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ABSTRACT
A step-by-step approach is presented which uses length frequency
data to estimate at first Leo and z/K. Then, using available growth parameters
estimates on the species under investigation, a.va1ue of K is estimated which
is compatible with the value of Leo estimated previously. This value of K is
used to separqte z/K into Z and K. This approach, which allows estimation~pf M
(via Leo , K, the environmental temperature and an empirical equation derived
by the author), allows the application of the relative yield-per-recruit model
of R.J.H. Beverton and S.J. Holt and of R. Jones' length cohort analysis. fhe
limitations. of this promising approach are discussed •.
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INTRODUCTION

1.

The Workshop on Simple Analytic Methods for Stock Assessment held
by the General Fisheries Council for the Mediterranean in Sidi-Fredj, Algeria,
from 16 to 18 November 1985 in combination with the Fourth Technical
Consultation on Stock Assessment in the Balearic and Gulf of-Lions Statistical
Divisions, was intended to familiarize fisheries biologists working on the
Western Mediterranean fisheries with a selection of simple methods applicable
to the length frequency data available in the region.
These methQds were recently the subject of an international
conference (Pauly, 1985~, Pauly and Morgan, in press), and we have taken
advantage of the venue of this meeting to put into practice one of the new
methods presented at that conference.
The
work
of
participants
in
the meeting was
considerably
facilitated by programmes for HP 67/97 and HP 41 CV computers presented by the
. author (see Pauly, 1984a and Vakily and Pauly, in press). "These programmes
were not themselves the" subject of this meeting; we will not discuss them
here, apart from mentioning that they have proved their worth, as is shown by
the fact that several participants made copies of them.

DATA USED BY THE PARTICIPANTS

II.

A brief study on the data provided by the participants at the
beginning of the meeting suggested it would be preferable to group data and
participants by species groups, as follows:
1st
2nd
3rd
4th
5th

group:
group:
group:
group:
group:

Sardine (Sardina pilchardus) (see Appendix 1)
Other pelagic fishes (see Appendix 2)
Hake (Merluccius merluccius) (see Appendix 3)
Other demersal fish (see Appendix 4)
Crustaceans (see Appendix 5).

It was also decided to obtain, for a maximum of stocks, estimates
of essential parameters, namely:

LCD
K

Z/K
Z
M

F
E

Lc

= asymptot ic length)
of the von Bertalanffy equation
= growth constant
= total mortality/growth ratio (for the period studied)
= total mortality (for the period studied)
="natural mortality
fishing mortality (for the period studied)
= F/(F + M)
(exploitation rate for the period studied)
= mean length on first capture (for a specific type of gear).

5

It was also decided to use, if possible, several independent
methods of estimating each parameter. Unfortunately, this could not be done in
all cases for lack of time. A considerable amount of time was however devoted
to explaining and discussing the assumptions and limitations of the methods
presented and used.
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III.

APPROXIMATION OF LENGTH DATA REPRESENTING A STEADY-STATE POPULATION

There are many methods in population dynamics which require data
(on length or age) representative of a steady-state population, namely, one
with .. constant recruitment, fishing and natural mortality or with random
fluctuations.· Available length data being for the most part monthly data, it
was necessary to simulate a steady-state situation by grouping them into
annual averages. In most cases, monthly data had previously been expressed in
percentages to obtain an equal representation, in the steady-state sample, of
different periods (seaso~s) of the year.
In some cases, where only very fragmentary data were available,
the latter were
grouped into three-monthly or four-monthly periods before
being transformed fnto annual averages. In some other cases, data available
were simply aggregated by size. In the latter cases, samples obtained were
considered as a very approximate representation of a steady-state population
and the results must be considered as very preliminary.
Fina~ly, it may be noted here that the above mentioned conference
- on length-frequency analyses, did not provide precise criteria for the minimal
requirements as to the quality of this type of data. We think these criteria
will eventu~lly be determined by the experience of researchers, and the
comparability of results obtained.

IV.

ESTIMATION OF

L~

AND Z/K WITHOUT INFORMATION ON GROWTH

Wetherall et ale (in press) recently developed a mathematical
method for the estimation of L CX' and Z/K based on length- frequencies
representative of a steady-state population. This method, whose derivation
cannot ·be presented here, implies the following assumptions:
i)
ii)
iii)
iv)

steady-state population
growth in length of the von Bertalanffy type
negative exponential mortality
"trawl type" selection curve (p <: 1 for small fishes only)

The
length-frequencies
representative
of
the
steady-state
population are used at first to calculate the average lengths
computed
from the lower limit of each class upward (Li). The values of Li are then
plotted as a function of the corresponding values of Li, and the rectilinear
segment of the resulting curve is identified. This segment may be described by
a straight line

eLi!,

'L"1.

=

where

L~

=

and

Z/K

=

a + bLi
Q

(1-b)
b
( 1-b)

••• I)
••• 2)
••• 3)

I t should be noted that Wetherall et a1. (in press) insist on the
use of a method of estimation of "a" and "b" which weights the points by the
numbers (for lack of appropriate software, most of the values of "a" and "b"
shown in Appendixes 1 to 5 were obtained without weighting).
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It should be noted in passing that
regard to this method were:

the problems

~hich

arose with

the use by the participants of "b" values close to 1 and
truncated, ~hich resulted in divisions· of "a" and "b" by
erroneous differences;
ii)

v.

the selection of points to be included in the regression
often proved di~ficu1t, which caused uncertainties in the
estimations of L~ and Z/K.

ESTIMATION OF K ON THE BASIS OF COMPARATIVE STUDIES OF GROWTH

There are many methods of estimating L~
K and associated
parameters on the basis of length- frequencies (see revie~s in Pauly and
Morgan, 1n press).
Rather than using these methods which, for lack of time,
~ould not have produced very conclusive results, the author presented to the
participants a method for the estimation of value of K compatible ~ith given
values of L~ , based on comparative studies of fish gro~th. This method,
devised by Pauly (1979) and further developed by Munro and Pauly (1983) and
Pauly and Munro (1984), uses for length gro~th the relationship
r;l1

=

••• 4)

~here L~ is

conventionally expressed in cm (total length) and K on the basis
of one year, and ~here 'I' expresses the speed of growth (which neither K nor
L~ can express separately).

Munro
(1983), working on coral reef fish, demonstrated the
uniformity of ft' within taxonomical groups. His data, and others· which. he
examined, suggest that fd' in each species represented by a number
stocks,
~as normally distributed. This fact allo~s for the estimation of K in a given
stock (i), using:

of

••• 5)

g' is the mean value of fJ" obtained in a number of stocks of the same
species (for lack of more information one may also compute Il' from a single
pair of K and L~ values).

~here

This method is recommended for the Western Mediterranean, ~here
the growth parameters of most species of commercial interest have been already
estimated. This method, obviously can also be used to identify retroactively
mutually incompatible values of L ~ and of K, published for certain species.
This method is, finally, a logical complement to the method presented above
for the estimation of L~ and Z/K, since it can be used to estimate Z by
multiplication of the value of Z/K obtained from equation (3) by the estimate
of K obtained through equation (5), and the value of L~ obtained V1a equation
(2).
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The existence of this method should obviously
justify abandoning of original studies on fish growth,
little-studied species.

VI.

ESTIMATION OF Z USING LENGTH-CONVERTED CATCH

not be used
particularly

to
~n

CURVES

The "average" length data used for the estimation of L Cl) and K by
the methods described above do" of course, allow for the construction of
length-converted catch curves of the type described by Pauly (l984a, 1985b).
For
this
meeting,
we
length-converted catch curves, namely:

discussed

and

used

two

forms

of

(1) the better known version of which the straight part ~s described by:

=

a + b t'

where N represents the numbers
age obtained by:

1

=

t'

(1-

~

• •• 6)

(or the comparative numbers),

)

t'

the relative

• •• 7)

K

LCl)
ti the time that the animals need
where Li is the middle of the class i,
to grow from the lower limit (Lli) to the upper limit (LZi) of this class
(i) estimated by:
At
and where

Ihl

1.5

=

loge

( L
l

CXl

-LZi

CXl

-

)

L1i

• •• 8)

equal to Z.

(Z) 'the second version has the form:
loge N
where

Ihl

=
=Z

a + b t'

• •• 9)

- K

••• 10)

(Pauly, 1984a).
These methods needed much explanation as to the choice of points
to be included in the regression, in particular the ::irs't ("PIli). Broadly
speaking these methods provided estimations of Z - comparable with those
obtained by the methods mentioned above (see Appendixes. 1 to 5).

VII.

EX&~INATION

OF THE LEFT SIDE OF CATCH CURVES

Catch curves - particularly length-converted catch curves - lead
to some conclusions on "selection". A relatively rigorous method for the
estimation of probability of capture by size based on a length converted catch
curve an~ a value of M was presented by Pauly (1984a,b).
This method allmols for the derivation of a curve which is
essentially equal to a "resultant", namely, to the product of a selecti~n
curve by a recruitment (by size) curve. The values of LS O estimated by thIS
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method therefore only correspond to the values of Lc '
when the recruitment
curve does not overlap with the selection curve. We will therefore usually
have:
.~.ll)

where L c ' is a value of LSO estimated by the method of Pauly
and Lc is estimated by experimental trawling (with double cod end).

(1984a,

b)

We used here the versi~n of this method already used in a GFCM
meeting (Anon, 1982). This version is based on a simple extrapolation of the
straight line estimated by .the catch curve •. The justification for this
simplification is presented by Pauly (l984b), who demonstrated that it had
only a negligible effect on estimations of L c ' (which are, on the other
hand, directly affected by the choice of PI).

VIII.

ESTIMATION OF M

The data available at the meeting allowed for the estimation of
natural mortality of the stocks considered, based on one method only, the
empirical equation of Pauly (1980). The limitations of this method were
discussed in gr~at detail, particularly as regards:
i)
ii)

the natural variability of M;
the
"confidence
of M;

interval"

associated with

the

estimation

iii)

the problem raised by the low values
(Clupeidae and Engraulidae);

of M with clupeoids

iv)

the bias caused by high values of Leo
low values of K).

(and correspondingly

It was emphasized that the estimation of M by the Pauly equation
(1980) was only a palliative, and that the study of natural mortality ~n a
stock should start and not end with the use of this particular equation.

IX.

STUDY OF YIELD PER RECRUIT

We have used the relative yield per recruit (Y'/R) model· of
Beverton and Holt (1966) and the values of LQ) • K, M and Lc ' estimated for
each stock (some participants had values of Lc estimated on the basis of
trawling experiments).
The use of this model with fish for which the M/K is high (> 1. 5)
has shown once again the essential limitation of this model, namely, that the
maximum
Y' /R. is produced at values of E
0.5, in which case in fact) the
model "recommends overfishing". This author recommends as a palliative the
definition and use of a concept analogous to the "FO.I" of Gulland and
Boerema (1973»
the "EO. 1" , Le. the value of E which produces a slope of
Y'/R equal to 1/10 of the slope at the origin. Appendixes 3 and 4 present an
application of this new concept.

>

>.
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X.

COHORT ANALYSIS APPLIED TO LENGTH FREQUENCIES

Length data weighted by catches were available during this meeting
for sardine
(Sardina pilchardus) and hake (Merluccius merluccius)
(see
Appendices 1 and 3). The method of Jones (1979) was applied to these data.
The cohort analysis method, like the methods discussed above,
assumes a steady-state population; this assumption is probably not valid in
the case of available data. The results of cohort analyses presented in
Appendixes 1 and 3 are not, therefore, very conclusive.

XI.

SYNTHESIS OF RESULTS, AND FURTHER STUDY

An attempt at synthesis was made by each group but· it must be
admitted that the time available to participants was not enough for a detailed
analysis of the data presented in Appendixes 1 to 5.

It is therefore desirable that participants be encouraged to carry
these studies further on their return to their respective laboratories.
For his part, the author would like to contribute to these
efforts, particularly by inviting participants to become members of the
Network of Tropical Fisheries scientists (to whom the newsletter "Fishbyte" is
distributed free of charge by ICLARM, with the support of FAO) and by
sending to interested researchers copies of all the references mentioned hereafter (apart from books).
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