basic parameters, C, the ratio of L
(the length of first capture) to L N
(the asymptotic length) in the von
Bertalanffy growth equation, and the
ratio F/M, the ratlio of fishing to natu-
ral mortelity . Different tables are
given for different values of M/K (the
ratio of natural mortality to the parame-
ter in the growth equation describing
the rate at which the fish approaches
itse asymptotic length). This form of
presentation is particularly appropriaste
when some of the new length-based modifi-
cations of the treditional age-
structured models (e.g., those of
Bevertaon and Holt) are being used, since
these often give results in terms of the
ratios of parameters, rather than abso-
lute values.

Table 1 gives, for sets of values
of C and M/K, the values of F/M corres-
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ponding to the maximum yield per recruit
(F/M) AX (shown by an asterix is the
Bevergon and Holt tables) and to the
point where the marginal yield per
recruit, ie 10% of the value at very low
fishing intensities, (F/M)° .

The latter values are insensitive
to veriations in M/K, though increasing
with increasing values of C, i.e., the
largecr the fish are, as a proportion of
their maximum length, the moce it pays
to fish hard. The table also tends to
confirm a rough rule of thumb that the
optimum fishing intensity is around the
point where fishing and natural morta-
lity are equal.

References
Beverton, R.J.H. and S.J. Holt. 1964.
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Table 1. Target rates of fishing, expressed as the ratio of fishing to natural mortality according to different criteria
{MSY or Fo.1 ), and ditferent combinations of natural parameters.

(F/M)Msy {FIMYg 4
C M/K 0.5 1.0 1.6 2.0 0.6 1.0 1.6 2.0
0.3 1.22 1.00 1.00 1.22 0.80 0.68 0.65 0.68
04 1.50 150 1.60 1.86 0.80 0.80 0.80 0.82
08 186 1.86 233 4.00 1.01 0.96 0.88 1.04
08 233 3.00 6.687 + 1.16 1.16 .12 1.21

ESTIMATION OF NATURAL MORTALITY
RATES FROM SELECTIVITY AND CATCH
LENGTH-FREQUENCY DATAY

J.L.

ICLARM, P.O.

by

Munro

Metro Manila,

In conventional catch curves, the
logacithms of the relative abundances of
successive age groups are plotted
against age, in order to obtain an esti-
mate of the total instantaneous morta-
lity rete, 2, from the slope af the
descending right hand srm of the plot.,
Values to the left of the descending arm

a)
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of the graph, reflecting catches of in-
completely retained fishes are ignored.
Pauly (1982, 1983) hes described
how length-~frequency distributions can
be converted to asage-~structured catch
curves in which the observed frequencies
in successive length groups are divided

by the time required for o fish to grow
through each length group and plotted
against the estimated ages of the mid-

1"



points of succeasive length groups.
from the slope of the resulting length-
.converted catch curve, an estimate of
is derived. This value is compounded of
the fishing mortality rate (F) generated
by the gear in question plus the natural
mortality rate (M). Usually, this
method is applied only to length groups
which are larger than the size (L') at
which the fishes become fully retainable
by the gear snd is inapplicable to gill-
nets and other gears which exhibit a
bell -shaped selection curve or ta length
groups which are within the selection
ogive of gear such as trawls.

The method now proposed is based
upon the premise that for any fishing
gear, the catch (N) of easch successive
s8ize grouup over the entire size tange
of the catch is a function of the proba-
bility of retention (P) of that size
group in the fishing gear and the
relative sbundance (A) of that size
group in the population. Alsa, the to-
tal mortaelity coefficient (Z.) obser-
vable between successive lengf‘.h groups
in an exploited stock is the sum of the
natural mortality coefficient plus the
product of the probability of retention,
P., and the prevailing fishing morta-
1ity coefficient (F).

Thus, for the i-th length group

Zi = M+ P F

Thus, a8 regreasfon of estimates of
Z. against P. should yield a regres-
sion of slopé F and Y-axis intercept
equal to M.

Methodology

The requirements for implementing
the method are as follows:

1. Unbiased estimates af the length
composition of the catch averaged
over a year.

2. Estimates of tne probability of re-
tention (P) at successive langths
(L), scquired independently of the
estimates of the mean annual length
composition, (See Hamley (1975)
and Pope (1975) for reviews of
vacious methods for estimating se-
lection curves,)

3. Estimates of parameters of the von
Bertalanffy growth function, Loo'
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to and K, If to

can be set at zera.

The analytical procedure is illus-
trated in lable 1 and figs. 1 & 2 by a
hypothetical example from a gill net
fishecy. The procedure is as follows:

is unknown, 1t

l. labulate the annusl average length
frequencies (N ) of the catch and
the probabilities of retention
(Pm) of successive length groups
(L") (the subscript m refers to

m° R
the mid-point of a length group).

4t

e 0
'4 16 18 2 22 24 26 28 3 32 34 36 38 ¢
Relative age (t-t,)

Fig. 1. Length-converted catch curve for tishes exploited by a single
size of gill net «n which values of logy R, = AmIAti. i+1 are plotted
against the relative ages (1, — 1,) attained at the mid-points of suc-
cessive length groups. Note the changes in slope resulting from mesh
selectivity. Data from Table 1.

Fig. 2. Regression of coefficients of mortality, Z; betwesn successive
length groups against the probabilities of retention, Pi' at the median
points between those successive length groups. Data from Table 1.
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2. Calculate the apparent relative
abundances (A) of successive length
groups within the selection curve
as A = N /P .

3. caldulate Tne ages (in years) at
the stert (t. ), mid-point (t )
and end (t ) of successive
length groups and the time required
(At ) for a fish to grow
througﬂ kach length group.

4, Divide A by At to get
the true felative abunéance (R )
of the fish in each length gro'tn:p
(Fig. 1 shows a length-convected
catch curve in which log R is
plotted against relative age
(t-to). Note the sigmoid shape
generated by mesh selectivity).

S. Calculate the survival rate between
successive length groups, S.
R /R and the annual coefti
ciné"ntsmof total mocrtality, Z

log ./ At between
successive mnd-qengt“s.
6. Plot Z against P_ to obtain es-

i
timates of F and M, using the equa-

tion Z, = P F+M, and obltain an
estimatle of H‘ (Fig. 2). Eslimate a
joint confidence region for M and

F (see any statistics textbouk).

Results and Discussion

The result of the hypothetical
example from a gill-net fishery shows
that the method will work given represen-
tative estimates of the annual average
length-frequency composition of the
catch and a good representation of a
bell-shaped selection curve or a selec-
tion ogive. However, the method is
sensitive to chance variations in catch
oc minoc veariations in catchability and
will become incceasingly so as P

approaches zero. It is suggested that
estimates of / based on values of N

amounting to less than 2% of the catch
should not be used in the regression.

An important vacriation an this
technique is possible if the estimates
of Nm, A and Rm (as in Taeble 1)
are derived from experimental fishing
with sampling gear which has a retention
range which is diffecrent from that of
the commercially-utilized gear, and if
both of the selection curves are known,
For example, if the sampling gear had a
smaller mesh 8ize than i3 used commer-
cially, the calculations in Table 1
would be the same but the estimates of
li in succeasive length groups would

Tabte 1. Hypothetical example {K = 0.5, Loo = 30, M = 1.00, F = 2.00} showing steps in derivation of estimates of total mortality

rate (Z;} from caiches (N} in successive length groups (L} by calculating apparent abundance (A,
mnlﬂm and Z; = logg S;/Atg, 1y q. See text for detanls The ages, t, of succes-

abundance Ry, = A IAtI i+1)- Survival rate S;

= Cy/Pm) 8nd true relative

sive lengths aru the ralative ages which are calculated by assigning 8 zero value to the parameter, 1, of the von Bertalanffy growth
function. The subscripts i and m refer 1o the beginning and midpoint of a length group.

t Bt Bt met
Lm L P Nm An {yr) {ys) Rm S; {yr) Z

16.0 .04 1.624
16.5 12 89 742 1.697 .148 5,004

17.0 .28 1672 .780 .154 1.63
175 43 272 633 1.781 160 3,951

18.0 62 1.833 684 167 2.27
185 .85 400 471 1.918 174 2,704

19.0 .80 2.007 588 182 283
195 97 299 308 2.100 191 1,617

200 1.00 2197 551 .200 298
205 97 182 188 2.300 21 880

210 80 2408 541 222 2.76
215 82 a3 113 2522 .236 481

220 .n 2.644 544 .250 243
225 .60 42 70 2.773 267 262

23.0 .50 29N 557 .286 206
235 40 18 45 3.059 .308 146

240 )| 3.219 521 334 2.00
245 .22 6 27 3.393 365 75

25.0 .18 3.584 666 401 1.01
26.6 09 2 22 3.794 446 80

26.0 04 4.030

April 1984
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be plotted against probabilities of
retention, P _, of successive lengths,
Li’ in the commercial gear. In such
8 case, estimates of Zi pertaining to
lengths below the retention range of the
commercial gear (where P, = 0) are
direct estimates of natural mortality M.

Putting the foregoing in & diffe-
rent form, if estimates of R , and
thus Z_,, can be obtained formlength
groups outside of (usually smaller than)
the retention range of the commercially
utilized fishing gear, estimates of the
naturel mortality rate, M, of the unex-
ploited size groups can be directly
obtained from the sample length-
frequency distributions.

Conclusion

Data which should, in theory, be
availsble in any fisheries laboratory
cen be used to obtain routine estimates
of M using this method. However, in
practice, it has proven to be difficult
to obtain suiteble data for applicetian
of the model and data sete are now
sought whereby the robustness and/or sen-
sitivity of the method might be tested.
If 8 time series of data is available,
it might be possible to document
changes, if any, in the value of M in

response to development of the fishery
and consequent changes in the composi-
tion of multi-species stocks.

I thank Dr. J.M. Hoenig for some
useful comments on an earlier draft of
this paper.
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AUTOMATIC DATA PROCESSING FOR
LICENSING AND INFORMATION MANAGEMENT
OF FOREIGN VESSEL ACCESS FISHERIES

David Evans
fFisheries Division,
Box G.24, Honiarcas,
Solomon Islands

The issuing of foreign fishing
veasel (FFV) licenses and the subsequent
collection and compilation of current
FFY fishing deta for verious purposes
are adminjstrative procedures which lend
themselves readily to sutomatic datas
processing.

In the Solomon Islands Lthere exists
a relatively complex procedure for regis-
tration of FFVs, and this is now further
compliceted by the requirement for all
FFYs to be registeced in the Regional
Register of Fishing Vessels of the South
Pacific Forum Fisheries Agency.
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Figure 1 shows the information flow
between Fisheries Division (Research and
Management) and the FFV applicant before
and during his activity in the 200
n.mile Fisheries Zone, In genersl, all
communications with the Japanese FFV
industry are by telex through one or
more of the Japanese Fishing
Associations [Nikkatusuren, Kinkatsukyo
or Zengyoren.)

A suite of programs for s Hewlett-
Packard HPBS5 desktop computer has
been developed which will process the
incoming telexed information (when
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