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Introduction

In a previous contribution (Jones 1974) a method was described for analysing
length composition data using a cohort analysis technique. One of the assumptions
underlying the method is that one is dealing with a stable length compostion

' such as one would expect if there were no variations in year class strength,
growth ratey or mortality rate. To allow for the variations that occur in
practice it is preferably to restrict this method to average length composit1ons
from samples collected over a number of years.

This paper describes a method of estimating survival rates from length
composition data using only two years data.

Basic Theory

As in the previous paper the underlying assumption is that the growth of
individual fish can be described by Bertalanffy curves. It is here assumed that
Lw and K are known (or assumed) but that it is not necessary to know the value

of tO.

The underlying assumptions can conveniently be illustrated with reference
to the four diagrams in Figure 1. These show four ways of drawing the growth
curves of individual fish. Figure 1A shows the relationship between fish length
and real time. Because of the variations in the time of spawning and in growth
during the pre-recruit stage, individual fish may attain lengths in the length
range L -L for example over the period of real time a=be

Figure 1B shows the relationship between length and real age. Again fish may
attain lengths in the range L, ~L, over a period a=b, However because variations
due to time of spawning have %ee eliminated the range a~b should be smaller than

in Figure 1A.

Figure 1C shows the relationship between length and the relative age in
the particular situation where all fish grow according to Bertalanffy curves.with
the same values of Lxand K. Here, each fish is given a relative a.ge of zero,
at some arbitrary length L. Each individual will attain a length L, at some
relative age a,and some later length L2 at a subsequent relative agé be The real
time required to grow from L, to L, is“eiven by the difference (b-a) and this may
be calculated directly from dne Be alanffy curve.ie L L 3

o

(b-e) = ¢ 1n

: (Teo = L2)
In practice there will be variations in the values of K and Ie for
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individuael fish and so the relationship between length and relative age is

more likely to be as depicted in Figure 1D. Nevertheless it is assumed that
the interval (b-a) using this method of representation will be smaller than in
either figures 1A and 1Bs Also if it is assumed that individuals first attain
a length L, at a mean relative age a and attain the length L, at a subsequent
mean relative gae D) then, to a first approximation (b—a%tin gure 1D should
provide an estimate of (b=-a) in Figure 1C,

The basic assumption therefore is that it is possible to estimate the
real time required for an individual fish to grow from one length to another
by making certain assumptions about the underlying growth rates As in the
previous paper, this paper is based on the simple model in Figure 1C, in which
all fish are assumed to have growth curves that differ only in their real time
of origine If the interval of relative age (b-a) is made exactly equal to one
year then a fish will require exactly one year to grow from a length L, to a
length L,e Given abundance estimates, such as estimates of catch per unit effort,
for fish of Lengths L, and L2 an estimate of survival rate should then be
obtainable directly f}om the ratio of the numbers at these two lengths.

In practice, numbers at each length are necessarily grouped. It is
necessary therefore to allow for the fact that the appropriate size of the grouping ’
interval will change as the fish growe. For example suppose that at a certain
time there is a certain number of fish in the 1cm length group from 37.0 —~ 38,0 cm.
Suppose also that during the course of the year fish of 37.0 cm grow 5 cm to
42.0 cm, It does not necessarily follow that fish of 38.0 cm will grow to
exactly 43.0 cme In fact they would be expected to grow to something rather less
such as 42485 cme In that case to provide an estimate of survival rate it would
be necessary to compare the number of fish/hnit effort in the interval 37-38 cm
at one time with the number/unit effort in the interval 42-42.85 cm 12 months
later. Computationally this adds a number of steps to the calculations and
details using Faroe haddock data given in Tebles 1=6s These calculations lead
to estimates of survival rate which are based on the ratios of catches per unit
effort of comparable groups of fish at 12 monthly intervals.

For many species, including Faroe haddock, it is known that fishing mortality
rate can change with age (and therefore with length), and for this reason the
preliminary estimates obtained in Table 6 are liable to be biased. When using
age composition data this problem can be avoided by using a virtual population
analysis or a modification of this type of analysise In this instance a method
of correcting survival rates described by Jones (1964) seems appropriate, and .
Tables T=9 give the necessary computational steps for the application of this
method to the preliminery estimates of mortality rate in Teble 6. - Some modification
of the method has been necessary and theoretical details are given in the appendix.

Transforming the data (Tables 1-5)

Table 1 shows the basic data. It relates to the catches of Faroe haddock
on two occasions 12 months apart, ie January-llarch 1961 and January-tarch 1972.
These relate to the catches per 100 hours fishing by Scottish commercial vessels
and are grouped by 1 cm intervals up to 50 cm and by 5 cm intervals thereafter.

The first computational step'is to transform the data into different .
length groupings. The principal of the method adopted is illustrated in Figure 2.
First coded ages are adopted with respect to the relative age scale such that there
is an integer number of coded ages corresponding to any one year of real time.
In this example, 6 monthly intervals have been adopted and so the coded ages are
spaced at 6 monthly intervals of real time. Corresponding to each coded age there
will be a series of lengths L1, L, etc as shown in Figure 2. Since the coded ages
relate to 6 monthly intervals, alf fish with lengths between L, and Ly om for
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example, in one year should grow to become members of the length group (L -L ),
12 months later, etce,

Computationally therefore it is first necessary to determine a set of
transformed lengths, corresponding to a set of ages coded at 6 monthly intervals.
It is then required to calculate the numbers of fish per unit effort in each of
these groupings.

Table 2 shows the first step in this part of the computation and gives the
cumulative catches per 100 hours fishing in each year. For example in 1961,
4755 fish per 100-hours fishing were of length 34.0 cm or greater.

Table 3 shows the lengths correspondlng to an arbitrarily chosen set of ages
at 6 monthly intervals. These have been calculated using the relationship
L = Lo (1=exp—Kt) where t is an arbitrary age ie t has been omitted from the
Bertalanffy formula so that the ages given are purely grbitrary with reference to
origine

For these calculations values of Lo = 97 cm and K = Q.1 have been adopted.

It should be noted that these are not the values of L and K normally
used for Faroe haddocke. This is because L» and K are normally determined.from
a relationship between mean length and age. For this analysis what is required is..
is the relationship between mean age and lengthy which is not necessarily the same
thinge The values adopted are ones that appear to be appropriate .for Faroe haddock,

Table 4 shows the cumulative catches per 100 hours fishing corresponding to
the transformed lengths. These have been obtained by interpolating between the various

values in Table 2. = For example for 1961, the number of fish 28.6 is calculated
from the data in Table 2 as follows. ,

(5770)(0.4) + (5704)(0.6) = 5730
It is assumed that linear relationship is sufficiently good for this purpose.
Table 5 shows the catches per 100 hours fishing in the transformed length

groups.  For example for 1961 in the length group (28.6-32,0 cm) the value of 499
comes directly from the values in Table 4, ie

499 = 5730 = 5231 etcs
Table 5 also introduces the coded ages 1=~15 to correspond to the 15 length groups.
Table 5 shows the basic data transformed in such a way that the numbers correspond

to numbers in 6 monthly time periods.

Preliminanx_estimates of survival rate

Table 6 shows the first estimates of the survival rate (S) and the mortality
rate (Z) determined from the transformed data in Table 5. Note that because the
data are coded into 6 monthly periods, the 1962 data have to be offset by two
intervals with reference to the 1961 data. Estimates of survival rate can then
be determined from the ratios of pairs of values as shoun. For example for the
coded ages 1-3 the annual survivael rate = 1833/499 = 3.67

This corresponds to a negative instantaneous total mortality rate of =1,30.

These estimates of mortality increase from negative values for the smallest
fish to positive values for the larger fish.

Corrected estimates of mortadlifyreate. . ..

On the assumpiion that the change in mortality with age is due to a change
: 3




in fishing mortality with length, the method described by Jones (1964) has been
adopted for correcting the values of Z given in Table 6. Since the latter relate
to 6 monthly intervals rather than 12 monthly intervals it is necessary to modify .
the method given by Jones (1964) and this is dome in the appendix, Computational
details are given in Table T

Input to Table 7 consists of the values of Z' from Table 6. These have been
entered in Teble 7 in the form (Z,? = M) assuning a value of 0.2 for M. Also
required are values of F correspording to the two oldest length groups (coded ages
14 and 15) ahd these have been assumed to equal 0.245. :

The computations follow directlys. For example consider the first row,
for which t = 13, At first it is necessary to calculate the value £ F (15) = 1n . F(15)
this cen be determined with the aid of Table 3 in Jones (1964) using the value of
0.245 for F(15)s The result is cqual to 1.530. A value of Q, then follows from

A value of F(13) then has to be chosen to satisfy the relationship
#7(13) + 1n F(13) = ~1.735

This can be determined with the aid of Table 3 in Jones (1964) and gives a value for ‘
F(13) of 0,16« This is entered in 3 places in the table ic under F(t) in the row

for which t = 13; under F(t+1) in the row for which t = 12; under F(t42) in the

row for which t = 11. By repeating this procedure the table can be complected and

values of F(t) ¥btHinedofor each coded age.

Table 8 shows the corrected estimates of F and Z in units of instantaneous
ammual valuese The lengths given relate to the lengths at the mid points of the
transformed groupingse ic for the first groupi-

(2806 + 3200)/2 = 3003

The values of F are amual values and thus are equal to twice the values
obtained in Table Te Alsoy Z = F + 0.2

Table 9 shows a cbmparison of the values of F obtained by this method with
those obtained by a conventional virtual population analysis applied to the numbers
landed, grouped by age groups. For comparative purposes it is necessary to group
the values obtained in Table 8 according to real age and this has been done in Table 9. .

Column F(1) shows the values obtained in Table 8, while column F, shows mean
values grouped according to real age.s Column F2 shows the values obtained for the
year 1961 by virtual population analysis from AnSn 1975. Apart from the valucs
for the largest fish, the agreement is good. In any event it should be noted that
the length composition values were derived only from length compositions of haddock
landed by Scottish vessels whereas the virtual population analysis was based on the
age composition of haddock landed by all countries. There is reason therefore not
to expect perfect agreement and the results in Table 9 are given sinmply to show that
there appears to be no serious disagreement between the two methodse
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Fig2 Showing the transformation to
length and coded age
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