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Introduction

This document presents 6 programs designed for use
in assessing exploited fish stocks. The actual programs
contained in the package are:

- cohort analysis (COHORT)

- catch projections (PROJECT)

- Schaefer production model (SCHNUT)

-~ Von Bertalanffy growth equation (VONB)

- yield per recruit (YIELD)

The original programs were written by various memberé
of the FisherieskSystems and Data Processing Group. All known
bugs have been removed from the programs but it is quite
likely that there are others waiting to be found. If you
do find a problem in a program I would‘be most grateful if
you would let me know about it. I would also like to hear
suggestions for improving existing programs or ideas for new
- programs which might be added.

The documentation in this paper is divided into three
parts as follows:

- general instructions for signing on and assessing

the package.

- user instructions for each program.

- listings of the acutal programs.

The first two parts should provide adequate information
for the average person to start using the programs. The third
., section containing the actual program listings may be of interest
to some people who wish to implement the programs on other

computers.



2. General Instructions

These assessment programs a¥e currently implemented on

the IBM computer at the University of New Brunswick. In order

to use the programs it is necessary to sign on to the APL

subsystem of the UNB computer and to load the workspace which

contains the programs. The steps to follow if you are using

a Decwriter terminal and an acoustic coupler are as follows:

(a)

(b)

(c)

(a)

(e)

(£)

Turn on the power switches on the terminal and on

the acoustic coupler.

Set the various option switches on the terminal

and acoustic coupler to

- line (as opposea to local)

- half duplex

- 300 baud

- APL character set (sometimes labeled as alternate
character set)

Dial the UNB computer (506-453-4873) and wait for the

carrier signal which you will hear as a high pitched

whistle.

Place the phone handset into the acoustic coupler

(be sure its in the right direction) and then press

the line feed (LF) key on the terminal keyboard.

The messagé

TYPE APL FOLLOWED BY RETURN AND THEN YOUR APL ACCOUNT
NUMBER

should thén be printed on the terminal. If the message

doesn't appear then try starting again from step (c¢).

Type in APL(c¢ontrol A)3 followed by a return. You



should then hear a "beep" to prompt you for the
next line of input.

(g) Type in your APL account number and password
followed by a return. A message indicating that
you are signed on should be typed at %he terminal.

(n) To load the workspace containing the assessment
programs type in )LOAD 2081004 LIBARY followed by
a return.

If you are using a terminal other than a Decwriter some of the
details in the above procedure may be slightly different, bput
the general seguence of steps to follow will gs£ill be as
indicated above.

A typical sign on sequence is shown below.

TYPE aPL FOLLOWED BY RETURN AND O THEM YOUR AFL ACCOUNT

G407 0417578 MAREHALL

R LK™

The descriptions and instructions for using the individual
programs are given in the next section. However before attempting
to use any of the programs you should note the following points

which apply to all the programs in the workspace:



1)

2)

3)

4)

5)

6)

Always press the return key after entering each line of input.

action is taken by the computer until a return has been transmitted

When there is no program executing and the computer is
waiting for input the terminal print head will be spaced
over 6 spaces from the left hand margin. Most terminals
will also indicate that they are waiting for input by
emitting a single "beep" when they are ready for input.
To use any program in the package simply type in the name
of the function.

If a program is asking for numeric data you will be prompted
by a message indicating the type of data expected. The
computer will then print [ : and space over to column
six on the next line and wait for your input. The input
to such a request may consist of a number (or series

of numbers seperated by blanks) or a variable name which

‘has previously been assigned a numeric value. Typical

examples of the procedure may be seen in the sample outputs
which are included with the individual program descriptions.
If a program is asking for an answer to a particular question
you will be prompted by the question followed by ....

The answer to the question should be typed ©on the same 1iﬁe
immediately following the prompting dots.

If you enter data which the program considers to be un-
acceptable, the data request will be repeated. In these
cases you should check your input to find the mistake and
then enter the correct data. Detailed explanations of what
the programs consider to be errors aré given with the

individual program instructions.



7)

8)

2)

Occasionally a program will stop for no apparent reason.

A message consisting of the program name and a line
number in square brackets will be printed (eg COHORT
[21]1). Such stops are usually caused by noise on the

telephone lines or by the program regquiring a large

amount of central processor time to execute. To restart

the program type in a right arrow followed by the line

number given in the message (eg>21).

If you have entered data which you wish to save for
your next APL session then save it in a new workspace
before signing off. For example if you wished to call
your workspace FISHDATA then you wouldienter the
following commands to save your data.

JERASE PROGS

JWSID FISHDATA

) SAVE
To get your data back during your next APL session you

would enter the following commands after signing on.

yLOAD 2081004 LIBRARY
) COPY FISHDATA

When you are ready to sign off at the end of your APL
session type

}OFF

Only a very rudimentary‘knowledge of APL is required to

use the assessment programs in this package. However, a

better knowledge of APL will enable you to get more out of

the



computer and to get the most out of your time at the terminal.

For those wishing to learn APL, I would recommend the book

APL; An Interactive Approach by Gilman and Rose. For a computer

book it is guite readable and it contains many examples.

)



Cohort Analysis (COHORT)

This program calculates population numbers at age and hence
the instantaneous rate of fishing mortality at age using the
method of cohort analysis described in Pope (1972). The
input data required by the program consists of:

- a table of catch numbers at age with rows representing
ages and columns representing years. {This table should
be created and assigned a name before starting the program).

-~ the instantaneous rate of fishing mortality for each
age group in the final vyear.

- the instantaneous rate of fishing mortality for the
oldest age group in each year.

- the instantaneous rate of natural mortality which
may be either a single number to be applied to all
age groups or a series of numbers representing a
different rate of mortality for each age group.

The program first calculates the population numbers in the
final year using the equation:

(1) C x (F + M)
T F x (1 - exp (~F-M))

The population numbers for the oldest age group are given by:

(2) N = C x (F+M)
F

if fishing is complete for the oldest age group or by (1)

if fishing is not complete for the oldest age group. Fishing



would be considered to be incomplete if the last row of the

catch table (i.e. the oldest age group) includes only the

catches from that 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 complete.

The population numbers for the rest of the table are

calculated using the approximation:

= +
(3) N, jCi exp (Mi) 541 Ni+l

2

To start the program type in COHORT
prompted for input as follows:
NAME OF CATCH MATRIX?....

- enter the name you have given

catch matrix.

exp (Mi)

after which you will be

the previously created

ERRORS - the name entered must represent an APL variable

- the variable must be a matrix

- there should not be negative values in the matrix

FIRST YEAR AND YOUNGEST AGE GROUP

D :

-~ enter two numbers representing the first year in the

catch table and the youngest age group in the catch

table respectively.

ERRORS - you must enter exactly

two numbers

- both numbers must be non-negative integers.



NATURAL MORTALITY?
U
- enter a value for the instantaneous rate of natural
mortality (either a singie number to be applied to
all age groups or one number for each row of the catch
matrix)

ERRORS: - you must enter exactly one number oY a vector of
numbers with the same number of elements as there
are rows in the catch matrix.

- the natural mortality must be greater than zero.
STARTING F VALUES FOR LAST YEAR (xxxx)?

0 .

- enter the value of the instanteous rate of fishing
mortality for the last year represented in the catch
matrix (either a single number representing a fishing
mortality to be applied to all age groups in the final
vear or a vector of values with one value for each age
group)

-ERRORS: .- same error checks as for thHe values of natural mortality.

STARTING F VALUES FOR OLDEST AGE GROUP (xx)?

0 .

- enter the value of the instantaneous rate of fishing
mortality for the oldest age group represented in the

catch matrix (either a single value or a seperate value

for each year)



ERRORS: - you must enter exactly one number or a vector of

numbers with the same number of elements as there are

columns in the catch table.

- the fishing mortality must be greater than zero.

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

- enter either YES or NO indicating whether equation (2) or (1)
should be used to calculate the population numbers for the oldest
age group.

ERRORS: - you must answer either YES or NO.

The output from the program consists of two tables. The first table gives
the population numbers at age. The bottom row of this table gives the
total population numbers for each year. The second table shows the

instantaneous rate of fishing mortality. This is calculated as:

(4) .F, = 1n N,
J 1 _J4i
j+lN1+l

The last row of this table gives the weighted average of the fishing
mortalities where the weighing is on the basis of population numbers.
A sample run of the program is shown below. The catch at age table

has been previously entered and assigned the name CODCATCH.
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Catch Projection (PROJECT)

This program uses the Beverton - Holt catch equation
to predict pcpulation parameters over a number of years. The
input required by the program consists of:
- population numbers at age for the starting year.
- ca£ch at age for the starting year if the catch is known.
- welght at age in kilograms.
- partial recruitment values for each age group.
- instantaneous rate of natural mortality.
- an estimate of recruitment for each year to appear
in the projection.
- an estimate of the standard deviation of the recruitment
values.
- an estimate of either fishing mortality or total catch
for each year to appear in the projection.
- maturity at age if you want the program to calculate
mature numbers and mature biomass.
At the start of each year in the projection the population
numbers for that year as well as either the instantaneous rate
of fishing mortality or a quota or the catch at age are known.
From these values the program calculates the catch at age and
instantaneous rate of fishing mortality for that year if they
are unknown. If there are more yvears to project then the
program calculates numbers at age for the next year by applying

the expression exp (-Z) to this years numbers and introducing



new recruits based on the parameters supplied by the user.
To use the program type in PROJECT after which you will be
prompted for input as follows:

FIRST YEAR AND YOUNGEST AGE GROUP?

O -

- enter two numbers representing the year on which the
projection is to start and the youngest age to be
incldded in the projection.

ERRORS - you must enter 2 positive integers.

NUMBERS AT AGE FOR XXZXX?

g :

- enter the vector of population numbers 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)

ERRORS - the population numbers must not be negative.

CATCH AT AGE XKNOWN FOR XXXX? .....

- enter either YES or NO. If you enter YES then the
program will next ask for

CATCH AT AGE FOR XXXX?

- enter the vector of catch at age for the first year
of the projection.
ERRORS - the catch vector must be the same length as the
vector of numbers at age.
- the catch numbers must not be negative.
- the catch numbers must be less than the population

numbers



- 13 .

WEIGHT AT AGE?

g .

- enter a vector of weights at age.
ERRORS - the vector must be the same length as the vector
of population numbers.
- the weights must be positive
PARTIAL RECRUITMENT?
0.
- enter a vector of partial recruitments.
ERRORS - the vector must be the same length as the vector
of population numbers,.
- the partial recruitments must all be greater. than or
equal to zero and less than or equal to one.
NATURAL MORTALITY?
g -
- enter either a single number or a vector giving
a seperate instantaneous rate of natural mortality for
each age group.
ERRORS - the entry must either be a single number or:
a vector the same length as the vector of population
numbers.

- all mortalities must be greater than zero.



NUMBER OF YEARS TO BE PROJECTED?
0:

~ enter a number representing the number of years for
which the projection is to be carried forward. (The
starting year counts as one year).

ERRORS - the entry must be a single integer greater

than one.

NATURAL LOG OF RECRUITMENT FOR XXXX TO XXXX?
D:

- enter a vector containing the natural log of recruitment
values for the range of years regquested. The program
asks for the log of recruitments since in most cases
the geometric mean is a better indicator of average
recruitment than the arithmetic mean and in most cases
the geometric mean is calculated using logs. If you
wish to enter estimates of the actual recruitment
rather than their logs then enter the vector preceded
by the natural log operator ("® ").

ERRORS - the entry must be a vector with number of

elements equal to one less than the number of years for

which the projection is to run.
STANDARD DEVIATION OF LOG RECRUITMENT? (ZERO IF RECRUITMENT FIXED)
NE
- enter a vector containing the standard deviation of the

log of the recruitment wvalues. If all zeros are entered
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recruitment will be fixed at the level determined by

the previous entry. If there are any none zero entries
the program will put some variation into the recruitment
process.

ERRORS - the entry must be a vector the same length as

the vector of log recruitment values.

- the entrys must be all greater than or equal to zero.

If any of the standard deviations were greater than zero. then
the program will next ask for
NUMBER OF RUNS?

O:

- enter a number representing the number of times the
projection is to be run.

ERRORS: - the entry must be a single integer greater
than or equal to one.
QUOTA OR F VALUES FOR XXXX TO XXXX?
O:

- enter a vector of gquota and F values for the indicated
yvears. Any number which is less than 10 will be
assumed to be an F value and any number greater than or
equal to 10 will be interpreted as a quota.

ERRORS - all entries must be greater than or equal to

Zexrxo.
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- the number of entries must be equal to the number
of years which are to be projected if catch for the
current year was not provided. If catch for the
current year was provided then the number of entries
must be one less than the number of years to be projected.
MATURITY FIGURES TO BE CALCULATED?....
- enter YES or NO indicating 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
in each age group.
ERRORS -~ the number of entries must be equal to the
number of entries in the number at age vector.
- the maturity values must be greater than or equal to
zero and less than or equal to one.
FULL OUTPUT OR SUMMARY? (F OR S)....
- enter either an F or S8 indicating whether you want
full output or only a summary. The full output gives
seperate tables showing values at each age in each vyear.
The summary produces a single table giving totals for
each year.
When full output is reguested the program will produce seperate
tables showing population numbers, standard deviation of population

numbers, population biomass, mature numbers, mature biomass, catch
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numbers, catch biomass and fishing mortalities. The summary
output consists of a single table with each row representing a
total for the year. The columns in the table show population
numbers, standard deviation of population numbers, population
biomass, mature numbers, mature biomass, catch numbers, standard
deviation of catch numbers, catch biomass and mature F. After
the projection you are given the option of doing more projections on
the same data. If you do wish to perform additional projections the
program will return to the point at which partial recruitments
are reguested and continue from there.

The sample run shown below uses data for Haddock the

1978 assessment.
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Schaefer Production Model (SCHNUT)

This program fits a Schaefer production model to a
series of catch and catch per unit effort data. The methods
used in the program are based on the paper by Schute (1977).
Specifically the program uses the linear approximation which
allows linear regression techiques to be used to find the least
squares estimates of the parameters. The input to the program
consists of:

- a vector of catch per unit efforts.

- a vector of efforts.

To use the program type SCHNUT after which the program will
prompt for input as follows:
EFFORT VALUES?
o =
- enter a vector of effort values.
ERRORS -~ the effort values must be greater than or equal
Zero.
- there must be at least four values so that the four
parameters can be estimated.
C/E VALUES?
a :
- enter a vector of catch per unit effort wvalues.
ERRORS - there must be the same number of values in this

vector as in the effort wvector.

to

- the catch per unit efforts must be greater than or egual

to zexo.
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The output from the program consists of the parameters of the
model, namely rate of increase (R}, carrying capacity (K) and
catchability (Q). The program also gives the failure index
which is an indication of how well the model fits the data

with zero signifying a perfect fit and one indicating the worst
possible fit. The program will also give the predicted MSY

and 2/3 MSY values as well as a table of next years predicted
catch as a function of next yvear effort. The input used in

the sample output shown below consists of data for Gulf of

St. Lawrence Cod.
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Von Bertalanffy growth equation (VONB)

This program calculates the parameters L.+ Kand tO for Von Bertalanffy's
equation given by:

(1) L, =L, {1-exp - K(t ~ to)}

The input required by the program consists of:
- a vector of ages
- a vector of lengths
The program calculates a first approximation to the parameters by

i 1 i £ .
doing a regression o Lt on Lt + 1

The slope of the regression line should be equal to k, hence the first
approximation to K is ¢given by - 1ln k. Also the y-axis intercept of the
line should be equal to I, - (1 - k) from which an estimate of L Lcan be
calculated. The starting estimate of tO is given by rearranging
equation (1) to give:

L
L

(2) to=t—ln(l—

o)

K
These parameter estimates are then used as starting values for a non-
linear regression routine. The non-linear regression subroutine uses a

method suggested in section 10.3 of Draper and Smith (1966).

To use the program type in VONB . after which you will be prompted
for input as follows:
AGES?
0 : - enter a vector of ages

ERRORS:~ -the ages must be positive

-~ there must be more than three ages to allow the
three parameters to be fit.
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LENGTH AT AGE?
-

- enter a vector of lengths corresponding to the ages
entered above

ERRORS: - the number of elements in the length vector

must be the same as the number of elements
in the age vector

-~ the lengths must be positive

The output from the program consists of the calculated parameters and
a table showing observed versus predicted lengths along with the absolute
and relative errors. The program also outputs an analysis of variance
table showing the variation accounted for by the regression and the cal-
I
culated R value.
The sample run for this program uses data for Pollock measured in

1976.
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Virtual Population Analysis (VPA)

This program performs a virtual population analysis of
catch at age data to give population numbers at age. The
input data required, editing checks and output generated are
identical with the cohort analysis program (COHORT) and for a
detailed description the user should refer to that section.

The program first calculates the numbers at age for
the last year in the catch table using the equation:

(1) N = ¢ x(F + M)
F x (1 - exp (-F-M))

The population numbers for the oldest age group are
also calculated using (1) if fishing is incomplete or by:

(2) N =C x (F+M)
F

if fishing is complete for the oldest age group.
The population numbers at age and the instantaneous rate
of fishing mortality for the remainder of the table are calculated

by fitting the Beverton-Holt catch equation to the available

data. A slight rearrangement of the basic equation gives:
= N, B FL o+ M, -
(3) jci j+1 i+l X JFl (exp (j i Ml) L)
P, + Mi
i

This equation involves only one unknown, namely jFi'

which the program calculates using the Newton-Raphson method

of successive approximations. An initial estimate of jFi

is calculated based on the cohort analysis approximation:
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- )+ .
(4) jNi jCi exp (%i) j+1 N.,, exp (Mi)
giving:
(5) F, = 1n [/ N, - Mi
J 1 J i
N
J+1 i+l

Successive values of 'Fi are then calculated, based on previous
estimates, until a value is found which satisfied:
F P, + Mi)- .C, -5
(6) | ,LF. (exp (,F i)-1) _ €5 <10
o, . . N,
j i i j+1 i+l

Once a value of jFi has been found the population numbers are

calculated by:
= F + i
() 4Ny = g4 Niyy exp (GF, 4 MI)
A sample run of the wvirtual population analysis program is

shown below. The catch at age matrix has been previously

assigned the name CODCATCH.
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Yield per Recruit (YIELD)

This program uses Thompson and Bell's method to determine
the yield for a single recruit at various levels of fishing

mortality. The program also attempts to calculate Fmax and

0.1

In cases where the yield keeps increasing over a wide range
of fishing mortality the program may be unable to find F

max

or F . The 1input required by the program consists of:

- a vector of weights at age. ( The weights
should be entered in kilograms.)

- a vector of partial recruitments.

- the instantaneous rate of natural mortality
The program first calculates the yield from a single
recruit at levels of F ranging from 0 to 10 in steps of
.05. The yield at each age is calculated as the weight at
age times the numbers caught, determined from the Beverton-
Holt catch equation. The overall yield is the sum of the
yields from each age group. The vector of calculated yields
is then searched for a maximum to determine Fmax.To find
F 0.1 the program first calculates the angle of the yield
curve at the origin. The calculated yield points are then
rotated by one tenth of this angle and the resulting vector
is then searched for a maximum which will be the point corre-
sponding to %.l' If the maximum does not occur in the range

of F's from 0 to 10, then the program will not be able to find

T F ] .
the Fmax or 5.1 points
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To start the program type in YIELD after which you will
be prompted for input as follows:
WEIGHT AT AGE? (KG)
R

- enter a vector of weights in kilograms representing
the weight of fish at successive ages.

ERRORS - the weights must all be positive
PARTIAL RECRUITMENT?

0
- enter a vector of partial recruitment values with
one value for each age.

ERRORS: - the vector must be the same length as the
weight vector
- each number in the vector must be greater
than or equal to zero and less than or
egual to one

NATURAL MORTALITY?

-
- enter either a single number or a separate mortality
for each age group

ERRORS: - you must enter either a single number or a
vector the same length as the weight and
partial recruitment vectors

- all mortalities must be greater than =zero
The output from the program consists of a table showing num-
ber of fish caught from each recruit, weight of fish caught from
each recruit, average weight of fish caught from each recruit
(ie. column 3 divided by column 2) and yield per unit of effort.
The yield per unit of effort assumes that effort is proportional
to fishing mortality. The values shown in this column are cal-
culated by dividing column 3 by column 1 and then multiplying

the result by an appropriate factor to scale the results on a

range of zero to one.



The table gives results over a range of fishing mortalities
and the F . , and Fo.l points are labelled i1f they were found.
The program also produces a plot of yield per recruit vs.
fishing mortality.

A sample run of the program is shown below using data for

Haddock.
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