information on the teletype: 

!EDIT 

EDIT HERE 

*BUILD (Job name) 

1.000 Above control cards C{!'JOB" only for statement 1) 

8,000 Data card images 

etc. 

*ENO 

!BATCH (Job name) 

Restrictions: As above. 
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, . Program: YPER (Y9YPER) 

Programmer: W. H. Lenarz, NMFS, SWFC, LaJolla, Cal. 

References: Lenarz, W. H., W. W. Fox, Jr., G. T. Sakagawa, and 

B. J. Rothschild. 1974. An examination of the yield per 

recruit basis for a minimum size regulation for Atlantic 

yellowfin tuna, Thunnus albacares. Fish. Bull. 72(1): 37-61. 

Gulland, J. A. 1969. Manual of methods for fish stock 

assessment. F.A.D. Manual in Fisheries Science #4. 

This program utilizes the modified form of the Beverton-Holt yield 

equation (Gulland 1969: 110) to produce rel~tive yield per recruit isopleths 

for different E and C values where 

E = exploitation rate, F/F+M and 

C = l.c/l ,) c being the mean selection length at age +p I =+c. 
00 

Thus, C is the proportion of the total growth in length made before thE 

fish enters the exploited phase. 

Yield isopleths are computed as a function of 3 M/K values specified 

by the user to cover the range of conditions under consideration. In 

addition~ lcs of op fIlell 12 at first ('1 

100 values. Note that the parameter C (vertical axis) decreases from the top 

of the page to the foot; in consequence, each page represents the numerical 

equivalent of the yield-isopleth diagram for the M/K value specified. The 

model assumes constant fishing mortality over the fishable life span with 

"knife-edge" selection and a value of 3.0 for b in the length-vleight equation. 
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The equation is: 
3 

yl = E(l-c)M/ K L: 
o 1 + nK/M (l-E) 

where yl = relative yield value independent of units 

E = F/F+M (instantaneous fishing and natural mortality coefficients) 

c = 1 c/ 1.00 

K = coefficient of catabolism, and 

Un = summation variable, using 1, -3, +3, -1 for 

n = 0, 1, 2, 3, respectively 

Y I may be converted to wei ght uni ts (i. ~ 4 ~ gm per' recrui t at age tp 

(= t r ) by multiplying by WooeM(tr-to) and from this to absolute yield Y by 

multiplying by R = number of recruits at age tre Such conversions should be 

unnecessary for most applications. 

For each series of isopleths desired, the program reads a header 

card with alphameric information followed by a control card and parameter 

cards. As many data sets as desired may be read; two blank car'ds following 

the last data set will terminate the program normally. Cards are punched 

as follows: 

Card Column Forma t 

1 A 

2 F 

1-5 F 

6-10 F 

11-15 F 

16-20 F 
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Description 

Title Card 

Control Card 

lowest exploitation rate on isopleth 
(with decimal point) (suggest 0.05) 

Step size for exploitation rates on 
s ~ ~ ( s u 9 ~: 1.. (J ~ = 

largest c-value on isopleth (suggest 1.0) 

Step size for c-values on isopleths 
(suggest 0.02) 



Card Column Format 

21-22 F 

23-24 I 

25-26 F 

3 6F10.0 

4 10F6.0 

5 lOF6.0 

\' 
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Description 

Number of different M/~ values for 
optimum length tables (210) 

Number ~f different E values for 
optimum length tables (210) 

Sealing factor for Isopleths 
Set at: 5. M/K <3 

6. 3< M/K <10 
7. 10 <M/K 

(If blank uses 5.) 

Parameter card 
Low~ best, High M/K 
Low, best, High Loo 

M/K card; M/K values for 
optimum length tables 

E card; E values for opti~um 
length tables 
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Control cards for Program YPER: 

!JOB 712, (User 10) 

!LIMIT (TIME,2),(CORE,10) 

!ASS1GN F:5,(DEVICE, SI) 

!ASSIGN F:6,(OEVICE,LO) 

!LOAO (EF,(Y9YPER,345)). 

!RUN 

!OATA 

To run Program YPER (Data deck) in "batch" mode, the user enters 
the following information on the teletype: 

!EOIT 

EDIT HERE 

*BUILD (Job name) 

1.000 Above control cards ("!JOB" only for statement 1) 

+ 
-\.-

-\.-

8,GOO f3ta card images 

etc. 

*END 

!BATCH (Job name) 

trictions: ve. 
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Program: FRG 701 (Y9YPIB) 

Programmer: Lawrence E. Gales, Fisheries Res. Institute, Univ. Wash. 

Reference: Gulland, J. A. 1969. Manual of methods for fish stock 

assessment. F. A. O. Manual in Fisheries Sciences #4. 

Program Y9YPIB uses the incomplete Beta function in the Beverton-Holt 

yield equation to produce an array of coordinates for plotting yield 

i sop 1 eths. The program accepts up to 50 va 1 ues of F and tp I (age at entry 

to the exploited phase); the yield, Yw' is evaluated at each pair of F 

and tpl to produce each coordinate. The model assumes constant fishing 

mortality over the fisha.ble life span; it allows for' a b value of other 

than 3.0 from the length-weight equation. 

The formula is 

Yw = RWooeM(tp-to) g(l-c)-g ;~c y(m+g-l) (l_y)b dy 

o 

t'1odi fi ed to 

Yw = RW~ eM(tp-to) g (1-c)-g B
1
- c (m+g, b+1) 

by expressing the integral as an incomplete beta function. 

Here g = F/K 

m = M/K 

1-c = e-K(tp'-to) 

y = e - K ( t - to ) 

Yw = yield in weight 

Woo = asymptotic weight 

-- r. 
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t = age at recruitment. p 

tp· = age at entry to the exploited phase 

to = hypothetical age of zero length 

F = instantaneous rate of fishing mortality 

M = instantaneous rate of natural mortality 

K = ·coefficient of catabolism 

b = exponent in length-weight equation. 

Since the yield values are determined by integration of four third 

degree polynomials, an initial limit of integration must be calculated. 

This is given by 

S = e - K ( t" - to) 

where t" = end of the fishable life span 

Input consists of two data cards punched in 8F 8.0 format; thus, 

decimals must be punched. Values are arranged as follows: 

Card 1 

Co1s. 1-8 Initial value of F (FO) 

Cols. 9-16 Initial value of t I 

P (TPPO) 

Cols. 17-24 Fi na 1 value of F (RANGE) 

Cols. 25-32 Fi na 1 value of t I 

P (UPPER) 

Cols. 33-40 Increment in F (FDELT) 

Cols. 41-48 Increment in t I p (DEL TAT) 

Cols. b-leng ight 

Cols. 57-64 A second exponent (DDELTA) 
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This is used to compare results of the first computation to the 

second where b} 3.0. If no comparison is desired set this equal to O. 

Card 2 

Cols. 1-8 R-number of recruits at tp (R) 

Cols. 9-16 Woo-asymptotic weight (W) 

Cols. 17-24 M - instantaneous natural mortality (AM) 

Cols. 25-32 K -coefficient of catabolism (AK) 

eols. 33-40 tp -age at recrui~ent (TP) 

eo1s. 41-48 to - age at 0 length (TO) 

eols. 49-56 tA - maximum age (T LA~1BA) 

Cols. 57-64 S - initial limit of integration (XINTO) 
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Control cards for FRG 701: 

!JOB 712, (User 10) 

!LIM1T (TIME,2),(CORE,10) 

!ASSIGN F:5,(DEVICE,SI) 

!ASSIGN F: 6,(DEVICE,LO) 

!LOAD (EF,(Y9YPIB,345)) 

!RUN 

!DATA 

To run Program FRG 701 (Data deck) in I'batch" mode, the user enters 
the following information on the teletype: 

!EDIT 

EDIT HERE 

*BUILD (Job name) 

1.000 Above control cards ("!JOB" only for statement 1) 

+ 
+ 
+ 

8,000 Data card images 

etc. 

*END 

!BATCH (Job name) 

Restrictions: Number of F and tpl values <50. 
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The following instructions are used to access RAMUS: 

1. Terminal settings. 

Speed = 10 or 30 

Duplex = full 

Parity = none 

2. Dial the number for the system: 1-800-241-9817 (10 cps) 

1-800-241-1890 (30 cps) 

a. After dialing the number, a high-pitched tone will be heard; at 
this time place the telephone handset in the terminal acoustic coupler. 

b. "User 10" is then typed; the computer then pauses; at this point 
type B325. The response will be "password." 

At this type: COMA. The response will be "old or new." Enter "old." 

The response will be "file name. II Enter the program name of the file. 

The res ponse wi 11 be I( ready. II Then punch in "run . II 

The following instructions are used to access the WHOI system: 

1. 

2. 

Terminal settings. 

Speed = 10 or 30 

Duplex = full 

Parity = none 

Dial the number for the system: Black phone 

540-3745 
540-3612 

Blue phone 

61 
63 

Speed 

10 cps 
30 cps 

a. After dialing the number, a high-pitched computer tone will be heard; 
at this time place the handset in the terminal acoustic coupler and 
press thf~ "break" key. 

b. "Log on please" is then typed; at this point type the account number 
and your user 10 number. The response will be an exclamation point; 
at this point "Run ll and the file name. 
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