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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-leld 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were originally written are already difficult to acquire, as they have been replaced by faster and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 sill 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 =ven 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 tne real advances, improved
scientific output and scientifically-based fisheries management decisions which will emerge as a
result of the publication of this bsck.

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
Statisticr of Fish Populations and John Gulland’s Manual of Fish Stock Assessment have been the
mainsiays 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 inciuded; 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 th~’r textbooks
replete with coc 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 orig.nal publicatjons on tropical fish and fisheries to exemplify

nost 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

1
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Fig. 1.1. Factors responsible for size inccease 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 1.2 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 latier are acknowledged in the p.ogram 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 could 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 autilog 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 squuie 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 1.

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+196- s.e.p) = 95% confidence interval of A ... 1.2)

or

A+258:" s.€.(4) = 99% confidence interval of A ... 1.3)

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 ar.d methods presented here have been challenged at least once by highly competent
scientists. Furthermcre, 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 “pelieveis’’ 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 zomment
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 !I, 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.

I Tropic of Copricorn

e

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)
2)

3)

always read the original literature on the models and approaches presented here,

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

always check whether the results obtained make biological sense,

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

consider that more rigorous methods for estimating certain parameters are possible, and
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 thi equation:

W=a-Lb ... 21)

where a is a factor discussed below and the exponent b lies between 2.5 and 3.5, usvally clrse to 8.
Carlander (1969, 1977) has demonstrated from an extracrdinarily 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 a very small range of sizes and/or that such values of v are most likely to be erronzous. When b = 3,
weight growth is called isometric, meaning that it pro:eeds in the “same” dimension as the cube of
length. When b # 3, weight growth is allornetric. 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 cordition 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 ... 2.3)

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 m<ans of a ‘““linear-
ized” form of that equation, namely

logW=1loga+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 Jeast-square regression to estimate a and b only approximate
these parameters, and results in estimatas 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 seenin the following chapters, a numb-er 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

~  Sd. b — 3l
= (x) . . —a
t S.d.(y) /_‘—!‘1_ . \/n &

..2.5)

where s.d. ) 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 ©xample 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 southemn 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 11.6 11 18.7 6.4
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 1132.8
7 14.8 40.1 15 29.9 139.8
8 15.7 473 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 [./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 reiationship 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 7.25 6.91 11
4 7.50-7.99 7.15 8.46 26
5 8.00-8.49 8.25 10.15 26
6 8.50-8.99 8.75 11.88 23
7 9.00-9.49 9.26 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 1
12 11.50-11.99 11.75 28.66 J
13 12.00-12.49 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 15.00-15.49 16.25 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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Computation of a length-weight relationship in Nemipterus marginatus.

Data froin Table 2.1
Computations
1) Read sides 1 and 2 of Program F13 1. The display should show: ¢.000.

2} Keystrokes

FaBl 163 A91196A1021116A11.91185A12.2126.2A13.8136.1A
LE8 a0 A 15T T1T3 A 166 1655 A 17T 1694 A 18T 1764 A19.0 1825 A
206 11066 A 219 11198 A 22911698 A 235 11733 A

3) Calewdate r-, aand b

Keystrokes  Results

10 0.993 (r’)
0.010674. . . (a)
3.058 (h)
0.821 (1)

Tables of the t-distribution te.g., Table Q in Rohlf and Sokal 1969} give for 11 degrees of
freedom (n - 2y a eritical value of t (fer P = 0.01) equal to 2,977, Henee the value of b
calewlated here (3.058) does not significantly differ from 3.

1) Thus, one can recalenlate the fength-weight refationship using 3 as the exponent, and
c.f. 100 as the new value of a, or

Keystrokes  Results

C 1.251 (c.)
100 : 0.013

DSP 4 0.0125 (new ay

and the new length-weight refationship is W = 0.0125 L

EXAMPLE 2.1



N

Computation of a length-weight relationship in Leiognathus splendens (data
weighted by sample size).

Data from Table 2.2

Computations

1) Read sides 1 and 2 of Program FB 1. 3

2) Keystrokes :
fa6.25152811B6.7514.0711B7.2516.91111B7.751846 126 B88.251
10.15 1 26 B 875 1 11.88 1 23 B 9.25 $ 13.77 1 16 B9.75 1 17.13 1 2B 10.25 t
19.29 1 7B 10.75 1 22.57 1 9B 11.25 + 25.54 1 7B 11.75 1 28.66 1 3 B12.25 1

34.02 1 7B 13.25 1 46.73 1 1 B 14.25 1 55.91 11 B 14.75 1 65.63 T 1 B 15.25
16172118

3) Calculater?,aand b

Keysirokes  Results

E 0.995 (rt)
0.01680... (a)
3.031 (b)
1.683 )
4) Calculate the mean condition factor C 1.799 (c.f.)

5) To estimatt weight for length, enter the length, and press D (or fc).

6) To estimate :-ngth for weight, enter the weight, and press fd (or fe).

Calculating the condition factor in a stock of fish when only one length-weight
- EXAMPLE 2.3 data pair is available.

Prabhu (1952) gives for the Indian Wolf-herring (Chirocentrus dorab) a weight »f 800 g for
a length of 56 cm (LF). What is the condition factor?

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

2) Keystrokes

fa56 1800A
Keystrokes  Results
3) Calculate the condition factor (c.f.) C 0.456 (c.f.)
4) Calculate the weight corresponding to 20 em (FL): 20 fe 36.443 (W)
5) Calculate the length (FL) corresponding to 500 g: 500 fe 47.879 (L)

Obviously, a c.f. value obtained from only one fish is not too reliable; the method, thus
should be used only when comprehensive data are not available, Incidentally: is C. dorab
a slender fish?




.3. Mesh Selection
INTRODUCTION

Generally, fishing gears, whether used by fishermen or by a fishery biologist are “selective” i.e.,
they catch fish only within a certain range of sizes. Thus, if one wishes to know the true size structure
of a fish population (e.g., to assess whether there has been a reduction of mean size over a period of
time) it is necessary to account for the effect of sclection.

This can be achieved by assessing, for each size class of fish sampled, the probability of capture
by the gear in question, then dividing, for each length class, the numnbers actually caught by the prob-
ability of capture.

Two methods are presented below to estimate the probability of capture (= fraction retained)
of different size groups of fish caught by fishing gears. The first of these methods pertains to trawl
gelection, the second is a simple method applied to gillnets (but also applicable to fishing hooxs and
some other gears).

TRAWL MESH SELECTION

The selectivity of trawl meshes is generally determined through trawl selection experiments.
Such experiments consist of covering the cod end whose selectivity is to be assessed with a fine-mesh
cover. After fishing, in each length group, a certain fraction of the total number of fish caught will
be retained in the cod end, and this fraction (the probability of capture) will tenc to increase with
increasing fish length (Table 3.1).

From such data, the probability of capture can be obtained from a plot of the fractions re-
tained against the corresponding length. A smooth curve can then be drawn (e.g., by eye) from
which the probability of capture can be read for each length class (Fig. 3.1).

Table 3.1. Trawl selection data for Leiognathus equulus obtained with 7.8-cr meshed nets in
Mombasa Harbour, Kenya.?

Fishes Fishes P = fishes in cod end
Lower class . in cover in cod end Total as fraction of total
limit (zm) {No.) (No.) fish caught (= fraction retained)
8 = Luin 4 0 4 0.000
9 35 2 37 0.054
10 198 ' 22 220 0.100
11 170 56 226 0.248
12 76 42 118 0.356
13 45 34 79 0.430
14 25 19 44 0.432
15 7 21 28 0.750
16 0 12 12 1.000
17 1 3 4 0.7560
18 0 5 5 1.000
19 0 5 5 1.000
20 0 3 3 1.000
21 0 1 1 1.000
22 0 1 1 1.000
23 = L, 0 1 1 1.000
U=1L.,, - - - Zp, = 10.120

8Based on selection experiments conducted during the FAO/DANIDA Trrining Course on the
Methodology of Fisheries Sciences (Biology), held in Mombasa, Kenya, 19 May-14 June 1980.

10
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Fig. 3.1. Selection curve of slipmouth (Leiognathus equulus) caught with 7.8-cm mesh
nets (based on data in Table 3.1 and Exarmple 3.1). Note that area A, representing
fish caught below L, approximately equals erea B, representing fish above L, not

caught.

Selection factor
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Fig. 3.2. Nomogram for the estimation of selection factors of fishes from their body
proportion (from Pauly 1980a).
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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 langth at which the numbers of
smaller fish caught retained by the cod end compensate for the number of larger fish not yet re-
tained Ly 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=Ln+1—Zp ... 3.0)

where L, isthelower 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 Zpl 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

—rm (L — L)

P=1/1+e ) ... 3.2)

where P is the probability of capture, L the midpoint of a length closs 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 bere (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. =8S.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 experimeiits, 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 :fficiency (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, il 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 iength Standard length Maximum girth Maximum body depth

(cm) (em) (em) (em)
10.2 8.2 9.9 4.5
10.5 8.6 10.6 5.0
11.3 9.0 111 4.8
14.0 115 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 7.4
184 14.¢ 18.3 8.4
22.1 17.8 22.8 10.5

Z 1483 120.0 1474 66.6

X 14.83 12.00 14.74 6.66

8Based 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.

— th. 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 smalier mesh of size A and the larger mesh of size B, the
optimum length corresponding to A (L, ) and the optimum length coiresponding to B (Lg) can be
estimated from the catch by length class of ¢ach mesh (C,, Cg) through a linear regression of the
form y = a + bx, where

Cg
y=h —¢~ ...3.4)
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

—2a- A

L, = ———— ...36
A" p(A+B) )
and
—2a+* B
gp= — ... 8.7
B bHb(A+B) 3.7)

while the standard deviation of both selection curves is estimated from

_[2a(A—B)
sd. = ,—————— ...3.8)
b2 (A + B) A
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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)?
Pp=exp(———) ... 3.9)
2s.d.2
and for mesh B by
(L—Lg)?
Pg=exp (——) .. 3.10)
25.d.2

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 Tiiapia esculenta in Lake
Victoria, Simplified from Table 1 in Garrod (1961).

Midpoint of
length grou~ Mesh sizes (cm)
{(in cm) 8.1 9,12
18.5 1 - > 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
24.5 117 225
25.5 3 82 not used, see Fig. 3.3
26.5 - 19 .
2.5 — 10 not used, no catch with 8.1-cm meshes

8Note 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. 3.5A, the plot of the natural
logarithm of catch ratio against length is not linear (thus suggesting that the simple Baranov/Holt
model is inapproprince). 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. 8.8. Logarithm of catch ratios plotted for length in Tilapia esculenta

caught with gillnets of two different mesh sizes (based on data in Table 8.3

and Example 3.4). (Note that one could also argue that the logarithmic

}x:lode)l in Fig. 3.5 would fit the data better than the simpler model used
ere,
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Fig. 8.4. Selection curves foi Tilapia esculenta caught with gillnets of two different
mesh sizes (based on Example 3.4).
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In catch ratio
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118, 3.5. Plot of natural logarithms of catch ratios against length (A) and 1n length (B) to show effect of logarithmic
transformation o: length. Based on data of Table 3.4. Note non-linearity of relationship A (dotted line drawn by eye);
see also Example 3.5 end text.
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Fig. 3.6. Selection curve of Tilapia galilaea caught with gillnets of two r.esh 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 fo Tilapia galilaea in
Volta Lake, Ghana.*

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

17.6 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
27.5 2 4 0.262 0.849

8Data read off Fig. 1in 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 B

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.

40 |

Original sample
30 |

20 |-

% catch composition

/\A/ 1 1

17.5 19.5 21.5 235 0255 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 3.6). 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).



EXAMPLE 3.1

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

Data from Fable 3.1
Computation
1+ Read sides 1 and 2 of Program FB 2

2) Kevstrokes

Kevstrokes  Results

3) Caleulate L, fb 13.88 (L)
11 Caleulate the selection factor (5.17) 7.88
(i.e divide by the mesh size used): : 1.76 (S.F0)

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

19



EXAMPLE 3.2

Fitting the logistic curve to trawl selection data.

Data from Table 3.1 thut note that midpoints are used instead of the lower class limits)
Computations

1) Read side ot Program FB 29

2) Kevstrokes

112.050795A.11105A 2481 11.5A 35611254 43 113.5A.14321
115 A TH 1155 A
(note that midlengths above 15,5 were skipped: see below)

3) Estimate goodness of fitand L,

Keystroke Results

I 0.938 (r2)
0.591 (r,)
11,002 (L)

b To draw curve as in Fig, 3.2 enter class midpoint, and obtain fraction retained, as follows

Kevstrokes  Results
a0 0,021 (frac. retained)
8.5C 0,037 (frac. retained)

.. ote.

and 11,002 C 0.500 (as expected)

ot Diide L by the mesh size used (here T.88 emit to estimate the selection factor,

Kevstrokes  Results
14002 |
T8 L7778k

The value of L, obtained here (14 emy) is very elose to the value obtained earfier (13.9 cm).
However, this was achieved by omitting all values associated with lengths higher than 15.5
em. This step was necessary because the progriom used here does not allow for the entry of
108 as a fraction retained. The selective removal of all sueh values, on the other hand, would
cause a bias in the curve estimation. Thas, the best solution here was to omit all lengths from
the first which couldn’t be entered, As Figo 501 shows, the resubting carve gives a pood fit
to the data,
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EXAMPLE 8.3
R 1 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) I
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.

— , — — “EXAMPLE 3.4
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

8119.1fe901t11195C199 191205C182153121.5C119 t290t225C
29 1357 1235C

3) Calculate parameters of selection curves
Keystrokes  Results

E 0.996  (r%)
—39.801 (a)
1.801  (b)

20.818 (L)
23.388  (Lp)
1195  (s.d.)

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

17D 0.006 (P)
18D 0.062 (P)
etc.

Step 4 allows the quick estimation of values of P (= probability of capture) for any length,
using mesh Aj; 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).




EXAMPLE 3.5

Estimation of asymmetrical selection curves tor Tilapiu galilaea caught with gill-
nets of two different sizes.

Data from Table 3.4

Computation

1) Read sides 1 and 2 of Program FB 2
21 Revstrokes

ISTFLT6 110267511 1175C9 171195C36115121.5C14 161235

1
CHtlotassc2ty127sC
3) Caleulate parameters of selection curves
Keystrokes  Results

E 0.941  (r?)
—36.021 {a)
11.224 {b)
19.936 (L)
30771 (L
0.197 s.d.)
(but note that s.d, is expressed in log, units)

4) Obtain P-values to draw selection curve for mesh A
Keystrokes  Results

175D (.803 (P
19.5 D 0,994 (P
ete. (see Table 3.1 and Fig. 3.6)

For mesh B, enter midpoints and press fd instead of D: remember that all computations in
this example must be performed with flag 1 oset. and that it should be eleared to get back
to linear plots of In cateh ratio on length and to svimmetrical selection enrves.




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 un’t 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 know:: 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 torms 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 equ-tion allows smaller
deviations when fitting growth data and a biological interpretation of the equation parameters, =s
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

Hwd =~ * ... 4.2a)
and

W =qLb ...4.2b)
Also a ““surface factor D"’ is defined such that

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

L =L,P (1—e KDt~ k) ... 4.4)
or

L; = L, (1 — e KD (t—t))1/D ...4.5)
where

L., is the asymptotic length, that is the mean length the fish of a given stock would reach if

they were to grow indefinitely.
K is a growth constant which may be conceived as a “stress factor”, with K = k/3
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Fig. 4.1. Relationship between the maximum body weight reached in different groups of fish and
the power linking their weight to their metabolic rate or gill surface area (d); see text for definition
of D (based on Pauly 1981, 1982a, 1982c¢).

t, is the “‘age of the fish at zero length’ if they had always grown in the manner described
by the equation (note that t_ is generally negative) and
D isa “surface factor’” (Pauly 1981).
Expression (4.5) is the ‘‘generalized’ version of the VBGF. It can easily be reduced to its
}special” form by setting d = 2/3 in equation (4.1). When weight growth is isometric this would

é:orrespond to a = 2 in equation (4.2a) and b = 3 in equation (4.2b); from equation (4.3) this gives

D=1 ... 4.6)

and
Lt = Lo° (1 - e"'K (t— t'o)) [ 4.7)

which is the original or “special’’ VBGF. (It is here called “special’ because it is based on the special
case: D =1).

There are at present few straightforward methods to determine directly the value of d as used
in equation (4.1). However, since the anabolic processes of fish generally must be linked with energy-
supplying oxidative reactions, the assumption can be made that the power of weight in proportion
of which metabolism (= oxygen consumption) increases should be equal to d.

Similarly, the power in proportion of which the surface area of the gills of fish grow should
also provide an estimate of d, if the assumption is made that the gill surface area of fish is the surface
which limits their growth (Pauly 1981).



Small fish such as the Cyprinodontidae have ‘‘metabolic” values of d of about 2/3 (von Ber-
talanffy 1934, 1938) or lower, down to d = 0.5 (Winberg 1960, 1961), while the study of gill surface
areas of tuna revealed that these generally large fish have values of d as high as 0.90 (Muir 1969). In
fact, it can be demonstrated that an approximate value of d in a given fish species can be estimated
on the basis of a plot of d values in different fish species (as compiled from the literature) against
logarithms of their maximum weight (Fig. 4.1).

Therelationship betweendand W_ . (in g) can be expressed by the relationship (Pauly 1981):

d = 0.674 + 0.0357 log Wy ax ...4.8)

The definition of a in equation (4.2a), of b in (4.2b) and of D in (4.3) implies, when weight
growth is isometric, that

D=3(1—4d) ... 4.9)
Substituting (4.8) into (4.9) gives for the direct estimation of D the empirical relationship:
D~ 3: {1—(0.674+ 0.0357 - log Wy,ax) } ...4.10)

when W, ,,, the maximum weight reached by the fish of a given stock, is expressed in grams. (See
Fig. 4.1 and Program FB 9).

Expression (4.8) and Fig. 4.1 show that d ~.2/3 only in very small fish (weighing about 1 g)
while d > 2/8 in larger fish. This implies that the sp~cial VBGF, which assumes that D = 1 (and con-
sequently d = 2/3) is biologically justifiable only in the case of these very small fish, while values of
D < 1 (hence, d > 2/3) should be used for all other fish, especially for large fish such as sharks and
tuna.

Since the programs in this manual allow in most cases the use of both special and generalized
VBGF, it is suggested that growth parameters be generally computed twice, once with the special
VBGF to compare new growth parameter estimates with those already available in the literature,
and again with the generalized VBGF and an appropriate value of D, for consistency with the biology
of fish growth.

The special VBGF for weight is

W,=W,(1—e =Tt ... 4.11)
where W, is the asymptotic weight and all other parameters are as in equations (4.5) and (4.7). It
will be noted that the equation, as written here, implies isometric weight growth.

The generalized version of the VBGF for weight growth is
3

W,=W, (1—e "0 (*7 fo)ybm ... 4.12)

which reduces, when growth is isometric (b = 3) to

W, =W, (1—e 07 f)p ...4.13)

It will be noted that equation (4.13) reduces to (4.11) when D =1,

When weight growth is isometric, as in (4.11) and (4.13), fitting the equation to weight growth
data is the same as fitting length-growth data except that the cubic root of all weight values is taken
prior to all calculations, these cubic root values being then treated exactly as if they were length
values. This is justified because, when weight growth is isometric:

La /W ... 4.14)

More generally, weights can be rendered proportional to length by raising them to the inverse of the

25
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power of the length-weight relationship (b), or
Lo Wi ... 4.15)

which can be used when weight growth is either isometric or allometric to obtain growth parameters
(K, t,) generally equivalent to those that would be obtained by fitting the corresponding length data.*

ThlS is illustrated here by the set of constructed data in Table 4.1 in whlch values of Lw, W,
K and t, were obtained for data with the length-weight relationships W = aL25 W= aL30% and W =
aL35 ThlS property is used in most growth programs described here to fit welght data with he
same programs that fit length data, the sole difference being that a value of b has to be entered when
weight growth data are used.

Table 4.1. Data (A) for and results (B) of the comparison of growth parameters obtained from
length- and from weight-at-age data. (All computations with D = 1).2

Weight (in arbitrary units)

Age Length(cm) b=25 b=3.0 b=23.5
1 15 871.4 3,375 13,071
402 18 1,375 5,832 24,743
3 20 1,789 8,000 36,777
21 2,021 9,261 42,439
-~ 2450 _ 11,669 55,572
L. 22.68 22,68 (W, 1/2:9) 22.68 (W, 1/3:0) 22.68 (W 1/3-9)

B{K 0.511 0.511 0.511 0.511

to ~1116  —1.116 ~1.116 ~1.116

R? 0.999 0.099 0.999 0.999

8The fitting of the data in (A) was performed by means of the computer program descnbed in
Gaschiitz et al, (1980). The length-weight relationship used was of the form W = a - LP, with “a”
set equal to unity.

DATA NEEDED FOR PARAMETER ESTIMATION

Growth, asdefined above relates weight and time. “Growth data’ are therefore such data which
connect, directly or indirectly, weight and time such as the growth process expressed by equation
(4.1) or by the various forms of the VBGF for weight which can be reconstructed from then.
Growth being defined as a process involving mainly body weight (or mass), only those data should
be considered ‘“‘growth data’ which pertain to weight. On the other hand, wherever a linear dimen-
sion (such as body length) remains in a reasonably constant relationship with body mass, changes in
length with time obviously also express growth as defined above—if only indirectly.

In the present manual, the word “‘size”’ is used wherever weight or length may be used inter-
changeably to express the basic growth process.

There are two basic types of growth data—size-at-age data and data on size increase in time.

Table 4.2 gives an example of size-at-age data; from such data, given a value of D, the para-
meters L, or W, K and t_, of the VBGF can be easily estimated, given one of the methods out-
lined below. Such data may be called “size-at-(absolute) age”. (See also Fig. 4.2.)

There is however, a closely related type of data, the character of which prevents the estima-
tion of one of the VBGF'’s parameters. These data pertain to sizes at successive ‘‘ages” or *“‘size-at-

*When empirical data are used, slight differences might still occur between values of K and t, computed from
weight and lengiii data, depending on sample size and method of fitting.



Table 4.2. A set of length-a¢-(absolute) age data, pertaining to millet-seed butterflyfish (Chaetodon
miliaris) from Oahu, Hawaii.®

Specimen Standard length (mm) No. of daily rings
1 217 35
2 29 71
3 32 51
4 35 108
5 42 133
6 44 118
7 50 115
8 52 138
9 56 147

10 66 169
11 70 227
12 71 228
13 71 221
14 86 322
15 87 375
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Fig. 4.2. Growth curve of millet-seed butterflyfish (Chaetodon miliaris) off
Osahu, Hawaii (based on data in Table 4.2 and Example 4.1).
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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 (Labeo niloticus)
from a freshwater body near Alexandria (Egypt).?

Age group Length (cm) N
(relative age, in years)

I 19.6 184

II 37.4 73

m 45.7 11

Iv 51.0 3

®From 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, notabiy 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

Liax/0.95~ L) ... 4.16)

which for weight becomes
Wmax/0.86 ~ W) ... 417)

and where L,y 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 Ly, (o Wp,ax); 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 L,;,,, (and W) from L.y ever (@nd Winay 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 Ly,ay evers OF Wmax, ever 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, > Wy,..), 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. or
Wiy

(o)
The generalized VBGF

LD =L, Dr (e 10 (Tt ... 4.18)
can also be written

(Ly/Lioy)P =1—e 0 {H7 ") . 4.19)
and

1—(Ly/L,)P =e "0 (7 t) . 4.20)
or

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

y = —In [1 = (Ly/Le))P] ... 4.22)
and
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which, given a set of length-at-age data, a value of D and an estimate of L(oo), 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 r? is generated which estimates the goodness of fit and which can be used to test
whether the use of a different value of L(oo) improves the linearity of the regression. The latter
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Fig. 4.3. Relationship between the goodnem of fit of a von
Bertalanffy plot (expressed by the coefficient of determination)
and the selected value of L., (based on data in Table 4.8
and Example 4.2).

feature, therefore, can be used to obtain by trial and error the value of L,,,) 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¢) thevalue of t; is estimated directly when absolute ages are provided (as in Example 4.1)
d) the use of a forcing value of L(m) help. 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:

Ly, 1D =a+bLD> ... 4.26)
from which is derived
- a 1/D
Lo (l—b) ... 4.27)
and
__Inb
==~p ... 4.28)

Here, Lt") 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 ir. 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 regression introduces a bias, due to the fact
that both the y values (= L 4 lD) and the x values (= LtD ) 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 r2 values of an AM regression, then cal-
culating the GM slope (b') from

b’ =b/r ...4.29)
and the GM intercept (a') from

a =y — (b x) ...4.30)

where X is the mean of the L, values and y the mean of the L, , 1 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-Walfora plot.

Age (years) L (em) Rearrangement for Ford-Walford plot
1 35 Lg("x) Lt+1("Y)
2 55 35 55
3 75 55 75
4 90 75 90
5 105 90 105
6 115 105 115

“From Postel (1955), who also gives L, = 146.5, corresponding to a value of Wonax =~ 60 kg,
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The computations outlined here are all performed by Program FB 4 and data are provided in
‘T'able 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.
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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).
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These advantages, as it seems, are outweighed by the disadvantages of this method, namely:
e The plot requires that the data are equidistant in time (the time between size values being
years, months, weeks, etc.).
e The points are unevenly spaced along the plot (see Fig. 4.4) which introduces a slight bias
when calculating the regression parameters.
e The points, being combined from two values of size-at-age cannot be readily weighed by
sample size.
e One value of size-at-age is always lost (because it has no corresponding value of L, , ;).
e The value of t, must be estimated separately.
Varianis 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 inzrement in question) gives a straight
line, whose slope—with sign changed—closely corresponds to the value of K, or including the para-
meter D:

D_1 D
e “b |, —kDIP ...4.31)
ta =4
where L° = (LlD + L,P)/2, and where L, and L, are successive lengths, pertaining to times t; and
t9, 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, (cm) 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 0.385 217.79
4 111 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

C.V. = 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 Ly, = 19.25 cm and D = 1 (Fig. 4.9).
©As computed from the mean monthly temperatures and the dates at tagging and recagtum
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 — t1) 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

x=TPD ...4.32)

and

L,” —r,P
t2 - t1

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

y= ...4.33)

= —b/D ... 434)
and
1/D
Lo, (25 ... 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(m) 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 = 2177; y = 0.0439

"Adapted from Table 17 in Randall (1962). Iiandall (1968) gives for this stock a value of
Liyax = “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 4.5 and Example 4.4).
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— D—y,D _ . )
tion with the means of all LD values (X) and of all th—__—lt‘—l—— values (¥) to obtain an estimate of
K through 271

K~ Y ... 4.36)
(Leo” —X)* 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(m), 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.,
zs 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 rontine which provides for the output of the x and y values.

The Munro plot
Munro (1982) suggested that

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

In (Lo ® — Ly P) —1Ir (L, )P — LyP) = KD (£, —ty) ...4.38)
Given a value of D and trial values of L(oo , this equation can be used to calculate single values of K
(one for each triplet of Ly, Ly and time values). The calculated values of K are close to each other
when an optimal value of L) 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 given value of L), the coefficient of variation of the K-values
(C.V. of K = Standard g"e‘gﬁ ‘°"u‘e’f the K-values ) ¢ may select by trial and error the value of L,
which produces the lowest coefflclent 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 prowdmg accurate solutions (K values) irrespective of the length of the time inter-
val(s) (t5 — 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 4.6 and Example 4.6).
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Alternatively, when a velue of L, is reliably know (e.g., as obtained by the procedure out-
lined above), single values of K can be output (see Tabl. 1.5) 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) + € Fmsin 27 (£ — ty)]) ... 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-

8yalues 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 Ly, 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+byx; +bgxg *+ bgxs ...4.40)

where y=In(1—L,%/L,D) ... 4.41)
x; =t (age must be always expressed i years) ...4.42)

X9 = sin 2wt ... 4.43)

and Xg = cos 2wt ... 4.44)

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

a = KDt ... 4.45)
b; =—KD ...4.46)
by = —KD 5-cos 2t ... 4.47)
bg = KD-2—C1:T~ sin 2wt ...4.48)
and ts = { arc tan (—bg/by) }/27 ... 4.49)

The only parameters which cannot be estimated directly from the seasonally oscillating growth data
are L(w) and D. The input value of L), however, can be improved by means of the same trial and
error techniques suggested for the von Bertalanffy 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(o) (see Table 4.7,
Example 4.7 and Fig. 4.11). Hoenig and Choudary (1983) give a method to derive standard errors
of the parameters of equation (4.39).

o
0
@
@

p—

0.987

0.986 L L | 1 | 1 } L )
30 3l 32 33 34

Trial values of L) (cm)

Fig. 4.11, Graph showing how an optimal value of
L(co) can be selected when fitting seasonally oscillating
length-growth data (based on data in Table 4.7 and
Example 4.7).

Muitiple coefficient of determination(R?)
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Table 4.7. Seasonal growth of halfbeak (Hemirhamphus brasiliensis) off Western Florida, US.A®

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

3 16.8 12 22.2
4 18.9 : 13 22,5
5 194 14 23.2
6 20.0 15 23.6
7 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 - -

8 As read off Fig. 5 in Berkeley and Houde (1978), who also give 31 cm for FL o«

Program FB 7, as opposed to the other programs for estimating the parameters 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 tropicai 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

I
-~ =a+hX ... 4.50)
2 i

where b = —KD and x = (L, D+ L2D )/2 into a multiple regression of the form
y=a+by x; tbgxy ... 4.51)

where y = (L,® — L,P)/(t, —t,), and x, = (L;? + L,)/2, as in the Gulland and Holt plot, and
where x, is the value, during the time t; — t5, 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

L,P —L,P L,D +L,P

tz_tl =a+b1 ( 9 )+b2T ...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).

o

where T is the mean environmental temperature in °C during an interval t; to t,. 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+ (b2 Tm) )l/D

oo = b, ...4.b3)
while K and C can be estimated from
K=-b,/D ...4.64)
and
_ by (Ts — Ty) 4.55)

C=2Ta+ (b, M)

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 Lyco), using

K~ [a+(bg Tpy))/Le)” ...4.56)

(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 conciudes with a straightforward, but hope-
fully helpful program.

Program FB 9 siruply 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). Teble 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 ir stores

Label Values estimated L, W, K D ¢t b Input Output

A length at a given age X - X X X - t Ly

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 W, 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 - W,

D growth ra.c at a given length X - X X - X L, dl/dt

d growth rate at a given weight - X X X - X W, Jldt

7 valuesof d and D - - - - - = W 409
Stores: A B 1 D O E

The values of t, may be summed up (Z+), then averaged ).
b Applicable only when D < 1.
°W e 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.

Recommendcd reading: The literature on fish growth is immense, and a list of recommended
reading on this subject is necesearily 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 .ishes,
and of little-investigated groups (e.g., coral reef fish). Compare growth curves obtained with the
special VBGF with growth curvés 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).
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Calculating values of L, K and t, in the millet-seed butterflyfish (Chaetodon

mzllarzs) b\ means nf avon Bertdldnffv plot.

Data from Table 4.2
Computation

1) Read sides Uand 2 of Program FB 3.

2) Tinker (1978, p. 50) gives "about binches” for the maximum tength reached by Chaetodon

miliaris in Hawaii, thus L.~ 127 mm. Weset D = 1,

3) Kevstrokes

127 81 Ta27 135429171 A32151A351108A421
A A H2 TI38A56 F147A661169A 170122747112
322 A 87T 1375 A
4) Caleulate r*, K and t,
Keystrokes  Results
E 0.953
0.003
—33.403
5) Repeat (step 1) with 6 digits DSPG6 E 0.952513
0.003043
—33.402913
6) Put Kand t_ on an annual basis: 365 - —0.091515
DSP 3 -0.092
0.003043 1 0.003
365 x 1.111

Using the relationship 3. K = 1

Chaetodon miliaris has a longevity (t ) of about 3 vears.

max

133 A 44 1118A50 ¢
228 A 71 1221 A 86 T

(r¥)
(K)
(t,)

(r?)
(K)
(1)

(L)

0

(K)

(see p. TH) we may thus infer, among other things, that

EXAMPLE 4.1



EXAMPLE 4.2

Calculating a value of K, and improving a first trial value of L¢,,) for Nile carps
(Labeo niloticus) by means of the von Bertalanffy plot.

Data from Table 1.3
Computation

1) Read sides 1 and 2 of Propram FB 3, and perform: DSP 4.

L. 51
9) Select first value of L, through —88%- = - —— = 54 with D = 1.
() a5 0.95

3) Keystrokes

S0 1Pal96 11 1181C37412173C45713111C5 1413C

Keystrokes  Results
4y Caleulate r* and K i 0.9967 %)
(remember, with relative age, the third output 0.7417 (K)
is not avalue of £ 1) 0.3970 (not {1

5) l{vpt“)ut steps 2and 3 with L= 5} 55. 56, 7. 58, 59 and K0 cm and note the values
of 12 Then plot these vilues of r on the trial values of L, {I;:s in Fig. 4.3). You
will note that the value of 5 cm produces the highest value of r® (= 0.9990) hence
the best fit to the growth curve, At this stage, our preliminany value of L, turns into
a full-Mledged value of L, matehed by a value of K 0.655.
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Estimation of L, and K for Thunnus albacares oft Senegat by means of a Ford-
Walford plot, special and generalized VBGF,

Data from Table 14
Computations
Case I,with 1) - 1
1) Read sides Uand 2 of Program FB 4
2) Keystrokes
3511 fad5AT5A90A105A115A

Keystrokes  Results

3) Compute r”, K and L, E 0.996 (r?)
0.150 (K)
186.6 (L)
Case I, with D = 0.47%
1) Kevstrokes
35 T ATT155 ATHA90A100A115A
5) Compute r*, K and 1., E 0.998 (r?)
0.583 (K)
153.9 (L)

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. 1.5 for a view of the differences between the special and
generalized VBGE.

*Obtained from “\'mn\ 2 60 kg and equation .10 tsee Fig, 4.1 and Program FB 9).

EXAMPLE 4.3



EXAMPLE 4.4
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Using a Gulland and Holt plot to estimate [, and K for occan surgeon fish
(Acanthurus bahianus) from the Virgin Islands.

Data from Table 1.5
Computation
1) Read sides 1 and 2 of Program FB 5.
2) Keystrokes
1 Fa97 1102 153 A 105 110913341091 11.81108A1111121102A
124 1155 1272 A 128 1136 T8 A 1 1143 P53 A 16,1 1160 T73A163
165 783 A 17T 1T 2 V106 A 1771181111 A

3) Calculate P K and 1

Keystrokes  Results

E 0.196 (r?)
0.001 (K)
20,336 (L)
4) Putting K on an annual basis X=Y 0.001
365 x 0..432 (K)

Henee, the growth parameters are L, = 2001 and K = 0.432 teoe Fig. 1.6). For plotting the
data and results on a eraph (such as Fips. 1.6, .1.7) press C: the provedure is then as follows
(data of Table 1.6):

Kevstrokes: Qutput: L SLIAL i
141169 148 A 15.45 0.060
208 1276 11389 A 24.20 0.036 2
218 1265 T8 A 25.65 0.035 3

The intercept and slope of the regression line are in STO A uand STO B, respectively, and
may be recalled to trace the line.
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Using a “forced” Gulland and Holt plot to estimate K when a value of Ly,
and growth increment data are available,

Tagging data from Table 16 Also, Randall (1968) gives for the fish in guestion a value of
20 mches"

L
Computations
1) Read stdes Tand 2 of Program FB 5,

2) Estimation of L, inem

Kevstrokes  Results

20 1
0.95 ¢ 21,053
254 x 53.474 (L.,
3) Estimation of K
Kevstrokes: Results
Tfall P19 18 A208 12761 0.001 (K)
189 A 298 1260 148 AB3LTe {rounded up)
4) Putting K on an annual basis: 365 x (.505 (K)

Hence, the growth parameters are L= 535 em and K = 0.505. See Example 1.6 on how

)
to draw the graph.

EXAMPLE 4.5



EXAMPLE 4.6
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Caleulating 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 1.5
Computations
1) Read side 1 of Program FB 6.
2) Select trial value of L), ¢.g. as obtained froma Gulland and Holt plot; try L, = 20 em.
3 Kevstrokes
20T 1T a 9T 102 A3 A 105 110 P33 A 109 T s oAy T2t
102 A 120 1155 12720 D128 1136 Tas A L P13 153 A 161 116 173
ATOS TIRA TR AT T2 106 A 177 T8 P11 A
1) Caleulate mean value of K and C.V,
Keysirokes  Results

E 0.418 (K)
0.125 (C.V))

5) Compute K and C.\', for L, = 18.5,19.0, 19.5, 20.5 and plot C. V. values, The results
should leok as in Fig. 4.9, which allows for an estimate of hest I, thence L) - 19,25,

corresponding to K = 0,532 and C.V, 0,108,

6) To obtam single values of Koseleet a good value of L and perform:

Kuevstrokes Results

19.25 11 raSTFO 9.7 110,21 53A 0.370 (Ky)
10.5 1109 133 A 0.518 (Ky)
10,9 11K 1108 A 0.385 (K;)

ete, tsee Table 1.5, right column)

The estimates of K omay then be plotted against variables likely to influence growth rate
(e.g.. water temperature while at arge).
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Solutions of the generalized VBGF.

Case |
Caleulate the length 11,0 corresponding to a given age t,
1y Read sides 1 and 2 of Proyram FB 9.

t and D, see Table -1.8)

2} Enter constants as required (here: L, Kt
31 Uabeulate length-for-age
Kevstrokes  Resulls
Age, A Length
Case 11
Caleulate the growth rate corresponding to a given weight,
1} Enter constants as required (here: W, K, 1Y and b, see Table -1.8)
2) Caleulate growth rate at weight
Keystrokes  Results
Weight, fd dwidt
Case 111
Caleulate t,, corresponding to a given length-at-age.
1) Enter constants as required (here: L, K and D, see Table 4,8)
2y Caleulate t

Keystrokes  Results

For other cases, see Table 4.8 and User’s Instruction to Program FB 9.

EXAMPLE 4.9



EXAMPLE 4.10
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Estimation of the parameters d and D in Atlantic yellowfin by means of
Program FR 9.

The Atlantic vellowfin «Thunnus alhacares) reaches about 60 kg (see Table L4, What are
the vorresponding values of d and 1)?

Computations
1) Read sides 1 and 2 of Program FB 9.
2) Perform:

Keystrokes  Results

60000
GTO 7 0.84 {d)
RiS 0.47 (D)

The value of D, although approximate, can be used in conjunction with the generalized
VBGE, for the stock in question and will generate growth parameters more realistic than
obtained with D = 1, as implied in the special VBGE.




5. Total, Natural and Fishing Mortalities
INTRODUCTION

In fishery biology, the most useful manner of expressing the decay (= decresse) 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:

N, =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+TF ...52)

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 -

20 -

Time (years)

Fig. 6.1. Decrease of a cohort of 100 fish (initially), subjected to different
lovels 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

N,
S= ﬁ; . 5.3)
where S is the fraction surviving after time t, while
A=1-S§ ...b4d)

52
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is the fraction of the stock dead after time t. Although used by a number of authors, percenttage
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 certair
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 achievad, 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=1.44—0.984 In ty,, ...5.5)

where t.,,, is the maximum age (in years) obscrved in a given stock, and Z is defined as above.
Although the “fit” of equation (5.5) is ratrer 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 ty,,, Was determined
isalso known, it becomes possible to estimate Z and its standard error (s.e.(z)) from the relationships
derived by Hoenig and Lawing (1982),

7 = ...956
€1 * (tmax * te) )

and
S.e.(z) = ¥ Cg* Z e 5.7)

where ¢, 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
(Hosnig and Lawing 1982).



Table 5.1. Maximum observed size (Linaxs Winax), maximum observed age (t,.) and estimated
mortality (Z) for 12 roval reef fish of New Caledoma

L .ax (standard W o (live t

Family Species length, in cm) weight, in g) (in?;xars) 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 argent.maculatus 60.7 5,870 18 0.26

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

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
llmlted sampies (sample sizes not given) which, however contained large-sized adults
P Estimated 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),

n ¢y c, n c; 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 0.084 250 017 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

*Interpolate for intermediaie 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 65.1.

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

fish (M).8
t Location, Estimated
Family Species F;S n sampling date(s) Author(s) Z s.e.(z)
Auchenipteridae ,
Trachychorystes galeatus 9 3.6 83 Banabuju Reservoir Nomura 1.36 0.32
Trachychorystes galeatus d 3.5 99 J/ Caera State, 1971 (F) et al, (1976) 1,40 0.32
Characidae
Prochilodus scrofa Q 13 461 | Mossl Guassu River, Godoy 0.60 0,09
Prochilodus scrofa G 9 485 J Sao Pauio State, 1947 (19569) 0.73 0.13
(F)
Sclaenidae
Plagloscion squamosissimus 9 6 103 | Amanarl Reservoir, Nomura and 0.82 0.19
Plagioscion squamosigsimus 7 134 / Caera State, 1960-2 (F) Oliviera (1976) 0.74 0.16
Micropogon furnieri 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 Qx4 11 9,047 Off Sao Paulo, Lara (1961) 0.66 0.11
19756 (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:

& _8Zexp(—a) , 3Zexp(—2a) _ Zexp(—3a)
W=w_, {1 7+ K + 7 + 9K 7 + 3K } ...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 -L )
Z= D ...5.9)

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 Ciscussion 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

_ kDR -T")
Zmin = ~Fp ey ...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 datz. 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,D/3 — WD)
~ ...5.11)
W D/3 _ ch/S

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 6.11) 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 & form akin to a
length-c~averted 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 cllow 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 fichery 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) v hich is closely related to Jones’
method, but allows direct estimation of Z.

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

InC (Lj, ) =a+ 5 * In (L2, —LP) ...5.12)
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where C (L;, ) i8 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 e
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 (LD, — L?) 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.
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Fig. 5.2. Jones’ cumulative plot for the estimation of Z/K
(oxr 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 uges (or relative ages) are used for the x-a='s 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 friom
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 ...b.14)

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

Both Jores’ 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 tegression. 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. 6.3. Sparre’s cumulative plot for the estimation of Z (or Z/K),
as applied to the data of Table 6.4 (see Example 5.5).

Catch 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

In N, =a+bt ...5.16)

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

Tne 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 uff 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, o the average,
suggests a value of Z = 0.65 (adapted, with modificalions, from Manooch and
Huntsman 19717, 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 ard 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 prevcnt 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 concem-
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 sexfasciatus)
of the Visayan Sea, Philippines (from Pauly and Ingles 1981).*

Lower class Midpoint
iimit (cm) of class (cm) NP
4 5 5
6 7 29
8 9 114
10 11 161
12 13 145
14 15 118
16 17 61
18 19 50
20 21 32
22 23 17
24 25 4
26 27 4

2To be used in conjunction with L, = 30.9, K= 0.51and D = 1.
b As obtained by pooling a number of samples representing 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 — o0 2 3 4 5 5+

0 = not usable 2 = fair 4 = very good

1 = poor 3 = good 5 = excelient

1t 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
gize 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 \; - (dl;/dt) = a + bt;’ ...5.16)
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where dl;/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’ ...5.17)
or

In N = a+ bt' —In (dl/dt) ...b.18)
Now, in terms of the generalized VBGF, the growth rate can be expressed as

dl/dt =In (K-D-L2 ) + KD (t' — 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 (KDLD) - KD (t' — t,) ...5.20)
or
In N =a+ bt' — In (KDLD,) — KDt' + KDt ...5.21)
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Fig. 5.6. 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 =12 ...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 N;/At; = a + bt} ...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) ic a slightly 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).

Examrle 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, genezates 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) the first 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, cr 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. 6.7. Lengthconverted catch curve, based on equation
(5.25) and the data of Table 5.4. The broken line, which
paralleis the catch curve, was obtained using equation (5.28).
As shown in Example 5.9, the two lines provide virtually
identicel 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;, t) = number of fish caught between ages t; and ty, with At =ty —t;
— ty' = 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) =N’ e L) g (1 —e28Y ...5.26)

or
In N (ty, tp) = —Zt; + Zt;’ +In { Ny« E (1 —e 20t } ...5.27)

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

N.

1

(l_e'—ZAti)

In =a—Zt, ...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.

Equatlon (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).

(i) 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 iength classes (Mortality II) 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 (Nj).

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 11 available
Lower Upper Midpoint (C) midpoinl:)b (M—Z)° (means) (Nl)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 1 161 0.208 1.70 177 207 0.7718
12=L' 14 13 [143]F - [Z=1.84) - [143)F  [1.00]

8 Actual upper class limits are 3.999, 5.999, ete., but are rounded for convenience.

pD_ D
L p—
®Computed from —K—lﬁ In { = }where L,, L, are the lower and upper class limits,
respectively. LOE P

©Values between Z and M int.e?olated linearly.

dComputed from N; = N, , e 8t where N, ,  is the number available in a given leng"h 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
0. '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;
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Fig. 5.8. Relationship between mean length and water depth in slip-

mouths (Leiognathus splendens) caught off Southeast Kalimantan,
Indonesia (from \’auly 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.

Catct. rate (kg/hr)
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40 Fig. 5.10. Pseudo-catch curve for Leiognathus splendens in west-
ern Indonesian waters (see Example 5.9 for derivation and inter-
pretation).
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W)
Fig.%$.9. Relationship between average catch
per effort of Leiognathus splendens and water
depth in western Indonesian waters (from Pauly
19717).

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,) obtained twice within a year (t;, ty) 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

(!
=0} g

8o
|
=

L
K= ...5.29)
(t]_ _tz) D
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while Z is estimated iteratively as the value which fulfills

N N
—z — (KD (t; + x) + Zx)
EeTThT e o
X=0 X =0 =1 ...5.30)
N LD
T e Zx (o)
X=0
and
N y/ N (KD (t, + x) = Zx)
—~Zx _1 . - x) + Zx
= ...5.31)
N )
y e Zx Li(e0)
X=c"
where
N = integer part of { [—(In 0.0001)/Z) +1 } ...5.32)
and
b= (LD~ I2)/L2, ... 5.33)

A table (5.7) is provided here from which t{, to values can be read off, giver the months of :ampling
and of recruitment (i.e., the months during which the length-frequency data were sampled from
which L, T 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,
L, 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, howeves, that this assumption is made not only here,

Table 6.7, Values of t; and tg for use with Lq and Lg values, given the month of recriitment.”?

Sampling

months

(for Lq Month of recruitment

and Lg) J F M A M J J A S (o} N D
J 0 1 0.909 0.818 0.727 0.636 0.646 0.455 0.364 0,273 0.182 0.091
F 0.091 o0 1 0.909 0.818 0.727 0.636 0.646 0.456 0.364 0.273 0,182
M 0.182 0.091 0 1 0.909 0.818 0.727 0.636 0.646 0.456 0.364 0.273
A 0.273 0,182 0.091 0 1 0.909 0.818 0.727 0.636 0.546 0.4566 0.364
M 0.364 0.273 0,182 0.091 O 1 0.909 0.818 0.727 0.636 0.646 0.455
J 0.466 0.364 0.273 0.182 0.091 O 1 0.909 0.818 0,727 0.636 0.54¢
J 0.646 0.466 0.364 0.273 0.182 0.091 0o 1 0.909 0,818 0.727 0.636
A 0.636 0.646 0.456 0.364 0.273 0.182 0.091 0 1 0.909 0.818 0.727
S 0727 0.636 0.546 0.4656 0.364 0.273 0.182 0.091 0 1 0.909 0,818
(o] G.818 0.727 0.66 0.646 0.4556 0.364 0.273 0.182 0.091 O 1 0.909
N 0.909 0.818 v, 727 0.636 0.546 0.455 0.364 0.273 0.182 G091 O 1
D 1 0,909 0.818 0.727 0.636 0.546 0.465 0.364 0.273 0,182 0.091 O

n'I‘o use this table, select appropriate column (= month of recruitment, and read from that column values of
t1 and tg, given the month at which sampling for Lj and Lg took place (tj can be, but is not necessarily, the
month of recruitment). Values raay 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 simultancously, as incorporated in Program
FB 13, generates results that are verv sensitive to small errors affecting the input parameters, particu-
larly the values of LY — LD and T3 — L. 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 inciuded 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, Phlllppinea.'l

Lower class 1958 1969
limit (cm) A S (8] N D J F M A M J J
4 1 3 - - - - - - — - - -
6 138 113 1 9 2 - —_ - - - bl —
8 163 62 40 65 126 12 5 6 — - - -
10 49 36 111 49 127 55 52 66 21 - - -
12 9 25 43 20 656 60 84 ki 60 6 3 8
14 - ki 3 1 14 26 36 38 63 31 6 36
16 - 1 -_ bd 3 9 4 8 26 43 17 18
18 - - - - - - - 3 12 15 13 4
20 - —_ - — - - - 1 4 6 6 3
22 - — - — - - - — 1 4 - 2
24 - - - - — — - - - 1 - —_
z 350 241 198 144 337 151 181 189 167 112 44 71

Mean length  8.68 8,83 11.07 10156 10.83 1262 12.80 10.99 14.69 16.89 17.50 156.99
-

Inputs -I:l = 9.5 (Sept) fz = 16.8 (June)

aAdapted from data In Marquez (1960).
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Fig. 5.11. 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 un age or growth for
its estimation.

A few of these methods have been presented above (cumulative plots, lengti.-« ‘nverted 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
spe~ial 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 (LY —LP)
Z/K = — ...5.34)
LP -LP

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
7/K = 2C° .. .5.35)
1—C?2
where in tcrms of the special VBGI
C% = (s.d.(r))?/(C — L") ...5.36)

where L and L' are  defined as previously, and where s.d.(r) 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. 5.13. 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 tuan 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 tropic: is unclear; this would be
surprising, however, given that the ratio M/K (and hence Z/K also) is genrally 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 6.4, fitted with an exponential curve
to demonstrate that Z/K for Epinephelus sexfasciatus 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

7 =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 13.25 241
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 7.19 12.30 3.88
1973 9.94 12.01 4.61
1974 6.06 12.60 3.30
X 4.87 12.70 3.25

2Based on data in Boonyubol and Hongskul (1978),
®In millions of trawling hours, o
°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 ...b.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
et 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 cf 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 f 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.)
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Fig. 6.15. 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, grouvped 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= —¢ 1% ...5.41)
N, (1—e7%)

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 (r')° No. of recoveries
0 1,062
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, etc.

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 1358; 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

L, =L, (1 —e Xt~ %)) ...5.42)
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then

g, =l :If:L‘/L“)) ...5.43)
or, inserting 95% of L, for L,y

tmax—to=-&9—?(5l ...5.44)
or, ignoring t,

e = 5 ...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.

Nai::-al mortality can also be demonstrated to be correlated to mean environmental temper-
ature in nishes, 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 ...547)

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) aregivenin 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 cauces).

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
-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 correaponds to
Eopt = 0.5 ...b.62)
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and which &lso leads to the well-known equation
Py, =~ 0.5M B, ...b.b3)

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 (1674) 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 yiclds by a factor of 2-3. For higher values of
M-asg often occurs in small tropical fish—equation (5.53) possibly overestimaies potential yields
by a factor of 34.

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, tentetively

P, ~ 0.2MB, ...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 iast 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
.ompute 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.
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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 jurnieri caught oft
Caera State, Brazil, The maxinnm age was 5 vears, What is the total mortality in the stock

from which the P15 fish were taken an to s et it sero’!

To obtain 7 and its ~tandard error, first read off the value of ¢y ar ' ey, corresponding to
n oo 115, These values, interpoiated between the values fer o= [0 and no 120, are 0.193
and 0,049, respectively, Then perform

.EXAMPLE 5.1

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

Keystrokes  Results

197 1 198X 1 0,72 77
XTO49X S 06 .

EXAMPLE 5.2

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

If the following set of growth parameters ol the special VBGE (corresponding to a small
tuna are availabley W, - 10 kpot, - 0.8 with 1 095 and the mean weight in the eateh
is equal to WA kg what is the total mortality”? The tolerated error of 7 will he 0.001,

Computations:
1) Read sides 1 and 2 of Program FB 10,
2y Initialive
Keystrokes  Results

101.51.951
BCHSTablh

Ist guess for 7 = 4 001 fe A 247 [fray]
2nd puess for Z = 0.1 n.18 3,34 [T(h]
3) Estimate total mortality: I .59 (7

Note: Depending on the values of fla) and ftb), the iteration time can ygo bevond 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 Lo, = 52 em, K = 0.28(D = 1), I = 34 and L = 38,7, What is the total
mortality?

Keystrokes Result
28 e 38T
N3BT U3 0 0792 VA

Case 1I: Table 5.4 gives length-frequency data (averaged over one year to simulate equilib-
rium) for another grouper ( Epinephelus sexfaseiatus) from the Philippines. The data are used
to illustrate the operation of the routine in Program FB 13 for the rapid corrputation of
mean lenpgths and the effeets of the omission of large fish on the estimated valves of Z.,

1) Load sides Tand 2 of Program FB 13
2) Stoie L' o5 and initialize: kevstroKes: 12 U
3) Enter frequencies necded for computation of the mean length and its standard error
Kevstrokes: 143 A 118 A BT A D0 A B2 A TTALA
1) Compute the mean length and its standard error
Keystroke Results

B 425 (n)
15.951 (L)
3.018  (s.d, )
0.146 (s )
5) Now recompute the mean length after adding the lust frequency, which was omitted in
step (3

Keystroke Results

4 AB 129 (n)
16.054 (L)
3186 (s )
0154 sy )

8) Finallv, compute 7 for the two values of L (15.951 and 16.051) using the same key-
stroke sequence as given in Case of this Example,
The results should be 7 values equal to 1.868 when the last frequeney is omitted, and
1.93 when itis included.

vhis Example illustraves 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). 1t will also he noted that an extraneous knowledge of I
15 required by this method, as opposed to what occurs when semi-graphical methods are
used (cumulative plots, length-converted eateh curves),
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EXAMPLE 5.4

Estimation of Z using dones’ method.

Data from Table 5.4
Computations

1) Read side 1 of Program FB 11,
2) Enter L . DO LCL L and initialize
Keystrokes: 30.9 11 121 26

3) Enter all catches, starting with that corresponding to the largest fish

Keystrokes  Re  *s

1A 1.589 In (LD —LD)
1386 In C (L, =)
4A 1.932
2,079
17 A 2.186
3.219
ete,

1) Plot the In (L2 — Lli’) andIn C 1Li[? =) data as in Fig. 5.2 and select points to be included
in linecar regression (see Fig. 5.2 for points selected).

5} Re-initialize, and re-enter data

Kevstrokes: 309 T1121267a4 A4 ARSITARSIZARSES0ARIS6LA R/S
IIBARS IS ARSIGLARS

6) Compute paramet, rs of linear regression and estimate Z/X.
Keystroke Resulls
E 0.998 (r?)
—5,235 (a)
3.846 (b= Z4/K)
7) Caleulate Z thro _ 1 multiplication of Z/K with K.
Keystroke Result
Ol x 1.961  (Z)
As will be shown further below, this result (Z - 1.961) s very similar to those obtained using

a namber of different methods (i.e., various forms of the length-converted cateh 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 sidee 1 of Program FB 11,
2) Enter L., D, AL L and initialize
Kevstrokes: 20,9 11D 26 fa
3) Enter K
Kevstrokes: 30.9 1112 126 fa

1) Enter all catehes, starting with that corresponding to the largest fish

Keystrokes  Resulls

!

4B 3611 U,
1.386  In ¢ (L )
1B 2,940
2.079
17 B 2441
3.219
ete.

5) Plot the l'] ~and In C (L, =) data as in Fig. 5.3 and select points to be included in the
. 4 A .
linear regression (see Fig, 5.3 for points selected).

6) Re-initialize and re-enter data

Kevstrokes: 309 1112126 Fa 51STOTHBABRSITR R/S32BR;S50BR'S
GIBRSUISBRSLIZIBR S 16T BR/S

7) Compute parameters of linear regression and estimate 7
Keystroke Results
) 0.998 (r*)
7.959  (a)

=1.961 (b= -7)

It will he noted that the result (7 = 1.961) is exactly the same as that obtained using Jones’
method.
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EXAMPLE 5.5






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

Data from Example 5.6
1) Use the lincar 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 (lass midpoints ranging from 13 to 27 cm. Read sides 1 and 2 of SDO 3A,
enter data, with x =t andy = In N.

2) Estimate parameters of re, ression line

Keystroke Results

C 0.951 (r?)
6.331 (a)
-1.322 (b)

3) Since the value of K in Table 5.4 v s 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)
A might be scen 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.

EXAMPLE 8.7

EXAMPLE 5.8 | Estimation of Z from a lengthcorverted catch curve (using N/At) with subse-

quent improvement using Sparre’s method.

Data from ‘T'able 5.4

Computations

1) Read sides ! and 2 of Program FB 12

2) Enter L, AL, K, D) and initialize
Keystrokes: 309121t .51 11fa

3) Enter class midlengths and frequencies

Keystrokes  Results

51%5A 3.497 (In (N/AY)
0.346 (t)

7 129A 5.174 (In (NjAt))
0.504 (t')

etc.

Continued
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4) Plot values of In (N/At) against t' and identify points to be included in the catch curve;
the points selected should range from class midpoints 13 t~ 27 cm fsee Fig. 5.7).

5} Re-enter class midlengths and frequencies to be used in regression
Keystrokes  Results

13 1143 A 6.480

1.071

now press T+ 1
1517118A  6.169
1.303

again press T+ 2

ete.
6) When all 8 pairs of values to he used in the regression have been entered, proceed with
Keystroke Results

E 0.974 (r?)
8.406 (a)
1.832 (2)

It will be uoted that this result is virtually identical to that obtained in Examples 5.6
and 5.7. However, the methods in these two Examples and that used above are approxi-
mate. The value of Z obtained here will thus be used as an input to the iterative routine
proposed by P. Sparre, which gives exact results, as follows:

7) Store 1.839 as first value of Z ard initialize new routine
Keystrokes: 1,839 b
8) Then re-enter class midpoints and frequencies to be used in regrassion
Keystrokes  Results

1311438 6.06¢ (In (N1 —e~ 22|
0.964 (t', ) '
1
now press T+ 1
1571188 5.778 (I (N/(1 — e~ 25ty
1183 (¢, )
again press T+ 2 A
etc.

9) When all 8 pairs of values are entered, obtain the new estimate of Z through
Keystroke Results

E 0.968 (r?)
7.814 (a)
1.850 (Z)

The new value of Z is so close to the initial value (% difference = 0.6) that there is no
need for further iterations: Z will remain near 1.85 anyway,
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Construction of a pseudo-catch curve for Leiognathus splendens caught offT EXAMPLE 5.9
Kalimantan, Indonesia (adapted from Pauly 1980c¢).

1) The mean length water-depth velaionsbip in Fig. 5.8 can be expressed by tie relationship
I 736 -0 06 m

where 1 s the depth in meters (v 0500, P2 5771 The values of L, Kand D used here

are 103 em, 104 and 1, respectively, while the length weight relationship (em, 2) s

given by

W01 LA

<

The catch-offort data, as read off Fig, 5.9, are given below for each depth, along with
the corresponding mean length, mean weights, numbers caught and relative ages, as
computed using Program FB 1, FB 9 and simple divisions,

Depth e 1k 1Lorem W) (o 1 W {
15 1 8.0 8,495 12.3 1463 0.95
20 31.0 10.0 18.3 1.694 116
34 119 11.1 20,6 582 144
15 9.63 12.1 33T 286 1.80
) 1.97 3.2 146 111 24T

3) Provram SD-03A Ceurve fitting™) is then used to estimate the parameters of the regres-
ston of bne 1 Won ) The results are

Keystroke Results

C 0.952 (r*) |
9.203 (a) /

-1.862 (—7.)

The main resull, the value of 7 of 1.86, is reasonable and might serve as input in models
requiring estimates of total mortality,
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Estimation of K and Z in a stock of the white goby ( Glossugobius 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 cm (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 L;l and fz 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(oo) 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 19.5 116.8 1 1fa.091 1.909 1 26.5 R/S

6) Enter initial guess of Z and iterate

Keystroke Results

1E 1 (Z,)
1.103 (Zy)*
..... etc.
0.686 (K)

value reached after 8 iterations 3.143 (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.
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Estlmdtmg 41K fr()m ]ength frequencv ddtd EXAMPLE 5.11
Case |
Thompson and Munro (1974 estimated Ly from L in Epinephelus striatus as approxi-

max
mately 90 o, winle K could not be (.\tn.mu'd reliably. The mean length at unexploited

oveanic banks oft Jumaica is 89 em, with L' 60 cm. What is the value of MK tspecial
VBGE)?
Computation

Kevstrokes Results

90 !

69 -

69 !

60— 2.33 (M/K}
Let’s assume the mean length of Epinephelus striatus in a certain exploited area is 65 em,
with L, = 90 em and L' =60. Wha is the value of Z/K?
(‘nm_"ulnlmn

Kevstrokes  Results

90 1

65 -

65 1

60— 5.00 (7K}
Case 11 .
The data in Table 5.4 and a value of l = 12 em are used to compute Z/K using equations

(5351 and (5.36). First the value of C? 1s(¢)mpulvd using parameter values computed with
Program FB 13 {see Example 5.3 for computation of mean length (16.051) and sy,
(186 and equation (5.35):

Kevstrokes Results
3186 x*
16,051 112
Nt 0.618 (C?)
Then use value of C2 1o compute Z/K, using equation (5,31}

Kevstrokes Results

618t
2x 11
bH18 : 3.236 (7.K)

Fhis vahue of 2K when multiplied with the value of K given in Table 5.0 (0,51} leads to an
estimate of Z - 1.65 which is Tower than that obtained using other methods [ see Examples
5.4 1o 5 Misee texu,

Case 11

The length-frequeney data in Table 5.4 have been drawn in Fig, 5.1 It might be seen that,
bevond 1. the frequencies decline exponentially, a fotture which is made more visible by the
exponential curve superimposed on the data. Henee using Fig, 514 as ceference, we infer

that 7 K is e qlml to or higher than 2, a fact substantii ted by all pn vious analvses.




‘] Estimating M and q from a plot of Z values against their corresponding values
R of effort.

Data from Table 5.9

Computation

1) Read sides 1 and 2 of SDO 3A (linear regression)
2) Initialize and enter data

Keystrokes: f b 2.08 1 2.41 A 2.08 1 2.69 A 3.5 12.72A3.6 12624381373 A
7.1913.88A9.94 14.61A6.06 13.3A

3) Obtain results

Keystrokes  Results

C 0.81 (r?)
2.03 (a)
0.25 (b)

DSP 3 0.253 (q)

X2y 2.044 (M)

Thus the results are q = 0.253 and M = 2,03,

Estimating F and M for chub mackerel (Rastrelliger neglectus) from tagging data. EXAMPLE513 E

Data from Table 5.10
Computation
1) Read side 1 of Program FB 14
2) Enter data from Table 5.10
Keystrokes: fa 1052 A T4ABA 1656 A46 A8 A
3) Obtain r?, a and b of regression line (see Fi;. 5.16), and estimates of F and M

Keystrokes  Results

E 0.96 (r?)
: 7.43 (a)
j —1.25 (b)
enter N, 5230 fe  0.56 (F)
) 0.69 (M)

Gulland (1969) should be consulted for details on this method, as well as possible sources
of bias and errors.




EXAMPLE 5.14

89

Obtaining an independent estimate of M for a fish whose growth parameters 1

are known,

Estimate Moin Sclarovics leptolepis from the Gulf of Thailand. The growth parameters are;
Lo = 20emtotat length), K L6, CD = 1, while the mean water temperature in which the
fish oceur s about 27 )

Computation
B head side Lot Program FB 15,
2) Enter b, Kand T
Kevstrokes  Results

201116t
27T A 2.17 (M)

[t will be noted that this value is rather close to the value of M (= 2.03) obtained in Example
9.12. Thus it would have been possible, instead of ptotting Z on f to obtair M, to simplv use
the mean value of Z and the mean effort in Table 5.9 to obtan q using equation (5.39) i.e.;

Keystrokes Results

3.25 1217
.87
DSP 3 ()29 (q)

This value of g compares rather well with the one estimated previoushy ¢0.253). This approach
to estimating g should be used when the scatter of the Z and 1§ value about the regression line
makes the estimate of M look dubious, or, obviously when only one pair of f and Z values
is available.
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Estimation of the exploitation rate from mean lengths,

Thompson and Munre 11970 estimated L from L i Epinephelus striafus as approxi-
mately 90 cm. while K ocould not be reliably estimated, The mean length on unexploited
oceante banks oft Jamaiea is 69 cmy with L 80 emvand D - 1 What s MK ¢ The answer
roocompitted nsing equation €53 1)

Kevstrokes  Results

90 t Yy
69 1 60- 2,33 (M K)

However, the mean length of £ striatas in exploited fishing grounds is 65 em (again with
L., = 90and L = 60 cm). What is Z/K? t Using equation (5.3:1) again.)

[y

Kevstrokes Results

90 1 65-
65 1 60~ 5.00 (2 K)

What is the exploitation rate in the exploited fishing grounds? (The answer is computed
using equation (5.49.))

Kevstrokes  Results

24315
CHS 1 ¢ 0.53 (k)

The stock of E. striatus investigated here is thus under very intensive exploitation (see p. 77).
it will be noted that this inference is made here without the growth parameters of £ stratus
heing known.

EXAMPLE 5.15



6. Estimation of Population Size

INTRODUCTION

This chapter presents four methods by means of which the size of fish populations can be
estimated. These are:

a) tagging

b) Leslie’s method

c¢) ‘swept-area method

d) using catch data and fishing mortality

Tagging and Leslie’s methods are used to estimate the numbers of fish in a given populatlon or
stock, while the other methods are generally used to estimate the total weight of a fish stock (stand-
ing stock or biomass) at a given time. Other methods such as virtual population analysis and cohort
analysis are discussed in the next chapter which is devoted to methods for estimating ‘“‘past’ popu-
lations.

There are still other methods which can be used to estimate stock sizes, i.e., acoustic methods
and egg surveys. Specialized manuals should be consulted for these, such as Forbes and Nakken
(1972) for acoustic surveys, and Saville (1977) for egg surveys.

POPULATION SIZE THROUGH TAGGING
(PETERSEN ESTIMATES)

Suppose a certain number of marked fishes (T) are released into a body of water, after which
some time is allowed for the marked fish to mix thoroughly with the fish already present in the
water body. Upon fishing, a certain number of fish (n) are captured of which a smaller number (m)
consists of marked fish. The simplest equation for estimating the size of the population (N} is then

N=T-n/m ...6.1)

the standard error of N being given by
1/2
5.8.(N) = (T2n (n— m)/m3) ...6.2)

For these equations to provide reasonable estimates of N, the following assumptions among
others, must be met:

1) The natural mortality and vulnerability to fishing gears of tagged and untaggzd animals are

the same.

2) The tagged fish are randomly distributed in the population.

3) Tags are not lost.

4) There is no immigration nor emigration of fish into or out nf the stock.

5) All tagged fish are reported.

See Jones (1977) and Ricker (1975) for more details on this and related methods, and for discus-’
sions on how to account for some of the bias inherent in the method.

Table 6.1 gives some variants of Petersen’s method, which are illustrated in Example 6.1. Other
models for the interpretation of tagging data exist, such as-Jolly’s method. An HP 67/97 program for
population size estimates based on this method (Jolly 1965; Ricker 1976, p. 132-134) is included in
the HP Users’ Library Solutions booklet devoted to “Biology”.
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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
T-'n T?n (n —m) T
(A) Bailey Direct N= 8.8, " |
(1951) m w0 m
T(n + 1) T*(n+1)(n —m) |/
(B) ?fgl;lseg) Direct N= — 1 5..0q) ™ T
(T+1)@n+1) N N ? N\|® h
; I\ - (N2 |2 4 o2 -
(©) 8h;5p{1)mn Direct N e 1 s = (N T +2 e +6 0T
Schaefer
(1951) \1/2
n(T +1) (T—m+1)(N+1)}(N—T)
(D) Bailey Inverse Ne ———— -1 5.€.(n) -<
(1951) m m(T +2) /

8«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

B==" ...6.8)

where c/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 (Pa.lly 1980d).

Gulland (1969) showed that

F=r=—1 ...6.5
A 6.5)

i.e., that the fishing mortality exerted on a given stock is equal to the product of the area swept ina
year by the combired activity of a fleet of trawlers (a « f) 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 &8sUmMp-
tions pertaining to the behavior of fish, to line fishing over coral reefs (Wheeler and Ommaney 19563;
Gulland 1979).

POPULATION SIZE FROM CATCH
AND FISHING MORTALITY

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

.. 6.6)

LI
I
2|
=

from which one obtains

..6.7)

= |
]
wi

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=qN, —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 qN,,, divided by q provides an estimate of N, the popula-
tion size prior to its reduction by fishing (Example 6.1, Case I, Table 6.2). When the spec1al case
applies that effort is constant for the period under cons1deratlon the c/f values can be replaced by
catch values, in which case F is estimated instead of q® (FExample 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).
bThe 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.®

Samples No. of fish collected Et't'ortb
A 8 1
B 5 1
C 4 1

3Based on data in Smith (1973, Table 6, Station X).
b'I'he unit of effort is 22 fluid ounces of emulsified rotenone applied from a plastlc squeeze
bottle”,

*This feature of the model was pointed out by E. Ursin (pers. comm.,).
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O bluehead wrasses

8 ® reef eels

Catch per effort or catch

1
5 10 5 20
Cumulative catch

Fig. 6.1. Leslie plots for reef eels (Kaupichthys hyoproroides) and bluehead wrasses (Thalassoma bifascia‘um) from an
isolated Bahamian reef patch, with estimates of virgin population sizes (based on dsta in Tables 6.2, 6.3 sud 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 a rather 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 comparabie results and why. Compare
tne population size of adjacent areas in relation to different fishing intensities.
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Petersen population estimate of tigerfish (f{vdroeynus vittatus) in the Sanyati
Gorge, Lake Kanba, Zimbabwe.

Langerman (1930 condoncted marking and tagging experiments on tigerfish //vdroeynus
citfutus: (Fam. Characinidae) in Sanvati Gorge, Lake Kariba, and conciuded that undec
the ronditions in and around that reservoir, tagging was superior Lo marketing with fluorescent
dve. Inan experiment conducted o 1979, T - 981 fish were tagged and released. Upon
fishing one dayv Later with a chartered vessel, 3,253 fish were caught, 68 of which hore tags.
I the various assumptions involved in Petersen population estimates were met, what was the
population size and its standard error?
Computation
1) Read sides Fand 2 of Program FB 16
23 Fnter data and initialize

Kevstrokes 9840 13253 "8 a

31 Catewlate population size using different formulae (see Table 6.1)

Keystrokes Results

A 47,078 (N}
5,648 S

B 16,105 {N)
5,48/ S.v.‘.\.)

C 16,151 {N)
H.680 S

Since sampling was direct, option D tinverse sampling) need not be considered. Note that
the results using the three sets of equations give similar results: Langerman’s paper also
sugpests that the assumptions involved in Petersen estimates were reasonably met. The
population of tigerfish in the part of Sanvati Gorge for which the experiment was represent-
ative was about 46,600 © 560,

EXAMPLE 6.1



EXAMPLE 6.2
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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 tvpical trawlers operating in San Mipuel Bay,
Philippines:
Trawling speed 2 Knots (conversion knots to k- h @ kn - 1.83 = km-h)
Length of headrope 17 m theadrope length actual spread of net = 0.5 = N,
Fraction of fish in the part of the net that are retained by the pear (.\'1 ) = (.50 (assumed)
Mean cateh 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 1a) is thus (according to equation 6.4);

Kevstrokes Results

21 (knots)
1.83 X (convers. to km h)
0.017 X (headrope, in ki
DX (.\'21 0.031 (a.in km?)

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

0.0335 ! ie f.in tonnes)
840 X rarea of SM Bay)
X = Y (putain display)
5N duse Xl and finish) 1,809.065 (B, in tonnes)

B) Fishing mortality

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

Kevstrokes Results

5,966 1 (area swept annualiv)
05 X !Xl )
%10 1 tarea of bavy 3551 ()
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Applications of the relationships linking catch, fishing mortality and mean
standing stock size.

Case 1: Estimation of average standing stock

Sekharan (1974) gives for aii sardine (Sardinella longiceps) and fer mackerel (Rastrelliger
kanagurta) trom southwestern Indian waters the following data (all on an annual basis):
7 M F Y (tonnes)

S, loagiceps 1.66  1.12  0.5¢ 210,000
R. kanagurta 200 090 115 65,000

What are the mean standing stock sizes?

Computation
Keystrokes Results
210,000
151 ¢ 388,889 (B)

(or = 390,000 tonnes)

65,000 1
1.15 = 56.522 (B)
tor = 57,000 tonnes)

Case 2: Estimation of fishing mortality

Anon, (1979b, Table 12, p. 161) gives for carangid spp. ¢ Trachurus spp.. Carany rhonehus)
for 1970 to 1976 a mean annual cateh of 163,000 t. Acoustic strveys conducted in the
region under consideration (West African Coast from Mauritania to Liberia) provided an
average carangid standing stock estimate of 1,200,000 1. What is the fishing mortality
inflicted on carangids?

Computation
Kevstrokes Results

165,000 1 _
4,200,000 0.11(F)
As concluded in Anon. (1979b) “for fish of moderate Tongevity. this is a low bul not insig-
nificant value which suggests that stocks are lightly to moderately exploited.”

EXAMPLE 6.3



EXAMPLE 6.4
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Estimation of unfished population size (N ) by means of Leslie’s equation.

Case I effert changing
Data from Table 6.2

Computation

1) Read side 1 of Program FB 17

2} Initialize and enter cateh and effort data
Kevstrokes: fast1A4111A311A112A

i

3) Caleulate r=, g and NO

Keystrokes
E
Case 11t effort constant
Data from Table 6.3
Computation
1) Read side 1 of Program FB 17
2) Initialize and enter cateh data
Kevstrokes: fa 8B5S B4 B
3) Caleulate r*, F and N,
Keystrokes
E

Results

0.88
5.39
—0.35
15.46

Results

0.u8
7.86
—(1.31
256.06

(r%)
(a=qN))
(h=-—)
(N,)

(r)
{a=FN,)
(b=—F)
(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

C.

F; —7.
=7 1-e N 1)
where F, is the fiching mortality in the ith period
M is the natural mortality, generally assumed constant for all periods
and Zl = Fl +M

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

Ni +1 Zi M e—zi
= —7. .1.2)
Ci Fi (1—e ])
also written
Ci i Z;
=—(e'—1 ...1.2a
N, Z: ( ) )
which is the equation in Gulland’s (1965) virtual population analysis and which can be deriv.:d
from (7.1) by substituting for N; the relationship
Z:
N;=N;,,-e' ... 1.3)

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 7 4
N, = =z ... 1.4)
Fy (1~ %)
or from
Nt, = Ct . Zt/Ft N 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 initial
value of N; , |, 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 TaJle 7.1.

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

Equatlon 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 diver-
gence
(7.1) Beverton and Holt Murphy Convergence of F-values Confirmed Jones’ result
(1957) based on (1965), Tom- toward true solution
Baranov (191 *) linson (1970)
(7.2) Gulland (1965) Pope (1972) Errors due to erroneous Fy Rapid convergence toward
true F granted Fy’s are high
Sampling error of catches Graph given Lo assess effects
of sampling errors on Fy'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"
(7.2) Gulland (1965) Agger et al. Erroneous M value If M is overestimated, F is
(1973) generally underestimated,
and conversely
(7.2) 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 (1965) Sims (1982) Effects of seasonal fishing Effects not severe unless M
and/or I 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 L and M/K Graphs given showing in-
fluence of L., and M/K
on results and ‘“critical™
value of M/K determined
(1.9) Jones (1974) Sparre (1979) Choice of M 3 The same results were ob-
exponential body tained independentiy:
growth*
emigration* No limitation as to value
difference with VA 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 ¢ ass mated and stork 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

N;.

—7Z: * At
Ay Zite

C.

Fi (l_e"‘zi . Al)

... 1.6)



102

or

P
- (eZiftq) ... 7.6a)

Ci=Nj, at

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

Converting length to age requires the use of a matiicmatical 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
~In (1 — L 5)
t; = KD°° +t, L7

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

LooD - LlD
In(——)
D _. L D
o 2
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
e used in a fashion similar to equation (7.2) to estimate, starting from a (guessed) terminal fishing
mortality (affecting thn 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 tre generalized VBGT is expressed by

1= (Ng - Xp, +Cy o) Xy, ...17.9)
where LwD _L1D>M/(2 KD)
X = ———
" Lo,” ——LQD .17.10)

where C; 4 is the number of fish caught in a given time period with stable age distribution with
length between L; and Ly and where N and N, represent the population size (in number) with
length L; and L,, respectively.

Jones’ length cohcrt 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 hetween 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 (197¢) i.e.,

N.~N;, ;-eM+c - eM? ... 7.11)

t L
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through generalizing for any time interva. i.e.,
Ni = Ni + At eMA" + Ci eMAt/2 ce e 7.12)

Since equation (7.6), whic. gives precise results and the approximation in (7.9) can both be
used to obtain estimates of population «ize 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 differerice between the results obtained with Jones’ method and those
obtained using equation {7.6) =< only 0.7% for the population estimates and 2.2% for the fishing
mortality estimates.

However, regrouping the catcn 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 (Tatle 7.3, Fig. 7.1), suggesting that Jones’ length cohort analysis may
indeed be quite sensitive to coa.se 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 1.111 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 2.4
42 1,871 5,501 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
8 16 149 148 0.0 0.110 0.111 0.9
84 (Ly,,) 46 (C)) 92 (Ny) 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 5,806 11,692 10,265 —11.4 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,) 922(N) -— 0.280 (F,) 0.280(F,) —
>84 - - - - - - X = 331
40
L)
(%
&
(2]
o 30+
s 3
@)
>
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R
w 20 =
Q
-
o
L
=
©
c 10f
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L
=
0 i 1 ] J
0o 6 12 8 24

Length class interval (cm)

Fig. 7.1. Relationship between the length class interval in which catch data
are grouped and the percentage difference between the results obtainzd using
Jones’ length cohort analysis and length-structured VPA. The calcuiation 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 sclutions, 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 cf 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,

solation
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-
tion sizes and fishing mortalities based on these methods, it is necessary to have good catch-at-length
data.

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.



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 pilchardus) caught off

Morocco.®

Year of
capture  Trimester Catch Poputation F (per trimester) Annual 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 ~
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
3 935,246 1,954,320 0.14 ~0.75 (1975)
4 434,354 1,388,058 042
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 aiso 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-siructured) 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 | O

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 0.06 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 (.49 0.47 0.50
Nov-Dec 27,220 61,706 (.67 0.62 0.69

1971 Jan-Feb 0 25,891 0.00 0.00 0.00
Mar-Apr 11,160 21,198 0.7 0.75 0.94
May-June 1,290 7,257 0.22 0.17 0.25
Jul-Aug 0 4,775 0.0¢ 0.00 0.00
Sep-Oct 1,020 3,909 0.24 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 110 C, N,= 667 F, = 0.20 F,= 010 F,= 0.40

“Data adapted from Table 8.6 of Ricker (1975). Note that both F and M refer to a 2-month
period 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 Ft = 0.20 and M = 0.20, which provide, with equation 17.2) the estimate oth = 667.

4 Assuming I, = 0.10 and M = 0.20, population estimates onitted. Note convergence toward
the F-values obtained by using F, = 0.20.

“Assuming Fy = 0.10 and M = 0.20. population estimates omitied. 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 whicn 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.

[t 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 svstem 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 expioitation 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)

“The 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 lar7e-scale offshore fishery).

*Gulland (1965) and Pope (1972) have been reprinted and included in the reader recently edited by Cushing
(1983).
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.- EXAMPLE 7.2

Population sizes and fishing mortality of Peruvian anchoveta ( Engraulis ringens)
as determined by Pope’s cohort analysis.

Data: Catch-at-ape 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 Fof 0.2,

Kevstrokes: 0001 STO 0.2 1.2 1110 Ca This results in N, = 667.31.

3) Enter the cateh from the perod immediately preceding that during which the terminal
cateh was made.

Kevstrokes  Results
0B 0.000  (F)
815.51 (N
now enter the next earlier cateh 1160 B 0.83 ()

207,501 (N})
and so on
until yvou arrive at

8230 B 0.00 (1)
I8BRI12.26 (N

The cohort analysis, which shoutd be vecorded in a manner similar to Table 7.6 is now essen-
tially complete. Tts results (the Foand N vidues) can be used to assess the stoek direetly
(e, was the Tishing mortality too high”?) or mav be used as wmput in other models (e.g.,
those requiring estimates o absolute recruitmenty, cAlternatively, F)ovidues considered
more reasonable than the st Fcan be used as new 1 and the analysis vun acain




Conversion of length-frequency data to catch-at-length data, given data on bulk
catch and @ length-weight relationship.

Data tfrom Fable 5.8 We shall assume that the length-weight relationship of Gloss wobius
giterus is deseribed by W 001 LY where Wis expressed in g and Liinem

Computation

1) Read sides T and 2 of Program FB 20.

2y Enter the parameters a and b of LW relationship.
Kevstrokes: .01 13 40h

31 Then enter lower limit of smallest tength elass considered, and width of length class
(zee Table 5.8, August samnple).

Keyvstrokes: |72 ¢
b Now enter frequencies, successively
Kevatrokes: 1O S8 C 133 C 40 C9C

CFhe numbers appearing after cach entry are the mean weights of the fish in each
lenoth elass)

o Compute total weight of sample

Kevstroke  Results

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

61 Now assume 100 ke - 100,000 ¢) of Glossogobius giurus had been caught in August.
This would implyv, given that the length-frequency sample is representative of the eateh,
that the equivalent of dis sample has been caught 100,000-2530 0 5955 thmes: thus
cach of the freaveney in the length-frequency sample must be multiphied by the raising
factor 39.53. The resulting numbers are cateh-at-length data, as wed in length-cohort
analysis and length-structured VPA,

111

EXAMPLE 7.3
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EXA™PLE 7.4

Population sizes and exploitation rate of West African hake (Merlu

ceius mer-

luceius) as determined by Jones® length cohort analysis.
\ g A

Data: Cateh-at-length data of Table 7.7

Computation

1Y Read <ide 1 of Program FB 19,

2) Enter parameters needed, nitialize and caleulate N,.
Kevstrokes: 130 STOA 28 11 fb 8t 1 6fe.5T461(d Result: 92(N

31 Enter the cateh for the length interval immediately preceding that to whic

Kevstrokes Results

16 A 118.68
.28
now enter the catch pertaining to the next
smaller length class 96 A 313.71
(.58
and so on e e
until vou arrive at 1823 A 98919.30
0.13

)

'h C refers,

(N}
(k)

(N))
(£

(N;)
(k)

Unless vou have a value of M (rather than just a value of M/KD), the length cohort

analysis is now completed.

by performing

Keystrokes  Results

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

store M .28 STO2

estimate 7, 5B 0.56 (2)
and F 0.28 (F)
corresponding to 2K B 0.39 t7)
the values of 0.11 ()

ete, (see Table 7.3

It must be realized that as opposed to VPA and cohort analysis performed on

cateh-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 cateh

at each size.



http:98919.30

Population sizes and fishing mortality cf West African hake as determined by
length-structured VP AL

Data: catehat-tength data of Table 7.7 (the data are the same as those in Table 7.2, which
also gives the ~ource for L 130 em, K = 0,10, D = 1 and M = (.28).

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

Revstrokes: 130 STO A .1 STO C 1 STO D .28STO 2 84 STOI 6 STO E 10 t 4 CHS
Y STO O

3) Estimate terminal population:

Keystrokes  Results

enter I, 28t
and €, 46 fa 92 (N,
4) Run VPA: 16 A 148.199 (F)
0.111 (N}
96 A 311.813 (F)
0.399 (N)

ete.

until 1823 A 982148, .. N}

0.0-10 (5

Note that the results are almost the same as these obtained with Jones length cohort analyv-
sis. (See also Table 7.2.)
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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 M —t) ...8.1)

Now, there is, for each combination of t, and F values, a yield per recruit (Y/R = catch 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 VBGEF, i.e.,

3
Case I: W, =W, (1—e K1) ...8.2)

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

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

Case II: W =W, (1L — e K (t-- to))b ...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=z-LP b#3 ...8.5)

Case III: W, =W, (1 —e KD (3/b) (t—t;))b/D ...8.8)

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

Case I

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

1— _Zl'3 _ 3e"Kl‘1 (1 _e—(Z + K)l’3)

YR, =F-e M2y {

Z Z+K
. 3e—2Kl‘1 (1— e—(z + 2K)l‘3) _ e—3Kr1 a— e—(Z + 3K)l'3) } 8.7)
Z+ 2K Z+ 3K T
where Z = F+M
1'1 = tc - to
1'2 = 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 tmay “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 tp,ax is generally very small, and equation (8.7) can be consider-
ably simplified by setting tpy,ax = =, in which case equation (8.7) becomes

_ 3¢ Kr  3¢—2Kn _ e—-BKr1

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.

Y/R,=F- e My, (1 .8.8)

5 —
tc=0.3
Lo 4 B
o "— tc'-'O.Z
=
S 3f
8 Wo = 649
- K =10
5 2f
Q. M =18
o tp =-0.2
9 |+ tr 0.2
=
0 1 1 1 1 ] 1 1 | 1 I
| 2 3 4 5

Fishing mortality (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

'l =1 — M/K _3(1—¢) 3(1 —¢)? (1—¢)
YR, =EQ—cMK. {1 ) +1+2(1_E) L 3(—E ...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. leen 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 relatlonshlp between ordinary Y/R, (ac given in Equation (8.8)) and Y'/R, is given by
Y/R, =(Y'/R,): (W, + exp—M (t,—t )]

698 80
6.7 78
655 70
63l 65
€606 £ 6.0
< ®
)
Ss78 355
e 2
©8548 250
E (34
516 E 45
‘6 -
£481 T40
[
s S
444 °35
] [
o o
3404 330
361 25
35 20
265 15
a1 10
153 05

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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Exploitation rate (E =F/Z)

Fig. 8.8. Stock assessment of the swordfish (Xiphias gladius) off Florida, based on the
relative yield-per-recruit concept (based on Example 8.3).

Case II

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 = 8) 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 a value of W, = 122.6 kg

Table 8.1. Growth data of a hypothetical tuna reaching 146.5 cm (Lipqax) and 60 kg (W ).*

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 = 0.0052L33,
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. Misset at 0.3 and t,, = co.
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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 paramete: (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 Woo (kg) K t," b t.>
Beverton and Holt (1957) 1 122.60 0.150  —0.535 3 2.28
Paulik and Gales (1964) 1 194.36 0.129  —0.265 3 2.45
Jones (1957) 1 162.25 0.150  —0.795 3.3 2.35
Generalized VBGF 0.47 85.96 0.582  —2.036 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 Progrem FB 9, then by taking the mean
of the resulting 6 estimates of t .

bBased on a mean weight at first capture W_ = 5 kg,

o

u | Jones'(I957) method

2 Paulik and Gales' (1964) method

3 Generalized VBGF

| 4 Beverton and Holt's (1957) method

Yield per recruit(kg)
N O » O O N OO O

I 1 | B 1 | 1 i 1 I 1 H 1 ] 1 1 1 ) T |

05 .0 5 2.0
Fishing mortality (F)

Fig. 8.4. Comparison of yield curves based on differerit 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 f-function, as proposed by Jones (1957).
Here, the yield per recruit, when t,,, =, is given by

YR, =F/K- o2 1 M2y (s1x,P, Q1) ...8.10)
where X = e 01
P = Z/K
Q = b+ 1 (b being the length/weight exponent),
and f = being the symbol of the incomplete beta function
with I = tC - tO
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 appropriete values of the
incomplete §-function (see Example 8.4, Fig. 8.4 and text below).

Case I11
The incomplete §-function, besides allowing for the integiution of the special VBGF with b #

3, also allows for the integration of the generalized VBGF aud its use in yield-per-recruit analysis.
When the generalized VBGF is used, and t,,,, = =, we have

: Zr, —M
Y/Rr=——g 2. 1T MWy (81X, P, Q1) ...8.11)
where X = e-—BKDrl/b
P = Zb/3KD
and Q = (b/D)+1

with r; and ry 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,,,y) is
quite superfluous and may be set for most practical purposes equal to o, 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 equa‘ion (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
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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 f-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 dces 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 generzlly 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 Fy ; 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 Fg.1, but for use in conjunction
with effort (fg ;) is proposed in Chapter 12.



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 1.215 033
0.1 0.270 2'15 1.1 1.247 0'25
0.2 0.485 1'71 1.2 1.272 0'21
0.3 0.656 1."8 1.3 1.293 0'17
04 0.794 1"1'1 1.4 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 hore used as approxima-

tion of the slope of the yield-per-recruit curve between the two values in question.

1.4

(4]
03
o\0 >

1.2 +

1.0
08 -

0.6 [

.3'0

Yield per recruit (g)

0.2

0 1 1 ] ) 1 1 1 ] L
2 4 6 .8 1.0 12 1.4 1.6 8 290

Fishing mortality (F)

Fig. 8.5. Yield-per-recruit curve of the threadfin bream (Nemipterus marginatus) from
the South China Sea, showing the position of F(, (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;,,, = oo, by

1 B 3e—Kr1 _ZKI'I e—3Kr1

3e _
Be=Re ' F'Wolz~"Zz3x T Zv2k ~ Z+3K)

...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 biomass 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, the value of k, when t_,, = can be estimated by the equation

1 3exp(—Kr;) 3exp(—2Kry) exp(—3K,)
k—exP(_Zr‘*)'{'i— Z+K ' 7Z+2k __7+3K !
l_ 3 exp (—Kr,) . 3 exp (—2Kr1)_ exp (—3Kr;) ---8.14)
Z Z+K Z+ 2K Z+ 3K

withry =t, —t,;ry =t, —t,;andrg =t, —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 (tyn), by setting t,,, = t;, that is:

rp =t, —tyirg =t —t,;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 FE
23 can be used to estimate values of k for any value of F given a value of M, a 1d values of to, to 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 Bayliff (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, wkich 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,

Datar W =6t a K= L0, = =021 = 02,1, = 0.2, M =2 b=3 D=1 {adapted {rom
Pauly 1980¢).

Computation
1} Read sides 1 and 2 of Program FB 21
2) Enter parameters (except for b and D).
Kevatrokes: 64 STO B1 STO1 25T02.2 CHS ST0O0 .2 STO D.2 STOI
3) Caleulate Y R and Y/R, for F = 0.5 to F = 5 in steps of 0.5

Keystrokes  Results

S B 2.247 {(Y:R_.i
2247 (YR,

1B 3.199 (Y R
3.199 (Y R.:

ete. ...

5B 3.566 Y R

3.566 (Y R

4) Plot the values of YR onto a araph, and repeat with t. - 0.3, A plotsuch as Fig s.1
will be obtained, which allows for the assessment that, for @l vaaes of fishing mortaliny
considered, the mesh size which generates t. 0.3 will produce am ater vield than that
which generates 1 = 0.2,
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EXAMPLE 8.1






Yield-per-recruit assessment of Atlantic swordfish (Xiphias gladius),

Data: Berkeley and Houde (1980) give for swordfish caught off Fiorida: L. - 309 (fork
fenath. in em: Jand )0 K o= 00840, M -~ 0018 (henee MK = 1,971
e Lo L 0.38),

{

- 118 thenee

e

Computation
1) Read sides 1 and 2 of Program FB 21
2) Enter parameters needed
Kewstrokes: 1.9 5TO 8.38 STOC
3) Compute the relative yield per recruit for ditterent values of E (= F/Z)

Keystrokes  Results

1cC 0.009  (Y'/R))
2C 0.017  (Y'/R))
ete. ...

1C 0.022 (Y R,

1) Plot these values onto a graph, and repeat with a different vatue of ¢ (e, 0,49, The
result should look similar to Fig. 8.3 from which the assessment can be made that an
inerease of L, from 118 to 150 em would not result in a marked increase of vield per
recruit under the present (late 1970s) exploitation rate, but would lead to an inereased
vield pet recruit under higher exploitation rates.
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EXAMPLE 8.3
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Computation of yield per recruit in cases where weight growth is allometric EXMLEBA
(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 STO0.795CHS 12.35fa
235fc

3) Calculate yield per recruit for F=0.1to F = 2.0

Keystrokes  Results

.1 A (and wait...) 0.018 {6
6.773 (Y/R,)
6.773 (Y/R))
ete.
2 A(and wait...) 2.648...—06 (f)
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 12.39fa 2.39fc
3) Calculate yield per recruit for F= 0.1 to F= 2

Keystrokes  Results

.1B 0.027 B)
5.444 (Y/R))
5.444 (Y/R))

etec. ...,

2B 3.490...—07 (B)
6.347 (Y/Rc)
6.347 (Y/R))

... . - . 'f 4)Plot the Y/R, values against the F-values. The graph that emerges should look as line 3 in |
EXAMPLES85 | Fig 84
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EXAMPLE 8.6 Estimating F , for Nemipterus marginatus from the South China Sea.

Data: W = 210 g0 K = 044200 = =041 (D =1, b =3), M= 1731, =026, t, = —0.41
(from Pauly and Martosubroto 1980).

Computation
1) Read <ides 1 and 2 of Program FB 21
2) Enter parameters needed
Kevstrokes: 210 STO B.428T0 1 1,73 STO2 .41 CHSSTO0 .26STO D .41CHS STO |
3) Compute Y R_at a very low value of I, e.g., F = 0.01
Keystrokes  Results

OB 0.096 (Y/R,)
0.030 (YiR,)

Near the origin, Y:R, increases from 0 to 0.03 when Fincreases from 0 to 0.01, thus the
slope of the vield 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 ¥ near origin: nsP 2 3.00  (slope near origin)

4) Then compute Y R {or vadues 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) Caleulate increase in vield associated with vach 0.1 inerement of F_and divide this differ-
ence by 10 to obtain approximate slope tien change in Y R, per unit change in Fy,

)

Locate ~ope value closest to 1 10 of value of slope near the origin teorresponding to
o0 This value is 0.320 corresponding to F 11 tee Table 8.3). The next closest
value is 0.205, corresponding to F - 1.1-1.22 Thus, the best value, corresponding to 0.30
witl be close to I° - L1, which we may take as our estimate of F, | tsee Fig. 8.5).
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Estimating the proportion (k) of adult slipmouth (Leiognathus splendens) in
the total stock, under two different exploitation regimes.

Data: K 1O 6, - 02000 - 0.2)M 0 L8 (see Fig. 8.1); to be estimated are values of k for
F'orooand ¥ - 1 with t, 1 vear

Computation
1} Read side 1 of Program FB 23
2) Enter needed parameter values
Revstrokes: TSTO1 .2 CHS STOO 1.8 ST02 .2 STOC 1 STOA
3) Caleulate values of k for F=0and F=1

Kevstrokes Results

0A 0.55 (k)
1A 0.32 (k)

Thus, as expected, we find at F = 1 a smaller biomass of adults (327 of total stock) than at
-

F = 0, where the adults contribute 557 of the total stock.

EXAMPLE 8.7



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 Bevertcn and Holt (1957) (see also Beverton 1963).

However, work conducted in the 1960s and 1970s 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 2pproximate 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)

Cushing's model

A Parent stock (P)

Recruits(R)

Beverton and Holt's mode!

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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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

_ 1
R= w57 ...9.1)

Expression (9.1) can be expressed as a linear relationship of the form

=H+o P ...9.2)

As this plot involves the use of inverses (e.g., 1 /R), the estimated yalues of o and ' provide,
for each value of P, estimated values of recruitment (R) whose sum (ZR) is actually lower than the
sum of the empirical 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. R

An approximate conversion of the estimated recruitment values Ry to the corresponding R g
values can be obtained, however, by performing

2R (empirical values)
ZR (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 108 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 9.4 4,26
5 1953 72 8.4 8.57
6 1954 42 8.3 5.06
7 1955 45 11.0 4.09
not used® 1956 (38) (13.0) (2.92)

*Use of the 1956 value generates a negative intercept in equation (9.2), and hence a negative
value of f§ 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
TL.2 stock-recruitment relationship proposed by Ricker (1954, 1975) can be written
R = oPe PP ...9.4)

where R is the number of recruits
P is the size of parental stock (in weight, in numbers, or as egg production)
o is an index of stock-independent mortality

and f is an index of stock-dependent mortality

Equation (9.4) can be rewritten
InR — InP = lna — bP ... 9.5)

which has the form of a linear regression y = a + bx, wherey =InR —InP,x =P,a=Incand b = B.
Once « and f§ are estimated, maximum recruitment (R, ) is obtained by

Rm = a/fe ... 9.6)

where e (= 2,1783) isthe base of the natural logarithms. Also, the parental stock at maximum recruit-
ment (Pp, ) can be estimated by the equation

P, = 1/8 ...9.7)

The relationships between the parameters « and £ in the first form of Ricker’s curve to o and g’
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
Pr=£1§g=Rr ...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 P, 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 (s. 2
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)b
virgin stock 2,660 - (2,660)

1963 2,087 239 4,606.8
1966 1,271 292 5,628.4
1967 422 138 2,660.0
1968 444 202 3,893.6
1969 191 90.8 1,7560.2
1970 29.8 15.56 298.717
1971 37.8 55.5 1,069.8
1972 4.0 8.9 171.56

2From Pauly (1980d); the values presented here should be considered tentative due to several
approximations made for the estimation of the number of recruits.
bSee 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 = pe2(1 — P/Pr) ...9.9)

where P, is the replacement abundance, and where a new parameter (a) is introduced, which is
defined as

a =P, = Ina ...9.10)
Thus, equation (9.9) can be rewritten

InR ~InP = a— - P ...9.11)
r

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 gitren in Ricker (1975, p. 275 and 283-288) (see Exam-
ple 9.2),

In temperate, single-species fisheries, the estublishment 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 Lype stock-recruitment
relationship ( Taius tumifrons, Fast China Sea).

Data from Table 9.1
Computation

1) Read side 1 of Program FB 24
2) Enter P and R data

Kevstrokes: fa 122 192 A 81 172 A6016.3A40194A72184A42783A
1HTITA

3y Estimate parameters of curve

Keystrcke Rusults

4

E 0.857 (r*)
0.116 (o)
0.371 (%)

4) To obtain estimate of Ry, and R ,,;, re-enter the P values
Kevstrokes 122D 81 D60DI0DT72D42D 45D

5) Then estimate R and R for anv given value of P
HM AM A

Keystroke Results
10C 6.511 Riju
6.827 Ry
ele,

The data can thus he plotted in the form of curves as in Fig. 9.2
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EXAMPLE 9.2

Estiniating the parameters of Ricker tyvpe recruitment curves (first and second
forms).

Data trom Fable 9.2

Computation

1) Read sides 1 and 2 of Program FRB 25

21 Enter Pand R data (first form of curve)

21138A 444 1202 A 191 190.8A

42

Kevstrokes: £ a 2087 1239 A 1277 1 292 A
2081155 A 378155500 189

92
1

/[\-

3) Caleulate parameters of stock recruitment curve (first form):

Keystrokes  Results

E 0.694  (r%)
0.886 ()
0.001 ()

937.348 (P )
305516 (R,

1) Since §is not precise enough, do: RCLBDSP 3 000107 (134

5) Assuming that the value of Pip the virgin stock (P} corresponds to P estimate the ratio
R P
r r

2660 (d (LOSIRE (R, P

6) To convert the original values of R in
units of P du Keystrokes  Results

DSP 1§
239 1
DHIRE 1606.8 (Reuns)!
299 1
L5188 . H628.4 R e
ete. .
{sece Table 9 2y

7) To obtain parameters of stock-recruitment curve (second form), first enter Pand new R
data:

Keyvstrokes: £ a 2087 1 46068 A
f

27T T D628 A 122 1 9660 A 1.4 7 38936 A
191 1175002 A 29.8 18,7

1
298 7T ABT8 TIOKUR A3 T 17155 A

teontinued)




teontinued from p. 136)
81 To caleulare parameters of new curve do: Keystrokes Results

fe 0.694  (r*)
‘ ) P
2.838 (PP )
2659.599 P
9y 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:

PA606.8 D 1277 156284 D122 1 2660 D 144 1 3893.6 D 191

Kevstrokes: 2087
P1750.2D 298 129877 D 37.8 110698 D4 117155 D

1orWhen all P and new R values have been re-entered, the ratio hetween “(.-\M) and Ii“m)
vilues is obtained by: S SN
Keystrokes  Results
fe 1.13 (RaamrRan)

' HiWhich allows one to draw GM and RM curves by entering P values, and calculating the
corresponding R vy and R(M” values, i.e.,

(GM
10B 168.96 (R
190.841 (Riaan)
100 B 153491 (R

1733.67 (I{(,\‘\1)’
etc. s
(see Fig. 9.4)
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10. Surplus-Yield Models

INTRODUCTION

Based on earlier work by Baranov (1927), Graham (1935) and others, Schaefer (1954, 19567)
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 ceuses as the stock size comes
closer (asymptotically) to the carrying capacity of the environment (Bso),

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 Bo,and B=0

(Fig. 10.1),
LA =P x
© o -
° “
“1 -
£ 1€
g - .4, - U - g
MaX, e e e e e
oo e ===
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|
|
|
|
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> | '
|
o |
|
!
[] 1 L 1 = ] I 1 §
Boo Bo B=0
2
[ 1 1 1 1. W 1 1 1 1 .
F=0 F
Underfishing opt. 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 steck, that is the maximum surplus yield available to a fishery (Fig. 10.1),

5) the maximum surpius yield in (4) can be sustained indefinitely (hence, the term maximum
sustainable yield), as long as the Liomass of the expleited stock is maintained at B../2.

The:e is hiological evidence to make these assumptions appear reasonable (Odum 1971; Silliman
and Go:csell 1958). Sorae reasons for the low surplus production at stcck size > B, /2 are given here
(froun 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 fond 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 che assumptions listed above, two very important feature. ~f the Schaefer and related
models follow, namely that the growth of a stock is a function of its size a..* of its size only—and
that, therefore, a stock should respond by changes in its growth rate (dB/dt) i. stantaneously to any
change of its size (e.g., by fishing). Thus, we have

dB _ IpB(Bo —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)

I
Yg =1, Bg —( 3= ) Bg ... 10.3)

Expression (10.3) has the form of a parabola (Fig. 10.1B). The first derivative of (i0.3) with respect
to Bg can be equated to zero and solved for By, which gives the value of Bg (= Bgpt) for which
yield is maximum or
Bo,
Bopt =5~ ... 10.4)
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The maximum value of Yy is commonly named maximum sustainable yield (MSY). Thus, substitut-
ing (10.4) into (10.3) gives

.
(> <]

r B
MSY =—-"—‘—4—-— ... 10.5)
Also, substituting F0 " ¢ for MSY in (10.5) and dividing both sides by expression (10.4) gives
the fishing mortality at MS'& (Fopt):

Fopt = - .10.6)

and, since fishing mortality is proportional to effort, we also have
r
= _m

fopt = 2q . 10.7)

where f,; is the fishing effort which brings about MSY and q is the catchability coefficient.
Smce we have
Fg B
Bg=B,— — ... 10.8)
rm
equation (10.3) can be rewritten
B, 9
YE=B°°FE_(_)FE ...10.9)
rl’l’l

and, substituting qfg for Fg, gives

Yy = afg — bfg ...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 —3 —
;=2 bl ...10.13)

The definition of fopt in expression (10.7) and of a and b in (10.10) gives the following identities

font = 5= "7 =5 ...10.14)

[(fopt ), it will be noted, could also have been obtained by differentiating (10.10), equating to
zero a.nd2 bolvmg for f.]

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 instantaneonsly to changes of its size
simply plot the yield per effort of a given year against the effort of the curresponding year. This
procedure is illustrated in Example 10.1 which is based on Table 10.1.

4
~ dor ¢ 2
% 3
- |.
3 30
R 5
S 20t s
o
£
£
-
to-|0.
o
L0
L
[&]
s 1 1 1 1 1
© 0 10 20 30 40 50 60

Effort ( boat - tonne days x 103)

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 37.78 32,999
3 1962-63 33.25 36.679
4 1963-64 28.86 40.367
5 1964-65 26.82 43.191
6 1965666 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

*This “catch” accounts for the fish taken by the fishery, by guano birds and by fish predation.
BThis “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

U; fi+fiy 'm Ui+tUj—y
In ( T )=r,—q " ( 2 ) B * ( D) ) ...10.15)

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 =, ) and slopes (b; = —q; by =— —%n—) lead to estimates of r,;, and q

and B, respectively. This makes the model superior to the or1%°inal 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 AM corresponds to that
in Klima (1976, Fig. 3); the corresponding GM curve (Agp ), because of the scatter of the data
points, suggests a lower value of fopt- Similarly, the yield curves obtained by using only contem-
porary effort (A, ., Agy) differ from those obtained by also using the preceding years' effort
(BAps B )- 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, Guif 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 11
Catch effort (contemp. + (contemp. + 2
No. Year (tx 103) (man-days at sea x 103) previous year) preceding years)
1 1937 4.91 2217 - -
2 1938 5.02 224 225.5 -
3 1939 4.25 220 222.0 223.7
4 1940 4,14 227 223.5 223.7
5 1941 4,19 201 214.0 216.0
6 1942 3.46 141 171.0 189.7
7 1943 3.57 125 133.0 155.7
8 1944 3.711 123 124.0 129.7
9 1945 3.98 145 134.0 131.0
10 1946 4.37 149 147.0 135.0
11 19417 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 3.53 156 161.0 167.0

SOME MODIFICATIONS OF THE
PARABOLIC MODEL

There are various modifications of the basic model i1i 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
£ -8 ...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

In

fopt = 1/b ...10.17)
MSY = (e? — 1)/b ...10.18)
and Y =fe® - ¢ VIE ...10.19)

Other useful relationships may be found in Fox (1970) or Ricker (1975, p. 330-331). In this
model, the value of Bopt 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 r2 for the regressior.
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 r? 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+b;Z+byZ? ...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).



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 47.5 520
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.

and

—b, +v b? —4ab
'VI = t 1 2
’ 2b,

bl

Zopt =— Tb,

- bl
Fopt =~ gp, ™M
Im = 2F°pt

MSY =a— (b?/4b,)

MSY - 4

B, =
r

m
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75 |
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Catch(t)

=

0 2 4 6 8 o 12 14 16
Total mortality (Z)

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.

.10.21)
.10.22)
. 10.23)
. 10.24)
. 10.25)
.10.26)

An application of this method is given in Example 10.4 (see also Fig. 10.5 and Table 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, (2/K)+ b, (Z/K)? ... 10.27)
—b; +vb;? —4a’b;
with M/K = 7 ... 10.28)
2b]
and Zopt/K = —by /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

Zont Loo—L
OBt o 2Ot ... 10.30)
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 mo.el. 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 (Uy, Ug) and
defining

Uy = 2U; — Uy ...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 Fopt as

F,o: = 1,/(2b) ... 10.35)

opt
while a knowledge of B, can be used to estimate MSY from Fopt

MSY = 0.5B,, - F,p, ...10.36)

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 (Stolephorus 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) (2)

1 1972 14 1.6

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). Fope (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, notablv
those by Graham (1943), 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 o 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 availabie time series of catch.
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Estimating MSY and optimum effort for a single-species pelagic fisherv by
means of the S¢ h.wlm mn(l('

Data from Fable 101
Computation
1) Read sides 1and 2 of Programy FR 26
23 Enter cateh and effort data
Revstrokes: a 32,89 131013 A 37.78 132999 A 33.95 1 36.579 A 28.86 1 10.367
AZES2 T390 A 2296 1 A2.716 A 23,73 1 41.636 A 25.04 1 14.634
A2277 149281 A 2264 152,008 A
3) Estimate parameters of plot of = f on {. MSY and Fopt
Kevstrokes  Results
£ 0.874  (r*)
2,285 (a)
—1.038 (h)
D 29.879 ( f”m';
34.133 (MSY)

1 Use Program FB 26 to draw viold curve
Y K

Keystrokes  Results

enter f, 10 C 19.024 (Y,)
enter f, 20C 30,102 (Y,
ete.

The recult should took similar to Fig. 10,2 from which it appears that the fisheny in the early
705 was in deep trouble. In fact, as Murphy (1972) pointed out Uit shows that [ . | a 20
increase in total effort | . ] will drive the stock to extinetion Jand] itis not h.ard ta imagine
nature providing this merease or s equivalent. cither through a nunmu perturbation of
reproductive success, an increase in predation or some combination of thes"

The negative perturbation came 1n the form of a strong “EL Nino™ and the stock collapsed.

EXAMPLE 10.1
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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

20 Initialize and enter cateh and effort data

Kevitrokes: 1,91 1227 Ta 502 1224 A 1,25 1220
S50 1A 35T 125 A 37T 1123
20 1161 A 5.06 T 182 A 479 1179
3y Calewlate parameters of regression
Kevstrokes
E
41 Estimate fisherverelated parameters
fo

Ao mght be seen in Fig, 10030 the vield curve based on Sehnute’s moded (5) resembles guite
eloseln the curve obtained hy fitting the cateh figures to the average of contemporars and
the preceding vear’s effort tearve By Intuitively this result mikes sense sinee Schnute’s
model i fact uses the same averaged effort and i frted with an AM muluple regression,
000655 <heds doubt on the rehability of the vanous

Fhe abs smally Tow value of R
parameter estimites, howeser,

Results

0.006
0.268
--0.001

—6.359

0.268
0.001
70,309
23 0OLS

LA

27 AT 201 A
!

L
3540

37 1149 A
156 A

(R¥)
(i)

Ibl»
th,)

ir,!

(q)
B
tl'“m;

(MSY)
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Estimating MSY and optimum effort for a multispecies demersal traw! fishery
by means of Fox's model.

Data from Table 10.3

Computation

1y Read sides 1 and 2 of Program FB 26
2y Enter cateb and effort data

Kevstrokes: £a 50 1623 A 49 1628 A 475 1520 A 45 1513 A51 1661 A56 ¢
9192466 11158 11970 A 52 11317 A

3) Estimate parameters of plot of in e Ton f. £ and MSY

oapt
Keystrokes Results
fe 0.966 (r?)
—2.027 (a)
—0.001 {b)
DSP 6 ~=0.000799 (h)
DSP2fd 125199 (£
60.66 (MSY)
44 Use Program FB 26 to plot draw vield curve
Keystrokes Results
100 f ¢ 12.16 )
200 f¢ 22,45 (Y,)
ete.

This example and Fig. 100 suggest that the level of offort applied in 1975 and 1977 was
near optimum. Furthermore, the plot shows very nicelv the effect on a rapid increase of
effort, as in 1975 and 1976 the points of which are uboce the curve, while the point for
1977 s helon the curve, as would be expected following a rapid decrease of effort, When
effort remains unchanued for seviral vears the vield should, on the average come to he on
the curve. However, demersal trawling has been banned in Indonesia, su we may never know.

EXAMPLE 10.3
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Estimation of MSY and Zopt using Csirke and Caddy’s model.

Data from Table 1004
Computations
1) Read sides Tand 2 of Program FB 28

2) Initialize and enter catch and mortality data

Kevstrokes: Ta 14 176 A 138 188A191 111 A1381102A192196A72°

HAG6 1105 A
31 Caleulute parimeters of multiple regression
Keystroke

E

4) Calculate parameters of yield curves
Keystroke

fe

The results appear reasonable (particularly the value of M), but this was achieved by deleting
one point (1978), which had a very high cateh, such as might oceur after an exceptionally
good recruitment. Clearly, it would be appropriate here to assess the validity of the results,

using another model.,

Results

0.495
—1085.334
225.316
=10.211

Results

7.104
11.033
3.928
7.8567
157.583
80.228

(R¥)
(a)

(by)
(bu)

(M)
(Zit)

apt
‘ npl’
(T

(MSY)
(B,)




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 (rm)
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 rp,, 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*
mTT B

(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 AND r,,

The intrinsic rate of increase (r,,) can he defined quantitatively in terms of the Schaefer
model, where r,, MSY and B, the carrying capacity of the environment are related such that:

I, * B,

m
MSY = 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

...11.2)

B,

B. Ay ...11.3)
wliere B, is the carrying capacity of the environment in terms of weight, I, 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 wher: B; = B, /2, B, being the biomass at time t. B,, and B; may be re-
placed by N, and Ny when equaiion (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 appTik-
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 beseen 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 I, and t; values of which may

152
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Table 11.1. Data on the growth of a newly established Mediterranean population i Saurida
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 ———~— Bog——--~——~ 5
o o
70 °
= o
~ -
o 60
=
o
5 50
LY
©
p O ————-— Be /2
[+)]
Q
£ 30
2 e used
o] O not used
O 20
10 |-
o JL A . Y ) s , ° ) L \ 1 1 1 ) ]
1951-52 1952-53 1953-54 1954-55 (955-56 1956-57 (957-58 1958-59 1959-60 1960-6! 1961-62
0 | 2 3 4 5 6 7 8 9 {o]

Coded years

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, ~ B, (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 ryy, .

Several, rather elaborate methods are used by ecologists to estimate I'm - 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 I'm in animals and various small organisins is inversely
rclated to body weight and presented a double logarithmic plot of Iy, 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 relationsh:o

__—0.26
r, ~913-W ... 11.4)

where r;, is expressed on a yearly basis and W is grams, and computed from W = (W, + W,,)/2;
Whax s the maximum weight veached 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 "%g, ...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

P,~1/2+M: B, ...11.6)
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Fig. 11.2. Relationship between intrinsgic rate of populatior increase (ry, ) 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 198%a.)
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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 Fopt =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 ramificai{ons have not set been fully investigated. Starting with the second form of
Ricker’s stock-recruitmer.c curve (see Chapter 9), one can define

a=P,/P_ . 1LT)

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,fm ™ P/Pm ... 11.8)

Now, it is obvious that as P approaches zero, the second tcrm 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:

R/P=¢rim

...11.9)

Since the ratio R/P expressas the ratio between total births in two successive generations at very
low population sizes there. 1s an .dentity between (11.9) and the equation used in the ecological
literature

Np/Ny =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
Iy, is the ubiquitous intrinsic rate of increase.
In view of this identity:

PP, =1, - T ...11.11)

*In Murphy (1967) the word “zero” has heen 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
(tm ) 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:
T, = PP ... 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 conrespond to Whaxs
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=e™ ... 11.14)
and
B=r,/Ny ...11.15)

while the link between Beverton and Holt’s stock-recruitment curve and the logistic growth curve
was established through the identities

a'=(1—e ™)/N, ...11.16)
and

T

f'l=e ™ .. 11.17)

The parameters o’ in Ricker’s curve and $’ 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/p' ...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

o' ~f~(1—e M)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 reiationships 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
biolog: " 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 coricepts, e g., Slobotkin (1980), Odum (1971), Ricklefs (1979) and Pielou (1978). These
books also contain most of the references needed to nlunge 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 (ser: 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 vadues of r,, , or to improve estimates obtained from plots such as Fig.
11.2.
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Estimating the intrinsic mte of increase for an “exploding” population of EXAMPLE 11.1
lizardfish (Scurida undosquamis),

Data from Table 11 Uand Fig, 111 (Only the data points for the voars 1952.53 to 1956-57
are used for the computation. The ewrlier pomts were too low 1o be precisely read off the
original fiuure in Ben-Yamu and Glaser (1970 The Later points, on the other hand, probably
indicate & diop in biomass oceurring after the inital build-up.)

Computation
1) Read side 1 of Program FB 29

2) Enter set value of B,

$]

and B, and t data
Keystrokes: 80 tal JTA212A317574A7815A
3) Caleulate r* r, andt
Keystrokes  Results

o 0.854  (r?)
2,244 (r,)

3437 ()

1) Contirm that t; corresponds to B_/2

C 10,000 (B, 2

By entering other Cvatues and pressing the C-Key, dats points for a curve such as in Fig, 11,1
can be obtained. Tt must be realized, however, that the values of v, ind ¢ obtained here
depend eritically on the choice of points meluded i the computation and of 80 kg hr as
the ¢ I figure corresponding to B the estimate of r,, > thus tentative,
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Estimating r,, from the mean weight (W) of the adults in a given stock,

1) Head side 1 ot Program FB 29
Case |

2) Estimate W2 Thompson and Munro (1978} give data from which Woae i Jamaican
Epinephelus qutlatus can be estimated at 2324 ¢, while W | the mean weight at first

maturity is about 243 ¢, Thus, to obtain W, we perform
Keystrokes  Results
23241 -
208+ 20 L2835 (W)
3) Estimate r | from W (e 142 (r,)
Case 1
1) Estimate W Pauly (1980d) gives a value of 193 g for W__ in Lactarius luctarius from the

Gulf of Thailand. Using this as an estimate of Wm and using W =W + 0.3 = 57.9,

. “n max
we obtain W from:

Kevstrokes  Results

193 !
3 579+ 2 125,45 (W)
5) Estimate r from W e 260 qr

[t must be realized that these two estimates of r,, are rather erude and should not preclude
attempts to estimate this important parameter independently,
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Estimating potentiai yields when catch-and-effort data are not available.

1) Thompson and Munro (1978) give for the Caribbean grouper Fpinephelus guttatus the

following data: natural mortality -~ 0.68, T, - inem = 537 em teorresponding to

max 2420, approximate \ullyhl ai (m( maturity 243, From these data, adult
boady weight (W is computed as 12835 g {see Fxample 11.2),

2) Estimating potential vield () from Gulland's equation (11.6) assuming B, - 1
Kevistrokes Results

ERERSS
Dx 0.31 (Py)

3) Estimating potential vield (Py) from equation (11.5), also assuming B, =
Kevstrokes  Results

1,283.5 T {w)
26 CHS
Vi 0.36 (P

The estimates (0.3:4 and 0.36) are close cnough 10 cach other to feel confident that P,
is about 1.3 of the virgin biomass per vear, Obvious v, this i so because this example is ln
a manual: reallife data do not alwavs behave <o nicely, In fact, Beddington and Cooke
(1983) argue, quite cogently, that Gniland's equation tand consequently any other equation
which gives similar results) has an extremely xlmn;,, up\mrd hias (see p. 77).

EXAMPLE 11.3,



12. Multispecies Fisheries

INTRODUCTION

With few exceptions, the models discussed in the previous chapters were developed for use in
conjunction with smgle-sp(cies stocks and fisheries.

When using such models, an implicit assumption is that the stock under investigation has only
negligible interaction with other species, ex. ept 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,
norring, 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* 145%
10 Carangidae Atropus alropus 1.75% 30*
11 Chirocentridae Chirocentrus dorab 0.80* b¥
12 Clupeidae Anadontostoma chacunda 0.15* 5%
13 Clupeidae Opisthopterus valenciennensis 1.10* 15%
14 Clupeidae Dussumieria acuta 1.70% 50%
15 Clupeidae llisha sp. 5.60% 65%
16 Clupeidae Sardinew.a 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 Se_utor ruconius 1.20% 380*

i6l

Continued
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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* 5%
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 commersen 26 14
44 Scombridae Rastrelliger brachysoma 3.0* 50%*
45 Stromateidae Pampus chinensis 0.75 1
46 Stromateidae Pampus argenteus b.0% 30*
417 Synodontidae Saurida tumbil 0.35 1
48 Synodontidae Saurida elongata 3.75% 45%
49 Synodontidae Saurida longimana 0.90* 106%*
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%
b4 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 rzasonable 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 over...%ing 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 €)

— 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 highlevels 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 following, 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,
dt = [ I'm1 — My (C]_Nl + CZNZ) ]Nl PP 12.18)
dN,

dt =[rm2—m2 (c1N1+C2N2)]N2 ...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 m, 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; = r,5/msy. 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;

dt = (l‘m - C1N2) Nl « 0. 12.2a)
dN,
Tk (—g+ cyN;) Ny ...12.2b)

where g is a coefficient of negative growth (decline) of the predators (N« ) in the absence of prey
(N;), while r, is the intrinsic rate of increase of the prey population, c; 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,
?’ = (I'ml —a Nl - N2) Nl . e 12.38)
dN,

T=(rm2—a2 N2_C2 Nl)N2 ...12.3b)

where r,); and r,, are the intrinsic rates of increase of the preys (N;) and the predators (N,), a,
and a, are coefficients of intraspecific competition, c; and cg 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 niaking species interaction
visible. The model has the form

Yr =aFp —bF§ +c; FpFq + dFq — eF3 + c, FpFg .. 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 Yq vields from species P and Q, respectively, given the fishing mortal-
ities Fp and Fq and where Y, is the total yield from the two-species system.

For example we could have

Y = 200Fp — 100F§ — 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,eandc; and ¢y

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 biolcgical 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 124,

Fig. Constants of yield curve and interaction terms System optimum:
no. a b d e ¢, c, MSY Fq Fp
121 200 100 200 100 —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
30
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 5 100

\

50
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MSY {Q)
MSY (P& Q)
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Fishing mortality of prey (F, )
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Fishing mortality of predator (F,)
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Fig. 12.2. Combined yield from a predator-prey system )
(see constants in Table 12.2). Lines A, B and C refer to 0.5 10 1.5 20
three fixed F-ratios (see Fig. 12.5). 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 (sce 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
Fig. 12.3. Combined yield from a system in whi-u eact
species strongly benefits from the presencs . «.e other—
mutualism (see constants in Table 12.2).

40

o
o

Fishing mortality of predator ( )

20
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10 25 —
20 — MSY (P) P=0
20 40 350 40 20 Q=0
00—  ~
\ w?
° 10 20 30 5 30t
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i ] /{/ 25
&
5 50
2
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2 0 —
o <
£ e 20 —
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MSY (Q)
1.0F 28 —
20 —
—_— 0 —
Fig. 12.4. Combined yield from a system in which each 0 )
species, to a small extent, benefits from the presence of 20 30

the other (see constants in Table 12.2). Fishing mortality of prey( )
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real MSY\
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Combined yield (Yp + Yq)
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Fishing mortality cn 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 one 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, c, d, ) 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.,

Imp = 2FP (opt) . v 12.68)

and

er = ZFQ (opt) e 12.6b)

where Fp(opt) and FQ(opt) 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 Y, Yp and Y
for any set of constants as well as for finding the MSY and Fopt 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 rexlistic
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 Gisla~on (1979) and Sparre (1980).

However, smaller simulation models, involving only a few trnohic groups and the transfers
between them can be used to test and validate nypotheses concerning t-e interactions within an
exploited multispecies stock. This approach is best exemplified by Larkin end 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 PPauly (1979b) to explain the observed changes in catch
rates of different species groups. Such modeis, as well as the box model discussed below can also
help in identifying gaps in our understanding of a syste:.

METHOD FOR CONSTRUCTING
QUANTITATIVE “BOX MODELS”

While the mathematical simulation of multispecies systems is generally so complex as to dis-
courage all but very mathematica'ly-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
A + A *
31.5
1
Piscivores 15.4
20.0 55
36.4 T 2Ao,s Invertebrate
TN f?8d3ers
58.3 98.2 :
194
Hervibores Detr_}zvgres Invertebrates
30.4 : 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 36.4 Osteochilus hasselti 1.18 2.12
Piscivores 31.5 Oxyeleotris marmorata 2.61 1.68
Invertebrate feeders 154 - 1.5° 2.0°

“Species representative of their trophic group.
Mean of 3 preceding values, taken in absence of other information.

¢) 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)

f fa f5

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 then 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 resches 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 subaidizing 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 ten. 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 omniverous
— 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-—‘/22 Ipa]—pbjl 127)

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 fcod 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
6and 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 p.edator 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 (2 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 (S[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 texrms.

Throughout much of the world, as a rule, once exploitation of a stock has begun, the fi. hery
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 shovwn in Fig. 12.7 and in Clark (1976).

Thus, managiug 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 atch-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-cffort 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 uften 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 mode: (FAQO
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 f ...12.10)

where Y, i5 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 (Yg , fg 1) by
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first defining the slope of equation (12.10)

aY _ o . —of
T Y, ae .. 12.11)

which, when £ =0, reducesto Y, * a.
Thus, f5 ; can be obtained from

Y, a10=Y, - a-e %01 ...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

20 55 ...12.13)

while Y ; is obtained from
Y01 =Y ¢ 0.9 ...12.14)

Thus, paraphrasing Gulland and Boerema (1973) who introduced the Fo 1 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:

— adecline of the catch per effort (although not necessarily of the total catch as noted abzuve)

— 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 Traw] Fishery. Data derived
from Fig. 7 in Buzeta (1978).

Catch Effort
# Year t x 103 trawl-hours x 108
1 1963 190 0.67
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 6.05
10 1972 680 6.75
11 1973 800 8.6
12 1974 550 8.06
13 1975 700 7.66

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
(1979b), 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.
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Yields from a two-species (predator-prey) system. EXAMPLE 12.1

The yield-isopleths in Fig. 12.2 are meant to represent a predator-prey system and are based
on the following set of assumed consiants:

Prev (P) Predator (Q)
a =200 d 100
h =100 ¢ 50
¢y o= -2 C, F 25

Case I; Estimate Y, and YQ for I, - 0.8 and l’u = 0.8 (i.e., using an Foratio 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 1 25 STO 3 .8
STO 0

3) Estimate Y,,. Y, and Yy for I, = 1

Keystrokes  Results

BA 80 Y,y
64 (Yy)
144 (Yp)

Yaeo [F Fefimato Crpal® AMQY 10 : > o fwa.eneeing cure R
Case I: Estimate “real” MSY, | Q (opy and I, topty O! the twa-species system :
1) Read sides 1 and 2 of Program FB 3¢

~ . . . P W W N o
2) Enter constants, including initial values F p oand b g iy, ¢ = 0.8 and I, -~ 1.2).

Q
Keystrokes: 200 STO A 100 STO B 25 CHS STO 2 100 STO D 50 STO E 25 STO 3.8
STO O 1.25TO 1

3) Enter AF, TOL and estimate F Vo (opu) and MSY:

Q (opt)®
Keystrokes Resuits

0501
0.001 fa [.002 (I*‘Q opty)
0.998 (F, (op)!
150.000  (MSY)
Entering a smaller value of TOL (e.g., 0.0001) produces the exact values: F = 1.000,
Fp (opy = 1.000 also with MSY = 150.000.

Q (upt)
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EXAMPLE 122

-

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 10% tonnes) as an appropriate
seed value. Thus

Keystrokes: 850 t 1 fa 190 1.57 A 310 1.98A 340 1 1.35 A 360 1 1.8 A430 1 24
A 510 13.2A51013.6 A520 13.7A6001505A68015.75A 8001
8.6 A5501805A170017.65A

3) Obtain value of r%, aand “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 ¢lose to zero. Thus, for Y, = 808 we have

Keystrokes  Results
E 0.607 (r?)
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 ain 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

3112 7404 (fy,)
and 8081

9x 727.200 (Yo,)

As might be seen in Fig. 12,8, f,, and Y, are higher than fopy 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 estimauinn 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 cbjective “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-nieasure”* 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

—_— o]
D= Xxg{—-wo : 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 1.1).

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 thé 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 Li. 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 -5 —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
Lo, —9248 —46.24 —23.12 -11.56 -—231 2351 11.56 23.12 46.24 92.48
L 41061 39594 80.34 30.97 523 —4.86 —21.24 —36,71 —57.74 —80.92
L' —5217 —3529 —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 (A5,
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 stat stic A itself (Miller 1974;
Tukey 1977; Mosteller and Tukey 1977; Sokal and Rohlf 1981).

Computationally, the jackknife involves the following steps:

a) compute the value of the statistic A, using all available data points (n). This results in

estimate A, of the statistic in question,

b) then compute n new values of the statistic A, but omitting each time ai:other of the n avail-

able data points. This results in n esiimates of “A; _ ;"”, each estimated by omitting
a single data point (see Appendix Table [.2),
c) usethe A; _ values to compute ‘“pseudovalues” of A, (¢;), through the equation

$;=(n-A))—[(n—1)- A

d) obtain a nev. stimate of A through

[In a perfect world, the two estimates of A (Xl, 1&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 5,
for which reason it may be more appropriaie to stick to A 5 as most useful estimator of A.]

e) the standard error of A o is then computed from

s.e.(A) =V (sd¢)/n

where sd 4, 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 as defined in Chapter 10).


http:1,200.00

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 suggeft rather small standard errors for the MSY and font values,
which, multiplied with the appropriatet value (see Chapter 1), would yield a narrow conFidence

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).

b A,_, values Pseudovalues (¢;)

# Year Catch® Effort MSY,_, fopt 1—1 msy Lot
1 1969 50 623 60.6 1,253 63.3 1,442
2 1970 49 628 60.8 1,246 624 1,496
3 1971 47.5 520 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
T 1975 66 1,158 59.8 1,237 70.1 1,567
8 1376 58 1,970 57.4 1,087 89.0 2,167
9 1977 52 1,317 63.2 1,337 43.2 767
X = 52 923 60.5 1,244 64.2 1,509
s.d. = 6.39 485 147 65.8 11.1 496
s.e. = 213 162 0.491 21.9 3.70 165

2103 tonnes (see Table 10.3).

No. of standard vessels (see Table 10.3).
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Appendix II. List of Programs and Program Listings

Length-Weight Relationships. . .. ....... .. ittt 181
GearSelection ... ..... ... ... . . . it e e 185
Von-Bertalanffy Plot . . . ........ ... . .. 189
FordWalford Plot (GM) . .. ... ... ittt e 193
Gullandand Holt Plot . . .......... .0 i, 197
Munro Plot. . ... e e e 201
Fitting Sessonally Oscillating Growth Datal. . ... ...................... 205
Fitting Seasonally OscillatingGrowth Data IT. . . . ... ................... 209
Seasonal Growth from Tagging Data. .. ...........co0 . vuvrenenunnnn.. 213
Generalized VBGF and Derivatives: Solutions. . . .. ........... ..o uu.... 217
Total Mortality fromMean Weight . . ... ........ ... ... oo, 221
Z Using Jones’or Sparre’sMathod . ... ........ ... ... . .0, 225
Length-Converted Catch Curves . . . ... ... ..ottt ittt i, 229
ZandK fromMeanLengths . ... ...... ... ... ... .. 233
F and M from Tagging-Recapture Data . . .................covuuuu.... 2317
Independent Estimatesof M . . . ... ... ... ..ttt 241
Population Size (Petersen’s Method) . . .. ............. 0 inennn... 245
Lestie’s Equation. . . .. ... . it 249
VPAand Cohort Analysis . .. .. iiii ettt e e e e e 253
Jones’ Length Cohort Analysis. . . . .. ........cviuinnrennnennnn.. 257
Length-Structured VPA . . .. .. ... ... 261
Yield Per Reciuit (Speciai VBGF). . .. ....... ... .. 265
Yield Per Recruit Via Incomplete 8-Function. . ... ..................... 269
Conversion Factor “k™. . ... ... ... ... . . . 273
Stock-Recruitment Curve of BevertonandHolt. . . .. .................... 277
Ricker’s Stock-Recruitment Curves. . .. ........... ... ... uuvrrunn... 281
Schaeferand Fox’sModels . .. ....... ... ... . . 0ttt innnnn.nn 285
Schnute’s YieldModel . . . ........ ... ... ... . i 289
Csitkeand Caddy’s Model. . .. ............0 i, 293
Logistic Growth Curve . . . ... ... .. .. ittt i 297
Yields from Two Interacting Species. . . ... ..o vt i e in e e eenn . 300
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I’rogram LIS“IIg (001 10 112)

SYEP KEY ENTRY KEY CODE KEY ENTRY KEYOOI?E COMMENTS
001 001 #LBLa 21 16 117 ¥ 05? X -35
002 CLRG 16-53 7] 058 5T+5 35-55 05 |
003 S 16-51 ] 059  RCL{ 3601 |
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005  CLX -54 061 x =35 |
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007 xLBLA 21 I1 | 063 1S21 16 26 46
008 25 16-51 064 RCLI 36 46 |
009 sT+3 35-35 03] 065  Pi§ 16-51 |
oo | 010 (06 16 32 066  RIN 24 ]
o1t Ky -41 0€7 x¥LBLE 2015
012 ST+0 39-55 00 068  P:S 16-51
013 pas 16-51 7 065  SPC 16-11 ™
014  LOG 16 327 070 070 RCL8 36 08 |
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023 P2§ 16~51 079 RCL4 36 04
024 LOG 16 327 060 080 He 537
025 3- 16 56 ] 081 RCL. 36 09
026 RTN 24 7 082 : «24 ]
027 2LBLB 21 1277 087 RCLS 36 05
028  P3S 16-51 7] 084 2y ~41 ]
029 STOE 35 1577 085 - =45 ]
) 030 ST+9 35-55 09 086 = -24 T
03! R =317 087 5708 3512 7]
F 1032 X¥ -41 088 X =35 7]
[T 17033 S5T+3 35-35 037 089 RCLS 36 06
034 06 16 321 090 090 X2 53 ]
035 Sr10! 35 017 091 RCLY 36 09
| 036 RS =317 092 = -24 7
037 ST+0 35-55 00~ 093  CHS ~22
038  LOG 16 32— 094 RCL¢ 36 07
039 §T02 35 027 095 + -55 7
040 040 RCL! 36 0177 096 : =24 7]
041 P’ -357] 097 PRTX -4 7
042  RCLE 36 15 098 STGOD 35 14 7
043 x -3577 099 RCL6 36 06
044 ST+8 35-55 08 ] 100 100 RCLA 36 04
045  RCL2 3€ 027 101 RCLB 36 127
045 X2 537 (02 X =35 7
047 RCLE 36 1577 103 - 45 7]
048 X -357] 104 RCLY 36 09
049 ST+ 35-55 07 105 : -24
050 050 RCL2 36 027 106 10 16 33 7
05! RCLE 36 1577 107 ST0A 35 1)
652 X -35: 108 0SP  ~63 09
053 ST+6 35-55 06 _ 109 PRIX -14 ™
054 RCLI 36 01 _| 110 110 RCLB 36127
055 X2 53 _] 111 DPsP3  -63 03
055  RCLE 36 15 112 PRIX -14
REGISTERS
0 1 2 ]3 4 ‘]5 i 6 7 8 9
150 S1 S2 S5 S6 S7 S8 S9
used | used | used I used | AX 5 x* Sy Jy? Zxy n
A B C D € 1 .
Q. b e.f. rt used {




Pﬂgmm Llﬂﬂﬂg (113 w0 end)

STEP KEY ENTRY KEY CODE KEY ENTRY KZ2Y CODE CONMENTS
113 P:5 16-51 169 ¥lBle 21 i6 13
114 S 16 54 701”170 J 03]
115 P35 16-51 171 v LT
1 X -41 172 RCLC 36 13 _
17 : -24 173 X ~35 _
118 RCLB 36 12 174 1 o1 7]
119 3 03 175 0 00 ]
120 120 - -45 "] 176 0 00 _]
121 ABS 16 31 | 177 3 224
122 1 o1 7] 178 RN i
123 ROLD 36 44 T 179 eLBLe 21 16 15 _]
124 - -45 7] 180 180 { 01 ]
125 1% 54 7] 181 0 00 "]
126 ¢ 24 7] 182 0 00 ”]
127 x -35 183 x -357
128 RELY 36 09 184 RCLC 36 137
129 2 02 185 : <24 7]
130 130 - -45 ] 136 3 03~
133 % 54 7 187 )/X 52 7
152 x -35 188 v 3
133 PRTX -14 7] 189 RIN 24 7
134 P:S 16-51 ] 190
135 0 00
136 RIN 24"
137 #LBLD 21 147
138 RCLB 36 12 ™
139 yx 31
140 140 RCLA 3610
141 ¥ -35 7
142 RN 247
17142 #8Ld 2% 16 14
144 RCLA 35 11— 200
145 & =24 7]
{46  RCLb 26 12
147 I 52 =
148 yx 3t
149 RTN 4
1% 150 sLBLC 21 13
151 P:S 16-51 ™
152 RCL6 36 06 ~1
153 RCLY 36 09 ~1
154 0 -24 ™ 210
155 ? 02
156 + -55 *1
157 RCL4 36 04
158 RCLY 36 09
159 + -24 7]
160 160 3 03 =
161 X -39 "
162 - ~-45 7
163 10% 16 33
164 ST0C 35 134 0
165 SPC 16-11 —
166  PRTH -14 7]
167 P3S 16-51 7]
168 RIH 24
LABELS FLAGS T
— > _ CABE — 1 SET STATUS
' Wy — ["w o p L* W |3rtabt FLAGS TRIG DisP
imitialize > eorreet ‘Lo .4 dll/"’L ‘WorL ! 0 OS o&F DEG ® FIX R
0 T 2 3 ) 6] 1o®| craoD | so1 O
- . . . x s 2 D®R)| RAD O ENG O
s ] n=3 9
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Program Deseription

ProgramTwa _LEng th ~ Weight_ KeloBonships e
Neme __ Dopnie/ Pouly o ... Dete Vkbpuary,Nea
Addees . LCLARM , Mcc P O- Box is0r
e . Mokali | Meto Manjla , Philigpines

Program Description, Equations, Variables, otc. /715 progrom fiés dolo 7% o _leng % ~ wergnt
relelonship__of rthe porm

e Weo@st® B

here _/{_faﬁg_'méz'y/_’/ and £ /s He_ length of an. onimal. Phe pit is gbtoined

by. means of a_lnear regression of the_ form

i g W < lgpat B by LA

Mhose _goodness of fif. 13 oslimoted by 4 } A
Also, o cond/tion foctrr (¢.f.) is estimated by means of He expression

e Of S W00 /L0 AURSTIE ) B
Bo epressjon (1) ond the conds fion foctor carn pe used W perform /fenglh - o -
Neighl and weight -% - feng# conversions.

When grams _(tve weight ) and c.m. are used |, #e valie of ¢.f. s most.
Jahes wil range between 0.6 ond r6 ..

To kst_hether the rolues of b eslimated vis axpression (2) difer wipmifionntsy
Lrom (8) (sometric_grow#) | g value of £ js computect with each volue of b

which can be_used ip_conjunclion_with a Wbk of Me L - dishibulton (d-f. = n-2).

- —— ot JO~8/ e ) . S ——
e L _____.t_ bl ,/1 Y - ‘SJ ""?. v 4) e .
as_given_in Sochs L. (1974, p. 33q). o
Operating Limits and Wamings _ Ja/ues of b in equolion (1) below 2.5 ond 3.5 ore
—.QUestionable , and may reflect an eror , or be based on oo &mral

.arange of knghh ona weighr ook, o o

. 4@_&'&'_”1{5&_09? will appear,  affer compua ltorn S i risyg ,

08 may occar when n & very fow (2or 3). _




User Instructions

N-cover * -wle
N COJ _correct

Correct

1 — Trow/ JSelection —l

GEAR SELECTION
Gillnet

Sehection —-—I Z?/
»% redoined €8) vo, b »2

- %Nklmcl U

STEP INSTRUCTIONS oAlr'zllJ’;rrs KEYS oﬂzmm
. ]
TRAWL SELECTION 11
4 | fnter /lower chiss /imil of smolles? [
length _closs  (Lmin) Limin) % [(a] 0.00 |
]
2 | Enter, for each lergth class, e number Ncover (21 _]
of fish. wn_cover _and i _cod end N _codend | Ca ][] ¢
3 | Remove crroneous dalo_patr N cover 1]
N coderd C i-1
o —1C ]
| 4 | Colevlote 4o | (r1l&]l Lo
i I | .
GILINET SELECTION I .
5| Sel flog 1 fr - osymmetric_selection [s77]( 4]
curves ( o» ¢/éar I/}ﬂ)_ggmmeﬁvca/ 2urves ’) a1
]
6 | fnter emoller and lorger mesh aizes and | A (21
inifiokize - s Cr1le ] | _o.000
C
7 | Enter {for @03l Jergth closs represented Pl C, .
in coteh of éofh ne?\;) the colehes ond choss| | Ca I
mi d/enq;’b - L Ce 1] | eounter
C .
Sol FLAG & fo view dolo —1C
9 | 7o remove grroncous eniries, perform C, [Ce_] L:j
Ca (101
L [__,Z_] (¢ ] |covntar-g
To estimak poromefers ol regression bne I
ond _mesh_sekciion 'porolme/er: _press Eﬂ | rr
. a
1 b
I La
. Ly
10 | To obtain probobilities of copture, by lemth [ S.d.
do 1.'[or' mesh $ize 4 T Length (o] Soe. 7 faved
and €mifarly fr 8 Length }_ﬁ_{ :_L_J c. ra kv’
~ |
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P“}gram Llsllng (001 to 112)

sTEP KEY ENTRY KEY CODE STEP

— o2 T KEY ENTRY KEY CODE COMMENTS
wor LB (. d§7 i T8-71
o0z 1 - 058 FO? 16 23 00
03 ] o | 059  PRTX 14 _]
0us ST02 35 02 0% ror 0]
s stoz o 061 FO? 16 23 00
one (U o 062 PRTX -14 :
008 #LlBLA 21 /1] o6 o 5
009 100 35 00 7] oo e 56

— 009 0 o 065  RTH 24 "]
oo o Sy 066 #LBLc 21 16 13
o ReLo 0] 067  F17 16 23 04
013 s -24 ] ggg JLe” i
014 ST 35-55 0f 7] ‘ e
o4 : 35-55 3§ ] 070 070 K2y -4f 7]
016 ST+2 35-55 02 7 o : P
017 RCL2 36 02 7] o o z]
o Rz o 073 Rt 16-31 7]
719 iL8L8 21127 oy e 2N

[~ 020 ST00 J5 00 7 o p

o 0 Qo 076 Ny -41 ™
o oo 077  FO? 16 23 00
023 Kxv -4 7] o T g
023 ; 4 - 079 K2y 41 7]
025 sT-1 J35-45 01 7} o R
0z ! o] 081 RN 24 7]
RN S 082 wLBLE 21 157
e 8- 502 083 P25 16-51 7]
028 Rel2 o 084  spC 16~11 7

00| 030 #lBLb 21 16 12 ] e hoLe T 0

031 RCL2 26 02 7 b hors e

o5l : 02 ] 087 RCLS J6 06
033 + -55 7] o A g
034 RCLI 36 017 o 5
035 - -45 7] = o : i
036 RN 247 ot ; g
037 elBle 21 16 1577 0 it Ry
038 CLRC 16-53 1 eis e
0% R s 094 RCL4 J6 04
040  CLRG 16-53 vre s -
041  FI? 16 23 04 o %0
042 LN 327 0o \ pE
043 STOI 35 01 7 g ety g
044 Re =31 7] o0 ! e
045  F17 16 23 01 7 = {0 : i
046 LN 32 7 o3 ’ p
047 STOO 35 00 7] 05 % gt
048 ClA =51 7] 104 ) P

. - o o 104  RCL6 36 06

w2 1 550 eLBLC 21 13 7] 106 s o
0S5/ F1?7 16 23017 el ¥ g
052 LM 32 ] 6 o e
053 R -31 ;gg RCHS pa
054 Kz -4t _| 110 110 Cff 36-0?_
055 - -24 11 : gf-
056 LA 32 112 PRTX -14

- : - - - REGISTERS

5 LA l La .S' S 6 7 8 9
S0 p S1 A *FT 54 P S5 56 S7 56
use used used useof used! > ¢

A B
a [ s ‘2a/A+8 [ ¢ '




Program Listing «uewo

187

STEP  KEY ENTRY KEY CODE oTEP KEY ENTRY KEY CODE COMMENTS
F13 RCLS 3600 169 F1? 1% 23 01
14 RCL& 36047 170 170 LW 32 ]
15 RCLB 3612 171 RCLZ 36 02
116 X -35 ] 172 - -45 |
e - -45 7 173 xt 537
118 RCLY 36 09 74 RCL4 36 04|
119 3 ~24 7 175 % 93]
120 120 ST0A 35 117 176 Z 027
121 PRTX -14 ] 177 X -3571
122 RCLB 3 1277 178 = ~2477
123 PRTX ~14 "] 179 CHs <22
124 P:S 16-51 ™ 80 180 ex 337
125 RCLA 36 117 181  RIN 247
126 2 0z 182 #lBLd 21 16 14"
127 x -35"] 183 F17 16 23 01
128 RCLO 36 00 184 LN 32*
129  RCL! 36 017 185 RCLI 36 03]
120 130 * -55 7 186 - -45°7]
131 s -24 1 187 X2 537
132 sT0C 25 137 188 RCL4 36 047
133 RCLO 36 G0 185 X2 531
134 X -35 71 190 19G 2 02
135 RCLB 36 12 7 191 X -35"1
136 z -24 192 = =247
137 CHS -22 7 193 CHs -22"
138 F1? 16 23 01 ™ 194 eX 337
139 e 734 195 RTN 247
%0 140 PRTH 145
141 F17 16 23 01
142 LK 32 -
143 ST02 35 02
144 RCLE 36 137 700
145  RCL 76 01
146 X -35 7
147 (HS 22"
148 RCLB 3612
149 + =24 7]
150 150 F1?7 1623 01
151 e* 3377
152 PRTX ~-14"7
153 F17 16 23 01
154 LW 327 210
155 $103 35 0377
156  RCLC 36 137
157 RCLO 36 00
158 RCLI 36 014
159 - -451
160 160 X -35]
161 RCLB 36 127
162 X2 537
163 : -24"7
164 i 547 20
165  PRTX -14"
166  ST04 35 04
167 RIN M
168 #LBLO 21 14 L
LABELS ruos SET STATUS
7 .
A lnn'r/ B 150“:502 ot c_’ ZcJ—P Ee fz-a %// E‘ eéff/,”fﬁ 0 dl»"ci FLAGS ™e DisP
> v frac. rotrodd” 2L o, | ° s RE| o | ix B
9 1 2 3 ] F 1Y@ em\ng gzuag
2 0m@| RAD
> ir ! ﬁ! T 3 0B n=y
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Program Deseription

Program Title __Gear Jelection e . e
Neme ___ Danie! Pouly _ e .. Dete_o¢t, /98/
Aiss . _JCLARM,_ m.'c PO Box V- I- T

S T ”3""0 Mamla P/)///Pﬁm » -

Program Description, Equzdons, Veriables, etc. 7/vs progrom /8 (a) an implemenotion of He mehod
of_éﬂmrrar_éé‘gf_m eshmore ke SekecHrity of o palr. o g/linet , each o which /s
assumed o have q tgmeﬁvco/ (norma/) velechion_corve With ¢gaa/ variance.

4 Anear rcggv.r:mn s u.:ed noﬁ/cl) ﬁas 749? ﬁrpz
, —— . Y 7 0 4 bX

_0h¢c Y= /n -1 L where Cy /s the calch by lengHh chis of o gii el with

mu‘b s/'re A4, 4;1/;/,6 L'b /s z“n cwes,omdmg cam _ﬁr 8, ana' w/)e/e X comres ~

ponds_2o ; the_ol Class_micleag# - The gptimum fengths. ( Uy, (v ) are_obiired from

.,.,-_______41 /‘20 A) /(b (4*5)) ana/ awret/:ma’/rgéj ﬁr _Q_L
.wblk e slondargl  dewation_of e wekcﬁm curves /s givn by

L A \/(20 (4 &) / (b'(4l6)) o T -

Mcj_l,‘_ s aﬂd S have been eshmoted , the Fobabz//,v 3( ca/n‘m.- ora  grren
Jength L (s given by

s — /’(“ - 4 ) / (‘23d9) ond um.sfona‘,@_y‘pw

lg. . The anu/ng /s%,g/ea' by wetfing _FLAG I b phd b (6 /Cp ) an b fengh,
Lather _than on _length ifself. This fesulfs in asimmemyveo! velechon carves.

_75/& £rogram 6) a/to esﬁmaks mean. ,@ng/h al _//r:{ ea/»&m: (L) bases o a/azi: jt»-
A _fran/ celecfion e.x)ocr/ment) using rhe ‘3“‘7 “on

R A ln t1 - Zy. . whaere l,, te Yhe /owcr c/ro8 /nm{ o/
fM ﬁ’jﬁ"{ /013)46 ekcs comvdened white Zyi is the Sum of e frachonc

refamed. Both parfs of s program are based on 6ullond (19¢9, p. 84- #)

inchded.

Opersting Limks end Warnings . /1¢_ assumphions used /» #e derivakon of Me eguatons abow

must_be_ considereqd when -applying He. methods, amd Me original 4krature must
be_tomidered pr possibfe. gources of errars, .

For. Hhe_fraw/! ceketion , #he_ b/gg;% elasres muss! Se fu// centimehr ; 4/: e.r,n.wed

I') _Em, o

In_ ép{h me#!oa’.r c/o:,ses with_rero cajches for éoﬂy m¢:6 /s must ﬂp/_ég_




User Instruetions

VoN BERTALANFFY PLOT FB3 P

INSTRUCTIONS OATRILITS KEYS Dm
LENSTH GROWIK : fnfer Luoy and O £ 00y 20 ) Lo
. V24 [ £ [ a] 0. 000
Dola nol werghled by warmpl &ize : C_JC ]
. i 1]
frter L; t yalues ML Ze (A1 ] 4
e Ll ¢ A1 ] ‘
— _ )
Oolo weighted by vomple size : I
. CC—
fnter Ly , L, n  values Le £ 1 e
¢ (A0 ] e |
o e 1] ¢
C 1]
Coleulale r?, K omd t, L]0 ] rt
0] X
1] to
I
WEIGHT GROWTH : bnter W iw) , O ond & | Wews (2 Wes)
). 1] Y,
y) (£ 12 | 0-000
Data not weighled by vample gire : {4;% [L-:__T-:
[nter Wi, t ralues e B 7 A N W
Ll ¢ & 10 ]} {
Dala weighled by vample size : [ ]
0]
fnfer Wi t . n ralues > W LA 10 ] A
- ¢ £ t
_ —! n Lo 10 __] ‘
(I
Caleulote r* # %, [ £ 1le] rt*
' T [
- o N ™
C30C ]
1]
CJC]
S=l=
j

189
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P"’gmm LlS“llg (001 t0 112)
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 00/ LBla 2016 I1 ] 057 RCL3 36 03
002 CLRC 16-53 ] 058 + ~24 7]
003 ST00 35 14 | 059  PRTX -14 |
004 Ré -31 ] 080 060  RIN 4
005 ST0A 35 11 ] 061 #lBlc 21 16 13 ]
006  CLX -5 ] 062  SPC 16-11
007  RTH 24 ] 063 RCL4 36 04 ]
008 xLBLC 21 13 ] 064 RCLS 35 06
009 STOC 3543 ] 065  x -35 7]
010 010 ST+9 35-55 09 ] 066  RCL9 36 09 |
| ou R¢ -3 ] 067 s -2+ |
012 sl 3501 [ 068  CHS -22
013 Ri -3 — " oes Res 36087
014 RCLD 36 14 or0 070 + -55
015 yx kf| 071 ST00 3500 7]
016 RCLA 36 11 072 RCL6 36 06 7]
017  RCLO 36 147 T 073 P14 53 7]
018 yx i 074 RCLY 36 09 7]
019 - -45 7] 075 = -24
) 020 CHS -22 j 076 CHS -2z
021 LH 27 077 R(L? 26 07
022 ST02 35 02 7} 078 + -55 7]
023 RCLI 36 01 7) 079 P25 16-51 ]
024 X ~45 080 080 sT0! 35 0t
025 RCLC 3613 081 P 16-51 7]
026 X -35 7 082 RCL4 36 04
027 ST+8 35-55 08 " 083 52 53 7]
028 R(CL2 36 02 7] [~ [ 084 RCLY 36 09 7]
029 X2 53 : 085 : ~24 _j
030 030 RCLL 36 13 086  CHS -22
031 X -35 7] 087 RCLS 36 05
032 sT+7 35-55 07 088 + -55 7]
033 RcL2 36 02 f: 16-51 ™
034 RCLC 3613 7 050 g90 5700 25 00 7
035 x -35 7] 091  RCL! 36 01 7]
036 5T+ 35-55 06 : 092 P25 16-51 ]
037  RCL! 36 01 093 X -35 -]
038 X2 53 7 094 5703 35 03
039 RCLC 36 13 095  RCLO 36 00 7
) 040 x -35 ™1 096 X2 53
041  §7+45 35-55 05 097 RCL3 36 03 7
042 RCLL 36 01 098 % =24 7
043 RCLC 36 13 7 099  PRTX -14 7
044 X -35 7] 00 100 RCLO 36 00 -
045 5T+4 35-55 04 ] 191 P3s 16-51 ]
046  [521 16 26 46 102 RCLO 36 00
047 RCL! J6 45 103 PS5 16-51 ]
048 RTH 24 7] 104 3 -24
043 »LBLE 2115 7] 17105 ST03 35 03
050 050 6SBc 23 16 13 106  CHS ~22
051 RCLA 36 11 7] 107 RCLO 36 14 7]
052  RCLD 36 14 7] 108 z 24
053 y* 31 7] 109 PRTX -14
054 LN 32 _| 110 | 110 RCL4 36 04 _
055 2y -41 111 RCLY 36 09
056 - -45 7] 12+ -24
REGISTERS
1 2 3 4 6 7 8
oused used used used Zx ® Fxt Jy Jy? Zxy *2n
SO S1 S2 S5 S6 S7 S8 S9
used used F
A C D € 1 .
£ o) W) used % I b ¢




P“gmln LlS‘ing (113 10 end)

STEP KEY ENTRY KEY CODE COMMENTS KEY ENTRY KEY CODE COMMENTS
113 RCL3 36 03 169 ST+3 35-55 05 |
114 X -35 ] 170 170 RCLI 36 04 ]
115  CHS -22 ] 171 RCLC J6 13
116 RCLE 36 06 172« -35 7]
117 RCLS 36 09 | 173 §Te4 35-55 04
1 = =24 7] 174 1SZI 16 26 46
TEI -55 ] 175 RCLI 36 46 ]
120 120 RN 24 7] 176 RN 24~
121 #lBLb 21 16 12 177 xlBle 21 16 15
122 (LR  16-53 7] 178 (SBc 23 16 13 7]
123 ST0E 35 15 179 RCLB 36 12 7
124 R -3 7] 180 180  RCLE 36 15
125 s100 3514 7 181 X 52 "]
126 R -3 ] 182 X 317
127 s108 3512 7 183 RCLD 36 14 7
128 CLX -51 7 184 yx 31
129  RTN 24 7] 185 LN 27
%0 130 sLBLD 21 14 7] 186 XY -4 7
131 S10C 3513 7 187 - -43 7]
132 ST+§ 35-55 09 188 RCL3 36 03
133 R -3 7 189 = -24 7
134 sT0I 35 01 7 %0 190 PRTY -14
135 Ri -3 7 191 RIK 24 7]
136  RCLE 36 15 7 192 wLOLA 2l 1t
137 1K 52 71 193 ! o1 7]
138 yx kT 194 GSBC 23 13
139 RCLD 36 14 ] 195 RN 24 ]
140 140 yx 31 196 #LOLB 21 12
141 RCLB 36 12 ] 197 ! 0!
142 RCLE 36 15 7] 198 ¢sBD 27 147
193 ¥ 52 199 RN 24
144 yx 31 7 700
145 RELD J6 14 1
146 yx 3
147 - -45
148 CHS -22
149 LN 32
750 150 ST02 35 02
151 Rcl! 36 01 T
152 X -35
153 RCLC 36 13 1
154 x -35 7 210
155 ST+8 35-95 08
156 RCL2 I6 02 ]
157 Xz 53 7
158 RCLC 36 13
139 X -35
% 160 STtz 35-55 07
161 RCL2 36 02
162 RCLC 36 13
163 x =35 7]
164 ST+6 35-55 06 720
165  RCLI 36 01
166 42 53 7]
167 RCLC 3613 _]
168 X =35
LABELS FLAGS SET STATUS
Ay tw Pr  tnelPuyc,t -+ P, t,n—+lf p2 x50 FLAGS TRIG DISP
Twhiatize (L) ini hialiey | used ¢ 50, £, B (W) 1 0 OS Og DEG ® | FIX ®
0 1 2 3 ry 7 "0 ®| grRaD O | sc
5 6 7 8 9 3 g g g RAD O EP‘:GZE
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Program Deseription

Progrom e _Von Berlalon /1y Plot —

Neme  Danie/ Pauly =~ . _ e DusAugue, /9%
Addres . JCLARM , MCC P o. Bo-t /50/ e

o Mokolti , Metro Mopila._. Philizpines .

Program Deacription, Equeticno, Veriables, stc. /7¢ wﬂera//lea’ Vor 50”‘:),@,:/'4/ Browr
Formula bg;__jo @77ﬂ7 We form e

. b —— e e PR . "'40(7.‘ e e e e e —— e o r— e~
o hy =Ly (1-8 t'?___-_.w . e d)

ond /;r' é?é/:_{?}e porm L
3
— KQF () Y- - e
o Wi F Wy (2-e ) TR )

whe—re b /.r ﬁe _;_(fanent a,‘ e /&pyﬁ—de/ght Nh/;oqclyp .[’éqf/oﬂ (1) aan 6¢
reweilfen 03

i (Rt ke T

which has e #e form a/ a linear Nyr‘ec:/on where /o (1~ / Zs __)Mga, trz
ond KDty = a. Thus, g/ven @ prefiminary ashmore of 4e [ which & here
toded £ (eo) ) ond a _Va/ue of O, e _yalwes of K and Yo san be eas/ly eshmoRd
am’ﬁe he_preliminary  value of /(-o)_ smproved feratirely , vnhl a mayieram
value of r?_ss _reached. The method s imilar for weight_growrh , excepl Mar

values of W 76 12 are _used /nstead of Y weiphths_ fhemselies.

. Vagéﬁg ﬁvﬁm other ;‘/mn. n mqy bt ﬂ.rcd MC. Inverve I _[4'_)_
of _the. u'/amf}d error _of #e mean. $ize in eaa/l aye Foup. %, for . .
_example, a re/‘y a;pfna/ormfc mz@/n‘mj jpc/a/‘ ! e

Opersting Limts and Wamings 1) _/%e_values of Lcw) and Wiw) must. Olways be_ lvghen
Man _THe <size - ot - eQe dala . 2) A _volue of O must always. 60“91__7?{2/

Lle @ D=4t /o the oase of the normal , or opecial” von Berthlantty

Growsh "5"*“/9)_ 2) e _rvalue p/_l‘e Gaﬂ Je used onty_ N/lor e ages owﬁ_'&'
ar._ gbsolufe _2ges. _ o




1

length _ Weight

FORD-WALFORD PLOT (6H)

r
.l

User Instruetions

/84
Wo K
Lo K

m
Ll

STEP INSTRUCTIONS AT UNTS KEYS DTS
. (I}
LENGTH GROWTH C—J1C
.
1 |fnfer finst fengt - ot - age value and O Ly CF 1] Le
2] (/£ Jla_] | o 000
1]
2 | fnier _remaining /gn;L#; ol - age yolues | L LaJl ] ¢
C ]
3 | Caleulale r®, K _and L. el r*
R X
C I ] Lo
30
WEIGHT GROWTH C 1]
[
1 |fnter first weight - ot - age_value, Dand & » (F1(C] A
i ) CFIC 2
b CZ 1] | o 00e
C1C 1
2 | Enfer remaining weight -al - age yalues » a1 L
’ 1]
3 | Calculate r*, K and Wao Ce1C ] rt
C1C ] K
1] Moo
C 1)
1
C 1
1
[
1
]
]
]
.
1
L]
1
L1
(I

IENERRNNNNE

I
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Program Listing «wm

STEP KEY ENTRY KEY CODE COMMENTS STEP KTY ENTRY KEY CODE COMMENTS
001 00/ elBla 21 16 11 057 = -3%
002 CLRE 16-53 _] 058 5703 3503 7]
003 P25 16-51 _| 059 X 35 _
004  [LRE 16-53 | 050 060 RCL6 36 06 _|
005  STOD 35 14 ] 961 K2 53 ]
006 Ri -3t _| 062 RCLY 36 09 |
007 STQA 3511 ] 063 & -24
068 (L¥ -3t ] 064  CHS 22 ]
009  RTN 24 ] D65 RCL? 36 07 ]
010 010 slBLb 21 16 12 ] 066+ -55 _]
011 CLRG 16-53 | 067 : -24
012 p:§ 16-51 | 068  PRTX 14 7]
013 (LR6 16-53 ] 069 Ix 54 7]
014 STOE 35 15 ] 070 070 RCL3 36 03]
015 Ri -3! 07( N2y -41 7]
016 STOD 35 14 072 = 24 7]
017 RL -31 073  §T03 35 03 7
018 sT0B 3512 074 LN 32 7]
! 019 oL -51 075 R(LO 36 14 7
@ " 020 RIN 24 076 & -24
02/ wBLA 21117 077 PRTX 14 7]
622 RCLO 36 14 078 RCLS 36 06 ]
023 yX 3] 079  RCL# 36 04 7]
024 STOB 35 12 080 080 RCL3 36 037
025 RCLA 36 117 081 X -35 7
026 RCLD 36 147 ' 082 - -45 7
027 y* 3 083 RCLS 36 09 7]
028 STOC 3513 . 084 = -24 7
029 RCLB 3612 7] 085 RCL3 3 03 ]
030 030 RCLO 36 14 086  CHS -22 7]
03) 17% 52 7] 087 | 01 —
032 yx 3 088 " ~55 7
033  sT0A 35 11 7] 089 + -24 ]
034 RCLL 36 157 090 040  P2§ 16-51
035 RCLB 36 127 091  RCLO 35 14 7]
036 It 56 ] 092 1k 52 7
037 RN 24 093 ¥ H
038 LBLE 21157 094  F27 16 23 02
039  P:5 16-51 7 095 ¢€roc 22 137
040 040 sPC J6-11 7] 096 PRTX -14 7]
04]  RCL8 36 087 097  RTN 24 ]
042  RCLA 36 04 7 098 ¢LBLB 21 12
043 RCLS 36 06 ] ' 99 RCLE J6 15
044 X -35 7 100 100 1% 52 7
- 045 RCLY 36 097 101 yx 3T
046 = -24 7 102 RCLD 36 14—
047 - -45 7] 103 yr 3
048  ENTt =21 7] 104 ST0A 35 11
049 ENTH =21 7] 105 RCLB 36 42 T
050 050 RCL4 36 047 106 RCLE J6 15 7]
[~ T ot x: 537 107 1K 52 7]
1 0s2 RCLY 36 097 1086 yx 31
053 : 24 ] 109 RCLD 36 14 7]
05¢ RCLS 36 05 _ 1o no oy 31 7]
055 X2y -1 111 sToc 3513
036 - ~45 112 RCLA 36 11
REGISTERS
V] 1 2 3 4 5 6 7 8 9
SO S1 S2 [S4 S5 S6 S7 S8 S9
used used used | used Zx > x2 Sy Ey? | 3xy (
A 8 c D E 1
Ly / used W, / Used used D b




STEP

KEY ENTRY

KEY CODE

Program

Liﬂlng {113 to end)

STEP KEY ENTRY KEY CODE COMMENTS
13 RCLD 3% 14
IR I G T 7 52 7] 170
115 yx 3]
116 RCLE 36 15 ]
17 yx ki
118 S8 3512 7]
119 RCLC 36 137
120 120 RCLA 36 1t 7]
121 I+ 56 ]
122 RIN 24 7
123 slBLe 21 16 15 7] [
124 SF2 16 2) 02 ] T80
125 &T0r 22 157
126 sLBLC 21 137
127 RCLE 36 15 7]
128 ¥ 3
129  PRTX -14 ]
% 130 RIN 24
190
740 ]
200
150
210
180
220
LABELS FLAGS SET STATUS
A 8 C D E 0
i L-» b N —» _ >r’ K, Lo FLAGS TRIG Disp
[ 1
OL: LOo>lwi D b—» ot X W 0 3 OCF]F DEG ® FIX ®
1 2 3 2 zwoqu? 1 00| crADO | sc O
z = 5 5 5 3 2 @ B[ RAD D| ENG O
300 n=3
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Program Deseription

Program Titte _ Ford - Walfora Plof (6M)

Neme ___ Danie! Pauly , . " Dete Awg. F /920
Addres. L C LARM , MCC PO Box Ko/
e Makat', Metro Manila , Philippines

Program Deacription, Equations, Variables, etc. When  grze - of - age data al egual fme lrrerval/

. (year , mont , week ) ore awiabk | 2 parameters of fhe VBSF ean de k-
makd _ from.

o , P .
e Ly,q 2 at b, . e 1)

e e = (%)Y

2

wd . K = hé/o 8.

Howerer , since both Le ond Lysq are measSured wi# Hhe same evor, a

geometric mean , or Hpe I regression s wed . Bor W pupose e pamame-
fers @ ¢ b_of an amthmehc mean or Yype 1 regression A pinct calenlared,
_______ then ased _in confunchon wWith Me ecorvelation esefficoent (r) eshmared atomg _
Wt a b fo dbhun Me plope and infercept of He  GH regression Mrosgh
..._the relationchps o . : .
B e &= biF . R
_..and e . -
R I A= Y-(X) e &)

,_"w/;e/e ¥ and ,\"are #e means 9( fhe Lets awd L values. a',“é“'i
_qre_garametkre _pf Hie 6M regression | repechnefy (Rickr, /970).

Operating Limits snd Warnings J'/2¢ - o/ - ape obre must be eqwaiFont |, andd there must .
e lo O Roast 2 porrs of Lesg, le vole . when welphl - ol - age data are

__mgzl_,_ﬁe‘,mncﬁt (b of Me /fewoTh / kGRS refasionskp must be enrtrec
(eg-_423).

A value_of D must be erkered ; when usirg e rormal , or "speciol ©

'y
_VBGF , enfer. D2 1. 7 o




User

[ iﬁl"l“ I'ye

4 GULLAND AND HOLT PLOT

Weight
AT v

Instructions

Print

B5 P

fee. W

INSTRUCTIONS

INPUT

KEYS

—
1
|

JUCL
BLIRRRERE

-

DATA/UNITS DATAIUNITS
[_JC ]
|t _VInitialize | enter D (and enfer b in case of o [771[Ca’]
. _We[gh  growth ) b lsro ][£1 | o-000
. (S .
£\ For print _ophon | press (€[] [o.000
To.. clear print_gplion , perform __ [cLFI[©7] | o ocoo
T B
| 3 | For_length gqrowth , perform ™ L, L0 2
. e £y (£ ] e
[ At (A ]I ] ‘
e . 1 _]
4 |To_calculate r*, K, and Lo , press (£ )0 __] rt
__JL__]) K
| _ ] Lo
[__J[_]
5 {IF a st volue of Z(,o) s o be used, [k:j:] [:_
perform oRkp 3 |, enter LoN_ond perflorm £ /o) £ 1 ] K
I |
6 |For weight growth , perform W, (0 ) I 7
ry (£ ] Ky
. -l At e 1[._ ‘
e (10 ]
? | To _caleulate r’, K and Weo , _press [j'_] {ﬂe_% rt
(R S K
(I We_
.
8 |IF o sel yalue of Wyay /s o e used . [ 1]
perform_slep 6, bnfer Wiy . ond_perform| Wi [[ _/‘__'% (6] K
L]
]

L

L
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Pl'ﬂgmm L‘S“llg 001 1o 112)

STEP KEYENTRY KEY CODE STEP KEYENTRY KEvY CODE COMMENTS

001 - 00l M&B:. 21 lg U_ " 03/ RCLé 36 06
002 CLRC 16-33 ] 038 X2 53]
333 Cr;g 12;; _ 039 RCLY 36 09|
L 16-53 ] 060 060 : -24
005 STOD 35 14 061  CHS -22 ]
ggg g:;z -3 062 RCL? 36 or_|
247 063 + 55
008 #LBLA 21 1] 0s4 §T01 35 01|
3‘,’3 5722 35 00 7] 065 RCL2 36 02 ]
010 -31 ] 066 X -J5
011 RCLD 36 14 07 5703 35 03 _|
012 b 3] 068 RCLO 36 00
013  srtol 35 01 7] 069 X2 537
21; R)c‘:; 417 070 070 RCL3 36 03|
J L 36 14 a7 - -24 7]
016 v 3] 075 $Pe 16-?1 ]
017 ST02 35 027 ' 073 PRTX “147]
' g:e RCLY % 017 074 RCLO 36 00 ]
; oég RCLO 35'33 -1 g;Z ! 363: —
021 % 247 0 ]
: 7] 077 5103 35 03
. gg RgLé ;E 0t 7] 078 RCLD 36 147
RCL 6 02 : -24 7]
024 + -55 7] 000 ggf} PRT e
X -14
og; 2 02 ] 081 RLL6 36 06 ]
0 + -24 7] 082 RCLY 36 097
027  FO? 16 23 00 083 : =24 ]
agg P§7x -14 7] 084 RCL3 36 037
] 2y -4] 7] 085 X ~35]
030 030  CHS -22 7] 086  CHS =22
031 F0? 1623 007 087 RCL4 36 04
: ggi PRT)S( -14 7 088 RCLY 36 09
CH -22 7] 089 2 -24 7
034 It 56 ™ 0% 690 ‘ -55 "]
ggs P;e; 16 23 00 7 091 RCL3 36 01
6 -14 7] 092 : <247
037 RIA 24 " 093 CHS -22 7]
g;g an‘Lg 21 15 094 P28 16-51 =
Pz 16-51 7 095 RCLD 36 14 ]
040 040 RCL4 36 04 7 096 17X 52 7]
04!  RCL6 36 06 7] 037 y 31 ]
042 X -35 7 038 F2? 16 23 02 ]
043 RCLY 36 09 099 G104 22 16 14
g4; }—{ -24 1 %0 100 PRTH 147
4 CHS -22 7] 100 R7M 24 1
344; RCLS 36 ga- 102 +LBLB 21 (277
4 + -59 —
048  STOD 35 og -1 }33 5723 35‘(;? =
g;g RCL: 36 gg - 105  RCLE 36 15 77
050 X ] 106 17 52 7
051  RCLY 36 09 7] 107 yx 3]
335 C;s ~24 7] 108 RCLD 36 147
-22 7] 109 yx 317
g;; RCLS 36 05 10 1o ST01 35 01 7]
r -55_] oKy -41 ]
056 STD? 35 02 112 RCLE 36 15 7]
REGISTERS
0 1 2 4 s 6
used used Used I ! ° ?
Iso S1 S2 54 S5 |S6 S7 S8 S9
used used used F used Zx 2 x* | Zy Iy? Zxy A
A B C D E 1
a b=-k D b




Program

LlSﬂ“g (113 t0 end)

STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS

113 FZ 52

114 r* 3 ] 170

115 RCLD 36 14

1§ ¥ 3]

117 5702 3502

118 RCLI 36 01

119 - -45 7]
120 120 RCLO 36 00 7]

W] : -2¢ 7]

122 RCLL 36 01 7]

123 RCLZ 36 02 B

{24 + -55 7] 180

125 P4 0z 7

126 : -24 7]

127 F0? 16 23 00 7

128 PRTK -14 7

129 Xz -4 7]
130 130 CHS -22 7]

131 Fo7 16 23 60 ]

132 PRTX -14

133 CHS -22 7]

134 I+ 56 ] 190

135 FO? 16 23 00 7]

136 PRI -14 7

137 RN 24

138 eLBLb 21 16 12 7]

139 RCLE 3619
140 140 17X 52

141 yx 31

142 6T0c 22 16 13

143 wLBLd 21 16 14

144 RCLE 3615 7] 200

145 12 3

146 PRIX -14

147 RIN 24

148 #l8Lc 21 16 i3

149 RCLO 36 14
150 150 yr 3 =

151 ST08 3592

152 x 16 53 7

133 Xy -41

154 RCLB 36 12 ] 210

155 - -45 "]

156 §T08 3512

157 X 16 53 7]

158 RCLB 36 12'1

159 S -24
760 160  PRTX -14

166 RN 24

162 #LBLe 21 16 15

163 SF2 16 21 62

164 GTOE 22 15 77 720

165 sLBLC 21 13 ]

166  SFO 16 21 00 _]

167 RIN 24

LABELS FLAGS SET STATUS

’Zn/ar L's Pentr w's ° print 3r’,k,t.a ® srint 7 FLAGS TRIG DISP
:'m'!:'a/ize bh’(.o)"/( cl(.m"/( :r',K,"’vo ! 0 og QEF DEG ® FIX R
0 1 2 3 zmiy/r/? 1o0| eraoO | sa ©
5 8 7 8 3 g g RAD O ﬁ'_nJD
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Program Description

Progrem Titte GU[[Q!’i,Q”d A/o/ﬁ Plot .
wevs _ Daniel Fuly

aoew . JCLARM , MCC P.0. Box Isor e
L Makoly , Metro Manila , Pi'lippines

Dets _Sgpt., /980

Program Descriccion, Equations, Verlabies, stc. G //and and Ao/t (R69) cemonshroted #ut
. estimafes of K and Le can be obhained by means of e relatiomstio

b=ty o ar b lyrly

e -ty 2
) . 2 ) ¥
Y X -

where Lt ond Ly are the lengh of fishes of fime Uy and Yy | respectively.
When_the_period At (= t;-1) is short relovive b the lola/ life span. o He
frsh, the _c%gqéé/z yrelds an estimate of K fhrough

P - | . o oy

while L js estimoted Mrough | P
S Y A o I T

7)&6_;5 _qgua;‘/'an; can & easisy ﬂé’i’a’?a’ » ése?, p&‘fﬂ/‘ﬂ//g‘ '75-quwv7“ /?LA werght
by using values ot W6 instead of the lengh wilnes | ond 1 e genero e et
MSE by replacing the kng# values by L values . 4 cet of yatue for He

Aeympletis _dize (Looy ) may be used i1 which case a " foreed* Gullond

and _Holt Plot resutfs |, /. e. :
T ke )
A(-o)-x

which can be _easily expanged 1o weigh! growth and % He gernera ired VB&F

WO

Operating Limits and Wamings £) 4 ya/ue of I pwst be erfored , /e. D=1, jn #e ease of Ha

Spe0ial VBEL and O< 1 (n the case of the generolizes VBGF.

2 Fe original pper by Sulland and Holt

method (and table) 7o ashimale the cnor /pvolved rh n3rng e approximations

in _%yq//bns (z) ;v_n_g_(_z_)_; When Ve print cplion is uses I _welghts | the oufput ave
% ond aw"/at yalues.

(1959) Shoutd &e aons&f-ﬂ'&;’,'f:”‘ a
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User Instructions

MUNRO  PLOT

nitielize initialize oeiefe W

4

(@]

Jorier L o anfer g Pl K's o gelere L gw K
STEP INSTRUCTIONS DATAUNTS KEYS Dmn
- —JC ]
GROWTH IN LENGTH (1]
(I
1 |tr Loey , D and jnifaliee Lio) 71 Lin)
o EE I_E ©. 000
1] '
2 | fnter dota_triplets Ly (1] Ly
- Ly (_I] 1 Ly
at CAa ][] é
C I
| 3 | Remove erronecous dolo_triplet Ly (F1C ] Ly
Ly Ce 10 Ly
- at (o ][] | é-«
)
4 | Colewlale mean value of K and cfs C.V. (g 0] K
C_ 11 .V
C ]
GCRONTH [N WEIGKHT I | .
C 11
&5 | Enfer Wia) L, b ond inikalize 773 .2 Wl
2 A 0
b WA 0. 000
C 0]
6 |Enfer dala friplefs > W 1] "
A (1] %
| 4t (a1l i
CJC ]
? | Remove erronecas dola  #riple? W (£ 1 L
W 2 | A
At CFI104] | é-4
L)
8 | Calculate mean value of K and is C.V. £ 1) K
' [ 0] C.V.
|-
NOTES : The Ot should be expresses L1 L__—]
N Jays. e K values are annua/raluss, [ |
For _print ppler , press l@ E.Q___]
To elear print opfion , perferm [eer ][ 2]
(1 1]
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Program Listing

STEP  KMEYENTRY  KEY CODE STEP  KEYENTRY  KEY CODE STEP KEYENTRY  KEY CODE
oo1 00! #L8La 211611 038 I+ 56 _| 07y RN -1 ]
002 CLRC 16-53 ] 039 RN 24 _ 076 RCLD 36 14 ]
003 P2§ 16-31 _ 040 040 2LBLE FE g77  RCLE 36 15
004  CLRG 16-53 041 5PC 16-11 | 078 3 -24
005 STOD 35 14 042 % 16 53 079 ¥x 3]
00 % 3] 043 PRTX -14 080 080  CHS -22 ]
007 STOA 51 044 STOO 35 00 081 RCiA 36 12 ]
008  CLX -51 ] 045 s 16 54 _ 052 + -55 ]
009 RN 24 046 RCLO 36 00 083 LN 32 ]
ot 010 xLBLA 21 11 ] 047 : -24 ] 084 XY -4 ]
01 STOC 3313 ] 048  PRTX -14 ] 085 - 45 ]
012 Ri -3 7] 049 RTN 24 088 RCLC 3613
013 RCLO 36 14 ] 050 050  R/S 51 ] 087 -24 ]
o4y 3] 051 #L8Lb 2) 16 12 ] 088 3 03 ]
015 CHS -22 052 (LRG  16-53 089 6 06 ]
016 RCLA AT 053  P:§ 16-51 ] 020 090 5 03
017 + -55 7] 054 CLRC 16-33 ] 091 x -3 ]
018 LN 327 055 STOE 3515 ] 092 FO7 16 2300 ]
019 Kzv -41 7] 056 K -41 ] 093  PRTX -14 7]
020 020 RCLD 36 14 057 STOO 35 14 09¢  F2? 16 23 02 7]
021 yx 317 058  Xzv -41 ) a3z RN 24 7
022 CHS -22 7] 059 * -24 ] 096 I+ 56 7
023 RCLA 36 1] 060 060 v J ] 097 RN 24 ]
024 ¢ -55 7] 061 STOB 35 32 098  R/S 51 7]
025 LK 327 062 X -51 ] 099 #BLO 21 14 ]
026 X2y -41 7] 063  RIH 24 ] 100 100 SF2 1621 02 1
027 - -45 71 064 #LBLB 21 12 ] tgr esea 23 11 7
028  RCLC 36137 065 STOC 35 13 ] 102 I- 16 56 ]
029 z -24 066 R 231 7 103 RIN 24 7
030 030 3 03"~ 067 RCLD 36 14 ] 104 #LBLd 21 16 14 ]
03t 6 a6 ] 068  RCLE 36 15 7 105  SF2 1621 02
032 5 05 7] 069 N -24 ] 106 €SBB 2342 ]
033 x -35 7] 070 070 yx 31 107 I- 16 56
03¢  FD? 1623 00 ] 071  CHS -22 ] J08  RIN 24 ]
035 PRTX -14 7 072 RCLB %12 ]
036  F27 16 23 027 | [ o3 ~55 ] 110
037 RN 24 7 074 LK 32
. - LABELS FLAGS SUT STATUS
onter L onfer W___|° print Peorr. L | # e Crint option | FLAGS TRIG DISP
_a'm{h'l/fle L t;'m'f/'a//'ze Wl dcorr. w [ ! 0 ch 95’: DEG X FIX &
0 1 2 3 q Z : 1 00O} eracO | sc O
5 5 7 5 3 feeetiens 1, m @ | RAD O | ENG O
300 n= 3
REGISTERS
0 vsed 2 3 4 5 3 7 0] 9
S0 S Sz S3 S4 3 S6 S7 S8 - ]
Zx used used used ued | ;
A 24 B (o3 D €
Ltw) N(Zs) ustd D b !




Program Deseription

_ which_becomes., in ferm:
._nofalion..

Tl <4 ) =~ (il - &= kO (k) 2

_frial and error_the ralue of ‘tuo) which produces e fowest OV in He
_ Kyalues_and which thus corresponds b Lo (= best Leoy). .
The method resem bles e _"forced” Eulland and Hott _Flot. in Hat

Ll
T_unegual time infrvel can_ be_used. J2_has, however, the odvantoge o

Zoriding sxact_oplytions (= K-valyes) irespective of fhe malue of dE.

mm_kﬂum’,@” f/otf e e e e
weme _ Danie/ rhuly. , Date Yeo?., /P80
Address . | ICLARM | #mcCC P 0. Box t50/ _. e
o _Mokoli , Mefro Mon o, Phrlpprnes e
Program Description, Equationa, Varlsm ete. - -

L Munro(198) sugaested phat_ _ .
T g (he Lo )=togy (Lo <de) = K (bm0) .. 1)

s of #r generalized VBGF ond wiing @ different . .

_Giren o ralie of Dand a first value of Lisy, egration(2) can be_used b oblain
single_values of K_(one for each dnpter of L1, Ly ond 4% (= La-t4) values). _

_ The caleulatad ralies of K hare_the property cf S€/ng clbse 7o each olfrer
when_an_optymal vale of. L) has _been seleoted, ond B differ widely fom .

___Others __when fhe Selected value of Lony 45 To figh or 7o fow. —
_Tbug, by caleuloting , for a given nilue of Laey e cocgpicient of spriarion
__of the K-ypalues (OV of K 2 S.d- of Kwalwes /A ),._ ore mac select by

Operating Limits and Wamings _%)_“c0) must _be higher thar ony Lx ralue .
e _.R0 A must be expressed 17 days. L
R Q) The K-ralves are put on an annua/ basis outomasce fy.
. — A4 ralue_of D must be emfered; sef Or 1 when using
- e _normal or "specval . VBGE . —
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Prewicss Page Blamk

1 FITTING SEASONAL

4

[
O
] W

User Instructions

F6a

LY OSCILLATING GCROWTY GITA I 2P

INSTRUCTIONS

KEYS

OUTPUT
DATA/UNITS

Kead sideg £ and 2 of card I and imtralize

Frifer dola

Read sides 1 ond 2 of card X , angd qo
. Users Instruclons Pari J.

NOTES -

9 Inpat_routine hkes about

/5 _seconds per dola triplet.
2) L‘,‘;\ s entered with each

gt o/’ lerngth - of - o92 yalues.

I

i

e
W

Ue
JUDOCOOOOENE

B
L]

JUOUG
]

il

nininln
AU
1
|

—
N
|?

|
L_J{_J_J
n

[Oooa
T

—_—
|
i
[

1
S )

o
L

|ﬂr—}f—i. Do )X b |

HRIAN
LU

0000000
100

|

10. 00

100000 - 00

100000.00

13

LAD

L
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Program Listing wiom
STEP KEYENTRY  KEY CODE COMMENTS STEP KEYENTRY KEY CODE COMMENTS
001 001 #LBLa 21 16 11 057 RCLC 36 13
02 CLRC 16-53 ] 058  « -35 ]
003 ST00 33 00 059 RCLY 36 05
00¢ STO4 35 04 | 060 060 RCLB 36 12 ]
005 sTO7 35 07 ] 065 x -35 ]
006 STy 3509 ] 062+ -55 ]
007 PS5 16-51 063 RCL4 3604
008 CLRE  16-53 ] 064 RCLA 3611
009  RAD  16-22 ] D65 ¥ -39 ]
010 010 RTH 24 ] 066+ -55 ]
011 wBLa 21 14 067 RCLI 360!
o2 st00 B4R S . 068+ -55 ]
TE 2471l 8 S €N 069 P35 16-31 ]
014 CHs 22 1S gD 070 070 5T63 35 05 ]
015 ! 01 RN 071 RCLA 36 11
016  + -55 7] RN 072 x -35 7]
017 LN 71 838 073 Ky ~41 7
018 sT00 3514 ] & o 3§ 074 STO4 3504 ]
019 Ay 4]~ 075+ -5 7]
@ Tow st 350370 Tv %o 076 STOD (5 14 ]
021 2 2| ° § N 077 P25 14-51 7
022 «x 5S> & 078 RCLB 36 08 7]
023 Pi 1624 ] r SXY, 079 RCLC 36 i3]
c4 X B o5 oS 660 080 x -35 7]
w25 SIH a1 SEIS 081 RCL7 36 07
026 RCLC  36137| N 082 RCL8 36 12 7]
027 X2y 4] §F e 083 a -35
028  RCLC 36 13 ~ g\é 084 + =55 7]
029 2 27| 3§§° 083 RCLS 36 05 7]
w0 030 x -1 3 § 086 RCLA 36 {1 7]
o1 P e ]| g .0 087 -35°
032 x -35 7 w 'S N 088 + -55 7
033 cos 4z 7] é) R £ S 085 RCL2 36 02
03¢ RCLO 36 14 TSR 090 090 + =35 7
035 $1+8 35-53 08 "L S YN 03( RCLY 36 09 7]
036 &2 53 7 092 RCLC 3613 7]
037  ST+9 35-55 09 | 093  «x -35 1
038 Rs -31 094 RCL8 36 08
039 GsB0 23 14 7] 095 ACLB ¥ 12 7]
5@ G0 - =43 7] 096  x -35
041 STOE 3515 7] 097 + -55 7
042 P35 16-51 098 ARCL6 36 06 ]
043 RCLI 3603 7 039 RCLA 36 11 )
044  RCLL ¥ 13 7] 160 100 x -35 7
045 x ~35 7] tor o+ -53 1
046 RCL2 36 02 7] 102 RCL3 36 03
047 RCLB 36 12 T 103 ¢ -55 1
048 x -35 7] 104 P25 1651
019 + -55 7] 105 st07 35 07 7
) 050 RCLY 36 01 ] 106 RCLC 36 13 7]
05! RCLA 36 11 107 x -35 1
032« -35 108 X2y ~41 7]
33 t 55 | 109 §TDE 35 06 7]
094 RCLO 36 00 110 110 RCLE 36 12 7]
059 4 -55 T ~35
056 ReL6 36 06| 1z + ~55
REGISTERS
1 2 3 4 1s 6 7
° a by ba by used used Used used P wed | uced
SO S1 S2 54 S5 56 S7 E) S9
¢, ¢ G & | e Cs c, Cs ¢, &
B8 C E 1
used uséd used used useo Courrter




Pl\'gmm Liﬁ“ﬂg (113t ond)

STEP KEY ENTRY KEY CODE COMMENTS KEY ENTRY KEY CODE COMMENTS

| [ 113 RCLO 36 14 169 RCLG 3608

114 + -55 7] 170 170 x =35 7]

115 1 01| 17t RCLE 36 15 |

116+ -55 | 172 RCL7T 3607 7

1Hr i 52 173« 35 7]

118 ST0D 35 (4 ] 174 P2S 16~31

119 RCLE 3615 ] 175 ST-6 35-45 06 7
120 120 x -35 ] 176 R¢ -31 7

121 STOE 3515 177 ST-5 35-45 05 ]

122 RCL7 36 07 ] 178 R} -3

123 X =35 | 179 ST-4 35-45 04

124 ST+3 35-55 03 180 180 P35 16-51 7

125 RCLE 3619 7 181 RCLD 36 14 7

126 RCLS 36 06 7 182 RCLé 36 06

127 . x =35 7] 183 X -35

128 ST+2 35-35 02 7 184  STOE 35 15 7

129 RCLE 36 15 7] 185 RCL6 35 06
130 130 RCLS 36 05 186 X =35 ]

131 X -35 187  RCLE 3615

132 STHl  35-55 01 ] 188 RCL7 36 07

133 RCLE 36 15 7 189 x -35

134 RCL4 36 04 7 1 %0 190 RCLD 36 14

135 x -35 7] 191  RCL7 36 07

136 ST+0 35-55 00 | 192 K¢ 53 1

137 RCLD 36 14 7 193 ¥ -35 7

138 RCLA 36 04 7 194 P25 16-51 =

139 x -35 7 195 ST-9 35-45 09
140 140 STOE 3915 196 R =31 =

141 RCL4 36 04 7 197  ST-8 35-45 08

142 x -35 "1 198 Ré -31 -

143 RCLE 36 15 ] 199  ST-7 35-45 07 ~

144 RCLI 36 05 200 200 P:S 16-51 1

145 X -35 201 1821 16 26 46 —

146  RCLE 36 15 7] 202 RCLI 36 46

147 RCL6 36 06 " 203 RTH 24

148 X -35 7 204 LBLD 21 14

149 RCL7 36 07 205 STOC 35 13
150 150 P2 16-51 7 206 RL -31 4

51 RL =31 7 207 ST0B 35 12 7

152 ST-2 35-45 02 7 208 RY -31 -

153 R -3 7 209 STOA 35 11

154  ST-{ 35-45 01 210 210 RCLD 36 14 -

135 RS -31 ] 211 RCLO 36 00 -

156 ST-0 35-45 00 7 212 Reud 36 01 =

157 RL =31 7 213 RCLA 36 11

158 RCLE 36 15 214 x -35 -

159 X -35 215 ¢ -55
160 160  §T-3 35-45 03 216 RCL2 36 02

161 P 16-51 217 RCL8 36 12

162 HiLD 36 14 218 x ~35

163 RCLS 36 05 219 + -55 -1

164 £ -35 7] 220 220 RCL3 36 03

165 STOE 3515 221 RCLC 36 137

166 RCLS 36 05 222 X -35 "
1 167 X ~35 223 ¢ 557
| 168 RCLE 36 15 22¢___ R 24

LABELS FLAGS SET STATUS
Ponter dok|° c C used 0 FLAGS TRIG DISP
a ., , b c d 1 ON OFF
il se oo ®| e O] FIX ®
0 1 2 3 2 + O 8| GRAD g gﬁg E;
2 O RAD

5 6 7 8 3 3 O g n=2

207
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Program Deseription I

Program T /2 Hing._Leasonally  Oscillating Growth Jole I
Memo D Fauly ond 6 6aschitz
"addrs _ICLARM, MCC P. 0. Box 150/

Makali | Metro Monila , Philippines

owe_July /17

Program Description, Equationa, Varisbles, etc. I){’ Tven o //?//Jn/'na/y /e of Leoy, @ valve
of. O and_ fng# - of - age dala , #ie program (Part I andf ) tskmales #e
valves of the porometrs K, & , ts and C pf the ezapf{‘gﬂ

——, “KD(t-ts) 1 00 L8 v-aimzir . Cé~ge)
Y R Sl A ’)

LA S 4 /1)
Mhich (s 0 vereion of We generalived VBEF Ju'thble T deseribe weasamadly
086 Noling . fengHy growH of animols | e.q. of frshes.

_?) The parameftr estimation & based on Ml regression anelysis ; e _calou -
lation_of_the regression cotffrients s based on #e program " Melfple_Regression
Aralysis " No. 50584 | HP 67/9F  Users’ Library (Larcpe )by Jaoio_Wes -
ferlund . By deleting s&p 009, ond sleps 012 % @34, e presens program
001 0/ be_US€d for 3ofying. mulbple lfegression froblems iwolving 3 /-
_dependent yariables (ee pfrogram Listing ). In such cases, e second part
}aAj/]/'! program. may be ased. Aor. es‘f/.'noz_’/'ﬂq RE (e regressian _coefficions
(8.b b . and b ) are sbred o STOO % S703)

B The [arge_number (10%) usecl when inihalizing may be replaced by amy
large_namber of simiiar magns e .

4) The . _,ev'of?ramtﬁ_c}epk only //fé -;cér as fme (. 096) M/E' ]bve a/yﬁo)(;;'aé’c
eonreraions may ébe performed when enfering #e dita.

)
Opersting Limits and Wamings £ Zi, = L.

MASE alwags be @ pos/tive number

2).7he falues of Bime (age) must aloays be aypresse
e .. Inyears_or frackons ¥iereop.




User lnstructions

INPUT

and qp 1o _step 7.

NOTES :

STEP INSTRUCTIONS DATANGTS KEYS DATATNTS
1 __]
3 | You hove oheady readin sides s ond 2 of s C1C
program card, /f pot , do ¢ row. (11 ]o-coo
I
4 | Caleulote R* A1 R*
(.
5 | Calculate kB, to , b and C C_J [«
C I [ e
I . s
10 c
I
6_|7 estimat the length Corresponding o o gren 0]
t yalug, perfa/-m L/ﬂn [sro][Aa’] L{:n
)
7o | Then calculate valve of L t (eI ] Ly
7b_| Step 7 may be repeated of will, e.g. in order 0 (/e %] L
draw o 5egfona//{/ osciflating qrowth Curve. C_ 1]
]
8 |If Ly ynlues are b pe caleulo fed without #e 11
parameters _having been esimated (nterna lly, C_JC ]
perform rﬁA_—l 'Men L ;.,m l_/ﬁ 3
KD (<] KD
to b
€s (e} ts
C [sro] 7 ] c
CJ1C 1
CIC ]
(. JC ]
CIC ]
]

3) When C oulput js_negatjve,

fransform L ard ts decprding %

n
]
B
L

instructions in Frogram Rsoyplies Z.

2) Selfing C>0 in §kp 8 et/ mates

yalues of L for fhe un cagom iz ed
VBGF .

[
Ll

oo
JUodoouG
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ngram L‘Sﬂ“g (001 10 112)
STEP  KEVENTAY  KEY COOE COMMENTS STEP KEYENTRY  KEY CODE COMMENTS
001 00! LBLA HET 057 RCLA 36 11 ]
002 3 03 7 098 X ~35 ]
003 5704 35047 059  RCLD 36 14
004 P:§ 16-51 7 060 060 RCLS 36 05
005 RCL7 36 07 7 061 x =35 |
006 RCL4 35 04 062  RCLE 315 |
007 X ~35 7 063 - -4y _
008 RCLS 36 05 7] 064 RCLB 3612 |
009 RCLS 36 05 065 x -39 ]
010 010 X =35 7 065 - -45 ]
011 - -45 7] 067 RCLC 36 13
012 sT0A 33 11 7] 068 RCLA 36 11 ]
013  RCLS 36 08 ] 069 x =35 ]
014 RCL4 36 04 070 070 RCLB 36 12 ]
055 X -35 ] 071 RCL8 36 12
016 RCLE 36 06 072 x -35 7]
017 RCLS 36 05 073 - -45 7]
016 x =35 ] 074 . -2¢ 7]
019 - -45 T o075 p:s 1651 7
020  sT08 35 (2 076  ST05 3505 7
021 RCLY 36 09 ™ 277 2 16-51
022 RCL4 36 04 078 ACLD 35 14 |
023 x -35 079 RCLS 3 05 |
024  RCLG 36 06 080 080 x ~35
025 RCLE 36 06 081 RCLE 3615 7
026 X -35 082 - -45 7]
or - -45 - 083 Ky -41 ]
028 sTOC 35 13 ] 094 RCLS 36 12 7
022  RCL4 36 04 ~ 085 x -35 7]
0 030 RcL2 36 02 086 - -45 7]
031 RCUY 36 01 - 087 RCLA 36 1177
032 25 16-51 [~ ~T o098 : -24 7
033 RCLS 36 08 089 P25 16-31
034 X -35 090 090 STD6 35 U6 ]
035 Rci! 36 01 ] 031 FCL 36 05 7
036 - -45 992  P:5 16-51 71
037 S0 35 14 093  RCLE 36 06
038 Rd -31 094 x -35 7
039 RCLB 36 08 - 095 K2y -4 7]
o 040  x -35 - 096 RCLS 36 05 7]
04]  RCLZ 36 02 097 X ~35 7]
042 - -45 096 + =55 7]
043 X -35 099 RCLO 36 14 7
044 STOE 35 15 100 100 + -55 77
045  RCLI 36 03 - (01 RCL4 36 04 7
046 RCLS 36 08 — 102 2 -24 7
D47 P25 16-51 — 103 CHS -22 7]
048 RCL3 36 03 104 P35 16-31 1
049 x -35 — 105  sT07 35 07
= 050 - -45 = 106 RCL] 36 46
05! RCL4 36 04 — 107 RCL4 36 04 7]
052 x -35 = 108 - -45 ]
053 RcLw 36 14 7 169 ! 01 7]
05 RCL6 36 06 310 110 - 45
055 X -35 7] 111 sroa 511
036 * -55 112 RCLO J6 00
REGISTERS
0 i 2 3 4 5 6 7 9
a b b, ] b, wsed/x used/to | used /¢, I used/c used used
S1 SS S8 S7 S8 S8
00 C’, lsz t’ [_', "4 cd’ a‘ I (,? 6} 6'9
A 8 C D IE I
used l used used used used r




Program Listing i:ww

21

STEP KEY ENTRY KEY CODE KEY ENTRY KEY CODR COMMENTS

113 RcL8 36 08 169 T 24

1 x -35 ] 170 170 CchS -22 7]

115 RCL7 36 07 1L TaN 16 43 7]

116 ACLL 36 ot ] 172 Pi 16-24

117 X -35 173 3 -2¢ 7]

18 + -55 7] 174 2 02 7

119 RCLE 36 06 175 H -24 7]
120 120 RcL2 36 02 7] 176  PRTX -14 7]

121 X ~35 7 177 5TG6 35 06 7

122 + -95 176 €58 23 [6 11

123 RCLS 36 05 179 SIN 41

124 RCl3 36 03 7 180 180 RCL4 36 04 1

125 x ~35 " 181 x -35

i26 + -55 " 182 RCL3 36 03 7

127 RCLO J6 08 T 183  £SBn 23 16 11 T

128 A2 53 ] 184 3 ~24 ]

129 Rit) 36 46 " 185  1/% 52
70 130 + -24 " 186  PRTX -14 4

131 STOE 35 15 ] 187 sTo7 35 07 "

132 - -45 " 188 RIN 24 -

133 sTDO 35 14 7] 189 eLBLC 2113 7

134 RCLY 36 09 7 %0 190 s708 35 12

135 RCLE 36 15 ] {9t RCL6 36 06

136 - -45 7] 192 - -45 "

137 STOE 3515 ] {93  §SBa 23 16 11

138 ) ~24 " 194 SIH 41

139 S708 35 12 7] 195  RCL7 J6 07
0 140 RCLE 38 15 196 x -35 -1

141 RCLD 35 14 7] 197 Pi 16-24

147 - -45 7 198 : -24

343 RCLA 36 11 - 199 2 02

144 z -24 7 200 200 + ~24

145 sToC 35 137 ———1" 201 RCL4 36 04

146  RCLD 36 14 7 202 X -35 *

147 RCL4 36 04 7T 203 RCLB 36 12 =~

148 : -24 7] 204 RCLS 76 05 ~

149 RCLC 36 13 - 205 - -45 +
150 150 z -24 - 206 RCL4 36 04

151 §T00 35 14 7 207 X -35 *

152 RcL8 36127 208 + -55 =

153 RN 24 " 205  CHS -22

154 ¢LBLE 21 15 7 210 210 ex 33 ™

155  RAD 16-22 215 CHS =22 7

156  RCLI 36 01 "] 212 ! 01

157 CHS -22 ] 213 + -55

158  PRTY -14 ] 214 RCLA 36 11—

159  ST04 35 04 215 x -35
160 160 CHS -22 7 216 RN 24 ™

161 RCLO 36 00 217 #LBlLa 21 16 11 =

162 2y -41 7 218 Pi 16-24

163 5 -24 7 219 X -35 -

164  CHS -22 ™ 220 220 2 02

165  ST05 35 05 7] 221 X -35 -

166 PRIX 14 7] 222 R 24 ]

167 RCLI 36 03 ]

168  RCL2 36 02

LABELS FLAGS SET STATUS
NPT O C, Le 2 I-ErK,t,Jt,,C 0 FLAGS TRIG DisP
a
wrxsz [ofrer [ ¢ ° ' 0% | oes 0| Fx &
9 2 3 7 F 108 aMog scl g
2 O® | RAU

5 7 (] !r 3 0 ® nz3
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Program Deseription I

Progrem T __ [/ 4/ng_Veasonally _Qccillating Gromth Jats §

Neme D Fauly ongd G- Gaschiite , " Date ety , P9
pddees . _ACLARM |, Mce P.O. Box 1501 , o
e . _Makaly , Mefro Manila , P/0pprnes e

Program Description, Equations, Varisbiss, etc. ( See. a/éo Hogrom Lescriphon L)

8) The_routine for fre eshimation of RY is baken fom " Shetichcs for Motipl
Regressmon_Analysis * No. 50595 |, #P 67/97 Users’ Lidbrary ( furcpe )y
. Tapio. Wester lund .

6) Dt o sige _limidation , e program may KoY always produce pos/rire yalues

_,o,{__C_-_ff Q Mqarive yalve of C s encounferea’, #He Solowing Hrans formarons.
Should be applied

e O) chage -0 B sC L
and B 0dd 05 b the wineof b5 L
—_Athrugh He o 5255 of Cond 5 values (oripinal o Homspormed) are..

) _esg/ka/erft /‘ﬂ,ﬁe/f_r“q/}/’ea/s o1 Q. grow¥h curve, ™e use of e sranslormed m/aes
,agg;,c.;__ézﬂ‘cr Wi the aefinson Gf_C gives7 /o rbe Fext.

2) Bogram_ . 50555 (see &) above ) rray e ised subsequently b His

program_ fo obtain odditipnal statishes. Sor e mulliple lnear regression (e 7_;,,,
Io_oblain Standard _ errors

and f-values Jor 1%e regression DAL cresrs ..

Operating Limits and Warnings /) /7% va/ues of #me. (age) must always be expressed sn,
L - YEArS  or fachons Hervef.

e D) Do 0L forger, when applicable | e Hranspormatiogs
S e e recommenged in 6).
T 2 Stepe ¢, 7 and & must follow sieo 5. T




4"y

()

L

User Instruetions

JEASONAL GROWTH FROM TAGGING MATA

FBg

P

STEP INSTRUCTIONS ) A KEYS OATANTS
(1
1 | frfer O and inifiskiee p [A1(e ] |o.000
(N .
2 \Vfnter dalb > L (0 ) 'y
Le A1 Ly
Y (1] ¢
=l r¢ee) | (A ] ¢
B (1C]
3 |Estimate a, b, b, and R? [;j RE
— ] a
L [ J0L__] b
(10 by
_ (]
4 | To eslimate _yalue of L and K, enter T T 1 e 1) Lea
N:B. K will_be expressed in the units I B A K
of fime_selected for 4¢. [‘jl l_._,_: :}
5 |To esthmate value of C  ernter Io. T, ond T * b 0 N
|7 L2717
7 L2 e ] C
i i I i
6 _|To estimote yalue of K based on 0 foreing ] T
Valug of Liny, do Loy | it 1L ]
’ 2 £ 0l e ] £
I A
NOTES : (10 7]
¥ Ty _: highest mean_monthly femperatwe [0 ]
in_q year I
Ty _lomest mean monthly Tempura bure (I B B
n_a yeéar ] S
T _t nean annaal femperature [l . ” {
[0 )
I |
(1]
)
I
([
L JL

213
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Program Listing wiwm
STEP KEY ENTRY KEY CODE COMUMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 001 «i8Le 21 16 II 057 RCLB X172 ]
002 (CLRC 16-53 7] 058 RCLC 3613 ]
003 P25 16-51 ] 0359 x 35
004 STOO 35 00 000 060  ST+3 39-55 03 |
005 P2 16-51 061 i 0 ]
006 LK ~51 7] 062 ST+ 35-53 00 |
007 RN 24 7] 063 RCLO 36 00 |
008 wiBLA 21 117 064 RIN 24 7]
009 P35 16-51 7] 065 sLBLY 21 01 ]
010 010 STO4 35 047 066 §T+i J35-55 45 |
T ot Ré =31 7] 067 RCLI 36 46
1oz sto3 35037 068 3 03 ]
03 RL =31 7] 069 - -43
014 RCLO 36 00 nT0 070 sTol 35 46 7]
N aIE y* 3] 071 R -3
016 ST02 35 02 072 %2 53 7]
017 R -3t 7] 073 ST+i 35-35 45 7
018 RCLO 36 00 7 074  KIN 24 7
, 09 y ke 075 +LBLE 2115 7]
520 020 STOI 35 01 ] 076 RCLO 36 00 7]
021 RCL2 36 02 7 077 RCL4 36 04 7]
022 + -55 7] 078 X -35 7
023 2 02 7] 079 RCL? 36 07 ]
024 % -24 7] 060 080 i 53
025 RCL4 36 04 081 - -45 7]
026  RCLZ 36 02 7] 082 $T00 35 14 7]
027 RCLI 36 01 7] 083 RCLO 36 00 7]
028 - -45 7 084 RCL3 36 037
029 RCL3 36 03 085 x =35 7
%0 030 = -24 086 RCLS 36 08 7]
031 P25 16-51 087  RCLY 36 09 7]
032 sToc 3513 ] 088 X ~35 7
033 Ri -31 089 - -45 7]
1034 sT0B 35 12 090 090 X -35 7]
035 R4 3] 7] 091 sToc 35 137
036 STOA 35 11 7] 092 RCLO 36 00 7
037 ? 07 1 093 RCLI 36 01 -
038 srol 35 46 094 X -35 7]
039 R -31 095 RCL? 36 07 7
040 040 GSB1 23 01 7] 096 RCL: 36 08 7
041 8 08 0s7 X ~35 7
042  ST01 35 46 098 - -45 ]
043 RCLB 35 12 7 099  S104 35 11 7]
044 6581 23 01 100 100 RCLO 36 00"
045 9 09 ] 101 RCL2 36 02
046  STO1 35 46 102 X -35 7
047  RCLC 36 13 103 RCL7 36 07
048  £SBI 23 01 104 RCLY 36 09
049 RCLA 36 11 7 105 X -35 7
050 050 RCLB 36 12 106 - -45 7]
051 x -35 1 107 s708 35 127
052 ST+ 35-55 01 108 X -35 7
053 RCLA 36 11 ] 109 R 36137
05¢  RCLC 36 13 ) 110 1o X2y 41 ]
055 x -35 1t - -45
056 ST+2 35-55 02 112 __RCLD Je 14
HEGISTERS
)] 1 2 3 4 5 ;] 7 8 9
n Zxy Iy, 2yy 3 x?* Xyt Sx* Zx Iy 2z
S0 S1 S2 [S4 S5 S6 S7 S8 S9
p [ [P [Pa [rée)
A B [ D E 1
a b ¢ used useqd Ased




Program

Liﬂlﬂg (113 t0 end)

STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS
113 RCLO 36 00 769 PRIN -4
114 RCLS 3605 ] 170 170 RCLB 36 12 7
115 x -35 | 171 PRTX 14’
116  RCLS 36 08 172 RCLC 3613 7
nr X2 53 ] 173 PRIX <14
18 - -45 ] 174 RIN 24
119 X -35 7] 175 eLBLC 21 13 7
120 120 RCLA 36 11 7] 176  RCLC 36 13 7
121 X2 53 7 127 x -35
122 - -45 ] 178 RCLA 36 11
123 + -24 179 + -53 1
124 sToC 3513 7 180 180  RCLA 36 12 7
12> RCLB 36 12 181 2 ~24
126 RCLA 3611 7 182 25 16-51
127 RoLC 36 13 1 183 RCLO 36 00
128 x -5 18¢ 1% 52 7
129 - ~45 ] 185 yx 31 7
130 130 RCLO 36 14 7 186  CHS -22
131 s -24 ] 187 PRIX -14
132 S708 3512 1 188 RC4 36 12
133 RCLY 36 09 7 189 RCLO 36 00
{34 RCLC 3613 7 %0 is0 % ~24
135 RCL8 36 08 ] 191 CHS =22 "
136 X <35 7 192 P3§ 16-51
137 - -45 7] 193 RN 24 7
138 RCLB 3612 7] 194 elBlc 21 16 13 1
139 RCL? 36 07 7 195 s70l 35 46 "
1% 140 x -3 196 R -31 A
141 - -45 197 - 45
142 RCLO 36 00 ] 198  RCLC 36 13
143 : -24 199 x -35
144  5T0A 351 200 206 RCLI 35 46 1
145 RCLY 3609 201 RCLC 36 13 1
[~ T 146 x -35 1 262 x -35 1
[~ | 147 RCLB 36 12 7 203 RCLA 36 11
146 RCL2 3 0z 204 s -§5
149 X -35 205 2 02 A
% 150 + -55 206 x 35 -
151  RCLC 36 13 7 207 s -24
152  RCL3 36 03 7 208  PRTX -14 ]
153 x <35 7] 209 RN 24
154 v -55 ] 710 210 elBle 21 1615
155 RCLS 3609 1 211 RCLC 3613
156 Xz 53 1 212 X -35
157 RCLO 36 00 213 RCLA 36 11
158 $ 24 214 + -55 -
159 - -5 215 XY <41
180 160 RCL6 36 06 1 216 z -4
161 RCLY 3609 7] 217 P 16-51
162 Xt 53 7] 218 RCLO 36 00 1
163 RCLO 36 00 209 P§ 16-51
164 $ -24 7 220 220 1/ g2
165 - -45 ] 221 yr 31 ]
1es + -24 ] 22¢  RIN 24 7]
167 PRIX -14
168 RCLA 36 14
LABELS FLAGS SET STATUS
A ] — 10 =
—» enier daks vl & s % 0,6,c FLAGS TRIQ DtsP
2 .. c_ _ d 1] 1 ON OFF
isitiaize LT . In¥C Lia) T #K | oD ®| oec B | Fx ®
0 1 2 3 4 2 1 O®| crRADDO | sci g
2 0®| RAD O | ENG
5 6 7 8 9 3 10 ® n=3
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Pregram Deseription

Program Tie _Seasora/ Growth from Tagging Dok e
Donie/ Ruly V Oate \/svary , /1982
AICIARM , Hce Po. Box 150/ o

 Makaly | _Melfro Monila , Philippines e

Program Description, Equationa, Variables, otc. 4 _mu/fjpk Iegression of #he Sorm

7 Y04 544"1.»‘”4‘)(; _ - _- 1

| U5 used Hp_eshmate #»cﬂaro meters Lo _ond X “o/iz‘.;é"?_w”"f/’ . ?z{vi}"ﬁ_//ﬂa/zlzgm
. definitions ogply . . S

e AP LTt md Xy = P2 whee Ly omd

Ly are ﬁiie__/m;zﬁ ot /équ'a_c; ond 'm‘_ zre_m,o_/x;;‘;; )w,p.rm'/)/; , .c__'ar/.'é..»‘po.ﬂa}iz‘z,<a_f'é—:w
the_dimes 1y ond %y , while X, is_the mean marer femperature when o qiven frsh
was al large (7). Thus, qiren o serigs of Le ond by dala, of e Bimes af large
.and TRir gorresponding temperatures . e qrow % parameders ean ba copmated
7 A l = 01‘7&7))1/0 , .. 2)

L -6 | L
and e e — R B
K ='_—b/0 L e e BY

cond . C s (B (BT )] fefas (BT )Y T g T
_Mbere T s the highest (summer) ond Ty the lowest (ninter) mean mogthly Hemperatures
.0 the water body in question , whik T Js the mean annual temperatire. )

>Ln—_a~ri/gy£/ b He 'ifo;f{d bullana ﬂzﬁ’ Holt Fbt ( see #a?r-m;; /‘B 5), f'm:mym/ae
of Y40) Can be uced in conjunchion with equation £), wich olfows for K B be es-
#malted eren when the P'sh. used represenfed o narvow. 1ORPE of fengiHs only.

Operating Limits and Wamings £) @_vo/ke of O must be emteredd, /-e. , D= 1 when e goeeral

e NBEE [s_used | 0nd D21 phen #e gencralized VBGF & used. .
e A Ve ralues of Ly K e C obraned by s methed are
- DEpHmak_ond should be confirmed whenwver possiéle #sing ofier mediogss,




& CrueRALIED
~ »L —
g &L e

User Instructions

VBGF AMD DRI

e,

TIVES = Solurions  FE9 el

STEP INSTRUCTIONS DATAUNTS KEYS om“uf:
JC_]
4 | Fater in any order, th¢ required consten’s (0
g Loo lsre J [ A"] leo
Weo (sro] Wo |
K X
to (s70][o_] to
D (o] D
b* [s7o] b
1]
2 | Find solutions : (1]
]
2.0 length ot a given oge ¢ LA ] Le
21 weight ot _a _giren oge t (8 1) W
7.2 0ge gt a g/ven_length L (¢ ] €
2.3 Oge ot a aiven weight W [£ 1[e] t
2.4 Lo for 0 giren length ond age L A Ly
¢ £ ] ts
25 Yo for g _given weigh! ond age M (2 L/
¢ Lz Jle ] to
2.6 /qu#) ar inflection 'pa/'/)/ of Curwe ik (2 1e ] L
27 weight ot inflection point of curve (£ 1[5 ] | m
28 growth rate gt o given fength Ly Co 11 [a/9t
2.9 c';roﬂﬁl rote ot a qiven weight We (£ L ] |dw/de
N
3 | Fskimote d and O from Wmax (in qram:). )
Enter_Hy, Moz | Lér8) (7]
)] [
C_JC ] 4
L 10 ]
NOTES : (R
¥ Exponent of length-weight relo - (.
fionship. ' 10 ] |
P Skp 2.6 can be performed (R
only when D< 1. [ ]
[ 1]
I
(I
(N |
L J 1

217
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Program Listing wiwn2
STeEP KEY ENTRY KEBY CODE COMMENTS STEP KEY ENTRY KEY CORE COMMENTS
oot JT oot eLBL2 2 02 057 RIN 2
002 RCLD 36 14 7] 058 #LBLC 2t 13 7]
003 1K 52 059 581 2101 |
004 yx 3 060 060 RCLO 36 00 _
005 RN 247 0c1 + -55 ]
006 #LBL3 21 03 7 062 RTN 24 |
007 RCLD 36 14 7 063 #LBLI 21 01
| 008 RCLE 36 15 7] 064 RCLA 36 11 7
009 ¢ -24 7] g5+ -24 ]
010 010 yx 3] 066 RCLD 36 14 ]
Coif RN 247 067 vx |
012 iLBL4 21 04 068 CHS -22
1 o013 Rel2 36 01 ] 069 ! 01 7]
| 014 RCLD 36 14 7 070 07¢ + -55 :
%" J15 x ~35 7 071 LK 52 7]
iié x -35 072  CHS -22
017 RN 24 7 073  RCLI 36 01 7
018 wLBLS 21 057 074  RCLO 36 14 :
019 3 03 075 ¥ -35
550 020 RCLE 36 157 076 < -24 —1
021 B -2¢ ] 07?7 RN 24
S22 x -35 7 078 #BLc 21 16 13 ]
023 RTH 24 079 580 23 00 7]
024 aLBLE 21 06 7 080 080 RCLO 36 00 T
025 RCLI 36 01 081 + -55 7]
026 RCLD 36 14 082  RTH 24 7
= 027 x -35 083 xLBLO 21 00 ]
028 X -35 ] 084 RCLB 36 12 7
029  CHS ~22 7 085 £ -24 ]
%30 030 X 337 ' 086 RCLO 36 14
031  RIN 24 7 087 RCLE 36 15 7]
T 032 =#lBLA 21 (1 088 % -24 7
033 RCLO 35 00 089 yx 317
— 034 - -45 090 090  CHS -22 7]
035 6586 23 06 091 | 01 7]
436 CHS -22 1 092 + ~55 7]
037 i 01 - 053 LN 32 7
038 + -55 = 094  CHS -22
039 €582 23 02 095 RCLI 36 01 7]
T 040 RCLA 36 11 096 6585 23 05 7
041 X -35 ] 097 RCLD 36 14 7
042 RTH 2¢ 098 X -35 ]
043 sLBLS 21 12 7 099 = -24 7]
044  RCLO 35 00 100 100 RTN 24 7
045 - -45 100 sLBLE 21 15
046 6585 23 05 102 5702 35 02 ]
047 6586 23 06 103 2y ~41 7
048 CHS ~22 7] 104 GS81 23 01 T
049 I a1 - 105 RCL2 36 02
050 050 + -55 106 - =45 7]
05!  RCLE 36 15 107 CHS -22 7
052 RCLD 36 14 108 RTH 24 7]
033 2 -24 7] 109 wlBle 21 16 15 ]
054 yx 3] 110 10 sT02 3502 _
055 RCLB 3 12 111 2y -41
056 X -35 7] 112 €S8O 23 00
REGISTERS
1 3 4 5 6 7 8 9
° b K used | !
S1 S2 T&-» 54 S5 56 57 S8 S8
|
A B C V] E
Lo Weo D T s
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mmm Llsllng (113 to end)

STEP KEY ENTRY KEY CODE KEY ENTRY KEY CODE COMCAENTS
113 RCL2 36 02 _ 169 #LBLd 21 16 [4
114 - -45 ] 170 10 sT02 35 02
, 15 CHS -2 ] 171 RCLB 36127
116 RN 24 _| 172 Ky ~41 7]
117 elBla 21 16 11 173 s -24 7
o118 RCLD 36 14 ] 124 RCLO 36 147
" 119 LN 32 175 RCLE 36 15 7]
w0 120 e 3] 176 = -24 7]
121 CHS -2z 7] 177 y* 31
122 { 01 7] 178 ! 01
123 + -55 _ 179 - -45
124 ¢sB2 23 02 180 180 RCL2 36 02
125 RCLA 36 11 7 181 x -35
126 X -35 7] 182 RCL! 36 01 7
127 RM 24 7 162 X -35 1
128 sLBLb 21 16 f2 7] 184 3 03 -
129 RCLE 36 15~ 185 X -35
130 130 RCLO 35 1477 186 RIN 24
131 - -45 7 187 ®LBL7 21 07 1
132 RCLE 36 15 7 188  sPC §6-11
133 3 -24 7 189 LOG 16 32
“34  RCLE 36 15 7 190 190 . ~62 T
135 RCLD 36 147 191 0 00
136 B -24 7 192 3 03 7
Rk ¥ 17 193 5 05 7
139 RCLB 36 127 194 7 07
139 x -35 7] 195 ‘4 04
140 140 RTH 247 196 x -35
141 #LBLD 21 14 7 197 . -62
142 ¢s8C 23 13 7 198 6 06
143 5702 35 02 199 7 07
144 RCLO 36 00 70 200 4 04
145 - -45 7 201 2 02 -
146 ¢5B6 23 06 202 + -55 =
147 HS ~22 7 203 PRTX ~14
148 1 01 7] 204 3 03
149 + -55 71 205 X -35
150 150 RCLD 36 147 206  CHS -22 -
151 1% 52 7 207 3 03
152 1 017 208 + -55 -
153 - -45 7] 209 STOD 35 14
154 y¢ 1 7 210 210 PRIX -14
' 155  RCLA 36 117 201 RN 24
156 RCLD 36 14 7
157 s -24 7
158 X -35 7
159  RCL! 36 01 1
180 160 x -35 7
161 RCLO 36 14 7
162 X -35 7
163 RCL2 36 02 7
164 RCLO 36 00 7 220
165 - -45 ]
166 €586 23 06 ]
167 X -35
168 RIH 24 —BEE _ _
FLAGS SET STATUS
- LAB
et Prowm e >t BZ; » dl/dﬂga,t -t, [ FLAGS TRIG DigP
a b
oy L > W Mt | gy Lt vts | oD% oee @ | Fx ®
1 2 2 4 1 O®| GrRADO | sci 1@
- used I_rased - es . used used - 20 ® RAD O ENG 01
used used -+ d, 0 r 30N n=
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Program Desecription

Program Tithe ___ Generalized VBSF gnd Denwtires © Solubons
Name . Donle/ Pouly

Date Dec /99/

Address . _JCLARM . McC PO. 8oy 150/ o
_________ Mokal; , Meiro Monilo , Philippines e

Program Deecription, Equaticns, Varisbles, etc. /¢ gerera lized yon derfo/a;;v Ay Growr Farwk
- CUBGF) has for kengt #e form

e ——— e - .. =AkO (f 'tp) -;/ - . e . .
o Ly he (1-6 )T R )
 ond o de d;r;o_r‘//e 5o - B o o o
- R o KD (L -~ b, -t <KD (b=t
Y 7 IR WP VO ke e
u’hM_E“_{ ljfjef! is on inflewion point ot Fme ) T B .,,._
e — D - - . . . . . B — Y e mme s
TR -Iﬂ-p— L o s 2 B
_ond ot kgt oy, L
T st T1-e! )/0 T
He_qenerolived VBGF for weight ;s -
........ — '/w-g(t - 7). -’/o e
e b= e (1- ) , 8)
ﬂvc fms/ _derivatire_of which /S‘ _ .
T —ADG (F-1p) £ =1 _-mp (t~t) - -
e dwlds = Mo 2k (1-e  °T 7 )" a” ,i‘ s @)
_the_weigh! of the infleaion point being given by
e - b b-0 \%b N
W= ) A
fgaof/ons 1) ond 6) C”’f“/’aﬂd fo the normal, or "speclal ” VBGF.  when
D*14 and 623 . Dand d are estimated from €quations &é) ond 2R}
in Poaly  (1981). -
Operating Limits snd Warnings “Q_ééuaf/bﬂs_ 3) and 4) have np solutrons when D= z.
e L) Le and w, /;7-145‘/ w’mv;; b? _lomer thian 40 a»;d 'y
. o m/‘tc‘/m’/y-_ .




User Instruetions

" FB1p

TJOTAL MORTALITY FROM MEAN WEIGHT Z’
INSTRUCTIONE ' DATANINTS KEYS omnmﬁcn
L]
fnfer i , K b anst 2, A ]
K L]
te 1]
1, (Ca] 0-000
C_]
tnder W W La ] W
1
Enter TOL (fokroted error, e-9. o0.004) 7oL % 7oL
Caleulate f(a.) and { (b): [
enfer o high Z- valie Z (@) (] | £
enkr o _Jfow Z-value Z (b) (] | £¢8d
]
Note : £(a) must be nemabve. £(56) pas, - 1
fve ; if s 7s_n1of _she case, C 1 ]
enfer_new_yolues of Z2(a) and/ [ ]
or Z(b). 1
C_1
Tierote for Z CO [z
]
]
L

i

0CHOEO00C0000 000000000 =M CRORNAD

JInOndoooodooon

221



222

Program Listing oo
STEP KEY ENTRY KEY CODZ COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 001 #LBLa 21 16 )1 057 B -24
002 - -45 ] 058 RcL8 3% 12 7
003 XY 41 7] 059 N2V 41 ]
004 STO! 3501 7 000 060 - -45
005 x -35 7] 061 STuD 35 14 7
006§  §TOS 35 05 71 062 RCLB 36 12 7
007  X: Th 063 - -45 7]
008 ST04 35 04 064 RCLC 36 13 7
009  CLX -51 1 065 RCLB 3612 7]
a1 010  RTH 24 7 o6 - -45 7]
T 011 wiBle 21 16 15 T 067 z -2
012  STOE 3515 7 068 X7 16-45
013  RIN 24 ] 069 crol 22 01 7
014 4lBlb 21 16 12 T 070 070 ] 0! 7
215 ST06 35 06 orL Kx4Y? 16-35 7
016  RIN 24 7 072  ¢r0I 22 01 ]
017 *LBLA 21 11 7 073 RCL8 36 12
018 STOB 35 12 7 074 RCLC 3% 13 7
019  £SBD 23 14 075 - -43 ]
50 020 ST08 35 08 076  ABS 16 31
021 RWN 24 1 or? 4 04 7]
022 +LBLB 2112 7 078 % <24 7]
023  STOA 35 11 079  RCLD 36 14 7
024 sI0C 3313 7 000 080 RCLC 3613 7
025 €SB0 23 14 cal - -45 7
026 SrTO7 15 07 082  #BS 16 31 7]
027 STDY 35 09 083  X<Y? 16-35
028  RTH 24 084 GTo1 22 01 ]
029 LBLE 21 15 1 085 RCLI 36 46
30 030 RCLS 35 08 086 RCLO 36 14 7
031 X=07 16-43 087 RCLB 36 12 "
032 CI05 22 05 1 088 - -45 1]
- 033 RCLB 36 12 089  ABS 16 31 7
——[ 034 RCL: 3613 ] 590 050 X»y? 16-34 7
035 - -45 1 091 6702 22 02 7]
[ 03¢  4A8S 16 31 09z XY -41 1]
037  RCLE 3615 1 093  RCLC 36 13
038  XOv? 16-34 - 094 RCLB 36 12 4
039 67105 22 05 095 - ~45
v 040 2 02 096 ENTt -2t ]
041 5 ~24 037  ABS 16 31 7
042  EEX -23 7 098 z -24 7]
043  CHS -22 1 099 x -35 7
044 9 09 100 100 RCLB 36 12
045 RCLB 36 12 101 + -55 7
046 X -35 1 102 570D 35 14
047 + -55 103 GrTO2 22 02
048  sTOI 35 46 1 104 #LBLI 21 01
049 RCLB 36 08 105 RCLB 36 12 7
) 050 RCL? 36 07 106 RCLC 36 137
051 RcL8 36 08 107 ¢ -55 71
052 - -45 ] 108 2 0 -
053 RCLA 611 7] 109 = -24 7
05¢ RCLB 3612 ] 110 1o ST0D 35 14
055 - =45 ] 111 LBL2 21 02 ]
056 z -24 112 RcL8 36 12
REGISTERS
1 2 3 4 5 B8 - 7 8 9
* used K Z [ Mo Ke-6)| K used ysed | used
S1 82 F‘ S5 S8 7 S9
B8 C D E 1
A aced sred vsed wed TOL




Program

Lisling {113 to end)
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STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS

113 5108 35 11 183 X 33

114  RCL8 36 08 170 170 RCL3 36 03 7]

15 §107 35077 17 x =35 |

116  RCLD 36 14 7] 172 3 03

117 5708 35 12 7] 173 X -35 7]

118 658D 23 147 174  RCLI 36 01 7]

119 §T08 35 08 ] 175  RCL3 36 03 7]
120 120 RCLY 36 09 7 176 + -5§ 7

121 X =35 7 177 3 -24 71

122 X¢07 16-45 7 178 - -45 7]

123 ¢ro3 22 03 7] 179 RCLS 36 05

124 RCLA 36 117 180 180 3 03 7]

125 sT0C 35 137 181 X -35 7

126 RCL? 36 07 182 CHS -22 7]

127 ST09 3509 183 eX 33 7]

120 #LBL3 21 03 7 184 RCL3 36 03 7

129 RCLS 36 09 7] 185 x 35 7]
30 130 A8S 16 31 1 186 RCLI 36 01 7

131 RCL8 36 08 187 3 03

132 a8s 16 31 1 188 X -35

133 X4Y? 16-35 1 189  RCL3I 36 03 T

134 CTOE 22 15 v 150 * -55 ™

135 RCLB 36 127 — ] 191 % -2¢ 7

136  RCLC 36 137 192 - -45 7

137 5708 35 127 193 i T

138 Ky -4 71 194 + -55
T 139 s§T0C 35 13 195 RCL4 36 04
%0 140  SToA 35 117 196 x -35 7

141 RCLE 36 08 197  RCLG 36 06 7

142 RCLS 36 09 ] 198 - -45 7]

143 5708 35 08 ] 199 RIN 24

144 K2y -41 7] 700

145 5709 35 09

146  sT07 35 07

147 ET0E 22 15 7

148 #LBLS 21 05 7

149 RcL8 36 12
% 150 RN 24

151 ¥LBLO 21 147

152 sro3 35 03 7

153 RcLS 36 05

154 2 02 7 210

155 ¥ ~35 7

156  CHS <227

157 af 33

158 X -35 7]

159 3 03
160 160 X -35 7]

161 RCL! 36 01 7

162 2 02~

163 x -35 7

164  RCL3 36 03 ] 220

165 + -55 7]

166 z -24 ]

167 RCLS 36 05

168 CHS -2

LABELS FLAGS SET STATUS
Yty B%scw M ° E, z 0 FLAUS TRIG DISP
aoe;;:ffganf: enfer W © asd d Cenfer TOL 1 0 og OuFiF DEG B FixX g
0 1 2 3 4 ) 1 O®R )] GRAD O | sCI
- 5“‘“ 7““”’ e“‘w 5 . 20 ®| RAD O] ENG O
ueed 30 W =3
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Program Deseription

Program Tie 7020/ Mortality from Mean Weght e
Neme __ Daniel Pauly . , Date Jept /985
Address . [ C LARM , MCC P.O. Box /601 e

e Mokolr, Mefro Monila |, Philppines .

Program Description, Equations, Variables, stc. /0fa/ mmh//é QZ) can be &Frakd éﬁrwﬁ'mﬁ
—- fromfhe eguation ]

gy D el sy
e W Wy f 1 - " - f"’)

z+#K  zra zrex )

. where_a. = K (& ~t5), Wy , K ond 4, being ,mm"ﬁé;ér".g_a‘/.:”;;?@{é/
_,_<_~Vgﬂ“‘_4€{_’z‘aéw“ Growth forowla . where € /s #He mean age o prst
Caphue _obfuned by a given g9ear and where W & e mean weaht.

e bf. A fishes 1 He catch (Culland | 1963) . ¥ Arife-edge * selechon Cat )
. AS_assumed . .

__The method of ifermhon ased here ic He *regalagafes? ar

e ntorpanated i1 HEGIJI] program *coteton % Fix>wo b CHBET/T
. ML08A Math ). T T

Operating Limits and Warnings _ ¢ /krahin fime w1 (1) san be qurfe Ay (3L mir.) and
e depends on_the _values f@).and fCB) , which should be both elose
b 2810, and_on ML, with fow' ToL  pafes acreasing  sferafon Ane.




User Instructions

FB.I1
7 USING JONES® OR SPARRE’S MeTHOD TP

STEP MESTRUCTIONS mmm KEYS omm
Jones' Method I
C_JC J
4 | frter Ly D, AL Godd Loy * Ly, D4t 4 (f1(a] [o-0ce
)
2 | Enter successive caitches ,Sforting with he I
aaleh in highes! length class ..ith nor- CJ1C ]
2ero coleh M C [: In (49‘11)
C_ I el
3 | Jr #he valves obtaned in_step 2 are b be used 1
for_eskimation of X/KD , press R/S 3 B
] ” C 1]
4 |Wwhen oll calch valves have been enfered, de (2101 r2
C ] a
CJC 7 |6= Yko
C 13
5 |7 _obtarn value of X, wultiply by £:O KD ] Z
CC ]
—JC ]
J}farr‘( ‘s Method 3]
C_J1C
6 | wvame as sfep 1 abore C 11
1]
7 | fnfer KO if nof avaslable, enfer 1 K0 o ][4 ]
)
8 |Enfer suceessive eatches , Sfarkng with #e I
| loakh sn highest length class with non-zerc C ]
galch i c ] [ Get)age
C O [nee)
: )
9 _11f values obtained & Sfep 8 are b be used for C1C 1
estimation of 2,/kD _press R/S - 1 ¢
L1 1
10 | when all talch valves har been entred,dol e 10| r2
(ond mulhply E/KD with KD o A jc avaibble) I a
(I or-Z/KD
* Nofe : Value of Leax * AL (elass C_JC ]
inkerval) must be < Lo :]S
30 : L max i fhe Jower himif of ify_ —_JC ]
alass. . — 1

225
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Program Listing

STEP  KEYENTRY  KEY CODE STEP __KEY ENTRY _ KEY CODE STEP _KEYENTRY _ KEY CODE
%01 00 #lBla 21 16 [1 038 88 21 12 ] 075 RCLS 3609 ]
002 CLRG [6-53 7] 039 sPc 16-11 ] 076 + ~24 _]
003 P2§ 16-51 _ 0%0 040 ST+3 35-55 03 orz - 45 _
004 CLRG 16-53 041 RCLO 36 00 | 078  ENTT -2 _|
005 §T02 35 2 042 RCLO 36 14 079 ENTt -2l ]
| oo m -31 7] 043 yx 3 080 080 RCL4 36 04 _|
007 stpr 35 46| 044 RCL2 36 02 08! ¥z 53 _]
008 R -31 7 045 RCLO 36 14 | 082 RCLY 36 09 _
009 STO0O 35 14| 046 v 3 083 = 24
o10 010 R -31 ] 047 - -45 ] 08¢ RCLS 36 05 _
011 S§T00 35 00| 048 RCLO 36 00 _|] 085  K:y -4 _|
012 CLX -51 "] 049 RCLD 35 14 086 - =43 __|
013 RIH FZI 050 050 yx i 087 = 24
014 +LBLn 2t 7] i [ 051 : 224 7 088 STOB 3512
015 SPC 16-11 ] 052 LN 32 ] 099 x -35
016  ST+3 35-55 03 053 CHS 20 ] 0% 090 RCLE 36 06 |
017 RCLO 3600 054 RCLI 36 01 ] 091 xe 53 ]
018 RCLO 36 147 055 B -2¢ 7] 092 RCLY 36 09
019 ¥ 3 056  PRTK -14 7] 093 = -24
020 020 RCL2 36 02 7] 057 RCL3 36 03 094  CcHs -22 ]
021 RCLO 36 14 058 LN 32 ] a9f  ReL? 36 07 _
022 ¥ 3] 059 PRTX -14 ] 036 -55 ]
023 - ~45 7] %0 060 RCL2 36 02 ] 097 = -4 ]
024 LH 32 ] 061 RCLI 36 46 098 sPC 16-11
025 FRTK -14 ] 062 - -45 099  PRTK -14 7]
026 Rcl3 36 03 ] 063 S102 35 02 | 100 100 RCLE 3606
027 LN 32 064  RY -3 7] 101 RCL4 % 04
028 PRI -14 ] 063 Rss 51 7] 102 RCLB 3612
029 RCL2 3602 ] uUss Ky -41 ] (03 «x -35 7]
830 030 ReLl 36 46 ] 067 It 56 ] 104 - -45 7]
03! - -45 7] 068  RTN 24 7] 105 RCLS 3609 ]
032 sfo2 3502 ] 069 sLBLE 21 15 106 ¢ -24
033 R -3 ] 070 070 p2 16-51 ] 107 ST0A 3511 ]
034  R/S 51 7] 07!  RCLB 36 08 ] 108 PRTX -14 ]
035  wv -41 ] L _ 1 072 gReta 36 04 7 109 RCLB 36 12
036 I+ 5% | 073 RCLA 36 06 1 110 110 PRTY ~14 |
037 RIN 24 . 074 X =35 111 P2 16-51
112 RIN 24
LABELS FLAGS SET STATUS
A B C D 0
FLAGS TRIG DISP
a b c d 1 ON OFF
o 00O DEG O FIX O
0 2 3 z 1 00| erabO | sci O
5 7 B q 2 00) RAD O] ENG O
300 n=
5 - = REGISTERS 1
' 3 4 1
Lo K bmox | Z ¢ ° ° ’ 8 9
SO St S2 S3 S4 S5 S6 S7 S8 S9
ZX Zx3? zy Iy Zxy Zn
A D)
infercept s/lope ¢ D f ! 4L




Pregram Deseription

Progrem Title Using _Yones’ or Jparre’'s Method o o
Name  Darme/ Fauly Date Sep?- /983
Addres L CLARM | Mce Po. Box /sor, Makats ‘

Me fro Manila , Philippines

Program Description, Equations, Veriables, etc.

ones (19810 showed #at Z/K s 7@/;&: the wlope of #e

Ghaight pard of a plot b€ on b (la=Ls), where C is the

Cumuletire coteh ( charting from the hiphest byM ekass ) ear/vs/:md

fa a 7/’1;;1 kryﬁ‘l elass of which Ly /s the lower class limiY.

. 771e me;‘ﬁaa’ has been modified by Sparre (MS) who showed Hhat k

con be es}/mfec/ from the s/ope of %he <HargAt pars 9" q ,o/ot o

of I C _on 1he ?e carres,oonam_g % Ly, where both e and Ly are

~__,afeﬁhea:l q—rs_'_:qbgue,. when k_/‘s no! tnéwn , using 1 msteadt g/<

faﬁ..ﬁ{_ z”'aﬂffol'm;‘on q /éﬂ.gf/l- 76 Qge_ matkes 7'96e s/ope q/ﬁ_c ,

R e;ua/ /o 2//(

ﬁo//; m?%aﬂd_s— _were here modr/ied for use with ﬁpycnem//eed l

_A__L/QC_F,_ ég aa/d:‘//én of #e paromekr D where a/,-ro/:)vk_:/e . Aﬁo #e

aye; m J‘/am: mw%ad are /e,a/aud 6j refatrve a_ée.r

Operating Limits and Warnings (_1)_&‘0,0”' Jeleakon of e x ond g values 7 be mcludeod
cm ——_tn_The compufafion of Zor 2/K requires tal a graph be made
—_from_which the pornt . ér/on_gmy o fhe skragh! Seckon are velected.

I (@ Do ﬂo/ use e mphod with doja aéﬂqmed Sfrom. _
a gear thal selects for or . agamngl [arger sizes,

227



Prowioms Poge Blank
User Instruections

. I kD

LENSTH- COMERTED CATCY CORVES — Fofz T
mproned T

inibal 2
LN

()] é

Ze //'n/narg estmation of Z or 2/K

valve - ¥ not repeat ofeps 6-9 using jast L
valve of 2 or2/K as jnpuf i ske 6, Re peat
undt/ conrtrgence /S achieved

)
33
C 1]
L | bpter Lu, AL, K, D and rupakize Leo -
(if K is unknown _enkr 4 instead) 4. e 101
K C2 1]
o e 1la] 0-00%
C 1]
2 | Enfer class n/'ofpo@f and Jreguency | L ]
© Ll w C O [ (e
C_ 1] ¢
C 1]
3 | Jf dala pair 15 fo _be included jn lnear I
regression., oo (I ‘
(do Z= insfead of 2+ Fo_remove erronepwemive) C_ 11
C 13
4 |when oll volues fo be included have been I
entered , press CeJC ] rr
C I ] a
Tterofion for_thproving astimate o Z or 2/k CI0 ] |zer 2k,
|
S| fnifer ’pre//'m/na/y wmlue pf Z(or 2/K) _anmdt 1]
re- inthalize L 10L& ) |20r 24k
(I
6 | frrfer eloss m/?dlpo/az‘ and frequéncy | od L :]
i N C 1 s med™)
CJC ] ¢
. C 31 -
7 |If dota parr i b be included in regression, do Lzl ) 4
(dp Z= _mstead of Z+ H remove ereontous emiries) I
C_1C
8_|when all valv:s 4o be included have been endred C 1]
press ' C r>
CJC ] a
9 | Shop & pew valre o 2or 2% i che fo_inko/ L1 1 |za2i
1]
CI1C
C_JC__]

|

229
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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 + =53
00?2 28 16-51 058 1% 52 |
003  CLRC 16-53 859 RCLO 36 00
00§ P25 16-51 | 080 050 x -35 |
005 5100 35 14 861 LN n
006 Ri -31 ] 862  SPC 16-11
007  sT01 35 01 ] 063 PRTH -14
008 RS -31 ] 864 RCLS 36 08
009 2 02 065 RCLC 36 13
010 010 : -24 066 - -45
011 sT0C 35 13 | 067 658! 23 01
012 2y 41 ] 068  PRTX -14
013 S0 3505 ] 069  RIN 24
014 CLX -5t ] 070 870 4LBLO 21 00
015  RTH 2 ] 071  RCLC 3 13
016 xLBLb 21 16 12 ] 072 + -55
017  sT04 35 04 073 (58! 23 01
018 25 16-51 ] 074 RCLS 36 08
019 0 00 ] 075  RCLC 36 13
020 020 STO4 35 04 7 076 - -45
021 ST05 3505 ] 077 6s81 2301
022 106 35 06 078 - -45
023 5107 3507 ] 079 RTN 21
024  S708 35 08 060 080 LBLS 21 J1
025 5709 3509 081  RCLS 36 05
026 P25 16-51 7 082 3 -4 1
027 LK -51 7 081  RCLD 36 14
028  RIN 24 084 yx 3
029 xBLA 21 11 ] 083 (HS -22
030 030  sT00 35 00 086 i 01
03] RL -3 087 + -55
032 st08 35 08 088 LN 32 1
033 (580 2300 7] 083  CHS =22 7]
] o3¢ sto7 3507 ] 0% 050 RCLI 36 0F
035 RCLB 36 08 091 : -24 ]
03 (SBI 2301 ] 092 RCLD 36 14 7
037  RCLO 36 00 043 : -24 7
038  RCL7 3% 07 ] 094  RIN 24
019 3 -24 095 #LBLE 2115 ]
040 040 LN 32 7 p96  PIS 16-51 1
041 sPC 16-11 7] 097  SeC 16-11
042 PRIX -19 7] 098 RCLS 36 08 1
043 Xy -41 7 099  RCL4 26 04 7
044  PRTX -14 7] 100 100 RCLE 36 06 1
045 RN 24 7 101 X ~35 ]
046 oLBL8 2112 7 102 RCLS 36 09 1
047 5700 35 00 7] 103 s -24 1
048 RS -3 7] 104 - -45 1
049  5i08 3508 7] 105  Ekit -21 1
050 050 6580 2300 7] 106 ENTY -2
051  RCL4 36 04 ] 107 RCL4 36 04 ]
052 x -35 ] 108 X2 53
053 CHS -22 109 RCLY 36 09 ]
] 054 @ 33 | 110 110 : -24
055  CHS -22 111 RCLS 36 05 |
056 ) ol 112 w2y -41
REGISTERS
1 4
0 used K : used used Z, s Leo ® ’ used ured ?
S0 St 52 [S4 S5 S8 S7 Sg9
Zx Za? Zy Zy*™ Zxy Za
A B
o b A ° € !




P"ﬂgmm LiS‘i“g (113 to end)

231

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 - -45 _
114 z -24 170
115 sT08 3512 |
116 X -35 |
117 RCLE 36 06 _
18 X2 53 |
119 RCLY 36 069 _
120 1206 3 -24 _
121 CHS -22 |
122 RCL? 36 07
123 + =55
124 : -24 180
125  PRTH -14 _
126 RCL6 36 06
127 RCL4 3% 04 |
128 RCLB 36 12
129 x -35 ]
130 130 - -45
131 RCLY 3609
132 2 -24
133 STOA 511
134 PRTK -14 | 1%
135  RCLB 36 12 ]
136 CHS -22
137 PRTX -14 _
138 P:S 16-5] |
139 RTN 24
140
200
150
210
160
220
LABELS FLAGS SET STATUS
Ae,we P LN [C o Yerra,z |° FLAGS TRIG DISP
a b c d -] 1 ON OFF
s, X, D, 0L - - 0 O| DEG B | FX ®
o 1 : 2 . 4 1t 00| crabO | sc 1)
51— a4t GL"t D rrrqmifie 5 = 200 RAD O| eng D
300 n=3
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Program Desecription

Program Title A¢ﬂy # - Converfed cafeh curves .

Neme __ Danie/ Pauly . A Date  SBof. /982
Addes . L CLARM, Mcc F0. Box /50/ e -
— Makal' , Mefro Mani/a , Philppines e

Program Duscription, Equations, Varlables, stc.  G/ven impu’s of Lo K, O and 4L (the

[lass_inkrval ) and leng# - feguency data, Wis progrom. eomputes

.;;-/qg: q{ /n /V/Az_f “and T e re latrve aj‘eA ) as u.fe-d-:for dr:;w{rjj

3 /efy_/ﬁ_—__wrwer ka; -_aa/c/; eu'rre.-f of the @pe ales N;Zed” Sy ﬂm{,

j_"gfyza_,/—;i;f&ncc Hhe points fave been graphed , #he data j_z;/_}'-'s“v _

___can be telechad which are fo be includled in Hhe espimation of Z,

using_lnear regression (1), The poirks needed are then reerfered

. and Z_i5_eshmated from i ]
M (Ns#E) = a-Ze! el

e ___rg[ticmé{. Z Voé/a[p_;?;d—__ﬁ»m @) can_tien be used as /r;;:gf (24)

_m. e ,fémq_fiqa., 0f v -?m_"? (pors. comm.) , e

T T T i wse-e A ) s azer L )
| __Where Zy js an_inproved estiate of Z . If fhe volue of 24 ancl 2, Ajgin
mrf;’.};if"’/’"ﬁ ‘_W;/ /’01?{7 0‘&44"“)7, Zy ean be ased as M/mt! jg;a;;;‘#ef
rferakon, 1;1/77(4 ;w'// /ﬁen ‘-;é)vduce a m/ue of Z )?n/cvb}ed _ﬁv‘ﬁbr (za ), V"‘e-
Operating Limits snd Wamings __\fe/ec/ion of poinfs o be inoludled! in Hhe regression muast b

) abve gaf!’ﬂ/‘/% [ see fext) ; ﬁqr}jl;q/qr/y , 70 pornts 68/0{?/@‘_ So Yhe

. .——@Acending part gf fe cdrve must be meluded , nor poats aspinaecl
. —fom  fengths wifin S % of Le. N



http:jt-ae.oo

User Instruetions

Z ont K FEOM MEAN LENGTHS Fo13 O

G A

WSTRUCTIONS DATARRTS XEYS OATATNTS
C_JC ]
Estimation of Mean Size apmrt /e Shndard Error CJC ]
(1]
(]
Sfore fower class limi{ of lowest dize com- ]
sidered, class inferiml ana ingalire g’ C )
(S= L or W) as Lz J[ & ] [0 000
C_1CJ
nfer freguency , starting pom she jowest L JLC ]
e/ass (Z;er 2ero when ageropriode ) M A ] 3
. L_JC ]
when alf freguencies hare been enikred, com- L J[C ]
pule the mean eize , #he Sandard deriation (a1 Sin
gf the «r't€ ralues ang The Standlarci eprer 1 s
of the mean I ) S.d.cs)
( ] L_] $. 8. ¢§)
Z _and K from Mean l@#} 0]
I
Initialize _and esfer L. L, 4, anat D sn e ]
4 [+ 1]
o Ce JC ]
o Lj_] [a ] 0. 000
1]
Enfer &, 1, ard  Liwy t L2 1 ]
4 (e JC] |
Loy /s 1 |o.000
[ JC ]
Enfer inibial value of Z and /ferofe 4 00 Z,
C_ ] Ze
C_JC 3 |z
I Y P
[ 1]
(I K
C_ 1] z
I
1
L _JC_ 1]
C 1]
]
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l’rogram L sting o
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 001 #lBLa 21 16 11 | 857 RCLE 36 15 ]
002 CLRG 16-53 ] 058 : -24
003 STOD 3514 ] 059 i 0t |
004 v kil 060 060 + -55 |
005 STO0 3500 061 INT 16 34 |
00§ Ri -31 ] @62  §101 35 46
oo RCLD 36 14 ] 063 xLBLO 21 00
008 ¥ 31 ] 064 RCLE 3615 ]
009 sTO1 35 01 ] 065 RCLS 36 08
016 010 Rl -3) ] 066 X -35 ]
011 RCLO 36 14 | 067  sT00 35 00 J
012 yx 3t ] 068  CHS -22 ]
013 §T02 35 02 ] 069 e* 33 ]
014  CLX -51 ] 070 070 ST+ 35-55 01 |
015  R/S 51 071  RCL8 36 08 ]
016 RCLD 36 14 072 X -35 ]
o7 v 3] 073 sT+2 35-55 02 ]
018 5103 35 03 ] 074  RCLY 3 09 7]
013 Ri -3 075 RCLB 36 08
20 020 §703 3509 ] 07§ ¢ -55 7]
021 - -45 ] 077 RCLC 3613 ]
022 §t0C 3513 7] 078 X -35 7]
023 RCL3 36 03 079 RCLO 36 00 ]
024 RCL2 J6 02 7 080 080 + -55
025 - -45 7] 081  CHS -2 ]
026 RCL3 36 03 " 082 e* 33 7]
027 2 -24 ] 083 ST+4 35-59 04]
028 5708 3512 7 084 rCL8 36 08
029 RCLO J6 00 7 083 v -35 7
530 — 1 030 RCL3 36 03 086 ST+3 5-55 05 T
031 z -24 7 087 R(LS 36 08 7
032 ST06 J3 06 ] 088  RCLI 36 46
033 RcL3 36 03 7 T 088 K=v? 16-33 7]
[ [ 034 RCLO 36 00 7 090 090 6701 22 01 7]
035 - -45 7] 09t f a1 7]
036 RCL3 36 03 7] 092 51+8 35-55 08 1
037 RCL1 36 01 093 €T00 22 00
038 - ~45 094 #L8LI 21 0t
039 : 224 ] 095 RcLi 36 0§ 7]
540 040 LN 32 7] 096 RCL4 36 04 7]
041  RCLC 36 13 7 097 RCLB 36 12
042 B -24 ] 098 X -35 ]
D43 SIOC 35 13 7 099 - -45 7]
T 04¢  EEY =23 ' 100 100 RCLS 36 01 ™1
— 1 045 { 04 1 10 : -24 ]
046  CHS =22 102 RCL6 36 06
—1 o047 sT0? J5 07 7 103 - ~45
—1 048 CL¥ =51 7 104 ST00 35 00
1 049  RTW 24 105 RCL6 36 06
050 ] 050 «LBLE 2115 7] 106 ! 01 7]
05!  SPC 16-11 7 107 - -45 7]
—— 1 052 STOf 3515 ] 108 RCL2 36 02 7]
[ ] 033 PrY -14 ] 109 x -35 7]
3 054 RCL7 3607 ] o 110 RCLS 36 05 ]
B 055 LN 32 | | 111 ReLe 36 12
056  CHS -22 112 X -35
REGISTERS
1 2 3 4 5 6 4 7
° ysed | wsed | used used wsed || ToLfs' | xfas || tafusas
S0 S. S2 ISJ 1S4 555 S6 S7 S8 S9
A B (o4 D E 1
L2 - LR /1B KD 0 Z N




Pl'ogl'am LiSﬂng (11310 end)

STEF KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

13 n -55 169 ST+¢ 35-55 04

114 RCLO 36 00 ] 170 170 ReL7 36 077

115 ¥y -41 ] 171 RCL8 36 08

116 5 -24 ] 172 2 02

117 CHS -22 ] 173 3 224 7]

118  RCLE 3615 174 + -55 4

115 + -55 ] 175 sT02 35 627
120 120 ST0O 35 00 176 X2 537

121 %09 16-44 7 177 RCL3 36 03

122 cro2 2202 ] 178 x -357]

123 ¢T03 22 03 179 5T+5 35-55 g5 ]

124 #LBL2 2L 02 1 160 180 RCL2 36 02 7

125  RCL7 36 07 181  RCL3 36 037

126 i 01 182 X =35 ]

127 0 00 7 183 §T+9 35-55 05 =]

129 x -35 1 184  RCLS 36 08

129 RCLE 36 15 1 185  ST+7 35-55 07
130 130 RCLO 36 00 1 186 ! 01

131 - -45 1 187  ST+6 35-55 06 —

132 Ags 16 31 7 188 RCL6 36 06 —

133 K)y? 16-34 189  RIN 24

134 6104 22 04 190 190 sL8L8 2112

135 RCLC 36 13 ] 191 spC 16-31 —

136  RCLO 36 14 192 RCL4 36 04

137 3 -24 193 PRTX -14 7]

138 see 16-11 19¢  RCLY 36 09 —

139 PRTX -14 195 M1 -41
140 140 RCLO 36 00 196 : -24 =

141 PRIX -14 1 197 PRTX ~14 =7

142 RIN 24 7 198  RCLS 36 09 —

143 &LBL3 21 03 199 RCL4 36 04 —

144 RcLE 3615 1 200 200 + -24

145 . -62 ] 201  RcL9 36 09 —

146 9 09 ] 202 RcL4 36 04

147 X -35 7 203 3 -24

148 5700 35 00 204 X2 53

149 ¢T102 22 02 1 205 - -45 ~
151 150 «¢LBL4 2] 04 1 206 X 54 ~

151 0 00 1 207 PRIX -14 =

152 sTo) 35 01 208 RCL4 36 04

153 s102 35 02 209 % 54 =

154 ST04 35 04 210 210 + -24

155 5105 33 05 211 PRI -14

156  STO08 35 08 212 RIN 24

157  RCLD J6 00

158  STOE 3515

159  gr0( 22 15
180 160 #L8lb 21 16 12

161 CLRG 16-53 1

162 5708 35 08

163 RY -31

164 sT07 35077 220

165 CLX -51 ]

166 RN 24

167 &LBLA 21U

168 ST03 35 03

LABELS FLAGS SET STATUS
"N > P s e °  Fikratez [ FLAGS TRIG DigP
al‘ﬂl‘fl‘all.la (3) %l.ﬁé//.lf (J) ¢ d e ! 0 0[5‘ 05': DEG @® FIX ®
0 1 2 3 4 2 1 0 ® GRAD O sCl O
- used . used - used . used . used - : 0 ® RAD O ENG O
30 ® n=3
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Program Deseription

Program Tite 4 ana' K_from Mean_KLeng#hs

Neme _ Domel Pouly i

Address . LLOLARM, MCC P0-Box [50/ 3 L
Makot Mefro Moﬂ/'/a_blr-Pﬁ/'///'op/'qes’____" _

Date Sept. , /782

Program Description, Equations, Variables, etc. 4 demonsira fed ég Lbert ( /975), estimates of
K and Z _can be obtaned from 2 meon [engts, o volue o Loy , 0 lerg# af
recrurtment. (Ly) ond lmes €y ond €g (correspomaing To #e mean /mg#u) by
m/w}g ,figg___eg_ll_qi’/'ons', which become, in ferms of Fhe 5eoem4‘2gd VBG6F

— ﬁeqx’ b ie-(,([)(él rX)IZX)

o
- o _ L - e
. CAR Y . e 1)
e i
, (_yn <5 e -
” »
S -2x —(KD(ts +X) #ZX) - e
e - ble (KD(tgt o - -
x<o xeo = L= a
- ~ - 10 TR 2)._
Z e o ()
Xmo T

R - o L ' o
. where ‘_Q.;_écf» -2/ Ly, while Nis_the infeger portion of Y, when
Y= 4F (- foge 0. 0001 /2). As shown by Saila and Lough Cr99r), #ese
_equations have an_explicit solution for K, se..
o

Lioy = Lg
o K e S (ty-tg) D )
L) - Ly

o _Ogget_—F 7705‘_ been calculoted , the ya‘/ue of L is obtorned as/ﬂg o Vcr‘q “
__simplified Wersion_of #e olqorithm given in fbert (1975 p. 296).

Opernting Limits and Wamings [z‘_e/}a//hj Time con_be guite long when dealing with fow values
. of X ¢t vawes Time Hercfore , 7o enter iifal guesses #al are a.iumed
higher thon #he frue values (rofter Wran He reverse ).
Uis eshmawd with an eror of fss #on o0-00f .




User Instructions

Fond M fom TAGEING - RECAPTYRE DATA /5y

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

Jnrtiolize

Enler the N, volues

Y Za

Coleculole r2, o ony b

bnter Ko ond zoleulate Fona M

buz3

S

Il
00000RC

s
[
LIl

T
BinR
11N

1
:ﬁ

il
1l
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Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
foor 00/ #LBLa 21 16 I! 049 RCL4 3 04
[ T o2 cLRe 16-53 ] 050 050 RCLB 36 12 _|
403 P25 16-51 051 x -35 _|
004 CLRG 16-53 ] 052 - -45 |
005  CLK -51 7] 053 RCLY 36 09 _]
006 RTN 24 B 054 = -4 7]
007 sLBLA 21 41 7] 055 sToA 35 14
008 LN 32 056 PRIX -14 7]
009 RCLO J6 00 ] 057 RCLB 36 12 ]
010 oro I+ 56 ] 058  PRIX -14 ]
on 1 0! 033 P2 16-51
012 ST+0 35-355 00 ] 060 060 RIN 247
013 RCLO 36 00 061 lBLe 21 1615 |
054 ! 01 7 062 RCLB 36 12 7]
CT 1 ot5 - -45 7 063 e” 33 7
0/6 RN 24 7 064  CHS -22 |
017 #LBLE 2115 7 065 1 0l 7]
a1e P2S 16-51 71 066 + -55 7
019 sec te-11 7 067 ¥ -35 7
020 020 RCLS 36 08 068 RCLB 35 12 7]
02l RcL4 36 04 7 069  CHS -22 7]
022 RCLG 36 06 T 070 070 RcLaA 3611 7]
023 X -35 7 071 e¥ 337
024  RCLS 36 09 7 072 X -35 |
025 3 -24 7 073 KzY -41
026 ~ -45 7 074 2 -24 7]
027 ENTt =217 075  SPC f6-11 ]
028 ENTt -21 7] " 076 PRYX -14 7]
029 RCL4 36 04 o077 sT00 35 060
030 030 ne 53 7] 078 RCLB 36 12 ]
03! RCLY 36 09 7] 079  CHS -22 7
032 : -24 7] 080 080 RCLO 36 00
033 RCLS 36 05 7 81 - ~45 7]
03¢  x2¥ -41 7] 082 PRIX -14 7
035 - -45 7] 083  RIN 24 |
036 % -24 7
037 STOB 35 12 7]
038 X -35 7
639 RCL6 36 06 7
040 040 X2 53 7]
041  RCLS 36 09 7]
042 : -24 7] 090
043 [HS -22
044 RCL7 36 07 |
045 + -55 7]
046 + -24 7
047  PRTH -14 ]
048 RCL6 3¢ 06
LABELS FLAGS SET STATUS
Ay P c ° Srto,6 [ FLAGS TRIG DISP
A, vy g c d [} 1 ON OFF
inihalize o 0O ® DEG R FIX ®
0 1 2 3 4 2 O R GRAD O sCt O
2 08| RAD O | ENG O
5 6 7 ) 9 3 308 n=3
REGISTERS
o] 1 2 3 4 5 6 7 8 9
nsed
SO S S2 S3 S4 S5 S6 S7 S8 S9
2x Zx? Ty 2y? Zxy n
B (o] D
A 0 b E 1




Program Deseription

ProgamTide ___[ang /7 from Jagzing ~ Recapture. Dole _ — ———

Neme __ Janicy Pouly . . . . Dete Vbo7. /P80
Address . . 1CARM , MCC /’a aox /501 o

Mokaly , Meho Ma/u/o Pé////;/,-,-;eg —

Pmmnonaipuon Equations, Veriables, stc. _/07a/ moria/ity (7) may._ be eslimaled from _fhe

R kM ek T T T T

o Mbg/g M s He e omméep of /edo/e/yes e Hme /0)@”’6/ *"/’m O /’e c"a@d
 time_jnteryol (Sfal'//r? Wit rlso , ten r:1,2,5 ek ) on0 where b, wiH
Sign _choanged /S_f”uaf o Z.

731‘(:/ m:rfa/_q mag fhen be ;rp/// /ozb F m;a’ A7 Af/ mearns a/ 7450 ex ﬁs:/qz

F ‘_7-(—1—;'{}'___ e D

i w/:efe Mo g[ z%e IbZa/ mmréer 9«‘ Sigh_ @ﬁ?‘? ﬂma/' /e/ea:éa c;n& 0 5 fhe
//1/0‘090&‘ o _€gu on (1)_(Gulloand _1969).

Opereting Limits end Warnings /)fﬂ/[?nd (/969 seclon 6) Should be consulfed

o _for & delarls arm’ nd sources of bias and emors.
e 2 0o nof _Jr9ef b put the mortality values (MP)

- _....on _on anpual basis. _

23¢



Pm!ag. Blenk

User lnslructions

INPUT

STEP INSTRUCTIONS DATA/UNITS

x
m
<
o«
>
g

1

1 | fnter Lo K, T and obtoin M (special V86F)

I
L

XN
I:i

2 |frfer Wo K, T ond dbtain M_(cpecral vBzF)

~1
IR

3 | /F e eshmale of M pertain B Clupeidae , o
polar_fshes (T < 3.5°) see * opernping
limits _ond wornings .

Jubooooooo0c

N

IERRNASEENE

Il

-

U

/]

1
Judodoed

N
i

il
!

|
L]
M
L

——

|

|

A
i

.

L
i

i
Pt
t

O
:I i

|

|

1

[

5

AN
i

i :f_j!

— —

i ! P
. [ [N o
I E AT I A H
; o Yol

—ﬁl
L
| i
I
L

[—i.
b

IR
T

o

UL
a

L
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Program Listing

STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE STEP  KEY ENTRY KEY CODE
001 00! #LBLA 21 1Y 038 10¢ 16 33 | 075 Y -4l
002 3 03 ] 033 RIN 24 ] 076  Log 16 32 |
003 . -62 ] 040 040 ¥LBLC 2113 | 07 . -62 ]
004 5 05 ] 04! R4 -3 078 § 06 J
005 X7 16-34 ] 042 . -62 | 079 7 07
006 6S8C 2313 ] 043 H 01 ] 020 080 5 05 |
007 Re -31 7 044 k{ 03 | 081 7 07 |
008 L0 16 32 7 045 8 08 | 082 x -35
009 . -62 '] 046 2 02 | 083 4 -55 J
010 010 1 04 ] 047 7 07 ] 084 N -41 |
1 ou 6 06 ] 048  x -35 085 106 16 32 |
012 3 03 7] 049 CHS -2 ] 086 . -62 |
013 4 04 050 050 . -62 | 087 0 00
014 X -35 '] 051 ] 08 ] 088 8 0 |
015 X3y -4 052 7 07 089 2 02 ]
016 LoC 16 32 7 053 6 06 | 0%0 090 4 0 |
017 . -62 ] 054 § 06 ] 091 x -35 ]
018 6 06 7 055 1 01 092 - -45 |
019 5 05 ] 056 ¢+ -55 ] 093 . -62
020 020 4 04 7 057 e* 3] 094 2 02
021 3 03 7 058 e 33 ] 095 I 01
022 «x -35 ] 058 ENTt =21 096 0 0o
023 + ~55 ] 060 060 RN 24 097 7 o7 |
02¢  XeY -41 ] 061 «LBLB 2t 12 ] 098 - -45 _
025  LOG 16 32 1 062 3 03 | 099 10 16 33 |
025 . -62 ] 063 . -62 ] 100 100 RTH 24
027 2 02 ] 064 5 05 ]
028 7 07 ] 065 XY? 16-34 ]
029 9 09 ] 066 658C 2313 |
030 230 «x -35 1 067  Ri -31 ]
, 03 - 45 ] 068  LOC 16 32 ]
032 -62 | 069 . -62
[ 03 0 00 070 070 4 04 ]
0Z4 0 00 ] 071 6 06
033 6 06 ] 072 2 02 |
036 6 06 | 073 4 07 1o
037 - -45 ] 074 x -35
LABELS FLAGS SET STATUS
b K T2 M Wn K, T -0 M| Tarmp. Comeot] £ 0 FLAGS TRIG DISP
a b c d e 1 ON OFF
oD ®| DEG H | FIX &
0 i 2 3 2 1 0O @] GRAD O SC|G E]]
20 ®)| RD O | EN
> ° i § ’ 2 s O@® n=2
REGISTERS
0 1 2 k) 5 6 7 8 9
SO S1 52 S3 S5 S6 S7 S8 St
A B D




Program Deseription

Program Tite __ Jndependent Fstmotes of M _

bame __ Domie! Pouly " Date Sep?., /980
Address . ACLARM, McC P.O. Box 1507 .
. ___Mokoti , Meko Monile , Fhilippines e

Program Description, Equations, Varlables, otc. As demons#roted i Pouly (/9606 ))feaﬂ’mbz&
_._esimales _of M can be vblaned pom e empirical reélationships
’:j;/omnh = -0 207 - 0. 0924”:(;9;, Wo + 0.6757 /;7,,—&,,,.
o * 04627 log, T o e 1)

o 4___]@,0_141 2 ~0.0066 -0.279 /oy,ol-; * o “43“/0“7,0.4’

. 0434 g, T . 8)

. Whre _He , Lo _ond Kore paramefers of the speciol v. Bertolanty Growts,
_Formule , and T the mean environmenso/ Femperprure of he shck in
.. guestion.

____1_/069 cﬁ_m/_aL _ée ,expm:ietb{ in_gram ~//}‘€:t4_’e('qb)‘ ; Lo in om oia/ leng %, A ,a_zg‘,_ﬁ_A
O 0N onnual basis ond T expressed in C.

_ 40 infernal routipe transforms | £ or Ffemperotuces lower than 3.5 °C (down B
__=2°C) e T yrolves b Heir eorresponding " physio logically epreclive Jemperature
I _'/Jee_jbg[g___/?_tob, Fg.1). e latler ée/'ng olways > OfCJ negatve Yempe -
_rature (down B =2°C) can olso be_enfered. ,

Opersting Limits and Wamings !)__!{7 Hhe cace o{#ge C'/upe/'a’ae /6’07}/'/;75 , Jordines  ex. )
e __Me eslimales of M prorided by expressions @) ond &) dend
e be_Bo _high. , ond should be reguced by 0 fockr of 0.2 b o.6.
e D In fhe case of polor prstes (occuwring of femp. < 3.5°C) He
e e SShmales of M Jend To be Too low , ond should be increases
S ey 0 fackr of r3.
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User Instructions

POPYLATION SIZE (PETERSENYS METHOD) FBis e

INPUT EYS OUTPUT
DATA/UNITS DATAUNITS

STEP INSTRUCTIONS

il

1 nter 7.0 and m (fish tagged)

r_.__
b
L

>
(all captures) ”
(recaptures of fa??ed’ﬁ'tﬁ) m

o

™
J

2 |fstimate sopulation size (V) and de

1

WYandard error .

L

L*V_

Case A

£-e w)

il

Case B

$ €. cw)

i

N
°

Cage C

1

S w) |

i

Cace D

g w)

U

i

{—ii_i
|
[

D-I

i
T

[

i
L
B
i

|
i

0
1

I
Ll

|
i

I

L

[
oo

il
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Program Listing oo
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 00f #LBLa 21 16 1] 057kt 53 ]
002 sT0C 35137 058 ACLC 36 13 ]
003 RS =317 039 2 02 |
T | oo4 stoB 35 12 7] 080 060 + -55
005 Ri -31 7 061 X =35
o6 STOA 35 11 062 : -2 ]
007  (LX =51 7] 063 ] 54 ]
T 008 RIN 2¢ 064 PRTX -14 ]
003 #LBLA 20 11 065 RN 21 ]
010 glo  sPe (6-11 066 »8LC 21 13 |
1" o1t ReLa 36117 067  SPC 16-11
[ 012 RCLB 36 12 068  RCLA 36 11 7]
1 o013 x -35 7 069 ] ]
T 014 &ACLC 36 137 970 070 + -55 7
‘‘‘‘‘ 015 E -24 ] 071 RCLB 36 12 ]
016  PRTX -14 7 072 1 01 ]
017  RCLA 36 117 073 + -55 ]
018 Xz 53 074 x -35 7
[ 019 RCLB 36 12 075 RCLC 3613 7
50 020 x -35 - 076 1 01 7]
021 RCLB 36 12 ar7 + -55 ]
022 RCLC 36 13 078 : -24 7]
T 023 - -45 7] 079 ! 01 ]
T 024 x -35 ] 080 080 - -45
025 RCLC 36 13 1 081 PRTX -14 7]
026 3 03 082 STOOD 35 00 7]
p2r y* 31 083  RCLA 311 7]
028 : -24 084 RCLB 36 12 7
T 029 X 54 085 X -35 7
030 030  PRIX ~14 085 + -24 7]
031 RTN 24 7 087 RCLO 36 00 T
1" 032 L8LB 21 12 088 RCLA 36 1t
1" 033 sPC 16-11 089 RCLB 36 12 7]
" 034 RCLA J6 11 090 090 x -35 7]
035 RCLSB 36 12 7] 091 + -24 7
|~ 035 l o1 092 xe 53 7]
T 037 + -55 033 2 02 7
038 X -35 094 x -35 7
039  RCLC 36 13 095 + -55 7
o 040 1 01 096 RCLO 36 00 T
041 + -55 7 097 RCLA 36 11 7
p42 : -24 gs8  RCLB 36 12 7]
043 PRTX ST 099 Y -35 7]
044  RCLA 3611 - 50 100 z -24
045 ¥2 53 101 3 03 7]
046 RCLB 76 12 102 v 31 -
047 1 0! ] 103 6 0€ 7]
048 + =55 104 X -35 7]
049 X -35 105 + -55 7
250 050 RCLB 36 12 7 106 RCLO 36 00 7
031 RCLC 36 13 107 A2 53 7]
052 - -45 108 x -35 7]
053 X -35 7] 109 % 54 ]
654 RCLC 36 137 10 110 PRTX -14 ]
059 1 o1 1y RN 24
056 + -55 112 #LBLD 21 14
REGISTERS
(4] 1 2 4 s 6 7 8 9
used
SO 3 S2 l&l 55 S6 S7 S8 S9
A B C D E
T n ri




Pl‘(lgl‘am Lisllng {113 to end)

247

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
(13 SsPC 16-11 "]
114 RCLB 36 12 ] 170
115 RCLA %11 |
116 { o1
17 + -5
118 X =35 ]
119 RCLC 3613 ]
120 120 2 -24
121 1 01 7
ez - 45 ]
123 PRIX -14
124 STOO 35 00 ] 180
125 RCLA 36 11 _J
126 RCLC 36 13 7
127 - -45
128 { o1
129 + -55 7
130 130 RCLO 36 00 ]
13 ! 01 7]
132 + -55 1
133 x -35 1
134 RCLO 36 00 N 90
135 RCLA 3611 ]
130 - -45
137 X -35 7
138 RCLC 3613 7
139 RcLa 76 11 7
40 140 2 02 7]
141 + -55 7] —
142 X =35 7]
143 =z -24 7
144 I 54 7] 200
145  PRTX -14 7
146 RIN 24 7]
150 ]
210
160
220
; LABELS FLAGS SET STATUS
case A Bca&e B Ccoe ¢ Peose D 0 FLAGS TRIG DISP
a b c d 1 N
Tnm-=» 0 OE] % DEG ® | FIx ®
0 1 2 3 2 1O®| GRADO | sCI [
- = = 3 5 2 0®| RAD O| ENG D
30N n=9
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Program Deseripiion

rowmmie__opulofion Size (Petersene Method)
Neme __ Danie! Pouly . Dete Var7. /980
Addes . LCLARM , MCC P.O. Box (501
_Makat/ , Metro Marula , Philippines

Program Deecription, Equations, Variabies, atc. Vories (/977, Tob/e ¢ ) ?/MJ‘?“)C /a//owl'ﬂy
..8gualions_for eslimaling population vize (W) ond &s voriance (var#)

Formulae for estimating population size (N) by the Petersen method

e Reference Type Estimates of
of e e U,

o sampling  population size (.N) variance of (N}
T . . In . T -
SR - (A) Bailey (1951)  Direct N = " varN = --. o

- e ] ) T+ 1) T+ in—=m)

Bailey (1952)  Lireet N = ar N = o0 AT

—_ (B) Bailey (1952) et N m+ 1 wr (m+ 1) (m+ 2)

oo mieeee (CHChitp- . . . 2
man (1951)  Direct N Ty 1 varN =.‘\"'[ N + l(v)

. - m+ 1 T
Schacfer (1951)

T K

(T-=m+ YN+ DN =T) -

o (D) Bailey (1951)  In- NN

SR . Chap- verse
man (1952)

! var V= -
m mT +2)

.——where Tis {¢ number of. fish Tagged (one Tgging oceasiorn ), r s Me
Jolal_number of _individuols recoptured during e enfire expervment,
. ONd_m 15 _Fe number of Togged indiriduals recovered during Hhe
—Sxperiment . . :
.. bOCH_ Of Fhe methods (A-D) given here has iXs odvarsoges and
- dlsadvantages. ond Hhe originol publications should be consulted for
_detals, as well as Jones (1977) and Ricker (1975).

Operating Limts and Wamings '_Li'rect * sampling meons #hat Sampling is contmued
ottt a predetermined cample siee (1) is obhined ; N inverse * gampling
- Lneans 1hat wampling js_carried ot wnti/ 0. preaefermined number of
Jagqed _animake (m) js obtaimed. Mis anshnclion should be comns/dorar

- when._ computing N ..




User Instruetions

[ESLIE’S EQUATION

L genfrC g
STEP INSTRUCTIONS A KEYS DATARETS
[ 1C ]
L |Imbalize LA ][a] | e-o0
L]
CENERAL CASE X L 1]
- 1]
2 | foter catch-and-effort dats rt_c £ 10_]
7 (A 1) é
1L ]
3 | Compute r?, 0,6 (-9) and M [£ ][] r*
4 L JL_] a
C_ 1] b
0] Mo
SPECIAL CASE ( Effort GCwsfant) L JL ]
(I
4 | tnter _cafch dota ¢ [&][__] ‘
L 10 |
5 | Compute r? b (-F ) and #, (0
L1 ] a
11 b
C_JC_J M
C_ 1]
1]
1)
C_JC__]
[ 1]
1 ]
_JC_]
1]
[ JC_]
-
L ]
]
(I )
C_JC_J
1]
C_JC ]
I
(_JL ]
Jc_1

249
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Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
oot 00f #lBla 21 16 I1 | [ 1 049 z 23 ]
002 CLRC 16-53 050 050 PRTN -14
003 pss 16-51 | 05! RCL6 36 06 _|
004 CLRG 16-53 | 052  RCL4 3% 04 |
005  CLX -51 ] 053 RCLB 36 12 _
006  RIN 24 ] 054 X 35 _|
007 LBLA 21 1] 053 - ~45 |
008 2y -41 ] 056  RCLY 36 09 ]
009 §T00 35 00 057 : -24
510 010 Xy -4 ] 058 STOA 3511 _
o1l + -24 059  PRIA ~14
012 RcLl 3601 ] 060 060 RCLB 3612 _
013 Ie 56 061  PRIX -14 ]
014 RCLO 36 00 ] 062 P3S  16-51 ]
015 ST+ 35-55 01 063  RCLA 3 1
016 ! 01 ] 064 RCLB 36 12
017 ST+2 35-55 02 ] 063 : -24
018  R(L2 36 02 066  CHS -22
019 RTH 24 7] 067 PRIX -14 7]
520 020 #LBLE 2115 7] 068  RIN 24 7]
021 P 16-51 ] 069 #LBL8 21 12
022 spC 16-11 ] 070 070 1 01 ]
023 RCL8 36 08 071 €S8a 23 11
024  RCLA 36 04 7 072 RIN 24
[ T [ 025 RCL6 36 06 ]
— [ 02 X 35 7]
___j: 027 RCL9 3609 ]
028 s -24 ]
629 - -45
030 0:0 ENTH -21 7
Q31 ENTt =21 7]
032 RCL4 36 0¢ 7 080
033 %2 53 ]
034 RCLY 36 09
035 x -24 7]
036  RCLS 36 05 7]
037 2y -4 7
038 - -45 7]
039 ¢ -24 7]
40 040 ST08 3512
041 X -35 7
042 RCLS 36 06 000
043 X2 53 7
044 RCLY 36 09
045 : -24 7]
046  CHS -2 7]
047 RCL7 36 07 7
048 ' -55 7]

LABELS FLAGS SET STATUS
ﬁnfa- C., 4 Ben#cr e ° ° > r*a, bV, 0 FLAGS TRIG DISP
a « " b [ d a 1 ON OFF
inihahze o D | DEG W | FX ®
SRS (N N R —— -

2 3
5 6 7 8 9 3 TS0 HA n=g
REGISTERS
1 2 3 4 5 6 7 8 9
Oused used used
S1 S3 S4 5 Sb S7 S8 S9
S0 S2 Z‘X S SX‘ ZY Xy‘ ZXY n
C D E 1
a = q ’ Ng b £ = 9




Program Deseription

ProgamTite _ Les/ies Fouation

Name Danprel! Poul _

Address -‘TCAA RM , MCC P.O.-Box /65017
Makot, , Metro Monilo, pﬁ,‘_/,_;‘gg,hed-.

e 502 . /980

Program Description, Ecustions, Varlables, otc. /A2 @ popu/olion /s frohed Strongly
enough Io_sigrnificantly reduce #e calch /effort , onad whesn e
Sfock dixe_reduction occurs FLasti enough Ffor He effecls of re-

croitment , mortality ond immigrotion % be /prared , we fove /s
leslie's formeulolion

Tl Loy -g 2t D)
vy “? ° "9

which Slofes thot coreh / effort (Ceffe) in o q/ven time period t,
pletted ogarnst the cumulafive cafch up fo that period ((Ft) gives

o staight line, 7he J‘/o/oe of which , with sign changed ris ar eslimpk

of 7he cqz‘c/zoé/'//'/q Cosffrarent (g) and fhe /nterc:of of whech _fg /1{9),

d/'t’/'dea,',_éq, grves on estimare of e wnfished slock size (A6).

. When He Joecio/ case applies Har effort is, or con be assumed kb be

__gdonsTant for off Time periods , Yhen e Ce/. ft values are replaceo by
G, in which case o volue of (F) is estymota instead o .

HZZ:?_/@_T‘:_g?uﬂ%bh , oS Shown by Ricker (1975, p. 149 - 158) /5 Simoker ond
. Offen more_agpropriofe #an Hhe related Delury eguaiion , ako kseq 7o
__eslimare Ny and 2. from cumulofive catch dalo.

Opersting Limits and Warnings
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INPUT

STEP INSTRUCTIONS DATAUNITS KEYS OATATUNITS
1]
1|30 1oL’ TOL (sre] (o]
(S
2 | bnfer M, Ry , G nd coleulote N, M (2
(N = termingl population ) Fe (£
Ce LA 1e ] &
L JL ]
3 | Goleulote frshing mortohty (F;) in o given fme Ci LA ] [:] F
inferval , ond populotion size of the beginning [ 1] N
of Yot infervol, going backword un?i’/ olf [_;j l:_:
0/ _hare been considered. r‘:] r[-__j
4 | Coloulate Fe ond Ny using cohorf anafevs| (v (& 1] i
LI [
(_JC ]
# lolerated error in VWPA Le-q. 0.001f C I
C_ 01
(31 ]
I |
C_J0
R
N
R
N
10 ]
Lo
i
(N
N
[ ]
BRI
I
(R -
(. 11 )
T )
R
-
(I ]
L JC ]
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l’mgram LlS“llg (001 0 112)

o:,'EP KEY ENTRY KEY CODE6 COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 #LBLa 2! 16 1l 057 RCLS 36 09
002 srgz 35 07 ] 058 RCL3 36 03 ]
— | 003 f] -3 ] 059 = -24
gg; srgz 35 g? 060 060 X -35 :
-3 ] 061 RCL6 36 06 |
006 ST02 3502 | 062 x -35 ]
B gg; 2 02 | 063 RCL4 36 04
3 -24 | 064 xe 53 ]
— gc’;g cnf gg ] 065 RCLS 36 05
o101 ¢ 066 x -35 ]
- g:; ZEE; ;Z g; ] 067 RCL? 36 07 ]
] 068 X -35 7
013 RCL2 36 02 | 069 - -45 7]
1 g;; 43 -55 ] 070 070  ST08 35 08 7
ST0 35 03 071 Xz 53 7
016 RCL? 36 07 ] 072 RCLO 36 00 ]
017 x -35 ] 73 Y7 16-34
018  RCL3 36 03 ] 074  crO! 22 01 7
! 019  CHS -2z ] 075 RCLY 36 0!
20 029 ex 33 ] 076 RCLS 36 05 ™
021 CHS -22 ] 077 X -35 7]
gzz 1 01 ] 078 RCLE 36 09 ™
23 + -55 079 XY -41 7]
024 RCLY 3609 ] 060 .0 : -24 7]
ogg x -35 ] 081 RCLS 36 09
0 : -24 1" 082 Xav -41 7
027 RTH 24 ] 083 - -45 -1
028 »#LBLA 20 11 : o8¢  STOY 35 09 7
029  ST07 35 07 085 €T00 22 00 ]
030 030 RL -3 086 2L8LI 21 01 7]
' | 031 5706 35 06 ] 087 RCLY 35 09
] g.}zz RCL4 36 04 088  SPC 16-11 1
3 x -35 08%  PRIN -14 7
| g;; 2&; .;6 o; ] 090 090 RCL2 36 02
) 60 091 ' -55
- 036 CHS -22 ] 092 STO03 35 05
037 e* 31 7 093 o 33
a;e x -35 : 094 RCL6 36 06
039 + -55 039 x -35
040 040  STO! 3500 7 036  PRTX -14 7
041 +LBLO 21 00 7 057  RIN 24
042 RCLY 36 09 ] 098 #LBLE 21 12
043 CHS -22 ] 099 Ri -3t ]
g;; 5152 ; 3; ] 100 100 5706 35 06
50 10} R? 16-31 -
046 RCLZ 36 02 102 RCL2 36 02
g:g RCLS 3 o; 7] 103 2 02
+ -55 104 : -24
043 ST 35 03 , 105 e* 33 7
050 050 RCL4 36 04 106 X ~35
051 X2 53 107 X2y -41
a;z RCLS 36 05 108 RCLZ 36 02
053 x -35 ] 109 e* 33
054  CHS -22 ] 70 110 x -35 7]
055 ! 0! _1 1 + -55 7
056 + -55 112 ST03 3505
- : - REGISTERS
3 4 S 6 7 8
7oL used M Z vsed used Nt G used s F
SO S1 S2 [S4 S5 S6 S7 S8 S9
A 8 C D E I




STEP KEY ENTRY

Pmmm Llstlng (11310 end)

255

KEY CODE KEY ENTRY KEY CODE COMMENTS
113 RCLE 36 06
| U M -41 170
15 3 ~24 ]
116 LN 32 |
117 CHS -22
118 RCL2 3 02 |
115 - -45 |
120 t20  spC 16-11 | —]
121 PRI -14 ]
122 RCLS 36 05 ]
123 PRIX -14 ]
126 RIN 24 160
120
190
140
200
150
210
160
220
LABELS FLAGS SET STATUS
A .. .. C D
> Fi, ¥ P F 0 FLAGS TRIG ISP
a . ... [ d e 1 ON OFF | .
c-)nmﬁa/:ze : o0 R®| oEG ® FiX &
o s 3 ] 2 1o0®| cgraDO | s O
5/1’ F"F'" = 5 5 3 2 0R]| RAD O ENGZD
l 30 ™ n=
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Program Deseription

ProgamTie __ VFA ong Cohort Anolysis
Neme _ J._Eo/oe‘ aend O. Paq/y__
adde . ¥ MAFF Laborofory _

. Lowesloft , Englond

Dwts 02t /9¢0

o ——— ——— e

Program Description, Equations, Veriebise, ste. _709ram [B 18 coleulates the vatue of £ which
. Salefies the eguoton
o Hiss - (e M) exp {-(FAM)Y L

—— G Fi(t-ey {-(Fsmy

N/Jefe .C).',./_'ficaf_c/r a;‘-e;ﬁ r,N ond N/ 11 being Hhe populotion sizes of Me_bogrn -

109 _ong 1% _end of e hme period dufing which pe cafch G was Jaten(Gulland
I965).

. T compulalivs. proceeds bagkuard | starhing fom 0 Hemingt poputann  (#e)
which & _estimoted. from o . e
e G (Fien) e

B (1-axp (- e M) - - P L S

e Fe s e (ossumed) feminal piching mifaltly ont G e Semiar e

Mﬂ 1 s ;P;/_fc.é’_/kcﬂﬁ}e/yv, _éﬂ'o_g_,fﬁt’ Newlg_method , 0nd Fope s _equoZion
— [1972) for_cokor? profysss _to_obrarn Approkimalions of Mg skpe of f).

~An_olrrative b VA jx b wlinote N using Fope's appeonimation ("eheet omogy )

e ——— . ”/2 Ty i em— e
MG e Tt e

2

with_F_beiny estimated from N, Kipy ond M{ Pope 1972).

Operating Limts and Wemings _£37molton of #e M ond F7 - yalues mus/ proceed backwara,
1. Sarling with Me as pirst estimare of Hirs. e ralues of Ny onat £ wil _capraly
convege Toward Heir hue yolues , even when fi was g wild guess. /e yalres of

A and £/ jmmediately preceeding K ond fi oe b be beakd wit suspicion | howere.

ey moy be inprored &y “usizg Ok /e _on€ of He £ - rolues obtaimes Som 0 predm-
_nany VPA.

Mhen using ot analysis , M- yalues stonts not be high Han 03 per hime A




User Instraetions

¢
g

"'ﬁll

JOWES' LENGTH COHORT AMALYSIS /819

INSTRUCTIONS OATAUMTS KEYS AL
! I
Sore 'paramefers‘ ) L oo LAl
— (1D C
- [ either i M A
do { . K R
or . [ I M/xD JL ]
R O -2 o
U - R
Initralize 1 b
|__0) enfer_ypper /im:t 0L/0/\qesl‘ /mg_;‘/z ) Leer I
class angd leng 1t class /nfer'ro/ o 4L Il .e |
b) enter terminol explosfation rote (@ | & | NI
quecs ¥ gnd ferminal cateh Co :d : M
Run_Cokoré_pnalysic : enter Cy.o Cioa | M 4
ond_compute M _ond £ ] { { £Fin
o compule ralues of Z ond F, e,;fe/'M M 1z
| _Gf not_done previously ) ong per/orm f; 2 | ) I[ _' J( Z 43
Fi-2
/?jcaf step (3) 3 (ond 4 ) w;/z/ d‘ma//esl‘! [
length /s reacked . | | I
? |
— _ NI
NOTE 1 [ ]
¥4 yolut of £ = 0.5, corespomding)| | | o
fo & =M will do for most ’ - ] [: |
purposes. } N : l s
_ e [
o ] [
[
0
[
_ 1
(]
1]
(]
1]
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Program Listing

sYep KEY ENTRY KEY CODE COMKENTS STEP KEY ENTRY FEY CODE COMMENTS
001 001 LBLa 21 16 1] | 049 PRTY 14

002 x -24 050 RCLY 35 09

003 2y -4 05! - -45

004 STOD 35 14 | 052 RCLC 3613

005 3 24 ] 053 Y -41

005 sro0 35 00 054 s =24 _

07  cLx -5 ] 055 PRTX 14 ]

008  RIN 24 | 056 RN 24 ]

009 wlBle 2! 1615 ] 057 slBle 21 16 13 ]
010 010  RcLa 3611 ] 0586 5708 3512

a11  RCLD 36 14 | 059 Xy -1

017 yx i ] 060 060 sTO8 J5 08 ]

013  RCL7 36 07 ] 061 2y A1 ]

014  RCLO 36 14 ] 062 - -45 7]

015 yx 3 063 STO7 3507 ]

016 - -45 064  CLK -51

017 RCLA 36 11 7 065 RN 24

018  RCLD 36 14 ] 066 #LBLB 21 12 7]

019 yx 3T 067  CHS -22
020 020 RCL8 36 08 ] 068 i ot 7

021 RCLOD 36 14 065 + -55 1

022 Y« 31 070 070  RCL2 36 02 ]

023 - -45 ] 07t Xz -4 ]

024 % -24 072 : -24

025 RCLO 36 00 7 073 sPc 16-11 7]

026 2 02 1 Q74 PRIX -14

027 + -24 07s RCL2 36 02 T

028 yx kTN az6 - -45

029 S§T0S 3506 7 077  PRTX -14
030 030 R 24 7 078  RIN 2

031 +L8LA 21 11 7 079 ¢LBlh 2! 16 12 T

032 srT0C 3513 7 0680 080 STOD 35 14 7

033 Gs8e 23 16 15 7] 08! Ré -31 ]

034 RCLS 36 05 7 082  STO0 35 00

035 ST09 3509 7 083  CLX -51 7]

036 X =35 084  RTN 24 7

037  RCLC 36 13 085 wBLd 2! 16 14

038 + ~55 7 086 2y -41

039 RCLE 3 06 7 087 : -24
040 040 x -35 7] 088 ST0S 35 05 ]

041  STOS 35 05 7 089 R 2¢ 7]

042  RCL? 36 07 7 080

043 sT08 35 08

044 RCLS 36 12

045 - -45 7

046  STO7 35 07
1 047 RCLS 36 03 7]

048 SPC 16-11

LABELS " FLAGS SET STATUS
WM E Pz, F c ° 0 FLAGS TRIG DISP
YMiko Pmmio i, L %W, ‘v XL ' oD% | bee ® | Fix ®
0 1 2 3 2 1 0 ® GRAD 0O ch 8
— 2 0 x| RAD O} EN
5 6 7 8 3 a0 ® n=3
REGISTERS
4 6 7 8
mio |' Kk Fwm T ® Nz X, Ly Ly [ usew
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B (o] 0 £ 1
Lo Al Cs-2 D




Program Deseription

Progam e ___ Jorres'_Length Gohort nadysis

Nme __ Donie! Pouly. | " oete fub. , /900
Addew. __JCLARM, MCC P.O. Box 150/ -
e ___Mokol , Mefrn Manila , Philppines

Program Dsecrintion, Equetions, Varlaties, atc. Po,oe ‘“« (/972) cohort onofysrs, generd-
. lrzed f}pg__gggqﬁme mferve/ 4t s

[ Mot - M2
F Cyz /2

e )
_.;ués//ﬁq’/_n_q__/edqﬁ }or o9e ( d&/b? /ée. generabzed Zh F) and ”
. [Xaranging _Qrres e
DT ML) G ] A o 2)
. S M o ,
whoe Ty o [ 18- 17 )Me o
I L3-L7 .

. Whtre My 13 Yhe number of frishes of kngth L, whik Cr-z i Fhe caleh of fikh
..o b;y#; Lyt Lz . Honng estmared o value o' N for e largest fist, suc-
__cessive opplicalions of egualron (1) fead b estiwnfs of N por He  awrolfer
fish. Me rare of exphrraron (£32F/2) can be computed from

e ———— _‘ £z F/2 = /mméff Ca-a-?ﬁ/ /[ mumber ogrnag

L is then estimated pom £wa

——— . Z= M J1-6) o )
owd Fria F=z-M ‘ .. 8)

ke me;‘éa;/:f— based on ones (1974, 1957 ).

Opersting Limits and Warnings The hmitotons of. (mqﬂ? Cohort analysis ore oiscussed
ottt in papers by Jooes (1974 ,122i) ons' must be considered
... whenever this method s qppééa' o o e’ of cafeh dolo . Phe resz_))/.r of

. fenath _cofort _qpq/ys/k Ore_Sensrhive o wide chss irfarvals used for euc-
. Swring_ He calch dal ; for #is reason , 1F may Se more oppoovare 7
e [ength- chucturea VPA ( program FB20) mhenerer seporate ralues.
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User Instroetions

*lwin , AL

CLENGTH - STRUCTURED VA

FBzo P

> N pmpht

sTEP INSTRUCTIONS OATARUTS xavs m"“,m"“'
. [ JC 1
L | To inikoliee , enter comstomts Lo (o] [a]
K Lere ][]
0 [erm ] 0]
M Lo J[ 2]
(the_volwe must be reerfores dgr anew vA) Lie. (e ] [T]
’ aL Lero J[£]
ror* [er ] [Co]
__JL ]
2_| Qolulote terminal poputotion A A
G Lz 1[e ] e
I_:l I._’_.'f__'_.:]
3 | Run VYPA, enfering one C4y attr the opter Cte LA JL__] |_Fa
N O N #
¥ Dolaroted error 9. 0-00f __ if;j] %: .—]]
4_| o catulote the tio/ wejoht of o campre, o )
L6 wioh by knoth olass, enter the parometers | o P2 L]
aend b of a fawgfh - we/gkl relofronchis b [.f__:ll }i’._]}
’ i I I o]
5_| Then onter_Joper liwsit ot ematies! fength class L amin LA ]
constaered , and wigth of fength clacs AL {4_‘.:_,'} {,__,;_,._ _{
6_| Then enter frequencias suceessively e [ ; l“: 7
i ) T
7_| o_compsde holal neight of sample, and mear { _;'__{ :__J‘
M/'q/l/ o.f Feh in i‘ahy'p/e +—pLEES '{::: TILLI Nof cample}
i [ THZT) [Hof pva
(N
T i
a E,k"”.q Q’,hﬁdﬂé‘&s "’“”Lﬂﬁ!ﬂ’ IA ] [_—'_':':J
from omafl # hrge S/zes , and ncinde IL_ ][[;.._,_]l
xro h resn = Tz I ST
i, . J )
(1L ]
1]
I
(_JC ]
1]
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l’rogram Llsllng (001 %112
STEP KEY ENTRY Kt SODE KEY ENTRY KEY CODE COMMENTS
oot 001 eLBLA o 1y _| 037 ¢ =35
002 ST07 3501 ] 058 5703 35 03 _]
003 R -3 ] 059 RCL§ 36 04 ]
004 STOE 3506 | (o 060 K2 53
005  ACLA €1 061 RCLS 36 05 _ |
006 RCLD 36 14 ] 062 x -3 ]
007 v a7 063  CHS =22
008 RCL] 36 46 _ 064 i 04 _
009 RCLD 36 14 7 065 + -5 _|
010 010 yx 3] 066 RCLY 36 09 _|
o1l - -45 067 RCLI 36 03
012 RCLA 36 11 ] 068 ; 24
013 RCLD 36 14 7] 069  x =35
014 i 317 [oro 070 ACLS 36 06 _|
015 RCLI 36 46 071 x ~35 ]
016 RCLE 3615 ] 072 RCL4 36 04
017 - -45 7] 073 x? 537
018 STOJ 35 46 7] 074 RCLS 36 05
019 RCLO 36 14 T 075  x -35 7
020 g I 076 RCL? 3% 07 7]
o - 45 7] 077 x -35 7]
022 XY -4 078 - 45
023 ¢ 24 7 079 S108 3508
024 Ly J2 7 Jose 080 Xt 53
025 RCLC 36 13 ] 081  RCLD 36 00|
026 3 -24 ] 082 X¥? 16-34
027 RCLD 36 147 083 6T0! 22 01 7]
028 : 24 7 08¢ RCLI 36 01 7
029 5T08 35 12 1 085 RCLS 36 05
o 030 RCLY 36 09 086 X =35 7]
031 6568 23 12 087 RCLS8 36 08 7]
032 ST09 35 0.9 . 088 X2y -4 -1
033 RCL2 36 02 ] 089 : -24
T C34  £588 23 12 0% 030  RCLY 36 09 7
035 ST02 35 02 091 X2y -4] -1
036 2 02 092 - -45 7]
037 : -24 093 ST09 35 09 "
038  CHS -22 - 094 6700 22 00 7
039 ex 3 095 eLBL! 21 01 7]
) 040 ST04 35 04 096 RCLY 36 09 T
041 RCLé 36 06 - 097 RCLO 36 12 7
042 X =35 1 098 B -24 7
043  RCL? 36 07 039 ST0S 35 09 7]
044  RCL2 36 02 700 (00 SPC 16-11 7
045  CHS -22 - 101 PRTX -14
046 e* 33 4 102 RCL2 36 02
047 x -35 103 RCLB 36 12
048 + -55 104 + -24
049 ST0 35 01 7 105 ST02 35 02 ]
% 050 #LBLO 21 00 106 + -55 7
05f RCLY 36 09 107 ¢588 23 12 7]
052  CHS -22 1 108 ex 33
053 e” 334 109 RCLE 36 06 7
054 S703 35037 110 110 x -35 ]
0S5 RCL2 36 027 (i PRI -14 7]
056 RCLY 36 09 112 RN 24
n:msrms
= 9
oL fuy | 'uecd /by ”/Zf 7 Pzrzy Tweasa Tumd /6 [ifewn, [ o6 /7 T wed
S1 S8 7 S9
B8 E 4 /
Y e 4t J‘ aL L4




Program

LlS“llg {313 to end)
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STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS
113 xlBLB 21 12 169  PRT -14 _|
114 RCLB 3612 170 170 ReL3 36 03 _]
115 X -35 | 171 * -24 _|
16 RTH 24 _ 172 PRTY -14 _|
117 #LBLs 21 16 1l 173 RIN 24
118 Ky -41
119 sT09 35 09 _|
120 120 RCL2 36 02
121 + -53 ]
122 RCLY 36 09 _]
|| 123wy -41
124 3 -24 180
125 3 -24
126 RTH 2¢ ]
127 #LBLb 21 16 12 ]
128 CLRG 16-53
129 5105 35 0§
130 130 Ri =317
131 sTa4 35 04 7
132 X -5 7]
133 RIN 247
134 alBLc 25 16 13 180
135  STOE 3515
136 ) -31
137 sTos 35 06
138 RCLS 36 05 7]
139 ¥ 3]
140 140 RCL4 36 04 7
141 X -35 7]
142 ST0O 35 00 7
143 CLX -51 7]
144 RTK 24 7 700
" 145 #LBLC 21137
T " 146 ST+3 35-55 03
147 RCL6 36 06
148 RCLE 36 15 7
149 + -55 7
150 150 STo6 35 06 ]
151 RCLS 36 05 7
152 yx 31 [
153 RCL4 36 04 7
154 X -35 7] 210
155 8104 3501 7
156  RCLO 36 007
137 + -55 =1
158 2 02
159 z ~24 7]
160 160 §T07 35 07 7
164 x -35 7
162 ST+2 35-55 02
163 RCLY 36 017
164 SToO 35 00 7 720
165 RCL7T 36 07
166  RTN 24 ]
167 #LBLE 21 15 _]
168 RCL2 36 02
LABELS i FLAGS SET STATUS
Fh M P used Cu» P E 0 FLAGS TRIG DISP
¥ M Do b > | Lo div [ ° 1 ' D®| oec m | x m
0 1 2 3 4 2 1 DO®| GRADO | sCI O
noed ured 20 ®| RAD O | ENG O
5 6 7 [] 9 3 3 0 ® n=23
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Program Deseription

Program Te __ Loy - shuckiresd VPA_ . R —
Nome __ Donje/ Pouly. o . . Owe dori/ 1981
Addos . T CLARM, Mcc PO Box rSor

___Mokal, , Meko Monlo | Pblppives

Program Deecription, Equations, Vartebles, etc. /72 _Onalogy 7o Jones' (197¢) conversion of Fpe's
- .L1972) cohor anolysis b o mepod sutable fr_the analysss of CGrch- af - .

kngth_dals , Sullard’s (/96S) Virtna/ Aopulalion Analysis (VP4) can be wseo
- b eslimate_fishing morfaliy and popufatirs 25 pom cate - of - gty ool . _
Gullands _VPA_tus the form

e g D Grm) e [ (M) T R
¢ Fli-exp-(F2+M) —— —_—
.. Gereralied for gny fime imkrral 4, His becomes I

. Nisag = (Froe v M)t ep {~(Fagem)at] o
e Cao-z ... (Fe-z+at) - {1-exp (- (Frztm) At )y .

of fish of 29 1 andl G-z ond Frz are fhe. coroh one
NG morfMify_, cespectirely, pertatning 7o fishes ranging fom, age 1 5 age 2._

—lonterdng_lengts % age | i terms_oft Fhe gencrolives VOSF gives por. dF

— zof..z‘”'f_ B S

ol e I =P

o & s TP

Mt Ly ond Ly _we He knghs perlaining. b ages £ ano 8, mapecie lye. .

Operating Limits and Wamings . 772 _properfies_of the method ore essenllally the_same_as for VA as .

. far_as conrergence fomands Hue_pishing mortalify /s corcervied , and He came o6 por

. sl bt cohor? anofuic o5 far as sersifividg b ho anot K s wnconed. he
- amthod , howerer, (s insensitive 1% fhe effeets off length class sofovak that are

- Very _farge , Somefhing which & _mot the case with_Jones’ feng% cohant 40.9.44_”@5.;;
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User Instruections

YIELD PER RECRUIT (Speciol vB6F) FETp

sTEP INSTRUCTIONS DA o KEYS DATARGTS
1]
ORIGINAL VERSION (1957) I )
(1
1 | Enter parometer volues [ ($T0] [ B8]
K o J[1 ]
M (o} [2]
tmaz (] (A ]
t, 10 (o]
™ [¥o] (o]
4, 1 o] [C17]
L J0__]
2 _| Compeute Y/R F (A0 ] Y/R.
N A
,. S
JONES__VERSION (1957) E__;] lL_ :Il
3 |fénter paramefer yolues os obove, omiHfing (R
Loy R ) .
L]
4 | Compute Y/R F AN Y/£
-7
SIMPLLFIED VERSIoW (1966) } _j %‘g}
5 | £nter poromefer volves MK 7011 & ]
(le/ly=])] ¢ lere)( ¢ ]
I
6 | Coloulate refofive Y'/R £ A ledl ] Y'/R
R I
(RN I B
[
Y/ R,_. z y/'d/d per recrur’t of gge % lr:; JI {'__ T:.:}
Y/ = yield' per recryit of oge % I}
when f 13 not owgileble |, sel e, (I ;:J
- (I
0]
[ J0_]
L JC 1

265
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I‘mgram Listing oem
STEP KEYENTRY  KEY CODE STEP KEYENTRY KEY CODE COMMENTS
oot 001 #LBLa 2! 16 )1 ] 057 RCLI 36 03 ]
002 RCL2 36 02 ] 058 ¢ -55
003 ¢+ -55 ] 0%9 = -24 |
004 5703 3503 060 060 - -43
005 RCLO 36 14 06! RCLB 36 12
006 RCLO 36 00 062 x -33 |
oor - -45 063 RCLY 36 04 _
008 5105 35 05 ] 064  x -35 ]
009 RCLA 36 11 ] 065 #lBLb 21 16 12 ]
010 010 RCLD 3614 066 SPC 16-11 ]
g - -45 067  PRIA 14
niz - sr06 35 06 7 068 RCLO 36 14 |
013 RN 24 1 069  RCLI 36 46
014 ¢L8L8 21 12 ] 070 070 - -45 ]
015  Srod 35 04 071 AcL2 36 02 ]
016 (SBa 2216 1 ] 072 x -35
017 RCL3 36 03 7 073 CHS ~22 ]
018 12X 52 7 074 e 33
[ 019 RCLS 36 057 075  «x -35 ]
[0 020  RcLt 36 01 7 076  PRIX -14 ]
021 X -35 7 077 RIN 24 |
022 S -22 7 078 #8LA 21 11 ]
023 ¥ 33 079 ST04 3504
024 3 03 1 080 080 6S8> 23 16 1t |
025  «x -35 081 RCL6 36 06
026  RCLI 36 01 082 RCLI 36 03 ]
027 RCL3 3603 083 «x -35 ]
028 + -55 1 084  CHS -22
029 ¢ -24 1 085 e~ 33 7]
6] 00 - -45 1 086  CYS -22
031 RCL5 3605 1 087 t or 7]
032 RCLl 3601 ] 088 -55 ]
033 «x -35 ] 089 RCL3 36037
034 2 02 ] 090 090 : 24 ]
035 X -35 ] 091  RCLI 36 01 ]
03  CHS -22 7 092 RCL3 36 03]
037 e 33 093 ¢+ -55
038 3 03 094 107 35077
039 2 -35 ] 095 RCLE 36 06 ]
040 040 RCLI 36 01 ] 09  x -35 7]
041 2 02 ] 097 CHs -22
042 x -35 1 098 e* 33
043 RCL3 36 03 | 099 CHS -22
044+ -55 100 100 1 01 ]
045 ¢ -24 101 ' -55 7]
046  + -55 1 102 RCLS 36 05
047  RCLS 36 05 103 RCLI 36 01 ]
048  RCLI 36 01 104 X -35 7
049 «x -35 105 CHS -22 ]
050 050 3 03 106 33 7]
051 x -35 107 3 03 ]
052  CHS 22 ] 108 X =35 ]
053  e* 33 ] 109« -35 ]
054 RCLI 36 01 ] 1o 110 RCL7 36 07 |
055 3 03 | 11 : =24
056 x -35 Hz - -45
nsmsrens - -
1 8 7
" b K [ z ]s. oy~ b }ﬂadjlﬁ/l( 1-c
51 F s, S8 S7 S8 ISQ
A 8 E 1
e W te I £ tr




mm Llsling (113 t0 end)
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STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS

113 sio8 35 08 169 ¢CIok 22 16 12

114 RCU 36 01 7] 170 170 sLBLC 21 13 ]

115 2 02 ] 171 STOE 3915 |

116 x -35 ] 172 RCLC 3613 ]

117 RCL3 36 03 ] 173 CHS -22 ]

118 + -55 174 f 01

119 sT07 3507 7 175 ¢ -55 7]
120 120 RcLe 36 06 7 176 sr09 35 09 7

121 x -35 ] 177 3 03

122 CHS -22 7] 178 x -35 ]

123 o* 33 179  RcLs 36 08 ]

124 CHS -22 7 180 180 /% 52

125 ! 01 7 181  RCLE 36 15 7

126 + -55 ] 182  CHS -22 7

127 RCLS 36 05 1 193 ! 01

128 RcL1 36 01 7 184 ¢ ~55

129 X -35 7] 185 x -35
130 130 2 02 ] 186  ST07 35 07

131 X -35 187 | 61 7

132 (Hs -22 188 + <55 ]

133 e* 33 7 189 z <24 7

134 3 03 190 190 CHS -22 7

135 X -35 191 | o1 7]

136 RCL7 36 07 7 192+ -55 ]

137 2 ~24 193 RCLY 36 09 7

138 ST+ 35-55 08 194 X2 53 7

139 RCLI 36 01 7 195 3 03 7
140 140 3 03 7 196 x ~35 7]

141 X -35 1 197 RcL? 36 07 7]

142 RCL3 36 03 7 198 2 02

143 + -55 7 199 x -35 7

144 sTO7 35 07 7 200 200 1 01 7

145  RCLG 36 06 °] 201 ' -55 7]

146 x -35 7 202 3 -24

147 CHS -22 7 203 + -55

148 e~ 33 204  RCLS 36 09 7

149 CHS ~22 205 3 03 |
(EX) 150 ! 01 206 yx 31 7

151 + -35 207 RCL? 36 07

152 RCLS 36 05 " 208 3 03

153  RCL) 36 01 209 x -35 7

154 X -35 210 210 { 01 7

155 3 03 7] 211 + -55 ]

156 X -35 7 212 5 -24 7

157 CHS -22 7 213 - -45

158 Py 33 4 214 RCL9 36 09

159 X -35 7 215 RCLB 36 08 T
760 160 RCL7 36 07 7 216 yx I

161 + -24 7 217 X -35 7

162 RCLB 36 08 7 218  RCLE 36 15 7

163 K3y -41 7 219 X <35 7]

164 - -45 ™ 220 220 RN 24 ]

165 RCLB 36 12 ]

166 X -35 ]

167  RCL4 36 04

169 X -35 -

LABELS FLAGS SET STATUS
"BUH 57 | Jones 57 [[B¢H 66 ’ FLAGS TR oisp
used | wsed ¢ ¢ ! cD®| oee @ | x m
0 1 2 3 2 1 0R GRAD O scl 0O
20 ®| RAD O] eNna O

3 T 7 8 l; 0o n=3
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Program Deseription

Program Te ___ Y8/ _per Hecruid

Nme  Dame/ Pouly S " vate March, /1981
Addres . . {CLARM, MCC PO Bo,z ey
___Ma,éa// Me{ro Manila , P/z///,o/m es

Program Description, Equations, Variables, etc. p/W/W’/ B2 eslimares Hhe gleld per recrent,
-qlren Qrowmh _and relafed pamme;éw Jom aﬂy of e Hree egmotions

YE = Fe” ,/'/ [1 %% e TP
- Z+ K
— , 3e‘ZK’i(1_e‘(1*’/‘)"5) e-sKr (:uak) )/
o Z » 2K Z~ 3/<
i YR = [‘ - 3¢ " 36-2/0; e / T 2)

Z+K 2'+2/< z,«g/(} e

where IZFEM) s bty B bt ond gy sty 2

7 z
e RS 301-¢} s(1-c)
: e = £(1-C) /1 14 K(2-6) 7 442K (21-E)

e (z C) . e })
P, m—') . AN

,__.ﬁf‘,‘?‘f‘.’:é;".‘d'éy_ Bewrln anv' Yo/t (195 7) , ores (/967) , Beverfon and
Kot (196%).

Operating Limits and Wamings  JheSe eguolions must be used only ;s oonjumciion
—_wiTh the ypecial VBGF ((when D=1) and wher we ph? grocwrts /s
_Lﬂdr/c o .




4

User Instrueiions

' FB22
YIELD FER RECRUT VIA INCOMPLETE B- FUNCTION o

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

DATA/UNITS

Lnter parameters

W,
K
i
b
Jul
12
tp
te

SALCIAL VBGF (D=1) :

Calculok yield per_recrurt

F

GEMERALTZED VBGF (D #1)

Lalcalar _yreld per_recru/t

NOTES :
Y/Ke_= yleld per recruct of
ag9¢ Ce
Y/ Rr = yleld per recrurd gf
age_fr
When Cr is not avarloble,
cet tr = ¢,

i

8
A

,@u.upwwﬁﬁﬁﬂ'h‘ﬁ?ﬂEQQ’
E'J:uduuuuﬂuﬂﬁﬁhﬂhﬂﬁm
i T N I Ty
L T R PU e

H ‘ : , : i,

/e

Y/ A

Y/

Y/ A

Ji
S
]
N

]
100
i
1]
o
.
o

R
B
| -

(1]

(I

(1]

L Ji 1
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Program Listing wium
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 00/ +L8LA 2l 11 057 RCLS % 05 ]
002 St0l 35 46 058 X -35 ]
] [ 003 PS 16-51 059 RCL4 36 04
00¢  RCLS J6 01 060 060 + -55 |
005 RCLO 36 00 061  S105 35 05 |
00§ - -45 062  (LX =31 ]
007 Ps 16-51 ré3  RCL7 36 07 )
T 008 kclLA 36 11 004 X -35
009 X -15 065 RCL6 36 06 1
610 0}0 CHS -22 066 + -55
oo e 3 067 §T07 35 07 ]
| orz stz 3503 068 RCLE 36 08 ]
] 013 RcLe 36 15 069 1 01
014 RCLD 36 14 o070 070 + -5:1
015 3 ~24 071 $T08 35 08 ]
016 { 01 072 RCL2 36 D2
017 + -55 073 RCLB 3 08
018 ST02 3 02 074 - -45 71
[ 013 RCL] 3% 46 075 x 357
k2o 020 RCLO 36 00 076 ACL( 36 01 7]
021 + -55 ] 077 ReL8 % 08
022 RCLA 36 1 078 ¢ -55 ]
023 z -24 673 RCL® 36 08 ]
024 $70! 35 01 060 080 + ~53
025 ] 01 08) s -24 ]
026 S107 35 o7 P82 LSIK 16-63
027 5706 35 06 083 ! o1 7
028 SI04 35 04 T o8¢ - -45 1
029 0 00 085 =+ -24 1
030 030 5708 35 08 086 R(L3 36 07 7
031 S705 35 05 087 x -35
1" 03z #LBLO 21 06 088 ENT? -21 7
" 033 $709 J5 09 089 ENTt -21 7]
[ 034 RelJ 36 01 090 090 RCL4 36 04 ]
7 035 RCLE 36 08 091 X -5
i 0% + -5 092 RCLS 35 05
" 037 EWTt -2] 093 + -55 1
038 ENTt -21 094 ST4 35 04 1
039 RCL2 36 02 095 Y -41 7
040 040 + -55 096 RCLS 36 06 7]
041 x -35 097 X -35 7
042 RCLl 36 of 098 RCL7 36 07 7]
043 RCLS 35 08 099 + -35 7]
044 + -55 100 100 STO06 35 06 ]
045 RCL8 36 08 101 %707 16-42 7
046 + -55 102 : -24 7
047 v -24 103 pCLS 36 09 7
048 LSTH 16-63 104 Ay -4 7
049 1 01 105 X#Y? 16-32 7]
050 050 + -55 106 ¢T00 22 00 7
031 * -24 107 RCL3 36 03 7
052 RCLI 35 03 108 RCLI 36 o1 ]
053 x -35 109 3]
054  CHS -22 110 110 x -35 |
055 ENit -2J 1l { 0}
036 _EATt -2 12  RCL3 36 03
REGISTERS
4 ] 7 8
‘M ‘ P i Q X used | used used used used used
St ¢ S5 56 7 S8 S9
[ % f @ l
A ] C D E 1
K [ W P b b F




Pngl'am Llﬁllng (113 to end)
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STEP KEY ENTRY KEY CODE P KEY ENTRY KEY CODE COMMENTS
113 = =15 169 sToA 3511
114 RCL2 36 02 170 170 cLX -51 ]
115 yx 37 17 K 24
§16 X =35 7 172 #lBLa 21 16 11 ]
117 Reut 36 01 173 S 16-5 ]
e =24 7] 174 102 3502 |
119 sk 1611 7] 175 R 31 ]
120 120 PRTK -14 176 S100 35 0p
12! RCLB 36 12 1 177 P25 16-51 7
122 x -35 178 cLA -5t 7]
123 RCLI 36 46 " 179 RIN 21
124 x -35 7 180 180 #LBLe 21 16 13
125 RCLA 36 11 ] 181 P28 16-51 7]
126 z ~24 182 s104 35 01 7
121 P35 16~51 7 183 25 16-51 7]
128 ReL! 36 01 184 CLX =51 7]
129 RCLO 36 00 = 185  RIK 247
e 130 - -45
131 PIs 16-51
132 RCLI 36 46
133 ReLO 3 00
134 + =§3 7 190
135 x -35
136 e* 33
137 x -35
|—- 10 PRTY -14 ]
139 p2 16-51 -
140 140 RCL1 3501~
148 RcL2 5 02 -
142 - ~45
143 »pzs 16-51
144 RcLo 36 00 200
145 x -35 ~
146 CHs -22 -
147 e¥ 33
148 X ~35 ™
149 PRIX ~14 =
"% 150 RIN 24
151 +LBLS 21 12
152 s101 35 46
153 RCLA 36 11 7
154 [ 16-51 = 210
155 §T05 35 05
156  P:s 16-51 ]
" T 157 RcLD 36 14 7
158 x -35 1
159 3 03 -
160 160 X -3
161  RCLE 36 15
162 + ~24 1
163 SToa 3911 7
164  RCLI 36 46 26
165  ¢saa 23 11 7] i
166 5 16-51 ]
167 RCLS 36 05 K
168 P25 16-51 —
LABELS FLAGS SET STATUS
*Y/R,D:=1By/R D21 ° 0 FLAGS TRIG
b, trr |° e ¢ 1 0% | oee ® | Fix g
2 1 GRAD O | sci
% toop for B |! 2 3 283 RAD O | ena O
5 6 7 8 3 I 0® n=3%
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Program Deseription

Progr-nmo,_,y/'e/dpec../?ecw/’d_y/a /}750/”/)/&/% B~ Furcltion L

Name Danie/ fouty o o.u //arcﬁ /7987
Adérns JCLARM , MCC 20. Box /50/

Mokal, Melro Manilo, Fhilippines

Program Description, Equations, Variebies, stc. Y/ e/ per recrurt, os shown by Jenes (1957)
can te cafryw(ea’ whern growrh conforms Jo #e soecro/ /.66’/' éq “s127g

Y/ = F/Ke ’.e_ W /e(qu)f )

where Ke €% Pz Z/K | R :br1 (b bung He exporet of the lemhi-
weight f?/oflwn'/ﬂ/? ) ond 8 being He symbol of #he incomprete bela frnion,
ond where 1, =ty - ¥, and 7 = Y <t Nole here ol & moy be # 5.'('/00:5
(1957), b'///mors,("y ond Mck/und (/‘?‘J) Rcker (1975) ). )
When The generolized VOSF 15 uced fo descrvde growhs | yield per recwd can e |
aamp{//&/_ﬁ-am

Fb 2r
Yk = 3%D €

where f = e2FP9/6 pozb/35k0 & =(B/D)t 1t ond 5 and g are
defiaed as atore.

ey [80x P 0] e

Jhe rouf/ﬂe which estmarks the values of Fhe incomphie belo funchon i5 Toker
/mm ﬂvymm 004250, submifed by RH- Shudde 7o the U.S User’s
[jbrary

Opersting Limits and Wamnings  £xecullon Fime is oboul 4o cecords.




User Instruetions

CONVERSION FACTOR 'k *

Frk

sTep mstRuctions  / DATALNGTS KEYS o m
1]
1 | fnfer porameters peeded K ls70] (1]
H* | 1o (2]
t, Lero ) (O]
te sn ][ C)
tk (s 1[A]
(__J[_]
2 | Cotutate _volue of factkr "K” £* [A) Y

NOTES ©

* If no seporate estimates ot M

ongd F ore avallobk  entr 7

inskad of M and compate k

for F=0.

]
=l
1l

-
1}
.

B
L
[‘—r——
L

i
|
!

o

ol

‘ |
|

*"!_J ‘f

L

'_’If_n I ;
I

_;Jl

]

i

Lt

BRI EE
’_*i il

s
1

1

i
JOlE
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Pregram Listing

STEP KEY ENTRY KEY CODE STEY KEY ENTRY KEY CODE STEP  KEY ENTRY KEY CODE
001 001 sLBLA 211 038 ST+ 35-55 09 | 075  CHS -22
002 RcL2 36 02 -: 03¢ RCL7 © 36 07 . 076 eX 33
003 ¢ 55 | 040 040 Rcl) 3601 ] 077 3 03 |
004 STO3 3503 | 041 x =35 1 078 «x 35
005  I/X 52 042 3 03 | 079  RCLY 3501 |
006 ST09 3509 043 x -35 o ogo 2 0 |
007 ST05 75 05 | 044  CHS -2 | 081 X =35 |
008 RCLC 36 13 — 045 e 33 d 082 RCL3 36 03 .
009 RCLO 36 00 N 046 RCLI 36 01 J 083 + -53 A
910 010 - -5 ] 047 3 03 ] 08¢ -24
011 ST07 15 07 048 X ~35 085 ST+ 33-57 04
012 RCL % 01 ] 049 RCL3 36 03 ] 086 RcL8 36 08
013 X -35 1 j0s0 | 050 + -33 ] 087 RCLI 36 04
016 CHS 222 ] 051 : -24 088 X =35 |
015 eX 33 ] 052 ST-9 35-45 03 7] I 089 3 03 |
016 3 03 ] 053  RCLS 3605 090 090  x -35
017  x .35 ] 054 S§T04 35 04 | 091 CHS -22 ]
018 RCLI 36 03 | 055 RCLA 36 11 ] 092 33
019 ReLl 3601 056 RCLO 36 00 ] 093 RCLI 36 D3
jo20 020 + -55 ] 057 - -45 7] 094 J 03
021 . .24 | 058 sT08 35 08 ] 095 X -35
022 SI-9 35-45 09 059 RCLI 3601 ] [ [ o9 RL3 3603 ]
023 RCLZ 36 07 260 060 x -35 07+ -35
024 RCLI 36 Of Os!  Chs -2 | 098 -24 |
025  x 35 ] 062 e 33 ] 099 ST-4 35-45 04
026 2 0z ] 063 3 03 7] 100 100 RCLA 36 04 ]
o2t X -35 ] 064 X -35 101 RCLA 36 1) |
028 CHS 222 ] 065 RCLI 36 01 7] 102 RCLC 3613
029 e 33 ] 066 RCL3 36 03 ] L 103 - 45 ]
a0 030 3 03 067 ¢+ -55 7] 104 RCL3 3503
031 x 35 ] 058 = -4 7] TATI -35 ]
032 kLI 3601 ] 069 ST-4 35-45 04 106 CHs -22 ]
037 2 02 | 070 070 RCL8 36 08 107 e 33 ]
03¢  x 35 | 071 RCLI 3501 108 x -35 ]
035 RCL3 36 03 : 072 X -35 : 109  RCLS 36 09
036 n -55 | 073 2 02 110 110 s -24
037 - 24 074 x 35 7 111 RIN 24 7
I
LABE
- — - ELS h _ FLAGS SET STATUS
-+ K FLAGS TRIG DiSP
a b c d o 1 ON OFF
o0 ®| DEG B | FIX B
0 ! 2 3 4 2 1t O®| GraDD | sCI O
3 G 7 3 3 3 20 ®| RAD O | ENG O
3 0 ® n=
- - REGISTERS
2 3 4 5 6
to K M Z vsed 1z "n " 1 used
LS1 S2 S3 S4 S5 S6 S7 S8 Su
A k B [o) tc D E 1




Program Deseription

Program e __LoOrtversion Facthe “k 7 S
Neme Darmie! Pauly ‘ Dan ﬁ/m Y
Adden . . LCLARM, MCC P. 0. Box /50!

. _Mokoty , Metro Mamrlo, ﬂﬁz//pﬂe_r

Program Deacription, Equations, Variables, etc. Ur1der eg urhbrium condrtions , Yhe proporlicrn

dn The Tolal_stook (i.e. of Me fish of oge % ond obove ) of the frskh
of a9e Uy ond abow 8 given by , )

T L Jexp(-Kr )y Bexp(-2Kn) — exp(-3Kr,)
- exp(z )-|[Z TZ¥x Z + 2K Z +3K
e K3 _ 5o (-Kn) . 5exp (-zKrL) _ exp (-3 Krs) o)
N £+ K t 2K Z+ 3K

_';_" .t.k "o _
e REwel T T T

with ﬁc pammefer\r K aﬂd perb‘amm? % #e gpecias/ VBG‘F/A'M/e/
and_ Sarhage (1987), /‘ba/] (1900d)). , o

Operating Limite and Wamnings ._(S¢ only /n
~(ie wt D=1).

Conjunclion with #e Speora/ VBGF
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User Instructions

= »inifiolize

Slg P1A

PIA(-) g P+ C

N N B 24
& JTOCK -RECRUITMENT CURVE of BEVERTON ¢ HOLT 7P |

STEP INSTRUCTIONS A KEYS oaTAvTS
(]
1 | Initatize (12 | o-000
(11
2 |Enter Pand R values o I A1
Ll # A1 ] B
s E:] I:]
3_|femore erroncous dale parr P ]
R (810 i-1
4 | Colculate rt, £’ 8’ (21 r*
(] o’
\ 10— 8’
' (I A B
5 | fnter P-rolues* 720 | £
(1]
6 |Estimate R (HM ¢ AM ) for o given P-vclve v o B W 472))
[(T0 ) L& (am)
(I
7 |If Pand R are expressed in #e same awk, (10
calculate paramefers of and form of curre (A 0e ] A
[ 102 L& (#m)
.
[ 1]
NOTES : [
¥ It an_erroncous value of P15 .
enfered , perform @ 0ol o B [ ]
SID 3 and start _enfering e [
P- values all over a'an/'I? . L0 ]
30 ]
(R
[ N
[0
[ T
.. ] |A:':_:]
1]
(1]
i [
.
L JC ]
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Program Listing

STEP KEYENTRY  KEY CODE STEP KEYENTRY KEY CODE STEP KEYENTRY KEY CODE
001 001 #LBLa 21 16 i] 038 RcLS 36 09 075 1% 57
002 CLRC  16-53 039 ¢ -24 7] 076 ST+2 35-59 02 ]
003  Pzs 16-51 | 040 040 RC.S 36 05 077 1 01 ]
004  CLRC 16-53 | 041 XY -41 078 ST+3 35-3% 03 _
005 (X -51 ] 02 - -45 ] 079 RCL3 36 03 |
006 RN 24 ] 043 = -24 | 080 080 RN |
007 slBLa 2111 ] 044 STOB 3512 | 081 sLBLC 21 13
008 ST# J35-55 01 | 045 x -35 ] 082  sPC 16-11
009  Rs R 046 RCL6 36 06 ) 083 RCLA 36 11 ]
010 010 SToo 3500 ] 047 X2 53 9 084 X -41 ]
011 Rt 16-31 7] 048 RCLY 36 09 085 3 -24
02 - 26 ] M9 = -24 1 086 RCLB 36 12 ]
013 RCLO 36 00 ] 050 050  CHS -22 1 087  + -55 7
014 F2? 162302 1 05§ RcL? 36 07 088 /X 52 ]
015 (TOD 22 00 ] 052 + -55 1 089 PRIK -14 ]
016 I+ 56 ] 053 : -24 4 090 099 RCLI 36 01 7
017 RN 24 054 PITX -14 1 091 RCL2 36 02 7
018 #8L0 21 00 ] 055 RCLE 36 06 02 -24 7
019 1- 16 56 1 05 RCLé 36 047 093  x -35 7]
) 020 RIN 24 057 RCLB 36 12 1 094 PRTK -14 ]
021 el8L8 21 12 058 x -35 1 095  RIN 24 ]
022 SF2 16 21 02 059 - -45 096 #LBlLe 21 16 15 7]
023 GT0R 22 11 7 060 060 RCLY 36 09 097  2CLA 36 11 7]
024 slBLE 2) 15 7 061 £ -24 1 098  CHS -22 ]
025 P25 16-51 7 062 5T0R 3317 099 ! 01 7]
026  SPC 16-11 ] 063 RCL8 36127 100 100 + -5§ "
027 RCLS 36 08 ] 064 PRIX -14 101 PRTX ~-14 7]
028 RCL4 36 04 ] 065  X2Y -4 1 102 RCLB 36 12 7
029 RCL6 36 06 066 PRIX -14 ] 103 XY -41 7
%0 030 x -35 067 P25 16-51 1 104+ -24
031 RS 3609 ] 068  RIN 24 j 105 1% 52
032 : 224 1 069 ¢LBLD 21 14 105  PRTX -14
033 - -45 ] 070 070 RCLA 36 41 107 RTH 24 7]
034 ENTt -21 ] 071 Ky -41 7
0315 ENTH 220 ] 072 B 24 1
036 RCL4 16 04 | 073 RCLB 36 12 1 110
037 xe 53 1 074 + -55
LABELS FLAGS SET STATUS
A . . Ie X X
| ok npet Ccorrection "edt- R gad Kes. ri sl FLAGS TRIG DISP
a. .4, c d ® 1
ow/m//u 1 - . - .1, ﬂ. 0 oé‘oé': gsgo g ;g(l g
owah' 1
5 [F 7 3 3 i e m@| RAD O| ENG O
300 n: 3
= ‘ ISTERS
wed | R [ ZRest. ‘ 5 6 7 g 3
S1 52 IS4 S5 S6 S8 <
) 2x Zxt Xy Iyt Xy e
A 6' 8 oc. C D 3 1




Program Deseription

Program TWe ___ J70ck - recraitment curre of Beverbn ¢ Hoft

N Doniel Bty T o parch 1079
Addrem . _Irgliful fid'r Meerestunde
Kiel , K6 R

Program Descrinticn, Equations, Varlabiss, ste. /7€ lock: - recruifment relationskip proposecs by
Bererln_and Holt (1957) has the form ,

i R o b’/plf , shere P ie the sipe of e parenia/ <ok o

' Ris ‘f/fe. Ilj;/_ﬂZW' of .recruils. When Pond A are éxp/ersta’ P 7he db_ﬂr? wnrrs,
..o formafo_can be rewriten as

R 2 here A =1-8 and o'z A/F | B berng
Y | S5 "1-4(1-/’//7-) , where = I-6 = r , 7r P19

Hhe _replacement abundance . he eurve s fitfes by means of ¢

__z_.”= 8+ o ,F, that Is by regressing F/R on P. The ,f_-:)!?y_eI
.- obtmned by imriing fhe ralues of R reprecents the harmomc means (HM)
0. The expected recrufprent for Me varjoms P- volues. Te cawersias
_HHM- raluec B #e Corresponding ari#imes mean rales (AM) foliws e
eum procedare_oyllined by Ricker (1925).

.. HIe_HM - yalues ore  apmroximatire (see Ricker 9%, p.392),

When a negatie  value g /'/i obfamned , defefe the ymlues of R anc
P ascociated with the bighest P/R ralio ancl recafeukate of 'wnc Vi

Operating Limits and Wamings 772 /AM - ;(a/u_t’.i' obtarned Hrough conversion SrOnt
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€

M) > P /R
" fR

User Instructions

RICKER'S STOCK - RECRUITMENT CURVES FB 252p

> Ream) /R (s

> 20d porm
> R(6m 1

STEP INSTRUCTIONS ,,A-',':,p:‘,',:m KEYS om
1]
1 | Initiolre (£ J[a] |o. 000
(1]
28t FORM (Rond P in different wnbs) [ )
I
2 Vfnter Pond R values | P (1]
‘% LA J[_] ¢
T
3 _|Remove emvneous dalo pair 4 (13 |
R L2187 ¢-1
(N
4 _| Calculote parameters of <k -recruimens cuve £ ] ] rt
(I «
(1] 8
(_ 10 | 4,
L ] | _#m
(0]
5 | £shimole Recony for o griren P- rolue Vid [[—_E':_{ [ _:J R ran)
6 | If an estimofe of 2 is available do : A (£ 10 | #/%
N |
2090 FORM (R and P in the Same Uik ) (1]
I
7-8| As #and 3 jn 13 Lorm 1]
[ 1]
9 { Calculale parameters of stock - recrurtment t% !_ ;:Jl _
curre iLe .l |~
[ 0] [a-P4)
(N e
]
10 | Reentor Pond R rvalves * nd B4 (£ 10 ]
LT x (2 ][] ¢
When _all_ ralves have been enfrry oo - LA 1eT] [Revn [Roay
' (I §
1 | Estimate Rywy ¢ Roa) from o givern P- rolue P Lz 1] Kcom)
e (N L car)
Y If an eongons volue o Pendfor R was enmbred I N
perform : 08106 OO 7 and star! entyring Py A (1]
ralues all orer again. L JlL 1

281



282

Program Listing wiwm
sTEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY COOE COMMENTS
001 001 #L8La 21 16 11 T os7 relB 26 12 ]
002 CLRC 16-53 058 X -3 ]
003  P:S 16-51 059 - -45 |
004 CLRC 16-53 080 060 oL 36 09 |
005  CLX -51 ] 061 P¥S  16-51 ]
005  RTH 24 062 3 <24 ]
007 #LBLA 21 14 0637 X 33
009 LK 32 064  ST0A 3511
009 2y -4 065 F2? 16 23 02 |
o0 010 ST00 35 00 | 066 RN 24 ]
011 LN 32 ] 067 PRIX -14 ]
012 - 45 068 RCLE 36 12 ]
013 RCLO 36 00 069  CHS -2 ]
014  F27 16 23 02 o710 070 sT08 3512 ]
0I5 CTGo 22 00 071 PRTA -4 ]
016 I+ 56 072 I 52
017 RN 24 073 PRTX -14 ]
018 sLBLD 21 00 1 074 RCLA 36 11 ]
alg 1 16 56 j 075 RCLB 36 12
k= 020 R 24 07§ & -24 |
02! slBLb 21 16 12 077 ! 0!
022 SF2 1621 02 ¢ 078 e 33 ]
023 ¢r0n 22 11 Y 079 ¢ -24
024 etBLE 2115 Y 080  PRTX -14 ]
025  P:§ 16-31 1 08/  RIH 24
026  spc 16-11 ] 082 sLBLC 21 13 ]
027 RCLB 36 08 083  STO0O 35 00 ]
028 RCL4 36 04 ] 08¢ RCLB 36 12
029 RCLS 36 06 ] 085  CHS -22 T
=0 030  «x ~35 " 086  x -35 9
031 RCLY 35 09 687 e* 137
032 ~24 7] 088 RCLO 36 00
033 - -45 089 x -35 7]
034 ENTt ~21 " %0 0%0 RCLA 36 11 7]
035 ENTt -21 091 x =35 ]
036 ReL4 36 04 092  RTN 24
037 X2 53 4 093 LBLd 21 16 14 ]
038 RCLS 36 09 094 CSBC 23 13 1
039 ¢ -24 " 095 RCLO 3600 ]
040 RCLS 36 05 7 0% ¢ -24 ]
041 X2¥ -41 097  RIH 2 ]
042 - -45 1 098 #LBLe 21 165 ]
043 + -24 099 SF2 16 21 02
" 044 STOB 35 12 1 100 100  GSBE 2315 ]
045 X -35 1 101 LH 32
046 RCL6 36 06 102 PRTX -14
047 Xt 53 1 103 ST03 35 03 ]
048  RCLS 36 09 104 RCL8 36 12 ]
049 = -24 7 105 = -24 ]
=0 050  CHS 22 1 106  CHS -22 ]
051  RCL? 36 07 1 (07 5104 35 04 ]
032 + -55 108 PRTH 14 ]
053 3 -24 ] 109 RTH 2¢ ]
054  PRTX -14 ] 110 10 w80 21 14 ]
053 RCLE 36 06 | 111 5T0S 35 05
036 RCL4 36 04 . 112 R -31
4 5 H 6 7
0 used ' q a R i R used ¢
S8 7
|s' Zx Zx* Zy Zy? | Zxy
A B [ D € 1
a, L || b l
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Pﬂgmm mlng (113 0 end)

STEP VFEY ENTRY KEY CODE KEY ENTRY KEY CODE COMMENTS

113 s100 35 00 ] ‘ 169 X -39

14 ReL4 3604 ] 7% | 170 PRIX -14 ]

115 3 -24 171 RN 24 ]

116 CHS -22 |

117 i o |

118 + -55 ]

119 RCL3 36 03 ]
120 120 «x =35 ] ]

121 e 33 ] O

122 RCLO 36 00 ]

123 X ~35

124 Loc 1632 ] 180

125 RCLS 36 05

126 LOC 16 32

127 - -45 7]

128 xe 53

129 ST+§ 35-55 06 ]
130 130 1 01

131 ST+7 35-55 07 7

132 RCL7 36 07 7

133 RW 21 7]

134 al8Lc 21 16 13 7] 750

135 RCLK 36 06

136 RCLi 36 07

137 ! 01 7]

138 - -45 7]

139 5700 35 00
140 140 5 -24 7

141 RCLO 3500 7]

142 x -35 ]

143 RCL7 36 07 °

144 3 ~24 7] 700

145 ! ot -

146 . -62 ]

147 ! o1 7

148 5 05 7]

149 ! 01 4
150 150 8 08 "1

151 X -35 7

152 100 16337

153 sT08 35 08 7

154  RIN 24 7] 210

155 L8LB 21 12 7

1%6  ST00 35 00 7

157 RCL4 36 04

158 : -24

159  CHS -22 ]
1% 160 1 0! 7]

161+ 55 7] ]

162 RCL3 3 03 7]

163 X -35

164 e 33 ] %=

165 RCLO 36 00

166 x -35 |

167 PRTX -14

168 RCLA —

- LA_SF I_ FLAGS STATUS
AF,R-’ ae:f-R[u‘uﬁd- Reen) Jreodr P4 R 28 form 0 FLAGS TRIQ DISP
“jikatire_ | coowot. v Row) Kl 2/ [ not prm |’ D0 | o0 m| Fx m
o 1 2 3 4 wused 1 00) GRADO | 8C1 C
: JL[ ; JF @ 8| RAD O] ena G
|' 300 ncy
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Program Description

| brogram 1t __ Aichr's Yoot Recraitment Cerres L
Newe  [bwie/ Fouly N _ Dete Nz ch /981
Addnas ACLARM , MCC P. 0- Box /501 ) o
_Makali , Mefko Manita , Philippines L

Program Description, Equations, Variables, ete. /7€ firel of fhe sTock - recruiimen). curves obscweser
~ in Ricker (1975) has #he form S

kﬁé}e__ P /:%e—;mren@/ shek iee , »_?mﬁc _corrc;pé;&)'ny mmrée' of r?aw/;(r ,
A is on index_of density -indep indeal mortality ond B on irden of densify
Gependent mortali¥y . N S

. The second form of the curve i L L
Pra)

I

TR Pt

_whoe B s fhe replacerment qbandance (i.e. #e poial of which Me _rephcement .
_lpe auls e stool - recruitmen? curve) and o=z B/Fm | Pr being the parens shx.i_
&ize al marimum  recrotmen . ‘ L

T friing_of e curves and pe_estmation_of #e ratio Kiamy / Kouy follows
__the method oullned in Rickr (1975, p. 282- 289 ) which should be' corsulted
for details_and furtper considerolions.

Operating Limits and Wamnings __/A¢._GeormeAve mean ralwes (/?(u)) ore fhe moast
- proboble R for the_observed P-rajues., not the feng - ferm (anHmetre
-mean ) arerage R obfained af a giren P. o




User Instructions

SC‘HA EFER  AND FOXS MODfZS B 26 2P
Fox CWC
STEP INSTRUCTIONS DAYA TS KEYS oTAuNTS
|1 ]
1_|Jnitiokze | £ 1la_] | o-0c00
[
2 |fnler cofch-ond-effort dolo | _cofehr L2 1]
L e!’ o"t‘ [_’!:4:,:.‘] [‘: ‘
l,,-:‘;__:] Cj
3 _|Rermove _erroneous dolp poir catch 0 .
effort le 1] | ¢-r
SCHAEFER MODEL |[:._.__.___]] 'L:,__—__Il
4| Pht of Cif on/ }Zf} }_;. JJ r*
S o
L JL_ ] b
N L
5 | fopt ond MSY | Loll 1 | £opt
_ I I
6 | Coleufote cofch for ony ferel of effert |effort { CHJ] cotch
[ O IR e
FOX MODEL . I H]l
bl
7| Plot of in Sff onf — | }f. He{ a
L )
L )
Pt
8 |f opt ono MSY L e | | foot
} , : } : ]l MSY
9 | Colevlofe colch for ony fevel of effort | effort 'z } :;e;;j'} coteh
B I
S A
N
LIl
(I
[
(_JL_1
]
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Program Listing wiwim
SYEP KEY ENTRY KEY CODE COMMENTS STEP KBY ENTRY KEY CODE COMMENTS
Toor 00f #BLa 21 16 (1 057  sPC 16-41 ]
002 CLRG 16-53 - 058 RCL8 36 08 7]
003 P:s 16-51 7] 059  RCL# 36 04 |
004 CLRG 16-53 060 060 RCLG 16 06
005  CLX -51 7 061 x -35 71
006  RIN 24 7] 062  KCL9 36 09
007 sLBLA 20 11 " 063 £ <24
008 STOO 35 00 ] ™ 064 - -45 ~
009 ) -24 " 1" 065 ENTt ~21 7]
o010 010 sras 33 01 ] 066 ENTY -2l 7
o1t LN 32 T 067 RCL4 36 04
012 5102 35 02 068 xe 53 7]
053 RCLO 36 00 - 069  RCLS 36 09
014 ST+4  35~55 04 - o0 070 3 -24¢
015 e 53 071 RGLS 36 03
016 ST+5 35-55 05 = 072 K2y -4
017 RCLZ 36 02 ~1 073 - -45
018 ST+6 39-55 06 — 074 ¢ ~24
019 ye 53 075  $T08 35 12
; 020 ST+7 35-55 07 — 076 X -35
021  RCL2 35 02 077 RLLG 36 06
022 RCLO 36 00 — 078 y2 53 =7
023 x -35 — 079 RILS 36 09
024 5T+8 35-55 03 — 000 080 + -24 —
025 i 01 — 081  CHS -22 ]
026 ST+9 35-55 09 — 082 RCL7 36 07
027 RCL} 36 01 - 283 + -55 —
028 RCLD 36 00 — N84 z -24
029 I 55 — ——1 085 PRIX -14
030 RN 24 — 086 i 54
X 031 iBLB 21 12 — 087 RCLB 36 12 — de/ef‘c o
F——+ 032 s100 35 00 088 Xy -¢1 =1\ obfain AM
033 5 ~24 — 089 ) -24 ssion
034 sT0S 35 01 — v 090 Sros 35 12 e
035 LN 32 091  RCLE 36 06
036 702 35 02 — 092 RCL4 36 04
037 RCLD 36 06 — 093 RCLB 36 12 —
038 ST-4 35-45 04 094 X -35 —
039 X2 53 ~ 095 - -45 ™
I 040 57-5 35-45 05 —f 096 RCLS 36 09 ]
041 RCLZ 36 02 ~ 057 : ~24 —
042 ST-6 39-45 06 — 058 $'0A 35 11 -
043 X2 53 — 099 PRTX -14 ™1
044  ST-7 35-45 07 — 00 100 RCL8 36 12 —
045 RCL2 36 02 — 101 PRTX ~14 T
046 RCLC 36 00 — 102 25 16-5§ —
047 x =35 — 103 RTN 24 —
048  ST-8 35-45 08 — ———1 104 sLBLe 21 16 15 —
049 I 01 — 105 SPC 16-11
= 050 5T-9 35-45 09 — 106 RCLE 36 08
051 RCLO 36 00 — 107  RCL4 36 04
052 RCLI 36 01 — 168 RCLE % 06 ™
053 I- 16 56 — 109 X -35 —
054 RTN 24 — V10 110 RCLY 3 09 |
—1 055 «sl8LE 21 15— 1t 2 -24 7]
056 e 16-51 — 112 - -45 |
REGISTERS
0 1 2 3 4 5@ 3 2 9
vsed used used Fox + | Zx I Zx Ty Sy Exy n
S1 S2 S5 S8 S7 S8 S9
s soierr+| Sy 3 x* 2y Zy’ Zxy J ri
D 1
A intercept (Q) lﬂ slope (b) [° JE




Pmmm Llsllng (1130 end)
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STEP KEY ENTRY KEY CODE STRP KEY ENTRY KEY CODE COMMENYS
113 ENT? -21 165 KWW L
114 ENTS -21 ] 170 170 3lBLD 21 147
| 1 115 Rreu4 36 04 | 171 see 16-11 "]
L 116 X 53 | 172 RCLA 36 14
17 ROL9 36 09 173 RUB 36 427
g 24 174 CHS -2
119 RCLS 36 05 ] 175 2 02~
120 120 he ~41 176 X 357
121 - -45 177 z -24 "
122 ¢ -24 ] 178 PRTY -147]
123 5108 3512 179 RCLA 36 117
124 x -35 7 106 130 xe 537
125 RCL6 3 06 181 RCLB 3 127
126 a2 53" 182 4 04"
127 RCLY 36 09 183 x -35 "
128 % ~24 7] 184  CHS ~22 7]
129 CHS -22 "] 185 s -24 7]
190 130 RCL? 36 077 186  PRTX -14 7]
131 + -55 "] 187 RN 24
132 3 -4 188 #LBLd 2f 16 14~
133 PRI¥ -14 7] 189  RCLB 36 12"
134 X 54 ] ) 190 ¥ 52
135 RCLB 3 127 delefe to 191 3 -2
136 Ny 41 1Y obtain AM 192 SPc 16-11 7]
137 ¥ -24 . 193  PRTX -147
138 sto8 35 127 regression 194 RCLA 36 11
139 RCLS 36 067 195 J 01~
140 140 RCL4 36 04 7 196 - -45
141 RCLB 36 127 197 ex 3377
142 X -35 7] 198  RCL8 36 12
143 - -45 "] 199 3 =24
144 RCL9 36 09 7 200 200  CHS -22 1
145 0 -24 7] 20f  PRIX -1477
146  ST0R 35 117 202 RN 247
147 PRTX -14 7
148 RCIB 36 127
149 PRTX -14 "]
150 150 RTh 24 7
151 #LBLC 21 13 7]
152 ST00 3500
153 RCLB 36127
159 «x -35 7] 210
155  RCLA 36 11
156 + -55
157 RCLD 36 007
158 X -35 ] B
159 RN 24 7]
160 160 eLBLc 21 16 137
161 <100 35 0o
162  RCLB 36 12
163 X 35 _
164  RCLA 36 11| 220
165 + -55 _]
166 e 33 _|
167  RCLO 36 00
168 X -35 . N
LABELS FLAGS SET STATUS
Aonkr dato Ewmdion - [Ceaten rli.w, fopt E&dwcﬁ' Piet [ FLAGS THG DigP
Yaitolite Ccatth  %wsy, fopt |"tx 0t s D& oec ® | Fx m
— 5 % EHESEEE
2 ® D
5 7 L) ] 3 30 ® n=g
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Program Descripiion

pogammee __ Schoefer  ond_foxs Medels ———
Neme _ [Jonie! auly y Dete S¥.07-, /720
addow . _[CLARM, MCC P.O- Box 150/

. Mokoli , Meto Monilo , Philippines

Program Deocription, quations, Varisdies, stc. #/¢77 0 /':‘:bery s in egui//bn‘um ,Surplus greld
can be_deseribed by o parobolic funclion of effort , /€. e

o Ysop-pr? J )

_ '@é'.)ze__o;é'_r;;; “are Constonts and r s Jisting q//ort ,'.."1012'?”" Sus farnabre .
. Yeld (MSY) ond optimum effort (foot.) con be estmorka from #e

_ telationships
MSY = a*/ab .. 2)
. and

.. fopt. = a/2b " .. 3)

"

The ya/ug,r _é/ the Con.r:)_’arz/r o 9‘6 ore ?am'm//:/ dhtained éy- poting cy/_'m
. Offort , 0 ¢ O being the infercept ang e slgpe , respechrely of Mo resalfag |
_lrnear regressjon (+he mode! used here /s a 6M regression; cee Rckr /976 )

 When_In CIf ic plolted on f | 0 yield curve i obtarned which bas W form

Y = /'ea-,e’b_'/' v )

_with. MSY = e%1/b  ond  fopt = Ub 8, 6)

_ ogdﬁ -wbe(é aand b are te infercept and slope, respectiely of a 6M
i my_ces&/an of In S/f on f (Jehacter /%67, fox 1970, Ricker /975 ).

Operating Limits and Warmings  //¢  rrodels ore based on e oSsumplions ol eQullr bevum
_e#o_rg__ch yield frqures are used. when #his Is rpoY Yhe cace, o broe wil/
oceur, whose mognitude i o fancton of both rhe [fe -gpan of He fich rn

. Gueshion_,_gnd of the emtent of the ockanges 7 &fort (ee Gullong (19¢5), for a
mefhod fo Timulate e uilibriom condrrions ).

. The results oskuned Zre will differ Clghtly from Fhose obkuned using #he more
Common Akl _régression. o



http:117ieress'I.on

User Instruciions

STEP INSTRUCTIONS AT s KEVS Al
C_ 1]
1 | Enter first poir of cofch-ond-effort doto L]
ond _imitighre C (£ ]
f (A1 | o000
i (N §
fnter second ond following dete peirs [ ¢ (£ )
’ s s (a1 i
N
Colevlole R* and coefficients of 1]
regregsion L£1(C ] r*
| ’ L1 _] a
(N b,
. by
Esfimole model_parameters £ 1Ce ] Voo,
(I g
I Boo
I | fom
L1 =1 | MSy
N |
| 5 | fslimate cpfeh for ony (erel of effort £ |[ _E_} [[;;} caich
e
L 11 |
(I
[ JC_)
I
[ Jl ]
(]
S I O
[ 1L
(I
(A
I ]
(101 [
C_ 1]
==
l
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Program Listing wiwm
sTEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY COOE COMMENTS
00! sLBLa 2! 16 1! 057 [ 53 |
002 CLRG 16-53 058 ST+ 39-55 06
003 STOA 35 4] 059 RCLE 3615
004 RS -39 080 050 RCLD 36 14 |
005 STOC 3513 06! x -35
006 RCLA 36 11 062 ST+l 33-55 01
007 > -24 063  RCLO 3% 14
008 5T0B 35 12 064 RCL] 36 4¢ ]
009  CLX -51 065 x -35 )
60| 010 RIN 24 066 ST+2 35-55 02 ]
[ 011 wBLA 21 1 067 RCLE 3615 ]
012  STOE 35 15 068 RCLI 36 46 ]
013 Ri -3 09 x -35 ]
014 S§T0D 35 14 070 070 ST+3 35-55 03 ]
015 RCLE 3% 15 071 i of ]
01s 5 -24 072  $T+0 35-55 00
017 sTol 35 46 073  RCLO 36 00 ]
018  RCLB 3 12 074  RTH 24
019 N -55 075 *LBLE 21 15
5] 020 2 02 076  SPC 1611 ]
02! % -24 077  RCLO 3 00 ]
022 P35 16-51 078  RCL4 36 04
023 5700 35 00 079 x -35 ]
024 RCLE 36 15 Joso 080 RCL7 36 07 ]
025 RCLA 36 11 081 X2 53
026 + ~55 082 - -45 7]
027 2 02 083 sT00 35 14 7]
028 x -2¢ 084 RCLD 36 00 7
029 ST01 350! 085 RCL3 36 03 7]
%0 030 RCLI 36 46 086 x -35 ]
031 RCLB 36 12 08/  RCLS 36 08 ]
032 z -24 088  RCLS 3609 ]
033 LN 3 08 x ~35 ]
03¢ 5702 35 02 ) 090 - -45 ]
035 RCLE 36 15 09! x =35 7]
036 5TOA 35 11 @92  s1aC 3513 7
[~ 037 RCLD kY] 093  RCLO 36 00 T
038 §rOC 3513 094 RCLI 36 0/ 7]
039 RCLI 36 46 095 x -35 7
040 040 3708 kLIFH] 096 RCL7 36 07
041 RCL2 36 02 097 R(LB 3608
042 5T0) 35 46 098 x -35 7]
T | 043 RCLS 360 099 - -45
044 5700 I5 14 00 100 STOR 3511
045 RCLO 36 00 101 RCLO 3500
046 STOE 35 15 102 RCL2 36 02
047 25 16-51 103 x -35
048 5T48 35-55 08 104  RCL7 36 07 7
049 X2 53 105 RCLY 36 09 q
050 P50 §T+5 35-35 05 106 x -35
D51 RCLD 36 14 107 - -45 7
052 5T+¢7 35-55 07 108 STOB 3512 7]
053 X2 53 109 x -35 7]
054 5T+4 35-55 Q) 770 110 RCLC 3613 _|
055 ACL] J6 45 11 Wy <41 _]
056 _ §T+9  35-95 09 112 - -45
REGISTERS )
1 2 3 4 8 7 8 ]
° n 2xy 2xz 2YZX =x* Is Zvy? Sz | Zx Zy LZz
S1 |52 S5 S8 7 S8 S
used used used F L
A 8 C [»] 13
a l b, b& used l used used




Pﬂgm Llﬂlng (113 to end)

29

STEP KEY ENTRY KEY CODE KEY ENTRY KEY CODE COMIKENTS

113 RCLD 36 14 169 RcLa BT

114  RCLO 36 00 ] 170 170 PRIX -14 7]

115 RCLS 3605 | 171 RO 3612 ]

e x -35 | 172 PRTX -14 ]

117 RCLB 36 08 1723 RCLC 36 137

118 xe 53 ] 174 PRTH “14

19 - -45 175 R 24 ]
120 120 x -35 176 slBLe 21 16 15 7]

121 RCLA 36 11 177 SPC 16-11

122 X2 53 178 RCLA 36 11 1

123 - -45 179 PRTY “14 7

124 : -24 160 180 RCLB 3612 1

125 sToC 35 13 181 CHS =22 1

126  RCLB 36 12 1 182 PRTX ST

127 RcLA 36 11 183 RCLC 36 13

128 RCLC 36 13 184 RCLB 3612 1

129 x ~35 j 185 x -35 7
%0 130 - -45 186  RCLA 36 11 ]

{31 RCLD 36 14 1 187 2 -24 1

132 3 -24 188 1/% 52 1

133 sT08 35 12 7 189 PRTX -14 1

134 RCLY 36 09 % 190 STO0 35 14 T
1 135 e 36 13 } 191  RCLA 36111

136  RcL8 36 08 192 RCLB 36 12

137 x -35 1 193 CHS =22
[T T 138 - -45 T 1% 2 -24

139 RCLB 36 12 195 2 02
140 140 RCL7 36 07 1 196 2 -24

141 X -35 1 197  PRTY -14

142 - -45 ] 198  GSBC 2313

143 RCLO 36 00 | 199  PRTX -14

144 2 -24 { 200 200  RIN 24

145 5ToA 35 11 1" 20§ «LBLC 21 13

146 RCLY 36 09 1 202 ST0) 35 46

147 X -35 7 203 RCLB 76 12

148  RCLB 36 12 1 204 x -35

149 RCL2 36 02 1 205 RCLA 35 11
750 150 x -35 1 206 : -2

151 + -55 7 207 ] 0l

152 RCLC 3613 1 208 ¢ -55

153 RCL3 3¢ 03 209 RCLO 36 14

154 x '35 210 210 X -35

155 * -55 211 RCLB 6 12

156  RCLY 35 09 242 x -15

157 X2 53 7 213 CHS -22

158 RCLO 36 00 214 RCLI 36 46

159 % -24 215 X -35
180 160 - ~45 7 F——T 216 RIN 24

161 RCLS 36 06 1 1

162 RCLY 36 09 1

163 ] 53 7

164 RCLO 36 00 =0

165 3 -24 ]

166 - -45 7]

167 2 -24 ]

168 PRTX -14

_ LABELS TLAGS SET STATUS
A data eriey |° s+ calch|° SrRY0,44 1 FLAGS  TRIG
ini ta lize ‘ ¢ ®rm g, et [ 0% | e ® | X @
0 1 2 3 4 2 1 0O ® | GRAD g SCl IC])
2 0 RAD ENG

3 F 7 3 3 3 - s




292

Program Deseription

ProgamTite __ SChnute 's Yield Moge/ e

adaesL.CLARM , Mcc PO Box 150/ o

mme _ Qoniel/ Pouly Date August /962

__Mokol., Mefro Monilo , Poilipornes e

Program Descrigtion, Equations, Vorisbles, ste. Schnule (1977) demonstrafea #ual grven a
wme._. teries of cateh (C)-onp-effort (f) daly, verera/ frsher/es
refaled /para_me/@rs can be estmated from e mulfple regression

—_where U is fhe meon coleh per effort (C/f )i o y/peﬂ year a2
Onee 1w, @ ond the ferm 'm /q' Bo hove been estimoled (as

infercept ond Slopes of #e regression | respectively), the cotch

Kz gBuf(1-(3/)f) T2
whi'le f o/;L, con be estmoted Sfrom
s S 7 R /29 D)

U (et N e, Uit Uine
R e N e

" con_be estimored for any leve/ of effort (including fope ) from o

| Operating Limits and Wamings oo Vehnule (1977) for himstotons of Hre mocte/.




User Instructions

CSIRKE AND CADDY'S MODEL 828 P

ém; 7 c ..M MSY m
] g : - .

INSTRUCTIONS OATAUNTS KEYS DMN
L]
Initiokze (£ 1[a] | o000
(. .
Fnter_catch ond Z gola c o —
(or cateh ond Z/K data) A A 10 £
-
bshmofe 'pnrame/ers' of paro bolo (£ 1] R*
| . L e
(I 4
15D [ &
-
To esfimare frokery - relared parometers oo [(Z )le] M
’ ’ (I O Y
L) | Fope
(I [
(_Jl__] { #msy
(N O I Y-
[0 )
Gbtain_date for crawing parobols Z Le 1[_ Ye
(I
: I O R
HOTE R
When T/K _yalues were used inchead (S B
¥ the Z_values , the first Hiree [ ]
outputs (M, Zopt Fopt ) cre replacad l J ['_-_--_-;;:_:;] | ‘
by es//mo/eq! M//( Zopt /K _and i ) | [:.,7:,_7]
Fot [ K /espec//r?/gLL the three otber I
paramefes _are_nol eshmated. ! __} { {
[ .
I R N
L
I I
[ I B
BRI
(I
1)
i
(1]
1]
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I’mgmm Listing oo
STEP KEY ENTRY KEY CODE COMMENTS SYEP KEY ENTRY KEY COUE COMMENTS
001 001 #L8Le 2! 16 1] | 07 X -35 ]
002 CLRC 16-53 058 RCL7 36 07 ]
| 003 CLK -51 ] 059 xe 53 ]
004  RTN 24 | 060 060 - -45 ]
005 L8LA 2111 061 $T00 35 14 ]
006 ENTY 21 062 RCLO 36 00 ]
007 y2 53 ] 063 RCL3 3603 ]
00 KaY 41 064 x -35
009 Rt 16-31 7] 065 RCLB 36 08 ]
510 010 Rt 16-31 _] 066 RCLS 36 09 ]
011 - STOC 35 1) 067 x -35
0!2 Rt 16-31 7] 066 - -45 7
013 sT08 Js 12 7] " 069 X -35 71
04 Rt 16-31 71 70 070 sTOC 3313 7
015 57T0A 3511 7] i~ | 071 RCLO 16 00
016 7 07 7] 072 RCL! 36 0f 7]
017 ST0I 35 46 7| 073 X -35]
018 Ri -31 7] 074 RCL7 36 07 7]
019 6581 23 01 7 — =T 075 RCLS 36 08
fezo 020 8 08 ] 076 X -35 7
02) sT0] 35 46 7 077 - -45 7]
022 RCLB 3612 7 078  ST0A 35 11 7
023 6581 2300 7 079 RcLO 36 00 7]
024 9 09 M 080 080 RCL2 36 02 7]
025 srat 35 46 7 081 x -35 7]
026  RcLC 3% 13 7 082 RCL7 36 07
027 658! 2301 7 083 RCLY 36 09 7
028 RCLA 3611 7] 084 x ~35 ]
023 RCLB 3 12 085 - -45 ]
%30 030 x -35 7 086 ST08 35127
03} ST+! 35-55 0! 7 087 X -35 7]
- | 032 RCLA 36 11 T 088 RCLC 36 13 7
P 033 RCLC 36 13 7 089 2y -41 71
1 034 x -35 7 090 090 - -45 7]
r—-—! 035 ST+2 35-55 02 091 RCLD 36 14 7
i 036 RCLB 3612 7 g92 RCLO 36 00 T
" 037 RCLC 36 13 093 RCLS 36 05 =
G38 x -35 094 X -35
039 ST+3 35-55 03 095  RCLS 36 08 ]
040 040 ! ar 096 Xz 53 ]
041 STHO 35-55 00 ] 097 - -45
042 RCLO 36 00 098 X -35 -
043 RTN 24 7 099 RCLA 36 11
044 sLBLI 21 01 100 100 xe 53 =
045 §T+; 35-55 45 ] 101 - 45
046  RCLJ 36 45 102 + -24 -1
047 3 03 103 STOC 35 13
048 - -45 104  RCLA 36 12
049 STO! 35 46 ] 105 RCLA 36 11
050 050 Ri =31 7] 106 RCLC 36 13
051 xe 53 107 X -35 7
052 ST+ 35-55 45 108 - -45]
053 RN 24 ] 109 RCLD 36 14
054 alBLE 21 15 _] 10 110 3 -24 7]
055 RCLO 36 00 _] 11: §T08 35 12
056  RCLA 36 04 112 RCLY 36 09
) REGISTERS
1 2 3 4 8 7 8 9
° Sxy || Zxz | Zyz [ Ex* | 2y* | 22 X Ly | 3z
SO S1 S2 S5 S8 S7 S8 JSQ
A B
a b, ¢ 6, used IE used




Pl‘gm“ Llsllng {113 10 end)
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ETEP KEY ENTRY KEY CODE KEY ENTRY KEY CODE COMMENTS
113~ RCIC 36 13 _ 169 x -35 ]
114 RCLE 36 08 ] 170 1o = -24 |
15 x -35 17t PRIX -14
16 - -45 1722 ReLe 36 12 |
117 RCLB 3612 173 CHs -22 |
118 RCL7 36 07 174 RCLC 3613 ]
1y x -35 ] 175 2 02 _
120 120 - -45 ] 176 x -35
121 RCLO 36 00 17 s -2¢ |
122 = -2¢ 178 PRTX -14
. a3 srom 350 179 Xy 41
124 RCLY 36 09 ] 180 180 - -45 |
_"j" 125« -35 181 PRTH -4
T Y126 R(B 36 12 7] 182 2 02
127 ReL2 36 02 7] (83 X -35
128 x -35 7] 184  PRTY -14
129 4 -55 7] 185 RCLB 36 42 ]
120 130 RCLC 36 13 7] 186 x2 53
131 RCL3 36 07 7] 187 RCLC 3643 ]
132 x -35 7] 188 ¢ 04 ]
133 + -55 7] 189 X =35
134 Ry 3609 7] 1% 190 s -24 ]
135 At 53 7] 191 CHs -2 |
136 RCLO 36 00 192 RCLA 3611 ]
137 ¢ -4 93+ -55 ]
133 - -45 7] 194  PRTA -14 ]
139 RCL6 36 06 ] 195 1 04 |
140 140 RCLS 36 09 7] 19 x -35 ]
144 xe 53 197 K2y 41 ]
142 RCLO 36 00 198 -24
13+ =24 7] 199 PRI¥ 14 7]
144 - -45 7] 200 200 RIN 2f ]
s = -24 7 201 xt8L8 2112
146 PRIX -14 7] 202 ENT? -21
147 RCLA 36 11 7] 203y 53 ]
148 PRTX -14 7] 204 RCLC 3613
149 RCLB 3 12 7 205 X -35 7]
1% 150 PRITX 14 7 206 Ry -41 ]
151 RCLC 3613 7] 207 RCLB 3612 )
152 PRIX -14 7] 208 «x -35 _
153 RTH 24 7] 209  + -55
154 elBle 21 16 15 7] 210 210 RCLA 36 11 ]
155 RCLB 127 211 + -55
156 xe 53 7] 212 RTH I
152 RCLA 36 11 T
158 RCLC 36 13 ] |
159 % =35 7]
180 160 4 04 7]
161 X -35 7
{02 - -45 7]
163 X 54 7
164 RCLE 36 12 ] 220 ]
165  CHS ~22 _]
166 + =35 _
167 RCLC 36 13 _]
168 2 02 .
BELS FLAGS SET STATUS
P2+ Pzec [ i E(Z%g)/' 0 FLAGS TG
“inikalive ‘ ‘ >4, Zggt,et‘ o TR | oes FIX ®
0 1 2 3 4 1w GRAD sCl O
N — — — — a— 1 i 5
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Program Deseription

ProgramTitle _ Coirke__and Coddqis‘ Mode/!

Neme DOﬂ/E/ R?U/{/ A o Dlt_.—;l;;l!/ /9ﬂ
i ICLARM, MiC PO Box 1501

e M.__Moka//_J_:‘Ze#o Monilo. , Philippines.

Program Deocription, Equctions, Veriables, atc. 7//S progrom /}/.r calch dolo as o parobolic
- fanction_o f_com‘ep;/»rarq lola/ /mrzfa///q ,

T YearlZruzt T

u/;ene Y £ fe o/;'mo/ cm‘eﬁ /h’m @ 9//‘7/: ﬂséezy una' Z ;ﬁe b/‘a/ maﬁfp//;%
of e fsh in #hat f'/.réerq ‘

Onee a, b a/m’ c bore been e;;ﬁmmea’ various paro wrefers ft-v"f/?? j:/; '
. Stock in _g_ew?on can be eS?fmaﬂ’a’ , /e

Y- v T

e = Z . U
el Pyt = ~4/24 P
. MSY = a-(b7/4s) R
T Ba s Jfab ksy | S
Y R BY ' 8

_777/'5‘ /éédeyuv;ud/;)@—;/—ag proposed by Csirke and C'aa’a’y (/943 ) may . @ Hines
_._generofe comp(e/eé/ aroveous paromefor wlues (€-9- negative wives of M). [
_Should fﬁer?/‘ap used 1n conpunzfion with otker models | whenerer possibte.

The routine_used /22"}7347/154 1) is odapked from Hhe HPG7/97 Stat. Fac (sTI43A)

Opersting Limvits and Wamings e /esulfs giren. Gy Hi's model Should be used wiHh couton sr
cases where e esiimoaie. F M differ widely /}vm expecred wlues . also, e
_mualfiok eomelalion _teffrclent. (R) should ée S1@ 2/ cant. C’aﬂsa// orsgrna/

degm,eé;;gc_ﬂw mode/. }b' /fqz-ﬂer details.




User Instruetions

STEP INSTRUCTIONS OATOTS KEYS DTS
I
LOGISTIC GROWTH CURVE (N
(N
1 | Inibalize ard enter B., 8o £ 1[a] |o 000
1]
2 |Lnfer B; , C votves ™| & (A1
LT ¢ A _J[_] ¢
(.
3 | Rerrove empreous values by m:ﬂwmh'q B¢ £ 1
’ ¢ (21 | é-1
C_JC ]
4 | Caleulate valves of r? r, ond ¢ L 1T ] r?
L] iy
(S} 8;
C_ 1]
5 | Lshmate value of B qivenn g value of © z (eI By
11
LMPIRICAL FOUATION OF BLUEWEISS I .
¢t al (1977) (I
(_JC_]
& | Entr_smean werght of adulfs, ingrams | W - o
1 e
===
YOTE ; |
When using this_program 1 f/ l’,, _:»] (1
daly_from o fraw/ cefaclion esperiment, L] e
Bo=4, B = fraction refained €= [ ]
class rridpomt , angd £y = L. See (I
dlio_qporatiag limi%s ond maenme ]
R
(A
(I |
CAC
C 0]
CC
==
(

297
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Program Listing

STEP KEYENTRY  KEY CODE STEP KEYENTRY  KEY CODE STEP KEYENTRY KEY CODE
001 001 +LBla 21 16 1] o X2 75 RCLC 36 13
002 CLRC 16-53 1 039 RCLY 3609 ] 076 X -35 ]
003 P:S  16-51 | 040 040 ¢ -24 ] 077 ChS -22 ]
004 CLRC  16-53 ] 041 RCLS 3605 076 RCLA 36 11 ]
005 5708 35 12 ] 042 2y -41 o079 + -55 |
006  CLK -51 ] 043 - 43 7] 080 080 e 33
007 RTN 24 ] 044+ 24 081 ] ol ]
008 sLDLA 2011 ] 045 STO3 35 03 7] 082 + -55 ]
009 5TO0 35 00 046  x =35 ] 083 RCLB 36 12 ]
010 010 2y -4 ] 047 RCLS J6 06 094 K -4 |
011 ReB 3612 | 048 X2 33 085 = -24 ]
01z Ry -4 ] 049 RCLY 36 09 7 086 RN 24 ]
013 + -4 ] 050 oo -24 087 &LBLD  2) 44 ]
014 ! or ] 031 CHS ~22 088  SF2 16 21 02
015 - -45 052  RCL? 38 07 089  6T08 22 11 ]
016 LN 32 7 053 + -55 090 090 RIN 24
017  RCLD 36 00 ] 054 + -24 031 sLBLe 21 1615
a18 F2?7 16 23 02 055 PRIX -14 092 ., -62
a19  clap 22 16 12 036 RCL6 36 067 093 2 02 ]
020 I+ 56 057 RCL4 3% 04 1 094 5 06
021 RIN 24 058 RCLI 36 07 7 095  CHS -22 ]
022 #LBLb 21 16 12 ] as59 X =35 ] 096 yx 31
023 3- 16 56 ] 060 060 - 437 097 9 09 ]
024 RIN 24 7 061 RCLY 36 09 T 098 . -62
025 sLBLE 21 15 1 062 e -24 099 I 0
026 S 16-50 1 963 S§TOR 35117 100 100 3 03
027  5PC 16~11 7 064 RCL3 36 07 T 10} x -35 ]
028 RCL8 3608 065 CHS ~22 7 102___RIA 24
029 RCL4 36 04 ] 066  PRIX -14 ]
030 030 RCLE 35 06 ] 067 STOC 35 13
031 x -35 ] 068 P3s 16-51
032 RCLY 3509 ] 069 RCLA 36 11T
[~ 033 z . The 070 070 K2y -41 7
034 - -45 7] 071 B -24 7
035 ENTt -21 ] 072 PRIA -14 1
036 ENT? -21 71 ar3  RIN 24 1 110
037 RCL4 36 04 074 #LBLC 21 13
LABELS FLAGS SET STATUS
A c_ A 0 [E 0
B ¢ - > B, corecl > rt T s U FLAGS TRIG DisP
a .. ,. b c d e 1 F
witiative | uced > A v 0G| oee 8 | mx O
! 2 3 4 e 1 00| crRabO | sc1 O
F 5 5 3 F 2 ® @ | RAD O | NG O
300 n=
REGISTERS
0 1 2 3 ) 59_5_, 5 7 Is 9
SO S1 S2 53 = S5 S6 S7 58 < .
l I used Zx Zx? 3y Sy* ery > e
A 8 D
a B, ¢ o € t




Program Deseription

Program Tl __LOGieLc Growth_Curve 4
Neweo _ Danie!/ Fauly = o eeer. . Dme Aprs/ Rgr.
Addess . _ JCLARM, MCC P O. Box 1500
___Makaii , Metro Manila, Philppines .

Program Doscription, Equations, Verisbles, ste. _J7¢  /ogislic. qrowth cuarre has rhe form

D o it

1)

when By _ic the carmying capacity, 7, is the inkinsic_rate of increase, Y &

@ _conslant which adjusts the lhime <coke To_an _origin uch #or ¥ -2, 20

__when 8 = Bo/2, ong B, ic the biomass of pme 7 (B, ond 8y moy be
. replaced by K, and A | respectively when equation (1) peiivas % pumbers).

Wt an cilimale of Bo can bc cbtaied, ideginitontly (5 as by orargiy
Bmax_yalues orer o _cerdomr pertod of #ine ), fa ond 4 con be estmatel by
(gmawf‘/b.”.. -{_) To .

T TR T my e B

___hich has e form of o lirkar_reqression_whose shpe and inkrcept. allow por
__te_eshmafion of 4, and &, respechively .

____Bluewejes_dtal (/979) demonstuted 7“;’_;,_0_"_”_‘ ﬂmc_/y ﬂw/b'e‘_fr!%_ef L
__WRIQHTIC, £, in various__omariime _can_be  eslimaled from He empmcal eguation

. G = QU whee v is te mean body
weigh! of e odulfs of #e <pecies in Queshon , ' qram.

NS A e (t ~t) P L

Oyerating Limita and Wemnings __ (/] volues of B: rmsi be < fhan #e values of Bo
Q0 7 Fhan_ O. When_using_the_legiche 1o it fraw/ mesh sehifion data,
e poe must_be faken fo_ase practions rlaned Hal arc amways <1, bt
.. 20 Also these fraclions must be ploted ogainst fhe claes w‘a;oo»zf;j_:"
oo 1T against_the fower chiss bmi?. | .
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User instructions

YIELDS FROM TWO INTERICTING JAFCIES /B30 TP

STEP INSTRUCTIONS INPUT

EYS

OouTPUT
DATA/UNITS

1 | Infer conglonts

=
L
B
L]

A

gy
bl

-

2 Caley lote freld 'ﬁvm fwo /'ﬂ/&‘dd/l"ng v‘"pec/cs Fq
Fe

3 | Colovlote Fo (opt), ond Fy copt) ond MSY:

Enter Slorling volve of /o 5’

£nfer starling value of Fy £’

Enter AF ognd TOL* AF

oL

MNoTE !

& AF = intial step size

oL = folerated evor of eslimalx

(e-g- 0.o0t1)

HEERE

o
Q

oe

IR 000
OO RUOODOORORERH

]

BN
ii " :
Ll .

i

NN
r fﬁﬁi—y——“—'
! |I 0ol
L g

B

I
r—l X H i
i ;U H
|_‘; i 1

|
.

L
—
P
.
SN

!
N
i
i
—

Ye

Yr

£ Gpe)

5 Copf)

MY

QEDDEQ §“J'$ﬂ¢
OO

301
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302

Program Listing owwm
sTEP KEY ENTRY XEY CODE COMMENTS sTEP KEBY ENTRY KEY CODE COMMENTS
001 001 #LBLa 21 16 11 | ) 057 GSBE 2315
002 ST09 35 09 | 058 CHS -22
003 R -3 059  PRTX =14
004 5T07 35 07 | 000 060 R/S 51
005 LBlc 21 16 13 ] 061 alBLE 21 15 ]
006 0 05 ] 062 RCLA 3% 11
007 ST01 3546 ] 063 RcLl 36 01 ]
008 RCL? 36 07 064 X -35
w0y 2 02 ] 065 RCLI 36 0f ]
010 010 t 24 ] 066 X2 53 J
a1t sto7 35 07 067 RCLB 36 12 |
012  f8S 16 34 7 068 X ~35
013 RCLY 36 09 7 069 - -45 ]
014 0Y? 16-34 7] foro 070 RCL2 36 02 ]
015 GT0b 22 16 127 o7t RCLO 3600 |
016 «LBLD 21 147 g72 ¥ -35
a17 0 00 7] 073 RCLI 3 0! ]
018  ST05 35 05 074 x -35
- 019 sLBLC 2] 137 075 sroc 3513 7
020 ! 01 ] 076+ ~55 7
021 RCLS 36 05 077 X<? 16-45
b2+ -55 7] 078  SF2 162102 ]
023 5705 35 05 | 079  sT04 35 04 ]
024  CSBE 2315 7] foso 080 RCLD 3 14 ]
023 RCLG 36 06 7] 081 RCLa 36 00
026 XY 4] " 082 X -35 1
027 5706 35 06 083  RCLO 36 00 j
028  X)Y? 16-34 7 084 e 53
029  6TO0 22 00 085 RILF 36 15 1
) 030 RCL? 36 07 -1 086 P -35 1
031 ST+i 35-55 45 par - -45
032 ¢TOC 27 131 088 RCL3 36 03 7]
033 aleLo 2i 00 089 RCLO 26 00
034 RCLS 36 05 0 030 X -35 7]
035 3 03 g1  ReLY 35 01 7
036 X7 16-35 " 092 X -39 1
J37  ¢T08 22 12 - 093 STO8 35 08
018 RCL7 36 U7 - 094 + -55
039 CHS -22 095  X¢07 16-45 7
%0 040 5707 35 07 7 096 SF1 16 21 0f ]
041 6700 22 14 097  PS 16-51
£42 »LBLB 21 12 1 o9t §T00 35 00
043 1SZ1 16 26 46 099 P35S 16-51
044 RC1) 36 46 - 00 100 FO7 16 23 00 -
045 2 02 100 RTH 24 7
f———1 046 ¥=Y? 16-33 102 RCL4 36 04 1
047  6T0c 22 16 13 - 103 + -55
048 G108 22 14 1 104  CHS -22
049 #LBLb 2 16 12 7 105  RIN 24 1
= 050 RCLi 36 45 106 oLBiA 21 11 1
051  PRYA -14 107 Spc 16-11
052 I1SZ] 16 26 46 108 sT0! 35 0J 1
053 { 01 109 CF1 16220 1
054 ARCLI 36 46 7] 110 110 SFO 16 21 00 ]
055  x¢v? 16-35 ] 111 6SBE 2315 ]
0% GIob 22 16 12 7] 112 CF0 16 22 00
REGISTERS -
4 6 7
° R "B e ]3 Ce used is used | psea wed | used l 7oL
S1 52 Fsu S5 56 7 lss
ased l
D E | §
A a 8 b c used d I e used




Program LlSllllg (11310 e}

STEP KEY ENTRY KEY CODE P KEY ENTRY KEY CO0Z COMMENTS
113 F2? 182307
11e  CTO 22 01 ] 170
115 F17 16 23 01
116 6703 22 03 7
117 RCL4 36 04
118 <07 16-45
119 CLX -51
120 120 PRTX -14 ]
121 25 16-51
122 RCLO 36 00
123 P§ 16-51 "
124 %<0? 16-45 189
125 CLX -51
126 PRTX -14 4
127 + -55
128 PRTX -14
129 RN 24
3% 130 «LBL3 21 03
13 RCL4 36 04 ]
132 RrLC 36 13 +
133 - -5
134 K07 16-45 %0
135 CLY -51 1
136 PRTX -14
137 0 00
138 PRIX -14
179 Xy -41 -
v 140 PRTH -14 4
141 RTH 24
142 #LBLI 21 01
143 F17 16 23 0f
144 6102 22 02 - 00
145 CLK -51 -1
146  PRTX -14 -
147 25 16-51 =
148 RCLO 36 00 -
149 25 16-51
= 150 RCLB 35 08
151 - ~45 ~
152 W07  16-45 -
153 CL¥ -51
154 PRIX -14 76
155  PRTX -14 -
156 RIN 24
157 alBL2 21 02 +
158 CLX -51
159  PRTY -14
™ 160  PRTH -14
161 PRTY -14
162 RTH 24
20
LABELS FLAGS SET STATUS
"o Vs P used [° ysed wed [E wes ¢ FLAGS TRIG
a b
0-—- MSY used ¢ used : ° ; 0 o OEF DEG ® FIX ®
1 2 1 B B GRAD O sCct O
. used ’ used _ used , used . T; 2 B ® RAD O | ENG D
ap0o n=2
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Program Deseription

Program Tbe __ Yi2/ds_fbom Iwo Inferaciing Speciec

Neme __  Doms/ Pouly . L e den/, 1980
Address . [CLARM, MCC Po- Box ts0r i,
_________ ... Mokaly ,_fefro Momla, Philipoines R }

Program Dascription, Equations, Varicbios, etc. £00e (/977) Showed 1hot', Iff singfe - gpecies yiele

_curres can_te_desoribed by parcbolas, we tolol yield (V1) of o epskom of tuo
inferacting cpecies Pand C should , as long ac fhe rolo 5 ' Lo remairs consant,
ako_correspond 1 a pargbolo , ie.

o Y=ah bRt abhr dh et vkl T LD
~— ~ > —_
L k= e+ e T e

where 0 §b, 000 die ae nstnls of the gield curves of phe o olpperent.
ecies (e-9. predatr and prey ) and where Cp and & expross The roknsisy of M
Horaclions _aewring betueen_ Mese speodes (G ond G ham gpposive siprs so coses of
 predety - prey._inferaclions). Aope (1974) ko genevalised eqnalton (1) # on p-spevie
... System _gnd choned that e omral! gield cuire of cach Syctems are parvbofic_, 85 long
.05 the F-ralios remain constant ond no species aropsour of #e systes.

_TBS_program e;;_ﬁ,;z/e{, valves o}' ‘_')A'/;,»}_’_G’ ond Vr fb’ oy wb&.’&ﬁ*’ of Q;‘é’/. C1,
G, @, e, fo ond [p valves as well as the MSY ong cphmal milues of £ and
__f2 of He 2 species system.

__The_iferatine subroutines incluckd jn z”“/lrrmmm. are adapred fom program
02851 D supmited by B-W. Clare b fhe HP 67/97 (U-S.) Usar't Librory.

—..of fhe dpecies drop out of 1he systum ; " dropping out towrs when @ porlial yrerd .

Opersting Limits and Waminga 722 might be cambinations of conslork ond of Fo' anct /5" o

.. which He MSY cannol be locared by fhe olgor m provided pece. Ihroties pme &
Jute 009 ; abnf be impatient. .

”/6?'7 wfﬂﬁﬂq—}ﬁ,)@ ond }’/— /7”’ V;;vé}bo//'an of Hhe mkrackion Aems i omrted ofam

(inclucling e inferaction #em is smaller fhan zerv).




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,
T1-58 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 ai 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 67/97.

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.
IIL.1, which, according to its author (Hoyer 1983) allows the running of programs written in RPN
on TI-58 (and TI-59). The fullowing 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(?)

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 whick
comes with the “RPN Simulator”, gives all necessary details on the conversion. The memory avail-
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Appendix Tsble 111.1. Guida for the corversion of HP 97 keystrokes to HP 41C/41CV functions (shortensd from Anon. 1973a).*

HP 97

fCLFO
fCLF1
fCLF2
fCLF3
fCL REG
DSP O
DsP 1
DSP 9
fF? 0
fF? 1
fF? 2
fF? 3
F1X
GSB O
GSB 9
GSB A
GSBE
GSB fa
GSB fe
GTO O
GTO 9
GTOA

GTOE

HP 41

[CFJoo
[CElo
{CFlo2
[CEl22

7CLREG

i

7DSP1

7DSP

(%]
~J|
o o |©

- Q

[FszCo2

)

[XEQ] 00
[XEd] oo
(XEq]10

[XeEal1a
[XEal1s
!XEQ|19
[GTO]o0
[GTOJo9
IETOI‘.O
[(€Tq] 4

@ :

HP 97

GTG fa
GTO fe
LBLO
LBL Y
LBL A
LBLE
LBLfa
LBLfe
fLOG
fLAST X
fr

f STACK
PRINT X
fPsS
R{

fRT

f RAD
RCLO
RCL 9
RCL A
RCLE
RCL |
fs

HP 41

[GTO] 15

o
[LBL] 0o

(LBL] 09
[LBL] 10, [(BUA

rm 14, [LBU[E)
[1BL] 15,

[LBL]1s,
[T ot Pl
[(ZPRSTK
(7Pss]
(4] or [RDN]
(el

RAD
[BCL] 00

09
20
[RCL] 24
[BCL] 25
L2 REG) 14,[SDEV]

HP 97 HP 41

fSFO 00

fSFi 3F 01

fSF2 [3F] 02

fSF3 {SF 22

T+ [(ZREG] 14,5%]
f2— (> REG) 14,[Z]
fsin? [ sin” Il or

f SPACE

vV [V'x ] or [sQRT]
STO+0 + 00 or[5T 3 00
etc. for other stores and subtraction, multiplication
and division

STOO0 00

STO 9 LSTO] 09

STOA [STQ] 20

STOE 24

STO 1 [(STO] 25

fx #0?

fx<y?

fx [ZREG] 14,
x? DX or[x12]

e [¥Jor

8This guide omits functions and keystroks sequences that are identical between both types of calculators, function and keystroke sequences which differ
only trivially among themssives (e.g., GTO 0, GTO 1, GTO 3, otc.} and functions end keystroke sequences not usad in FB 1 to 30.

90¢t
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Appendix Fiz. IL1. Program for implementing RPN on TI-68/69 calculators (from Hoyer 1983).

000 76 LBL 029 76 LBL 068 76 LBL
001 11 A 030 14 D 069 55 +
002 42 STO 031 43 EXC 060 bb $
003 00 00 032 02 02 061 32 X:T
004 32 b.C4\ 033 48 EXC 062 95 -
005 48 EXC 034 01 01 063 35 1/X
006 01 01 035 32 X2T 064 32 XsT
007 48 EXC 036 91 R/S 065 71 SBR
008 02 02 037 76 LBL 066 95 -
009 43 RCL 038 15 E 067 76 LBL
010 00 09 039 82 HIR 068 75 -
011 91 R/S 040 11 11 069 85 +
012 76 LBL 041 91 R/S 070 32 X.T
013 12 B 042 76 LBL 0n 94 +—
014 25 CLR 043 85 + 072 95 -
015 29 cp 044 85 + 073 94 +/—
016 42 STO 045 32 Xs1 074 32 XsT
017 01 01 046 95 - 075 71 SBR
018 42 STO 047 32 X=2T 076 95 -
019 02 02 048 71 SBR 077 76 LBL
020 9 R/S 049 95 = 078 95 -
021 76 LBL 050 76 LBL 079 43 RCL
022 13 C 051 65 X 080 02 02
023 32 X2T 052 65 X 081 48 EXC
024 48 EXC 053 32 XsT 082 01 01
025 01 01 054 95 = 083 32 XsT
026 48 EXC 055 32 AsT 084 91 R/S
027 02 02 056 71 SBR
028 91 R/S 057 95 -

able on a TI-59 should, moreover, be sufficient for implementing traslated versions of most of the
programs in Appendix II.

MISCELLANEOUS CALCULATORS

Various “scientific” calculators, notably by Sharp and Casio, are nowadays available on which
the reader might consider implementing modified versions of (at least some of) the programs in
Appendix II. Direct conversion of these programs will generally be impossible, however, both because
of the limited memory which most of these calculators have, and because of the lack of branching
and looping functions (GOTO, C OSUB, FLAGS, etc.).

However, a number of the programs in Appendix II have a structure as in Fig. 111.2, which
allows their sequential implementation even with simple calculators. Programs (FB 1 to 5,11,12,
14,17, 24, 25, 26 and 29) are in principle amenable to sequential implementation, along with a
number of other programs (FB 6, 9, 13, 15, 16, 19, 21 and 23) which have an even simpler structure
in which no linear regression is involved. These programs solve what are often lengthy equations by
straightforward sequential computations, which also could be performed using a very simple scien-
tific calculator and by tabulating intermediate results.

The following books, a small selection from a large population and written for calculators of
various types to suppiement manufacturer’s user’s instructions should help in the conversion of the
programs in Appendix T and more generally, in the efficicnt use of calculators: McCarthy (1976),
Smith (1977), Bal. {15%8) Green and Lewis (1978), Alt (1979) and Jarett (1982).
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Appaudix Fig. IIL2. Bssic structure of several programs in Appendix II, showing how the computation involved can
be als » performed step by step using programmable calculators with limited memory space (see text).

Solution |

using an HP 67/97
program

enter available
data (pairs)

Y

transform variates
(e.g., by taking logs)

compute sums, sums of
squares and sum
of products

y

estimate slope
and intercept
of linear regression

Y

compute values of
the parameters

required from the

slops and intercept

all these
operations
performed
automatically

>

Solution 11
using a simpler calculator

and tabulating intermediate

results

tabulate available
data (pairs)

Y

transform variates
and tabulate transformed
values, keeping as many

digits as possible

Y

compute sums (Zx, Zy)
sums of squares (£x?, Zy?)
and sums of products
(Zyx)

"

estimate slope
and intercept using
appropriate equations
and sums

functions for most

‘ transformations
available on scien-

tific calculators

linear regression
routine available
on many
calculators

4

Y

compute values of
the parameters required
from the slope
and intercept




List of Symbols and Their Definitions

The list of symbols given below corresponds as far as possible to the notation proposed by Holt et al. (1959),
Hoit (1960) and Ricker (1975). However, the need to accommodate numerous authors presenting different versions
of the same basic mode!s prevented the establishment of a rigorous, one-to-one correspondence between parameters,
their symbols and their definitions.

The symbols are arranged alphabetically. Given are first the small, then the capital letters, then the correspond-
ing Greek le'ters. Only the most common combination of symbol + subscript are given, because the possibility for
permutation are too numerous,

The page number(s) in brackets refers to first usage, or most comprehensive definition (in some cases, equation,
table or figure numbers are given instead of, or in addition to a text reference).

a — intercept in an ordinary (AM) linear regression (p. 5)
~ intercept in a multiple linear regression (p. 38)
= muitiplicative term in a length /weight relationship (p. 5)
— exponent in equations (4.2a) an”* (4.3) '
— area “swept” by a trawi per uni. of effort (p. 92)
— parameter of a Ricker S/R curve (a = Ing) (p. 134)

a — intercept of a GM linear regression (p. 31)
a,,8, — coefficient of intraspecific competition (Chapter 12)
A — a statistic; see equations (1.2) and (1.3) (p. 178)

— fraction of fish dead after time t (equation 5.4)

— area inhabited by a stock; with the swept-area method, A is usually the total area included in the sur-
vey, or a given stratum thereof (p. 92)

— smaller riesh size in a gill net selection experiment (p. 13)

AM — arithmetic mean; used to characterize “type I” or “predictive" regressions (p. 31)
AOS  — Algebraic Operating System, used in TI calculators (p. 305)
o — parameter of the “asymptotic yiei’i"” modei (p. 171)
— density independent term in Ricker’s S/R curve (p. 132, 156)
o — density dependent term in Beverton and Holt’s S/R curve (p. 132, 156)
b — exponent of a length-weight relationship (p. 5)

— slope of an ordinary (AM) linear regression {(p. 5)
— aconstant (p. 68)
b’ — slope of a GM regression (p. 31)
b, — partial regression coefficient, i.e., one of several slopes in a multiple linear regression (p. 38)
B — biomass, or stock size in weight (p. 1)
— larger mesh size in a gillnet selection experiment (p. 13)
B — optimum biomass, i.e., biomass generating MSY (p 77, 139, 143)
B — virgin stock size (= Gulland’s B,) (p. 77, 138, .33)
B, — environmental carrying capacity for a given stock, in weight (p. 138)
B — symbol of the incomplete beta function (p. 119)
— density dependent term in Ricker’s S/R curve (p. 132, 156)

4y ~ density independent term in Beverton and Holt’s S/R curve (p. 132, 156)

c — the fraction L_/L,, (p. 116)

Cp — index of ecological similarity (p. 170)

c/t — catch per unit of effort (p. 92)

c.f. — condition factor, i.e., a single number expressing a length-weight relationship when isometry is assumed
(p. 5)
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cm — centimeter
¢y, ¢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. 31, Fig. 4.12)
— multiplicative factor for debiasing recruitment estimates in Beverton and Holt’s S/R relationship (p. 132)

C; — terminal catch, as used in VPA and cohort analysis (p. 100)

Cc2 — parameter in Powell’s equation for estimation of Z/K (p. 70)

C (L, o) 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. = K/s.d.(x“ (p. 33, 36)

d — power of weight to which anaboiism is proportional (p. 23, 24)

d.f. — degree of freedorn, 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)
— ameasure 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
alength 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 (. 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 popuiation. Used explicitly in
Chapter 10 only, however, equilibrium assumption implicit in many models presented in this book
(sce p. 69-70)

— exploiiation rate producing MSY (p. 76)

opt
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)
for — level of effort at which dY/df is 1/10 of its value when f is close to zero (p. 172-173)
F — instantaneuus 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 caudal fin (p. 31)
Fopt — fishing mortality generating MSY (p. 76)
F, — terminal fishing mortality, as used in VPA and coi.ort analysis (p. 100)
Foa — 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 coefficlent 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
7) 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,, logarithn. of base e (p. 13)

log,, logarithm of base 10 (p. 5)

“length” of a fish, shrimp, etc. (length itsell is defined differentiy, depending on what is measured, see

TL, SL, FL, etc.) (p. 5)

% length not smaller than the smallest length of fish fully represented in catch samples; used to compute
(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 sampies (equation 5.10)

mean length of fish at first capture; equivalent to Lg, 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 specles (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 pop:ilation estimate (p. 91)

proporticnality 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)



P/B ratio—

s

parental abundance in the virgin (= unexploited) stock (p. 133)

a predicted value of MSY, obtained for a developing fishery before catch-and-effort data become avail-
able (p. 77, 163)

first point, in a length-converted catch curve, that is inciuded in the computation of Z; this point is by
definition the first where, by definition, the probability of capture is 1 (Fig, 5.5)

production/biomass ratio, or “turnover rate” (total mortality) (p. 53)

pi = 3.1415 (p. 38)

multiplicative factor in equation (4.2b)

catchability coefficient; g = F/f (equation 5.38)

constant used in equaticns (8.10) and (8.11)

weight of prey consumed by predators; (spproximateiy equivalent to M* in p. 1) (p. 170)
correlation coefficient (p. 6, 31)

coefficient of determination (p. 6)

coded number of a time interval in a tagging experiment (p. 74)

a constant of the logistic curve, interpreted as the intrinsic rate of natural increase when the curve
describes the growth of a population (Chapters 10 and 11)

multiplyers used in yield per recruit equations (p. 115)

number of recruits, as used in S/R curves (Chapter 9)

number of fish actually “recruiting” into the size groups availa>le for capture (p. 114)
maximum recruitment predicted by a Ricker curve (p. 133)

number of fish recruiting to the fishing ground (p. 114)

weight added by recruitment in Russel’s axiom (p. 1)

multiple coefficient of determination (Table 4.1, p. 38)

Reverse Polish Notation, used in HP calcuiators (p. 305)

standard deviation of variates (p. 3)

standard error of a statistic (p. 3)

fraction of fish surviving after time t (equation 5.3)
size, when referring to length or weight (p. 233)

summation sign (equation 3.1)
cumulative catch up to time t (p. 94)

a given time (p. 33)

short for “t-statistic” (p. 3)

absolute age of a fish, e.g., as estimated from daily otolith rings (p. 26-28)

relative age of a fish (p. 26-28) often defined as t' =t —t_ (p. 60-61) or t' = (t —t )-K (equation 5.14)
mean age at first capture (p. 114)

inflexion point of logistic curve (p. 152)

mean iength at first maturity (p. 122, 156)

longevity (in the wild) (p. 42, 75) .

the “age” fish would have had at length zero if they had always grown according to the VBGF; t,
generally has a negative value, but dces not express “prenatal growth” (p. 24)

mean age at recruitment (p. 114)

parameter of the seasonally oscillating version of the VBGF (p. 37, equation 4.49)

total number of fish captured (marked and unmarked) in a Petersen popuiation estimate (p. 91)

mean annual water temperature, in “C (p. 75, 76)

“total” length; the length of a fish, measured with the lobes of the caudal fin bent until they are parallel
to the body (p. 6)

tolerated error, used in programs that approach a soiution iteratively (p. 221)

highest mean monthly temperature (p. 40)

lowest mean monthly temperature {p. 40)

mean catch per effort in a given year; more or less equivalent to c/f (p. 142)
mean catch per effort in a stock that has reached the carrying capacity of its environment (p. 146)
percent change of an input in sensitivity analysis (p. 177, Table 1.1)
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Roman numeral (equal to 5) and used to express age (year) group (Table 4.3)

speed (i.e., velocity) over ground of a trawler—when trawling (p. 93)

abbreviation for Von Bertalanffy Growth Formula (p. 23)

weight of a fish (live weight if not explicitly stated otherwise) (p. 5)

a weight not smaller than the smallest weight fully represented in catch samples (Fig. 5.12)

mean weight of fish in catch samples, computed from W' upward (Fig. 5.12)

mean weight of fish within a given length elass (p. 111)

mean adult weight of fish and other organisms, as used in equations (11.4), (11.5) and Fig. 11.2 (p. 164)
overall mean weight of fish in catch samples (equations 5.8 and 5.11)

weight at inflexion point of VBGF (Table 4.8)

maximum weight reached by the fish of a given stock (p. 29)

largest size ever recorded from a given fish species (p. 29)

mean weight of fish at age t (p. 25)

asymptotic weight, i.e., the mean weight the fish of a given stock would reach if they were to grow
forever (p. 25)

prellminary estimate of W, obtained e.g., through equatlon (4.17) (see p. 29)

any variable (often used for the abscissa in 2-dimensional plots) (p. 6)

the mean of a series of variates (Table 3.2, p. 31)

Roman numeral, equal to 10, used to express age (year) group of fish (Fig. 5.4)

a constant in equations (8.10) and (8.11)

“perturbed” output in sensitivity analysis (p. 177)

“unperturbed’ output in sensitivity analysis (p. 177)

proportion of fish in the path of a trawl net that is aciualiy retained by it (p. 92)

width of a trawl net when operating, expressed as a fraction of its headrope length (p. 93)

any variable (often used for the ordinate in 2-dimensional plots (p. 6)

the mean of a series of variates (p. 31)

catch in weight (equation 1.1, p. 93)

yieid corresponding to f, ; (p. 173)

“asymptotic” yield, i.e., maximum catch in a flat topped yield model (p.171)
yield per recruit (p. 114)

relative yield per recruit (p. 116)

instantaneous rate of total mortality (p. 52)
total mortality generating MSY (p. 145)
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