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ABSTRACT

Rivard, D. 1980. APL programs for stock assessment. Can. Tech.
Rep. Fish. Aquat, Sci. 953: 103 p.

This technical report supplies basic information on FISH, an
APL-Package designed to provide assistance in stock assessment. The
Package encompasses APL-functions for sequential population analysis,
yield-per~recruit analysis and catch projections, and can also be
used to determine the "sensitivity" of the calculated quantities with
respect to certaln parameters of interest in management., The calculations
of the cohort analysis are extended so as to provide estimates of the
surplus production and net production from a given stock. A new method
is introduced for estimating survivors in the current year: the method
combines catch-at-age data and the research vessel abundance index-at-age,
and produces estimates of survivors in the current year, as well as
estimates of the corresponding variances. Each APL-function is discussed,
its use is explained and the description is accompanied by numerical
examples.

Key words: stock assessment, sequentlal population analysils, cohort
analysis, yield-per-recruit analysis, sensitivity analysis,
surplus production, fisheries management.

RESUME

Rivard, D. 1980. APL programs for stock assessment. Can. Tech.
Rep. Fish. Aquat. Sci. 953: 103 p.

Nous présentons, dans ce rapport technlique, la documentation de base
pour FISH, une banque de programmes écrits en APL pour assilster le
biologiste lors de l'évaluation des stocks. Cette série de programmes
permet l'analyse séquentielle des populations, l'analyse de la production
par recrue et la projection des prises; elle peut aussi &tre utilisée pour
évaluer la "sensltivité" des valeurs ainsi calculées quant & certains
paramétres qui suscitent un intér@t particulier pour la gestion des péches.
L'analyse de cohorte est &tendue pour produire une estimation de la
production excédentaire et de la production nette pour un stock donnd.

Une nouvelle méthode est introduite pour &valuer le nombre de survivants
d la fin de 1'année courante: cette méthode utilise les données de
distribution des prises par groupe d'age, ainsi qu'un indice d'abondance
par groupe d'age &tabli & partir des bateaux de recherche, et &value le
nombre de survivants pour l'année courante, ainsi que la variance
correspondante. Chacun des programmes est discuté; son mode d'utilisation
est exposé et s'accompagne d'exemples numériques.

Mots~clés: évaluation des stocks, analyse séquentielle des populations,
production par recrue, analyse de cohorte, analyse de
sensitivité, production excédentaire, gestion des péches,



Introduction.

This document gathers basic information on
FISH, an APL-package designed to provide
assistance in stock assessment. It describes
APL-functions which can be used to perform
sequential population analysis, yleld~per-
recrult analyses and catch projections. All
functions are designed to be used interactively:
the user 1s prompted to input data, the
appropriate checks are immediately performed and
error~ or warning~messages are printed to assist
the user in the execution of a function.

This software is based on APL-functions
written in the Resource Branch, Maritimes
Region, by various members of the Fisheries
Systems and Data Processing Group. The original
functions have been described by W,H. Marshall,
in CAFSAC Research Document 78/12, Original
functions have been modified by Rivard and
Doubleday (197%9a) so as to include a sensitivity
analysis in certain population parameters. That
revision included also a revision of the method
which is used to determine Fy,y, and Fg,1 in the
yield-per~recruit analysis and the introduction
of a new function for the calculation of yield-
per-recruit by the method of Beverton and Holt.

In the present report, the information has
been updated to accomodate the latest
modifications brought to the package. The major
modifications include a new function for the
evaluation of total and net production from the
cohort analysis, the introduction of a new
method for the estimation of survivors in a
gilven year from catch-at-age data and from age~
gspecific research indices, as well as new
functions to calculate weighted and unweighted
fishing mortalities and to analyse catch rates.
Since the number of new functions has increased
considerably in the last year, it has been
necessary to use the file system in order to
avoid the multiplication of workspaces. A series
of utility~-functions have been wriltten to
retrieve the desired functions and to assist the
user in preparing his active workspace.

Finally, we would like to thank A. Boudriault
and C. Clements, who contributed to the
development of the APL~functions.

General Instructions,

The workspace 2719067 FISH contains the
utility~functions needed to access the APL-
functions degcribed herein. These functions are
currently implemented on the I,P, Sharp Time-
Sharing System in Toronto., The sign on
procedure for the Sharp APL System is described
in "An Introduction to Sharp APL", from I.P.
Sharp Assoc. Ltd* (see also Appendix B).

In order to load the workspace FISH, type
JLOAD 2719067 FISH

You can now access any of the APL-~functions
described herein by typing

FILEAFETCH '2719067 file name'

where file name is one of the file names listed
in Table I. Note that one file usually contains
more than one APL-function and that all APL~-
functions stored in a given file are activated
when the FILEAFETCH command is executed. Then
in order to execute the desired APL~function,
type in the name of the function. You will be
prompted by a message which indicates the type
of data to be entered. As you input data, proper
checks are performed to ensure that you enter
data in an acceptable format, The verifications
performed by the program concern the length of
input vectors and the range of acceptability of
certain values, When the workspace FISH is
loaded, a page width of 120 characters is
automatically defined. If a smaller or larger
page width is desired, simply type in

OPWexxxx

where xxxx is the maximum number of characters
per line,

If you want to abort, for some reason, the
execution of a function after you have been
prompted to input characters, you have to
depress the following keys:

0 BACKSPACE
U BACKSPACE
T BACKSPACE

In order to escape from an input loop after you
have been prompted to input numeric data, you
have to type in ~ . Finally, you can terminate
your APL session by typing

)OFF

The compuﬁer will respond by the usual sign
off messages and you can hang up and turn off
your terminal,

A "sensitivity analysis' represents a way
to quantify the magnitude of the change in the
response, say h, of a given system due to small
perturbations in the values of its parameters.

*I,p, Sharp Associates Limited, Suite 1400, 145 King Street West, Toronto, Ontario. M5H 1J8



File name

APL~functions stored in this file

COHORT VPA FFULR GRAPHAPRODUCTION GRAPHANETAPROD

PFAYIELD YIELD YIE BEVHOLT
PFAPROJECT MPROJECT MPROJ MPROJOUT CALCC
PFAPROD

MEANF WEIGHTEDAFMORT
PFAPALOHEIM PALOHEIMO
PFAVONB VONB AFN
PFASURVIVOR

SURVIVOR SURVIVORAINT KACONST ESTASURVIVORS ESTAVARASURV

WELIGHTEDAS DIAGASUM ANALAVAR

Workspace FISH

DAT HEADER BELL BECOMES INPUTAMAT FILEAFETCH FETCHAONLY

QUT RESETAINDICES AAPLUS PRANOASMOOTH TABLE PAGRAPHICS

Table‘I. List of file names and description of file components.

In this APL-package, a sensitivity analysis can
be performed on certain parameters of interest
in management.

In their simplest form, sensitivity
coefficients are calculated by taking the first
partial derivative of a dependent variable with
respect to a parameter. In other words, if a
mathematical model is given by h(by, by, ...)
where the b, are the parameters, the sensitivity
of h with réspect to a parameter bi is calculated
as

X, = ®h/ 3by . [1]

In practice, X, is often approximated as

- h(bi + 8 ) - h(bi)
Xi - s s [2]

where § is a small quantity (e.g. & = 0.001)
which represents a small perturbatiom of the
parameter. For our purposes, it is convenilent
to define a different coefficient which 1s less
influenced by the order of magnitude of both
the dependent variable, h, and the parameters,
b;.

Relative sensitivity coefficients. Let d be
a small relative change in the deterministic
value b; of one parameter, then the perturbed

i
value of the parameter can be written as

b! = b, +db, = by(l+d) . [3]

Note that (db;) represents the small perturbation
which is applied to bj, while the quantity d is
really an expression which indicates the
magnitude of the relative change in the parameter
value (d = (Aby)/by ). Also the change in the

regsponse of the dependent variable h which is
caused by the small perturbation of the
parameter by can be expressed as

Ah = h(b; + dby) - h(by) . [4]

The relative change in the response of the
dependent variable h can simply be expressed as
Ah/h. We will now write the relative sensitivity
coefficients as

9 h by

Therefore XX, represents the ratio of the
relative changes of the dependent variable h to
a given relative change in the parameter by.
Note that the relative sensitivities are pure
numbers (i.e. no units can be attributed to
them) .

Analysis of relative sensitivities. The
relative sensitivities can be used to analyse
the response of our model to small perturbations
of the parameters. A negative value for XXy
indicates that a decrease {increase) of the
parameter value will give rise to an increase
(decrease) of the dependent variable h. On the
contrary, a positive sign indicates that an
increase {(decrease) of the parameter value will
give rise to an increase (decrease) of the
dependent variable h, A value of zero for XXj
indicates that the dependent variable is not
influenced by the changes in the value of the
parameter by. A value of one (1) for !XXi[
indicates that a 1% change in the parameter
value is accompanied by a 17 change in the output
variable h. This correspondence is approximately
true for small changes of the parameter value.




For larger changes of the parameter value, the Notation,

exactitude of this correspondence depends upon

the degree of nonlinearity of the model. In order to avoid confusion between time-
Similarly, a value between 0 and 1 for }xxil intervals and a reference point in time, the
indicates that the relative change in the following notation is used when specifying
calculated variable is amaller than the subscripts: greek letters are used to identify
relative change in the parameter. A value time-intervals while roman letters are used to
greater than 1 for ]XXil indicates that the identify a reference point in time. For
relative change in the output variable is example, 1 and t will refer to a given age and
greater than the relative change in the a given time, respectively, while 1 and t will
parameter, For example, 1XX1| = 2 indicates refer to the intervals between age 1 and age
that a 1% change in the parameter value gives i+1, and between time t and time t+l,

a 2% change in the dependent variable h, Here respectively.

again, this correspondence is approximately
true for small changes of the parameter value,

When the relative sensitivities are
calculated for the different parameters, we can
draw certain conclusions regarding the relative
importance of each parameter on the response or
output of the model. A plot of the changes in
the sensitivities, which changes can be observed
when different values of the parameters are
considered, would also provide a set of
conditions upon which the response of the model
h is highly dependent upon a given parameter,

Calculation of relative sensitivities, In
our APL-programs, the relative sensitivities
are approximated by finite difference (one-
sided difference method). In fact, the relative
sensitivities are calculated from equation [5],
by using d = 0.001

Sensitivity coefficients can be calculated
for each parameter which 1s entered as input
data. In many instances, however, the input
information is taking the form of a vector.
Partial recruitment figures, age-specific
weights and natural mortalities are examples of
such vectors. In those cases, sensitivitles are
calculated by assuming a small relative
perturbation for each element of the input
vector, For example, glven a vector e, ez] .
the relative sensitivities are calculated as

h([e1+de1 e2+de2]) - h([el ez})
h d

J[e]

XX

The extension to higher dimensions is straight
forward. This procedure permits an assessment
of the global effect of the input information
on the response of the model and eliminates the
effects of the order of magnitude of each element
of the vector on the sensitivities. Even though
this procedure does not permit to assess the
sensitivity associlated with each element of the
input vector, 1t does provide information on
the relative importance of this input vector
with respect to other parameters in controlling
the response of the model.




DESCRIPTION OF APL FUNCTIONS.



1.0tility Functions.

The following functions have been written
to assist the user in preparing the data
before executing certain APL-functions. For
example, the functions VPA, COHORT and PALOHEIMO
require that a matrix of data be created before
calling these functions, The functlons
INPUTAMAT and BECOMES have been written to
prepare and to update such matrices. Other
utility functions are also avallable to output
vectors or matrices with the appropriate
heading., All utility functions described herein
are kept in workspace 2719067 FISH,

Input-Output Functions.

INPUTAMAT

The function INPUTAMAT 1s used to create
a matrix of data. The user is prompted to enter
data column~wise. Checks are performed at each
step so as to ensure that entries are non-
negative and that the dimensions of each
vector agree with the dimensions of the initilal
vector. The resulting data-matrix, which is
stored in the global variable MAT, is printed
in output.

In order to enter the function, type in
INPUTAMAT. Then you will be prompted for input
as follows:

ENTER FIRST YEAR AND YOUNGEST AGE-GROUP?

-enter two numbers representing the first
year and the youngest age-group for your data-
matrix, These values are used for headings only;
dummy values, say 1 1, may be used if desired.

ERRORS: =-you must enter two non-negative
integers.

ENTER AGE-SPECIFIC DATA FOR EACH YEAR (ONE YEAR
PER LINE), STARTING WITH YOUNGEST AGE.
TERMINATE ENTRY WITH A SCALAR AFTER NEXT PROMPT.

-enter one vector of data for each column
of the matrix, Each vector entered is followed
by a "CARRIAGE RETURN'. Then wait for the
prompt-signal before entering the next vector.
When the last vector has been entered, depress
the 'CARRIAGE RETURN' key, wait for the prompt-
signal and type in a scalar (say 1), followed
by a 'CARRIAGE RETURN'.

ERRORS: ~-dimensions must agree with the
first vector entered;
-all entries must be non-negative.

ALIGN PAPER
~adjust paper for printing the data-matrix
and depress the 'CARRIAGE RETURN' key to start.

The data-matrix will be printed at your
terminal, with a short message indicating that
the data is stored in the global variable MAT.
You can now assign a name to the matrix, say
NAME, by typing

NAME«MAT

You must assign a name to your newly created
matrix 1f you are planning to create other
matrices through INPUTAMAT. Otherwise, the
information which is kept in MAT will be
overwritten,

AA YY BECOMES XXXX

The diadic function BECOMES 1is used to
correct erroneous entries of the matrix MAT. The
user identifies the erroneous entry by specifying
the age-group (AA) and the year (YY); he then
assigns a new value (XXXX) to this location.

ERRORS: ~indices must refer to an existing
entry of the matrix MAT;
~the new value XXXX must be non-
negative,

RESETAINDICES MMMM

The monadic function RESETAINDICES is used
to reset the indices of a matrix MMMM before
using the output function OUT. The user is
prompted to input the following information:

ENTER FIRST YEAR AND YOUNGEST AGE-~GROUP.

~enter two numbers representing the first
year and the youngest age-group for your data
matrix MMMM.

ERRORS: -you must enter two non-negative
numbers.,

The function RESETAINDICES will assign the
proper values to the global variables YR and AG,
which variables are used by OUT for producing
the proper labels in output,

xe OUT nmmmm

The diadic function OUT is used to output
the matrix or the vector mmmm with xx decimal
digits. Prior to using the function OUT, it may
be necessary to define the variables YR and AG
by using the function RESETAINDICES (YR and AG
are defined during the execution of COHORT,
INPUTAMAT, VPA or MPROJECT; if these functioms
have been executed , it is not necessary to
redefine YR and AG through the use of the
function RESETAINDICES). In addition, you can
assign a title to the output table by typing

TIT«'any title for the table'

The matrix mmmm 1s printed with a format which
considers the page width, the number of digits
before the decimal point and the sign of any
element of the matrix or vector. The current
date is also printed in a standard format.



BELL

The function BELL 1s used to turn off the
bell signal. But note that the bell signal is
re-activated when an error is encountered. In
order to turn off the bell signal again, simply
type BELL.

(a,b) AAPLUS mmmm

The diadic function AAPLUS 1s used to sum
the values contained in a given matrix nmmm,
from age-group a to the oldest age-group
represented in the matrix. The value b 1s used
to indicate that the summation is to be taken
b-a+l times, i.e. for each age-group between
a and b. For example, if g=3 and b=5, the
function AAPLUS will calculate, when applied to
the matrix of population numbers, the 3+, 4+
and 5+ (respectively) in the population, for
every year specified in the matrix of population
numbers. The results are printed in output and
take the form of a vector, when a=b, or of a
matrix, when b>a.

The function AAPLUS 1is often used in
conjunction with the function OUT for printing
totals on the bottom line of a given table.
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A AN EXAMPLE

INPUT AMAT
ENTER FIRST YEAR AND YOUNGEST AGE GROUP

BH
1965 2 )
ENTER AGE-SPECIFIC DATA FOR EACH YEAR(ONE YEAR PER LINE), STARTING WITH YOUNGEST AGE.

TERMINATE ENTRY WITH A SCALAR AFTER NEXT PROMPT

i

337 144 61 26 11 5 &4
[1:

i04 115 63 30 14 6 2
[1:

69 107 73 32
MUST BE NON-NEGATIVE AND DIMENSIONS MUST ACGRFE WITH FIRST VECTOR
1

69 107 73 32 14 6 3
s

69 111 109 60 25 10 4
0O:

69 111 113 89 48 18 7
0

1
ALIGN PAPER

DATA STORED IN MAT 2S8/11/79

| 1965 1966 1967 1968 1969
o - - - - -
| 337 104 69 69 69
| 14 115 107 111 111
| 61 63 73 109 113
| 26 30 32 60 89
| 11 14 14 25 48
{ 5 6 6 10 18
| N 2 3 n 7

WO, E W

3 2100 BECOMES 104
INDICES MUST BF PRESENT IN MATRIX. FORMAT IS5: AGE YFEAR BECOMES NUMBER

3 1966 BECOMES 110
8 1968 BECOMES ©
2 1969 BECOMES 114

CATCHMATRIX+MAT
TIT«'CATCH MATRIX'
0 OUT CATCHOMATRIX

CATCH MATRIX 29/11/7%

| 1965 1966 1967 1958 19569
-——
| 337 104 69 69 114
| 1u4 110 107 111 111
j 61 63 73 109 113
| 26 30 32 60 89
| 11 14 14 25 48
| 5 6 6 10 18
j I 2 3 ) 7

WU E WN



0 OUT CATCHAMATRIX,[1] (2,4) AAPLUS CATCHAMATRIX
CATCH MATRIX 8/ 6/80

| 1965 1966 1967 1968 1969
L Y X L T Y A e 2 Y
2 | 337 104 69 69 114
} o o1sy 110 107 111 111
| 61 63 73 109 113
| 26 30 32 80 89
] 11 14 14 25 48
| 5 6 6 10 18
] i 2 3 6 7
- o e s e o g e o g e B e e o e b
2+] 588 329 3704 392 590
3+| 251 225 235 321 386
y+] 107 115 128 2103 275

@O E W

(2,2) AMPLUS CATCHAMATRIX
588 329 304 3997 590

2 3 AAPLUS CATCHAMATRIX
588 329 304 390 500
251 225 235 321 386

RESETAINDICES CATCHMMATRIX
SNTER FIRST YEAR AND YOUNGEST AGE GROUP
1970 6

TIT«'NEW CATCH MATRIX'

0 OUT CATCHAMATRIX
NEW CATCH MATRIX 29/11/79

| 1970 1971 1972 1973 1974
Rk e S g
6 | 337 104 69 69 114
701 144 110 107 111 111
81 61 63 73 109 113
9 | 26 30 32 B0 8%
0 | 11 14 1y 25 48
1 5 6 6 10 18
2 | y 2 3 6 7



2. Sequential Population Analysis by Cohort Analysis (COHORT).

This program calculates population numbers
at age and the instantaneous rate of fishing
mortality at age by using the method of cohort
analysis described in Pope (1972). In other
words, given historical informationm on catch-at-
age and given an estimate of the instantaneous
rate of natural mortality as well as an
estimate of instantaneous fishing mortality for
the last year of historical catch and for the
last age-groups, the program reconstructs the
age~composition of the stock and estimates the
corresponding rates of fishing mortality for a
specified number of years. In addition, the
program calculates sensitivity coefficients for
population numbers and for instantaneous
fishing mortalities with respect to both natural
mortality and initial fishing mortalities.
Sensitivity coefficients are also calculated for
the estimated number of recrults with respect
to individual catches.

If information on welght-at-age is
available, the program also calculates surplus
and net production from the stock. Production
is assumed to have two components: an exogenous
component, recrultment, and an endogenous
component, production due to somatic growth.
Annual net production is calculated as the
total production diminished by the losses of
biomass due to fishing and natural deaths.

In addition to the above-mentioned
information, the program calculates the mean
age and the mean weight of individuals in the
catch,

Input Information

The input information required by COHORT
consists of:

to : first year of prediction;

tf : final year of prediction;

b : age of youngest age-~group;

m : age of oldest age-group;

C : catch between time t and t+l
1T and for age i to i+l. Note that

t refers to the period t, t+l,
while 1 refers to age-interval
i, i+1.

¥ : (1 b, ..., m) : the instantaneous
rate of fishing mortality for

each age-category in the final

year (tg).

(t = Egs surs tf) : the
instantaneous rate of fishing
mortality for the oldest age=group
in each year.

({1 = b, ..., m) t the instantaneous
rate of natural mortality for age 1
(those are assumed to be constant
for all years considered).

SNCIE S N R TR
weight-at-age, expressed in
kilograms. Those are required only
when population biomass is to be
calculated (and production). The
welghts are taken as mid-year
estimates.

W
145, t45

Algorithm,

The calculations are performed in the
following manner:

Population numbers: Ni t
The program calculates population numbers
by using three different equations.

A) for the first (m-b-1) age—groups in the final
year (i.e. for 1 = b, ..., m-L and t = t ),
the Ni ¢ are calculated as £

H

B ~Zy1, T
Niep = Oyt Zyrg /P (1-e £y [2.1]
where

B) for the oldest age-group in each year (i.e.
for 1 = m and t = t;, ..., tg), the population
numbers are calculated as [?.lj if fishing is
not complete for the oldest age~group and as

[2.2]

Nm,t ® Cu,T Zu,T / Fu,r 4

if the fishing is complete for the oldest
age-group.

Fishing is considered to be incomplete if
the last row of the catch table {(i.e.
corresponding to the oldest age-group)
includes only the catches from the oldest
age-group but not the catches of older fish
from the same cohort. If the catches of
older fish have been added to the last row
of the catch table or if there are no older
fish, then fishing should be considered to
be complete.

Note that p refers to the age-interval m,m+l, while Tg refers to the time-interval teytp+ls



C) for the remainder of the table (i.e. for i =
b, ..., m=1 and t = tg, ..., tg-1),
population numbers are calculated by using
the approximation

M, /2 M
N = CI,T e + Nyrp,ee1 © . {2.3]

Finally, the total population numbers are
calculated for each year as

m
Nee = 1 Nye (8=t vy £, [2.4]
1=b

Population biomass: By ¢ o
1

An 'average biomass' estimate and an esti-
mate for 'population biomass at the beginning
of the year' are calculated from the estimated
population numbers and from the welght-at-age
data, The 'average biomass' 1s calculated as

= ‘Zt,r)

By,¢ = Wis,5,e4,5 Ny ¢ (1 - e / Lyt

Population biomass at the beginning of the year
is calculated as

Bie = Wie Niye )

where wi,t represents welght-at-age corrected
to the beginning of the year. The Wy  are
approximated by

. (In Wi-,5,¢-,5 + In Wis 5 t+,5)/2
e

i,t

For t = ty and 1 = b, the wi’t are approximated
by the relationship

Wy, = o 2 In Wiv 5,¢4.5 = 1n Wipg,ee1)

For t = tg+l and 1 = m+1l, the weights are
approximated by the equation

(2 In Wi:,5,t+,5 = 1In Wi ¢)
Wisl, 41 = © +e3ytee5 't

Catch blomassg: Y

1,T

Yi,0 = Wis5,e+.5 Gt .

- 10 -

Mean weight of individuals in catch: W,

Ve = 1Y o /] C oy .
1 1

Mean age of individuals in catch: I}

i = % 1 G0 /] Cipe ;
1

Production over T.

For each age-group, total production
between t and t+l (or say over a period T)
is evaluated from the summation of:

1)the observed change in biomass between
t and t+1l:

-Z1,T )
BBy,r = Ni,t (W{+1,¢+1 e - Wi, ¢) H

2)the loss of blomass through natural
mortality: )

’Zl,T) .

3

> Wie,5,e+.5 Vi, ¢ (1-e
1,7

2
3)the loss of biomass through fishing
mortality: YI’T .

Since a number of cohorts exist simultaneously
in the exploited population, total production
over t can be evaluated from

la-]
i

o1 = Bp,et Gt

= Bp,¢ * ) OBy, ¢+ ) Dy, + ) Yi,1
1 1 1

where Bp,t is the recruiltment (expressed in
blomass units) entering the exploited population
at the beginning of the period t (exogenous
component) and G.,T is the increase of biomass
due to growth only (endogenous component)?*, The
net production can now be calculated as

% _ pii
P-,T - P.,T - Z YI,T ’
1
where P¥* | or 'surplus production', is defined

* 5

as

.
T Pov - ) Dyt .
1

Surplus production is thus defined as the excess
of recruitment and growth over the loss of
biomass through natural deaths,

*Wote that the program also caleulates the distribution of the growth component over the different
age~groups from the evaluation of (Gt,r / G.,1) % 100, where Gyt = ABy 1 + Dy, + Yy,7 «

See Rivard, 1980.
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Production/Biomass ratio.

The production per unit biomass is calculated
for each year as

b/ 15,
1

Fishing mortalities,

Age~specific rates of fishing mortality are
calculated for each year (i.e, for i = b,

ey

m-1 and t = tg, ..., tf—l) as
N
Fio = o |28 | on L [2.5]
’ Ny+1,t+1

Note that the instantaneous rates of fishing
mortality are provided as input data for each
age=-group in the final year and for the oldest
age—group in each year.

An indication of the overall fishing
mortality is obtained by calculating the
following weighted F:

Foos ] (Ni,t Fooo/ ) Nie o o

The summation is taken over the fully recruited
ages only. The weighted F is calculated for

each year t of the cohort analysis and appears
on the bottom line of the table for age~-specific
fishing mortalities.

Sensitivity coefficients.

The sensitivity coefficients are calculated
for the population numbers and for the
instantaneous fishing mortalities with respect
to each parameter. Since the input parameters
are elther vectors or matrices, the sensitivities
are approximated by consldering the changes in
the response of calculated quantities to small
relative perturbations for each element of the
input vectors (or matrices).

However, when we perturb simultaneously
each element of the catch matrix, the relative
sensitivities of Ny , with respect to the
catch matrix take the value of 1.00 . In other
words, if we increase simultaneously all catch
values by 1%, we also expect all Ny ¢ to
increase by 1%. In addition, the relative
sensitivities of the instantaneous fishing
mortalities with respect to the catch matrix are
taking the value of zero. This null value
indicates that any systematic perturbation of
the catch matrix will not influence our
estimation of the instantaneous fishing
mortalities. Since the above-mentioned results
are constant for any catch matrix, these
sensitivities are not calculated by the
function COHORT.

For the population numbers (Ni,t) and the
fishing mortalities (Fl’T), the sensitivities
are approximated by considering a small
relative perturbation for each element of the
vectors

[ Fi,1g J 5 1=b, vuym

[Fu,r ]
and

(v ] 5 i=b, cym :

Finally, we perform a sensitivity analysis for
Np,t and Ny ¢, with respect to individual
entries of the catch matrix. The sensitivities
of the estimated population numbers at age b
are particularly important for the assessment
of future recruitment to the stock. Here, the
matrix of sensitivities is formed in the
following manner:

1) for each element in the top row of the
matrix of population numbers, i.e. for
t = ty, ...y tf, we calculate the relative
sensitivities as

3 Nb,t
, L aCb+k,'r+k

Cb+k,r+k
Ny

XNk+l,c—to+k+l g

where k = 0, ..., (tf—t—l);

2) for the last (m-b-1) elements of the first
column of the matrix of population numbers,
i.e, for 1 = b+l, ..., m, we calculate the
relative sensitivities as

3 N

™ C1+k,ro+k i,tg
i-bk+1,k+l ———
Vi,t, 9C ik, Tyek
where k = 0, ..., (m=i-1) .

Overall sensitivity of recruitment to parameters.

In order to assess the effect of
simultaneous perturbations of initial parameter
values on the calculation of recruitment, we
define the following index, which is calculated
for each year:

2 . 2
I g (XRt,e) :

where XRt,e is the relative sensitivity of
recruitment to parameter 6 in a given year t.
This index provides information on the overall
sensitivity of the calculated recruitment in
consecutive years with respect to initial
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parameter values., The square root of this index
provides an approximation of the overall
relative change which can be registered for the
calculated recruitment when small perturbations
are applied simultaneously to each parameter
(see Rivard and Doubleday, 1979b). The vector

I, (¢ = Cos vses ) is printed in output under
the heading 'Overall sensitivity of
recruitment'.

We also define an index I which gives
insight on the overall importance of input
parameters for the evaluation of recruitment in
different species or in different stocks. This
index 1s calculated as

ST SR S

sp nb of years e t
The calculated value for I is printed in
output under the heading 'Sgerall Sensivitity
Index'.

Input format.

In order to initiate the program, type
COHORT. Then you will be prompted for input as
follows: [note that a catch matrix (C1 S
by, veoy M} £ = £, ..., tg) must be ?
created before entering the function]

NAME OF CATCH MATRIX?...
-enter the name of the catch matrix.

ERRORS: —~the name entered must represent an
APL variable;
~the variable must be a matrix;
~there should not be negative values
in the matrix.

SENSITIVITY ANALYSIS TO BE PERFORMED (YES OR NO)?

~enter either YES or NO, in order to indicate
if you want to calculate the relative
sensitivity coefficients.

ERRORS: ~you must enter either YES or NO.

FIRST YEAR, YOUNGEST AGE~GROUP AND FIRST
FULLY RECRUITED AGE-GROUP?

-enter three numbers representing the first
year in the catch table, the youngest
age-group in the catch table and the first
fully recruited age-group.

ERRORS: -~you must enter exactly three numbers;
~all figures must be non-negative
integers.

NATURAL MORTALITY?

-enter either a single number (M) or a vector
giving a separate instantaneous rate of
natural mortality (M;) for each age-group 1.
When a single number is entered, the Mi are
set equal to M for all 1.

ERRORS: ~you must enter one number or a vector
of numbers with the same number of
elements as there are rows in the
catch matrix;

-the natural mortality must be equal to
or greater than zero.

WEIGHT AT AGE KNOWN (YES OR NO)?

~enter either YES or NO, in order to indicate
i1f weight-at—-age data are available.

ERRORS: -you must enter either YES or NO.
ENTER WEIGHT AT AGE DATA (XKG): VECTOR OR MATRIX.

-eniter either a vector or a matrix of weights
at age (wi,t $ 1 E b, ciuy, Mt E oty ey,
tf). When a vector is entered, growth is
assumed to be constant through time.

ERRORS: =~the vector must have the same length
as there are rows in the catch matrix;
or ~the matrix must have the same
dimension as the catch matrix;
-all entries must be positive.

ENTER 1 IF MATRIX IS TO BE PRINTED. OTHERWISE
ENTER 0. ONE NUMBER IS REQUIRED FOR EACH MATRIX:
CATCH BIOMASS
MEAN WEIGHT OF INDIVIDUALS IN CATCH
WEIGHTS AT THE BEGINNING OF THE YEAR
POPULATION BIOMASS AT THE BEGINNING OF THE
YEAR

-enter a vector of 0's or 1's to indicate
which matrices are to be printed.

ERRORS: ~you must enter a vector of 0's and/or
1's;
~-the input vector must have dimension 4.

F VALUES FOR LAST YEAR (XXXX)?

-enter the values of the instantaneous rate of
fishing mortality for the last year
represented in the catch matrix: (Fy tes 17
b, .+.,m). You can also enter a single number
representing the fishing mortality to be
applied to all age—-groups in the final year.

ERRORS: -you must enter one number or a vector
of numbers with the same number of
elements as there are rows 1n the catch
matrix;

the fishing mortalities must be
greater than zero.

1

F VALUES FOR OLDEST AGE GROUP (XX)?

~enter the values of the instantaneous rate of
fishing mortality for the oldest age-group
represented in the catch matrix: Fm,t’ t o= ty,
..y £t o You can also enter a single value
representing the fishing mortality to be
applied to the oldest age-group in all years.
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ERRORS: ~you must enter one number or a
vector of numbers having the same
number of elements as there are
columns in the catch matrix;

~the fishing mortalities must be
greater than zero.

IS FISHING COMPLETE FOR THE LAST AGE GIVEN
(YES OR NO)?...

~enter elther YES or NO, in order to
specify which equation 1s to be used to
calculate the population numbers for the
oldest age~group. Fishing is considered to
be complete if the catches of older fish
have been added to the last row of the
catch table or if there are no older fish,

ERRORS: -you must enter either YES or NO.

Graphical output.

In addition to the above-mentioned
calculations, the user can generate two graphs
showing 1) the variation of the components of
production (recruitment, growth) through time
and 2) the fluctuations of surplus production
and of the loss of biomass due to fishing
mortality . The first graph is produced with
the function GRAPHAPRODUCTION, while the second
graph is obtained by execution of the function
GRAPHANETAPROD. In order to use these plotting
functions, you must copy the workspace
39 MAGIC in your active workspace and you must
specify the type of terminal being used. This
is achieved by the following commands:

YCOPY 39 MAGIC
ASUPERPLOT ‘'TERMINAL, xxxx'

where xxxx identifies the type of terminal
being used (the terminals which are supported
by the plotting package are listed in Appendix D).
Note that only terminals with graphilcal
capabilities can be selected.

In order to initiate the first graph,

type
GRAPHAPRODUCTION

The function GRAPHAPRODUCTION uses the data
stored by COHORT In the variable DATAl, Paper
will advance to the next page; then adjust paper
and depress the 'SPACE BAR' followed by a
*CARRIAGE RETURN' to start. In order to output
the second graph, type

GRAPHANETAPROD

The function GRAPHANETAPROD uses the data stored
by COHORT in the variable DATAZ. Paper will
advance to the next page; adjust paper and
depress the 'SPACE BAR' followed by a 'CARRIAGE
RETURN' to start. Annual net production
corresponds to the difference between the two
lines plotted.

Calculating mean F-values and partial recruitment

figures.

A series of functlons have been written to
calculate an overall rate for the age-specific
fishing mortalities. These functions operate on
FISHMORT, the matrix of age-specific fishing
mortalities which is available as a global
varlable after execution of the function COHORT.

MEANF

This function calculates an unweighted mean
for the annual rate of fishing mortality from
the following relationship:

T o=

. ( Z FI,T ) / nb of age-groups .

Here, the summation is over all age-groups. In
order to print the vector of unweighted
mean-F's, simply type in MEANF after execution
of the function COHORT.

WEIGHTEDAFMORT

This function calculates a weighted mean for
the annual rate of fishing mortality from the
formula

i: =

. CINp R ) /O )

where the summations are taken over all age-
groups. In order to print a vector of weighted
F's, type in WEIGHTEDAFMORT after execution of
the function COHORT.

FFULR n ( n = first fully recruited age-group)

This function calculates an overall rate of
fishing mortality for the period t from the
equation

i mEZ m-1
F_ = 1n( N, / )} N ) - M,
T g24 bt oLy i+1,t+1

r r

where 1. is the first fully recruited age-group.
In order to print a vector representing this

overall rate of fishing mortality, type in FFULR »n
after executing the function COHORT.

PRANOASMOOTH

This function is used to calculate partial
recruitment figures from the age-specific
fishing mortalities stored in the global variable
FISHMORT. The partial recruitment figures are
calculated as

T T Fl,T / FMAX, s
where FMAX; is the maximum value of ‘E‘l,T which
is observed over the period t: they are, in
fact, relative measure of catchabllity for the
different ages. In order to print the matrix
of partial recruitment figures, type in
PRANOASMOOTH; results are stored in the global
varilable SEL.
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- An Example.

FILEAFETCH '2719067 PFAPROD'

COHORT
NAME OF CATCH MATRIX?.....

cee (the matrix CCC 1is printed on page 22)

SENSITIVITY ANALYSIS TO BE PERFORMED (YES OR NO)?
NO
FIEST YEAR, YOUNGEST AGE GROUP AND FIRST FULLY RECRUITED AGE=GROUP?
0:
1965 2 6
NATURAL MORTALITY?
0:
.2
WEIGHT AT AGE KNOWN(YES OR NO)?
YES
ENTER WEIGHT AT AGE DATA (KG): VECTOR OR MATRIX
:
.08 ,15 .24 ,29 .31 .32 .33 .34 .35

ENTER 1 IF MATRIX IS TO BF PRINTED. OTHERWISE ENTER O.
ONF NUMBER IS REQUIRED FOR EACH MATRIX

CATCH BIOMASS

MEAN WEIGHT OF INDIVIDUALS IN CATCH

WEIGHTS AT THE BEGINNING OF THE YEAR

POPULATION BIOMASS AT THE BEGINNING OF THE YEAR

0

010090
F VALUES FOR LAST YEAR (1977)7?
{:

12 .164 .304 .36 4 W4 L4 L4 4
F VALUES FOR OLDEST AGE GROUP (10)?
0:
.139 .351 .372 .525 .34 .514 .562 .773 .564 ,.358 ,389 .352 .4
IS FISHING COMPLETE FOR LAST AGF GIVEN(YES OR NO)?.....
NO

POPULATION NUMBERS

I 1965 1966 1967 1968 1969 1870 1971

29/ 5/80

1972

PR SRRt e e T T R L L R L L L S Dkl ol bl ekl ded kil

2 | 2573883 1520603 1256924 2361178 622711 789346 863222

3} 961249 1916581 1205487 985697 1252997 446008 5495290
4 | 1391419 763071 1324796 925061 734694 677987 3125631
5 | 343998 855456 571734 868943 698456 493877 296884
6 | 391885 236624 420997 368733 463037 426419 222392
71 40626 65645 152581 2008631 235996 278799 240340
8 | 44690 31730 41105 72489 82269 136659 127090
9 | 1033 31k 18991 29585 30415 46911 74556
10 314 797 1045 15179 10251 191690 19161

5168989
576299
292773
159812
140313
113680
1120863

58717
27908

b——+.——-u—-—‘bhanhbuahah@acwbbh9uachbhaaaagbhgmhhbp&bnhh--o—hn-b-bu--hb-—-—.

2+] 5318867 5393652 4993660 5827485 4130826 3315169 2705607
3+] 2744984 3873049 3736736 3466307 3508114 2525823 1842385
u+] 1783735 1956468 2531249 2480610 2255117 2079814 1292865
5+ 482316 1193397 1206453 1555559 1520423 1401827 980334

| 1973 1974 1975 1976 1977
ﬁha+bb=n¢hébbboubpbb.—hb-hhbhhh-bhhbhb.b--hbbbh--
2 | 799690 1261696 1683197 194992 541745
3 | 36uusul 627897 925947 1164915 141620
u | 406700 2474822 472818 614285 807496
5 ] 105319 233871 1468646 303543 384765
6 | 60983 55082 143341 854384 183970
7 | 46669 26799 31295 71574 500638
8 | 48678 29691 14594 17156 Lyl
g | 47684 23925 12133 9018 9551
19 | 2431498 21092 9668 6784 4166

- g e an e b 2 G 6n o oo Be b B e de 0 b n e o e e e B e o e e g o e
2+] 5184762 4745875 14761638 3236650 2614495
3+} 4385072 3484179 3078441 3041658 2072750
4} 740531 2856282 2152494 1876743 1931130
5+] 333831 381460 1679676 1262458 1123634

6650555
1481566
905267
612434
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MEAN POPULATION BIOMASS (KG) 29/ 5/80

| 1965 1966 1967 1968 1969 1870 1971 1972 1973

o i b o e 0 e e e e O e e e o e e e e o o e e e s s 0 e e O s e e e e e e e

2 | 178328 108556 89266 139917 423586 52977 56810 348997 56827
3] 128753 240378 158863 128109 140u37 56298 61164 72987 453307
4 | 255094 159073 259415 193549 145521 110761 s5ue48  4u003 74966
5| 83222 177703 134223 187003 159876 88679 60584 29749 22477
6 | 241390 59377 92171 92208 112580 100607 59221 26371 12888
71 11518 16775 34436  u2u87 58185 61777 53800 24524 10220
8 | 1242 8190 11560 15987 20771 33822 29209 24864 11500
9 | 309 648 5785 6202 8281 10537 16141 13310 11084
10 | 93 214 278 3779 2772 4783 4693 6245 5995

e e o e i A 0 e e e e 0 D e e e G e R e i e g e e e 0 e e e e e e 2 e e e 0 e b e
2+) 682749 770915 785997 809239 690780 530252 387269 591051 659264
3+] 504u20 662353 696731 669322 648423 477275 330459 242054 602437
y+] 375668 421981 537868 541214 507986 420976 269295 169066 149130
5+] 120574 262907 278453 347665 362u66 310216 214647 125063 74164

| 1974 1975 1976 1977

E T T T N R T Y R R L Yy

2 | 86814 112656 13351 37089
3 | 82004 113923 146297 17806
4 ] 462763 91668 117746 152229
5 | 53629 328837 69093 85438
6 | 13043 32034 205167 42676
7 1 6426 7527 17646 120470
8 | 5291 3822 4285 10284
9 | 5359 3128 2136 2442
10 | 5658 2557 1825 1096

L S N L L R e Y T L ]

2+| 720977 696152 577546 469532
3+] 634163 583497 564195 432442
y+] 552159 469574 417898 41uB36
5+ 89396 377906 300151 262497

WARNING: WEIGHT AT AGE IS AVAILABLE FOR ONE YEAR ONLY.
POPULATION BIOMASS, AS CALCULATED, MAY BF BIASED.
MEAN WEIGHT OF INDIVIDUALS IN CATCH 29/ 5/80
| 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
O R N L L A T A e L e Al LR L Ll L L
} 0.18 0.23 0,25 0.17 0.22 0.25 0.23 0.16 0.18 0.22 0.21 0.25 0,26
MEAN AGE OF INDIVIDUALS IN CATCH 29/ 5/80
| 1965 1966 1967 1968 1969 1970 1971 1972 1973 1874 1975 1976
R L T e e Y L Y e L L T
| 3.31 4,17 u4.67 3,53 4,19 4,86 4,64 3.49 3.70 3,93 3.93 4.66
| 1977
ot oo isa
| 5.02
DISTRIBUTION OF GROWTH OVER AGES (PER CENT) 29/ 5/80

| 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1875 1976

e o e b i e B B B e e e 0 e e i e 50 0 U B e e 0 e e 0 e e e i O 0 e e 2 0 0 T e 00 0 e A T T LY
2 1 49,3 24.5 22,2 34,6 14,5 26.2 34,7 77.5 11.5 20.5 33.4 5.7
31 26.6 u46.5 33,7 27.3 42,2 24,0 32,8 14.0 78.7 16.6 29.2 53.3
4 ) 21,2 18.6 34,3 25.0 26.5 31.9 18.8 5.8 8.3 59.6 14.6 26.9
5 | 2.4 8.2 7.3 10.5 12.1 11.4 8.6 1.6 1.0 2.8 21.8 6.5
6 | 0.3 1.1 1.9 1.9 3.2 4.1 2.5 0.4 0.2 0.3 0.8 7.2
71 0.2 0.2 0.4 0.4 9.9 1.3 1.4 0.2 0.1 0.1 0.1 J.4
8 | 0.0 0.1 0.1 0.2 0.3 0.7 9.7 0.2 2.1 0.1 2.1 0.1
9| 0.0 0.0 0.1 0.0 0.1 2.2 0.3 0.1 J.1 2.0 0.0 0.0

10 4 0.0 0.0 0.0 0.0 0.0 0.1 0.1 9.1 0.1 0.1 0,0 0.0
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Io1977
o 3o 5 - o o b 6 o
2| 18.0
31 8.6
4 | 55.2
s | 12.8
6 | 2.2
7 | 3.0
8 | 0.3
g | 0.1
10 | 0.0
PRODUCTION 29/ 5/80
SOURCE ! 1865 1966 1967 1968 1969 1970
e o0 e T g an o A 0 o e e i o e e 0 e e s o e b e s e e e e o e 0 0 e e e e i e B e e e g e e e e e e e
RECRUITMENT BIOMASS | 150376 88839 73434 137949 36381 46117
GROWTH | 227589 279816 253331 252588 182936 126602
TOTAL PRODUCTION | 377965 368655 326765 390537 219317 172719
o e e e g e o e e B e o e o e 0 o e B e e e e e e o D e e b e 0 e B D 0 G 5 0 s e e e o e o 0 e e e e e e e e e e e e
LOSS THROUGH FISHING | 95016 169374 172784 236722 203395 240474
SURPLUS PRODUCTION | 241415 214472 169565 228689 81161 66668
NET PRODUCTION | 146399 45098 3219 78033 122235 T173806
SOURCE | 1971 1972 1973 1974 1975 1976
o e e 30 B0 b 20 2 ke b o G w0 o e i e 0 oy B B e B o e 0 e B G 0 AT s G 0 60 B o e e e e o B e i N e D e e B 0 o e e e e e e s e e e e e e e
RECRUITMENT BIOMASS ] 50433 301992 46721 73713 98339 11392
GROWTH | 192558 282550 311874 265783 211444 148370
TOTAL PRODUCTION ! 152991 584542 358595 339496 309782 159763
e e e b tor 5 20 D e b e M0 e e e b e B - e e e o 0 G s B e Y o e e e e e e e e e e U G O A e e B B e 0 e O e e o o e e e e e e
LOSS THEOUGH FISHING | 180983 189599 153089 194455 198328 155851
SURPLUS PRODUCTION | 75537 466331 226742 195301 170552 44253
NET PRODUCTION | T105446 276733 73653 846  T27776 111598
SOURCE | 1977
- w0 o o s e o s e e e 0n e B0 e 9 G 0 - om0t B e e b b
RECRUITMENT BIOMASS ] 31651
GROWTH ] 129773
TOTAL PRODUCTION ! 161424
T e L T T Y Y
LOSS THROUGH FISHING | 155194
SURPLUS PRODUCTION ! 67518
NET PRODUCTION | 87676
PRODUCTION/BIOMASS RATIO 29/ 5/89
] 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
mhptbornesbrhbophihbbbotoopprohphbrponannepopbnolpenmnnswa L Y A R
| 0,55 0.48 0.u42 0.48 0.32 0.33 0.40 0,99 0.54 0,47 0,44 0,28 0.34
FISHING MORTALITY 29/ 5/80
| 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
mamhpaeeoheepbeehbrowabhbohboboohshboohbpoornmoanrrorbbroosibmpocnPwporbjictonnheceos
2 | 0.095 0.032 0.043 0.434 0.134 0,162 0,204 5,149 0,042 9,109 0.168 0,120
3] 0.031 0,169 0.065 0.094 9,414 0,156 0,430 0.149 0,187 0.084 0,210 0,166
4] 0.220 0,089 0.222 0.081 0,197 0.626 0.471 0.822 0.353 9,322 0.243 0.268
51 0,174 0,509 0,239 0,429 0,293 2,598 0.549 0.763 0,448 9.290 0.342 0.306
6 | 0.136 0.239 0.541 0.246 0,307 0.373 0.471 0.901 0,622 0,365 0.494 0.334
7 | 0.047 0,268 0,544 0,691 0.346 0,586 0.563 0.648 0.613 0.408 0.401 0,346
8 | 0.150 0.313 0,129 0.669 0,362 0.406 9,571 0.654 0,510 0.33u4 0.281 0.386
9 | 0.060 0.902 0.024 0.860 0,262 0.695 0,783 0.674 0,616 0.706 0.381 0.572

10 | 0.139 0.351 0,372 0.525 0,340 0.514 0,562 0.773 0,564 0,358 0.389 0.352

o b b or 8 o ot e 2 B b G B e e o O 0 8 o b o o B e 5 D e 5k o o B g e e e B A e L i TR N Y

6+| 0.110 0.258 0.499 0,454 0,323 0.463 0,559 0,739 0.589 0,423 9.455 0.339

I 1977

- o o v o o o
| 0.120
| 0.164
| 0.304
] 0.360
| 0.400
| 0.400
I 0.400
9 | 0.400
10 1 0.400

o i oo o o g 0o B

g+l 0 unn

WU E WN
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3. Sequential Population Analysls by Gulland's method (VPA).

This program calculates population numbers
at age and the instantaneous rates of fishing
mortality at age by using a virtual population
analysis (Gulland, 1965; Pope, 1972). That is,
given historical information on catch~at-age
and given an estimate of the instantaneous rate
of natural mortality as well as an estimate of
the instantaneous rates of fishing mortality for
the last year of historical catch and for the
last age-groups, the program reconstructs the
age-composition of the stock and estimates the
corresponding rates of fishing mortality for
a specified number of years. Sensitivity
coefficients are calculated for population
numbers and for instantaneous rates of fishing
mortality with respect to both natural mortality
and initial fishing mortalities, and with respect
to individual entries of the catch matrix,

Input Information.*

The input information required by VPA
consists of:

t : first year of the catch matrix;

te final year 1n the catch matrix;

b :  age of youngest age-group in the
catch matrix;

m : age of the oldest age~group in the
catch matrix;

€L (t =ty vons te s i =Dy eee, m:
’ catch-at-age, given in numbers;
F, 1 (i = b, ..., m): the instantaneous
1o f rate of fishing mortality for each

age-group in the final year (tf);

F (G o O ): the instantaneous
rate of fishing mortality for the
oldest age~group in each year;

M (i = b, ..., m): the instantaneous
rate of natural mortality for
each age-group (those are assumed
to be constant for all years
considered);

W (i:b, ceey m;t=t0, ey tf):
weight-at-age, expressed in
kilograms. Those are required only
when population biomass is to be
calculated. The weights are taken
as mid-year estimates.

i+.5,t+.,5

Algorichm.

The function VPA calculates the population
numbers at age and the instantaneous rate of
fishing mortality at age; when information on
welght-at~age 1s available, the function also
calculates the catch biomass (yleld) and the
population biomass. The calculations are
performed in the following manner:

Population numbers: Ni,t
The function calculates the population
numbers by using three different equations:

A)for the first (m-b-~1) age~groups in the final
year (1.,e, for { = b, ,,,, m~1 and t = tf)
the N; . are calculated from equation [2.lj.

B)for the oldest age-group in each year (i.e.
for i = m and t = ty, ..., £g), the Ni,t are
calculated as equation [2.1] in COHORT if
fishing 1is not complete for the oldest age~
group and as equation [2.2] in COHORT if
fishing 1s complete for the oldest age-groups.

C)for the remainder of the table (i.e. for i =
by, +v., m=1 and t = t;, ..., tg-1), the
population numbers are calculated as

(Fl,T + M)

Nie = Niypee1 @ o [3.1]

In order to use the preceding equation, an
estimate of F,  is necessary. That estimate
can be obtained by using the catch equation

(ef, T My, [3.2]
FI’T+M1

Ci v = Nisl,e41 Fujo

Equation [3.2] involves only one unknown,
namely Fy ¢, which the function calculates by
using the Newton-Raphson method of successive
approximations (see Seber, 1973: section 1.3.8).
An initial estimate of Fy is calculated by
using equations [2.3] and’ 2.5] . Successive
values of F, . are then calculated by the
Newton-Raphson method. We exit the iterative
process when

,TMy

F
Fi,r (e -1) C, ¢

FI,T + My Nir1,e41

*The notation follows that of Chapter 2.
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Once the final value of F, . has been found, the
Nj ¢ are calculated by using equation [3.1] which
is given above.

Catch Biomass: Yy

YI,T E Wi+.5,t+.5 CI,T .

Mean weight of individuals in catch: ﬁ}

=]
il

T Z Yl,T / X cl,T *
1 1

Mean population biomass: B, .
14

= _ =Zy,1
BI,T = Wie5,e+.5 Ni,¢ (1-e "2 >/zx,r

Fishing mortalities: F, .
Age-specific rates of fishing mortality are
determined from equation [3.2]. Thereafter,
an indication of the overall fishing mortality
rate is obtained by calculating the following
weighted F:

Foo= ] CHIS NN ) Ny e ,
i i

where the summation 1s taken over all ages.

The weighted F is calculated for each year of
the cohort analysis and 1is printed on the
bottom line of the table for age-specific rates
of fishing mortality.

Sensitivity coefficients.

The sensitivity coefficients are calculated
for the population numbers and for the
instantaneous rates of fishing mortality with
respect to each parameter. The sensitivities are
approximated by considering the changes in the
response of calculated quantitiles to small
relative perturbations for each element of the
input vectors (or matrices).

As in COHORT, the relative sensitivities of
Nj ¢ with respect to the catch matrix take the
value of 1.00, while the relative sensitivities
of the instantaneous rates of fishing mortality
with respect to the catch matrix take the value
of zero. In other words, 1f we increase
simultaneously all catch values by 1%, we expect
that all Ny , will increase by 1%; however, the
estimated rates of fishing mortality will not be
modified by such perturbation of the catch
values, Since these results are constant for any
catch matrix, these sensitivity coefficlencs are
not calculated by the function VPA.

For the population numbers, Ni,t» and for
the instantaneous rates of fishing mortality,
Fy ¢, the sensitivity coefficients are
approximated by considering a small relative
perturbation for each element of the input
vectors

[ﬂnﬁ , 1=b, «e., m 3

[Fy, ]

and

(v ] , 1=0b, ..., m .

Finally, we also perform a sensitivity analysis
for Ny + and Ni,t with respect to individual
entries of the catch matrix. The calculations
are performed as in COHORT. The overall
sensitivity of recruitment to parameters 1s also
estimated as in COHORT.

Input Format.

In order to initiate the program, type VPA,
Then you will be prompted for input as follows:
[note that a catch matrix (Ci,yt 1 =D, vvuy mj
t = t,, «.., tg) must be previously created
before calling the function]

NAME OF CATCH MATRIX?...
—enter the name of the catch matrix.

ERRORS: -the name entered must represent an
APL variable;
~the variable must be a matrix;
-there should not be negative values
in the matrix.

SENSITIVITY ANALYSIS TO BE PERFORMED (YES OR NO)?

~enter either YES or NO, in order to indicate
if you want to calculate the relative
sensitivity coefficients.

ERRORS: -you must enter either YES or NO.

FIRST YEAR AND YOUNGEST AGE-GROUP?

-enter two numbers representing the first year
in the catch matrix and the youngest age~group
in the catch matrix.

ERRORS: -you must enter exactly two numbers;
~these values must be non-negative
integers,




- 21 -

value representing the instantaneous rate of
fishing mortality to be applied to the
oldest age-group in each year.

NATURAL MORTALITY?

-enter either a single number (M) or a vector
giving a separate value M; for each age-group

i. ERRORS: =-you must enter one number or a

vector of numbers having the same
number of elements as there are
columns in the catch matrix;
~the values entered must be greater
than zero.

ERRORS: =-you must enter one number or a vector
of numbers having the same number of
elements as there are rows in the
catch matrix;

—-the natural mortalities must be equal

to or greater than zero,
IS FISHING COMPLETE FOR THE LAST AGE GIVEN (YES

OR NO)?...

WEIGHT AT AGE KNOWN (YES OR NO)?
-enter either YES or NO, in order to specify

which equation is to be used to calculate
the population numbers for the oldest age-
group. Fishing is considered to be complete
if the catches of older fish have been added
to the last row of the catch matrix or if
there are no older fish.

-enter either YES or NO, in order to indicate
if weight-at—-age data are available.

ERRORS: =-you must enter either YES or NO,

ENTER WEIGHT AT AGE DATA (KG): VECTOR OR MATRIX,
ERRORS: -you must enter either YES or NO.
~enter either a vector or a matrix of weight-

at-age (wi+‘5’t+.5: i=by, oo, mj t = tg,

«++y tg). When a vector is entered, growth is a

assumed to be constant through time.

ERRORS: -the vector must have the same length
as there are rows In the catch
matrix;

or ~the matrix must have the same
dimension as the dimensions of the
catch matrix;
-all entries must be positive.

STARTING F VALUES FOR LAST YEAR (XXXX)?

-enter the values of the instantaneous rates
of fishing mortality for the last year
represented in the catch matrix (F1 et 1=

»
b, ..., m). You can also enter a singie
number representing the rate of fishing
mortality to be applied to all age-groups
in the final year.

ERRORS: ~you must enter one number or a
vector of numbers having the same
number of elements as there are rows
in the catch matrix;

~the values entered must be greater
than zero,

STARTING F VALUES FOR OLDEST AGE-GROUF (XX)?

-enter the values of the instantaneous rate

of fishing mortality for the oldest age-group
represented in the catch matrix (Fu,T t t =
Eos vees tg). You can also enter a single



- 22 -

FILEAFETCH '2719067 PFAPROD'

cce

210796 143630 47948 751706 70536 106916 1u4u167 649254 29656 118301 235590 19922 55634
26450 270068 68430 79933 384467 58166 173662 71984 562616 45600 158941 161637 19468
232147 58591 238394 65107 118969 285361 106170 148516 109530 616206 92356 130597 192823
49752 308775 109814 274518 160723 201097 113561 77207 34422 53199 384646 . 72334 106061
10592 45479 159203 72827 110852 120223 75593 75384 25562 15254 50599 219788 55066
1693 13970 57948 90617 62506 111911 93620 49065 19361 8120 9357 18960 150588
561 7722 4497 31977 22595 41257 50022 48700 17604 5313 3239 4967 12466

54 1690 409 15441 6345 21271 36618 26055 19836 10964 3u81 3556 2873

37 215 2986 5668 2693 7039 7536 13792 9661 5787 2842 1835 1253

VPA
NAME OF CATCH MATRIX?.....
cce
SENSITIVITY ANALYSIS TO BE PERFORMED (YES OR NO)?
YES
FIRST YFAR AND YOUNGEST AGE GROUP?
0:
1965 2
NATURAL MORTALITY?
H
02
WEIGHT AT AGE KNOWN (YES OF NO)?
YES
ENTER WEIGHT AT AGE DATA (KG): VECTOR OR MATRIX
{1:

.08 .15 .24 .29 .31 .32 .33 .34 .35
STARTING F VALUES FOR LAST YEAR (1877)?
f:
.12 .164 .304 .36 .4 L4 .4 b oLu
STARTING F VALUES FOR OLDEST AGE GROUP (19)?
s
.139 .351 .372 .525 .34 ,514% .562 .773 .564 ,358 ,389 .352 .4
IS FISHING COMPLETE FOR LAST AGE GIVEN(YES OR NO)?.....

No
POPULATION NUMBERS

| 1965 1966 1967 1968 1968 1970 1971 1972 1973 1974 1875 1976
b»—+»---baw»»uh~—-bh~bhhu.-hipb-uhnhbh—bu-»bbopbnb-—-—-p-.bnobuu———»ppb--—bv—o-hhbh-bb.bu-pub--u-bu-.—-sh-_--—h-
2 | 2555438 1509187 1245990 2337439 617038 781819 858341 5145804 797586 1258831 1681078 194912
3] 954984 1902099 1196227 976849 1239563 441613 543780 572961 3627993 626238 923973 1164126
b | 1289495 757994 1314034 9176490 727683 669945 309156 2894590 404236 2463699 471585 613409
5 i 341492 846811 567745 861286 692566 488670 293376 157855 104611 232596 1463426 303209
6 | 91214 234778 416723 366025 458939 422546 220214 138542 60445 54783 142607 852645
7 | 4J5u9 65134 151309 198651 234158 276122 238022 112541 46322 26632 31156 71420
8 | 421 31671 40764 71995 81707 135572 125949 111088 48288 20611 14519 17112
9| 1033 3114 189992 29321 30373 46607 73978 58355 47u428 23766 121902 8975
i0 | 3i4 787 1045 15179 10251 19160 19161 27908 24498 21092 9668 6784

bbh+euuu5bhbb‘hbbhh-—55—¢6bhob—bhb-bbhp-hhwb.h-—bhbbnu.b—bhh’bb-h’hrb--babbhbob—vbh&-bbbkhhbhbh”bbbbpbbh--p'bpn

2+4] 5278940 5351583 4952817 5774385 4092279 3282054 2681976 6614603 5161408 4728249 4750114 3232390
3+} 2723502 3842396 3706827 3436845 3475041 2500236 1823635 1468799 4363823 3uB9418 3069036 3037478
4+} 1768518 1940298 2510600 2460096 2235678 2058622 1279855 8395838 735829 2843180 2145063 1873352
5+] 479023 1182303 1196566 1542457 1507995 1388677 970699 606388 331593 379481 1673478 1259943

| 1977
g e 4 00 im0 o b o 50 B0
2 | 541745
3 141620
4 807496
5 | 384765
6 | 183070
7 | 500638
8 | iy
9 | 9551
10 | 4166
bn o up e lgn m ion o B B g b b
2+| 2614495
3+] 2072750
y+] 19311390

s+} 1123634
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MEAN POPULATION BIOMASS (KG) 12/ 6/890

] 1965 1966 1967 1968 1869 1970 1971 1972 1973 1974 1975 1976 1977

ha;+&ewbspnhmb-»-aahpwn»b&bbbubhhwbw»&_nwbhhumuabbw»»»-uﬁha»muwahmb»hsoaeww—bo»uhhnb».babpbu»u-aaua.«us uuuuu

2 1 177017 107732 88u77 138468 41956 52449 56485 347423 56677 86623 112545 133us 37089
3 1 127905 238497 157618 126924 138859 55719 80501 72556 451258 81789 113718 146245 17806
w] 252644 157991 257225 191960 144064 109449 54038 u3588 74532 160881 91465 117656 152229
5 | 82595 175904 133263 185352 158480 97671 59847 29L38 22339 53345 327885 69027 85438
& | 24007 58898 91247 91512 111845 996867 49724 26085 12789 12978 31912 204940 42676
7 1 11487 16640 34171 42123 57727 651220 53303 2u300 10160 6389 7500 17625 120470
8 | 1231 8181 11460 15915 20833 33556 28994 24683 11818 5274 3803 8279 10284
g | 309 64l 5785 6169 8278 10498 18968 13263 11050 5329 3124 2130 2442
10 | 93 214 278 3779 2772 4793 4693 6245 5995 5658 2557 1825 1096

pomthonphnhbhbhprepobocbbpobhohovpnbopbophobpbbbonbosphbhpnprhrebobpbbbbobhorpproporbrrnabbabpobbprpboporrobbors

2+] 877299 764701 779525 802201 684311 525021 383652 587590 656216 718266 694519 577074 469532
3+] 500282 656969 6910u7 863733 6L2356 472572 327166 240167 599589 631643 581974 583726 u32uu2
uy+] 372377 418472 533429 536809 503496 416854 266666 167612 148280 54985k u68257 417481 414636
5+} 119732 260481 276205 33L8ug 359432 307405 212628 12u023 73748 88973 376792 299826 262497

WARNING: WEIGHT AT AGE IS5 AVAILABLE FOR ONE YEAR ONLY.
POPULATION BIOMASS, AS CALCULATED MAY BE BIASED.
CATCH BIOMASS (KG) 12/ 6/890
] 1965 1966 1967 1968 1969 1970 1871 1972 1973 1974 1975 1976 1977

h@m+baa>my--o&,»u»hb-w—u»huhh»»bbuhuhu»bb-&w»hah»-aab»babn-ahhbbuwbbh&whgab»bbbakubhhb»suuhk—ynhub»u»whb—-o

2 | 16864 3490 3836 60136 5643 8553 11533 51340 2372 quel 18847 1594 4451

34 3967 40510 10264 11990 57670 8725 26049 10798 84392 6840 23841 24246 2920
4 | 55715 14062 57215 15626 28550 68487 25481 35644 26287 147889 22165 31343 46278
5 | 14428 89545 318u6 78610 46610 58318 32933 22390 9882 i5428 111547 20977 30758
6 | 3284 14098 49353 22576 34364 37269 23434 23369 7924 4729 15686 68134 170790
7 | 542 4b79 18543 28997 20002 35812 29958 15701 6196 2598 2394 6067 48188
8 | 185 2548 1u8y 10552 74586 13815 16507 16071 5809 1753 1063 1639 4iiu
9 ] 18 575 139 5250 2157 7232 124590 8859 6744 3728 1184 1209 977
10 | 13 75 104 1984 i3 2464 2638 827 3381 2025 995 642 439

oa—+upauﬂuwuunbhbbn—bnhwhhuahh«bhspbuwuu-pmu»uhw»aup-uq.hbnppbsp»puhub-nn&ob—-munwppbwnbubbhu—hbsab—bmuha»s

2+] 95016 169374 172784 236722 203395 240474 18098% 189599 153089 194455 198328 155851 155194
MEAN WEIGHT OF INDIVIDUALS IN CAICH 12/ 6/890

! 1965 1966 1967 1968 1969 1970 1971 1972 19873 1974 1975 1976 1877

bwb+anu-a&—obb-unbbvwbhwﬁﬁhhww-whbbb?@k&h&nb»mahbh&b.»bhhnmﬁh&pmhmmhp

| 0.18 0.23 0.25 9.17 0.22 0.25 0.23 0.16 0,18 0.22 0.21 0,25 0.26
FISHING MOETALITY 12/ 6/80

| 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
+bppbbb»bboowb»bhbhhbhmohhbbbkh%o»bhhbb#wuhbhhbbhbaph&h&w»#mbmh»bmopbwéphpnuwhh
| 0.095 0.032 0.043 0,434 0.134 0.163 0,204 0,150 0.042 0.109 2,167 0.119 0.120
1 0.031 0,170 0.065 0,094 0,415 0,157 0,431 0,149 0,187 0,084 0,210 0.166 0,164
| 0.221 0.08% 0.222 2.081 0.198 0.626 09,472 0.818 0.353 0,321 0,242 0.266 0.304
!
!
i
!
I

Y

21D

0,175 0,500 0,239 0,430 0.29% 0.597 0.550 0.761 J,uu7 0,289 7,340 0,304 0,360

9,374 0,471 0.896 0.620 0.364 0.492 0.332 0.400
0.047 0.269 0.543 0.688 0,346 0,585 0,562 0,846 0.610 0,407 0.399 0,344 0,400
5.150 0.311 0,129 0,663 0,361 0,406 0,569 0,651 0.509 05.332 0,281 0,383 0.400
0,059 9.892 0.024 0,851 0.261 0.689 0,775 0,668 0.610 0.699 0.379 0.568 0,400
10 1 0.139 0.351 0.372 0,525 9.340 0.514 0.562 0.773 0.564 0.358 0.389 0.352 0.400

‘wh+au»ma&h»pb'bbhb-b»hbﬁhbhhn»u'»«abhhhbhbahbbﬁbhbh'n—abn«phﬂvmbh'bhm-nvubu-bhb»b

2+] 0.120 0.179 0.176 0.322 0.295 0,403 0,408 0.233 0.200 9. 235 0,249 0,246 0,294

0.137 0,239 9,541 0,247 0.308

W~ U & WY

PAETIAL DERIVATIVES OF POPULATION WITH RESPECT TO PARAMETERS

b»huobbawbbhhb'&n'pm»-’buﬁnaahbhbwv-labhuﬁ’ﬁbhéawbmhhubbk&wbomnwuaEv&,ab

SENSITIVITY TO TERMINAL F 12/ 6/80

| 1965 1966 1967 1968 1969 1870 1971 1972 1873 1974 1975 1976 1977

»'-+Lnna»-hp—>pop»nu&,bomwuwn;huunhbnbumpmm»b»nsnae»wuonm>»s»phouubuhw»uhhwe»whbwbbb-ub»pbvnbpu

2 | 70.037 T0.059 T0.033 70,013 70,028 "0.0u42 ~9,133 70,218 T0.420 T0.467 T0.617 ~0.818 ~0.942
| 70,081 T0.040 T0.061 T0.034 T0.019 "0.032 “0,049 70,163 T0.253 T0.u437 70,520 T0.729 T0.922
| "0.038 T0.084 T0.0u8 0,065 "0.037 0.029 ~0.038 ~0.075 ~0.189 70,305 T0.476 T0.641 "0.860
| ™0.120 T0.048 T0.092 T0.060 T0.071 0,046 “5,054 T0.060 T0.168 T0.268 0,420 T0.605 T0.836
| "0.214% T0.142 T0.079 70,116 T0.091 0.095 ~0.082 T0.094 70,128 T0.262 0,357 T0.588 ~0.819
|
i
|
i

“0.297 T0.550 T0.321 70,309 0,268
“9.791 70,3u5 T0,750 70.365 0.596
“0.933 T0.840 70,831 0,768 T0.844

L4813 79,576 T0,u467 70,819
.837 T0.824 T0.839 T0.819

.381 T0.314 T0.389 T0.457

0
]
o
0
=3.525 T0.045 0,181 T0.135 T0.148 T0.124 T0.138 ~0.131 T0.226 ~0.236 ~0.376 T0.582 T0.819
9
0
0,773 T0.758 T0.875 70,753

3
i@
5
6 9
7 9
8 L9210 70,221 TD.2u0 T0.249 To.414 70,353 70,560 T0.819
g 0
0 0

1
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SENSITIVITY TO NATURAL MORTALITY 12/ 6/80

| 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
bbh+&—hb»»hbbub--b-hhb»h&bhbhbh-nbbuhbbb-hhh»—»—-h—u»bhbh-hh-;—hb-u-hhh.nébbb-pbu-
| 0.750 0.933 0,777 0,402 0,611 0,498 0,647 0,638 0.701 0.528 0.408 3,272 9,095
| 0.864 0.616 0.761 0.607 0,370 0.485 0.369 0,572 9.526 0,527 0.378 0,262 0.094
| 0.462 0.688 0.512 0,605 0,458 0,313 0.350 0,318 0.448 0,41k 0.364 9,245 0.092
| 0.539 0,352 0,543 0,416 0,448 0,337 0.308 0,306 0.408 0,398 0.336 0.238 0,091
| 0,566 0.423 0,326 0.465 0.389 0.370 0.339 0.268 0.355 0.387 0,300 0,234 0.090
| 0.557 0,434 0,312 0.294 0,368 0,296 0.295 0,288 0.331 0.382 0.317 0.232 0.090
| 0.331 0,379 0.339 0.271 0.298 0.282 0.260 0.250 0.269 0.333 0,327 0,227 0.080
| 0.280 0.169 0,284 0,173 0.243 0.188 0.177 0.190 0.198 5.188 0,228 0.203 0.0980
| 0.094% 0,091 0.091 0,088 0,091 0.088 0.087 0,084 0,087 0,091 0.090 0.081 0.089
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PARTIAL DERIVATIVES OF ESTIMATED F WITH RESPECT IO PARAMETERS

».u-.»yb-uubbbhbbhp—bhhhhb-hbbu&hhohyy—»ph»p»bh.b&wbp-bbkpo-p

SENSITIVITY TO TERMINAL F 12/ 6/80

1965 1966 1967 19868 1969 1970 1871 1972 1973 1974 1975 1976 1977
PVPV.Pw“bh'%&F“Dakhb&hbbwhéhbvw&b?Wh&hbh'b*hhbﬁ5#bhb.ﬁﬁﬂ-'bWPbﬁ.b?‘-th'-thPb
0.038 0.060 0.033 0,016 0,030 0.045 0,147 0.235 0,428 0.492 0.670 9,868 1,000
0.083 0.04% 0,063 0,036 0,024 0,035 0.061 0,175 0,277 0.456 0.577 0.791 1.000
0.043 0.088 0.053 0.068 0,041 0,040 0,048 0,114 9.225 0.357 0.536 0.732 1.000
0.130 0.061 0.103 0,074 0,082 0,062 0.072 0,089 0,210 0.309 0.497 0.704 1.000
0.229 0.169 0.193 0.131 0,106 0,114 0,104 9.1u48 9,174 2,314 0.457 2.694 1.000
0.537 0.280 0.237 0.191 0.176 0,166 9.182 0.182 0,308 0.288 9,459 9.690 1,000
0.320 0.642 0,342 0,432 0,319 0.257 0.295 0.334 0,321 0,488 0.495 0.677 1,000
0.815 0.545 0.759 0.564 0.678 0.541 0,466 0.545 0.622 0,588 0.695 0,621 1,000
1.000 1.009 1,000 1.000 1.099 1.000 1.000 1.000 1,000 1,000 1.000 1.000 1.000

k4
¥
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SENSITIVITY TO NATURAL MORTALITY 12/ 6/80

] 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
h%h+h-nb-—r--Dbubbhbuhbb-b.hkbbbh—bh&b&bhu».—nhbhbhb.h.—phbh—unhh—’-obuhbibh.bbb-bbbbhhb—-h;h-
2] T0.686 ~0.850 T0.695 ~0.388 "0,551 "0.437 "0.611 ~0.585 "0.617 ~0.u57 ~0,.338 79,187 9.000
| ©9.779 T0.567 T0.686 0,536 _0.3u5 _0.u421 ~0.346 "0.513 0,473 0,449 70,316 ~0.182 0,000
| ~0.411 79,619 T0.467 70,530 T0.u401 0,311 70,331 T0.356 T0.425 T9.378 T0.306 ~0.174 0.000
| "0.48% T0.341 T0.507 T0.404 T0.u412 T0.338 T0.290 70.327 T0.399 T0.353 T0.289 T0.170 0.000
| ~0.503 T0.371 70,312 T0.420 0,346 T0.336 ~0.316 0,294 ~0.366 0.355 ~0.270 T0.168 0,000
| "0.471 T0.399 T9.294 T0.296 T0.329 0.280 92.275 0,280 ~0.332 70.357 T9.276 T0.168 0.000
| ~0.254 T0.335 T0.260 T0.259 T0,2u8 T0.235 79.229 70.228 0,233 ~n.285 T0.270 T0.165 0.090
| ~0.189 70,137 T0.189 T0.139 T0.172 T0.145 T0.138 T0.146 T0.152 T0.146 T0.166 ~0.154 0.0090
I 0.009 9.000 0,000 9,000 90,000 5,000 0.000 90,000 90.000 0.000 90.000 0,000 0,000

PARTIAL DERIVATIVES OF POPULATION NUMBERS FOR YOUNGEST AGE GROUP

[ S g I U Sy S Y X 1 LT R A Y L R L E Rt ko ab bl ol

SENSITIVITY TO INDIVIDUAL CATCH VALUES 12/ 6/80

{ 1965 1966 1967 41968 186% 1870 1871 1872 1873 1974 1975 1976 1877
h.-+;y-u&bhh»b—wbb»-h&hbb»hhohb-h-hbhbbnh.h»hhbbhbbbb-b»hvb--bphhbbbbb-phubbb’—ubh
| 0.091 0,032 0.043 0,355 0.126 0.151 0.186 0.13% 0,041 0.10% 0.155 0.113 1. 000
| 0,031 0.143 0,061 0,087 0.222 0,127 0.390 0.113 0.148 2.077 0.170 0.130 0.887
| 0.199 5.083 0,154 0,071 0.157 9.201 9.284 2,313 9,210 9.197 0.191 0.171 0.717
| 0.161 0.323 0,190 0,216 9.214 9,325 9.098 0.252 0.089 0.125 0.151 0.183 0.557
| 0.128 0,180 0,204 0,154 0,107 0.196 0.149 0.079 0,102 0.0u48 0.145 0,105 9.511
| 0.046 9.207 0,280 0,142 0,161 0.132 0.186 0.118 0.025 0.040 0,036 0.066 0,264
1 0.140 0,257 0.081 0,189 0,043 0,130 2,072 0.118 0,052 0,008 0.01% 0.023 0.160
| 0.058 0.516 0,017 0.341 0.046 0,050 0,141 0.046 0.059 0,038 2,007 2,026 0.050
{ 1.000 0.942 0.353 0.682 0,250 0.153 0.049 0,119 0.047 0,069 0.038 0.014 0,033

DWW E WK
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OVERALL SENSITIVITY OF RECRUITMENT 12/ 6/89
| 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
-—>+u—b-hh-pu»»———~-h»p&h»bbbb»ubbht&b»b,»---pnbp,.pp-bpp»hu-bu-—»uppspbha

} 0.84 1,01 0.89 9.63 0.75 0.69 0,77 0.80 1,00 0.9 1,05 1.24 1,38

OVERALL SENSITIVITY INDEX: 0.921780308
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4, Estimating the Coefficlents of the Von Bertalanffy
Growth Equation (VONB),

The function VONB estimates the coefficients
of the Von Bertalanffy growth equation, as well
as the corresponding variances, by using the
Marquardt method (Ricker, 1975; Bard, 1974).
Length-at~age data are the only data required
for executing this function. But VONB can also
be used to fit a Bertalanffy relationship to
weight data.

Input Information.

The input information required by the
function VONB consists of:

n : the total number of observations;
Lt H length at age t,
Algorithm.

The Von Bertalanffy growth equation is a
non-linear model of the form

e-K(t - tg)

L, = 1_(1- [4.1]

+ » Y £ €

where L_, K and t, are the unknown parameters.
In general, we refer to L, as the 'mean
asymptotic length', to K as the 'Brody Growth
Coefficient' and to t, as the 'hypothetical
age at which the fish would have been zero
length if it had always grown in the manner
described by the equation' (see Ricker, 1975).

By using the Marquardt algorithm, we find
the values of Lw, K and tjy which minimize the
sum of squares of the residuals

2 n ~ 2
I (Lg-1L.) .
t=1

The Marquardt algorithm is an iterative

process which requires initial estimates of the
coefficients, These are calculated from the
regression of Ly .y on L (slope b, constant a)
as follows:

L, = a/ (1-b) , [4.2]
K = - 1n (b) , [4.3]
t -.-'5+_1.1n<1__§> . [4.4]
0 X Lw

Variance estimates are calculated as

v, = s? [ [aL,/00] [aL./00]" 171

where

- 0 is the vector of parameters:fL°° K to};

- [BLt/BG] is a 3 by n matrix representing
the partial derivative of Ly (t=1, ..., n)
wlth respect to each parameter;

- Vg 1s a 3 by 3 matrix refered to as the
varlance-covariance matrix,

The correlation matrix of the estimated
parameters is then calculated from the variance-

covariance matrix.

An alternative formulation.

Equation [4.1] can be rewritten as

L, = w (1~ TR(EE0)y ¢ , [6.5]
where w, K and t_ are the three unknowns to be

estimated by using the Marquardt algorithm, The
estimates of w and K can be used to estimate Lg:

~

fw = o /K .

Gallucli and Quinn (1979) suggest that the new
parameter w 1s more robust than either K or L.
They recommend the use of parameter w as a means
to compare statistically growth between regional
stocks (see also Kingsley et al., 1980).

Output.

In order to monitor the convergence of the
Marquardt algorithm, the following Information
is printed:(the user is refered to the Sharp
APL reference manual for statistical functions
if additional information is necessary)

A) the sum of squares and the eigenvalues of the
moment matrix, as calculated by using the
initial parameter estimates;

B) a message Indicating which convergence
criterion has been met: namely, the iteration
is stopped if

-the relative change in each parameter is
less than 0,00001,

~the relative change in the sum of squares
is less than 0.0000L,

~the total number of iterations exceeds 20;
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C) the statistics of the final iteration:
~the determinant of the matrix which must
be inverted in order to calculate the
correction vector;
~the angle in degrees between the correction
vector of Gauss linearization and the
correction vector of steepest descent;
~the new parameter estimates and the final
sum of squares;
-the value of lambda (1), a coefficient
used in the Marquardt algorithm for
interpolating between the correction vectors
of Gauss linearization and of steepest
descent;

D) a summary table giving, for each parameter,
the final estimated value, the standard
error and the computed t-value (order of the
parameters is Le, K and t4);

E) the correlation matrix of the estimated
parameters;

F) the variance of the residuals, R-squared,
R-bar-squared (i.e. R adjusted for the
number of degrees of freedom), the Durbin-
Watson statistic (for testing the
significance of autocorrelation in the
residuals) and a table of residuals;

G) a graph showing the residuals as a functiom
of age and a graph showing the observed and
the estimated length at age.

Input format.

In order to initiate the function, type in
VONB, Then you will be prompted for input as
follows:

AGES?
-enter a vector whose values represent the
ages corresponding to the length data.

ERRORS: -all entries must be positive;
~there must be at least 4 values
in the vector entered,

LENGTH AT AGE?
-enter a vector whose values represent the
length data corresponding to the ages
provided in the first vector entered,

ERRORS: =-all entries must be positive;
~-the vector entered must have the
same length as the vector of ages.

THE FORMS OF THE EQUATION FOR FITTING ARE:
1. L(T)=LINF(1-EXP(-K(T-T(0))))
2. L(T)=(/T) (1~EXP (-K(T-T(0))))

WHICH FORM IS TO BE FITTED(1 OR 2)?
—enter either 1 or 2 , in order to
indicate which form of the equation is
to be fitted.

ERRORS: ~you must enter only one number;
~this number must be either 1 or 2.

YOUR OWN INITIAL VALUES (YES OR NO)?

-enter either YES or NO. If you enter YES,
then the program will ask for the values
of the initial estimates for the
coefficients to be estimated.

ERRORS: -you must enter either YES or NO.

INITIAL VALUES (ASYMP, LENGTH, K, T(0))?
-enter three values which represent your
initial estimates for L, K and ty.

ERRORS: -you must enter only three numbers;
-the first two values have to be
positive,
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AN EXAMPLE.

FILEAFETCH '2719067 PFAVONB'

AGES
223 4445667891010 11 12 13 14 14 15 16 16
LENGTHS
0.77 0.81 1,52 2,3 2,36 2.32 3,01 3.65 3.81 4.51 5.37 6.65 7.19 7.3 7.75 7.13 8.12 7.82 7.9 9.42
9.82 9.7
VONB
AGES?
[l
AGES

LENGTH AT AGE?
0
LENGTHS
THE FORMS OF THE EQUATION FOKR FITTING ARE:
1. L{T)=LINF(1=EXP(=K(T=T(0})))
2. L(T)=(w/T) (1«FEXP(=K(T=T(0)))

WHICH FORM IS TO BF FITTED(1 OR 2)?

{:
2
YOUR OWN INITIAL VALUES (YES OF NO) ?
NO
VON BERTALANFFY PARAMETERS 13/ 6/80
ORDER OF PARAMETERS IS AS FOLLOWS:
1. w
2. BRODY GKOWTH CORFFICIENT
3. T(0)
INITIAL PARAMETER VALUES
1.000923
0.063%9u47
2.035363

PRELIMINARY ANALYSIS
INITIAL SUM OF SQUARES 8.2619663E0

EIGENVALUES OF MOMENT MATRIX
5.2788667F1
3.0846627E0
1.8029452F4

ITERATION STOPS. RELATIVE CHANGE IN FEACH PARAMETER LESS THAN 0.00001.

ITERATION NUMBER 2 (FINAL ITERATION)
DFTERMINANT 1.3125709E3
ANGLE IN SCALED COORDINATES 2.92 DEGREES.
NEW PARAMETER FSTIMATES

1.012151

0.065994

1.400601

NEW SUM OF SQUARES 3.6909289E0
LAMBDA 1. 00000E1
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APPROXIMATE STATISTICS FROM LINEAR THEORY

EST. PAR.

- e i b 0 G et B e e B e ke e e e e 2 2 B e b e e

1.
0.
1,

012151
065934
400601

STD. ERR.

0.106946
0.017923
0.299104

T-VALUE

9. 464085
3.682011
4,682659

CORRELATION MATRIX OF THE ESTIMATED PARAMETERS
1. 000000
0.978405
0.834029

0.978405  0.834029
1,000000  0.753207
0.753207 1.000000

VARIANCE OF RESIDUALS vevo.s.

R SQUARED .o.v..

F-BAR SQUARED

DURBIN-WATSON STATISTIC «eou.

OBSERVED Y

sessees st evaen

sees e s e .

ESTIMATED Y

0.194259
0.980u27
0.978366
1.079183

RESIDUALS

o e o o o i e i e o e e s o s o e B e e e e e e A o

0.
2.
1.
2.
2.
2.
. 010000
.652000
. 819000
. 510000
.370000
.650000
.190000
. 300000
. 750000
7.
8.
7.
7.
9.
9.
9.

NN E W W

770000
812000
520900
300000
360000
320009

1300092
120000
820000
900000
420000
820000
700000

0.5948490
0.594840
1.536327
2.417687
2.417687
2,u417687
3,242761
4,0151u3
4.015143
4,738197
5.415075
6.048725
6,.641908
6.641908
7.197209
7.717045
8,203684
8,6592u3
8.6592u3
9.085709
9. 484940
9. 484940

0.1751690
0.215160
~0.016327
T0.117687
~0.057687
~9.097687
79,232761
~0.365143
~0.205143
~0.228197
“0. 045075
0.601275
0.548092
0.658092
0.552791
“0., 587045
~0.083684
~0.8392u3
~0, 759243
9.334291
0.335060
0.215060

ESTIMATE OF THE ASYMPTOTIC LENGTH IS: 15.337018
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KESIDUALS

0.00 +.-.-'---.4—-5.'p.»-+---..u--_+h_--'u—u-+--.-'.,--+

o
.
wm

[
.
(=)
[ )
.

9.82 +

<

7.86

5.89

3.93

1.9

0.0

6

0
0.

P R

!
I
|
[
+
!
|
I
|
+
l
!
l
!
+
!
!
!
!
+
l
I
|
l
+
0

o

3.2 6.4 9.6 12.8 16.0

OBSERVED AND EXPECTED LENGTH AT AGE

ewonl coanwtinrel nonntnpunl bbbotbonel bhbetemnenl bnnt

3.2 6.4 9.6 12.8 16.0
AGES
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5. Computation of Yield from a Given Recruitment (BEVHOLT)

This program estimates the equilibrium
yield by the method of Beverton and Holt. In
other words, the program calculates population
numbers and biomass, as well as catch numbers
and weight from a given recruitment. The
control parameters of the model are 1) the
growth characteristics of the stock, 2) age of
the recrults, 3) age at first capture and 4)
maximum age attained. The program generates a
table showing numbers and bilomass of exploited
population, catch numbers, catch blomass
(yield) and the average weight for predetermined
values of the instantaneous rate of fishing
mortality. The program also calculates relative
sensitivity coefficients of computed quantities
with respect to certain parameters.

Input information.

The input information required by the
program consists of (the notation follows
Gulland, 1969):

~M : the instantaneous rate of natural
mortality;
~tp i age of the recruits (i,e. average age

at which fish enter the "target"
population);

-t : age at first capture (t > tR);

¢
~t : the hypothetical age at which the
fish would have been zero weight if
it had always grown according to the
assumed Brody's relationship;

: maximum age attained;

-y : the average asymptotic weight of a
fishs

-K : the Brody growth coefficient.

Algorithm,

For predetermined values of the
instantaneous rate of fishing mortality (F),
the following calculations are performed by the

Average biomass per recruit for fish in the
exploited phase:

N ~M(t .=t
HERET
R o
3 -nK(t,~tg) - (F+M+nK) (t1,-t.)
« U, e ¢ (1-e c7y
n=0 F+ M+ nK
where UO =1, U1 = =3, U2 = 3, U3 = -1,

Catch per recruit :
C .
[R}‘ F

Average weight of fish caught:

=1p=4}

W o= (YR)/ (CR) .

Yield per recruit:

e
5 |t
NE—
t
]
oot

Instantaneous fishing mortality at maximum

yield per recruit (Fmax):

Let A = tC - tR UO = 1
B = tC - tO Ul ==3
C = tL -ty U2 = 3
D=F 4+ M4+ nkK U3 ==1

Then the value of F can be determined from
max
the slope

method of Beverton and Holt (1957, see page 310):

Average numbers per recruit in the
exploited phase :

R F+M '
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Fpax 18 the value of F in X which ensures that
X = 0. In practice, F .. 1is found by the method
of "false position" (Seber, 1973):

1) Find an initial value Fga and calculate X
with F = Fgax' In order to determine Fmax’
the vector of calculated yields per recruit
is searched for a maximum. The value of F
which corresponds to the maximum yield per
recruit is taken as the starting value for

the iterative process,

2) Let Fl,, = Flay - 0.005 and calculate X(Fj ).
3) For all i > 1, calculate
Féax ® F;;i - Hi—l !
where
gl XOED (P - Fnax)
xeh - xhd

Exit the iterative process when

1.0 x 1076 .

<

i
l X(Fmax

) |

Convergence is usually rapid and direct.
However, the value of Fy,, may become
excessively large when the yield-per-recruit
curve is nearly asymptotic. In that case, the
iterative procedure will produce values of
Fax Which exceed the computing capacity of the
computer; in addition, convergence then becomes
much slower. In order to avoid these problems,
the iteration is aborted and a warning message
is issued when F ., is seen to take a value
greater than 10 or when the number of
iterations exceeds 30.

Determination of Fy 1t

Similarly, Fq 1 is the value of F which
ensures that X' = 0.1 x 8L, where SL is the

value of the slope X at F = 0. The iterative
procedure for the determination of FO.l

appears as:

1) Find an initial value F8.1 = 0.7 Fpay and
calculate
0 =
Q(F0.1> x(FO 1) - (0.1 x sL) .

If convergence is not achleved during the

estimation of F .., Fg.l is given the

arbitrary value 0.1 .

2) Let Fé.l = Fg.l - 0.005 and calculate
QEl )y = x(@F! ) - (0.1 x8L) .
0.1 0.1
3) For all i > 1, calculate
Fo t ToatE
where
LA QFGTD) (¢ Fé i - Fé i ) .

aFlh) - ey h
4) Exit the iterative process when

1.0 x 107° .

1
I Q(Fo_l) | <

Sensitivity coefficients.

For each quantity computed in the yield
per recruit analysis, sensitivity coefficients
are calculated with respect to M, K, tO’ tp and
t . All sensitivity coefficients are
aﬁproximated by finite difference. For a given
F-value, the sensitivity coefficients are
evaluated by taking the partial derivative of
(N/R), (B/R), W, (C/R) and (Y/R) with respect
to a chosen parameter, say 6, Therefore, the
relative sensitivity coefficients are calculated
as (assuming R 1):

XNy = 0 N / N 36 ,
er = 9 3B /B 30 ,
XC, = 69C / C 36 ,
xﬁé = 0 oW /W a8 ,
X{g = 6 9Y / Y 80 .

For each parameter § considered, a table of
sensitivity coefficients is constructed. Each
row of that table contains the value of XNB’
XBe, XCq, XWg and XY, for a given F.

The program also calculates the sensitivity
and FO.l with respect to M, K, tys ty
That is,

of Fhax

and tes

L) x (8 /F ),

X

XXF o 1 / 36 ) (e / FO 1 )

where 6 is the chosen parameter.




Input format.

In order to initiate the program, type
BEVHOLT. Then you will be prompted for input as
follows:

NATURAL MORTALITY?

-enter a number representing the
instantaneous rate of natural mortality (M).

ERRORS: —-you must enter a single value;
~the entry must be greater than zero.

ASYMPTOTIC WEIGHT? (GR)

-enter a number representing the asymptotic
weight of a fish.

ERRORS: ~you must enter a single value;
~the entry must be greater than zero.

BRODY COEFFICIENT (PARAMETER K OF BRODY'S
EQUATION?

—-enter a value representing the Brody growth
coefficient.

ERRORS: -you must enter a single value;
-the entry must be a value between
0 and 1.

HYPOTHETICAL AGE AT WHICH THE FISH WOULD HAVE
ZERO WEIGHT ACCORDING TO BRODY'S EQUATION?

-enter a value representing tO.
ERRORS: -you must enter a single value.
AGE OF RECRULTMENT TO STOCK?
~enter a value representing the average age
at which fish enter the "target"

population.

ERRORS: -you must enter a single value;
-the entry must be greater than zero.

AGE AT FIRST CAPTURE?

-enter a value representing the age at first
capture (tc).

ERRORS: -you must enter a single value;
-the entry must be greater than zero.

MAXIMUM AGE ATTAINED?

~enter a value representing the maximum age
to).
)

ERRORS: ~-you must enter a single value;
~the entry must be greater than zero.
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ENTER A VECTOR OF ZEROS AND/OR ONES TO
INDICATE WITH RESPECT TO WHICH PARAMETERS THE
SENSITIVITY COEFFICIENTS ARE TO BE CALCULATED:

NATURAL MORTALITY

BRODY COEFFICIENT

AGE AT ZERO WEIGHT

AGE AT FIRST CAPTURE

AGE OF RECRUITMENT

—enter a value of 1 to indicate that
sensitivity coefficients are to be calculated
with respect to this parameter. Enter a
value of 0 to delete calculation of
sensitivity coefficients.

ERRORS: ~the entry must be a vector of
dimension 5;
-all entries must be 0 or 1.

MAXIMUM FISHING MORTALITY IN OUTPUT TABLE?

~enter a positive value which indicates the
maximum fishing mortality for which we want
to perform the calculations. This value is
used to control the amount of printing.
Reasonable values for this entry range
between 0.5 and 2.0 . A value smaller than
0.1 forces the program to find the value of
F and F ax and to calculate the
corresponding yleld per recruit; this will
yield the smallest amount of output. A
value greater than 2.0 may generate a large
amount of output when sensitivities are
requested for all parameters.

ERRORS: -you must enter a single value;
~the entry must be greater than zero
(the program will reset this entry
to a value of 5.0 if a value greater
than 5.0 is entered).
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AN EXAMPLE.

FILEAFETCH '2719067 PFAYIELD'

BEVHOLT
NATURAL MORTALITY?
[1:

.1
ASYMPTOTIC WEIGHT?(GR)
s
2867
BRODY COEFFICIENT (PARAMETER K OF BRODY'S FQUATION)?

:
. 095
HYPOTHETICAT, AGE AT WHICH THE FISH WOULD HAVE ZERO WEIGHT ACCORDING TO BRODY'S EQUATION?
e
T.815
AGE OF RECRUITMENT TO STOCK?
0O
3.72
AGE AT FIRST CAPTURE?
{J:
3.72
MAXIMUM AGE ATTAINED?
s
15
ENTER A VECTOR OF ZFROS AND\OR ONES TO INDICATE WITH RESPECT TO
WHICH PARAMETERS THE SENSITIVITY COEFFICIENTS ARE TO BE CALCULATED:
NATUKAL MORTALITY
BRODY COEFFICIENT
AGE AT ZEHKO WEIGHT
AGE AT FIRST CAPTURE
ACE OF REFCRUITMENT

fi:
11111
MAXIMUM FISHING MORTALITY IN OUTPUT TABLE
RH
.2
FISHING EXP-POP EXP-POP CAICH YIELD AVG. WEIGHT
MORTALITY NUMBERS BIOMASS NUMBERS (CR) (GR)
2.009 6.763 3935 2.000 o} o]
2.109 4,476 2149 3,448 215 480
FO,1==-= 0,148 3.783 1658 0.561 246 438
0.299 3,229 1286 0.644 257 399
FMAX»=~ 0,223 3.016 1158 0.672 258 384

SENSITIVITY TO NATURAL MORTALITY

FISHING EXP-POP  EXP-POP CATCH YIELD  AVG. WEIGHT

MORTALITY  NUMBERS  BIOMASS  NUMBERS (GR) (GR)
0.0909 0. 460 9,650 9,000 0.000 9,000
9,100 “n.368 ~0.559 “0.368 ~0.559 “9.191
FO,1==-= 0,148 0,339 “0.514 0,330 T0.514 “0.185
9,200 0. 294 0,468 “0.294  T0.u468 0.175
FMAX~-= 0,223 “0.279 T0, 449 T0.279  T0D.4u49 ~0.169

SENSITIVITY TO BRODY COEFFICIENT(K)
FISHING EXP=-POF  EXP-POP CATCH YIELD  AVG. WEIGHT

MORTALITY  NUMBERS  BIOMAS, NUMBERS (GR) (GR)
0.029 2.000 1.715 0.000  0.000 0.000
0.199 7,000 1,804 2.000 ° 1.804 1.804
FO,1==-= 0.1u48 0.000 1.8u8 0.000 1.8u8 1,848
0.200 0.000 1.894 0.000  1.834 1,894

FMAX=== 0.223 0.000 1.914 0,000 1.914 1.914
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SENSITIVITY TO AGE AT ZERO WEIGHT

FISHING EXP-POP  EXP-POP
MORTALITY  NUMBERS  BIOMASS

wn o e e o i 0 b e Bo s g o ion Wo fr o tn f s we e

9.000 2,000 70, 146
0,100 9, 000 “0.179
FO,1e== 0,148 0,000 “0.182
0,200 9.000 ~0.196
FMAX=w= 0,223 9,000 ~0., 201

SENSITIVITY TO AGE AT FIRST CAPTURE

FISHIRG EXP=-POP  EXP-FOP
MORTALITY  NUMBERS  BIOMASS

P - oo oo e e e b 0o

0,000 9,550 T0.116
0.100 0,459 0.159
FO.1~== 0,148 0,432 0.276
0.200 To.411 0.388
FMAX==~ 0,223 0. 404 0. 434

SENSITIVITY TO AGE OF RECRUITMENT

FISHING FEXP-POP  EXP=POP
MORTALITY  NUMBERS  BIOMASS

----- - - - o

2.020 2.372 0.372
2.130 0.372 0.372
FO.1-==- 0.148 2.372 0.372
0.200 2.372 0.372
FMAX-=- 0.223 0.372 0.372

CATCH YIELD
NUMBERS (GR)
0.000 0.000
0,000 70,170
0,000 70,182
0.000 70,198
2.000 70.201

CATCH YIELD
NUMBFES (GR)
0.000 0,000
“0,459 9,159
T0.432  9.276
“0.411  0.388
T0.u048  0.u3y

CATCH YIELD
NUMBERS (GR)
0.000 0.000
2.372  0.372
0.372 0.372
0.372 0.372
0.372 0.372

SENSITIVITY OF FMAX AND F0.1 TO PARAMETERS

PARAMETERS
SENSITIVITY TO NATURAL MORTALITY
SENSITIVITY TO BKODY COEFFICIENT(K)
SENSITIVITY TO AGE AT ZERO WEIGHT
SENSITIVITY TO AGE AT FIRST CAPTURE
SENSITIVITY TO AGE OF RECRUITMENT

FMAX
0.3265
0.3275

70,0993
0.75903
0.0000

AVG. WEIGHT
(GR)
0.000

~0.170
70,182
“0.196
“0.201

AVG. WEIGHT
(GK)
0.000
0.618
0.708
0.800
D.839

AVG. WEIGHT
(GR)
0.000
9.000
0.000
0.009
0.000

FO0.1
9.0173
0.7684%

T0.1094
9.5468
9.1186
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Computation of Yield from a Given Recruitment by the Method of Thompson

and Bell (YIELD).

This program uses the Thompson and Bell's
method to determine the yield for a single
recruit at various levels of fishing mortality
(ref. Ricker, 1975). The program generates a
table showing catch numbers, yield (kg),
average welght and a relative index of the
yield per unit-effort. For these calculated
quantities, the relative sensitivities are
calculated with respect to input parameters.

Input information.

The input information required by the
program consists of:

b : age of youngest age~group;

m : age of oldest age-group;

wi (L = b, ..., m) : weight at age i, in
kilograms;

r (4 =b, ..., m) : a value, between 0 and

1 1, which indicates the proportion of
fishing mortality which can be
allocated to age group 1 (often
referred to as "partial recruitment’
to fishing mortality);

M (i =b, ..., m) instantaneous rate of
+ natural mortality for age i.
Algorithm.

For predetermined values of instantaneous
rate of fishing mortality (F,), the following
calculations are performed by the method of
Thompson and Bell:

Catch per recruit (in numbers):

jul
F -7
C., = ENl*—j:(l"el) s
i=b Zi
where Fi = ri F,
and Zi = Fi + Mi H

also, the Ni are calculated from the
recursive relationship {(by assuming that

Nb = 1):

-Z
e 1-1
i i-1

Yield per recruit (kg):

vl

Fi -Zs
wiNi?(l—el) ,
i=b i

where Fi, Zi and Ni are defined as in C, .

Average weight (kg) of fish caught:

W o= Y. /cC, .
Relative index of wield per unit of effort:
I - [ I } / MAX [ Y. (F) J
F b
. F U F

where F takes the values of fishing mortality

which appear in the output table.

Determination of Fmax:

F can be determined from the slope X =
3(1.)/3F* . So Foax 1s the value of F. in X which
ensures that X = 0. In practice, X is found by
finite difference and F,, is evaluated by the
method of '"false position' (Seber, 1973):

1) Find an inigial value, F&axv and calculate X
with F, = Fm x In order to determine F ax’
the vector o? calculated yields per recruit is
searched for a maximum. The value of F which
corresponds to the maximum yield per recruit is
taken as the starting value for the iterative
process.

1
max

0

max — 0-005 and calculate X(¥

L
2) Let Frax © F ).

3) For all 1 > 1, calculate
1. -1 Li-l
Frax = Fmax H s
where
i-1 i~-1 i-2
Hi—l i X(Fmax) ( Fhax ~ Fmax
i-1 i-2
X(Fmax) - X(Fmax)

Exit the iterative process when

i

| X(Fmax

-9
Y] ¢ 1.0 x 10 .
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Then the final value Féax is taken as the true are calculated from the response of the calculated
value, F ax® quantities to small relative perturbations in
each element of the input vector under
When the yield-per-recruit curve is nearly consideration. This can be shown to be equivalent
asymptotic, the value of F,,, may become to the response obtained from a small relative
excessively large and convergence becomes perturbation of the mean of the input vector.

much slower. In order to avoid memory overflow,
the iterative process is aborted and a warning
message is issued when F_ .. 1s seen to take a Input format.
value greater than 10 or when the number of

iterations exceeds 30. In order to initiate the program, you have to

type YIELD, Then you will be prompted for input as

follows:
Determination of FO 1
bl WEIGHT AT AGE? (KG)
Similarly, F, ; is the value of F in X —-enter a vector of weights at age (W,, 1 = b, ..
which ensures that'¥ = 0.1 x SL, where SL is ey M), .

the slope 3(Y )/3F_ at F, = 0. The iterative
procedure for the determination of FO 1
appears as: ’

ERRORS: -the values entered must be positive.

0 PARTIAL RECRUTTMENT?
1) find an initial value, FO I 0.7 Fmax’
and calculate ) -enter the values r;, (1 = b, ..., m) which
indicate the proportion of fishing mortality
which can be allocated to age-group 1.

QFy ) = X(Fg ) - (0.1 x SL) .
) ) ERRORS: -the vector must have the same length as
the vector of weights at age;
If convergence to a final value 1s not ~the values entered must all be greater
achieved during the estimation of F_. ., than or equal to zero and less than
Fy,1 is given the arbitrary value O.i . or equal to one.
2) let ¥, = Fg 1 - 0.005 and calculate NATURAL MORTALITY?

1 1 -enter either a single number (M) or a vector
Q(FO l) = X(Fo.l) ~- (0.1 = SL) . which zssigns a separate instantaneous rate
) of natural mortality (Mi’ i=b, vo., m) for
each age-group i. When a single number is

3) For all i > 1, calculate entered, the M, are set equal to M for all 1.
i 1-1 i-1 ERRORS: -the entry must either be a single

F0 1 - FO.l - H ’ number or a vector which has the same
length as the vector of weights at age;

~all entries must be greater than zero.

where
i1 11 1-9 SENSITIVITY COEFFICIENTS FOR THE FOLLOWING
i-1 Q(Fp.7) (Fp,1 - Fp P PARAMETERS :
H = - - . NATURAL MORTALITY
Q(Fg—i) - Q(Fé~§> PARTIAL RECRUITMENT

WEIGHT AT AGE

-enter a vector of zeros and/or ones, to
indicate your choice of parameters for which
the sensitivity coefficients are to be

Exit the iterative process when

i -
|Q(FO l){ < 1.0 x 1077 . calculated.
Then the final value Fé 1 is taken as the ERRORS: ~the vector must have exactly three
true value, FO 1 : elements;
: —-the values entered must be zeros or
ones,
Sensitivity coefficients. MAXIMUM FISHING MORTALITY IN OUTPUT TABLE?

Since %HPUt pargmeters (mo?tality, weight- —-enter a positive value which indicates the
at-age,partial recruitment) are expressed as maximum fishing mortality for which we want to
vectors, the relative sensitivit%es of perform the calculations., This value is used to
calculated quantities are approximated from control the amount of printing. Reasonable

equation [6]. In other words, the sensitivities
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values for this entry range between 0.5 and
2.0. A value smaller than 0.1 forces the
program to find the value of F 1 and Frax?

and to calculate the corresponging yield per
recruit; this will yield the smallest amount
of output. A value greater than 2.0 may
generate a large amount of output when
sensitivities are requested for all parameters.

ERRORS: -you must enter a single value;
-the entry must be greater than
zero (the program will reset this
entry to a value of 5.0 is a value
greater than 5.0 is entered).



n AN EXAMPLE.

WG

0.766 1,017 1.727 2.512 3.287 3.994 4,806 5,607 6,481 8,046

PR
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0.474% 0.632 0.737 0.895 0,947 0,947 1 1 11
FILEAFETCH '2719067 PFAYIELD'

YIELD

WEIGHT AT AGE? (KG)

s
WG

PARTIAL RECRUITMENT?

0O:
PR

NATURAL MORTALITY?

0
02

SENSITIVITY COEFFICIENTS FOR THE FOLLOWING PARAMETERS:

(ENTER A VECTOR OF ZEROS AND/OR ONES IN THIS ORDER)

NATURAL MORTALITY
PARTIAL RECRUITMENT

WEIGHT AT AGE
0:
010

MAXIMUM FISHING MORTALITY IN OUTPUT TABLE

0
0.8

FISHING
MORTALITY

0.2000
FO.1--= 00,2285
0.3000
FMAX=== 0,3751
0.4000
0.5000
0.6000
0.7000
0. 8000

SENSITIVITY TO PARTIAL RECRUITMENT

FISHING
MORTALITY
. o e G U .
0.1000
0.2000
FO,i=== 00,2285
0,.3000
FMAX=-= 0.3751
0.4000
0.5000
0.6000
0.7000
0.8000

YIELD PER RECRUIT ANALYSIS

CATCH

(NUMBER)

- .o

0.253
0.402
0.433
0. 497
0.549
0.563
C.611
C.6u8
0.678
0.703

CATCH
(NUMBER)

- .-

0,750
C,581
0.545
C.ubsg
0.4210
.39
C.342
C.305
C.277
0. 255

YIELD

(KG)
0.666
0.920
0,954
1.001
1.013
1.012
0.995
0.970
0. 944
0.919

YIELD
(X6)
-
0.603
0.310
0. 243
0.106
0. 000
~0.028
~0.113
“0.164
0. 194
~0.209

AVG. WEIGHT

(KG)

- e -

2.638
2,289
2,203
2,013
1.846
1.797
1.629
1.497
1.392
1.308

AVG. WEIGHT

(XG)

bummibnniene

T0.147

SENSITIVITY OF FMAX AND FO.1 TO PARAMETERS.

PARAMETERS

P

SENSITIVITY TO PARTIAL RECRUITMENT

FMAX

-

~0.9990

YIELD PER
UNIT EFFORT

- - -

1.000
0.690
0,627
0,501
0.405
0.380
0.299
0.2u43
0.202
0.172

YIELD PER
UNIT EFFORT

P T R

0. 000
~0.293
70.359
T0.496
~0.603
~0.631
“0.715
~0.767
~0.796
~0.812
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7. Calculation of total mortality by Paloheimo's method
(PALOHEIMO) .

The function PALOHEIMO provides estimates
of the instantaneous rate of total mortality (Z)
by using the method of Paloheimo (Ricker, 1975).
An estimate of the catchability coefficient (q)
and an estimate of the instantaneous rate of
natural mortality (M) are calculated by
regressing Z against £, the fishing effort.

Input Information.

The input information required by the
function PALOHEIMO consists of:

ty ¢ the first year represented in the
CPUE matrix;

tf : final year represented in the CPUE
matrix;

b : age of the youngest age-group in the

CPUE matrix;

m : age of the oldest age-group in the
CPUE matrix;

U P (L =b, viay,my ot =y, au, tf)
a matrix (time- and age-specific) of
catch per unit of effort (CPUE);

£ (= tg, veey te ): a vector whose
values represent annual estimates
of fishing effort for the period
covered by the CPUE matrix.

Algorithm.

This function approximates the mean of the
instantaneous mortality rates for a cohort in
two consecutive years from the relationship

~ 1n ( .
1,T At U1+1,T+l / U1,r )

An overall estimate of mortality for the period
7,T+1 is calculated as

= ( Z 7

1

Y/ (b -m4+ 1) .
T

T,TH+1 1s

Finally, the mean effort for the period[r,7:+I]
is given by

T,T+1 = ( fr + fT+l ) /2 !

and the regression of ZT,T+1 against fT’ will

T+1

provide an estimate of the instantaneous rate
of natural mortality (M) and an estimate of the
catchability coefficient (q). The regression
model appears as

ZT’T+1 = M+ q fT,T+l + €

where M is the regression constant and where q
appears as the slope of the regression line.
Note that M and q are assumed to be constant
over the whole period covered by the data.

Input Format.

In order to initiate the function, type in
PALOHEIMO. Then you will be prompted for input
as follows: [note that the matrix of age- and
time-specific CPUE must be previously created
before entering the function

ENTER NAME OF CPUE MATRIX FOR RESEARCH VESSELS
(NUM/TOW)?

-enter the name of the CPUE matrix.

ERRORS: ~the name entered must represent an
APL variable.

ENTER FIRST YEAR AND YOUNGEST AGE-GROUP?

-enter two numbers representing the first
year and the youngest age-group represented
in the CPUE matrix.

ERRORS: -you must enter exactly two numbers;
~the two values entered must be
non-negative integers.

REGRESSION WITH AN INDEX OF FISHING EFFORT
DESIRED? (YES OR NO)

—enter either YES or NO in order to indicate
if the regression of Z against fishing
effort is to be performed.

ERRORS: -you must enter either YES or NO.

ENTER VALUES OF FISHING EFFORT?

-if the answer to the preceding prompt is
YES, enter a vector whose values represent
annual estimates of fishing effort for the
period covered by the CPUE matrix.
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ERRORS: -the dimensions of the vector must be
equal to the dimensions of each row
of the CPUE matrix;

—each entry must be greater than zero.

Graphical Output.

The function PALOHEIMO generates a graph
showing the observed points (?T,T+l' f. T+l)
and two points of the regression line (fhe
regression line is obtained by tracing a
straight line through these two points).

AN EXAMPLE

FILEAFETCH '2719067 PFAPALOHEIM'

MAT
0.45 0.513 0.59 0.563 0.546
0.22 03.27 0.326 0.363 0.342
0.125 0.125 02.127 0.146 0,159
0.05 0.057 2.052 90,051 92.057
0.027 0.024 9.012 0.019 0.017
0.009 9.011 2,099 0,008 0.00€

PALOHETMO
ENTER NAME OF CPU MATRIX FOR RFESEARCH VFSSELS(NUM/TOW)
MAT
ENTER FIRST YEAR AND YOUNGEST AGE GROUP

1875 3
ESTIMATES OF TOTAL MORTALITIES(Z) 13/ 6/80

{1975 1976 1977 1978
bwwbEonmebosromnmominidpenbebsone
31 0.511 0.453 0.486 0,u98
} 0.565 0.754 0,803 0,825
| 0.785 0,877 0,912 0.941
] 0.734 1.558 1,007 1.099
7 1 0.898 0.981 0.405 1.153

T e T R o Y )

3+] 0.699 2,925 90,723 0,903

oy U &

RECRESSION WITH AN INDEX OF FISHING EFFORT DESIRED(YES OF NO)?
YES
ENTEE VALUES OF FISHING EFFORT
0:
350 432 440 580
THERFE MUST BE 5 VALUES ALL NON=NEGATIVE. RFE«ENTER
s
350 432 440 450 590
WAS ANOV A
WAS CORRELATION
ALIGN PAPFR
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MEAN OF DEPENDENT VARIABLF 0.81232
VARIABLE MEAN ESTIMATED COEFFICIENT STD. ERROR
CONSTANT TERM 0.18937 0. 54595
1 448, 00000 0.0013¢9 9.00121
MULTIPLE CORRELATION COFFFICIENT (R%2)eevscsenness 0.3968456u421
CORRECTED F*2 (FB*2)iueeeeeacanaonessnsssnsonsssans 0.0952684631
F-STATISTIC FOR SIGNIFICANCE OF REGRESSION( 1, 2) 1.3159007701
STANDARD FRROR OF THE ESTIMATE v sscsssonnnsoses 0.1123210365
DURBIN®WATSON STATISTIC . eeeesoossvsscsnssasaascnns 3.1129800356
COEFFICIENT OF VARIATION (AT THE MEAN OF Y)..(e/e) 13.8271684155
.94 + o g
| o’
!
!
|
0.75 +
| (o} (¢}
|
|
!
Z 0.56 +
¥ |
E |
A !
N !
0.38 +
|
|
|
I .
0.19 +
!
|
]
|
0,00 tumant T o e B T S S L AR T
0.0 108.0 216.90 324.0 432, 0 549,90

FISHING EFFORT

T-VALUE
0.34686
1.14713
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8. Estimating Survivors in the current year (SURVIVOR)

In this section, we introduce a new method
for estimating survivors in the current year
(W.G, Doubleday, pers. comm.). The method
combines catch-at-age information and a research
vessel abundance index-at-age, and produces
estimates of survivors—at-age in the current
year, as well as variance estimates., In input,
this iterative method requires an initial
estimate of survivors for the last year and for
the oldest age-group, an estimate of natural
mortality and a matrix of catch-at—age for all
years considered. Convergence to final estimates
of survivors is generally direct and rapid.

In practice, our estimation is derived
from a comparison between mid-year estimates
obtained from research vessels and mid-year
population numbers calculated from a VPA
formula. Underlying assumptions specify that 1)
catch is taken uniformly during the year, 2)
that the research vessel abundance index 1s a
mid-year estimate and that 3) the instantaneous
rate of natural mortality is a 'known' constant
which can be applied to all years and all age-
groups of the catch matrix. The survivor
estimates are end-of-year estimates. In order
to ‘tune’ the research vessel abundance index
with the VPA population numbers, we need to
define calibration constants which have to be
estimated within a pre-defined calibration
block.

Input Information.
The input information required by the
function SURVIVOR consists of

ty : first year represented in the catch
matrix;

tf : final year represented in the catch
matrix;

t1 : final year of the calibration block;

b : age of the youngest age-group in the
catch matrix;

m : age of the oldest age-group in the

catch matrix;

i : age at which fish ave fully
recruited to both commercial
exploitation and research surveys;

i2 : age of the oldest age-group in the
calibration block (note that
i, < 12);
C‘L’[ : (1L = by.e.,m 3 t:t()""’tf)
? catch between time t and t+1 and for

age-group i,1+1. Note that 1 refers
to the period t,t+1l, while 1 refers
to age-group 1,i+l.

M :  instantaneous rate of natural
mortality.

A t (1 = byeessm 3 b= Loyt )
+. t+. £
.5, > research vessel abungance index~
at-age;
0 R - trin
Sm,t : (€ = tg,eessty) an initial estimate

of survivors in population for the
oldest age—-groups;

Sg ¢ : (4 = b,...,m) an initial estimate of
'L survivors in population for each
age-groups in the final year.

Algorithm.

From the initial estimates of survivors in
the population, we calculate a series of
calibration constants which are used to generate
successive estimates of survivors in the
population. For each iteratdion, the following
caleulations are performed: (superscripts refer
to the £th jterative step)

1)Calibration of the survey index:
A mid-year population estimate can be
derived from the survey index as follows:

£ =
Ni+.5,t+.5

[8.1]

ki 5 Be5,60.5 T 6

The ky+ 5 are calibration constants (one value
for each age-group between b and il)‘ From [8.1},
we derive the following expression for the
estimation of the calibration constant ki+.5:

£
1n (N3 Y-1n(A .5)
4 _ Z i+.5,t+.5 i+.5,t+.5 ,[8-i

(t; -ty + 1)

where the summation is taken from t = t, to t= =
For ilsisizk we calculate a single calibration
constant, k%  from the formula

i &
)

2
In k = 1

[ainreind

£
Ny, 5 pe,5) 7104 5 chs)
0 it b+, 1+.0, '[8~i

(tl—t0+l) (iz_il+l)

The logarithmic transformation is necessary, both
for [8.2} and[S.B}, in order to eliminate the
{nfluence of the order of magnitude for the
survey index-at-age.

In order to estimate ki+ and k, we need
mid-year estimates of the popﬁ?ation numbers-
at-age. These are derived from the iterative
relationship

[8.4]

£ £
Niy,5,t+.5 % CINTi+.S,t+.5+SINTi+.5,t+.5




where CINT and SINT are calculated as

te-t .
M(3+.5)_ M(j-.5)
CINT, | 5,t+.5 §_C1+j,T+j S = )
3=1 M
+ (eM/2-1)
! M
or
m-i M(3+.5)__M(3-.5)
CINT, 7 ¢ Lo T2 e )
i+.5,t+, 57 =1 1+, T+] M
. "/2-1)
1.7
’ M
and
GINTK SE (tg=t+.5)M
; i+.5,t+.5 - i*tf‘“tptf
or
- £ X (m-1+.5)M
NT1+ 5,t+.5  “m,t+m-1 .

2)Estimating survivors in the final year and for

the oldest age-groups in each year:
From the estimated ki, 5 and k, we estimate
a weighted average of the survivors in the
final year from the relationship

S .
sbe jsi 1, f,j sCfs

where (let j g i)

oL
Siveed = ®ges Aeus,epiege.s
~M({i-3+.5)
" CINTy, 5, ¢t -143+.5) ©

and

£ £ 2 -1

wi,tf,j = (Var Si,tf,j) / ZéVar Sl tf,g) .
The 91 £ are independent estimates of

the survgvors in the final year, for age-group
i, The number of estimates which can be
evaluated is equal to the length of the cohort.
Variances for successive estimates of
survivors are estimated as

£ - 2
Var Si ey T (s 5 Au5, tpmiege.s)
5 (1+ 1 } o~ 2M(i=3+.5)
tl“to+l

when j < il and as

£ L 2 £
Var Sl tr] = (kj+.5 Aj+.5,tf-i+j+.5) RMS

1 ~2M(i=j+.5)
1+ e

(iz—il—l)(tl—t0+l)

The quantity RMS is evaluated as

i NK kﬂ A z
2 B IRy 5, e 57K 5 M4 5,64.5
) 7
£ i=b t=ty Ni,.5,ts.5
RMS = .

( cl-t0+1))'( i,=b+ 1)

when j > il‘

Finally, the pooled variances of the estimated
survivors for the current year are calculated as

~p
Var S =

2 -1
s ) 1/var s L Epd ) .

4

Similar formulae have been developed in order
to estimate the survivors for the oldest age-
groups. That is

a ~ £ N ~A
“myt i< m,t, ] “myt,] ’
where
st - al a CINT
mt,d = 5eis Aels, tomage 5TCINT L 5 bomige)
M e—M(m—J+.S) (§<m)
and
2 -1, = -1
W , = (Var S . Var S .
myt,] (Va m,t,J) / Z( a mvtsg)
g=b
The § are independent estimates of the

survivdrd’ for the oldest age-group in each year
t, Variances for successive estimates of survi-
vors are estimated as




- bty -

£ b 2
Var Sm,t,j = (kj+-5 Aj+.5,t*m+j+.5 ) RMS

x 1+ S enZM(m—j+.5)
tl‘-to+l

when j < i1 and as

4 £ 2 £
Var § .= : .
m,t, ] &ﬁw5%+ﬁ,hmjh5) RMS

ewZM(m—j+.5)

X Ll.{- 1
(iz~i1ml)(t1~t0+l)

when j » i,. Finally, the pooled variances of
the estimated survivors for the oldest age-
groups are calculated as

e L -1
Var S = 1 3 S
m, t ( év / Var Sm,t,j ) .

b}

3) Iterations (£ =0,1, ...):

Steps 1) and 2) are repeated in an
iterative manner in order to produce
successive estimates of kj. 5, k, S5i ¢ and
Sm,t’ as well as estimates of the £
corresponding variances. Convergence 1is
considered to be achieved when

£-1

it Si,t
T < 0.001
i,t
for each age-group in the final year (t_ ) and
for each age-group m in the different years
t considered.

The iterative process can also be stopped

when the total number of iterations exceeds a

given value (provided in input).

4) Final iterationm.

At the end of the iterative process, the
following information can be printed in a matrix
form:

the integrate 1 : .
g ; d survivors SINT1+_5’C+.5
the population numbers: Ni+ 5 £..5
the estimated survivors: 5j ti 3 and §
the estimated variance of o
survivors: Var Si,tf,j and Var Sm,t,j .

m,t,

The welghted estimates (time~specific) of
survivors for the last age-groups and the
weighted estimates (age~specific) of survivors
for the last year are also printed, as well as

their corresponding variance. The final estimates

of Ki+.5 (age-specific) are finally printed,

along with their corresponding variances,
standard errors and degrees of freedom, In
addition, the matrix of residuals (eist
1=Db, veapl j B = Loy enes te) is
calculated as

ey ¢ = In Ry, 5850 5,005 ) 710 Nieis,eres

Analysis of variance.

1n order to identify the presence of
systematic errors in the residuals (like the
errors related to age-effects, year-effects and
year—class effects), an analysis of variance is
performed in the following manner:

1) Calculation of the sum-of-squares of
residuals:

sss = ] 1 el .
i 3

[ud s

2) Calculation of the sum-of-squares of
residuals (RES) for a regression which considers
that the e, come from a model showing a year-
effect, an dge-effect and a year~class effect.
The regression model has the form

= + ¢ . c
ei,t i aq year.l + ... + @, year.Z

+ by age.l + ... F by age.y

+ year~class.l + ... *
c_ year-class.z + g N
4
where year.l, ..., year.xZ, age.l, ..., age.y,
year-class.l, ..., year-class.z are dummy

variables taking the value of 0 or 1. Note that
this model has more parameters to estimate than
there are independent normal equations. This
model is modified, in practice, so as to

remove the singularity problems which will
arise in an attempt to estimate the coefficients
of the above-mentionned model. The sum~of~
squares due to this regression is refered to

as 85 in the following text.

3) Calculation of the sum—-of—-squares (882) due
to regression for a regression model which
considers that the ey , come from a model
showing only a year-effect and a year—class
effect.

4) Calculation of the sum-of-squares (SS1) due
to regression for a regression model which
considers that the ej , come from a model
showing only a year-—effect. The mean-square
error is calculated as

MS1 = SS1 / ( x~1) .
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Source of variation Sum of squares degrees of Mean square F value
freedom
Constant (Zei t)2/ r 1 - -
b

Age 584 x - 1 MS4 MS4/MSR
Year SS1 y -1 MS1 MS1/MSR
Year-class $S3 z - 1 MS3 MS3/MSR
Residuals RES i MSR = RES/s -
Total RER r* - -

number of residuals in the initial matrix

o - x -y -z 4+ 2

Table 5.1 .
the residuals.

5) The sum~of-squares due to a year-class effect
is calculated as

$S83 = 852 - 881 .
The corresponding mean-square error is then
calculated as

MS3 = SS3 / (z-1) .

6) The sum-of-squares due to an age-effect is
calculated as

§S4 = 88 - 882 ,
while the corresponding mean-square error has
the form

MS4 = SS4 / (y~1) .

Then the table of analysis of variance is
constructed as shown in Table 5.1 .

Input Format.

In order to initiate the function, type in
SURVIVOR. Then you will be prompted for input
as follows: [note that a catch matrix (C1 .

i=b, sv., mj t=ty, ..., tg) and a maltrix
of 'research vessel abundance index'
(Ai«l“S,twt.S: i = b, I to, e vy tf)

must be previously created before starting
the progranﬂ

Analysis of variance for testing the presence of systematic errors in

FIRST YEAR AND YOUNGEST AGE-GROUP?

~enter two numbers representing the first
year and the youngest age-group in the
catch matrix.

ERRORS: ~you must enter exactly two numbers;
~these values must be non-negative
integers.

FINAL YEAR AND OLDEST AGE-GROUP IN CALIBRATION
BLOCK??

-enter two numbers representing the final
yvear and the oldest age-group of the
calibration block.

ERRORS: =-you must enter exactly two numbers;
~these two values must be,
respectively, greater than the two
values entered in the preceding
prompt.

AGE AT WHICH K SHOULD LEVEL OFF?

~enter a single value representing the age at
which fish are fully recruited to both
commercial exploitation and research surveys.

ERRORS: ~you must enter one number which is
greater than the value representing
the youngest age-group, but smaller
than or equal to the value of the
oldest age-group in the calibration
block.
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NAME OF RESEARCH VESSEL ABUNDANCE MATRIX?

-enter the name of the matrix tabulating the
research vessel abundance-index,

ERRORS: ~the name entered must correspond to
an APL variable;
~the variable must be a matrix;
~there should not be negative values
in the matrix.

NAME OF CATCH MATRIX?
-enter the name of the catch matrix.

FERRORS: ~the name entered must correspond to

an APL variable;

~-the variable must be a matrix;

~there should not be negative values
in the matrix;

-the dimensions of this matrix must
be equal to the dimensions of the
'regsearch vessel abundance' matrix,

SURVIVORS IN POPULATION FOR LAST YEAR?

—enter a vector representing initial
estimates of survivors in population for
each age-groups in the last year.

ERRORS: =-the vector should have the same
dimensions as the dimensions of
each column of the catch matrix;

-each value entered must be
positive.

SURVIVORS IN POPULATION FOR OLDEST AGE~-GROUPS?

~enter a vector representing initial
estimates of survivors in population for
the oldest age-group in each year.

ERRORS: ~the vector should have the same
dimension as the dimension of each
row of the catch matrix;

~each value entered must be positive.

NATURAL MORTALITY?

-enter a single value representing the
instantaneous rate of natural mortality for
each age-group i.

ERRORS: ~you must enter only one number;
~the natural mortality must be equal
to or greater than zero.

MAXIMUM NUMBER OF ITERATIONS?

—enter a number representing the maximum
number of iterations to be allowed in the
current run.

ERRORS: ~you must enter only one number;
-the value entered must be greater
than zero.

ENTER 1 IF MATRIX IS TO BE PRINTED. OTHERWISE
ENTER 0. ONE NUMBER IS REQUIRED IN VECTOR FOR
EACH MATRIX:

INTEGRATED CATCH

INTEGRATED SURVIVORS

ESTIMATED SURVIVORS

ESTIMATED VARIANCE OF SURVIVORS

WEIGHTED SURVIVORS

OQUTLIERS OF RESIDUALS

—enter a vector of 0's and/or 1's in order
to indicate which matrices are to be
printed.

ERRORS: ~you must enter a vector containing
only 0's and/or 1's;
~-the input vector must have six
entries.

ANALYSIS OF VARIANCE TO BE PERFORMED (YES OR
NO)?
-enter either 'YES' or 'NO', in order to
indicate if the analysis of variance is to

be performed on the residuals.

ERRORS: -you must enter either 'YES' or 'NO'
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An Example,

FILEAFETCH 2719067 PFASURVIVOR'

RESEARCH VESSEL ABUNDANCE INDEX 8/ 1/80
| 1966 1966 19867 1968 1969 1870 1871 1972 1873 1974 1875 19786
e A N T X Ty o a5 b o s s o0 e 0 b b A o G B O s B B b s e e e e 2 e 0 0 9 e e e e o e £ e i v 0o e e s e e s B M e e e b e o e e
2 | 47188 27436 20061 35263 g4u43 10968 13220 93968 14709 18790 30595 3450
3 1 21477 28398 19193 14992 11476 5945 8530 9107 54558 8503 12318 17053
4 1 15110 12437 17180 11707 9562 7072 3122 2537 k211 27082 6145 6985
5 i ni22 8073 6438 10180 7088 Leeh 2918 1440 1203 2534 13822 3351
6 | 765 2055 3359 4268 4087 3682 2097 1122 419 435 1252 6592
7 | 278 637 1171 2008 2617 2418 2093 924 566 181 248 630
8 | ol 152 379 6y 1402 1382 1085 889 369 302 116 128
9 | 9 80 108 234 362 774 T42 507 339 228 192 58
10 | 0 5 Ly 60 120 228 408 515 287 180 g5 122
CATCH MATRIX 8/ 1/80
| 1965 1966 1967 1968 1969 1870 1971 1872 1973 1974 1975 1976
bm»+o‘mhmwb»bb”owbam»nuuhnhu—ao‘—hﬁhw---—vbbawbnah-n—nuumwh-.-ohhwun-hh-—honuobubhh--hbh&uhbhbhh-hnb
2 1 2107986 43630 w7948 751706 70536 106916 144167 649254 29656 118301 235590 19922
3| 26450 270068 68430 79933 384467 58166 173662 71984 562616 45600 158941 161637
u 1 232147 58591 238394 65107 118960 285361 106170 148516 109530 616206 92356 130597
5 | 49752 308775 109814 274518 160723 201097 113561 77207 34422 53199 384646 72334
& | 10592 u5479 159203 72827 110852 120223 75593 75384 25562 15254 50599 219788
71 1693 13970 57948 90617 62506 - 111911 83620 49065 19361 8120 8357 18960
g | 561 7722 4497 31977 22595 41257 50022 48700 17604 5313 3238 4967
9 | 54 1690 509 15441 6345 21271 36618 26055 19836 10964 3481 3556
10 | 37 215 296 5668 2693 7039 7536 13792 9661 5787 2842 1835
SURVIVOR
FIRST YEAR AND YOUNGFST AGE GROUP?
.
1965 2
FINAL YFEAR AND OLDEST AGE GROUP IN CALIBRATION BLOCK
0
1970 8
AGE AT WHICH K SHOULD LEVEL OFF
8H
&
NAME OF RESEARCH VESSEL ABUNDANCE MATRIX
RV 68MAT
NAME OF CATCH MATRIX?
CATM
SURVIVORS IN POPULATION FOR LAST YEAR?
BE

70000 400000 150000 50000 200000 20000 4000 1500 5000
SURVIVORS IN POPULATION FOR OLDEST AGE GROUP?

1
1 100 1500 1000 4000 7000 15000 15000 10000 7000 3000 5000

NATURAL MORTALITY

{1s

0.2
MAXIMUM NUMBER OF ITERATIONS?
B H

10
FNTEK 1 IF MATRIX IS TO BE PRINTED. OTHERWISE ENTER 0.
ONE NUMBER IS REQUIRED IN VECTOR FOR EACH MATRIX
INTEGRATED CATCH
INTEGRATED SURVIVORS
ESTIMATED SURVIVORS
ESTIMATED VARIANCE OF SURVIVORS
WEIGHTED SURVIVORS
OUTLIFRS OF RESIDUALS

I
001111
ANALYSIS OF VARTANCE TO BE PERFORMED(YES OF NO)?

YES




ITERATION 1
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=
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ITERATION 3
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=
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ITERATION &
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ITERATIORN 5

S
&
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b

RMS=0.02475074238

- 48 -

©0/0 CHANGE IN SURVIVORS=110, 5401764

SURVIVORS
15298562
874298
343942
183048
40093

36735
8799
2181
8243

X
52,04
59,06
64,79
71.45
80.73
80.73
80.73
80.73
80.73

FMS=0,.01432995738

o/o CHANGE IN SURVIVORS=10.54317433

SURVIVORS
154728
888078
352774
1896Lu
442160

41781
8065
2751
9515

X
52.61
59.96
66.145
74,07
89.07
89.07
89.07
89.07
89.07

FMS=0.01308929534

o/0 CHANGE IN SURVIVORS=4.625389576

SURVIVORS
155752
896123
357508
193144
462675

44322
8708
3064

10164

K
52.93
60. 50
67.28
75.43
93.30
93. 30
93.30
93.30
93.30

FMS=0.01264046776

0/C CHANGE IN SURVIVORS=2.251456u45

SURVIVORS

156278
900255
359943
194943
473222
45840
9047
3228
10505

L4
53.10
60,77
67.71
76. 14
95.52
95.52
95.52
95.52
95.52

RMS=0.01244700991

©/0 CHANGE IN SURVIVORS=1.140071357

SURVIVORS

1565655
902u24
361220
195885
478702
46327
9227
3314
10683

K
53.19
60.91
67.94
76. 50
96. 68
96. 68
96.68
96.68
96.68




ITERATION 6

3
D oW oo

o)

ITERATION 7

3
3

O WO oK wrgL

[y

ITERATION 8

3
&

CWBTD N E W NL

[y

ITERATION 9

3
B

S W N ! E W Mg

[

FINAL ITERATION (10)

SURVIVORS

156700
903560
361888
196378
481557
465686
9320
3358
10776

SURVIVORS

156775
04154
362238
196636
483045
46873
9369
3383
10824

SURVIVORS

156815
90LLuBL
362420
196770
483822
46971
3395

3385
10850

P¥S=0,0123564317
©/C CHANGE IN SURVIVORS=0.5852887504

K
53,24
60.99
68. 05
76.70
97.28
97.28
97.28
97.28
97.28

RMS=0.01231187254
O/C CHANGE IN SURVIVORS=0.3028787829

K
53. 26
61.03
68,12
76,80
97.860
97.60
97.60
97.560
97.60

RMS5=0,01228934311
0/O0 CHANGE IN SURVIVORS=0.1573808265

4
53,27
61.05
68.15
76. 85
97,77
97.77
97.77
97.77
97.77

AMS5=0.01227778083
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o/0 CHANGFE IN SURVIVORS5=0.08195092202

SURVIVORS

156836
904626
362515
196840
L8u227
47021
9408
3401
10863

1965

K
53128
61.06
68.16
76. 88
97.85
97.85
97.85
97. 85
97.85

1967

1968

POPULATION NUMBERS

1869

1970

1971

1972

1973

1974

8/ 1/80

1975

hb»+b,u@»,u&hhbw&,waa»bhuhhbaahban-uuoaa-ahuh-._»bhhuuu-hush.;-hb-s—uhh—»uhbs-h.bbu-a---b-.-b-bh-b.-

!

DO O IO E W

!
!
!
!
!
!
!
!

ot

2235287
970945
11691386
309929

84913
25975
8857
884
24

1338938
1650084
755676
710342
210689

1114582
1068392
1121271
541219
372890
125345
39589
10287
4212

1811383

865410
814285
684763
361182
193637
62460
23129
5549

527370
983920
617521
562176
389703
234615
108772

34352

11007

563964
373730
504261
358683
333870
218087
145545

692086

22044

730330
b14946
230425
235963
171118
177044
106572

83977

43918

4333552
501624
194296
106210
108430

84208
81473
53320
Lpu27

737801
3000787
327588
78756
41554
47107
39443
36299
27841

1049503
569595
1921413
195737
42402
19153
27704
19498
18426

1542756
732702
402769

1124803
113276

23697
10645
18739

9891
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! 1976
b o o s e b e
21 183806
3 1 1084763
4 | 469316
5| 255878
5 | 650730
74 61937
8 | 13009
9 | 5629
10 | 12970
ESTIMATED SURVIVORS 8/ 1/80
| 1965 1966 1967 1968 1969 1870 1971 1972 1973 1974 1975 1976
hh-+hﬂﬁbbw&m&vnbbhbmbQbﬁabb»ubn’bhhhb&uahsnhb—huiéuﬁbanbmbuanaoh-’n--bhb-u—bhhﬁhc-u§bnbb--bh--
2 71581 36384 0 23210 0 0 38389 758027 219664 333214 969406 156847
3 ] 1131424 39338 37036 18768 0 485 44669 59169 648476 166307 376951 865328
4 0 60576 34399 9509 186367 4826 0 724 26899 438664 208830 368740
5 | 18945 31939 20086 52718 8215 7590 7004 52u2 16239 46503 438300 198707
6 | 4597 12735 18235 58465 24819 24713 21500 11454 3152 9499 53936 479316
7 | 2021 10687 11284 37617 u6174 29821 27750 10700 14984 2511 9843 46800
8 | 3857 1123 7158 15968 53438 29216 20400 17278 5591 11978 3957 8935
9 i 416 3434 2380 8508 17369 41045 27069 17855 11643 9713 10927 3429
10 | n 458 3773 2629 9307 16867 32537 39088 20869 14052 7080 9920
ESTIMATED VARIANCE OF SURVIVORS 8/ 1/80
| 1965 1966 1967 1968 1869 1970 1971 1972
—vm+=-nh—ahbhbeb-»hbm-uah.-uw».ho.buh-op-bpbau»aub-—msuua-—-—-»nuu»-ub—ah—an»pu-—-bbb»-——b--—---uu
2 | 3020772392 1021166892 545958948 1686921587 180468596 363226539 712157419 53680044158
3 1 1225968485 2143447607 979091684 §97396136 350039790 140142453 389413753 662158425
4 | 1128392751 7644756858 1450455165 677345810 451909311 247161249 65037050 64036516
5 | 159397663 772180318 388821885 968292693 871262781 204067837 72255258 26257187
6 | 13267068 95793880 255883707 413106900 378832201 307425810 90258169 25854417
7 | 2359026 12420897 41985244 123447424 209700039 178918236 134105621 26137061
8 i 400176 1055526 6552649 18956621 89795150 87200349 53797061 36078961
9 | 5178 246356 763338 3727915 8906074 40857175 37540647 17505321
10 | 8 40860 198458 367479 1452328 5294114 16902449 269914293
| 1973 1974 1975 1976
ow~+cmha—&aumo—bnbb&hu&bnbmﬁuhuwbkhhhhewhbmnhnnnwh»oﬁwuv
2 | 1962213234 4776738566 18892737260 358350382
3 | 35454243852 1284859624 4022219746 1150032u627
u | 263232084 16244108001 1247791836 2404930209
5 i 27338340 180984929 8030131194 703988788
8 | 5383383 8628920 106872776 4416285111
74 9806030 190353 4192268 40363865
8 | 65222561 43159071 922962 1653490
9 | 7848861 3552356 2519339 339650
10 | 8400684 3658600 920952 1508915
WEIGHTED SURVIVORS 8/ 1/80
} 965 1966 1987 988 1969 1970 1871 1872 1873 1974 1975 1976
o--+~maa&abkban=mabbhmbnhbbnoahﬁbw-u&hhhhn&bﬂhu&abvn&h—bnabbibbnunhbbh&bbobh’ibbhb-h
2 i 118 80 0 9 G 0 1162 30781 31895 79834 366810 156847
31 10u4 89 85 20 0 1 113 2253 39817 36878 107255 537900
i | 0 910 115 32 24 i3 0 11 2204 58787 47683 175476
5 | 301 380 594 265 39 23 66 40 584 5541 118822 80420
& | 274 337 654 1626 319 181 150 303 118 1083 10884 236271
7 1 229 680 681 2796 2530 811 465 258 10u5 340 2309 25004
8 | 831 197 863 2269 5461 3849 1845 1077 566 1870 866 5315
g | 183 1202 577 1804 uLg4s 9219 8285 4963 3335 1722 2966 2039
10 | I 256 1640 1324 5065 8077 17666 16637 12089 8636 4841 896

RMS=0,01227179951
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ESTIMATED SURVIVORS FOR AGE 10 (WEIGHTED)

YEAR SURVIVORS VARITANCE STANDARD ERROR  C.V.(0/0)
1965 i 6 2 65,31
19686 439 2276 48 10.86
1967 3873 86230 291 8.00
1968 2328 185097 430 18,48
1969 8686 790333 889 10,24
1970 16610 2535146 1592 9,59
1971 36177 9177270 3029 8.37
1972 35475 11489559 3390 9.55
1973 20612 4866283 2206 10.70
1974 13930 2248398 1499 10.76
1975 7603 629723 734 10,4y
1976 10870 683954 827 7.61
ESTIMATED SURVIVORS FOR 1976 (WEIGHTED)
AGE. SURVIVORS VARTANCE ~ STANDARD ERROE  (C.V.(0/0)
2 156847 358350382 18930 12,07
3 904710 7148756923 84550 9,35
y 362565 1144453779 33830 9.33
5 196877 284915169 16879 8.57
& 484438 2176938657 46658 9,63
7 B7048 21565674 usLl 9.87
8 9415 983554 992 10.53
g 3405 201998 uL9 13.20
10 10870 683954 827 7.61
FINAL ESTIMATION FOR K
AGE K LK) VAR(LW(K) STANDARD ERROF D.F
2 53,28 3,9713 0.0088 0.0379 [
3 61.086 4,0901 0.043% 0.0852 6
iy 68.17 b, 2184 0.0073 0.03149 &
5 76. 89 i4,3397 0.0054 0.0300 6
6 97.90 4, 5744 0.0191 0.0326 17
7 97.90 L, 574k 0.0191 0.0326 17
8 97. 90 o, 574 0.0191 0.0326 17
9 97,90 4, 5744 0.0191 0.0326 17
10 87.90 4, 574l 0.0191 0.0326 17
RESIDUALS 8/ 1/80
i 1985 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
o e e 2 P G O o B0 0 G P 0D KD A G B D G R KD DR D 40 4 b 6 A G B B B0 b 40 S0 G o U5 W0 50 B 66 60 S 50 65 Se K o (2 4 B2 o e Rin 2o 0 50 40 £% 00 Sn Gm 06 000 U0 O B 6 o e s G e G e W A B A S A e e s A e e e e e bt
2 | 0.1177 0.0879 "0.0418 0,0366 “0.0470 70,1276 70.0362 0.1444 0,0602 ~0.0471 0.0551 0,0001
3} 0.3006 0,0497 00,0926 0.0562 70.33%4% "0.0291 0,2274 0.1031 0.1046 ~0,0925 0.0262 ~0.0409
| 70,1266 0.1151 0.0442 70,0201 0.0542 T0.0u49 T0,0793 T0.1165 "0.1320 T0.0399 0.03%4 0,0146
51 0.,0225 70.0180 T0.0891 0,1318 T0.0310 T0.0001 T0.0504 0.0417 0.1610 0,00s4 T0.0567 0.0080
6 | T0.1258 T0.0461 T0.1258 0,1456 0,0263 0.0765 0,1822 0.0133 70,0122 0.0035 0.0792 ~0,0084
7 { 0.0852 0.0671 "0.0892 0.0151 0.0881 0.0818 0,1461 0,0716 0.1623 "0.0798 0.0245 ~0.0040
8 | 0.0331 70.1249 T0.0654 0,0097 0,23827 70,0732 T0.0030 0.0658 T0.0876 0,0642 0.0681 “0.0410
9 | T0.0354 70,0528 0.0073 T0.0100 0.0299 0.0911 T0.1446 T0.0719 T0.0884 0.1367 0.0046 0.0054
10 0.0005 0,033% 0.0266 0,0590 0.0612 0.0135 70,0954 0.0831 0.0108 0.0080 ~0,0596 ~0.0838
MEAN OF RESIDUALS=0.01150081995
STANDARD DEVIATION OF RESIDUALS=0.09162356148
OUTLIERS OF RESIDUALS 8/ 1/80
| 1965 1866 1987 1968 1969 1970 1971 1972 1973 1974 1975 1976
mwmpmsebbcbhorsboshbroonrehosnchnebheeshohbonbbbhropbebrpebophvebobebe b
2 1 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
31 0.30 0,00 0,00 0,00 "0.34 0,00 0.23 0.00 0.00 0,00 0.00 0.00
4 | 0,00 0,00 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00
54 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
6 | 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0,00 0.00 0.00
7 1 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
8 | 0,00 0,00 0.00 0,00 0.23 0.00 0,00 0.00 0.00 0.00 0,00 0.00
9 | 0.00 0,00 0.00 0.00 0,00 0,00 0,00 0.00 0,00 0.00 0,00 0,00
10 | 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
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ANALYSIS OF VARIANCE

SQURCE

CONSTANT
AGE

YEAR

YRCLASS

SUMMARY OF ANALYSIS OF VARIANCE

SOURCE
CONSTANT
AGE
YEAR
YRCLASS

WO 3O KW

10
1966
1967
1968
1969
1870
1971
1972
1973
1974
1975
1976
1956
1957
1958
1959
1860
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

RESIDUALS

TOTAL

B
0.011
0.017

~0.0u7
~0.013
~0.005
0.023
“0.018
“0.035
“0.021
~0.017
“0.058
0.023
~0.013
~0.025
~0.007
0.013
0,001
~0.019
0.013
~0.019
0.024
0.041
0.011
~0.002
0.005
0.015
0.065
0.052
0.048
0.0u42
~0.023
0.011
0.018
~0.00u
0.029
0.009
0. 004
“0.010

ss
0.0140
0.04596
0.04338
0.06556
0, 74335
0.91227

STAND ERROR OF B

0.0u2
0. 044
0.0u7
0.051
0,056
0.062
0,068
0,069
0.049
0.050
0.053
0.056
0,060
0.085
0.070
0.076
0.083
0.089
0.086
0.100
0,089
0,080
0.074
0,068
0.064
0.060
0.057
0.059
0.060
0.062
0.066
0.071
0.077
0.084
0.091
0.100
0.112

DF
1
8
11
19
69
108

us
0,0057
0.0039
0.0035
0.0108

F

0.549
0.377
0.330
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9. Catch Projections (MPROJECT).

This program simulates a population over a
number of years by the combination of 1) a simple
catch equation, 2) age-specific information on
weight and 3) a discrete function representing
age-specific allocation of fishing mortality
(partial recruitment). It generates tables (both
age~ and time-specific) showing population
numbers and biomass, numbers and biomass of
mature fish, catch numbers and bilomass, as well
as fishing mortalities, The program also
calculates surplus and net production from the
stock. Annual net production is calculated as
the total production diminished by the loss of
biomass due to fishing and to natural deaths.
The program also calculates the mean age and
the mean weight of individuals in the catch.

The relative sensitivity coefficients are
calculated with respect to certain parameters
(ref. Arnold and Beck, 1977). The parameters of
interest here are initial population numbers,
recruitment, partial recruitment, weight-at-age,
and annual rates of fishing and natural
mortality.

Input Information.

In this section, greek letters are used to
identify time-intervals. For example, 1 refers
to age-interval i,i+1 , while t refers to the
time-~interval t,t+l

The input information required by the
program consists of:

tO : initial year;

tf : final year of projection;
b : age of youngest age~group;
m : age of oldest age-group;

N, (i = by +ue, m) population numbers at

age i, at the beginning of the initial

year tO;

C (1 = b, v.., m) catch (in numbers), if
1,0 known, for the initial time periodj

(i = b, ..., m) welght—-at-age i+.5,
in kilograms. These are taken as mid-
year estimates;

r {1 = by, .., m) partial recrultment.
These are values, between 0 and 1,
which indicate the proportion of
fishing mortality which can be
allocated to age~group i,i+1 . The r,
are constant for all years of ’
prediction considered);

M1 (1 = b, ..., m): instantaneous rate of
natural mortality for age i,i+1
(assumed to be comstant for all years
of prediction considered);

R, (t = tas ees tf) : estimated recruit-
ment (in numbers) to the youngest
age-group at the beginning of year t;

F (£ % Loy voey tf) an estimate of

T . ;
instantaneous fishing mortality for
each year considered in the projection;

or
Q (t = thy «esy Lg) ¢ an estimate of total
0 £

- 3 :
’ catch or quota for each year considered
in the projection;

d, (i = Db, vee, m a value, between 0 and 1,
1 . . ; .
indicating the proportion of fish in
age-group i which are assumed to have
attained maturity (those values are
assumed to be constant for all years of
prediction considered).

Algorithm.

For a given time horizon, the population
numbers, the population biomass, the catch
(both in numbers and in biomass units) and the
instantaneous fishing mortalities are calculated
from the following relationships:

Age~specific fishing mortalities: F1

3

The calculation of the instantaneous
fishing mortalities is governed by the
information provided in input:

A) Estimates of population and catch, both in
numbers, may be available for the initial
year tg. Then age-specific fishing mortalities
are calculated by the following iterative
procedure:

[9.1].

STEP 2. Then we calculate the catch as
follows (let j = 0):

0
STEP 1. Fy 4 = 1, .

. J 3
J - Fl)O _Zl 0
C0 7 ; Nio (1-e T [9.2]
7.
1,0
3 3

where 21,0 = Fl,o + My .
STEP 3, If [c{ , - C, ;| < 0.01 for all i,
then FQ is acceﬁted as the final value for

the instantaneous fishing mortality. If not,
calculate a F1+O from the relationship
3

. 3
FJ+1 - Fj ) (CI,O B Clzo) ,
1,0 150

CcL *+ C2



B)

. h|
F -Z
where cl = N _ligl e 's0

1,07

Z150
c2 N MI’O (1 —22;0)
= . — —-e .
1,0 gzj ]2
{710

Then steps 2 and 3 are repeated in an
iterative manner in order to find the
final values for the instantaneous fishing
mortalities.

If catches are not available for the first
year, an estimate of annual fishing
mortality is provided in input. Then,

and the C , are calculated as in [9.2].

, 0

For the years of prediction (t > to), the
fishing mortalities can be evaluated in two
ways:

1) When an estimate of the annual fishing
mortality, F, ,, 1s given, the age-
specific fishing mortalities are
calculated as

2) When quotas, say Q, ¢» are entered as
input data in a givédn year t, the
instantaneous fishing mortalities are
calculated according to the following
iterative procedure:

STEP 1: FC = .
1, T 1
. ; k]
i 7 ---Z1 T
STEP 2: ¢ = 1sXl N (1~ 'Y,
1,71 3 i,t
Zl,T
3 3
where A = F + M .
1,7 1,7 1
STEP 3: If [Q_,T - Z(CI,T wiﬁs)l < 0.1,

then the rd are accepted as the final
values for *' the instantaneous fishing
mortality. If not, calculate the next
F-value from the recursive equation

7 _.WBLJJL___

1,71
Z C1’T wi+.5

+1
7l
1sT

Then steps 2 and 3 are repeated in an
iterative manner in order to find the
final values for the instantaneous
fishing mortalities.

Weighted fishing mortalitig§)(f;):

An indication of the overall fishing
mortality for a given stock can be obtained
through the calculation of the following index
welghted F:

T o=

. Py o P /DNy »

where the summation is taken over

all age-groups . The weighted F is
calculated for each year t of the projection
and appears on the bottom line of the table
for age~specific fishing mortalities.

Population numbers»(Ni’t):

-Z
- 1-1,7t~-1
Nyt Nio1,e-1 ¢ ’ ,
where
VA = F + M .

Fish are assumed to leave completely the
exploited stock when i>m . In other words, Nm,t
is the population for the last age-group.

For each year of prediction, the numbers in the
first age-group considered are set equal to the
recruits, R-,t

Population biomass (average bilomass for the
current year):

il

-z
(1-e Yy Z, ¢ -

1, T wi+.5 Ni,t T

Catch, in numbers (C1
9

T
= Zl T
Cov 7 Fuo Ny (I-e 45 /2, ¢ .
Yield (¥, )¢
Yoo 7 Yis Cgr :
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Number of mature fish (N, t):
T 2

=z
1
u.ME

dy Ni,t .

o,t b

i

Biomass of mature fish (B, t):
¥

B =
oyt

b~ E

di Wi Ni,t .

i=b

Components of production:

The components of nroduction are
caleulated as in COHORT (see page 10).

Mean weight of individuals in the catch (W}):

WT = Z Yl,T / 2 Cl,T .
i i

Sensitivity coefficients.

Since input parameters (population numbers
in the initial year, recruitment in years of
prediction, partial recruitment, weight-at-age.
annual fishing and natural mortalities) are
expressed as vectors, the relative sensitivities
are calculated from the response of the
predicted catch to small relative perturbations
in each element of the input vector under
consideration. In fact, the relative
sensitivities are approximated from equation

(6]

Input format.

In order to initiate the function, type
in MPROJECT. Thereafter, you will be prompted
for input as follows:

FIRST YEAR AND YOUNGEST AGE-GROUP?

-enter two numbers representing respectively
the vear on which the projection is to start
and the youngest age (b) to be included in
the projection.

ERRORS: ~you must enter 2 positive integers.

NUMBERS AT AGE FOR XXXX7?7

-enter the vector of population numbers
(Ni,t , 1 = b, +.., m) for the year on
which the projection is to start (the first
number in the vector should be for the
youngest age—group as entered above).

—-the values entered must be non-
negative.

ERRORS :

CATCH AT AGE KNOWN FOR XXXX? (YES OR NO)

-enter either YES or NO. If you enter YES,
then the program will ask for the values
of the catch at age.

CATCH AT AGE FOR XXXX?

-gnter the vector of catch at age (Ci,tos i=
b, +s., m) for the first year of the
projection.

~the catch vector must have the

same length as the vector of
numbers at age;
~the values entered must be non-
negative;
~the catech numbers must be less than
or equal to the population numbers.

ERRORS:

WEIGHT AT AGE? (KG)

~enter a vector of weights at age (Wy, 1 =
by, «ev, m),

ERRORS: ~the vector must have the same
length as the vector of numbers
at age;

~the weights must be positive,

PARTTIAL RECRUITMENT TO FISHING? (VALUES
BETWEEN 0 AND 1)

~enter the values (rj, 1 = b, ..., m) which
indicate the proportion of fishing
mortality which can be allocated to age-
group i.

~the vector must have the same
length as the vector of numbers
at age;
~the values entered must be greater
than or equal to zero and less than
or equal to one, But at least one
value should be different than zero.

ERRORS:

NATURAL MORTALITY?

—enter either a single number (M) or a
vector giving separate instantaneous rate
of natural mortality (M,, 1 = b, ..., m)
for each age-group 1. Wﬁen a single number
is entered, the M; are set equal to M for
all i,
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ERRORS: ~the entry must elither be a single
number or a vector which has the
same number of elements as the
vector of numbers at age;

~all values must be greater than
Zero.

NUMBER OF YEARS TO BE PROJECTED?

—enter a value representing the number of
years for which the projection is to be
carried forward (the initial year, tgs
counts as one year).

ERRORS: ~the entry must be a single
integer greater than one.

RECRUITMENT FOR XXXX TO YYYY?

~enter a vector containing the recrultment
values (R, t) for the range of years
requested.’

ERRORS: -the entry must be a vector of
dimension one less than the number
of years for which the projection
is to be done;

~all entries must be greater than or
equal to zero.

QUOTA (IN BIOMASS) OR F VALUES FOR XXXX TO YYYY?

-enter a vector of quota (Q, ) and/or
F-values (F, ) for the preaetermined years
of predictioﬁé Any number which 1s less
than 10 will be assumed to be an F-value
and a number greater than or equal to 10
will be interpreted as a quota, Note that
quotas and F-values may be intermixed in
the vector,

ERRORS: ~the entry must be a vector of
dimension one less than the number
of years for which the projection
is to be done if the catches (in
numbers) were input for the initial
year, If catches were not provided
for the initial year, the entry
must be a vector of the same
dimension as the number of years
for which the projection is to be
made,

MATURITY FIGURES TO BE CALCULATED?

~enter either YES or NO in order to indicate
whether or not you wish to get printouts of
mature biomass and mature numbers, If you
answer YES, the program will next ask for:

MATURITY AT AGE?

-enter a vector indicating the proportion of
mature fish (dy) in each age-group 1.

ERRORS: =—the maturity vector must have the
same length as the vector of
numbers at age;

—~the values must be between 0 and 1,
or equal to O,or 1 .

SENSITIVITY ANALYSIS TO BE PERFORMED (YES OR NO)?

-enter either YES or NO in order to indicate
if you want to calculate the relative
sensitivity coefficients.

ERRORS: -you must enter either YES or NO.

After the first set of results have been printed,
you will be asked:

MORE PROJECTIONS WITH THIS DATA?

-enter either YES or NO., If you do wish to
perform additional projections, the program
will return to the point at which partial
recruitments are requested and continue from
there.
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An example.
FILEAFETCH '2719067 PFAPROJECT'

MPROJECT
FIRST YFAR AND YOUNGEST AGE GROUP?
[Te
1978 3
NUMBERS AT AGE FOR 19787
0
1000 u27 182 78 33 14 8
CATCH AT AGE KNOWN FOR 19782(YES OR NO)
YES
CATCH AT AGE FOR 19787
0
337 144 61 26 11 5 4
WEIGHT AT AGE? (KG) sVECTOK OR MATRIX
s
1.86 5.53 8.8 10,96 12.28 13.6 1u4.5
PARTIAL KECRUITMENT TO FISHING?(VALUES BETWEEN 0 AND 1)
[is
.3 .6 .8 ,9111
NATUKAL MORTALITY?
(N
.1
NUMBER OF YEAKS TO BF PEOJECTED?
0
5
RECRUITMENT FOR 1979 T0 19827
(BH
1090 1999 1000 1000
QUOTA (IN BIOMASS) Ok F VALUES FOE 1979 T0 19827
0
3952 44310 1 1

MATURITY FIGUKES TO BF CALCULATED?(YES Ok NO)
NO

SENSITIVITY ANALYSIS TO BF PRRFORMFD (YES OF NQ)?
YES

POPULATION NUMBERS 18/ 6/893

| 1978 1973 1980 1981 1982

B A R e R T Y - o o v
31 1000 1909 1000 1000 1000
! w27 586 691 691 670
| 182 259 309 364  3u3
| 78 107 110 136  1u8
] 33 46 43 44 50
! iu 19 17 16 15
! 6 8 7 6 5
+

nnnnn B e R A L L T A R T

3+ 1740 2016 2177 2257 2231
4+ 740 1018 1177 1257 1231
5+ 313 4390 486 567 561
6+ 131 1890 177 202 218

POPULATION BIOMASS (AVERAGE) 19/ 6/890

1978 1979 19890 1981 1882

- oe B b 2 G0 v D m R e R e e
1440,36 1554.67 1554,69 1533.01 1533.01
1828.25 2391.68 2821.26 2747.06 2665.85
1241.93 1500,88 1854,10 2113.35 1999,30

663.79  769.14 792,11 942,12 1025.99
314,68 356,63 333,96 330.00 372.58
145,26  167.12 185,30 130.55 121.65
48,00 72,71  65.55 54,68 46,33
[P TR o 2 < 5 b 30 B 0 S G o B R U b o s g K B 03 S0 G GR G D U S B A O
3+] 5683.25 6812.84 7566.98 7850.76 7755.63
4+]  42u2.90 5258.17 6012.29 6317.75 6222.61
5+] 2u1u.65 2866.49 3191.02 3570.69 3556.77
6+] 1172.73 1365.60 1336.92 1457,34 1566.47

WO U FE W
v et s i e s S o
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CATCH NUMBERS 19/ 6/80

| 1978 1979 1980 1981 1982
i B o 2 b ook B 00 o e o e b e o G e e P e
3 | 337 226 226 247 247
4 |} 144 23y 275 298 289
5 | 61 123 152 192 181
6 | 26 57 59 77 B4
7} 11 26 24 27 30
8 | 5 11 10 10 g
9 | 4 5 4 4 3
- e G o g o 50w g5 55 B o b 3 s 2 b 4o ee e en
3+} 588 681 750 855 8u4
4+] 251 455 S24 608 597
s+] 107 221 2u8 310 308
6+| y6 99 97 118 127

CATCH BIOMASS 19/ 6/80

| 1978 1¢79 1980 1981 1982

e e L [ L T

31 627 420 420 480 u60
4 | 796 1292 1523 1648 1600
5 | 537 1081 1335 1691 1592
6 | 285 623 642 848 923
7 1 135 321 301 330 373
8 | 68 150 131 131 122

9 | 58 65 59 55 46
o vm e f e e e o B e A e e e B9 Ve D D6 TR D0 R e e
3+4] 2596 3952 L4410 5162 5116
y+] 1879 3532 3990 4702 4656
5+] 1083 2241 2467 3054 3056
6+| 546 1169 1132 1363 1u6u

MEAN WEIGHT OF INDIVIDUALS IN CATCH 19/ 6/89

| 1978 1979 1980 1981 1982

P A L L L

| 4.3 5.8 5.9 6.0 6.1
FISHING MORTALITY 19/ 6/89

} 1978 1979 1980 1981 1982

P R e LT L kol ol ookl did
3 1 0.435 0,270 0.270 90.300 5,300
] 0.436 0.540 9.540 0.600 0,600
] 0,432 0.720 0.720 9.800 0.800
| 0.429 9,810 0.810 9,900 0,990
] 0,429 9,900 0.900 1.000 1.000
| 0.468 0,900 0.900 1,000 1,000
g | 1,184 9,900 0.900 1.000 1,000

b o e 2 e G e 0 s (5 5 G 2 D 0 B9 £3 % T e e 4 % Bk o

3+]  0.437 0,456 0,466 0,529 0.529

W3O wn &

DISTRIBUTION OF GEOWTH OVER AGES (PERCENT) 19/ 6/89

| 1978 1979 1980 1981 1982

P R L e R R S ]

3 44,4 39,8 36.0 34,8 35.4

n 38.3 42,0 44.8 43,4 u2,9

5} 12.5 13.2 14.8 16.8 16.2

6 | 3.3 3.5 3.2 3.9 4.3

7 | 1,0 1.0 9.8 0.8 0.9

8 | 0.4 0.4 9,3 0.3 0.3

9 | 0.1 9.1 9.1 0.1 0.1

PRODUC ITON 19/ 6/80

SOURCE ] 1978 1979 1983 1981 1982
o B o 0 A 5 0 0 B B b e e 0 I s 5 2 0 e 0 o A e B T e e e e e e s s e e o G 08 e O
RECRUITMENT BIOMASS | 1079 1079 1079 1079 1079
GROWTH | 3534 4299 4757  4BY4 4754
TOTAL PRODUCTION | uB13 5378 5836 5922 5833
0 0 e i o e 2 36 R 8 n o> G n O i U 8 e B 0 e e b O s W e o 6 W B e e e
LOSS THROUGH FISHING | 2596 3952 4410 5162 5116
SURPLUS PRODUCTION | wous5 4697 5079 5137 5058

NET PRODUCTION | 1539 745 669 725 58
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PRODUCTION/BIOMASS RATIO 19/ 6/80

| 1978 1979 1980 1981 1982

T e

] 0.81 0.79 0.77 0.75 0.75

SENSITIVITY OF CATCH BIOMASS WITH RESPECT TO PARAMETEKRS

EroheneEEEREEsEh s rthecesbhsbybeocbe e - ke g b e o o B> e e b e e

SENSITIVITY TO NATURAL MORTALITY 19/ 6/89

| 1978 1979 1980 1981 1982

e o e e 0 0 8 b et b0 2 e G o o 0

0. 000

0,142
“5. 005
0. 019
“0. 025
“5.031
0.031
0,034

0.321

0.116
0. 095
0, 147
70.179
0. 198
0,198

SENSITIVITY TO

- -

2,009
0.000
0.000
0. 000
9.000
2.002
0.001

...........

SENSITIVITY TO

| 1978

o e w0 @ e e a8 b e B 4 2 b B OO R e o e e 89 & e o o

1.000
1. 000
. 000
000
000
000
. 000

4]
511
6 | 1.
71 1.
81 1.
g1

SENSITIVITY TO POPULATION NUMBERS IN 19787

| 1978

1979

2.

0.

218
058
0.0u40
0.086
2.130
2.130
0,130

197

1980

~0.986
70,350
0.185

0.511
0.709

0,834
0.834

9 18

0. 047
"0, 258
0,528
0,787
0,863
70,920
70,939

PARTIAL

1981

WEIGHT

80 1

0. 047
0. 144
“n.356
"0.628
9. 886
0,963
71,020

RECRUITMENT

1982

18/ 6/80

1982

981

o o 5 o O e 2 e e e -
0.009
0. 000
0. 000
0. 009
0.000
0. 000

4 |
5 ]
& |
71
8 |
9| 0.000

SENSITIVITY 70 RECRUITMENT

19/ 6/80

! 1978

1979

1980

1981

1982

e 0 om0 00 50 8 o 28 0 0 2 LT T e o e e B 0 e

0. 000
0. 000
0. 000
0. 000
0. 000
0. 000

4 |
5 1
6 |
71
8 1
9 | 0.000

0.871
“0.112

0.382
0.503

9,102 T0.407
0,097 T0.357
0,082 70,321
70,092 T0.308

“0. 092

“0,308

1.000
181
LU22
. 589
.679
. 756
0,770

(=il

1. 000
1.000
1.191
1.u422
0.589
0,679
0.756

MORE PROJECTIONS WITH THIS DATA?(YES OF NO)

YES
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PARTIAL ERECRUITMENT TC FISHING?(VALUES BETWEEN O AND 1)

i

.3 .65

.8 .91 11

NATURAL MORTALITY?
g

21
NUMBER OF YFEARS TO BE PROJECTED?
O:

5
RECRUITMENT FOR 1979 TO 19827
I

1000 1000 1000 1000
QUOTA (IN BIOMASS) OR F VALUES FOR 1979 T0 19827
s

3952 uu10 5162 5116

MATURITY FIGURES TO BE CALCULATED?(YES OF NO)
No

SENSITIVITY ANALYSIS TO BF PERFORMED (YES OR NO)?
NO

POPULATION NUMBERS 19/ 6/890

| 1978 1979 1980 1981 1982
e ae
| 1000 1090 1009 1000 1009
|  u27 586 691 691 670
} 182 250 309 364 343
| 78 197 110 136  1u8
} 33 46 43 [ 50
| 14 19 17 16 15
| 6 8 7 6 5
+

------- P Y L L L T L

3+ 1740 2016 2177 2257 2231
Y+ 740 1016 1177 1257 1231

54} 313 430 486 567 561
641 131 180 177 202 218

POPULATION BIOMASS (AVERAGE) 19/ 6/80

! 1978 1979 1980 1981 1982
e e 2 53 3 0 8 0 a0 e e s O 6t o W b i Do e e 0 B e o 0 e e e e e -
3 ] 1440.36 1554,67 1554,69 1533.01 1532.98
4 | 1828.25 2391.68 2821.26 2747.05 2665.74
5 ] 1241.93 1500.88 1854,10 2113.34 1990.19
6 |  663.79 769,14  792.11  942.12 1025.84
71 314.68 356.63  333.96 330.00 = 372.55
8 1 1u5.26 167.12 145,30  130.55 121,65
g | 49, 09 72,71 65,55 54,68 46.33

5t e 0 e B e g 0 e U0 b 0 O G0 B £ e o 2 05 6 50 4 00 e s B 4 b o e B e e o i

3+] 5683,25 6812.84 7566.98 7850.73 7755.27
y+]  4242,90 5258.17 6012.29 6317.72 6222.29
5+]  2ui4.65 2866.49 3191.02 3570.68 3556.55
6+] 1172.73 1365.60 1336.92 1457.34 1566.36

| 1978 1979 1980 1981 1982

o 2o e o 00w B0 o e e o o e

3 | 337 226 226 2u7 247
4} 14y 234 275 298 289
5 | 61 123 152 192 181
& | 26 57 59 77  84.
7 | 11 26 24 27 30
8 | 5 11 10 10 9
g | i 5 Y 4 3

2 g e 0 s G B e 9 2 0 b b b B e 2 e S o n

3+| 588 681 750 855 8ul
4+] 251 485 524 608 597
54} 107 221 248 330 308
6+ us 99 97 118 127



CATCH RIOMASS 19/ 6/80
| 1978 1979 1980 1981 1982
g dn wn g om0 o e b b e e e 00 O i b e o o e e o 0 B U e
3 627 420 420 460 460
y | 796 1292 1523 1648 1600
5 1 537 1081 1335 1691 1592
6 | 285 623 642  gu8 923
71 135 321 301 330 373
8 | 68 150 131 131 122
9 | 58 65 59 55 46
e T L T R L R
3+] 2506 3952 4410 5162 5116
4+] 1879 3532 3990 4702 4656
5+ 1083 2241 2467 3054 3056
6+1 546 1160 1132 1363 1usy
MEAN WEIGHT OF INDIVIDUALS IN CATCH 19/ 6/80
| 1978 1979 1980 1981 1982
g e 0 B G e o Om G0 P L
| 4.3 5,8 5.9 6.0 6.1
FISHING MOKTALITY 18/ 6/890
] 1978 1979 1980 1981 1982
ol ok S P P R N o e an o ww v [Ty Sy,
31 0.u35 0,270 0.270 0.300 9.300
4 | 0,436 0.540 0.540 0.600 9,600
51 0,432 0,720 0.720 0,800 0,800
6 | 0.429 0.810 9.810 0.900 0,900
7 1 0,429 0,990 0,899 1.000 1,099
8 | 0.468 0,990 0,900 1.000 1,000
9 ] 1.184 0,990 0,900 1,000 1,000
——u+h%~bﬁo——uou—-—u.hn-np.-n-hnhu-»‘——
3+]  0.437 0.456 0.466 0.529 90,529
DISTRIBUTION OF GROWTH OVER AGES (PERCENT)
| 1978 1879 1980 1981 1982
- o Be e e e e i W 0 Gn b D b GO & e o 6D e e e o
3| 44,4 39.8 36,0 3u4.8 35,4
4 ] 38,3 u2,0 44,8 u3.4 42,9
5 | 12.5 13.2 14.8 16.8 16.2
6 | 3.3 3.5 3.2 3.9 4,3
7 1 1.0 1.0 0.8 0,8 0.9
8 | 0.4 0.4 0,3 0.3 0.3
g | 0.1 9.1 0.1 0.1 0.1
PRODUCTION 19/ 6/80
SOURCE | 1978 1979 1980 1981 1982
e R e e s L e ] -
RECRUITMENT BIOMASS | 1079 1079 1079 1079 1079
GFOWTH | 3534 4299 4757  4B4L4 4754
TOTAL PRODUCTION | 4613 5378 5836 5922 5833
N e o S R e R ol L T R R R R R R
LOSS THROUGH FISHING | 2506 3952 4410 5162 5116
SURPLUS PRODUCTION | 4045 4697 5079 5137 5057
NET PRODUCTION | 1539 745 25 59
PRODUCTION/BIOMASS RATIO 19/ 6/80

- 61 -

] 1978 1979 1980 1981 1982

o e 4 20 5 e e e o0 5 o b o 20 o

] 0.81 0,79 0.77 0.75 0.75

MORE PROJECTIONS WITH THIS DATA?(YES OF NO)

NO

19/ 6/890
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UTILITY FUNCTIONS

DAT

The function DAT prints the current date in a standard format.

¥ X+DAT
(1]  X+1% 3 0 »1007T934rS
[27 x[3 gl /?

v

HEADER ( calling form: HEADER SUB )

The function HEADER prints, on the OUTPUT file, the characters sent in the right
argument, SUB, and underlines them.

V HEADER SUB
[1] [
[2] SUB
[3] (pSUB)p'»?
v

AAPLUS ( calling form: AGES AAPLUS MATRIX )

The diadic function AAPLUS calculates the sum of the values contained in MATRIX
for the range of age-groups which is specified by the values of the vector AGES.

V VECT+AGES ANPLUS MATRIX
(1] CNT«FIRSTAGE+1+AGES
[2)  LASTAGE«1+vAGES
{317 +(v/(23pAGES ,AGES) , (LASTAGE<FIRSTAGE) , (LASTAGE>AGLpAG1) ,FIRSTAGE<AGL11)/
ERROR
[4]  +(A/(0<LASTAGE=FIRSTAGE) ,(2=pAGES)) /0K
{81 ERROR:+0,0t[%"INVALID. FORMAT IS: FIRSTAGE LASTAGE PLUS MATRIX®
[6] OK:VECT++/[1] MATRIX+((FIRSTAGE=AGL1]),0)+MATRIX
[71 CHECK:+(CNT>LASTAGE) /SHAPE
(81 VECT<VECT,[11+/[1] MATRIX+ 1 0 IMATRIX
[9] CHT«CNT+1 ¢ +CHECK
(101 SHAPE :VECT<((1+LASTAGE=FIRSTAGE) , 14pMATRIX ) oV ECT
\Y
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INPUTAMAT

INPUTAMAT is an utility function used to create a matrix of data. The matrix which
is created by INPUTAMAT is called MAT.

Y INPUTAMAT s TEMPsCHECK ; SAVE; SIZE

[1] RET1:' FENTER FIRST YEAR AND YOUNGEST AGE GFOUP *

[21  +(A/(STORE=TSTORE) ,(0s2+STORE) , 2=pSTORE< 11} /0K1

[3]  =RET1, 0B+ MUST BE TWO NON=NEGATIVE NUMBERS'

[4] OK1:YEAR<L4STORE O AGE<14STORE

[51 ' ENTER AGE-SPECIFIC DATA FOR EACH YEAR(ONE YEAR PER LINE), STARTING WITH
YOUNGEST AGE. !

[6° TERMINATE ENTRY WITH A SCALAR AFTER NEXT PROMFT'

{71 FRET2:SIZE«pTEMP+,[]

[8] +{AL{OSTEMP+(SIZE ,3)pTEMF)}/0K2

[9]  ~RET2, 040" MUST BE NON=-NEGATIVE NUMBERS®

[10] OK2:CHECK+1 0

[11] SAVE«TEMP

[12] MAT<TEMP

[137 NEXT:SIZE<pTEMPe, [

[14]) +{A/SIZE=1)/LABEL

[15] TEMP«(SIZE,1)pTEMP

[16] (A/(AYOSTEMP)Y , (A/{(pSAVE)=pTEMP) ) /OK3

[17] +NEXT, 04« MUST BE NON=NEGATIVE AND DIMENSIONS MUST AGREE WITH FIRST VECTO
R'

[18) OK3:CHECK+MAT

[19) MAT<MAT ,TEMP

[207 -NEXT

[21] LABEL:YR+ 1+YEAR+1pHAT[13]

[22] AG+ 1+AGE+voMATL 1]

(23] TIT«*DATA STORED IN MAT'®

[24] YALIGN PAPER?

[25] mIDL 5
{261 o our MAT
v
BECOMES (calling form: EDIT BECOMES VALUE)

The function BECOMES is used to correct erroneous entries of the matrix MAT.
VALUE is the corrected value to be inserted in the matrix MAT, at the location
identified by EDIT.

EDIT BECOMES VALUEEDITAGE ;EDITYEAR 3 ROW :COL

{11  EDITAGE«+14EDIT

[2)  EDITYRAR<1%EDIT

{3] ~(2=pEDIT,EDIT)/ERROR

(4] +(A/{EDITYEAR2YFAR} {EDITACGERAGEY ,(2=pEDIT) , (1=pVALUE} , (A/VALUE20) ,A/EDIT

<3

>0)/0K1
{51 ERROR:~0,04F"INDICES MUST BE PRESENT IN MATRIX. FORMAT IS: AGE YEAR BECOM
ES NUMBER' —

[6] OK1:ROW<31+EDITAGE=AGE
[7] COL«1+EDITYEAR=YEAR
[81 ~{A/(ROWS14pMAT) , (COLS14pMAT) ) /0K2
[9] +ERROR
[10] OK2sMATLROW ;COLI+VALUE
v

RESETAINDICES (calling form: RESETAINDICES NAME)

This function is used to reset the indices of a matrix NAME before using the
output function OUT.

YRESETAINDICES{OIY

V RESETAINDICES NAME;TEMP
[1] RET:*ENTER FIRST YEAR AND YOUNGEST AGE GROUP'
[21  ~(A/(TEMP=[TEMP) ,(0S24TEMP) , 2=pTEMP+ [} /OK
[31  +REP,04[%'BUST BE TWO NON=NEGATIVE NUMBERS °
4] OK:YEAR+13TEMP O AGE+14TEMP
{51 YR+ 1+YEAR+1pNAME[1:]
[6]  AG+T1+AGE+1 pNAMEL 317

o




{1]
{2
{33
ful

[11
(2]
[3l
[u]

[1]
i23
[3]
[u]
[53
[s]
[73
fal
f9]
{1031
{117
[12]
{133
f1u]
(18]
[163]
[173
[18]
[19]
f20]

[21]
{227
[23]
[2u]
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MEANF

The function MEANF calculates an unweighted mean for the annual rates of fishing
mortality which are stored in the matrix FISHMORT.

V MEANF
FUW<(+/{1] FISHMORT)+pFISHMORT( ;1]
TIT+ MEAN FISHING MORTALITY (UNWEIGHTED)'
YR+ "1+YEAR+\pFISHMORT( 1]
4 OUT FUW

v

WEIGHTEDAFMORT

The function WEIGHTEDAFMORT calculates a weighted mean for the annual rates of fishing
mortality which are stored in the matrix FISHMORT.

V WEIGHTED AFMORT
WG+ (+/L11(POPYB=FISHMORT) )4+ /(1] POENB
YR+ 1+YEAR+\pFTSHMORTL 141
TIT+*WEIGHTED FISHING MORTALITIES'
b our FRG
v

ouT ( calling form: A OUT B )

The function OUT prints, with A decimal places, the matrix B, sent in the right argument.
The matrix B is printed with an adequate format which considers the number of digits before
the decimal point and the sign of any element of the matrix. The function OUT calls the
function DAT and outputs the current date,

V A QUT ByCeDW3 Y3 FW  TEST
+(1%ppB) /CHECK1
B+«{i,pB)oB
CHECK1:4+,8(2, 140B) p(57 2+(420)+4+(0>(L/[1] B))+[1081[7/[11(B),("14pB)pA
F+(20+pTIT) [ ([PW)Lu++/((pd)p 1 0)/A
Y+YR
L §
((78+B)4 (L0, 5xFW=pTIT)p? %),TIT) ,DAT
SKis® °®
O+ 1P <u++\AL T142%1 0, 5%p4] )11
De(2xCLpY )44
plexiClpyJ+0
! jr,pe(Clpy)ry
teoed? (4740714200 )p st
»>{(1%14pB) /MAT
(1 4p? P2, ((2xCY+48)%(1,0)4B
SCHECK
MAT: (2 0 »({pAG),1)pAC), (({pAG),2)p" 1), ((2xC)4A)v({pAG),C)4B
+({pAGY=14pB) /CHECK
toeetd (+/4071+20C])p ="
(2 0 ({TEST ,1)pAG) ) , (({TEST«(14pB)=pdG) ,2)p*+| '), ((2xC)+A4) ¥(((pAG)=14pB)
LB
CHECKs A+(2xC) 44
B(0,C)4B
Y4y
+{02pd)/8K1
v




(1]

(11
(2]
[3]
[u3
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FETCHAONLY ( calling form: FETCHAONLY NAME )

The function FETCHAONLY is used to 'define' the pack specified by the value of the
variable NAME. This function is used by the function FILEAFETCH.

V FETCHAONLY PACKNAME

[IPDEF ePACKNAME
v
FILEAFETCH ( calling form: FILEAFETCH FILENAME )
The function FILEAFETCH is a utility function which is used to fetch
the APL-functions which have been stored in permanent files., FILENAME
specifies the name of the permanent file to be fetched.
Vv FILEAFETCH FILEANAME
WNTIE [WUMS
FILEANAME [TIE FNe1+ 70, TNUMS
PACK+(READ FN,1
FETCHAONLY 'PACK'
v
FFULR (calling form: FFULR x)

The function FFULR calculates an overall rate of fishing mortality for the fully-
recruited age-groups., The variable x is a value representing the first fully-recruited
age-group.

v FFULR X
11 +(A/(x>0),((pAG)zX-AG[l?))/OK
[21  »0,04(FAGE NOT PRESENT®
[al OK:No<((X-AG[11),0)+POPVB ,
(4] FULE+(e((+/[13(71 =1 o)) ++/[11(1 1 4N0))) =N
[57 TIT<FULLY RECRUITED FISHMORTALITY?®
[61 4 OUT FULR

v
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TABLE (Calling form: A TABLE B)

The function TABLE prints, with A decimal places, the matrix B, sent In the right
argument. This function is used to tabulate, with appropriate headings, the
information provided in the matrix B. The function TABLE also calls the function DAT.

Vv A TABLF B
[17 4,82, (pBY[21)p( 57 24(A20)+4+(0>(L/L1] B))+[ 10811 T/L111B), ((pB)[2])pA
[23  +((pTIT1)>{pLB)[2])/CHANGELB
[31 NEXT: B+ (20+pTIT) [{IPWIL(pLBY[ 2]++/((pA)p 1 0)/4A
{4l YeYR O ' ?
{51 (("8+B/)4((LO. 5xFW=pTIT)p* *),TIT) ,DAT
[6] +((pTIT1)>(pLBY[2])/CHANGELB
[7] SK1:' * ¢ Qe 1+([PW<(pLB)[ 2T+4++\A[T1+2x1 0. 5%pA1) 11
[81 De(2xClpY)44 ¢ DL2xClpY 1«0
{93  (errri), ((2+(pLB)[21=(pTIT1))p" "), '} ", D¥(CLlpY)tY
[101 ((2+(pLBY[21)p =), 1+, (+/A[T1+20C])p"~?
(111 (v((=SECTL21),0)4LB) , ((SECT(2],3)p" 17),((2xC)+4)¥(SECT(1],C)4B
[121 ((2+(pLBY 21)ptet), 47, (+/ALT1+2x1C])p ="
[131 (v((SECTL11),0)4LB), ((SECTL2],3)p" 1'),((2xC)+A)¥((~SECTL2]),C)4B
[14]  A«(2xC)VA
[151 B«(0,C)+B
[16] Y«C4Y
[173 +(02pA)/SK1
[18] =0
[19) CHANGELB:LB+LB, ({pLB)[ 11, ({(pTIT1)=(pLB)(21))p* '
[203 -NEXT
g

OUTAF (calling form: A OUTAF B)

The function OUTAF is used to output a matrix of fishing mortalities when a vector
of weighted fishing mortalities is printed at the bottom of the table. The quantity
A represents the first fully recruited age—-group.

Y FA OQUTAF ByCsiD3W3 Yy PW L TFEST
[1] +(12ppB) /CHFECK]

[2] B+{1,pB)pB -
[3] CHECK1:4+,8(2,714pB)p(5l 2+u+(0>(L/[1] B))+[ 1081l T/[1118),( 14pB)p3

T4l Be(20+pTIT)T(CPW)LU++/({pA)p 1 2)/A

{s] Y«¥&

[6] LI ]

{71 (T8 +W )4 (L0, SxBW=pTIT)p® *),7IT) DAT
[81 SK1:* *'

[9] e 1+([PW<u+:\A[ T1+2x10.5%pA] )11
[101 De(2xClpY)tA
[11] Dpl2xiClpYled
121 ° 11,0e(CloY )Y
[13] feees? (+/40[7142x:C0)p="
[iu]  +(1214pB)/MAT
[157 (1 4 p? 19), ((2xC)44)#(1,0)4B
[16] +CHECK
[1771 MA7:(2 2 $((pAG),1)pA0), ({(p4G),2)p" [9), ((2xC)+A) ¥((pAG) ,C)4B
[181 ~+((pAG)=14pB)/CHECK )

9] Tems+? (+/4[7142x0C0 )" "
%éo% (20 v((TEST,1)9“1+EW+1TEST)),(((TEST+(1+pB)—pAG).2)p'+I').((2xc)+A)v(((pAG)-ipr).C)fB
{21 CHECK: A«(2%C)¥A
[22] B«(0,C)E
[23] Y=C¥Y
[24] +(0=pA)/SK1

v
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FUNCTIORS

BEVHOLT

This function computes the yleld from a given recruitment by the method of

Rever

(11
£27
[3]
[42
(52
{6l
(7]
(83
[ol
[10]
[111

f12]
[133
[14]
[15]
[186]
[17]
[18]
197
291
[21]
{222
[23]
[2u]
{251
[26]
[273
[28]
{293
[397
31l
[32]
{332
[3u2
[351
{362
{373
[38]
{391
(4907
[a1]
fy21
[431
[uy]
[u5]
[u6]
[47]
(48]
[49]
[50]
{511
[521
[532
{542
[55]
[56]
{572

ton and Hole.

v BEVHOLT;MHS;M;L;W;K;TT;TR;TC;U;RP;RFW;Tl;T2;T3;Tu;FLG;FLGl;FLGZ;SL;Pl;F;NO;ZI;B;C;Y;
WB;SV;IN;A;CHECK;TIT;U;TEMP;VEC;INC;LIM;Z;KFP;IND;FUl;FMAX;FLGQ;ICI;JCR;E;V;MA;MAX:D
;H;TOT;FT;FLAG3;I;DEB;EX;FP;N;OUTM;PQ;TLC;IND;KKK;OUTF
MES«'ONF POSITIVE VALUE. RE-ENTER °*
ER1:*NATURAL MORTALITY??

+(A/(M>D), 1spM«,[]) /ER2

+ER1, 04[MES
ER2 1 VASYMPTOTIC WEIGHT?(GK)!'

+(A/(W>0), 1=pW< [} /ER3

+I'R2, 040 MES
ER3:YBRODY COEFFICIENT (PARAMETER K OF BRODY''S EQUATION)?!
+(A/(K<1),(K20), 1=pK+ 1) /FRY

PR3, 04-* MUST BE BEIWEEN O AND 1. RE-FNTER '
ER4 s "HYPOTHETICAL AGE AT WHICH THE FISH WOULD HAVE ZERO WEIGHT ACCORDING TQ BRODY''S
EQUATION?®

+(1=p7I+,[1) /ERS

>ER4, 04['ONE VALUE ONLY. RE-ENTEE '
ERS : AGE OF RECRUITMENT TO STOCK?'

+(A/(TR>0),1=pTh+,[]) /ERS

+EEKS, 04[+MES
FR6 s AGE AT FIRST CAPTURE?'

+(A/(TC>D), 1=pTC+ [1) /ERT

+ER6, 04[eMES
FR7 : ' MAXIMUM AGE ATTAINED?'

+(A/(TL>D), 1=pTL+,[!) /ERB

+ERT, 04(+MES
ER8 :'ENTER A VECTOK OF ZEROS AND\OR ONES TO INDICATE WITH RESPECT 70!
"WHICH PARAMETERS THE SENSITIVITY COEFFICIENTS ARE TO BE CALCULATED:!
' NATURAL MORTALITY® ¢ ° BRODY COEFFICIENT'

¢ AGE AT ZERO WEIGHT® ¢} AGE AT FIRKST CAPTURE®

! AGE OF RECRUITMENT'®

+(Af((SV=0)v5V=1), 5=pSV+,[1) /ERS

+ERS, 04 MUST BE A VECTOR OF 5 ELEMENTS WITH ZFROS AND/OR ONES'

FEO s ' MAXIMUM FISHING MORTALITY IN OQUTPUT TABLE'
+(A/(KKK>D) , 1=pKKK+ () /ES 1
+ERS, 040eMES

FS1:+(KKK<5)/F52 ¢ KKK+5

ES2: KKK«S+KKK+T (KKK*x19)

IN«(SV=1)/1pSV

peTwIND<1 ¢ EMAX<FO1+6p0 ¢ FLG+FLG9+D ¢ TIT« 6 35 p' !
U+« 1 73 3 71 ¢ TEMP+VEC+M,K,TI,7C,TK
FeNO«B+C+ Y+ WB+( (1++/5V) ,KKK)p0O ¢ FT+TOT+H+30p0
LP1:RPex=VEC[ 1)xTCR+VEC{41=-VEC[5]

PA<VECT 2 IxTCI+VECL U 1=VECL3]
T2+RPxTLC«TL=VECT Y]

I+i ¢ p+2 & FLG2+FLA;I1<0 ¢ DD

A4:1+2 ¢ FLA;I1+0.0001 ¢ FLG+1 C +DD
BB:S[+1000xY¥[A3;2] ¢ I+1 ¢ FLG+2

CCI+I+1

+( ((KKK=5)+10)<F[A;I1«F[A;I=11+0.1)/FF
DD:P1+0 ¢ N1 ¢ Z«FLA;I1+VEC[1)
EF: T3+Z+VECL 2xl=1

P1+P1+( 1=k =T3xTLC Y x (ULN I x#-T1xN=1)+T3
+( 5> +N+1)/EE
NOTA3I1«RPx(1=%»ZxTLC) 32

Bl A3 I 1+EPxWxP1

ClAsTI=FLA IIxNO[AT]

YLA TY«F{A;7IxBl AT
wBlA:I1«Ylas13sCLA 1]

+((FLG=0) ,FLG=1)/AA,BB
+({(V=0),V=1)/HH ,00
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[587
[59]
[692
{611
[621
{837
[sul
[65]
[661
[67]
{681
[69]
{701
{713
L7271
[73]
747
[753
[7863
{773
{781
{791
{8901
(811
[82]
[833
f8ul
HEER
[86]
£87?
[88]
{892
[99]
fo12
[923
[93]
[oul
fos5]
{9561
{971

*CC
FFsI<I=1
+(A%1)/FF1
MAX<Y[1: W T /¥01:]
FT{1«F{13MAX] ¢ LeBeV<0 & +IT
FFP1:FT{11+FMAX[ 1) ¢ [#E«V<0 ¢ +IT
GO iMAcT+T+1
FMAXTAFLA T1+FTIL] ¢ FLA;T1+FL1;1] © +DD
HH:L+F+0 & V+1
+{A=1)/HH1
Friid«roi1{1] ¢ »II
HHA:FTL10+0, TxFMAX[ 1]
+(FLGO#1Y/IT & Fr«(pFT)p0 ¢ FT[11+0.1
IT2+(v/(30€L+L+1), (V/{IFT)>10))/ VWV
P2y & el
JI 1 DeFTLLI+VECT 1 1+VECT 2]xN=1
+(100<|D) /NN

+( 5> fel+1)/dd

TOTL L= paxx=VECL 1 1%TCR

+(V=1)/LL

KK:»(FE=1)/MM

FrLL+10«FTIL]=0,005 ¢ E«l ¢ +IT
LL:TOT(LY+TOT{L=3L ¢ +KK
MM:+( 0, 0000000912707 L)) /NN

HL LYol LI%FT{LY=FT{L=11)$ 70T L1-T0T(L=1]
FrUr+1)+FPLLY=HILY ¢ +IT

NN:+{V=2)/CC

FPel+I+1

FOLLAY«FLATI+FTIL] ¢ FLA;I)«F[1511 ¢ +DD
00:DEB+({pI+1I),7)p* '

I<bF{ 1517

DEBLT \MA; 1+ FMAX==n"

DEBLIVFP 1+"F0, 1»=="'

+(A%1)}/PP1

+54

PP1:eTITIAL ]

NOLA: 1+(1999xp0LA: 1-NO[131)#N00 1]

BLA; 1+(1000xBlA; =Bl 1:1)+B0 1]
ClA;+(1000xClAsI=Cl1s )+CT 15 )
[987 ¥I[A4:+(1099xr{As3=Y01: )3y (1]
{997 wBLA:1+(1900%B[4:)-WBL1:])sWBL13]
[100740:° °
[1017 ¢
[102] ¢
{1037 ¢
(1047 cla;10«Y[451 0D
[105° ourMenolA: 1) ,BLA;I),00A313,Y0A; 1], WBLAT]
[1262 OUTML 1+4xKKK=21+0
[1072600g:+(4>1)/GQK

CATCH
NUMBEES

ooooooo

EXP-POP
BIOMASS

o o e o @

EXp=-POP
NUMBERS

50 @ oo e b

FISHING
(OFTALITY

g o 2 s w0 B

YIELD

(GK)

o - -

PQ*P?+U[N]X(*”(N*i)XVECEQJ*TCI)X((TLCXFT[L]XEX)%D)+(1-E%+*’D*TLC)X(D*FT[L])%D*2

AVG., WEIGHT'

{1087 (wDEB), 7 3 12 3102103 8 0 11 0 +Q(6,KKK=2)p(FL1;11,0UTN)
{199 FISHMORT<F[13I1 ¢ YIRLDPERRECRUIT«Y[13I] ¢ MEANWEIGHT<WBL 1311
[1107QQR:(A>1)/(%DEBY, 7 3 12 3 10 3 10 3 8 3 11 3 vQ(6,KKk=2)p(FL1;11,0UTM)

[1117) »(CpIN)<1)/WW

[112 VEC<TEMP

[11371 vECLINDI+VECLINDY+) (0. 001xVECCIND+14IN])

[1147 Aesivl 0 0 F

[1157 +((IND=2),(IND=3),(IND=4),(IND=5))/KR.S5,TT,TT1
[1167 TIT[A; ¥+ SENSITIVITY TO NATURAL MORTALITY ' < ~UU

[1171RR:TITLA 3 1+ SENSITIVITY TO BRODY COEFFICIENT (K)*' ¢ +UU

[118188:7TTLA; I+ SENSITIVITY TO AGE AT ZERO WEIGHT

VO U

(119277 TITLA; 3" SENSITIVITY TO AGE AT FIRST CAPTURE® & +UU

[1200771:7ITLA; I« SENSITIVITY TO AGE OF KECRUITMENT *
(121700 TN+14IN & ~LP1
[122WV e (FLGO=1)/WN © ¢ 7

[123 WARNING: CONVERGENCE CRITERION NOT SATISFIED AFTEE 30 ITERATIONS.'




- 71 -

f1242 ¢ THE VALUE OF FMAX AND THE CORKESPONDING DERIVATIVES MAYY

[125] BE INACCURATE.' ¢ ' ' & FLGEY+) ¢ N
[126 W s FLAG3+4
[127] +(FLAG3=1)/0
(1287 A«1 ¢ 7 ¢
[1297 "SENSITIVITY OF FMAX AND FO.1 TO PARAMETERS® ¢ ' ¢t
{1301 ¢ PARAMETERS FMAX
[131] ¢ D Rt ———
[132] TN« (8V=1)/108V
{133 MWW 4+A+1 ¢ IND+14TIN
[134] +(A>FLAG3)/0
[135] FMAXTA(1000xFHAX[ Al =FMAXL 1Y e FMAXT 1]
(1362 FO1[AT«(1000xF01LA-FOLL1 Y2 F0L[ 1]
(1372 QUTF<{FMAXTAT,FO1{AT)
C13swwws (vrITlA; 1), 15 4 15 4 POUIF
[1397 IN«14IN © +WW1
v

Fo.1'

emwt
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COHORT

The function COHORT calculates population numbers at age and the Instantaneous rate of
fishing mortality at age by using the method of cohort analysis described in Pope (1972).
If information on weight 1s also provided in input, the function calculates population

biomass at age, as well as total and net production.

The function COHORT calls the utility functions OUT, HEADER, OUTAF, TABLE and DAT.

V COHORT 3 J 3 T3 MORT s FI s BC 1 X3 YRy Y3 TIT s AN ;CATCH  AsCHECK sCHECK1 ;CHECK2 3223 YY ; POP
;CTEMP;FJT;FC’T;F;SUB;SENSM;SENSMF;SENSMF:[;XX;K;L;INl;XK;IK;JK;Ml sM2:2
{11  A«CHECK<ZZ+YY+1
[27  wamMelWL 2 & FLAG+D
(3] ERO:'NAME OF CATCH MATRIX?.....'
[l o (v/BaMA, =X+ (T 14oNAMYA( Y2X) /X« 1) /0K1
[51  =ERD, 0 NAMED MATRIX DOES NOT EXIST. RE=-ENTER '
[6) 0K1:>(2=ppCATCH+£X)/0K2
[71  =ERG,0M0( (" *2X)/X)," IS NOT A MATRIX.®
(83 OKk2:+(a/0s,CATCHY /EROS
[9) 0,0t NEGATIVE VALUES IN CATCH MATRIX.'®
[10] ERDS:* ' ¢ VSENSITIVITY ANALYSIS TO BE PERFORMED (YES OR NO)2*
(1171 »({A/'YES =34CHECK1) ,~A/ N0 224CHECK1+(* "#CHECK1) /CHECK1+,[1)/ER1,ERO5
[127 ERi:‘FIRST YEAR, YOUNGEST AGE GROUP AND FIRST FULLY RFECRUITED AGE-GROUP?'
[137 +(a/{x=TX),(0s34X),3=pX« [0} /0K3
[1u] -ER1,O4F*MUST HE 2 NON-NEGATIVE INTEGERS. RE~ENTER '
[157 OK3:YR«(T1+X[ 1)) +1d«(pCATCHIL 2]
{167 AG+{T1+X020)41 I« (pCATCHI[ 1]
[17) POPPeMORT<SENSH« (U, T ,J)p0
[1B) ER?:'NATURAL MORTALITY?®
[19) +(v/(1,1)=ppM ) /OKY
[20] +ER2,040<'EITHER 1 OF *,(%I),' NUMBERS. RE-ENTER'
[217 OKus+(A/M20)/0KS
[22] =+FER2, 047+ MORTALITIES MUST BE POSITIVE. RE-ENTER'
{237 OKS:'WEIGHT AT AGE KNOWN(YES OR NQ)?7°®
[ou]  +((AJ'NO =24CHECK2) ,~A/ YES ' =34CHECK2+( " Y*CHECK?2)/CHECK 2+ ,[1)/ER3,0K5
[257 BMASS:*ENTER WEIGHT AT AGE DATA (KG): VECTOR OR MATRIX®
(261 +(Aa/{A/0WET), (2=ppWGT«]) ) /MAT
[271 ~(1=ppWCT)/VECTOR
[287 ERROR:+BMASS, 040+ WEIGHTS MUST BE FOSITIVE °
{297 VECTOR:~{ {pWGT)=pCATCH ;11)/RESHAPE
{3071 +BMASS, 04 DIMENSION MUST AGREE, !
{31) RESHAPE :WGT<+{{pWGT), 1) p¥/GT
[32] FLAG+=1 C +PRINTOPTION
(331 MAT:>((pWGT)=pCATCH) / BHASS
(347 PRINTOPTION:? ® ¢ YENTER 1 IF MATRIX IS TO BE PRINTED. OTHRRWISE ENTER 0.°
[351 YONE WUMBER IS REQUIRED FOR EACH MATRIX®
[361 CATCH BIOMASS® ¢ "MEAN WEIGHT OF INDIVIDUALS IN CATCH®
{371 ‘WEIGHTS AT THE BEGINNING OF THE YEAR®
{387 ‘POPULATION BIOMASS AT THE BEGINNING OF THE YEAR®
[39) =(a/(4=z+/(12PRINTMAT) , (O=PRINTMAT)) ,4=pPRINTMAT< ,[0) /ER3
{401 -+PRINTOPTION ,04[' RE«ENTER *°
[u1) ER3:'F VALUES FOR LAST YEAR {(°,(% 14YR),®)?’
(w21 +{v/(1,1)=pFI+ [} /0KS
{43] -+ER3, 4['EZITHER 1 OR *,(%I)," NUMBERS. RE-ENTER '
Tuy] OKB:+{A/FI>0)/ERY
{457 +ER3, 040« MORTALITIES MUST BE FPOSITIVE. RE-ENTER °
[467 ERu:'F VALUES FOR OLDEST AGE GROUP (%, (%7144G),")?°
[u7] +(v/(41,J3=pFC+,[1) /0K8
(487 -+ER4, 04« EITHER 1 OR *,(¥J).* NUMBERS. RE-ENTER °*
{149l 0K8:+{A/FC>0)/0KS
(507 +ERY, 04« MORTALITIES MUST BE POSITIVE. RE=ENTER *
(517 0ks:v«x(31-46{11
(521 RET:FLA313 1«FC+JoFC
(53] FlA;:Ji«FI+IpFI
[58] MORTLA;31«Q({J,I)oM)
[557 POPLA::J 1« (CATCHL s IXFI+MORTLAs 31 )4 FIx1 =% FI+MORT LA 3J]
(567 POPLA:I: )= (CATCHLT ; IxFC+MORT{ A T3 1)%FC
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{571 +(A=1)/ERS

{581 =({(CHECK=0),CHECK=0)/DD,5K1

[591 ER5:%IS FISHING COMPLETE FOR LAST AGE GIVEN(YES OR NO)?.....'

(607 +((A/YYEST=34XX) ,~A/ N0 =24XX+( " *2XX) /XX« ,[1)/SK1,ERS

[611 CHECK+0

[62] DD:POPLA T3 +POPLAT; 14 1ex=FC+MORT{A5 T ]

[63] SK1:Y«J=1

{641 AAsX<MORTIA31I=1:Y)

[657 POPLA: Tet:YIe(CATCHI A\ I=13Y 55X 42)+(POPLA 14 1T Y+1]x*X)

[66] +(1s¥+Y=1)/44

[67] FlAz;iT=1;1J=1T(®(71 71 4POPLA;; 1)+ 1 1 +¥POPLAs 1)~

[687 +(*WO*=2+CHECK1)/EEY

[691 +((A=2),(A=3))/BB.EE

[707 FI«FI+(0,001xFIT+FI) ¢ FC«FC+(0.001xFCTwFC) ¢ A+2

{710 =+RET

[727 BB:MepM+(0,001xM)

(73] FI+FIT ¢ FC+FCT < 4«3

[74) +RET

(757 EBEsSENSML 233 1= ((POPL 2+ 1=POPL1;;1)4POP1;;1)x1000

(767 SENSMI3:;l«((PL2;:0=Fl1330)4F[1;5:3)=x1000

{771 SENSMI433)+((POP[333]-POP[15;1)%1000)+POPL153]

[78] SENSMF<{(F[33:0=F[1:3])x1000)+F[1;;]

[79] ERY:TIT<*POPULATION NUMBERS®

[80) POPNB+POP{1::]

{811 0 our POP[1:31,01) NEWPOPNB+(AGL11,AG[u1) AAPLUS POPNB

[82Y +('WO'=24CHECK2)/MORTALITY

[83] WG+WGT

(84 NEXT:+(A/(oWGT)=pPOPNB)/PRINT

(851 WGT<WGT WG

{861 NEXT

[8771 PRINT:MEANPOPNB«{POPNBx(1wkoF[1;:]+MORTL1531))+F[1;3]+M0RT 1;;]

(887 POPBIOMASS BMIDYR+WGT=MEANPOPNB

(891 TIT«'MEAN POPULATION BIOMASS (KG)*

[901 0 OUT POPBIOMASSIMIDYR,[11 NEWPOPBIOMASS<+(AGU11,AGT4]) AAPLUS
POPBIOMASS AMIDYR

[91]) +(FLAG=0)/CATBIOMASS

[92] ' ' & 'WARNING: WEIGHT AT AGE IS AVAILABLE FOR ONE YEAR ONLY.'®

{93] * POPULATION BIOMASS, AS CALCULATED, MAY BE BIASED.' ¢ ' !

{947 CATBIOMASS :CATCHBIOMASS+WGTXCATCH

{951 SUMACATBIOMASS+{AGL11,AGLu1) AaPLUS CATCHBIOMASS

[96) +(PRINTMAT(11=0)/MEANCATCH

[97] TIT<*CATCH BIOMASS?®

[98] 0 OUT CATCHBIOMASS,[1] SUMACATBIOMASS

[99] MEARCATCH:~{PRINTMATL 21=0)/WT ABEGAYR

{1007 TIT<«’SMEAN WEIGHT OF INDIVIDUALS IN CATCH®

[1017 2 ouT(+/[ 1] CATCHBIOMASS)++/[1] CATCH

{1027 TIT«"MEAN AGE OF INDIVIDUALS IN CATCH®

[1037 2 OUT{+/[ 1 HCATCHx(&{pQCATCH) pdG)))s(+/01] CATCH)

(104 WTABEGAYR :WT+%( (9(71 "1 #WGT))+® 1 1 WGT):2

(1057 FIRSTAGWT<+x2x(8 14W6TI 131 )= (aWwT{1;])82

{1067 FIRSTYRWT<#2x(@ 14WGTL:1)=(eT(;11)%2

{1071 FIRSTYRLASTAGWT++({@WGT(I311)+(aWGT[I~1;21))4%2

[1081 WCTABEG+((1,J)p0),[13(((T=1),1)p0) WT

{1097 WGTABEGL13141J)+FIRSTAGWKT

[110] WGTABEGL 31 1~FIRSIYRWT ,FIRSTYRLASTAGWT

[1111 LSTYRex (3@ T 3] ) »@WGTABEC] 3J]

[1123 LSTYR«0, (T14LSTYR)

[113] WGTABEGWGTABEG {23 LSTYR

[1147 LSTAGE++#{2x8WGTLI:])=@WWGTABEGLT ;]

{115] LSTAGE+0,LSTAGE

[116] WGTABEG+WGTABEG [ 1] LSTAGE

[117]) +(PRINTMAT{32=0)/POPBMASS

[118]) YReYE,(YRIpYR1+1) © AG+AG, (AG[pAGI+1)

[119) TIT<'WEICHTS AT THE BEGINNING OF THE YEAR' C 2 OUT WGTABEG

[120] YR«T14YR & AG+ 14AG

[ 121 1POPBMASS : POPBIOMASS ABEG+POPNB* "1 "1 ¥WGTABEG

(1227 ~{PRINTMAT4])=0)/KFCABMASS

[123] TIT«' POPULATION BIOMASS AT BEGINNING OF YEAR'®

{1247 O OUT POPBIOMASSABEG,[11+/{ 1] POPBIOMASSABEG

[ 1251FECABMASS s FECRUT T ABIOMASS«POPRIOMASSABEGT 15

[1267 B« (POPNB)» ({1 1 $WGTABEGYxx=(F[1531)+MORT[1531)= ~1 71 WGTABEG

-

1 71 #MORTLAs;5]
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[127] WETPROD+{+/[1] AB)Y+RECRUITABIOMASS

[128] FISHINGBIOMASSLOSS+CATCHXWGT

{1293 Dr«MORTU1;; 1xPOPBIOMASS tMIDIR

[130) BG+aB+DT+FISHINGBIOMASSLOSS

[131] TIT+'DISTRIBUTION OF GHOWTH OVER AGES (PER CENT)® C 1 oUT{BGs( (pBG)p(+/[1]

BGY))%100

[132) ERODUCTION+(+/{ 1] BGY+EECRUITABIOMASS

{1337 LB«"RECRUITMENT BIOMASS GROWITH TOTAL PRODUCTION LOSS THROU
GH FISHINGSURPLUS PRODUCTION NET PRODUCTION '

[134] LB+ & 20 plLB

{1357 TIT1+*SOURCE® ¢ TIT+?FRODUCTION®

(1367 QUTM«RECRUITABIOMASS,(+/[1] BG) ,PRODUCTION ,(+/(1] FISHINGBIOMASSLOSS),(
PRODUCTION=+/{17 DT) ,NETPROD

[137] OUIM«(6,pYR)pOUTH

[138] SECT+ 3 3

[139) 0 TABLFE OUTM

[14097 DATA1<(T3 O +0UTHM)

[141] DATAAYF+100%{1,pYR) p¥YR

[142] DATAR<(2,pYRYplOUTMLS:1,0UTH 45 1)

(1431 TIT«*PRODUCTION/BIOMASS RATIO?

[1447 2 OUI(PRODUCTIONs(+/T1] POPBIOMASSAMIDYR))

[145]M0RTALITY:FWGT@(+/{13(((V,O}%POPWB)X((V.O)+FISHM0RT+F[1;;])))%+/[13((V,0)4
POFNB)

[ 1467 TIT«'FISHING MORTALITY® ¢ {(V+AGL11) OUTAF FISHMORT,[1] FWGI

[187] +( N0 =24CHECK1)/O

(1487 SUB+ PARTIAL DERIVATIVES OF POPULATION WITH RESPECT TO PARAMFTERS' ¢
HEADER SUB

[ 1497 TIT+'SENSITIVITY TO TERMINAL F' ¢ 3 OUT SENSM[233]

[1507 TI7<'SENSITIVITY TO NATURAL MORTALITY' ¢ 3 OUT SENSM{u3;]

(1511 OVERSENS«(SENSML 2313 % 2)+SENSMI 431 1%2

(1527 SUB+'PARTIAL DERIVATIVES OF ESTIMATED F WITH RESPECT 10 PARAMETERS' €
HEADER SUB

(15371 TIT<'SENSITIVITY TO TERMINAL F' < 3 OUT SENSMU33:]

{1547 TIT«'SENSITIVITY TO NATURAL MORTALITY® ¢ 3 OUT SENSMF

[1557 SUB<*PARTIAL DERIVATIVES OF POPULATION NUMBERS FOR YOUNGEST AGE GROUP'*

(1567 HEADER SUB

[157) XK+(pMORTL1:: 1) 00 © JeI+IK«JK+0

[1581FEQ s K=(=0.5)

[1597EE 1 J«I+1 € Jed+l O K+K+l

{1602 XK[I;J]«(C&TCH[I;J]x(*(MORT[l;I;J]xK)))*POP[l;(I»k—o.5);(J-K-o.s)]

[161] »{({I=pFIyv{J=pFC)}/FE2

[162] +FE1

1163 E2:+{(IK={(pFI)=1))/FE3

[164] I«TKeIK+1 ¢ J*0O ¢ +EEQ

(165 FES sedKedK+1 ¢ 1«0 & +(JK<pFC) /EEQ

[168) Mi<{pFI)pMORTL1::0FC]

[167) M2<(pFC) pMORTL 13pFI 3]

[168] FIT«XK[;QFC]XFIT*(@XK[;pFC])pFIT*((*(*OsSXMl))XZ*(Fleb*(—Z«ET+M1)))

[169] FrwaK[sz;]xfrfw(pXKisz;])pFCT*(((*(»0,5xM2))+(FC))x(z+EC+M2))

[1707 +('YES'=34XX)/EES

[171] FCT«FCT:IN1+(pFCT) pIN1+(1w%=2)

[ 172186 :XK[pFI 3 1+FCT ¢ XKL 30FCI«FIT

[173) TIT+'SENSITIVITY TO INDIVIDUAL CATCH VALUES' ¢ 3 OUT XK

[174] OVERSENS+OVERSEHS+XK[131%2 ¢ I+1

[ 175SUM: OV ERSENS<OVERSENS+ ((T+XK[I+141) , Ip0)*2

{17671 I+I+1

[1777 +({{14pXK)=T)>0)/SU

[178) OVERSENS«OVERSENS®0,5

[179] TIT<«*OVERALL SENSITIVITY OF RECRUITMENT®

{180 2 QUT OVERSENS

(1810 ISPs{+/OVERSENS)+pOVERSENS

[1827 ¢ ¢ ¢ YOVERALL SENSITIVITY INDEX: ',¥ISP

v
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GRAPHAPRODUCTION

The function GRAPHAPRODUCTION can be used after a call to the function COHORT in
order to generate a graph showing the variations of the components of production
(recruitment, growth) through time.

V GRAPHAPRODUCTION

(1]  ASUPERPLOT ‘'RESET'

[2]  PER+t

(3)  ¥EWTITLE 'PRODUCTION VERSUS TIME'

(4]  NEWLABEL 'RECRUITMENT ,GROWTH,TOTAL PRODUCTION'
[S)  ASUPERPLOT 'XLABEL,YEAR/'

[6)  ASUPERPLOT 'YLABEL,COMPONENTS OF PRODUCTION/®
(7]  ASUPERPLOT ‘'LINE,1,STR,BLACK,DOT,0,1/'

(8]  ASUPERPLOT ‘LINE,2,STR,BLACK,SDASH,A,1/'

(9)  ASUPERPLOT 'LINE,3,STR,BLACK,SOLID,V,1/"

[10] DATA«DATAMYR

[11] PUT DATA1

[12] PLOT ABOVE

GRAPHANETAPROD

The function GRAPHANETAPROD can be used after a call to the function COHORT in order
to generate a graph showing the fluctuations of annual net production (the area between
the two lines plotted) through time.

V GRAPHANETAPEOD
ASUPERPLOT 'RESET'
PER+1

[

1
(2 PER
[3] NEWTITLE 'SURPLUS PRODUCTION AND YIELD VERSUS TIME!
(4] NEWLABEL 'SURPLUS PROD,FISHING LOSS!
[52 ASUPERPLOT 'YLABEL,PRODUCTION/®
[62 ASUPERPLOT 'LINE,1,3TR,BLACK,SOLID,0,1/"
[71 ASUPERPLOT 'LINE,2,STF,BLACK,DOT,A,1/"
{81 DATA«DATAAYR
(92 PUT DATA2
{191 PLOT ABOVE
v
PRANOASMOOTH

The function PRANOASMOOTH calculates 'partial recruitment' figures and store the
results in the global variable SEL,

V PRANOASMOOTH 3 INTERSEL
(11  FMAX«[#FISHMORT ¢ I+1
[2) SEL+~((pINTERSEL),1)pINTERSEL+FISHMORT[ ;I)+FMAX(I]
(33 NEXT:+((pFMAX)<I+«I+1)/PRINT
{4l  SEL+SEL,((pINTERSEL),1)pINTERSEL+FISHMORT( ;I]+FMAX[I]
(51 +NEXT
[61 PRINT:TIT+'SELECTIVITY COEFFICIENTS CALCULATED WITHOUT SMOOTHING?®
[7] YR+« 1+YEAR+\pFISEMORT[1;]
{(8]  AG+ 1+AGE+1pFISHMORT[ ;1]
(9} 2 our SEL
v
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The function MPROJECT prepares input data required by MPROJ, The function MPROJECT
also calls MPROJOUT, which function prints the output tables evaluated in MPROJ.
The function MPROJECT provides also for more projections from the same data when
desired. MPROJECT may be seen as the "main" program, which calls the different
subroutines necessary to perform the catch projections and to output the results,

11
[2]
[32
[ul
(53
{83
[73
rsl
{93
[19]
[11]
[123
[132
iy}
{151
{1861
171

[18]
[19]
207
[212
{222
[23]

[24]
[251
[26]
{272
[28]
[297
{307
[31]
[327
{332
[3u?
[351
{367
[372
[38]
[39]
[40?
{417
{u2]
433
[hul
[u45)
[u6]
{u72
[ug]
[49]
{503
[51]
{521
[53]
{54]
[55]
[562
[572

v MPROJFCT;YR;AG;X;M;ANS;Y;EUP;CAT;SEL;MAT;REC;CURE;F;SENSM;A;D;I;ONES;SUB;IIT;AECI;OUTM;OUﬂMl;
CHECK13CHRECK?2
ER1:'FIEST YEAR AND YOUNGEST AGE GROUP?'
+(Af(X=TX), (0524X) ,2=pX<« (1) /ER2
SER1, O+ MUST BF 2 NON-NEGATIVE INTFGERS. RE-ENTER °
FR2 :'NUMBERS AT AGFE FOR *,(%x[11),'7?'
+(A/0<POP+,[1) /ER3
+ER2, OAF-* POPUL ATION NUMBERS MUST BE POSITIVE. RE-ENTEK '
FER3: 40+ 1+X[ 22+1pPOP
CAT+(pAGYp~ 1
FRu'CATCH AT AGE KNOWN FOE %, (vx({11),'?(YFS OR NO)'
+({AJVHO Y =24CHECK) ,~A/ YES Y =34CHECK« (" Y2CHECK) JCHEC K< (M) / ER6 JERY
ERS :'\CATCH AT AGF FOR ', (eX[11),'2"
(A (CAT=0), (pAG)Y=pCAT<,[1) /SK1
SFERS, O+PW'ONE NON=NEGATIVE CATCH FOR EACH OF t ($pAG),"' AGES. RE-ENTER
SK1:+( A/CATSPOF) /FR6
SEES, M CATCHRS MUST BE LESS THAN POPULATION NUMBEES. RE-ENTER
FRE 'WEIGHT AT AGL? (KG) :VECTOR OR MATRIX'®
S(A/(V/ ((pCATY=pNG) , ((ph'GI[ 1 X=pCATY ), OWC+{1) /FRT
SER6 , 0t ONE NON-NEGATIVE WEIGHT FOR EACH OF ' ($pAG)," AGES. RE-ENTER
ER7 ' PARTIAL EECRUITMENT TO FISHING?(VALUES BEIWEEN O AND 1)°
+((pAG)=pSEL+,[)) /5K2
SFR7, (AT ONF VALUE FOR FACH OF *,(¥pAG),' AGES. RE-ENTER
SK2:+( A/ (V/SFL20),(SFL20) ,SFEL<1)/ER8
SFET, 04 PARTIAL KECRUITMENTS MUST BE BFTWEEN O AND 1 AND AT LEAST ONF VALUE MUST DIFFFE FKOM
0. KE-FNTER °*
FE8 s *NATURAL MORTALITY?®
+(v/(1,pAG)=pM+ 11} /SK3
SEES, 4P EITHEE 1 OR °,(¥pACG) ., VALUFS. RE-FNTER '
SK3:+(A/M>0)/FR9
+ERS, 04 NORTALITIES MUST BE POSITIVE. RE~ENTEER '
ERS :*NUMBER OF YRARS TO BF PROJECTED?®
+(A/{1=pYR) , (YR=[TYR) ,1<¥k+ [1) /SK4
SER9, 04N A POSITIVF INTFGER GREATER THAN ONE. RE-ENTEK ¢
SKu YR« 1+X[11+1YR
FR10:' RECRUITMENT FOR °, (vYR(21),' 70 ', (¥ 14YR),'2*
+{ AJ(REC20), (T 1+pYR) =pREC+ [0) /SK®&
SER10, 040( % 14pYR),* POSITIVE VALUES. RE-ENTER '
SK6:Y«YR[11+v/ 12 CAT
+(Y=YR{11)/5K5
De(pYR)=1
+ER13
SKS:D+(pYR}
FR13:'QUOTA (IN BIOMASS) OR F VALUES FOR *,(%Y),' TO tU(P1AYR) L7
+(A/<AN520>,(aYR)=pANs+((Yzy3{1?>/3)iFVALAQU+,D}/ER14
SER13, 040(3D), ' NON=NEGATIVE NUMBERS. RE-ENTER '
FRl4:? * ¢ PMATURITY FIGURES TO BE CALCULATED?(YES OF NO)'
MAT+( pAG) p0
S((AJINO =247 ) ,~A/ T YES =34Y+( " *2Y) /Y1) /ER16,ER1Y
ER15 ' MATURITY AT AGE?'
+((pAG)=pMAT+,[1) /SKT
SER15, 04[+0NE VALUE FOR EACH OF ', (%pAG),' AGES. RE<ENTER v
SK7:+( A/ (MAT=0) ,MATS1)/ER16
+ERLS , OATR-* MATURITIES MUST BE BETWEEN O AND 1. RE-ENTER !
FR16:' ' ¢ VSENSITIVITY ANALYSIS TO BE FPERFORMED (YES OF NO)??
S((AJ1YES* =34CHECKL) ,~A/ N0 =24CHECK 1+(CHECK 17" )Y /CHECK1+,[) /EF17 ,ER16
ERL17 :RFC1+REC
SK&:+(1=ppWG)/VECTOR
WCT+WG
+5K9

?




[581
[59]
[607
{611
{621
[63]
[6u4]
[651
[e6]
[677
{682
[697
701
711
{721
[73]
{747
{753
{782
{771
(781
{797
{803
[811
[821
[831
[84]
[851
{867
[87]
[88]
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VECTOE :WGT«®((24pYR) , pAG ) WG
SK9:MPROJ

MPROJ OUT

+('NO'=24CHECK1)/SK10

+(CHECK?2=1)/5K10

SUB«'SENSITIVITY OF CATCH BIOMASS WITH RESPECT TO PARAMETERS'
HEADER SUB

OUTM 1+0UTM

TITP< SENSITIVITY TO NATURAL MORTALITY'

Mepx1,001 ¢ MPROJ ¢ MeMil.001

3 OUT SENSMe( ((QUTM=OUTM1)x1000)+0UTH1)

SEL+SELx1, 001

TIT« ' SENSITIVITY TO PARTIAL RECRUITMENT' ¢ MPROJ ¢ SEL+SEL+1.001
3 oUT SENSM-( ((QUTM=0UTM1)x1000)+0UTM1)

WCT+WGTx1. 001

TIT<'SENSITIVITY TO WEIGHT' ¢ MPROJ ¢ WGI+WGI'+1.001

3 QUT SENSM«(((OUTM=-0UTM1)}x1000)+0UTM1)

POF<POPx1, 001

TTTet SENSITIVITY TO POPULATION NUMBERS IN ', (¥x[11),'?' ¢ MPROJ
POP+POP%1., 001

3 QUT SENSM<(((QUIM=-0UTM1)x1000)+0UTM1)

FEC+KEC1«REC1x1.001 ¢ MPROJ

TIT« SENSITIVITY TO RECRUITMENT' ¢ REC1«KREC141.001

3 QUT SENSM(((OUTM=0UTM1}x1000)+0UTM1)

+( (pFVALAQU) #pQUOTA+(ANS210)/ANS) /SK10

ANS<ANSx1, 001

TIT<'SENSITIVITY OF F TO QUOTA' < MPROJ

ANS«ANS+1, 001

3 OUT SENSM+((("1 0 +CURR(3;;])=FISHMORT)*1000)+FISHMORT

SK10:' ' ¢ 'MORE PROJFCTIONS WITH THIS DATA?(YES OF NO)'
S((AJVYEST=234Y) ,~A/ N0 Y =24Y+(Y2? ') /Y« ,[1)/ERT,5K10
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MPROJ

The function MPROJ calculates population numbers and blomass, catch (both in
numbers and blomass), age-specific fishing mortalities and sensitivity
coefficients with respect to certain parameters, The function MPROJ performs
all the calculations by using the data entered as input information in MPROJECT.

V MPROJ;C;C13C2:X32325:8
[1] INIT:CURF<(3,(pAC),pYR)p 1
[27  CURRU1;;13+«POF
(3% CQURR[2:311«CAT © FFC<REC1 ¢ CHECK2+0
ful X<l
[5 FINP:;+((V/CURE[2;3X1271),ANS[X1210)/CHFECK ,YICALC
(67 CURK[33:X)«SELxANSLX]
[77  CURKL23:X1+CURF([333X] CALCC CURRU135;X]
(8}  +UPDATF
[9" CHECK:CURR{3;3;X1+3FL
197 +(A/CURE[1;3X)>CURKL253X1)/ADJUST
[11Y 'CATCH GEEATFE THAN FOPULATION?
{127 CUREL2;:X1+CURRT 233 XILCURKL 155X]
(137 ADJUST :C+«CURE([333X) CALCC CURR[1;;X]
L1 +(0.01>T/1C-CURK[2;3X1)/UPDATE
[157 Cl+-(CURR[3 33X IxCUKR 133X 3CURRL 353 X1+M)x*x=CURRL3; ;X 14M
[167 (C2¢=(CURRL 13X M+ (CURRL 333 X3+M)*2)x1=%=CURR(3;; X1+M
[17° CURR[3;:X)+CUKK[ 333X 1-(CURK[2;:X3=C)3C1+C2
[16” +ADJUST
(19 YICALC:CURKR[3;;X1+SFL
[207  +(ANS[X1<+/WCY L ;XIxCUKK(133X1)/ADJTOGUO
[21) 'QUOTA GREATEL THAN POPULATION BIOMASS FOE YRAR ', (¥YK[13+X-1)
{227 CURR[3;;X1+SFL ¢ CHFCK2+1
[237 CURRL[233X«CUFFT333X) CALCC CUKKU1;:3X)
[24" +UPDATF
(257 ADJTOGUO :CUREL 233 X1+CURR[333;X) CALCC CURR[1;53X1
[26° +(0.01>|ANS[X1-+/WCTL ;X IxCUKF(253:X]) /UPDATE
(277 CURRL3;;X3+CURK[3; 3 X1xANSIX 14+ /WGT [ s X IxCURR[ 23 3X]
[28" +ADJTOGUO
[29) UPDATE : +((pYR)<X+X+1)/FXIT
[397 CUKE[1::X)«(14KEC)Y T INCURRL 15 X3+CURR[ 15 3X=1 % =CURK[ 35 ;X=11+M
[317 REC+1+REC
[327 -FINP
[337 EXIT:CUKR<OTCURR,[20+/[2) OfCURE
[34” OQUTM«(T1 O 4CURR[2;:3)xWGT[ ;1pYR ]
v

CALCC (Calling form: F CALCC N)

The function CALCC calculates the catch in numbers by using the formula

C = F N(1- e~ )
Z

The parameters F and N must be sent as left and right argument respactively.
This function is used by MPROJ,

V CATCH«F CALCC N
[1]  CATCH«((FxN)+F+M)x1e*=F+}
v
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MPROJOUT

The function MPROJOUT outputs all the information which has been stored in
tables by MPROJ. The calculations of the numbers and biomass of mature fish
in the population is also performed within this function. The function
MPROJOUT calls the utility functions OUT and HEADER.

Y MPROJOUT ;X3 TIT3T
(11  TIT<*POPULATION NUMBERS'®
(21  POPWB« ~1 0 YCURR[1:3]
[31 9 our PoPNB,[11(AGL1],4GT41) AAPLUS POFPNB
(41  TIT<*POPULATION BIOMASS (AVERAGE)®
(5 I+(pPOPNB)[ 11 ¢ J«(pPOPNB)[ 2]
{61  FISHMORI+ ~1 0 YCURR[3:3]
{71  MORT<®((J,I)pM)
[8]  MEANPOP<{POPNBx(1+*=FISHMORT+MORT) ) +FISHMORT+MORT
(91  POPBIOMASS MIDYR«OUTM«MEANPOPWGTE s141J+1]
(103 2 our ourM,[11(AGL1),AGI4Y) AMPLUS OUTM
(113 TIT+*MATURE NUMBERS®
122 >(A/0=pAT) /N2
(131 OUTM<("1 0 YCURR[1;31)%Q((pYR) ,pAG) pMAT
i) 0 our ourm,[13+/017 oUTM
[15) TIT<«*MATURE BIOMASS!
{167 OUTM=(T1 0 SCURR[1;3 100G TL 314 J+11xQ((pY i) , pAG) pMAT
(172 2 our ourK,[10+/017 oUTM
(18 N2:TIT+'CATCH NUMBERS®
[191 o OUT CATCH,[11(ACGT11,4G[41) ANPLUS CATCH« ~1 O YCURR[2;3]
[207 TIT«'CATCH BIOMASS®
[21) ourM«(T1 0 YCURR[2::;1)x 0 "1 + 0 1 ¥WGT
[221 2 our outM, [12€AGL11,AGTuT) AAPLUS OUTM
[23) 7TIT<'MEAN WEIGHT OF INDIVIDUALS IN CATCH'
[247 1 ouT(+/01) outm)s+/01] ~1 O ¥CURR[2;;)
[25Y TIT«'FISHING MORTALITY®
{267 FWGT<(+/[ 1) POFNBXxFISHMORT) )++/{ 11 POPNB
[271 3 OUT FISHMORT,(1Y FWG1
[287 WTABFGAYE :WT+x((@(71 T1 WGCT))+8 1 1 WWGT)+2
{297 FIRSTAGWT<#2x(@ 13WGT{1;7)=(8WT[1:1)%2
(301 FIRSTYRWT«%2x(@ 14WGT( 1) =(aWT[;12)52
[317 FIRSTYRLASTAGWT<«*((@WGT{I;11)+(8WGT[I=1521))+2
(327 WGTHBEG+({1,J+2)p0),[13(((I=1),1)p0) WT
[33) WOTABEGL13141J+2+FIRSTAGKT
[34 WCTABEG[ ;1 3«FIESTYRWT ,FIRSTYRLASTACWT
[35) L[STAGE+*(2x@WGTII; 1)=eWGTABFEGLT ]
[361 WGTABEG+WGTABEG,[1] LSTAGE
[371 ~(PRINTAPKOD[ 11=0)/POPBMASS
[38) YRe(YR{11=1), YR, (YR[pYR]+1) ¢ AG+AC,ACLpAG]+1
[39] TIT<'WPIGHTS AT THE BEGINNING OF THE YEAR' ¢ 2 QUT WGTABEG
(807 YR« 14 14YR © AG+T14AG
{411 POPBMASS:FPOPBIOMASSABEG+POPNBx ~1 1 + 0 ~1 WGTABEGC
(42 (PRINTAPROD[ 21=0)/REC ABMASS
[u3Y TIT«*POPULATION BIOMASS AT BEGINNING OF YEAR'®
fuyl 9 OUT POPBIOMASSABEG,[1]+/[ 1] POPBIOMASSABEG
[45] RECABMASS:RECRUITABIOMASS«POPBIOMASSABEGL 151
[46] AB«POENBx( (1 2 WGTABEG)x*«(FISHMORT)+MORT)= ~1 ~1 4 0 1 +WGTABEG
[47 NETPROD<(+/[ 1] AB)+RECRUITABIOMASS
(48] FISHINGRIOMASSLOSS+CATCHXWGT[ ;141J+1)
[49)  DT«MORT*POPBIOMASS AMIDYR
{591 BG+~aB+DT+FISHINGBIOMASSLOSS
{511 TIT«DISTRIBUTION OF GKOWTH OVER AGES {(PEKCENT)®
[521 1 oUT(BG+((pBGYp(+/[11 BG)))»100
[537 PRODUCTION+(+/[1] BG)+RECRUITABIOMASS
[547 [B«'RECRUITMENT BIOMASS GROWTH TOTAL PRODUCTION LOSS THROUGH FISHINGSURPLUS PR
ODUCTION NET PRODUCTION '
[55] LB« 6 20 pLB
[56] TIT1«'SOUKCE® ¢ TIT«*PRODUCTION?
{577 PROD«EECRUITABIOMASS,(+/[1] BG) ,PRODUCTION,(+/[1] FISHINGBIOMASSLOSS) ,(PRODUCTION=-+/L1] DT},
NETPROD
[58Y PROD«(6,pYR)pPROD
[587 SECT« 3 3
[607 O TABLE FROD
{617 TIT<PRODUCTION/BIOMASS RATIO®
[62] 2 oUT PHODUCTION®*+/[1] POFBIOMASSAMIDYER
v
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PALOHEIMO

The function PALOHEIMO estimates the annual rates of total mortality (Z), the catchability
coefficient (q) and the annual rate of natural mortality (M). PALOHEIMO calls the library
functions REGR and PLOT, as well as the utility function FILEAFETCH.

V PALOHEIMO
[11 NAM<{WEL 2
[21 ENTRY:'ENTER NAME OF CPU MATRIX FOR RESEARCH VESSELS(NUM/TOW)"'
[37 REAENTRY1:+(v/NAMA.=CHECK1+("1tpNAM)+(' 'ZCHECK1) /CHECK1<,[M) /RET
(4]  +REAENTRY,04[%'NAMED MATRIX DOES NOT EXIST. RE-ENTER.'
[51 RET:'ENTER FIRST YEAR AND YOUNGEST AGE GROUP!
[81 +(A/(TEMP=[TEMP) , (0<24TEMP) ,2=pTEMP+,[]) /0K1
(71  +RET,04[W'MUST BE TWO NON-NEGATIVE NUMBERS '
[81 OK1:YEAR<14TEMP & AGE<1¥TEMP
(9] YR<(YEAR=1)41 2+YEAR+1+peCHECK1
(1071 AG+(AGFE=1)¥1 2+AGE+14p2CHECK]
(112 CPUE+$CHECK1
[12] CPUE«CPUR+(CPUE=0)x9,9999x10%*70
{131 2«(71 71 $CPUE)3#(1 1 ¥CPUE)
[14] INSERT«((Z>1000)+(Z<10%"3))
[15] Z+@Z«INSERT+Zx~INSERT
[167] TIT+'ESTIMATES OF TOTAL MORTALITIES(Z)'
[171 3 ouT 2,01) ZMEAN«(+/01] 2)+(p2[;1])=+/01] INSERT ‘
(18] TEST:' ' ¢ 'REGRESSION WITH AN INDEX OF FISHING EFFORT DESIRED(YES OR NO)?'
[19] +((A/'NO'=24CHECK2) ,~A/ ' YES ' =3+CHECK2+ (" Y2CHECK?) /CHECK 2+,1) /0, TEST
{291 'ENTER VALUES OF FISHING EFFORT'
[211 REAENTRY2:+(A/{(FVAL>Q), {1+pZMEAN)=pFV AL+()) /CALC
[22] +REAENTRY2,040R* THERE MUST BE ', (¥1+pZMEAN),' VALUFS ALL NON=NEGATIVE. RE=ENTER '
(232 CALC:F<{(T14FVAL)+(14FVAL)) %2
[243 Pe((pF),1)pF
[25] FILEAFETCH '2719067 PFAREGRESS!
[261 NOANOVA ¢ NOCORRELATION ¢ ZMEAN REGR F
[27) DpIsT«[([#F)+30
(281 2«B[1;1+(BL2;]xFF«DISTx 1 30)
[29) ZMEAN<((pZMEAN) ,1)pZMEAN
[39) 2«({(pZ),1)pZ
(311 FF<((pFF),1)poFF
[32] 2z«2,[1] ZMEAN
[331 FP+FF,[1] F
[347 DATA+FF,7,((2,1)p1), [13((pFL311},1)p2
(35 [PDEF PAGRAPHICS
(367 ABSCIS3A LOW LIMIT O ¢ ORDINATE LOW LIMIT O
[37] ABSCISSA HIGH LIMITI$#FF ¢ ORDINATE HIGH LIMITI#Z
[38) ABSCISSACOL 1 ¢ SYMBOLCOL 3 ¢ PLOTCHARS '.oO'
[39] AXES FLOATING ¢ NORMAL
[40] SET ABSCISSA TOTAL & SPACED 10 NUMBERED 1
[41] SET ORDINATE TOTAL 6 SPACED 5 NUMBERED 1
[42]) ABSCISSA TEXT ‘FISHING EFFORT'
(431 ORDINATE TEXT ‘ZMEAN'
[4yl PLOT DATA

v




- 81 -

SURVIVOR

The iuncti?n SURVIVOR is used to input data which are required for estimating the
sgivhvors in the current year. This funcétion may be seen as the 'main' program
which calls the subroutines necessary to perform the calculations and to outpué the

2 . Namel N SURVIVORS calls the functions SURVIVORAI
results y VIV S RAIN 3 KACONST, ESTASURVIVORS,

[1]

{21

[3]

ful

[5]

(N

[73

[8l

[9]

101
113
(123
[13]
142
[15]
[18]
[17]
[18]
[19]
[20]
{211
[22]
[23]
[2u]
{252
{267
{271
[28]
[29]
{30]
[31]
{321
[33]
[3u]
[35]
[36]
371
[38]
[39]
[s0]
1]
[u2]
[u3]
fug]
[us]
{us]
[u7]
48]

[u9}
[50]
[51]
[52]
[53]
[su]
[55]
(561

v SURVIVOR;NAM;X;PI;PQ;ITEB;NMMAITER;RVABUND;CATCH;SYR;SAG;I;T;YR;AG;YRPT;

AGPT;BLKSIZEAG;BLKSIZEYR;CALBLK;CHECK;CHECKl;CHECK?;K;KT;KT?;LNDIF;LNK;
MVAR: MV AR? L OUTM ;CNT s MM PRINTMAT s KK s SHAT ;. SUM s I'1

NAM[IVL 2 ¢ ITER+1
ER1:'FIRST YEAR AND YOUNGEST AGE GROUP?'

+(A/(P1=[P1), (0224P1),2=pP 1+ [} /ER2

SER1, 04« MUST BE 2 POSITIVE INTEGERS. RE~ENTER '
ER2:YFINAL YEAR AND OLDEST AGE GROUP IN CALIBRATION BLOCK!
+(A/(0<P2-P1), (P2=[P2), (0524P2),2=pP2+,[]) /ER3

+ER2, 040« MUST BE 2 POSITIVE INTEGERS LARGER THAN INITIAL VALUES. RE=ENT
ER !
ER3:9AGE AT WHICH K SHOULD LEVEL OFF'

+(a/(r1spP2[21) ,P1L2]0<I1+ D) /ERY

+ER3, O+ MUST BE SINGLE VALUE BETWEEN v (vp1[21),' AND *,vP202]
FRY : 'NAME OF RESEARCH VESSEL ABUNDANCE MATRIX'
+(V/NAMA =X (" 14pNAMY (¢ 1 2X) /X<, [0}/ 0K1

SERY, 0401+ NAMED MATRIX DOES NOT EXIST. RE-ENTER '
OK1:+(2=ppRVABUND+2X) /0K2

PRy, 04FR-((* *2X)/X)," IS WOT A MATRIX. RE-ENTER °
0K2:+(A/0O<,RVABUND) /ERS

>0, 0AW-'NEGATIVE VALUES IN RESEARCH VESSEL ABUNDANCE MATRIX'
ERS :'NAME OF CATCH MATRIX?®

SV /NAMA =X« (T14pNAMY4 (1 T2X) / X+ [1) /OK3

~ERS, 04[5« ' NAMED MATRIX DOES NOT EXIST. RE-ENTER '
OK3:+{ 2=ppCATCH+2X) / OK4

ERS, 040R-((* *zX)/X),! IS NOT A MATRIX. RE-ENTER '
OK4:1+( A/ (pCATCH) =pRVABUND) / OKS

+ER5, 040! DIMENSIONS MUST BE THE SAME AS THOSE OF THE CATCH MATRIX'!
0K5 =+ A/O<,CATCH) /OKB

+0, 04[3«* WEGATIVE VALUE IN CATCH MATRIX®
0K : YRe"1+P1[ 111 T+ (prATCHI[ 2]

AGe"1+P1L 2 1 I+ (pCATCH) [ 1]
FRG :*SURVIVORS IN POPULATION FOR LAST YEAR?®

+((1,I)=pSYR+,[D/0KT

+ERG, O+« ENTER 1 VALUE FOR EACH ROW OF CATCH MATRIX. RE~ENTER '
OK7 s+ ( AJOSSYR) /ERT

+ERG, 0400 VALUES MUST BE POSITIVE. RE=ENTER °
ER7:*SURVIVORS IN POPULATION FOR OLDEST AGE GROUPZ'
+((1,T)=pSAG+ (1) /OK8

+ERT, 040 ENTER ONE VALUE FOR EACH COLUMN OF CATCH MATRIX. RE=-ENTER *
OK8:+{ A/OSSAG) /FRB

SERT, 0400« VALUES MUST BE POSITIVE. RE<-ENTER '
FR8 3 'NATURAL MORTALITY'®

> nf(A/M20) , D=ppk«l]) /ERS

»ERS, A1« NATURAL MORTALITY MUST BE 1 POSITIVE NUMBEE. RE~ENTER '
ERQ : ! MAXIMUM NUMBER OF ITERATIONS?®

S( A/ (NUMAITER21) ,0=ppNUMAITER+{]) /ER10

+ER9, 04! MUST BE ONE NUMBER21. RE-ENTER '
FR10:SENTER 1 IF MATRIX IS TO BE FRINTED. OTHERWISE ENTER 0.¢

*ONF NUMBER IS REQUIRED IN VFCTOR FOR EACH MATRIX'

S INTECRATED CATCH? ¢ *INTEGRATED SURVIVORS® ¢ ‘ESTIMATED SURVIVORS '
VRSTIMATED VARIANCE OF SURVIVORS® ¢ 'WEIGHTED SURVIVORS' & YQUTLIERS OF R
ESTDUALS?

+(A/(6=+/(1=PFIH%MAT)5(OrPRINTMAT)),6=pPRINTMAT+,D)/ER11
+ER10, 043« RE~ENTER *
FR11:*ANALYSIS OF VARIANCE TO BE FERFORMED(YES OR NOY??
+((A/UYEST=34CHECK) ;~A/ " NQ 1 =24CHECK+(" Y 2CHECK) /CHECK+ ) /0K9,ER11
0K9:YRPT+P2[1] ¢ AGPT+P2[2]

MAGLpAG] O CNT+0

SUMCATCH (™ 1+xM32 )4 M
SUMMATIONE»(V/(CHF0K2+T50NT+1),CHECK1+IS1+0NT+0NT+1)/LAST




[57]
[58]

[59]
[603
(617
{62]
{631
[64]
[65]
[66]
{671
[68]
[89]
[701
{711
(721
{733
[7u]
[751
[761
{773
[78]
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+(A/{1=CHECK1) ,CHECK1=CHECK?2)/LAST
SUM+SUM+(( (*MxCNT+0. 5)=*MxCNT=0. 5)+M)x (((CNT ,CNTYICATCH) , (((~CNT)+I) ,CNT)
00),[11(CNT , T) pO

+SUMMATION

LAST : SUMLT 3 +CATCHLT 3 Ix(T1+xM22)4M
SUML s TI+CATCHL s TIx (T 14+%ME2)4H
CINT<SUM

+(PRINTMATL11=0)/SURVEY
TIT«INTEGRATED CATCH' ¢ 0 OUT CINT
SURVEY s SURV IVORAINT

POPNB<CINT+SINT

+(ITERZNUMAITER) /CONSTANT
TIT+*POPULATION NUMBERS'®

0 OUT POPNB
CONSTANT : KACONST

ESTASURVIVORS

EST AV ARASURV

WEIGHTEDAS
+(ITER=NUMAITER)/VARIANCEANALYSIS
ITER«ITER+1 ¢ SYR+SURVALASTAYR & SAG+SURVAOLDEST MG
+SURVEY

VARIANCEANALYSIS:+( 'NO'=24CHECK) /0
ANAL AV AR

v

SURVIVORAINT

This function is used to calculate the integrated survivors (SINTi 5 ¢ 5)
and to print the calculated values after the last iteration. Fe2,y b

[12
[2]
£33
[u]
[53
[6]
[73
[8]
[9]
[10]
f117
[12]
[13]
[14]
[15]
[16]
[17]
{183

V SURVIVORAINT ; UPPERA ;LOWERA ;ROW ;COLsCNT13CNT 23 TIT
UPPER A+LOWERb<(pCATCH) p0
COL+T ¢ ROW<I ¢ CNTI1+CNT2+1
UPPERAL :T1+SYR & LOWERA[I; J+SAG
UPPER: +(1200[+C0L=1)/LOWER
UPPERAL sCOL1+(CNT14SYR) ,[1] CNT1pO
+(TzCNT1+«CNT1+1)/UPPER
LOWER : +( 1>ROW+ROW=1)/JOIN
LOWERALROW ; 1«(CNT24SAG) ,CNT2p 0
+(T2CNT 2«CHT 2+1)/ LOWER
JOIN : UPPERA+UPPERAX(T ,T) pF 1+#Mx YR T 140, 5=((P1[ 111 )41YRIT])
LOWERALOWERMQ (T ,I) pF 2¢xMx AGLT 140, 5=((P1[2]=1)414ACGLI])
UPPERA+UPPER A*UPPER 82 LOWERA
SINT«UPPERA+LOWER B
+(ITER=NUMAITER) /0
vt~ VETNAL ITERATION (', (®ITFR),')'
+(PRINTMAT[2]=0)/0
TIT+ INTEGRATED SURVIVORS'
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ESTAVARASURV

The function ESTAVARASURV calculates the variance for the successive estimates of
survivors which are calculated by the function ESTASURVIVORS. The function ESTAVARASURV
is called by the 'main' function SURVIVOR.

V ESTAVARASURV ; FACTOR ; OUTERFACT

EMS<(+/[1]+/ ((BLKSIZEAG ,BLKSIZEYR)+(POPNB-CORAR) + POPNB)*2)+ BLKSI ZEAGx
BLKSIZEYR

EST AV ARAS+(EE 2 )x RMSXCORAR*2

FACTOR+(I ,T)p1+13BLKSIZEYR

FACTOR{( 1+BLKSIZEAG=CALBLK) 411 3 1+OUTERFACT+1+1+BLKSIZEYR*CALBLK
FACTORL ;BLKSIZEYR¥\T J«OUTERFACT

EST AV ARAS ~EST AVARASXFACTOR

+(ITERZNUMAITER) /0

+(PRINTMAT[4]=0)/0

TIT<*ESTIMATED VARIANCE OF SURVIVORS'

0 OUT ESTAVARAS

WEIGHTEDAS

The function WEIGHTEDAS calculates the weighted average of the survivors for
each age~-group in the final year (Si,t ) and of the oldest age-group in each
year (Sm,t)' This function is also useg to output the statistics which are
necessary to monitor the convergence of the iterative process and to print the
results after the final iteration (estimated survivors, estimated K, residuals).
The function WEIGHTEDAS is called by the 'main' function SURVIVOR.

V WEIGHTEDAS ; POOL3 POOLAG ; POOLYR; INVAVAR;CNT ; POOLEDAV AR ;W sWASURV ;CRITAYR;

[1]

[2]

[3]

(&)

{51

[6]

[73

[8]

(9]

[101
[11]
[12]
[13]
[1u]
[15]
{181
[17]
[18]
[19]
[20]
[21]
(227
{231
f2u]
[25]
[26]
[27]
[28]
[29]
[30]

PERCASURY 3 INV ASURV ASUM s VARASALASTAYR ; VARAS AOLDEST AAG ; STANDAERALAST YR
STANDAERAOLDFSTAAG;C AV ALAST AYR; C 8V AOLDESTAAG ; OUTM1 ; OUTM?2 ; OUTM3 ; STAND AERAK
s DF 3 SDARESID ; MEAN ARESTD 3 UPPERBND ; LOWERBND ; OUTER
POOL+INV &V AR<1 +ESTAVARAS O DIAGASUM INVAVAR
POOLAG<POOLYR+(I ,T)p0
POOLAGU1 ;3 1+POOLL13] & POOLYRU ;11«POOLL ;1]
CNT+0
UPPER:+(v /(I <1+CNT) ,T<1+CNT+CNT+1}/COLUMN
POOLAGLCNT+1 3 1+(CNTp0), (=CNTI+POOLL 15 ]
+UFPPER

COLUMN:CNT+0

LOWER s +(v /(I <1+CNT) ,T<1+CNT+CNT+1)/CALC
POOLYRL ;CNT+11+(CNTpO), (~CNT)+POOLL ;1]
+LOWER

CALC: POOLED AV AR+~POOLYR+POOLAG*POOLAG®POOLYR

W+1+ESTAVARAS*POOLED AV AR

WASURV+/xSHAT

+(ITERZNUMAITER) / SUM
~(PRINTMAT(53=0)/SUM

TIT+'WEIGHTED SURVIVORS' ¢ 0 OUT' WASURV

SUM : ¥ ASURV+W ASURV+0 . 00001 %/ ASURV=0

SURVAYR<SURV AAG++/ 1 1 QWASURV
CNT<+0

NEXTCOL : +(T<CNT+CNT+1)/OLDESTAGE

SURVAYR+SURVAYR,+/ 1 1 &(0,CNT)+WASURV
+NEXTCOL

OLDESTAGE:CNT+0
NEXTROW : +(ISCNT+CNT+1) /WEIGHTEDS

SURVAAG+SURV MG, +/ 1 1 Q(CNT,0)+WASURY
+NEXTROW

WEIGHTEDS : SURVIVORS«($14SURV AAG) ,SURVAYR

SURV AOLDEST 8AG+T4SURVIVORS
SURV ALAST MY R« (~I)+SURVIVORS




[31]
[32]
[33]
[34]
[353
[36]
{371
[38]
[39]
[40]
[41]
423
[43]
[u4)
[45]
fus]
[u7]
fug]
fu9]
{501
[511
{521
{537
[54]
£55]
(561
[571
[58]
[59]
[603]
[61]
£621
{63]
[ou]
[653]
[66]
[67]
[68]
[69]
[70]
[71]
{723
{732
{717
[75]
[76]
[77)
[78)
[7¢]
[80]
[81]
[82]
[83]
[8ul
[85]
[86]
[871]
{88)
[89]
[90]
[91]
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+(ITER=NUMAITER) /FINALITERATION
CRITAYR«( | SYR~SURV ALASTAYR) % SYR
+(A/(A/0.0012CRITAYR) ) /CONVERGENCEMET
PERCASURV+(+/CRITAYRx100)+I

' 1 ¢ VITERATION °,(¥ITER),' RMS=',(¥EMS)

y 0/0 CHANGE IN SURVIVORS=',(¥PERCASURV)

" 4 Q' AGE  SURVIVORS X'

oUTM<( ((5AG) ,1)pAG) , (((pAG) , 1) pSURV ALASTAYR) , ((pAG) ,1)pK
4012 0 12 2 POUTM

>0

FINALITERATION : NUMAITER«ITER

INVASURY ASUM«($14POOLL 511) ,POOLT 151
VARASALASTAYR«1 3¢ (=I)+INVASURVASUM
VARASACLDESTAAG+1 T4INV ASURV ASUM

STAND BERALAST AY R+VARASALASTAYR*0. 5

STAND AERAOLDEST AAG+VARAS MOLDESTAAG* 0. 5

CAVALASTAY R<100xSTAND AERALAST AYR+ SURV ALASTAYR

AV AOLDEST hAG+1 00 xSTAND AERAOLDEST 8AG + SURV AOLDEST AAG
vt O YpMS=", (YRMS)

¢ v Y ESTIMATED SURVIVORS FOR AGE vL(vAGLIT) (WEIGHTED)' & !
C.V.(0/0)"

! YEAR SURVIVORS VARIANCE STANDARD ERROR
OUTMl*(((pYR),1)pYR),(((pYR).1)QSURVAOLDESTAAG)

OUTMl*OUTMl,(((pYR),1)pVARASAOLDESTAAG).(((pYR),1)pSTANDAERAOLDESTAAG)

OUTM1+0UTM1, (((pYR) ,1)pC AV BOLDESTAAG)
80150 150 12 0 12 2 YOUTM]

' ¢ &% pSTIMATED SURVIVORS FOR ', (¥YR[T1),' (WEIGHTED)' ¢ ' !
c.V.(o/0)!

' AGE SURVIVORS VARIANCE  STANDARD ERROR

|

OUTM2+(?TEAG),1)DAG),(((pAG),1)pSURVALASTAYR).((pAG).l)pVAﬁAEALASTAYR

OUTM2+OUTM2,(((pAG).1)05TANDAERALASTAYR).((pAG),l)pCAVALASTAYR

8 0150 15 0 12 0 12 2 POUTM2
STAND AER AK+MV AR*0. 5
reot FINAL ESTIMATION FOR K'

v oY AGE K [N(K)  VAR(LN(K) STANDARD ERROR

oUTM3<( ((PAG) ,1)pAC) , (((pAG) , 1) pK) , ((pAG) , 1) pLNK

DF+(((Il—AG[l]),l)pYR[T]-YRPT).[1]((1+AG[I]P11).1)0-1+CALBLKXBLKSIZEYR

OUTMB*OUTM3,(((pAG).l)pVARALNK),(((pAG),l)pSTANDAERAK).DF
4 0 10 2 10 4 10 4 15 4 8 O POUTM3
RESIDUAL<{®KK=FVABUND)-8POFPNB

TIT<!RESIDUALS'®

4 QUT RESIDUAL

MEANBRESID=(+/+/{1] RESIDUALY+™1+TxI
SDARESID*((+/+/[1](RESIDUAL-MEANARESID)*2)*(IXT)‘1)*0.5
UPPERBND+MEAN ARESID+2xSDARESID

LOWERBND+MEAN ARESID=2*SDARESID
OUTFR*RFSIDUALX(RESIDUAL<LOWERBND)+(RESIDUAL>UPPERBND)
+(PRINTMAT(61=0)/0

e MEAN OF RESIDUALS=*®, (¥MEANARESID)

! STANDARD DEVIATION OF RESIDUALS=", (vSDARESID)

TTT« QUTLIERS OF RESIDUALS' ¢ 2 OUT OUTER

+0

CONVERGENCEMET:* * ¢ "FINAL ITERATION (', ($ITER) ,")'

+(PRINTMAT{21=0)/POP
PTT«' INTECRATED SURVIVORS' & 0 OUT SINT

POP: TIT«* POPULATION NUMBERS' ¢ 0 OUT POPNB

+(PRINTMATU31=0)/NEXT
TIT«t ESTIMATED SURVIVORS® ¢ O OUT SHAT

NEXT: +(PRINTMAT{41=0}/NEXT1

T ESTIMATED VARIANCE OF SURVIVORS' ¢ 0 OUT ESTAVARAS

NEXT1:+(PRINTMAT(51=0)/FINALITERATION

v

PIT«WEIGHTED SURVIVORS' & O OUT WASURV
+FINALITERATION
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KACONST

The function KACONST is used to estimate the calibration constants, Kis. 5 and theilr
variances. The function KACONST is called by the 'main' function SURVIVOR.

Vv KACONST
{1 BLKSIZEYR+YRPT+1-YR[1]
2]  BLKSIZEAG+AGPT+1-AG[1]
[3] L[NDIF+@POPNB:RVABUND
(4]  LNK«(KT<+/(BLKSIZEAG,BLKSIZEYR)ALNDIF)$BLKSIZEYR
[5]  INK<({(=CALBLKYYLNK),(1+AGLI)~I1)pKT2+(+/[13({I1=AG[1])4KT))+BLKSIZEYRx
CALBLK+1+AGPT-I1
[61  LNKK<Q(T,I)pLNK
{71  VARALNKASUM<«+/{(I1-AG[11),BLKSIZEYR)4+(LNKK+(®RVABUND)=@POPNB)*2
(8] MVAR«(VARALNK+VARALNKASUM$BLKSIZEYR-1)+BLKSIZEYR
(91 CALBLK«1+AGPT~I1
[10] MVAR2«(VARALNKT2«(+/[1]) VARALNKASUM)+™1+BLKSIZEYR*CALBLK) % BLKSTZEYRx
CALBLK
[11] VARMLNK+«VARALNK,(1+AGLI]=I1)pVARALNKT?2
{121 MVAReMVAR,{1+AGTI1-I1)pMVAR2
[13] K«xLNK+VARALNK#2
v

ESTASURVIVORS

The function ESTASURVIVORS provide estimates of survivors for all age-groups
in the last year (S , ) and for the oldest age-group in each year (Sm . j)'
This function is calieg gy the 'main' function SURVIVOR, T

V ESTASURVIVORS;CNT3ROW;COL; TITE
[1] FB«(I,T)p0.5
[2]  CNT«0 & ROW<I-1
[3] INCREASE1:+(v/(T<i1+CNT<CNT+1),ROW<0)/INCREASE
(4 E[ROWAT-CNTI«E[ROW ;\T=CNTI+CNT
[5] ROW<ROW=-1 ¢ +~INCREASE1
[6] INCREASE:CNT<0O O COL+T=1
{71 INCREASER:+(v/(I<1+CNT<CNT+1),00LS0)/MORTADJUST
[81 E[I-CHNT+1;COLI«E[\I=CNT+1;COLI+CNT
[9] C¢OL«COL-1 ¢ ~INCREASE?2
[10]) MORTADJUST : EE+*»MxE
[11] KK<Q(T,I)pK
[12] SHAT<EEx{(CORAR+KKxRVABUND)=CINT
[13] SHAT«SHAT*QSSHAT
[14] +(ITER#NUMAITER)/O
[15] +(PRINTMAT[31=0)/0
{16] TIT<*ESTIMATED SURVIVORS'®
[17] O OUT SHAT
v



[1]
(23]
(3]
(u]
{s]

[1]
[23
[3]
fu}
[s5]
[6]
[73
[8]
{9l
[10]
[11]
[12]
[13]
f1u]
[15]
f16]
[17]
[18]
[19]
[20]
[21]
{221

[231

[247]
r2s3
[26]
[27]
[28]
[29]
{30]
[31]
[32]
[33]
[34]
[35]
[3s]
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DIAGASUM ( calling form: DIAGASUM MATRIX )

DIAGASUM is an utdlity function which is used by the function WEIGHTEDAS in order to
perform summations along the diagonals of a matrix (global variable called MATRIX).
The results are stored in the global variable (vector) POOL.

V DIAGASUM MATRIX
CNT«0

SUMMATION : (v / (CHECK2+T<1+CNT) ,CHECK1+I<1+CNT«CNT+1)/0
+(A/(1=CHECK1) ,CHECK1=CHECK2}/0
POOL+POOL+(((CNT ,CNTY+MATRIX) , (((»CNT)+I) ,CNT)p0),[11(CNT,T) pO
+SUMMATION

v

ANALAVAR

The function ANALAVAR performs an analysis of variance on the residuals in order
to identify the presence of systematic errors. ANALAVAR is called only once by
the ‘main’ function SURVIVOR, at the end of the iterative process.

V ANALAVAR:CNT:YY : AGES; YEARS; YEARCLASS y AGE; DIMAYR ; CLASS; YRCLASS ; YRAYRCL
DATA ; TEMP1 ; TEMP2 s B; VARAB; SSQAB; STANDAERAB ; CONST ; SSQ; TOTASSQ s RESIDASSQ;3 553
S$513852:LABEL ; LABEL1 ; OUTM ; OUTM1 ; TYEARS; TYRAYRCL s MSARESID ; DFAAG ; DFAYR;
DFAYRCL s MSBAG ; MSAYR3 MSAYRCL ; FAAG 3 FAYR 3 FAYRCL s RESIDADF
YY«Y+ RESIDUAL & CONST«(+/Y)#pY O Y+«Y=CONST
AGES+(T ,I)p0
CNT+1
AGESTATCNT 1+
YEARS«DIMAYR+(1T)o . =T
CLASS+(\TYe,=1I+T=AG[ 1]
YEARCLASS«((=I)+CNT}$CLASS
YEARCLASSU A I=CNTJ+0

NEXTAGE ; (I <CNT+CNT+1)/REGRESSION
AGE+(T ,I)p0

AGEIATsCNT I+1
AGES«AGES , [1] AGE
YEARS+YEARS,[1] DIMAYR
YRCLASS+{ («I)+CNT)YECLASS
YRCLASSL 51 I=CNT1+0
YEARCLASS+YEARCLASS ,[1] YRCLASS
+NEXTAGE

REGRESSION: AGES+ O 1 $AGES
YEARS+ O 1 VYEARS
YEARCLASS+ 0 1 ¢YEARCLASS
DATA+AGES ,YRAYRCL+YEARS ,YEARCLASS
TEMP1<{8(TDATA+~QDATA) + . xDATA
TEMP2<TDATA+. x¥
B«TEMP1+, xTEMP2
MSARESID+S2+( ( (®Y)+. %¥)={&B)+ . xTEMP2)+(pY)=pB

VARAB+TEMP1xS52

55+B+ . xTEMP?2

e ANALYSIS OF VARIANCE' ¢ ° ¥
! SOURCE B STAND ERROR OF B *

55Q8B+{(pY ) xCONST*2
YCONSTANT ', 10 3 ®CONST

STANDAERAB+(1 1 QVARAB)*0.5

LABEL+*AGE 1L, {(7xI=2)p '), 'YEAR ' (TxT-2)p" !
LABEL+LABEL ,'"YRCLASS®, (1xI+T»AGL[1])p" '

LABEL+((pB) ,7)pLABEL

OUTH{( (pOUTH) , 1) pOUTH«( 1+AG)Y , (14YR) , (YRL11=AGLI D)+ 1 I+T=AGL1]+1
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[37) ourM«oUTM ,({(pB),1)pB),((pSTANDAERAB) ,1)pSTANDAERAB

[38] '741,I5,2F10.3' [FMT(LABEL;0UTM)

[39] TOTASSQ+(QYY)+.xYY

[40] RESIDASSQ+TOTASSQ=SSQAB+SS

[41] ' * ¢ ' GSUMMARY OF ANALYSIS OF VARIANCE' & ' !

[#2] ' SOURCE 55 DF MS r

[43] *CONSTANT', 12 4 8 0 ®SSQAB,1

[44] TYEARS«QYEARS

[(45] SS1«((BTYEARS+.xYEARS)+.xTYEARS+ . xY)+.xTYEARS+.xY

[46] TYRAYRCL+®YRAYRCL

[47] SS2«((BTYRAYRCL+.xYRAYRCL)+.*TYRAYRCL+.xY)+.xTYRAYRCL+. %Y

[48] SSAAG+S55=582 & SSAYRCI+S52=551

[49] DFAG«I=1 { DFAYR+T-1 ¢ DFAYRCL+I+T-AG[1]

[50] MSAAG+SSAAG:DFAAG & MSAYR«SS1+DFAYR

[51] MSAYRCL+SSAYRCL+DFAYRCL

[52] FAAGeMSAMGIMSARESID & FAYR+MSAYR+MSARESID

[531 FAYRCL<MSAYRCL+MSARESID

[54] OUTM1+SSAAG,DFAAG MSAAC ,FAAG,551,DFAYR ,MSAYR ,FAYR ,SSAYRCL ,DFAYRCL ,MSAYRCL
LFAYRCL

551 OUTM1+(3,4)p0UTM1

[56] LABEL1+(3,7)p'AGE ', 'YEAR  ','YRCLASS'

[57] '741,F12.5,I8,F12.4,F10,3" OFMT(LABEL1;0UTM1)

[58] RESIDADF«(pY)=1+DFAAG+DFAYR+DFAYRCL

{591 ‘'RESIDUALS', 12 5 8 0 12 4 ®RESIDASSQ,RESIDADF ,RESIDASSQ+RESIDADF

[60] 'TOTAL ', 12 5 8 0 PTOTASSQ,pY
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VONB

The function VONB is used to estimate the parameters of the Bertalanffy equation
by using the Marquardt algorithm. VONB calls the library functions MARQUARDTP and
the utility function FILEAFETCH. Graphical output is obtained through the use of

the function PLOT.

V VONB;L:AG: X Y3 P PL:B; OUTM
[1]  FILEAFETCH *2719067 PFAMARG®
[21 ER1:* ' & YAQES?®
(31  +(a/0<aG+,[)/5SK1
{4  =ER1,04[+*4AGES MUST BE POSITIVE. RF=ENTER '
[57 SK1:AG+ACLP+AACT
[6]  +(3<+/PL+AG*1$AC) /FR2
[71  +ER1, 0+[«'MUST BE MORE THAN 3 DISTINCT AGES. RE=ENTER '
[8) ER2:Y ¢ ¢ LENGTH AT AGE?*
[91 -+ ((pAG)=pL+,[D)/0K1
[190 +ER2, 040<*ONE LENGTH FOR FACH OF *,(%pAG)," AGES. RE~ENTEE '
[113 0k1:»(A/L>D)/0K2
{121 ~+ER2, 04("LENGTHS MUST BE POSITIVE. RE-ENTER '
[13] OKk2:% t ¢ *THE FORMS OF THE EQUATION FOR FITTING ARE:!
[147 ¢ 1. L(I)=LINF(1EXP{+=K(T=T(0))))"'
[157 * 2. LTy =(w/T) (1=FXP{=k(T=T(0)))"
[16] FR3:® * ¢ 'WHICH FORM IS TO BE FITTED(1 OR 2)?°'
[17) +(A/{(v/{2=FORM) ,1=FORM) , 1=ppFORM<,[}) /ERY
[18] ~fR3, 0+« FORM MUST BE 1 OR 2. RE-FNTER '
(197 ERu:® ' & 'YOUK OWN INITIAL VALURES (YES OR NO) 7!
[207 +~((A/'NOY=24CHECK) ,~nr/ YES ' =34CHECK+(' "2CHECK) /CHEC K+« ,[)/INITAVALUES ,ER4
[217 OK3s+(FORM=2)/FOEM?2
[227 FORM1:® ' ¢ YINITIAL VALUES FOR ASYMPTOTIC LENGTH, K, AND T(0)?'
[232 +(A/(A/0S24INITIALY ,3=pINITIAL+,[1) /OKY
[2u) +FORM1,04[""MUST ENTER 3 NUMBERS THF FIRST 2 OF WHICH ARE POSITIVF. RE-ENTER '
[25) FORM2:% % ¢ YINITIAL VALUES FOR w, K, AND T(0)??
[261 +(A/(A/0S24INITIAL) ,3=pINITIAL=,[1) /OKY
[27) +FORM2, 04D MUST ENTER 3 NUMBERS THE FIRST 2 OF WHICH ARE POSITIVE. RE~ENTFR '
[28] INITAVALUES: [+LLP)
(297 Xx«((T1++/PL)p1),[1.5] T14P+PL/L
[30] Y«ivP
[317 Be(B(RY)+.xX )+, x(QX)+. xY
[321 +(FORM=2)/5K2
[33) pe(B[1131-B[2]),-@B[ 2]
[3ul =35K3
[35] SK2:P«((B[11#1=B[ 2] )x=8B[ 27) ,-8B[ 2]
[361 INITIAL+FP,((+/4G)3pAG)+(®1=(PL21Ix(+/L)#pL)+P[1])sP[2]
[377 =0Ku
[381 SK3:INITIAL+P,((+/AC)+pAG)+(@1»((+/L)+pL)+P(11)+P[2]
[39) OKu:sLIMIT«29
[u40) PRINT EVERY 29
[l * ° O (624(22p" ¥),'VON BERTALANFFY PARAMETERS'),DAT ¢ ° °
[42] * ORDEE OF PARAMETERS IS AS FOLLOWS:®
{43l +(FORM=2)/ALTERNAT
fyul ¢ 1. MFEAN ASYMPTOTIC LENGTH'
[us] +NEXT
[u6] ALTERNAT:® 1. o
Tu7l WEXT:® 2. BRODY GROWTH CORFFICIENT!
[ugy 3. T(0)*
{u9) ¢ ¢ ¢ YINITIAL PARAMETER VALUES' ¢ 14 6 »(3,1)pINITIAL
[501 L MARQUARDTP AG
[511 +{(FORM=1)/SK4
[521 * t ¢ 'ESTIMATE OF THE ASYMPTOTIC LENGTH IS: ', 14 6 vB[1l1sB[2]
(531 SKu:0UTM«&(5, pAG)pAC M[ s11,M0523, (ML527=-M[510), (M[520=M0511)eM0 5]
[547 DATA«OUTML :11,[1.53 OUTML 341
[55] [PDEF PAGEAPHICS
[56) TITLE TEXT ‘RESIDUALS®
[57] NORMAL ¢ ¢ " ¢t ¢?
[581 ABSCISSACOL 1 ¢ SYMBOLCOL O
[59) ABSCISSA TEXT 'AGES®
[601 OFDINATE TEXT ‘EXPECTED MINUS OBSERVED®
[617 AXES FLOATING




- 89 -

[62] ABSCISSA HIGH LIMITT/OUTML ;1)
(631 OFDINATE HIGH LIMITI/OUTMI 34)
(64 PLOT DATA
[65] DATA+&(3, pAG) pOUTML 317,M[ 321,M31)
(661 TITLE TEXT 'OBSERVED AND FXPECTED LENGTH AT AGE'
(671 ORDINATE TEXT ‘LENGTH'
[68) AXES FIXED ¢ ABSCISSA HIGH LIMITI/DATAL;1]
[69] ORDINATE HIGH LIMIT([/DATAL;2))1([/DATAL;31)
(701 ABSCISSA LOW LIMIT O ¢ ORDINATE LOW LIMIT O
[71) ' * ¢ ' ' ¢ MULTIPLE & PLOT DATA

v

AFN

The function AFN is used by the library function MARQUARDTP to estimate the
parameters of the Bertalanffy equation.

V R«A AFN X

{1  +(FORM=2)/O0THER

[2]  FReAl1Ix1ex=A[2])xx-A[3]

[31 =0

{47 OTHER:Re(AL[11:A02))x1-%=A02]xX=A[3]
v
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VPA

The functlion VPA calculates population numbers at age and the instantaneous
rates of flshing mortality at age by using a virtual population analysis
(Gulland, 1965; Pope, 1972).

V VPA:CATCH 3 Ty MyMORT s FI s FC 3 X3 YR AG Yy TIT s FT: TMPsEXPs FFM DIF s NAM ;CHECK 3
CHECKL :SENSY : SENSME s SENSMF1 s F 3y POPs TEMP3 AsCTEMP 3 FIT; FCT; SUB3 IN13K3 L

[1])  A«CHECK+1
[2] WamelWL 2 & FLAG+O
[3] ERO:'NAME OF CATCH MATRIX?e.o..'
[ul »(v/NAMA  =X=(T12plAMY4 (Y "2X) /X< 1)/ 0K1
[5] +ERO, 04« NAMED MATRIX DOES NOT EXIST. RE-ENTER '
[6]1 OK1:+(2=ppCATCH+2X}/0K2
[71  =ERO,040((* *2X)/X)," IS NOT A MATRIX.®
[8] 0K2:+(A/0S,CATCH) /FROS
[9] 0,00« 'WEGATIVE VALUES IN CATCH MATRIX.'®
[10] EROS:Y ¢ & 'SENSITIVITY ANALYSIS TO BE PERFORMED (YES OR NO)?*
[11] CHECKi+ [
[12]) ER1:'FIRST YEAR AND YOUNGEST AGE GROUP?®
[13] = (a/(x=TX),(0524X), 2=pX+ 1) /OK3
[18] =ER1,040'MUST BE 2 NON-NEGATIVE INTEGERS. RE-ENTER '
(157 OK3:YR«(T1+x[1 D+ e (pCATCHY[ 2]
[18] AG+(T1+x[2)) e I+(pCATCH)[1]
[17] POPeF«MORT<SENSHM<{1,T ,J)p0
18] TEMP«(I.J)p0 .
[19] ER2:*NATURAL MORTALITY?®
[20] =(v/(1,I)=pM« [0} /0KY
[21] -ER2,040*FITHER 1 OR *,(9I),' NUMBERS. RE-ENTER '
[22] OKus+{AjM>0)/0K5
[23] -ER?,04(%'MORTALITIES MUST BE POSITIVE. RE=ENTER '
[2u] OKS:"WEIGHT AT AGE KNOWN {(YES OR NO)?'
[25] +((A/HOY=24CHECK2) ,~A/ YES ' =34CHECK2«( " "2CHECK2)/CHECK2+,M) /ER3,0K5
[26] BMASS:'ENTER WEIGHT AT AGE DATA (KG): VECTOR OR MATRIX®
[27] +(a/{(A/OHET), (2=ppWCT()) ) /MAT
[281 >(1=ppWCT)/VECTOR
[29] ERROR:+BMASS, 04« WEIGHTS MUST BE POSITIVE °
[30]) VECTOR:+{((pWGT)=pCATCHL 311)/RESHAPE
(311 -BMASS,04[9«% DIMENSION MUST AGREE, *
{321 RESHAPE :WGT<{{oWGT) ,1)pWCT
[33) FLAG+1 O -ER3
[34] MAT:+{(pWGT)2pCATCH) / BHASS
[35] ER3:'STARTING F VALUES FOR LAST YEAR (%, (¥ 14YR),®)?¢
[361 »(v/(1,7)=pFI+,00)/0ks
[37] <+ER3,04[%'EITHER 1 OR °',{%I)," NUMBERS. RE=ENTER °*
£38] O0K6:+(A/FI>0)/ERY
[391 -ER3, 04[='MORTALITIES MUST BE POSITIVE. RE-ENTER *
(40 ER4:*STARTING F VALUES FOR OLDEST AGE GROUP (% ;(% 144G),")?°*
(1] =+ (v/(1,J)=pFC+ 0} /0K8
[42] -ER4,04[%"EITHER 1 OF °,(%J),' NUMBERS. RE-ENTER '
[43] OK8:+(A/FC>0)/0KS
[us] -~ER4, 0400« MORTALITIES MUST BE POSITIVE. RE-ENTER *
Tus]) OKQ:FLA:T: J¢JpFC
[ue] FlAg i )+IpFT
{873 MORTUA:: 1«0 ((J.T)oM)
[48] POPLA: ;1= {CATCHL 3 JI*FI+MORTLAS :J 1) ¢ FI
[u8] POPLA;T; I+ (CATCHLT ; IxFC+MORTL A1 1) $FC
[50] =(A=1}/ER5
[51] =+((CHECK=0),CHECK=0)/EE ,SK1
(521 ER5:YT8 FISHING COMPLETE FOR LAST AGE GIVEN(YES OR NO)?.....'
[53] +((A/'YES =34XX) ,~A/ N0 '=24XX+(% '2XX)/XX+ ,[)/SK1,ERS

[54] CHECK«O
[55] EEsPOPLA: T J+POPLA; T 141e%=FC+MORTIA T ]

[567 SK1:¥<d=1

[57]) AA:X«MORT{A\I-1:Y]

[58] PDP{A;II”l:Y]*(CATCH{II“l;Y]x*x*2)+(P0PfA;1*1I;Y+1JX*X)
[597 FlA:1I=1:Y1=Fe(6POPLA: 1 T=13Y13POPIAs 1 T3 Y+1])=X

(801 BB:TMP«{EXP+sFT+X)wFFM«FTeFT+X

[y
¥
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[61] +{A/0.00001> | DIF«TMP=FFM+CATCH{\I=13Y14POP[As141 T Y+1])/CC
[62]1 FlAs1I-1:Y «FI«FT=DIF¢TMP+X%{(EXPr1 )3 (FT+X)*2

[63] -BB

{64 CC:POPLA1I=1 s YI+POPLA 13T s Y+1 IxkX+FT

[65] +(1sy+¥=-1)/44

{667 Flag1I=1s1d10+(e(71 "1 +POP[43:1)% 1 1 +POPLA;;])-
[67]1 ~+("HO*=24CHECK1)/EEY

[68] +((4=2),(4=3))/FF GG

[69] FI<FI+{0, 001xFIT«F) & FC«FC+ (0, 001xFCTEC) ¢ A+2
{701 -=+oke

[710 FRipeM+ (0. 0010M) ¢ FI+FIT ¢ FC+FCT ¢ A+3

[72] =0K9

[73] GG:SENSML 2531+ ((POPL2331=-POP[1;31)4POP[15;1)x1000
[7ul SENSMI3::l«((FL2;:7=r[1::1)3F[1;:3])x1000

[757 SENSM{u;;1+((POP[3::3=POP[1;31)x1000)sP0OP[13]
[767 SENSMP<({(F[8531=F[1:31)x1000)sF[1;;]

[77] EEW:TIT<+*POPULATION NUMBERS®

[781 POFNB+POP[1::]

[791 o ouT POPNB,[11(AG[1],AGL4])) AAPLUS POFPNB

[80] +('NO =24CHECK2)/MORTALITY

[81) WG<WGT

[8271 NEXT:+(A/(pWGT)=pPOFNB)/FRINT

[83] WCT<WGT WG & +NEXT

[84] PRINT:POPBIOMASS<«HGT*( (POPUBx{(1+%x+F[ 153 1+MORTL13:1))+F[1;;1+MORT(15;])

[85] TIT<*MEAN POPULATION BIOMASS (KG)*®

{861 0O OUT POPBIOMASS,[11 NEWPOPBIOMASS+(AGL11,AGL4]) AAPLUS POPBIOMASS

[871 +(FLAG=0)/CATBIOMASS

[88]1 ' t & "WARNING: WEIGHT AT AGE IS AVAILABLE FOR ONE YEAR ONLY.'

[89] ° POPULATION BIOMASS, AS CALCULATED MAY BE BIASED.' ¢ ' ¢

[997 CATBIOMASS : CATCHBIOMASSWGT*CATCH

(911 TIT«'CATCH BIOMASS (KG)®

{921 9 OUT CATCHBIOMASS,[11+/[1] CATCHBIOMASS

[93) 7TIT<'MEAN WEIGHT OF INDIVIDUALS IN CATCH®

[oul 2 OUT(+/[1] CATCHBIOMASS)++/[ 1) CATCH

{957 MORTALITY:FWGT+(+/[ 11{(POPNB=FISHMORT+F[1;:1))++/(1] POPNB

[96] TIT<+'FISHING MORTALITY® ¢ 3 QUT FISHMORT,[1] FWGT

[977 (WO =24CHECK1}/0

(98] SUB«'PAPTIAL DERIVATIVES OF POPULATION WITH RESPECT TO PARAMETERS' ¢ HEADER SUB
[99] TIT<«*SENSITIVITY TO TERMINAL F* & 3 OUT SENSM[ 2331

[100] TIT<'SENSITIVITY TO NATURAL MORTALITY® ¢ 3 OUT SENSM[4;;]

[191] OVERSENS<(SENSM[23131%2)+SENSML 431 3]%2

[102) SUB«YPARTIAL DERIVATIVES OF ESTIMATED F WITH RESPECT TO PARAMETERS' ¢ HEADER SUB
[103]) TIT«'SENSITIVITY TO TERMINAL F*' & 3 OUT SENSMI3;;]

[10u] TIT«SENSITIVITY TO NATURAL MORTALITY' ¢ 3 OUT SENSMF

[1057 SUB<'PARTIAL DERIVATIVES OF POPULATION NUMBERS FOR YOUNGEST AGE GROUP®

[106] HEADER SUB

(107 XK+(pMORT{1:31)p0 ¢ Jel+IK+JK+D

[1081FED:K+ 0.5

[1091FF1:J«I+1 € Jed+1 ¢ KK+l

(1107 XKI[T 1 +(CATCHIT s JIx{ % (MORT [ 15737 1%K) ) )2 POP[1;(T=K=0.5);(J=K=0.5)]

{1110 »({T=pFI)¥(J=pFC))/FE2

[112 +EE1

[1131FE2:+(IK={{pFI)=1))/EE3

[114] I«Ik+TK+1 ¢ J«0 ¢ +EEO

[115)ER3 sdedKedK+1 & I+0 & ~{JK<pFC)/EEQ

[1161 Mi+(pFI)oMORTL1;3pFC]

[117] M2+{pFC)pMORT[ 15pF 13 ]

[118] FIP+XK[ :pFCIxFIT<(pXK{ 3pFC1)pFIT«( (%(+0,.5xM1})
[119] FCTeXK{pFIs 1<FCT(pXKIpFI 3 1) pFCTe( {{(#{ =0, 5x42)
[120] ~("YES'=34XX)/FE6

[121] FOT<FCT+IN1«{pFCT) pIN 1« (1ek=Z)

[1220EES :XK[pFI: ~FCT ¢ XK[ ;pFCI«FIT

(1237 TIT«*SENSITIVITY TO INDIVIDUAL CATCH VALUES' & 3 OUT XK
[12u] OVERSENS+OVERSENS+XK[131%2 ¢ I«l

[ 1251SUM 2 OV ERSENS+OVERSENS+((I¥XK{I+1:1),Ip0)*2

[126] I«I+1

[127] +({((14pXK)=1)>0)/5UH

[1281 OVERSENS«OVERSENS*0.5

[129] TIT«*QOVERALL SENSITIVITY OF RECRUITMENT'®

(13071 2 OUT OVERSENS

(1317 18P«{+/OVERSENS)+pOVERSENS

[132] * * ¢ YQVERALL SENSITIVITY INDEX: °,%ISP

v

1 71 ¥MORTLA;3]

xZH(FIxlex(=Z«FI+¥1)))
YEFC)Yx(Z=+FC+M2))
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YIELD

The

function YIELD calculates the yield for a single recruit at various levels of

fishing mortality by the method of Thompson and Bell (ref. Ricker, 1975).

[1]

[2]

[3]

[ul

[51

[6]

{71

[8]

{9l

[10]
[11]
[121
[13]
[14]
[15]
[16]
[17]
[18]
{19]
{203
[21]
[22]
[23]
[24]
[25]
[28]
[27]
[28]
[29]
{30]
[313
{321
[33]
[3u4]
[35]
[36]
[37]
{38}
[39)
fu07
[41]
[u2]
433
{447
fu5]
Tus]
[u7]
[48]
[u9]
[501
{511
[52]
[53]
[543
[55]
[56]
[57]
[s58]

Y YIELD:MsOUTM30UTM1 s0UTM2 s FMX s MAX 3 SL3 ROT ;WGT 3 SEL3 FLG3 FLG1 sWGT13L3H; A3 IN IND3M13SELL S
FLGOFLAGS ;FTTOT 3 TIT s FMAX s FT 3 FO1 3MSL 3 XSL3 I35V 3 KKK OUTF
ERO s 'WEIGHT AT AGE? (KG)*
+(AJOWGT< [1) /ERL
+ERO, 040} 'WEIGHTS MUST BE POSITIVE. RE-ENTER '
FR1:YPARTIAL RECRUITMENT?®
+( (pWGT)=pSEL+,[1) /OK1
SER1, OAT*ONE VALUE FOR EACH OF ‘',(¥oWGT),' AGES. RE~ENTER '
OK1:+(A/(SEL>0),SELs1)/ER2
+ER1, 040! PARTIAL RECRUITMENTS MUST BE BETWEEN O AND 1. RE-ENTER '
ER2 : "NATURAL MORTALITY??
+(v/ (1, WGT)=pMe [1) JOK2
>ER?, 0+[MVEITHER 1 OR *,(%pWGT),* NUMBERS. RE-ENTER '
Ok2:+(A/M>0)/0K3
+ER2 , 040« MORTALITIES MUST BE POSITIVE. RE-ENTER '
OK3: M ( pWGT) oM
ER3:t ' & YSENSITIVITY COEFFICIENTS FOR THE FOLLOWING PARAMETERS:'
“(ENTER 4 VECTOR OF ZEROS AND/OR ONES IN THIS ORDER)'
Y NATURAL MORTALITY® ¢ ' PARTIAL RECRUITMENT' C ' WEIGHT AT AGE'
+(A/({8V=0)vSV=1),3=pSV+,[0) /ERY
+ER3, AT MUST BE A VECTOR OF 3 ELEMENTS WITH ZEROS AND/OR ONES'
FERW4 s MAXIMUM FISHING MORTALITY IN OUTPUT TABLE'®
+( A/ (KKK>0), 1=pkKKK+ 11} /ES1
>ERY , 04 ONE POSITIVE VALUE, RF-ENTER'
ES1:+(KKK<5)/ERS & KKK«5
ERS s KKK+2 +KKK+[ (KKK»10)
IN+(8V=1)/1pSY & ' !
! YIELD PER RECRUIT ANALYSIS' ¢ ' !
MieM & SELA+SEL & WOT1+WGT & FLG9+0
FT+TOT<H<«30p0 ¢ A+1 O TIT+ 4 35 p' ' O FMAX«<FO1+4p0
AA 1 MSL+YIE 0.0001 ¢ SL«1000xMSL[3]
OUTM+YIE O.1xFMX<1(KKK=2) O »(4=1)/CC
BB:MAX+0UTML 33110 /OUTHL 53]
FrL11+0UTMI MAX ;1] ¢ FLG1+0
CC 2 L+0
IT:+(v/(30<L«L+1},(v/({FT)>10))/VV
XSL+YIE(FT[L]=0,001), (FT(L]+0.001)
TOPLL)+500xXSLL 2331=X500133] & »(FLG1=1)/LL
KK:+{(L>2) /MM
FTLL+11«FT{L])=0,005 & +IT
LL:TOTLL)=TOT[L1=SL & +KK
MM:+( 0, 00000000121 TOTLL]) /NN
HIL1e(POTLLIxFTL LY =FT{L=11)+TOTL L) =T0T [ L~1]
Frir+11«Fr{LY=HILY ¢ ~IT
FN:+(FLG1=1)/NN1
FMAXTAL<FTIL]
Fri11+0. 7xFMAX[ 4] © FLG1+1

NM:+(A=1)/CC
Fri1l«Fo101] & =CC

NN1:FO1{AJ«FTIL]

NNOS :OUTM<0UTM , [1] YIE FMAX[1],F01(1]
OUTH«OUTHL T+bOUTML 5173 ]
ouTmeoUTM , [ 21 OUTHE 33 130UTME 321) ,£1.5] OUTML 331+0UTML ;1]
ouTHl +5 J«ourM( ;5147 JOUTML ;5]
+~(4=1)/NN?2
OUTHT 32 1+ ( (1000x0UTME 32 1-0UTH1L ;21 +OUTMIL ;2])
OUTHMI 33 J+( (1000%0UTML ;3 1-0UTM1( ;3]) +OUTM1[ 33])
OUTHL 31 T+ ( (1000x0UTHT 34 1=0UTHI[ 54 1) +OUTM1[ 34])
oUTML 35 1+ (1000x0UTHL 351-0UTM1( ;51) +OUTM1(351)
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[591 wwa:* ¢
[60] FISHING CATCH YIELD  AVG. WEIGHT  YIELD PER'
{611 MORTALITY (NUMBER)  (KG) (KG) UNIT EFFORT'

{627 ¥ CEEewnkhon echpheoesh Secwee ehemeabenes beesbeewsens !

[63] ROT+(KKK,7)p*® '

[64] ROTLI\KKK;1+'F0,1mex?

[65] ROTII1(KKK=1)3 1< FMA w=="1

{e6] (9ROTY, 7 4 10 3 9 3 10 3 14 3 ¥OUTM

[67] MeM1 O SEL+SEL1 & WGTWGT1

[68] ~+((pIN)<i)/WW

[69] +(224«4+1)/00

[70] ouTMi1<0UTHM

[71) FISHMORT<OQUTM[ 311 ¢ YIELDPERRFECRUIT+OQUTM[ 331 & MEANWEIGHT<OUTM( ;4]
[72] 00:IND<14IH & 7 ¢

(73] +((IND=2),IND=3)/RR,55

[7u4]  »TI7(A;«"SENSITIVITY TO NATURAL MORTALITY !
[757 MeM+(0.001ixM) & =UU

[76] RER:eTITLA; +'SENSITIVITY TO PARTIAL RECRUITMENT *
[771 SEL+SEL+(0.001xSEL) O +UU

[78] 8S:9TIT{A431«'SENSITIVITY TO WEIGHT AT AGE |
[791 WCTWGT+(0.001xW/CT)

(801 UU:IN+1+IN

[811 FLG1+0 ¢ FTL1l+Fmax(1] ¢ +44

[82] VV:(FLGO)/NN & ¢ ¢

[83] ‘'WARNING: CONVERGENCE CRITERION NOT SATISFIED.'
[su] THE VALUE OF FMAX AND THE CORRESPONDING DERIVATIVES MAY'
[85] ¥ MAY BE INACCURATE.' & ' ' O FLG9+«1 & +NW
[86] WW:FLAG3<«A

[87] +(FLAG3=1)/0

[88] A«1 ¢ ' ' & YSENSITIVITY OF FMAX AND FO.1 TO PARAMETERS.' ¢ ' !
[89] ! PARAMETERS FMAX Fo. 1!
f90] ' e an b e b ———— -t

[911 IN«(SV=1)/1pSV
[92] WW1:4«A+1 ¢ IND<14IN
[93) +(A>FLAG3)/0
Loul FMAXTAT(1000xFMAX[AT=FMAX( 1)) +FMAX( 1)
(951 FO1[A1«(1000xF01(41=-FO1[11)+F01[1]
[96] OUTF«(FMAXLA],FO1(A])
[97] wwWw:(eTIT{A;]), 15 4 15 4 YOUTF
[98] IN+1+IN ¢ +WW1
v

YIE (Calling form: YIE X)

The function YIE is used by the function YIELD to calculate the number of fish caught
from each recruit and the total weight of fish caught from each recruit.

vYIrLQlv

Y Y+YIE X:NUM;CAT ;YLD I3 FT;TMP
[11  WNuM«(pX)p1
[2]  CAT<«YLD«(pX)pO
{31 I+1
(4] Ad:FT«XxSELLT]
[5] CAT<CAT+TMP+NUM=xFTx{1ex=Fr+M I 1)+ FT+H[I]
[6] YLD+YLD+TMPxWGTT]
(7]  NUM+NUMxx=FT+M{T]
[81 +((pWGT)2I«I+1)/A4
[9]  Y+&(3,pX)pX,CAT,YLD
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APPENDIX B

NAMES OF APL VECTORS AND MATRICES
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APL, FUNCTION: BEVHOLT

APL, variable

Vec— Matrix

SYMBOL Description local global tor

M Instantaneous rate of natural mortality M - - -~
tp Age of the recruits TR - - -
tc Age at first capture TC - - -
ty Age at zero welght TI - - -
ty, Maximum. age attained TL - -
W, Average asymtotic weight W - - -
K Brody growth coefficient K - - -
F Instantaneous rate of fishing mortality FI1;1 FISHMORT X -
N/R Number per recruit in population NOCL1;1 - X -
B/R Biomass per recruit in population BL1;1 - X -
C/R Catch per recruit Ccl1;1 - X -
Y/R Yield per recruit YI{1;1 YIELDPERRECRUIT X -
W  Mean weight of fish in population WBEL1;3 MEANWETLGHT X -
Fp.1 Fg.q ¥o1tr1] - - -
Fhax F at maximum yield per recruit FMAX {11 - - -
¥N  Sensitivities of N/R to parameters NOrA;11 - X -
XB Sensitivities of B/R to parameters BIA;1! - X -
XC Sensitivities of C/R to parameters CrA;1! - X -
XW  Sensitivities of W to parameters WBIA;T! - X -
Xy Sensitivities of Y/R to parameters viazl! - X -
XF Sensitivities of Fhax to parameters QUTFL; 11 - X -
XXF Sensitivities of T 1 to parameters OUTFI;21 - X -
SL Slope at origin SL - - -
r(i) Consecutive values of F.? FT - X -
Q or X Consecutive values of Q or X.2 TOT - X -
(1) Consecutive values of I.2 H - X -
- Headings for output matrices TIT - - X
- Flag: controls calculation of SL FLG - - -
- Flag: controls printing of warning message FLGY - - -
- Flag: to exit function FLAG3 - - -
- Maximum F in output tables KKK - - -
- Controls calculation of sensitivities SV,IN - -
- Indices for calculation of sensitivities IND - - -

Branching and loop indices

A,E,I,L,N,V

I7he value of A determines with respect to which parameter the

sensitivities are calculated.

2As calculated by the method of false position.
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APL FUNCTIONS:

COHORT, GRAPHAPRODUCTION,

GRAPHANETAPROD

Symbol Description APL variable Vector Matrix
local global
C1 . Catch matrix CATCH ag given - X
£
Foog Initial F-values for the last year FI - X -
b
£
Fu . Initial F-values for the oldest age-groups FC - X -
L
M, Natural mortalities MORT - - X
wi+.5,t+;5 Welght-at-age - WGT X -
Ni ¢ Calculated population numbers POP[l;;] POPNB - X
b
B Calculated population biomass - POPBIOMASSAMIDYR X
1+.5,t+.5 )
Bi N Calculated pop. biomass at beginning of year - POPBIOMASSABEG - X
3
Y Catch biomass (yield) - CATCHBIOMASS - X
ot FISHTINGBTOMASSLOSS X
WT Mean weight of individuals in catch - - X -
;r Mean age of individuals in catch - - X -
D1 N Loss of biomass through natural mortality - DT - X
b
Pf N Net production (annual) - NETPROD X -
3
Bb ¢ Recruitment biomass - RECRUITABIOMASS X -
b
P, . Total production - PRODUCTION X -
b
G, ¢ Growth component of production - BG - X
b4
AB . Observed change of biomass over time - AB - X
R -
¥ Calculated fishing mortalities Fl1;;] FISHMORT - X
1,1
F Weighted F - - X
- Sensitivities of Ni ¢ to parameters SENSM[Z;;] - - X
’ SENSM[4;;],XK - - X
- Sengitivities of F1 . to parameters SENSM[3;;] - - X
’ SENSMF - - X
- Headings for output tables TIT - X -
It Overall sensitivity of recruitment - OVERSENS X
sp Overall sensitivity index - Isp - -
- Components of production (for graph) - DATAL - X
Production - deaths ; fishing loss - DATAZ2 - X
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APL FUNCTIONS: MPROJECT, MPROJ, MPROJOUT

Symbol Description APL variable Vector Matrix
' local global
Ni,O Population numbers for the initial year POP - X -
C1,O Catch vector for the initial year CAT - X -
Wi+.5 Weight—at—-age WGT - X -
r1 Partial recruitment SEL - X -
M1 Natural mortality M - X -
R-,t Estimated recruitment REC - X -
F.,t Initial F-values for years of projection ANS - X -
Q.,t Quota for years of projection ANS - X -
di Maturity at age MAT - X -
Fl - Calculated fishing mortalities CURR[B;;]1 FISHMORT - X
€.t Projected catch CURR[z;;]1 CATCHANUM - X
Ni’t Projected population numbers CURR[l;;]1 POPN; - X
Bi\.5,t,.5 Projected population biomass outm! POPBIOMASS - X
Yt,r Projected yield (catch biomass) OUTM1 - - X
N-,t Projected number of mature fish in population OUTM1 - - X
B.,t Projected biomass of mature fish in pop. OUTM1 - - X
- Headings for output tables TIT - X -
- Sensitivities of yleld to parameters SENSM2 - - X
W Mean weight of individuals in the catch OUTM1 - X -

1
Overwritten during the calculation of sensitivities

2
The same matrix is used for each parameter
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APL FUNCTIONS: SURVIVOR and related functions.,

Symbol Description APL, variable Vector Matrix
local global
t, First year in catch matrix Pl[l} - - -
tl Final year of calibration block PZ[l] - - -
il First fully recruited age 11 - - -
i, Oldest age-group in calibration block p2{2] - - -
C, ¢ Catch matrix CATCH as given - X
3
Ai+ 5 t4.5 Matrix of research vessel abundance index RVABUND as given -~ X
Syt
Sg ¢ Initial estimate of survivors for the SAG as given X -
' oldest age-groups
Sg . Initial estimate of survivors for the SYR as given X -
*f final year (all age-groups) N
N, Population numbers, mid-year - POPNB - X
i+.5,t+.5
k, Calibration constants K - X -
i+.5
In ki+ 5 Natural logarithm of calibration constants LNK - X -
CINT Integrated catch - CINT - X
SINT Integrated survivors - SINT - X
55 trs3 Estimated survivors for final year SHAT - - X
s ’
Sm - Estimated survivors for oldest age-groups SHAT - - X
m,t,
Var Si £o,d Variance of estimated survivors - ESTAVARAS - X
2 f!
Var Sm t,3 Variance of estimated survivors - ESTAVARAS = X
3 3
- Maximum number of iterations NUMAITER - - -
S. and S Weighted average of survivors WASURV - - X
l’tf m, t .
e . Matrix of residuals - RESIDUAL - X
1,
- Matrix of outllers of residuals OUTER - - X
S84 Sum of squares due to an age-effect - SSAAG - -
MS4 Mean square due to an age-effect MSAAG - - -
SS1 Sum of squares due to a year—effect SS1 - - -
MS1 Mean square due to a year-effect MS AYR - - -
SS3 Sum of squares due to a yearclass-effect - SSAYRCL - -

MS3 Mean square due to a yearclass-effect MSAYRCL -
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APL FUNCTION: PALOHEIMO

Symbol Description APL variable Vector Matrix
local global

t, First year in the CPUE matrix - TEMP[I} - -
b Youngest age-group in the CPUE matrix - TEMP[Z] - -
U1 . Matrix of catch per unit of effort as given -~ X
’ (time~ and age-specific) - CPUE - X
fT Annual estimates of fishing effort - FVAL X -
Z Mean instantaneous rate of mortality - A - X

1,T

T, T+l Overall mortality rate for the period

TyT+1l - - X -
fT,T+1 Mean effort for the period 1,1+l - F X -
q Catchability coefficient (estimated) - B[2;] - -
M Instantaneous rate of natural mortality

(estimated) - B[l;] - -

APL FUNCTION: VONB
Symbol Description APL variable Vector Matrix
local global

n Total number of observations pL - - -
Lt or Wt Length-at-age or weight—at-age L as given X -
Lo Oor Wy Mean asymptotic length or weight - §£l] - -
K or K' Brody Growth Coefficient - ELZ] - -
t, or té Hypothetical age for zero length or

zero weight - E[BJ - -
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APL FUNCTION: VPA

SYMBOL Description APL Variable Vector Matrix
local global

C, « Catch matrix CATCH as given - X

Lty Initial F values for the last year F1 - X -

Fm . Initial F's for oldest age-groups FC - X -
3

M Natural mortality MORT - - X

Ni N Calculated population numbers POP [1;; POPNB - X
’

Fooo Calculated F values F[1;4 FISHMORT - X
3

- Sensitivities of Ny  to parameters SENSM[2;; - - X

! SENSM[4;:] ,XK - - X

- Sensitivities of F . to parameters SESSM[3;; - - X

’ SENSMF - - X

- Headlngs for output tables TIT - - X -

I, Overall sensitivity of recruitment - OVERSENS X -

Isp Overall sensitivity index - Isp - -

Bi,t Calculated population blomass - POPBIOMASS - X

Y, < Catch biomass (yield) - CATCHBIOMASS~ X
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APL FUNCTIONS: YIELD, YIE

SYMBOL Description APL variable Vec— Matrix
loeal global tor
Wy  Weight at age WGT - X -
ry Partial recruitment SEL - X -
Mi Instantaneous rates of natural mortality M - X -
F. Instantaneous rate of fishing mortality OUTM1[;11 FISHMORT X -
C, Catch per recruit OUTM1L;21 - X -
Y. Yield per recruit QUTMLI;31 YIELDPERRE- X -
CRUIT
W Average weight of fish caught OUTM1L;41 MEANWEIGHT X -
I Relative index of yield per unit-effort OUMTL[;5] - X -
Fo.1 Fo.1 FO1[1] - - -
Fmax F at maximum yield per recruit FMAXI1] - - -
SL Slope at origin SL - - -
F(1)  Consecutive values of F.! FT - X -
or X Consecutive values of Q or X.1 TOT - X -
H(l> Consecutive values of H.! H - X -
- Sensitivities of C, to parameters OUTMI ;212 - X -
- Sensitivities of Y, to parameters OUTML;312 - X -
- Sensitivities of W to parameters OUTML; 412 - X -
- Sensitivities of I to parameters OUTMIL ;512 - X -
- Headings for output matrices TIT - - X
- Flag: controls cale. of Fg, 1 and Fpax FLGL - - -
- Flag: controls printing of warning mes-
sage FLGY - - -
- Flag: to exit function FLAG3 - - -
- Maximum F in output tables KKK - - -
- Controls calculation of sensitivities SV, IN - X -
- Indices for calc. of sensitivities IND - - -
- Branching and loop indices A,I,L - - -

IAs calculated by the method of false position.

2The matrix OUTM is overwritten after the calculation of sensitivities
for each parameter.
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APPENDIX C

SIGN ON and SIGN OFF

for I,P, Sharp APL, in Ottawa.

SIGN ON:

D

2)

3)

4)
5)

6)

SIGN OFF:
1
2)
3)

4)

Turn on your terminal and acoustic coupler
(on terminal, LCL/COM switch set to COM)

Dial 9-563~9458

Wait for high-pitched tone and place the phone into the
acoustic coupler.

Type: .0) and press the RETURN key.
Type: YAccount.no:password and press the RETURN key.

Then the Computer will respond and you can proceed to
YLOAD 2719067 FISH.

Type: )OFF
Wait for the response of the Computer.,
Hang up the phone,

Turn off the terminal and the acoustic coupler.
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APPENDIX D

Terminals supported by the plotting routines.

Description Identification
Xerox Diablo 1550 X1550
Xerox Diablo 1620 X1620
Xerox Diablo 1641 X1641
Xerox Diablo 1700 X1700
Trendata 4000 T4000
Trendata 4000A T4000A
Anderson Jacobsen 832 AJ832
Anderson Jacobsen 832U AJ832U
Tektronix TEK
Hewlett Packard HP
DTC 300 DTC300
DTC 302 DTC302
ASL 3 ASL3

ASL 2 ASL2






