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In a previous contribution (Jones 1974) a method was described for analysing
length composition data using a oohort analysis teohnique. One of the assumptions
underlying the method is that one is dealing with a stable J.ength oompostion
such as one would expect if there were no variations in year class strength,
growth rate, or mortality rate. To allow for the variations that ooeur in
practice it is prefera.bly to restrict this method to average length compositions
from samples oollected over a number of yeara.

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

Basio Theory

Aß in the previous paper the underlying assumption i6 that the growth of
individual fish can be desoribed by Bertalanf~~cuxyes. It is here assumed that
Loo and K are lalown (01' assumed) but that it is not necessary to know the value
of t •o

..

The underlying assumptions can oonveniently be illustrated with reference
to the four diagrams in Figure 1. These show four .ways of drawing the growth
curvee of individual fieh. Figure 1A shows the relationship between tieh length
and real time. Beoause of the variations in the time of spawning and in growth
during the pre-reoruit stage" individual fish ItI83 attain lengths in the length
range L1-L2 for example over the period of real time a-'o.

Figure 1B shows the relationship between length and real a.ge. Again fish may
attain lengths in the range L -L over aperiod a-b. However be98.~e variations
due to time of spawning have iee~ 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 partieular situation where all fieh' grow according to Bertalanffy curves~vith

the same values of L coand IC. Rere. each fieh is given a relative age of zero,
at some arbitrary length L. Each ind.ividual will attain a length L

1
at Borne

relative age a,and some later length L
2

at a subsequent relative age b. 'The real
time required to grow from L1 to L2 . iEl .":iven by the, difference (b-a.) a.nd this m8\Y
be calculated di,rectly from the Berta.1lU1tfy C~e :i~ L co- L ~

(b-a) =tIn ( 11

(T~ - L2 )

In practice there will be variations in the values of K a;nd Lco for

1.
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individual fish and so the ra1ationship bet~reen 1ength and relative age is
more 1ike1y to be 80S depicted in Figure 1D. Neverthe1ess it is assumed that
the interval .(b-a) using this method of representation will be smaller than in
either figures 1A and 1B. Also if i t is assumed that indiiiiduals first attain
80 length L

j
at 80 m~an relative age ä and attain the !e~~h L2 . at a subsequent

mean relat1ve gae b then, to 80 first approximation (b-a) in Figure 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 trom one length to another
by making certain assumptions about the under1ying growth rate. 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 on1y in their real time
of origin. If the interval of relative age ('0-80) is made exactly equa1 to one
year then a fish will require exactly one year to grow from a 1ength L

1
to 80

length L2 • Given abundance estimates, such as estimates of catch per unH effort,
for fiah of Lengths L and L

2
an estimate of survival rate should then be

obtainab1e direct1y d'om the ratio of the munbers at these tl'IO lengths.

In practice, numbers at each 1ength are necessarily grouped. It is
necessary therefore to a110w for the fact that the appropriate size of the grouping e
interval will change 80S the fish grow. For examp1e suppose that at a certain
time there is a certain number of fish in the 1cm 1ength group trom 31.0 - 38.0 cm.
Suppose also that during the course of the year fish of 31.0 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 em. In fact they would be expeeted to grrJW to something rather less
such as 42.135 em. In that case to provide an estimate of survival rate it would
be necessary to compare the number of fish/uni t effort in the interval 31-38 cm
at one time with the number/unit effort in the interval 42-42.85 cm 12 months
1ater. Computationally this adds a number of steps to the ca1culations'A!ld
details using Faroe haddock data given in Tables 1-6. These oa1culations lead
to estimates of survival rate which are based on the ratios of catches per unH
effort of comparable groups of nsh at 12 monthly intervals • ' ,

For many speeies, including Faroe haddoek, H i6 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 80 virtua1 population
analysis or 80 modification of this type of analysis. In this instance 80 method
of correcting survival rates described by Jones (1964) 6eems appropriate', a.nd e
Tab1es 1-9 give the necessary computationa1 steps for the application of this
method to the preliminary estimates of mortality rate in Table 6. ,Some modification
of the method has been necessary and theoretical details are given in the appendix.

Transforming the data (Tab1es 1-5)

Tab1e 1 shows the basic data. It relates to the catches of Faroe haddock
on two occasions 12 months apart, ie January~,mch 1961 and JanuarY~Ira.rch 1912.
These relate to the catches per 100 hoUI's fishing by Scottish· commercia1 vessels
a.nd ,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 a.dopted is illustrated in Figure 2.
Firs.t eoded ages are adop"ted with respeet to the rEüative age seale such that there
is an integer number of eoded ages corresponding to any one year of real time.
In this example, 6 month1y 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 aseries of lengths L

1
, L2 ete 80S shown in Figure 2. Sinee the coded ages

relate to 6 monthly intervals, alI fiah with lengths between L
2

and L
3

cm for

2.



,.
example, in one year should grow to become members of the length group (L

4
- L

5
·),

12 months later, etc.,

Computationally therefore i t 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 number~ 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 s
4755 fish per 1O~- hours fishing '\tTere of length 34.0 cm or greater.

Table 3 shows the lengths corresponding to an arbitrarily chosen set of ages
at 6 monthly intervals. These !lave been palculated using the relationship
L = Loo (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 &bitrary' with reference to
origin.

For these calculations values of Loo = 97 cm and K = 0.1 have been adopted.

It should be noted that these are not the values of Loo and K normally
eused for Faroe haddock. Tnis is beeause Lc;;, and K are normally determined. f'rom

a relationship ·between mean length and age. For this analysis uhat is required iS'~.

is the relationship between mean agc and length, which is not necessarily the same
thing. The values adopted are ones that appear to be appropriate ·for Faroe haddoclc.

Table 4 shows the
the transformed lengths.
values in Table 2. For
from the data in Table 2

cumulative catches per 100 hours fishing corresponding to
These have been obtained by interpolating between the various

example for 1961, the nluuber of fish 28.6 is calculated
as folIows.

499 = 5730 - 5231 etc.

(5770)(0.4) + (5704)(0.6) = 5730

It is assumed that linear rele.tionship Ls suf'ficiently 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; ve.lues in Table 4 ~ ie .

e
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 w-c.y that the' numbers correspond
to numbers in .6 monthly time pe·riods.

Prelimin,(3XY estimates of survival rate

Table 6 shows the first estimates of the sl~val 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 "dth reference to the 1961 data. Estimates of survival rate can then
be determined from the ratios of pairs of values aB shown. For example for tha
coded ages 1-3 the annual survival rate = 1833/499 = 3.67

This corresponds to· a negative .instantaneous total mortality rate of -1.30.

~1ese estimates of mortality increase:from negative values for the smallest
fish to positive.values for·the larger fish.

porreeted estimates of mortaltiyrnate~

On the assumption that _~he 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. Sinee the latter relate
to 6 monthly intervals rather than 12 monthly intervals it is neeessary to modify:.
the method given by Jones (1964) and this is doue in the appendix. Computational
details are given in Table 7.

Input to Table 7 eonsists of the valuos of Z' from T~ble 6. These have been
entered in Table 7 in tho form (Zt' - M) assuoing a value of 0.2 for M. Also
required are values of F eorrasponding to the two oldest length groups (coded ages
14 and 15) aDd these have been assumed to equsl 0.245.

The computations follow directly. For example consider the first row,
for which t = 13. At first it is necessary to calcul,/?-te _the value t F (15) - In ' F(15)
this C2.!l be determined with the aid of Table 3 in J onefk '''( 1964) using the value of
0.245 for F(15). The result is equal to 1.530. A value of ~ then follows fro~

~ = 0.04 - 0.~5 - 1.530 = -1.735

A value of F(13) then has to be chosen to sutisf,y the relationship

~(13) + ln' F(13) = -1.735

TJ:lis can be determined with the aid of Table 3 in Jones (1964) and g.i.ves a value for _
F(13) of 0.16. This is entered in 3 places in thG table ie under F(t) in the row
for which t = 13; under F(t'+1) in the row for whieh t = 12; under F(t+2) in the
row for which t, = 11. By repeuting this proeedure the table ean be eomplGted and
valuGS of F~t) ~btl13meCl:O'ßor eaeh codGd age.

Table 8 shows the corrected estimates of F and Z in units of instantaneous
annual values. Tbe lengths given rolato to the lengths at the mid points of the
transformed groupings. io for the first group:-

(28.6 + 32.0)/2 = 30.3 "

Thc values of F are annual' values and thus ure equal to twico the values
obtained in Table 7. Also, Z = F + 0.2

Table 9 shows·a cb6parison of the values of'F'obtained'by this' method W1th .
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. e

Column F(1) shows the values obtained in Table 8, while column F~ shows menn
values gTouped according to real age. Column F

2
shows the values obtaJ.ned for the

year 1961 by virtual population analysis from Anon 1975. Apart from the V2.lues
for the largest fish, thc agreenent is good._ In any event i t should be noted that
the length composition values were derived only from length compositions of ha.ddoek
landed by Scottish vessels whcreas the virtual population analysis was based on the
age composition of haddock landed by ull countries. There is reason therefore not
to expect perfect agreement and the results in Table 9 are given simply to show that
there appea.rs to be no serious disagreement betwcen thc two methods.
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Fig 2 Showing the transformation to
length and coded age
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