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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
consiéts 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 and can be run on the terminal in conversational mode
or may be "batched" 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 "batched" or run from card decks, as above. The final unit (III)
includes programs written for rather speéia]ized 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” Programs®

A1l programs are stored as fi]eé under the prefix "FMB," e.g.
FMBGNPD, FMBPRDF, etc. To provide the conversational mode option,
additional files were required; these may be accessed by typing the
letter "C" after the file name (e.g. the file FMBGNPDC allows the user

~to run GENPROD in conversational mode, or jobs may be "batched" using
file FMBGNPD. This is true of all programs in thié 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 Program and Description

FMBGNPD GENPROD--fits the generalized stock production
| model dp/dt = HP™-KP-FP to catch and effort data;
estimates equilibrium yield as a function of
effort. The parameter m can vary butrunning averages
~of effort cannot be calculated 1nterna11y‘

within the program.

ooooooooooooooooooooooooooooooooooo

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

File Name

FMBPRDF

FMBPRED

FMBRIKR

FMBVBRT

Program and Description Page

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. .... 18

"Prediction" Program--predicts stock size and
catch by age groups and year given stock at age
in any initial year and recruitment and mortality

EStEIMATES. tvevevorscciocooocanosoosasosnossensnoncnncs 27

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. ....ciciiorecroecnoconacenreanacans 44

BGC 2 (von Bertalanffy fit)--fits the von Bertalanffy
growth in length curve to equally spaced age groups

with unequal sample sizes. ........ it ececneneneneane 58
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Unit I - "Conversational" Programs (continued)

File Name

FMBYPOP

FMBYPCT

Program and Description

Virtual Population Ana1ysis—-estimate§ F,

u (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. .....c.civevicvnneans

Yield Per Recruit--provides equilibrium yield for
a given recruitment using Beverton and Holt's

method. The model is less flexible than Ricker's

~1in that F is considered constant over the

fishable Tife span and "knife-edge" recruitment

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

is assumed equal t0 3. cececececess

© 0@ Q0000000 R00 Q6O @
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Unit I1I

Programs in this unit are stored as files under the prefix "Y9,"
e.g. YOCTCV, YIFPOW, etc. A1l 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 user's account before being run.

File Name Program and Description Page

YOCHRT COHORT--estimates F, u (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. ..... 68

YICTCV FRG 705 (Catch-curve)--computes mortality and
survival rates and a variety of associated
statistical measures for vectors of catch at

80€ datB. c.ecevcceccvoctacetonccoceccosaasocecceoanno 71

YOFPOW FR 731 (Fishing Power)--computes relative fishing

power, relative population density, confidence

intervals, and corrections for bias. .....veeveeeeenns 77




Unit II Programs (continued)

File Name

YOVBPD

YOYPER

Y9YPIB

Program and Description Page ;

the von Bekta]anffy growth equation; allows

- other than 3.0. : 90

Predicts length at age given parameters of

computation and use of a weighted to estimate. ....... 84

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 (1c/1 values as a function of Mand K. ........... 86
=)

FRG 701 (Yield Per-Recruit)--uses the incomplete beta

function to produce an array of coordinates for

plotting yield isopleths. The model assumes F constant

over the fishable Tlife span and “knifé-edge“ recruit-

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

@G0 0E0ARQ00GAECOEEL0Q0QRACOAEEQA0OR QEQQOQR O
s m————
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In the past this group of programs has had little if any application
at NEFC; however, card decks and documentation are available should the
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need arise. Programs follow:

Program
Chapman-Junge

Analysis

Chapman-Richards
Growth Curve

GXPOPS

Jol1y-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 Jolly's

Stochastic model.

Computes yield per récruit estimates for
fisheries exploited by several gears with
differing vectors of age-specific fishing

morta]ity, using Ricker's mode].
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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.




Program: GENPROD (FMBGNPD, FMBGNPDC) |
Programmers: J. J. Pella and P. K. Tomlinson, Operations Research Branch,
California Fish and Game Department, Terminal Island, California

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

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

- Comm. 13:419-496.

oal
s it i

Ricker, W. E. 1975. Computation and interpretation of

biological statistics of fish populations. Bull. RS

4 .. Fish. Res. Board Can. 191. 382 pp. S

RSy o)

Description: Program FMBGNPD fits the generalized stock production model o @
| dpyqi = HP" = KP = FP
g!x | 7 where’ | . | . ,,i é
P = average stock biomass; :
1. -
| o .. K = instantaneous rate of stock increase at
‘jhj ' o densities approaching zero;
- F = qf, catchability multiplied by fishing effort;
"wg | ' ‘ 4 H= K/pmax’ where P__  equals maximum stﬁck size, and
| v '~ o
] m = an arbitrarily selected exponent determining ?
? the shape of the yield curve. |
: % _An iterative procedure is used in which trial values of | ?
i *, Topt {(optimum fishing effort), q (catchability), o

4
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r (simple correlation coefficient), and U (maximum

max
catch/effort) are read in and changed in steps (A) 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, numérous jterations
are necessary and uniess 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 GENPROD.

10
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Hints on Running GENPROD
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When the addition or subtraction of AF, AQ, Ar, or AU fails to -
reduce the sum of squares, the A's are d1v1ded by lO and the process
repeated. The number of times the A's are divided by 10 (KK) is controlled

by the user. The best estlmates of the parameters fopt’ q, r, and Upay are

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

the mean of the observed efforts; choose Umax equal to the maximum observed
catch-per-effort; chbose Pmax equal to U4 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

v«are set at 10 times the guesses. The bounds of Q should be more liberal,
\say 1/100 and 100 tlmes. The bounds of r are obviously 0 and 1. The

Vvalues for the A 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 populatioh sizes, then the guessing process must

‘be modified. If serious doubt exists, one should make guesses as sﬁggested
. at the same time set very wide bounds and utilize relatively large A's for

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

bound, the data should be rerun with wider bounds; As for the values of m,
, , -

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

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

duction curve, try 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, and 3.2 for a first run,

then try additional values when the approximate range is determined by

examining the values of S.

——n - A Ny P

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




'Notation

(1) (2) (2)
m M (exponent in GENPROD model)
Fopt FOPT (optimum fishing effort)
Umax UMAX  (maximum catch/effort)
Q Q (catchability)
Po P(0)/BMAX (Initial population/Max population)
max CMAX (maximum equilibrium yield)
Popt POPT (optimum stock size)
PmaX PMAX (maximum stock size)
H H (K/Pmax)
K K (instantaneous rate of stock increase)
S SUM OF SQUARES
. R R (correlation coefficient)
n TOTAL CATCH
C.
i
nl AVERAGE CATCH
In
t AT TIME
P_i POPULATION SIZE
E_i APPLIED EFFORT
C1 "OBSERVED CATCH
C; EXPECTED CATCH
U_i OBSERVED CATCH/EFFORT
U EXPECTED CATCH/EFFORT

Column (1).
Column (2).

Used by Pella and Tomlinson (1969).

Used in program output.

12
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Program GENPROD may be run on the WHOI system in interactive mode
by logging on and entering "PLATEN 132" followed by "RUN FMBGNPDC, 345"
when prompted by "!". The user then enters alphameric information,

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

1

catch and effort data, and best guesses and limits for f r, and

opt’ 9s

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

decks or on the terminal in "batch" mode. In the former case, the
following control cards are required.

1J0B 712, - - - - (USER ID)
[LIMIT (TIME,2),(CORE,10)
IASSIGN F:5,(DEVICE,SI)
IASSIGN F:6,(DEVICE,LO)
'LOAD (EF,(FMBGNPD,345))
IRUN ‘

IDATA

Data input consists of the following:

Set #1 1 card FORMAT (20A4)
(Title) ‘ ‘
Cols. 1-80: - Header card with alphameric information.

1When typing more than one line of data, the user is cautioned to omit the
final comma on each Tine; otherwise a "g" value will be erroneously
generated internally.

13
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- Set #2 1 card

(Intervals)
Cols. l-u:

Cols. 5-8:

COlS ® 9“12 H

.Cols; 13-22%
Acéléf"zs-szk .
Colé; 33-u2*‘
Cols. 43-52%

% If coiumns‘13~52

respective guess

Set #3 1 £ cards £ 125
(Catches)
Cols. 1-80:

. ‘(’,‘0,
Leh

FORMAT (3I4, 4F10.0)

Numbef of catch intervals (ND).
Right justify with no decimal.
" Numeral U punched in column 8.

Number of times (KK) the step intervals (DEL)
are divided by 10. 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(1)) for X(1) = fopt.
If in doubt, leave blank. Punch décimal.

Starting step‘fov X(2) = Q. If in doubt,
leave blank. Punch decimal. S

Starting step for X(3) = r. If in doubt,
leave blank. Punch decimal.

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

left blank, each DEL will be set equal to its
(GUESS).

FORMAT (8F10.0)

Fach card has 8 fields, with each field con-
taining 10 columns. The catches, C(I), are
punched with C(1) in field 1, C(2) in field 2,

sssy C(ND) in fiecld ND. Punch 8 catches to a
card. Punch decimals. .

7,

14
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“ ; Set #7 1 card

Set it L £ cards %125

(Efforts)
. Cols. 1-80:

Set /5 1L < cards <125

(delta-
times) Cols. 1~-80:

Set #6 1 card

. {(lower

limits) Cols. 1-10:
Cols. 11-20:
 Cols. 21-30:

Cols. 31-40:

(upper
limits) Cols. 1-40:

Set #8 1 card

(guesses for

initial values)
Cols. 1—;0:

,Cols. 11-20:

Cols. 21-30:
Cols. 31-40:

" Cols. 4l-50:

. @

FORMAT (8r10.0)

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

-gcatch.

FORMAT (8r10.0)

Like set #3, only each field contains the

“ length of time, T(I) associated with its

respective catch.
FORMAT (4F10.0)

Lower limit, A(1), of fopt.

- Justify with decimal.

Lower limit, A(2), of Q.

© Justify with decimal.

Lower limit, A(3), of »r.

71'AJustify with decimal.

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

FORMAT (4F10.0)

Like set #6, only these four fields contain
the mpper limits, A(5), A(6), A(7) and A(8)
" of fopt, Q. r, and Umax respectively.

FORMAT (4F10.0)

Best guess of fopt (try average observed?).
“Justify with decimal.

Best guess of Q@ (try Q = max. observed catch-
per-effort divided by 4 x max. observed catch).

Justify with decimal.

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

Best guess of Umax (try ocbserved maximum?).
Justify with decimal.

CVAL-~Test value to stop iteration. CVAL
stops the iteration on a pcrcent improvement
basis rather than an absolute improvement
basis; if left blank, absolute improvement
mode will be used. Justify with decimal.

15
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Set ##/9 1 card

(number of

m-values) A
Cols. 1-U:

Cols. 5-8

Set #10 1 < cards £ 3
(m-values) ‘
' Cols. 1-80:

* Repeat all sets for additional jobs. .

Error messages:

... Storage requirements:

v

Y

FORMAT (21Iu4)

rumber of trial values (NM) 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 without decimal. ‘

FORMAT (8F10.0)

"Each card has 8 fields, with each field

containing 10 columns. The trial values
of m (XM(I)) are punched with XM(1l) in

- field 1, XM(2) in field 2, ..., XM(NM) in

. .. Justify with decimal.

field NM. Punch 8 values per card.

!

Power function errors can occur without

. . destroying the iteration process.

.. "About 1000 for ND £ 1000.

5

16
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To run GENPROD in "batch" mode, the user enters the following

information on the teletype:

1EDIT
EDIT HERE
*BUILD_ _ _ _ (job name)
1,000 1J0B -
2,000 !LIMIT (TIME,2),(CORE,10)
3,000 'ASSIGN F:5,(DEVICE,SI)
4,000 !ASSIGN F:6,(DEVICE;LO)
5,000 !LOAD (EF,(FMBGNPD,345))
6,000 !RUN
7,000 !DATA
8,000 Data card images typed as per above format specifications
(etc.) |
19,000 Ret"
*END
IBATCH (job name)

ID=____ SUBMITTED (Time) (Date)

Restrictions: Number of trial m values < 24;

number of catch intervals < 1000.

17
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Program: PRODFIT (FMBPRDF, FMBPRDFC)
Programmer: W. W. Fox, Jr., National Marine Fisheries Service, Southwest
Fisheries Center, La Jolla, California. |
Reference:  Fox, W. W., Jr. 1975. Fitting the genﬂeraTized stock
production model by least squares and equih‘br‘fum

-approximation. Fish. Bull., U.S., 73: 23-37.
Descriptionl:
‘The generalized stock production model is

f‘,P/ th‘",HPt KRy~ aPy LR (1)

k where P 1s the populatmn size (usually in terms of welght) fis effectlve f1sh1ng

| effort 1 €., standardlzed from nommal f1shmg effort to be propornonal to the

instantaneous f1sh1ng mortahty coefficient, g is the constant of proportmnahty ‘
(the catchability coefficient), and H, K, and m are constant paraxneters . At

équilibrium‘(i.e. , dP/dt = 0)

P T e/t @yt
: S mea m-1 m, . .
or U U=y /H)+(Q /H)Y
Cand o U=+t - @

- where U is the catch per unit effort.

: ASource: "PRODFIT User's Manual® by W. W. Fox, Jr. (unpubhshed), on file

at the NMFS Southwest Fisheries Center, La Jolla, Calif. 92037.

18
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where U is the relative density of the populétion before exploitation; U

. The management implications of the generalized stock production model are

computed as

o ‘ = m-1
vopt (a/m) '

- f pt' »=(a/b)v(1/m.- 1 L

o
Y= @A/ - e/

opt

" is the relative population density providing the maximum sustainable yield;

Cof ¢ is the amount of fishing effort to obtain the maximum-sustainable yield; and

op

7Y is the maximum sustainable yield. o

max

o Estimaﬁon Pfocedure

= ~ " since catch and fishing effort data usually do not.represerit equilibfium
. conditions as required by equation (2), the fishing effort must be adjusted to
L approximate equilibrium conditions. This is done by éomputing a weighfed ;

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

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

the catch in year i, i.e.

f;”“"ﬂ““f”’%-;*”'”i'-kfll/ ’ (3)

[kt (cm1) 4o oo +1].

o 19
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m in equation (2) by minimizing
.;'where Wi are statistical weights for specifying a mﬁltiplicative errof structufe .

procedtire, however, the sum-of-squares space is searched with m, Um

k4

The data set of Uy ?.) pnirs are then ﬁtilizéd to estimate the parameters in

. equation (2). Note thatk -1 data points at the begmmng of the set are lost

unless some mformauon about those k - 1 years prior to the data set can be

entered. Note that k can be different each year. 2
. PRODFIT provides least-squares estimates of the perameters a.. b, and
A R

o
@

- An iterative pattern search optimization routine is utiliied to locate the least-

sc;uaree parameter estimates. In order to facilitate termination of the searehing

ax’

‘ and Ymax The catchability coefficient s is estimated after estimating a, b

@

Sy ,. and m by utlhzmg' the mteglal of equanon (1) to compute a q for each year,

E then the yearly q—values are averaged usmg arlthmetzc and geometnc means.

4 Variability indic‘es, VX), of all the paraﬁleters are computed by the

: Bdelta", or propagation of error, method. These are not actual variances, but ‘

are useful for judging the fit of the model in a qﬁantitative manner. An error

index is computed for convenience as ' R o o e
A
Ex = [100/V(X))/X
¢ & . . .
where X is the estimated parameter. *
tae @ %aq
2 S ¢ 4o B . ° .
The validity of this method has not been examined. o oo

- | 20
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Data Input

Option 1.--A catch and fishing effort history, {Ci R fi }. ofi=1.. .

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

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

‘vefleet a lack of mformatmn. The only real problem with unreej zeros, however,

occurs in the estlmatmn of q. The catch per unit effort vector is computed

V internally and the averaged fishing effort vector is computed by equatmn (3)

IR 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-

'
i

L ﬁons then this option is selected and the vectors of catch per unit effort and
~averaged (or equlhbrlum) f1sh1ng effort {Ui’ 'fl} are read in directly. No

S 'estlmate of q can be made, however.

j Starting Values

Ogtion 1.--Initial estimates of the parameters are computed in SUB-

ROUTINE INEST and the user prov1des the startmg estlmate for- m, either 0,

"~': 1 or 2

P

e em e

S OEtion 2».V-‘-0cca_s‘iona11y'the data are_so variable that INEST does not
provide compatible starting values for the parameters. In this case, or in

any case, the user mey dpf to enter directly all the initial parametcf estimates.,

[ I
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"asymptotic yield model.

»

Model Option

The user may allow PRODFIT to estimate m to any desired precision.’

‘Frequen'tly. however, the data are so variable that no significant reduction
in the residual sum of squares is obtained by wvarying m. The user then has

" the option to fix m at 2, the logistic model; at 1, Gompertz model; or at 0, the

1veigﬁting Option

- . The user may select statistical weights ‘as.sumi;ng' a multiplicative error

" | structure or may choose to not weight the observations, i.e., W, =1for alli. .

e,
s . .

s

Yoo o Output R e DR e e

C ey L - e

The output of PRODFIT prowdes a lxstmg of the 1nput data the trans-

' formed data, 1mt1al parameter estlmates the iterative solunon steps, the fmal

| 'estlmates of a, b, and m and thelr varlablhty indices, the management implica-

tions of the flnal model U yU L, f and Y and thelr var1ab1hty
max  opt opt max

indices,7 the observed and predicted values and error terms, estimates of the

eatchability coefficient, q, and a table of equilibrium values.

- e . RPN R ' ‘:.f.l"gl‘jvin v " ';V‘y'f'y .
'd
3 ‘ Ve
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Program PRODFIT may be run on the WHOI system in interactive mode

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

when prompted by "!". 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 "batch" mode. In the former case, the following control cards are
required:

1J0B 712, _ _ _ _ (User ID)
ILIMIT (TIME,2),(CORE,15)
IASSIGN F:5,(DEVICE,SI)
IASSIGN F:6,(DEVICE,LO)
ILOAD (EF,(FMBPRDF,345))
IRUN

!DATA

Data input consists of the following:
1. Title card

Cols. 1-80. Header card with alphameric information.

Lyhen typing more than one line of data, the user is cautioned to omit
the final comma on each 1ine; otherwise, a "0" value will be erroneously
generated internally.

23
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Control cord

Cols. 1-3

Col 6

Col. 9 )

.. Cols. 18-15

“ . Cols. 10-12 . A
S . searched (KK).

' .‘..."A;Cols'.\.l,é-l‘e'

Number of data points entered (NC).
Right adjusted, no decimal.
Less than 100 points.

Data preparation option (NDP) .
0 if fj are to be calculated.
1if data rep1 escnt equ1hb1 ium.
Starting values option (NST)
0 if starting values computed internally.
i if stafting values are entered by user.

Number of dlglts to which the parameters are .’

nght adjusted, no decimal. (Suggest 5)

' Number of dlglts past the dec1mal to which the
. parameter m is searched (NPM).

.._Right adjusted, no decimal. (Suggest 2)

" Fraction for determining the parameter upper
. and lower limits in the searching procedure

e (VL); with decimal, [i.e., parameter x (1 :t: '
R ;",'fractlon)] (Suggest 0. 25)

.Cols. 20-23

Col. 27

. DN

.

" Col. 31

NC values.

Startmg value for m (‘(M) Either 0.0, or
.,‘10.01:'20 L e

Model option (XS).

0 estimate m. :
"1 f1x m at starting value.

Welghtmg optlon Xw )

.0 additive error model (unwelghted)
1 multiplicative error model (weighted).
(Suggest 1) _

Catch cards [C({)], FORMAT (8F10.0). &Or CATCIH PER
JUNIT EFFORT if 1 was punched in column 6 of the Control
.card.) Punch NC values. o

and

‘Fxshmd cffort cards XEMD]T, I‘ORMAT (8F10.0). Punch

v Cor




P

gt L

X,

5.

6.
. FORMAT (4E13.6) . OMIT if'O was punched in Column 9.

As many runs as desired may be made by stack‘ing the data decks.

L]
o ° °

Number of significant year-class cards [XK({)], FORMAT
(8F10.0). OMIT if 1 was punched in Column 6 of the Control

card. Punch NC values.

Sterting values for a, b, m, and residual sum of squ.ares,

Error Messages

i.-

: 2.

v .
. N .
S T 3

‘+ . @

444§ TARTING VALUES INCOMPATIBLE*#*#

_ Testing the computed starting values
(i) form>1,a>0.0 and b<0.0, or
© "({i) for m<1, a>0.0 and b> 0.0 has
~failed. User must enter startmg values

du‘ec'th S T '.
'I:RROR. ZERO DEGREES OF FREEDOM , ' i+

- Too few data points entered. No varlabxhty

ind1ces calculated. e S Tt

ERROR LOG NEGATIVE VALUE - S
Trled to take the logarithm of zero or a negatlve value
“in computing the variability mdlces . No varlablll‘cy

inchces calculated. T IR A

o . . W e
. " . . v . .
P N <
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To run Program PRODFIT in "batch" mode, the user enters the following
information on the teletype:

LEDIT

EDIT HERE

3 *BUILD _ _ _ _(Job name)

1,000 1J0B

2,000 ILIMIT (TIME,2),(CORE,15)
3,000 !ASSIGN F:5,(DEVICE,SI)

4,000 !ASSIGN F:6,(DEVICE,LO)

5,000 [LOAD (EF,(FMBPRDF,345))
6,000 !RUN

7,000 !DATA

8,000 Data card images typed as per above format specifications

(etc.)
i 13,000 "Ret" (
| *END
i - IBATCH (Job name) ?
: ID=_ _ __ SUBMITTED (Time) (Date) ;
i _
Restrictibns: “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.

Description: This program will calculate stock size and catch in numbers

“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 at the beginning of year i according to

NCys = NSy ° F%%ﬁ (1-e~(Fi5*)
where
Ncij = catch in numbers (jth age);
Nsij = stock size in numbers (jth age);
Fij = fishing mortality coefficient (x selection coefficient
for the jth age); and
M = patural mdfta]ity value (constant over all ages).

*RAMUS system.
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Catch in weight at age is then computed by

WC.. = NC.. ° AW,

1 1J J
where
wcij = weight caught, and
AW, = average weight at age j

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

is then calculated by

. @l . . ;
Nsi+1,j = Nsij ‘e (F1J M) (for j = 2,k)

and
NSie1,1 ™ Ryan

where

Ri41.q = recruitment estimate in numbers for year i+l.
9

Stock size in weight at age is then computed by

W = NS © AW

41,5 7 B,y A,

 where

wsi+1,j = weight of stock at age J.

28
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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

selection coefficients and average weights at age directly, or, selection
coefficients and average weights can be taken from DATA statements in the

program if desired. . See below instructions on accessing the program for

‘information on changing DATA statements.

4
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The following material explains data input in detail and presents
examples of program operation for "conversational mode" and for a
series of data sets.

Sample Input

(1)~ THE ansWERS T0 T
HE FOLLOWING QUESTIONS WILL DETERMIN
_PROGRAM WILL RUN FOR ONLY ONE YEAR OR FOR A SERIES os 335'?53 5:$& SETS
TIF YOU WANT WRITTEN QUESTLONSs ENTER 13
_IF NOTs ENTER 2 ‘ '
" INPUT: 30366 | :

A "1" will cause the program to print detailed questions for input.

A "2" will cause the program to pr1nt only the line number (RAMUS)
or a question mark (WHOI).

2) o= ) | oy -
(2) DO YOU WANT TO READ LN NEW SELeCOEFFSe AND AVE WTS (ENTER 1) OR USE
—THE CURRENT VALUES LN DATA STATEMENIS 20 AND 30 (ENTER 2) -
INPUT:23430 , ) ‘ o o ‘

A "1" 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.

(3) v e . . ~ s .4
‘ TYPE IN THE SELe COEFFSO FOR EACH AGE GROUP (29 VA
INPUT00480 our (20 LUES}

- ? oSpoSvodno49.3ns3a-2502.9101y]:1:};1r1g1;19191.}

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

30
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(5)

(6)

TYPE N THE AVEe HTS. FOR EACH
INPUT 1068525 EACH AGE GRQUP (2 VALUES)

b .2:.3-.4..5:.5-.1'.a-.gﬂ..jnshl,1, 191.11_‘1.1i

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

__ D0 YOU WANT T0 CONVERSE (ENT s | ‘
INPU 2 guses (EN.Eﬁlil OR RUN SEIS QF DATA, (ENTER 2)

&

A "1" 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.

1

~ TYPE VAL OF M» AGE At RCRIMI) NO OF AGE GPS» NO.DAT STSe INIT YR -
?”1 INPUT 208600

_, 1,-2'3v6v1-1973

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

Natural Mortality
Age at Recruitment
Number of Age Groups (Max 15)

Number of Data Sets (Max 3) (1 if in conversational mode)

Initial year

31
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(7)

(@)

(9)

e — E———

‘ S E TR A A d = o ?.

’569'3ﬁ@@'8ﬁﬂnlﬂﬂasﬂaysaalqgg

PN

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.

- ““???????.ua-.-oaaaaaaunﬁsaa.aaaa.couaeouhaa-'ﬁueocautanasonaoﬁttsiﬁ
— TRY ANOTHER F IF YQU WISHs OR ENTER a-a,tq RUN . . —
DATA SETSs OR =ge1 10 END PROGRAM - e :

— INPUT:02872 ; Co e - : =

Enter a new fishing mortality.

A positive 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.

DO, YOU WANT 10 STOP PRINTING SELe GOEFFSe AND AVE NIS (ENTER 12s
_OTHERWISE» (ENTER 2) B

INPUT:02140

A "1" will suppress printing of these data.

A"2" will allow printout.
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(10) DO YOU WANT TO PRINT -JUST TOTAL STOCK AND CATCH (ENTER 1)s

| TOTHERWISEs (ENTER 2)
© _INPUT:222090 .

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. "

(11) = OPITION 2- RUN DATA SETSe ANSWER THE FOLLOWING QUESTIONe ENTER VALUES
— CORRESPONDING TO EACH DATA SET ON A NEW LINEe PROGRAM WILL ACCEPT UP T0 —
3 DATA SETS W/10 YRS EA W/UP 10 15 AGE GPS

~A data set consists of the initial stock size (numbers at each age),
the number of recruits in each year, and the fishing mortality in
each year. Up to three data sets, each involving up to 10 years of
prediction, may be run. In each data set, 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,

3 o age at recruitment, and the initial year must remain the same for
' all data sets.

: 12 70 PRINT ONLY TOT STOCK AND CTCHsEMTER /
(12) _OTHERWISEs ENTER A R
3 INPUT:32838 ,
. . ‘ |
q A "1" will allow only total stock size and catch to be printed
: for each year.
1 A "2" will cause the program to print the stock size and catch for

each age group. :




Sr—

(13). TYPE THE NUMBER OF YEARS 10 BE RUN IN THE
_FIRST DATA SETs THE SECOND DATA SETsETCe,
(TYPE INTEGER VALUES) ‘
_{NPUT:80918
22 -

INPUT200910
——' ? 2

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 sets.

(14) TYPE THE FISHING MORTALITIES CORRESPONDLNG
-T0 EACH YEAR IN THE FIRST DATA SET» THE
SECOND DATA SETsETCe (REAL NOs)
- INPUT:g 191
~ ? 256950452
_INPUT:21810 .
? 276510418 ‘ . -
Enter one value of F for each year specified in (13).
(15) - TYPE THE NUMBER OF RECRULTS LN EACH YEAR IN
‘ ‘ “THE FIRST DATA SETe THE SECOND DATA ssrsﬁrc
INPUT:31292 }
T 7 1900990 ‘
CINPUT:21098 _ i
? 18592950
Enter one value for each year specified in (13).
(16)

34

9

k-




[UAeR——Y

i

ESEEE

e S

(16) TYPE THE 5 VALUE FOR INTITIAL STOCK
— SIZE AT AGES 4 THROUGH 8 FOR
THE FIRST DATA SETsSECOND DATA SETsECTe
INPUT: 31280 ’
7 833,700:600:50054040

— INPUT:31203
?A859’755’6553550i450

Enter one value for initial stock size for each age group past
recruitment for the first year of each data set, using a new
1ine 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:

(17)  TRY SOME MORE F VALUES
L INPUT:(2323

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 running, type an "S" (RAMUS) or hit "Break" (WHOI),

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 eqch 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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-Ex.amp v;, CO”UQJ“SQ"&"’”QI :‘lqlklallt‘\u“‘30;&4!'}&&"4'&\"
N

‘THE ANSWERS TO THE FOLLOWING QUESTIONS WILL DETERMINE HHE THER THE
PROGRAM WILL RUN FOR ONLY ONE YEAR OR FOR A SERIES OF YRS AND DATA SETS
IF YOU WANT WRITTEN QUESTIONSs ENIER 1;

[F NOTs ENTER 2

- INPUT:0D366

CT

DO YOU WANT 70 READ LN NEW SELCOEFFSe AND AVE WIS (ENTER 1) OR USE
THE CURRENT VALUES IN DATA STATEMENTS 26 AND 39 (ENTER 2).
tgpur 12430

2

DO YOU WANT TO CONVERSE (ENTER 11 OR RUN SETS OF DATA (ENTER 2)

INPUT 59569
? 1

TYPE VAL OF M» AGE AT RCRIMT» NQ OF AGE GPSl NO BAT 3TSe2 INIT YR

CINPUT:0D600
- 02’306x1v1973

e THE VALUE OF F» THE NUMBER OF RECRULTSs AND THE § VALUES OF

INITIAL STOCK SIZE AT AGES 4 UHROUGH @ R
INPUT:20730 - ,

; ? 0569:1890»800-10%-6@6-55Es496

L St 0 e 1 st ¢+ Seed e - -
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'Ewil'tiwﬂtﬂwwﬂ"'Ittﬁﬂﬂﬁﬁ‘tﬁ"l‘!""I-w--w-a.---‘---B-w---'-w--" D

AGE SELe COEFF  AVEeWEIGHT
et emesddRawe ewtovecEad ) el

3 De18070 @.095648 - D L S -
4 Pe50030 317500 EEDRIR S o o .
5 3093500 026600 e R S

6 100290 - fe35007

7 136923 ge43208

8 1e03208 Be50627

Oﬁtﬁit**t't'ﬁt"i'!ltt.ti'it.t.t'..'.t."G'QG"."'.'Q"’O'i‘....' ’

DATA SET 1 YEAR 1873 M= 02008  F= 95690 Z= 0a7694

.'ﬁ.'*it'ﬂt*Q*it'tt*ti*i-'.t!ittt'*.".l.!t'*it"."0""'*’.""'

AGE  RECRUITS(NO«)  RECRULTS(¥Ie) GATCH(NOe) C CATCH(WTe)
[T Y] CRABGE R RENEH *t-o-«aiﬂatat‘ L eaekweeeeas - iuﬁtooﬁﬁta
3 1900.160 95.000 ' Beesas B 3-39$

"'_'_I' .t‘ﬁ#t#tttiﬁtt .t‘.’__i_i:ttt ttt "'.‘..’,, X

AGE STOCK(NQe) STOCK(HTe) ;

eow ittttaﬁit’ eReebEROD e S o -
4 80603 140.960 - 8%+3886 31568
S 193 ez@ 1866200 256425 63e299
6 6228000 218090 238191 83367
7 500904 216009 1984493 856749
8 4030670 2820400 S 1586794 806350

ﬁ&ttti'éﬁttiatttttﬁiltlti‘ttt.tt'?tﬁ'tt'ﬁ:'t'ﬂ‘t ti!’..'..ﬁ’tiiﬁit!
TOTAL (NOe ) " (Hle) TOTAL . (NDe} (HTe)
STOCK 3029-488 954640 CATCH . 11220673 3587639

AGE 4§ AGE 3. - .

¢ 8 T4 8

'ttt'iii!Gil*ﬁ.'ttﬁiiitﬁit&tilﬂﬁ.QﬁQ.iiQQ'QQQCGﬁiﬁé!iﬁ@iiﬁ@é%%é@&‘

tta.atna.n*tte'ut-ta'tiitttﬁcttttiocittttoaati.tt!.i‘l'i.i.t'..t.{

IRY ANOTHER F IF YOU WiSHs QR ENIER @8 IQ RUN

DATA SETS»
INPUT 02072
? «452

OTHERWISEs
INPUTEB2140
71

Do You VANT T0 PRINT JUST TOTAL STOCK ANQ CAICH (ENTER

QTHEREI'SE>
- INPUT:32200
7

F= 0445

(ENTER 2)

(ENTER 22

20 CATCH(YT)=

OR -@e1 10 END PRQGR&Q

297.957

i*iﬁti*i**tiﬁ.i'dttt*t*tttitttitt‘i

TRY ANOTHER F IF YOU WISH: QR ENTER 8" TO RUN
DATA SETSs OR =gel 10 END PROGRAM ST

INPUT:02070
? D0

37
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“Exam,a/\g 2 lOa-&a S'e-é&‘

JHE ANSWERS TO THE FOLLOH!NG QUESTIONS thL DETERM!NE HHE THER THE
PROGRAM WiLL RUN FOR ONLY ONE YEAR OR FOR A SERlES OF YRS AND DATA SETS
IF YOU WANT WRITTEN QUESTIONSs ENIER 1s.

IF NOTs ENTER 2 :

{NPUT:20366

71

0 IN §§ SELCOEVFSe AND AVE WTS (ENTER 1) OR USE

DO_YQU WANT T0 !
INDATA STATEMENTS 28 AND 3 (ENTER(2)

REA
THE CURRENT VALUES
INPUT 82430
? 2

DO YOU WANT TO conveasa (ENIER 1) OR RUN SETS OF DATA (ENTER z)
INPUT 208560 _ e .
?2 C T T .

" TYPE VAL OF Ms AGE AT RCRTMT» NO OF AGE GPS: NO DAT STSs INIT ¥R
- INPUT 203630

? 02’3’6'2t1973. , _ ,
GPITION 2- RUN DATA SETSe ANSWER THE FOLLOWING OUESTION- ENTER VALUES

CORRESPONDING TO EACH DATA SET ON A NEW LINEe PROGRAK WiLL ACCEPY UP 10

3 data sets w/10 yrs ea w/up to 15 age gps«:~
TYPE THE NUMSER OF YEARS TQ BE RUN (N .
FIRST DATA SETs THE SECOND DATA SET-EIC.
{TYPE INTEGER VALUES) :
INPUT:80210

T e

i{NPUT 06910
?2

© TYPE THE FISHING MORTALITIES CORRESPONDING

70 EACH YEAR IN THE FLRST DATA SETs THE T
SECOND DATA SETsEICe (REAL NQs ) RS

INPUT £1913
? 56910452

INPUT22121D
7 78592418

TYPE THE NUMBER OF RECRUITS LN EACH YEAR IN gg9'

. THE FIRST DATA SETe THE SECOND DATA SET:EIC
- ENPUT:212

-7 1ﬂeo.szz‘

" INPUT:71398

? 18535957

TYPE THE 5 VALUE FOR INTITLAL STOCK
SIZEAT AWES 4 THROUGH 8 FOR R
THE FIRST DATA SETsSECOND DATA SE[!ECT' )
INPUT:3 1280 .

? 83007039:600:5005400

INPUT 21203
R 850:75@:650:5599453
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Qﬁhiiiittﬁﬁaﬁwaitbﬁtﬁiaﬁﬁlﬁﬁ‘.t"'.'.'ii't.ﬁ'tﬁ.ﬂ.i‘i..'..i'.“Qﬁ'

AGE SELe COEFF  AVEWELGHT
[ X2 1 [T TR XX XN R [X-T- X TR 2NN

3 Be18799 Fe0950%

4 Ge50033 Ps17500

5 093020 Ba26608 ' ,

6 120000 2e35000 o C > _
7 1229292 043282 P -
3 100080 50600

"t‘t.ﬁ'*ti*flttkttt'tﬁtit'tt..t.i..t'tt‘ﬁﬁ.&tl'...Q.."ﬁﬁ".t.'i.

DATA SET 1 YEAR 1973. M= Be29008  F= §-5699

2= 07698 - .

'ﬂti.tii't'itw.’tt't.'tii"'ﬁﬁtﬁ..'i...tti't.‘ﬁﬁiﬁﬁiﬁiﬂtﬁﬂ..itttt. S

AGE  RECRUITS(NOe)  RECRUITS(WTe) - CATCH(NG) C CATCH(NTe)
R X} LR 28 XN FRERRR T p.{(l‘ﬁttt'ﬁt thqu,?t' T 3£!?‘Ot,qg
3 1099300 95.0400 88383 - Be396
. BARRG ORI ROC R NG PN ARV LR CRBRGGRORE . i
AGE STOZK(NO.) STOCK(UTe)
'PYTT Taweoeeaan tetBRbasvee i o .
4 820000 1430392 180386 370568
5 102000 1860290 - 256e425 $B8e209 -
6 680003 219008 2380197
7 2 508800 2164000 1980493 85749
8 . 498003 202408 1580794 BFeISH
ﬁt.ﬁtitiifﬂiﬁtﬁtiitﬁtti‘t’ti'iitt.'tthtttt**ttﬁttl.t"l‘t"'ttwttti o
TOTAL (NOe) (WTe)  "TOTAL ~ (NOe) C(WTe)
STOCK 3000300 954608 CATCH 11269613 357639 -
AGE 4 - AGE 3 :
70 8 to 6

Qﬁﬁli.i*'i"iﬁﬁ*tQii.tik.hﬁhktltb‘*t.'iﬂl"'ﬁﬂ'iﬁ..Q.l.....&'.ﬁ‘f’ i

DATA SET 1 YEAR 1974 M= 0e2889 F= 904520 2= e6520

ﬂ*'t'ﬁﬁQt*iiittﬁiil&.tti.Qt*ﬁﬁii'!.ﬂiﬁﬁii%ﬁ%%éEQQQQIQQ..'QQOQG‘&G.

AGE  RECRUITS(NOe)  RECRUITS(WIe) =~ GATCR(NGe) ~ “CATCH(WTs) .
ese CeBERERARABAR tiﬁtaaatniaqu‘f‘” 'Qiﬁiﬁﬂit* gesganneae |
J 900000 88.882 Qaéﬁﬁ ‘gefpEE
GEERABAHCERE B LN RN B ORLERENACRERATERD
AGE STOCK(NO ) STOCK(UTe) -
ead ehbhadnhng bRk ERhd R Lo o
4 7390928 1290330 936001 23.869
5 492804 131086 . o 150291 o 38977
6 3434429 120208 - 114041 . 396914
7 2184086 120133 920343 39-892
8 2310738 117269 76952 38838
Qiﬁﬁﬂtiiit***iiﬁiii' ttﬁt.tttttttﬁt!tﬁli"t*'ttﬁt*'i‘tiiﬁ!gtﬁ*if'f"
TOTAL (NQe) (WTe) TOTAL (NOe) (WTe)
STOCK 20854085 618-9028 CATCH 6330453 1884585
AGE 4 © AGE 3 - S
70 8 10 8

Qtl"***i'lt'ttﬁitt.itittt*f‘t'tﬁﬁﬁi'.t"t"fI.ﬁ.'d*'ttti.‘ﬁ..'."

Qi*tiﬁiit**tltit*iiﬁQﬁﬁ'tt'*ﬁttt'ti*ii*'f'i*i't.li*titl.‘ti..’ttﬂ.

DATA SET - 2  YEAR 1973 M= 02000 F= 07855 2= P9850

ﬁi*tittiiiit*i***ti.t!itt!tﬁt**tt'ﬁt*'iﬁtﬁitt**ii&'ﬁtt.iit*...""’

AGE  RECRUITS(NOs) RECRUITS(XTe} CATICH(NOS), CATCH(HT )
'Q‘t‘ !fﬁi**tﬁttii* iittw*ttitﬁtﬁ‘ 'QQﬁ*ti'*t 'thtﬁt'*"
3 1250500 939752 125 697 13+941
*i*iqt'ttﬂ*t*tttﬁtt»ttttttti.iﬁki*i"_ ) :

AGE STOCK(NOe) STOCK(WTe) ,

L T CRRR AR AR R LR RS T s e : ) )
4 8506303 1489750 - - 251.729 44953
5 150.929 198589 34804117 82679
6 650009 227590 3244571 - 113.608
7 . 5504000 237600 2744637 1184643
8 45C+208 R27100 224703 113708

‘tt*tﬁﬁt'tii**'*ii*liit'ﬁ‘tttﬁi..tﬂ"ﬁ*t.'ii't*'itﬁ'ﬁitiﬁtiﬂﬁtitﬁt

TOTAL (NQe) (NTe) TOTAL (N0 ) o (WTe)

STOCK 3253.002 1841053 CATCH 1549754 . 4940616

AGE 4 - AGE '3 ' o

10 8 10 8

_'ﬁﬁﬁ*iiﬁtiit'ti&t'i.ﬁtﬁiilﬁ;t't.iﬁ&tct&iiﬁti.Qﬂtﬁiiﬁiﬁi'ﬁ?qﬁqﬁﬁﬂﬁﬁ }

39,

836367 . - -

©

<

&

© 0 0 0 0

o o ;



°

G e S i B s e i

g

ey

ﬂﬁﬁﬁ'.'tﬁ'ﬁ'ﬁ.i‘...tiﬁﬁﬂﬁlt;'ﬁhﬁtt.“t.i"‘ﬁ!‘ﬂ.ﬁiﬁ.iﬁ&ﬂt'i.tﬁﬁt..

DATA SET 2 YEAR 1974  H= Q2088 F= 04180 Z= (-6184

' O'iiﬁt'ifﬁi.ﬂtt*ﬁﬁttﬁﬂl'ﬁﬂ.tiQtiiﬂ'.tﬂtti"“"ﬁ'ﬁ.iﬁ'ﬂ'i'it"iQ*.

AGE  RECRUITS(NOs)  RECRULTS(WTel ~  CATCH(NOe) CATCHINT.)

' 23] gREabRT A ANRRS &ttﬁttt‘tiitt' o t?!tttﬁtt"" !t"’itt’t
€ 3 950008 9ge252 . .. . 620485 50936
- Q'i'iiiﬁtﬁit*il'!.iittit‘tﬂit*t'*tt Lol .. v

| AGE  STOCK(NQe) STOCK(WTe)

, ese LA AL AR S L ERBRERDRAE a - ' S )

v 4 : 7460388 137618 - 1284033 ' 22406
- 470002 125020 . 1346397 354758
LB 3020952 196833 1944459 334061
o 2424735 . 184862 754684 320695
. 8 205392 143928 ‘ - 644048 32404
) éﬁtﬁweﬁtii*it*ﬁ*titltﬁt'iﬁilt'ttt*.itwtiwlt-t*tt*ﬂ*tttt'..‘tatiit.i
- ToTAL (NOe) (WTe) . TOTAL 7. (NOe) O (T
© STOCK 1967468 570461 CATCH = 559+p97 1624251
", AGE 4 ' o  AGE 3 - o
¢ T0 8 ‘ - . o To o8-

Qtt*ttQt*!ttiQiiit‘l‘.""lﬁitlﬁ..ii.*tttﬁtﬁit*t‘i.Qt'....'tﬂ..t'.

TRY SOME MORE F VALUES
ANPUT:02323
© 7 ¢59e6

i ~

CINPUT:02303

? 4909

4

QtﬁIi}t*tt*iQI'iﬁ'**iﬁttititt*tttt'lfﬁQ‘Qi*‘.ﬁﬁﬁ*.tﬁttﬁ'tiﬁﬁﬁﬁﬁﬁﬁ#

DATA SET 1 YEAR 1873 M= Be2038 . F= £e5000 1= (=709283

PEH R R E R AT RN I RIS RORA R LA G AN AN RV VA RE VAR IV G A ORI IR PR BT AT O OGRS

AGE  RECRUITS(NO.)  RECRUITS(WTIe) =~ CATCH(NOe)  CATCH(WTe)
g.oyg RBEANETNRRARED CRAGAA AR T ARE CATR RRRTAE cEER OO RS
3 31003.209 95.239 - - 78+125 - Te422
LA AR R AR R A VA I NS AN R BT R A DR TR TG aD ) P -
. AGE STOCK(HQe) STOCK(WTe) :
., eu# eeaneReatd GRELRCRAGE ST .
« 4 809300 148502 ' 1676854 28184
- 108030 186200 - " 231624 _ 61612
S 632000 . 213240 ' . 2150749 ) 756512
LT 500223 216000 o 1794791 17670
. : 433303 202400 143833 12779

COEERRRRER TR AN AD N B R A E R RN VDR E AL RN A E PRV FR TR AR GQAONBCRERRRBROREBRERE 7
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Cxample 3, Ruvt wnthouwte printed guestions ond output

0% Zotd) Stoelk dud Catch Ouly.

”h)

A S

i

THE ANSWERS 10 THE FOLLOYING QUESTIONS WiLL DETERMINE WHETHER THE
PROGRAM WILL RUM FOR ONLY ONE YEAR OR FOR A SERlES OF YRS AND DATA SETS
IF- YOU WANT WRITTEM QUESTLONSs ENTER. AL

IF N0Ts ENTER 2 ) R s
INPUT:23366 \ R . :

72

1“Pur 02433
72

Do YOU WANT TO CONVERSE (ENTER 1) OR RUN SETS OF DATA (ENIER 2y
(INPUT:205G8 . ot
?2 ‘ - o '

ANPUT: 22630
? 2293202251973

OPITION 2- RUN DATA SETSe ANSWER THE FOLLO¥ING QUESTIONe ENTER VALUES .
_CORRESPONDING TQ EACH DATA SET ON A NEE LINEe PROGRAM WiLL ACCEPT UP 19

3 DATA SETS /12 YRS EA W/UP 10 15 AGE GPS e : :
T0 PRINT QNLY TOT STQCK AND CICH:ENTER 2

OTHERWISEs ENTER 1 :
INPUT:32838

.72

CINPUTS
216

€914

TRPUT:93915

712

~ INPUT: 21810

: T10%8 . : BT <

HPUT 221010

I

o

"7 19we4

CINPUT 21898

7 18+1923

THPUT 01392

.2 10534

CINPUT 01220

? €0057085602,5033433 : Celnnte -

FMPUT 31233
T E00s723:5€32-507:420

tkiﬂﬁt*‘l*tﬂ'**t*****t#**tkt'*titﬂt'f‘i**ﬁ'i 'ﬁit.iﬁﬁﬁti'.t.'ﬁﬁiﬁ"t'

AGE SELe COEFF AVEoWE IGHT
Bue ReRAEERUKR RREEREEDRE
3 018332 2939509
q 2503373 de1758¢
5 Je90330 24266012
6 192323 35203
: 7 1022830 PDed3203
: 8 102333 Je50608
&

BE R AN N AR YR AL R AR T N LR R RA O LR ICANR AU RTINS OTREATCE IRV ARRBORY
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(22X A 222 RARARERIEETELERR TR RETESIRZARLSR AR ISR R AL AL AR AL AR RN TN

STOCK 2396030 9540654 CATCH 14500529 4596115
$T0CK 1831639 §2€+315 CATCH 887465 2480529
STOCY 14560793 374216 CATCH 699679 173774
STOCK 13550175 3280733 CATCH 6480279 1480774
STOCK 13330758 318e446 CATCH 6376456 1436572
STOCK 1231373 317882 CATCH 6360993 142882
STOCK 13310373 317352 CATCH 6360693 1420882
STOCK 13312373 3173982 CATCH 636993 14206882
sToCK 1331073 317982 CATCH 636993 142882
STOCK 1331073 317082 CATCH 6360693 1424882
Qttﬁtii'i#ﬁiiﬁtft*ﬁittt'ﬁtii**i.‘t'tﬂ#twi"ttitwﬁttﬁttﬁi't""ﬁt"tt .
STOCK 3932.0¢7 0544678 CATCH 807536 2664416
STOCK 10200722 63%354 CATCH 543988 ° 179951
STOCK 13426741 428334 CATCH 377198 1204973
STOCK 1379665 3196194 CATCH 2956359 88235
STOCK . 954.431 266896 CATCH 260397 12e504
STOCK 9760192 242441 CATCH 2454860 65148
STOCK 9061732 242441 CATCH 2454868 655148
STOCK 9964102 2422441 CATCH 2450860 650148
STOCK 9050132 242441 CATCH 2456869 650148
STOCK 9366182 242447 CATICH 2450869 §6Se148

TRY SOME MORE F VALUES
7. ANPUT:22333

READY
SAVE

READY
3YE

OFF AT 15:0!

g ..
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. % 10%e1
. INPUT:22323
C? 13%e2
: Q*tﬁtttﬁi*ﬁ**t**tt..t.liitt*iﬁﬂt'ttt*it‘ti'.tttit'*'.C'*'Q“itﬁ.l’
STOCK 3002309 - 954¢640 CATCH 2354843 260567
. STOCK 2765851 869¢222 CATCH 216+077 690330
f o mibm o mumoam uwem Bu
' o 81 659 TICH 95 <492,
: ‘§fsgﬁ 23316 75047438 CATCH ~ 193254 594087
 STOCK 2583306 751415 CATCH 193+368 590145,
STOCK 2523376 751415 CATCH 1934368 596145
STOCK 25236306 7510415 CATCH 1934368 590145
©STOCK 253333€ 751415 CATCH 193.368 596145
"7 STOCK - 25334326 751415 CATCH 123.368 59¢ 145
- tti#tﬁt***t*tttﬁtt!ﬂ#'k'ﬁitt*ft*tittﬂ'f*t'i**ﬂti*tttt‘.t.ttt.tit.t.w
STOCK 30082093 9544698 CATCH 4374234 1450087_
. STOCK - 2223.600 7374636 CATCH 3396354 1150315,
STOCK 1683237 5634813 CAICH 2580101 B7867
STOCK 1374262 4430145 CATCH 2671175 672976
STOCK 1283724 357023 CATCH 17946608 55428
STOCK = 1111485 3200369 CAICH 1634859 472736
STOCK 11110485 328360 CATCH 1632859 471736
STOCK 11114485 '323+362 CAICH 1634859 47736
STOCK 1111485 3204360 CATCH 1634859 47736
STOCK 11116485 323369 CATCH 1632859 47136
TRY SOMZ MORE F VALUES
INPUT:02333
?S
CRUNNING TIME: 133 SECS  L/Q TIME & 117 SECS.

o 0 U
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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 "!". The word "OPTIONS" is then printed,
to which the response is "NS."

If DATA statements are to be changed, the user logs on,
copies "FMBPREDC. 345" to a new file within the account he is using, and

proceeds as follows:

AEDIT - = = = (file name)
EDIT HERE
* IN 8
8.000 = = = = = - DATA FW/a,bscsd (k values)
* IN 9
9.000 - = = = = &1,1,1,1....1/(comprising a
total of 20 values)
The same procedure is followed for DATA WEIGHT/...... on lines 10

and 11, etc.

*

After editing, the command "TY 8-11" will cause the above Tines to
be retyped. If the statements were altered correctly, the user then
enters  END; the signal "!" is then printed, at which the user enters
"FORT4 - - = =" (file name), followed by "NS" after the word "OPTIONS"
is printed. The user then enters "RUN" 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 sets, 10 years/set and 15 age groups/year.
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PIECE-WISE INTEGRATION OF YIELD CURVES !

IDENTIFICATION

FRG 708 -- Piece-wise Integration of Yield Curves (FMBRIKR, 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 estimating equilibrium yield (see Ricker, 1957, pp. 208-217). The
program is extremely general in that growth, natural mortality and fishing 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 applied during the life
of the fish) but the over-all level of fishing mortality can be varied by means of
multipliers which apply to all 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
arithmetic 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 average 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 latter form of input is employed the instantaneous
average growth rate during the jth period is calculated from the formula:

gy = A0 (e ) MMe )/, - 1))

"

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

Wi,
Y

weight of an individual fish at time t

Instantaneous natural mortality rates are calculated similarly from the
formula: '

- [ 1 ' - v
Mgom oo In(Nep ) Mepd/Ceg, - ehy)
where ti = time at which the number of fish in the stock is exactly Ny; pieces
if natural mortality is the only source of mortality present

Mi = instantaneous natural mortality rate during the ith time interval

Nt'= number of fish in the stock at time ti when natural mortality is the

"1 only source of mortality.
YUnpublished report on file at College of‘?ish ies, Uni i ‘ i

eries, University of Wa

Seattle, WA 98105, 11eg ’ ty of Washington,
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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 "!". The user then supplies control values, alphameric

information, and growth and mortality data and other information as directed.

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

1J0B 712, = (User ID)
ILIMIT (TIME,2),(CORE,10)
IASSIGN F:5,(DEVICE,SI)
IASSIGN F:6,(DEVICE,LO)
ILOAD (EF,(FMBRIKR,345))
!RUN

IDATA

Data input consists of the following:
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E_Parameter Card

A Purpose:

This card reads in four parameters (NG, NM, N@PT, N@PT1) which control
input and output, plus an output label, and is punched according to F@RMAT

(4I1, 11A6).

B Card format:

LOCATION  FORTRAN  PURPOSE

ON CARD SYMBOL

Col. 1 NG - If
If

Col. 2 NM if
If

Col. 3 NPT If
: If

Col. & NGPTL If
if
If

N

read in
read in

read in
read in

compute
compute

vector WT
vector G

vector ANT
vector AM

Y, = yield arithmetic mode
Y. = yield exponential mode

£ 2=

skip sets 6 and 7, output biomass only
output biomass and yield matpin
output yield matrix only

Col. 5-70 C@MNTS  Any desired label
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EL Data Cards

A Set descriptions and mathematical and F@RTRAN equivalents:

SET DESCRIPTION . MATH EQOVLNT F@RTRAN EQVLIT
1 Divisions of growth scale ' t T
2  Wt. at growth scalg divisions (NG=1) W, COWT
Instantaneous grzzth rates (NG=2) g G
3 Divisions of nat. mort. scale o t! ‘ TP
4  Nos. for nat. mort. computations (NM=1): ' Ny ANT
Instantaneous nai? mort. rates (NM=2) A M AM
5 Divisions of fishing scale t" TPP
6 Instantaneous fish. mort. rates F 3
7 Multipliers ’ m AAN
8 ‘Values of Tau sy PAY
9  Number at start N ANI
and
Ave. weight at start . WI AWI

where all mathematical and F@RTRAN symbols excent for Ny, Wi,

ANI, AWI stand for the vectors whose subscripted componénts are des-

cribed in PURPOSE, e.g., t stands for the vector (t,,..., tn) where t,

= a division of growth scale = time at which weight of an individual fish
is exactly W¢; weight units, and T = (T(1),..., T(n)) is its FORTRAN equiv-
alent. L

B Card format and sequence:

‘ A_Format:

a SETS 1-8

For SETS. 1-8 the format is 9F8.0, 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 (I5). The vector of numbers V,,..., Vn is then punched
according to 9F8.0 format. Vl""’ Vg are punched in columns 1-72
(V1 in cols. 1-8, V2 in cols. 9-16,..., V9 in cols. 65-72) on one card,
VlO”"’ V18 are punched 1in cols. 1-72 on the next, and so on until

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

then punched in the same manner, etc.
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b SET 9

SET 9 consists of two numbers ANI and AWI punched according to F@RMAT
(2r10.0), i.e., ANI.-is punched in cols. 1-10, and AWI m cols. 11-20 of
the same card. !

¢

2 Sequence:

If NgPT1 = 2 or 3 the sequence is as follows:

CARD NO. DATA FORTRAN VECTOR
CARD 1 PARAMETER CARD NG, NM, NOPT, NPPT1, COMNTS
.’ - Control Card (I5) No. of T vaTues (LAST)
CARD 2 o _ o R
eve " DATA FOR SET 1 T (Growth scale divisions) ‘
CARD J ;
CARD Jl + 1 CONTROL CARD (IG) Wo. of WT or G values {LAST)
CARD J, + 2
 aes DATA FOR SET 2 WT or G (Ne.ght at growth scale
CARD J,, dlmens1ons or instantaneous growth rates)
CARD J, + 1 ___CONTROL CARD (I5) No. of TP values
CARD J, + 2 5 |
e, 2 DATA FOR SET 3 TP - (Natural mortality scale ———
CARD J, d1mens10ns)
| CARD Jq + 1 + CONTROL carRD (I5) No. of ANT or AM va]ues v_(,LAST)
CARD J, +'2 A s —
oo DATA FOR SET U ANT or AM (Nos. for natural
CARD J,, | morta|1ty computation or naturaT mortality rates)
CARD 3, + 1 CONTROL ‘cARD (Ib) No. of TPP veﬁues (LAST)VA—r—-_.u,,*-..,_A,,,NM__“
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DATA FOR SET 5 TPP (Fishing mortality scale
divisions)

CONTROL carRD (I5) No. of F values (LAST)

e wm e s mm e» O om @F M G 60 G2 W0 o3 @ @ G @ G o o9 a3 os a» @ @ e o8 @8 wn e oo ow @

DATA FOR SET 6 F (Fishing mortality rates)

CONTROL cARD (I5) No. of AAM (multiplier) values (LAST)

DATA FOR SET 7 AAM  (Multipliers)

CONTROL carRD (I5) No. of TAU values (LAST)

@ em em e e v @ 0w GE en OB G0 OF @ em B G @ @8 ©0 G0 G @ G5 @0 @ o8 o» o ws & oo & e e @

IF N@gPTL
CARD J7 +

DATA FTOR SET 8 l TAU (Age at entry)

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

= 1 the data within the dotted lines, i.e., from CARD J5 +2 to
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 components,
TPP and F a maximum of 400 components, and AAM and TAU a maximum of 20 components.
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INPUT AND OUTPUT FOR A SAMPLE PROBLEM

»E.Ingut

a Numerical values:

1 gl=.258 ti=0 Ml='025 t1=0 | Fl=l ml=.05 Tl=0 'NI=1000
t2=l g2=.lSl té=l M2=.025 t;=l F2=l m2=.10 T2=1 WI=1
72 g5=+095  t3%2  M3=.025  t4=2  Fl mos.ls T,=2
tu=3 gu=.063 t;=3 M4='025 tu=3 Fu=l m“=.20 ) Tu=3
to=h te=h to=h m=.25 T =k
where (tl,...,ts)s tE T |

(gl,...,gu)= g & G
(ti,...,t's)= t's TP
(Ml’°"’MM)= Ms AM
‘ Et‘i,...,‘cg)'—' t"s TPP
(Fysene,Fde FEF
(ml,...,m5)= m £ AAM
'(Tl,...,T5)= T £ TAU
NIE ANI )
WI5 AWI
and " £ " means "is the F@RTRAN equivalent to'.
b Options and label:
OPTION PURPOSE
NG=2 Pfogram‘reads in G
NM=2 Program reads in AM :
N@PT=2 Program computes yield ( Yo ) in egponential mode
NOPTL =2 Program outputs biomass and yield matrix

LABEL: The label will read "EXP@NENTIAL M@DE".
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¢ Card form and sequence:

CARD
cols.

CARD

CARD
cols.

CARD

CARD
cols.

CARD
cols.

CARD

CARD
.cols.

CARD

CARD
cols.

NG NM NOPT N@PTL

=iro
ENIEN]

D oo @ o o o D

> e o o e ax o @s

o o g > -

o o o e e -

CGMNTS

T D G S G G Gwew  mem Bt mew  Gown G GuSP  Gwmd G sm
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L 5 == 20
T(2) T(3) T(u)
et L 2. ___.38. _
9—16 17—24 25—32
- - - 04 .

G(2) G(3) G{u)
__e151 o __.095 _ __.063__
g—16 17—24 2532
- - - 05
TP(2) TP(3) TP(Y)
re 2. . Se .
9—16 1724 25—32
- - - 04
AM(2) AM(3) AM(4)
o225 o .025  _.025
geee16 17—24 2532
---05
TPP(2) TPP(3) TPP(U4)
et 2. ___.3:.__
G116 17—24 25—32

O o o s o o

TPP(5)




CARD

CARD
cols.

CARD

CARD

cols.

CARD

- CARD

cols.

CARD

cols.

;}E_Outgut

Jo o7 o¥a u'a ol ota ale of e ot
gedfee ettt

0D o o oo a

o o G G e 7 €

@ o o e o e o o

EXP@NENTIAL M@DE
PIECE-WISE INTEGRATION OF THE YIELD CURVE

P

o e e @ om0 s B D

o om0 b > e o e @ e WD

o ola o oYo 0% o wlo 6% ol obe oo afa a¥a als olo a¥a o¥o oo ufs ofe ofe
Sratdfeded et e e el e e

o o e e @

TAU(3)

@ o oo oo o o v 0

AAM(H)

@ = o o e =

AAM(S)

a2 - > o w -

TAUD(S)

o e e o o e e 0

T e e e e e e e e e R N A A e e e e s e

m @ @ Ee B m @ o W @y G en G @@ on e e OO Om

@ @ e @ W G e @0 e e e @ 3 @ @ e o @ me
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DIVISIONS OF GROWTH SCALE, 9 PER LINE

B es mm me e e» o on es o w0 @ oo 6 8 2@ 0 @A w8 @8 @ o8 &m e Ex o o s O on  ov om @b o me o @ a@ e

(N= 1) 0 1.0000 2.0000 3.0000 4.0000

o @ mm em e e e oe e oe @ em ew em @ w» e @m0 o W e em  em e we e or  @e @ o» o @ B @ = e o= e

(N= 1) 0.2580 0.1510 0.9500E-01 0.6300E-01 =0
DIVISIONS OF NATURAL MORTALITY SCALE, 9 PER LINE

@ om En ek en @m wn G e» s wm @ me en  n e an B8 e G @ wm e G en ew @ @8 @ @o oo e & o &m @ on  os  am

(N= 1) 0 1.0000 2.0000 3.0000 4.0000

= e em ew o e em me wm  em es @2 ee em e Wa o5 9  em @9 @0 ow  em @y we v o an  mm o we o Gm e s 6 we &8 om

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

DIVISIONS OF FISHING SCALE, 9 PER LINE

s ex e e om me @s ea e ee  we e e ee e o ms S mp ee &5 wn  me a8 we e &w  om ke ms o om  em  bm ws  se  @e  w e

(N= 1) 0 1.0000  2.0000 3.0000 4.0000

- e e o we er om em e mn en mm ce @e e e mm we e o ap @m we R e Gw e @b Gm e e G S0 on e wm mm  em e

(N= 1) 0.5000E-01 0.1000 0.1500 0.2000 0.2500
VAULES OF TAU, 9 PER LINE
(N= 1) 0 1.0000 2.0000 3.0000 4,0000

NUMBER AT START= 1000.000 AVERAGE WEIGHT AT START= 1.000000

Sedfab et de e e oo e et e e e et e e dee e e e e et e e e e e e e e ek e e e e e e e el e e e e e e e e e et e e s

o e G e G G G e G e NS Gonl e G o Gmmn e G Gens  metd  amen  GeeD oot Geon  Gomd  pwmr | Bees Sl Goed  GmE aowD  Geen  ©OW  Gwmd 0o Geeon s e
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BIO-MASS VECTOR NO HARVEST

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 1595.201

/
) /
T( 5)= 4,000 / O 0 0 0 : 0
/
T( 4)= 3,000 / 76.3271 148,908 217.926 283.556 - 345,963
, / '
T( 3)= . 2.000 / 14,920 275.801 393,989 500,702 597,0uU2
/
T( 2)= 1.000 / 203.u432 377.4u48 526.212 653.301 761.790
/
T( 1)= 0. / 2u48.378 Bug8, L8Y 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 Write-up

The user is cautioned that all values taken on by TAU, fhe 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 tﬂe instan-
taneous fishing mortality rates for ages less than a given age at entry
equal to zero provided that a fishing mortality rate interval ends at
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;000., 10.0, the set of TPP's must also contain the values 2.0,
3.0,’4-0,...., 10.0; if TPP only contains the values 2.0 and 10.0 all
of the yield isopleth computations willd be carried out exactly 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" mode, the user enters the
following information on the teletype:

AEDIT

EDIT HERE

*BUILD_ _ _ _(job name)

1,000 !J0B

2,000 ILIMIT (TIME,2),(CORE,10)

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

4,000 !ASSIGN F:6,(DEVICE,LO)

5,000 !LOAD (EF,(FMBRIKR,345))
6,000 !RUN
7,000 !DATA

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

26,000 *"Ret"

*END

IBATCH (Jjob name)

ID = SUBMITTED (Time) (Date)

Restrictions: T, WT, G, TP, ANT, AM <89
TPP, F <400
AAM, TAU <20
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Program:
Programmer:

Reference:

Description:

BGC 2--von Bertalanffy Fit (FMVBRT, FMVBRTC)

N. J. Abramson, California Department of Fisheries and
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, Fish. Bull. 116. 69 pp.

k(t"to)) by Teast

This program fits the curve ]LJr =1 (l-e”
squares with weights proportional to sample size at each age
group. A constant time interval between ages is required,
but the number of Tengths in the age groups may be unequal.
Qutput provides estimates of Lm’ k, to and their standard
errors, fitted Tength, sample mean lengths and their

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 Togging

on and enteri

ng "Run FMBVBRTC. 345" when prompted by "!". 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" mode.

required:

In the former case, the following control cards are




1308 712, __ _ (User ID)

ILIMIT (TIME,2),(CORE,30)

IASSIGN F:5,(DEVICE,SI)

IASSIGN F:6,(DEVICE,LQ)

ILOAD (EF,(FMBVBRT,345))

IRUN

IDATA

Data 1input consists of the following:

Card No.
1.
2.
3.
. (+) plus
5. (+) plus

Description

Header card with alphameric information (20A4).

Variable format specifying configuration of Tength data,
Teft parenthesis in Column 1 (204A4),

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

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

with three decimal places understood (I2, 2F4.3).

Number of Tengths in each age group; beginning with the
first (2014). 1If 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 "batch" mode, the user enters the

following information on the teletype:

1EDIT

EDIT HERE

*BUILD_ _ _ _(Job name)

1,000 1J0B

2,000 ILIMIT (TIME,2),(CORE,30)
3,000 [!ASSIGN F:5,(DEVICE,SI).
4,000 !'ASSIGN F:6,(DEVICE,LO)
5,000 !LOAD (EF,(FMBVBRT,345)) -
6,000 {RUN

7,000 !DATA |
8,000 Data card images, input as pe% above format specifications.

(etc.)

18,000 "Ret."

*END
IBATCH (job name)
D= _ SUBMITTED (Time) (Date)

Restrictions: Number of age groups <30; number of Tengths

per age group <600.
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VON BERTALANFFY GROWTH IN LENGfﬁ CURVE

WGC IT SAMPLE PROBLEM TEST DECK

ESTIMATED‘PARAMETERS'AND STANDARD ERRORS

L INFINITY 'K , T SUB-ZERO
 ESTIMATES 1102.17 .190181 -2.3232

| STANDARD ERRORS 90.84 049441 574846

FITTED LENGTHS AND SAMPLE LENGTHS

"AGE FITTED LENGTH SAMPLE MEAN LENGTH S.E. OF SAMPLE MEAN  SAMPLE SIZE
L0 393,62 NO SAMPLE DATA FOR THIS AGE
.0 516.34 512.00 17.302 9
.0 617.80 . ©631.27 15.737 i1
.0 701.69 o 671.83 18.582 6
.0 771.04 770.56 9,982 9
.0 828.39 848.75 ‘ ‘ 11.747 8
0 875.81 , 869 .43 : 13.571 7
.0 915.01 ‘ 893.80 - o 17.028 5

8.0 947 .43 "978.50 . 14.500 2

' '3AMPLE DATA DEYOND AGE 8.0 NOT AVAILABLE : :

it

2

3
4
i
6
7

8
3

VARIANCE-COVARIANCE MATRIX

2 /

L INFINITY | K . T SUB-ZERO
L INFINITY .82519931404 - 44147856401 - 47356272402
K | - 44147856401 . 26443926202 .27619964-01
T SUB-ZERO - 47356272402 (27619964-01 . .33044840-00

STANDARD ERROR Of ESTIMATE-- 43,7393

PROGRAMMED BY BIOMETRICAL ANALYSIS UNIT. MRO. CALIF. FISH AND GAME, MAY, 1964--BGC II

BGC II SAMPLE PROBLEM TEST DECK
(11F4.,0) '
0210001000
000%0011000500020008000700050002
048005480503048505950497058304420475
06360688069906520662055405590668064505590622
065906450666066206370762 : . R
073508370777074807720790074907640763

g"08870843085808940841078708460834
.~ 08340844093408382039208390861

08550915094005050854
09930964
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Program: Virtual Population Analysis (FMBVPOPC, FMBMLP*)
Programmer: M. Parrack; National Marine Fisheries Service, Northeast
g | | Fisheries Center, Woods Hole, Massachusetts 02543
References Gulland, J. A. 1965. Estimation of mortality rates. Arctic
Fish.  Working Group Rept. ICES C.M. 9 p.
Pope, J. G. 1972. An investigation of the accuracy of
virtual population analysis using cohort anaiyses.
ICNAF Res. Bull. 9:65-74.
Description: This program allows estimation of initial population size
i (Ni) and instantaneous fishing mortality (Fi) for a given cohort in any
year 1, given catch at age data (Ci)’ a value(s) for instantaneous
natural mortality (M or Mi’ constant or age-specific) and an injtial
estimate of F for the oldest age (t) in which the year-class was fished

<Ft)' Using Fy, the equation

Ct = Nt i (l-e_(F’C+M)) (1)
Ft M ‘

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

substituted for Ni+1 in the equation

Ni+1 - (F1+M e :
Fi(lne -

]‘

- (F;+M) (2)
F1+M))

which is solved iteratively for Fi'

*RAMUS system
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The relation

is then used to obtain a population estimate for the preceding year (Ni)’

which is substituted back into (2) to obtain F._ ;, and so on.

This program also estimates the following for each year i:

5. = e (Fy™M)
1
u; = F (e,
.
E1 =Up S1 E'i+1
By = Fy (1-e” (Pt
FtM
K
T oc,
i1

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 programrmay be run on the WHOI system in interactive mode
by logging on and entering "RUN FMBVPOPC. 345" when prompted by "!".

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), Ser. 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 ') within two successive outer Toops
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 assumes' constant
fishing mortality over the fishable T1ife span with "knife-edge" selection,
and a value of 3.0 for b in the length-weight equation.

The formula is:

v, - Fwae"M(tpl-tp) g Qne'"K(tp"to) (l_e—(F+M+nK) (tk-tp'))
n=o F + M+ nK
where
YW = yjeld in weight
W_ = asymptotic weight
R =

number of recruits at age tp, that is, number entering -
the area where fishing is in progress and becoming

lTiable 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 = hypothetica]ltime at which the fish would have been
0 length according to the von Bertalanffy equation.
tp = age at recruitment, Z.e. age at which fish become liable
 to encounters with the gear (tr of Gulland)
tp' = age at entry to the exploited phase; corresponding to
50% on the mesh selection ogive (tC of Gulland)
tx = 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 "RUN FMBYPCTC. 345" when prompted by "!". The

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

p

tx’ k, ww, 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:

1J0B 712, _ _ _ _ (user ID)

ILIMIT (TIME, 2),(CORE,10)

IASSIGN F:5,(DEVICE,SI)
*IASSIGN F:6,(DEVICE,LO)

ILOAD (EF,(FMBYPCT,345))

IRUN

IDATA
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Data input consists of the following: -

No.

Card

1
2+

Data

Cols.

Cols.

Cols.

Cols.

Cols.

Cols.

Cols.

Cols.

Description

Header card with alphameric information.
Data cards, one for each set of yield values
(fsop1eths) desired. A blank card terminates

execution normally.

cards for Program FMBYPCT are punched as follows:

1-4

9-12

13-16

17-20

21-24

25-28

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 Tloop 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 tp'

(no decimal; two decimal places understood).
Highest age of entry to exploited phase tp’

(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 ‘to (F 5.3)

Cols. 42-44v | tp recruitment age (F 3.2)

Cols. 45-48 t, end of life span (F 4.2)

Cols. 49-52 K (F 4.3)

Cols. 53-59 W_ (F 7.2)

Cols. 60-66 R (Recruits at age tp) gF 7.0)

Cols. 67-80 Alphameric ID 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:

1EDIT

EDIT HERE

*BUILD_ _ _ _(Job name)

1,000 !J0B

2,000 !ILIMIT (TIME,2),(CORE,10)

3,000 IASSIGN F:5,(DEVICE,SI)

4,000 !ASSIGN F:6,(DEVICE,LO)

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

6,000 IRUN

7,000 [DATA

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

10,000 "Ret"

*END

IBATCH (Job name)

1D = SUBMITTED (Time) (Date)

28
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Program: COHORT (YO9CHRT) .

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 eéch time interval for a»given cohort. Intervals may vary in length and -
have o catches. Input consists of cafch at age data from ageAt 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 Toop 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 Tast set will
terminate the program normally. Each data set consists of the following cards:

1. A control card, giving:

a. Cols. 1-3 = ND = Number of data points (I3)
b. Col. 9 = NT = Time interval option (o-constant; l-variable) (I1}
c. Col. 12 = NM = Natural mortality option (o-constant;

l-variable) (I1)
d. Cols. 13-15

NDM = ?um?er of trial M values (or sets if variable)
I3

e. Cols. 16-18

it

NDF = Number of starting F values (I3)

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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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 NDM values or sets of vaTues,

each of which can contain NDF fishing mortality values.

Fishing mortality card(s). NDF starting F values (8F 10.0).
Note that the deck js arranged so that for a given natural
mortality value or set of values starting F fishing mortality

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

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

Control cards for running COHORT:

1JoB 712, _ _ _ _ (User ID)
ILIMIT (TIME,2),(CORE,10)
IASSIGN F:5,(DEVICE,SI)
IASSIGN F:6,(DEVICE,LO)
ILOAD (EF, (Y9CHRT,345)
'RUN
IDATA

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

information on the teletype:

1EDIT
EDIT HERE
*BUILD_ _ _ _(Job name)
1,000 Above control cards ("1J0B" only for statement 1)
¥
¥
¥
8,000 Data card images
etc.

*END
IBATCH (Job name)

Restrictions: Number of data points <1000

~ Number of starting F values <99
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ANALYSIS OF A CATCH CURVE PROGRAM

IDENTIFICATION

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

PURPOSE

The general problem of analyzing catch curves is discussed by Chapman and Fobson
(1960) 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 before using the
program. ‘

The program computes a number of statistical measures associated with a vector
e

of catch numbers N_, N., ... N, where N. = number of fish caught of (coded) age "j
Four options are available: J

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

OPTION 1  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% cpnfidence interval for mortality rate

OPTION 2 tests the hypothesis that the relative frequency in the 0O-age group as
compared to the older ages does not deviate significantly from the expected frequency
under Opticn 1 assumptions.

OPTION 2  Computes a chi-square statistic associated with the difference
_betwecen the hest estimate ancd Heinke's estimate. If this
statistic exceeds CHI (a chi-square value for cesired confidence
level) the catch numbers are recoded as follows:

Nl > N 0
——— J- Y

N2 >N 1
—cea '

N3 7 N 2

' SN

NI 21 I-1

and the above computations are made for the new vector
N ceo N7 .
0° I-1
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This test is repeated until the statistic is less than CHI, a
theoretical chi-square value with one degree-of -degree which
specifies the significance level of the test. CHI is entered
on a control card. If 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 OPTION 1 hold but it is not
pcssible to age fish whose coded ape 1is greater than "K'. OPTION 3 assumes that the
recorded relative frequencies are not reliable for fish 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 computed the same output. as
in OPTION 1 using the catch vector NO’ Nl’ cen NK’ m where
. m = NK+l + oo ¥+ NI’
OPTION 4 permits the user to subdivide the catch .curve into a number of
segments. 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 the program allows
the use of overlapping segments, i.e., one age group may appear in more than one
segment.

OPTION 4  computes the same output as OPTION 1, for each segment of the
R Bt i gt e, T T
aE S S T R CooEE CaroTTe
The estimate of sj, the survival rate for the .th segment of
the catch curve, is obtained by solving equatio% (lg)fof Chapman
and Robson (1860) by iteration. T = S B
INPUT R y=s THRTY S 3
The input common tc all options consists of: , _ _
'éﬂ\f‘ b Rluwo b o weds £ (I ¢ A

A

ot

Set 2 A set of cards for the catch vector punched according
to FGRMAT (€r8.0). The catch numbers N5 are punched
(with decimal point) in columns 1-8, 9-16, ..., 65-72.

Set 3 One parameter card specifying the option, age at full
\\\\ recruitment (AFR), CHI (OPTION 2, only), K+l (OPTION 3,

only) and identification punched according to PV@RMAT
(I1, F2.0, FG6.3, I, 6X,/0A¥). ‘

Sets 1 and 2 are identical for all options. The parameter card (SET 3) is
punched in the following manncr:

/fhg cptien is designated by a single digit number 1, 2, 3, or U punched in
{ column 1.
A
FE) \~@YR’isla 2-dipgit right adjusted number punched in columns 2 and 3.
:ﬁ\ ACHI is a 5-digit number (plus a decimal point), punched in columns -9,
p; K+l is a 4-digit ripht adjusted number (with no decimal point) punched in

columns 10-13.

The identification is any alpha-numerical information punched in
columns 20-70,

72
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OPTION 4 requires a fourth set of data which reads in the segments (i , i,),
(i,, i,) ... etc. according to F@RMAT (20I3). 1i. is a 3-digit right adjusSted
number (with no decimal point) punched in column3 1-3, i, is punched in
columns 4-6, ..., . 1i_ (p an odd number, hence the beginning of the segment
(i, 1 )) 1s always ap3—digit right adjusted number (with no decimal point)
pugche8+1n columns 3p-2 to 3p.

INPUT EXAMPLES Sample Data:

N = 118 I=39

0
N =73 AFR = 6

N, = 36 CHI = 3.84
N, = 30 o K¥l = b
N, = 25 (il, 12) = (0, 3)
N, = 21 (13, lu) = (2, W)
Ne = 16
N, = 14

. Ng = 10
Ng -1

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

OPTION 1

f’
CARD &
cols.

Set 2

CARD 1--No. of values (I2)

— > wmw d Gme  ©es  mee Se

[ P T I )

2O n o — — —

Option  AFR

[l L

IPENTITICATION

OPTION 2

Cards 1, 2, (Set 1) and 3 (Set

Option AFR

2 6

1 23

2) the same

IDENTIFICATION

HoA U L1 « e
20-70

e
A



OPTION 3 Cards 1, 2, (Set 1) and 3 (Set 2) the same.

Option AFTR CHI - K+l : IDENTIFICATION
CARD 3 3 _5 o ___ __. 4% HAUL1 ...
Set 3 cols. 1 2 3 4-9 10-13 20-70
OPTION U Cards 1, 2, (Set 1) and 3 (Set 2) the same.
. Option AFR _ ) IDENTIFICATION
cARDZ 4 _§ HAULL ...
Set 3 .} cols. 1 2 3 20-70
' i i i i
| CARD _ob  _o%  _0%2  _o%
Set U £ cols. 123 4 56 7 89 1 112

(Your data cards)

Chapman, D. C., and D. S. Robson. 1960. The analysis of a catch curve. Biometrics,
16: 35u4-368.

Robson, D. S., and D. G. Chapman. 1961. Catch curves and mortality rates. Trans.
Am. Fish. Soec., 90: 181-189.
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Control cards for running FRG 705:

1J0B 712, _ _ _(User ID)
ILIMIT (TIME,2),(CORE,10)
'ASSIGN F:5,(DEVICE,SI)
IASSIGN F:6,(DEVICE,LO)
'LOAD (EF,(Y9CTCV,345))
IRUN
IDATA

(Data deck)

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

1EDIT
EDIT HERE
*BUILD_ _ _ _(Job name)
1,000 Above control cards ("!JOB" only for statement 1)
¥
¥
4,
8,000 Data card images
etc.

*END
1BATCH (Job name)

Restrictions: T <99
0 <N, <9999.9
0 <AFR <99

Number of segments <10
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Identification

FR 731 -- FPgw YIFPOW

Programmed by Catherine Berude and Norman J. Abramson, California
Department of Fish and Game, Menlo Park, California

Introduction and Estimation Procedure

Analysis of variance as a method for estimating relative
fishing power was suggested by Robson (1966). FP@W utilizes
this method in estimating relative fishing power, relative
population density, approximatz 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 (1)

. .I..P.e..
ij i7ij 3713
. .th .. . . .th
where Cij is the catch of the i fishing treatment in the j
area-date stratum, a5 is the catchability coefficient of the ith
treatment, fi. is the amount of fishing effort expended by the

J = -
ith treatment in the j“h area-date, Pj is the average population

size in the jth area-date, and Eij is a log-normally distributed
random variable. The i treatments may be different vessels,
vessel types or their attributes (e.g. length, horsepower, ton-
nage) , gear typves or characteristics (e.g. gill nets, purse
seines, soak times, trawl fcotrope 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 a;
is constant, (2) the units of 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 a; + 1In ﬁj + 1n €ij

I

ln(Cij/fij)

which may be written as

Y,. = a. + B, + e'..
ij i Jj 1j

o~
o
~
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Equation (2) may be recognized 2s a linear two-factor analysis
of variance model where the E‘ij are assumed to be -~ N(O,gz).

If the oy and Bj were estimable one would have estimates of

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 modei
and obtain estimates of relative catchability——célled relative

fishing power, p.--and relative population density, D., where
i 34 y ;
Py = 4;/9g -

D. P./P
j J/ s

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

standard. Standardized fishing effort’ is obtained by

sj gpifij
such that Cj = quSij ;

the desired relation with a single catchability coefficient.

Re-parameterizing equation (2) we have

o
o

Yig = og + B+ (oy=al) + (By=B ) + e'50 o
— § ] L]
or Yij-u+ai+8j+eij (3)
where y = uS+BS, u'i = (ui»us), and B'j = (Bj—gs)

The design matrix for equation (3) is non-singular and the
parametexs \, a'i, and B'j are estimated by FP@W solving the
usual normal eguations.

Biased estimates of relative fishing power and relative

density are obtained as

and D . = a
R

78



where pg = 1 and DS = 1 by definition. The estimates are
biased since they are estimated as logarithms (see Laurent,
1963) . FPP¥W applies an approximate correction for bias ob-
tained from a Taylor series expansion of the estimate about
its true value. For example, if 6 is the desired parameter
and m is its log-estimate then

A
m m

A A "— 2 A- 3
bg=e =e + (m-m) ™ + (MM~ m  (m-m)° m

2~ 3r T

A A :
m-—-m m
i"le~e oo

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

+

neglects the terms higher than second order for m near m

m

a - 1 2,
E(GB)-. e + 50

~ = e °
m .

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

1 2 m
799 "¢
so an approximate unbiased estimate is
~ l',l'\l _ 1 A2

In terms of the parameters of FP@W

Pi

A -

fu
=t
(o))
(wih?
il

Bli - Var(é'j>/2)

FP@ZW computes approximate 95 % confidence intervals as

5= (071l 96x/Var(8') )

B e(@'jil.96x/Var(§'j) ) .

79

Al, ~ ; g {\‘
e® i(1 - var(a'.)/2) = = o o
l \'. i



Usage Notes

1G

2.

a)

b)

c)

The treatments (called B@ATS by FP@W) may be given any
numeric designation. However, FP@W will always select

the smallest numeric value as the standard.

The AREA-DATES also may be given any numeric designation.
FPgW will select as the standard that AREA-DATE with
the lowest numeric value in which the standard B@AT

first occurs.

Since the variances of the estimates include the variance
of the standard, that B@AT 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.

Each B@AT need not appear in every AREA-DATE and zero catch

observations may be entered. |

3.

Catch per unit effort vaiues are the data entered into the

program, but FP@W calls them CATCH.

4.

FP@W computes the expected catch per unit effort for the
standard B@AT 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 B@AT-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 manner of multiplying each B@AT effort by its

relative fishing power estimate, summing ﬁp 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 for 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 FP@W to examine interaction or al-
ternative designs, but its capacity is less than half that of
FP@W. SPSS may also be used.

Card Set

l. Title Card
cols. 1-80 Appears on each table.

2. Sub-title Card
cols. 1-80 " Appears only above data summary.

3. Control Card
cols. 1-3 YES if covariance matrix desired.
N7 otherwise--left justified.

cols. 5-7 YES if biased estimates also de-~
sired.
N@ otherwise-~left justified.

4. Data Input Card

)
Wt

cols. 1-80 Variable, format statement.

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

field one An o., where i=l...k treatments
(BZATS) .

field two A Bj' where j=1...n AREA-DATES.

field three A catch per unit effort.

6. Blank Card
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Control cards for FR 731:
1J0B 712, (User ID)
ILIMIT (TIME,3),(CORE,30) -
IPCL |
COPY Y9FPOW,345 to Y9FPOW
COPY Y9FPS1,345 to Y9FPS1
COPY Y9FPS2,345 to Y9FPS2
COPY Y9FPS3,345 to Y9FPS3
COPY YOFPS4,345 to YOFPS4
COPY Y9FPS5,345 to Y9FPS5H
COPY Y9FPS6,345 to YI9FPS6
END
1ASSIGN F:5,(DEVICE,SI)
IASSIGN F:6,(DEVICE,LO)
IASSIGN F:1,(FILE,FPOW1),(OUTIN)
IASSIGN F:2,(FILE,FPOW2),(OUTIN)
1LOAD (EF,(YOFPOW),(Y9FPS1),(Y9FPS2),(Y9FPS3),

(YOFPS4), (Y9FPS5),(Y9FPS6)),; /on !Load card/
! (BREF)

ITREE Y9FPOW-(Y9FPS1,Y9FPS2-(Y9FPS3,Y9FPS4,YSFPS5),YIFPS6)
!RUN
! DATA

To run Program FR 731 in "batch" mode, the user enters the
following information on the teletype:

1EDIT
EDIT HERE
*BUILD_ _ _ _(Job name)
ligggiAbove control cards ("!JOB"only for Statement 1)
v

¥
8,000 Data card images

etc.
*END
IBATCH (Job name)

Restrictions: Number of observations <2,000
Number of treatments + area dates <200
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PROGRAM: YQVBPD (VBPRED)

PROGRAMMER: V. Anthony, NMFS, NEFC, Woods Hole, Massachusetts 02543

This program computes 14 values at age according to the Von Bertalanffy
growth equation .

1 = La(1-e~K(t-to))M

given estimates of L., K, and t,. If desired, a weighted estimate of t,
can be computed, in which case 1¢ values are computed.using the weighted
ty, value. This Tatter option requires additional input in the form of
length at age data. Note also that the equation may be manipulated by
varying the exponent "M"; this should be set equal to 1(XM = 1.0) for
most applications.

The weighting procedure involves computing
to = (t + I/K(1p(1-14/;  ))*(1¢ = La)

for each age, summing these values over all ages, and dividing by the
sum of the weights (1, - L&).

The program reads a header card containing alphameric information
followed by as many data sets as desired. A blank card following the
last data set will terminate the program normally. Each data set
consists of the following cards:

1. A control card giving:

a. Col. 1 = TOE = weighted to option (0 - not computed; 1 - compute
weighted t, value)

b. Cols. 8-~10 = LL = no. of age intervals (I3)
c, Cols. 11-25

XLI = Lo(F15.0)

i

d. Cols., 26-40 = XK = K (F15.0)

e, Cols, 41-55

XT0 = to (F15.0)
f, Cols, 56-70

XM =M (1.0 for standard equation (F15.0)

i

g. Cols, 71-72 = SIGN (-1 for standard equation (F2.0)

2. (For TCE = 1 only) Variable format statement for length at age date,
age values +(I) to be read first (use F specification) (zZJA4)

3. (For TOE = 1 only) Age and length data punched according to the
variable format specification.

4, (For TOE = 1 only) Blank card.
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Control cards for Y9VBPD:

190B 712, _ _ _ _ (yser ID)

ILIMIT (TIME,2),(CORE,10)
IASSIGN F:5,(DEVICE,SI)
IASSIGN F:6,(DEVICE,LO)
ILOAD (EF,(Y9VBPD,345))
{RUN

IDATA

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

IEDIT \
EDIT HERE |
*BUILD _ _ _ _ (Job name)
1,000 Above control cards ("!JOB" only for statement 1)
¥
¥
¥
8,000 Data card images
etc.

*END
IBATCH (Job name)

Restrictions: As above.
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Program: YPER (Y9YPER)

Programmer: W. H. Lenarz, NMFS, SWFC, Ladolla, Cal.

References: Lenarz, W. H., W. W. Fox, Jdr., 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.0. Manual in Fisheries Science #4.

This program utilizes the modified form of the Beverton-Holt yield
equation (Gulland 1969: 110) to produce relative yield per recruit isopieths
for different E and C values where |

E

il

exploitation rate, F/p.y and
C = TC/]w s 1. being the mean selection length at age o=

Thus, C is the proportion of the total growth in length made befeore 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, tables of optimal length at first capture are produced 2t specifisd
I, 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 1ife span with

"knife-edge" selection and a value of 3.0 for b in the length-weicht equation.
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The equation is:

y' = E(l—c)M/K 5

Un(l-c)n

1+ nK/y (1-E)

where Y' = relative yield value independent of units

E

c=lep,

1

K

F/EM (instantaneous fishing and natural mortality coefficients)

coefficient of catabolism, and

Up = summation variable, using 1, -3, +3, -1 for

n=20,1, 2, 3, respectively

Y' may be converted to weight units (i.&. . am per recruit at age tp

(= tp) by multiplying by W.e

M(tr‘to)

and from this to absolute yield Y by

multiplying by R = number of recruits at age t,.. 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 cards following

the last data set will terminate the program normally. Cards are punched

as follows:

Card Column

1
2
1-5
6-10
11-15
16-20

Format
A
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

isapieins, {suggesi 0.00)
largest c-value on isopleth (suggest 1.0)

Step size for c-values on isopleths
(suggest 0.02)



Card Column

21-22

23-24

25-26

Format

F

6F10.0

10F6.0

10F6.0
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Description

Number of different M/y values for
optimum length tables (<10)

Number of different E values for
optimum length tables (<10)

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 Le

M/K card; M/K values for
optimum length tables

P

E card; E values for optimum
length tables
\

|
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Control cards for Program YPER: )

1JoB 712, _ _ _ _ (User ID)
ILIMIT (TIME,2),(CORE,10)
IASSIGN F:5,(DEVICE, SI)
IASSIGN F:6,(DEVICE,LO)
'LOAD (EF,(Y9YPER,345))
IRUN

IDATA

To run Program YPER (Data deck) in "batch" mode, the user enters
the following information on the teletype:

1EDIT
EDIT HERE
*BUILD _ _  _ (Job name)

1,000 Above control cards ("!JOB" only for statement 1)

¥
¥
¥

8,000 [3ta card images
etc.
*END
IBATCH (Job name)

Restrictions: As above.
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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. 0. 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
isopleths. The program accepts up to 50 values of F and tp' (age at entry
to the exploited phase); the yield, Y,, is evaluated at each pair of F
and tp' to produce each coordinate. The model assumes constant fishing
mortality over the fishable 1ife span; it allows for a b value of other
than 3.0 from the length-weight equation.

The formula is
_ 1=¢ - b
vy = Rieitpto) grcy-o o7 (Mol )2 gy
0
Modified to

_ M(t,-t -
Yy = R, e ( p 0) g (1-¢)79 Bi.c (mtg, b+1)

by expressing the integral as an incomplete beta function.

Here g=Fy
m = My
1-c = e~K{tp'-ty)
y = eK(t-to)
Y, = yield in weight

=
8
1

asymptotic weight
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tp = age at recruitment.

tp' = age at entry to the exploited phase

ty = hypothetical age of zero Tength

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 Tlimit of integration must be calculated.

This is given by
s = e-K(ty-to) ‘
where t, = end of the fishable 1ife 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

Cols. 1-8 Initial value of F (FO)

Cols. 9-16 Initial value of tp' (TPPO)

Cols. 17-24 Final value of F (RANGE)

Cols. 25-32 Final value of tp‘ (UPPER)

Cols. 33-40 Increment in F (FDELT)

Cols. 41-48 Increment in tp' (DELTAT)

Cols. 49-56 b-length-weicht exponent (DCLTA)

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.

Cols. 1-8 R-number of recruits at tp (R)
Cols. 9-16 W_-asymptotic weight (W)

Cols. 17-24 M - instantaneous natural mortality (AM)

Cols. 25-32 K -coefficient of catabolism (AK)
Cols. 33-40 t, -age at recruitment (TP)
Cols. 41-48 t, - age at o length (T0)
Cols. 49-56 t, - maximum age (T LAMBA)

Cols. 57-64 S - initial limit of integration (XINTO)
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Control cards for FRG 701:
1J0B 712, _ _v_ _ (User 1ID)
ILIMIT (TIME, 2),(CORE,10)
IASSIGN F:5,(DEVICE,SI)
IASSIGN F:6,(DEVICE,LO)
ILOAD (EF, (Y9YPIB,345))
IRUN
IDATA
To run Program FRG 701 (Data deck) in "batch" mode, the user enters
the following information on the teletype:
JEDIT
EDIT HERE
*BUILD_ _ _ _ (Job name)
1,000 Above control cards ("1J0B" only for statement 1)
¥
¥
¥
8,000 Data card images
etc.
*END
IBATCH (Job name)

Restrictions: Number of F and tp' 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)
After dialing the number, a high-pitched tone will be heard; at
this time place the telephone handset in the terminal acoustic coupler.
"User ID" 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." Enter the program name of the file.
The response will be "ready." Then punch in "run."
The following instructions are used to access the WHOI system:
1. Terminal settings.
Speed = 10 or 30
Duplex = full
Parity = none
2. Dial the number for the system: Black phone Blue phone Speed

540-3745 61 10 cps
540-3612 63 30 cps

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 the "break" key.

“Log on please" is then typed; at this point type the account number
and your user ID number. The response will be an exclamation point;
at this point type "Run" and the file name.
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