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Foreword

Fifteen years ago, in Jamaica, I purchased my first electronic calculator, a typewriter-sized
affair which had four functions and no memory, and it revolutionized my life. The cheapest of the
modern hand-held calculators do more, for less than one hundredth of the price that I paid in 1979.
Around the same period, I was using a mainframe computer manned by an army of staff to perform
yield-perrecruit computations. The reader will find that their hand-held programmable calculators
will execute such computations in a few seconds, by the touch of a button.

It is a feature of our times that new hardware becomes outmoded with remarkable speed.

The reader who purchases this book will find that models of the calculators for which the programs
were originally written are already difficult to acquire, as they have been replaced by faster and
more sophisticated models (which will still run the programs presented here). Likewise, program-
mable calculators are already being replaced by microcomputers and many readers will wish to trans-
late the programs contained in this book into computer languages.

The scientist working in a sophisticated fisheries laboratory will be aware that many of the
routines incorporated in this book are already available in the memories of the mini- or mainframe
computers to which they have access and for such individuals, the programs given here will be useful
for on-the-spot calculations without moving to a terminal. Convenient yes, but not a remarkable
benefit. However, fisheries scientists, particularly in the developing countries, who are working
in small, modestly-equipped laboratories, remote from the advanced electronic gadgetry of this
decade, will find that their lives and working abilities are radically changed by this book because it
will now be possible to do complex analyses of data in the remotest field station or even at sea, and
in places without regular power supplies, programmers and systems analysts.

Doubtless, many disastrously erroneous analyses will emerge when inappropriate or poor
sample data are used to generate estimates, and the dictum of ‘‘garbage in —> garbage out” will more
frequently be seen in operation—but this will be a small price to pay for the real advances, improved
scientific output and scientifically-based fisheries management decisions which will emerge asa
result of the publication of this book.

Additionally, ecologists in fields other than fisheries will find that many of the routines given
here are easily adapted to non-fisheries applications—which will hopefully help to overcome the
needless dichotomy which has tended to separate fisheries science from the rest of ecology.

This book is doubly welcome because, while there are numerous texts which give clear instruc-
tions on how to collect data, there are remarkably few which give any instructions on how to analyze
what has been collected. W.E. Ricker’s Handbook of Computations and Interpretation of Biological
Statistics of Fish Populations and John Gulland’s Manual of Fish Stock Assessment have been the
mainstays of fish population dynamics for many years and both are sufficiently intimidating—in
terms of their mathematics—to have cured many biologists of any inclination to pursue a career in
the quantitative aspects of fisheries science. In contrast, readers will not fail to be impresssed by the
lucidity and incisiveness which characterizes this manual and which will rightfully earn Dr. Pauly a
permanent niche in the annals of fisheries science.

J.L. Munro
Manila
March 1984
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Abstract

This manual is a selection, from the entire field of fish population dynamics, of methods which
are applicable to tropical fish and fisheries and can be implemented with the help of programmable
calculators.

The methods selected cover the following areas: length-weight relationships, mesh selection,
growth, mortality, population size estimation by various methods (e.g., tagging, virtual population
analysis), yield-per-recruit assessments, stock-recruitment relationships, surplus-yield models, the rate
of increase of populations and aspects of multispecies stocks and fisheries.

The program listing and user instructions of thirty programs for use with HP 67/97 programmable
calculators are included; the translation of these programs for use with other types of calculators espe-
cially HP 41 and TI 59 is discussed. Sixty computational examples including complete keystroke se-
quences are provided to illustrate the methods presented in the text. These examples are drawn exclu-
sively from subtropical and tropical stocks and fisheries.
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1. How to Use this Manual

Students of fishery biology in tropical developing countries generally find their textbooks
replete with cod and haddock, salmon and trout. There is not even one little example pertaining
say, to the chub mackerels, the scads or the various demersal percoids, although these fish often
support significant and well-documented fisheries throughout the tropics (Marr 1978).

A manual, such as the one presented here, cannot alone compensate for this sad state of affairs.
What this manual will do, however, is demonstrate that:

i. there are at present enough original publications on tropical fish and fisheries to exemplify

most aspects of fish population dynamics and stock assessment,

ii. there is no further need, when investigating tropical stocks, to compare one’s results with
those obtained in temperate areas of the world—lateral” comparisons, involving several
similar tropical stocks being generally far more illuminating.

At this point, the question might arise as to what fish population dynamics are all about. A

now classic axiom, formulated by Russel (1931) may be used to answer this question. This axiom
states that

B, =B, +(R*+G*)— (M*+Y) ... 11)

where B, and B,, are the total weights of the exploited phase of a fish stock (or population) at the
beginning and end, respectively, of a given time period, while R denotes the recruitment (in weight)
to the exploited phase, G* the growth of individuals in the exploited phase, M* the biomass of fish
that died due to natural causes in the exploited phase, and Y the yield or catch (in weight) during the
aforementioned time period. In other words, the axiom states that in a ‘“‘closed’” population (no
emigration, no immigration), the primary factors responsible for weight increments to the stock are
recruitment and growth, while the factors responsible for weight loss are natural mortality and cap-
ture by the fishery (see also Fig. 1.1).

Population dynamics now can be simply defined as the quantitative study of the four primary
factors listed in Russel’s axiom. Tropical fish population dynamics, then, can be more specifically
defined as the set of methods which can be used quantitatively to interpret data on: 1) stock sizes,
2) recruitment, 3) growth and 4) natural mortality of tropical fish, such that potential catches can
be predicted or such that existing fisheries can be knowledgeably managed.

As will be seen, the dynamics of tropical fish are not very different from those of their tem-
perate counterparts, the major differences being: 1) the ranges of sizes are generally smaller, 2) the
time periods are shorter, 3) the intensity of seasonal phenomena is reduced.

Accounting for the differences between tropical and temperate systems is therefore basically a
question of adjusting one’s scales, the ‘““trick” with tropical fish being to turn what appears to be a
liability (i.e., that they operate on scales different from those of temperate fish) into an asset.

For example, the fact that many demersal stocks in tropical waters consist of short-lived
fish sometimes prevents aging by means of annuli, but allows one to follow the growth and decay
of a cohort within a period of 12 months. When there are well-defined spawning seasons (as is often
the case), one can then:

— determine growth from length-frequency data without encountering many of the problems

of applying this method to long-lived temperate fishes,

— estimate the age, in days, of individual fish,

— estimate absolute recruit numbers from the relationship of yield per recruit with the catch,

and

— neglect time-lag effects when fitting surplus-production models to catch-and-effort data.

Also, the extremely large number of species often encountered in the tropics (especially in
demersal fisheries), which many authors have generally considered a major problem, may be viewed
as a beautiful set of replicates from which not only one, but several sets of parameter estimates can
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Fig. 1.1. Factors responsible for size increase and decrease in exploited and unexploited
stocks (modified after Ricker 1975).

be obtained, for example, to assess the impact of fishing on a multispecies stock (see Chapter 12).

. The next 10 chapters of this manual deal with single-species stocks, and only the last chapter
deals explicitly with multispecies problems. This 10 to 1 ratio should not conceal the fact that most
tropical stocks are part of a multispecies community, and that the other species inevitably affect the
dynamics of the stocks under investigation. Chapter 12 is, therefore, very important.

The thirty programs presented here are all original, although a few of them are built around, or
incorporate routines written by other authors; the latter are acknowledged in the program descrip-
tions (Appendix II).

The astute reader will note that many, if not all of the programs presented here could be
written more elegantly, shortened or otherwise improved. It is only after writing these programs
that the author came across such excellent books on calculator programming as Smith (1977),
Ball (1978) and Green and Lewis (1979).

' Statistical problems per se are given little emphasis in this book, for two reasons. First, fish
population dynamics, despite recent improvements, are still mainly based on deterministic models
(i.e., on models which assume the input data are known perfectly, and which thus ignore the sto-
chastic nature of the inputs). Second, statistics are best learnt from texts explicitly devoted to that
subject. Such texts as Draper and Smith (1966), Snedecor and Cochran (1967), Gomez and Gomez
(1976), Weber (1980) or Sokal and Rohlf (1981), include both the theoretical background to some
of the approaches used for the programs presented here and methods by which these sometimes
crude approaches couid be refined.



Some possible improvements and refinements are as follows:

— the use of model II instead of model I regressions (or “GM” instead of “AM” regressions) in
a number of cases where the former might be more appropriate (Ricker 1973; Laws and
Archie 1981),

— the correction of bias in cases where certain parameters are estimated via linear regression by

taking the inverse of the variables,

— the correction of bias where a parameter is derived by taking the antilog of a regression

intercept (Sprugel 1983),

— the computation of the standard error of parameter estimates where such routines are

missing.

Chatterjee and Price (1977) should be consulted for simple methods to deal with these biases,
as well as for a detailed account of residual analysis, a method that is extremely useful whenever
regression analysis is applied.

Several programs included in this manual provide approximate estimates of standard error
(s.e.) for a number of statistics. These were obtained from the square root of the variance in those
cases where an equation was readily available which gave the variance of a given statistic, on the
assumption that the statistic in question has a normal distribution.

When equations for the estimation of the variance of a given statistic are missing, approximate
values of the standard errors can be obtained using the “jackknife’” method of Tukey (1977), which
is presented in Appendix I.

Confidence intervals are computed by multiplying the “t-statistic” by the standard error. When
a large number of degrees of freedom are available, the confidence intervals of a given statistic, A, are
thus computed from:

A+1.96- 5.€.(p) = 95% confidence interval of A ... 1.2)

or

A*258- s.€.4) = 99% confidence interval of A ...13)

For low numbers of degrees of freedom (d.f. < 50), table values of the t-statistic must be used.

It is recalled here, finally, that the term ‘“standard error” is used for the square root of the
variance of a given statistic, while the term ‘‘standard deviation’’ is used for the square root of the
variance of a set of values of a given variable (see Sokal and Rohlf 1981).

Two types of readers will make use of this manual: those who ‘““believe’ in fish population
dynamics, and in whatever comes out of a computer (or calculator), and those who don’t.

For the latter, little instruction is needed since they already will know how to deal with the
contents of this book. The “believer” readers are likely to be students or unfortunate colleagues
who might think that given the equations in this book, and the programs to solve them, all they have
to do is press the appropriate buttons of their calculator. Clearly, this would be a recipe for disaster.
Fish population dynamics are at present in a state of flux and virtually all of the assumptions,
approaches and methods presented here have been challenged at least once by highly competent
scientists. Furthermore, the application of many of these methods to tropical stocks is rather new,
and their overall applicability to all stocks in many cases still needs to be confirmed, especially the
new methods presented in this manual.

To give a “feel’ of this, several equally legitimate methods and/or equations are usually pre-
sented to solve a given problem; these methods generally give somewhat different results, for reasons
" that are not obvious in the majority of cases. This will help the “believers” appreciate that nothing
can replace one’s own thorough knowledge of the various aspects of a given problem. Also, it is



imperative when using any of the methods and approaches presented herein to read the original
literature; references are given throughout the text and in a special “recommended reading” section
in each of the following chapters.

The methods presented in this book are illustrated by at least one example, based in all cases
on data obtained in the tropics or subtropics (Fig. 1.2). Altogether, 60 examples are provided. All
include a full keystroke sequence for HP 67/97 calculators and results, to which a brief comment
has generally been added. These examples can also be used for testing the programs numbered FB 1
to FB 30 after they have been entered from the listings in Appendix II, into a calculator. The
examples can be easily located in the colored pages at the end of Chapters 2-12. Holders for 30 HP
67/97 (and HP 41C) program cards are provided at the end of this book.

b Tropic of Cancer
."r

b= Tropic of Capricorn

Fig. 1.2. Geographic distribution of examples used in this book, showing that most examples are drawn from the
intertropical belt.

The user should follow the procedures below when using this manual and the programs it
contains:

1) alwaysread the original literature on the models and approaches presented here,

2) use (whenever possible) several methods to estimate the value of a given parameter and try
to identify the sources of the differences in the estimates when such differences occur,

3) estimate standard errors, using the jackknife where appropriate, and perform sensitivity
analyses (see Appendix I),

4) always check whether the results obtained make biological sense,

5) try to identify possible sources of biases in the model used here and attempt to improve
Programs FB 1 to FB 30,

6) consider that more rigorous methods for estimating certain parameters are possible, and

7) do not blame the author for the nonsensical results that may result from thoughtless ap-
plications of the methods and programs given here.



2. Length-Weight Relationships
INTRODUCTION

The relationship between the length (L) and the weight (W) of fish can generally be expressed
by the equation:

W=a-LP ...21)

where a is a factor discussed below and the exponent b lies between 2.5 and 3.5, usually close to 3.
Carlander (1969, 1977) has demonstrated from an extraordinarily large number of length-weight
data, stemming from a wide variety of fishes, that values of b < 2.5 or b > 3.5 are generally based
on avery small range of sizes and/or that such values of b are most likely to be erroneous. When b = 3,
weight growth is called isometric, meaning that it proceeds in the “same” dimension as the cube of
length. When b # 3, weight growth is allometric, meaning that it proceeds in a ‘“‘different” dimen-
sion (differing from L3). Allometric growth can be either positive (b> 3) or negative (b< 3). Another
way of relating length and weight is to define a condition factor (c.f.) such that

c.f.=W - 100/L3 ... 2.2)
When weight growth is isometric (b = 3), we also have
c.f./100=a ...2.8)

where a is the multiplicative factor in equation (2.1). The reason for the multiplication by 100 in
equation (2.2), it may be mentioned, is to bring the value of the condition factor of fishes with a
“normal” shape close to unity when grams are used to express the weight, and centimeters to
express the length. It must be emphasized, however, that the c.f. in a given fish species or stock can
be compared to that of another species or stock only if the same units-and definitions have been
used (e.g., total length in cm and live or ungutted weight in g). The units and definitions must
always be stated. '

In addition many factors, such as sex, time of year, stage of maturity, stomach contents and
others influence the numerical magnitude of the condition factor. Comparisons should only be
made when these factors are roughly equivalent among samples to be compared.

The values of a in equation (2.1), on the other hand, cannot be used for interspecies or inter-
stock comparisons, even when the same units and definitions are used, unless the values of b are
exactly the same. The values of b, finally, are not affected by the units or definitions used.

PARAMETER ESTIMATION

The values of a and b in equation (2.1) are estimated in Program FB 1 by means of a “linear-
ized” form of that equation, namely

logW=loga+b:-logL ... 2.4)

that is by taking (base 10) logarithms on both sides and by estimating the values of log a and of b
by means of a linear regression.

This procedure of using ordinary least-square regression to estimate a and b only approximate
these parameters, and results in estimates of the standard errors that are not very reliable; alterna-
tive procedures, e.g., the use of non-linear least-squares estimations should be considered where
possible.



Program FB 1 also calculates single values of c.f. when L/W data are entered, computes an indi-
vidual or mean c.f. value after one or several pairs of L/W values have been entered and estimates L
from W and/or W from L when values of a and b, or an estimate of the condition factor are available.

When expression (2.4) is fitted to data, the coefficient of determination (r?) is also estimated
by program FB1. This coefficient has the value of the correlation coefficient squared, and is used in
all those programs that are presented here in which an estimator of the goodness of fit is given. It
has the advantage over the correlation coefficient that it expresses directly the proportion of the
variance that is “explained” by the regression (e.g., of log W on log L). For example, r? = 0.92
means that 92% of the variance in a set of values is accounted for, or explained, by a regression,
while 100 — 92 = 8% remains “unexplained”, that is, must be attributed to other cause(s), e.g., to
random variability.

As will be seen in the following chapters, a number of models (= equations) used in fish popula-
tion dynamics assume that the exponent of the length-weight relationship is equal to 3. Also some
models can be considerably simplified when this exponent is actually equal to 3. For these reasons,
Program FB 1 incorporates a routine which calculates the value of T that can be used to test whether
a value of b calculated by this program is significantly different from 3. The equation used to com-
pute the t-statistic is

% sdx) Ib—3l

= e —9 .2,
S.d.(y) \/1'— r! n 2 5)

where s.d.(4) is the standard deviation of the log L values, and s.d. ) the standard deviation of the
log W values, n being the number of fish used in the computation. The value of b is different from 3
if t is greater than the tabled value of t for n — 2 d.f. (see Example 2.1).

Table 2.1 presents data which can be used for establishing a length-weight relationship (see also
Example 2.1).

Table 2.1. Data for establishing a length-weight relationship for the threadfin bream (Nemipterus
marginatus) from the southern tip of the South China Sea (live weight in g).

# TL (cm) W (g) # TL (cm) W (g)

1 8.1 6.3 9 16.6 65.5
2 9.1 9.6 10 17.7 69.4
3 10.2 116 11 18.7 76.4
4 11.9 18.5 12 19.0 82.5
5 12.2 26.2 13 20.6 106.6
6 13.8 36.1 14 21.9 112.8
7 14.8 40.1 15 22.9 169.8
8 15.7 47.3 16 23.5 173.3

When large numbers of fish have been measured, entering the L/W data pairs can become quite
tedious. In such cases, a common practice is to arrange the data by length groups, and to calculate
the mean weight for each length class. The data should then look as in Table 2.2. '

Using Program FB 1, the length-weight relationship and/or the mean condition factor may be
calculated with the L/W data pairs having been “weighted” by the sample size. Example 2.2 shows
how the data of Table 2.2 may be used in this context. Example 2.3, finally, shows how a single
data pair (one value each of L and W) can be used to obtain a preliminary estimate of c.f.
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Table 2.2. Data for establishing the length-weight relationship of Leiognathus splendens from the
Eastern Java Sea (total length in cm, live weight in g).

Class limits Class Mean
# low high midlength weight n
1 6.00-6.49 6.25 5.28 1
2 6.50-6.99 6.75 4.07 1
3 7.00-7.49 1.25 6.91 11
4 7.50-7.99 1.75 8.46 26
5 8.00-8.49 8.25 10.15 26
6 8.50-8.99 8.75 11.88 23
7 9.00-949 9.25 13.77 16
8 9.50-9.99 9.75 17.13 2
9 10.00-10.49 10.25 19.29 7
10 10.50-10.99 10.75 22.57 9
11 11.00-11.49 11.25 25.54 7
12 11.50-11.99 11.75 28.66 3
13 12.00-1249 12.25 34.02 7
- 12.50-12.99 12,75 - 0
14 13.00-13.49 13.25 46.73 1
- 13.50-13.99 13.75 - 0
15 14.00-14.49 14.25 55.91 1
16 14.50-14.99 14.75 65.63 1
17 15.00-1549 15.25 61.72 1

Recommended reading: The following papers and books contain useful reviews of aspects of
the length-weight relationships of fish: Kesteven (1947), Le Cren (1951), Carlander (1969, 1977),
Weatherley (1972), Ricker (1973, 1975), Balon (1974).
Suggested research topics: Estimating a and b in various commercially exploited fish stocks,
plotting c.f. values of adults of similar sizes against month of the year to detect changes due to
_spawning, and comparing the c.f. values of fishes of similar sizes, both parasitized and unparasitized.
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Several of the models discussed in the following chapters of this manual require estimates of
the mean size at first capture, that is the length at which 50% of the fish entering a trawl net are
retained by the gear (L,).

The parameter L, is particularly interesting in that it is the length at which the numbers of
smaller fish caught retained by the cod end compensate for the number of larger fish not yet re-
tained by the cod end (see shaded areas in Fig. 3.1).

While L, can be estimated graphically, a more precise method is to order the catch data as in
Table 3.1 and to estimate L, from

Le=Lgs+1—Zp ...3.1)

where L, is the lower limit of the highest length class considered (when this equation is used the fish
must be grouped in classes of width equal to unity, e.g., 1 cm), while 21’1 is the sum of the fractions
retained, as shown in Table 3.1 (see also Example 3.1).

Another method to estimate L, is to fit the retention data with a logistic curve of the form

P=1/1+e¢ m (LT e, ...3.2)

where P is the probability of capture, L the midpoint of a length class and r,,, is a constant whose
value increases with the steepness of the selection curve; both equations (3.1) and (3.2) assume the
selection curve to be symmetrical or nearly so.

A program is provided here (FB 29) which can be used to fit a logistic curve to data obtained
by a trawl selection experiment (Example 3.2). However, this approach gives best results when the
selection curve is symmetrical about the L, value, and it is thus necessary to first plot the data to
check if the requirement for symmetry is at least reasonably met (see Example 3.2 and Fig. 3.1).

In general, L, can be considered proportional to the mesh size of the cod-end meshes; the pro-
portionality constant is called the selection factor (S.F.). When known, it can be used to estimate
L, from the relationship

L. = S.F. x mesh size ...3.3)

It has been demonstrated by several authors that the selection factor of fishes is generally related to
their overall shape, i.e., slender fishes have high selection factors while bulky fishes have low selection
factors. This property has been used by the author to derive a nomogram (Fig. 3.2), based on a
large number of published results of selection experiments, and which can be used to estimate
approximate values of selection factors of fishes, given their ““girth factor” (maximum girth/total
length) or their “depth ratio” (standard length/maximum body depth). (See Table 3.2 and Example
3.3).

GILLNET SELECTION

Whereas trawl selection is essentially a one-sided affair (with only smaller fish having a reduced
probability of capture), gillnets tend to select negatively both small and large fish. The former simply
go through the mesh without getting caught, while the latter are too big to insert themselves into a
mesh. Thus, when the fish are actually “gilled” (that is caught with their head in the mesh, with the
net’s twine retaining the fish by their operculum), the resulting selection curve has the shape of a
normal distribution, and the length at optimum efficiency (optimum length) will be proportional to

' mesh size. The selection curve of gillnets can be estimated, when the fish are “gilled”’ as described
" above, by using two gillnets of different mesh sizes, if the following applies:
— both selection curves are normally distributed,
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Table 3.2. Morphometric data for Leiognathus equulus for rapid estimation of mean length at first
capture (L.).2

Total length Standard length Maximum girth Maximum body depth

(cm) (cm) (em) (em)
10.2 8.2 9.9 4.5
10.5 8.6 10.6 5.0
11.3 9.0 11.1 4.8
14.0 11.5 14.2 6.3
14.3 11.8 14.0 6.1
144 11.8 13.7 6.0
16.4 13.2 16.3 7.6
16.7 13.2 16.5 74
18.4 14.9 18.3 8.4
22.1 17.8 22.8 10.5

2 1483 120.0 147.4 66.6

X 14.83 12.00 14.74 6.66

3Based on samples from Mombasa Harbour, obtained during the FAO/DANIDA Training Course
on the Methodology of Fisheries Sciences (Biology), held in Mombasa, Kenya, 19 May-14 June
1980.

— the two selection curves have the same standard deviation,

— optimum length is proportional to mesh size,

— the two nets have overlapping selection ranges.
In such cases, given catches obtained by the smaller mesh of size A and the larger mesh of size B, the
optimum length corresponding to A (L A ) and the optimum length corresponding to B (Lg) can be
estimated from the catch by length class of each mesh (Cy, Cg) through a linear regression of the
form y = a + bx, where

In B
y=In - ...34
Cy )

x = L (class midpoint) ...3.5)

The ratio C, /Cy is called the catch ratio.
The intercept and slope of this regression can then be used to estimate the optimum lengths from

L= 28 3.6)
A b(A+B) s e @ .
and
1 —2a- B
L= —— ...8.T)
b (A +B) |

while the standard deviation of both selection curves is estimated from

sd. = /M ...3.8)
b2 (A + B)
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Once L, , Lg and s.d. have been estimated, the probability of capture (P) at a given length (L) is
given for mesh A by

(L—Ly)?
Py, =exp(— ——) ... 3.9)
25.d.2
and for mesh B by
(L —Lg)?
Pg=exp(——) ..3.10)
2s.d.?

The derivation of these equations may be found in Gulland (1969, p. 90-92); this method was
proposed by Holt (1963) on the basis of pioneering work by Baranov (1914).

Although the method gives reasonable results in the case of the example provided here (Exam-
ple 3.4, Table 3.3, Figs. 3.3 and 3.4), various authors have shown that gillnet selection curves fre-
quently have shapes other than normal (= bell-shaped). This applies especially to large, spiny fishes,
which, in addition to being gilled often entangle themselves, which results in asymmetrical selection
curves. In such cases, it may be necessary to use more elaborate methods to estimate the selectivity
of the net(s) under investigation, e.g., those of Gulland and Harding (1961), or Hamley (1975).

When the selection curves for a given fish species are only slightly asymmetrical and drawn to
the right, it is still possible to apply the Baranov/Holt method outlined above using the logarithm

Table 3.3. Catch by length of two gillnets to estimate their selection for Tilapia esculenta in Lake
Victoria. Simplified from Table 1 in Garrod (1961).

Midpoint of
length group Mesh sizes (cm)
(in cm) 81 9,12
18.5 7 — > not used, no catch with 9.1-cm meshes
19.5 90 1
20.5 199 9
21.5 182 53 used,n=5
22.5 119 290
23.5 29 357
24.5 17 225 .
925.5 3 82 not used, see Flg. 3.3
26.5 — 19
275 — 10 } not used, no catch with 8.1-cm meshes

3Note that, when comparing two nets, only those lengths can be used for which there are non-
zero catch data on both sides.

of the lengths (and of the mesh sizes) instead of the lengths (and mesh sizes) in all computations.
This approach is illustrated in Example 3.5, which is based on the data pertaining to Tilapia gali-
laea caught in Volta Lake, Ghana (Table 3.4). As might be seen in Fig. 3.56A, the plot of the natural
logarithm of catch ratio against length is not linear (thus suggesting that the simple Baranov/Holt
model is inappropriate). The plot of the natural logarithm of catch ratio against that of length
(Fig. 3.5B) is linear however, and provides parameters from which asymmetrical selection curves can
be drawn (Fig. 3.6).
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Fig. 3.3. Logarithm of catch ratios plotted for length in Tilapic esculenta
caught with gillnets of two different mesh sizes (based on data in Table 3.3
and Example 3.4). (Note that one could also argue that the logarithmic
model in Fig. 3.5 would fit the data better than the simpler model used
here.)
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Fig. 3.4, Selection curves for Tilapia esculenta caught with gillnets of two different
mesh sizes (based on Example 3.4).
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Fig. 3.5. Plot of natural logarithms of catch ratios against length (A) and In length (B) to show effect of logarithmic
transformation of length. Based on data of Table 3.4. Note non-linearity of relationship A (dotted line drawn by eye);
see also Example 3.5 and text.
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Fig. 8.6. Selection curve of Tilapia galilaea caught with gillnets of two mesh sizes (A = 7.6 cm, B = 10.2 cm). Based
on data in Table 3.4 and Example 3.5.
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Table 3.4. Catch by length of two gillnets for estimation of their selection for Tilapia galilaea in
Volta Lake, Ghana.?

Midpoint Mesh sizes (cm) Probability of capture
of length 7.6 10.2 at mesh sizes
class (cm)P No. of fish caught 7.6 cm 10.2 cm

17.5 75 1 0.803 0.016
19.5 95 7 0.994 0.068
21.5 36 15 0.929 0.190
23.5 14 6 0.705 0.391
25.5 5 10 0.457 0.633
21.5 2 4 0.262 0.849

8Data read off Fig. 1 in Lelek and Wuddah (1969), including only those lengths for which both
megh sizes had non-zero catches.
Data regrouped in 2-cm classes to reduce number of classes with zero catches.

USING A SELECTION CURVE
TO ADJUST CATCH SAMPLES

Conducting and interpreting selection experiments, e.g., with the models proposed above, re-
present only half of the work that must be done to obtain catch samples that are representative
of a given fish population. The other half of the work, obviously, is to use the selection curves
obtained to adjust the available samples. Such adjustment is done by simply dividing the number of
fish caught, for each length class, by the probability of capture of that length class, i.e., using the
relationship

true relative abundance _ relative abundance in sample 3.11)

in the population probability of capture

Fig. 3.7 shows, as an example, the catch sample of Tilapia galilaea in Table 3.4 (7.6-cm meshes) and
the computed true (relative) abundances in the population.

40F

Original sample
30 F

20

% catch composition

/\A/ i 1

17.85 19.5 21.8 23.8% 25.5 275

Length (cm)

Fig. 3.7. Difference between a gillnet sample and the same sample, adjusted for mesh selection
(based on data of Table 3.4, 7.6-cm meshes and Example 3.5). The difference between the two
samples is relatively small in this example, but can be quite dramatic when large ranges of sizes are
represented in the catch.
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Recommended reading: Mesh selection for both trawl and gillnets is discussed in Gulland
(1969, p. 84-95) who derives the various equations presented in this chapter. For trawl selection,
further details may be found in Beverton and Holt (1957, p. 221-233) and Pope et al. (1975), while
McCombie and Fry (1960), Gulland and Harding (1961) and Hamley (1975) describe methods for
assessing the selectivity of gillnets when the assumptions of the models presented above are not met,
e.g., when the selection curves are strongly asymmetrical.

It is extremely important for fishery biologists to have a good knowledge of the gears used in a
given fishery, and of the properties of such gears. Brandt (1972) and Baranov (1976) may be con-
sulted for gear descriptions and the study of gear properties, respectively.

Passive gears, such as traps, longlines, gillnets, etc. tend to interfere with each other and to
become saturated. These and related problems are reviewed in Munro (1974) and Eggers et al.
(1982).

Suggested research topics: Estimate selection ogives, L,, and selection factors of important
commercial species. In multispecies fisheries, use the knowledge gained in the fashion of Sinoda et
al. (1979).

INTERNATIONAL CENTER FOR LIVING
AQUATIC RESOURCES MANAGEMENT
LIBRARY



Estimation of the mean length at first capture (L_) and selection factor of
Leiognathus equulus by means of a trawl selection experiment.

Data from Table 3.1

Computation

1) Read sides 1 and 2 of Program FB 2
2) Keystrokes

8fa4 10A3512A198122A170 1 56A 76 142A 45 134A25119A 71
21A0112A113A015A015A013A011A0%1A0%1A

Keystrokes  Results

3) Calculate L, fb 13.88, (L)

4) Calculate the selection factor (S.F.) 7.88
(i.e., divide by the mesh size used): + 1.76 (S.F.)

See Example 3.2 for another method to estimate S.F., also applied to Leiognathus equulus.




Fitting the logistic curve to trawl selection data.

Data from Table 3.1 (but note that midpoints are used instead of the lower class limits)
Computations
1) Read side 1 of Program FB 29
2) Keystrokes
1fa.054 195A.11105A.248111.5A.356 112.5A.43 113.5A.4321

145A.751155 A
(note that midlengths above 15.5 were skipped; see below)

3) Estimate goodness of fit and L,

Keystroke Results

E 0.938 (r?)
0.591 (r.)
14.002 (L)

4) To draw curve as in Fig. 3.2 enter class midpoint, and obtain fraction retained, as follows
Keystrokes  Results

75C 0.021 (frac. retained)
85C 0.037 (frac. retained)
... ete.
and 14.002C 0.500 (as expected)

5) Divide L, by the mesh size used (here 7.88 cm) to estimate the selection factor.
Keystrokes  Results

14.002 t -
7.88 - 1,717 (S8.F.)

The value of L, obtained here (14 cm) is very close to the value obtained earlier (13.9 cm).
However, this was achieved by omitting all values associated with lengths higher than 15.5
cm. This step was necessary because the program used here does not allow for the entry of
1.00 as a fraction retained. The selective removal of all such values, on the other hand, would
cause a bias in the curve estimation. Thus, the best solution here was to omit all lengths from
the first which couldn’t be entered. As Fig. 3.1 shows, the resulting curve gives a good fit
to the data.




Estimation of the selection factor of Leiognathus equulus by means of mor-
phometric data and a nomogram (Fig. 3.2).

Data from Table 3.2

1) Calculate the “girth factor” (maximum girth /total length)
Keystrokes: 14,74 1 14.83 =
girth factor = 0.99

2) Calculate the ‘“‘depth ratio” (standard length/maximum body depth)
Keystrokes: 12 1 6.66 +
depth ratio = 1.80

3) Use the calculated ‘‘girth factor” and “depth ratio” to estimate two values of S.F. via
the nomogram in Fig. 3.2. This results in a mean estimate of S.F. of ~ 1.8 which com-
pares well with the values of 1.76 and 1.78 estimated in Examples 3.1 and 3.2, respec-
tively.

Estimation of the selection curves for Tilapia esculenta caught with gillnets of
two different mesh sizes.

Data from Table 3.3
Computation
1) Read sides 1 and 2 of Program FB 2

2) Keystrokes

8119.1fe90111195C199194120.5C182153 121.5C119 1290 t225C
29 1357 123.5 C

3) Calculate parameters of selection curves
Keystrokes  Results

E 0.996
—39.801

1.801

20.818

23.388

1.195

4) Obtain P-values to draw selection curves
Keystrokes  Resulis

17D 0.006 P)
18D 0.062 ®
ete.

Step 4 allows the quick estimation of values of P (= probability of capture) for any length,
using mesh A; to obtain values pertaining to mesh B, enter the length value and press fd (see
Users’ Instruction for Program FB 2 and Fig. 3.4 for selecting the curves pertaining to this
example).
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1) Read sides 1 and 2 of Program FB 2

e

e

. ;
.. |
. 2) Keystrokes
. '

fSTF1 76 110.2fe 7511 1175C95171195C36 t15121.5C14 161235
cs5t10t255Cc2141275C

3) Calculate parameters of selection curves

Keystrokes  Results

T =
S
e

0.941
—36.024
11.224
19.936
30.774 (Lp)
0.197 (s.d.)
{but note that s.d. is expressed in log, units)
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4) Obtain P-values to draw selection curve for.mesh A

Keystrokes  Results

175D 0.803 (P)
195D 0.994 (P)

etc. (see Table 3.4 and Fig. 3.6)

o
s
-
.
e

For mesh B, enter midpoints and press fd instead of D; remember that all computations in
this example must be performed with flag 1 set, and that it should be cleared to get back
to linear plots of In catch ratio on length and to symmetrical selection curves.
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4. Fish Growth

INTRODUCTION

Growth may be defined as the change over time of the body mass (= body weight) of a fish,
being the net result of two processes with opposite tendencies, one building-up body substances
(anabolism) and the other breaking these substances down (catabolism) or

dw/dt = HWY — kW ... 4.1)

where dw/dt is the change in body weight per unit time, H is the coefficient of anabolism and k is
the coefficient of catabolism. The process of anabolism is here viewed as being proportional to a
certain power (d) of the fish weight (W), while catabolism is proportional to weight itself (von
Bertalanffy 1938; Pauly 1981).
Equation (4.1) is a differential equation which may be integrated in two ways:
a) by setting the value of d at 2/3. This leads to what is widely known as the Von Bertalanffy
Growth Formula (VBGF), which is here called special VBGF.
b) by allowing d to take a certain range of values, including 2/3. This leads to what will be
called the generalized VBGF (Pauly 1981).

Most growth-related programs in this manual allow the use of both forms of the VBGF, and
there is no need to fear that the use of a “‘new” growth equation will complicate things. The reason
why the generalized VBGF is introduced here is that this form of the growth equation allows smaller
deviations when fitting growth data and a biological interpretation of the equation parameters, as
intended by von Bertalanffy (1951) (see Pauly 1981).

Details on the integration of expression (4.1) to a growth curve have been presented in Taylor
(1962) and Pauly (1979a). It suffices to mention here that, in the course of this integration, the
weights in expression (4.1) are replaced by length such that

HWY = pL2 ... 4.2a)

and

W =qLP ... 4.2Db)
Also a “‘surface factor D’ is defined such that

D=b—a=b(1—4d) ...4.3)
The integration for length growth yields the equation

L =L, P (1— e KD (t—to)y ... 44)
or

L; =L, (1 —e KD (t—1t5))1/D ...45)
where

L, is the asymptotic length, that is the meaﬁ length the fish of a given stock would reach if
they were to grow indefinitely,

K isagrowth constant which may be conceived as a ‘“‘stress factor”, with K = k/3

23
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(relative) age™. Table 4.3 gives an example of such data. From such data, L_,, (or W_ ) and K may
be estimated, but not t,, which is due to the fact that what is really known are age differences, not
actual ages. To obtain estimates of t,, a knowledge of the absolute age of fish of given size is neces-
sary, as might be obtained, e.g., from aging by means of daily otolith rings (Pannella 1971) or
from a detailed knowledge of the life-history of a fish, inclusive of the exact spawning season.

Table 4.3. A set of length-at-(relative) age data, pertaining to male Nile carps (Lebeo niloticus)
from a freshwater body near Alexandria (Egypt).®

Age group Length (cm) N
(relative age, in years)
I 19.6 184
I 374 73
i1 45.7 11
v 51.0 3
2From Hashem (1972).

Throughout most of this manual, I have used the term size-at-age both for data on size at
absolute and at relative age, and distinguished between the two only when the distinction was essen-
tial to the point being made.

Size-at-age data (in the wider sense) are required in this manual for Programs FB 3 (von Berta-
lanffy Plot), FB 4 (Ford-Walford Plot) and FB 7 (seasonal length growth).

Data on size increase in time may be typically represented by the tagging-recapture data of
Table 4.4. With this type of data, we do not know the age of any fish, nor do we even have a series
of sizes at relative ages. Still, it is possible to derive from data of this type an estimate of asymptotic
size and K, given values of D, by means of Program FB 5 (Gulland and Holt Plot) or Program FB 6
(Munro Plot).

This manual, it must be stressed here, shows how to interpret growth data, not how to obtain
them. Introductions into the literature on fish aging, including validation techniques applicable to
tropical fish, are given by Mohr (1927, 1930 and 1934), Graham (1929), Suvorov (1959), Menon
(1950), Bagenal (1974), Pauly (1978), by Brothers (1980), who also reviews techniques for aging
tropical fish by means of daily otolith rings, and most recently by Beamish and McFarlane (1983).

METHODS FOR PARAMETER ESTIMATION
A method for obtaining first estimates of asymptotic size

Various authors, notably Beverton (1963) and Taylor (1958), have noted that there is generally
a good agreement in various fish stocks, between L, .., the largest length recorded from a given stock
and L, the asymptotic length estimated for that stock.

Taylor (1958) in fact suggested the rule of thumb

Linax/0.95 = L(m) ...4.16)
which for weight becomes
Winax/0.86 = W) ... 4.17)

and where L) and W(,,) are used (instead of L., and W) to distinguish such preliminary estimates
from values of asymptotic size obtained from growth data, e.g., by means of a Ford-Walford plot
(see below).
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Two problems are associated with this method to obtain preliminary estimates of asymptotic
size. The first problem is that of properly defining L., (or Wp,,.); S. Garcia, FAO (pers. comm.)
suggests L, and W, .. should be derived by averaging the sizes of several large specimens from a
well-sampled stock, whenever possible, rather than using only one single value. In either case, it is
important to distinguish Ly, (and W,,,.. ) from L0 ever (@0d Wiy ever)s i-€., to distinguish the
maximum size on record from a given stock from the maximum size recorded from a given species
of fish (see e.g., Intern. Game Fish Assn. 1978). Obviously, values of L. evers T Wiax eyer Will
not do for use with equation (4.16) or (4.17), because the “record” fish will most probably have
grown under environmental conditions different from those applying to the stock under investigation.

The second problem associated with the use of expression (4.16) or (4.17) to obtain prelimi-
nary estimates of asymptotic size lies in the fact that in fish capable of reaching very large sizes, the
use of the special VBGF implies that L, > L, (and W, > W,,,..), as shown in Pauly (1981) (see
also Example 4.9 and Fig. 4.5). The reason for this is that the assumption embedded in the special
VBGF that D = 1, which is more or less erroneous in most fish, is most erroneous in those fish
that are capable of reaching large sizes (see Fig. 4.1). Using D = 1, instead of the appropriate value
of D has in these fish the effect of generating values of asymptotic sizes much larger than the
maximum known from the stocks in question (Pauly 1981). Thus, in fish capable of reaching large
sizes (> 50 cm) it is imperative, when using expression (4.16) or (4.17) to compute and use the
appropriate value of D.

The von Bertalanffy plot

Historically, the first method for estimating the parameters of the VBGF was that proposed by
von Bertalanffy (1934). The method requires the use of a set value for the asymptotic size (L(w), or
W, ).

(o)
The generalized VBGF -

—XD (t — tg)

LP=L,D-(1—e ) ...4.18)
can also be written

(Ly/Liy)P =1—¢ 0 (7 to) .4.19)
and

1= (Ly/L,,)P = 0 (87 %) . 4.20)
or

—In [1 — (L¢/L(,))P] = —KDt, + KDt ...4.21)
Expression (4.21) has the form of a linear regression, y = a + bx,
where

y = —In [1 — (Lt/L))P] ... 4.22)
and \

x=t ... 4.23)
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which, given a set of length-at-age data, a value of D and an estimate of L(c0)> Provides values of
intercept (a) and slope (b) which can be used to obtain K and t, through

K=b/D ... 4.24)
and
t, =—a/b ...4.25)

Also, a value of r2 is generated which estimates the goodness of fit and which can be used to test
whether the use of a different value of L(o) improves the linearity of the regression. The latter
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Trial values of L (o) (cm)

Fig. 4.3. Relationship between the goodness of fit of a von
Bertalanffy plot (expressed by the coefficient of determination)
and the selected value of L., (based on data in Table 4.3
and Example 4.2).

feature, therefore, can be used to obtain by trial and error the value of L(oo) which brings r? to
its maximum. See Example 4.2 and Fig. 4.3.
The use of a von Bertalanffy plot has the following advantages:
a) the values of t (ages) do not need to be equidistant (see Example 4.1)
b) the mean length values used in the regression can be weighed by sample size (as in Example
4.2)
c) the value of t,, is estimated directly when absolute ages are provided (as in Example 4.1)
d) the use of a forcing value of L(..) helps in obtaining (rough) estimates of K even when the
growth data are not asymptotic.
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The Ford-Walford plot
Of all methods used for estimating the parameters of the VBGF, the Ford-Walford plot (Ford

1933; Walford 1946) is the most commonly used. The method is based on a rewritten version of the
VBGF:

Lis1 2 =a+bL,P ...4.26)
from which is derived
- a 1/D
L., (1_b) ... 4.27)
and
=_Inb
K=—" ...4.28)

Here, LtD and L 1D pertain to length separated by a constant time interval (1 = year, month or
week, etc.). Table 4.4 shows how size-at-age data need to be rearranged for use in a Ford-Walford
plot.

A point must be mentioned which pertains to the regression model used in conjunction with
the Ford-Walford plot. The linear regression models normally used in this manual (as well as in the
HP 67/97 Standard PAC) are arithmetic mean (AM) regressions, also called type I, or predictive
regressions. In this regression type, it is implied that the ordinate (y) values are measured with
error, or have natural variability, while the abscissa value (x) are measured without error or not to
have natural variability. This assumption applies in the case of the von Bertalanffy plot. In the case
of the Ford-Walford plot, however, the use of an AM re%ession introduces a bias, due to the fact
that both the y values (= L, 4 ;) and the x values (= L,”) are measured with the same error (they
are indeed the same data, used twice!). In such a case, a geometric mean (GM) regression (also called
type II, or functional regression) has to be used (Ricker 1973; Laws and Archie 1981).

In practice this consists in calculating the a, b and r? values of an AM regression, then cal-
culating the GM slope (b') from

b’ =b/r ...4.29)
and the GM intercept (a') from
d =y — (%) ...4.30)

where X is the mean of the L,” values and y the mean of the Ly , ;° values. The values of a’ and b’
are then inserted into equation (4.27) and equation (4.28) instead of the values of a and b.

Table 4.4. Length-at-age data for the Atlantic yellowfin (Thunnus albacares)* off Senegal for use
with a Ford-Walford plot.

Age (years) FL (cm) Rearrangement for Ford-Walford plot

1 35 L, (=) Lyyq (=)
2 55 35 55
3 15 55 15
4 90 15 90
5 105 90 105
6 115 105 115

®From Postel (1955), who also gives L. = 146.5, corresponding to a value of W_ .~ 60 kg,
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The computations outlined here are all performed by Program FB 4 and data are provided in
Table 4.4 for calculating Example 4.3 (see also Figs. 4.4 and 4.5). The Ford-Walford plot has a few

advantages over the von Bertalanffy plot—an estimate of L, is obtained immediately, and it is rela-
tively easy to compute.

200 — 10 -
()
L rd
9 ./o
8 ./
150 |~
~
¥ -
A v
: 100 |~ /. e
- /’ e
[} o_r
'/ a=262 a=256
50 |- b = 0.86l b = 0.760
& 2L o
of;\\ V- 7
0 1 1 i ] 1 1 1 1 A
50 100 150 200 2 4 6 8 10
Ly D (p=0.47)

Fig. 4.4. Two Ford-Walford plots for Atlantic yellowfin (Thunnus albacares), based on the special and generalized
VBGF (based on Table 4.4 and Example 4.3).
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Fig. 4.5. Differences between the special and generalized VBGF as applied to growth
data for Atlantic yellowfin (Thunnus albacares) (based on Example 4.3).



33

These advantages, as it seems, are outweighed by the disadvantages of this method, namely:
® The plot requires that the data are equidistant in time (the time between size values being
years, months, weeks, etc.).
® The points are unevenly spaced along the plot (see Fig. 4.4) which introduces a slight bias
when calculating the regression parameters.
® The points, being combined from two values of size-at-age cannot be readily weighed by
sample size.
® One value of size-at-age is always lost (because it has no corresponding value of L; , ).
® The value of t, must be estimated separately.
Variants of the basic Ford-Walford plot have been published (e.g., Gulland 1969; Hohendorf
1966), but the negative features of this plot can hardly be compensated for; it would appear that
the Ford-Walford plot is in fact inferior to the original von Bertalanffy plot.

The Gulland and Holt plot

Another method for estimating L, and K from growth data is provided by the feature that a
plot of size increments per unit time against mean size (for the increment in question) gives a straight
line, whose slope—with sign changed—closely corresponds to the value of K, or including the para-

meter D:
L,? —L,D _
221 . a—KDLPD ...4.31)
tg—t

where fD = (LlD + L2D )/2, and where L, and L, are successive lengths, pertaining to times t, and
tg, respectively (Gulland and Holt 1959).

Table 4.5 gives an example of data of this kind, which are typically obtained from tagging stud-
ies or from length-frequency data. The method uses normal size-at-age data, at equal or unequal

Table 4.5. Length at tagging (L,), length at recapture (L,) and time at large for tagged ocean
surgeon fish (Acanthurus bahianus) from the Virgin Islands.?

Mean temp.©
No. L, (ecm) L, Days out Annual K® (in °C)
1 9.7 10.2 53 0.370 27.48
2 10.5 10.9 33 0.518 28.61
3 10.9 11.8 108 0.385 27.79
4 11.1 12.0 102 0.419 29.29
5 124 15.5 272 0.808 28.37
6 12.8 13.6 48 1.007 28.89
7 14.0 14.3 53 0.405 27.55
8 16.1 16.4 73 0.500 27.99
9 16.3 16.5 63 0.407 27.54
10 17.0 17.2 106 0.321 28.00
11 17.7 18.0 111 0.707 28.30

K = 0.532
CV. = 0408

“Adapted 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
tagEing wounds.
As calculated from a Munro plot (see Example 4.6) with L., = 19.25 cm and D = 1 (Fig. 4.9).
°As computed from the mean monthly temperatures and the dates at tagging and recapture
in Randall (1962), who also gives 29.4°C as highest mean monthly temperature (T,), 27.2°C as
lowest mean monthly temperature (T ) and 28.5°C as annual mean (T).
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intervals, granted that the values of (t5 — t;) stay small in relation to the longevity of the fish (Gul-

land and Holt 1959).

Equation (4.31), it will be noted, has the form of a linear regression y = a + bx with

and

=LD

X

L2D - LlD
tog —t;

y=

...4.32)

...4.33)

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

and

K=-b/D

ek

...4.34)

...4.35)

Sometimes, the method does not provide reasonable parameter estimates, when the ED data are too
close to each other (Table 4.6, Fig. 4.6). In such a case, a set value of L(o) may be used in connec-

Table 4.6. Length at tagging (L,), length at recapture (L,) and days at large of tagged Queen
parrot fish (Scarus vetula) from the Virgin Islands.?

No. L, (cm) L, Days out L cm/day
1 14.0 16.9 48 15.45 0.0604
2 20.8 27.6 189 24.2 0.0360
3 24.8 26.5 48 25.65 0.0354

x = 21.77; 7y = 0.0439

2Adapted from Table 17 in Randall (1962). Randall (1968) gives for this stock a value of
Ly, ax = “20 inches”, hence L, = 20°2.54/0.95 = 53.5 cm.
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Fig. 4.6. Estimation of growth parameters for the ocean
surgeon fish (Acanthurus bahianus) off the Virgin Islands
by means of a Gulland and Holt plot (based on data in
Table 4.6 and Example 4.4).
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_ D_ D . .
tion with the means of all L values (X) and of all th — Itd values (¥) to obtain an estimate of
K through 21

K ~ y ...4.36)
(L, —%) - D

This method, called a ‘“forced” Gulland and Holt plot, allows the estimation of K even when only
one pair of x and y values is available.

Program FB 5 provides estimation of L., and K, or W, and K given appropriate data (as
exemplified in Tables 4.5 and 4.6 and Fig. 4.8). When values of L(o) Or of W(,,) are supplied, only
K is estimated (Examples 4.4 and 4.5).

Care should be taken, when using tagging data in conjunction with a Gulland and Holt plot, to
identify and reject those data pertaining to fish whose growth was severely reduced or halted, e.g.,
as a result of tagging wounds. It is generally necessary to draw a scattergram prior to all calculations
to identify such values of x and y (see Fig. 4.7 for an example). For this purpose, Program FB 5 has
been given a routine which provides for the output of the x and y values.

The Munro plot
Munro (1982) suggested that

log, (L, —L,) —log, (L, —Ly)=K(b—a) ...4.37)
which becomes, in the notation used here, and in terms of the generalized VBGF

In (L(o)? —L;P) —In (L,)P — LyP) =KD (£ — t;) ... 4.38)
Given a value of D and trial values of L., this equation can be used to calculate single values of K
(one for each triplet of L, Ly and time values). The calculated values of K are close to each other
when an optimal value of L(oo) has been selected, and differ widely from each other when the

selected value of L, is too high or too low.
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Fig. 4.7. Scattergram of growth increment for ocean surgeon fish
(Acanthurus bahianus), as obtained from tagging data (the selection
of points used was done using a rigorous criterion, see Table 4.5).
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Fig. 4.8. Gulland and Holt plot (dotted line) and ‘‘forced’ Gulland and Holt plot (solid
line) for the Queen parrot fish (Scarus vetula) off the Virgin Islands (based on data in
Table 4.6 and Example 4.5).

Thus, by calculating, for a glven value of L(w)» the coefficient of variation of the K-values
(C.V.ofK= ;‘t%‘w ), one may select by trial and error the value of L __
which produces the lowest coefficient of variation for a given set of data. Program FB 6 (Munro
plot) can be used for this purpose (see Table 4.5, Example 4.6, Fig. 4.9).

This method resembles the (forced) Gulland and Holt plot in that data for unequal time
intervals can be used, e.g., tagging data. It has, however, the distinct advantage over the Gulland

and Holt plot of providing accurate solutions (K values) irrespective of the length of the time inter-
val(s) (to — t; values).
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Fig. 4.9. Graph showing how the coefficient of variation (C.V.) of
the K-values obtained from a Munro plot depends on the selected
value of L., (based on data in Table 4.5 and Example 4.6).

Coefficient of variation
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Alternatively, when a value of L, is reliably known (e.g., as obtained by the procedure out-
lined above), single values of K can be output (see Table 4.5) which can be compared and/or plotted
against any variable likely to affect the growth of individual fish (e.g., mean water temperature
during time at large).

Fitting seasonally oscillating length-growth data

In sub-tropical waters, and even more so in temperate waters, the growth of fish is fastest in
summer time when temperatures are highest, and slowest in winter time when temperatures are
lowest, the growth oscillation roughly following a sine wave curve of period one year (Fig. 4.10).

The inclusion of a sinusoid element of period one year into the VBGF has, therefore, the effect
of considerably improving the fit of a growth curve and the accuracy of estimated values of the
growth parameters in cases of growth seasonality (Pauly and Gaschiitz 1979; Gaschiitz et al. 1980).

The “‘seasonalized” version of the generalized VBGF has the form

KD
LD =L_D (1— e [KD(t — to) + C orsin 27 (¢ — tg)]) ... 4.39)

Where L, D, K and t, are parameters of the “unseasonalized” VBGF while C expresses the ampli-
tude of the growth oscillations and t the start of the sinusoid growth oscillations with respect to
t=0.

The value of C is defined such that, if C = 1, the growth rate (dl/dt) is zero exactly once a
year.? Values of 0 < C < 1 indicate a slowing down of the growth rate in winter time without
dl/dt ever reaching zero, while C = 0, finally corresponds to the unseasonalized VBGF. The para-

8Values of C> 1 do not imply that the length of fish is reduced in winter, but rather that the period of no-
growth lasts over several weeks or months. This case should not occur in the tropics, however.
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Fig. 4.10. Seasonally oscillating growth of the halfbeak (Hemirhamphus brasiliensis) off Florida (based on
data in Table 4.7 and Example 4.7).
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meter t is defined such that t; + 0.5 = “winter point”, i.e., the time of the year when growth is
slowest.

Given values of L, D and a set of seasonally oscillating length-at-age data, the parameters
K, C, t, and t; of equation (4.39) can be easily estimated from a multiple linear regression of the
form

y=a+b;xy +bgxy +bgxg ...4.40)

where y=In(1—L,P/LP) ... 4.41)
X; =t (age must be always expressed in years) ... 4.42)

Xq = sin 2wt ...4.43)

and Xg = cos 27t ...4.44)

and where the parameters K, t,, C and t, are estimated from the relationships

a=KDt, ... 4.45)
by = —KD ... 4.46)
by = —KD 5-cos 2t ... 4.47)
bg = KD sin 2t ...4.48)
and ty = { arc tan (—bg/by) }/27 ... 4.49)

The only parameters which cannot be estimated directly from the seasonally oscillating growth data
are L, y and D. The input value of L), however, can be improved by means of the same trial and
error techniques suggested for the von ertalanffy and the Munro plots, because Program FB 7 has
a routine for computing R2 (multiple coefficient of determination, analogous to r2) the value of
which may be maximized by means of a few plots with different estimates of L(.) (see Table 4. 1,
Example 4.7 and Fig. 4.11). Hoenig and Choudary (1983) give a method to derive standard errors
of the parameters of equatlon (4.39).
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Fig. 4.11. Graph showing how an optimal value of
L(oo) can be selected when fitting seasonally oscillating
length-growth data (based on data in Table 4.7 and
Example 4.7).
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Table 4.7. Seasonal growth of halfbeak (Hemirhamphus brasiliensis) off Western Florida, U.S.A.2

Relative age Relative age
in months FL (cm) in months FL (cm)

3 16.8 12 22.2
4 18.9 13 22.5
5 194 14 23.2
6 20.0 15 23.6
i 19.8 16 25.0
8 21.0 18 25.5
9 20.8 21 26.4

10 21.5 24 26.4

11 21.5 - —

#As read off Fig. 5 in Berkeley and Houde (1978), who also give 31 cm for FL_ .

Program FB 7, as opposed to the other programs for estimating the parametei‘s of the VBGF,
cannot be used to fit weight growth data, even after conversion of W to wl/ b, because weight oscil-
lations have in fish a structure different from that of length oscillations (see Shul’'man 1974).

Extended Gulland and Holt plot

The seasonally oscillating growth model presented above (equation 4.39) is very sensitive, even
to small seasonal oscillations. Using this model, growth oscillations have been demonstrated using
data previously thought to depict growth patterns unaffected by the relatively small oscillations of
environmental factors that occur in the tropics (Pauly and Ingles 1981). For this reason, it becomes
necessary to consider growth oscillations not only with regard to size-at-age data, but also with
regard to size increment data (i.e., tagging data), which have been frequently used to estimate the
growth parameters of tropical fish.

The method proposed here is a modification of the Gulland and Holt plot, discussed earlier in
this chapter. The new method may be called ‘“‘extended Gulland and Holt plot’’; it consists of ex-
tending the earlier method

D D
_L2 - Ll
t2 - tl
where b = —KD and x = (L; ? + LyP)/2 into a multiple regression of the form

=a+bX ...4.50)

y=a+b1X1+b2X2 ...4.51)

where y = (L,® —L,P)/(t, —t,), and x, = (L, P + L,P)/2, as in the Gulland and Holt plot, and
where x is the value, during the time t; —t,, of the environmental factor most likely to affect the
growth of the fish while at large. (Obviously, the expression may be extended to any number of
additional terms, up to b, X, but this will not be investigated here.)

As shown in Fig. 4.12, the amplitude of seasonal growth oscillations in different fishes is
extremely well correlated with the difference between annual minimum and maximum temperature
of the water masses they inhabit, for which reason the most meaningful factor to insert for X, in
expression (4.51) is the average temperature encountered by the fishes while at large (between
times tl and tz).

Thus, the model becomes

L2D _LlD LlD + L2D

o Sath 5 ) +byT  ...4.52)
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Fig. 4.12. Relationship between the amplitude of seasonal growth oscillations
(C) of fish and shrimps and the difference between highest and lowest mean
monthly temperature of their habitats (AT). Adapted from Pauly et al. (in
press).

where T is the mean environmental temperature in °C during an interval t; to to. From this, the
value of L, corresponding to the mean annual temperature (T) (hence, to a value of L, unaf-
fected by temperature fluctuations) can be estimated as:

a+(by T,,) )1/D

L, = by ...4.53)
while K and C can be estimated from
=—b,/D ...4.54)
and
bp (T; ~ Tw) 4.55)

C=gr"—r——
2[a+(by T
respectively, T (‘“‘summer’’) being the highest and T, (‘“‘winter’’) the lowest mean monthly tem-
perature of the water body in question.
The method, as might be seen from Example 4.8, is extremely sensitive and can detect and

quantify temperature effects that are extremely slight.
In analogy to the ‘“‘forced Gulland and Holt plot”, the method can also be used to estimate K

(while accounting for seasonal growth oscillations) with a forcing value of L), using

K~ [a+(by Tpy))/Le,)® ...4.56)

e

(See Example 4.8.).
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GROWTH: A CONCLUDING PROGRAM

More methods suitable to estimate growth parameters by means of HP 67/97 calculators are
available, especially from the HP ‘“Users Library’’. The six methods proposed here are quite suffi-
cient, however, for most problems and this chapter concludes with a straightforward, but hope-
fully helpful program.

Program FB 9 simply gives solutions for the generalized versions of the VBGF and their deri-
vatives and also estimates the parameters d and D from equations (4.8) and (4.9). Table 4.8 gives an
overview of the various output values that are calculated, given an appropriate set of values for the
parameters needed for the calculation (see Examples 4.9 and 4.10).

Table 4.8. Constants to be stored for each of the solutions of the generalized von Bertalanffy
Growth Formula (see Program FB 9).

Constants required in stores

Label Values estimated Lo, W, K D t, b Input Output
A length at a given age X - X X X - t L,
B weight at a given age - X X X X X t w,
C age at a given length X - X X X - L, t
c age at a given weight - X X X X X LA t
E t,, for given length and age® X - X X - - L,t t,
e t,, for given weight and age® - X X X - X ot t,
a length at inflexion point of curve® X - X X - - - L
b weight at inflexion point of curve - X X X - X - LA
D growth rate at a given length X - X X - X L, dydt
d growth rate at a given weight - X X X — X W, dw/dt
7 values of d and D - - - = - - Wox 4D

Stores: A B 1 D O E

“The values of t, may be summed up (Z+), then averaged ().
® Applicable only when D < 1.
“W,,ax Must be expressed in grams.

This program, although consisting of very simple steps, can help save a considerable amount of
time to whomever has to draw various growth and related curves.

Recommended reading: The literature on fish growth is immense, and a list of recommended
reading on this subject is necessarily highly subjective. Nevertheless, here are some useful references:
von Bertalanffy (1938), Beverton and Holt (1959), Cushing (1981), Taylor (1962), Pannella (1971),
Fryer and Iles (1972), Weatherley (1972), Bagenal (1974), Shul’man (1974), Ricker (1975, Chapter
9), Lowe-McConnell (1975, Chapter 9), Jones (1976a), Ricker (1979), Brothers (1980) and even
Pauly (1981).

Suggested research topics: Estimate growth parameters of commercially exploited fishes,
and of little-investigated groups (e.g., coral reef fish). Compare growth curves obtained with the
special VBGF with growth curves obtained using the generalized VBGF, especially in tuna. Estimate
the age of fish by means of daily rings in their otoliths (see Brothers 1980). Assess the intensity of
seasonal growth oscillations in tropical fish, and establish the cause for these oscillations.

Reanalyze previously published length-frequency data (or data on file somewhere) by new
methods (see, e.g., Pauly and David 1981) and use the resulting growth prameters to derive growth-
related parameters (e.g., mortality rates; see next chapter).



Estimation of L, and K for Thunnus albacares off Senegal by means of a Ford-
Walford plot, special and generalized VBGF.

Data from Table 4.4
Computations
Case I, with D=1
1) Read sides 1 and 2 of Program FB 4
2) Keystrokes
3511fab5 AT5A90A105A115A
Keystrokes  Results
3) Compute r2, K and L E 0.996
0.150
186.6
Case II, with D = 0.47*

4) Keystrokes

351.47fa55AT5A90A105A115A

5) Compute r?, K and L, 0.998 (%)
0.583 (K)
153.9 (Loo)

Note the slight improvement of the goodness of fit (0.998 > 0.996), the higher value of K
and the lower value of L, (= L, = 146.5 in Postel 1955) resulting from the use of the
generalized VBGF. See Fig. 4.5 for a view of the differences between the special and
generalized VBGF,

*Obtained from wmax = 60 kg and equation 4.10 (see Fig. 4.1 and Program FB 9).
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Using a Gulland and Holt plot to estimate L, and K for ocean surgeon fish
(Acanthurus bahianus) from the Virgin Islands.

Data from Table 4.5
Computation
1) Read sides 1 and 2 of Program FB 5.
2) Keystrokes
1£29.7110.2 153 A105 1109133 A109 11181108 A11.11121102A

124 11551272 A1281136 148A 14 1143 153 A16.1 1164 173 A16.3
1165163A17117.21106 A17.7118 1111 A

3) Calculate r%, K and L,

Keystrokes  Results

E 0.496 (r?)
0.001 (K)
20.336 (Loo)

4) Putting K on an annual basis X=Y 0.001
365 x 0.432 (X)

Hence, the growth parameters are L, = 20.4 and K = 0.432 (see Fig. 4.6). For plotting the
data and results on a graph (such as Figs. 4.6, 4.7) press C; the procedure is then as follows
(data of Table 4.6):

Keystrokes: Output: L AL/At

14 116.9 148 A 15.45 0.060
20.8 127.6 1189 A 24,20 0.036
24.8126.5 148 A 25.65 0.035
etc........

The intercept and slope of the regression line are in STO A and STO B, respectively, and
may be recalled to trace the line.




Using a “forced” Gulland and Holt plot to estimate K when a value of L,
and growth increment data are available.

Tagging data from Table 4.6. Also, Randall (1968) gives for the fish in question a value of
L ax = “20 inches”,

Computations

1) Read sides 1 and 2 of Program FB 5.

2) Estimation of L, in cm

Keystrokes  Results
20 t
0.95 + 21.053
2.54 x 53.474
3) Estimation of K
Keystrokes: Results

1fal4 1169 148A 20812761 0.001 (K)
189 A 2481265 148A53.5fc (rounded up)

4) Putting K on an annual basis: 365 x 0.505 (K)

Hence, the growth parameters are L, =~ 53.5 cm and K ~ 0.505. See Example 4.6 on how
to draw the graph.




Calculating values of K, and using these to improve a first trial value of L(,,)
for ocean surgeon fish (Acanthurus bahianus) by means of a Munro plot.

Data from Table 4.5

Computations

1) Read side 1 of Program FB 6.

2) Select trial value of Ly, €.g., as obtained from a Gulland and Holt plot; try L(c) = 20 cm.

3) Keystrokes
20t 1fa9.7110.2153A1051109133A109111.81108A 11111214
102 A 124 1155 1272 A 1128 1136 148 A14 1143153 A16.1 116.4 173
A1631165163A17117.21106 A17.7 118 T111A

4) Calculate mean value of K and C.V.

Keystrokes  Results

E 0.448 (K)
0.425 (C.V.)

5) Compute K and C.V. for L.y = 185, 19.0, 19.5, 20.5 and plot C.V. values. The results
should look as in Fig. 4.9, which allows for an estimate of best L, (hence, L) = 19.25,
corresponding to K = 0.532 and C.V. 0.408.

6) To obtain single values of K, select a good value of L) and perform:
Keystrokes Results

19.25 11 fa fSTFO 19.7 110.2 1 53A 0.370 (K;)
10.5 1109 133 A 0.518 (K,)
10.9 111.8 1108 A 0.385 (K3)
etc. (see Table 4.5, right column)

The estimates of K may then be plotted against variables likely to influence growth rate
(e.g., water temperature while at large).




Determination of growth parameters from seasonally oscillating length-at-age
data for the halfbeak (Hemirhamphus brasiliensis).

Data from Table 4.7 (and using D = 1)

Computations

1) Read sides 1 and 2 of Program FB 7 (a).

2) Compute preliminary value of L, from L =31 em.

Keystrokes  Results

311
95+

3) Initialize and enter length-at-age data

Keystrokes

10t5y*fa3 112+ 168 1326 A4 112+ 1891326 A57112: 194 1326
A6112:201326A7112+1981326A8112+211326A9112 20.8
1326 A10112+ 215 1326A11112+ 21.51326A12112 3+ 2221326A
13112+ 2251326A14 112+ 2321326415112+ 23.61326A16112
T% 251326 A18112+ 2551326 A21 112+ 264 1326 A24 112+ 264
326 A

4) Read sides 1 and 2 of Program FB 7 (b).

5) Perform:

Keystrokes  Results

0.98783
0.58094
—1.03386
—0.27326
—0.68498

6) Adjust t; and C values (see User’s Instruction FB 7 (b))

Keystrokes  Results

CHS 0.68498 (C)
0.273 CHS —0.273 (old t,)
0.5+ 0.227 (new t.)

7) Repeat steps 3-6 with different values of L(oo and plot resulting R? values against the
L(ooy. A figure similar to Fig. 4.11 should emerge from which the best value of L,
can be selected. (The best value of L, happens to 32.6 cm.)

8) To trace the growth curve follow User’s Instruction FB 7 (b).
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Estimating the growth parameters and the seasonal growth oscillations of
Acanthurus bahianus from the Virgin Islands.

Data from Table 4.5
1) Read sides 1 and 2 of Program FB 8.
2) D is set equal to unity.
3) Keystrokes
1fa97 1102 153 127.48A10.5 1109 133 12861A109 111811081
27.79 A 11.1 112 1102 1 29.29 A 124 1 15.5 1 272 1 28.37 A 12.8 1 13.6 1 48
12889 A14 114.3 153 127.55A16.1 116.4 173 127.99A16.3116.51631
2754 A17117.21106 128A17.71181111 1283 A
4) Estimate R2, intercept and slopes
Keystrokes  Results
E 0.648 (R?)
—0.065 (a)
0.001 (by)
0.003 (by)
5) Calculate value of L, corresponding to the mean annual temperature (T) and K
Keystrokes - Results

28,5 C(T) 22.079 (Loo)
0.001 Ky
to put value of K on annual basis do: 365 x 0.387 (Ky)

6) To estimate value of C, enter T, T, and T
Keystrokes
29.4 1
27.2 %
285f¢c 0.146
7) To estimate value of K based on a forcing value of asymptotic length do
Keystrokes  Results
(value of L, in Example 4.4 = 204 t
(T, 285fe 0.001 (Ky)
to put value of K on an annual basis do: 365x 0.419 (Ky)
This last result (K = 0.419) corresponds well with that obtained with the same data used

in conjunction with a simple Gulland and Holt plot (see Example 4.4, where a value of
K = 0.432 was estimated for L = 20.4.)




5. Total, Natural and Fishing Mortalities
INTRODUCTION

In fishery biology, the most useful manner of expressing the decay (= decrease) through time
of a group of fish born at the same time (a cohort) is by means of “instantaneous’ rates. These
rates, of which there are three (Z, M, F), are defined by the following two expressions:

Ny =N, - e 2 ...5.1)

where N, is the (initial) number of fish at time zero, and N; is the number of remaining fish at
the end of time t; Z is the instantaneous rate of total mortality. An advantage of such decay rates is
that they can be added or subtracted. Thus we have

Z=M+F ...5.2)

where M is the instantaneous rate of natural mortality and F the instantaneous rate of fishing mor-
tality. Obviously, when F = 0, Z = M, which means that natural and total mortality have the same
value when there is no fishing, i.e., in an unexploited stock (Fig. 5.1).

100

80 transition (fish reach L¢)

40

Time (years)

Fig. 5.1. Decrease of a cohort of 100 fish (initially), subjected to different
levels of mortality ; L, = mean length at first capture.

Instantaneous rates (i.e., “exponential’’ rates) of mortality can be converted to the fraction
surviving through equations such as
Ny
S=x ...5.3)

[+]
where S is the fraction surviving after time t, while

A=1—8 ...b4)
52
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is the fraction of the stock dead after time t. Although used by a number of authors, percentage
mortalities are not further discussed in this book, because they are too cumbersome to handle in
comparison with instantaneous rates (see Beverton and Holt 1956, p. 68 for reasons).

Mortalities, whether expressed as instantaneous rates or as fractions, always refer to a certain
period of time. Throughout this book, the year is used as the conventional unit, unless mentioned
otherwise.

Fishery biologists have two main jobs as far as mortalities are concerned:

a) to estimate total mortality;

b) to split their estimates of total mortality where appropriate into separate estimates of

natural and fishing mortalities.
A number of methods are proposed here by which these aims can be achieved, given suitable inputs.

Ecologists, on the other hand, will be pleased to know that Z, as defined here, is equivalent to
the inverse of the mean age of the animals in a population (computed from the age when Z is
more or less constant) and, hence, as shown by Allen (1971) equal to their “turnover rate”, i.e., to
the production/biomass ratio (P/B ratio) that is so difficult to estimate reliably using the various
methods described in the ecological literature (e.g., Chapman 1968; Winberg 1971).

ESTIMATING TOTAL MORTALITY
Total mortality from the oldest animal in the catch

Following a number of earlier authors who had demonstrated the existence of a strong relation-
ship between the longevity of fish (in the wild) and their mortality, Hoenig (1984) assembled data
on a large number of aquatic animals (molluscs, fish and cetaceans) from which he derived the
relationship

InZ=144—09841Int,,, ... b.b)

where t,,,, is the maximum age (in years) observed in a given stock, and Z is defined as above.
Although the “fit” of equation (5.5) is rather good (r2 = 0.82 for 130 data pairs), it should
be realized, when using this equation, that the estimates of Z thus obtained are very approximate,
possibly biased downward (J.M. Hoenig, pers. comm.) and should therefore be revised as additional
information becomes available. Table 5.1 gives examples of the application of equation (5.5) which,
given its simplicity, needs not be illustrated by a computational example.
When, in addition to t,,,,, and t, the size of the sample (n) from which t,,,,, was determined
is also known, it becomes possible to estimate Z and its standard error (s.e.(z)) from the relationships
derived by Hoenig and Lawing (1982),

7 = 1 ...b5.6)

1 * (bmax * tc)

and
S.e.(z) = Vceg- Z2 e e 5.7)

where c; and c, are coefficients whose values depend on n (see Table 5.2).

Hoenig and Lawing (1982), whose paper should be consulted for the derivation of equations
(5.6), (5.7) and of Table 5.2, stress that ‘‘fast growing, short-lived species with minimal variability in
length about age are best suited for this method”’. This is so because in such cases, n, the sample size,
is not the number of fish actually aged, but the number of fish from which a subsample, consisting
of the largest fish was taken. Thus, if say, 200 fish have been inspected, from which the 20 largest
were selected for aging, then the value of n will be 200, not 20 (this assumes, obviously that the
oldest fish of the sample of 200 will be among the 20 largest). This feature appears particularly
valuable in all those cases where fish must be aged by the tedious procedure of counting daily rings
(Hoenig and Lawing 1982),



Table 5.1. Maximum observed size (L, ., W, . ), maximum observed age (t,,,,) and estimated
mortality (Z) for 12 coral reef fish of New Caledonia.?

L, ax (standard W ax (live t

Family Species length, in cm) weight, in g) (inl;g’;rs) zP
Holocentridae

Adioryx spinifer 25.8 572 13 0.34
Serranidae

Epinephelus summana 20.8 263 16 0.28
Carangidae

Caranx ignobilis 76.4 10,765 9 0.49
Lutjanidae

Lutjanus argentimaculatus 60.7 5,870 18 0.25

Lutjanus gibbus 37.0 1,735 18 0.25

Lutjanus sebae 69.5 13,810 35 0.13
Pomadasyidae

Plectorhynchus chaetodonoides 43.1 2,715 21 0.21

_Plectorhynchus pictus 39.2 1,970 11 0.40

Pomadasys hasta 31.8 87.3 12 0.37
Lethrinidae v

Lethrinus harak 24.3 450 15 0.29

Lethrinus obsoletus 25.0 501 14 0.31

Monotaris grandoculis 39.2 2,730 11 0.40

“Size and age data adapted from Loubens (1980, Table VI); the values of t_ . are based on
limited samples (sample sizes not given) which, however contained large-sized adults.

bEstimated from Equation (5.5).

Table 5.2. Table of coefficients for estimating Z and its standard error using equations (5.6) and
(5.7) (from Hoenig and Lawing 1982).

a a

n ¢y cy n ¢y Cy

5 0.583 0.416 110 0.200 0.050
10 0.405 0.196 120 0.196 0.048
15 0.344 0.142 140 0.190 0.045
20 0.311 0.117 160 0.185 0.043
25 0.290 0.102 180 0.181 0.041
30 0.274 0.091 200 0.178 0.040
35 0.263 0.084 250 0.171 0.037
40 0.253 0.078 300 0.165 0.035
45 0.245 0.074 350 0.161 0.033
50 0.239 0.070 400 0.157 0.032
55 0.233 0.067 450 0.155 0.031
60 0.228 0.064 500 0.152 0.030
65 0.224 0.062 600 0.148 0.028
70 0.220 0.060 700 0.144 0.027
75 0.217 0.058 800 0.142 0.026
80 0.214 0.057 900 0.139 0.025
90 0.208 0.054 1,000 0.137 0.025

100 0.204 0.052

8Interpolate for intermediate values of n.
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Table 5.3 gives values of Z and its standard error as obtained by application of equations (5.6)
and (5.7); the method is also illustrated in Example 5.1.

Table 5.3. Maximum reported age and estimated total mortality of selected Brazilian freshwater (F) and marine

fish (M).2
t Location, Estimated
Family Species 83‘ n sampling date(s) Author(s) Z s.e.(z)
Auchenipteridae )
Trachychorystes galeatus Q 3.6 83 } Banabuiu Reservoir Nomura 1.36 0.32
Trachychorystes galeatus (5 3.6 99 J Caera State, 1971 (F) et al. (1976) 1.40 0.32

Characidae

Prochilodus scrofe @ 13 451 }ngssl Guassu River, ‘Godoy 0.50 0.09
Prochilodus scrofa 9 485 / Sao Paulo State, 1947  (1959) 0.73 0.13
(F)
Sciaenidae
Plagioscion squamosissimus ? s 103 | Amanari Reservoir, Nomura and 0.82 0.19
Plagioscion squamosissimus (5 7 134 / Caera State, 1960-2 (F) Oliviera (1976) 0.74 0.16
Micropogon furm‘eril‘i’ 6 229 } Off Iguape, Caera Rodrigues 0.96 0.19
Micropogon furnieri 7 116 / State, 1966-7 (M) (1968) 0.72 0.16
Macrodon ancylodon 2& & 11 9,947 Off Sao Paulo, Lara (1961) 0.66 0.11
1976-6 (M)

8Total mortality and its standard error estimated from equations (5.6) and (5.7), with t, set at zero because
very small fish were included in the catch samples,

Total mortality from the mean size in the catch

The following expression (Beverton and Holt 1957; Gulland 1969) can be used to estimate Z
from the mean weight (W) of fish in the catch from a given population:

3Z exp (—a) + 3Z exp(—2a) _ Zexp(—3a) }
Z+K Z+ 2K Z + 3K

W=w_{1— ..5.8)

wherea =K - (t, —t,), with K and W, pertaining to the special VBGF (i.e., when D = 1) and where
t, is the mean age at first capture (corresponding to L. as defined in Chapter 2) obtained by a given
gear. Equation (5.8) it will be noted, can be solved for Z only iteratively (Program FB 10, Example
5.2). Also, the equation requires an estimate of t,, which may sometimes be difficult to obtain.

Another equation, proposed by Beverton and Holt (1956), is more generally used to estimate
Z from the mean size in the catch. When used in conjunction with the generalized VBGF, it has the
form

_D
KD(LD?-TL )
7 = ...59)

D
L —LP

where L is the mean length of all fish > L/, the latter being (a length not smaller than) the smallest
length of fish fully represented in the length-frequency data at hand. L’ is always > L, as defined
in Chapter 2, except in true cases of “‘knife-edge selection”, where L' = L. [ A method is given
further below in connection with a discussion of length-converted catch curves to obtain reasonable
estimates of L' from a set of length-frequency data.]

A sensitivity analysis of this widely-used equation is given in Appendix I; on the average,
equation (5.9) gives results (values of Z) which are equal to those obtained with length-converted
catch curves (see below).
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Occasionally, data are available in the literature where the mean length has been computed
from the whole range of length in the catch rather than from L' upward. In such cases, minimum
estimates of Z can still be obtained, using

, _ KDl -L?)
min= o 1D ...5.10)

where L is the overall mean length and L, is the 50% retention length. See Chapter 2 for various
methods to compute L.

Another type of widely available data is mean weights of fish, as obtained by simply weighing
ing a haul, counting the fish caught and dividing the weight by the number_caught. Such values of
W, however, do not represent the weight corresponding to a given value of L; rather, they are biased
upward. This effect should partly offset the negative bias in equation (5.10) such that

KD (W,D3 — % PP
~ — .5.11)
# D/ —WcD/3

where W, and W,, are the weights corresponding to L., and L, respectively. It will be realized that
this equation gives quite approximate results, and that, as in the case of equation (5.5), every effort
should be made to revise the estimates of Z based on it as soon as additional information become
available.

Example 5.3 presents applications of equations (5.9), (5.10) and (5.11).

Although computationally convenient, simple equations such as (5.9 to 5.11) have two disad-
vantages, one of them major. Equations (5.9 to 5.11) require estimates of L, or L'; the first of these
parameters involves either conducting selection experiments, or using shape measurements and the
nomogram presented in Chapter 2, The second of these parameters, on the other hand, can be
estimated from length-frequency data; this, however, involves plotting the data in a form akin to a
length-converted catch curve, at which point it will be more appropriate to estimate Z from the
catch curve itself (see below).

The major objection to the use of mean size data for estimating Z is, however, that one quite
literally doesn’t see what one is doing. While computation of one single value of Z from the mean of
a wide range of sizes implies that mortality is constant, the assumption itself cannot be verified.
The semi-graphical methods presented further below, particularly the length-converted catch curves,
do allow verification of this assumption. Also, they allow the selection of data points to use in the
estimation of Z, and hence the estimation of values of Z applying only to certain ranges of size
something which cannot be done using summary statistics, such as mean lengths or mean weights.
[Mean sizes can be used directly to draw inferences on the status of a stock or fishery without being
expressed in terms of Z. Henderson (1972) provides a theoretical background for this approach
which was applied to tropical fish by Ita (1980), but won’t be discussed here.]

Estimation of Z from cumulative plots

When length-frequency data or catch-at-length data are available which were obtained over a
period during which conditions can be considered constant, several methods can be used to estimate
Z which are less crude than the ones presented above. The first of these was proposed by Jones
(1981) to estimate Z/K; it is presented here, however, among methods for the estimation of Z
because it led to another method, developed by Sparre (MS) which is closely related to Jones’
method, but allows direct estimation of Z.

The basic equation in Jones’ method, expressed in terms of the generalized VBGF, has the form
of a linear regression,

Z

InC (Lj, =) =a+ 35 - In (L% —LY) ...5.12)
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‘where C (L;, ) is the cumulative catch (computed from the highest length class with non-zero
catch) corresponding to a given length class, and L; is the lower limit of that length class, the «
symbol expressing that the catch considers a range from L; to all larger sizes.

However, as shown in Fig. 5.2, the plot of the In C (L;, ) values on the In (LE, - Lli)) values
is linear only over the central part of its range and deviates markedly from linearity when very large
and very small fish are considered. ‘

7_.
6— "
/
8 I d
a0r /
o 3} o e used
£ . o not used
o
[
2 1 ) 1 )
) 2 3 4

M(LE -L?)

Fig. 5.2. Jones’ cumulative plot for the estimation of Z/K
(or Z), as applied to the data of Table 5.4. The points to be
included in the regression are selected after transformation and
plotting of the data (see Example 5.4).

Thus, when applying this method, it is necessary to draw a scattergram of the computed values
and to select visually the points belonging to the straight segment of the plot (see Example 5.4).
Sparre’s modification of equation (5.12) resembles a catch curve (see below for definition) in that
the ages (or relative ages) are used for the x-axis and that Z (or Z/K) is estimated from the slope of
a descending series of points. The equation used has the form

In C (L;, ) =a + bt’ ...5.13)

where In C (L;, =) is defined as above and t’ is the (relative) age corresponding to L;, while b, with
sign changed, provides an estimate of Z (the relative ages are estimated through conversion from
length to age) based on the straight part of the plot. A routine has been incorporated in Program
FB 11 which produces values of C (L;, ) and t’ such that a scattergram can be drawn, from which
the values usable in the estimation of Z can be selected (see Fig. 5.3 and Example 5.5).

When K is not known, Sparre’s method can still be used; in this case, a value of one (unity) has
to be used instead of K, which results in the relative ages being defined as

t'=(t—t,)- K ...514)

The slope (b in equation 5.13) will then be equal to Z/K.

Both Jones’ and Sparre’s methods are extremely ingenious methods which lead to exact values
of Z or Z/K, given suitable data and appropriate selection of data points to be included in the regres-
sion. However, both methods give results which, because of the cumulation of the catches, are
extremely sensitive to the values of the catches in the largest size groups, even when they are not
included in the linear regression. Thus, these methods should not be used when the catch composi-
tion data used were obtained from gears that markedly select for or against very large fish.
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Fig. 5.3. Sparre’s cumulative plot for the estimation of Z (or Z/K),
as applied to the data of Table 5.4 (see Example 5.5).

Cateh curves and length-converted catch curves

One of the methods most commonly applied in temperate waters to estimate the total mortal-
ity of fish is the ‘“catch curve’’ method, which has been reviewed in Beverton and Holt (1956), Chap-
man and Robson (1960), Robson and Chapman (1961) and Ricker (1975, Chapter 2).

Essentially, the method consists of a plot of the natural logarithm of the number of fish in
various age groups (N;) against their corresponding age (t), or

InN; =a+bt ...5.15)

Z being estimated from the slope b, with sign changed, or the descending, right arm of the plot
(Fig. 5.4).

The following assumptions are involved here:

1) Z is the same in all age groups used in the plot,

2) all age groups used in the plot were recruited with the same abundance (or the recruitment

fluctuations have been small and of random character),

3) all age groups used in the plot are equally vulnerable to the gear used for sampling,

4) the sample used is large enough and covers enough age groups to effectively represent the

average population structure over the period of time considered.

The authors of this method should be consulted for more detailed treatment of the assumptions
involved in catch curves.

Often, in order to broaden the data base from which inferences are drawn (i.e., in order to meet
assumption 4 above), the samples used for catch-curve analysis are constructed in three steps, as
follows:

i) record the lengths of very large samples of fish,

ii) age a subsample of fish, and construct an “age-length key’’, and

iii) separate the large length-frequency sample into an age-frequency sample by means of the

age-length key obtained in (ii).
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Fig. 5.4. Catch curve for red porgy (Pagrus pagrus) caught off North and South

Carolina, U.S.A. The curve is based on 13,120 measured specimens, of which

222 were actually aged. Note slight non-linearity of curve which, on the average,

suggests a value of Z = 0.65 (adapted, with modifications, from Manooch and
" Huntsman 1977, Fig. 3).

This indirect procedure was introduced by Fridrikson (1934) and is discussed in detail in Gul-
land (1966) and Allen (1966), and was applied by Manooch and Huntsman (1977) in their study
of red porgy mortality (see Fig. 5.4). However, it has hardly ever been used in tropical waters, where
the very few authors who have used catch curves have tended to construct them directly, based on
relatively small samples of aged fish. As shown by Kimura (1977), there are several cases where
this procedure is indeed more appropriate,

A major disadvantage of the age-structured catch curves represented by equation (5.15) is that
they cannot be used in conjunction with animals that presently cannot be aged individually, such
as shrimps, lobsters and some molluscs.

“Length-converted catch curves”, as will be shown below, allow the use of catch curves with
animals that cannot be aged; moreover, the method, being based solely on length-frequency samples,
allows the use of large samples without construction of age-length keys.

The estimation of Z from a length-converted catch curve involves the following steps:

i) pooling of length-frequency samples to obtain a single, large length-frequency sample

representative of the population for the period under consideration;

ii) construction of the catch curve proper, using the large sample in (i) and a set of growth

parameters (see below);

iii) estimation of Z from the descending right arm of the catch curve.

Pooling of length-frequency samples (e.g., of monthly samples) over a longer period of time (at
least one year) is particularly needed in short-lived fish and shrimps, because their whole population
structure is affected by seasonal “‘pulses’ of recruitment, generally one or two per year (Pauly and
Navaluna 1983). Also, to prevent a single, larger (monthly) sample from unduly affecting the total
(annual) sample, the various samples may be given the same weight, by conversion to percentages
prior to adding to obtain a single overall sample.

There are many alternatives to a scheme where each sample is given the same weight. For
example, it might be more appropriate to weigh the samples by the square root of their size when
the fishery catch is not known, or by the catch when it is known. However, empirical studies concern-
ing appropriate sample sizes and weighing factors for length-converted catch curves are still lacking.
Table 5.5 is given here to suggest sample sizes which at present seem appropriate.
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Table 5.4. Data for the estimation of Z/K and Z for the banded grouper (Epinephelus sexfasczatus)
of the Visayan Sea, Philippines (from Pauly and Ingles 1981).?

Lower class Midpoint

limit (em) ) of class (cm) NP
4 5 5

6 7 29

8 9 114

10 11 161

12 13 143

14 15 118

16 17 61

18 19 50

20 21 32

22 23 17

24 25 4

26 27 4

‘To be used in conjunction with L= 30.9, K=0.51and D=1.
® As obtained by pooling a number of samples representmg a whole year.

Table 5.5. Criteria for assessing the suitability of length-frequency samples for estimating Z (modi-
fied from Munro and Thompson 1973).

Total sample

size (no. fish) Time (in months) over which data for total sample were accumulated®
1 2 4 6 12
1 — 99 0 0 0 0 0
100 — 499 0 0 1 2 2
500 — 999 1 1 2 3 4
1,000 — 1,499 1 2 3 4 5
1,500 — oo 2 3 4 5 5+

0 = not usable 2 = fair 4 = very good

1 = poor 3 = good 5 = excellent

“It is here assumed (1) that the samples cover a wide range of lengths, (2) that gear selection
is accounted for and (3) that the sizes of the monthly samples are more or less equal if the total
sample is accumulated over more than one month,

There are also several methods by which a length-converted catch curve may be constructed.
However, they all must account for the fact that fish growth in length is not linear, but slows down
as length and age increase. This slowing down has the effect that older size groups contain more age
groups than do younger size groups. In other words, it takes larger fishes longer to “leave’ a certain
size group, they ‘““pile-up’’ (Baranov 1918), or ‘“‘stack-up” (van Sickle 1977) in the size classes per-
taining to old, large, slow-growing fish. Correcting for this effect is rather straightforward, and three
methods by which this can be achieved here will be discussed here.

The first approach, analogous to but improved upon those discussed in Ricker (1975, p. 33 and
~ p. 60-64) and van Sickle (1977), consists of multiplying the number in each length class by the
‘growth rate of the fish in that class. This results in a catch curve equation of the form

log N; + (d};/dt) = a + bt;’ ...5.16).
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where d;/dt is the growth rate and t;’ the relative age corresponding to length class (i), respectively.
In practice (dl;/dt) can be estimated from the VBGF as the growth rate pertaining to the median length,
or “midlength” of length class (i), while t' can be estimated as the relative age corresponding to the
median of class (i) as estimated, using the appropriate growth parameters, through conversion using
the VBGF. “Relative’ ages are used here because using t, (which leads to absolute ages) is not neces-
sary in conjunction with catch curves, where Z is estimated from a slope.

Fig. 5.5 gives an example of such catch curve, constructed from the data in Table 5.4 and using
Program FB 9 with which values of d};/dt and t' can be computed (see Example 5.6).

Equation (5.16) allows ready estimation of the bias caused by not accounting for the *“pile-up”
effect mentioned above. This is done by first rewriting equation (5.16) as

In N —In (dl/dt) = a + bt' ... 517
or

InN =a + bt' —In (dl/dt) ...5.18)
Now, in terms of the generalized VBGF, the growth rate can be expressed as

dl/dt = In (K-D-L2 ) + KD (' — t,) ...5.19)

where K, D, L, and t, are parameters of the generalized VBGF, and relative t' is the age correspond-
ing to a given midlength. Inserting (5.19) in (5.13) gives

InN=a+bt'—In (KDL2) —KD (t' —t,) ...5.20)
or
InN =a +bt' —In (KDL2,) — KDt' + KDt ...5.21)
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Fig. 5.5. A length-converted catch curve, based on the data of Table
5.4. The first point to be included in the estimation of Z (P, ) is clearly
defined (see text). Note that each point is independent of all others
and thus could be deleted singly from the computation of Z.
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Equation (5.21), it will be noted, has 3 constant terms with regard to the variable N and t',
namely a, In (KDLE ) and KDt,,. Since Z in equation (5.16) is estimated as a slope, these 3 constant
terms can be grouped into one single new term (a’) which becomes the intercept of a new equation
of the form

InN =a' + bt' = KDt' ...5.22)
which gives, rearranged

InN=a' +(b—KD)t ...5.23)

as a new equation for a length-converted catch curve. Therefore,

—b+KD=2Z ...5.24)

It follows from this that the bias resulting from the non-consideration of the ‘“pile-up” effect (i.e.,
resulting from using In N instead of In (N - dl/dt) as ordinate of a length-converted catch curve) is
equal to KD, or to K when the special VBGF is used (i.e., when D = 1). (See Example 5.7.)
Two practical applications of this finding come to mind:
(i) It becomes possible to correct biased values of Z obtained by various authors who didn’t
account for the “pile-up’ effect (by simply adding K times D to their (biased) estimate of
Z) (see e.g., Berry 1970; Nzioka 1983).
(ii) The estimation of Z from a length-converted catch curve becomes simpler, since one can
first ignore the “‘pile-up’’ effect then compensate for it by addking K « D to the absolute
value of the curve’s slope (see Example 5.7).
When K is not known, equations such as (5.16) and (5.24) can still be used; in such cases, a value of
unity (one) should be used instead of K when computing the relative ages, which are then defined
by equation (5.14). The slope of the catch curve, with sign changed, will then be equal to (Z/K)—1.
Another type of length-converted catch curve is defined by the equation

In Nl/Atl =at bt’l .o 5.25)

where N; and t'; are defined as in equation (5.16), and where At; is the time needed, on the average

by the fish to grow through length class i. This equation accounts for the “piling-up” effect through
division of the Nj-values by At;, the inverse of the growth rates by which the N; values are multiplied

in equation (5.16). Hence, equation (5.25) is aslightly modified version of (5.16), and its properties,
e.g., with regard to not accounting for the “piling-up”’ effect are the same.

Since equations (5.16) and (5.25) are equivalent, only one Program (FB 12) is given here for
the computation of length-converted catch curves. This program implements equation (5.25)
rather than (5.16) because the former has already been presented and discussed elsewhere (Pauly
1980a, 1982a, 1983; Pauly and Ingles 1981; Gulland 1983).

Example 5.8 shows the application of equation (5.25) and Program FB 12 to the data of
Table 5.4. It will be noted that as in the earlier models, the points of a length-converted catch curve
must be drawn for selection of the values to include in the regression equation. This selection must
account for two features of a length-converted catch curve:

— as in age-structured catch curves, the points belonging to the ascending, left arm of the
curve must not be included because they represent incompletely selected and/or incom-
pletely recruited animals, and

— the conversion of length to (relative) ages by means of the VBGF, when involving fish
whose length is very close to L, generates unrealistically high “ages” which cannot be
included either.
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Suggested criteria for the selection of points to be included in the computation of Z are:

1) thefirst point to be included (P; on Figs. 5.5, 5.6 and 5.7) should be the point immediately
to the right of the highest point. The latter may still be affected by incomplete selection
and/or recruitment and is considered to be part of the ascending, left part of the curve;

2) points should be deleted that were obtained through conversion from lengths within 5%
of L, (see Fig. 5.6 for an example of such points);

3) the points selected should fit along, or close to, a straight line, and one single outlier may
be excluded, particularly when it is based on few fish only.

Concerning the first of these criteria, it might be added that point P; corresponds to the length
class whose lower class limit represents an estimate of L' as required for equation (5.9). The third of
these criteria must not be misunderstood to provide an excuse for the wholesale deletion of points
until one’s preconceived notion of linearity is achieved; rather it allows deletion of one point. When
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Fig. 5.6. Length-converted catch curve for yellow striped goatfish
(Upeneus vittatus) from Manila Bay, Philippines, showing a point
pertaining to a length close to L., which should not be used in the
computation of Z (from Pauly 1982a).
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Fig. 5.7. Length-converted catch curve, based on equation
(5.25) and the data of Table 5.4. The broken line, which
parallels the catch curve, was obtained using equation (5.28).
As shown in Example 5.9, the two lines provide virtually
identical estimates of Z.
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the curve as a whole seems to deviate from linearity, the appropriate approach should be to test
whether this deviation is significant or not, using any of the statistical tests available for this purpose
(e.g., Guilford and Fruchter 1978, p. 277-280).

Non-linearity of length-converted catch curves (see e.g., Fig. 5.4), that is their response to
systematic changes in fishing effort or recruitment are akin to those of age-structured catch curves.
The exhaustive discussions of the general properties of catch curves in Beverton and Holt (1956) and
Ricker (1975) also apply to length-converted catch curves.

When reviewing the draft of this book, P. Sparre (pers. comm.) derived a form of a length-con-
verted catch curve which involves none of the approximations in (5.16) and (5.25), by defining

— N (t;, t3) = number of fish caught between ages t; and t,, with At =ty —t;
— tp' = the age corresponding to L' (see above for definition of L')
— E =F/Z (see below for a more detailed definition)

from which

—Z (tl -t

N (t;,t5) =Ny e L) . g1 —e 20 ...5.26)

or
In N (t;, tg) =—Zty + Zt;' +1In { Ny’ - E (1 — e 20Y) } ...5.27)

which leads, with some rearrangement, to a new equation for a length-converted catch curve of the
form

N.

1

ZAt, @

In
(1—e 2%

— Zt';

1

...5.28)

where N; is the number of fish in a given length class i; At; the time needed to growth through class i
and t'; the relative age corresponding to the lower limit of class i.

Equation (5.28), although it can be solved only iteratively, has the definite advantage that no
approximation is involved, as opposed to equation (5.25) where both the division of N; by At; and
the use of relative ages corresponding to the midlengths of the length classes involve approximations.

Thus, equation (5.28) can be used to test the accuracy of the results obtained through equa-
tion (5.16) or (5.25). Example 5.8, which is typical of the many cases investigated so far, shows that
equation (5.25) (and consequently 5.16 also) provide values of Z which differ only by a small
fraction (less than 1%) from those obtained iteratively from equation (5.28). Therefore, the simpler
model (5.25) generates results which are estimates of Z, and not only ‘“proportional to Z”, as sug-
gested in Gulland (1983).

Further inferences from length-converted catch curves

Length-converted catch curves, in addition to allowing for the direct estimation of Z from
length-frequency data, have the added advantage over “age-structured” catch curves of allowing a
number of inferences to be drawn through detailed examination of the left, ascending arm of the
curve, which is generally ignored in catch-curve analysis.

When the selection curve of the gear used to sample the data at hand is known, M can be
estimated from the left side of a catch curve (Munro 1984). Conversely, when natural mortality
is known, the selection curve of the gear can be inferred from the shape of the ascending arm of a
length-converted catch curve. Only the latter of these two methods will be discussed here, as Munro’s
method, although quite elegant, has data requirements which limit its applicability.
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Table 5.6 illustrates the derivation of selection data (probabilities of capture, by length) based
on the left side of a selection curve and an estimate of M. The computational steps involved here
are as follows:

(i) Set up a table which draws together all information needed for further analysis (these
values are in square brackets in Table 5.6).

(ii) Compute times to grow from one class midpoint to the next and write At values as in
Table 5.6.

(iii) Interpolate mortalities (Mortality I in Table 5.6) between Z and M (whose values should
pertain to the highest length class with zero catch; see Table 5.6). The step size for the
interpolations is estimated from (Z — M)/(n + 1) where n is the number of classes for which
mortality must be interpolated (here, n = 4).

(iv) The mortalities estimated in (iii) are estimates of the mortality within a given length class.
The mortality between adjacent length classes (Mortality IT) are estimated by taking means
between adjacent length classes (see Table 5.6).

(v) Compute numbers available from equation given in Table 5.6, starting with number of fish
in the first class where the probability of capture is equal to unity (i.e., corresponding to
point Py).

(vi) Obtain probabilities of capture by dividing, for each length class, the number caught (C;)
by the number available (N;).

The method as outlined here is extremely useful in that it derives quantities which are normally

obtained from costly selection experiments from readily obtained length-frequency samples and
a reasonable estimate of M, which is easy to obtain when growth parameters are available (see below).

In stocks that are unexploited, the estimate of Z obtained from the catch curve can serve as

the estimate of M; otherwise, the computations remain the same except, obviously that the inter-
polations between Z and M are superfluous because the same value of Z = M is used throughout.
The special case, Z = M, formed the basis of the approach of Pauly et al. (in press) to estimate
approximate selection curves from the backward projection of the straight segment of a length-con-

Table 5.6. Derivation of a selection curve from the left side of a length-converted catch curve (all
values in square brackets must be available before attempting to complete table).

Numbers At (class  Mortality Mortality Numbers
Class limits® caught midpoint to I I available
Lower Upper Midpoint (C)) midpoint)® (M—>2)° (means) (Ni)d P=C/N,

2 4 3 [0] - [M=1.14] - - [0]
4 6 5 5 0.158 1.28 1.35 448 0.0112
6 8 7 29 0.171 1.42 1.49 362 0.0801
8 10 9 114 0.188 1.56 1.63 281 0.4057
10 12 11 161 0.208 1.70 1.77 207 0.7778
12=L' 14 13 [143]° - [Z=1.84] - . [143]*°  [1.00]

2 Actual upper class limits are 3.999, 5.999, etc., but are rounded for convenience.

b 1 Lo — L3 .
Computed from %5 In { ——= }where L,, L, are the lower and upper class limits,
respectively. Ll — L}

¢Values between Z and M inbergolated linearly.

4Computed from N, = N, , 1€ 2t where N, , ; is the number available in a given length class
and N, the number available in the next lower length class.

®This number may be taken as the actual number caught in the first length class that is.fully
selected (i.e., corresponding to P,). However, a better approach is to compute this number from

the equation of the catch curve, for the midpoint in question. In this example, the two values
of N are similar,
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verted catch curve. This approach is now superseded by the more versatile and accurate method
illustrated by Table 5.6.

The accuracy of the method outlined here depends critically on the following assumption
being met: -

(i) The gear in question is a trawl or has a selection curve similar to that of a trawl (where

it is only the smaller fish that are selected against).

(ii) The smallest fish caught (L,;,) are fully recruited.

(iii) The value of M used for the fish just below L,,,;, and the mortalities generated by inter-

polation between M and the Z value for the fully selected animals are accurate.

The first of these assumptions can be easily verified. The second, which will often be violated,
implies that the resulting probabilities will not strictly refer to a selection curve, but to a resultant
curve, i.e., to the product of a selection with a recruitment curve (Gulland 1969). Whether this
assumption is met or not will thus affect the interpretation of the results, but not their computation.

The third of these assumptions can be assessed quite straightforwardly. The effects of changes
in the value of M used on the probabilities of capture are easy to compute (see Appendix I for a
brief introduction to sensitivity analysis). Anon. (1982) compared estimates of length at first
capture obtained from selection experiments with length at first capture estimated through the
approach proposed here (but using the special case where M is set equal to Z, see above) and obtained
a good match for the cases investigated, Mediterranean sardines and hakes.

Chapter 2 should be consulted for the interpretation and use of selection curves, notably for
the computation of mean lengths at first capture.

Estimating Z from a pseudo-catch curve

When the average size of the animals of a population under investigation displays a significant
relationship to the water depth, or distance from the coast (or any other environmental gradient), it
will generally be difficult to obtain size-frequency samples representative of the population as a
whole. Various schemes of stratified sampling may be applied to deal with such a situation. However,
as far as the estimation of Z is concerned, the best approach may be to actually use, in conjunction
with a “pseudo-catch curve” as defined in Pauly (1980c), the gradient along which the population
is distributed.

Here the method is applied to the case where the mean size of fish increases and their numbers
decrease with water depth—the environmental gradient one is most likely to encounter.

To apply the pseudo-catch curve method, the following items are required:

1) data allowing quantification of the size-depth relationship (this might be a relationship in-
volving mean length and depth, or mean weight and depth; in the case of the former a
length-weight relationship is also needed). An example of such relationship is given as
Fig. 5.8;

Mean length(cm)
[}

o 1 1 1 1
(o) 10 20 30 40
Depth(m)
Fig. 5.8. Relationship between mean length and water depth in slip-
mouths (Leiognathus splendens) caught off Southeast Kalimantan,
Indonesia (from Pauly 1980c¢).
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2) catch-per-effort data stratified by depth and representative of the whole depth range in-
habited by the investigated population. An example of such data is given as Fig. 5.9;

3) the growth parameters L, K (or W, K) and D of the VBGF.

The method consists of (1) using the size-depth relationship and the growth parameters to com-
pute the mean (relative) age corresponding to the size at each depth for which a catch-per-effort
value is available; (2) dividing the mean weight at depth into the corresponding c/f value to obtain
the average “number at depth”’; (3) plotting the natural logarithm of the numbers at depth against
the corresponding relative age (see Fig. 5.10 for an example), and estimating (—)Z from the slope.

The computations involved are outlined in Example 5.9.

This method, as emphasized in Pauly (1980c), was developed mainly to estimate Z from data
which have been gathered and/or published for miscellaneous purposes and which could not be
used directly for the construction of a real length-converted catch curve.

Catch rate (kg/hr)

80r
(o] 10 20 30
r T T 1 -
70 |-
10 |-
= i
= 60}
[T,
\ o

20 KX
£ 50}

E

‘E 20 L 40 g

a AvA 1 1 i 1 1

A 05 1.0 1.5 20 25
Relative age(years)

40 - Fig. 5.10. Pseudo-catch curve for Leiognathus splendens in west-
ern Indonesian waters (see Example 5.9 for derivation and inter-
pretation).

50 |-

Fig. 5.9. Relationship between average catch
per effort of Leiognathus splendens and water
depth in western Indonesian waters (from Pauly
1977).

SIMULTANEOUS ESTIMATION OF Z AND K

Saila and Lough (1981), based on a model developed by Ebert (1973), presented a method for
the estimation of total mortality which has the advantage of also estimating the value of K of the
VBGF given a set value for the asymptotic length L, an assumed value for the length at recruit-
ment (L,) and two successive mean lengths (L, L 5) obtained twice within a year (t;, t,) at times
that are as far apart as possible.

Given these inputs (and a value of D when the generalized VBGF is used), K can be estimated
from )

L

8o

In
L
K= ...5.29)
(tl _'tz) D

=
=g | g

L)
I
]
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while Z is estimated iteratively as the value which fulfills

and

where

and

N N
—7 — (KD (t, + x) + Zx)
§ e ZX —p. e 1 £D
X=0 X=0 =1 ...5.30)
N LD
T e Zx (o)
X=0
N Z N KD (t Z
— — + +
§ e X —b . § e ( ( 2 x) x) f%
X=0 X=0 = ...b5.31)
N LD
e—Zx (oo)
x =0
N = integer part of { [—(In 0.0001)/Z]+1 } ...5.82)
b= (LD~ 2)Lyl, ...5.33)

A table (5.7) is provided here from which t{, t5 values can be read off, given the months of sampling
and of recruitment (i.e., the months during which the length-frequency data were sampled from
which Ly, L, and L, were estimated). Assumptions of this method are that (a) the VBGF and equa-
tion (5.1) describe the growth and mortality, respectively, of the investigated stock; (b) recruitment
occurs during a brief period of time, and only once a year; (c) interannual variations of recruitment
are negligible, i.e., the stock has a stable population with a stationary age distribution; and (d) L,
Ly, L, and L, are good estimates of the actual values.

Of these assumptions, (c) may be the most crucial one, and the one whose validity may be the
most difficult to assess. It must be understood, however, that this assumption is made not only here,

Table 5,7. Values of {1 and tg for use with Ly and Lg values, given the month of recru.itment.a

Sampling
months
(for Lq Month of recruitment
and Lo) J F M A M J J A s 0o N D
J 0 1 0.909 0.818 0.727 0.636 0.546 0.466 0.364 0.273 0.182 0.091
F 0.091 0 1 0.909 0.818 0.727 0.636 0.646 0.4556 0.364 0.273 0.182
M 0.182 0.091 0 1 0.909 0.818 0.727 0.636 0.5646 0.455 0.364 0.273
A 0.273 0.182 0.091 0 1 0.909 0.818 0.727 0.636 0.646 0.465 0.364
M 0.364 0.273 0.182 0.091 0 1 0.909 0.818 0.727 0.686 0.546 0.456
J 0.456 0.364 0.273 0.182 0.091 0 1 0.909 0.818 0.727 0.636 0.546
J 0.646 0.466 0.364 0.273 0.182 0.091 0 1 0.909 0.818 0.727 0.636
A 0.636 0.546 0.456 0.364 0.273 0.182 0.091 0 1 0.909 0.818 0.727
S 0.727 0.636 0.546 0.456 0.364 0.273 0.182 0091 O 1 0.909 0.818
o 0.818 0.727 0.636 0.5646 0.456 0.364 0.273 0.182 0.091 0 1 0.909
- N 0.909 0.818 0.727 0.636 0.546 0.456 0.364 0.273 0.182 0.091 0 1
D 1 0.909 0.818 0.727 0.636 0.546 0.455 0.364 0.273 0.182 0.091 O

aTo use this table, select appropriate column (= month of recruitment, and read from that column values of
t1 and tp, given the month at which sampling for Ly and Lg took place (tj can be, but is not necessarily, the
month of recruitment). Values may be interpolated linearly for dates of the month; in this case, recruitment
and table values should be viewed as pertaining to the 15th of the corresponding month. Interpolation must not
be done between 1 and 0.
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but also in the various equations used to estimate Z from mean size data, as well as in all “catch
curve” related methods (see above). The validity of assumption (b), on the other hand, can be assessed
quite straightforwardly, e.g., by plotting the available length-frequency data and inspecting them
visually for the pattern of recruitment (see Fig. 5.11). Assumption (a) is made throughout this
manual and requires no further comment.

The method presented here for estimating Z and K simultaneously, as incorporated in Program
FB 13, generates results that are verv sensitive to small errors affecting the input parameters, particu-
larly the values of L} — L2 and T} — LD. On the other hand, the values of t; and t, have a com-
paratively smaller effect on the results. Still, they will be improved by using exact values of t;, to
for which reason a table (5.7) was included here which can be used to obtain directly the appropriate
values of t,, to, given the months of recruitment and sampling. The table also allows for interpola-
tions when the exact dates in the months are known.

As this method—and a number of other methods discussed in this manual—involve the use of
mean lengths, a routine has been included in Program FB 13 which can be used to compute rapidly
the weighted mean lengths (or mean weights, or any weighted mean for that matter) from size-
frequency data. The routine also computes the standard deviation of the variates and the standard
error of the mean. This use of the routine is illustrated in Example 5.3 (see also Table 5.8).

Table 5.8, Length-frequency data for the goby (Glossogobius giurus) from Cardona, Laguna de Bay, Philippines.a

Lower class 1958 1959

Limit (em) A s o N D J F M A M J J
4 1 3 - - — — - - - — - -
6 138 113 1 9 2 - — - — - - -
8 153 62 40 66 126 12 5 6 — - - -
10 49 36 111 49 127 56 52 56 21 — - -
12 9 25 43 20 65 50 84 71 50 6 3 8
14 — 7 3 1 14 25 36 38 53 37 6 36
16 - 1 — - 3 9 4 8 26 43 17 18
18 — — — — — — - 3 12 15 13 4
20 — - - — — — - 1 4 6 5 3
22 - - - - — . — — 1 4 — 2
24 . — — - - - — — — — 1 - -

z 350 247 198 144 337 151 181 189 167 112 4 N

Meanlength 8.58 893 11.07 1015 10.83 1252 12.80 10.99 14.69 16.89 17.50 15.99
A ——

Inputs El = 9.5 (Sept) _172 = 16.8 (June)

8Adapted from data in Marquez (1960).

. J
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Month (1958-59)

Fig. 56.11. Growth curve of the white goby (Glossogobius giurus) in Laguna de Bay, Philippines as estimated using
Ebert’s method (based on data in Table 5.8 and Example 5.10).
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ESTIMATION OF Z/K

While the estimation of Z requires either a knowledge of the growth parameters of a stock, or
that the age of at least a few fish is known, a number of methods exist which allow for the estimation
of a parameter—Z/K—which is closely related to Z, yet require no information on age or growth for
its estimation.

A few of these methods have been presented above (cumulative plots, length-converted catch
curves); in these, use of 1 (one) instead of the value of K leads to the estimation of Z/K instead of Z.

Powell (1979) derived a general model for the estimation of Z/K from which he derived four
special cases, as follows:

1st case: the Beverton and Holt formula of 1956

Probably the simplest method for estimating Z/K is to rewrite equation (5.9) such that

D (LD —LD)
Z/K = ...5.34)

where all parameters are defined as in (5.9). This model is illustrated in Example 5.11. However, the
‘reservations mentioned earlier with regards to (5.9) apply to this model also.

2nd case: using the variance of the mean length

Powell (1979) derived for the estimation of Z/K the equation

2
z/K = —2C ...5.35)
1—c?
where in terms of the special VBGF
C2 = (s.d.ry) 2 /(T — L)) ...5.36)

where L and L' are  defined as previously, and where s.d.(1,) is the standard deviation of the L values
used in computing L.

Several applications of equation (5.36) suggest that this model produces values of Z/K which
are generally biased downward (see Example 5.11). On the other hand, the model does not require
any estimate of asymptotic size, which might be viewed as an advantage over equation (5.34).

3rd case: using a nomogram and the mean weight of fish in the catch

Fig. 5.12 reproduces a nomogram presented by Powell (1979) to roughly estimate Z/K from
the mean weight of fish in the catch and a few ancillary values.

4th case: estimating Z/K from the shape of the length-frequency distribution

Fig. 5.13 gives a redrawn version of Fig. 110 in Powell (1979), which may be used to obtain
a crude, preliminary estimate of Z/K given a set of length-frequency data representative of a given
population in which individual growth is described by the special VBGF.

The main reasons why Powell’s graphs (Figs. 5.12 and 5.13) are given here is not their feature
of allowing crude estimates of Z/K. Rather these graphs, particularly Fig. 5.13, have been included
because they show how Z/K is related to major properties of fish stocks.
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Fig. 5.12. Powell’s nomogram for the
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Fig. 5.18. Overall shapes of length-frequency plots, given different values
of Z/K (special VBGF). Adapted from Powell (1979, Fig. 110) and John-
son (1981, Figs. 1 and 2). See text for definitions of r- and K-configura-
tions.

For example, Fig. 5.13 shows that fish with very low mortalities and even slower growth, e.g.,
the whitefish of unexploited northern Canadian lakes (Johnson 1981), display such a considerable
“pile-up effect” (see above for definition) that large fish are more numerous than fish of inter-
mediate size, a phenomenon which Johnson calls “K-configuration’, as opposed to the “r-configura-
tion” occurring when fish numbers decrease exponentially with size (see Figs. 5.13 and 5.14).

Whether fishes with a clear ‘“K-configuration’’ occur in the tropics is unclear; this would be
surprising, however, given that the ratio M/K (and hence Z/K also) is generally higher in tropical
fishes than in temperate fishes (see below). The ecology texts listed in Chapter 11 may be consulted,
incidentally, for definitions of ‘“r- and K-strategies”’, from which Johnson (1981) derived the concept
of r- and K-configurations.

METHODS FOR SPLITTING Z INTOM AND F

Two methods will be presented here which allow division of estimates of Z into their consti-
tuent parts, M and F, while a third (the method of Csirke and Caddy) is discussed in Chapter 10.

These methods are (1) plotting different values of Z on their corresponding effort and (2) analy-
sis of tag return data.
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Fig. 5.14. Length-frequency data from Table 5.4, fitted with an exponential curve
to demonstrate that Z/K for Epinephelus sex fasciatus is 2 or greater (see text, Fig. 5.13
and Example 5.11).

Plot of Z on effort

When two or more values of Z are available which pertain to different periods (years or groups
of years) with different levels of fishing effort (f) (as for example in Table 5.9), a linear plot of Z
on f will provide an estimate of M through the relationship

Z=M+qf ...5.37)

Table 5.9. Data for estimating M and q for Selaroides leptolepis from the Gulf of Thailand.®

Year Effort® L z°
1966 2.08 13.25 2.41
1967 . 2.08 13.01 2.69
1968 3.50 19.99 2.72
1969 3.60 13.07 2.62
1970 3.80 12,37 3.73
1972 719 12.30 3.88
1973 9.94 12.01 4.61
19_74 6.06 12.60 3.30
X 4.87 12.70 3.25

“Based on data in Boonyubol and Hongskul (1978).
®In millions of trawling hours. _
©As estimated from Z = K = (L, — L)/(L — L), with L, = 20 cm,K = 1,16 and L' = 10 cm.
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where q is the “catchability coefficient’’, which relates effort to fishing mortality such that
F=q-f ...5.38)

Equation (5.38), it must be realized, applies only when f measures effective effort (as opposed to
nominal effort, as expressed, e.g., by simple “number of boats’’) and provides a measure of effort
which is indeed proportional to F (see Rothschild 1977, and contributions in Gulland 1964).

A program for estimating the values of M and q is superfluous here as equation (5.38) provides
yet another linear regression with intercept equal to M and slope equal to q (see Example 5.13 and
Fig. 5.15).

When only one value of Z is available, or when the available values of Z and f cover too small
a range for reasonable values of M and q to be obtained, the catchability coefficient (q) may be
estimated through

q=(Z—M)/f ...5.39)
where Z is the mean of the available values of Z (or a single value of Z) and T is the mean of the

values of f (or a single value of f), M being an independent estimate of natural mortality. (See
Ricker 1975, p. 172-174, and Example 5.15.)

5r

1973

Total mortality (Z)

-
e

L L \ I\ 3 1 1 1 \

I 2 3 4 5 6 7 8 9
Effort (millions of trawling hours)

Fig. 5.15. Plot of total mortality (Z) on effort for the yellow striped trevally (Selaroides leptolepis)
in the Gulf of Thailand trawl fishery, to obtain values of M and q (based on data in Table 5.9 and
Example 5.13).

Analysis of tagging data

There is a very voluminous literature on methods to estimate mortalities by means of tagging
studies. Reviews may be found in Jones (1977), Ricker (1975) and White et al. (1982). Only one
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case will be discussed here, namely that of tagging experiments in which all tagging is performed at
one time (say over a period of a few days) and in which both fishing and natural mortality can be
assumed constant during the period of the experiment.

In such cases, the analysis consists of simply plotting the natural logarithm of the number of
recoveries, grouped by time intervals, on the number of the time intervals, or

InN, =a+br ...5.40)

where In N, is the natural logarithm of the number of recoveries (N,) per time interval and where r’
is the time interval number (starting with 0, see Table 5.10). The slope of such a plot provides, with
sign changed, an estimate of Z, while the intercept a can be used to estimate F through the relation-
ship
a,
p- —¢ 2 _ ...5.41)
N, (1 —e %)

where N, is the total number of fish tagged and released (and provided there is no significant tag
shedding, tag-induced mortality or non-recovery of tagged fish).

Table 5.10. Number of tagged and recovered chub mackerels (Rastrelliger neglectus), grouped
according to time spent at large after releasing.®

No. of month (¢')° No. of recoveries
0 1,052
1 748
2 165
3 46
4 8

®Area II, Gulf of Thailand, 1961 experiment. Total number released was N, = 5,230. From
Table XXI in Hongskul (1974).
PThe first time period at large is coded 0, the following periods 1, 2, 3, ete.

Natural mortality is obtained by subtracting F from Z; then Z, F and M are converted to annual
rates by multiplication by the number of times one of the time intervals is contained in a year (see
Example 5.13).

Equations (5.40) and (5.41) are adapted from Gulland (1969, p. 76) whose chapter on tagging
should be consulted for details on the method, particularly with regard to potential sources of errors.

It should be mentioned moreover, that tagging studies in other than well-monitored, single-
species pelagic stocks (e.g., tuna and mackerels) are, in the tropics at least, generally very difficult
to conduct successfully, particularly with regard to sufficient numbers of returns. Also, such studies
are often too expensive to be cost-effective (Stephenson 1981; Pauly 1982a).

METHOD FOR OBTAINING INDEPENDENT ESTIMATES OF M

It has been demonstrated by various authors that the values of the parameter K of the VBGF
are closely linked with longevity in fish (see e.g., Beverton and Holt 1959). This can be demonstrated
on the basis of the observation that in nature the oldest fish of a stock generally grow to about 95%
of their asymptotic length (Taylor 1958; Beverton 1963). This rule, which was derived from growth
data used in.conjunction with the special VBGF, does not strictly apply to large fish, such as tuna
(see Pauly 1981). Still, in small fish at least, when

Ll: =‘L°o 1- —K (t — to)) ...b.42)
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Fig. 5.16. Analysis of tag return data for chub mackerel (Rastrelliger neglectus) from the Gulf of Thai-
land (based on data in Table 5.10 and Example 5.13).

then
In (1 —(L;/L.))
t—t, = ( _Iit ...5.43)
or, inserting 95% of L, for L.
ey — to = 22 ...5.44)
or, ignoring t,
e ~ o ...5.45)

where t,,,, is the longevity of the fish in question.

That natural mortality should, in fishes, be inversely correlated with longevity and hence be
correlated with K, seems obvious (see also equation 5.5). Natural mortality should also inversely
correlate with size, since large fish should have, as a rule, fewer predators than small fish.

Natural mortality can also be demonstrated to be correlated to mean environmental temper-
ature in fishes, although the interpretation of this phenomenon is still open (Pauly 1980b).

These various interrelationships can be expressed for length growth data by the multiple reg-
ression

log M = —0.0066 — 0.279 log L__ + 0.6543 log K + 0.463 log T ...5.46)

75
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and for weight growth data by
log M = —0.2107 — 0.0824 log W, + 0.6757 log K + 0.4687 log T ...b.47)

where M is the natural mortality in a given stock, L_, (total length, in cm) and W, (live weight, in g)
being the asymptotic size of that stock; K (as well as L, and W) refers to the special VBGF and is
expressed on an annual basis; the value of T is the annual mean temperature (°C) of the water in
which the stock in question lives. These equations are incorporated in Program FB 15. [Negative
temperature values for polar fishes, down to —2°C may be used for input in Program FB 15, because
an “effective physiological temperature” (Pauly 1980b), which happens to be always positive, is
computed internally for all values of T < 3.5° and T > —2.0°C.]

In general, the estimates of M provided by equations (5.46) and (5.47) are quite reasonable,
especially because a very large number (175) of independent estimates of M have been used for
their derivation. Also the fish considered covered an extremely wide range of sizes, taxa and habitats.

However, estimates of M obtained from these expressions may be biased upward in the case
of strongly schooling fishes, such as the sardine-like fishes and downward in the case of polar fishes.
Correction factors and a further discussion of equations (5.46) and (5.47) are given in Pauly (1980b),
along with all data used in the derivation. _ \

Equations (5.46) and (5.47) are incorporated into Program FB 15, which estimates M given
the appropriate growth parameters of the special VBGF and an estimate of T, such as may be
obtained from an oceanographic atlas (see Example 5.14).

EXPLOITATION RATES AND
POTENTIAL YIELDS

Certain stock assessment methods, such as Beverton and Holt’s relative yield-per-recruit assess-
ment (Beverton and Holt 1966) and Jones’ (1974) length cohort analysis (see following chapters)
make exhaustive use of exploitation rates, which define the fraction (in numbers) of an age class
which will be caught during the fished life span (or: E = number caught/number dying of all causes).

In terms of mortality rates, the exploitation rate is defined by

F F

E= F+M - Z ...5.48)
Another definition of E is given by
p=1-— MK ‘
E=1 7/K ...b.49)

which implies that the exploitation rate of a stock can be assessed without their age or growth para-
meters being known (see Example 5.15).
When, on the other hand, only M and E are known, F can be estimated from

F=M-E/(1 —E) ...5.50)

Gulland (1971) suggested that in a stock that is optimally exploited, fishing mortality should
be about equal to natural mortality, or

Fopt ~ M ...5.51)
which corresponds to

E,. ~ 0.5 ...5.52)

opt
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and which also leads to the well-known equation
Py~ 0.5MB, ...5.53)

which states that the potential yield of a stock is about equal to half the virgin biomass (B, ) times
the natural mortality prevailing in that stock (see Gulland 1971 p. x, xi for the two approaches that
lead to this model). '

Although widely used, equation (5.53) has been criticized by a number of authors, notably
Francis (1974) and Caddy and Csirke (1983) who showed that the assumption M ~ F ; does not
apply in a large number of stocks, notably in stocks of fish and shrimps low in the food chain.

Beddington and Cooke (1983) investigated equation (5.53) in great detail and concluded, on
the basis of numerous simulations, that equation (5.53) generally overestimates potential yields by
a factor which is itself a function of M. Thus, they showed that, for values of M ranging between
0.2 and 1, equation (5.53) overestimates potential yields by a factor of 2-3. For higher values of
M—as often occurs in small tropical fish—equation (5.53) possibly overestimates potential yields
by a factor of 3-4.

Thus, rather than E,;; ~ 0.5, it could well be that the optimum exploitation rate is—particu-
larly in small fish with high recruitment variability—as low as 0.2 or, tentatively

P, ~ 0.2M B, ...5.54)

Clearly, these results are very important and warrant further research on this topic. Also, they make
it imperative to use approximations such as discussed here only in the last resort, and then very con-
servatively, e.g., by relying on (5.54) rather than (5.53).

Recommended reading: Although less abundant than the literature on growth, the literature
on mortality is quite large. Some useful reviews are: Beverton and Holt (1956, 1959), Robson and
Chapman (1961), Gulland (1969, 1971) and Ricker (1975).

Suggested research topics: Compare estimates of Z obtained from catch curves of commercially
important fish with estimates obtained from mean sizes in the catch (using different equations to
compute the latter). Attempt to estimate M from Z and effort data, and compare the estimate(s)

- of M with independent estimates obtained from expressions (5.46 and 5.47). Attempt to partition
F into different fishing gears, and M into different predators. Investigate changes in F and in M.



Estimation of Z and its standard error from the maximum age of a fish sample.

Rodrigues (1968) aged 115 male specimens of the croaker (Micropogon furnieri) caught off
Caera State, Brazil. The maximum age was 7 years. What is the total mortality in the stock
from which the 115 fish were taken, if t_ is set at zero?

To obtain Z and its standard error, first read off the value of ¢; and c, corresponding to
n = 115, These values, interpolated between the values for n = 110 and n = 120, are 0.198
and 0.049, respectively. Then perform

Keystrokes  Results

197 t.198X +  0.72 Z
X2.049XVx 016 5.€.(z)

Other values of Z and s.e. z, in Brazilian fishes are given in Table 5.3.

Estimation of Z from the mean weight of the catch (iterative solution).

If the following set of growth parameters of the special VBGF (corresponding to a small
tuna are avajlable) W, = 10 kg, t, = —0.8, with t, = 0.95 and the mean weight in the catch
is equal to W = 5 kg; what is the total mortality? The tolerated error of Z will be 0.001.
Computations:;
1) Read sides 1 and 2 of Program FB 10.
2) Initialize
Keystrokes  Results
10t51.951%
.8CHSfa5fb
1st guess for Z = 4 .001fedA —2417 [f(a)]
2nd guess for Z = 0.1 0.1B 3.34 [f(b)]
3) Estimate total mortality: E 0.58 (Z)

Note: Depending on the values of f(a) and f(b), the iteration time can go beyond one minute.




Estimation of Z from the mean length of the catch.

Case I: Thompson and Munro (1978) give for the Jamaican grouper (Epinephelus guttatus)
the parameter values L, = 52 cm, K = 0.28 (D = 1), L' = 34 and L = 38.7. WHat is the total
mortality?

Keystrokes Result

.28152 138.7—
X387134—: 0.792 (Z)

Case II: Table 5.4 gives length-frequency data (averaged over one year to simulate equilib-

rium) for another grouper (Epinephelus sexfasciatus) from the Philippines. The data are used

to illustrate the operation of the routine in Program FB 13 for the rapid computation of

mean lengths and the effects of the omission of large fish on the estimated values of Z.

1) Load sides 1 and 2 of Program FB 13

2) Store L', AL and initialize; keystrokes: 12 1 2 f b

3) Enter frequencies needed for computation of the mean length and its standard error
Keystrokes: 143 A118 A61 A50A32A17TA4A

4) Compute the mean length and its standard error

Keystroke Results

B 425 (n)
15.951 (L)

3.018 (s.d.q,)

0.146 (s.e.(f))

5) Now recompute the mean length after adding the last frequency, which was omitted in
step (3).

Keystroke Results

4 AB 429 (n)
16.054 (L)

3.186 (s.d.z))

0.154  (se.g))

6) Finally, compute Z for the two values of L (15.951 and 16.054) using the same key-
stroke sequence as given in Case I of this Example,
The results should be Z values equal to 1.868 when the last frequency is omitted, and
1.93 when it is included.

This Example illustrates that the values of Z obtained from mean lengths are quite sensitive
to the inclusion of the few fish in the largest size classes (see text for a discussion of the
problem that this represents). It will also be noted that an extraneous knowledge of L’
is required by this method, as opposed to what occurs when semi-graphical methods are
used (cumulative plots, length-converted catch curves).




Estimation of Z using Jones’ method.

Data from Table 5.4
Computations
1) Read side 1 of Program FB 11.
2) Enter L, D, AL, L_ .. and initialize
Keystrokes: 30.9 1112126
3) Enter all catches, starting with that corresponding to the largest fish
Keystrokes  Results
4A 1.589 In (L2, —LD)
1.386 InC (Li, o)
4 A 1.932 L
2.079
17A 2.186

3.219
ete.

4) Plot the In (L2, — L?) and In C (L] =) data as in Fig. 5.2 and select points to be included
in linear regression (see Fig. 5.2 for points selected).

5) Re-initialize, and re-enter data

Keystrokes: 309 1112126fa4 A4 AR/S17TAR/S32AR/S50 AR/S61AR/S
118AR/S143 AR/S161 AR/S

6) Compute parameters of linear regression and estimate Z/K.
Keystroke Results
E 0.998
—5.235
3.846
T) Calculate Z through multiplication of Z/K with K.
Keystroke Result
blx 1,961 (Z)
As will be shown further below, this result (Z = 1.961) is very similar to those obtained using

a number of different methods (i.e., various forms of the length-converted catch curve) if the
same data points are included in the analysis.




Estimation of Z using Sparre’s method.

Data from Table 5.4
Computations
1) Read side 1 of Program FB 11,
2) Enter L, D, AL, L_ . and initialize
Keystrokes: 30.9 11D 26 fa
3) Enter K
Keystrokes: 30.9 1112126 fa
4) Enter all catches, starting with that corresponding to the largest fish

Keystrokes  Results

!

4B 3611 t'p,
1.386 In C (L, )

4B 2.940 e
2.079 e
17B 2.441 RN
3.219 e
ete.

5) Plot the i:'Li and In C (L;, =) data as in Fig. 5.3 and select points to be included in the
linear regression (see Fig. 5.3 for points selected).

6) Re-initialize and re-enter data

Keystrokes: 30.9 1112126fa.51STO14B4BR/S17TBR/S32BR/S50BR/S
61BR/S118 B R/S 143 B R/S 161 B R/S

T7) Compute parameters of linear regression and estimate Z
Keystroke Results
E 0.998
7.959
—1.961

It will be noted that the result (Z = 1.961) is exactly the same as that obtained using Jones’
method.




Estimating Z from length-frequency data using a length-converted catch curve
in which the “piling-up” effect is corrected for by the use of growth rates.

Data from Table 5.4.

1) Use Program FB 9 to compute the growth rate (dl/dt) and relative ages (t') corresponding
to the class midpoints in Table 5.4; also compute In N(dl/dt) for each class midpoint,
and record results as shown here.

Class midpoint
(cm) di/dt In N (di/dt) t' Remarks

13.21 4.190 0.346
12.19 5.868 0.504 not used, ascending
11.17 7.149 0.675 part of curve
11 10.15 7.399 ., 0.863
13 9.129 7.174 1.07
15 8.109 6.864 1.30
17 61 7.089 6.069 1.57
19 50 6.069 5,715 1.87 used, descending
21 32 5.049 5.085 2.23 straight part of
23 17 4.029 4,227 2.67 catch curve
25 4 3.009 2.488 3.25
27 4 1.989 2.074 4,06

2) Plot these data as in Fig. 5.5 and select points to be included in regression.

3) Compute parameters of a length-converted catch curve using linear regression (standard
Pac SDO 3A), using t' for the x-axis and In N+(dl/dt) for the y-axis. When x- and y-values
(see above) have been entered, compute parameters of catch curve:

Keystroke Results
C 0.974 (t?)

9,087 (a)
—1.831 (b)

Thus Z is equal to 1.83, a value close to those estimated from the same data set using |
different methods (see Examples 5.3, 5.4 and 5.5). '

It will also be noted that the plot in Fig. 5.4 gives no reason to delete the last point (that
corresponding to t' =~ 4 years), which however, had to be deleted in Figs. 5.2 and 5.3.




Showing that not correcting for the “piling-up” effect leads to negatively biased
estimates of Z.

Data from Example 5.6

1) Use the linear regression program (standard Pac SDO 3A) to estimate the parameters of a
plot of In N on t', using only the values of N and t’ in Example 5.6 corresponding to

fishes with class mid'points ranging from 13 to 27 cm. Read sides 1 and 2 of SDO 34,
enter data, withx =t andy =1In N.

2) Estimate parameters of regression line
Keystroke Results
C 0.951 %)
6.331 (a)
—1.322 (b)

3) Since the value of K in Table 5.4 was equal to 0.51 and D = 1, Z is obtained by adding
0.51 to the absolute value of the slope or

Keystrokes  Result
CHS .51 + 1.832 (Z)
As might be seen from Example 5.6 Z = 1,83 is a value that was obtained when directly

accounting for the “piling-up” effect. Thus, not accounting for this effect indeed leads to
slopes with absolute values equal to Z — KD.

Estimation of Z from a length-converted catch curve (using N/At) with subse-
quent improvement using Sparre’s method.

Data from Table 5.4
Computations
1) Read sides 1 and 2 of Program FB 12
2) Enter L, AL, K, D and initialize
Keystrokes: 30.9 12t .5111fa
3) Enter class midlengths and frequencies
Keystrokes  Results
515A 3.497 (In (N/At))
0.346 (t)
7129A 5.174 (In (N/At))

0.504 (t')
ete.




Estimation of K and Z in a stock of the white goby (Glossogobius giurus) using
Ebert’s method as improved by Saila and Lough (1981).

Data from Table 5.8
Computations

1) By inspection of the data in Table 5.8, the month of recruitment is set as August (1958);
and the length at recruitment set at 8 em (as the mean length in the two most abundant
length classes in August).

2) Two sampling months, September (1958) and June (1959) are selected which, together
with August as month of recruitment, provide, using Table 5.7, values of t; and t,
equal to 0.091 and 0.909, respectively.

3) The mean lengths T, and L, are computed by combining the monthly means for August,
September and October, and the means for May, June and July, respectively (see Table
5.8). (Combining the samples has the effect of reducing the effects of sampling variability
on the estimates of L, and L,,).

4) L, is estimated from the largest fish in Table 5.8 as 26.5 cm.

5) Read sides 1 and 2 of Program FB 13 and enter parameters estimated above.

Keystrokes: 8 19.5116.8 11 fa.091 1.909 1 26.5R/S
6) Enter initial guess of Z and iterate
Keystroke Results

1E ()
(Zy)*
ete.
(K)
value reached after 8 iterations . (Z final)

*When the second value of Z has a negative sign, this means that the initial guess of Z
was much too high. In this case, press R/S, set STO O to 8 to zero, and start again with
step 5.




Estimating Z/K from length-frequency data.

Case I

Thompson and Munro (1974) estimated L, from L o in Epinephelus strigtus as approxi-
mately 90 cm, while K could not be estimated reliably. The mean length at unexploited
oceanic banks off Jamaica is 69 cm, with L' = 60 cm. What is the value of M/K (special
VBGF)?

Computation

Keystrokes  Results
90 t
69 —
69t
60— 2.33 M/K)
Let’s assume the mean length of Epinephelus striatus in a certain exploited area is 65 cm,
with L ) = 90 cm and L' = 60. What is the value of Z/K?

Computation

Keystrokes  Results
90 1
65—
651
60— + 5.00 (Z/K)
Case II

L 3
The data in Table 5.4 and a value of L' = 12 cm are used to compute Z/K using equations
(5.35) and (5.36). First the value of C? is computed, using parameter values computed with
Program FB 13 (see Example 5.3 for computation of mean length (16.054) and s.d.qg,
(3.186) and equation (5.35):

Keystrokes  Results

3.186 x?
16.054 112
—x? 0.618 (C?)
Then use value of C2 to compute Z/K, using equation (5.31)
Keystrokes  Results

618 1
2x11t
618 — 3.236 (Z/K)
This value of Z/K, when multiplied with the value of K given in Table 5.4 (0.51) leads to an

estimate of Z = 1.65 which is lower than that obtained using other methods (see Examples
5.3 to 5.9)(see text).

Case III

The length-frequency data in Table 5.4 have been drawn in Fig. 5.14. It might be seen that,
beyond L' the frequencies decline exponentially, a feature which is made more visible by the
exponential curve superimposed on the data. Hence, using Fig. 5.14 as reference, we infer
that Z/K is equal to or higher than 2, a fact substantiated by all previous analyses.
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Table 6.1. Variants of equations (6.1) and (6.2) suggested by various authors. See also Program
FB 16 and Example 6.1. Adapted from Jones (1977). .

Type
of Estimates of
Reference sampling® population size (N) . standard error of N
2 Ya
) . : T+n T“n (n —m)
(A) Bailey Direct N= - Sl "\
(1951)
1
T(n + 1) T(m+1)(n—m) |/
(B) Bailey Direct N= —— 5.8y = < 2 :
(1952) m+1 (m +1)*(m + 2)
1)(n +1) v A Y
(T+1)n+1 2
(C) Chapman Direct N=——————-"-—1 5.€.) = <N — + 2= |+ 6|
(1951) m+1 nT nT nT |
Schaefer
(1951)
n(T + 1) (T—m+1)(N+1)(N— T)\l/2
(D) Bailey Inverse Ne—— —1 Sy =
(1951) m m(T +2) /

3«Direct” sampling means that sampling is continued until a predetermined sample size (n) is
obtained; “inverse” sampling means that sampling is carried out until a predetermined number of
tagged animals (m) is obtained.

STANDING STOCK ESTIMATION WITH
THE SWEPT-AREA METHOD

In areas where the bottom is smooth enough for trawling, the standing stock sizes of demersal
fishes (B) can be obtained from the relationship

p=<i-A ...6.3)
a-X1

where ¢/f is the mean catch/effort obtained during a survey (or in a given stratum), A the total
survey (or stratum) area and a the area swept by the trawl in one unit of effort (e.g., one hour),
X, being the proportion of the fish in the path of the net which are actually retained by it (1/X,
may be termed “escapement factor”).

For trawlers such as those used in Southeast Asia, a value of X, = 0.5 is commonly used in
survey work (Isarankura 1971; Saeger et al. 1976; SCSP 1978), and for the Gulf of Thailand at
least, there is some evidence that this value is appropriate (Pauly 1980d).

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 X; =1 (Gulland 1979,
p. 3), a figure also suggested by Dickson (1974). The difference between these two values of X,
(0.5 & 1) is difficult to resolve and attempts should be made, wherever possible, to substantiate the
values of X, used in an assessment by as much corroborative evidence as possible, because the value
of X; used in equation (6.3) hasa very strong effect on standing stock estimates. Using X, = 0.5, for
example instead of X; =1 doubles the estimated value of B.
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The surface swept by the gear in one unit of effort is computed from the expression
a=t-V-h-X, ...6.4)

where V is the speed of the trawler, over ground, when trawling, h is the length of the trawl’s head
rope (see Fig. 6.1), t is the time spent trawling and X, is a fraction equal to the effective width of
the net divided by the length of the head rope. )

In the Caribbean, a value of X, = 0.6 was used by Klima (1976), while in Southeast Asian
waters values of X, ranging from 0.66 (Shindo 1973) to 0.4 (SCSP 1978) have been proposed, with
0.5 possibly being (for Southeast Asian waters at least) the best compromise (Pauly 1980d).

Gulland (1969) showed that

p=2fXy ...6.5)

i.e., that the fishing mortality exerted on a given stock is equal to the product of the area swept in a
year by the combined activity of a fleet of trawlers (a * £) times X, , divided by the total area inhab-
ited by the stock in question. The swept area method, thus, can be used both to estimate standing
stocks and fishing mortality (Example 6.2). The method has been adapted, under certain assump-
tions pertaining to the behavior of fish, to line fishing over coral reefs (Wheeler and Ommaney 1953;
Gulland 1979).

POPULATION SIZE FROM CATCH
AND FISHING MORTALITY

Sekharan (1974), based on Beverton and Holt (1957) showed that:

|
"
Z|
=

..6.6)

from which one obtains

..8.7)

i |l
]
0|

where Y is the annual catch, in weight, F the instantaneous fishing mortality rate (on an annual basis),
N the mean number of fish in the stock, W their mean weight,.and B the mean biomass in the course
of a year.

This relationship, simple as it is, can also be used with great advantage, e.g., to estimate the
standing stock of exploited coral reef fish, as suggested by Marshall (1980) on the basis of diffi-
culties with the standard methods for estimating the biomass of coral reef fish (reviewed in Russel
et al. 1978),

Equation (6.7) obviously can be rewritten

F=Y/B ...6.8)

which can be used to estimate fishing mortality from the catch and an independent estimate of B,
as obtained from the swept area method (see above) or by an acoustic survey. (See Example 6.3).
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POPULATION SIZE AS ESTIMATED
BY LESLIE’S METHOD

When the fish population of a body of water is fished down so rapidly that the effects of
recruitment, immigration and natural mortality can be neglected, we have

c/f=gN, —qZ, ...6.9)

which expresses that catch per effort (c/f) in a given time period (t) plotted against the cumulative
catch up to that period (Z,) gives a straight line, the slope of which is an estimate of the catch-
ability coefficient (q) and whose intercept gN, , divided by q providesan estimate of N, the popula-
tion size prior to its reduction by fishing (Example 6.1, Case I, Table 6.2). When the special case
applies that effort is constant for the period under consideration, the c/f values can be replaced by
catch values, in which case F is estimated instead of g2 (Example 6.4, Case II, Table 6.3).

Table 6.2. Successive sample sizes of reef eels (Kaupichthys hyoproroides) from an isolated Baha-
mian patch reef.2

Samples No. of fish collected Effort?
A 5 1
B 4 1
C 3 1
D+E 1 2

8Based on data in Smith (1973, Table 5, Station I).
DThe unit of effort is “22 fluid ounces of emulsified rotenone applied from a plastic squeeze
bottle”.

Table 6.3. Successive sample sizes of bluehead wrasses (Thalassoma bifasciatum) from an isolated

Bahamian patch reef.2
Samples No. of fish collected Effort?
A 8 1
B 5 1
c 4 1

8Based on data in Smith (1973, Table 6, Station X).

DThe unit of effort is “22 fluid ounces of emulsified rotenone applied from a piastic squeeze
bottle”.

%This feature of the model was pointed out by E. Ursin (pers. comm.).
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[ﬂ bluehead wrasses

8 ® reef eels

Catch per effort or catch

5 10 15 20 25
Cumulative catch

Fig. 6.1. Leslie plots for reef eels (Kaupichthys hyoproroides) and bluehead wrasses (Thalassoma bifasciatum) from an
isolated Bahamian reef patch, with estimates of virgin population sizes (based on data in Tables 6.2, 6.3 and Example
6.4).

Recommended reading: For reviews of some of the voluminous literature on tagging see Ricker
(1975) and Jones (1977). Kato and Yamada (1975) give application of arather sophisticated method
(Jolly-Seber) to a stock of seabreams in southern Japan, while Yap and Furtado (1980) give an
application of various methods to a stock from a Malaysian river. The swept-area method is discussed
in more detail in Gulland (1969). Ricker (1975) gives a discussion of Leslie’s and related methods
with several examples.

Suggested research topics: Use several methods to estimate population sizes on reefs, in enclosed
or semi-enclosed water bodies, determine which methods give comparable results and why, Compare
the population size of adjacent areas in relation to different fishing intensities.



Petersen population estimate of tigerfish (Hydrocynus vittatus) in the Sanyati
Gorge, Lake Kariba, Zimbabwe.

Langerman (1980) conducted marking and tagging experiments on tigerfish (Hydrocynus
vittatus) (Fam. Characinidae) in Sanyati Gorge, Lake Kariba, and concluded that under
the conditions in and around that reservoir, tagging was superior to marketing with fluorescent
dye. In an experiment conducted in 1979, T = 984 fish were tagged and released. Upon
fishing one day later with a chartered vessel, 3,253 fish were caught, 68 of which bore tags.
If the various assumptions involved in Petersen population estimates were met, what was the
population size and its standard error?

Computation
1) Read sides 1 and 2 of Program FB 16
2) Enter data and initialize
Keystrokes 984 1 3253 1 68fa
3) Calculate population size using different formulae (see Table 6.1)
Keystrokes  Results

A 47,073 (N)
5,648 s.€.x)
46,405 (N)
5,487 s.e

46,451 (N)

5,680 s-€.x)
Since sampling was direct, option D (inverse sampling) need not be considered. Note that
the results using the three sets of equations give similar results; Langerman’s paper also
suggests that the assumptions involved in Petersen estimates were reasonably met. The
population of tigerfish in the part of Sanyati Gorge for which the experiment was represent-
ative was about 46,600 * 560.




Use of the swept-area method to estimate demersal standing stock size and fish-
ing mortality in San Miguel Bay, Philippines.

A) Standing Stock

Vakily (1982) gives the following data for typical trawlers operating in San Miguel Bay,
Philippines:
Trawling speed 2 knots (conversion knots to km/h : kn - 1.83 = km/h)
Length of headrope 17 m (headrope length/actual spread of net = 0.5 = X,))
Fraction of fish in the part of the net that are retained by the gear (X,) = 0.50 (assumed)
Mean catch per hour (in 1979-80): 33.5 kg
Total area of San Miguel Bay = 840 km?
The estimation of the surface swept during one hour (a) is thus (according to equation 6.4):

Keystrokes Results

2 1 (knots)
1.83 X (convers. to km/h)
0.017 X (headrope, in km)
5 X (X,) 0.031 (a, in km?)

The standing stock (B) is then obtained via equation (6.3) and

0.0335 1 (c/f, in tonnes)

840 X (area of SM Bay)

X % Y (put a in display)

.5 X + (use X, and finish) 1,809.065 (B,in tonnes)

B) Fishing mortality

Vakily (1982) gives 5,966 km? for the surface area swept annually by all trawlers in San
Miguel Bay. The fishing mortality induced by trawlers according to equation (6.5) is thus

Keystrokes Results
5,966 1 (area swept annually)

0.5 X(X,)
840 + (area of bay) 3.651 (F)




o

Applications of the relationships linking catch, fishing mortality and mean
standing stock size.

Case 1: Estimation of average standing stock

Sekharan (1974) gives for oil sardine (Sardinella longiceps) and for mackerel (Rastrelliger
kanagurta) from southwestern Indian waters the following data (all on an annual basis):

Z M F Y (tonnes)

.
e
-

o
i

S. longiceps 0.54 210,000 &ﬂ o
R. kanagurta 1.15 65,000 . -

What are the mean standing stock sizes?

Computation
Keystrokes Results

210,000
t.54 = 388,889 (B)
(or = 390,000 tonnes)

, Gy
65,000 1 -

. — .
1.15 + 56,522 (B) .
(or =2 57,000 tonnes)

o

) o
e
e

Case 2: Estimation of fishing mortality

Anon, (1979b, Table 12, p. 161) gives for carangid spp. (Trachurus spp., Caranx rhonchus)

for 1970 to 1976 a mean annual catch of 465,000 t. Acoustic surveys conducted in the

region under consideration (West African Coast from Mauritania to Liberia) provided an

average-carangid standing stock estimate of 4,200,000 t. What is the fishing mortality

inflicted on carangids?

Computation ' g;z;?%@ig
Keystrokes Results -

465,000 1 _
4,200,000 = 0.11 (F)

As concluded in Anon. (1979b) “for fish of moderate longevity, this is a low but not insig-
nificant value which suggests that stocks are lightly to moderately exploited.”

2 e
T i
L

&
o

:

o
o

G

-

e




Estimation of unfished population size (N,) by means of Leslie’s equation.

Case I: effort changing
Data from Table 6.2

Computation
1) Read side 1 of Program FB 17
2) Initialize and enter catch and effort data

Keystrokes: fa511A411A311A112A

3) Calculate r?, q and N,

Keystrokes  Results

E 0.88
5.39

—0.35

15.46

Case 1I: effort constant
Data from Table 6.3

Computation

1) Read side 1 of Program FB 17

2) Initialize and enter catch data
Keystrokes: fa8B5B4 B

3) Calculate r%, F and N,
Keystrokes  Results

E 098 (2
7.86 (a=FN,)
—0.31 (b=—F)
2505  (N,)

Note the interesting result that the catchability (q) is similar with both fishes i.e., their
susceptibility to rotenone is similar (see also Fig. 6.1).




7. Estimation of Past Population Sizes
Using Virtual Population Analysis and Cohort Analysis

INTRODUCTION

The following four methods form an extremely powerful set of tools for the analysis of catch
data from which reliable estimates of past population sizes (in numbers) and fishing mortality can
be derived.

These four methods are:

— Virtual population analysis (VPA)

— Cohort analysis

— Length cohort analysis

— Length-structured VPA

Beverton and Holt (1957, p. 179) showed that the catch (C;) from a population during a unit
time period (i) is equal to the product of the population size at the beginning of the time period
(N;) times the fraction of the deaths caused by fishing, times the fraction of total deaths, or

= &. _ g N 71
Ci = Zi (1 e ) i cea d. )
where F, is the fiching mortality in the ith period
M is the natural mortality, generally assumed constant for all periods

and Zi=Fi+M

The version of Beverton and Holt’s catch equation which has become most widely used for
stock assessment purposes, however, is

_Z,
N; Z;-e !
S .1.2)
Cl Fi (1—e l)
also written
Ci Fi Zi
=—(e'—1 ...7.2a
N, . Z, ( ) )

which is the equation in Gulland’s (1965) virtual population analysis and which can be derived
from (7.1) by substituting for N; the relationship

Z
Ni=Nj,qi-e’ ...1.8)

Equation (7.2) is used with catch-at-age data from the whole of a fishery, and covering most of the
life span of a given cohort* (thus VPA is used to estimate retroactively the size of past cohorts), an
estimate of M and a (guessed) value of the fishing mortality that affected the oldest age group of a
given cohort (terminal F, or F;). The terminal fishing mortality (F;) and the terminal catch (C;)
are used to estimate the size of the terminal population (N,), either from

Ct * Zt ‘
N; = ~Z ...1.4)
Fi(l—e )
or from
Nt = Ct ° Zt/Ft ‘ e 7.5)

" *A cohort is a group of fish born at the same time, and exposed throughout their lives to the same mortalities.
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Generally, equation (7.4) is used when the cohort is not extinct past N; (and C,), while equation
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(7.5) is used when C; includes the last remnants of a cohort (Mesnil 1980). Then, using N, as injtial
value of N; , 1, F; and N; valuesare estimated sequentially from older to younger age groups (‘‘back-
ward”) by repeatedly solving equations (7.2) and (7.3), respectively.

- Several authors have investigated the properties of equation (7.2) and its variants and their

findings are summarized in Table 7.1.

Table 7.1, Review of work on the sensitivity of virtual population analysis and cohort analysis.

Equation Author of Sensitivity Property
No. equation analysis by investigated Main result(s)
(7.1) Beverton and Holt Jones (1961) Convergence of F-values “Backward’’ computation en-
(1957) based on toward true solution sures convergence; forward
Baranov (1918) computation leads to diverx-
gence
(7.1) Beverton and Holt Murphy Convergence of F-values Confirmed Jones’ result
(1957) based on (1965), Tom- toward true solution
Baranov (1918) linson (1970)
(71.2) Gulland (1965) Pope (1972) Errors due to erroneous Fy Rapid convergence toward
true F granted Fj’s are high
Sampling error of catches  Graph given to assess effects
of sampling errors on Fj’s
(7.2) Gulland (1965) Agger et al. Sampling error of catches  “Relative error of F is about
(1971) half the relative error of
that found in the catches”
(1.2) Gulland (1965) Agger et al. Exrroneous M value If M is overestimated, F is
(1973) generally underestimated,
and conversely
(71.2) Gulland (1965) Ulltang (1977) M varying between years, Stock sizes will be under- or
and other properties overestimated, but relative
changes will be approxi-
mately correct; see original
paper for other properties
(7.2) Gulland (196 5) Sims (1982) Effects of seasonal fishing Effects not severe unless M
and/or F are not very high
(7.11) Pope (1972) Pope (1972) Choice of M Value of M > 0.3 for one
time increment (generally
1 year) should not be used
(7.9) Jones (1974) Jones (1979) Choice of Lo,and M/K Graphs given showing in-
fluence of L., and M/K
on results and ‘‘critical”
value of M/K determined
(7.9) Jones (1974) Sparre (1979) Choice of M 3 The same results were ob-
exponential body tained independently:
growth*
emigration* No limitation as to value
difference with VPA of M; differs herein from
version cohort analysis; results
(7.9) Jones (1974) Pauly (this Choice of M highly sensitive to length
chapter) difference with VPA increments: with large in-
version crements, F is overesti-
(effect of length c'ass mated and stock size is
increment) J underestimated

*See Sparre (1979) for this part of his results.

DERIVATION OF A LENGTH-
STRUCTURED VPA MODEL

Generalizing equation (7.2) for any time interval (At) gives

Ni+At

_Z.- t
Z:-e ! A

1

C.

1

- _Zi < At

F; (1—e )

...17.6)
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or

F.
Ci=Nj,ap 5 (€1 —1) ...1.6a)
1

with all other parameters defined as in (7.2); these equations allow for structuring catch data in
terms of length, rather than time intervals.

Converting length to age requires the use of a mathematical expression of fish growth. Used
here is the generalized VBGF (see Chapter 4). Thus, any age t; pertaining to a length L, can be
obtained from

L,P

00

ty = KD +t, .17

and similarly for age t,, pertaining to L,. From the length-age relationships for Ly and Lo, At is
obtained as the difference between t5 and t,, or after some rearrangement

L, ~L,P
In (—————)
LD —1L,P
At = ... 1.8)
KD

which can be substituted for At in equation (7.6).

Thus, given catch-at-length data from a stock with stable age distribution, equation (7.6) can
be used in a fashion similar to equation (7.2) to estimate, starting from a (guessed) terminal fishing
mortality (affecting the largest length group) the number of fish in the smaller size classes and the
fishing mortalities affecting them.

When equation (7.6) is used in conjunction with values of At that are not constant (i.e., when
the At values are computed from length-converted ages), the results obtained will not apply to a
specific cohort of fish, but rather pertain (for a given value of M) to the population sizes (per length
class) that must have existed, on the average, for the observed catch to have been produced by the
estimated values of F. The method is thus analogous to Jones’ length cohort analysis (Jones 1974,
1979, 1981) which, in terms of the generalized VBGF is expressed by

le(N2'XL+Cl,2)XL ...7.9)
where LmD . L1D>M/(2 KD)
X, ={ —m——
Lo\ P L," ...1.10)

where C; , is the number of fish caught in a given time period with stable age distribution with
length between L, and L, and where Ny and N, represent the population size (in number) with
length L; and Ly, respectively.

Jones’ length cohort analysis is particularly helpful in that it requires, in addition to the value
of D (see Chapter 4), a knowledge of only 2 parameters, L., and the ratio M/K; the latter, as shown
by Beverton and Holt (1959) tends to vary less between different groups of fish than either K or M
alone (see also Chapter 5). However, a problem with Jones’ method is that it is derived from the
approximate “cohort analysis’’ of Pope (1972) i.e.,

N;~ N, ;- eM+C; - eM?2 ... 17.11)
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through generalizing for any time interval i.e.,
N; ~ N; , o, eMAt + C; MAY/2 ...7.12)

Since equation (7.6), which gives precise results and the approximation in (7.9) can both be
used to obtain estimates of population size and fishing mortality from the same set of catch-at-length
data, equation (7.6) can be used to assess the closeness of the approximation involved in (7.9). This
is done in the example in Table 7.2. As might be seen in this table, the combination of parameter
values used generates a mean difference between the results obtained with Jones’ method and those
obtained using equation (7.6) of only 0.7% for the population estimates and 2.2% for the fishing
mortality estimates.

However, regrouping the catch data in Table 7.2 into larger and larger length class intervals pro-
duces increasing differences between the fishing mortality estimates (and population estimates) ob-
tained by the two methods (Table 7.3, Fig. 7.1), suggesting that Jones’ length cohort analysis may
indeed be quite sensitive to coarse groupings of the catch data.

Varying the value of natural mortality used for the analysis produces, on the other hand,
virtually no additional differences between the results of the two methods, i.e., the difference
remained close to 2% forM = 0.1 to M = 1.0,

DISCUSSION OF THE LENGTH-
STRUCTURED VPA MODEL

The main drawback of the length-structured VPA proposed here (equations 7.6 and 7.6a) and
of length cohort analysis (equation 7.9) is the necessary assumption of a stable age distribution, which

Table 7.2. Comparison of results obtained using Jones’ length cohort analysis and VPA using
catch-at-length data on Merluccius merluccius off Senegal.

Fishing mortality
Length Catch® Population (’000) (annual basis)
(cm) (’000) A B c A B c
(% diff.) (% diff.)
6 1,823 98,919 98,238 —0.7 0.040 0.040 0.0
12 14,463 84,393 83,801 —0.7 0.386 0.392 1.3
18 25,227 59,476 59,010 —0.8 1.066 1111 4.2
24 8,134 27,623 27,428 —0.7 0.647 0.661 2.2
30 3,889 15,968 15,849 —0.7 0.491 0.500 1.8
36 2,959 9,861 9,782 —0.8 0.592 0.605 24
42 1,871 5,601 5,455 —0.8 0.647 0.666 3.1
48 653 2,819 2,797 -0.8 0.385 0.392 1.8
54 322 1,691 1,678 —0.8 0.288 0.293 1.7
60 228 1,057 1,048 —0.9 0.307 0.313 1.6
66 181 621 616 —0.8 0.401 0.412 2.7
72 96 314 312 —0.6 0.389 0.399 2.6
78 16 149 148 0.0 0.110 0.111 0.9
84 (L) 46(C,)  92(N,)  92(N,) ~— 0.280 (F,) 0.280 (F,) —

~2From Table 6 in Anon. (1978b) who also provided (for D = 1): L_, = 130 cm, K ='0.1 and
M=0.28.

A = Jones’ length cohort analysis.
B = New method (VPA with length-at-age data).
C = (B/A—1)-100=C (% diff.).
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Table 7.3. Comparison of results using Jones’ length cohort analysis (A) and length-structured
VPA (B) (24-cm classes) (see also Table 7.2),

Length Catch Population size Fishing mortality
(cm) (’000) A B % diff. A B % diff.
12 51,713 93,010 84,379 —9.3 0.487 0.646 326
36 5,805 11,592 10,265 —114 0.357 0.482 35.0
60 521 1,236 1,087 —12.1 0.234 0.308 31.6
84 46 (L,,) 92 (N,) 92(N,) -— 0.280 (F,) 0.280 (F,) -~
>84 - — - - - - X = 331
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Fig. 7.1. Relationship between the length class interval in which catch data
are grouped and the percentage difference between the results obtained using
Jones’ length cohort analysis and length-structured VPA. The calculation of
the percentage difference is illustrated in Tables 7.2 and 7.3, which also docu-
ment two of the four points plotted in this figure.

is not required in age-structured VPA. However, a number of methods have become widely accepted
and used for stock assessment which rest on the same assumption of a stable age distribution, such as
the estimation of total mortality from catch curves or from the mean length of fish in catch samples
(see Chapter 5). As in the case of the procedure recommended for use with the above methods, a
stable age distribution can be simulated in the case of length-structured VPA or length cohort
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analysis by averaging catch data for a length of time during which recruitment and fishing mortality
can be assumed to have been constant.

Jones’ length cohort analysis has the following advantages over the new method proposed here:

— it does not require separate estimates of K and M, but only of the ratio M/K, and

— it provides direct solutions, i.e., the solution does not need to be obtained iteratively, as in

the case of solutions to (7.6)

On the other hand, Jones’ method appears quite sensitive to coarse grouping of the catch data,
a feature which may limit the applicability of the method where it may be most needed, e.g., when
working with catch statistics of commercially graded penaeid shrimps (see Jones and Van Zalinge
1981).

APPLICATIONS OF AGE-STRUCTURED
VPA AND COHORT ANALYSIS

Following are applications of the four methods in Table 7.4. Example 7.1, based on the data in
Table 7.5, presents an application of VPA to Moroccan sardines (see also Fig. 7.2). Example 7.2,
based on the data in Table 7.6, presents an application of cohort analysis to the Peruvian anchoveta.
As might be seen from Table 7.6, the estimates of fishing mortality in young fish obtained by
cohort analysis (and hence, by VPA) are virtually independent of the first guess of terminal mortal-
ity. This property is most useful, and is one of the main reasons why these methods have become
so popular, at least around the North Atlantic.

Table 7.4. Some properties of four methods for the analysis of sequential catch data.

solution

data iterative, but precise direct, but
requirement approximate
catch-at-age data VPA Pope’s cohort analysis
(single cohort) Murphy (1965) (1972)

: Gulland (1965)
catch-at-length data length-structured Jones’ length cohort analysis
(stable age distribution) VPA (1974)

APPLICATION OF LENGTH COHORT ANALYSIS
AND LENGTH-STRUCTURED VPA

Among the various methods presented in this manual, length cohort analysis and length-
structured VPA may potentially be the most useful for tropical fisheries. However, to obtain popula-
'(clion sizes and fishing mortalities based on these methods, it is necessary to have good catch-at-length

ata.

Converting catch in weight to catch-at-length data is rather straightforward, given length-fre-
quency data representative of the catch, and the parameters of the length-weight relationship in the
stock in question. A step-by-step approach to this conversion is given in Example 7.3. Once catch-
at-length data are obtained, either length cohort analysis or length-structured VPA can be applied,
as illustrated in Examples 7.4 and 7.5 and Table 7.7.
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Table 7.5. Estimation by means of Gulland’s virtual population analysis of the population (in
numbers) and the fishing mortality (F) of a cohort of sardines (Sardina Dilchardus) caught off -

Morocco.?
Year of
capture  Trimester Catch Population F (per trimester) Annuat F

1973 3 15,624 14,382,198 0.00
4 139,836 11,761,034 0.01

1974 1 66,207 9,502,830 0.01
2 33,191 7,720,459 0.00 N
3 514,256 6,290,998 0.09 0.18 (1974)
4 319,612 4,686,819 0.08

1975 1 106,583 3,548 903 0.03
2 383 842 2,809,370 0.16 N
3 235,246 1,954,320 0.14 ~0.75 (1975)
4 434,354 1,388,058 0.42

1976 1 37,926 746,801 0.06
2 39,819 577,202 0.08
3 118,049 436,651 0.35 ~0.65 (1976)
4 34,226 251,483 0.16

1977 1 5,225 175,063 0.03
2 7,859 138,612 0.06
3 17,538 (C,) 106,394 (N,) 0.20 (F,)

®From Anon. (1978a, Table 1, p. 33) who also suggests values of M = 0.8 (per year, hence 0.2
per trimester) and of F, = 0.8 (per year, hence 0.2 per trimester).
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Fig. 7.2. Population sizes of a cohort of Moroccan sardines (Sardina pilchardus) as estimated by
(age-structured) virtual population analysis (based on data in Table 7.5 and Example 7.1).
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Table 7.6. Estimation of the population size in numbers (N) and fishing mortality (F) of a cohort
of Peruvian anchovy (Engraulis ringens) by means of Pope’s cohort analysis.

Time of Catch?
capture (in millions of NP F°© Fd F®
Year Months individuals}) (in millions) (per 2 months) (per 2 months) (per 2 months)

1968 Nov-Dec 8,230 1,858,412 0.00 0.00 0.00
1969 Jan-Feb 120,060 1,514,092 0.09 0.09 0.09
Mar-Apr 168,580 1,130,999 0.18 0.18 0.18
May-June 21,380 773,446 0.03 0.03 0.03
Jul-Aug 0 613,899 0.00 0.00 0.00
Sep-Oct 21,860 502,618 0.05 0.05 0.05
Nov-Dec 7,410 391,729 0.02 0.02 0.02
1970 Jan-Feb 7,390 314,016 0.03 0.03 0.03
Mar-Apr 15,560 250,408 0.07 0.07 0.07
May-June 6,420 190,937 0.04 0.04 0.04
Jul-Aug 0 150,517 0.00 0.00 0.00
Sep-Oct 43,310 123,233 0.49 0.47 0.50
Nov-Dec 27,220 61,706 0.67 0.62 0.69
1971 Jan-Feb 0 25,891 0.00 0.00 0.00
Mar-Apr 11,160 21,198 0.87 0.75 0.94
May-June 1,290 7,257 0.22 0.17 0.25
Jul-Aug 0 4,775 0.00 0.00 0.00
Sep-Oct 1,020 3,909 0.34 0.25 0.41
Nov-Dec 1,160 2,278 0.83 0.51 1.21
1972 Jan-Feb 0 815 0.00 0.00 0.00
Mar-Apr 110C, N,= 667 F,= 0.20 F,= 0.10 F, = 0.40

2Data adapted from Table 8.6 of Ricker (1975). Note that both F and M refer to a 2-month
petiod and should be multiplied by 6 to obtain annual rates (e.g., M = 0.2 = 1.2/6).

PRounded figures. Actual computation (based on F, = 0.20) used 10 significant digits.

®Assuming F, =0.20 and M = 0.20, which provide, with equation (7.2) the estimate of N, = 667.

dAssurning F, = 0.10 and M = 0.20, population estimates omitted. Note convergence toward
the F-values obtained by using F, = 0.20.

°Assuming F; = 0.40 and M = 0.20, population estimates omitted. Note convergence toward
the F-values obtained by using F, = 0.20 or F, = 0.10.

Unfortunately, the catch and landing data-collection systems of most tropical countries are
not geared toward collecting catch and landing data and length-frequency data representative of
that catch, with the result that the methods outlined here generally cannot be applied to those
fisheries. Yet these methods are extremely well-suited for use in tropical fisheries, where fishing is
often conducted with a multitude of gears, the number and sampling properties of which are diffi-
cult to assess. Using such methods, it is thus possible to assess the impact on the fish themselves
of all those gears in the form of values of F which can be used to state whether too many or not
enough fish of certain sizes are being captured by the fishery as a whole or segments of it.

Finally, another important property of VPA and related methods is that the resulting popula-
tion estimates of young (small) fish are estimates of absolute recruitment. Recruitment, as dis-
cussed in more detail in Chapter 9, is generally extremely difficult to estimate although it is an
extremely important parameter.

It seems thus appropriate to stress here the need for fishery biologists working in tropical coun-
tries to help their fisheries department set up a catch reporting system which—at least for major
fisheries—will allow for catch-at-length, and later catch-at-age data to emerge.
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Table 7.7. Estimation of population size and exploitation rate for a West African stock of hake
(Merluccius merluccius) based on Jones’ length cohort analysis.®

Length Catch Population Exploitation Annual Annual
(in cm) (in thousands) (in thousands) rate (F/Z) Z F
6 1,823 98,919 0.13 0.32 0.04
12 14,463 84,393 0.58 0.67 0.39
18 25,227 59,476 0.79 1.35 1.07
24 8,134 27,623 0.70 0.93 0.65
30 3,889 15,968 0.64 0.77 0.49
36 2,959 9,861 0.68 0.87 0.59
42 1,871 5,501 0.70 0.93 0.65
48 653 2,819 0.58 0.67 0.39
54 322 1,691 0.51 0.57 0.29
60 228 1,057 0.52 0.59 0.31
66 181 621 0.59 0.68 0.40
72 96 314 0.58 0.67 0.39
78 16 149 0.28 0.39 0.11
84 (L) 46 (C,) 92 (N,) 0.50 (E,) (0.56) (0.28)

2The catch-at-length data are from Anon. (1978b, Table 6, p. 78) from which (p. 17) the
parameter values L, = 130, K = 0.10, M = 0.28, M/KD = 2.8 and D = 1 also stem. The results
(population estimates and E-values) presented here differ from those in Anon. (1978b) both because
of the different E; used, and because of various inconsistencies in the original analysis.

Recommended reading: The literature on VPA and cohort analysis is growing rapidly as far as
applications are concerned. However, both Gulland (1965)* and Jones (1974) are technically un-
published papers which are rather hard to get, while Ricker’s (1975) discussion of VPA and cohort
analysis is rather opaque. Best is to get Pope (1972)* for both VPA and cohort analysis, and the
recent manual of Jones (1981) or Jonesand van Zalinge (1981) for length cohort analysis. For those
who understand French, the best introduction to (age-structured) VPA and cohort analysis will be
that of Mesnil (1980).

Suggested research topics: Convert catch data in weight to catch-at-length data using the method
outlined in Example 7.3, and apply these data to either length cohort analysis or length-structured
VPA. Then using the method of Jones (1979), assess the impact of a change in fishing mortality,
mesh size or both. Use the results to assess the relative impact of several fisheries exploiting the same
stock (e.g., a small-scale inshore fishery and a large-scale offshore fishery).

*Gulland (1965) and Pope (1972) have been reprinted and included in the reader recently edited by Cushing
(1983).



Population sizes and fishing mortality of Moroccan sardines (Sardina pilchardus)
as determined by Gulland’s virtual population analysis.

Data: catch-at-age data of Table 7.5
Computation
1) Read sides 1 and 2 of Program FB 18,

2) Initialize, enter M, terminal fishing mortality and terminal catch.

Keystrokes: .0001 STO O .2 1.2 117538 { a. This results in N, = 106394.09

3) Enter the catch from the period immediately preceding that during which the terminal
catch was made.

Keystrokes  Results

7859 A 0.06
138611.82
now enter the next earlier catch 5225 A 0.03
175062.55

and so on
until you arrive at 15624 A 0.00
14382197.51

The results of virtual population analysis (VPA) should be recorded in a manner similar
to that used for Table 7.5.
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Population sizes and fishing mortality of Peruvian anchoveta (Engraulis ringens)
as determined by Pope’s cohort analysis.

-
.

Data: Catch-at-age data of Table 7.6
Computation
1) Read sides 1 and 2 of Program FB 18.

2) Initialize, enter M and estimate the terminal population, with a terminal catch of 110
million fish and a terminal F of 0.2.

Keystrokes: .0001STO 0.2 *.2 1110 f a This results in N, = 667.31.

3) Enter the catch from the period immediately preceding that during which the terminal
catch was made.

Keystrokes  Results

0B 0.000
815.51
now enter the next earlier catch 1160 B 0.83
227.51
and so on e
until you arrive at 8230 B 0.00
1858412.26

The cohort analysis, which should be recorded in a manner similar to Table 7.6 is now essen-
tially complete. Its results (the F; and N; values) can be used to assess the stock directly
(e.g., was the fishing mortality too high?) or may be used as input in other models (e.g.,
those requiring estimates of absolute recruitment). (Alternatively, F; values considered

1
more reasonable than the first F, can be used as new F, and the analysis run again.)
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Conversion of length-frequency data to catch-at-length data, given data on bulk
catch and a length-weight relationship.

Data from Table 5.8. We shall assume that the length-weight relationship of Glossogobius
giurus is described by W = 0.01 L3, where W is expressed in g and L in cm.

Computation

1) Read sides 1 and 2 of Program FB 20,

2) Enter the parameters a and b of L/W relationship.
Keystrokes: .01 13 fb

3) Then enter lower limit of smallest length class considered, and width of length class
(see Table 5.8, August sample).

Keystrokes: 4 1 2f ¢
4) Now enter frequencies, successively
Keystrokes: 1 C138C 153 C49C9C

(The numbers appearing after each entry are the mean weights of the fish in each
length class)

5) Compute total weight of sample
Keystroke Results

E 2530 (weight of sample)
7.23 (mean fish weight)

6) Now assume 100 kg (= 100,000 g) of Glossogobius giurus had been caught in August.
This would imply, given that the length-frequency sample is representative of the catch,
that the equivalent of this sample has been caught 100,000/2,530 = 39.53 times; thus
each of the frequency in the length-frequency sample must be multiplied by the raising
factor 39.53. The resulting numbers are catch-atlength data, as used in length-cohort
analysis and length-structured VPA,




Population sizes and exploitation rate of West African hake (Merluccius mer-
luccius) as determined by Jones’ length cohort analysis.

Data: Catch-at-length data of Table 7.7
Computation
1) Read side 1 of Program FB 19.

2) Enter parameters needed, initialize and calculate N,.

Keystrokes: 130 STOA 2.8 11fb 84 16 fc.5 146fd Result: 92 (N,)

3) Enter the catch for the length interval immediately preceding that to which C, refers.
Keystrokes  Results

16 A 148.68
0.28
now enter the catch pertaining to the next
smaller length class 96 A 313.71 Ny
0.58 (E)
and so on
until you arrive at 1823 A 9891930 (N))
0.13 (E)

Unless you have a value of M (rather than just a value of M/KD), the length cohort
analysis is now completed.

4) If a value of M is available, values of Z and F (both on an annual basis) can be estimated
by performing

Keystrokes  Results

store M .28 STO2

estimate Z 5B 0.56 (Z)

and F 0.28 (F)

corresponding to .28B 039 (2)

the values of E 0611 (F)
etc. (see Table 7.3)

It must be realized that as opposed to VPA and cohort analysis performed on catch-at-age
data, length “cohort” analysis does not estimate population numbers pertaining to a specific
cohort. Rather, the “population” estimates are the number needed to account for the catch
at each size.




Population sizes and fishing mortality of West African hake as determined by
length-structured VPA.

Data: catch-at-length data of Table 7.7 (the data are the same as those in Table 7.2, which
also gives the source for L, = 130 cm, K = 0.10, D = 1 and M = 0.28).

Computation
1) Read sides 1 and 2 of Program FB 20,
2) Enter parameters needed:

Keystrokes: 130 STO A .1 STO C 1 STO D .28 STO 2 84 STOI 6 STO E 10 14 CHS
YX STO O

3) Estimate terminal population:

Keystrokes  Results

enter F, .28 1
and C, 46fa 92 (N,)

4) Run VPA: 16 A 148.499 (F)
0.111 N)
96 A 311.813 F)
0.399 (N)
etc.
until 1823 A 98238... N)
0.040 (F)

Note that the results are almost the same as those obtained with Jones’ length cohort analy-
sis. (See also Table 7.2.)




8. Yield-Per-Recruit Assessment

INTRODUCTION

This chapter contains some of the most horrible-looking equations used in fish population
dynamics, and an attempt to explain how these equations are derived would certainly deter all but
the most enthusiastic readers. Thus, rather than derive any of the equations included in this chapter,
I will simply present them, and hope that they will gradually become familiar, especially after fre-
quent use and consulting the original literature.

A new concept needs to be introduced at this stage, that of the “recruit’’. Although the defini-
tion may vary between authors, we may here visualize recruits as 1) fully metamorphosed young
fish, 2) fish whose growth is described adequately by some form of the VBGF, 3) fish whose
instantaneous rate of natural mortality is similar to that of the adults, and 4) fish which occur at
(or swim into) the fishing ground(s). Such recruits have an average age t,, an average length L,
and an average weight W... Upon reaching the age t,, the recruits may be caught immediately, in
which case the mean age at first capture (t,) is equal to the age at recruitment (t, = t,). Alternatively,
the recruits may be caught at a more advanced age (and a correspondingly larger size, L, and W,).
In such case, the number of recruits actually entering the fishery (R.) will be less than the initial
number of recruits (R,), or

R =R, e Mte —t) ...8.1)

Now, there is, for each combination of t, and F values, a yield per recruit (Y/R = cat¢h in weight,
per recruit) the value of which can be estimated from various equations whose exact form depends
on the model used to describe the growth of the fish. In the following paragraphs, equations for
the estimation of Y/R will be given for various forms of the VBGF, i.e.,

3
Case I: W, =W, (1—e K{t—t) ...8.2)

or special VBGF, as based on conversion from length using the isometric length-weight relation-
ship

W = (c.f./100)L3 ...8.3)

b

Case II: W, =W, (1—e Kt t)) . 8.4)

which is a form of the special VBGF where the exponent (b) of the length-weight relationship is
allowed to take values other than 3, i.e.,

W=a-LPb+3 ...8.5)

Case III: _ W, =W, (1 — e KD (@/b)(t—t5))b/D ...8.6)

the generalized VBGF for growth in weight.
114
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ESTIMATION OF YIELD PER RECRUIT
Casel

Case I is that of Beverton and Holt (1957) for computing yield per recruit. The equation they
proposed for this purpose is:

1—¢ 23 37Ky (1 — {2+ Ky

Y/R,=F-e Moy

Z Z+K
N 3e—2Kr1 1-— e—(Z + 2K)!’3) _ e""3Kl'1 1— e——(Z + 3K)!’3) } 8.7)
Z+ 2K Z+ 3K T
where Z = F+M
rn = tc —‘to
Ig = tc —tr
rg = tmax —tc

with W, K and t, being growth parameters, t. the mean age at first capture, t, the mean age at
recruitment and tp, ¢ “the maximum age of significant contribution to the fishery” or more simply,
the longevity of the fish in question (see Ricker 1975).

The effect of the exact value of ty,,y is generally very small, and equation (8.7) can be consider-
ably simplified by setting ty,ax = -, in which case equation (8.7) becomes

_ 3e_Kr1 3e_2Kr1 _e_-3K'r]. }
Z+K Z+ 2K Z+ 3K

in which all other parameters are defined as in equation (8.7).

Both equations (8.7) and (8.8) can be used to assess the effect of different values of t,
(corresponding, e.g., to a given mesh size) and values of F (corresponding to a certain amount of fish-
ing effort) on the yield per recruit (Examples 8.1 and 8.2). The results of such computations are
generally presented in the form of “‘yield curves”, as in Fig. 8.1, from which the effect of increasing
mesh size (e.g., from a size generating t, = 0.2 yr to a size generating t, = 0.3 yr) can be assessed.

YR, =F-e Mgy {% .8.8)

5~
t=0.3
~ 4t
S — {c=0.2
-
2 3+
@ Wo = 64¢
N = 1.0
s 2| K =1
2 M =18
E to ='o.2
_9 |- tr =0.2
=
o 1 i 1 I 1 1 1 | i ]
| 2 3 4 5

Fishing mortdlity (F)

Fig. 8.1. Yield per recruit as a function of fishing mortality for the slipmouth (Leiognathus
splendens) for two values of mean age at first capture (based on Example 8.1).
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Another, more elaborate form of presenting the results of a yield-per-recruit analysis is the
“yield-isopleth diagram”, which shows the response of yield per recuit to both t. and F over a wide
range of both parameters, to allow the best selection of mesh size for given F, or a best F for a given
mesh size (see Fig. 8.2). Program FB 21 can be used for this purpose.

Equation (8.7) requires the estimation of six constants (in addition to t, and F which are used
as variables) while equation (8.8) requires five constants.

In 1964, Beverton and Holt presented a modified version of their yield equation which requires
only three input parameters, M/K, ¢ (= L¢/L.,) and E (= F/Z) and which has the form

— _ \M/K . _ 83(1—y¢) 31—¢)2 (1—¢)
Y/R,=E1—cMK. {1 . 0-B +1+2:1_E: 30D } ...8.9)
(M/K) (M/K) (M/K)

Here, however, it is not a yield per recruit in units of weight that is estimated, but something
Y’/ R,) proportional to it; this doesn’t really matter because the absolute number of recruits (R, ) is
not known anyway. Management advice is most often based on relative yield (see Example 8.3 and
Fig. 8.3). Values of Y'/R, have been tabulated by Beverton and Holt (1964) for a wide range of
M/K, c and E values. Given appropriate inputs, program FB 21 provides the same values as those in
Beverton and Holt (1964), whose paper, however, should still be consulted for more details.

[The relationship between ordinary Y/R, (as given in Equation (8.8)) and Y'/R, is given by
Y/R, = (Y’/Rr) * (W, - exp—M (t, — to))].

r T T T T T L] Y T T Ll T LS L T L] L T L L ¥
280¢
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€606 'g 60
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£48) S 4.0 360q
g ) 3509
<444 °35
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Q Q
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361 25
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35 20
2009
265 15
I1SO¢
2.1 10
100¢
153 08

Fishing mortality(F)

Fig. 8.2. Yield isopleth diagram for the snapper (Lutjanus sanguineus) of the South China Sea
(from Pauly 1979b; see Example 8.2).
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Fig. 8.3. Stock assessment of the swordfish (Xiphias gladius) off Florida, based on the
relative yield-per-recruit concept (based on Example 8.3).

Case 11

All three equations given above assume that growth in weight is isometric. This is often not the
case and the value of b in the length-weight relationship generally ranges between 2.5 and 3.5 (see
Chapter 2). The weight-at-age data of Table 8.1 were constructed to represent such a case, with
b = 3.3.

Two methods are available to use the yield equations given above, even when growth is allo-
metric.

The first of these methods simply consists of proceeding as if the length-weight relationship
were isometric, i.e., of calculating a mean condition factor (which assumes b = 3) from the length-
weight data at hand, then to use this mean condition factor to convert L, to W_,. This method stems
from Beverton and Holt (1957). )

[For the data of Table 8.1, a mean condition factor of 1.887 is obtained which can be used to
convert the value of L, = 186.5 cm obtained from a Ford-Walford Plot to avalue of W, =122.6 kg

Table 8.1. Growth data of a hypothetical tuna reaching 146.5 cm (L, ) and 60 kg (Woae)-?

Age (years) FL (cm) Weight (g)
1 35 648
2 55 2,879
3 75 8,011
4 90 14,622
5 105 24,318
6 115 32,833

®Adapted from the data in Table 4.4, using the length-weight relationship W = 0.005213-3,
Note that W__ = 60,000 g corresponds to a value of D = 0.47. The mean c.f. obtained from the
length-weight data is 1.887. Mis set at 0.3 and t ,, = oo.
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(Table 8.2). The value of K is that provided by the same Ford-Walford plot, while the value of t, is
the mean of six estimates of t,, obtained by solving the growth equation for that parameter (by
means of Program FB 9). Then the growth parameters are used to estimate t, from W,, t, is set
equal to t,, and equation (8.8) is used to estimate Y/R, (see Table 8.2 and Fig. 8.4).]

The second of these methods.consists of calculating growth parameters directly from the weight
data, and setting b = 3 (this can be done easily with the programs presented in Chapter 4). This
results in values of K and t,, different from those that would have been obtained by computing the
growth parameters from length data (see Table 8.2). However, once these parameter values have
been derived from b = 3, any of the three equations given above can be used to estimate yield per
recruit (see Table 8.2 and Fig. 8.4). This method was suggested by Paulik and Gales (1964).

Table 8.2. Parameter values of different growth equations based on the data of Table 8.1 for use
in yield-per-recruit analysis. (W, and K values stem from Ford-Walford plots.)

Method D W, (kg) K t,® b t.P
Beverton and Holt (1957) 1 122.60 0.150  —0.535 3 2.28
Paulik and Gales (1964) 1 194.36 0129  —0.265 3 2.45
Jones (1957) 1 162.25 0150  —0.795 3.3 2.35
Generalized VBGF 0.47 85.95 0582  —2.035 3.3 2.39

“Obtained by solving the VBGF with the empirical size and age values in Table 8.1 and the cor-
responding set of asymptotic size, K, b and D values and Program FB 9, then by taking the mean
of the resulting 6 estimates of t.

bBased on 2 mean weight at first capture W_ = 5 kg.

n | Jones' (1957) method

2 Paulik and Gales' (1964) method

3 Generalized VBGF

4 Beverton and Holt's (1957) method

N W, OO N O YW O
Ll
H

Yield per recruit(kg)

L 1 1 1 1 1 1 1 i 1 1 1 1 1 - - 1 1 1 J

05 1.0 5 20

Fishing mortality (F)

Fig. 8.4. Comparison of yield curves based on different methods to compensate for allometry when performing a
yield-per-recruit analysis (see Table 8.2, Example 8.4 and text).
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Another method for dealing with allometry in yield-per-recruit computations is the use of the
incomplete B-function, as proposed by Jones (1957).
Here, the yield per recruit, when t, ,; = =, is given by

YR, =F/K- 1 M2y 51%,P,Q] } ...8.10)
where X = e Kry
P =Z/K
@ = b+ 1 (bbeing the length/weight exponent),
and f = being the symbol of the incomplete beta function
with 1, =t.—t,
and Ig = tc - tr

Tables of the incomplete -function have been presented by Wilimovsky and Wicklund (1963);
these tables are not needed here because Program FB 22 estimates the appropriate values of the
incomplete S-function (see Example 8.4, Fig. 8.4 and text below).

Case III

The incomplete f-function, besides allowing for the integration of the special VBGF with b #
3, also allows for the integration of the generalized VBGF and its use in yield-per-recruit analysis.
When the generalized VBGF is used, and t,,,; =, we have

. T, —
Y/R, = -g‘g% ey 8%, P, Q1) ...8.11)
where X = o OKDT1/b
P = Zb/3KD
and Q = (b/D)+1

with r; and r, being defined as above.

Thus, using the data of Table 8.1, first to estimate D (from W,,,. and Program FB 9) then to
estimate W, and K, with D = 0.47 and b = 3.3, it is possible to obtain growth parameters suitable
for incorporation into equation (8.11) (see Table 8.2). Program FB 22 can then be used to estimate
Y/R, values for these, or any other combination of growth parameters (see Example 8.5).

COMPARISON OF VARIOUS EQUATIONS
FOR YIELD-PER-RECRUIT ESTIMATION

Of the various equations available for the estimation of yield per recruit, the first {equation
(8.7)] is the one which contains the most parameters. In fact, of the parameters used, one (t,,,,) is
quite superfluous and may be set for most practical purposes equal to «, especially when Z is high
(see Ricker 1975, p. 257).

Equation (8.8), on the other hand, is still widely used (when b ~ 3) and several examples are
available of its application to tropical stocks (see recommended reading).

Equation (8.9) is particularly useful in situations where a detailed knowledge of the growth and
mortality of the stock in question is not available. The results obtained from this equation are
proportional to those obtained by means of equation (8.8) and allow a quick assessment of a fishery
(Fig. 8.3).

Of the several methods available for compensating for allometry in yield-per-recruit analysis,
that of Jones (1957) gave the results which differed most from those obtained using the generalized



120

VBGF, which serves as a benchmark (Fig. 8.4). The marked differences between the results obtained
by Jones’ method and the other methods are to a large extent due to growth beyond the ages con-
sidered in Table 8.1. This suggests that Jones’ method is least robust with regard to violations of
the assumption that t,,,, = in equation (8.10).

Paulik and Gales (1964) and Ricker (1975, p. 225) suggested that the “Chapman-Richards”
curve (Richards 1959), which is essentially a form of the generalized VBGF, could be easily inte-
grated by means of the incomplete -function. Published examples have been wanting. This account
(i.e., Case III) closes the gap.

THE USE OF THE YIELD-PER-RECRUIT
MODEL: A WARNING

The yield-per-recruit model, although very elegant and still suited to the management of certain
stocks (such as the North Sea plaice (Pleuronectes platessa)) should be used with caution.

Fishermen are not interested in an imaginary “yield per recruit’’; they are interested in a physi-
cal yield of fish, and this yield is the product of the yield per recruit times the absolute number of
recruits produced in the stock. Yield is directly proportional to yield per recruit over a wide range of
fishing mortalities only if it can be assumed that there is no relationship—over a wide range of F
values—between the size of the parental stock of fish and its progeny (see chapter on stock-recruit-
ment relationships)..

Where this assumption does not apply—and it does not seem to apply to more than a few
stocks—the values of F and t, needed to produce a maximum yield per recruit could well also gene-
rate an abysmally low yield, because the ‘‘best’’ value of F (the one maximizing yield per recruit)
could also reduce the parental stock to a level at which virtually no recruits are produced.

Moreover, it must be realized that the finding of yield-per-recruit analyses apply to long-term
or equilibrium situations only. In the short term, an increase of fishing mortality or a decrease in
size at first capture always results in higher yields, even when the yield-per-recruit analysis predicts
lower yields. Similarly, a decrease of fishing mortality or an increase in size at first capture always
results in lower yields in the short term, although in the long run higher yields may be reached.

The duration of the transition period can be of several years in fish which have a high lon-
gevity and are subjected to exploitation over a number of years, as in a number of temperate stocks
such as cod or halibut. In short-lived animals, the transition period will be much shorter; in the case
of very short-lived animals, such as most penaeid shrimps, the distinction between “immediate” and
“long-term”’ effect does not even apply, because the stocks are never in equilibrium. This and related
problems are reviewed in Garcia and Le Reste (1981) who present a number of methods for the
quantification of short- and long-term effects of changes in fishing mortality and mesh size (see also
Jones 1981).

Another important feature of the yield-per-recruit model is that yield per recruit is maximized
at low values of F only in the case of large, long-lived, low mortality fish, such as the swordfish
(Xiphias gladius) (see Fig. 8.3). In small tropical fish, the values of F which maximize yield per
recruit are generally extremely high (see Fig. 8.1). Thus, managing a tropical fishery based on a
species of small fish (let alone a multispecies fishery based on such fish) using only yield-per-recruit
analyses can be very misleading (see Pauly 1979b; Pauly and Martosubroto 1980).

It may be mentioned, finally, that in temperate waters, an (arbitrary) agreement has emerged
to generally limit F (for assessment of stocks whose stock-recruitment relationships are unknown)
to the value which corresponds to 1/10 of the rate of increase of yield per recruit that can be obtained
by increasing F, at low levels of F (Gulland and Boerema 1973). This concept, called Fg ; is illus-
trated in Fig. 8.5, Table 8.3 and Example 8.6. The F ; concept may be viewed as a surrogate for
MEY (Maximum Economic Yield, see Fig. 12.7), applicable in situations where economic data on
the performance of a fishery are lacking. A concept analogous to F 1, but for use in conjunction
with effort (fy 1) is proposed in Chapter 12.
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Table 8.3. Data for the computation of F , for Nemipterus marginatus from the South China Sea
(see Example 8.6).

F Y/R, Diff/10® F Y/R, Diff/10®
0.00 0.000

0.01 0.030 1.0 1.215 0.32
0.1 0.270 2'15 11 1.247 0'25
0.2 0.485 1'71 1.2 1.272 0'21
0.3 0.656 1.38 1.3 1.293 0'17
0.4 0.794 1'11 14 1.310 0'13
0.5 0.905 0'90 1.5 1.323 0'11
0.6 0.995 0°73 1.6 1.334 0.08
0.7 1.068 0'59 1.7 1.342 0.06
0.8 1.127 0.48 1.8 1.348 0'04
0.9 1.175 0'40 1.9 1.352 0'03
1.0 1.215 ’ 2.0 1.355 )

“The difference between two succeeding Y/R, values, divided by ten is here used as approxima-
tion of the slope of the yield-per-recruit curve between the two values in question.
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Fig. 8.5. Yield-per-recruit curve of the threadfin bream (Nemipterus marginatus) from
the South China Sea, showing the position of Fg; (based on data in Table 8.3 and
Example 8.6).

AN ALTERNATIVE USE OF BEVERTON
AND HOLT’S YIELD EQUATION

An interesting property of the yield equation of Beverton and Holt (1957) is that it can be used
in a given stock to estimate the proportion of fish above or below a certain size. Thus, when the
special VBGF is used, the total standing stock (biomass) of fish above the size at first capture (t,)
is given, assuming t,, .. = o, by

_ 3e"—Kl'1 + 3e—2Kl'1 B e—3Kr1 )
Z+K Z+ 2K Z+ 3K

Bc=Rc-F~W°°(—:]}: ...8.12)
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where R, is the number of recruits of age t,, and r; =t, —t,.
A factor (k) can be defined which relates the blomass of fish of and above a certain age (t}.) to
the biomass of all fish of and above age t, such that

B, /k = B, ...8.13)

The value of k will depend on the value of Z, but not on W, or R, which are the same in both
parts of the stock (B, and By ). Thus, thevalue of k, when t,. = - can be estimated by the equation

1 __3exp (—Kryp) N 3 exp (—2Kry) _ exp\(—3K2)

‘e exp (—Zr3) - { 3 Z+K 7 + 9K AT .
, 1 3exp(—Kry) 3exp(—2Kr;) exp(—8Kr) ...8.14)
Z Z+ K Z+ 2K Z+ 3K

withry =t, —t,;ry =ty —t,;andrg =t —¢..
This equation can be used to estimate, e.g., the proportion of the total stock which consists of
fish at or above the age at first maturity (t,, ), by setting t,, = t;, that is:
r =t —toirg=t, —ty,;andrg =t,, —t..
This technique has been recently used to estimate the standing stock size of potentially mature
fish in the Gulf of Thailand (Pauly 1980d) and can also be used to convert catch data obtained
by a given mesh size to those that would have been obtained had another mesh size been used.
This expression is based on an analogous equation presented by Hempel and Sarhage (1959) to
estimate the expected proportion of undersized and discarded fish in a trawl fishery. Program FB
23 can be used to estimate values of k for any value of F given a value of M, and values of t, t;, and
ty (see Example 8.7).
Recommended reading: The book in which Beverton and Holt (1957) originally presented
their model has been reprinted and still is a mine of good ideas—although it is often quite hard
to follow. Ricker (1975) gives a review of the whole yield-per-recruit approach, including the
earlier work of Baranov (1918) who was the pioneer in this field. Tropical applications of the
yield-per-recruit approach are to be found, e.g., in Bayhff (1967), Le Guen (1971), Jones (1976b)
and Sinoda et al. (1979).
Suggested research topics: Whenever growth data are available, reasonable estimates of M can
~ be obtained (see Chapter 5); yield-per-recruit computations can then be performed. Attempts should
be made to perform such assessments routinely and to suggest appropriate mesh sizes. In fisheries
that have stabilized at a given level of effort and/or those consisting of short-lived fish, yield may
be divided by Y/R, to obtain estimates of recruitment, which may be compared with absolute
recruitment estimates obtained from length cohort analysis.



Estimating the yield per recruit obtainable from the slipmouth (Leiognathus
splendens) in western Indonesian waters,

Data: W,=64g,K=1.0,t,=—0.2,t, = 0.2,t,=0.2,M=2,b= 3, D = 1 (adapted from
Pauly 1980c).

Computation
1) Read sides 1 and 2 of Program FB 21
2) Enter parameters (except for b and D).
Keystrokes: 64 STO B1 STO1 2ST02.2 CHS ST0OO0 .2 STO D.2 STOI
3) Calculate Y/R_ and Y/R, for F = 0.5 to F = 5 in steps of 0.5
Keystrokes  Results
5B 2.247 (Y/R,)
2.2417 (Y/R)
1B 3.199 (Y/R,)
3.199 (Y/R)
ete. e

5B 3.566  (Y/R,)
3.566  (Y/R,)

4) Plot the values of Y/R_ onto a graph, and repeat with t, = 0.3. A plot such as Fig. 8.1
will be obtained, which allows for the assessment that, for all values of fishing mortality
considered, the mesh size which generates t, = 0.3 will produce a greater yield than that
which generates t_ = 0.2,




Estimating the yield per recruit obtainable from the snapper (Lutjenus
sanguineus) in the South China Sea.

Data: W, = 12226 g, K = 0.154, t, = —0.67,D =1, t_ . = 10 years (assumed), M = 0.33,
with t, =t , and t, = 2 years, b = 3 (adapted from Lai and Hsi 1974 and Pauly 1979b).
Note that the age at recruitment is arbitrary.

Computation

1) Read sides 1 and 2 of Program FB 21

2) Enter parameters (b is assumed 3 and D is assumed 1 and need not be entered)

Keystrokes: 12226 STO B.154 STO1 .33 STO2 10 STO A .67 CHS STO0 2 STO D
B67CHS STOL

3) Calculate Y/Rc and Y/R, forF=1

Keystrokes  Results

1A 660.924 (Y/R,)
273.839 (Y/R,)

4) Repeat with different value of F, e.g.
Keystrokes  Results

5A 708.999 (Y/R,)
293.757 (Y/R,)

5) Setting t,,, = o (i.e., using a very large number) and the same set of other parameters
allows one to reproduce the yield isopleth diagram in Fig. 8.2,




Data: Berkeley and Houde (1980) give for swordfish caught off Florida: L., = 309 (fork
length, in em; & and ?), K = 0.0949, M = 0.18 (hence M/K = 1.9), L, = 118 (hence
¢=L /L, =0.38).

Computation

1) Read sides 1 and 2 of Program FB 21

2) Enter parameters needed
Keystrokes: 1.9 STO 8.38 STOC

3) Compute the relative yield per recruit for different values of E (= F/Z)

Keystrokes  Results

1cC 0.009 (Y'/R)
2C 0.017 (Y'/R)
etc. e

1C 0.022 (Y'/R)

4) Plot these values onto a graph, and repeat with a different value of ¢ (e.g., 0.49). The
result should look similar to Fig. 8.3 from which the assessment can be made that an
increase of L, from 118 to 150 em would not result in a marked increase of yield per
recruit under the present (late 1970s) exploitation rate, but would lead to an increased
yield per recruit under higher exploitation rates.




Computation of yield per recruit in cases where weight growth is allometric
(Jones’ method).

Data: Growth and other parameters from Tables 8.1 and 8.2
Computation

1) Read sides 1 and 2 of Program FB 22

2) Enter parameters needed

Keystrokes: 162.25 STO B.15 STO A1STO D3.3 STO E.3 ST00.795 CHS 1 2.35fa
235fc

3) Calculate yield per recruit for F= 0.1 to F = 2.0

Keystrokes  Results

.1 A(and wait...) 0.018 ®
6.773 (Y/R,)
6.773 (YR)

etc.
2 A (and wait...) 2.648...—06 ()
7.936 (Y/R,)
7.936 (Y/R,)

4) Plot the Y/R, values against the F-values. The graph that emerges should look as line 1 in
Fig. 8.4 (but see text).

Computation of yield per recruit using the generalized VBGF.

Data: Growth and other parameters from Table 8.2
Computation
1) Read sides 1 and 2 of Program FB 22
2) Enter parameters needed
Keystrokes: 85.95 STOB.582STOA .47 STOD .3STO O 2.035 CHS 1 2.39fa 2.39f¢c
3) Calculate yield per recruit for F=0.1to F = 2
Keystrokes  Results
1B 0.027 ®)

5.444 (Y/R,)
5.444 (Y/R))
3.490...—07 (B)

6.347 (Y/R,)
6.347 (Y/R))

4) Plot the Y/R, values against the F-values. The graph that emerges should look as line 3 in
Fig. 8.4
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Estimating Fg ; for Nemipterus marginatus from the South China Sea.

Data: W, = 210 g, K = 042,t, =—041(D=1,b=3), M= 173, t, = 0.26, t, = —0.41
(from Pauly and Martosubroto 1980).

Computation
1) Read sides 1 and 2 of Program FB 21
2) Enter parameters needed
Keystrokes: 210 STOB.42 STO 1 1.73 STO2 .41 CHS STOO0 .26STO D .41CHS STO 1
3) Compute Y/R, at a very low value of F, e.g., F = 0.01
Keystrokes  Results

.01B 0.096 (Y/R.)
0.030 (Y/R,)

Near the origin, Y/R, increases from 0 to 0.03 when F increases from 0 to 0.01, thus the
slope of the yield curve at the origin is close to 0.030/0.01 i.e.:

Keystrokes  Results

.01 + 2.999 (slope near origin)
increase per unit
of F near origin: DSP 2 3.00 (slope near origin)

4) Then compute Y /R, for values of F ranging from 0.1 to 2, in steps of 0.1, record data and
draw resulting graph (see Fig. 8.5 and Table 8.3).

5) Calculate increase in yield associated with each 0.1 increment of F, and divide this differ-
ence by 10 to obtain approximate slope (i.e., change in Y/R, per unit change in F).

6) Locate slope value closest to 1/10 of value of slope near the origin (corresponding to
F.1)- This value is 0.32, corresponding to F,, = 1.1 (see Table 8.3). The next closest
value is 0.25, corresponding to F = 1.1-1.2, Thus, the best value, corresponding to 0.30
will be close to F = 1.1, which we may take as our estimate of F,, , (see Fig. 8.5).




Estimating the proportion (k) of adult slipmouth (Leiognathus splendens) in
the total stock, under two different exploitation regimes.

Data:K = 1.0, t, = —0.2,t, = 0.2, M = 1.8 (see Fig. 8.1); to be estimated are values of k for
F=0and F =1, with t, = 1 year.

Computation
1) Read side 1 of Program FB 23
2) Enter needed parameter values
Keystrokes: 1 STO1 .2 CHS STOO 1.8 ST0O2 .2 STOC 1 STOA
3) Calculate valuesof k for F=0and F=1
Keystrokes  Results

0A 0.55 (k)
1A 032 (k)

Thus, as expected, we find at F = 1 a smaller biomass of adults (32% of total stock) than at
F = 0, where the adults contribute 55% of the total stock.




9. Stock-Recruitment Relationships

INTRODUCTION

Clearly, there can be no production of young fish (recruits) if no adult fish are left (by a fish-
ery) to mature, spawn, and produce eggs which hatch and grow to become recruits (see Fig. 9.1A).

The females of most fish species are extremely fecund, producing during their adult lives several
thousand eggs, sometimes millions. This fecundity has led many fishery biologists to believe that even
a very limited parental biomass should be sufficient to allow a complete “‘restocking’ after each
spawning season. It was assumed that features of the abiotic environment (e.g., oceanographic con-
ditions) mainly determine how many of the spawned eggs survive to become recruits, the size of the
spawning stock, except for stock sizes very close to zero, being virtually irrelevant in determining
recruit numbers. The situation in which the number of recruits in a given stock is determined mainly
by factors other than parental biomass is called ““lack of a stock-recruitment relationship”. Early
proponents of this view include Beverton and Holt (1957) (see also Beverton 1963).

However, work conducted in the 1960s and 19'70s suggests that many fish stocks do display
stock-recruitment relationships, as demonstrated in Parrish (1978) and Saville (1980). Also, it
was shown for most of the stocks which collapsed in the last three decades that ‘“‘recruitment over-
fishing” was the cause (Murphy 1966, 1977, 1980; Saville 1980).

However, stock-recruitment relationships generally cannot be established directly by plotting
an index of recruitment on parental biomass. Rather, it is necessary to account simultaneously for
a stock-recruitment relationship and the biotic and/or abiotic factor(s) which may affect that
relationship. In tropical stocks, this approach has allowed e.g., Csirke (1980) to demonstrate a strong
effect of oceanographic conditions on the recruitment of the Peruvian anchovy. Ricker (1975,

p. 275-280), Bakun and Parrish (1980) and Bakun et al. (1982) have discussed methods to identify
various factors affecting recruitment using multiple regression analysis (for which Program FB 7,
with slight modifications, can be used).

To date four types of stock-recruitment relationships are commonly recognized:

1) Recruitment increasing rather steeply toward an asymptote (this model, paradoxically is

the model generally used for illustrating a lack of stock-recruitment relationships, see Figs.
9.1B and 9.2).

2) Recruitment increasing in proportion to a power of parental biomass or of the number of

eggs shed (Fig. 9.1C).
3) Recruitment increasing more or less steeply toward a maximum at an intermediate size of
parental stock (P), then decreasing with increasing values of P (Fig. 9.1D and 9.3).

4) None of the above, but stock-recruitment sensu stricto conforming to 1, 2 or 3 after the
simultaneous effects of environmental factors (biotic or abiotic) are removed, as in Csirke
(1980).

Examples of relationships of types 1 and 3, the most commonly used, are illustrated here
(Examples 9.1 and 9.2). These two examples must be taken with a grain of salt, however, because
the first displays considerable scatter (as is typical of most such plots), while the second is based on
points derived by a method which gives only approximate results.

At present, research in fish recruitment is in a state of flux, with a lot of new ideas and insuffi-
cient data to test them. Reviews covering what little is known of stock-recruitment relationships in
tropical fish are given in Sharp (1980) for pelagics, by Sale (1980) for coral reef fish, Murphy (1982)
for miscellaneous fish and Garcia (1983) for penaeid shrimps.
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Recruits(R)

A. Little is known about the
shape of the curve except that it
has to go through the origin.

B. Recruitment related to parent stock by
an asymptotic relationship (e.g., equation
9.1); when the left side of this curve
ascends steeply to the maximum recruit-
ment, fishery biologists generally consider
this to reflect the absence of a stock-
recruitment relationship, because R is
independent of P for a wide range of P
(Beverton and Holt 1957).

Recruits(R)

4 Parent stock (P)

Recruits(R)

Beverton and Holt's model

Cushing's model

Parent stock (P)

C. Recruitment viewed as pro-
portional to a power (< 1) of
parent stock (Cushing 1971).
{Note that Cushing’s model is
meant to apply to the left side
of an otherwise undefined S/R
curve, and in strongly exploited
stocks only.)

Parent stock(P)

D. Recruitment related to parent stock,
with decreased recruitment at high levels
of parent stock, as due to cannibalism or
competition between prerecruits and
parents or parents exhibiting parental
care (Ricker 1954, 1975).

Recruits(R)

Ricker's model

Parent stock (P)

Fig. 9.1. Types of stock-recruitment relationships used in fishery research.
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Fig. 9.2. Beverton and Holt type stock-recruitment relationship for the sea
bream (Taius tumifrons) (East China Sea).
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Fig. 9.3. Stock-recruitment data of false trevally (Lactarius lactarius) in
the Gulf of Thailand, fitted with Ricker curves (GM and AM) (based on
data in Table 9.2 and Example 9.3).
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THE STOCK-RECRUITMENT RELATIONSHIP
OF BEVERTON AND HOLT*

In this model, the relationship between the number of recruits (R) and the spawning stock size
(P) is given by

N S
R - al + 6' . 9.1) .
Expression (9.1) can be expressed as a linear relationship of the form
P_ , '
==fp+ .09
p-f P 9.2)

As this plot involves the use of inverses (e.g., 1 IR), the estimated yalues of o and §’ provide,
for each value of P, estimated values of recruitment (R) whose sum (X R) is actually lower than the
sum of the empmcal values of R (ZR). This is due to the fact that the use of inverse values implies
the use of a harmonic mean (HM) in fitting equation (9.1) and to the fact that the harmonic mean
of a series of values is always less than the arithmetic mean (AM) of these values.

An approximate conversion of the estimated recruitment values RHM to the corresponding R AM
values can be obtained, however, by performing

>~ R (empirical values)
Z R (harmonic mean values)

C= .9.3)

and by multiplying the recruitment values of the HM line by the constant C (Ricker 1975).
An application of this model is given in Example 9.1, based on the data in Table 9.1.

Table 9.1. Data for the derivation of a Beverton and Holt type relationship for sea bream (Taius
tumifrons) from the East China Sea. Figures derived from Murphy (1972, Fig. 3, based on Shindo

1960).
Eggs spawned Recruits
No. Year No. x 108 No. x 103 P/R
1 1949 122 9.2 13.3
2 1950 84 7.2 11.7
3 1951 60 6.3 9.52
4 1952 40 94 4.26
5 1953 72 84 8.57
6 1954 42 8.3 5.06
7 1955 45 11.0 4.09
not used® 1956 (38) (13.0) (2.92)

2Use of the 1956 value generates a negative intercept in equation (9.2), and hence a negative
value of {8 in equation (9.1). See Users’ Instruction for FB 24.

*Beverton and Holt (1957) actually presented two stock-recruitment models. Their second model, however, is
in its form—if not in its derivation—similar to Ricker’s model discussed further below.
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RICKER’S STOCK-RECRUITMENT RELATIONSHIPS
First form of Ricker’s curve
The stock-recruitment relationship proposed by Ricker (1954, 1975) can be written

R = ape—ﬁP ...94)
where R is the number of recruits

P is the size of parental stock (in weight, in numbers, or as egg production)
« is an index of stock-independent mortality

and  f§ is an index of stock-dependent mortality

Equation (9.4) can be rewritten

InR — InP = Ina — bP ... 9.5)

which has the form of a linear regression y = a + bx, where y =InR —InP,x =P, a = Inwwand b = §.
Once o and f are estimated, maximum recruitment (R, ) is obtained by

Ry =offe ...9.6)

where e (= 2.1783) is the base of the natural logarithms. Also, the parental stock at maximum recruit-
ment (P, ) can be estimated by the equation

Pm=1/8 ...9.7)

The relationships between the parameters « and § in the first form of Ricker’s curve to o and '
in Beverton and Holt’s curve are discussed in Chapter 11 (p. 156).

When P and R are expressed in the same units, a “level of replacement abundance” can be found
where P = R. This replacement level (P,) can be estimated through

P, = h‘ﬁ“ =R, ...9.8)
For most purposes, it is reasonable to assume that (the average size of) the virgin parental stock
(Py) should be equal to P, which allows, when an estimate of Py is available, for the original units
of recruitment to be converted to units of P through multiplication with P, /P, (see Table 9.2).
Program FB 25 can be used to estimate the parameters of the first type of Ricker curve (see
Example 9.2).

Table 9.2. Data for the derivation of Ricker type stock-recruitment relationships for the false
trevally (Lactarius lactarius) from the Gulf of Thailand.?

Year P (in thousand tonnes) R (in millions) R (in units of P)°
virgin stock 2,660 — (2,660)

1963 2,087 239 4,606.8
1966 1,277 292 5,628.4
1967 422 138 2,660.0
1968 444 202 3,893.6
1969 191 90.8 1,750.2
1970 29.8 15.5 298.77
1971 37.8 55.5 1,069.8
1972 4.0 8.9 171.55

2From Pauly (1980d); the values presented here should be considered tentative due to several
approximations made for the estimation of the number of recruits.
See Example 9.3.
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Second form of Ricker’s curve

When recruitment and parental stock are expressed in the same units, equation (9.4) can be re-
written in the form

R=Pea(1—P/Pt) ' ...9.9)

where P, is the replacement abundance, and where a new parameter (a) is introduced, which is
defined as

a= Prﬁ = ]ny . e 9.10)
Thus, equation (9.9) can be rewritten

InR —InP =a——~P ...9.11)
Y

which has the form of a linear regression where y = InR — InP and x = P, with the intercept of this
regression providing an estimate of a and its slope an estimate of a/P,.

Equation (9.9), as well as equation (9.4), incidentally, provide estimates of the geometric mean
(GM) value of R at a given P; generally, GM values estimate the most probable values of recruitment
for the observed P values, while the arithmetic mean (AM) curve estimates the long-term arithmetic
average value of recruitment obtained at a given P (Ricker 1975, p. 283).

Thus, conversion of the GM curve to an AM curve is indicated especially when the R values are
widely scattered about the stock-recruitment curve. Program FB 25 can be used for this conversion,
which is performed according to the method given in Ricker (1975, p. 275 and 283-288) (see Exam-
ple 9.2),

In temperate, single-species fisheries, the establishment of a stock-recruitment relationship of
the type discussed here is sufficient for most purposes of fishery management, since the best strategy
generally is to optimize the level of surplus recruitment (= the number of recruits produced in excess
of replacement level, see Fig. 9.3).

This strategy also may be indicated in the case of tropical single-species fisheries, such as sar-
dines, anchovies, chub mackerels or scads. In the case of multispecies fisheries, the establishment of
a stock-recruitment relationship in one species is not sufficient—obviously-—for deriving an optimum
fishing strategy for the whole multispecies stock (see Chapter 12).

Recommended reading: The classic paper of Ricker (1954) is an excellent introduction to the
field, which is also reviewed in Ricker (1975). Parrish (1978) edited a volume of papers on the sub-
ject of stock-recruitment relationships which contains many important contributions. Sharp (1980)
presents an even more up-to-date review of the subject. Several contributions included in Pauly and
Murphy (1982) are also of relevance to the topic, particularly as far as the tropics are concerned.
Garcia (1983) discussed in detail the stock-recruitment relationships of tropical and subtropical
shrimp and the numerous pitfalls (potential and realized) in the interpretation of such relationships.
Shepherd (1982) recently proposed a versatile stock-recruitment model which has the Cushing,
Beverton and Holt and Ricker models as special cases.

Suggested research topics: Every attempt should be made to estimate recruitment from stocks
that are suitably well-documented, especially by using VPA and related methods. Attempts should
be made to identify the factors which most strongly affect recruitment in a fishery and to derive
from the properties of these factors the best strategy for the exploitation of the resource.



Estimating the parameters of a Beverton and Holt type stock-recruitment
relationship (Taius tumifrons, East China Sea).

Data from Table 9.1
Computation

1) Read side 1 of Program FB 24
2) Enter P and R data

Keystrokes: fa 122 19.2 A 84 172A60163A40194A72184A42183A
45111 A

3) Estimate parameters of curve
Keystroke Results
E 0.857

0.116
0.371

4) To obtain estimate of Ry;,, and R, ,,, re-enter the P values

Keystrokes 122D 84 D60D40D 72D 42D 45D

5) Then estimate Ry, and R, ,, for any given value of P
Keystroke Results
10C 6.541
6.827

ete.

The data can thus be plotted in the form of curves as in Fig. 9.2




Estimating the parameters of Ricker type recruitment curves (first and second
forms).

Data from Table 9.2

Computation

1) Read sides 1 and 2 of Program FB 25
2) Enter P and R data (first form of curve)

Keystrokes: f a 2087 1 239 A 1277 1 292 A 422 1138 A 444 1202 A 191 1 90.8 A
29.81155A37.81555A4 189A

3) Calculate parameters of stock recruitment curve (first form):
Keystrokes  Results

E 0.694 (r?)
0.886 ()
0.001 (B)

937.348 (P_)

305516  (R_)

4) Since fis not precise enough, do: RCLBDSP5 0.00107 (B)

5) Assuming that the value of P in the virgin stock (P ) corresponds to P, estimate the ratio
R,/P,

2660 fd 0.05188 (R,/P)

6) To convert the original values of R in
units of P do: Keystrokes  Results

DSP 1
239 1
.05188 + 4606.8 (R(1063))
292 1

.05188 + 56284 (R1966))
etc.

(see Table 9.2)

7) To obtain parameters of stock-recruitment curve (second form), first enter P and new R
data:

Keystrokes: f a 2087 1 4606.8 A 1277 1 5628.4 A 422 1 2660 A 444 1 38936 A
191 11750.2 A 29.8 1 298.77A37.8 11069.8 A4 1 171.55 A

(continued)
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(continued from p. 136)
8) To calculate parameters of new curve do: Keystrokes  Results

fe 0694 (r?)
2.838  (P,/P,)
2659.599 (P

9) The parameter values obtained pertain to a GM curve; to obtain recruitment values cor-
responding to an AM curve, re-enter the P and R values:

Keystrokes: 2087 1 4606.8 D 1277 1 5628.4 D 422 1 2660 D 444 1t 3893.6 D 191
11750.2D 29.8 1298.77D 37.8 11069.8 D 4 1 171.55 D

10)When all P and new R values have been re-entered, the ratio between R, and Rygyy,
values is obtained by:

Keystrokes  Results
fc 1.13 (Rapm/Bom)

11)Which allows one to draw GM and RM curves by entering P values, and calculating the
corresponding R(GM) and R( AM) values, i.e.,

10B 168.96 (R
190.84  (Reamp)

100 B 1534.91  (Rgwm))
173367 Ry

(see Fig. 9.4)




10. Surplus-Yield Models

INTRODUCTION

Based on earlier work by Baranov (1927), Graham (1935) and others, Schaefer (1954, 1957)
presented a model which, in its recent formulation (e.g., Ricker 1975 or Schnute 1977) can be used
for stock assessment when a minimum of data is available (only catch-and-effort data are required)
and which has been applied, with varying success, to a number of fisheries throughout the world.

The assumptions made for the derivation of this model are as follows:

1) Any fish population newly colonizing a given, finite ecosystem grows in weight until it
approaches the maximum carrying capacity (most often in terms of available food) of this
ecosystem, after which its increase in total weight gradually ceases as the stock size comes
closer (asymptotically) to the carrying capacity of the environment (B, ),

2) B, more or less corresponds to the virgin stock (= unfished biomass, B,),

3) the growth, in time, of the fish biomass toward B,, may be described by a logistic curve, the
first derivative of which, dB/dt, has a maximum at B.,/2 and zero values at B,, and B =0
(Fig. 10.1),

LA =B oo

Growth rate
Biomass

L1 [ b S O,

time
MSY - ——-—————
i ! B
|
i |
v |
sl |
> |
|
- |
|
|
1 1 i 1 : 1 1 1 [
Boo B_m B=0
2
L 2 1 i 1 ; 1 1 1 1 >
B Under fishing Fopt. Overfishing

Fig. 10.1. The simple Schaefer model. A) the logistic curve and its first derivative.
B) the yield-biomass and the yield-effort relationships.
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4) the fishing effort which reduces B, to half its original value will produce the highest net
growth of the stock, that is the maximum surplus yield available to a fishery (Fig. 10.1),

5) the maximum surplus yield in (4) can be sustained indefinitely (hence, the term maximum
sustainable yield), as long as the biomass of the exploited stock is maintained at B, /2.

There is biological evidence to make these assumptions appear reasonable (Odum 1971; Silliman
and Gutsell 1958). Some reasons for the low surplus production at stock size > B, /2 are given here
(from Ricker 1975):

“1) Near maximum stock density, efficiency of reproduction, and often the actual number of
recruits, is less than at smaller densities. In the latter event, reducing the stock will increase
recruitment.

2) When food supply is limited, food is less efficiently converted to fish flesh by a large stock
than by a smaller one. Each fish of the larger stock. gets less food individually; hence, a
larger fraction is used merely to maintain life, and a smaller fraction for growth.

3) An unfished stock tends to contain older individuals, relatively, than a fished stock. This
makes for decreased production, in at least two ways. a) Larger fish tend to eat larger
foods, so an extra step may be inserted in the food pyramid, with consequent loss of effi-
ciency of utilization of the basic food production. b) Older fish convert a smaller fraction
of the food they eat into new flesh—partly, at least because mature fish annually divert
much substance to maturing eggs and milt.”

The main reason larger fish convert a smaller fraction of their food into new flesh, however, is
due to the fact that oxygen is needed for synthesis of body substance, and the relative gill size (= gill
surface/body weight) decreases sharply as fish get larger, down to a point where the body is so badly
supplied with O, that most of it is used for maintenance, with very little left for synthesis of new
body substance or surplus production (Pauly 1981).

From the assumptions listed above, two very important features of the Schaefer and related
models follow, namely that the growth of a stock is a function of its size and of its size only—and
that, therefore, a stock should respond by changes in its growth rate (dB/dt) instantaneously to any
change of its size (e.g., by fishing). Thus, we have

dB _ Iy,B (B, —B) ...10.1)

dt B,
where B is the stock size, B, is the carrying capacity of the environment, r,,, is the intrinsic rate of
growth of the stock in question. ‘

Quite clearly, the assumption that a stock reacts instantaneously to change of its size is not
realistic. Therefore, the concept of “‘equilibrium” is used here, and this refers to the situation which
exists when a given fishing mortality (Fg) has been exerted long enough for a stock to have adjusted
its size and rate of net growth such that the relationship expressed in equation (10.1) is fulfilled. The
following series of equations, adapted from Ricker (1975) assumes equilibrium conditions, as
expressed by the subscript “E’’. We start from

dB
dt
where Y, the equilibrium yield (per unit of time) is equal to the net growth rate of the stock main-

tained by a fishing mortality Fg at the equilibrium level Bg.
Combining equations (10.2) and (10.1) and rearranging gives

YE= =FE'BE ...10.2)

r
Yg =1, Bg — (3 ) Bk ...10.3)

Expression (10.3) has the form of a parabola (Fig. 10.1B). The first derivative of (10.3) with respect
to Bg can be equated to zero and solved for By, which gives the value of Bg (= B;) for which
yield is maximum or

B

Bopt =5 ...10.4)
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The maximum value of Yg is commonly named maximum sustainable yield (MSY). Thus, substitut-
ing (10.4) into (10.3) gives
r
—_m &
MSY = 1
Also, substituting Fopt * B, for MSY in (10.5) and dividing both sides by expression (10.4) gives
the fishing mortality at MS (Fopt):

. 10.5)

r

Fopt = Tm ... 10.6)
and, since fishing mortality is proportional to effort, we also have
r
- m
fopt = 2q ... 10.7)

where £, is the fishing effort which brings about MSY and q is the catchability coefficient.
Smce we have

Fg B,
Bg =B, — Y . 10.8)
m
equation (10.3) can be rewritten
B, 9
YE=B°°FE—(1-_—)FE ...10.9)
m
and, substituting qfg for Fg gives
Yg = afg — bf3 ...10.10)
where a=qB, ...10.11)
q’ B,
and b= ...10.12)
rm

Thus, when the stock is in equilibrium, surplus yield is a parabolic function of stock size (B), or of
fishing mortality (F) or of effort (f). Therefore, catch and effort data can be fitted easily by the
linear regression

E - —|
P, 2 b ...10.13)

The definition of fopt in expression (10.7) and of a and b in (10.10) gives the following identities

fopt= 9. = 92 R " on ...10.14)

[(fopt ), it will be noted, could also have been obtained by differentiating (10.10), equating to
Z€ero and2 solving for fg.]

Thus, as Ricker (1975, p. 316) emphasizes ‘“—maximum sustainable yield optimum rate of fish-
ing [fopt] can be estimated from the relation of equilibrium yield to equilibrium effort, without know-
ing the catchability (q) of the fish.”” This very important feature considerably simplifies the model
originally proposed by Schaefer (1954, 1957), making it particularly well-suited to the investigation
of tropical stocks.
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THE “EQUILIBRIUM” PROBLEM

This leaves only one problem which remains associated with the model, namely the determina-
tion of what an “‘equilibrium situation” actually is.

Many authors, implicitly assuming that the stock reacts instantaneously to changes of its size
simply plot the yield per effort of a given year against the effort of the corresponding year. This
procedure is illustrated in Example 10.1 which is based on Table 10.1.

4

—~ 40 ®2

] [ )

% 3

ot '@

r 30 |

.3 5

§ 20} 6

o

€

L

@

(. |O -

>

L0

L

(&)

‘6 1 1 ] 1 i
© 0 10 20 30 40 50 60

Effort ( boat - tonne days x 10°)

Fig. 10.2. Yield curve of Peruvian anchoveta (Engraulis ringens) off Peru, just
prior to the collapse of the fishery (based on data in Table 10.1 and Example
10.1).

Table 10.1. Catch-and-effort data for anchoveta (Engraulis ringens) off Peru, prior to stock col-
lapse (from Murphy 1972).

Total catch®

No. Season (tx 10°) Total effort®
1 1960-61 32.89 31.413
2 1961-62 317.78 32.999
3 1962-63 33.25 36.579
4 1963-64 28.86 40.367
5 1964-65 26.82 43.191
6 1965-66 22.26 42.716
7 1966-67 23.73 41,636
8 1967-68 25.04 44,634
9 1968-69 22,77 49.284

10 1969-70 22,64 52.048

2This “catch” accounts for the fish taken by the fishery, by guano birds and by fish predation.
PThis “effort” accounts for both the fishery and the predatory animals (fish and birds) but is
expressed in thousand of boat-tonnes per day.
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Gulland (1969), on the other hand, suggested plotting the yield per effort of a given year
against the mean effort (f) of the present and preceding year(s), with the number of annual effort
values to be included depending on the longevity and mortality of the fish under exploitation, i.e.,
on the number of year classes significantly contributing to the fishery. This technique, which is
illustrated in Table 10.2 and Fig. 10.3, has been criticized by a number of authors (e.g., Roff and
Fairbairn 1980; Walter 1975). The latter author also proposed an alternative, graphical method to
simulate equilibrium condition.

Schnute (1977) presented a rigorous method for dealing with the problem caused by data
drawn from a non-equilibrium situation. Only a simplified version of his model is presented here
which has the form

f; +f r U;+U,_
)y=r1,—q " ( )—q];‘; (e L ...10.15)

ln(U

1=

where U; is the mean c/f prevailing in a given year i. This model has the form of a multiple regres-
sion whose intercept (a = r, ) and slopes (b; = —q; by =— —-1‘3-“—) lead to estimates of r,,, and q

and B, respectively. This makes the model superior to the ongmal formulation of Schaefer (1954)
which, rather than providing estimates of q, required a knowledge of this parameter. Mohn (1980),
however suggests that the model is quite unstable when “noisy’’ catch-and-effort data are used (see
also Example 10.2) and it would seem best to compare the results obtained by it with estimates e. g.,
of MSY obtained using another model (see Fig. 10.3).
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Fig. 10.3. Yield curves for the red snapper (Lutjanus campecheanus) fishery on the Bank of Cam-
peche, Mexico. Note strong difference between curves obtained through arithmetic mean (AM) and
those obtained through geometric mean regressions (GM); yield curve A,,, corresponds to that
in Klima (1976, Fig. 3); the corresponding GM curve (Ag,, ), because of the scatter of the data
points, suggests a lower value of f,pt- Similarly, the yield curves obtained by using only contem-
porary effort (A,y, Agy) differ from those obtained by also using the preceding years’ effort
(B sy Bga)- Curve S results from an application of Schute’s model (but see Example 10.2).
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Table 10.2. Catch-and-effort data for the red snapper fishery on Campeche Bank, Gulf of Mexico,
illustrating Gulland’s method to simulate equilibrium conditions. From Klima (1976, Table 8,

Figs. 2 and 3).
Contemporary Average effort I Average effort II
Catch effort (contemp. + (contemp. + 2
No. Year (tx 10%) (man-days at sea x 10%) previous year) preceding years)
1 1937 491 2217 — -
2 1938 5.02 224 225.5 -
3 1939 4.25 220 222.0 223.7
4 1940 4.14 2217 223.5 223.7
5 1941 4,79 201 214.0 216.0
6 1942 3.46 141 171.0 189.7
7 1943 3.57 125 133.0 155.7
8 1944 3.77 123 124.0 129.7
9 1945 3.98 145 134.0 131.0
10 1946 4.37 149 147.0 135.0
11 1947 4.24 164 156.5 152.7
12 1948 5.06 182 173.0 165.0
13 1949 4,79 179 180.5 175.0
14 1950 4.38 166 172.5 175.7
15 1951 3.53 156 161.0 1617.0

SOME MODIFICATIONS OF THE
PARABOLIC MODEL

There are various modifications of the basic model in which curves are fitted which differ from
a parabola (e.g., Fox 1970; Pella and Tomlinson 1969). Of these variants, only the model of Fox
(1970) is presented here.

Put simply, this model consists of plotting the natural logarithm of yield per effort on effort
or

Yg
In —E——- a—bfg ...10.16)

instead of plotting yield per effort on effort, as in the case of expression (10.10). This provides the
following set of relationships

fopt = 1/b ...10.17)
MSY = (e2 — 1)/b ...10.18)
and Yg=fe*+ e "IE ...10.19)

Other useful relationships may be found in Fox (1970) or Ricker (1975, p. 330-331). In this
model, the value of B, is always 37% of B,,, as opposed to 50% in the parabolic model [see expres-
sion (10.4)].

Program FB 26 can be used, given a set of yield (= catch in weight) and effort data, to assess
the state of a fishery by using the Schaefer (parabolic) and the Fox (exponential) model, by one
single entry of data. Values of MSY and fopt are estimated; also values of r? for the regression
equations (10.13) and (10.16) are given which allow comparison of the fit of each of the two
models to a given set of data.
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Here, the Schaefer and Fox models are fitted to data by means of a GM regression (see Chapter
4 for a definition), which has the effect of automatically accounting for uncertainty:

— when r2 is low (that is when both catch and effort are estimated with large errors, and/or
when the catch is strongly affected by environmental perturbations), the GM regression
will provide lower (more conservative) estimates of optimum effort than an AM regression,

— when r2 is high (that is when there is a tight relationship between the catch and effort
data), the GM regression will have a slope and an intercept similar to those of an AM
regression.

This feature, generally not considered when fitting surplus production models to data, seems par-
ticularly appropriate in light of the fact that costly investments are often based solely on the values
of optimum effort generated by surplus production models.

An application of Fox’s model is given in Example 10.3 (see also Fig. 10.4 and Table 10.3).

The models discussed above, although representing considerable simplifications or improve-

ments of the model presented by Schaefer (1954,1957), have a major drawback in that they require
measures of effort, which are often unavailable and/or unreliable.

It is, however, not fishing effort itself which ‘“generates’’ a surplus yield of an exploited stock,

but fishing mortality. In an exploited fish stock, on the other hand, fishing mortality is often not
directly measurable, because of the simultaneous effect of natural mortality.

To resolve this, Csirke and Caddy (1983) suggested to plot annual catch (Y) as a parabolic
function of total mortality (Z), i.e.,

Y=a+bZ+by22 ...10.20)
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Fig. 10.4. Yield curve for the north Java coast trawl fishery (based on data in Table 10.3
and Example 10.3).
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Table 10.3. Catch-and-effort data from the north Java demersal trawl fishery (all species aggre-
gated) (from Dwiponggo 1979).

Catch - Effort
No. Year tx 108 No. of standard vessels
1 1969 50 623
2 1970 49 628
3 1971 475 520
4 1972 45 513
5 1973 51 661
6 1974 56 919
7 1975 66 1,158
8 1976 58 1,970
9 1977 52 1,317

where Z = F + M, from which the following parameters can be estimated.

—b, ++v b? —4ab,

M= %, ...10.21)
Zoot = — o— ...10.22
opt 2:))2 )
Fopt =— Tbl —M ... 10.23)
I'm = 2Fqp; ...10.24)
MSY =a — (b?/4b,) ... 10.25)
and B, = MSY-4 .10.26)
rm
An application of this method is given in Example 10.4 (see also Fig. 10.5 and Table 10.4).
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Fig. 10.5. Yield curve of shorthead anchovy (Stolephorus heterolobus) at Ysabel Pas-
sage, near New Hanover, Papua New Guinea. M = natural mortality. Numbers refer to
those in Example 10.4.
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A further property of the model of Csirke and Caddy is that Z in equation (10.20) above can
be replaced by Z/K, the latter being a parameter which can be estimated from the average length
composition of the fish catch and without an exact knowledge of the growth parameters of the fish
in question (see Chapter 5). The modified model thus becomes

Y =a' +b) (Z/K) + b, (Z/K)? ...10.27)
—b] ++/b]? —4a'b,
with M/K = 7 ...10.28)
20,
and, Zopt/K = —D, |22’ ...10.29)

The parameter Zopt /K corresponds to an optimum mean length in the catch (L_opt), the value of
* which may be estimated by trial and error, e.g., from

Zopt - Lo — Lopt

- ; ... 10.80)
K LOpt - L
Finally, E = F/Z may be estimated for each value of Z/K from the equation
E=1—M/K)/ (Z/K) ...10.31)

which can be used, along with the estimate of M/K, e.g., to estimate the relative yield per recruit
obtained at each level of Z/K (see Chapter 8). See Chapter 5 for definitions of L, L’ and E.

All of these parameters, it should be mentioned are either solutions of, or are implicit in the
Schaefer model. The point here is that they can all be derived from quantities (catch, total mortal-
ity) that can be estimated rather straightforwardly, e.g., using one of the various methods presented
in Chapter 5.

When catch data are not available, catch-per-effort data (c/f = U) can be used in a linear regres-
sion of the form

U=a—bZ ...10.32)
where M=(@a—U,)/b ...10.33)

and where U, is the catch per effort corresponding to B, i.e., to the unexploited biomass or virgin
stock (assuming that B, ~ B_ ). Generally, when catch-per-effort data are available, it will be possible
to estimate U_, by using the first two catch-per-effort values in a developing fishery (U;, Us) and
defining

U, ~ 2U; —U, ...10.34)

(Obviously, data from biomass survey in an unexploited stock can be used to estimate both U, and
B, directly). Using U,, and equation (10.32), it is then possible to estimate F; as

F. . = U,/(2b) ...10.35)

opt
while a knowledge of B, can be used to estimate MSY from F,

MSY =0.5B, * F ...10.36)

opt

APPLYING SURPLUS-YIELD MODELS
TO MULTISPECIES STOCKS

In demersal fisheries, especially in the tropics, the catch tends to consist of a multitude of
- species for which individual assessments are often impossible or inappropriate.
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Table 10.4. Catch and total mortality estimates of shorthead anchovy (Sfolephorus heterolobus) in
Ysabel Passage, near New Hanover, Papua New Guinea. Data from Dalzell (1984); Z estimates
based on mean lengths.

Catch Total mortality
No. Year (t) (Z)
1 1972 14 7.6
2 1973 138 8.8
3 1976 191 11.0
4 1977 138 10.2
not used 1978 (404) (11.7)
5 1979 192 9.6
6 1980 72 14.0
7 1981 66 10.5

It has been a common practice to treat the various fish of tropical and other multispecies
stocks as one single entity, applying the Schaefer or Fox model to the total multispecies catch of
these fisheries (see Example 10.3 and FAO 1978). Pope (1979) recently provided a theoretical
basis for this approach, while some of the problems associated with it were discussed in Pauly
(1979b). See also Chapter 12.

Recommended reading: Ricker (1975) gives a good account of the historical development of
surplus yield models, but it is best to read also some of the original papers on the topic, notably
those by Graham (1948), Schaefer (1954, 1957), Silliman and Gutsell (1958), Schaefer and Beverton
(1963), Gulland (1969) and Schnute (1977).

Suggested research topics: Crucial with surplus yield models is the availability of long time-
series of catch-and-effort data (or, in the case of Csirke and Caddy’s model, of catch and total mortal-
ity data); it is worthwhile to estimate these parameters reliably in an ongoing fishery. Where possible,
one should also attempt to reconstruct time-series of total mortality (e.g., from length-frequency
data) for use with available time series of catch.



Estimating MSY and optimum effort for a single-species pelagic fishery by
means of the Schaefer model.

Data from Table 10.1
Computation
1) Read sides 1 and 2 of Program FB 26
2) Enter catch and effort data
Keystrokes: f a 32.89 131.413 A 37.78 1 32.999 A 33.25 1 36.579 A 28.86 140.367

A 26.82 143,191 A 22.26 1 42.716 A 23.73 141.636 A 25.04 144.634
A 22.77149.284 A 22.64 152.048 A

3) Estimate parameters of plot of ¢/f on f, MSY and f

Keystrokes  Results

E 0.874
2.285

—0.038

29.879

34.133

4) Use Program FB 26 to draw yield curve
Keystrokes  Results

enter f, 10C 19.024  (Y,)
enter f, 20C 30402  (Y,)
ete.

The result should look similar to Fig. 10.2 from which it appears that the fishery in the early
70s was in deep trouble. In fact, as Murphy (1972) pointed out “it shows that [ ... ]a 20%
increase in total effort [ . . . ] will drive the stock to extinction [and] it is not hard to imagine
nature providing this increase or its equivalent, either through a negative perturbation of
reproductive success, an increase in predation or some combination of these”.

The negative perturbation came in the form of a strong “El Nino’’ and the stock collapsed.




Application of Schnute’s model to the red snapper fishery on Campeche Bank,
Mexico.

Data from Table 10.2
Computation
1) Read sides 1 and 2 of Program FB 27
2) Initialize and enter catch and effort data
Keystrokes: 4.91 1227 fa5.02 1224 A 4.25 1220 A 4.14 1227 A 4.79 1201 A
3.46 1141 A 357 1125 A 3.77 1123 A 3.98 1 145 A 4.37 1 149 A
4.24 1164 A 5.06 1 182 A4.79 1179 A 4.38 1 166 A 3.53 1 156 A
3) Calculate parameters of regression
Keystrokes  Results
E 0.006 (R?)
0.268 (a)
—0.001 (by)
—6.359 (by)

4) Estimate fishery-related parameters

0.268  (r_)
0.001 (g
70.309  (B,)
223.558  (f,.,)
4712 (MSY)

As might be seen in Fig. 10.3, the yield curve based on Schnute’s model (S) resembles quite
closely the curve obtained by fitting the catch figures to the average of contemporary and
the preceding year’s effort (curve B,,,). Intuitively, this result makes sense since Schnute’s
model in fact uses the same averaged effort and is fitted with an AM multiple regression.
The abysmally low value of R2 (= 0.00635) sheds doubt on the reliability of the various
parameter estimates, however.




Estimating MSY and optimum effort for a multispecies demersal trawl fishery

by means of Fox’s model.

Data from Table 10.3
Computation
1) Read sides 1 and 2 of Program FB 26

2) Enter catch and effort data

Keystrokes: f a 50 1 623 A 49 1628 A 47.5 1520 A 45 1513 A 51 1661 A56 1

919 A 66 11158 11970 A52 11317 A

3) Estimate parameters of plot of in ¢/f on f, fopt and MSY

Keystrokes
fe
DSP 6
DSP2fd
4) Use Program FB 26 to plot draw yield curve
Keystrokes
100fc

200fc
etc.

Results

0.966
—2.027
—0.001
—0.000799

1251.99
60.66

Results

12.16 (Y,)
22.45 (Y,)

This example and Fig. 10.4 suggest that the level of effort applied in 1976 and 1977 was
near optimum. Furthermore, the plot shows very nicely the effect on a rapid increase of
effort, as in 1975 and 1976 the points of which are above the curve, while the point for
1977 is below the curve, as would be expected following a rapid decrease of effort. When
effort remains unchanged for several years the yield should, on the average come to lie on
the curve. However, demersal trawling has been banned in Indonesia, so we may never know.




Estimation of MSY and Zopt using Csirke and Caddy’s model.

Data from Table 10.4

Computations

1) Read sides 1 and 2 of Program FB 28

2) Initialize and enter catch and mortality data

Keystrokes: fa 14 1 7.6 A 138 188 A 191 1 11 A 138 1 10.2 A 192196 A 721
14 A66 110.5 A

3) Calculate parameters of multiple regression
Keystroke Results

E 0.495
—1085.334
225.316

—10.211

4) Calculate parameters of yield curves
Keystroke Results

fe 7104 (M)
11033 (Z,,,)
3.928 (F..,
7.857 (1 )
157.583 (MSY)
80.228 (B,

The results appear reasonable (particularly the value of M), but this was achieved by deleting
one point (1978), which had a very high catch, such as might occur after an exceptionally
good recruitment. Clearly, it would be appropriate here to assess the validity of the results,
using another model.




11. The Intrinsic Rate of Population Increase
INTRODUCTION

In the preceding chapters, various models (= equations) were presented, each of which illus-
trated a different aspect of the dynamics of fish populations.

It is the purpose of this chapter to demonstrate the interrelationships between some of these
models, to show that several of the equations presented here actually reflect different aspects of the
same processes.

The concept most helpful to show interrelationships between different models used in fish
population dynamics is, paradoxically, rarely used in this field. It is the intrinsic rate of increase (rp, )
of a population, which may be defined as “the innate capacity of (a) species to increase when popula-
tion growth is not slowed down by competition” (Pielou 1978).

The r,, concept is extremely important in quantitative ecology, and at least one chapter in
every good ecology text is devoted to it (e.g., Odum 1971; Slobotkin 1980; Ricklefs 1979). In
terms of Russel’s Axiom (see Chapter 1), r,,, can be defined as

_R*+G*—M*

Im == @
(when B is low) but this cannot be used for quantitative stock assessment purposes because Russel’s
axiom itself expresses things only qualitatively.

.11.1)

MAXIMUM SUSTAINABLE YIELDS ANDr,,

The intrinsic rate of increase (r,,) can be defined quantitatively in terms of the Schaefer
model, where r,,, MSY and B, the carrying capacity of the environment are related such that:

r, * B,
MSY = ——— ...11.2)

As discussed in Chapter 10, the Schaefer model is based on the assumption that the growth of
a fish population released into a new environment can be described by a logistic growth curve. This
curve has the form

B.. 1

B. 1+e—‘m(t“ti) ...11.3)
where B, is the carrying capacity of the environment in terms of weight, r,,, the intrinsic rate of
population increase, and t; (=t at inflexion point) is a constant which adjusts the time scale to an
origin such that t — t; = 0 when B; = B, /2, B; being the biomass at time t. B., and B; may be re-
placed by N, and N; when equation (11.3) refers to numbers. When equation (11.3) is used to fit
data from a selection experiment, B, is equivalent to the probability of capture, t to the length, and
t; to L. (Refer to Chapter 3.)

Aquarium experiments demonstrate the growth of fish populations can often be approx-
imated by a logistic curve (Silliman and Gutsell 1958, Fig. 3). In nature, cases of fish populations
“exploding” into a new environment are obviously difficult to document. Some data, however, are
available for Red Sea lizardfish (Saurida undosquamis) which penetrated into the Mediterranean
via the Suez Canal, and after a lag phase (of genetic adjustment?) experienced a rapid increase of
population size, as documented by catch-per-effort data off the Israel coast (Table 11.1).

Asmight be seen from Fig. 11.1 and Table 11.1, the course of the population increase reflected
in the catch-per-effort data roughly corresponds to a logistic curve, the r,, and t; values of which may

152
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Table 11.1. Data on the growth of a newly established Mediterranean population of Seurida
undosquamis, a Red Sea immigrant, Data from Ben-Yami and Glaser (1974, Fig. 5B).

Catch /effort
Code year (kg/h)
1 1
2 2
3 3
4 75
5 78
80 ———-— Bo————-—--—-- -
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Fig. 11.1. Logistic growth curve fitted to catch-per-effort data on a newly established Mediterranean population of
lizardfish (Saurida undosquamis) (based on data in Table 11.1, and see Example 11.1 for selection of points used in
curve fitting).

be estimated by means of Program FB 28 (Example 11.1). MacCall (1980) presented data on a tem-
perate fish (Engraulis mordax) suggesting a similar logistic increase of biomass.

Equation (11.2) suggests that when an estimate is available of the virgin biomass of a given
population (By, or B, in Gulland 1971) and when it is legitimate to set B, ~ By (it is not always
the case, see Pauly 1979b, or May et al. 1979), all that is needed to obtain a preliminary estimate of
(future) MSY (also called Potential Yield, Py) is an estimate of ry,, .

Several, rather elaborate methods are used by ecologists to estimate r,;, . One of them is the
calculation of r,,, from so-called “life tables” (see Pielou 1978, Ricklefs 1979). This method has data
requirements which fishery biologists will find quite hard to meet and only two studies have come
to my attention which estimates r,,, using this approach in fish (Murphy 1967, Pitcher and Hart
1982). Two HP 67/97 programs are available to estimate r,,, from life tables. Demography I and
Demography II, both in the HP Users’ Library Solutions booklet devoted to ‘‘Biology”’.
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Blueweiss et al. (1978) have shown that r,,, in animals and various small organisms is inversely
related to body weight and presented a double logarithmic plot of r;,, on “mean adult body weight”
(W) spanning 22 orders of magnitude. I have added several values to the plot presented by Blueweiss
et al. (1978) which pertain to fish and whales, the latter expanding the range covered by the plot to
24 orders of magnitude (Fig. 11.2).

Although the fit, particularly in organisms ranging from 1076 to 10° g is not particularly good,
a clear relationship emerges which allows, when mean adult body weight is known, a rough estimate
of r,, through the relationship

.—0.26
tm ~ 913 W ...11.4)

where r,, is expressed on a yearly basis and W is grams, and computed from W = (W, + W,,)/2;
Winax is the maximum weight reached by the adults of a stock and W, is their weight at first
maturity (see Example 11.2).

Combining expression (11.4) with expression (11.2) gives

—0.26
Py~23-W B, ... 11.5)

which can be used to obtain first estimates of MSY, i.e., potential yield, when only virgin stock
size and mean adult body weight are known.

The results obtained by means of this equation may thus be compared with those obtained
using Gulland’s (1971) well-known relationship

Py~ 1/2:-M:*B, ...11.6)
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Fig. 11.2. Relationship between intrinsic rate of population increase (r,, ) and adult body weight for various organisms.
(The dots and the line are from Blueweiss et al. 1978; the open squares were added by Pauly 1982a.)
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See also Example (11.3). Expressions (11.5) and (11.6) are rough approximations; with expression
(11.5) the major problem is the fact that the built-in relationship between W and r, is based on a
linear regression whose scatter of data is not negligible, while the major drawback of expression
(11.6) is that the resulting Py estimates are directly proportional to and thus highly sensitive to,
the value of M used. Also, the validity of (11.6) rests on the assumption that F;; = M which
probably does not apply in most stocks (see p. 77).

STOCK-RECRUITMENT RELATIONSHIPS AND r,,

Another integrative property of r,, is that it can also be shown to be an implicit parameter
of both Beverton and Holt and Ricker-type stock-recruitment curves. This property, which was
discussed by Murphy (1967) and Eberhardt (1977) will be here touched upon only briefly because
its various ramifications have not yet been fully investigated. Starting with the second form of
Ricker’s stock-recruitment curve (see Chapter 9), one can define

a=P,/P, . 11.7)

where P, is the replacement abundance of parent stock and P, is the parent stock producing maxi-
mum recruitment (see Chapter 9 for details on these definitions). Subsitution into Ricker’s second
stock-recruitment curve gives:

R=p, rm " FPm ...11.8)
Now, it is obvious that as P approaches zero, the second term of the exponent (P/P,,) will also tend
to approach zero.* Division of both sides of (11.8) with P, when P is very small, yields:

_ &P

R/P ... 11.9)

Since the ratio R/P expresses the ratio between total births in two successive generations at very
low population sizes there is an identity between (11.9) and the equation used in the ecological
literature

Np/N,=em T ...11.10)

where, at very low population sizes

N, is the total number of animals in the population at the beginning of a generation

N is the number of animals at the end of that generation

T is the generation time
and where

I, is the ubiquitous intrinsic rate of increase.

In view of this identity:

PP =r_-T ...11.11)

m m

*In Murphy (1967) the word “zero’’ has been erroneously replaced by “unity.”
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which may be called ‘“Murphy’s identity”. An application of this identity is given in the following

paragraphs.
The generation time, T, of an animal is generally quite difficult to estimate (but see Slobotkin

1980, Fig. 5.2). However, it appears that a great number of the small fish caught in tropical waters
have growth parameters suggesting a rather short life span (2-4 years) and an age at first maturity
(ty, ) of generally one year (Banerji and Krishnan 1973; Qasim 1973a, 1973b). High natural mortal-
ity and lack of substantial post-maturity growth will cause a mean generation time of about 1 year
in such fish, or:

Im ~ P /P, ...11.12)

Only one data set is readily available which can be used to test these conjectures. In Chapter 9,
Example 9.4, a value of P,/P,, was estimated for Lactarius lactarius, a fish with the characteristics
given in the above paragraph and this value was 2.84.

The value of W, used in Pauly (1980d) was 193 g, which may roughly correspond to W, .,
while the value of W is 57.3 g. Hence, W, as defined above, is (193 + 57)/2 = 125 g, from which r;;,
is estimated, via equation 11.4, to be 2.60. Conversely, T can be estimated from

T =2.84/2.60=1.09 ...11.13)
which is similar to the value assumed previously.

While Murphy (1967) investigated the second form of Ricker’s curve, Eberhardt (1977)
demonstrated a link between the first form of Ricker’s curve and the logistic growth curve, which
led to the identities

a=em ...11.14)
and

B=1, /N, ...11.15)

while the link between Beverton and Holt’s stock-recruitment curve and the logistic growth curve
was established through the identities

a'=(l—e ™)N_ ...11.16)
and

e ¢

pl=e 'm ... 11.17)

The parameters ¢’ in Ricker’s curve and 8’ in Beverton and Holt’s curve are often called ‘“density-
independent terms”’; given equations (11.15) and (11.17), their relationship is given by

a=1/8' ...11.18)
The “density-dependent terms” (8 in Ricker’s curve, ¢’ in Beverton and Holt’s curve) are also closely
related, and are approximately the same when r,, is small, diverging up to 20% when r, is large;
this is expressed by the approximations

a'~B~(1—e ™)N, ...11.19)

which applies when r,, is small (Eberhardt 1977; Pitcher and Hart 1982).
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The presentation of these interrelationships between different models and the example for
Lactarius lactarius given above are not meant to suggest that values of r,,, obtained say from equation
(11.4) and from stock-recruitment relationships should necessarily coincide. Rather, the suggestion
made earlier by Murphy (1967) is reiterated that there might be here a type of interrelationship
worth pursuing further which might lead to a further integration of the various concepts used in
fishery biology.

Indeed, as the following, last chapter should demonstrate, there is a great need for attempts to
integrate concepts derived from fish population dynamics with some of those derived by theoretical
ecologists, and thus to cross-pollinate the two disciplines.

Recommended reading: Since a good background in ecological theory should help the fishery
biologist put her or his field into perspective, it may be appropriate to list here some ecological
texts, all of which discuss, among other things, the intrinsic rate of increase of populations and
related concepts, e.g., Slobotkin (1980), Odum (1971), Ricklefs (1979) and Pielou (1978). These
books also contain most of the references needed to plunge into the ecological literature.

Suggested research topics: Since r,, is so closely related to yields, it would seem that attempts
to estimate this parameter from life tables of commercial fish populations should represent worth-
while research projects (see Pitcher and Hart 1982 for data requirements and method). Such a study
also would allow one to identify factors (such as temperature or fecundity) other than body weight

which may help to predict values of r,,, or to improve estimates obtained from plots such as Fig.
11.2,



Estimating the intrinsic rate of increase for an ‘“exploding” population of
lizardfish (Saurida undosquamis).

Data from Table 11.1 and Fig. 11.1. (Only the data points for the years 1952-53 to 1956-57
are used for the computation. The earlier points were too low to be precisely read off the
original figure in Ben-Yami and Glaser (1974). The later points, on the other hand, probably
indicate a drop in biomass occurring after the initial build-up.)

Computation

1) Read side 1 of Program FB 29

2) Enter set value of B, and B, and t data

Keystrokes: 80fal11A212A3%17514A7815A

3) Calculate r2, r, andt;

Keystrokes  Results

E 0.854 (r?)
2.244 (r)
3437 (t)

4) Confirm that t; corresponds to B, /2

C 40.000 (B,,/2)
By entering other t values and pressing the C-Key, data points for a curve such as in Fig. 11.1
can be obtained. It must be realized, however, that the values of r_, and t; obtained here

depend critically on the choice of points included in the computation and of 80 kg/hr as
the c/f figure corresponding to B; the estimate of r_ is thus tentative.




Estimating r,, from the mean weight (W) of the adults in a given stock.

1) Read side 1 of Program FB 29
Case I

2) Estimate W: Thompson and Munro (1978) give data from which W___ in Jamaican
Epinephelus guttatus can be estimated at 2,324 g, while W_, the mean weight at first
maturity is about 243 g. Thus, to obtain W, we perform

Keystrokes  Results

2,324 t —
. 243 +2 + 1,283.5 (W)
3) Estimate r_ from W fe 1.42 (r,)

Case I1

4) Estimate W: Pauly (1980d) gives a value of 193 g for W, in Lactarius lactarius from the
Gulf of Thailand. Using this as an estimate of W_ . and usingW_ =W__ - 0.3 =579,
we obtain W from:

Keystrokes  Results

193 t
_ 579+2 + 125.45 (W)
5) Estimate r,, from W fe 2.60 (r,))

It must be realized that these two estimates of r_ are rather crude and should not preclude
attempts to estimate this important parameter independently.




1) Thompson and Munro (1978) give for the Caribbean grouper Epinephelus guttatus the
following data: natural mortality = 0.68, TL_, , in em = 53.7 cm (corresponding to

Wi = 2,32&), approximate weight at first maturity = 243. From these data, adult
body weight (W) is computed as 1,283.5 g (see Example 11.2),

2) Estimating potential yield (P,) from Gulland’s equation (11.6) assuming B,

Keystrokes  Results

681 (M)

bx 034 (Py)
3) Estimating potential yield (P,) from equation (11.5), also assuming B, = 1

Keystrokes  Results

1,283.5 1 (w)
.26 CHS

v*2.3x 0.36 (Py)
The estimates (0.34 and 0.36) are close enough to each other to feel confident that P

is about 1/3 of the virgin biomass per year. Obviously, this is so because this example is in
a manual; reallife data do not always behave so nicely. In fact, Beddington and Cooke

(1983) argue, quite cogently, that Gulland’s equation (and consequently any other equation
which gives similar results) has an extremely strong upward bias (see p. 77).
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12. Multispecies Fisheries

INTRODUCTION

With few exceptions, the models discussed in the previous chapters were developed for use in
conjunction with single-species stocks and fisheries.

When using such models, an implicit assumption is that the stock under investigation has only
negligible interaction with other species, except for those interactions accounted for by the catch-all

interaction term “M”’, natural mortality (caused mainly by predation).

This approach may be justified in temperate waters, where some stocks (e.g., cod, pollock,
herring, salmon) sustain ‘‘aimed”’ fisheries, in which the fish not belonging to the target species form
only a minor part of the catch (the ‘“bycatch”).

In tropical fisheries, especially in demersal fisheries, no single species is aimed at, generally, and
there is no “bycatch’’ when the definition above is used, except in shrimp fisheries where the fish
caught (often 90% of the total catch by weight) are frequently thrown overboard. Table 12.1 re-
produces the typical catch of a Southeast Asian trawler. The large number of species, none of which

is dominant, will be noted.

Table 12.1. A typical trawler catch (45 min haul) from the Java Sea (06° 12'S, 108° 26'E, 34-35 m
depth) made on 5 September 1976 by R/V Mutiara IV showing the diversity of tropical demersal
multispecies stocks. (Asterisks refer to weight and number raised from a sorted sample of 1 out of

5 boxes. Invertebrates not included.)

No. Family Species W (kg) N
1 Ariidae Osteogeniosus militaris 3.4 17
2 Balistidae Abalistes stellaris 0.5 1
3 Carangidae Seriolina nigrofasciata 0.32 1
4 Carangidae Scomberoides sp. 0.15 5
5 Carangidae Alepes kalla 5.0% 90*
6 Carangidae Alepes djedaba 7.50% 290%*
7 Carangidae Megalaspis cordyla 8.5% 170%
8 Carangidae Selaroides leptolepis 0.25% 10%
9 Carangidae Carangoides spp. 6.10* 14 5%
10 Carangidae Atropus atropus 1.75% 30*
11 Chirocentridae Chirocentrus dorab 0.80* 5%
12 Clupeidae Anadontostoma chacunda 0.15* 5*
13 Clupeidae Opisthopterus valenciennensis 1.10%* 15%
14 Clupeidae Dussumieria acuta 1.70* 50*
15 Clupeidae Ilisha sp. 5.60* 65%*
16 Clupeidae Sardinella gibbosa 0.30% 10*
17 Dasyatidae not identified 2.65 1
18 Drepanidae Drepane longimana 0.35* 5%
19 Engraulidae Stolephorus spp. 21.0* 4,175*
20 Gerridae Pentaprion longimanus 15.25% 1,165%
21 Fistulariidae not identified 0.15* 10*
22 Formionidae Formio niger 0.2 1
23 Lagocephalidae not identified 4.0 95
24 Leiognathidae Leiognathus splendens 10.0* 720*
25 Leiognathidae Leiognathus leuciscus 4.20* 780*
26 Leiognathidae Leiognathus bindus 1.20% 340*
27 Leiognathidae Secutor ruconius 1.20* 380*
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Table 12.1 continued

28 Leiognathidae Secutor insidiator 2.80% 560%
29 Lutjanidae Lutjanus sanguineus 4.0 1
30 Lutjanidae Lutjanus johni 5.0% 10*
31 Lutjanidae Lutjanus lineolatus 0.20* 10*
32 Lutjanidae Caesio erythrogaster 0.10* bk
33 . Mullidae Upeneus sulphureus 75.0% 6,075*%
34 Nemipteridae Nemipterus japonicus 3.0% 15%
35 Nemipteridae Nemipterus bathybius 0.40* 15*
36 Pentapodidae Pentapodus setosus (?) 0.25* 5*
37 Platycephalidae not identified 0.25* 5*
38 Plectorhynchidae Plectorhynchus pictus 0.40* 15*
39 Pomadasydae Pomadasys maculatus 0.25* 5%
40 Pomadasy dae Pomadasys sp. 0.50* 35%
41 Priacanthidae Priacanthus macracanthus 3.10% 80*
42 Scombridae Scomberomorus guttatus 7.20% 65%*
43 Scombridae Scomberomorus commerson 2.6 14
44 Scombridae Rastrelliger brachysoma 3.0* 50*
45 Stromateidae Pampus chinensis 0.75 1
46 Stromateidae Pampus argenteus 6.3*% 30*
47 Synodontidae Saurida tumbil 0.35 1
48 Synodontidae Saurida elongata 3.75% 45%*
49 Synodontidae Saurida longimana 0.90%* 105*
50 Sphyraenidae Sphyraena obtusata 0.60* 10*
51 Scienidae not identified 0.25% 5%
52 Theraponidae Therapon sp. 3.75 100
53 Triacanthidae not identified 1.0% 25*
54 Trichiuridae Trichiurus lepturus 1.0* 55*
55 Trichiuridae Lepturccanthus savala 2.0% 25*
z 29 families 43 genera and over 55 spp 231.02 15,939

The goal of fishery biologists studying a fishery is generally to obtain information upon which
management measures (e.g., catch allocation, effort control) can be based. Most often, these manage-

ment measures aim at one of the following items:
— to provide as high a sustained catch as possible

— to provide a reasonable income for as many people as possible

— to generate profits as high as possible for those who have invested in the fishery.

These items, it will be noted, are not necessarily compatible with each other and more often than

not, they are mutually exclusive (Clark 1976).
When the policy is to maximize yields, three forms of overfishing must be prevented:

— growth overfishing, i.e., taking fish that are too small. (The methods used to detect and
quantify growth overfishing are outlined in Chapter 8)

— recruitment overfishing, i.e., taking so many adult fish that recruitment of young fish to
the fishery is affected. (The methods to detect and quantify recruitment overfishing are
outlined in Chapter 9)

— ecosystem overfishing, i.e., inducing changes in stock composition through excessive fish-
ing such that abundant species decline without the subsequent compensatory increase of
another (group of) species.

Obviously, when exploiting with an unselective gear a community of widely different fish, some
large and long-lived, others small and short-lived, it is not possible to prevent growth and recruit-
ment overfishing of the most sensitive stocks. With increasing effort, some species will then gradually
disappear resulting at high levels of exploitation in a complete alteration of the original food chains
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and catch compositionsand in ecosystem overfishing as well. This, and related problems are reviewed
in FAO (1978), Pope (1979), Pauly (1979b), and in several papers included in Pauly and Murphy
(1982). ‘

In the followihg, a brief discussion is given of approaches to modelling and managing multi-
species systems.

MODELLING MULTISPECIES SYSTEMS
Two-species systems
Attempts by biologists to model quantitatively interacting species started, logically enough,

with studying the two-species case. The pioneers in this field were Lotka (1925) and Volterra (1926),
who suggested independently what are now known as the Lotka-Volterra equations,

dN,
gt - [Tm1 —mg (6gNy +¢oNp) Ny ... 121a)
dN,
qt - [Imz —m2 (c;Ny +¢c4N,) IN, ... 12.1b)

which describe the rate of change, in numbers, of two competing species, where r,,; and r,;,o are
the intrinsic rates of increase of species 1 and species 2 respectively, m; and my are positive propor-
tionality constants, and C; and C, are interaction terms.

It can be shown (Gause 1934; von Bertalanffy 1951) that the systems represented by equa-
tions (12.1a and 12.1b) are stable only in the unlikely case that r, ;/m; =1, o/my. In all other
cases, one species (that with the highest r,/m) will survive while the other will become extinct.
This behavior, the “competitive exclusion principle” of Gause (1934) was demonstrated to occur
in micro-habitats such as culture bottles and aquaria in a wide variety of animals, including tropical

fish (Silliman 1975). A pair of Lotka-Volterra equations can also be formulated for a predator-
prey system:

dN,
el (tm — ¢1Ng) Ny ... 12.2a)
dN,o
i = (-g+ cyNp) N, ...12.2b)

where g is a coefficient of negative growth (decline) of the predators (N5) in the absence of prey
(N4), while r;, is the intrinsic rate of increase of the prey population, ¢, and cy being interaction
terms. An interesting property of these equations is that they generate oscillations over time, under
certain circumstances, in the number of prey and predators that are independent of environmental
fluctuations, and can be used to explain the oscillating behavior of at least some terrestrial predator-
prey systems. Such oscillations have rarely been reported from tropical waters, one exception being
possibly Munro (1967) who discussed the oscillatory behavior of a tilapia-tigerfish (Hydrocyon)
“system in Lake Mcllwaine, Zimbabwe.

An HP 67/97 program incorporating the Lotka-Volterra equation (“‘fox and rabbit case’’) was
submitted by J. van Thielen to the HP67/97 Users Library (# 02752D); the “fox and rabbit case”
can also be simulated on the HP67/97 with the help of the keystroke sequences in Green and
Lewis (1979).
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The Lotka-Volterra equations, while providing insight into various aspects of the interactions
between species, have been often criticized because of their extreme simplicity and lack of realism,
e.g., by Beverton and Holt (1957) who proposed a much more elaborate two-species model.

However, bringing some realism into the Lotka-Volterra system of equations is relatively
straightforward. Larkin (1966), who briefly reviewed some earlier variants, suggested the following
set for predator-prey interactions:

dN;
= = (t,1 —2a1 Ny —c¢; Ng) Ny ...12.3a)
dN,

where r,,; and r,, 5 are the intrinsic rates of increase of the preys (N;) and the predators (Ny), a;
and a, are coefficients of intraspecific competition, ¢; and c, are interaction terms, expressing
decrease for the prey in the presence of predator and increase of the predator in the presence of
prey. This system of equations, which is far more realistic than the original Lotka-Volterra formu-
lation, has the following properties:

— the abundance of predator and prey are mutually dependent

— the abundance of prey has an upper limit in the absence of predators

— the abundance of predators has a lower limit in the absence of prey (i.e., they switch to

another prey and don’t become extinct)

Larkin (1966) presented a discussion of the behavior of the predator-prey system in expression
(12.3) under exploitation by a fishery. As this behavior is similar to that of the model developed by
Pope (1979), we shall now go directly to the latter model.

Pope (1979) presented an equation which is extremely helpful in making species interaction
visible. The model has the form

Yy =aFp —bF§ +c; FpFq + dFg —eF3 + ¢y FpFq ... 12.4)
or
YT = YP + YQ

where P and Q are interacting species, a, b, d and e are constants of parabolic yield curves, ¢; and
cg interaction terms, Yp and Y, yields from species P and Q, respectively, given the fishing mortal-
ities Fp and Fg and where Y, is the total yield from the two-species system.

For example we could have

Yy = 200Fp — 100F3 — 25 FpFq + 100Fg — 50F3 + 25 FpFg ... 12.5)

where P is an abundant prey, Q a less abundant predator and —25 and +25 are the interaction terms,
positive for the predator whose yield increases in the presence of prey. (This example is illus-
trated in Fig. 12.2). Table 12.2 presents some combinations of values of a, b, d, e and ¢; and cq

and indicates the type of interaction that these values suggest. Based on the values in Table 12.2

a series of four figures have been drawn (Figs. 12.1 to 12.4) as in Pope (1979) which demonstrate
the effects of biological interactions on the combined yields of two interacting species.

In addition to illustrating biological interactions, Pope’s model equation (12.4) also allows
for a precise definition of what he calls ‘‘technological interactions”, i.e., the fact that in a multi-
species fishery (and in fact in “single” species fisheries also) catching a certain quantity of a given
species necessarily implies catch of a certain quantity of other species. When the ratio of the fishing
mortalities (Fp, Fq) applied on species P and Q, respectively, remains constant for any level of Fp,
a straight line is generated which starts at the origin and cuts through the yield isopleths (see lines
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Table 12.2. Constants used for drawing Figs. 12.1 to 12.4,

Fig. Constants of yield curve and interaction terms System optimum
no. a b d e ¢y cy MSY Fq F,
12.1 200 100 200 100 —25 25 200 1.00 1.00
12.2 200 100 100 50 —25 25 150 1.00 1.00
12.3 100 50 50 25 10 25 146 2.25 1.79
124 100 50 50 25 5 10 94 1.36 1.20
30r
Fig. 12.1. Combined yield of two similar species, one
preying to a small extent on the other (see constants
P=0 of Table 12.2). '
MSY (P} Q=0
25F 25 50 75 100

g
=]

o

MSY (Q)
00—

o

0.5

0.50 10 15 20
Fishing mortality of prey (F, )

Fig. 12.2. Combined yield from a predator-prey system
(see constants in Table 12.2). Lines A, B and C refer to
three fixed F-ratios (see Fig. 12.5 )
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2] (=]

Fishing mortality of predator (F,)
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Fishing mortality of prey (F,)
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A, B, and C on Fig. 12.2). The interesting thing about such lines, however is that, while any F-ratio
necessarily generates a parabolic yield curve (see Fig. 12.5 and Pope 1979 for a mathematical proof),
this yield curve does not necessarily go through the maximum sustainable yield (MSY) of the whole
system (see Figs. 12.1 and 12.5). As Pope (1979) demonstrated, the two-species system may be
extended to any number of species with the overall conclusions remaining that
— For constant F-ratios, the total yield curve for any system composed of parabolic single
species curves and linear interaction terms is itself a parabola.
— The F-ratio occurring in a given fishery does not necessarily generate the MSY, and the
optimum F-ratios can be found only iteratively by changing F-ratios until MSY is reached.

80 :
i Fig. 12.3. Combined yield from a system in which each
species strongly benefits from the presence of the other—
mutualism (see constants in Table 12.2).
a0+
20

o
(=]
T

<

Fishing mortality of predator (F,)

MSY(Q)
10} 28 —
20 — MSY (P) P=0
- 20 40 50 40 20 Q=0
0 -—— —~
o 50, . u’
10 20 30 5 30
Fishing mortality of prey(F;,) g
s
s L~
> >
8 20
g o —
o
c
r 20 —
K]
- MSY (Q)
10 Y 25 —
75
20 —
80
\ t
Fig. 12.4, Combined yield from a system in which each o -t L
species, to a small extent, benefits from the presence of 1.0 20 30

the other (see constants in Table 12.2). Fishing mortality of. prey(F,)
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real MSY\

160 [—

140 |-

pseudo MSYs -
~N

120 ~ <‘—FP=2 FQ (C)

40

Combined yield (Yp + Yq)
®
o
I

‘—Fp = /2 FQ (A)

N
(o]

H i | —)
0.5 1.0 1.5 2.0

(e}

Fishing mortality on species P (FP)

Fig. 12.5. Graph showing how the choice of a given constant ratio of ﬁshing_
mortalities affects the shape and height of a yield curve; note that cne opti-
mum F-ratio leads to the real MSY of the two-species system (see also
Fig. 12.2).

Pope’s model is very useful in that it enables the user, at least in the two-species case—to literally see
the interactions affecting the yields of the system. However, the constants (a, b, ¢, d, e) of the model
cannot be estimated, for which reason it generally cannot be used directly for stock assessment
purposes.

Concerning equation (12.4) it may finally be mentioned that the intrinsic rates of population
increase (r,, ) are implied in it, i.e.,

ImpP~ 2FP (opt) c e 12.63)
and
er = 2FQ (opt) S 12.6b)

whelre Fp(opt) and Fgqpt) are the fishing mortalities which generate MSY in species P and Q, respec-
tively.

Program FB 30 is provided here to help the reader quickly calculate values of Yq, Yp and Y
‘for any set of constants as well as for finding the MSY and F,; values of the two-species system. It
is hoped that exercises using this program and combinations of constants such as exemplified in
Table 12.2 will help visualize the nature and effects of both technological and biological inter-
actions (see Example 12.1).

N-species systems

It is only since the advent of electronic computers that it has become possible to model systems
containing more than two species realistically. Particularly, the availability of computers made it
possible to depart from simplifying approaches such as represented by equations (12.1) to (12.4) and
to incorporate into the models, as suggested earlier by Beverton and Holt (1957), more realistic
representations of growth, mortality, predation and other processes. This approach is taken in the
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large and complex “North Sea model’’ of Andersen and Ursin (1977), and in the various models of
“multispecies VPA” presented by Pope (1979), Helgason and Gislason (1979) and Sparre (1980).

However, smaller simulation models, involving only a few trophic groups and the transfers
between them can be used to test and validate hypotheses concerning the interactions within an
exploited multispecies stock. This approach is best exemplified by Larkin and Gazey (1982) who
designed a simulation model of the Gulf of Thailand stocks and fisheries and used it for testing
mechanisms suggested by Pope (1979) and Pauly (1979b) to explain the observed changes in catch
rates of different species groups. Such models, as well as the box model discussed below can also
help in identifying gaps in our understanding of a system.

METHOD FOR CONSTRUCTING
QUANTITATIVE “BOX MODELS”

While the mathematical simulation of multispecies systems is generally so complex as to dis-
courage all but very mathematically-oriented biologists, constructing “box’’ models of an ecosystem
is rather straightforward. ‘““Box’’ models are here defined as a class of models where emphasis is on
the graphical representation of an ecosystem and where the taxa having similar ecological roles are
grouped together in “boxes’ (see Fig. 12.6).

Fishing
/'Y A A 7Y
31.5
1
Piscivores 15.4
20.0 59
36.4 20.6 Invertebrate
el feeders
98.2 10.3
583 I
194
Hervibores Detritivores Invertebrates

30.4 74.5 49.0

1 f

Primary production and detritus

Fig. 12.6. Simplified trophic model of Bukit Merah Reservoir, Malay-
sia. The numbers in the boxes refer to annual mean standing stocks
in tonnes, wet weight, while the numbers along the arrows express
annual flows in tonnes (adapted from Yap 1983).

Box models can be either qualitative as in Pauly’s (1975) model of a West-African lagoon, or
quantitative as in Walsh’s (1981) model of the Peruvian upwelling system.
Quantitative box models consist of four elements:
a) the taxa included in each box (see Table 12.3 for an example)
b) the biomass transfer between each box (i.e., the direction of the arrow linking the boxes
with each other),
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Table 12.3. Data for the construction of a quantitative box-model of Bukit Merah Reservoir,
Malaysia. Adapted from Yap (1983).

Trophic group Annual catch
of fish (tonnes) Representative species® F M
Detritivores 59.8 Labiobarbus festiva 0.58 2.22
Herbivores 364 Osteochilus hasselti 1.18 2.12
Piscivores 315 Oxyeleotris marmorata 2.61 1.68
Invertebrate feeders 154 - 1.5° 2.0°

2Species representative of their trophic group.
PMean of 3 preceding values, taken in absence of other information.

c) the average biomass represented in each box, and
d) the average biomass transfer between boxes (i.e., the quantities represented by the arrows)
(see Fig. 12.6).

Identifying the taxa to be included in the various boxes involves criteria relating to the size of
the animals, to their distribution and to their feeding habits. Generally, it will be possible to identify
groups separated by all three criteria, e.g.,

— large predators, e.g., sharks and groupers, which are large, tend to occur in deeper waters

and feed on smaller fish,

— small, demersal, forage fish, e.g., slipmouths, which occur in relatively shallow waters and

feed on zooplankton or zoobenthos, or

— small pelagics . . . etc.

Since food and feeding habits cannot be determined for all species concerned, exhaustive use should
be made of the available extensive literature on food and feeding habits of fish and of generalizations
relating the morphology of fishes to their feeding habits.

Value of catch (V)

Fishing effort(f)

Fig. 12.7. A simple economic model of a fishery with fishing costs linearly propor-
tional to effort. Note that MEY (maximum economic yield, i.e., the maximum
difference between gross value of catch and cost of fishing) is achieved at a level
of effort (f;) lower than that needed (f,) to obtain MSY (maximum sustain-
able yield). Under conditions of open access to fishing, fishing effort will increase
until total costs equal the gross value of the catch (i.e., fishing reaches fy, and
the equilibrium point, EP) and at which profit for the average fishing unit is zero.
Note also that lowering the cost line (e.g., by subsidizing the fishery) lowers the
point at which equilibrium is reached, and thus lowers the catch (Smith 1981).
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Examples of such generalizations are:
— large fish with strong, pointed teeth (sharks, conger eels, barracuda) are piscivorous (De
Groot 1973)
— piscivorous fish tend to eat fish about one-quarter to one-fifth of their length (Ursin 1973;
Cushing 1978) .
— fish with long, coiled guts (longer than 3-4 times their body length) are generally detri-
tivorous (Pauly 1975)
— ' fish with an extremely small mouth are generally zooplanktivorous
— generalist-type fish, such as snappers, are omnivorous
— the size of the spaces between the gill-rakers of pelagics gives a direct indication of the size
of their favorite food, etc.
This list is not exhaustive but indicates some of the methods which can be used to group fish into
feeding niches and hence into the various boxes of a model. Obviously, when detailed data are avail-
able on the food and feeding habits, ecological similarity (= niche overlap) indices can be computed
to quantify objectively the similarity in the diet of different fish to assist grouping. One such index
is:

Cab=1“‘l/22 |paj'—pr | ...12.7)

where p,; and py,; are the percentages of a certain food item j in the food of fish species a and b,
respectively, the index having a value of zero when the two fish species have no food item in com-
mon, and of unity when both fish species have the same food items in the same percentage composi-
tion (see Colwell and Futuyama 1971, and Pianka 1973 for another index).

Obviously, grouping fish and invertebrates into boxes on the basis of their food and feeding
habits makes the drawing of the arrows which link the various boxes quite easy, such that task (b)
above becomes part of task (a). Putting numbers into the boxes is a little more complicated.

The first step is to obtain the mean standing stock in each box (or at least in most of them).
The most straightforward method to obtain standing stock estimates is to conduct a trawl survey in
the case of demersal stocks, or an acoustic survey in the case of pelagic stocks. In both cases, tagging-
recapture experiments can also be conducted from which biomass and a number of other important
parameters can be estimated.

These methods, however, are rather expensive, and in the following a method to bypass the
problem is shown—at least as a first approach.

First, estimate the annual yield, by species group that is extracted from the system. Then, using
methods selected from Chapter 5, first estimate fishing and natural mortality for species represent-
ative of each (or most) of the boxes of the model. Then estimate mean standing stock from Equa-
tion (6.7) or by means of any of the other methods available to estimate standing stock in Chapters
6 and 7.

It will generally not be possible to obtain estimates of mean biomasses (B) for all fish included
in each box. As a first approximation, however, all the fish in a given box may be assumed to have
the same fishing mortality (they will have similar sizes and occur at similar places, so it is not a com-
pletely unreasonable assumption) (see Table 10.3). Putting numbers along the arrows linking boxes
with each other is now relatively simple:

— for the arrow linking fish with the fishery, use the yield data themselves, i.e.,

Y=F-B ...12.8)

— for the arrows linking predators and their prey use, assuming that all natural mortality is
due to predation

Q=M-B ... 12.9)
where M is the natural mortality and Q is the wet weight of prey consumed by the predators.

When a predation arrow goes to two or more predators, the value of Q is divided up in
proportion of the biomass of each predator box (see Fig. 12.6).
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From a box model such as in Fig. 12.6, the following quantities may be estimated:

a) food consumption per day and unit of weight of the animals in each box. Divide the

amount (X Q) going into a box by B, and then by 365, and

b) the food conversion rate within each box (or by trophic level if appropriate adjustments

are made), calculated by dividing all matter leaving a box (Z[Y + Q]) by all matter entering
it.

The values of food consumption should generally fall between 3% and 6%/day, and those of
food conversion rate, 5% to 25%. These ranges can also be used to complete empty boxes in the
model, when values of Y and F are unobtainable, e.g., for zooplankton (see Fig. 12.6).

Quantitative box models, constructed along principles such as outlined here can serve the fol-
lowing purposes :

— summarizing the data available on a multispecies system

— allowing for an integration of a fishery with ecological data

— identifying those parts of the system where gaps in knowledge occur

— assessing the possible impact of exploiting one stock or the other.

Useful references that may be consulted when dealing with aquatic food chains and box models
of exploited systems are Winberg (1971), Steele (1973), Boje and Tomczak (1978), Pauly (1979b),
Jones (1982) and Polovina and Ow (1983).

MANAGING MULTISPECIES FISHERIES

Fortunately, finding out what is necessary to manage a multispecies fishery rationally is most
often less complicated than trying to understand how the system works in biological terms.

Throughout much of the world, as a rule, once exploitation of a stock has begun, the fishery
rapidly moves toward overfishing because, in the absence of effective regulations, the point of
equilibrium of a fishery occurs when the costs of fishing becomes as high as the gross returns from
the fishery as shown in Fig. 12.7 and in Clark (1976).

Thus, managing a fishery (as opposed to developing one) is for most purposes synonymous
with attempting to reduce or redirect fishing effort, in order either to increase the catch and/or to
reduce losses due to overcapitalization, i.e., increase the income of those remaining in the fishery
(see Fig. 12.7 and Smith 1981).

Pope (1979) suggested that fitting a parabolic yield curve to time series of catch-and-effort data
from a multispecies fishery, although it may underestimate MSY, may be an appropriate method to
identify an optimum level of aggregate effort, and this is, in fact, what is generally done in practice
when time series of catch-and-effort data are available. However, Larkin (1982) pointed out that,
contrary to expectations, ‘“there is little evidence that total catches have fallen in tropical fisheries
due to overfishing. Though catches of individual species have dropped, these often have been made
up by increases of other species.”

For example, the catch-and-effort data of the Gulf of Thailand demersal trawl fishery (Table
12.4) have been fitted with a total biomass Schaefer model (SCSP 1978) and a Fox model (FAO
1978) although the data do not really suggest a downward trend of total catch at high levels of
effort (although the catch-per-effort rate decreased dramatically). For this reason, a more or less
flat-topped model would fit the data (see Fig. 12.8).

Such a model is, for example

Y=Y, (1—e % ...12.10)

where Y, is the “asymptotic yield”” while « is an empirical constant.

Obviously, when this model is used to reduce a set of catch-and-effort data, the need arises to
somehow define an optimal level of effort (since infinite effort, giving Y _,, would clearly be an un-
reasonable proposition), especially when economic data are not available from which the equilibrium
point and maximum economic yield can be defined.

In analogy to the F ; concept discussed in Chapter 8, a level of catch and effort may be
defined at which the slope of the yield curve is one-tenth of the slope at the origin (Y 4, f51) by
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first defining the slope of equation (12.10)

%‘f—{ =Y, - are ...12.11)

which, when f =0, reduces to Y, ~ c.
Thus, fy ; can be obtained from

Y. a/10=Y_ - a-e o1 ...12.12)
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Fig. 12.8. Comparison of two yield models fitted to catch-and-effort data from a tropical multispecies fishery
(the Gulf of Thailand trawl fishery). Upper: Fox model; lower: asymptotic yield model. Note that both
models suggest that effort should be reduced, and yields stabilized in the neighborhood of 700,000 tonnes.
(Based on Table 12.4 and Example 12.2).
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or

10 gy ...12.13)

while Y ; is obtained from
Yo1=Y,-09 ... 12.14)

Thus, paraphrasing Gulland and Boerema (1973) who introduced the Fg ; concept, I wish to suggest
that ‘“‘the selection of 10% is arbitrary, but once the 10% figure is accepted, the corresponding catch
can be calculated objectively. Thus it can be used to provide a commission or other management
body objective guidance based on scientific grounds”. An application of this model to a set of
catch-and-effort data is given in Example 12.2 (see also Table 12.4) and Fig. 12.8.

To avoid misunderstandings, it is stressed here that equation (12.10) is not meant to describe
the whole range of yield/effort relationships, which must exhibit a decline at very high levels of
effort, but to help cope with a situation where the yield/effort relationship shows no maximum and
where, therefore, a management goal different from MSY must be used.

Techniques on how to exploit a multispecies stock to obtain a desired species mix or avoid an
undesired one are not available (Daan 1980). At least some of the following changes may be expected,
however, given a steadily increasing level of effort on a demersal multispecies stock: A

— adecline of the catch per effort (although not necessarily of the total catch as noted above)

— arapid decrease and virtual extinction of very large fish (assuming that they are caught in

the first place)

— adecrease in the average size of the fish caught

— an increase of the relative contributions of low-value, small-sized fish

— the unexpected increase of previously insignificant components of the system (e.g., squids

or jellyfish).

I leave it to the reader to sort out these things in more detail.

Table 12.4. Nominal catch-and-effort data from the Gulf of Thailand Trawl Fishery. Data derived
from Fig. 7 in Buzeta (1978).

Catch Effort
# Year tx 108 trawl-hours x 10®
1 1963 190 0.57
2 1964 310 0.98
3 1965 340 1.35
4 1966 360 1.8
5 1967 430 2.4
6 1968 510 3.2
7 1969 510 3.6
8 1970 520 3.7
9 1971 600 5.05
10 1972 680 6.75
11 1973 800 8.6
12 1974 550 8.05
13 1975 700 7.65

Recommended reading: The literature on tropical multispecies fisheries and on the modelling
of such systems is rapidly growing. Useful contributions are FAO (1978), Pope (1979), Pauly
(1979Db), Saila and Roedel (1980), Munro (1983), Simpson (1982), Marten and Polovina (1982) and
Larkin and Gazey (1982).
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Suggested research topics: Evidently, it is difficult to define a research program that applies to
all multispecies stocks. However, the following elements should be included in any basic fishery
research program:

— monitoring total catch and catch per effort of the fishery

— monitoring catch per effort of various “‘indicator’’ species representing various groups of

fish (e.g., large, medium- and small-sized)

— thorough study of the biology and population dynamics of the most abundant and of the

most valuable species

— an attempt to construct a “box model” of the system in question

— an attempt to identify gear that would selectively remove certain groups of species (e.g.,

attempt to identify the best F-ratios in the system in question).

The various reviews included in Pauly and Murphy (1982) should be helpful in defining such
a research program.



Yields from a two-species (predator-prey) system.

The yield-isopleths in Fig. 12.2 are meant to represent a predator-prey system and are based
on the following set of assumed constants:

Prey (P) Predator (Q)
a = 200 d = 100
b = 100 e 50
c; = —25 c, = 25
Case I: Estimate Y}, and Y, for F, = 0.8 and Fq = 0.8 (i.e., using an F-ratio of 1:1):
1) Read sides 1 and 2 of Program FB 30

2) Enter constants:

Keystrokes: 200 STO A 100 STO B 25 CHS STO 2 100 STO D 50 STO E 25 STO 3 .8
STO 0

3) Estimate Yp, Y and Yy forFp =1
Keystrokes  Results
8A 80 (Yp)
64 (Yq)
144 (YY)
Case II: Estimate *‘real” MSY, FQ (opty 31 Fp (opy) Of the two-species system :
1) Read sides 1 and 2 of Program FB 3C

2) Enter constants, including initial values F'P and F'Q (say, F'Q = 0.8 and F'P = 1.2).

Keystrokes: 200 STO A 100 STO B 25 CHS STO 2 100 STO D 50 STO E 25 STO 3.8
STO01.2STO 1

3) Enter AF, TOL and estimate FQ (opty> Fp (opty and MSY:
Keystrokes  Results
.05 1
0.001fa 1.002  (Fg (opp)

0.998  (Fp (oo
150.000 (MSY}

Entering a smaller value of TOL (e.g., 0.0001) produces the exact values: FQ (ot = 1-000,
Fp (opty = 1.000 also with MSY = 150.000.




Fitting an asymptotic yield model to bulk catch-and-effort data from a multi-
species fishery.

Data from Table 12.4
Computations

We take advantage of the fact that equation (12.10) has the same form as the special VBGF
[see Chapter 4] (with t, = 0) and use Program FB 3 (von Bertalanffy plot) to fit the data.
Fitting the data is here viewed as finding the values of « and Y for equation 12.10 which
generate a curve that goes through the intercept (i.e., for which t, = 0); & and Y, cor-
respond to K and L, of the VBGF, respectively.

1) Read sides 1 and 2 of Program FB 3.

2) Select an initial value of Y, (Y_, must always be higher than the highest reported catch).
Upon visual inspection of Table 12.4, we select 850 (x 102 tonnes) as an appropriate
seed value. Thus

Keystrokes: 850 1 1 £a 190 1.57 A 310 1 .98A 340 1 1.35 A 360 1 1.8 A 430 1 2.4
A510 13.2A51013.6 A520 13.7 A 600 15.05 A 680 15.75 A 800 *
8.6 A 550 1 8.05A 700 17.65 A

3) Obtain value of r?, and “t,” corresponding to Y, = 850

Keystrokes  Results

E 0.750 (r?)
0.211 ()
—0.854 (“t,”)

4) Since equation (12.10) implies that “t,”’ = 0, the seed value of Y_, = 850 is too high, it is
reduced to 825, which provides, upon repeating step 3 a value of “t,” = —0.470. Thus,
Y, must be lower, i.e., 810. This provides, upon repeating step 3 a value of “t,” =
—0.073. Clearly, we are on the right track. Further trials with 809 and 808 reveal that
808 gives a value of “t_” very close to zero. Thus, for Y., = 808 we have

Keystrokes  Results

E 0.607 (%)
0.311 ()
0.008 (“t,”)

5) Using Program FB 9, and replacing age by effort and length by yield, we obtain values
for drawing the yield curve, by first entering the values of & in STO1 and Y, in store A
(see Table 4.8) then entering the f values and pressing A.

6) Finally, f,, and Y, are estimated from equations (12.13) and (12.14) by performing
Keystrokes  Results

10 LN
311+ 7404  (fy,)
and 808 1
9x 727.200  (Y,,)

As might be seen in Fig. 12.8, fy; and Y, ; are higher than f,,, and MSY as obtained by
using the Fox model (Fig. 12.8, upper). This example was meant to illustrate the asymptotic
yield model, and not to perform an assessment of the Gulf of Thailand trawl fishery. For
such an assessment, the data of Table 12.4 are inadequate, since they probably include fish
caught outside the Gulf (Simpson 1982).




Appendix I. Testing Models and Their Results: An Introduction to
Sensitivity Analysis and the Jackknife

INTRODUCTION

Throughout the twelve chapters of this book, various models have been presented through
equations all of which provide, given appropriate inputs (e.g., data points), some useful output (a
“statistic’’). As the astute reader will have noted, neither the accuracy, nor the precision of the
estimated statistics is discussed at length for any of the models presented in these twelve chapters and
in fact, equations for estimating standard errors of estimates are given in a few cases only.

The reasons for this are two-fold:

— for a number of models, equations for the estimation of standard errors are either lacking,

or inordinately complex, and

— asimple method exists, called the ‘“‘jackknife’’, which can be used to estimate standard

errors for the output of any model, thus making specific equations for each model super-
fluous.
While the jackknife method, presented in detail below, can be used to assess for any model the
precision associated with estimates of a given statistic (i.e., the width of the confidence interval
about that statistic), another method must be used to assess the “sensitivity’’ of a model to its
input parameters.

Only “ordinary sensitivity analysis” will be discussed here; it has as its main objective ‘‘the
identification of input parameters which, when changed by a fixed percentage, produce either
a strong or a weak effect on the model output” (Majkowski 1982).

SENSITIVITY ANALYSIS

In ordinary sensitivity analysis, only one parameter is changed at a time, usually by a fixed
percentage (U %). The effect of the changes is expressed by a ‘“D-measure’* which is used to express
the changes in output caused by changes in the inputs. The D-measure relates the output values in
the “perturbed” state (i.e., when the parameter values have been changed) to those in the “unper-
turbed’’ state (i.e., as occurs when the best available parameter estimates are used).

An example of a D-measure which can be used for a variety of purposes is

X—X°

D= X0

- 100 ’ .. 1)

where X and X° are perturbed and unperturbed outputs, respectively. Majkowski (1982), from
whose paper this account is adapted, gave an application of ordinary sensitivity analysis to an equa-
tion commonly used in tropical fish stock assessment (equation 5.9). A summary of his analysis,
based on the special VBGF and the parameter values L_, = 28.9 cm, K=0.46,L =16.4cmand L' =
12 cm, (for Nemipterus peronii from the Gulf of Thailand) is reproduced here (Appendix Table I.1).

The analysis led to the conclusion that equation (5.9) is extremely sensitive to changes in the
value of L and that, therefore, every effort must be made, when using this equation, to ensure that
L is estimated as reliably as possible.

Similarly, Moreau (1980), who applied ordinary sensitivity analysis to Beverton and Holt’s
yield-per-recruit model (see Chapter 8), found that the parameter which most influences the results
is natural mortality. He concluded that, when using the yield-per-recruit model, attention must be
devoted to increasing the accuracy and precision of estimates of M (rather than, e.g., spend resources
on better estimates of growth parameters).

*Not to be mistaken for the parameter D in the generalized VBGF (see Chapter 4).
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Appendix Table I.1. Values of the D-measure (formula 1) for various perturbations in the input
parameters. The perturbed parameter is indicated in the first column of the table and magnitude
of the perturbation (U%) in the first row of the table (from Majkowski 1982).

U% —40 —20 —10 —b —1 1 5 10 20 40

K  —40.00 —20.00 —10.00 —5.00 -1.00 1.00 5,00 10.00 20.00 40.00
L, -—9248 —46.24 —23.12 —11.56 —2.31 231 1156 23.12 46.24 92.48
L 41061 39594 80.34 30.97 523 —4.86 —21.24 —36.71 —517.74 —80.92
L' -—5217 —35.29 —2143 —12.00 —265 280 1579 37.50 120.00 —1,200.00

Two other forms of sensitivity analysis exist in addition to ordinary sensitivity analysis—
extended deterministic sensitivity analysis and extended stochastic sensitivity analysis. They allow
assessment of the impact of simultaneous changes of input parameters, for considering the effects of
various types of error distributions in the input parameters, etc. (see Majkowski 1982). Ordinary
sensitivity analysis as presented here, should suffice, however, for most models presented in this book.

THE JACKKNIFE METHOD

The underlying principle of Tukey’s “jackknife’’ method is (1) that a given statistic A, com-
puted via a given model from a certain number (n) of data points will take different values (A _;),
depending upon which subset of the available data points are used for computation, and (2) that
the distribution of the A _; values is related to the distribution of the statistic A itself (Miller 1974;
Tukey 1977; Mosteller and Tukey 1977; Sokal and Rohlf 1981).

Computationally, the jackknife involves the following steps:

a)

b)

c)

d)

compute the value of the statistic A, using all available data points (n). This results in
estimate A ; of the statistic in question,

then compute n new values of the statistic A, but omitting each time another of the n avail-
able data points. This results in n estimates of “A; _ 1", each estimated by omitting

a single data point (see Appendix Table 1.2),

use the A; _ ; values to compute “pseudovalues” of A, (¢;), through the equation

¢;=(n- Ay —[(n—1)- A

obtain a new estimate of A through

z ¢
n

§2= =%

[In a perfect world, the two estimates of A (Kl, A 2) would be equal; in reality, they often

are not.

The standard error of A that is estimated by the jackknife (see below) pertains to A o,

for which reason it may be more appropriate to stick to A 5 as most useful estimator of A.]

e)

the standard error of A 5 is then computed from

s.ea) =V (sdd,)/n

where sd 4y is the standard deviation of the ¢; values.

The authors cited above give more detailed accounts of the jackknife, which is illustrated
here—following a suggestion by S. Saila (pers. comm.)—by the computation of standard error for
the output of a surplus production model (MSY and fopt 88 defined in Chapter 10).



Appendix Table 1.2, which is an extension of Table 10.3, gives the catch-and-effort values
used and/or omitted for the computation of the A; _ ; values (i.e., estimates of MSY; _ ; and

fopt i — 1) computed by omitting the data points (i) pertaining to the years 1969 to 1977.

As might be seen, the results suggelgt rather small standard errors for the MSY and £, values,
which, multiplied with the appropriate t value (see Chapter 1), would yield a narrow contidence

interval.

This application of the jackknife should have made the versatility of this method obvious. In
principle, the method can be applied to all models presented in this book—except when the results
are obtained through accumulation, where values cannot be omitted without distorting the final

result entirely.

Table 1.2. Application of the jackknife method to the surplus model (see also Chapter 10).

A,_, values Pseudovalues (¢,)

# Year Catch® Effort® MSY,_, fopt im1  Pmsy opt
1 1969 50 623 60.6 1,253 63.3 1,442
2 1970 49 628 60.8 1,246 62.4 1,496
3 1971 475 520 60.5 1,275 64.1 1,264
4 1972 45 513 60.6 1,253 63.3 1,436
5 1973 51 661 60.7 1,250 62.9 1,461
6 . 1974 56 919 60.9 1,253 60.9 1,442
7 1975 66 1,158 59.8 1,237 70.1 1,567
8 1976 58 1,970 574 1,087 89.0 2,767
9 1977 52 1,317 63.2 1,337 43.2 761
X = 52 923 60.5 1,244 64.2 1,509
s.d. = 6.39 485 1.47 65.8 111 496
s.e. = 2.13 162 0.491 21.9 3.70 165

2102 tonnes (see Table 10.3).

PNo. of standard vessels (see Table 10.3).
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Appendix II. List of Programs and Program Listings

Length-Weight Relationships . . . . ... ...... ... .l 181
GearSelection . ........... ..ttt et e 185
Von-Bertalanffy Plot . . . ........ .. ... ... .. . . ittt 189
“FordWalford Plot (GM) . .. ... ... ittt ittt e iesaane e 193
Gullandand Holt Plot . . ... ... ... ... ... ... ittt nnnnnn 197
Munro Plot. . ... .. i i e et e ettt 201
Fitting Seasonally Oscillating Growth Datal. .. ........................ 205
Fitting Seasonally OscillatingGrowth DataIT. . . ... .................... 209
Seasonal Growth from TaggingData . . . . ........................c.... 213
Generalized VBGF and Derivatives: Solutions. . . .. ..................... 217
Total Mortality from MeanWeight . . .. ... ....... ... ... ... ... ..., 221
Z Using Jones’ or Sparre’sMethod . . .. ... .... ... ... ... ... 225
Length-Converted Catch Curves . . . . .. ... ... ...ttt enrnens 229
ZandKfromMeanLengths . .. ... .. ... .. ... .. 0. .. 233
F and M from Tagging-Recapture Data . ............................. 237
Independent Estimatesof M . .. ... ... ... ... ...ttt ennnennns 241
Population Size (Petersen’sMethod) . . . . ... ...... ... .. ... .. ... ..., 245
Leslie’s EQUation. . . ... .o i ittt ittt it it e e s st 249
VPAandCohort Analysis . .. ... ... ...ttt inereiiieneaneenens 253
Jones’ Length Cohort Analysis. . .. ............ ... 257
Length-Structured VPA . . . ... ... . .. . ittt i it ee e 261
Yield Per Recruit (Special VBGF). . .. ... ... . i 265
Yield Per Recruit Via Incomplete §-Function. . .. ........c.oovvunn... 269
Conversion Factor “k”. . . ... ... . .. .. i i i i, 273
Stock-Recruitment Curve of BevertonandHolt. . . .. .................... 277
Ricker’s Stock-Recruitment Curves. . .. ... ...... ...t irinirnnennas 281
Schaeferand Fox s Models . ... ... .. ... .. 0ttt ennnnnans 285
Schnute’s Yield Model . . ... .. .... ...ttt tinnnnenaennnss 289
GCsirkeand Caddy’s Model. . . ... ... ... ittt itnrnnnernenenns 293
LogisticGrowth Curve . . . ... ... ... ... .t ittt iiitnneneneanns 297
Yields from Two InteractingSpecies. . . ........... ... ... iueon.. 300
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STEP KEY ENTRY KEY CODE KEY ENTRY  KEY CODE COMMENTS
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Lw—> Piwn—+vecy Prooeow [Brrasfl FLAGS _ TRIG DisP
“mitiotive | orrece  ILww |'wel Pwesr | oD ®| o m | Fx @
0 1 2 3 4 12 108 GRAD O sCl 0O
3 AF F 1, 3 2 0R| RAD O ENG O
30 m n=3 9
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Program Deseription

Program Tiie __LEn1q th — Weight r(e/_q}}famrh/,'ps
Neme _ Danie/ Pauly . Dste Menuary, 52
Address . __LCLARM , Mcc P o 6ox /.fo/ )

Mokals , Mety M_a_rr./m_/gﬁ(__f?é’_//ge/_ﬂ_fz..._ ]

Program Description, Equations, Veriables, stc. ___/7/5_progrom fiés dofe % o lenghh — werght
relatonship _of the porm e -

. ’ M ’ ”-_ 0 .Lé e ~ 1)

jﬁcre W is the ;Vwoll/ and L /s He /07;1” W on_ ﬂn/ma/ 7’!6_//:? s abz‘amed
by _means of a lnear. regression of e form

/091,, :- /09,0 a f 5 /0910 /. Cee 2)

_/Masc ?aadnefﬁ of _fif i3 es f/no-fed by rf , D
Al30, o cond/tion Ffoctor le. 1.) is estimaled by means a/ 7”! ea’/’fess/ar; .

Cf = Hewo LB

Both epressjon (1) ond _the condtion foctor @n pe used 7b,Pe"f0"" : /e”_i_ B~
Welght and weight! -% - leng# conrersions.

Wher grams ( sve ”¢/¢hf) and cr. are used ﬁe m/ue o/ e. Z . mosl’ o
Jrehes_wil range befween O & ond rE. e

7p )ésl‘ Wé&ﬁa‘ Hhe m/ue.r a/ 6 esﬁmz’ea/ wo cx,amss/an (?) o’ ﬁg‘ ﬂ?ﬂ/_ﬁa”//y
Jrom (3) (isometric growth ) g value _of £ /s computect with €ackh value of b

ﬂblcﬁm_{”ﬂ be used /n con/uncz'/on with ;.‘Z'dék of e T- a?s#/Jafxoﬂ fa’ L= 2)
VY 7 - -3 ¥ SN S R

t: Vi i3, n-z o4 B
o3 given in_Sochs L. (1974, p.o33q).
Operating Limits and Warnings _ /2/ues of & in_equolion (1) below 2.5 ond 3.5 are

¢ae.e/mrmé/e , anda may reflecs an evor , or be beses on oo 4-»74/}”“”

arange of Kngt _onad weight oG, e
_An_errer message wil/l _appear a//er caM/ﬂfﬁﬁoﬂ Q!é /j r ’ = 1 o
93 _may occur when n & very fw (2or 3).




User Instructions

Q—Trow! Sekection
—
N-cover P vle

@ A= :odo';vd - _I

Correct
correct [V

GEAR SELECTIOVN
&7 //nei

\PC/CCflO’I. I
% 'tbmcd(B)-.o,b rl
= Ly

Bz

g

STEP INSTRUCTIONS DAYAUNITS KEYS nmn
(I
TRAWL _SELECTION I
1 | Enter lower chiss /imil of smo /lest [ | I
Jeng#h _class  ( Lain ) Limin) % [a] 0-00
L]
2 | Infer, for each length class, Hhe number | N cover (210 1
of frsh «n_cover and i _cod end N codeno| LA T[] £
11
3 | Remove erroneous dala pair N cover ]
N codend ] -4
C JC ]
4 | Colevlote /Lo (£ 1 & ] Lo
) I ]
Gl LNET SELECTION C1C ]
5 | Set flog 1 for asymmefric velection [s7] [ 4 ]
curves (o efear i Sorsummedical eurves /) )
C I
6 | fnter emaller ond lorger mesh sizes and | A (&1 ]
mitrolize i 8 (£ 1le 1 o- 000
_ C I
7 | Enter { for ecch Jergth closs represenied [ Ce 1]
in coteh of both nefs) the cotehes ond closs Ca [ 1L
mid /en_g;b , /e L LCe 107 | eownter
C 1]
Lo/ FLAG & o view doa (1]
$ | Jo remove erroneous ermfries. perform G (e 101
Ca Ce 101
L (I' [e ] lcovnter-g
9 | 7o eshimar porometers of regression bne I
ond mesh sekclion parometers , press £ 10 re
L 1] a
[ b
C_ 1] La
L1 1 Ly
20 | To obiain probobilties of coptire, by lermgth C 1 S.d,
do_for resh Sise A Length % E foc. redied
and &imifarly for B Length g c. re )
. i I ] | ] - |

185
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Program Listing e
Y COMMENTS
STEP KEY ENTRY KEY CODE COMMENTS STEP KEEEY;NTRY’” KE' J?gIE
[oor 007 #lBla 27 16 1T ] (AU
002  CLRG 16-53 7] Y s
004 1 57 {os0 060 X=v ~41_]
00 STo e 061  FO? 16 23 00
005 ST2 35 02 w1 o o
006  CLX -51 ] U6z PRTX i
g07 RN 2] LA .
008 #LBLA 21 1§ ey 6]
o v U 066 #LBLc 21 16 13 ]
= o R e 067  F17 16 23 0!
011 RCLO 3600 b7 F? o
me ;i 7] 069 RY =31 7]
013 ¢ ~24 R 3]
014 ST+t 35-55 D} _ 070 g;? XL _2‘1; ]
015 1 0 : 2]
016 ST+2 35-55 02 ] g;; kr: 2]
e o S 074 FO? 16 23 00 "
o9 solh x 075 PRTX 147
019 #LBLB 21 12 ] s PRTK 17
- ow e gg ] 077 F0? 16 23 00"
021 + -39 ] -
022 RCLO 36 00 ] g;g pw 4]
023 K3 -41 7] - s Wy M
pou ; B gg1 RN 24 7]
025 ST-1 35-45 01 7] ool RN 2T
ol : 02 083 P25 16-51 7]
027 ST-2 35-45 02 ] 083 Pis 1631 T
028 RL2 3602 B¢ SPC 1611 7
Do siblh e 086 RCL4 36 04
30 030 *LBLb 21 16 12 ] 086 ALe 3 047
03t RCL2Z 36027 o7 RCL %
035 ] 55 089 RCL9 36 09 ]
033 + -55 7] 089 fCL o
034 RCLI 36 01 590 oS : g
oo . e 092  ENTS =21 7]
b bl T 093 ENTH -21 =
037 eLbLe 21 16 157 0 g -2l T
038 CLRG 16-53 7] 094 ol ]
Ha  cin te-93- 09 RCLY 36 D9
040 CLRG 16-53 036 RCL ]
041 F1? 16 23 01 ] mr T T
pop ot o 099 K& -41 7
043  STOI 35 01 ] 099 ¥ 47
044  R¢ -31 7] %0 o : 57
45 F17 16 2301 ] o s e
046 LN 32 ] 10 > 3o
047 STO0 3500 ] jog X BT
048  CLX -51 ] o4 Rels %]
o2 bt T3 106 RCLY 36 697
=3 050 #LBLC 21 13] fos R o
051  F1? 1623 01 ] o7 = 7]
e ” e 109 RCL? 36 077
053 RS 31 - 105 koL s
054 Xy -4t | o4 i
be | ES : {12 PRIX -14
g5 LN 32 _ - . .
7
0 1 Tz i 3 i 7 P S 3 ‘
A S5 S6 7 S8 S9 |
P > 8 Isz used used used | useo used ¢
8 (] (3] le. 1
' a [- b 2a/A+8
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Pl'ogmm LlS“ng (113 to end)

STEP KEY ENTRV KEY CODE COMMENTS KEY ENTRY KEY CODE COMMENTS

T13  KCLS 36 06 169  F1? 16 23 01

114 RCLe 36 04 7] 170 170 N 327

115 RCLB 36 12 ] 171 RCLZ 36 02 _|

116 X -35 172 - 45

uzo - -45 7] 173 e 53]

118 RCLY 3609 174 RCL4 36 04|

e ¢ 24 ] 175 xe 93]
120 120 ST0A 35117 176 2 02 _]

121 PRTX -14 7 177 X -35

122 RCLB 36 127 178 s -24]

123 PRTX -14 7] 179 CHs -2277]

124 29 16-51 T80 180 eX 337

125  RCLA 36 117 181 RIN 247

126 2 02" 182 #LBLd 21 16 14~

127 X -35" 183 F17 16 23 0177

128 RCLO 36 00 184 LN 32"

129  RCL! 36 01T 185 RCL3 36 0377
130 130 + -55 "] 186 - -45"7]

133 s -24 "] 187 A2 53]

132 st0C 35 13 188 RCL4 36 04

133 RCLO 36 06 189 ¥2 5371

134 X -35 7 750 190 2 02

135  RCLS 36 127 191 X -35"]

13¢ = -24 7 192 = -247 ]

137 CHs =22 "] 193 CHS <22

138 r17 162301 194 e* 337

139 e* 33 195 RN 247
120 140 PRTX -14 ™

4y Fr7 16 23 017

142 LK 32

143 5702 35 02

144 RCLC 36 13 200

145 RCLI 36 01

146 X -35

147 CHS ~22 "]

148 RCLB 36 12

149 = -24
750 150  F1? 16 23 01

151 e* 33

152 PRTX Slim

153 F1?7 16 23 01 ~

154 LN 327 210

155 8703 35 03

156 RCLC 36 1347

157 RCLO 36 00

158  RCL! 36 014

159 - -45 7
160 160 X -35 "]

161 RCLB 36 127

162 X2 531

163 3 -z4j

164 A 54 220

165 PRTY -14™

166 5704 35 04

167 RTN 247

168 #LBLD 21 14 __ .

LABELS FLAGS SET STATUS

N oot e v fe  Paet o |2l |° 2%/ | racs __ Thia DisP
v Lo % frac. retrodl L iy |° ° ! BB | oec B | X ®
0 1 2 3 r} 2 1 R R SAR[A)D g éﬁ:a g
5 Té 7 3 P 3 20 3 nc 3
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P“)gl‘am LiS‘ing 001 0 112)
COMMENTS
STEP KEY ENTRY KEY CODE COMMENTS STEP K:SV;NT;LYLJ KEY 3(:6035
501 001 #LBLa 21 16 i1 ] 058 - 24 "]
002 CLRC  16-53 ] 059 PRIX -14 7]
003 ST00 35 34 = 60 &I 24 :
004 R -3 061 #lBLc 21 1613
005 STOA 35 41 ] 062  seC  16-11 ]
006 ek B 063 RCL4 36 04 ]
00 / — 064  RCLS 36 06
008 wBlC 20 13 ] 065 x -35
009 STOC 3543 ] 066 RCLS 36 09 ]
010 010 ST+93 35-55 09 067 . ~24 .
0L R4 -3 ! ]
— 068 CHS 22
o1z STOI 35 01 069  RCLS 36 08
013 RY 3 570 070 + -55 7
014 RCLD 36 14 071 sT00 3500
015 Y* 3] 072 RCLG 36 06 7]
016 RCLA 3611 ] 0723 &2 53 7]
017  RCLD 36 14 | 074 RCLS 36 09 7]
0t8 ol 3 ] 075 = -24 1
oy - 45 076  CHS -2z 7]
620 020  CHS -2z | 077 RCL7 26 07 7
021 LN 32 N 078 + -55 7
022 ST02 3502 ] 079 P2S 16-51
023 RCL! 35_% _ 556 080  STO! 35 01 7]
024 X - 081 pzs 16-51
025 ReLC 3613 ] 082 RCL4 36 04 7]
026  x -35 ] 083 A2 53 7]
027 ST+8 35-55 08 _ 084  RCLY 36 09
028 RCLZ2 36 02 ] 085 B ~24
029 X2 % ] 086 CHS -2z
530 030 RCLC 36 ég ] 087 RCLS 36 05 ]
031 X =35 ] + -55 7]
032 §T+7 35-35 07 7] 332 Pxs 16-51 7
033 RCL2 36 02 00 35 00 ]
C 3613 7] 3 0% 5 -
034 RC)L( 35 091 RCLI 36 0!
035 - 092 P:S 16-5%
03  ST+6 3355 06 ] 093 x =35 7]
037 RCL! 36 01 ] 094 5703 35 03 T
038 X2 95 ] 095 RCLO 36 007
039 RCLL 3613 ] 09 2 531
™ 040  x =35 ] ’ -
041 5T+ 35-55 05 7] by K B
042 RCLL 36 01 ] 099 PRTX -14 7]
043 RCLC 36_;3 i T 100 RCLO 36 007
044 X ) 101 P:S 16-51 ™
045  ST+4 35-55 04 7] 162 RCLO 36 00 —
046 1520 16 26 46 ] 103 P25 16-51
047 RCLI 3 46 YR -24
048  RTH 24 j 105 ST03 35 03
049 wBLE 2115 ] 106 CHS <22
5 050 658 23 16 13 T 107 RCLO 36 147
051  RCLA 36 11 7] 108 = -2¢ ]
052 RCLD 36 14 ] 109 PRIX -14 7]
053 LY; 53‘; - T 110 RCL4 36 04 ]
054 - 111 RCLY 36 09
055 %2y -4 1z ¢ -24 ]
056 - 45
REGISTERS - > I9
. - 5 T 1 ’Is P P Sy? Ixy Zn
used | used used ] used Ex 56 2 57 S8 59
S0 S1 P 152 F:’ S8 l
used Use .
A B C D 0 Jt-ﬁ b ' [4
L (o) Weeo) used




Program Listing v:wwo

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
115 RCL3 36 03 169  ST+5 35-55 05
1 x -35 ] 170 170 RCLl 36 01 ]
115 (HS -22 ] 171 RCLC 36 .13 ]
116  RCLS 36 06 | 172 x -35 ]
117 RCLY 36 09 ] 173 §T+4  35-55 04 ]
118 £ -24 174 1521 16 26 46 ]
119 + -55 ] 175 RCLI 36 46
120 120 RN 24 7] 176 RTN 247
121 #lBlb 21 16 12 ] 177 #lBle 21 16 15 7]
122 (LR 16-53 178 €SB 23 16 13 ]
123 STOF 35 15 179 RCLB 36 12
124 RS -3 7] 180 180  RCLE 36 15 7]
125 570D 3514 7 181 1K 52 "
126 RS -31 182 bad 31 7]
127 sT08 35 12 7 183 RCLD 36 14 7
128 CLX -51 7 184 yx ki
129 RIN 24 7 185 LN 32 7]
130 130 xLBLD 21 14 7 186 K%Y -41 7
131 S10C 3513 7 187 - -45 7
132 §T+9 35-59 09 ] 188 RCL3 36 03
133 R -3 7 189 = -24 7]
134 STO01 35 01 7 190 130 PRTH -14 7
135 R =31 7] 191 RTH 24 7
136 RCLE 3615 7] 192 »lBLA 2t 117
137 14 52 7 193 i 01"
138 yx 317 194 6SBC 23 13 7
139 RCLD 36 14 7] 195  RIN 24
140 140 e 31 7 196 #.8L8 21 12 7
141 RCLB 36 12 ] 197 ] o1 ]
142 RCLE 36 15 198 (s8D 23 14 7]
1493 1/% 52 199 RN 24
144 X 31 7 200
145  RCLD 76 14
146 yx 31
147 - -45
148 CHS -22 7
149 LN 32
150 150  STD2 35 g2
151 RCL! 36 01 T
152 X -35 7
153  RCLC 36 13 7
154 x -35 7 210
155 ST+8 35-55 08 1
156 RCL2 36 02
157 Xz 53 7]
158  RCLC 36 13
159 X -35
160 [60 ST+? 35-55 07 ]
161 RCLZ 36 02
162 RelLC 3 13 7]
163 x -35 7]
164 ST+6 35-55 06 | 220
165  RCL! 36 01 ]
66 #2 53
167 RCLC 3613 |
168 x -35 _
= v LABELS FLAGS SET STATUS
A, tr Bla,f,”"ch/c,ﬁ B Dh’c,tm*rﬁ 2A'1.>a)° FLAGS TRIG DISP
S halize (L) bfm‘/fa//;z W used ¢ % r, £, b N ! 0 ?5 OE DEG ® FIX ®
0 1 2 3 4 2 1 0 GRAD [0 sct &
5 3 7 ] ) 3 i 'S g Rap O E":GZD

191
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Program Deseription
Program e __Von Berlalon ffy Plot

Name O Oanie/ Pauly e et Augus, /9%
Address ICI.AﬂM MCC P.O. Box /60/

e __Mokoli , Metro Monila_, Phi //,p,p ines

Program Description, Equations, Varisbles, otc. /2¢  gemeralixed von Berlalonffy Grows
_fFormula__has for ky#p me_ form

- [ -Ko{ - S .
o L = Lam (1 0 =Y )
ond for weight the pform L
“JLF(I! )
We = Wey (2-€ _)jy e )

where b is the exponent of the feng th—werght Nhflmc/np . Lgualien (1) can be_
rewrilfen 08 :

b (1-(72)°) = koto - kot e 3)

which has te form of a linear Norecs/oﬂ where /o (1- / ) 7 y, t=2
ond AD¢ = a. Pus, given a preliminary N??mai& _ef Loo / which & _rere
toded l(-o)) and a Va/ue of D, te valwes of A and %o can be eas/y eshma
ond te_preliminary value of. {(-o_)_wored iheratively , #nhl a maximrum
value of r? /s reached. The method s _Similar for weight growth , excepl mar.
values of W 76 are _used (nstead of Yhe. weiptts _themselves .

Nesghting [ac:bm other than . mqy be dud #the_inverve (/x)
of the__standard error _of #he méan sige in each aoe Houp_ K, fer
example, @ very agpropriale . weighting fecter.. . ..

han e size - ot - eg€ dela .

Operating Limits and Warnings ) e values of L ¢y ond W) must always Se_ruvghen

.. R A _volue of D must. always be entered
(e - D=2t in the case of the narmal , or “epecias/” von Ba‘#/aa//y

Growh_Brmata). 3) e salue of To__Can e _used onty when #he_ages enferes

are__absolufe ages,




User Instructions

FORD-WALFORD PLOT (cH)

Leng# Weight

STEP INSTRUCTIONS o A"TNA’/,::;ITS KEYS o A°T“w"’m”'
: [ |
LENGTH GROWTH CIC ]
CIC
1 |fnter first [ength-at -age value ond O Lt CF 1] Le
L L] a- 000
(I |
2 | tnter remarning /mwﬁ -af - age yalues | L Call 1 ¢
- C 1]
3 | Caleulale r*, K and L. L£ L] r*
Y K
L] Leo
L0
WEIGHT GROWTH C 1]
)
1 | fnter first weight - ot - age value , Dand b A A1 1] Wy
i ' ’ P A1 1 |2
b /1] 0.000
C 1
2 |Lnfer remaining weight - at - age yalues 1Y (1 2
! C 1]
3 | Caleulate r*, K and Wi L1 ] r*
R K
(| Moo
C1C ]
1]
C 1
C i
[ 10 1]
L1
C_ 11
C_1C 1
[
L1 ]
I
C 11
C 11
L1
JC 1

193
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Program Listing wiwm

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 001 #LBLa 21 16 11 ] 057 = 24 ]
002 CLRE 16-53 ps8  sT03 3503
003  P:S 16-51 ] 059 £ -35 _|
004  CLRG 16-53 | 060 060 RCL6 36 06 |
005 STOO 35 14 | 06! A2 53 _]
006 RS -3t ] 062  RCLS 36 09 _]
007 STQA 35 11| 063 3 -24 |
008 (LY -51 ] 064  CHS -22 ]
009 RTH 2+ ] 065 RCL? 36 07
010 DID lBLb 21 16 12 ] 066 + -55 |
0I1 CLRG 16-53 _ 067 : 24 _]
012 P2s 16-51 ] 068  PRTX -14
013 CLRG 16-53 ] L g6y A 54 ]
014 §TOE 35 15 ] 070 o070 RCL3 36 03]
015 RL -31 o7t XY -41
016 STOD 35 14 072 = -24 ]
017 Ri ~-31 073  ST03 35 03 T
018 5708 35 127 074 LN 3277
019 CLX -51 7] 075 RCLD 36 14 7
020 020 RIN 247 076 = ~24 ]
021 . BLA 21 117 077  PRTX -14 7
022 RCLD 76 14 7 078 R(L6 36 06 ]
023 yx 3] 079 RCL# 3604 |
0z4 STOB 3512 ] 080 080 RCL3 3603
025 RCLA 36 11 081 X -35 7]
026 RCLD 36 14 7] " 082 - ~45 7]
027 yx 3 083 RCLY 36 09 7]
028 STOC 35137 084 + -24
029 RCLB 36 12: 085 RCL3 3% 03
030 030 RCLO 36 14 ' 086  CHS 22
031 17% 52 7] 087 i o1
032 yX 37 088 + ~55 7
033 5704 35117 g89 + -24 77
034 RCLC 36 137 090 030  P:§ 16-51 7
035 RCLB 36 127 091 RCLD 36 147
036 I+ 56 7] . 092 17X 52
037 RN 24 7 093 i 31 —
038 +LBLE 21 157 094  F29 16 23 02 ™
039 P25 16-51 095 670C 22 13 7]
040 040 SPC 16-11 7 ' 096 PRTX -14 7
04] RCLS 36 087 037 RIN 24
042 RCL4 36 047 098 tLBLB 21 127
043 RCL6 36 06 ] ) 099 RCLE 36 15
044 X -35 7 100 100 17% 52 ]
. 043 RCLY 36 09 7 101 yx 31
T D46 B -24 7 102 RCLD 36 147
047 - -45 7] 103 ¥ 3
048 ENTt -21 7] 104  STDA 35 117
049  EMTt =21 7] 105 RCLB 36 12 ™
050 050 RCL4 36 04 7 106 RCLE 36 15 7]
. 03§ X2 5371 107 17X 52 7
052 RCLY 36 097 108 yx 31
053 = -24 109 RCLD 36 14
054 RCLS 36 05 | 110 110 yx 3 _|
055 2y -41 | 111 STOC 3513
036 - -45 112 RCLA 36 11
REGISTERS
0 1 2 ]3 I — 15 3 7 ) 9
SO S S2 55 S6 S7 58 S9
used used ] used Fusea’ 2x 2 x? l Sy Ey? | Ixy L

“Lifued [hi/wed [Fusea | 0 [ o6 T



STEP

KEY ENTRY

KEY CODE

P“gmm Lls(lng (113 to end)

COMMENTS

TEP KEY ENTRY KEY CODE COMMENTS
113 RCLD 36 14
114 175 52 7] 170
115 yx 3]
116 RCLE 315
117 yx 31
118 STOB 35 12 7
119 RCLC 36 13 7]
120 120 RCLA 36 1t 7
121 I+ 56 1
122 . RN 24 ]
123 *lBLe 21 16 15
124 SF2 16 21 02 7] 180
125 6T0r 22 1577
126 iLBLC 21 137
127 RCLE 36 15 7
128 y* 31
129 PRTX -14 ™
130 130 RN 247
180
140
200
150
210
160
220
LABELS FLAGS SET STATUS
A B C
: L i W —» & rE;r' K lw |° FLAGS TRIG DISP
c d 1
Ole.D-' W D.b—» 2 K W 0o DE | oea ® | rix »
1 2 3 o ’wWeight 7 |1 O O | GRADO | sc O
. F > = 5 5 :® ®|] RAD O] enc O
I 300 n=3

195
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Program Deseription

Program Tile _ Ford - Walfora _Plof (EM). . e
Neme __ Danie/ Pauly . B Date Augess/ /940
Address ZQLAEM MCC P.o- Box Kol

Mako?tr Me/ra Manila_, Philippines

.

Program Description, Equations, Variables, etc. _ when (ize - of - age daty a’ egual fime [nferval
__(gyear , month , week ) ore ma/,éé,é 2 paramesers 7 fhe VBGF con be ask-
__mafed Jrom

’ ’ [ e s i

where  le = (%%;)?ﬂr"'”}, S T

ond MQ,K?MM R ]mffﬂmf}

) ﬂo»'erzr- since both 44 and Zf,, are meaSured with e game emor, a ~

_ gcomelric mean , or fype K regression s used . Br Wis purpose #e porame-
fers _a & b_ o an_arithmekc mean or Yype I regression A€ pirc! catenlated,
then used in aoq/wrcﬁm With_He eorrelation wefficient (1) eshmaoted almy
with a ¢ b fo abham He ,p/,pe and _infercept  of He. é‘A/«ymmm Hroagh
He /e/aﬁmr/)jf

Py S D

and

o W:éi;'iffaf)ﬁ B N

where 5 and % _are #e moans o He Liss amd Ly values. @', 4'
___are_paramekrs _gf the &M regrecsion | repechndy (Rickr, /970).

Operating Limits and Warnings ('/2¢€ - a/ - ape _abfo _musf be. e a@stont , and Hhere must
. be o fast z posrs of lf_,,, Le wolwes . When weipht - af - age data_are
, ,_ﬁge/_,.,ﬁe;g;y’medt (5) of fhe [eroth [ mipht pefitionship mist be eptred
_(eg. 43 e L
A value_of D must be entered ; when using the rormal , or "special ©
VBeF , enfer D=1. )




User Instructions

Inilialize
Leng th

Print

1 CULLAND AND HOLT PLoT

B5 P

fxee. W

STEP INSTRUCTIONS DATAUNTS KEYS A
(I |
1 {Initielize , enfor D (and enter b in case of 0 (£ 1(a ]
___weight grow# ) 2 [s70][£] | e 000
e L
2\ For print_ophon , press (€11 [e-e00
To_clear prinl pplion | perform [ctFl[ o] v- oo
3 _|For_leng#h qrowth , perform ® L4 (£ 10 ] 44
R Ly £ 0] >
At LA ][ 1 é
C_JC ]
4 \To_calculate r?, K, and Lo  press L1l ] r*
' CIC ] |«
[ Lo
B
5 (JFa set value of Lrw> is b be used, C 0]
perform okp 3 | enter Lo\ and perform Lro) L—f:l (e ] K
I ]
6 |For weight growth , perform w7 (2101 Wy
' ’ Wy (£ 10 1] We
-l at (-2 v
1L}
7 |To calculate r?, kK and We . prees LA )l e ] r*
' - L1 K
(1] We
(I 1
8 |IF o set yalue of Wpey /s o Le used, Lj [;I
perform _step 6, Lnder Wiwy . ond perform | W) CA106 ] K
’ -
(I Y
1L ]
[ —
L]
]
]
1
C_ 1
1]

mn

]
L

197
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Program Listing «wm
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 001 #LBLa 21 16 11 057 RCLG 36 06
002 (CLRG  16-53 ] 058 X2 53]
003 p2§ 16-31 _] 059 RCLY 36 09 _|
004  CLRC 16-53 ] 060 060 : 24 _|
005 STOD 35 14 061  CHS -22_]
006 - CLX -517] 062 RcL? 36 07 |
007  RTN 247 063 + <95 _]
008 LBLA 21 11| 064 STOL 35 01|
009  §T00 35 00 7] 065 RCL2 36 02
510 010 R -31 7] os6 X -35 _
011 RCLD 36 14 067 5703 35 03
012 yx 3 068 RCLO 36 00|
013 §TOS 395 017 069 X2 53]
014 X2 -41 7] 070 070 RCL3 36 037
015 RCLD 36 147 a7t + -24 7]
016 yx 317 072 §PC 16-11 7]
017  ST02 35 027 " 073 PRTX ~147]
- 018 RCL! 36 017 074 RCLO 36 00|
019 - -45 ] 075 RCL! 36 017
&) 020 RCLO 36 007 076 z ~24 7
024 < -24 7 077 S703 35 03777
' D22 RCLI 36 01 7 078 RCLD 36 1477
023 RCL2 36 02 7 " 079 z -24 7]
024 + -55 7] 060 080  PRTX -147]
' 025 2 02 ] 081 RCLS 36 06
026 s ~24 7] 082 RCLY 36 0977
027  FO? 16 23 007 083 2 -24™]
028 PRTX -14 7] " 084 RCL3 36 037
029 X2 -41 > 085 X -35"]
930 030  CHS -22 7] 086  CHS -22
031 FO? 1623 007 087 RCL4 36 04
' 032 PRTX -14 ] 088  RCLS 36 09—
037  CHS -22 089 < ~24 7]
034 I+ 56 1 090 090 * ~55 7]
035  F0? 16 23 00 081 RCL3 36 037
036 PRTX ~14 7] 092 z ~24 ]
037 RTH 24 1 093 CHS -22
038 ¥LBLE 21 157 094 P78 16-51
039 25 16-51 7 095 RCLD 36 147
040 040 RCL4 36 04 096  I/% 52 7
041 RCLE 36 06 097 > 317
042 X -35 ] 0%8  F2? 16 23 02
D43 RCLY 36 09 7 099 G104 2216 147
044 = -24 ] 0% 106 PRTH -147
045 LS -22 ] j01 R 24
046 RCLS 36 08 102 #LBLB 21 1277
047 + ~55 7] 103 5700 35 00~
048  STOD 35 00 104 RL -35 1
049 RCL4 36 047 105  RCLE 36 15 7]
050 050 X2 5377 106 174 52 7]
051  RCLS 36 08 107 yx 3
052 + ~24 7] 108  RCLD 36 14
053 CHS -22 7] 109 X 31
054 RCLS 36 05 10 110 STO! 35 01 ]
055 t -59 111 Y -41 |
056 ST02 35 02 112 RCLE 36 15
REGISTERS
1 4 7
° used used ueed ° ° °
{so S1 SS S6 S7 S8 S9 .
used ueed used used ls‘ Zx 2 x* Iy Iy’ Sxy ¢
A 8 C . D E 1
a b=k D l b




Pl'()gl'am LiS‘ing (113 10 ond)
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 7% 52
114 r* 3 ] 170
115 RCLD 36 14 ]
116 yx 3]
117 5702 35 02
118  RCLI 36 01
119 - -45 7]
120 120 RCLO 36 00 7]
121 s -24 7]
122 RCLL 36 01 ]
123 RCL2 36 02
124 + -§55 7] 180
125 2 02 7]
126 3 -24
127 F0? 16 23 00 "
128 PRTX -14 7
129 X2y -41 7]
130 130 CHS -2z
131 FD? 16 2300 ]
132 PRTX -14
133 CHS -22
134 P43 56 7 190
1135 FO? 16 23 00 ]
136 PRTX -14 7
137 RN 24 ]
138 #lBLb 21 16 12 ~
139 RCLE 36 13
140 140 1oX 52 7
141 yx 3]
142 6T0c 22 16 13
143 wl8Ld 21 16 14
144 RCLE 36 15 7 200
145 1 kil
146  PRTX ~14 ]
147 RTN 24
148 xlBLc 21 16 13 ]
149 RCLO 36 14
%0 150 yx . 3]
151 §T08 3512
152 % 16 537
153 Ay -40
154 RCLB 36 12 210
153 - -45 "]
156 $T08 35127
157 % 16 53 ™
158  RCLB 36 12
159 3 -24
160 160  PRTX -14 7
161 RIN 24 ]
162 #LBLe 21 16 15
162 SF2 16 21 02
164 6TOE 22 15 ] 336
165 #LBLC 21 13 7]
166 SFO 16 21 00 ]
67 RIN 24
LABELS FLAGS SET STATUS
A I G T Ic , b . TE c_ -, 2
enfer Ls Uentr W's |7 Print rf &k L Print FLAGS TRIG DISP
itiolize |Weo) ¥ K Loy v K 1308 k Wo [° ! o 8% | oes FX B
0 1 2 3 4 ZWGIY/”? 1 00| craoO | sc T
5 3 7 s ) F 2 B R RAD [O ENG T
3 00 n=3%
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Program Deseription

progamTie ___Gullond and Holt Plot e
Name  [aniel fpuly L e Date Sep?., /980
Adaress . JCLARM . McC P.O. Box /504 e
. _Makoly, Metro Manile , Pilippines i

Program Description, Equetions, Variables, etc. G u//and and Holt (M69) demonsirated #t
_estimafes of K _and Lo can be obtaned by means of #ie relofionstip

4 - le arb Lyl
‘g Ly
R ———)

i %

x‘jn

D

where_Li omd Ly are the length of fishes of hme Uy and % , respectirely..
when _the_period At (=t -y) is short relative % He 7ol life Span_of He.
Fish, the _equalion yields an estimate of K Hrough ..

K=-6 .8

while L s estimoted #hroush o o o

e temE I

These _equations oan L2 easily expanded B cases. periarning 7o gromth  in_ werght.
by using values of W 16 jnstead of rhe _[ength values , and Jo #e gemerclzed
VB6F. by replocing the kergH ralues by LC values . A cet of yalue for e
asymptetiz_size (Liw)) may be used ir which case a " forced* Gullond
and _Holl Plot _resulfs , /' e.:

e kR = o 4)
(e0) ~ X

which can_be easily expanded to weigh! growth and o #e gemera fzed VB6F

Operating Limits and Warnings £) 4 ralke of D mvst be enfered ,j.c. D=1, jn #he tase of #e
Speeial VBEE and D< 1 in the gase of the generalzed VBEF. R

2) The original paper by Gullond and Holt (1969 Should e oonsuféed for o
method_(and table) 1o estimate the emror jnvolved . wsing Hhe approximations
in ,e/zaq#fm (2) ang (3) . When Hhe_print_cplion Is used with weights | rhe ouspst_are
W 1o and aw™/nt values.




User Instructions

1 . MUNRO
iniliolize initiolize
enter (. enfer W

PLoT

Ont K's

NOTES : The At Should be expresses

N days. The K values are annua/rvaluss.

For print poliern , poress

To _tlear prinl opfion , perferm

|
_

STEP INSTRUCTIONS DA'#;S;,TS KEYS nx)#:/:rns
11
GROWTH IN LENGTH a1
1
4 |bnter oy . D and initialize Lew) (A0 | L)
¥7j III II] 0. 000
11
2 | fnter dola 4riplets Ly A1 L
Ly [Il [:] L
at a1 ) é
13
3 | Remove erroneous dala triplt Ly (£ 1C ] 4
Ly (101 Lg
4t Co 1] i-1
(I
4 | Coleulale mean value of K and ifs C.V. Ce 11 K
(1] C V.
1
CROWTH IV WEIGHT C 1]
31
5 \Enfer Wy , D b and initialize o) A ] 1 Wea
0 210 0
b (£ ] e ] 0. 000
CJC 1
6_|Enter dats _triplets Wy CAJC ] 7
W (2101 A
4t - é
1
7 | Remove _erroncons deta _tripret My (£ ] "
We 1 [/
4t LA ] (-1
1
8 | CaleulaTe mean value of K and ifs C.V. Le 10| K
' (1] C. V.
]
]
]
(o]
(e ]
]

e8]

201
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Program Listing

KEY CODE

STEP  KEYENTRY  KEY CODE STEP _ KEY ENTRY STEP K%E"m:ﬁ Kev °°‘:15
o1 001 #LBLa 21 16 1f 038 Is 56 _| ] 2 -
ogz CLRC ‘ 16-53 039 RN 24 ] 076 RCLD 36 14 |
003 P2S  16-51 _ 040 040 *LBLE 21 15 077 ROLE 3615 _
004  CLRG 16~53 041 SPC 16-11 ] 078 z -24 ]
005 STOD 35 14 042 ¥ 16 53 - 0739 yx 3
00§ yx 3 043 PRTH 14 080  CHS =22 ]
007  ST0A PRI g44  STo0 35 00 ] 081 RCLS 12 |
008 (LX -51 | 045 S 16 54 082 + -55 _
009  RIN 2¢ | 846 RCLO 3 00 | 083 LN 32 ]
oto 010 *LBLA 21 11 047 -24 ] .84 Xy -41 1
o1y STOC 3513 048  PRTY -14 ] 085 - -45 ]
012 R -3 049 RIN 24 1 086 ncec 36 13 _
013 RCLO 36 14 ] 050 050  R/S 51 ] . 087 = -24 ]
014 ¥ 31 ] 051 #LBLb 21 16 12 ] 088 3 0 |
015 CHS -22 052 (LR  16-53 ] 089 6 g6 |
016 RCLA 36 11 ] 053  P:5 16-51 ] 090 090 5 a5 ]
o017+ -55 | 054 (LR 1633 031 «x -33 7]
018 LN 327 055  STOE 3515 092 Fg? 16 23 00 ]
019  K2v -4 7] 056 Mt -41 093 PRT); p 23-(!); i
620 020 RCLD 36 14 ] 057 SToD 35 14 ] @94 F27 ) 2]
02¢ yx 57 058 K2y -41 ] 095 RIN g )
022  CHS ~22 7] 059 = -24 ] 096 I+ 6 ]
023 RCLA 3 11 060 060 X K7} i 097 RN 24 ]
024 + ~55 061  STOB 3512 ] 098  R/S 514 i
025 LK 2327 062 K -51 ] 099 #LBLD ] gl (1)2 ’
026 XY -4 7] 063  RTN 24 ] 100 100 SF2 1 2; 2]
027 - -45 7] 064 #LBLB 21 12 ] 10! &sBa 16 d
A A N
029 2 .24 - ’
030 030 3 53 N 067 RCLD 36 14 164 ®LBLd 21 16 14
031 6 06 ] 068  RCLE 36 15 ] 105  SF2 16 g 02 1
032 5 05 | 069 < -24 7] 106 6588 1 ;é ]
033 X -35 1 070 070 yx 3] 107 I- 6 ]
034  FO? 16 23 60 | 071 CHS -22 ] 108 RN 24
035 PRI -14 7] 072 RCLB 3% 12 ]
036 F27 16 23 02 073+ -55 ] 110
037 RIN 24 074 LK 32
LABELS FLAGS SET STATUS
Yonter L enter w P prrt Peorr. t 8, o.v. [Drint gprion| FLAGS  TRIG DISP
) F
Qﬂh_‘ll!e L t;'m'h‘ali:e W ¢ dcorr. w ° ! 0 93 Cg DEG ® Fg('
; ‘ i i ; merieas |1 5 5| SR B | 5 B
° ° 7 ° ° 3 300 n=
REGISTERS
o 2 3 4 5 6 8 9
vsed
S3 S6 S7 S8 S&
> i = > Zx Ssased wced used used P
A D B C D E 1
Ly NZ", vsed D b




Program Deseription

Program Title ‘MU'?" o Flot , e ) e
Name Danie/ Pouly .

 Hokoty | Metro Many (o, Philppines.

.. Date J'e,ot /j?-éo,
Addess ___ JCLARM , mcCe P.0. Box 150/

Program Description, Equations, Variables, otc. . — e
— - Munroliae) suggesfed phat

lope (= L0 )= logg (4w ~13)

i

_ w/no// éecwnes m /o'ms' of He qemrra/«;ed VBGF ond M/IM @ a’///ef;;;" B

k(b-a) .1

notalion

/'7[1/.0) 112 /n(L(_,) 1) KD (t: -24)

ST

_Given o ralue of Dand a first yalue of "4[;@ .

e’?xaﬁ'aﬂ (?) ean ée useg » oé/n;r

singk m/lves of K (ope for eack inplet of 4y, %

_The calcwlatad ralnes of A hare e property p/ ée/ﬂ? G/a.re 7o each orter

when _an ooty mal valve of Ln) has beern seleated , ond % difper widely from

_Others _when the selected value of Luny 45 Tw figh or oo few.

hus, wbt{ Cd/al/or‘/na for_a _qiven _nalue of Liny e _toefpicient of yariaXon

of the K- yalues (C’ o/A’ : S.d- of Kvalues /K ), ore mag_ selecl by
tria!l and error fhe value of ‘4uo) which produces e fowese O Ve
Kyalues ond whichk thas corresponds B Lo (= best Lisy ).

7/re me thod fesem bles e "forced ® Gullondg and Kot Flot in Hat abk

nrwm’mg ct Belutions (<= K- Va/ues) /;zspe a:’/m a/ ﬁe w/lue a,ﬁ q4%.

e

Operating Limits and Wamnings ) “c.0) smust_de higher thar Pny 4z vafae . e
) 0 At _must be expressed 7 days.

2 Pe K-valves are pUF on_an_annual basis awbm:ica// ’
A A ralue of D must be enfered; set D= 1 when using
e the_rormal or "specyal ' VBEF.

203



User Instruetions

F8 7o

& FITTING SFASONALLY OSCILLATING GROWTH DHTA I D

[l initlelize
™~ inpdt

INSTRUCTIONS OAYANITS KEYS m°.,"m"“'
Read sides £ and 2 of card L and jmtralize 10 [0- 00
5 120000000
10000000
Enter dola . » ¢ ¢
4 i
=1 42, ¢

Read sides 1 and z of eard X , and go

L Users Instruclions  Port J.

NOTES :

9) Inpat _routine bkes about

/5 _seconds per dola friplef.

2) Zi, is_erbered with each

41 of, lergth - of - o9¢_yalues.

00000000 CO0CO00000000000000006HEERL
JO000o0OOooooCoOoROCooooCOuoboo0OHsHL

-
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Program Listing o
STEP  KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 001 #LBLa 21 16 I 057 RCLC 36 13
g0z CLRG 16-53 1 058 x -35 7
003 700 35 00 059 RCLY 36 05
004 STO4 35 04 | 060 060 RCLB 36 12
005 s§TO7 35 07 061 x -35 7]
006 STos 35 09 062+ -55
07 P 16-51 063 RCL4 36 04
008 CLRE  16-53 064 RCLA 36 11
009 RAD  16-22 ] 065 X -35 ]
010 010 RTH 24 | 066 + =35 ]
011 sBLA 21 I1 ] k 067 RCLI 36 01
012 STOD LU NI S 068 * 33 ]
013 = 2471 S SN 069 P25 16-91
014 CHS 22 11 S MR 070 070 5T05 35 05 ]
015 ! L NS A3 O 071 ACLA 36 11
016+ -55 ] S€ 072 x -35 ]
017 LN 32 883 073 K ~41 7]
o8 st 3514 ]I ¥ o 3§ 074 ST04 35 04 ]
019 K2y 4~ 075+ ~55
020 stc I T LS a76  STOD 35 14
021 2 02 S § & 077 PrS  16-51
022 «x -5 LS & 078 RCL8 36 08 7]
023 Pi 1624 JeS XY o 073 RCLC 3613
024 x 235 1| o 3§ 060 080 X =35 7]
@25  SIA a1 § 3% 081 RCL7 36 07 7]
" 026 RCLC 361371 < E 082 RCLE 36 12 7]
027 XY 3] 3§ 4 083 & -35 ]
02§ RCLC 3613 ]~ T 8 é 08¢+ -55 7]
029 2 02 7 &S S 083 RCLS 36 05 ]
0% 030 x 3571 2 g 086 RCLA 36 1l
031 P 1624 ] R 087  x ~35 ]
g2 x ] BTN 088+ -55 7]
033 s 42 7] 2 ¥ S 089 RCL2 36 02 7
034  RCLO 36 14 TSR 080 090 + -39 7]
035 ST+ 35-53 08 S¥= 051 RCLY 36 09 ]
036 K2 53 7] 092 RCLC 361377
037 5T+9 35-55 09 093 x -35
038 Ri -31 7] 094 RCLE 36 08
039 £sB0 2% 14 T 095 RCLB 36 12 7]
040 040 - -43 096 X -33 7
041 STOE 33 15 7] 037+ -55 7
042 P25 16-51 T 098 RCL6 36 06 7]
043 RCL3 36 03 ™ 099  RCLA 36 11 7]
D44 RCLC 36 13 7 100 100 x -35
045 X -35 7] ot + -5
046 RCLZ 36 02 * 102 RCLI 76 03
047 RCLB 36 12 7] 103+ -55
048 X -35 * 104 P35 16-51 7]
049+ -55 ] 105 5107 35 07
050 050 RCLI 36 01 106 RCLC 36137
051 RCLA 36 11 ] 107 x -35 7]
052 x -35 7] 108 X ~41 7]
05+ -85 109 6T06 335 06 ]
034 RCLO 36 00 ] 0 110 RCLB 3612
059+ -55 _| e oox -35 7]
| 056 RCLg 36 06 12 + ~55
REGISTERS
4 ’ 6 7
° O ! bg F bg Ia ba used Sw'ed used used ° wsed Igu:ed
Iso S1 S2 S5 S6 S7 S8 S9
Co G l G ] (s Cy Cs s e | & [ L
- B E
used ] used © usea used l used Courter
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Mmm LiS“ng (113 to end)

STEP KEY ENTRY KEY CODE KEY ENTRY KEY CODE COMMENTS
113 RCLO 36 14 169 RLL6 36 06
114 + -53 1 70 170 X -35 7]
115 ! 01 171 RELE 36 15
116 + -55 172 RCL7 36 07
117 1% 52 173 X ~33

174 pes 16-51
175 §T-6 35-45 06

118 570D 35 14
119  RCLE 36 15

L1111

120 120 x -35 176 Re =31 7]
121 STOE 3515 177 ST-5 35-45 05
122 RCL7 36 07 178 RY -3 7
123 x -35 179 ST-4 35-45 04
124 ST+3 35-55 03 | 180 180 25 16-51
125 RCLE 36 15 7 181 RCLD 36 14
126  RCL6 36 06 7 182 RCLS 36 06
127 . x -35 7] 183 x ~35
128 ST+ 35-95 02 7] 184  STOE 35 15 -
129 RCLE 36 15 7] 185 RCLS 36 06
130 130 RCLS 36 05 7] - 186 x -35
131 x -35 7] 187 RCLE 36 15 ™
132 ST+t 35-55 01 * 188 RCL7 36 07
133 RCLE 36 15 77 189 X -35 7
134 RCL4 36 04 790 190  RCLD 36 14
135 X -35 7 191 RCL? 36 07
136 ST+0 35-55 00 | 192 K2 53
137 RCLD 36 14 7 193 X -35 7
138 RCL4 36 04 194 25 16-51 =
139 x -35 7] 195 S§T-9 35-45 09
140 140  STOE 35 15 7 196 Ri =31
141 RCL4 36 04 197 ST-8 35-45 08
142 X -35 "] 198 Ri -31
143 RCLE 36 15 7 199  ST-7 35-45 07 —
144  RCLI 36 05 7] 700 200 P:S 16-51 -
145 x -35 201 1s2] 16 26 46

146  RCLE 36 15 202 RCLI 36 46

147 RCL6 36 06 203 RTH 24 -

148 x -35 204 #LBLD 21 14

149 RCL7 36 07 1 205 STOC 35 13
(3 150 P 16-51 206 Ré -31

151 Ré -31 7 207 STOB 35 12 -1

152 ST-2 35-45 02 7 208 RS ~31

153 Rl -31 7 209 STOA 35 117

154 ST-1  35-45 01 "] 210 210 RCLD 36 14 -

155 Ry -31 7] 211 RcLO 36 00

156 5T-0 35-45 00 ™ 212 RCLI 36 01 -

157 RL -31 7] 213  RCLA 36 11

158  RCLE 36 15 ™ 214 X -35

159 X -35 7 215 + ~55
160 160 ST-3 35-45 03 7 216 RCL2 36 02 1

161 P25 16-51 7 217 RCLB 36 12

162 RCLD 36 14 7 218 x -357

163 RCLS 36 05 219 + -55 1

164 x -35 7] , 220 220 RCL3 36 03

165 STOE 3515 _ 221 RCLC 36 137

166 RCLS 36 05 | 222 x -35 7]

167 X =35 _ 223 + -557]

168 RCLE 36 15 224 __ RTH 247

LABELS FLAGS SET STATUS
_ LABELS
Renter dabi|o c P sed I 0 FLAGS  TRIG DisP
a4 g c d e 1 ON OFF
mtalige oD ®| DEG O] FIX ®
0 1 2 3 4 2 1 O ® GRAD g SCi lrjl
2 O ®| RAD ENG

5 F 7 P F g s 0 n=2
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Program Deseription I

| Program Te _LcHing veasonally Oscideting srowt date I

Neme _ D. Pouly and 6. Gavehitz , Datot/”/‘/ /17
‘addross  _LCLARM, MCe P. 0. Box ;501 . e
. Makall , Metro Monila , Phrlippmnes e

Program Description, Equations, Variables, etc. 1) 677¢n o Prlbminary _malue of Loy, 2 Valve
o 0. and_feng#h - of - age_dala , Hre program (Part I and [ ) o5l mates #e
valves of the porometers K, % , ts and C _of the ezaai‘/‘oﬂ

S —— . KDt~ — - e s
e e _‘-__—4‘{__'_ Z ( ¢ b)fe _# m_t_”l (t‘“a—)' o o . /1)

p/m:/: s a uers/on of e 3enem//z¢d }'56"/-' awbé/e 75 desors ée «.reasme;ry_“
e //o/mg _gagﬁ_grmﬂ- of aumols  e.q9. of frshes.

) ?) T%e pammeflr Mmflﬂﬂ “s éa;fd on ma/:@o,é' /z?fzg,s/wz aﬂo/q:/; Me g/&«-
Jatron gf’ e _regression coeffreien’s. s based on HE program. Mu//rp/e Kegression
Ana/(/us g sos84  HP 67/9F Users' Librarg (fz/ro,oe)/q Japlio Aes-
ferfund - 4 a@/er‘mg S8p 009, and shps Or2 %o Q3¥, e preseny program.
_Qan_olsp be used for dolting. . ,ma/ﬁ/k /vg/vs.f/oo Aob/ems mua/rmg F -
@Qjﬂdeﬂt _yariables (vee frogram Listing).7n such cases, Hhe second part.
p/_f/m Proqram _may be used Sfor . es‘//naz’/”q_ R2 (e regress/on_cpeffi'clons
(0, b, b and b ) are sbred i STO O % _JI703)

3)_1776 /""Ze__ili”!bd.f [ /05) used mben )ﬂ/ ;k:)/xm? m;,' 6:2 /‘g,a/aceo; ;#;;»;4{
_large_naméer of simitar_mibgn e . e

4) e _program. acce,elz— m/y e ;ear as tme (. age) wi't. e a//wo/;-;;te B
_eonrersions may be performed when. em‘ermg e ta.

)
Operating Limits and Wernings 1) Z.,, ~ £ it odlways be @ pos/tive pumber

2) The ralues of fime (age) must amways be expressed
_ In g4ears or frackons Hhereof.




User Instruetions

é‘ FITTING SEASOMALLY OSCILLATING GeowTH OATA T T

ond gp fo_step 7.

NOTES :

1) When C_output is rega#ve,

storm  and T rding %

instructions in Frogram Zrscrrplion VA

£) J‘aﬁnq C=0 in 6‘@ 8 est/mares
values of Le for the unseasorolized

VBGF .

sTep INSTRUCTIONS AT TS KEYS O TAUNITS
L 1L ]
3 | You hove okready readin sides £ ond 2 of #is C1C ]
program card, /f notl , do (¢ now . C_ 1] lo-co0

C_1C 1]

4 | Calculate R* LA 1] R*
[ 1C_]

5 | Calculate kKB, b , b and ¢ L£ J[ 1] KD
L1 ] |
(I N I
C_1C ] c
C ]

6 |0 est/mak the length corresponding B o given C_ 0] -
t_valug, periorm Loy Stol[ A ] | L

L JL ]

7a | Then calculote volvwe of L t (11 | «f

7b | Step 7 may be repeated of will, e.9-_in order fo D Ly*] Le
draw g seasonally osciflating qrowth cdrve.. B

i L JL_ ]

8 |If Ly yalves are 1o be caleula tfed without #e L1
parameters havirg been esimated internally, C_ 1]
perform (RAD)| | fhen Loy Z,ﬂ)
' — KO KD

to sro|[ 5 | )
s o | [ e ] s
C c

C_J

L}

]

L]

L]

L]

L]

L1

L]

L]

L]

Ll

L]

JOOoUd000000 s

209
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l’mgram Listing wiwm
STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS
[oor 001 LBLA 21 11 §57 RcLaA 36 11
002 3 03 038 X -35 ]
003 sT04 35 04 7 059  RCLO 3 14
004 PS5 16-51 : 060 060 RCLS 36 05
005 RCL7 36 07 061 X -35
006 RCL4 36 04 7 062 RCLE 36 15 |
007 X -35 7 063 - -43
008  RCLS 36 05 7 064 RCLB 36 12 ]
009  RCLS 36 05 065 X -35
010 010 x =35 7] 056 - -45
01! ~ ~45 7] 067 RCLC 36 13
012 STOA 35 11 068 RCLA 36 11 ]
013 RCLS J6 08 ] 069 X ~35 ]
014 RCL4 36 04 070 070 RCLB 3 12 7]
015 X -35 ] 071  RCLB 36 12 ]
016 RCL6 36 06 072 x -35
017  RCLS 36 05 073 - -45 7
018 x -35 074 . -2¢ 7]
01y - -45 075 P25 16-51
020 §T0B- 35 12 076 S5T05 35 05 ]
* 021 RCLY 36 09 077 P:S 16-51 7]
022 RCL4 36 04 078  RCLD 36 14
023 x -35 079 RCLS 36 05 ]
024 RCL6 36 D6 T foso 080 x <35 |
025 RCLG 36 06 081 RCLE 36 15
026 X -35 082 - -45 7]
027 - -45 083 oy -41 7
028  STOC 35 13 - 084 RCLB 36 12 7]
029 RCLA 36 04 085 x -35 7
%51 030 RCL2 36 02 086 - -45 7]
- 031 RCL! 36 01 087 RCLA 36 11 7
032 P:s 16-51 088 s -24 7
033 RCLS 36 08 = 089  P:§ 16-51 ]
034 X -35 ™ 090 090 5706 35 06
- 035 RCLI 36 01 091  RCLS 36 05
036 - -45 7 092 2 16-51 7]
037  STOD 35 14 093 RCL6 36 06
038 R -31 094 x ~35 7
039 RCLS 36 08 ™ 095 K2y -41 7]
oo 040 x -35 096 RCLS 36 03 7]
041  RCL2 36 02 097 X -35 7]
042 - -45 098 + =55 7]
043 X -35 - 099 RCLO 36 14 7
044 STOE 35 15 = 700 100 + -85 7]
045  RCL3 36 03 - 101 RCL4 36 04 7]
046 RCL8 36 08 — 102 2 -24 7
047 25 16-51 = 103 CHS -22 7
048 RCL3 36 03 - 104  P2S 16-51 7
- 049 x ~35 105 §T07 35 07
o5 050 - -45 — 106 RCL] - 36 46
051 RCL4 36 04 107 RCL4 36 04
052 x -35 108 - -45 ]
" 033 RCLO 36 14 109 1 01 7]
054 RCL6 36 06 110 110 - ~45 _]
055 x -35 "] 111 sroa 3511 |
| 056 t -55 7 112 RCLO 36 00
nemsrsns s )
go [+ R ! b’ 2 b" é “‘ed/K as‘d/tg “‘d/t; ll‘Cd/C W I used
S1 S7 S9
Co ) b F ] % I Cy
A B €
used T used ] r




Pl‘gmm LiS‘ing (113 to end)
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STEP KEY ENTRY KEY CODE COMMENTS TEP KEY ENTRY KEY CODE COMMENTS

113~ RCL8 36 08 169 B -24

114 x -35 7] 170 170 CHS -22 7]

115 RCL7 36 07 ] 7t TAN- 16 43 7]

116 RCL! 36 01 172 Pi 16-24

117 X -35 173 s -24 7

118 t -55 7] 174 b4 02

119 RCL6 36 06 7 175 3 -24 ]
120 120 RcL2 36 02 7| 176  PRIX -14 7]

121 X -35 7] 177 STO06 15 06 7

122 + -55 7] 178 (SBs 23 16 11 ™

123 RCLS 36 05 179 SIN 41

124 RCL3 36 03 7 180 180 RCL4 36 04 ™

125 x ~35 7] 181 X -35 7

126 * -55 "] 182 RCL3 36 03 ™

127 RcL® 36 08 " 183  £SBa 23 16 1t

128 A2 53 " 184 z -24

129 RCLI 36 46 185  1/X 5¢
130 130 + ~24 " 186  PRTH -14

131 STOE 35 15 187 sTp7 35 07 7

132 - -45 188  RTN 24 -

133 STOD 3514 7 189 #L8LC 21 13 ™

13¢  RCLY 35 0% 1% 150 5708 35 12 ™

135  RCLE 3615 7 19t RCL6 36 06 7]

136 - -45 7 192 - -45 7]

137 STOE 3515 7] 193 §SBa 23 16 11 7

138 + -24 194 SIN 41

139 sT08 3512 195  RCL7 36 07
140 140 RCLE 6 15 196 x -35 *

141 RCLD 36 14 197 P 16-24

142 - -45 " 198 2 -24 ]

143 RCLA 36 11 - 199 2 02

144 : -24 ™ 200 200 3 -24 7

145  sTot 35 13 - 201  RCL4 36 04

146 RCLD 36 14 7 202 X =35 *

147  RCL4 36 04 T 203 RCLB 36 12

148 : -24 204 RCLS 36 05 ™

149  RCLC 36 13 ] 205 - -45 *+
150 150 2 -24 206 RCL4 36 04 *

15 §100 35 14 207 X -35 *+

152  RcL8 36 12 208 + -55 7

153  RIN 24 " 209  CHS =22 1

154 #LBLE 21 15 ™7 710 210 ex 33

155  RAD 16-22 211 CHS ~22 "

156  RCLI 36 01 ™ 212 1 01 -

157  CHS ~22 213 + -55 *7

158  PRTY -14 214 RCLA 36 11—

159  ST04 35 04 215 x -35
160 160 CHS ~22 7 216 R4 2¢

16/ RCLO 35 00 "] 217 #lBLa 21 16 11

162 XY -41 ] 218 p: 16-24

163 ¢ -24 29 x -35

164  CHS -22 %0 | 220 2 02

165  §703 35 05 ] 221 X -35

166 PRIX -14 7] 222 RW 24 7

167 RCL3 36 03

168 RCL2 36 02 _

LABELS FLAGS SET STATUS
A 2z |B c I E 0
R > Lt > K% ts C FLAGS TRIG DISP
v ¥x2z |[wfre: | ‘ ° 1 v DW| o6 O ) Fx m
0 1 2 3 4 2 10®R]| GRADO | sC g
20®]| rRaD @ | eng

° Jlsﬁ 7 i? ,; 3 D& n=3
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Program Deseription I

Program Tie __ /7 #ing_Veasonally Qcillating Jromth DJalta £ - o
N-no.._.<,__”,'._,,Q;_F£Q[9___ _ond G- Gasehite Dt uly , nre
Faddress ___ JCLARM , McC _P.O. Box 501

Makaly , Metro Maniia , i/ ppines

Program Description, Equations, Varlables, etc. (e aléo  Hogram Llescriphon. Z)

5) The_routine_for. //x eshmation of R® is taken fom " Sklischios for Mutipl
,,__Wﬂggq_essmﬂ Anatysis ” No. 50595 , WP 67/97 Users’ Lidbrory (Furcpe) é/
_Tapio Westerfund .

; 62 Due 1 size //»r)/ﬂo}‘/o/)‘ b»ée ﬁn?mm ma(/ noz a/Wag/.C pﬂoduce jp-!'/ff/l m/ues ‘
_of L. aneqatine yalve of C_is encountered, te following #ransformalions
Should be applied

0 ohame -C D orC_ B

ond b odd 05 1 the wolve of Bs.

. A[/ﬁpa;ﬁ e JWS‘ ot C a—na’ z:'_; h/;es ( or/yma/ ana' Wﬂsfofnec/ ) are

_CQuivalent_inHielr effedts on a qrowth curve, e use of He Hansformed values.
_agrees beler wt He defin¥on of C gives7 /n rhe fext.

7) Bogram Mo 50535 (wee &) above ) may be used su&refruc”t/y b s
_program Jo obforn  oddifional Shotrsties_for e maltiple liear regression (€-q-,
%o_oblain Standard _errors = and [ -values for fhe regressiom  epfrorents ).

Opersting Limits and Wamings &) Jx_ya/ues of Time. (age) must always be Capressed /n.
. years or fraclkoms #ervef.

B .!) &Qp" 6 7 and € masz‘ fo//aw srgo 5

~ 2 ay not ',{orgat . wéwr aff//caék ’ ﬁ@ ﬁnﬂsform;;/ads _
e recommended _in &)




User Instructions

4 JEASOMAL GROWTH FROM TAGS/NG DATA

FB8g

2

STEP INSTRUCTIONS AT ONITS KEYS orTATS
L 1C ]
1 Vfoter D ang initiokize D r_}"::] (e ] 0.000
C 11
2 \fnter dalke Lg [0 L
Ls (I Ls
4t CZ1C ] ¢
r(ce) | A ] ¢
11
3 | Estimate a, b, b, and R* L] R*
1] a
C_ 1] b
I ]
4 | 7o estimate value of Lo and K, enter T ’ 7 L.c] 1 Leo
N-B. K will _be expressed inthe units (I K
of #Hme selected for 4t . .
‘ |
5 |To estmate value of C ,enter Is, Ty ond T * e (A1
T L7 ] (]
s |
(. S
6 |To estimote yalve of K based on g forcing [.:‘___‘J L;_
value of L3 5 do Loy Li_ i L_j
a (2 1l e . K
(1]
NOTES T
* T : highest mean moninly Herperature [
ina gear (1] [f;;]
Ty lonest mean monthiy Temperature L 1]
in_a gear 1]
T _:_mean_onnual demperature 1]
)
1]
C I ]
0]
C ]
C 33
I .
1]

213
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Program Listing <
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 000 #*LBL. 21 16 II 037 RCLB s6 12 |
002 CLRC 16-53 ] 058 RCLC 36 13 ]
003 P25 16-51 "] 059 X -35
004 STOO 35 00 | 060 060 ST+3 33-55 03 |
005 P§ 16~51 ] 061 I 01 |
006  CLX -5¢ 062 ST+0 35-55 00 |
007 RN 247 063 RCLO 36007
008 #LBLA 21 11 ] 06¢  RIN 24 ]
009 25 16-51 7] 065 +L8LI 21 01 ]
010 010 STO4 35 047 066 §T+i 35-55 45
T o R -3 067 RCLI 36 46
S0z §T03 35 03 7] 068 3 a; ]
K] RL =31 7] 069 - 45 ]
014 RCLO 36 00 7] 070 070 STOI 35 46 ]
L5 v 31 071 Ry -3t ]
616 STO2 35 02 7 072 X2 53
oL7 Re -3t 7 073  ST+j 35-35 45 |
018 RCLO 36 00 7 074  RIN 24 :
019 yx 3] 075 xLBLE 21 15
fez g0 870t 35 01 7 076 RCLO 36 00 7
021  RCL2 36 02 077 RCL4 36 04 7]
D22+ -55 ] 078 x -35 7]
023 2 02 7] 079  RCL7 36 07 _
024 s -24 7] 080 080 xe 53
025 RCL4 36 04 | 081 - -45 7]
026 RCLZ 36 02 082 STOD 35 14 ]
027 RCLI 36 01 083 RCLO 36 00
028 - -45 084 RCL3 36 03 7]
029 RCL3 36 03 085  x -35 7]
%0 D30 + -24 7] 086 RCLS 36 08 7
031 P:s 16-51 087 RCLS 36 09 7]
032 sToc 35 137 088 x -35 71
033 R4 -31 7 089 - -45 7
034 STOB 35 (2 7 090 090 X -35 7]
035 RS -31 7 091 §TOC 35137
a3  STOA 3511 7] 092  RCLO 36 00 7]
037 7 07 093 RCL) 36 01
038 STOI 35 46 - 054 X -35 7
039 RL -31 095 RCL7 36 07 7
040 040 6581 23 01 7] 096 RCLS J6 08
041 g 08 097 X =357
042 ST0I 35 46 ] 098 - -45 7]
043 RCLB 36 12 7 099 5704 35 117
044 6581 23 01 760 100 RCLO 36 00
045 9 09 101 RCL2 36 02
046  STO! 35 46 102 x -35
047  RCLC 36 13 103 RCL7 36 07
048  6SBI 23 01 7] 104 RCLY 36 09 7
049 RCLA 36 11 j 105 X -35 ]
950 050 RCL8 36 12 106 - ~45 7]
051 x ~35 7 107  §T08 35127
p52 ST+l J35-55 01 ] 108 X -35 7
053 RCLA 36 11 7] 109 RCLL 36137
054 RCLC 36 13 7] 110 110 K2y -41 |
055 x -35 1t - =45 ]
g56  ST+2 35-55 02 112 RCLD 36 14
REGISTERS -
o 1 2 3 4 S 6 7 8
n Zxy l A A 3 x* Ty? Sz* 3 x Jy zz
{so S1 S2 ) SS S6 S7 S9
L2 P Par [ree)
A B C D E I
a b e used used Ased
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Pl‘gmm LlS‘lng (113 1o end)

STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS
113 RCLO 36 00 169 PRIN -14
114 RCLS 3605 ] 170 170 RCLB 36 12 ]
115 x -35 171 PRTY -14 ]
116 RCL8 36 08 172 RCLC 36 13
1Hr e 53 ] 173 PRT¥ -14 ]
118 - -45 174 RIN 24 7
119 x -35 7] 175 sLBLC 21 13 7]
120 120 RCLA 36 11 ] 176 RcLC 36 13
121 X2 53 ] 177 x -35
122 - 45 ] 178 RcLA 36 11 7
123 ’ -24 179 + -55 1
124 sTOC 3513 7 180 180 RCLB 36 12 7
125 RCLB 36 12 7 181 z 24 7
126 RCLA 3611 ] 182 P3S 16-51 1
127 RCLC 3613 ] 183 RCLO 36 00 ]
128 X =35 ] 18¢ 17K 52 1
129 - -45 7 185 ¥x 31
130 130 RCLD 3614 7 186 CHS =22 7
131 s ~24 ] 187  PRTY ~14
132 S708 35 12 188 RCLB 36 12
133 RCLI 36 09 189  RCLO 36 00
134 RCLC 3 13 7 790 150 z -24 7
135 RCL8 36 08 ] 191 CHs ~22 7
136 X -35 7 192 P35 16-51
137 - -4§ 7] 193 RIN 24
138 RCLB 3612 194 wlBle 21 16 13
139 RCL7 36 07 7 195 s70! 35 46 1
130 140 X -35 7 196 R -31 1
141 - -45 1 197 - -45 "
142 RCLO 36 00 198 RCLC 36 13 1
143 5 -24 1 199 x -35
{44  §T0A 35 11 7 200 200 RCLI 36 46
145  RCLY 36 09 ] 201 RCLC 3613
146 x =35 ] : 202 x -35 1
147 RCLA 36 12 203  RCLA 36 11
148 RCL2 ¥ 02 7 204 + -55
149 X -35 " 205 2 02
150 150 + -55 206 x ~35
151  RCLC 36 13 7 207 z -24 T
152 RCL3 36 03 208  PRTX -14
153 x -35 7 209  RTN 24
154 + -55 1 210 210 #lBLe 21 16 15
155 RCLS 3609 7 211 RCLC 3613 1
156 Xz 53 ] 212 X -35
157 RCLO 3 00 1 213 RCLA 36 11 ]
158 % =24 214 + -55
159 - -5 1 215 XY -41
160 160  RCLS 36 06 ] 216 z -24
161 RCLY 36 09 7 217 P2S 16-51 ]
162 xe 53 218 RCLO 36 00
163 RCLO 36 00 219 P25 16-51
164 $ <24 ] 56 | 220 1/% 52
163 - -45 7] 221 v 31 ]
166 + -24 ] 222 RTN 24 7
167  PRTX -14 ]
168 RCLA 36 11 _
LABELS FLAGS SET STATUS
R E NG Eq 0
v enter data % > L K % & 0,6,¢ FLAGS __TRIG DISP
A, b c_ _ d e 1 ON OFF
initialize &7 Im?l ey, T *K o O ® | DEG FIX ®
0 B 2 3 4 2 1.0 GRAD O sCl O
2 0®R| RO O eng O
> F 7 8 9 F 3 g :x n=3
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Program Desecription

Program Tvie _ Seasonal Growth from Tagging Dao __ e
Neme  Danie/ Ruly e om\/umrq,/?lz

adaen __ ILLARM , MCC PO. Box t50r O
Matori , Mefro Monilo , plr////)//ﬂes' L o -

Program Description, Equations, Variables, ste. 4 __mu/fipk reqression_of the form .

YE0rbXy by D

/5 used Yo eshmate #,e parame/er: éﬂ ana’A’ q,{f//e VB&/—' P fp//vwmq

Y= L4 bty md Xp= LJ L /2, where Ly and

_ Ly ane the /e_np%,_ ot qu_?L_q_ ond ot rx ,cppﬁf'z m:pm_ff/l/q ,__w”ﬂwﬂﬁayb -
e_1 ﬁms Yy ond 1 , while Ka IS the mean water femperature when o given pish

- was at farge (T). Thus, qiren o serjes of iy ond Ly daly, of the fimes af large
_and heir Mﬂd{ky_ﬁ@ﬂmﬂus L The_qrom 1% _parameters ean ba cshmated

__prom e /0—,73;7 )} Y -y

o0
~b

and __ . . o

K = ~b/D If__{____zL_,_,_'_".[.fff

_ond ¢z (& (T-T) )/2 (at /627)) - 4)

" Where_J; js the lighest (summer) ond Ty the lowest (winter) mean mmf/:& Yemperntures
__in the _water body in question , whike T s the mean annual Fmperatere. ..

_In_analogy h the " forced bulland and #olt Pl ¥ (see Bogrom FBE ), forcing vl
 of 4o cor ée.ﬂtg’/ﬂjgmez_’c@e._!/.rfé_qezqz?w_ib. which allows for A b be es-
timalted even when the fshA_used represenfed a narvow. ronge of [(engi#fis only.

Opersting Limits and Warnings £) @ /e of 2 must_be be entered, il , D=L when the gecelal
YBSF /s used , ond D<1 phen Hu gencralized raa‘f,« wseqd.
_8) Yhe _ralues of Ly K ond C obiained. by s meﬁoo’ a/z B

IM_LLLLMM/J b wn/mea‘ _whernever pess/ble. , #sing o¥ier ,»ezﬁ@-




41 cﬁmwfo VBGF AND DERWATLIES : SoLUTIONS FE92p

»L M - dw/de h{g t -':'
STEP INSTRUCTIONS oA"r“A)’uu;'rs KEYS om
L1
4 | nter in any order, the reguired constan’s (I
" Leo [sro ] [Ca] Leo
Moo sto (8 ) Weo
X 2] K
to [o ] to
J7) Gsro ] [2_] D
b $70 b
C1C ]
2 | Find solutions : C 1)
11
2.0 length ot a given oge ¢ CA 1] Ly
2.4 weight at_a giren oge t ] A
Z.2 oge ot g given flength L ] t
2.3 age_at o giren weight W (£ ] ¢
2.4 to for 0 qiren length ond age L ) . L
- ¢ (2101 | %
z5 to for a given weigh! ond age W F 1] W
' ¢ [z 1Ce 1 to
2.6 /cnq#: ot inflection W/'”/ of curve * (2 (e} L
27 weight ot inflection point of cnree 72 302 ] W
28 growth_rate gt o given Jength Ly (2 11 | #/e¢
Z9 gronth rote ot o given weight W LF 1 dw [de
’ i C 11
3 | Eskimate d and 0 from Wmax (in qrams). (1]
Enter Winax Wmax (é70]
Rs]C ] d
C1C 4
C 1]
NOTES : C 11
¥ Exponent of leng#h-weight rela - C_1C_1
fionship. 11
*¥ Step 2.6 con beptrﬁﬁmeo’ C 11
only when D< 1. C 1
C 11
(I
I
1
101

217
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- Program Listing oo
KEY ENTRY  KEY CODE
001 © 001 elBL2 21 02 Sl STEP  KEY ENTRY  KEY CODE COMMENTS
002 RCLO 36 14 057 RN 77
003  1/% 52 7] 058 ¥LBLC 2t 13 7
004 yx 31 = 059 6581 23 01 _
005 RTN 24 7 060 RCLO 36 00 _]
006 eLBL3 21 03 ] 01 ¢ -55 _|
] 007 RCLD 36 147 062 RN 24 ]
— | 008 RCLE 36 15 7] 063 xLBLI 21 01
ws = By 064 RCLA 36 11 ]
010 010 yx 37 1 065 : 24 7]
o1 RTH 24 066 RCLD 36 14
017 $LBLA 21 04 067 v 3
013 RCL! 36 01 068 CHS -22 7
014 RCLD 36 147 065 ! 05 ]
015 x 35 070 074 + -55 7
016 X -35 1 071 LN 32 7
017 RTN 24 072 CHS -22 71
018 #LBLS 2 05 - 073 . RCLI 36 01 7
019 3 03 074 RCLD 36 14 7]
o 020 RCLE 36 15 075 ¥ ~35 ]
21 = 24 076 o -24 7]
022 x -35 1 077 RN 24 7
023 RTH 24 078 [BLc 21 16 13 m
024 »LBLE 21 06 a79 €580 23 00 |
025 RCLI 36 01 7 080 080  RCLO 36 00
026 RCLD 36 14 ogt -+ -55 7]
027 x 35 082  RTH 24 7
028 X -35 083 xLBLO 21 00 7
029  CHs 27 D84 RCLB 36 12 7]
030 030 o 33 085 * -24 7]
03t  RIN 24 — 086 RCLD 36 {47
F——F 032 sLBLA 21 (1] ' 087 RCLE 3615 7]
0633 RCLO 36 00 088 2 -24
034 -~ -45 ' 089 yx 31 7]
035 686 23 06 00 090 CHS 22
036 CHS ~22 091 ! p1 ]
037 1 01 092 + ~55
- 038 + -55 093 LN 32 7
039 6582 23 02 094  CHS -22 =1
o 040 RCLA 36 31 095 RCLI 36 01 ]
041 X 35 096 6589 23 05 7
042 RTH 24 097 RCLD 36 14 7
043 #BLB 21 12 ] 098 x -35 7]
) 044 RCLO 36 00 099 = -24
- 45 - 45 100 100 RTH 24 ]
046 6585 23 05 101 #LBLE 21 15
047 6586 23 06 102 sT02 35 02
048 CHS -22 - 103 XY -1 7]
050 050 + -55 105 RCL2 36 02 7
05t RCLE 36 15 o6 - =45 7]
052 RCLD 36 14 (107 CHS -22 7
053 : -24 108 RTH 24
054 yx 71 1 109 #LBLe 2t 16 15 ]
055 RCLB 36 12 7] 110 110 ST02 35 02
T 096 x . -35 — 111 XeY -4] 4
112 €580 23 00
0 : - . REGISTERS
M) K used s 7 8 9
S0 S1 L
Iss5 S6 S7 S8 S5
: . )
L c D E




Pl'ogmm LiS‘ing (113 10 ond)
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STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS
113 RCL2 36 D2 169 #LBLd 21 16 14
, 114 - -45 ] 170 1ro  sT02 35 027
115 CHS -22 _| 171 RCLB 36 12 7]
“ 116 RTH 24 172 X¥Y -41 7]
117 #LBla 2! 16 11 ] 173 = -24 7]
| 118 RCLD 36 14 174 RCLD 36 147
119 LN 327 175 RCLE % 15 7]
120 120 e* 33 7] 176 = -24 7
121 CHS -22 7] 177 yx 3T
. 122 1 05 7] 178 ! ot 7]
123 + -55 ] 179 - -45
124 €sB2 23 oz 180 180 RecL2 36 02 7
125 RCLA 36 11 181 x -35 7
126 X -35 7] 182 ReLI 36 01
127 RIN 247 163 X -35
" 128 sLBLb 21 16 12 184 3 03
129 RCLE 6 {5 185 X -35 7
130 " 130 RCLO 36 14 186 RIN 24 7
" 131 - -45 7] 187 «LBL? 21 07
(32 RCLE 36 15 188 5PC 16-11
133 z ~24 7] 189 LO6 16 32 7
134  RCLE 36 15 71 190 ™ 190 . -62
135 RCLD 36 14 191 ] 00
136 = -24 192 3 03 7|
" 137 d 317 193 5 05
" 138 RCLB 36 12 7 194 7 07
139 x -35 7] 195 4 04
140 146 RTH 24 7 196 x ~35
141 »LBLD 2L 14 197 . -62
142 ¢58C 23 13 7] 198 6 06 1
143 s702 35 02 199 7 07
" 144 RCLO 36 00 200 200 ] 04
145 - -45 7] 201 2 02
146 €586 23 06 202 + -55
147 CHS ~22 7] 203 PRTA ~14
148 1 01 7] 204 3 03
149 + ~55 205 X ~35
150 " 150 RCLD % 147 206 CHS -22 -
151 1% 527 207 3 03
152 1 01 7] 208 + -55
153 - -45 7] 209 STOD 35 14
154 yx 31 7] 210 210 PRTX -14
" 155 RCLA 36 117 211 RN 24
' 156 RCLD 36 147
157 = -24 7
" 158 X -35 -
159  RCL: 36 01
160 160 X -35 7
161 RCLD 36 14 7
162 x -35 ]
163 RCL2 36 02 7]
164 RCLO 36 00 ] [0
165 - -45 7]
166 €586 23 06 ]
167 x =35 ]
168 RTH 24 - —
LABELS FLAGS SET STATUS
A I — 10
trte  PPtow e >t Ples o | Rl FLAGS TRIG oisp
a
o-'ti b"ﬁ: Mert e iy L v, DB | oee ® | mx ®
1 2 3 4 2 1 0® | erAD O sC 1
- used ssed used J‘ used Hsed - >O0m| RAD O eneg O
used - wused > d, D 30 R n=3
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Program Deseription

Program Tie ___benera/ired VBGF gnd Derwihires : Solutons ] -

Name  Doniel Pouly . DaeDee., 1381

Address __JCLARM . MeC 20 8oy /501
Mo kol , Metro ,Mam/o P i p,/nes

Program Description, Equations, Variables, etc. /52 geriera lized yon Berfolonfyy frww% Fortla
. (VBGF) has for tengty #he form

- kD (€ )
| L = e l1-a P

ond iy derivotive /s

i KDLl B0) 5 Afpa g MDAl e e
/% = %‘o‘ (2-e )/, ik KD'e__VB R

_ when D<1, #ere is on .!ﬁf!??';;’ﬂ }bf.'nt ot Ame

B — —_ 1’, D S - e P e
17 3 _t ?_. KD — e et '_,,'._,.3)__, I

“ond ai_length _ k/;é) e
-_i-j_- 4-0 fi e )% s

te_qeneralized yBGF for weight /s

____v,@;(t;, Y .
M.g = W (1 e " )7

S [f f) ._é w2 R DBALEL)
dnlde = Mo 2K (1-€  ° )° e'"’%@

the _weigh? of the /»f/ex/pn pamf 66/»79 Q/ren by

faaoflons 1) and 5) Cﬂfrespand 769 #e ﬂo/vna/ or .specla/ y56F W/zm
0 4 ongd b=23 . Dand d are gstimated /’/'om equarions 26) ond 2Rr)
in _P_au/q, (1981 -

Operating Limits and Wemings 1) £guations 3) and &) have no solutions when D=f.

£ Le and h_’g st a/mags b? /pm P Ly and &,

/’Zsﬂ(.‘//n_’[y CE




User Instructions

FB10
TOTAL MORTALITY FROM MEAN WEIGHT 3}
> 7(b)

ster RETRUCTIONS DATAINTS KEYS oaTavmrs |
4 | fnfer o . K, b ond 4, o
K
te
R 0-000
T—
2 fder W W W
3 | fnfer TOL (tokrotes error, e.9. 0.004) 7oL 7oL
4 C‘a/au/afej(a) ond 4 (b):
enfer o fugh 2 - volue Z @) £ {a)
enter a _fow Z-value Z (k) £C6)
Note : {(a) mmst be neqative., £(6) pos,-
tive ; i Hps 55 nef the case,
entr new values of Z(a) and/
or Z(b).
s | Iderate for 2

JJ0000000D00R00COooCOo000C0otUR Dy 00

000000000000000000R 000000 R0CRCRO8RRAD

21
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Pl‘)gmm L'S“ng (001 t0 112)

STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS
[oor 001 LBla 21 16 11 - 057 T -24
002 - -45 7] ‘ 058 RCLB 3612 7]
003 XY -41 059 WY -41
004 STo! 3501 7 060 066 - -45 7]
005 x -35 7] 061 STOD 35 14 7]
006 STOS 35 05 ] 062 RCLB 36 12 7
007 XY -41 063 - -45 1
oo  ST04 35 04 064 RCLC 36 13 7]
009  CLX ~§1 065 RCLB 3612 7]
010 010 RN 24 ~ 066 - -45 7]
011 wlBle 21 16 15 7 067 H -24 7]
012 STOE 35 15 1 068  X<0? 16-45 7
013 RIN 24 7 069  ¢T0I 22 01 7
014 #lBLb 21 16 12 7 070 070 1 01 7
015  $T06 35 06 071 K4Y7 16-39 7
016  RIN 24 072 670! 22 01 1]
017 #LBLA 21 11 7 073 RCLS 36 12 ]
018 $708 3512 074 RCLC 36 13
019  £S8D 23 14 1 075 - ~43 "
oy 020 STO8 35 08 076  ABS 16 31
021 RIN 24 1 gr7 4 04
022 .88 21 12 7 078 % ~24
023 STo0A 35 11 079  RCLD 36 14 7
024 ST0C 3513 7 000 080 RCLC 3613 7
025 €SB0 23 14 081 - -45 7]
026 stO7 35 07 ] Us2  ABS 16 31 7
027 ST09 35 09 083  K<Y? 16-35
028 RTH 2¢ 7 084 €To1 22 01
029 wLBLE 2115 1 085 RCL! 36 46
530 030 RCLS 35 08 086 RCLD 36 14 7
031 X=07 16-43 087 RCLB 3612
032 G105 22 05 1 088 - -45 "
033 RCLB 36 12 7 089  ABS 16 31 7
034 RCLC 36 13 ] 090 090 XY? 16-34
035 - 45 1 091 CT02 22 02
036  ABS 16 3t 092 XY -4f
037 RCLE 36 15 T 093 RCLC 36 13
038  KY? 16-34 - 094 RCLB 36 12 1
039 6705 22 05 095 - ~45 7]
540 040 2 02 ] 096 ENTt -1
04f 3 24 097 A8S 16 31 7
042  EEX =23 098 2 -24
043 CHS -22 099 x -35 7
044 [} 09 - 700 100 RCLB 36 12
045 RCLB 36 12 101 + -85 7
046 x -35 102 STOD 35 14
047 + -55 ] 103 €T02 22 02
048 sTO! 35 46 104 #LBLI 21 01
049 RCLB 36 08 105 RCLB 36 12 7
550 050 RCL7 36 07 106 RCLC 36 137
05¢f RCL8 36 08 107 + -55 7
052 - -45 ] 108 2 02 1
053 RCLA ¥ 11 7] 109 5 -2¢ ]
054 RCLB 36 12 7] 110 11p  STOD 35 14 ]
055 - -45 ] 111 elBL2 21 02
056 = -24 J12 __RCLB 36 12
REGISTERS - s
1 —
L‘Lw 1[ l F{a K G- t,) W %w used | wsed
S0 S1 7 S9
E 1
* ced Cused wed F 7oz




Pl‘)gmm LiSling (113 to end)
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STEP  KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 sT0A 35 11 183 ex 33

114  RCL8 36 08 7] 170 170 RCL3 36 03 _':

115 §T107 35 07 171 X 35 ]

116 RCLD 36 147 172 3 03 ]

117 5708 35 127 173 x -35

118 GSBD 23 147 174 RCLI 36017

119 §T08 75 08 7 175 RCL3 36 03 7]
120 120 RCLY 36 09 7 176 + -55 7]

121 X -35 7 177 3 -24 7]

122 X<0?  16-45 178 - -45 7

123 ¢ro3 22 03 179 RCLS 36 05

124 RCLA 36 11 7 180 180 3 03 7

125  sToC 33 137 181 x -35 7]

126 RCL7 36 07 182  (CHS -22 7

127 ST09 35 09 183 eX 33 77

128 #LBL3 21 03 184 . RCL3 36 03 7

129  RCLS 36 09 185 x -35 7]
130 130 485 16 31 186  RCL! 36 01 7

131 RCL8 36 04 187 3 03 7

132 8BS 16 31 188 X -35

133 %4y? 16-35 T 189 RCL3 36 03

124 GTOE 22 15 7 180 150 + -55

135 RCLB 36 12 7 191 + -24 7]

136 RCLC 36 137 192 - -45

137 5708 35 12 7 153 1 ot ]

138 Xy -41 1 194 + ~55

133 s70C 35 13 195 RCL4 36 04
%0 140 sT0A 35 11 196 x -35

141 RCL8 36 08 197  RCL6 36 06

142 RCLY 36 09 198 - -45 T

143 5708 35 08 199  RIN 24 7

144 2y -41 7 200

145 5T09 35 09

146 §T07 35 07

147 ©rOE 22 15 7

548 xLBLS 21 05 ]

149 RCLB 36 12
) 150 RN 24

151 #L8L0 21 14 7]

152 $7103 3503 7

153 RCLS 26 05 7

154 2 02 210

155 ¥ ~35 7]

156  CHS <22 7]

157 er 33

158 x -35

159 3 03
160 160 x -35 ]

161 ReLt 36 01 7

162 2 02 7

163 x ~35 7]

164 RCLI J6 03 220

165 + -55 7]

166 = 24 _]

167  RCL5 36 05 _|

168 CHS =22 . —

LABELS FLAGS SET STATUS
Yt Poren) ° 4 ° FLAGS TRIG DisP
o e ants Canter B |° used d Center TNAﬁ o b ®| oee B | Fx ®
0 1 ced used 3 Led 4 2 1 O GRAD O sc O
= = - 5 5 5 2 O RAD O | ENG O
weed | 3 0 X n=3
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Program Description

Program Tie Jota/ Marfa//'/y Jrom. Mean Weght
Name __ Daniel Pauly.

o e  Date Sept /980
Address ICLARM . Mcc P.o. 507‘ S0l R -
_Mokatr' , Mefro Marz//q _v‘_fb_g_!_ lppines B

Program Description, Equations, Variables, stc. _/0Za/ ma/?‘ﬂ//;_/y (Z) can be eshnakd oémﬁrejg
- fhm the e;udﬁon o

z+K ztak  zrek )

[ dZepla) szep(ia) _ Zexp (i)
W = Wgo _[_1_ =

where_a = K ( fc_' t"), ,0' X aw/ t, .be//y pmme)ér‘: _‘/ ﬂe gocaa/

von ﬁerj‘aé%____é'mwﬁ Ermu/a where Y is #he mean aqge. a.t_fm't

R Capture _objained q a_given_gear and where W S e mean :ve/q/;t
of the_fishes 7 He catch (6ulland , 1969) . * Kiife- edge * selection (at )

Te method 4 feraton ased fere s He rgyu/a

mwr‘poaned i1 HP €1/97 pm]mm " soluton #H f(x) =0 C{f:?f?/?;",_.___
M1 05’4 Math fac). ] o

Operating Limits and Warnings __ ¢ /#ration_fime 1 (1) &an be guite g (L mir.) and
. epends _on the values f(a) and £C8) , which should be both elose
b _2ero, and _on oL, with fow v,,Z‘Qé_.__mZ«g,,.,mef_?a-Wy feration Aine.




User Instructions

Z USING JONES® OR SPARRE’S METHOO

STEP INSTRUCTIONS Dﬂ"zwm KEYS om
ones’ Method L1 J
| I
1 VEnfer Lo O, AL and Lpey * Lo, D, AL, Lone) (£ J[a] 0-000
C_J1C ]
2 | Entfer successive cofches  Stording with the C 33
eafeh in highes! Jength class with ron- I
zero_cofeh - c T L (-]
C_ 11 |mel4,0)
3 _| [z #e volves obtmned in step 2 are b be used 1L )
}or eskhmadion of 8/KD | press R/S ) c
4 _|When oll caleh valves have been enfered, de 1 r2
' C 13 a
L1 &= %ko
- C_JC ]
5 | obtarn value of &, multiply by k-0 K0 (x I _] z
I
I
Joarre Is Metrod C_JC 1
C ]
6 | vame as step 1 odbove C 1
I _
7_| bnfer KD ; i not avarlable , enter 1 K0
C1C_1
8 |Enfer successive eatches , starkng with #he 10 1
loats sn highest_length_cless with non- zenc ]
gofch ” c C_ 1 [Gen)
COC ] [nege
C 31 L
9 11f volves obtuned s Step 8 are b be used for- [ .
espimation of 2/KD , press R/S lezs1C ] /A
] L__JC |
10 | when all ealch values haw been enkred 4o te 1 r?
(and_multply B/D with KD i £ s avaikdle) C 10 a
: | or~Z/kD
* Nofe | Vojue of Laax * AL (elass I
» lirrkrua/) must be € Loz 31
50 * L max i9 phe lower hmit of s I
T lalass. s 11

225
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Program Listing

STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE
001 061 *LBLa 21 16 I1 078 «LBLB 21 12 ] 075 RCLY 36 09 _|
002  CLRG 16-53 ] 039  SPC 16-11 _ 076 s -24 ]
P3PS 16-51 040 840 ST+3 35-55 03 | or7 - -45 _|
004  CLRG 16-53 | 041 RCLO 36 00 078 ENTt -21 _|
005 ST02 39 02| 042 RCLD 36 14 079 ENTH -21 _
006 R -3t 7] 043 yx 3 { 080 080 RecL4 36 04 _|
007 sT01 31 46 ] 044 RCLZ 36 02 ] 081 e 53 _|
008 R4 -31 | 045 RCLO 36 14 08z RCLS 36 09 _|
009  sTOD 35 14 7] 046 y* 3 083 = -24 _]
o10 010 Ri 231 7] 047 - -5 ] 08¢ ROLS 36 05 _|
o1t §T00 3500 | 048 RCLO 36 00 085 XY -4 _|
012 LK -51 7] 049  RCLD 3% 14 | 08§ - -5
013 RTH 24 ] 050 050 yx ] 087 3 24
014 #LBLA 21 1] 051 2 -24 ] 088 STOB 35 12 _|
015 SPC 16-l1 052 LN 32 ] 089 x -35 _|
016 ST+3 35-55 03| 053 CHS -22 00 | 090 RCLE 36 06 _|
017 RCLO 36 007 054  RCL! ¥ 0! 091 Xz 33 ]
018  RCLD 36 14 055 2 -24 ] 092  RCLY 36 09 ]
019 y* 34 056  PRTK -14 7] 093 : -24 |
020 020 RCL2 36 02~ 057 RCL3 36 03 ] 94  CHs 22 _|
02! RCLO 36 14 7] 058 LN 32 ] 095 RcL? 3% 07 ]
022 ¥x 31 059 PRTX -14 ] ase ¢ -55 |
023 - ~45 060 060  RCL2 36 02 | 097 s -24 _
024 LN 32 061 RCLI 36 46 | 098  SPC 16-11 _|
025 PRTK 14 ] 062 - 45 ] 099 PRTX 14 ]
026 RcL3 36 03 063 ST02 35 02 100 100 RCL6 3606 ]
027 LN 32 ] 064  RY -31 ] 100 RCL4 36 04 |
028  PRIX -14 ] 06y R/ 51 7] 102 RCLB 36127
029 kL2 36 02 7] 066 2y -41 103 X 35
%0 030 RCLI 36 46 067 It 56 ] 4 - 45 ]
031 - -45 ] 068 RTN 24 ] 103 RcLY 3609 ]
032 sT02 3502 069 wlBLE 21 (5 o6 = =24 ]
033 Rt -3t ] 070 070 P2 16-51 ] 107 STOA 35 11 ]
034 RS 51 ] 071 RCLE 36 08 ] 108 PRIX 14 7]
035 WY -41 072 RCL4 36 04 109 RCLB 36 12 ]
036 I+ 5% ] 073 RCL6 36 06 110 : 11? PR[’; ]6—;7
074 X - - -
037 RIN 24 35 R o
LABELS FLAGS SET STATUS
A B C — D 0
i FLAGS TRIG DISP
a o < d 1 ON OFF
o O Q0 DEG O FiXx O
0 ! 12 3 |2 +go| eraDO | sct O
5 3 7 ] 3 2 00| RAD O] ENG O
300 n=
REGISTERS
0 1 2 . 3 4 5 3 7 8 S
[ K bwax | ZC
SO S1 S2 S3 S4 S5 S6 57 S8 S9
ZX Zx* zZy Zy3 Zxy Zn
8 C D E 1
i’fk"ceﬂf c/ppe, D IL




Program Deseription

Program Tle & Using Vonmes® or Jparre’s Method B
Name _ Danie/ Fauly . I Date Sep?: /783
Address . L CLAKRM , mMce P.o. Box /sor, Makai:

Program Description, Equations, Variables, etc.

- ones (198) showed #iaf Z/K is egual fo the slope of e

Sharght pard of a plot h € on I (la=L1), where C is the

 Cumulofre otk (charting from the highest Jewth ehss ) eonresporcting

bo o given kng# elass of which Ly is the lower elass Limif.

¢ method has been modified by Sparce. (MS) who showed that k ____

| ton_be_eskimated_from the shpe of He Hajght part of a plot
_of b ondthe ape coresponding b Ls , where btk G and by ore

__defned as above . When K _is nof known , nsing 1 insteod of K

____ for_#he tunsprmatkon o kngth fo age_mates the slope of HE

plo!_eguol T 2/K.

Both methods _were here_modified for _use with the generalized

___VECF, by addifion of e parometn D where apprepriate . Ako , Me

;_ay@f_ﬂﬁ,._sfpéﬂ‘(i:.,;/.rz.eﬁed, are replaced by relafive ages.

Operating Limits and Wamnings (1) Froper Jeleckhon of He x ond g volues B be icludes
n ﬁe_;o/f-'pufaf/bn of Zor Z/K requires thal a Graph be made
from wWhich the point  belonging 1o the Sthagh! _sechon are velected.

0 00 1ol ase e method with cose cetarned pom
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User Instruetions

 LENGTH- COWVERTED CATCY CORVES — Fore Op
G Zimpews

>
»rja,2

WSTRUCTIONS m:""uw_rs KEYS um
L1
e /I'ﬂ/ﬂa_"fl estimation 9f Z or 2/K 1
|
bnter La AL, K, O and tnihalkze Leo
(if K is unknown enkr 4 iastead) al
X
D O-000
Enfer elass wudpoint and freguency L
j ST L & In (W/at)
t
If dafa gair /s fo_be included jn linear
regression , do 2
(do 2= insfead of 2+ fo_remove erronepusesmives)
en all volues Jo be included have been
eqfered , press >
a
Tterotion for_improving estimate of 2 or Z/k Zor Z/K
Lnfer preliminary walue pf Z(or 2/K) and
re- in/fralize - - 2 or 2/K

r oloss n/'{po/nz‘ oand Avf‘gggéne[ 1l L
N I -9
X,

data_pair & b be included th rearession, do ¢
(do Z- instead g} Z+ Fo remove erroneous espries)
when all valves o be included have been endred

sS r>

: a
1 new valve § 2or 2/K & chw fo inHo/ 2 o 2/k

wlve . ¥ not repeat ofgps 6-9 using [ast

valve_of 2 or2/K as input i skp &, Repent
undi| convergence js _achieved.

JOOOOROCOEDO O 0000 DOORCOCHE O HE

I

i
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Program Listing «iwna
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 861 xBla 21 §6 11 ] 857 + -55
862 a3 16-51 ] g58  1/X 52 |
843  CLRC 16-53 ] @59 RCLO 36 60 |
664  PiS 16-51 060 860 X -35
665 5700 35 14 | 861 LN 2
006 Ré -31 @62  SPC 16-11
8o7  sToi 35 01 ] 863  PRT¥ -14
908 RS -31 ] 864 RCLS 36 68
069 2 02 ] 865 RCLC 36 13
010 610 z -24 | 066 - -45
011 $70C 3513 | 867 6581 2301
g12 2y -41 ] 668  PRTX -14
813  ST05 35 05 | g63 RN 24 |
014 CLX -51 ] 070 670 #LBLO 21 08
615 RTH 24 ] 671  RCLC 3% 13
016 LBLb 21 16 12 ] 072 + -55
817 ST04 35 04 073 (581 23 61
818 P35 16-51 ] 874 RCLS 36 08
019 0 60 875  RCLC 36 13
020 620 5104 3504 ] 076 - -43
021 705 3505 ] 977  GSBI 23 8]
022 ST06 35 06 ] 078 - -45
023 sTO7 35 07 ] @79 RN 24
024 708 35 68 080 080 #LBLI 2101
025 ST05 3509 ] 081 RCLS 36 05
026 25 16-51 7] 082 3 -24 1
027 LK -51 7] 083 RCLD 36 14
828  RIN 24 084 yx 3
629 xiBLA 21 11 ] 085  CHS -22
030 830  ST00 35 60 086 1 01
031 Ry -31 087 + -55
@32 5708 35 08 ] 088 LN 32 ]
833 6580 23 060 7 089  CHS -22
034 sTO7 3507 ] 090 090 RCLI 360
035  RCL8 36 08 | 091 : -24 ]
0% G5Bt 23 01 g92 RCLD 36 147
@37 RCLO 36 00 093 : -24
038 RIL7 36 07 ] 094 RN 24 1
a9y -24 ] 095 #LBLE 2115 ]
040 840 LN 32 096 Pi 16-51 1
041 . SPC 16-11 7] 097  $PC 16-11
042  PRTK -14 7] 098 RCLS 36 08 ]
043 2 -41 7] 099 RCL4 36 04 1
044  PRTY -14 7] 00 160 RCLS 36 06 7
045  RTN 24 7] 101 X =35 1
046 «LBLB 21 12 7] 182 RCLY 36 89
047 STO00 35 00 ] 103 : -24
048 RS -31 ] 104 - -45 1
049 ST08 35 08 ] 105 ENT? -21 1
050 050 6580 23 00 7] 106 ENT? -21
851 RCL4 3604 | 107 RCL4 36 04 ]
652 X -35 ] 108 K2 53
853  CHS -22 ] 189 RCLS 36 09 ]
054 @ 33 _| 110 110 * ~24 |
855  CHS -22 | 111 RCLS 36 05
856 1 o1 112 2Y -41
- REGISTERS
0 1 2 3 4 ) 7
used K wed [ wed |'z [ tw | used | used |9
S0 S1 52 S5 S6 S7 S8 S9
[22 [z P2y [z [Pz ['zn
A B
o b c aL/fs D D IE 1




Pl'ogl'am Listing (113 10 end)

231

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 - -45 _
114 x -24 179
115 STO8 35 12
116 X ~35
117 RCL6 36 06
118 K2 53
119 RCLY 3 89
120 120 3 -24
121 CHS -22
122 RCL? 36 07 ]
123 + -55 |
124 2 ~24 | 180
125  PRTK -14
126  RCLS 36 06
127 RCL4 36 04
128 RCLB 36 12 |
129 X -35 _
130 138 - =45 |
131 RCLS 3609
132 3 24 ]
133 ST0A 3511
134 PRTH -14 180
135 RCLB 36 12 |
136 CHS -22 |
137 PRTK -14
138 PS5 16-51
139 RTN 24 |
140
200
150
210
160
220
1_ LA_B_rE_LS FLAGS SET STATUS
A
un—» B Ly—> [ o Yrra,z | FLAGS TRIG DISP
a b Ie d e 1 ON OFF
Le K, DAL¥ — - ooa)]| oec B | Fx ®
0, » 1 ' 2enper 2, 3 4 1.0 0 GRAD O sCl 1)
SL at GL"t sfear 7 me 3 = 200} RAD O] ENG D
3 00 n=3
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Program Description

Nme  Oanie/ Pauly o om@gnf 1985
Addess . L CLARM, Mcc FO. Box /fS0r
Makaty , Metro Manila , Philpprnes

Program Description, Equations, Variables, etc. __ G/ven inpu’s of Lo K, O and 4L (e

__elass_inkrval ) and [fength - feguency data, #hiE program eomputes

_values_of In N8t _and 1’ (relotive age) as used gor crowing

__ length-_converted cakh carres of the fype descrifed by Puuly

__(B914,1933) . Once Hre poinks har been graphed , #he data psrs.
| ___can be selecked which are_to be inclucled in fhe eshaton of Z,
using Inear regression (1). T poirfs needed are_then reesfered

and_Z /s _eshmafked from

In (N/#t) < a-2zel ... D

e _value_of 2 obfained from @) can then be used as input (Z;)

' fon of P Sparre (pers. comm.) /€.
11 He eguakon of 7 Sparre (p comm. )

’ e et e ittt s e

I (W/t=e 5%) = a-22" T D

| Where Zy js an inproved eshimate of Z . If he value of 24 ancl Z ke

| ,)r,;érfedég (which w///,fﬁne(y; oeeur ), Z, eon be used as ”/«é-ﬁ;mﬁg,

Heration, which will Fen produce a value of Z improved farkar (Z,), ek.

Operating Limits and Warnings ___\Je/zc/1on gf pounts o be moludled! i Hhe regression muast be

aboe carcfully (see fext) ; parficularly , no poriks belbmaing Yo fhe
_aqAtending part of fhe cdrve must be mcluded , nor posnts_ ashinated

from kgfqﬁf aifin 5% of L.




User Instruetions

Z and K FROM MEAN LENGTHS

WSTRUCTIONS m:“nmms KEYS ogmuum
I
Estimafion of Mean Size and it Standard Lrror 1]
: C 11
(R
Sfore /lower class Limi! of lowes] size con- [
sidered, class inforval! ang rvAalize g’ ]
(S= L or W) a4s EZ’ o. ooo
I
nfer fre quency |, Starfng jrom he fowest C 11
class_(enter gero when ageropriate ) M Ca 10 1 c
. 1]
when _all friuencics have _been entkred com- [::J ]
pule the mean size , the Sandare! deriafron (a1 ] an
'g' the «r'te yajues ang 7He Standlarc eyor I s ]
of fhe mean 11 S-d.cs)
l:] Ej 5.e.¢§
Z and K from Mean le;;e,#l ] l:]
— I )
Inibalize and enfer L, Ly 4; anad O ln (s 70 1
4 Ce 101
4 1
) [::l L_T__] 0. 000
C1C 1
Enfer %, t, and Lcuy Y -
4 (2 1]
Lfao) 1 o0-000
I
Enter inhal volue of Z and [ferofe z 1 Z
C_ I ) |z
C ) |z
C I | et
C_1C ] :
C 13 X
I | z
1]
I
C1C 1
CC 1
CJC 1

233
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Program Deseription

Program Tie £ and K from Mean_Lengths

Name Damel Pouly

Address . [ L LARM , MCC PoO.-Boxr fsor
Makolk' | Meko Momla , Philippines

Program Description, Equations, Varlables, stc. A?_demonsfrated by Lbert (/975) estimates of
__ K. and Z_Can be obtaned from Zrmeon lengts, o value of L) , o lerg# at
recrutment (L) ond limes €y ond €z (corresponding t e mean lenghs) by

_wolving_Two_equalions , which become, in ferms of the generalized VBSE .

e ~XX & -(KD(4 rx)42x) - e e
o S p S0tk .0 L
xr*o X0 _ 1 mm——— T

~, o L A
2e™ Loy
X0 P — e et e

¥ N
-ZX < (KD(tz +x) +ZX) e e e e SR
e — b2 e W o e
xX=0 Xe0 _ _.L_'_. - N .
Z - o S R ST
2e™ Lo
Xso o - -

R I b o L
_where D= Ligy = Ly [ Loy while Nis the integer portion op Y, when
Y= 1+ (-loge 0.0001/2). As Shown by Saila and kough (193/), #rese
.equattons _have an expheit solution fer K /€.

o

e odpy= L2 S i I
i K= — e

ond_

One_K_tas been_coleuloted , the value of L is obtained using o very
simplified Version_of the algorithm given in Fbert (1973 p.286).

Operating Limita and Wamings [feroting Time con be quite long when dealing with /ow values.
of £ (¢ aves time therefore , 7o_enter iityal Quesses Ho? are assumed
__Jngher thon the frue ralues (rother than #e reverse ).

. L s estmaks wh an eror o kss #ay o.001 .




User Instructions

€

Fond M rom TACEING - RECAPTURE DATA 8P

STEP INSTRUCTIONS DATAUNITS KEVS oS

C 1]

1 | Jntiolize (£ 12 ] 0.000
I

2 | Fnfer the N, volves M LA 1] | coded trme
1]

5 | Coleulote r?, o ong b 1] rt
I o
C_ 1] 6
C_ JC 1

4 | bofer No ond coleulate Fongd M Mo L/ 1(e ] F
C 1 M
Y
L]

JO00C000000oCOo0d00oean
J00000C0oCOobuobdoetd

1
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Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 001 #LBLa 21 16 II ] 049 RCL4 % 04
ggg C’L,Rg jggf ] [050 050 RCLE 36 12 |
2 51 ] 051 x ~35
004 (LRC  16-53 ] 052 - -45 _|
ogs ,SLK gi ] 053 RCLY 3 09 |
006 ™ 054 z -24
a07 xLBlL: 21 ; ; 7] 055 5T0A 35 (1 ]
008 056  PRTA -14 7]
009 RCLO 36 00 ] 057 RCLB 36 12 ]
010 010 I+ ge ] 058  PRTX -14
011 1 ! 059 P25 16-51 |
012 §T+Q 35-55 00 | 060 060 RIN 24 "]
013 RCLO 36 00 ] 06/ wlBLe 21 1615 _|
g;; 1 o; ] 062 RCLB 3612 ]
- -4 063 ex 33
016 RN 24 7] 066  CHS -22 7]
017 #LBLE 21 15 7 065 1 01 7
018 P2§ 16-51 7 066 + -55 7
015  SPC {6-11 7 067 X -35 71
620 ogo zag ;z gf ] 068 RCLB 36 12 |
02! RCL 069  CHS <22 7]
agz RCLE 36 gg j 070 070 RCLA 36 11 |
023 X - 071 e* 33 7]
024 RCLY 36 09 ] 072 x -35 "
gz: 2 —5; ] 073 XY -41
2 ~ -45 7] 074 = -24 7]
ggg gm gi ] 075 SPC  16-11 _|
-21 7] 076  PRTX -14
029 RCL4 36 04 7] o077 ST00 35 00 |
030 030 Xz 537 078 RCLB 36127
031 RCLS 36 09 7] 079 CHS -22 7
ggg RCZS 36—5; i g0 080 RCLO 36 00 |
] 081 - -45 ]
03¢ Xy ~41 7] 082 PRTX -14 7]
335 - -;5 ] 083 RTN 24 |
36 z -24
037 STO0B 35 12 7
038 -35 7]
039  RCL6 36 06 ]
Joso 040 xe 53
041  RCLS 36 03 7
042 : -24 1 090
043 LHS -22
044 ROL7 36 07 ]
045 * -55
046 z ~24 ]
047  PRTH -14 :
048 RCL6 36 06
LABELS FLAGS SET STAT
A N - G C D | 0 s
r >rfo b FLAGS TRIG DISP
A, oy g [ d e 1 ON OFF
mihalize odO®| peG B | FAx ®
0 1 2 3 2 2 1 0 ® GRAD [ sCl O
= T 7 5 5 a O &| rRa0o O] encg O
30X n=3
REGISTERS
(4] used 1 2 3 4 5 6 7 8 9
S0 S1 S2 S3 S4 S5 Sé S7 S8 S9
l I I 2x 2x* Zy Zy? Zxy n
A 0 B b C 0 £ 1




Program Deseription

ProgramTive __ Fand M from Joagging - Recapture Jale

Name _Donie/ Poy/¢_ e ... Dmte_JYeof M980

Address ICLARM , MCC_P.o. 50K /sor e e
Mokaly , Mefro Man//o Pé///pp,,,e;

Program Description, Equations, Variables, ste. _/07a/ morfo/ity () may_ be eshmaled from th

eigaﬂop ) ) _ .
= 0tbs L d) .
~_ where M- s He ﬂamée;{- of /?da/efygs lper Yme _inkerra/, where r'sc pre coded
o time imteryal ( sfw//n? With rso  then r:1. 2.5 ek ), orc where b, with
s/gn _changed (s eguar {a_‘;__,ﬁ._, e
7, Tota/ morfa///a may ;%M 52 _'p/// /ﬂ)f? F 400’ M @ means 0;0 7450 g/e_.s;/*ev;

a
@

ey

wiere Mo /s the Mo/ number of fish 7bqqed ond _refeased and o & Hhe
infercept of equa??ozz (1) (Gulland 1969).

.2

Opersting Limits and Warnings /) 5u//ond | (1969 seclion 6) Should be consulfes
for a’efa//s ond sources_of bias and ervors.
2 Do nof Fract b put the mo/ﬁr//ﬁ/ vafues (M, P)

_on _on_anpna/ basrs.
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User Instructions

& e EsTmTES O M 15 P
@ Lo, K, TvM u o K,ToH
sfep INSTRUCTIONS o.Pmn KEYS o%umm
1 Vfnfer e K. T and oblein M (specia/ r86F) Lo
X
T M
2 |brfer W K. T ond tbfain M (t:jcc/'a/ VBGF) Weo
K
7 M

3 | /F The eshimote of M perkin o Cluperdae , er
_polor_fishes (T < 35°%) see " opernting
hmids and wornings -~

1000000000000C000000000000000008FR0RAR0
noooooooeooUdiooooOootunnbobononend
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User Instructions

& POPYLATION SIZF (PETERSENS METHOD) FB16 TP

g
INSTRUCTIONS o A.'r':l‘,’;m KEYS om
_ (]
fntee 7 n and m ({ish lagged) 7
(all captures) n
(recaptures of tagged )| _m o
Lstimate population size (V) and e
Sandard error .
Case A N
ey
Case B N
&-C. )
Cose C N
S (w)
Cace 0 N
S. 2. )

J00000000000000000000800R00R00R00008R,
I
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Pl'ogmm LIS‘I“g (001 to 112)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
oot 001 #LBla 21 1611 | 057 RCLY 3609
002 st07 3507 ) 058 RCL3 36 03 ]
003 RI -31 ] 059 z -24 ]
004 STO09 35 09 060 060 x -35 |
005 Re -31 ] 061 RCL6 36 06
006 ST02 35 02 | 062 x -35 ]
07 2 02 | 063 RCL4 36 04 |
008 3 -24 | 064 xe 53 |
009  CHS -2z ] 065 RCLS 36 05 ]
019 010 e* 33 | 066 X -35 ]
D11 5704 35 04 | 667 RCL7 36 07
So2 RCLY 36 09 068 x -35 ]
013 RCL2 36 0?2 069 - -45 7]
014 4 -55 070 070 5708 35 0B 7]
015 5703 35 03 ° 071 X2 53 7
016 RCL7 36 07 ] 072 RCLO 36 00 "]
017 x -35 73 XY? 16-34 71
018 RCL3 36 03 ] 074 ©T0! 22 01 7
019  CHS -22 075 RCL{ 36 01 ™
520 020 e* 33 7 076 RCLS 36 05 ]
021  CHS -22 077 x -35
022 1 o1 T 078 RCLS 36 08
023 + -55 ] 79 X -41 7]
024  RCLY 36 03 ] foso 080 z -24 7]
025 x -35 1 081 RCLS 36 09 7
026 3 -24 082  X2Y -41 7]
027  RIN 24 ] 083 - -45
028 #LBLA 21 11 ] 084 sTO9 35 09
029 sT07 35 07 7] 085 GT00 22 00 1
530 030 Re -31 ] 086 #LBLI 21 01 ™
031 $T06 35 06 ] 087 RCLS 36 09 1
T 032 RCL4 36 04 7 088 sPC 16-11 7
033 x -35 ] 089 PRTX -14 1
034 RCL7 36 07 ] 090 090 RCL2 36 02 1
035 RCL2 36 02 09! + -55
036  CHS -22 1 092 §T03 75 03
037 e 33 1 093 o 33
038 X -35 094 RCL6 36 06
039 + 55 095 x ~35 -
) 040  stoI 35 01 ] a96  PRTH -14 7
041 %LBLO 21 00 097  RIN 24
042 RCLS 36 09 1 098 +#LBLB 21 12
043 CHS -22 a9 Re -31
044 e* 73 1 60 100 ST06 35 06
045 S705 35 05 1 101 R? 16-31
046 RCL2Z 36 02 1 102 RCL2 36 02
047 RCLS 36 09 7 103 2 02
048 + -55 104 = ~24
043 ST03 35 03 1 105 e* 33 7
050 050 RCL4 36 04 ] 106 X -35 1
051 K2 53 107 'l -41 1
052 RCLS 36 05 ] 108 RCLZ 36 02
053 x -35 ] 109 e* 33
054  CHS -22 7] 110 110 x -35 7]
055 ! ot ] 11 + -55 7]
056 + -55 112 STO03 3505
REGISTERS
° 7oL ‘wed M ° Z ‘ vsed | uced efv’iu T e ® wed | F
S0 S1 S2 S5 S6 S7 S8 159
A rs C ) JE 1
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ngram Lisling (113 10 end)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 RCL6 36 06 _
114 Xy -41 170
115 $ -24 |
116 LK 32 |
117 CHs -22
118  RCLZ 36 02
119 - -45
120 t20 secC 16-11
121 PRTX -t4
122 RCLS 36 05 _]
123 PRTA -14 |
124 __RIN 24 180
130
190
140
200
150
210
160
220
LABELS FLAG
——F - E e B S SET STATUS _
B _ d FLAGS TRIG DISP
i dols c e 1 ON OFF | .
;nmﬁa/?e : o0 ®| DEG ® | FIX
Joo . RN 3 2 2 10®| GrRADO | sc 0
5 F 7 3 ] 3 g g g RAD 0O ﬁ-zﬂ
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Program Deseription

Programmie __ VPA ond Cohort dnolysis . R
Nome __J. Pope* ond O Pouly e .. Dme_Oct. /9§0
Address _* MAFF _Laborpfory

o Lowesloft |, Emglond

Program Description, Equations, Variables, stc. _/70gram [B 18 _colulates #e value of £ which
Satefies the eguahon

W - (sm)exp {~(Femi .9
G F(1-ep {-(Fm]

;vhere G s ﬁ‘;émca;.‘c/_}_’af age i, Ni ond //,fl Zelhy Hhe populotion srges of Me begir -

. ang_ond the_end of the hme period during which e catch C; was Joken(Gulland
ges).

,,,,, e compulalion p_rvceea"é_ bag,éuwa—' ,daf‘ﬁny fﬂm o " fewinal Ak.%@.(@?(eh.i.@.
which fs_eslimated from _ -

R A N N L — et

__;VM b is the (ossumed) kri»/;r;é7;)€;_;{h/bg mf[eé'e“; ond G e seminal carch.

[g«a//'a/rlwf})_ _r_/.'s—_.ro/rcd /,émﬁre‘/;f using_1he_Newlim_method , ond Fope s_eguollom
(1972) for cokert anolysss 7o obfarin_ ageroximations of _#e skpe of 1) .

__An_ollernofive b VA is b estimofe N using Pope’s_gpproximation (“comer? onotysis ).

- -
B N% G-+ Mys-e

i ..3

 with F_being astimated from N, Hips_ond M{Pppe /972).

Operating Limits and Warnings L3/ poljon of the M and fi - yalves mus/ proceed backward,
e Starling with M as pist estinote of Nigy. Mhe ralues of Ny ond ' will rapidly
- fonverge Toward Meir frue_polves , even when Fi was g wild quess. lhe ralves of
Hi_and Fi_immediately preceeding M ond i ae B be deated i _Suspieion, howerer.
Yoy may be inprored by using ac/i _one. of. e i -_ralues_oblamed prom o prelimy-
.nary VPA . o

MWhen_using ot analysss , M-ralues showld not be higher Han 03 per hime wn¥.




User Instructions

L)
S|

JOWES' LEVETH COHORT AMALYSIS /818 P

STEP

INSTRUCTIONS

INPUT

OQUTPUT

DATA/UNITS DATA/UNITS
N
1 | Shre parometers L oo (s ][a]
) N
[ either {1 M (410
do { L1k LA 1l al
or [ | M/kD (230 ]
D (£ 116 ]
L1 1
2 | Jnitralze (1 ]
a) enfer_ypper lim't of largest feng 1 Leen | L £ IL__]
elass and feng % class infervol AL £ 1l e ]
b) enfer ferminal explorfation rote (a £, A
quess Y _gnd _ferminal cateh Ce [le IL:" j A%
(b
3 | Run_cotort pnalysic : enter Cp. P #
ond _compute M _ond £ ] ,..{ £ig
e
4 |Io compule ralues of Z ond F, enter M . M _ lgo il 2 ]
(if not dene_previously) ong perform  £q.e e Il ] | Z,a
't Fi-2
5 | Repeal' step () 3 (0nd 4 ) unti/ emallest | i

leng /% /s _reached

NOTE :

fo b = M _will do for mod

*f volue of £ = 0.5, corres ponalng,

DUrposes .
7 L4

3

P
P

il
i

™M
o

]
HE

|
l\\
1

S R RS S N R

[ i [ N O
(-

et

i
!

[

b |

ol

iy
il

[
P
[ —
-/
|
gl

Il
il

I
1l
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Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
foor 00f =xLBla 21 16 11 | 049 PRTX -14 ]

002 = -24 lﬁ"“ 050  RCLY 36 09 ]

003 2y ~4f | 05! - -45 |

004 STOD 35 14 | 052 RCLC 3 13 |

005 3 24 ] 053 XY ~41 ]

pos  sTO0 3500 ] 054 3 -24 |

007  CLX -51 | 055 PRTK -14 ]

008  RTN 2 | 056 RTH 24 ]

009 wlBle 21 16 15 ] 057 #lBlc 21 16 13 ]
010 010 RcLa 3% {1 ] 058 ST08 35 12

oy RCLD 36 14 ] 059 Ay -41 ]

012 yx ] 060 060 STO8 35 08

013 RCL7 36 07 ] 061  XzY -41 ]

014 RCLO 36 14 ] 062 - -45 7]

015 Y« 3 063  S§TO7 307 ]

016 -~ -45 064  CLX 51

017 RCLA 36 11 7 065  RTM 24 7

018 RCLD 36 14 4 065 #LBLB 2112 7

019 yx 3] 067  CHs -22 1
020 020 RCLS 36 08 068 1 o1 ]

021 RCLD 36 14 ] 069 + -55

022 ¥* 31 ] 070 070 RCL2 3602 ]

023 - ~45 071 X2y -4f

024 B -24 072 z -24 ]

025 " RCLO 36 00 ] 073 SPC 16-11 7]

026 2 02 ] Q74 PRTX -14 ]

az? : -24 ] 075 RCL2 36 02 7

028 1d 317 a76 - -45 7

029 ST06 35 06 ] 077  PRTX -14
030 030 RN 24 ] 078  RIN 24

031 *LBLA 21 11 079 #LBLb 2{ 16 12 "]

032 5T0C 35 13 ] 080 080 5T0D 35 14 7

033 658e 27 16 15 7 LEN R -31 7

034  RCLS 36 05 7 082 STOO 35 00 ]

035 ST09 3509 7 083 (L -51 7]

036 X =35 084  RTH 24 7

037 RCLC 3613 7 085 wBLd 21 16 14 ]

038 + -55 7 086 X2y ~41 ]

039 RCLE 3 06 7 087 £ ~24 7
foso 040 x -35 7 088 ST0S 35 05

041  8TOS 3505 7 089 RTH 24 7

042  RCL7 36 07 080

043 ST08 35 08

044 RCLB 36 12

045 - -45 7

D46 STO7 35 07 ]

047  RCLS 36 05 ]

048 sPc. 16-11 7

LABELS "FLAGS SET STATUS
N E FPZ,F C P E 0 FLAGS TRIG DISP
LMikp oMo i, l P M v XL ! DB | oee m| fx m
0 1 2 3 4 2 1 0O m GRAD[S §S|G B
2 0O ® RAD
3 ls‘ 7 8 3 l‘i’ - ne3
REGISTERS
7 8

OM/KD [ K lz M 3 7 4 5 Nz 6 X, L L, Fusd
SO S1 Isz S3 S4 S5 S6 S7 S8 Iss
A B8 [o] D € 1




Program Deseription

ProgramTie ___ Jonres” Length (ohor? Dnatkysis B
Neme  Doniel Fouly. _

o __Mokol, Metro Manilo , Philppines

o Oste f25. , 198
adiews __JCLARM, MCC_P-0. Box /501 R

. dxed for ony fime inferva/ 4t Is

M= M rat-e

£ Mg
* Csz /z

L)
__Substuting /effqﬂl/w oge (using the gemeralbzed WBEF ) and
. [RAUTANGinGg Qi res.

SR /28 D PR AN ID A
whee o - f 242 }”/’.””

13- 42 )

__where Ny s the rumber of fishes of kng By L, whik Ci-2 i Hhe catoh of mih
ot kgt L Lz . Howig

Hish. e roke of eaphirakon (£2F/Z7) can be compured from
| P

”””7&‘-” Caayéf / wumdber dymp

Zis then estimated pom £ wa

e Z= M [Ca-E)

. &)
ond_Frvae F=2-M

. 5)

 The mefhod & based on ones (1974, 1991).

Program Description, Equations, Variables, etc. _ /2pe s (/972) cokort anofysis, genera-

eshmated o volue of N for He largest fish, suc-
_cessive_applicalions of equalion (1) fead B estimoks of N for He  comoler

Operating Limits and Wamings 77€_/m17010ns of Jeng#h cohort analysis ore aiscassecs
o tn_Sehu] In papers by Jomes (1974 ,/9%1) and must be considered
. shenerer this metod /s qppbed b o Se7 of cafeh doly . P results of
- Mength _cohort onalysis are sensitive o wide chiss (rerrals used for SHuc-

. Yuring_He_calch dald ; for #is reason, /¥ moy be more appropriare 7
——se _[ength - afructured  VPA ( program FB20) whenertr seporafe rolues
. of Mond K _ore avarloble. o

259



262

Program Lisling (001 80 112)
STEP KEY ENTRY KEY CODE COMMENTS KEY ENTRY KEY CODE COMMENTS
00¥ 001 wLBLA 20 If _] 057 * -55 ]
00z ST87 35 07 7] 058 703 35 03
003 RY -3t _ 059 RCL4 36 04 -
004 STOS 3506 | 060 060 X2 53|
005 RCLA 36 11 "] 061 RCLS 36 05
006 RCLD 36 14 | 062 X -35 _|
gr ¥ 3] 063 CHS -22 |
008 RCL! 36 46 064 1 01 _
510 010 yx 3t ] 066 RCLY 36 09 _
o1 - -43 067 RCL3 36 03
o1z kLA 36 11 7] s 2]
013 RCLD 36 14 7] 069 X -357]
014 L4 31 ] 070 070 RCLE 36 06 _|
015 ReLI 36 46 671 X ~35 |
016 RCLE 36 15 7 072 RCL4 36 04
017 - -45 7] 071 X2 537
018 STO] 35 46 7] o074 RCLS 3605
019 RCLD 36 14 075 x -35
020 020 ¥* 3; 7 076  RCL7 36 07 7]
02t - -45 7 072 X -35 7]
022 XY 41 4 078 - -45 ]
023 s -24 079 ST08 35 08 _]
024 LN 32 ] 080 080 X2 53 _|
025 RCLC 36 13 081  RCLO 36 00
026 : =21 7 082  X)Y? 16-3¢ ]
027 RCLD 36 147 083 6T0J 22 01 ~
028 % <24 7] 08¢ RCLI 36 01 7
029 STos 39 12 085 RCLS 36 05 ™
030 030 RCLY 36 09 - 086 X -35 ]
031 6568 23 12 087 RCLS 36 08
032 ST09 35 09 ] 088 XI¥ -41
034 6588 23 12 090 090 RCLY 35 09
035 ST02 35 02 091 XY -41 77
03¢ 2 a2 092 ~ -45 7
037 z =24 033 ST09 35 09 "*
038  CHS 22 - 094 6T00 22 00 ™
038 e 33 7 095 #L8L] 21 01 1]
5 040 STO4 35 04 0% RCLY 36 09 j
041 RCL6 36 06 097 RCLB 36 12
042 X -35 098 4 -24 _:
043 RCL7 36 07 7 099 §T0Y 35 09
D44 RCL2 36 02 - %0 100  SPC 16-11
045  CHS -22 1] 101 PRIX -14 7
046 eX 33 102 RCL2 36 02
047 x -35 7 103 RCLB 36 12
048 + -5 104 z -24 ]
049 sT01 35 01 105 8T02 35 02
050 050 #LBLO 21 00 106 + -59 7
051 RCLY 36 09 107 GSBB 23 127
052  CHS -22 - 108 ex 33
053 e* 337 109 RCLé 36 06 7
054  ST03 35 057 110 110 x 35
055 RCL2 3 027] 11 PRIX 14 ]
056 RCLY 36 09 112 RN 24
REGISTE - -
o fu i iy [M2pi [ 2/z; ['wed /o | et /6 /1 [% /7 | et Fr
51 ‘ Ea r 57 139
’ € 1 /
" Le ° 4t C k ) o ‘4




Pl‘)gmm LiSﬁng {113 10 end)

263

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 xLBLB 21 12 | 169 PRTH ~14 _|

114 RCLB 36 12 | 170 170 RCLI 36 03 _

115 X -35 | 171 z ~24 _|

116  RTN 24 _ 172 PRTH -14 _|

117 =xlBLe 21 16 11 173 RIN 24

18 Ky -41

119 5709 35 @9
120 120 RCLZ2 -~ 36 02

121 + -99

122 RCLY 36 09

123 Xy -41 |

124 z -24 180

125 2 -24

126 RN 24 ]

127 «LBLb 2! 16 12 ]

128 CLRG 16-53

129 ST05 35 05
130 130 Ri -3

131 5704 35 04 7

132 (X -5( j

133 RIN 24

134 #LBLc 21 16 13| 190

135  STOE 3515

136 Rl -31

137 5706 35 06

138 RCLS 36 05 7]

139 y* I
740 140 RCL4 36 04

141 I's -35 7]

142 $700 35 00

143 CLX -51 7]

144 RN 24 7 200

145 #LBLC 21 137

146 ST+3 35-355 03 7]

147 RCL6 36 06 7]

148 RCLE 36 15 7

149 + -55 7]
150 150  ST06 35 06

151 RCLS 36 05 7]

152 yx 3

153 RCL4 36 04

154 ' -35 7] 210

155 8704 35 01

156 RCLO 36 00

157 + -55

158 2 02 7

159 z ~24
160 160  ST07 35 07 7

161 x =357

162 ST+2 35-55 02~

163  ReL1 36 0177

164 ST00 35 00 220

165 RCL7 % 07

166 RN 24 ]

167 #LBLE 21 15 _]

168 RCL2 36 02

= LABELS FLAGS SET STATUS
P M P oused Cy~» P E 0 FLAGS TRIG DISP
> M o, b+ |° Loin, 4L |° ° ! cD®| oee | X m
0 1 2 3 ry 2 1 0% | grRaDO | sc1 O
poed | wed | 5 - 20O ®| RAD O | ENG O
r 3 O n=3 -
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Program Deseription

Program Tite _ LengH - shuchured_ VPA
Neme  Donie/ Fouly

Adds I CLARM, Mcc PO Box /$or
Makati , Meko Monila , Phitiopines_

Program Description, Equations, Varisbles, ete. /72 _0na/ogy %o Jeses' (1974) conversion of FApe’s
(1972) cohor! anolysis t_a _me#od suifoble. for_the analysss of Calch- af - .

Oultands VP tas e foom

kngt_dale , Bulland’s (/9€S) VirFnal fopulalion Analysis (VAA) can be uses
B _estimate_pishing morfalify and populalion SEES from calch - of - Kngtt bl .

— Py £V oy oY )
Ci . Hli-exp- (K +M).

. Bereralived por ary Fime inkeral 48, Hhis becomes

o Wigae = (Foa#M)ar  oxp {-(FrzeMat] .2
C1-2._ (F1-2408t) " {1-exp (- (F.a+M)At )}

__Where N & e rumber of fish of age I _and Ci-z ond 1.z . are The _cakoh ang)
LG _porladfy , cespectirely, perfarning 7o fiskes ranging fom _age 1B age R._

Conterting _frgths 1 age., iy fems of e generalred VOEF._gires for AY
N YA f_ R
n P =7p N

4t = 0

8

Where Ly ond L, we;eknyﬁrﬁda/o/ooiﬁaq&rlmd 2, .@fqaﬂ"zl@_-_”_,,_____

Operating Limits and Warnings ¢ _properfies of the method ore essenfiatly he_came_as for VP as._
far_as_conrergence_lmards due prshing mortakity s corcerned , and He came g por
__shwed fowpth cobor! analysic os for as sersihviy B bo onot A & conconed. e
. aethod , bowerer,is insensitive b the effects of [ength class /afeval rhar are
__very large , Somefhing which & mol fhe cose with._Jones’ teng ¥ _coher! analysss.
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User Instructions

VIELD PiR RECRUIT ( Speciol 1B6F) FE2TP

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

ORIGINAL VERSION (1957)

Enter paromefer volues

=
il

5
&

Fﬁ-xxs{

ok (o
O

1

-
2

59

@
HelElp UL

Y/R

C'am,pw’e

\,‘

JONES ™ VERSTON (1957]

L g

bnfer parameter volues os obove,om#ing

Compute Y/R

SIMPLIFIED VERSION (1966)

Entfer porometer volves

ML

(lt/zao "‘)

Caleulofe refafire Y'/ R

Y/%, -

yreld per recrur’t of age %

i

Y/R.

Y Ay

Y/

Y/ e

Y'/R

{

I R
1 ! i
" ; I§ | o |
. H
L

|
)

Intunt !
il otie
L]

|
Il
t

Y/Rr = yield per recruit of age %

when f» 13 not ovaslable | sel 4: %,

T Ty
{
|

ﬂ; BEEE
)i
nuianing

L

]
JUoutt

_
(-
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Program Listing wiwm
STEP KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY KEY CODE COMMENTS
oot 001 *LBLa 2! 16 i1 ] 057 RCL3 36 03
002 RCL? 36 02 ] 058 . -55 ]
003 + -55 | 059 2 -24
004 5703 35 03 ] 060 060 - -45 |
003 RCLD 36 14 ] 061 RCLB 3% 12 ]
006 RCLO 36 00 ] 062 x -35 ]
po7 - -45 D63 RCL4 36 04
008 5705 35 05 064 x -35 |
009 RCLA 36 11 065 #8Lb 21 16 12 ]
010 010 RCLD 3614 066  SPC 16-11]
011 - -45 ] D67 PRIX -14
012 $T06 35 06 068 RCLD 36 14 ]
013 RN 24 7 069 ACLI 36 46 |
014 .88 21 12 070 070 - -45
015  $704 35 04 1 07! RCLZ 36 02
016 GSBa 23 16 11 ] 072 «x -35 ]
017 RCL3 36 03 7] 073 CHS ~22 |
018 /X 52 7] 074 e 33 ]
019 RCLS 36 05 7 075 X -35
[z 020  RCL1 36 01 7 076  PRIX -14 ]
pet X -35 077 RN 24
022 CHS 22 7 078 *LBLA 21 11 ]
023 ¥ 33 p7y  STO4 3504 ]
024 3 03 7 joso 080 €SB 23 16 It
025 x -35 081 RCLE 36 06
026 RCLI 36 01 082 RCLZ 36 03 ]
027 RCL3 36 03 083 X -35 ]
028 + -55 1 084  CHS -22
029 = -24 1 085 e 33 7]
030 030 - -45 1 086  CHS -22
031 RCLS 3605 ] 087 ! 01 ]
032 RCL! 3601 ] 088+ -55 ]
033 x -35 ] 089 RCL3 36 03 7]
034 2 02 7] 090 090 3 -24
035 X -35 7] 091 RCLI 3 01 ]
036  CHS -22 ] 092 RCL3 36 03
037 & 33 033 ¢+ -55 7]
038 3 03 1 094 §T07 35 07 7]
039 % -35 095 RCLE 36 06 ]
040 040 RCLI 36 01 096 x -35 7]
041 z 02 1 057  CHs -22
042 x ~35 ] 098 e* 33 7]
043 RCL3 36 03 ] 099  CHS -22
044+ -55 100 100 ! 01
045 3 -24 7 104 + -55 ]
046 # - -55 7 102 RCLS 36 05
047 RCLS 3 05 103 RCL! 3 01 7]
048 RCL! 36 01 104 x -35 7
049 x -35 105  CHS -22 ]
050 050 3 03 106 ¥ 33 ]
051 x =35 1 107 3 03 |
052 CHS -22 ] 108 x -35 ]
053  e* 33 109 x -35 ]
05 RCLI 3601 ] 17 110 RCL? 36 07
055 3 03 ] 111 2 ~-24 |
056 x 35 112 - -45
REGISTERS ; - > ;
0 1 2 3 4 5 6
th | K M [ Z {gF ltc-toltm,:tc wed | M/K_[1-c
S0 S1 lSZ S5 ]ss S7 S8 lss
A B8 C E 1




Program Li

S‘ing (113 10 end)

267

STEP KEY ENTRY KEY CODE KEY ENTRY KEY CODE COMMENTS

113 5108 35 08 169 GIok 22 16 12

114 RCL) - 36017 170 170 sBLc 20137

115 2 02 ] 171 STOE 3515

116 x -35 ] 172 RCLL 3613 ]

137 RCL3 36 03 ] 173 CHS -22

118 + -55 174 { 01 7]

113 sT07 35 07 175 * -55 7]
120 120 RCLS 36 06 7 176  s109 35 09 7

121 X -35 ] 177 3 03 7]

122 o -22 7] 178 x -35 ]

123 ox 33 179 RCLS 36 08

124 CHs -22 7 180 180 1% 52 7

125 1 017 181 RCLE 3615 °

126 + -55 7 182 CHS -22 7]

127 RCLS 36 05 183 1 01 7

128 RCLI 36 61 184 ¥ ~55 7]

129 X -35 7 185 x -35 7
130 130 2 02 186 STQ7 35 07 7

131 x -35 1 187 1 01

132 (HS 22 188 + ~55 ]

133 e* 33 189 : -24 7

134 k4 03 90 190 CHs -22 7

135 x -35 7] 191 i 01 7

136 RCL7 36 07 152 + ~55 7]

137 : -24 7 193  RCLY 36 09 7

138 ST+§ 35-55 08 ] 194 ' 53 7

139 RCL1 36 0! 195 3 03
%0 140 3 03 196 x -35 7

141 x -35 1] 197 RCL? 36 07 7]

142 RCL3 36 03 198 2 02

143 + -55 199 x -35

144 sTo7 35 07 ] 200 200 1 01 7

145 RCL6 36 06 201 + -55

146 x <35 202 : -24 7

147 CHS -22 ] 203 + ~55 7

148 ex 33 7 204 RCLY 36 09

149 CHS -22 7 205 3 03 1
50 150 1 01 206 yx 31

151 + ~35 207 RCL7 36 07 7

152  RCLS 36 05 7 208 3 03 ]

153 RCL! 36 01 7 209 x -35 7

154 X -35 7 210 210 1 04 1

155 3 03 7] 211 + -55 1

156 «x -35 292 s -24

157 CHS =22 1] 213 - ~45 7

158 eX 33 7 214 RCLY 36 09 T

159 X -35 215 RCLB 36 08
160 160 RCL? 36 07 7 216 yx 3

161 z -24 " 217 X -35 7

162  RCL8 308" 218 RCLE 36157

163 X2y -41 7] 219 X -35

164 - -45 7] 220 | 220 RIN 24

165 RCLB 36 12 ]

166 X -35 ]

167 RCL4 36 04

168 x -35 — _

LABELS FLAGS SET STATUS
ABiH 57 EIms 57 Ce¢H ‘%66 |° 0 FLAGS TRIG DISP
‘used | wsed [ ! ! o 0% | o = | Fx =
0 1 2 3 2 1O R GRAD O sCt O
- T - Jir F 2 0®| RAD O | enva O
3 0™ n=3
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Program Deseription

Program Title ),I'&/d[er @C’l‘ﬂ/f i

Name ___ Donvel Pouly B  owe March, /981
Addres . _[CLARM, McC P.0- Box I1s01 _
Makal, Meﬁ‘a Manila, /’/zz/z,a/mes . e

Program Description, Equations, Veriables, sto. 700707 B 20 eSlimarkes e gield por recrwu,
_qglven qromth ang refafed paramesers ﬂvm any of He Hree egotions.

Zr' “(Z+K)%
1 (]
//6. - /re tl'/ [1 -€ (I )
Z+ K
R -2Kr, -(zr2K)K -3Kn; (2;3/()
e L e *(1.e %y e % )]
T Zr 2K Z1~3K
o r -A; 2K Ly
PRI 7 A “”’i 1 38 36 e
= f. . 3 - 7 SR Z
e W= Fe T Tt Tk ™ Gu //
where IFItM, f=by-ty, f;<bo-tr ond 1y Tmay ~Fp
o

YR - [/1-c)”./‘/f, _3¢-¢; a0t

1+ K(21-£) 7 4 4,2K(1-F)
M M

P {1 C) e - i })

e e —*_Wt_— . A R (A

“ ;ﬁrq,gmaég Bewerln and #olt (195 7) , Jores (1957) | Bevertom ond
ket (196%).

Opersting Limits and Wemings _J/iese eguolions /nusl' be used only i coryjanchon
with the \f;pecm/ VBGE _(when D=1) ond when werptr?t row [s

I‘UMQZI‘/C




User lnstructions

FB22
& YIELD FER RECRUT WIA INCOMPLETF B- FUNCTION 2P

sTeP INSTRUCTIONS AT ATNTS KEYS DATAUNTS
\ [ 101
1 | fnter parometers W Sto [ 8]
i K sre 1A ]
D Lsro] [0 ]
b
M [s72][ 0 ]
A (10 1
b £ 1({a]
L £ 10e]
SOFCIAL VBGF (D=1) : (I
]
2 | Coleulok yield per _recryit F %] % /;
I [V
GENERALIZED VBGF (D #1) I [ B
—
3 | Calcufar yreld per recrurt £ -0 R Y
' e 7
CaC 1 | YA
g o
N R |
L1 ,;j
.
-
NOTES I (o R .
Y/R = _yreld per recruit of f ,_] [;J
_)/[kr = yle_/g’jger recrunt of Lr_j L::]
age 7~ [:] L__:]
When tr is not_availoble, C 11
set _tp =¢,

000U
Joudon

269
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Program Listing oo
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
foor 001 LBLA 21 11 057 RCL3._ 76 05
002 St0l 35 46 058 X ~35 ]
003 P 16-51 059  RCL4 36 04 ]
004  RCLS 36 01 060 060 + -55 |
005 RCLO 36 00 061  ST05 35 05 |
T - -45 062  CLY -51 ]
007  P2S 16-51 063 RCL7 3 07 ]
008 RCLA 3 1 064 X -35
o9 X -35 065 RCL6 36 06 7
o10 010 CHS -22 066 ¢+ -55 ]
611 ¥ 33 067 STO7 35 07
012 $T03 35 03 068 RCLS % 08 ]
" 013 RCLE 36 15 069 | 01 ]
ai4  RCLD 36 14 070 070 + -55 ]
015 % -24 071 Sro8 35 08 ]
016 ! 0 072 RCL2 36 02
017 + -55 073 RCLS 3 08 7
oL STO2 oz 074 - «45]
013  RCL) 3% 46 075 x -35
020 RCLO 36 00 076 RCLI 36 0t ]
02! + -55 077  RCL8 3% 08
022 RCLA 3 11 078+ -55 ]
023 = -24 079 RCLE 36 08 ]
02¢ STDJ 35 0J {080 080 + ~53 ]
025 ! ot p8) 2 ~24
026 ST07 35 07 pg2  LSTX 16-63 ]
027 §7T06 3506 - 083 1 0i 7
028 STM4 35 04 084 - ~45 7
D29 0 00 - 085 = -24 7
530 030 5708 35 08 086 RCL3 36 03 7
031 ST0S 35 05 087 x -35 4
T 03z &LBLO 21 06 088 ENT? -21
033 ST09 35 09 089 ENT? ~21 7
1" 03¢ RCLY 36 0/ 090 090  RCL4 36 04
035 RCLS 36 08 09) X <35 7
036 + -55 092 RCLS 76 05 -l
[~ " 037 ENT? -21 093 . ~55
038 ENT? -21 034 STD4 35 04 7
039 RCLZ 3 02 095 A2y ~41 7
oW 040 + -55 T 096 RCLE 36 06 ]
041 x -35 097 X ~35 7
042 RCL! 36 0f 098 RCL? 36 07
043 RCL8 36 08 099 + -55 71
044 + ~55 700 100 5706 35 06 ]
045 RCLB 36 08 101 %07 16-42 7
046 - -55 102 : ~24
0¢7 = ~24 103 RCLY 36 09 7]
048 LSTH 16-63 104 A2 -41 7
049 1 01 105  x#Y? 16-32 1
050 030 + ~55 106 €700 22 00
051 3 -24 107 RCL3 36 03 7
052 RCLI 36 03 108 RCLI 36 0f ]
053 x -35 109 yx 3]
054  CHS -22 110 116 x -35 ]
055 ENTH ~21 111 1 a
056  ENTt -21 112 RCL3 36 03
REGISTERS
4 (] 7 9
‘M 'p _a [ x used | vsed | used | wsed | ases Lu:ad
51 S2 S5 S6 S7 S8 S9
‘o G tn L
B8 C D E I
* ok Wep D £ 5 F




Program

LiSﬂllg (113 to end)

27

STEP KEYENTRY  KEY CODE STEP KEYENTRY  KEY CODE COMMENTS

113 - 15 169 ST0A 3511 |

114  RCL2 36 02 170 170 CLX -51 ]

115 yx 3 171 RTN 24 |

116 X ~35 172 #LBLa 2! 16 11 |

117 RCLI 3 0] 173 P2S 16-51 |

118 3 <24 1 174 8102 35 02 |

119 sPC 16-11 1 175 R «31 ]
120 120 PRTX -14 1 176 ST1Q0 35 00 |

121 RCLB 36 12 177 P25 16-51 ]

122 x -35 I78  CLX -51 7]

123 RCL1 36 46 ° 179 RIN 24

124 X -35 1 180 180 #L8Le 2! 16 13

125 RcLA 36 11 ] 184  Ps 16-51 7}

126 z -24 " 182 s101 35 01 7

127 ¥ 16~51 ™ 183 P25 16-51 7]

128 ReL! 36 01 184  CLX -5{ 7]

129 RCLO 36 00 185  RIN 24 7
130 130 - -45 1

131 25 16~51

132 RCLI 36 46 1

133 RecLO 36 00

134 + -35 190

135 X =35 7

136 e* 73 7

137 x -35 7

138 PRTX -14 1

139 p3s 16-51 =
140 1490 RCLY 36 01

141 ReL2 36 02

142 - ~45

143 s 16-5¢ -1

144 RCLO 36 00 200

145 x -35

146  CHS -22

147 o 33

148 x ~35 ™

149 PRTX ~14 -
50 150  RIN 24

151 ¢LBL8 21 12 1

152 sr01 35 46

153 RCLA 36 11

154 p: 16-51 - 210

155  $T05 35 05 -1

156 P2 16-51 -

157 Rclo I35 14

158 x -35

159 3 07
180 160 X ~-35 7

161 RCLE 36 15

162 3 -24

163 STO00 35 11 7]

164  RCLI 36 46 220

165 6584 23 11

166 25 16-51 ]

167 RCLS 36 05 |

168 P 16-51 — —

LABELS FLAGS SET STATUS
AY/R D=1 'rWR, D#1 |° P T 0 FLAGS TRIG DISP
o, trr [ ‘te T ‘ ¢ ! oD% | oee ® | Fx £
r 2 1 B | GRADO | Ssci

®Loop for B |! 2 s 2D m| mo D1 ene O
5 3 7 8 r“ 3 30 ® n=3
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Program Deseription

Program Title __ ”e/d per. /?CCI‘U/ZM[/'O /}7(0/77,0/@/% 8- Furmction
Neme ﬁaﬂ/e/ fouly , ;  Date Harch /987
addres  JCLARM , MCC P.0. Box 150/ -

Makoli , Melro Mm//(o__ ﬂb///,o,o//;e:

Program Description, Equations, Variables, etc. Yield per recrar't, o8 «‘éoam by Jores f/%‘ Z)

YE = /K ‘.e /e(xpa)f - .."L‘"z)
w/:em X 6 P= Z/K , @ = bf! ( b ée/ny b ex/aoﬂmz of e /e’):?)‘%—
weght re/a/mm/ﬂp ) ond b being #e symbol of e incomplete bela funclon,
ond where 1, =1ty =ty ond 1y = U -T,. Note here $ol b may be # g(q{ones -

(19532), WilimorsKky and Mck/und (1963), Rcker (r975) ).
When ﬁ;c generofized VBEF 15 used 7o descrvbe growhy | yield per recrwt cap ée
sompued from

F b 2
- Y/Kr = FRD - “-“

--,'_:-w/:ere y= e “3KD5/b , P=2b/3xD , &)7=(b/0)+1 ond %4 ond 7z are o
_defined as obore .

’. Q;Mg W {6 (x,P, Q){ P

_ 756 f'0u7'/ﬂ€ w/noh estmakes fhe values of #72 /ﬂ:p/n/»éﬁ: éei‘a /um'i}an /5 7a/ée;7
}lmm rﬁW’"”’ 004250, submifed by RN Shudde 7o te U-S Userl
Library .

Operating Limits and Wamings Zxeculion 7ime js obou? 4p cecond.




Frk

User Instructions

CONVERSION FACTOR 'k *

STEP wstAuctions / DATARRNTS KEYS DALAMITS
, L]
! | fnfer parameters reeded K L7
Mt Lam ]
t, Ler ]
te
tk
2 | Coleulate volue of factwr "K” F¥* N

NOTES

* If o seporate estimates o M
ang F are avallobk  entr Z

inskad of M, and compwte K

',l'o/‘ F=0.

DUOO0U0CHC O e el

"
ail

N e NatEe sl

IR NN NN
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Program Listing

STEP KEYENTRY KEY CODE STEP KEYENTRY KEY CODE STEP KEY ENTRY  KEY CODE
01 001 «LBLA 21 17 038 ST+ 35-55 09 075  CHS -22 ]
002 RCL2 36 02 039 RAcL7 36 07 ] 076 o 33
003 ¢ -55 040 040 RCL) 36 01 | 077 3 03 _
004 STO3 35 03 o4 x -35 078 x -35 |
005 1% 52 042 3 03 | 079 RCL! 36 01 |
006 STO9 35 09 043 X -35 080 080 2 02 |
007 S105 35 05 044 CHS -22 ] 081 x -35
008 RCLC 36 13 045 er 33 ] 082 RCL3 36 03 |
009 RCLO 36 00 046 RCLI 36 01 ] 083 + -55 |
s ot0 - -45 047 3 03 ] o84 = -24 ]
ot1  sTo7 35 07 048 x ~35 | 085 ST+4 35-55 04
012 RCLI 36 04 049 RCLI 36 03 R 086 RCLE 36 08 |
013 X -35 050 o ¢+ -39 ] 087 RCLI 36 01 |
014 CHS -22 031 3 -24 ] 088 X -35 |
015  of 33 052 §T-9 35-45 09 ] 089 3 03 |
016 3 03 053 RCLS 36 05 ] 090 090 x -35 |
017 x -35 054 ST04 35 04 | 091 CHS -22 ]
018 RCL3 36 03 035 RCLA 36 11 A 052 X 33
019  RCLI 36 01 056 RCLO 36 00 093  RCLI 36 01 ]
020 + -55 057 - -45 7] 094 3 03 |
021 : -24 058 sT08 35 08 ] 095 X -35 |
022 ST-9 35-45 09 059  RCL! 36 01 ] 096 RCL3 3603 ]
023 RCL? 36 07 jee 060 X -35 ] 07+ -55 ]
024 RCLI 36 0Of 061 CHS -22 | 098 ¢ -24 |
025 x -35 062 e 33 ] 099 ST-4 35-45 04 |
026 2 02 063 3 03 7] 100 100 RCL4 3604 ]
I ozr  «x -35 ] 064 x -35 ] 101 RCLA 36 11 ]
028  CHsS -22 065 RCLI 36 01 | 102 RCLC 36 13|
029 eX 33 066 RCL3 36 03 103 - -45 ]
030 030 3 03 | 067 * -55 104 RCL3 36 03 ]
031 x -35 068 z -24 {05 X -35 ]
032 RCLY 36 01 069 ST-4 35-45 04 106 CHS -22
033 2 02 070 070 RCL8 36 08 107 ex 33 ]
034 x -35 071  RCLS 36 01 ] 108 x -35 |
L 035 RCL3 36 03 072 x -35 ] 103 RCLY 36 09 |
036 + -55 073 2 02 110 1o : -24 |
037 + 24 074 X -35 7 111 RT'; 24
LABELS FLAGS SET STATUS
"ok T ° P F ° FLAGS TRIG DISP
a Ib c d e 1 ON OFF
: o0 K| OEG ® | FX ®
0 11 2 3 2 F 1 O G0 O | sl O
2 0H RAD O EN
¥ i ° S 8 3 0 ® n=
- REGISTERS
1 2 4 5 1
to K M Z wes [Yz [ "n I'n [used
SO S1 |82 S4 S5 S6 S7 S8 SC
A B C D 3 i
£ T ¢




Program Deseription

Program Twe __Corrverson Factkher “k 7

Name Donie! Pouly . o Mech A5/
Address  __JCLARM, MCC P. 0 60:\' /gor L
. Mako// . Metro Mamla, ﬁﬁ///p;/ne: , o _

Program Description, Equations, Variables, stc. Un7der eguilibrium conditions , the proporion

in_the lelal_slook (i.e. of Me fich of oge 7 ond obove ) of. #Lejvr/:
. of age Uy ond abow 5 given by .

o 1 _ 3exp(-Kr )4 JGXP(ZK";) exp (-3Kn,)
- exp (' ) Z¥K Z+ 2K Z + 3K o
- 2T sew (- 4\,» Sexp (-2Kry) _ exp (-5 Kry) - 1)
e Z+ K 212K Z+ 3K
‘where 1 = €. -ty o )
_;.__';_=.,_t’l( - fo e e
md o= tp-t.e o L
, N/ﬂv ﬁe ﬂmmeﬂr& K’ aﬂa' . pertalﬂg? B e ..;,-oecz o/ VBG‘F /lem/oe/
 and J'ar/mqe (1957) /%u/y //7lod)) o . R
Opersting Limits and Wamings __(45¢ m/q in_Conjunclion with #e peoral VBGF
' (/- e. N:J’h_" o=1). e
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User Instruections

»initialive

PtR g PIAL-) a PvC

FB 24
& JTOCK -RECRUITMENT CURVE of BEVERTON ¢ HOLT 2P

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Inikalze

Enfer Ponog AR values

sl
§

K]

IR

IS

HAemore erroneous dale parr

v

lolcalate r? , &' 8’

Enfer P-values¥

Estimate B (HM ¢ AM) for o qiven P- valve

It Pand R are expressed in e some awik,

colculale paramefers of 2nd_form of curre

MTES :

¥ [f an erromecus value of Pis

entered , perform : OSI0L O

SID 3, awd startl erfering Fhe
rd

P- values all over @gars .

I

e

i -
FRNIE

i
|

|

Bininininie

RERaNN
winininininie
FUCLDL

| ! .ﬁﬁ P t 1
N RN
I
i
LiiL

f:!IE:E‘W'
EREEE

O]

F_,—ﬁ__q_ﬁ,_qﬁ—ﬂ~ﬁ
T 1

i

|

P
{_]\ !
M

0- 000

R (HM)

X (AM)

B (HM)
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Program Listing

STEP KEY ENTRY KEY CODE STEP  KEY ENTRY KEY CODE
STEP KEY ENTRY KEY CODE 938 RCL9 36 09 075 1% 52
oot 001 #LBLa 21 16 1T ] pard 24 076 ST+2 35-59 02 :1
002  CLRG {6-53 ' r (1744 t 0i
6 05 4
003 P25 16-51 = o0 ke 078 ST+3 35-55 03 ]
004 C(LRC  16-53 ] 2 - e 979 RCL3 36 03
005  CLX =31 043 - -24 1 060 080  RTN 2
006 RTH 24 ] 044 T8 3512 ] 081 ¥lBLC 21 13 ]
007 »lBLA. 21 18 ] 045 « 235 1 082  SPC 16-11 |
008 ST+ 35-55 Of 1 083 RCLA 36 11
—— . 16 3606 A
a9 Rs -3t ] e Ao 53 9 084 XY -41 ]
010 010 sToo 3500 ] oy als 36097 g5 24 ]
011 Rt 16-31 | 049 = -24 9 086 RCLB 36 12
012 = -24 ¥ 4 087 + -55
- cHS -22
a3 R0 300 ] 050 Oy s 088 1% 52 ]
014 F2? 162302 ] 052 s 554 089  PRTX -14
015 (100 2200 ] R 24 4 090 090 RCLI 36 01 ]
a6 I+ 56 ] 054 PRTY 149 091 RCL2 36 02
a7 RTH o 055 RCL6 36 06 ] 092 : -24 ]
018 w80 2100 ] 0% RLL4 36 047 093 x -35 7]
019 - 1656 057 RCLB 36 12 1 094  PRTX -14 ]
o[ 020 RIN 2 ] b .35 1 05 RN 24 7
021 »LBLE 21 12 ] 059 - -45 7 096 xlBle 21 6 15_1
022 SF2 16 21 02 ] - 060 RCLS 36 091 097 RCLA 36 11 ]
023 cI0A 22 11 6l 24 098  CHS -22
024 BLE 2115 1 062 sToR 33 117 099 1 or 7]
023 pasl6al 063 RCLE 36 12 w0 s -55 ]
026 SPC  16-11 064 PRIX e 101 PRTX -14 7]
027 RCLE 36 08 A 102 kOB 36 12
028 RCL4 36 04 ] 066 PRIX 14 103 X2y -41 7]
029 RcLé 36 06 067 as 16-51 1 104 ¥ -24
030 030 x -39 068 RIN 24 4 105 178 52 j
031 ReLs 3609 069 sLBLD 21 14 106 PRTX 14
gz i 570 070 RCLA 36 11 107__RTH 24
o33 - 2. 071 A2y ~41 1
034 ENTt -2t ] P 24 1
035 ENTt -2l ] ) 1 110
036 ROL4 3604 ] oy Ros e 2
037 e 53 Y
LABELS FLAGS SET STATUS
; 3 - D € ¢ TRIG DisP
fiﬂJLmnf Berection et R gd//fe&‘- Te:l-’, «€£8 - F'aﬁcosﬂ: o
e c 0 | F
Ysmhalize i 4% — 8 8 gggo sc O
0 1 2 3 correshron 2 B RAD O E'SG a]
5 6 7 3 3 00 n-3
REGISTER
) lz 4 5 6 7 8 o
R I Rest.
“‘w S by = = = 5 =3 S7 S8 S6 .
> 1 [ Zx Zx* 2y Zyt XY ¢
1
A 1 B ) C D
é I K -




Program Deseription

Program e ___ SP0ck - recruitment curre of Beverbn ¢ Hoft
Neme  Donie/ FPovly . _ — Date March /979
Address . _Jnelidul _fir Meereskunde
Kiel , FRG

Program Description, Equations, Variables, etc. /7€ $/ock - recruritment relafionship Proposec by
___Bererlen_and Holt (1957) has the form I

R Bl where P i the size of Me parenta/ <hek ama

. Ris _the_number of recruits. When Pond R are exprecsed in the Some wnifs,.
... formulo can be rewrvtfer as

R G rrn) » where A= 1:6 ond o= A/P | B being

Hhe _replacement _obundance . Vie eurve s fiffed by means of . .

£ = B+ dF, that Is by regressing F/R on P. T R-Lre,
__R

. 00fained by inverfing the volues of R reprecents e harmonic meons (WM

.of  the expecled recrufment for Me varions P- values. The coversion. of
__HM- raluec P #e corresponding ari#metic meon ralues (AM) foltows She
. procedure_oullined by Ricker (/1975). |

Opersting Uimits and Wamings ¢ AM - yalues  obtarned Hrough converssion promr
. BC_HH - yalnes _are  approximalire (see Rcker 97, p.292),

. _Whea _a  negatin value o p '& oblaned, defefe the yalues of K amc |
- P_asiociated with the kighest P/R ratio anc recafeulare of’enat Ve

279



User Instruetions

RICKER'S STOCK - RECRUITMENT CURVES FB 252p

+Roam/Resn) + B /R -+ a0d Jorm
R P4R¢10 1

4

STEP INSTRUCTIONS mes KEVS om
L 1C 1] ‘
4 | Initialze (F1la] 0. 00O
CJC 1
18t FORM (Rong P in differen’ writs) I |
C ]
2 lftnter Pond R values i 0
“1 & AL B
1
3 |Remove ermvneous dale pair 4 1]
A CA 18] -1
C 1)
4 | Caleulote paramefers of hck -recruniment gurve Ce 11 r*
1] L
| 8
(O L
) | R |
C-JC 1
5 |Lstimole Riemy for o giren P~ rolue P Ce ] R (o)
) C 11
6 | If on estimafe of 2 is avarilobl _do : A 7] R/%
1
2nd FORM (R ond P in the Some Uni%k) 11
I
7-8) As 2and 3 in 13 form |
I
9 | Ca/culate porameters of stock - recruitment [L_% C@—l _
curve £ r
C A1 [a-%5
CIC ) L&/
10 | Reenter Pond R ralves * e 4 (1]
Li kg (2 ][] ¢
when _all_valves have been emkres , oo - (2] Keasn) /R o)
i Fm 510
1 | Estimate Rpwy & Reaw)y powr @ given P- ralue P Rcoat)
l:] [:] L can)
P If an erroncons valve o Pord/for R wac entred, C 1]
perform : O ST06 4 O 7 and starl enterig Pg R I |
values all over aqain. JL ]
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Program Listing oo

STEP KEY ENTRY KEY CODE
001 001 #L8La 21 16 11 e T
0Ll 16 11 057 RCLB 36 12
003 P8 16-51 ! podd X e
004 CLRE  16-53 060 A el
bt e o 060 RCLS 3 09
pro o 061 P¥S 16-51 ]
007 wLBLA 21 If we P
008 LN ) o sren n
pridy ) 064 5T0A 3511 ]
o0 010 ST00 35 00 e
oG o 0 066  RTN 24 ]
ol L 2 067  PRTY ~14
oz o] 068 RCLS 36 12
014 F27 16 23 02 peodiie i :
oy Far 230 ) 070 070 ST08 35 12 ]
o3 o o 071 PRIX -14
017 RN 24 1 AT 2 4
018 +(BLO 21 00 1 ors mRM i j
_ oig Lo 2 00 074 RCLA 3 11
E o - * 075 RCLA 36 12 ]
021 #LBLb 21 16 12 pikd ’ 24 ]
022 SF2 1621 02 9 o ; 3
023 €104 22 11 " pebd o 2
024 «LBLE 21 15 % {oe0 o ; e
o £ 2 18 080 PRTX -14
026  SPC 16-11 1 P P
pordipd i 082 aLBLC 2113 7
028 RCL4 36 04 o STOU o q
029 RCL6 36 06 1 vee RS % 12 ]
— ozs L o 085 CHS -22 :
031 RCLY 36 09 1 o . B
ot L o 087 e 33 7
pod : 2] 088  RCLO 36 00 7]
034 ENTt =21 1 fod 9 ]
03 Nt 2 090 090  RCLA 36 11
036 RCL4 36 04 '] ot ; ]
pisd L4 ol 092 RTN 24 7
0 ] 093 LBLd 21 16 14
o L o 094 GSBC 2313
fos0 040 RCLS 36.05 borile 3 00 ]
041 X 41 " pord . by :
ot : 4 097  RTH 24
pors : ] 098 xlBle 21 16 15
M ] 099 SF2 1621 02 '
pad 0 ) 100 100 6SBE 2315 7
046  RCL6 36 06 . " 2 ]
o4 Lé % 102 PRTY -14
o s 2 103 5703 35 03 *
o4 L ] 104 RCLB 36 12 1
e 050  CHS -22 o y %
051  RCL? 36 07 7] 06 s 2 ]
ot L o] 107 ST04 35 04
032 ' 5 108 PRTX -14 ]
054  PRTX -14 ] 110 1 aio 2
054 pRTX % o 110 +LBLD 21 14 ]
b33 Rolé %0 111 S105 3505
‘ 112 RS -3
(] 1 2 3 '
u“d 4 6 7
L " {; l; a lg‘fl ssw:d : ¢
7
_ i 2x 2y Zy?
a, L [ b i I




Program
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STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEVOOI_)E
113 s100 35 00 169 X ~35
114 RCL4 36 04 ] 170 170 PRTX -14 ]
115 2 -24 ] 174 RN 24
116 CHS =22
117 1 o1 |
118 + -55
119 RCL3 36 03
120 120 x =35
121 e* 33
122 RCLO 36 00 ]
123 x -35
124 L0 16 32 ] 180
125 RCLS 36 05
126 LOG 16 32
127 - -45 7]
128 Xt 53
129 ST+6 35-55 06 |
130 130 i 01 7]
131 ST+7 35-55.07
132 RCL7 36 07 7
133 RN 24 7
134 eBlc 21 16 13 7] 190
135  RCLS 36 06 |
136  RCL? 76 07
137 ! o1 7
138 - -45 "
139 sT00 35 00
140 140 = -24 7
141 RCLO 3600
142 «x -35 7]
143 RCL7 36 07
144 2 ~24 "1 200
145 ! 01 "
146 . -62
147 ! o1 7]
148 5 05 "
149 1 01
%0 150 8 08 7]
151 X -35 7
152 10 16 23 7
152 ST08 35 08 7]
154  RTN 24 7] 210
155 «LBL8 21 12 7]
156 ST00 35 00 ]
157  RCL4 36 04 7
158 : ~24
159  CHS -22 ]
180 160 1 01 ]
161+ -55 ]
162 RCL3 3 03 ]
163 X -35
164 e 33 ] [0
165 RCLO 36 00
166 X -35
167 PRI -14
1
LABELS ~— [ FLAGS SET STATUS
YBR+ et Rleugmilot. Reany  Peorty P4R [or 16t fom |1 FLAGS _
* itialire_ " ooreot. |y Rowcpl'e 2/B o ot porm | 0o 08 X
0 1 2 3 ) 12 wied 1 g O g& E
‘ 2 ]
’ T |\ s 3 00 n=
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Program Deseription

Program Tite ___ Aickers SYock Recruitment Curves e
Neme  [bme/ /Ea/q o  Date March /981
Addess _ ICLARM , McC P.0. Box /501
Makal’ Me#o Manita_, Philipprnes

Program Description, Equations, Variables, etc. /7€ firs/ of 1he slock — eoruitment carves obscussed
in Ricker ((975) has the form R

Feecpe™ T T o

 where_Pis #he pareptsl shek site , R Hhe comresponding _pumber of @orufs,
_ A fs_Gn index_of density -independent porality ond B on inden of density

dpendent _morfalidy . , S ——
_‘ﬁ;e—:!‘éwﬂd_jﬂl‘m qf fﬁe &llf'}e /S . . e ~ o __ i
ke peltTA) T

~ ;v/mz 3‘ /f #A? /gv/acemem‘ abﬂﬂa’a»ce (1 e. #e /wm/ a’ wﬁ/c/r ﬁe fe'gbceme#f
e adte pe shel - recoustiment curve) and a: B /o , PP beng the pareny stk
__size of maimum_recratment.

T f'/f//gg ag e curves and e estimation of e ratio K, (44,) / /Q@u) ﬂfg}/aw: D
__the_method oultned in Ricker (1975 P 282 237) which shou/d be corssulted

 for_details_and fucther cosiderations. . ___

Opersting Limits and Wamings __J5¢_Geomenvc_rmean ralves (Regsy ) are the most
probable R for the observed P- rafves., nof the /ony ferm (arthmetic
mcan) arerage. R oblained at a giren #.




User Instructions

é’ SCHAEFER

Fox curve
A,

AND FOX§ MODELS

Pox :foptf, MSY
:;p,:’ M.

Fox olf line
e ©f/F line

F& 26

»

INSTRUCTIONS

INPUT
DATA/UNITS

x
m
<
[/}

DATA/UNITS

Initiekze

bnter calch-ond-effort dole

cotch

MK

e'// orl

HAemove _erroneous doky poir

co’ch

effort

SCHAEFER MODEL

Plht of C/t onf

| £ opt_ond MSY

Colevfofe cotch for ony fere! of effert

efffort

FOX _MODFL

Plot of In S/f on f

f opl_ond MSY

Colevlale cofch for ony fere! of effort

e}:/ort

I '——‘
wu
L

;‘;k;%lj} 1
|

I

i

7
N
:uudﬂ

I —1 i
i

!

I

—
i
I

N

™
N
L

il
il

il

{
i

i {

!
[

RN
JuCt

bl
A I I R R N T O I

‘
ey
| H

t

ank
i

oo R

iy P i ih I I

N"' Py
Pooogr P i ¢
Gl
! RS H [

ol |
—

I

e e B B B S
i ;
FUNDES I SRS O WU, SERY U SRR iy A S S
in
-

b
e
H s 1i [ il
IS Y

b Id i
] Lo e b
Vol o
L U S
‘,_1
LRl
frothoay i

e e A e
i
-
l

il

ﬁ
B
B

i

0-000

1
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l’mgram Listing wixm

STEP KEY ENTRY

— s ;‘gy'?-x“! STEP KEY ENTRY KEY CODE COMMENTS
007 ¥LBLa 617 057 SPC 16-11
00z cLke fe-53 058 RCLS 36 08
bog  Pis te-31 7 059 RCL4 36 04 |
004 Lk 5 060 060 RCLG 36 06
006 RTN 24 P 1 o
o0s a1 28 062 RCLY 36 09 ]
008 STOO 35 00 ' o6t : T
009 z -24 ol ; o

sie——1 010 sra1 33 01 Y oty i
e o ot 066 ENT? -21 7]
012 ST02 35 02 ey *
0§3  RCLO 36 00 065 s o2
014 ST+4 35~55 04 o ¥ -
015 X2 53 S b ' o1
016 ST+§ 35-55 05 A *
017 RCL2 3 02 P 2 B
018 ST+ 39-95 06 — o7e ; o
019 ye 53 — pib 0 -

E A . 075 sTo8 35 12
021 RCL2 3 02 - 077 . “og
022 RCLO 36 00 — AR .
023 X ~35 — 079 ' o
024 5T+8 35-55 08 — w5 gt
025 1 01 ~ > oy ¥ o
026 5T+9 35-55 09 — o Res g
026 S1s % 09 7 082 RCL? 36 07 ™1
028 RCLO 36 00 — o : g
029 I+ 56 — o ; g

- ok % ] 085 PRTX -14 —
031 aLBLB 21 12 — o s g delefc 1o
031 sLeLd 2 12 7 087 RCLS 36 12 e ‘.‘
033 z 24 — 332 ! gt | Rt
034 sT01 - 0 = .
034 o 35 01 580 090  ST08 35 12 regressien
o . 02 2 09! RCLS 36 06 7
b3 sroz 3 02 092 RCL4 36 04
038  ST-4 35-45 04 — ol *
038 o o 094 X -35 —
040 ST-5 35-45 05 — po L ey
041 RCL2 36 02 — A %o
042  ST-6 35-45 06 — ol : 2
D2 ST % 098  5T0A 35 11 =
044 ST-7 35-45 07 — prodAd s
045 RCL2 36 02 — ""’ o K% 2]
046  RCLO 36 00 — 101 rRT¥ ]
o L el 102 P35 16-51 —
048 ST-8 35-45 08 — 05 L 2
pop ! % 104 LBle 21 16 15

= 050 ST-9 35-45 09 — 1y o
b0 o1 i 106 RCL8 36 08
proll v 107 RCL4 36 04
posd o % n 108 RCLE 36 06
054 RTN 24 —1 109 \ g
peal u 110 110 RCLY 36 09
056  P3S 16-51 — o : 2

{12 - -45 |
° uvsed used
Fwd *Fox + ‘ Z'x Z‘x’ Exy
F"W’R* Zx Zx‘ er
A imtercept (0«) s!oyc (b) l '




ngram Listing 1:ue
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STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS
113 ENT? -21 169 RN 24
114 ENT? -21 7] 170 170 ®BLD 21 147
115  RCL4 36 04 171 see 16-11 ]
1é X2 53 ] 172 RCLA 36 11
17 RCLY 36 09 | 173 RCLB 36 527
118 % -24 174 CHS -227]
119 RCLS 36 05 | 175 2 62~
120 126 saY 41 "] 176 X ~357]
121 - -45 ] 17z = -247]
122 2 ~24 | 178 PRTH -14™7]
123 57108 35 12 179 RCLA 36 117
124 X -35 180 188 Xe 53
125 RCL6 36 06 181 RCLB 3% 12
126 ' 53 "] 182 4 a4~
127 RCLY 3% 09 183 x 351
128 ~24 ] 184 CHS ~22 7]
129 CHS -22 185 o -24
130 130 ReL? 36 077 186 PRTX -14 =7
13 + -55 " 187 RN 247
132 2 -24 "7 188 sLBLd 21 16 14
133 PRTX -14 7] 189  RCLB 36 127
134 IX 54 7] 790 190 i¥ 527
135 Rl 36 127 delefe to 191 CHS -22 ]
136 Y -41 obtain AM 192 SPC 16-11 7
137 : 24 . 193 PRTX -14
136 S708 35 12 rq_9f¢$510n 194 RCLA 3 117
139 RCLG 3 06 ] 195 1 01 ™
140 140 ReL4 36 04 196 - ~45]
141 Res 36 127 197 ex 3177
142 x -35 7 198 RCLB 36 12
143 - -45 7] 199 s -24
144 RGL9 36 09 | 200 200  CHs -227]
145 : -24 7 201 PRTX -1477
146 ST08 35 14 262 RN 24
147 PRTY -14
148 RCLB 3 12
149 PRTX -14 7
150 150 RN 24 7] ]
151  #LBLC 21 137
152 ST00 35 00 7
153 RCLB 36 327
154 X -35 : 210
155  RCLA 36 11|
156 + -55
157 RCLO 36 00 ]
158 x -35 ]
159 RN 24
160 160 eLBLc 21 16 13 ]
161 STOD 35 00
162 RCLB 36 12
163 X -35
164 RCLA 36 11 550
165 + -55 ]
166 ex 33 _]
167 RCLO 35 00
168 x -35 _

— LABELS FLAGS SET STATUS
onter dato [Peomection  [Coatch M5y, fopt | Schasfe Piet |0 FLAGS __ TG ISP
Soifiolize ¢ catch msy, fopt |°Fox Bt D& | oee B | rx ®
0 2 3 4 2 1 0 ® | GRAD B o] g

2 0®| RAD ENG
5 3 7 T P 3 3 0® n=2
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Program Deseription

Program Te __ Sehoefer  ond_fox's Models B
Neme  Donie/ Pouly T . Date Jo7., /720
Addres _[CLARM,  MCC PO Box 150/ .

.. Mokoli . Meto Monilo , Philipprnes

Program Description, Equations, Variables, etc. #/1¢n 0 frshery is in equilibrium ,surplus gield
..con_be_described by o porabolic funclion of effort ,r €. ..

where_0.0nd b_are conslonts ond f is fishing effort ; Moximum Sustorratle

Yield (MSY) and opfimum effort (fopt.) con be esthmatkd prom e

R
MSY = 02/‘/6 . o c.- 2

aﬂd R

e fopt. = /25 | I

The volues_of #re conslonts. 0¢b_are generolly btoimed by ploting Sl o
. Gffort , 0 ¢ b being the infercept and the slgpe , respechively of Hhe resalag .
_linear regressjon (the modle/ used here is @ GM regression; see Rickur [976).

 When Iy [f ic plolled on f , o yield curve is obtained which has e form

B e A 9

_with  MSY = e®'/b  ond  fopt = b 8, 6)

___ond w/zem _(_zand b are the /h)‘éreepc and slope , respectively of a GM
,;»,,_g-e_g_/;g._s';/'on of In Cff on f (Jehacter /%67, Fox /970, Ricker /976 )

Operating Limits and Wamings __/7¢ rrode/s ore based on the aSsumptions thal equslrérvum
_&ffort _ond yield figures are used. When phis /s 1ot whe case, o bios wilf
ocedr, whose mognitude & o funclion of both MeE [fe -gpan of Me fich o
- Questen , gnd of the emtent of e changes 1y effort (vee Gullong (1969), for a
_method fo Simulate eguilibriam conditons ). o ; e

. The results ostuned here wil| diffr Clghtly from Hhose obhuned using the more.

,,,,,, Common _AH_regressson.




User Instructions

g SCHNUTE'S YIELD MODEL FB27 P

INPUT

OUTPUT
STEP INSTRUCTIONS DATA/UNITS DATA/UNITS

X
m
<
»

1 |Enter first poir of colch-ond-effort doto

ond__initighze

(,.,30

0. ooco

2 | fnter second ond following dolo pairs E

3 | Coleulole R* ond coefficients of

r EQ"GNI'OH

BRI

P
L

i

.

4 | Estimote model _porameters

e-Qi\

_D

i
|

—
h 1

¢

I u

MSY

BENRESRERR RN

5 | fstimate cofch for ony frel of effort £ C I |cotn

289
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Progl'am Liﬂing (001 t0 112)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 001 #BLa 2! (6 {J 057 XZ 53 |
002  CLRG 16-53 058 ST+6 395-55 0§
003  STOA 35 4] 059  RCLE 36 15 |
004 Ri -3 060 060  RCLD 36 14 |
005  STOC 35 13 061 x -35 |
006 RCLA 36 11 062 ST+ 35-55 01 |
007 z -24 063  RCLD 36 14
0e8 ST08 35 12 064 RCLI % 46 ]
009  CLX -5} 065 x -35
o1 010 RIN 24 066 ST+2 35-55 02
a1 eLBLA 21 11 067 RCLE 36 15
012 STOE 3515 068  RCLI 3% 46 ]
013 RL -3 069  x -35
014 5700 35 14 o70 070 ST+3 35-55 03 "}
015 RCLE 3% 15 071 1 ol ]
016 S -24 072 ST+0 35-55 00
017  sTol 75 46 073 RCLO 36 00 ]
018  RCLB 3 12 074  RTN 24
019 + -55 075 #LBLE 2115 7
020 2 02 076  sPC 1611 ]
g21 ¢ -24 077 RCLO 36 00
022 ¥ 16-51 078  RCL4 3 04
023 5700 35 00 079 X -35 ]
024  RCLE 36 15 080 080 RCL7 36 07
025 RCLA 3 11 08! x2 53
026 + ~55 082 - -45 7]
027 ? 02 083 ST 35 14 7
028 3 -24 084 RcLO 36 00 7]
029 STO1 35 0f 085 RCL3 36 03
30 030 RCLI 36 46 086 x -35 ]
03t RCLB 36 12 087 RCL8 36 08
032 z -24 088 RCLS 3609 7
@33 LN 32 089 x -35 7
034 5702 35 02 [ose as0 - -45 ]
035 RCLE 36 15 091 x -35 7
036 5T0A 35 11 092 570C 3513 7
037 RCLD 36 14 093  RCLO 36 00
038  STOC 35 13 094 RCLI 36 01 ]
039 RCLI 36 46 095 x -35 7
530 040 5TOB 35 12 096 RCL7 36 07 ]
04 RCL2 36 02 097 RCLS 3608
042 ST0] 35 46 098 x -35 7]
043 RCLI 36 01 099 - -45 7]
044 5TOD 3514 00 100 ST0R 3511 7
045 RCLO 36 00 101 RCLO 36 00
046  STOE 3515 102 RCL2 36 02
047 P2 16-51 103 x =35 ]
048 5T+8 35-55 08 104  RCL7 36 07 7
049 He 53 105 RCLY 3609
050 050 5T+5 35-55 05 _ 106 x =35 7]
051 RCLD 36 14 107 - ~-45
052 ST+7 35-55 07 108 ST08 35 12 7]
053 X2 53 109 x -35 7]
05¢ ST+4 35-55 04 710 110 RCLC 36 13 _|
055 AcLl 36 46 111 = ~41 |
056 _ §T+9 35-35 09 112 - -45
REGISTERS .
1 4 7 9
* n [2xy [ 3z P3yz [{3x2 P2y [ 522 [ 2x 2y [z=
Iso S1 S2 55 56 7 S8 S8
used used used
A B8 C 13 &
a T b, b,  used J used used




Program Listing ..
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 RCLD 36 14 169 RCLA 3617
114 RCLO 36 00 ] 170 170 PRTX -14 7]
15 RL5S 36 05 | 171 RCLB 36 12 ]
116 x -35 172 PRTH -14 7
117 RCLB 36 08 | N 173 RCLC 36 13 7]
118 xe 53 ] 174  PRTH ~14 7
119 - -45 175 RN 24 7]
120 120 X -35 176 xLBLe 21 16 15 ]
121 RCLA 36 11 177 SPC 16-11
122 ¥2 53 178 RCLA 36 11 1
123 - -45 179 PRTH -14 1
124 z -24 180 180 RCLB 36 12 7
125 sTOC 35 13 181 CHS -22 1
126  RCLB 36 12 1 182 PRTY -14 7
127 RcLA 36 11 j 183 RCLC 36 13 1
128 RCLC 36 13 184  RCLB 36 12 1T
129 x -35 1 185  x -35 1
30 130 - -45 1. 186  RCLA 36 11 1
{33 RCLD 36 14 1 187 2 -24 1
132 : -24 1 188 1/X 52 1
133 sT08 35 12 1 189 PRIX -14 1
134 RCLS 36 09 1 790 130 ST00 35 {4 T
135 RCLC 36 13 j 191 RCLA 36 11 1
136 RCLS 36 08 192 RCLB 36 12
137 x -35 193 CHS -22
138 - -45 194 2 -24
139 RCLS 3% 12 155 2 02
% 140 RCL7 36 07 1 196 x -24
141 X -35 7 197 PRTY -14
142 - -45 ] 198  G5BC 2313
143 RCLO 36 00 199  PRTY -14
144 3 -24 700 200 RN 24
145 sTon 35 1! 201 #LBLC 21 13
146 RCLS 36 09 202 ST0l 35 46
147 * -35 7 203 RCLB 56 12
148 RCLB 36 12 ] 204 x -35
149  RCL2 36 02 1] 205 RCLA 36 11
50 150 X -35 1 206 : 24
151 ‘ -55 207 i 01
152 RCLC 36 13 ] 208 * -55
153  RCL3 36 03 1 209  RCLO 36 14
154 X ~35 ] 210 210 X -35
155 * -55 211 RCLB 36 12
156  RCLY 36 09 212 X -35
157 X2 53 T 213 CHS -22
158  RCLO 36 00 7 214 RCLJ 36 46
159 g -24 215 x -35
180 160 - -45 T 216 RIN 24 1
161 RCLE 36 06 1
162 RCLY 36 09 1
163 ¥ 53 7
164  RCLO 36 00 350
165 3 -24 ]
166 - -45 ]
167 B 24 ]
168 PRTX -14 —
= LABELS ﬂ_ FLAGS SET STATUS
A data eriny | £ » calchPP v Ra,46, ° FLAGS TRIG DISP
a, .gs e c d e 1 ON OFF
initialize m 9, efc o0 ®| oec @ | FX ®
0 1 2 3 4 2 1 d g GRAD Dﬂl SCI g
2 O RAD ENG
R S A S 5 s
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ngram Listing i
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 001 #LBLa 21 16 |/ 037 X -3 ]
002 CLRG 16-53 T} 058 RCL7 36 07 ]
003  CL¥ -51 ] 059 Ke 53 ]
004  RIN 24 ] 060 060 - -45 ]
005 *LBLA 21 1] e61 STOO 35 14 ]
006 ENT? -21 062 RCLO 36 00 ]
007 K2 53 ] 063 RCLI 36 03 ]
E 008 P44 -41 064 X -35
D0 Rt 16-31 065 RCL8 36 08 ]
010 010 Rt 16-31 ] 066 RCLS 36 09 ]
011 - §TOC 35 13 067 x -35
012 Rt 16-31 7] 068 - -45 ]
013 sTeB 3512 | 089 x -35 ]
014 Rt 16-31 7] 070 070 §TAC 3513 7]
015 STOA 3515 7] 071  RCLO 36 00
016 7 07 1 072 RCLI 36 01 7
017 ST0I 35 46 7 073 X -35 7
018 Ri -3 7 074 RCL7 36 07 _J
019 G5Bt 2301 7 075 RCLS 36 08
020 020 8 08 076 x -35 1
021 ST0I 35 46 | 077 - -45 7
022 RCLB 3612 7] 078 5704 35 11 7
023  Gs81 23 0] 7] 079 RCLO 36 00 7}
024 9 08 I 080 080 RCL2 36 02
025 sTal 35 46 7 061 X -35 7]
026 RCLC 36 13 7] 082  RCLT 36 07 ]
027 G581 23 0 083 RCLY 36 09
028 RCLA 36 11 7] 084 X =357
029 RCLB 36 12 085 - -45 ]
530 030 x -35 086 STOB 35 127
03) ST+#! 35-55 01 " 087 X -35 7
032 RCLA 36 11 T 088 RCLC 36 13
033 RCLC 36 13 ] 989 K2y -41 7
i 034 x -35 7 080 090 - -43 7]
035 ST+2 35-55 02 091  RCLD 36 14 7
036 RCLB 36 12 7 g92  RCLO 36 00
037 RCLC 36 13 093 RCLS 36 05 1
038 X -35 = 094 X -35 -
039 ST+} 35-55 03 095 RCL8 36 08
040 040 1 a1 ] 096 Xz 53
041 ST+0 35-55 00 097 - -45
042  RCLO 36 00 098 x -35
043 RN 24 099 RCLA 36 11
044 LBLI 21 01 00 100 xe 53
045 §T+i 35-55 45 101 - ~45 ]
046  RCLI 36 46 102 : 24
047 3 03 | 103 STOC 35 13
048 - -45 ] 104  RCLB %6 12
049 ST0J 35 46 ] 105 RCLA 36 11
950 050 Ri -3 106  RCLC 36 137
051 ye 53 ] 107 X -35
052 ST+{ 35-55 45 108 - -45
053  RIN 24 ] 109 RCLD 36 14
054 =sL8LE 2115 _] 110 110 2 -24 ]
055 RCLO 36 00 _| 111 $T08B 35 12 ]
056  RCL4 36 04 112 RCLY 36 09
nsmsrsns -
1 6 7 9
° n Z‘.xyT Ixz | Syz | =x? Xy’ 22 Ix 2y I 2z
SO S1 S6 S7 S8 ISS
I
A ;A used F used




Pl'ogl’am LiSﬂng (113 to end)
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STEP KEY ENTRY KEY CODE P KEY ENTRY KEY CODE COMMENTS

113 RCLC 36 13 ] 169 x -35 |

114 RCLE 36 G8 170 170 + -24 |

115 x -35 171 PRTX -14 |

116 - -45 172 RCLB 36 12 ]

117 RCLB 36 12 173 CHS -22 |

118 RCL7 36 07 ] 174 RCLC 3 13 ]

119 x -35 ] 175 2 02 ]
120 120 - -45 176 X -35 |

121 - RCLO 36 00 ] 177 5 -24

122 = -24 ] 178 PRTY -14

123 $TOA 3511 ] 179 2y -41

124 RCLY 3605 ] 160 180 - -45

125 x -35 ] 181 PRTH -14

126 RCLB 3 12 182 2 02

127 RCL2 36 02 ] 183 «x -35 ]

128 «x -35 7] 18¢  PRTY -14 ]

129 + -55 185 RCLB 3 12 ]
130 " 130 RCLC 36 13 7] 186 %2 53 ]

131 RCLI 36 03 7 187 RCLC 36 13

132 X -35 7 188 4 04 |

133 * ~55 7] 189 x -35 ]

134 RCLS 36 09 7] w190 s -24 ]

135 X2 53 ] 191 CHS -22

136 RCLO 36 00 192 RCLA %6 11

137 3 -24 7] - 193 + 95 _

138 - -45 7 194  PRTH -14

139 RCLE 36 06 ] " 195 4 04
140 140 RCLY 3 09 7] 196 «x -35 ]

141 Xe 53 7 197 Xy -4 ]

142 RCLO 36 00 7 198 % -24 |

143 = -24 7] 199 PRTY -14 7]

144 - -45 7| 200 200 RIN 2¢ ]

T 145 + -24 7] 201 4LBLB 21 12 ]

146  PRTX -14 7] 202 ENT? 21 ]

147 RCLA 36 11 7] 203 a2 53 ]

148 PRTK -14 7] 204 RCLC 36 13

149 RCLB 36 12 7 205  x -35 |
750 150  PRTH -14 206 KY 41 ]

151 RCLC 3613 7 207 RCLB 36 12 ]

152 PRIX -14 7 208 x =35 _]

153 RTH 24 7] 209 + -55

154  #lBLe 21 16 15 7] 210 210 RCLA 36 11 _]

155 RCLB 36 12 7] 211 + -55

156 Kz 53 7] 212 RTN 2¢ 7]

157 RcLA 38 11 7

158 RCLC 36 13

159 x -35 7]
160 160 4 04 ]

161 x -35 7

162 - -45 7

163 X 54 7]

164  RCLB 36 12 7] 220

165  CHs -22 ]

166 + =35 __|

167 RCLC 36 13 _]

6 2 02 - __

LABELS FLAGS _SET STATUS
"¢z~ Pzwc [ P E(o,é,_q)!' © FLAGS TRIG
Saitielive |° © d S M, Zopt ek’ o 0% | oea FIX ®
0 1 2 3 4 2 1 0® GRSD o 2&; g
2 0® RA

5 ]T ’ JE P 3 3 0K n=
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User Instructions

YIELDS FROM TWO INTERACTING SAFCIES /B30 P

STEP INSTRUCTIONS DAYAINITS KEYS DATAUNTS
I
1 | Infer conslonts o Ca ]
b sro )8 |
d [sro ][ o]
e
¢y [z ]
Ce EIER
fa o]
C ]
2 | Coleulote freld from two inferaclng species| Fa (o]
T Fp L] "
C 0] Ya
C I 1 Yr
(I )
3 | Colovlote Fo (opt), ond Fp Copt) ond MSY: 1
|
Enter Slorling value of Fo ' [sro][ 1]
Enter starfing volue of Fy &' (o]
] C 11
Enter AF agnd TOL¥* AF 0
L (£ o] | & ¢pe)
LI |5 coen
C1C ] | msy
]
(|
NoTE : C_ ]
£ AF = inital step size C 1
7oL+ folerated ewor of estimaten CC ]
’ (e-g. 0.01) 1]
10 ]
C 1]
L 10 1
C 1
1]
C 1]
11
JC 1
L 11

301
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Program Listing oo
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
oo 00 #LBLa 21 16 11 | 057  GSBE 2315
002 ST09 35 09 ] 058  CHS =22 ]
003 R -31 859  PRTY -14
004 STO7 35 07 ] 060 060  R/S 51 ]
005 xiBLc 21 16 13 ] 061 «LBLE 21 15 .
006 0 00 062 RCLA 36 {1 ]
007  STOI 35 46 ] 063 RCL 36 01 ]
008 RCL7 36 07 064 x -35
009 2 027] 065 RCLY 36 0f ]
010 010 z ~24 ] 066 X2 53
011 STO07 35 07 067 RCLB 36 12 |
012  aBS 16 31 7] 068 x -~35
013 RCLY 36 09 ] 69 - -45 7
014 Y7 16-34 7] 070 070 RCL2 76 02
015 GT0b 22 16 12 "] 071 RCLO 3600 ]
016 «LBLD 21 14 072 X -35
017 0 G0 " 073  RCLI 36 01 7]
018 ST0S 35 05 7] 074 x -35 7
r 019 sLBLC 21 137 075 sToc 3513 7
fozo 020 | 01 7 076 * -55
021  RCLS 36 05 7 077  X<0? 16-45
022+ -55 ] 078  SF2 16 21 02 ]
023 705 35057 079 5704 35 04 ]
024  GSBE 23 15 foso 080 RCLD 3 14 ]
023 RCLG 36 06 ] 081 RCLO 36 00
026 K2y -41 1 082 «x -35
027  ST06 35 06 1 083 RCLO 36 00 :
026 ¥Y? 16-34 1 084 e 53
029 ¢T00 22 00 7] 085 RCLE 36 15 1
%50 030 RCL7 36 07 086 X =35
031 ST+i 35-55 45 087 - -45 7
032  §T0C 22 13 088  RCL3 36 03 7
033 LBLO 21 00 689 RCLO 36 00 7
034 RCLS 36 05 [os0 090 X -35 7
035 3 03 091 RCL} 36 01
036  XH<v? 16-35 092 X -39 1
037 6T08 22 12 7 093  ST08 35 08
038 RCL7 36 07 094 * -55 1
039  CHS -22 095 %07 16-45 7
foso 040 5707 35 07 096 SF1 16 21 01 7
041 6TOO 22 14 097 P35 16-51
042 +LBL8 21 12 - 098 5Ta0 35 00
043 1571 16 26 46 099 P35 16-51
044  RCL) 36 46 00 100 FO?7 16 23 00 "
. 045 2 02 101 RTN 24
046  N=1? 16-33 102 RCL4 36 04 1
047  6T0c 22 16 13 - 103 + ~55 1
048 (70D 22 14 104  CHS -22 1
049 lBLb 21 16 12 105 RIN 24 J
550 050 RCLi 36 45 106 #LBLA 21 11
051 PRI -14 4 107 5PC 16-11
052 15Z1 6 26 46 108  sTa! 35 0 1
053 1 01 7 109 CFI 16 22 01 1
054 RCLI 36 46 110 110 SFO 16 21 DO :
055 Xéy? 16-35 7] 111 GSBE 23 15 ]
056 6T0b 22 16 12 7] 112 CFO 16 22 00
"REGISTERS . -
4 6 7
"R '/ Fe [ o wed | wed | used wed | wed | TOL
SO St S2 S5 S6 S7 S8 S9
used ]
j E | §
n 2 IB b lc sed 0 d e used




Program

Lisling {113 to end)

STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS

113 F2? 16 23 02

114 €10 22 01 7] 70

155  F17 162301 7

116 6103 22 03

117 RCL4 36 0 7

118 X407 16-45 7

119 CLX -51 j
20 120 PRTA ~14

121 25 16-51

122 RCLO 36 00

123 P3S 16-51 7

124 %<0? 16-45 ] 180

125 LK -51 1

126 PRTY -4 -

127 + -55

128 PRTX -14

129 RWN 24 "
130 130 «LBL3 21 03

131 RCL4 % 04 -

132 RCLC 16 13 4

133 - -45 *

134 K407 16-45 5%

135 CL¥ -5

136  PRTX -14 7

137 0 00 7

138 PRTX -14 =

139 2y -4 -
140 140 PRTS -14 4

141  RTH 24

142 #LBLI 21 01 4

143 F17 16 23 01 4

144 6702 22 02 550

145 LK ~51 =

146 PRIX -14 A

147 s 16-51

148 RCLO 36 00 -

149 p2s 16-51
= 150 RCL8 36 08

151 - -45

152 %07 16-45

153 CLX -51

154  PRTX -14 ~ T

155  PRTH -14 -

156 RN 24 ~

157 sLBL2 21 02 +

58 CLX -51 —

159  PRTX -14
5 160  PRTH -14

161 PRTX -14

162 RTN 24

220
LABELS FLAGS SET STATUS
A_v's P used [C used used | 0 FLAGS TRIG DISP
> M3y used ° used ‘ © ' o B%®| oee B | Fx ®
) 2 3 P 3 1 ® | graDO | sa O
SW used 7““"" a“’w 5 [; 2 m®| RAD O| ENG O
3 00 n=2
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Program Deseription

Program Tite ___ Y/&/ds_from Jwo Inferacting Species e
Neme Dol Pouly _ ... Date_Apri/, /981

Address . [CLARM, MCC Po- Box M50/
Mokeli , Metre Monila, Philippines

Program Description, Equations, Varlebles, etc. F2pe (/979) showed thot', if single - gpecies yie/d
__curres_can _be desovbed by parcbolas, we lotol yield (V1) of o system of tuo.

_ inferacing cpecies Pond @ should , as leng ac the raliv Ip i lo remonps conent,
_ oko_correspond B a pwvbolo , /e

_ V=ak -bBPrabht dRh-ef 1Rl 1)
C - Y —— T e

k= Y o+ Yo B

_whre_afb , ond d¢e ae custer’s of the gield curves of the o djverent
pgcies (e:9. preclator and prey ) and where Cy and & _express The sokensivy _of M€ -

| precefor - prey._inkraclions,). fope (1970)_ako generalised egualton.(s) % on n-spesies

e SysTem _and choned ot fe orral! gield curre of such Syctems are parabofic_, A lorg
as the [ -ralies remain constant ond pp species aropsouf of #e system:

_IhE_program _estimates volves of Yo, Yo and Vr_for oy combimbion of 0,5, C,
e Cs, 0,8, b ond I3 valves as well as #he MSY ong cptmal mlves of L and
1o of #e 2 species systesm.

* The iterative sabrg;:(;f/:ﬂgs‘_ rncluced /2 #/.r '/x'oym»g“ are adapres fom W,
__# 028310 submited by B-w. Clare 1 fhe HP 67/97 (u-s.) Usert Library.

Opersting Limits and Wemnings _/2ere migh? be cambinalions of consionk ond of /o' and 5 por
.. which _He MSY cannol be focared by fhe algorishm promided tece. [Hrotie, e &
. gute long ; den’f fe irpatent. .
_When_computing Yo, Yo ano Vr_, e combination of e irRracion Fews i omited i one
—_of fhe_species drop out of Hhe cpshen ; " dropping out ‘cows when o portial yredd
. (includling the_interaclion srm is emaller fhan zero).




Appendix III. Use of Calculators Other Than HP 67/97

In this Appendix, a brief discussion is presented of the suitability of the models included in
Chapters 1 to 12, and of the Programs FB 1 to FB 30 for implementation with calculators other
than the HP 67/97, specifically the HP 65, HP 41C and HP 41CV of the Hewlett-Packard Company,
TI-58 and TI-59 of Texas Instruments, Inc. and miscellaneous other scientific calculators.

HP 65

Wholesale conversion of the programs in Appendix II for use on a HP 65 is possible only in the
case of rather short programs (e.g., FB 14), using about half or less of the memory available on the
HP 67/97. In some other cases, the sequential approach discussed under ‘“miscellaneous calculators”
may be applied (see below).

HP 41C AND HP 41CV

Programs FB 1 to FB 30 have been found to run on an HP 41C without modifications in most
cases; all tests were performed using pre-programmed HP 67/97 program cards and an HP 82104A
Card Reader. When such a card reader and/or pre-programmed cards are not available, conversion
of the programs in Appendix II can be performed using the selection of translated keystrokes in
Appendix Table III.1.

Experienced users of HP 41C/41CV may also wish to use the large amount of memory available
in these calculators to improve on the programs presented here, some of which had to be condensed
(and thus rendered less user friendly) to fit into the limited memory space of the HP 67/917.

TI-58

This model uses an ““Algebraic Operating System’’ (AOS) as does the more advanced TI-59,
which is radically different from the “Reverse Polish Notation” (RPN) implemented on HP calcula-
tors. The difference between AOS and RPN renders direct translation of HP programs into TI
“language” particularly difficult. For this reason, a short program is presented in Appendix Fig.
II1.1, which, according to its author (Hoyer 1983) allows the running of programs written in RPN
on TI-58 (and TI-59). The following paragraphs are a translation (from German) of the comments
published along with this program.

“This program simulates on TI-58/59 the RPN as used on HP calculators. The necessary func-
tions which operate the stack are defined by the keys A to E, as follows:

A = Enter

B = Clear stack

C = Rollup (1)

D = Rolldown ()
E = LastX

Addition, subtraction, multiplication and division are performed via SBR+, SBR—, SBRX and
SBR + , respectively. The use of the TI’s T-register to simulate the HP’s Y-register makes it possible
to use tests such as X=Y?, X > Y?, etc. This allows for even large RPN programs to be used with
TI calculators after only small modifications”.

TI-59

Users of the more sophisticated TI-59 have, in addition to the possibility of using the program
in Appendix Fig. III.1 the option of using a “RPN-simulator”’, available as a “‘Solid State Module”
from Texas Instruments, Inc., which, when plugged in a TI-59, translates RPN programs (from HP
65 and HP 67/97) into AOS-compatible keystroke sequences. The very comprehensive manual which
comes with the “RPN Simulator”, gives all necessary details on the conversion. The memory avail-
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cm — centimeter ,
¢y, ¢, — multiplyers for estimating Z and its standard error (p. 53, Table 5.2)
— interaction terms in Lotka-Volterra’s equations and variants thereof (Chapter 12)
C — catch, in numbers (p. 13)
— parameter of the seasonally oscillating version of the VBGF (p. 37, Fig. 4.12)
— multiplicative factor for debiasing recruitment estimates in Beverton and Hoit’s S/R relationship (p. 132)

C; — terminal catch, as used in VPA and cohort analysis (p. 100)

C2 — parameter in Powell’s equation for estimation of Z/K (p. 70)

C (L,, oo)— catch in number, from the lower limit (L,) of a given length class upward (equation 5.12)

C.V.  — coefficient of variation, i.e., C.V. = X/s.d.(,q) (p. 33, 36)

d — power of weight to which anaboiism is proportional (p. 23, 24)

d.f. — degree of freedom, i.e., “real” number of cases available for testing a statistical hypothesis (p. 3)
di/dt — growth rate, in length, of an average fish in a stock (p. 37)

dw/dt — growth rate, in weight, of an average fish in a stock (p. 23)
dB/dt — growth rate of a fish population, in weight (p. 138)
dN/dt — growth rate of a fish population, in numbers (p. 163)
dY/df — increase of catch per unit of effort (p. 122)
D — gill “surface factor”, a parameter of the generalized VBGF (p. 23, 24)
— a measure of the “sensitivity” of the output to changes in the inputs of a given model (p. 23, 24)
A — any difference; examples are:
AL — length increment, width of length class in grouped data (p. 79)
At — time difference, e.g., the time needed by an average fish to grow from the lower to the upper limit of
a length class (p. 62)
AL/At  — agrowth rate expressed as difference equation (p. 45)

AT — a temperature difference, e.g., the difference between warmest (T,) and coldest (T, ) mean monthly
temperature (p. 40).

AS — size increment, when referring either to length or weight (p. 233)

e — base of the natural (or Naperian) logarithms; e = 2.71828 (p. 12)

E — exploitation rate; E = F/Z (p. 76)

— subscript to express equilibrium, steady state conditions, or stable age population. Used explicitly in
Chapter 10 only, however, equilibrium assumption implicit in many models presented in this book
(see p. 69-70)

Eopt — exploitation rate producing MSY (p. 76)
E, — terminal exploitation rate, as used in Jones’ length cohort analysis (Table 7.7)
f — fishing effort
fopt — level of effort generating MSY (p. 140)
fo1 — level of effort at which dY/df is 1/10 of its value when f is close to zero (p. 172-173)
F — instantaneous rate of fishing mortality (p. 52)
— symbol of the F-distribution (p. 212)
FL — Fork length; length of a fish when measured up to the central rays of the caudat fin (p. 31)
Fopt — fishing mortality generating MSY (p. 76)
F, — terminal fishing mortality, as used in VPA and cohort analysis (p. 100)
Fo1 — level of fishing mortality at which the marginal increase in yield per recruit reaches 1/10 of the marginal
increase computed at a very low value of F (p. 120, 121)
¢ — “pseudovalue’ of an statistic; used with the jackknife (p. 178)
g — gram (p. 6)
— a coefficient of population decline; the opposite of r,, (p. 163)
G* — biomass increase resulting from the growth of individual fishes; used in Russel’s axiom (p. 1)
GM — geometric mean; used to characterize “type II", or “functional” regression (p. 31)
H — coefficient of anabolism, used in the derivation of the VBGF (p. 23)

HM — harmonic mean (p. 132)
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symbol or subscript used for counting items; used here only in a few equations (particularly in Chapter
T) where the need for unambiguous definitions made its use necessary
Roman numeral, equal to 1; used to express age (year) groups (Table 4.3)

coefficient of catabolism (equation 4.1)

proportion of fish above age t, in a stock of fish (p. 121, 122)
knots = 1.852 km/h (p. 97)

“stress factor’’, a parameter of the VBGF (p. 23)

log,, logarithm of base e (p. 13)

log, ¢, logarithm of base 10 (p. 5)

“length” of a fish, shrimp, etc. (length itself is defined differently, depending on what is measured, see
TL, SL, FL, etc.) (p. 5)

alength not smaller than the smallest length of fish fully represented in catch samples; used to compute
L (p. 55)

mean length of fish, computed from L' upward (p. 55)

mean of two lengths, e.g., mean of length at tagging (L, ) and at recapture (L,) (p. 33, Table 4.6)
overall mean length of fish in catch samples (equation 5.10)

mean length of fish at first capture; equivalent to Ly, of other authors (Fig. 3.1)

length at the inflexion point of the generalized VBGF, when D # 1 (Table 4.8)

maximum length reached by the fish of a given stock (p. 29)

largest size ever recorded from a given fish species (p. 29)

smallest length represented in one, or several samples (p. 10)

lower limit of highest length class considered in computing L from trawl selection experiment data
(equation 3.1)

mean length above L' in a stock maintained at MSY (p. 146)

mean length at first recruitment (p. 68, 114)

mean length at age t (p. 23)

asymptotic length, i.e., the mean length the fish of a given stock would reach if they were to grow
forever (p. 23)

preliminary estimate of L__, obtained, e.g., through equation (4.16) (see p. 29)

number of fish marked (or tagged) for a Petersen population estimate (p. 91)

— proportionality constants in the Lotka-Volterra equation (p. 163)

instantaneous rate of natural mortality, i.e., of mortality due to all causes except fishing (p. 52)
biomass of fish dying of all causes other than fishing in Russel’s axiom (p. 1)
Maximum Sustainable Yield (p. 139)

number of items in a sample, number of cases investigated, etc. (p. 6)

counter for items; similar in use to “i”’ (equation 3.1)

number of marked fish recovered in a Petersen population estimate (p. 91)

size, in numbers, of a population (p. 91)

number of fish in a given size class of a catch sample (p. 60)

abbreviation for number (p. 10)

initial number of fish in a cohort (p. 52) or a population (p. 94)

total number of fish tagged and released in an experiment (p. 74)

number of recoveries per time interval in a tagging experiment (p. 74)

number of fish at the end of a generation started with an initial number N (p. 155)
environmental carrying capacity for agiven stock, in numbers; corresponds to B_, (see under this symbol)
and to the parameter “K” in the ecological literature (p. 152)

multiplicative factor in equation (4.2a)

percentage in gut of species i of food item j (p. 170)

constant in equations (8.10) and (8.11)

probability of capture (p. 12)

production (p. 53)

parents, or parental egg production in S/R relationships (p. 129)

parental stock producing maximum recruitment in a Ricker curve (p. 133)
replacement abundance of parental stock in a Ricker curve (p. 133)
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