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ABSTRACT

This selection of methods is based on lectur~ notes used at a FAO/DANIDA training

course held in Mombasa, Kenya, in May-June 1980. The methods presented are: .

regression and correlation, estimation of growth parameters from length-frequency data,

estimation of mortalities (total, natural, fishing mortality) and analysis of catch and
effort data.

:',

,;

Only methods that are inherently simple and applicable in the tropics are discussed

detail while more advanced concepts such as the distinction between different forms

overfishing, stock-recruitment relationships, multi species interactions are introduced

the form of an essay. A brief annotated bibliography of tropical fish stock assessment
included.
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FOREWORD

The present report provides an introduction to the methods of stock assessment parti-

cularly tailored to the needs of fisheries workers concerned with the complex resources of

the tropical and subtropical areas of the world. In adapting existing methods (largely

developed in the temperate and cold temperate regions of the world) for use in. the tropics,

the author has attempted to illustrate the main principles in as simple and direct way as

possible, drawing upon concrete examples from actual published fishery data.

The text of this paper is taken, largely unchanged, from the notes of the lectures
given by the author at the FAO/DANIDA Training Course on "The Methodology of Fisheries

Science (Biology)", held from 19 l1ay to 14 June 1980 in the Kenya Marine_.Fisheries Research

Institute (KMFRI) in Mombasa, specifically aimed at an audience drawn from countries border-
ing on the Western Indian Ocean. This text is an improved version of FAO Fish. Circ. No. 729.

The course followed the usual FAO format: a brief, streamlined exposition of the main

points of the subject-matter was followed by roundtable discussions and wo~ked examples dur-

ing.which the pros and cons of the different methods and pitfalls in their application were

explained fully. The worked examples used in the course are given in the text of the lecture,

and it only remains to point out to the student reader that the. application of any method

(especially a 'short-cut' method) should not ignore the princip!es underlying the app1ica-

tion.of scientific methods in mar~ne science.

These principles may be briefly summarized by four questions which the worker should

ask himself or herself before and during the course of the analysis:

1. Were the basic data used in the analysis collected following statistically valid pro-
cedures?

2. Are the basic data in accordance or conflict with what else you know about the popula-
tion or species in this or other areas?

3. In carrying out the an1ysis, have you followed statistically valid procedures in either
selecting the data to analyse, or in interpreting the data?

4. Once again, are the results in general accord with the known biology of the species?

If all these questions are asked before and during the analysis, then the results o{ a

particular procedure may be viewed with the appropriate degree of confidence, particularly

if the assumptions underlying each method are understood and borne in mind at all times.

J. F. Caddy
FAO, Rome

February 1983
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1. DECK SAMPLING AND CATCH RECORDING PROCEDURES

The following steps pertain to methods for sorting the catch of a fishery research vessel

such that the catch composition, both by weight and number of each species (group) can be
established.

Step 1

Step 2

Step 3

Step 4

Step 5

iJ.
.1

Step 6

"step 7

Step 8

Remove all sea snakes and other venomous or otherwise dangerous animals. Also
remove turtles, and if alive, return these to the sea. Record number and kind
of animals removed.

Remove inorganic debris and plant material. Record type of material removed.

Remove the larger fishes that are readily visible and place them in a box.

Wash the remainder of the catch (of small fish) if necessary, and mix with shovels.

Put the mixed catch in boxes, while continuing to remove larger fishes and putting

them in the box mentioned in Step 3. The boxes should be filled simultaneously,

not one after the other, and it should be made certain that all boxes contain the

same weight of fish.

Count the number of boxes with small fishes and record.

A rule of thumb is to take one box out of every five at random for subsampling.

Record number of boxes taken for subsampling as Bl' B2' B3' etc. .

The box(es) taken for subsampling is (are) then treated as follows:

weigh the total catch in Bl and record;

place fish of Bl on a sort1ng table and sort to species level as far as food
fishes and valuable crustaceans (e.g., shrimp) are concerned, and to taxonomic

groupings as well-defined as possible (e.g., genus, family, etc.), for the other

groups (the non-edible fishes and miscellaneous crustaceans);

repeat procedure, if appropriate for the other boxes (B2, B3' etc.).

Step 9 If more than one box were sorted, compute, for each species (or higher taxonomic,

group) the total weight and number in all sorted boxes.

Step 10 Multiply the numbers and weight of fishes and invertebrate by species (or higher

taxonomic group) by the ratio of the number of unsorted to sorted boxes. '

Step'll Weigh and count the larger fishes mentioned in Steps 3 and 5, by species (very large

fish should be weighed individually and measured).

Step 12 Add, when there is an overlap (when the fishes of a certain species occurred both

in the sorted boxes of small fishes and in the large fish box) the weights and num-

bers obtained in Step 11 to the weights and numbers in Step 10.

Step 13 St~p 12 (as well as Step II, when there is no overlap) provide estimates of total

catch, both in weight and number, by species or higher taxonomic groups. Record

the totals, both in weight and numbers into an appropriate fishing log and convert

to catch per hour if fishing time was less or more than one hour. During surveys,

this step-.must-be completed after each haul, or every eveningat-'the-Iatest, to-------

preclude loss of information.

Step 14 In addition to catch sampling, identifying and recording, the work of the fishery

biologist generally includes among other things:

collecting length frequency data;
collecting miscellaneous biological information on the fish caught, e.g., concern-
ing their weight and maturity;

II.,' ,., ~"..,.-w(~ P't:rT~''''C~'r L .~~~~~

~
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collecting and preserving specimens for further studies onshore;
collecting oceanographic data.

The methods generally used for the various activities in Step 14 are discussed in details

in various manuals available "from FAO, e.g., in Holden and Raitt.(1914).

Tbe procedure outlined here is adapted from Losse and Dwippongo (1977).

2. STATISTICS: REGRESSION AND.CORRELATION

Introduction

The work conducted by fishery biologists generally requires a fair amount of statistical

analysis and most courses in fishery biology therefore include elementary statistics, at
least.

Most often, however, lack of practice causes one to forget what was learnt, which results

in a very valuable too~ remaining underutilized.

This note aims at briefly recalling two very powerful statistical techniques - regres-

sion and correlation analysis - and to indicate some of their most common fields of applica-

tion by fishery biologists. .

Linear Regression

Put simply, linear regression is a technique for quantifying the relationship that can

be seen when a scatter diagram involving two variables is drawn (Figure la), which relation-

ship being summarized by a "best fitting" equation of the form:

y.= a + bx (1)

In this equation, y represents the" coordinate values along the vertical axis of the graph
(ordinate), while x represents the coordinate values along the horizontal axis (absissa).

The value of "a" (which can be negative, positive or equal to zero) is called the intercept,
while the value of b (which can be negative or positive) is called the slope or regression
coefficient.

Table 1

Data set for calculating a regression (a and b) and correlation coefficient (r)

The procedure to obtain values of a and b for a given set of y and x data pairs (such
as in Figure 1 and/or Table 1) is as follows:

--"__;0.."""" ,~ ? '-"'111,- 1'I'.Y1II , ~--~~.~:i -"I'''~ III
~; ~.

- -- ----

Number x-values y-values Number x-values y-values

1 9.0 0.50 7 6.7 1.00

2 9.4 0.50 8 8.4 0.50

3 7.4 1.23 9 8.0 0.50

4 9.7 1.00 10 10.0 0.50

5 10.4 0.30 11 9.2 0.50

_.__6._ 5.0 1.50 12 6.2 1.00--___._n_____.

13 7.7 0.50
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A scatter diagram (or scattergram) of x. y values. Note that y generally
decreases as x increases. suggesting negative regression and correlation
coefficients (based in. Table 1).
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Step 1 Compute, for each pair of y, x values the quantities x2, y2 and x'y.

Step 2 Compute the sums (E) of these quantities for all x" y data pairs, along with the
sums of the x and y values. The results of Steps 1 and 2 should look similar to
this:

Step 3 Estimate the slope (b) by means of the relationship

b = Exy - (Ex)(Ey)
n

. '" 2 (,"-2
"LX"-~

n

(2)

Step 4 Estimate the intercept (aY by means of the relationship

a = r~ - (b . EX)]In n (3)

Using values of "a" and "b" obtained by means of Equations. 2 and 3, one then can draw

through the points of a scatter diagram the best fitting straight line and visually assess

if the points are well "explained" by the line (Figure lb).

Correlation

Correlation analysis is closely related to regression analysis and both' can be viewed,

in fact as two aspects of the same thing.

The correlation between two variables, is, again put in the simplest terms, the degree

of association between two variables. This degree of association is expressed by a single

value called a correlation' coefficient (r), which can take values ranging between -1 and +1.

When r is negative, it'means tQat one variable (either x or y) tends to decrease as the other
increases - there 'is'a "negative correlation~1 (corresponding to a negative value of b in

regression analysis)~ When r is positive, on the other hand, it means that the one variable

increases with the other (which corresponds to a positive value of b in_regression analysis)~

Values of r are easily computed for a set of x, y data pairs, using the same table anQ
sums as shown in Step 2 of the "regression" section of this note. Thus.r can then be
obtained - indirectly - from the relationship

- - - - --

Number of 2 2
x.yx x y y

data pairs .

1 . . . . . . . . . . . .. . .

2 . . . . . . . . .. . . . . .

3 . . . . . . . . . . . .. . .

.

.

.

. . . . . . . . .n . . . . . .

Names of 2
Ey
2

Ex.yEx Ex Eysums
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2r =
(4)

411 we need is then

(5)

which provides a value of the "coefficient of determi~tion"- (= r2).

to compute

Irl = r;z

that is to take the square root of the coefficient of determination to obtain the (absolute)

value of r, and then to add the sign (+ or -) depending on whether the correlation is posi-

tive or negative (which can be assessed by visual inspection of a scattergram or by computing

the b value of the corresponding regression and using for r the sign of b).

When we compute values of r, we would also like to know, however, whether the correla-

tion that was identified could have arisen by chance alone. This can be established by

testing whether the computed value of r is "significant" that is whether the (absolute)

value of r is higher than, or equal to a "critical" value of r as given in a statJstical

table (see table of critical values of r in Appendix 1).

Exercise: Compute a, band r for the data given in Table 1 and test, by means of the table
in Appendix 1 whether the computed value of r is significant at P = 0.01 and
P = 0.05. '

Linearizing Transformation in Regression Analysis

Both the regression and correlation analysis'; as outlined above are based on the assump-

tion of a "linear" relationship between the two variables involved (meaning that the best

fitting line is straight). There are 'many cases in 'fishery biology, however, where the

relationship between two variables is'non-linear~ 'and a well'known example for this is tbe

length-weight relationship, where

b
W =a . L (6)

where the weight (W) is proportional to a certain power (b) of the length (L){see Figure'2a).

Length-weight data can, however, be fitted with a (linear) regression if logarithms

are taken of both sides, resulting in

(7)

As may be seen from Figure 2b, the logarithm of the length and weight are fitted extremely

well by a linear regression,where '

(Sa)

and

(8b)

Thus, fitting a length weight relationship of the form given in Expression 6 to a set of

length/weight data (such as given in Table 2) conEists of the following:

"'CIo;I.NW.... "~"'''''-';''''.'_'.:~.',}. :I't-A.JiP' ' ~.- , '~ ~ ..,... I'V' ti.~. ..:1"1 ,.~'.. ~~; ...,H.~~~"hl."'~.1t.q
'~'\!~

-----



- 6 -

Table 2

Data for the estimation of a 1ength-weight re1ati~1ship in the
threadfin bream Nemipterus margina~

1/ From the southern tip of the South China Sea. Original

St,!:~"l

Step 3

Step 4

Step5

Step 6

Exercise:

7_

Take the logarithm of the length and weight values.

Compute the sums given in the regression section, with x and y values as defined
in 8a and 8b. "

Compute a and b using Equations 2 and 3.

Take the antilogarithm of a to obtain a in Equation 6.

Write your version of Equation 6.

Using the sums computed in Step 2, compute the value of r2 and r, and check signi.
ficance.

(a) Perform Steps 1 to 6 (with P - 0.01} for the 1ength-weight data given in
Table 2. "

_ __. .u_ ~.

(b) List other linearizing transformations, and give ex~les of th~ir use in
fishery biology.

~.."". ~;:,.._-_..

- - ---

NUJnber TL (cm) W (g) Log10 L (=x) Log10 W (=y)

1 8.1 . 6.3 " 0.908 0.79"9

2 9.1 9.6 0.959 0.982

3 10.2 11.6 1.009 1.064

4 11.9 18.5 1.076 1.267

5 12.2 26.2 1.086 1.425

6 13.8 36.1 1.1"40 1.558

7 14.8 40.1 1.170 1.603

8 15.7 47.3 1.196 1.675

9 16.6 65.6 1.220 1.817

10 17.7 69.4 1.248 1.841

11 18.7 76.4 1.272 1.883

12 19.0 82.5 1.279 1.916

13 20.6 106.6 1.314 2.028

14 21.9 119.8 1.340 2.078

15 22.9 169.2 1.360 2.228

16 23.5 " 173.3 1.371 2.239
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3. METHODS FOR OBTAINING GROWTH PARAMETERS FROM LENGTH-FREQUENCY DATA OF TROPICAL FISH

The study of fish growth and of phenomena related to growth such as

tion, food and feeding habits is central to fishery biology. Indeed, it

growth studies that fishery biology established itself as a field of its

the last century.

maturation, migra-
is largely with
own by the end of

Knowledge of how the fishes of a given stock grow is essential for most stock assessment

purposes, both in the tropics and elsewhere, since it is the growth of individual fishes

which provide from year to year ~he catch taken by a fishery.

,
For practical reasons, the available information on the growth of fishes of a

stock is generally reduced to and expressed by means of a single equation, such as

Von Bertalanffy Growth Formula (VBGF), the simplest version of which has the form

given
the

(9)

Where L is the mean length the fish would reach if they were to grow to a very old age
(indefi~itely, in fact)

K is a growth coefficient

t is the "a~e" the fish would have had at length zero if they had always growno '_.,

according to the equation (to generally"~as a negative value) ..

and where

Lt is the length at age t.

The biological data which can be used to obtain informa,tion ("growth data") from ~bich
growth parameters can be estimated are of three basic types: ".

1. Tagging - recapture data on (or direct observation of the growth of) individual
fishes.

2. Periodic markings (annual, or daily) on skeletal parts such as scales, "otoliths,
or other bones (or cartilage in elasmobranchs).

3. Size - frequency data; most commonly length-frequency data (such data, it must be
~phasized, never provideabsoluteage estimate,and hence no value of t ).o

In spite of frequent criticism, the methods for the analysis of length frequency data

have fourtd, in the tropics, wider applications than the study of skeletal parts, while

tagging studies pave generally been underutilized. The reason for this is that it is gene-

ra1lr easier to analyse length frequency data than to study skeletal parts and that much
less equipment is needed; this also applies to the comparison with tagging studies.

Methods for the Analysis of Length-Frequency Data

The methods currently in use for the analysis of length-frequency data all find their

origin in the work of Petersen (1892 and subsequent years). Traditiona~ly, however, the

name of Petersen has been associated with only one of the specific approaches commonly used,

such that-we may distinguish three methods for the "analysis of 1en~th-frequency data.

1. The "Petersen method"

2. The "Modal class progression analysis"
3. A combination of methods 1 and 2 which may be called the "integrated method".

-
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With the "Petersen method", assumptions are made as to the time interval separating the

various peaks of one length-frequency sample, these peaks being assumed to represent distinct
age groups (Figure 3).

With the second method, assumptions are made as to which of the peaks can be inter-

connected that belong to various samples arranged sequentially in time (Figure 4).

As Figures 3 and 4 show, the methods are quite subjective in the sense that several

options are available for attributing ages to the various age groups (in Figure 3) or for

interconnecting peaks (in Figure 4). Thus, both the "Petersen method" and the "modal class

progression analysis" are often fraught with uncertainties. Some of these uncertainties

can be overcome, however, by combining the two methods to an "integrated method" in which

an attempt is made to draw a growth curve (e.g., with a curved ruler) directly upon the

length-frequency samples sequentially arranged in time (as in Figure/5) or onto the same
sample repeated over and over along the time axis (as in Figure 6).1 The method is based

on the following tenets:.

(1) Length growth in fishes is at first rapid, then decreases smoothly and is, for

the population as a whole, best approximated by a long continuous curve, rather
than by several, short straight segments.

(2) A single, smooth growth curve interconnecting the
tially arranged length-frequency samples is likely
of the fishes of a given stock.

majority of the peaks of sequen-

to represent the average growth

(3) The growth patterns repeat themselves from. year to year (which:is also assumed
when the "annuli" of otoliths are counted).

Thus, the curve in Figure 5 which interconnects most of the peaks of the 1957 Leiognathus
bindus samples of Balan (1967) can be used to estimate the growth parameters of that species

of slipmouth. An additional example for the application of the integrated method to length-

frequency data of tropical fishes may be given here (Figure 7), pertaining to length-frequency

data on SardineZta si~ from the Java Sea. Note that the length-frequency data, as presented

by their original authors do not. suggest any growth ~rocess, while the s'ame data redrawn in

the appropriate manner suggest a clear growth pattern,and a..single major growth curve which,

when drawn,can be used to estimate growth parameters irithis fish. .

This example illustrates once more the major features of the integrated method:

(1) The intervals on the time axis between the various samples must be proportional to

the time elapsed between the sampling dates.

(2) The original data must be plotted at least twice,

allows for longer, stabilized growth curves to be

groups to be included in one single line.

When several growth curves a~e draWn (reflecting the production

per year) the various growth curves should have the same shape,

to their origin.

or more along the time axis, which

drawn-3nd for all relevant age

(3) of several broods

and vary only as

(4) The scale of the ordinate (length) should start at zero, thus allowing approximate
spawning periods to be identified.

"-.

(5) Each growth curve must interconnect several peaks. The more peaks a curve inter-
connects, the more likely it is to depict the actual growth of the population.

1/ When ~everal years' worth of data are available, repeating the sample(s) over and over

- is obviously superfluous

..
;"'':';-'';'',,",~;'''''11~'''''''-__~~l~_~.~:=_'d";'

--- -



Length-frequency data on the cor~1 trout GPZectropomusZeopardus) obtained by Goeden (1978) from
Heron Island (Great Barrier Reef, Aust1;'alia) in October 1977. The lIages" are f1;"omGoeden, withquestion marks added. . N · 319 .
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Figure 4 Showing that the~eare several options for connecting peaks when using the "modal
class progressionanalysis".. ];lasedon data of Balan (1967).for Leiognathu.s bindus

',. .caught in 1957.off Calicut,.India. For numbersincludedin each samplesee
.. ." . Figure10
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Fi$Q~~' Snowing how drawing a single. continuous growth curve onto a series of samples
aequentially arranged in time 'limits the number of available options for 'connect-
ing pea~S to only one single. most probable option. Note repetition of sample
liIequenceQver two "years". Based on data of Balan (1967). for l.ei,'gnathus bindus
caught in 1957 off Calicut. India. For numbers included in each sample see Figure 10

- - " - V'~~.. i ~$~
';'. .;~,'"

J
1957(J

F

M

A

M

J

J

A

S

0

N

D
1957 b

J-

F

M

A

M

J

J

A

S'

t I I I I ' I I I I I I
- -

I

10 20 30 40 50 eo 70 80 80 100 10 120

total len9th, mm -----._- ---



-

relative aget in years-
o <D Q) ~ en ()I ~ ()I N

UI

o

UI

"

" <5

t
(
t

, I
f
?

~

f',

Figure 6 Showing how the single sample of Figure 3 when repeated over and over along the time axis can be fitted by eyet
with a single continuous and smooth growth curve. Note that from "age" 4 ont the curves provide an interpre-
tation of the growth of P~eatropomu8 ~eoparduB different from that given by Goedent 1978 (see Figure 3 and text)

~\

! Ni !:. 0
t c

! iQ ,

J ..
I. 0.
t .
t

=' 8- 8- B../ B- e... ....
to w

, - ()oIr =r UI-
n
3
-0

UI

UI
0

UI
UI

en
0



:;!

f

I
,

11030 0"

o

J

f

j
'I

A (=:~'72~ 1=[.:x
~~:YM - t Oat.~ .10 tL
l_J:n. r'1 ~ Nov.L: LL- . n02~J'i

[.:' n I ,..m .ClL-~
C_LYJJ:1 ..I 10,. ao_ I 10 . :to

8.

F F

Figure 7

...
0I>-
I

J ,

A-Length-frequency dataon SardineZZa sirm as presented by their original authors (Burnanuddin et aZ.~ 1974)
B-The same data. redrawn according to the integrated method (see text)



- 15 -

. (6) The modal lengths corresponding to various ages (starting from an arbitrary age)
can be read off the curve at regular time intervals, and may be then used to deter-
mine the growth parameters with a method as simple as a Ford-Walford Plot (see fur-
ther below).

It is my experience that length-frequency data published in the literature or available

in.~he form of unpublished manuscripts are generally underutilized, especially in the tropics.
More often than not, no attempt is made to extract growth parameters from length-frequency

data even when these are eminently suitable to such treatment, as shown in Figures 4 to 7.
Also, I believe that the danger of obtaining completely erroneous growth parameters from

length-frequency data is generally overstated, at least as far as small tropical fishes are

concerned. In fact, the integrated method, as presented here makes it quite hard to trace

"wrong" growth curves, and the parameters obtained from such curves will describe the growth

'of ~~ least. the exploited part of a population well enough for most purposes.

Exer~ise: Plot length-frequency data of your own (or taken from the literature), trace most

probable growth curve(s) according to the integrated method and read off the

lengths at monthly intervals.

Methods for Obtaining Growth Parameters from Length-at-Age Data

The method most commonly used for estimating the parameters Land K of the VBGF is the

"Ford-Walford Plot" whichessentiaUy consists of a rewritten vers'ron of the VBGF of the form. .

Lt+1 = a + bL
t . (10)

a
wh~r~. Leo = l-b (Ua)

and K = -log be (Ub)

and where Land L
1 pertain to lengths separated by a constant time interval (1 = year,t ~

month, week, etc.). Table 3 below shows how length-at-age data should be rearranged for use
with a Ford-Walford Plot.

Table 3

Length-at-age data on the Atlantic yellowfi~ CThunnus aZbacares)l!
off Senegal for use with a Ford-Walford Plot

Rearrangement for Ford-Walford Plot

--- -- -

L (x)t
35

55

75

90

105

Lt+1 (y)
55

75

90

105

115 ~-....

Ao.A\r""-~
~..,.

- - - - - - - -

Age (y) L (em)-
1 35

2 55

3 75

4 90

5 105

6 115

1/ From Postel (1955)
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The data provide estimates of a.= 26.17 and b = 0.859, from which, using Equations lla
and lIb, we estimate L~ = 186 and K = 0.152.

Exercise: (a) Draw a Ford-Walford Plot with the data of Table 3 and estimate L from the

intersection of the Plot with the line Lt+l = Lt ~

Estimate the growth parameters Land K for PZectropomus Zeopardus~ Leiognathus
bindus and SardineZZa sirm using~the growth curves in Figures 5, 6 and 7,
Ford-Waldford Plo~s and the regression technique for .estimating the a and b
values.

(b)

An Alternative Method for Estimating Growth Parameters

When continuous growth lines (such as in Figures 5, 6 and 7) cannot be traced, or when
only tagging and recapture data are available, the growth data obtained cannot be used in
conjunction with a Ford-Walford Plot. In such cases, the "Gulland and Holt Plot" may be
used, which provides estimates of Land K through the feature that~

(lZ)

. _ Ll + LZ
where L = ----2

tz' respec~ively.

Table 4 and Figure 8 give an example of data of this kind, which are typically obtained
from tagging studies. The method, however, also allows for the use of size-at-age data, at

equal or unequal intervals granted the values of (tz - tl) stay small in relation to the
longevity of the fish (Gulland and Holt, 1959).

and where Ll and LZ are successive lengths~ peitaining to times tl and

Equation lZ it will be noted, has the form of a linear regression with

x=L (l3a)

and (l3b)

the intercept (a) and slope (b), which provide values of K and L through the relationships~ .

(14a)

(14b)

At times, it will happen that the method does not provide reasonable parameter estimates.
This will occur most often when the L data are too close to each other (Figure 9). In such
a case, a set value of the asymptotic length may be used in connexion with the means of all

L - L- - Z 1 -
L values (x) and of all ~ _ t values (y) to obtain an estimate of K through__ __ Z 1

YK =
(L - X)

(~)
(15)

This method, called "forced" Gulland and Holt Plot, allows in fact for a rough first estimate

of K even when only ~ pair of x and y values. are available.

~""A".""'t"
..

K = -b

and L _a
-it
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Table 4

Length at tagging (Ll), length at recapture (L2) and time at large in/taggedocean surgeonfish (Acanthurusbahianus)from the Virgin Islands!.

]:./ Selected from Table 3 of Randall (1962). Data included pertain to fishes which grew at

least'2 mm while at large, which accounts for small measurement errors and cases of

no-growth due to tagging wounds.

Table 5

Length at tagging (L1), length at recapture (L2) and days at largel/
'of tagged queen parrot fish (Scarus vetula) from' the Virgin Islands-

]:./Adapted fr~ Table 17 of Randall (1962)

The use of a set value for the asymptoticlength is here codedL ~ ' to'9istinguish it:

from .values-_ofL obtained from the growth.data themselves-.-Reasonabfe)values--of L( ) can
generallybe obt~inedfrom the.empiricalrelationship . ~ .'.

(16)

where Lmax is the length of the largest fish reported. from a well sampled stock, if at all
possible, taken at a,t~e when exploitation was still low.

-- - --

Number Ll (cm) L2 Days out

.

1 9.7 10.2 53

2 10.5 10.9 33

3 10.9 11.8 108

4 11.1 12.0 102

5 12.4 15.5 272

6 12.8 13.6 48

7 14.0 14.3 53

8 16.1 16.4 73

9 16.3 16.5 63

10 17.0 17.2 106

11 17.7 18.0 111

NutiPer
Ll (cm) L2 Days out L cm/day

1 14.0 16.9 48 15.45 0.0604

Z 20.8 27.6 189 24.2 0.0360

3 24.8 26.5 48 25.65 0.0354

means: x = 21.77 Y=0.0439
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The Gulland and Holt Plot does not allow for the estimation of the third parameter of
the VBGF, t. When this parameter is necessary (e.g., when a certain age is to be attributed
to a certai& length) a rough estimate of t may be obtained from the empirical relationship.o

10gl0(-to) = -0.3922 -0.2752 10glO L~ -1.038 10g10 K (17)

derived in Pauly (1979a) from 153 triplets of t , L (total length, in em) and K (annual
basis) selected from my compilation 01 length g~owth parameters (Pauly, 1978a) such as to
cover a wide diversityof taxa and size.

Exercise: Calculate- values of L , K

bindus for the years 1~56,

obtain a rough estimate of

from the data of Table 6 (see Figure 10)

1957 and 1958 using the Gulland and Holt

t , using Equation 17. -o

on Leiognathus
Plot and

Table 6

Length increment per month (h) and mean lengt~/ (L) for growth segment (1-13)
linkingmodal classesin Leiognathus bindus (1956-1958)

!/ Total length

4. METHODSFOR ESTIMATING TOTAL, FISHING AND NATURALMORTALITIES

Introduction

In fishery biology, the most useful manner of expressing the decay (=decrease) of an
age group of fishes through time is by means of exponential rates. These rates, of which

three are normally defined, are given in the following two expressions:

Nt = N . e -Zto (18)

where N is the (initial) number of fishes at time t = 0, and Nt is the number of remaining
fishes gt the end of time t, Z being the instantaneous rate of total mortality. An
advantage of instantaneous rates is that they can be added or subtracted. Thus we have

Z=M+F (19)

where M is the instantaneous rate of natural mortality and F the instantaneous rate of fishing
mortality (see-Figure 11). Obviously, when

F .. 0 then, Z = M (20)

which means that natural and total mortality have the same value when there is no fishing

(in an unexp10ited stock).

............ . ". ..
-.-- - ..

Segment number h L Segment number h L

1 0.50 9.0 7 1.00 6.7

2 0.50 9.4 8 0.50 8.4

3 1.23 7.4 9 0.50 8.0

4 1.00 9.7 10 0.50 10.0

5 0.30 10.4 11 0.50 9.2

6 1.50 5.0 12 1.00 6.2

13 0.50 7.7
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The fishery biologist, as far as mortalities are concerned, has two main jobs:

(a) To estimate the value of Z;

(~) To split - where appropriate - an estimated value of Z into i~s comP9~ent parts
M and F.

Estimating Total Mortality

Total mortality from the mean size in the catch

(a) When a large number of length-frequency data have been obtained from a given stock.

by a given gear. Z can be e~timated from the mean length (~) in the catch from a given popu-
lation by means of

Z .. K_ (L.., - L)

L - L'
(21)

Where L~ and K are parameters of the von Bertalanffy growth equations. L is the mean length
in the catch. and" L' is the smallest length of animal~ ~hat are fully represented in catch

samples" (Bever ton and Holt 1956).

is
(b) Another equation which can be used to estimate ~ from the mean ~~pgth in the c~tch

Z ..
L..,

(n+1) .loge (r:;-..,

L'
- .)
L

(22)

wheEe L..,.L, L' 'and K are defined above while'n is the

of L (based onSsentengo and Larkin 1,973). It will be
n/n+l tends toward unity and hence can be neglected.!1

~ber of fishes used for the estima~ion
noted tha~ when n is large, ,theterm

i (c) The equation corresponding to Expression 22 is for weight (when growth is isometric):

(n+l) loge

n . K

31iL _ 3,1Wf
('P ,)
3r'W;- 3;W

(23) ,Z ..

where W..,and K are parameters of the von Bertalanffy growth';unction for weight growth. which
has the form

with Wand W' being the weight corresponding to Land L' as obtained (along with W..,) from a
conversion from length to weight, by means of the appropriate length-weight relationship.

~._-

Equation 24 is particularly useful in that it is quit~ easy to weigh a catch and to

divide it by the number of fish to obtain W.

11 See footnote page 29.

_ I'.t "-L 4. "'Iii -. f pqiI - ..... -.w~~;;"'-u>-- --f:.r" -~~
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A parameter closely related to L' (see above for definition) is the mean length at first

capture (L ), or the length at which 50% of the animals sampled are retained by the gear.C

Lc is no~11y estimated from selection experiments (see Gulland 1969) which, however,
a~e ~ather time and ,resource consuming. To facilitate estimation of Lc' a figure is therefore
included which allows for values of Lc to be obtained from attributes of fish that are very
easy to obtain, such as the length/depth ratio, or the "girth factor" of fishes (Figure 12).

Fi~ure 12, however, does not allow for a direct estimation of L. Rather, once the
length/depth ratio or the girth factor have been estimated, Figure l~ is used to estimate a
selection factor (SF) such that

Lc = SF . mesh size (of cod end)l (25)

The parameter Lc is used in stock assessment in a number of models,
and Holt (1966). In cases where "knife-edge" selection occurs (see

or Gulland 1969). Lc A L'; generally however, L'>Lc.

notably that of Beverton

Beverton and Holt 1966,

1/ When the sawpling gear is a trawl

...,.,*: ,."t;""V"i5~rrf~'"'T'~l~ .1'-,! ~,~~~~~ _~..;"",;,,,,,,,,,,,,,,,,,;,,,,,,,,,,,":'::'-.'-':,;'.~~ :.4Xi.~~; W'il--:4t"~.., 'U!" ,.~ , ;'''-",..Jo.o.~~...jk~ ';.v '",,'''''''''''''''? ~~~

..;.' ~__.';"'.'_'C '" ._."_, ..J.. .. ~ ~

- --

Table 7

Estimation of values of Z'by 2 methods based on data for Seoide8 ZeptoZepis
, in the Gulf of Thailandgiven in Boonyubo1and Hongsku1 (1978)

Year Effort . n L
Zl Z2

1966 2.08 4 733 13.25 2.41 2.95
1967 2.08 11 902 13.01 2.69 3.24

i I 1968 3.50 12 503 12.99 2.72 3.27
1969 3.60 9 060 13.07 2.62 3.16
1970 3.80 8 132 12.37 3.73 4.29
1972 7.19 3 635 12.30 3.88 4.44
1973 9.94 10 510 12.01 4.61 5.14
1974 6.06 7 960' 12.60 3.30 3.85-

4.87 12.70 3.25 3.79x

Constants: L = 20.0; K = 1.16; L = 10.0
(Zl = equation 21; Z2 = equation '22)c
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Estimating Z by Means of a Catch Curve

Another method of estimating Z consists of sampling a multi-aged population of fishes.

then plotting the natural logarithm (loge) of the number of fishes in the sample (N) against
, their respective age (t) or

(26)

where the value of b. with sign changed. provides an estimate of Z.

Several requirements must be met for the values of -b to be a good estimator of Z.

Among these. we may mention:

(a) Only those values of 10geN must be included which pertain to age group of fishes
fully vulnerable to the gear in question (among other things. the fish must be
larger than L' as defined above): This corresponds to using only the "descending
part" of a catch curve (see Figure 13).

(b) Recruitment must,have been constant within the period covered. or have varied in
a random fashion only.

When suitable length-frequency samples are available. a catch curve may also be con-

structed through previous conversion from length to age by means of a set of growth para-

meters. Here. however. care must be taken not to include fish whose size is close to that

of their asymptotic size. as this may result in their age being grossly over-estimated. This

latter feature incidentally makes it imperative that a scatterdiagram be drawn in order to

properly identify the section of the catch curve which can be used to estimate Z (Figure 13).

It will be noted. also. that since Z is equal to the slope (with sign changed) of the catch

curve the 'real age - which requires a~ estimate of to - can be here replaced by relative age.,

i.e.. by settin? to = 0 (Table 8, Figure 13).

Also, when converting a'length-frequency sample to a catch curve. a problem must be

'considered which doesn't occur when fish have been aged individually. This problem is due
to ~he fact that length growth not being linear. it takes an older fish longer than a

younger fish to grow through a given size-group. 'Put another way. among bigger fish, a

given magnitude of size interval (e.g.. a l-cm length group) will contain more age groups

than among, small fish.

Compensating for this "piling-up" effect is. however. quite straightforward and can be

achieved, e.g. by rewriting equation (26) as

loge (N/6t) = a + bt ...(26a)

where 6t is the time needed to grow from the lower (tl) to the upper (t2) limit of a given
length class. while t is the relative age corresponding to the midrange of the length class
in question. The procedure to convert a length-frequency to a length-structured catch curve
is illustrated in Table 8 and Fig. 13.

_.~. ..:..
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Table 8

Data for the construction of a catch curve for the yellow striped

goatfish Upeneus vittatus from Manila Bay, the Philippines !7

N
"'-I

1/ From Ziegler (197-9) who also gives: L - 23.1 and K = 0.59 an4 T = 280C- ~ .

Y Total length, in em

3/ Computedby:means of ,equation 32, witb c -;Q-, 0

Class limits Adjusted Mean'

Lower'!:/
' 2/

Mid-rang/ t j t'Y lit number per relative
RemarksUper- N

1 2 length class
agel;

loge tl. .

6.000 .999 6.5 3 O.510 0.612 0.102 3.38 0.56

7.000 7.999 7.5 143 0.612 0..720 0.109 7.18 0.67

8.000 8.999 8.5 271 0.721 0.837 0.116 7.76 0.78
Not used,

9.000 9.999 9.5 318 0.837 0.961 0.125 7.84 0.90 . ascending part

10.000 1b.999 10.5 416 0.961 1.096 0.134. 8.04 1.03
of curve

11.000 11.999 11.5 488 1.096 1.242 0.146 8.11 1.17

12.000 12.999 12.5 614 1.242 1.402 0.160 8.25 1.32'

13.000 13.999 13.5 613 1.402 1.579 0.177 8.15 1.49

14.000 14.999 14.5 493 1.579 1.776 0.197 7.83 1.67

15.000 15.999 15.5 278 1.776 1.999 0.223 7.13 1.88 .
Portion used for

16.000 16.999 16.5 93 2.000 2.257 0.257 5.89 2.12 estimating Z

17.000 17.999 17.5 73 2.257 2.560 0.303 5.48 2.40

18.000 18.999 18.5 7 2.560 2.930 0.370 2.94 2.74 "

19.000 19.999 19.5 2 2.930 3.404 0.473 1.44 3.15
,

20.000 20.999 20.5 2 3.404 4.063 0.659 1.11 3.70

21.000 2.999 21.5 0 4.064 5.159 1.094 - 4.53 Not used, too

22.000 2.999 22.5 1 5.160 9.208 4.047 -1.40 6.19 clos e to L...

23.000 23.999 23.5 1 - - - -
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Figure 13. A catch curve based on lengthconvertedto age. and correctedfor the time
needed for the fish to grow through the size classes (see text). Based on

the data of Table 8. the regression equation is log (N/!J.J= 14.8 - 4.19t.(r - 0.988). which provides an estimate of Z = 4.2. e
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Splitting Z into M and F

Splitting Z into M and F by means of a plot of Z on effort

When values of Z are available for several years pertaining to different annual values
of effort (f), the value of M can be calculated from

Z = M + qf (27)

where, q is the "catchability coefficient", which relates f and fishing mortality (F) through

F = q . f (28)

Thus, a series of Z (mean annual) values can be plotted against their corresponding values

of f and a straight line fitted to the points by means of linear regression technique. This

results in a regression line with the equation

y = a + bx '(29)

where Z = Y and x = f, the slope (b) of which provides an estimate of the catchability coef-

ficient q while the intercept value (a) is an estimat~ of M (see Figure 14)' in which values
of Z based on Equations 21 and 22 have been plotted.!1

Splitting Z into M and F by means of an independent estimate of M

When only one value of Z is available, or when the available values ofZ and f cover

too small a range of Z and f values for reasonable values of M and q to be obtained, the
catchability coefficient (q) may be estimated through ,

q =!...::2!f
(30)

where Z is the mean of the available values of Z (or

of the values of f (or a single value of f), M being

tality (see Table 7 and Figure 14).

a single value of Z) and f is the mean

an independent estimate of natural mor-

Method for Obtaining Independent Estimate of M

It has been demonstrated by various authors that the value of the parameter K of the

VBGF in fishes is closely linked with their longevity. This can be demonstrated on the

basis of the observation that, generally, in nature, the oldest fishes of a stock grow to'

reach about 95 percent of their asymptotic length (Taylor, 1962; Bever ton , 1963). Thus when
we have

(31)

we also have

t - t
o

Lt

l0&e (1 ~)
= -K (32)

..-.---

!I It will be noted that equation 22 produces estimates of Z which are higher than those

obtained using equation 21; Mr. P. Sparre (Danish Institute for Fishery and Marine

Research) suggests (pers.comm.) that equation 22 is biased upward.

--- - -
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(33)

(34)

Thatn3tura1 mortality should, in fishes, be correlated with longevity, hence ~ith
K,seems obvious. Natural mortality should, in fishes, also correlate with size since large
fishes should have, as a rule, fewer predators than small fishes.

Natural mortality in fishes can also be demonstrated to be correlated to mean environ-

mental temperature (Pauly, 1978b, 1980a.) These various interrelationshIps can be expressed

for length-growth data by. the multiple regression

10g10M = -0.0066-0.279 10g10L~ + 0.6543 10glOK + 0.4634 10glO~

and for weight-growth data by

10g10M=-0.2107-0.082.410g10W~ + 0.6757 10g10K + 0.4687 10g10T

(35)

. (36)

Where M is the natural mortality in a given stock, L (total length in em) and W (live
weight in g) being the asymptotic size of the fishe; of that stock, and K their~growth
coefficient. The value of T, finally, is the annual mean temperature (in °C) of the water
in which the stock in question lives, as obtained, e.g., from an oceanographic atlas.

These two regressions were derived from 175 sets of L (or W ), K, T, and M values,

obtained from a survey of the pertinent .1iterature (Pau1y,~1980a)~and apply, in this form,

to temperatures ranging from 50 to 300C,. and provide useful fish estimates of M, which

should, of course, be confirmed where possible by analyses on the individual species in
question.

Although Equations 35 and 36 generally give reasonable estimates of M for about any set

of growth parameters and temperature value, .there is a group of tropical fishes in which the

estimates may be biased, namely the strongly schooling pelagic fishes - especially the

C1~peidae - the natural mortality of which is generally overestimated by these equations.

Thus,' in their case, it might be appropriate to reduce the estimate of M somehow, e.g., by

multiplying it by 0.8.

Assessing the State of a Stock from its Mortality Rates Alone

Once values of F and M are available, an exploitation ratio (E) may be computed from

F
E=F+M (37)

which allows o~e to (roughly)

the optimal value of E (Eopt)
the exploitation ratio itself

when F = M (Gul1and, 1971).

assess if a stock is ov~rfished or not, on the assumption that

is about equal to 0.5, the use of E = 0.5 as optimal value for

resting on the assumption that sustainable yield is optimized

or, if we insert 95 percent of L for the oldest fish

t - t = 2,9957
0 -K

thus

t
3- -

max K

where t .is the.longevityof the fishes.in question.max



- 32

Exercise: (a) Depict the decay of a cohort of fishes (No = 100 000) wi~h M = 0.5 and
F = 1.0 with exploitation starting at age 0.5 year.

(b) Calculate values of Z from the data in Table 10 using Equations 21 and 22,
and use these"estimates to obtain a value of M and q by means of Expression 2~

(c) Compare the value of M obtained in b with a value of M obtained from

Expression 35 using L~ = 29, K = 1.2 and T = 280C.

(d) Use the data of-Table 10 to draw a catch curve using Equations 26a and 32, with

to = 0, to convert the midlength values to estimates of relative age, and
estimate Z. Estimate M by means of Expression 35 and the appropriate g~owth
parameters. Compute F and E and assess whether the stock in question is
optimally exploited or not.

Table 9

Data for estimating values of Z, F and q values ~nPriacanthus tayenus from the Gulf of Thailand!

1/
2/
"I/

Based" on data in Boonyubol and Hongskul (1978) and SCS (1978)

In million trawling hours

To be used in conjunction with L~=29, K=1.2 and Lc=7.6

Table 10

Length-fr~quency data for the construction of a catch curve and the estimati,n of Z in the
Japanese threadfin bream Nemipterus japonicus from Manila Bayl

II Bas~d on Ziegler (1979)

]fl To pe used in conjunction with L~
o "

29.2, K = 0.607 and T = 28 C; length total length in em

""" - -..,_.~,-.

Year EffortY Q/ n

1966 2.08 15.7 12 370

1967 2.80 15.5 14 231

1968 3.50 16.1 10 956

1969 3.60 14.9 9 738

1970 3.80 14.4 12 631

1973 9.94 12.8 9 091

1974 6.06 12.8 15 229

Class midlength J:..I N Class mid length J:..I N

7.5 11 17.5 428
8.5 69 18.5 338
9.5 187 19.5 184
10.5 133 20.5 73
11.5 114 21.5 37
12.5 261 22.5 21
13.5 386 23.5 19
14.5 445 24.5 8
15.5 535 25.5

}
do not

{
7

16.5 407 26.5 us 2
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5. SOMEPROBLEMSIN TROPICAL STOCK ASSESSMENT

Introduction

Stock assessment in the tropics is generally more difficult than in temperate waters.
There are a large number of reasons for this, and two of them may be listed here:

Tropical fisheries - especially demersal fisheries - often exploit a large number of
species simultaneously, with the result that neither the commercial fishery nor the

artisanal fisheries - even when relatively well-monitored - can be expected to pro-
vide detailed catch and catch/effort statistics on a per species basis. For this

reason, it is common in tropical fisheries to treat whole species assemblages as if
they were single species.

Tropical countries generally have a relatively limited research
as. fisheries research is concerned - which often leaves most of

ing their fishery completely uninvestigated.

capability - as far
the stocks sustain-

Despite these and other problems, the fishery biologists working in tropical countries

have been traditionally expected to provide (fast) answers to pressing questions such as

How much fish there is in a given- area.

How much should be taken annually.

What gears should be used.

How to accommodate various groups (e.g., of fishermen) with diverging, or even con-

flicting interests.

How to manage a fishery (what specific regulatory measures, how to enforce these, etc.).

In answer to some of these needs, several models and techniques have been developed

which give (at least rough) answers to these questions. This chapter aims at briefly
presenting a few of the concepts involved, and to introduce some of the literature available
on the subject.

Estimating Stock Sizes

Methods for estimating the stock sizes of pelagic fishes

Stock sizes of small pelagic fishes are generally estimated by means of acoustic surveys.

The methodology of such surveys i~ outlined in more or less detailed fashion in the following
texts: Forbes and Nakken (1972), Cushing (1973)~ Saville (1977). Results of pelagic acoustic

surveys conducted in the Western Indian Ocean, south of the equator, have been reviewed in

Gulland (1979, pages 5-6).

Estimating the standing stock size of large pelagic fishes such 'as tuna and other large

scombroids is generally very difficult and the results obtained are often highly controver-

sial (see Sharp, 1978, 1979). Earlier surveys conducted in the Western Indian Ocean have
generally concentrated on relative abundance (rather than absolute stock sizes) as indicated

by the spatial distribution of the catch/effort of a standard gear (Williams, 1967).

Methods for estimating the stock size of reef fishes

Strangely enough, there is at present no generally accepted standard method for estimat-

ing the standing stock sizes of reef fishes and the wide variety of methods used (involving

polsoning and SCUBA divers' di£ec'f counts methods)" as well as the different conce'pts-or-wnat:-

actually belongs to a "reef" have led to widely differing standing stock estimates (see

Russel et aZ., 1978). This leads to the suggestion that estimates of yield per area (see

below) be used, together with estimates of fishing mortality to estimate standing stock

indirectly.

"--r ,_.-: ~.
".. _, ,...~ ;~: ;;Jo_",*",";,_.;:;.;;..,,"..~,,.~tIiIII.,,;.~

- ...-
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Thus, since we have

Y =F . B (38)

which expresses the basic interrelationship between annual catch in weight or yield (Y),

mean standing stock size (B) and fishing mortality (F), we also have

B=!F (39)

which can be used to estimate standing stock sizes given reliable estimates of Y and F, the

latter ~eing obtained, for example from the average of several single values of F .from dif-

ferent species, as obtained from the mean length in the catch and an independent estimate
of M.

Papers which may be consulted for obtaining more or less direct estimates of standing

stock sizes in reefs are Bardach (1959) or Goeden (1978). The best reviews available to date
of methods for use in coral reef fish studies are those of Russel et at. (1978) and the series

of 'papers by Munro and co-authors (1973-1978) on the biology of Jamaican reef fishes and on

the fishery based on these fishes.

Estimating the Biomass of Demersal Stocks

In areas where the sea bottom is smooth enough for trawling, standing stock sizes can

be gbtained from the relationship

B=C7f.A
a . xl

where clf is the mean catch per effort obtained during the survey (or for a.given stratum),

A the total survey area (or the area of the stratum in question) and "a" the area "swept"

by the net during one unit of effor.t (e.g., one hour), xl being the proportion of the fish in
the path of the gear that are actually retained by the net.

(40)

In Southeast Asian waters, a value of xl = 0.5 is commonly used (Isarankura, 1971;
Saeger et at., 1976; SCSP, 1978) and. there is some evidence that this value might in fact be

very realistic (Pauly,1979a).

For the Western Indian Ocean. south of the equator, it has been suggested, on the other

hand, that all fish in the path of the trawl'might be caught, which corresponds to xl = 1
(see Gulland, 1979, page 3).

The surface swept by the gear during one unit of effort is .computed from the expression

a = t . v (41)

Where v is the velocity of the trawler over ground when trawling, h is the length of the

trawl's head rope, t is the time spent trawling, and x2 is a fraction expressing the width
of the area swept by the net divided by the length of the head rope. In Southeast Asian

waters, values for x2 ranging between 0.4 (SCSP, 1978) and 0.66 .(Shindo, 1973) have be~n
used, with 0.5 possibly being the best compromise (see Pauly, 1979a).

Equations 40 and 41, incidentally can be used to obtain standing stock estimates from

commercial trawlers, provided their catch per effort, head rope length and trawling speed
are known.

The "swept area" method, as the method presented above is

using certain assumptions as to the behaviour of fish - to line
and Ommaney, 1953), and this paper, along with the comments of
be consultedfor details. .

called, has been adapted -
fishing over reefs (Wheeler
Gulland (1979, page 4) should

~;..
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Estimating Maximum Sustainable Yield (MSY)

There are two basic models for estimating MSYs from fish stocks, namely the "yield~per-
recruit" model of Beverton and Holt (1957) and its variants and the "surplus yield" model of
Schaefer (1954) and its variants.

When suitable growth and mortality parameters are available, the model of Beverton and

Holt (1957) or one of its simplified versions (e.g:, Beverton and Holt, 1966) may be used to

estimate yield-per-recruit, and if recruitment is known or assumed to be constant, to iden-

tifyan optimal fishing strategy (but see Chapter 7 on overfishing). This model, however,
will not be reviewed here, both because its com.PlexitYwould lead us astray and because it

tells us surprisingly little about how to manage a tropical multispecies£isherY.

The Schaefer model - i~'its' simple~t version at least - is quite easy to handle. _ Here

is a~tepwise approach to estimating MSY by means of this model:

Step 1 Tabulate the catch and effort data and compute catch-per-effort.figures (see Table
11).

Step 2 Plot the catch-per-effort values against their corresponding value of effort, and

estimate the intercept (a) and the slope (b) by the linear regression technique.

Change th~.'sign of b from minus to'plus. .

Step 3 Compute MSY = a2/4b

optimum effort = a/2b
yield for a'given effort = af - bf2

Steps l-3.are illustrated in Figure 15, Which is based on the data' of Table'll.

Table 11

Catch, effQrt an~ catch/effort data to ill?strate
(th~.fitting of) the Schaefer ModeLb .

11 From Dwippongo (1979)
2/' -In..tons .-. '103

31 In tons . 103 per standard vessel

!/ Number of standard vessels

There i~finally, a third method for estimating maximum sustainable yields for a given

fishery, and this is the comparative method.

~ lI!t"i.wv R. i ....
1"-:'

".c~_;.,~
~

--- - ---

Year Catch/ c/d/ f!!.1

1969 50 0.080 . 623

1970 49 0.078 .,' -
.628-.

1971 47.5 o.091 .520

1972 45 0.088 .513

1973 51 0.077 661
,

1974 56 0.061 919.'

1975 66 0.057 1 158'.

1976 58 0.032 1 970

1977 52 0.039 1 317
'-
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Figure 15 Trends of catch and catch-per-effort on effort,off the north Java coast. Based on data ~f Table 11.
For fitting of "Schaefer .Model" (see text)I
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Certain ecosystems are extremely productive (e.g., upwelling areas) or quite unproQuctive

(such as the deep oceans). As far as tropical, shallow water systems are concerned, how~ver,

a remarkable consistency of yields (when expressed on a per area basis) can be noticed, with
yield ranging between 4 and 8 t/km2 (all fish) in inshore areas (including reefs) with values

in excess of 10 t/km2, where estuarine conditions boost productivity (Table 12). These figures
may thus be used to assess certain stocks and fisheries, e.g., to assess if a certain stock

is "underfished", or "optimally exploited".

Exercises: (1) Use the data of Table 13 to estimate MSY (per km2) in the reefs of the
Western Indian ~cean south of the equator.

(2) Discuss the state of the stock and of the fisheries (in the midseventies) at

Mahe (Seychelles), and in Mauritius and propose regulatory measures.

Table 12

Selected values of fish MSY per surface area for different tropical ecosystems

1/ Saila (1975) presents a compilation of data similar to those presented here, covering a
- wide variety of ecosystems ranging from the North Sea to tropical ponds

Table 13

Catch and catch/effort on the reef areas of the Western Indian Ocean south of the equator!/

Area
Current catch

(t/km2)

3.5

4.7

1.37

3.12

Catcb/effort

(kg/trap set)
Fishing Intensity

(trap sets/km2/year)

Mauritius

Tanzania (north)

Mahe (east coast)

Mahe (west coast)

1.25

3.45

5.37

5.07

2 800

1 400

260

620

!/ From Gulland (1979, page9)
_. -. -- .. - ...-

6. TWOFORMULAEFOR THE RAPID ESTIMATION OF POTENTIAL YIELDS IN (MORE OR LESS) VIRGIN
STOCKS

Often, when the available data on the stocks of a certain area are insufficient for
detailed assessment, approximate formulae must be used to estimate potential yields
(=Py = MSY).

Type of ecosystem ocation MSY (t/km2) Source

Coral reef Jamaica, Caribbean. 4 (all fish) Munro (975)
Western Indian Ocean 5 (all fish) Gulland (1979)

Shelf Gulf of Thailand 3.6 (demersal only) SCSP (1978)
(down to 50 m)

Estuaries San Miguel Bay 15 (all fish) Pauly and
and lagoons (down to 15 m) Mines (M$)

(The Philippines)

Shallow lagoons Gulf of Mexico (Texas) 12 (all fish) Saila (1975)Y
(estuarine conditions) Sakumo Lagoon (Ghana) 15 (all fish) Pauly (1976)
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The simplest and most commonly used of this type of formulae has been proposed by
Gu11and (1971) and has the form

Py =M . 0.5 . Bv (42)

where Bv is' the virgin st~nding stock, e;g., as estimated in a trawling o~ acoustic survey
and M the (exponential) coefficient of natural mortality in the fish stock in question.

This equation was derived by.Gu11and (1971) from two different models:

A. FroIqBeverton and HOlt's yie1d-per-recruit model (1966) based.on the assumptions that:

1. Recruitment remains more or less constant even under high levels of fishing morta-
lity.

2. That no growth overfishing occurs, even at high levels of fishing mortality.

B. . From the simple Scnae.fer model (1954), based on the assumptions that:

1. Virgin biomass (= Bv) is equal to "carrying capacity" (= B ) of the environn1ent for
. .thestock in questiqn. (This is a tacit assumption, not e~p1icit1y stated by
Gul.land, 1971.)

2. .That.maximum sustainable.yield (MSY) is extracted when the virgin stock is.halved.

(at Bv/2).

3. . That, when harvesting at the MSY level, fishing mortality (F) is roughly equal to
the natural mortality (M):

_ .InSoutheast Asian demersal trawl fisheries, Equation 42 is generally used in'conjuction

With-values of M set equal to unity (1), because Southeast Asian fishes are relatively small

and short-lived. This value which is essentially a guess .has been uncritically applied to a

wide variety of stocks, including the mu1tispecies stocks off the Northwest Australian Shelf.

The paper by Sainsbury (1979) should be consulted for a reassessment of this value and some

negative consequences of its use. -

For the Western Indian Ocean south of the equator, a more conservative estimate of

M = 0.5 has been suggested and used for assessing various stocks (Gu11and, 1979).

A modification of Equation 42 has also been proposed (Gu11and, 1979) which may be applied

to lightlyexploitedstocks,namely .

(43)

where Zt is the exponential rate of total mortality (= F + M) in the year t, Bt being the
standing stock size in that year. Needless to say, this equation is even more approximate
than Equation 42 and its use is justified only as a very first approximation, when absolutely

no other information on the fishery is available, and the fishery has been operating at a

fairly constant level for several years.

A rather different approach may be proposed here:

In his derivation of the simple (parabolic) Schaefer model, Ricker (1975, page 315)

arrives at equations, which, slightly rearranged give

MSY
r . Bm oc>

4 (44)

~ -
"~~,,",,-:.''l_ ~~~~.~ ,-:o.~ ,~~~~..,:.~ ~,..,-:-.~...,;...... -.~ .
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where B~ is the carrying capacity of the environment for a given stock (and which may be

assumed to correspond to Bv, the virgin stock size) while r ("k" of Ricker, 1975) is the
"intrinsicrate of increase"of the population. m .

Thus, to obtain as estimate of MSY (or Py) all that is needed actually is an estimate

of B~ (or Bv) and an independent estimate of rm.

Blueweiss et at. (1978), using data published by various authors demonstrated that,

for a wide variety of animals (including fishes),

rm = 0.025 . w-0.26 (45)

where r is expressed on a daily basis, and where W is the mean weight (in g) of the adult

animalsmunder consideration. Combining Equations 44 and 45 and converting to the year as a

time unit, we obtain

Py = 2.3 . W-0.26 . Bv (46)

which can be used to estimate potential yields when virgin stock size and the mean weight

(in g) of the adults in that stock are known. This equation, it will be noted, requires no

estimate of M and may, therefore, be used for double-checking potential yield estimates based
on Equation42. .

7. BIOLOGICAL OVERFISHING OF TROPICAL STOCKs!!

In recent years there has been a large number of publications describing the growth. and

subsequent decline of tropical fisheries, with much being written about the relatively well

documented stocks in Southeast Asian waters. Almost none of these publications failed to

mention that several, mainly demersal, stocks of the region are "overfished". "Overfishing"

is indeed the primordial sin, the bankruptcy' of fishery management. It is, in fact, the

worst epithet a fishery biologist can hurl at the fishing community.

In spite of all this, relatively few attempts have been made to "translate" and apply

to tropical stocks those concepts of overfishing that have been developed from considerations

pertaining to temperate stocks. Some of these concepts are introduced here, together with
some of their application to stocks in the region. -

"Overfishing" may occur as (a) Growth overfishingj (b) Recruitment overfishing, or
(c) Ecosystem overfishing.

Growth overfishing, which has hitherto received the greatest attention in the region .

occurs when the young fish that become available to the fishery (the "recruits") are caught

before they can grow to a reasonable size. Thus, to the fishery biologist, the problem is

to estimate the most s~itable age (and/or size) at first capture and to suggest to the fish-

ing community, e.g., the mesh size which by allowing younger (smaller) fish to escape, opti-
mizes the yield that can be obtained from a given number of recruits.

The theory behind the computations used in estimating the optimal size at first capture

and mesh size developed some 30 years ago by Beverton and Holt, also applies to tropical
fish (Figure 16).

Thus, theoretically it should be possible to-preven&-growth ove~fishing in Southeast

Asian waters except that at present no method can be conceived which would allow fishermen

exploiting multiple-species stocks to catch the fish of each single species at their specific

optimal size. This should ensure that we will have for the years to come quite a bit of

growth overfishing in the region, especially as demersal fisheries go.

1/ Reprinted from an article published in the ICLARM Newsletter (Vol.2 (3):3-4) and dealing

- predominantly with Southeast Asian problems
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Recruitment overfishing is quite another matter. .This is what occurs when the (parent)

stock is reduced, by fishing to the extent that not enough young fish are produced to ensure

that the stock will maintain itself. Everybody knows that in any fish stock, there will be

no young fish (= no recruits) if no parent fish are left by the fishery. These parents must
mature, spawn, and fertilize eggs which hatch to larvae, only a very small fraction of which

eventu~lly su~ive and become fully formed young fish (recruits).

Generally the females of most fish species produce several thousands of eggs, sometimes

even several millions as in the case of some commercially exploited species in temperate

waters. To a certain extent this high fecundity has misled fishery biologists to assume

that a very limited number of adult females would, in most fish stocks, be sufficient to

replenish the number of recruits that eventually become available to the fishery.

Uncritically applied this assumption has been one of the causes of some of the most

spectacular collapses in the world of fishing. Luckily this belief, that the lack of rela- .

tionship between parent stock size and number of recruits should be the normal case in

fishes is gradually replaced by its very opposite. namely, that most fish do display stock-

recruitment relationships, the lack of such relationship being limited to a few groups such

as the flatfishes and some gadoids. Strangely enough, apparently no attempt has been made

to date.to assess whether there is, in tropical stocks, an identifiable relationship between

the size of a spawning stock and the number of recruits.produced by this spawning stock. .

although it is true that data which could be used for such a purpose are scarce.

Using rather conventional method~/ and data from the Gulf of Thailand demersal trawl

fishery, I have established stock-recruitment relationships ina number. of species, one of

which, pertaining to Lactarius Zactarius. is shown here (Figure 17). The curve. which is a

very typical "Ricker-curve", depicts the general pattern insofar obtained for most of the

stocks I have investigated.

Only a few taxa showed no stock-recruitment relationships. Among these are the flatfishes
(again!), one large predator (MUraenesox) and - by analogy (exact yield-per-recruit analysis
was not performed) - the crabs, .the shrimps and especially LoZigo, whose spectacular increase
in the Gulf of Thailand has been discussed by various authors.

Also, it appeared that in these taxa, there was a clear relationship between the number

of .their recruits (in any given year) and the standing stpck size (for the same year) of

their potential competitor and predators (as expressed by the biomass of all other taxa).

This last point - competition and predation between taxa - leads us to the third form

of overfishing, namely. ecosystem overfishing. Ecosystem overfishing is a "soft concept".

allowing for much loose talk because it is not clearly defined. It may be described here .

as what takes place in a mixed fisheries when the decline (through fishing) of the originally

abundant stocks is not fully compensated for by the contemporary or subsequent increase of

the biomass of other exploitable animals.

Thus, as suggested by modern ecological theory, ecosystem overfishing would be the trans-

formation of a relatively mature, efficient system into an immature (or stressed). inefficient

system. This, to a large extent, is what happened in the Gulf of Thailand where a (presumably)

stable and efficient high biomass system dominated by teleostean fish was gradually turned

into a (presumably) unstable and inefficient low biomass stock in which the role of inverte-

brates has markedly increased (note the reversal of the evolutionary sequence!).

All three forms of over-fishing discussed here o~cur in Southeast Asian w.at~1;".$_,and the

theory of fishing could well benefit from a study of the experience gained in the region.

1:./ Swept-area method for estimating standing stock and

yield-per-recruit and division of Y/R into catch to
laneous methods and assumptions for obtaining other
dization.

fishing mortality, computation of

obtain recruit numbers. plus miscel-

parameters estimates and data standar-

:.~ .,.-

--- -
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Figure 16 The yield/recruit in relation to size or age at first capture (ordinate) and the

force of fishing (abscissa) of the slipmouth Leiognathus spZen4ens. The Beverton

and Holt method was used to calculate the diagram
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Figure 17 Stock-recruitment relationship for the stock of Lactarius lactarius in the Gulf
of Thailand
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Also, as biological processes in the tropics often occur in "pure form", unmediated by

strong fluctuations of the abiotic environment (as occur in temperate waters, which are

t~perate only on the avera~e), it is even thinkable that the theory of fishing, eSpecially
as far as multispecies stocks are concerned, could make here in Southeast Asia one step or

two into scientifically unexplored territory.

Furthermore, understanding the nature of overfishing should considerably help solve

resource allocation problems which have traditionally marred the relationships between arti-
sanal and commercial fishermen in the region. It will, for example, beco~e obvious that the

catch, say of 100 t of relatively ~oung fish by artisana1 fishermen fishing close inshore

has a radically different effect on a stock than the catch of 100 t of older and larger fish

by. a commercial fishery operating further offshore. This feature should indeed lead to the

understanding that rather than having one single maximum yield, a given stock may have seve-

ral "optimum sustainable yields" whose respective magnitudes depend mainly on the mode of

operation of the fishing gear used as well as on the resulting age composition of the catch.

Finally, it is on the basis of the identification of such conflicting "OSYs" that fishery

managers of the region can make sound decisions as to which segments of the fishing community

should be encouraged or dissuaded from fishing.
. -
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(As per title)

rw: . 1.U,.t

.L,,,,.~MaJK!p".r ...~~,.~ 'iOil~~1,~; ::.;~ .~~...;~/~~...
"".~..,.t'h#"v.i ..~- .t~~~~ ; ;i<

, ._. ....

-- --



- 43 -

Boonyubol,
1978

M. and V. Hongskul, Demersal resources and exploitation in the Gulf of Thailand,
1960-1975. In SCS (1978) Report of the Workshop on the demersal resources of"
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Gp1land,: -J.-A., The fish resourcesof the. oceans. ,West Byf1eet, Surrey, Fishing News (Books) ,
19.71., .Ltd... for FAO, 255 p. ' ", .

(-1\ s.uccessful. attempt at reviewing thes~~te of all marine fis~.stocks of the
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Nzioka, R.M., Observations onthe spawning seasons of East African reef fishes. J.Fish
1979 BioI., 14:329-42

(As per title)

Pauly, D.,
1976

1978

1978a

1979

1979a

1980

1980a

Petersen,
1892

Pope, J.,
1979

The biology, fi~~ery and potential for aquaculture of TiZapia meZanotheron in
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Meereskd.Christian-Albrechts-Univ.Kiel, (55):200 p.
(Contains length growth parameters for 1_500 fish stocks, more than 500 species
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APPENDIX1

Critical values for correlation coefficients

df (= "degrees of freedom") is equal to the number of observations (data pairs) minus two
(thus df = n-2)

P ... 0.05 and P w 0.Q1 refer to the probability of 5 and 1 percent, respectively, that the
correlation, although "significant" is still the result of chance

-- III. II .rt A "V" -~ ",-:~..,-~~-~~ M;;I'I'~' 1~_"""" ~~Iit! . <I 1'".~~:
,t .",'

- -- -- - -

Critical r Critical r

df P = 0.05 P' ... 0.01 df P = 0.05 P = 0.01

1
.

0.997 1.000 19 0.433 0.549

2 0.950 0.990 20 0.423 0.537

3 0.878 0.959 25 0.381 0.487

4 0.811 0.917 30 0.349 0.449

5 0.754 0.874 40 0.304 0.393

6 0.707 0.834 50 O. 273 0.354

7 0.666 0.798 60 0.250 0.325

8 0.632 0.765 70 0.232 0.302

9 0.602 0.735 80 0.217 0.283

10 0.576 0.708 90 0.205 0.267

11 0.553 0.684 100 0.195 0.254

12 0.532 0.661 125 0.174 0.228

13 0.514 . 0.641 150 0.159 0.208

14 0.497 0.623 - 200 O. 138 0.181

15 0.482 0.606 300 0.113 0.148

16 0.468 0'.590 400 0.098 0.128

17 0.456 0.575 500 0.088 0.115

18 0.444 0.561' 1 000 0.062 0.081



- 49 -

APPENDIX 2

Growth parameters of selected Indo-Pacific fish stocks

The following two pages list
Pacific fishes, distributed in 64

and genera, then by families, Fhe

the growth parameters land K of 71 stocks of Indo-= .

different species. The stocks are grouped by species
latter being ordered alphabetically.for easier access.

The data are selected from an earlier, more comprehensive compilation of growth para-

meters (Pauly, 1978a) in which data for 1 500 stocks, distributed in more than 500 species
were given. What is reproduced here, however, includes most of the tropical Indo-Pacific
stocks given in the earlier compilation.

I have made no attempt to document here the sources of the growth parameters, or of
the data from which parameter values were calculated (but see Pauly, 1978a).

As a rule, the growth parameters given here should be used only for comparative pur-

poses and to get a "feel" for the growth of some tropical Indo-Pacific fishes. Should,

however, any of these data be used for stock assessment purposes, then an attempt should

be made to make sure that the pair of growth parameters used is compatible with the stock

in question. This involves the following criteria and techniques:

(1) The value of 1 used should be slightly larger than the largest fish observed
from the stcok=from which the assessment is to.be made.

(2) When parameter values for a given species are

pertaining to another closely related species
granted the rule in (1) applies.

not available, parameter values

(e.g., same genus) may be. used,

(3) In fishes, Loo is inversely correlated with K, and this may be described by the
relationship

loglO K = a

3
2/3 loglO 100

This relationship may
to estimate the value

another set of values

be used in

of a for a

of L(oo).

conjunction with a given set of 1 and K values
given species then obtain values ~f K for

(4) In general, a
environmental

temperature.

and (2).

low value of Loo and a high value of K are correlated with a high
temperature, while high L and low K indicate relatively lower

This rule should be considered when making the adjustments in (3)

--. ...-.---

-



Family

Acanthuridae

Apogonidae

Callionymidae

Carangidae

Carangidae

Centropomidae
Chirocentridae

"Clupeidae
Chipeidae

Clupeidae

Clupeidae

Clupeidae
Engraulidae

Engraulidae

Engraulidae
Gerridae

Harpadontidae
Ho10centridae

Isdophoridae
Lactariidae

Leiognathidae

Leiognathidae
Lethrinidae

Lethrinidae

Lethrinidae

Nemipteridae
Nemipteridae

Nemipteridae

Nemipteridae '

Nemipteridae

Nemipteridae

Nemipteridae

Nemipteridae

Nemipteridae
Plotosidae

Polynemidae
Pomacentridae

Pomacentridae

Pomadasydae

Pgmadasydae
Pomatomidae

Psettodidae

Psettodidae

Sciaenidae

Sciaenidae

Sciaenidae

Sciaenidae

Scombridae

Scombridae

Scombridae

Scombridae

Scombridae

Scombridae

Species

"Acantnurus trf:of3tefE!._s,
'Apogon cyanosoma
CaZZionymus beZcheri
Decapterus macrosoma
Se Zaroides Zepto Zepis
Lates caZcal'ifer'
Chirocentrus nudus
SardineUa aZbeZZa
Sardine ZZa fimbriata
SaNiine ZZa sinn
HiZsa iUsha
Anadontostoma chacwzda
Sto Zephorus indicus
Sto Zephorus pseudohetero Zobus
Thrissodes mystax
Gerres punctatus
Harpadon neherus
HoZocentrus diadema
Tetrapterus auda:r;
Lactarius Zactarius
Leiognathus equuZus
Leiognathus spZendens
Lethrinus "enigmaticus rf

Lethrinus enigmaticus 2
Lethrinus Zentjan "

Nemipterus bZeekeri
Nemipterus hexodon
Nemipterus deZagoae
Nemipterus marginatus'
Nemipterus mesoprion
Nemipterus nematophorus
Nemipterus nemurus
Nemipterus peronii
Nemipterus toZu
pZotosus anguiZZaris
PoZynemus indicus
Anrphiprion chrysopterus
Anrpmprion tricinctus
pomadasys hasta
Rhonciscus striatus
Pomatomus saZtatrix
Psettodes erumei rf
Psettodes erumei ~
Sciaena russeZZi
OtoU thoides brunneus
pseUaosciaena coibor
Pseudosciaena diacanthus
Rastre Uiger kanagurta
Rastre Uiger kanagurta
Rastre U iger kiiiiagurta

"RastreUiger negZeotus
RastreZZiger negZectus
Pneumotophorus japonicus

- 50

Leo!/

21. 7
,9.4
10.S
24.4
20.0

113.0
87.2
13.0
18.4
22.6
51.1
20.8
21.8
10.3
23.6
27.0
35.0
16.8

312.0
32.0
21.2
14.3
62.6
52.6
64.0
30.4
27.8
27.8
28.4
19.5
27.3
28.9
28.9
26.8
27.0

150.0
11.3
16.5
62.4
18.0-
84.0
50.9
31.1
18.5

160.0
75.0

122.0
21.8
22.4
42.0
20.9
22.9
27.9

0.35
2.9
0.44
,0.95
1.16
0.19
0.242
1.65
1.32
0.65
0.49
0.87
0.712
2.08
0.76
1.8
0.52
1.13
0.201
0.854
1. 75
1.04
0.15
0.18
0.27
0.44
0.49
0.70
0.37
0.63
0.53
0.26
'0.46
0.52
0.45
0.189
0.81
0.36
0.50 "

0.30
0.20
0.265
0.33
1.01
0.21
0.39
0.30
5.16
4.32
0.3
4.2 '

2.28
0.485

i!:./ Location-

Oahu, Hawaii,

Eilat, Red Sea

Moreton Bay, Australia
Palawan, the Philippines
Gulf of Thailand

Papua New Guinea

India, 9~ 72020'E

Gulf of Manaar, India

Karwar, India

Al-Gardaqa. Red Sea

, Mandapam area, India
Godavary Estuary, India
Singapore Strait
Singapore Strait
Malabar Coast, India
Ambaro Bay, Madagascar
Bombay area, -India
Eilat, Red Sea
East Africa, 50S 430E
Waltair, India
Ambaro Bay, Madagascar
San Miguel Bay, the Philippines
Indian Ocean, 10030'N, 620E
Indian Ocean, 10030'N. 620E
Gulf of Manaar, India
Off Brunei "

Off Brunei

Off Brunei

Off Brunei
Off Brunei

Off Brunei

Off Brunei

Off Brunei

Off Brunei

Ago Bay, Japan
East coast of India (22~)

Eniwetok, Atoll

Eniwetok, Atoll"

Bombay, India
Gulf of Suez

Natal, South Africa
Gulf of Thailand

Gulf of Thailand

Gulf of Thailand

Bombay, India

Chilka Lake, India

Bombay, India

Cochin, India

Karwar, India

AI-Gardaqa. Red Sea
Gulf of Thailand

Western Borneo

Red Sea, Egyptian Waters
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Family LocationSpecies K!:./

'Serranidae'

Siganidae .

Sillaginidae

.Sparidae .

.~paridae

Sparidae
Sparidae
Sparidae

.'Synodontidae
S~odontidae

',- Thunnidae .'.

Thunni~ae
. Thulmidae.

Thunnidae
Thunnidae
Thunnidae
Thunnidae
Trichiuridae

Anthias sqUampinnis
Siganus canaUaulatus
.Sil.l.ago sihama

Acanthqphagus bifasciatus

Argyrops . spinifer
Argyrops fil.amentosus

Pol.ysteganus undul.osus

pagel.l.usnatal.ensis
..saurida twnbil.

Saurida undosquamis
Auris thazard

Euthynnus affinis

Thunnus tonggol. .

Katsuwonus pe lamis

Katsuwonus pe lamis

Katsuwonus pe lanrz,s
Thunnus obesus

Trichiurus l.epturus

. 16.8
25.2
28.1
48.i
96.4 .
45.6
98.4
45.5
43.6
37.9
61.0
90.0

110.0
85.1
84.6
62.3

196.0
98.0

. 0~60
1.87
0.75
0.18
<L08
0.28
0.18
0.20
0.43
0.89
0.83
0.44
0.32
0.95
1.16
0.98
0.167
0.20

. Eiiat, Red Sea
Southern Negrcs, the Philippines
Gulf of Manaar, India
Gulf of Aden

Gulf o! Aden
Gulf of Aden
Delagoa Bay, South Africa
Gulf of Aden
Manila Bay, The Philippines
Gulf of Thailand

. Sri Lanka
Seychelles
Northern Australia
Hawaii
Hawaii
North of Madagascar
Hawaii
Madras, Mangalore, India

1/ Total length, in cm, except for the Thunnidae in which fork length in cm is used
"i/ Annual basis . .

<...

----
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APPENDIX 3

Length frequency sheet

Vessel Nome Species Nome

Length Scole em.

s

c

s

c

I

'v

E E -C Species Stratum
.. :> ..

Gill> .... co> II ..c E e..c
CI . tI> ..

0.0 - .. code code - 0) . -..
...a a..o -C 'x Q

-..c . a....
:::-0 .- E '':: E e E )-. 0 .- tI> OvO) ...a

110 =>:> 0:> 0 0 .. .5 c o c c v 8
E

'E &f
ClE

> v e e o ::> -0 E >.. Eo!! eo!! ..! J:
..c=>

.. c: " Me

., l -, I I I I I I

I

0.0 0.5 1 0 1.5 2.0 25 3.0 3.5 ...0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 0.0 .0.5 1.0 1. 2.0

0 1 2 3 4 5 6 7 8 9 0 1 ,2 3 4 5 6 7 8 9 0 1 2 3 4
"

I , ' .

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 0.0 0.5 1.1) 1.S 2.0 2.5 3.0 3.5 4.0 4.5

5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 I 2 3 4 5 6 7 8' 9

___n_--

-




