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Introduction
A number of methods are available
with the help of which total ",ortality
(Z) can be estimated from lengthfrequency data. Thus, i t is possible to
obtain reasonable estimates of Z from
the mean length in a representative
sample (Beverton & Holt 1956), or from
the slope of Jones' (1981) cumulative
plot.
These, and other methods for the
estimation of Z are reviewed in Pauly
(in press).
In the following, a variety of
approaches for snalysing lengthfrequency data are presented which
represent the functional equivalent of
[age structured] catch curves; these
"length-converted catch curves", as I've
chosen to name them, are built around
, assumptions similar to those involved in
age-structured catch curves.
However,
the wider availability and the ease in
collection of length-frequency data in
the tropics and elsewhere should make
len g t h - con ve r ted cat c h cur ves pa rt icularly useful for stock assessment.
The following account shall be limited to animals whose mortality (Z) can
be described by the equation
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where N
is the initial number and
N
is thOe number of animals surviving
a~ter time t; also, this account shall
be limited to animals whose growth can
be described by the von Bertalanffy
Function (VBGF), which has the form
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where l
\ is the asymptotic length, K
00
a constant and t
is the "age" the anio
mal would have at length zero if theY
a)
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had always grown in the manner described
by the equation (as will be seen below,
t
is not needed at all in lengtho
converted catch curves).
Age struc'tured catch curves essentially consis.t of a plot of the natural
logarh,thm of the number of fish in various age groups (N) against their corresponding age (t), or
log N
e

=a

+ bt

••• 3)

Z being estimated from the slope b,
(with sign changed) of the descending,
right arm of the plot.
The following assumptions are
involved in th~s procedure:
Z is the same in all age groups
included in the plot,
all age groups used in the plot
were recruited with the same
abundance (or recruitment fluctuations have been small and of
random character),
all age groups used for the computation of Z are equally vulnerable to the gear used for
sampli ng,
the sample used is large eno,ugh
and covers enough age groups to
effectively represent the average population structure over
the time considered.
(See Beverton and Holt 1956, Ricker 1975,
Chapter 2)
A major disadvantage of the agestructu!ed catch curves represented by
equation (3) is that they cannot be used
in conjunction with animals that
cannot be aged individually (e.g.
shrimps, lobsters, some molluscs).
"length-converted catch curves", as
will be shown below, allow for the use
of catch curves with such animals; moreover, the method, being based solely on
1 eng t h-frequency samples, allows for the
use of very large samples without cons-
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truction of age-length keys.
The estimation of Z from a lengthconverted catch curve involves the following steps:
pooling of individual length
frequency samples into a single,
large length-frequency sample
representative of the population
for the period under consideration (normally 1 year).
construction of the catch curve
proper, using the large sample
above and a set of growth parameters (see below),
estimation of Z from the
descending right arm of the
catch curve.
Pooling of length-frequency samples
(e. 9 . , of monthly samples) over a longer
period of time (at least one year) is
par tic u 1 a r ly needed in short-li ved fish
and shrimps, because their whole popu1 a t ion structure is affected by seasonal
"pulses" of recruitment (generally one
or two per year).
Also, to prevent a
sin g 1 e 1 a r g e r (m 0 nth 1 y) sam pIe fr om
unduly affecting the total (annual)
sam pie, the various samples may be gi ven
the same weight, by conversion to percent length-frequency samples, prior to
adding to obtain a single, overall
sample.
[Numerous alternatives to a
scheme where each sample is given the
same weight are possible; for example,
i t mig h t b e m0 rea p pro p ria t e tow e i gh t
the samples by the square root of their
si ze when fishery catch is not known, or
by the catch, when it is known (H.
Lassen, pers. comm.).
However, empirical studies concerning appropriate sample sizes and weighting factors for
length-converted catch curves are still
lacking.
Table 1 is given here to suggest sample sizes which at present
seem appropriate.]
There are various methods by which a
length-converted catch curve may be constructed.
Common to all, however, is
t hat they must account for the fact thaL
fish growth (in length) is not linear,
but slows down as length increases.
This slowing down has the effect that
older size groups contain more ~
groups than younger size groups do.
Or put differently: i t takes large
fishes longer to "leave" a certain size

group, they "pile-up" (Baranov, as cited
in Ricker 1975) in the size classes
pertaining to old, large, slow-growing
fish.
Correcting for this effect is
rather straightforward, and four
methods by which this can be achieved
are presented here.
A first approach,
analogous to, but improved over some of
those discussed in Ricker (1975,
33
and 60-64), consists of multiplying the
number in each length class by the
growth rate (dl./dt) of the fish in
that class.
ThIs results in a catch
curve equation of the form

P.

log [N.(dl~/dt)] = a+bt'.
e ~
•
~
wher~

••• 4)

growth rate ~nd
cor'responding to
l~ngth class i, respectively. In practice (dl./dt) can be estimated from
the VBGF~as the growth rate pertaining
t o t hem e d ian 1 eng t h, 0 r " mi dIe n g t h "
(L.) of length class i , while t ' is
e~timated as the r e l a t i v e age
corresponding to the midlength of class
i, as estimated from
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"Relative" ages are used here
because using t
(which leads to
absolute ages) is n~t necessary in conjunction with catch curves, where Z is
estimated from a slope.
A useful property of equation (4) is
that it allows for readily estimating
the bias caused by not accounting for
the "pile-up-effect" mentioned above.
This is done by first rewriting equation
(4) as
log N
e

= a+bt'-log e (dl/dt)
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Now, in terms of the VBGF, the growth
rate can be expressed as
Log dl/dt = log (K

~-==""e,,-._
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where K, L a n d t
are parameters
Q)
. 0
of the VBGF, and t' ~s the age corresponding to a given midlength.
Inserting
(7) into (6) and rearranging gives

,

,

log N :
e

up effect by simply adding K to
their (biased) estimate of Z
(see e.g., Berry 1970, Nzioka
1983),

a+bt'-log KL
-Kt'+Kt
e
00
0
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This equation, it will be noted, has
3 constant terms with regard to the variables
Nand
t',
namely a,
) and Kt •
log (KL
Since Z in
co
o
·
(4) .1S es t·1mated
equaet 10n
as a slope,
these 3 constant terms can be grouped
into one single new te,rm (a') which
becomes the intercept of a new equation
for a length-converted catch curve, i.e.

the estimation of Z from a
length-converted catch curve
becomes simpler, since one can
first
ignore the "pile-up"
effect, then compensate for it
by adding K to the absolute
value of the curve's slope.
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K is not known, equations such as
and (9) can still be used; in such
cases, a value of 1 (one) should be used
instead of K in equation (5), used for
computing the relative ages.
The slope
of the catch curve, with sign changed
will then be equal to (Z/K) - 1.

When

log N :
e

a' + (-K + b) t'

(4)
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Therefore, total mortality (Z) can be
estimated from the slope - with sign
changed - of equation (9) plus K, or
-b+K:Z
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I t follows from this that the bias
resulting from the non-consideration of
the pile-up effect (Le., resulting from
using
log
N
instead
of
e
log (N
d1I dt ) a s
0 r din ate
0f a
e
length-converted catch curve) is equal
to K.
Two practical applications of this
finding come to mind:
i - i t becomes possible to correct
a posteriori biased values
of Z obtained by various authors
who didn't account for the pile-

Another type of length-converted
catch curve is defined by the equation
In N./ At.
1

1

:
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1
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~here

N. and t.
are defined as in
equatio': (4), a1nd where
At. is the
time needed on the average by the fish
to grow through length class i (Pauly
1982, 1983, Gulland 1983). The value of
At. is estimated from
1
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where L a n d L
are the lower and
upper lImit
length class i,
respecti vely.
Thus, equation (11) accounts for
the pile-up effect through division of
the N. values by
At., the inverse
~
~
o f t h e g row t h rat e s by wh i c h the N.
values are multiplied in equation (4)~
Hence equation (11) is a slightly
modified version of (4), and its
pro per tie s e. g ., wit h reg a r d t 0 no t
accounting for the piling-up effect are
the same.
Equation (11) was discussed
previously in Pauly (1982,1983) and
Gulland (1983).
fig. 1 gives an example
of such catch curve, based on the data
in Table 2.
The criteria for the selection of
th e points to be included in the estimation of Z are
- as in age structured catch
curve, the points belonging to
the ascending, left arm of the
curve must not be included
because they represent incompletely selected and/or incompletely recruited animals,
therefore the first point to be
included (P
in fig. 1) should
generally bl the point imme-
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Fig. 1. Length-converted catch curve for banded grouper in the Visayan Sea, Philippines (based on data in Table 2).

diately to the right of the
highest poi nt (which generally
wi 11 still be affected by incomplete selection and/or recruitment),
points should be deleted that
were obtained through conversion

from lengths within 5~ of L ,
co
as their relative age will tend
to be overestimated, and
points based on a few fish only
(e. g. less than 5 may be omitted
when they do not fit along the
s t r a i g h t part of the catch
curve.
P. Sparre (pers. comm.) derived a
length-converted catch curve which
corrects for the non-linearity of
equations (1) and (2) and for the fact
that some mortality occurs within each
length class and which has the form
log (N.!(l-e
e 1

(-Z
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At )
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t
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where N. and
At. are defined as
l
above, 1 t .
IS th e re 1 a t ·Ive age
J.
correspondIng to the lower limit of
length class i and where Z. and Z.
are initial, and improved es~imatesJtif
Z, 'respectively.
Equation (13), which can be solved
only iteratively (i.e. using a first
guess of Z, then improving it success i vel y), has the defi ni te advantage that
it was derived rigorously, and uses none
of the approximations involved in the
other types of length-converted catch
curves.
Nu mer 0 usc 0 mpar i son s 0 f Z val ue s
obtained through equation (13) with
estimates of Z obtained through equation
(4) and (11) showed, however, that
equations (4) and (11) usually
underestimate Z by less than l~ when the
available length-frequency data are
arranged in a reasonably large number of
classes (say> 10).
The most useful
aspect of equation (12) is thus that i t
j u s t i f i e s the use of the simpler
equations for most routine situations.
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a) This manual, which was announced
somewhat prematurely in the ICLARM
Newsletter and elsewhere has been
reviewed externally and completely
revised.
It is now definitely "in
press" and will become available in the
first half of 1984. This contribution
was extracted from Chapter 5 of the
final draft.

