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1. Abstract.

Errors introdueed in the Virtual Population Analysis (VPA) due to

uncertainttes in the natural mortality are investigated. A bias on

the estimates of the fishing mortality coefficient F, from the VPA

of 25% may be expected.

Sampling error in catch will introduce error in the estimate of the

mean fishing mortality ooeffioient F: The relative error in F i3

about half the relative error of that found in the oatohes.

A method for estimating M and F using least square fit is given.
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birthday.

i8 the catch in number during year y of a year elass i.

is the virtual population in the year i, i.e. the total

number of fish of a yearclass, which will be caught in the

year i and aubsequently.

is the exploitation rate.

1s the last age group where catches are separated.

true value: of F.

2. Definition of symbols used:

M is the instantaneous ooefficient of natural mortality.

F i5 the instantaneous coefficient of fishing mortality.

Z is the instantaneous coefficient of total mortality.

Ni is the total number of fish of a year eIses at the ilth

E

t-l

~
~ true value of M.

~ true value of N.

9(Ni ), 9(Fi ) relative error in Ni and Fi respectively.

F~ Mean of fishing mortality coefficients for fiah a years

and older at year y.
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3 Introduction

is a method of
of a total ex-

N.
~

Let

The Virtun1 Population Analysis (VPA)(Gulland 1965)
estimating the stock size and the fishing mortality
ploited year class as a function of time (or age).

Below abrief reviev of the method is given.
V.
~

E.
~

and V. 1
N. 1 N. e-Zi ~+ (1)=

Ei~l~+ ~

The catch in number cluring year i is given by:

c. = N.E.(l - e-Zi).
~ ~ ~

Taking the ratio (1)/(2) we get• V. 11+ -z.e 1

E. le.
2+ 1

with Z. = F. + M •
~ 2

F. and N. can be estimated from' (3) when C:, V. land E. 1 are known.
2 2 ]. 2+ 2+

However, E t , the exploitation rate for the oldest age-group of a year

class, must be assumed, as data are not available.

The exploitation rate Ei for fish alive at the beginning of yesr

i, may be calculated as the sum of proportions of fish caught during

that year and those caught later.

( -z) , -Z.
Ei = Bi 1 - e i + Ei+1e J..

Pope (1971) has developed R modification (the cohort analysis)

of VPA, based on ihe approximation

sinh F/2 ru F
sinh (P+:'-1)/2 ,- F + }1

vhich, accordinf; to Pope, is usnblo up to values of M=.3 and F=1.2 •
He derived simple expressions for calculating the fishing mortality

coefficient F. and stock aize N.:
1 1

F. InCH./N. J) - M
]. 2 l+.

anri

N.
J

J
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The advantage of using the VPA is, that F in a fishery, where F
i

i5 changing in time may be estimated for a given age-group in a

given y'ear without knowing effort data.

The main disadvantage is, that unknown and orten considerable er­

rors may be introduced due to uncertainties of M and Ft •

Pope (1971) has discusned errors in F. and N. arising from incorrect
~ ~

choice of Ft (or equivalent Et ) and sampling errors of Ci.

In this paper errors caused by uncertainty in M will be considered

and an attempt to reduce this error 15 described (4.3). An extension

of the VPA by computing the average fishing mortality coefficient

for the fully recruited age-groups is dif:'cussecl (4.2).

In his paper Pope has shown

-s­
~ (N i) "" 9(Ni +1) e' L

and thc P(Fi ) ean be evalunted as fol10ws

F
1
" -J;. "" In(N·/N. 1) - In{N·/N. 1)

~ ~+. . ~ :1+

• using

Fig 1

(5) Differs from eqn. 2.7 in Pope (1971).
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Figure 1 &S funotion ~f~ (S88 (5»

4 Thc natural mortality M

4.1. Thc fishing mortality P .• Bias from M.
:t

The influence of uncertainty in the natural mortality on the VPA

was investigated by selecting~andeJt(i=O to t) for which the

corresponding catches were computed. By choosing different values

of M and Ft the errors are directly calcu1ated.

Simula tion of ca tches wi th a given samp1ing error for a set Of.3.:'

(i=O to t)'andcltis a simple way to tabulate the corresponding

errors in the estimatas of F. ,and N. arising from the VPA.
~ ~ ,

Tbe 'following tabuiations were carried out:

1) The catches ware computed for~= .2 and~ = .1,.3,.4,.5,.5,
.6,.6,.7, and.7; t = 9.
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F
i

was estimated for five different initial guesses of Et and with

M values of .1 and .3.

The errors found, which are the biases on the estimate of F., are

shown in fig. 2 as percen tage devia tion from~. ~

~igure 2 (F i ) in pet. five different Et ' M a .1, .3 and ~= .2

If M i8 overestimated, F. will nearly always be underestimated and
l.

converge towards tao low values indepen~.nt of the initial Et va1ues.

An underestimate of N gives the opposite result.

A low fishing mortality or a short exploited phase will enlarge this

effect sharply.

2) The effect of the~~ratio i8 demonstrnted in fig. 3, where

:J..,)" = • 7 for all i and in fig. 4 where X = .1 for all i. On both

figurestit= 11 = .2.
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o

Figure 3 (F.) in per cent far five different E t and~ = M = .2.
3;'1. .7 far all i. . :

•
0
8642
~I----+----+1---+---+1----+---11------11 +-age:..---_--.:---_---:.._--------

Et ·3

-100

l<'igure 4 (F.) in per cent far five different E t andaJt= M .2.
:Tl .=.1 for all i.
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4.2 The Nenn Fishing Mortality F~. Bias from M and E t • Errors in F~

from sampling error in the catch.

FY is calculated for constant recruitment,~ .1,.3,.4,.6,.h,.6,.6,.6,
a

clt, == • 2 ; a == 4 ,;
The influence of an incorrect guess on M and Et i8 demonstrated in

figure5.

.4.3

80

60

100J------~--~~~~~----+-------+----+M

120

­110

Figure 5 F~ ae percentage of the constant fiahing mortality of the old

fish aa function of M and of Et.~= .2 ~ i8 calculated by

weighting the F
i

with catches.
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The samp1ing error in the catohes will introduce error in ~.

This 1s investigated using a simulation technique.

Tbe set of Figiven above was used and ~ wa~ computed using means
of F1 weighted by the catches. The reau1t is summarized in the

tab1e be10w.

STANDARD MEAN DEVIATION IN CATCHES

2.5 ~ 5 % 10 %

•

Standard Mean
Deviation in

-y
F4

Each simulation consists of 5000 experiments and the pseudorandom

number generator for the RC7000 was'used together with a conver­

tion of equa11y distributed numbers into normal distributed num­

bers (Abramovits and Stegun).

Estimation of M and Fr by Least Square Estimation.a
In the previouB section (4.1) the importance of knowdng M 1s demon-

strated. In this se~tion an attempt to estimate M,and ~ 1s g1ven

and thus g1ve a better starting point for the VPA.

The method 1s a least square estimstion of M and ~ from catoh data

sp1it by yearclass and age. It will on1y give an estimate of M for

fish eIder than eay so' ohosen in such a way that the f1shing mor­

ta1ity'can be a8sumed constant in a given year for fish eIder than

a
o

yasrs.

First the least square expression i8 set up neglecting correlation

between the catches.

L
i€ yearcl~ss
y ... i+a-a

o

L. [c~ (observed) .~ c~ (oalculated i12
-minimum (6)

a~ a o
sE age

c{ 18 calculated as ,

-FY - M_ e a o )
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"
where

Ny - l
-y

- MNY - Fe a
1 1 0

and

iYa
EY a

0

FY + Ma
0

The minimum of (6) is found by standard teohniques.

The problem of eorrelation between the eatehes was negleeted. lt

i6 obvious that correlation exists but not much Is known about

it.

5. Conclusion ..

The error introduced in the VPA due to uneertaintles in the

natural mortality has been investlgated. It 18 shown that a

bias on the estimates of Fi and Ni of about 25 % is achieved

for the normal interval of choosing M, [. ·1; .3J se fig. 2.

The errors in ~ due to sampling error in the eatehea were in­

vestigated and showed that about half the relative standard

deviation of the catehes is found as an error in Fr.a

A method for estimation of M and pr uaing a least square fita
1s introdueed.
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