SCRS/1983/055 Col.Vol.Sci.Pap. ICCAT, 20 (1): 123-129 (1984)

AN EXAMPLE OF THE USE OF MICROCOMPUTERS FOR POPULATION ASSESSMENT;

INVESTIGATION OF THE EFFECTS OF UNCERTAINTY IN CATCH DATAON RESUL

SUMMARY

To demonstrate the utility of microcomputers in a con-
ference setting, a microcomputer has been installeq at this
conference and will be available for demonstration at various
times for the duration of the meeting. The main purpose‘in
having a cohputer avéilagle at the conference is té allow
analyses to be run on the spot when questions of data validity
are raised. Programs for cohort analysis, and yield~per—récruit
analysis are on hand.

Aﬂ‘example exercise has been prepared investigating the
effects of unpertain data inputs on the results of an -analysis.
Using a simple statistical model, stochastic errors were intro-

duced into yellowfin tuna catch data from the eastern Atlantic,

and the effects on the results of cochort analysis were recorded.

RESUME
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Pour demontrer 1'utilité d'ordinateurs dans une conférence,

un mlcro-ordlnateur a été installé pour cette conference et sera

mis ‘& dlSpOalthﬂ pour demonstratlon durant toute la duree de- la

reunlon.- tre d effectuer des ana-
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“tats d'une analyse.

A titre d'exemple, un éxercicewa gté fait pour é&tudier quels
sont lés effets d'entrées de données peu fiables sur les résulé
En utilisant Qniquement un modale de sfé%isé
tiqués, des erreurs stochastiques ont &té introcduites dané les
données de ‘capture d'albacore dans 1'Atlantique est, et on’a en-
registré les effets observés sur les résultats de l'anélyse des

cohortes.
RESUMEN

Para ilustrar la labor qﬁe-los micro~ordenadores pug—
den efectuar durante el desarréllo de una reunidn, se ha
procedido a la instalacidn de uno, que podréd ser utilizado
durante la conferencia que se esté Celebrandb, y que esta-
& dlsponlble para llevar a cabo demostrac1ones.

E1l objetlvo prlnnlpal es permltlr efectuar ana1181s
"in situ" si surgen cuestiones sobre valldez de datos. Se
,dlspone de programas de anallsls de cohortes y de Tendl—r
mlento por recluta.

Se ha preparado un ejerélc1o como demostraﬁlon, que’
1nvest1ga en que forma influye la entrada de datos inciert-
tos en 10s resultados da un anallsls Utlllzando un 51mp]&=

A ; e,
modelo estadlstlco, se 1ntrodu]eron errores esLocast¢cos 0n

'dose Tos er@ctms produ01d0§ sobre. los anailsls Ade cohortes.



INTRODUCTION

It s appropriate, when considering results of fish population
assessment, to ask how sensitive the results are to potential errors in the
data. Indeed a persistent problem of population assessment in the
International Commission for the Conservation of Atlantic Tunas (ICCAT)
occurrs when results presented are questioned because of doubt regarding the
validity of some of the data on which the assessment 1is based. Most
techniques used to prepare assessments for ICCAT are complicated and require
the use of computers. Typically, questions of data validity are raised at
meetings far removed from the assessors' computers, therefore, the problem
must await future investigation. The advent of microcomputers which
population assessors can take to meetings, should enable this problem to be

immediately addressed and resolved. It should be possible to rerun ana1yses.

(even during a meeting) to investigate the effects of altering particular
input data. For example, we might suspect that certain catch data have been
under-reported by approximately 25%, and we may want to correct for this
under-reporting, rerun our analysis and see if the essential conclusions drawn

from the analysis are changed.

Using the technique known as “Monte Carlo simulation”, it is possible to
go beyond testing specific alterations in input data. With the Monte Carlo
method one can investigate the statistical implications of a given pattern of
uncertainty in one or more of the input data. We might recognize, for
example, that the real natural mortality lies somewhere whithin a range of
possible values, perhaps within a factor of 0.5 to 1.5 of our best estimate.
On the basis of our knowledge of the uncertainty in the estimate of natural
mertality, the Monte Carlo technique allows us to investigate the range of
possible outcomes from an analysis that makes use of the natural mortality

estimate.

In the example exercise presented here, we test the effects of
uncertainty in catch-at-age data on the results of reverse cohort analysis.
We have chosen the fry method of cohort analysis (Megrey, 1983) as opposed to
Doubleday’s method or Pope and Shepherd's “"seperable VPA" method.

Outputs from reverse cohort analysis by the Fry method include an
estimate of recruitment and an estimate of the vector of instantanecus fishing
mortality rates, each element corresponding to an age ¢lass in the catch-at-
age data. Inputs to this method of cohort analysis consist of numbers of fish
caught in each age «class, the natural mortality rate, and either the
population at large at the end of the oldest age interval or the fishing
mortality during the oldest age interval. It is possible to implicitly set
the final fishing mortality to infinity and thereby compute the lower 1imit of
possible recruitment and the upper Tlimits of the elements in the fishing
mortality vector (SCRS/83/58). This is the strategy we have adopted for this
exercise. The remaining {tems of input data (natural mortality and catch-at-
age vector) are not primary collected data but, in the case of natural
mortality, a parameter estimated from research results, and in the case of
catch in numbers at age, a transformation of basic collected catch data. Of
these two potentially uncertain data inputs, we have addressed uncertainty in
catch, not in natural mortality.

We have chosen to represent uncertainty 1in the catch data with
independent normally distributed variates for the various elements of the
catch-at-age vector. This is a simplification because uncertainty in catch in
numbers at age can be broken down into uncertainty at the various stages
involved in estimating catch in numbers at age. However, because this
exercise is intended as an example, we have left such details for future
analysis.

THE COMPUTER

The microcomputer used for this exercise (and the one on display) is an
eight bit (780 processor) computer with a four mHz clock, 64 K bytes of
memory, two eight inch diskette drives, a terminal and a small printer. The
software is a CP/M operating system with several programming languages,
including FORTRAN, available. This computer is an early version of the “La
Jolla Standard Micro”, a microcomputer system that is currently assembTed at
the Southwest Fisheries Center in La Jolla. It is not as easily transportable
as many microcomputers currently on the market, but its architecture is such

that it can be upgraded with relative ease as new processors and other devices



become available. Upgrading of the La Jolla Standard Micro to new 16 bit

processors (Intel 8086 and Motorola 68000) is now in progress.

DATA

For our example, we chose as input data the 1970 cohort of yellowfin
tuna taken 1in the eastern Atlantic. Catch data, in numbers, are from
Fonteneau {1981) for 21 quarterly age intervals. For purposes of
demonstration we used the popular value 0.6 year‘l for the instantaneous rate
of natural morta1ityl Following precedent, we assumed the popular, but

probably unlikely, model that natural mortality is the same for all ages.

COMPUTATIONAL PROCEDURES

Catches in number at age were altered for the Monte Carlo procedure by
multiplying nominal catches (as given by Fonteneau)} by a normal random variate
having a mean of 1.0 and standard deviation of 0.2. Normally distributed
random numbers were produced by the Box-Muller method (Naylor et al., 1966).
The attered catch values were thus distributed normally with mean equal to the
nominal value and standard deviation of 0.2 times the nominal value. This
means that approximately 99% of the values should fall within the range of 0.5
to 1.5 times the nominal value. Random numbers below 0.5 were set to 0.5 and
numbers above 1.5 were set tc 1.5, thus assuring that 100% of the altered

catch values were in that range.

A program for reverse cohort analysis was implemented by us. The program
generates a vector of fishing mortality values and a recruitment level, and it
requires input of catch data in numbers at age for a particular cohort, a
natural mortality value and either the population of the cohort at the end of
the oldest -age interval or the fishing mortality during the oldest age
interval. The program allows the final fishing mortality to be implicitly set
to infinity by setting the population at the beginning of the oldest age
interval equé] to the catch in that interval. This program was first run using
e nominal catch data, giving what we call "deterministic" results for the

seruitment and for the fishing mortality vector.
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The cohort analysis program was then changed into a subroutine that could
be called many times by a main program, each time supplying a different set of
catch data stochastically modified from the nominal catch data as described
above. We ran the cohort analysis on 1000 stochastic catch-at-age vectors
collecting frequency counts for elements of the fishing mortality vector and
for recruitment.

RESULTS

Figure 1 shows the distribution of the generated random variate. As
expected the variate appears to be distributed normally about its mean value,
1.0.

Distributions of recruitment and of age-specific fishing mortality rate
resutting from 1000 runs of the simulated catch series arée shown in Figures 2

and 3. Statistics describing the distributions of fishing mortality are
Tisted in Table 1.

Though no statistical tests were performed, elements of the fishing
mortality vector appear in general to be distributed normally about their
means (Figure 2}. Means differ only negligibly from the deterministic values
calculated from the nominal data (Table 1).

The instantaneous rates of fishing mortality at age appears to be
relatively more sensitive to uncertainty in catch at age and recruitment
relatively less sensitive to this uncertainty. Letting catch vary between 0.5
and 1.5 times nominal values resulted in fishing mortality rates distributed
between 0.4 and 1.8 times values calculated in the deterministic run. The
same variation in catch resulted in a distribution of recruitment between only
0.8 and 1.2 times the value calculated from the nominal data.

Fishing mortality for all ages appears to be equally sensitive to
uncertainty in catch when uncertainty is described as in our exercise. This
is indicated by the lack of any trend in coefficients of variation for
successive ages which suggests that there are no systematic increases or
decreases with age in variability of calculated fishing mortalities.



DISCUSSION

Qur primary purpose 1in this exercise is to demonstrate the use of
microcomputers to test the effects on results of population assessment of
uncertainty in input parameters in a meeting in which the uncertainty is
noted. If such questions arise at this meeting, we hope the availability of
the microcomputer will be of benefit.

Our second purpose is to illustrate the use of the microcomputer to test
the effect of systematic uncertainty in input parameters on the results of
cohort analysis, an important assessment technique used often by ICCAT
scientists.

We chose Fry's method of cohort analysis. Though we have not tested the
method ourselves we eliminated consideration of Pope and Shepherd's “seperable
VPA" based on serious difficulties with the method discovered by Megrey who
concluded that this method "...should not be used..." ' Megrey found good
features in both Fry's and Doubleday's methods. We chose Fry's because of
familiarity with the method by ICCAT scientists. To avoid problems due to the
fajlure of the forward solution 1in some conditions, "we chose the reverse

solution of Fry's method.

Somewhat different results might be obtained with efther Doubleday's or
Pope and Shepherd's method. Different results might also have been obtained
with the forward solution of Fry's method as was found-in a study of the
effects on results of cohort analysis of uncertainty in starting population

(SCRS/83/57).

We' found fishing mortality to be relatively more sensitive and
recruitment relatively less sensitive to uncertainty in catch-at-age. It is
probable that an individual element of the fishing mortality vector is most
heavily influenced by error in the corresponding element of the catch-at-age
vector,"whereas the recruitment estimate is influenced by errors in all
elements of the catch-at-age vector. The distribution of the recruitment
vector would, therefore, be relatively narrower than the fishing mortality
distributions because of a statistical averaging effect.

0f the two parameters used as input by cohort analysis we have chosen to
model uncertainty in only one, catch in numbers at age. We did not test for
sensitivity to uncertainty in the other parameter, natural mortality, or for
possible uncertainty at each stage leading to catch in numbers at age. These
uncertainties can be modelled and their effects on the results of cohort
analysis tested in ways similar to those we have used here.



LITERATURE CITED Table 1. Statistics describing distributions of instantaneous
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Fonteneau, A. 1981. Elements pour 1'Amenagement des Pecheries d'Albacore Fishing
, . . X Fishing mortality
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5 0.3832 0.3832 0.0769 0.2011
6 0.4367 0.4346 0.0874 0.2012
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14 0.2877 0.2884 0.0579 0.2007
15 0.5065 0.5093 0.1007 0.1978
16 0.3568 0.3557 0.0712 0.2003
17 0.6429 0.6474 0.1269 0.1960
18 0.5622 0.5666 0.1184 0.2090
19 1.6047 1.6131 0.3026 0.1876
20 2.0563 2.0664 0.3978 0.1925
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Figure 1. Distribution of the generated random variate.
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Figure 2. Distribution of recruitment calculated ir stechastic runs.
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Figure 3. Distributions of instantaneous fishing mortality rate calculated in stochastic runs. (continued}
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