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A Draft Guide to the Compleat ELEFAN =

by

F.C. Bayanilo, Jr. B?
M.L. Soriano ®°
and
D. Pauly ®?

ABSTRACT
This draft guide introduces the 10-diskette , graphics-
oriented Compleat ELEFAN software package (version 1.0,

February 1988) for 1length-based fish stock assessment,
implemented for IBM<’ PC and compatible microcomputers with
at least 520 Kbytes of memory. Emphasis is given to the
description of program operations, and to the linkages
between the different routines, which cover most aspects of
fish population dynamics (i.e. growth, mortality, gear
selection, virtual population, yield-per—-recruit analyses,
etc). This guide does not - except in cursory manner and
for new methods — discuss the models behind the various
routines, but references are provided to key articles in the
original literature. Readers are invited to provide
suggestions towards improving the Compleat ELEFAN package
and its future detailed documentation.

) vyersion of February 1988; ICLARM Contribution No. 435

>  International Center for Living Aquatic Resources
Management, MC P.O. Box 1501, Makati, Metro Manila,
PHILIPPINES.

=2 IBM is a registered trademark of International Business
Machines Corp.
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INTRODUCTION

The Compleat ELEFAN is a very comprehensive package
incorporating numerous, rather sophisticated routines for
length—-based fish stock assessment - several of them new
developments— which most colleagues, we believe will find
very useful.

This brief draft guide, on the other hand, presents mainly
the sequence of operations involved in running the various
routines with 1little emphasis on the 1logic or equations
behind these.

The reasons for this discrepancy are basically two: (a)
while developing this package, from early 1986 to late 1987,
we incorporated numerous routines based on new ideas which
will still require proper scientific publications and (b) we
want to write a self-sufficient, very comprehensive manual,
covering all aspects of the program - yet we are aware that
"bootleg" copies of the Compleat ELEFAN are already being
passed around, and that colleagues are blaming us for not
providing documentation for this package.

This guide is thus a mere stopgap. Until a comprehensive
manual becomes available, users of the Compleat ELEFAN
package are urged to not only read the contents of this
document, but also of the papers cited therein, particularly
those included in the recently published Proceedings of the
Conference/Workshop held on February 1985 in Mazarra del
Vallo, Italy, on "Theory and Application of Length-Based
Methods in Stock Assessment"<?,

This conference, which marked a crucial stage in the
development of length-based methodologies for stock
assessment, cannot be reviewed here. With regard to the
package presented here, it must be mentioned, however that
all suggestions made at the conferences concerning possible
improvements of the ELEFAN approach package have been
incorporated. Properly used, with well-sampled data, this

a) Pauly, D. and G.R. Morgan (eds.) 1987. Length Based
Method in Fishery Research. ICLARM Conference Proceedings
No. 13, International Center for Living Aquatic Resources
Management, Manila and Kuwait Institute for Scientific
Research,Safat, Kuwait.




package can thus be used to perform, reliably, most types of
assessments for which length-frequency data, or catch-at-
length-data are needed.

Some routines or programs which we intend to incorporate
into version 2.0 of the package (i.e. the one for which a
comprehensive manual will be made available), are among
others:

. ELEFAN VI, a program for multispecies yield-per-recruit
analysis which explicitly considers gradual mesh selection;

. a routine (to be included into ELEFAN II) for estimation
of values. of von Bertalanffy parameters L.. and K,
pertaining to mean age-at-length (rather than to mean
length-at-age), as needed e.9. for unbiased estimates of Z
through length-converted catch Curves; and

- a routine (to be included into ELEFAN I and V) for
estimation of an approximate joint confidence region for the
von Bertalanffy parameters Loo and K from the shape of the
response surface of "R,.", our new "goodness-of-fit index".

Because the Compleat ELEFAN package is so large (10
diskettes in all), we will not supply 1listings of the
programs.

Rather, we would appreciate receiving comments from users of
this package which will help us improve it, notably by:

. removing bugs, misspelling, computational
errors, etc.

. replacing existing routines by more versatile or
powerful ones,

. adding new routines and subroutines, or

- making the presentation of routines or scripts
neater and/or more understandable.

Also, we would appreciate suggestions as to what should go
into the planned manual of version 2.0. To be most useful,
comments sent to us should be specific to a given program or
routine, and reports of bugs or errors should be supported
by the file upon which the results were based, detailed
description of the problem, and copies of any relevant
printouts. We are looking forward to such comments because
they will help us improve this package, so don‘t hesitate to
write us.



All comments shall be considered when we prepare version
2.0, which will be free for all those who have sent us
usable comments and suggestions, and available for a small
upgrade fee to all registered users of version 1.0 and its
immediate successors.



GETTING THE COMPLEAT ELEFAN STARTED

Computer literacy is fast becoming an essential
qualification for researchers in fisheries science. As more
and more research tasks are supported by computers - from
word processing to fisheries stock management decision
making - professionals in this field are learning more about
the powers and limitation of computers.

The Compleat ELEFAN software package is one of the many
designed to alleviate the task of manually processing the
data available to fisheries biologists. This document is
designed for both beginners and experienced computer users.

Computer hardware refers to the physical entities in a
computer system. These are the things that can be seen and
touched, and is consists of electrical and electronic
circuits, and mechanical devices. The basic configuration of
a personal computer consists of a system unit and keyboard
(see Fig. 1). The system unit is the central part of the
computer and supports a variety of options. The keyboard, on
the other hand, is the main input device which is used to
send data to the system through a cable. The other pieces
of hardware that must (or may) be added are the display
(screen), the printer, the plotter, disk drives, etc.

Display

System Unit

5-1/4 Inch

Disketts Drives
Keyhoard



Hardware requirements of the Compleat ELEFAN

This software was developed for use on IBM PC microcomputers
with graphic capabilities and their compatibles. If you are
using a computer without this capability, you must add a
graphic card (i.e. Hercules monochrome graphic card or color
graphic adapter) to be able to run the software (note that a
color monitor is not needed).

Except for one program (VPA II1Il), all routines require a
minimum of 520 Kbytes of memory. The VPA 111 program
requires 640 Kbytes of on-board memory.

Output of results is generated via the screen and/or
printer. Any printer (dot matrix or letter quality) can be
used except for graphic outputs, which some printers cannot
generate. A plotter can also be used to generate graphic
outputs. The software is capable of generating plotter
outputs through an IBM plotter (7371 model), but other
similar plotters that are using the same 6L (Graphic
Language) may also be used (e.g. the HP 7470A plotter).

Two 5 1/4" disk drives or one 5 1/4" disk drive and a bhard
disk are recommended to run the software.

Keyboard and software prompts

The keyboard is used to enter data into the system or to
respond to prompts generated internally. It consists of
three sections: the typewriter area, the function keys, and
the numeric keypad. These keys are "typematic", i.e. they
repeat as long as they are held down.

The typewriter area is much, like that found on a
conventional typewriter except for some special keys found
at the edge of the typewriter area (Fig.2).

2 b | |
Gt

EnﬂﬂMMg!
[l ol S & ,;._._"‘l

Function Typewriter Area Numeric
Keys Keypad

Fig. 2
A prompt is a software request for additional information

needed to carry out selected functions. There are three
types of prompts which the software uses :



Menu - vyou are given a choice between several alternative
functions or options, which you select by pressing the
arrow keys to select and the <CR> key to access (<CR> here
expresses "Carriage Return" or <ENTER>).

Line prompts - the software uses this to request a single
item of informations such -as e.g. a mortality rate. This
prompt is dealt with by typing the required characters and
terminated by pressing the " <CR>. If vyou realize that you
have made a mistake but have not yet pressed <CR>, use the
<BACKSPACE> key until the offending character 1is erased,
then retype from there. The <BACKSPACE> key is the only
editing key that can be‘used at this stage.

Confirmatory prompts - these are very similar to menu
prompts except that you are given two or three options to
choose from. Prompts which are answered with Y for yes and
N for no belang to this category. Choices are given inside
parentheses (e.qg. "Proceed (Y/N)").

Selection prompts - these are very similar to the above, but
you are given a list of function keys or number keys (e.qg.
<1>) with corresponding function or options.

Throughout the package, the function keys are attributed to
the following functions.

fF1] - to redo a routine

[F2] - to move the "turtle" (or pointer) up or to the
left
[F3] - to return to the previous menu

[F4] - to move the "turtle" down or to the right

[F?]

to proceed to the next routine
[F10]- to access more help messages (if applicable)

The function keys [FS1, [F&]1, [F7] and [FB] are assigned to
other functions (e.g. to dump graphic, mark points, etc.).
As an alternative to [F2] and [F4], the arrow keys (left and
right, respectively) may be used. [F&6] is often used as the
key to mark points for which the <{SPACE BAR> may also be
used. -



Starting the package

To start the computer, it is advisable to begin with the
peripherals connected to the system unit. The switches of
the peripherals (screen, printer, etc.) are conveniently
located outside of the hardware. There is no need to open
any part of the peripherals.

The contrast and brightness of the PC's display can usually
be adjusted using control knobs. Keyboards usually have
adjustable tilt position for typing comfort. Hold the
keyboard when changing position. Firmly push in the foot
handles and turn them to the desired level.

Before proceeding, some preliminary operations are necessary
and these maybe accessed from DOS or through the menu option
called "Utilities" in the main menu of the package (see Fig.
3).

Disk copy : The first thing that you should do when you have
unwrapped your set of ELEFAN diskettes is to make working
copies. Any disk duplicator program can be used. The most
common of these duplicators is the DOS DISKCORY command. Put
the original disks in a safe place and use the copies. If
the copies are ever damaged or destroyed, you can make new
copies from  the original disk. For more informations on how
to use the DISKCOPY command, please refer to the DOS manual.

NOTE : DO NOT write-protect the working
copies of the ELEFAN package.

The Compleat ELEFAN contains a utility to create a backup
copy of the diskettes. A minimump of two disk drives is
needed for this routine. If you have only one drive, use the
DISKCOPY command of MS DOS. Access the routine that will
allow you to make a backup copy and bave ready ten (10)
diskettes for the working copies.

You should have the following diskettes:

DISK #1 : System and Utilities DISK #6 : ELEFAN II-A
DISK #2 : ELEFAN O DISK #7 ¢ ELEFAN Il1I
DISK #3 : ELEFAN O-A DISK #8 : ELEFAN 1V
DISK #4 : ELEFAN 1 DISK #9 t: ELEFAN V
DISK #5 : ELEFAN 11 DISK #10 31 MPA



DOS installation for a two-disk drive configuration : The
disk operating system (DOS) is not included in the package.
The DOS is prerequisite to some utilities and it should be
installed only to DISK #1. To copy, insert a disk containjng
the DOS (note: the Compleat ELEFAN requires MS DOS 2.1 or
higher) in As: drive. Boot the computer and wait for the DOS
prompt (A>). Carefully insert DISK #1 (of the Compleat
ELEFAN) in drive B:. Type SYS B: followed by <CR>. This will
copy the DOS to DISK #1.

In addition to the DOS, the following DOS commands are
~needed by the package :

COMMAND .COM
GRAFTABL. .COM
GRAPHICS.COM
ASSIGN.COM
FORMAT .COM
DISKCOPRY .COM
MODE . COM

To copy these DOS commands, insert a DOS disk containing the
files mentioned above in drive A:. With the DISK #1 still in
drive B:, type COPY A:XX B: (where XX is the name of the DOS
command that needs to be copied, e.q. FORMAT.COM) followed
by a <CR>. There is no need to repeat the above procedure
for the other disks of the package.

For a computer with a hard disk, boot the computer with
either floppy disk drives empty and wait for a D0S prompt
(e.g. C>). Carefully insert DISK #1 (of the Compleat ELEFAN)
in drive A:. Type SYS A: followed by <CR>. [This can be
bypassed if the package is to be installed to a hard disk;
see belowl]

Hard disk installation = A utility (HDINSTAL.EXE) is
provided in DISK #1 to properly install the package to your
‘hard disk. Other methods of copying the set of programs to
your hard disk may cause problems while using the package.
Note also that a minimum of 2.7 megabytes of free storage
space is needed.

The DOS path (sometimes called "directory", e.g. C:\D0OS)
should be known before running this hard disk installation
program. The same six MS DOS utilities as listed above are
needed to run the package, and this should be accessible
through DOS path.

To run, insert DISK #1 in drive A:, then type HDINSTAL
followed by <CR>. This utility will initialize any existing
"ELEFAN" gubdirectory.

Peripheral installation : A utility has been developed to
allow the software to run on different system
configurations. This utility may either be accessed through



the INSTALL.EXE which can be accessed directly from DOS
(DISK #1) or through a routine in the utility menu. It will
install the following :

1). the type of graphic card/adapter (CGA or Hercules
monochrome graphic adapter),

2). the printer type,

3). the data drive specification and,

4). the program drive specification.

Installation is done only once, unless you wish to change
peripherals or drive specifications.

Serial port installation : Graphic outputs may also be
dumped via plotter; this requires the user to configure the
communication ports (COM1:). Please refer to the plotter’'s
manual for communication protocol parameters.

This installation may not be necessary if the plotter can be
configured through the dip ‘“switches" found at the back of
the peripheral.

Serial printers may also be redirected through this utility.
For more technical information on the requirements of this
utility, please refer to computer manual, "Guide to
Operations".

Formatting a disk : Data disks may either be created using
the DOS command "FORMAT" or the utility to format a disk in
one of the routines available within the package.
Formatting, (1) initializes a disk to a recording format
acceptable to D0S, (2) analyzes the entire disk for any
defective tracks, and (3) prepares the disk to accept DOS
files. For more information regarding the FORMAT command of
MS D0OS, please refer to the DOS manual.

CAUTION : Please note that formatting destroys all
data on the disk. Because of this, you should be
very careful before you decide to format a disk,
particularly a hard disk.

For problems or deviations from the above, please refer to
the manual (Guide to Operations) or ask an experienced user.

After installing the package properly, type ELEFAN after the
DOS prompt (e.qQ. A>), then press <CR>.

Once the software package is accessed, the system menu will
be loaded and executed (see Fig. 3). You may use the arrow
keys (up and down) or function keys [F2] and [FA4l
respectively. To access a routine, position the highlighted
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area (by using an
press <CR)>.

arrow key) to

the desired routine,
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WORKING WITH ELEFAN O

Introduction

The Data Entry and File Management Routine referred to as
ELEFAN O allows entry of data sets such as length-frequency
data, weight-frequency data, commercial shrimp tail counts,
tagging/recapture and/or length-at-age data and stores them
in a format accessible to other ELEFAN routines.

The ELEFAN O menu contains nine routines appearing on
computer screen as follows:

({{C ELEFAN B )}

——

%
B
¥
2
2]
4]
7
-y

Use arrow (11) keys to This roatine creates a new data Hile
salect, (CD) to run for any of the following data types:

a) leagth-Frequency data

o Data Entry .o, b) weight-frequeccy data

Print Data File ¢} shrivp-tails counts
it Data Mle 4) growth Incresent data
Probability Eotey (e.g. tagging/recaptare data)
fdjust Class Iaterval e) leogth-at-sge data
Pool Samples/Tiles
Sauple Veight Bstivation Itens ) and c) are avtomatically con-
Sxooth Data File verted to a length-frequency file and
Delete Files may then be osed in any ELEFAM routine.
Quit to waln wenn

Piles created via 4) or ¢) my be g
accessed oaly through ILEFAN U, vl

Fig. 4

Before going into the details of each of these routines, it
is important to mention here the general screen layout of
ELEFAN O. The first four lines on the screen are reserved
for the routine title, lines 5 to 18 are for the body of the
routine and two separate boxes on the lower part of the
screen are reserved for instructions (left box) and function
keys (right box).
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TITLE

: Please supply the folloulng:

Species nine iUpencus moluccensis
Other file identi?lers IRAGAY GULP 1901
Rouder of sampling dates
. : Sl:alla:t recorded nidlength
reest recorded nidlength
BODY Class Interval
Uait of weasorement

INSTRUCTION BOX

N S g s e
PN SRRk s

Fig. 5

Attention should be given to the instruction box which is
intended to guide the user. Attention should also be given
to the function key box, which provides other options
ensuring flexibility while a routine is being used. The
function keys [F2]1 and [FA4], which are not shown on the
function key box, are assigned to move to previous field
and next field, respectively.

Data entry

Unless foreign files are transferred to the ELEFAN system,
the world of ELEFAN begins here. This routine allows for the
entry of the following types of data sets:

1. Length-frequency data
2. Growth increment data
3. Length-at—-age data

The length-frequency data may be accessed any time using any
ELEFAN routine. Growth increment (e.g. tagging/recapture)
data and length-at-age data once entered may only be
accessed by ELEFAN O, e.g. for editing, and by ELEFAN V for
analysis.
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The next version of the package will, additionally, allow
weight-frequency and commercial shrimp tail count data to be
stored on disk and analyzed.

Basically, the data entry routine is made up of three
screens, arranged as follows:

File specification screen 1 (ZREES — ]
This screen requires input [ \"'
providing a general descrip- :

tion of the file such as the T tiesse gty e fottanto:

species name, number of Doctes e PN RNERITY
samples, smallest and largest Aober of mplim dates

midlengths/ midweights, class Lirret rocenled sillingth ¢

interval and unit of measure- it of enereresest

ment used.

Ly

3 .
2 112 quit ta ELOTAR § sees 3]
72

Yy - . Xl

]
F
A
¥l

Data entry screen : The data 23]
entry screen requires input of [ rEreeess Specien: Upences malazcessis B
the date of sampling (month, [ :
day and vyear) and frequency Lol 1 el M ten

number for each class length or s 5 o

weight. (Tagging/recapture and :g: "

length—-at—-age requires actual Ju.

lengths). The lower right uu.

corner of the screen labelled i

"SUM" keeps track of the total & .
frequencies entered. The data | peT— (Hiveres prog  (P-LETMA 8
entry screen appears n times £ R oot ol
depending to the npumber of

sampling dates entered in the
file specification. Each sam-
pling date is checked for du-
plicates and is used to sort
the entries.
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Save data file screen : This
last screen requires input of a [j
unique filename to save the |
data set onto a diskette. This [;
filename is the only link teo
access a particular data set in
any ELEFAN routine.

4

[]
e

L I B B R B A

L I I N I B I

Plsase ate slpdadelic charecters (M)-recheck fats ol

and/er malers ualy, (F31-qait o ELTTIN :" [ ¥
© [ EMOchange 2535k : ]

T Aokl

Printing of data

As needed, by using this routine, bhard copies of any ELEFAN
data file may be outputted to a printer. The only
information required of the user is the filename where the
data set is stored. Everything else follows.

Editing a file

Alteration of an existing ELEFAN data files is done using
this routine. It has the same screen flow as that of Data
Entry. The class interval of the file specification screen
is the only field that can not be altered, (please refer to
the Adjust Class Interval routine ingtead).

All fields may be edited and, in particular, a sample may be
deleted by entering 99 for the month. Each sample appear on
screen in chronological order. To select the desired sample
for editing, simply enter its corresponding sample number
while you are on the "SAMPLE" field or use function keys
[F&] or [F?] to move from one step to another.

The "save edited file" screen allows the user to save the
edited data set to a new filename or overwrite the old data
set by using its old filename.
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Edit routine screens :

Tilssame : MINE2

Spocies ane

ther Lile ilaatiliers
tmler of sanpllng bstes
Saallcst recerist slitemid

[13)-guit ¢ RETAA € nene
116}-ecaess waw Hile
11%1-sest screes

TR ——
‘.(;‘-1 285
e
| EE e

tupte: B Boatd: 1 Dater8  Year-Bd Ralsiog facters 1080

i X ]
.0

EERESwmven
EECBLEEBLEY
sEREREN...
SEESR3CE3R
SSFER
LLLL

——

Bater sanple sasber yow alsd to odit.
Sater 99 o ‘Pasth® 45 dalete & semple.

PP - g DAL
A IR 1 IR
:
- p—

Seler Lilenane to save duls £ils:
it s b '

- - - - -

I

- -

R,

. Tlease 1o alphadetlc charactars (Fil-rerus progran
4 anl/er smbers saly. (Fil-quit 1o LLETAA 6§ mete
¢ 1118F-shange dola dl0d

The "Edit Routine"” may be invoked to RENAME a data set, by
accessing an old file and saving it without alteration under
a new filename. The o0ld file may then be deleted using the
“Delete Routine”.

The "Edit Routine” may also be used to COPY an ELEFAN data
file from one diskette to another by using function key [F%]}
- change data diskette, while on the save file screen.



16

Probability entry

This routine allows for the entry of probabilities of
capture for each class length of a given data set. These
probabilities may come from ELEFAN II (Catch Curve Routine),
or previous studies of the species in question.

Each length frequency in the file is then divided (by length
class) by its corresponding probability of capture to obtain
the relative abundance for each class.

Adjusting class interval

Class intervals are altered using this routine, which was
developed for the purpose of merging files with different
class intervals. Basically it slices up the whole 1length
data into the class interval the user desires.

The filename of the data set to be sliced-up is selected
from the library and the desired change of class interval is
entered. Succeeding screens will give a view of the sliced-
up data file.

Note that a new class interval need not be a whole number,
nor a whole multiple of the old class interval, i.e: data
originally grouped into say 1 cm intervals may be regrouped
into a 1.5 cm interval using this routine.

Pooling of sample/files

Pooling of samples or merging of two files is another data
manipulation feature of the ELEFAN system. Two samples of
one data set may be pooled together or samples of two files
may be merged by any of the following options:

(1) Addition of frequencies : this option simply adds up
frequencies of two or more samples and stores them under one
sampling date.

(2) _Weightin by the square roo f sampl siz t this
pooling option is a modification of (3) and is recommended
for low frequency samples; the mathematical equation is as
follows:

t'ij = wij-tij

where f'ij pooled frequency for sample i, class Jj

fij = frequency number for sample i, class Jj
wij = fij /J/Ti where Ti is total frequency for

sample i.
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(3) Weighting by percentage : weighting of samples by
percentage gives each sampling date an equal weight,
whatever its initial size.

Mathematically,
f'ij = wij-fij
where f°'ij

1)
wij

pooled frequency for sample i, class )
frequency number for sample i, class Jj
fij/Ti, where Ti is total frequency for
sample i.

Estimation of sample weight

The sample weight of a given file is estimated using the
length- weight relationship (W=axL”~b). Mean weight in each
length class and of each sample are computed. The
estimation of the mean weight of the fish of a given class
is computed as suggested by Beyer (1987).

Smoothing of L/F data

This routine makes use of a running average over 3 or 5
classes to smooth the available length frequency data, as
suggested by Laurec and Mesnil (1987) for cases where data
are irregular.

Deleting a file

This routine deletes an ELEFAN data file not only from the
diskette but also from the ELEFAN disk library. The user is
cautioned from deleting an ELEFAN data file using the DOS
utility primarily because this latter routine would not
update the ELEFAN disk library.
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WORKING WITH ELEFAN I

Intréduction

ELEFAN I is a program which uses length frequency data to
estimate the parameters K, Loo, C and WP of the von
Bertalanffy equation, modified to express seasonal growth in
length of fish or aquatic invertebrates (Pauly and David,
1981).

The program’s key assumptions are:
. samples used are representative of the population;

- length differences can largely be attributed to
differences in age;j;

. growth is similar from one year to the next, i.e.
there are no factors inducing any strong changes
in growth between years; and

. the seasonally oscillating von Bertalanffy growth
equation provides an appropriate approximation to
the growth of fish and aquatic invertebrates.

Although ELEFAN I could in principle be used in conjunction
with any type of growth curve, only one growth curve was
incorporated into this version. It is the seasonally
oscillating version of the von Bertalanffy Growth Function
(VBGF) proposed by Pauly and Gaschiitz (1979), which has the
form

CK . '
Ly = L_(1-0 -[K(t-t5) + 5 sin (2= (t-ts))l)

where ts=WP+.05 and all parameters are as defined
in Pauly (1984)
There are three (3) routines available in the ELEFAN 1
program .to help the user estimate growth parameters 3

« Curve fitting by eye 1 allows a user to fit a growth
curve through a (restructured) length-frequency data
set, given a set of parameters;

- Response surface analysis :t allows a user to vary two
growth parameters in a 11 by 11 matrix. The 10+ points
providing the best fit to the data are identified,
allowing the user to locate combinations of parameters
that are better than others; and

,H"MALIBRARY
ERNATIONAL CENTER FOR LIVIN
AQUATIC RESOURCES MAMAGEMENT
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. Direct search for optimum parameter combination: allows
the user to let the computer search for the "optimum"
combination of growth parameter values , given a set of
seeded parameters and step sizes by which the program
can modify the seeded values.

These three routines use "Rn" as goodness-—-aof-fit indexj this
index ("new R") is computed from Rn=10*~(ESP/ASP)/10, with
ESP/ASP being as defined in earlier versions of ELEFAN I
(the use of Rn prevent the occurrence of negative values of
goodness—of-fit).

A fourth routine is included which allows the user to output
the results in graphic form through a printer and/or a
plotter.

Data file access/restructuring

Immediately after ELEFAN I has been accessed from the main
menu, as in any of the programs to be discussed later, the
program will first search for the disk library created
during data entry and manipulation.

> 1:‘: @é.;?‘;;:;.,;._;::»; N DD ‘.A-.--.4:.,95‘,‘..,»/;;,_4,.:5\;5523:,.-,}‘-. 5
FILE PARMMETEES DISC LIBRARY
A [
o Filenine
: b - -
Species nime UPAITEST — -
BomiTOLF — -
Other labels NPATEST - -
TESTONS - -
Mo, of sanples ¢ - -— -
] Class {oterval - - -
Rauge of length observations - - -
4 “ ssese—— o
| INSTRUCTIONS
k4 :
'F; Choose file from dfsc library. Press (116) for help

Fig. &
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If no length-frequency file or data disk is found in the
data drive, the computer will prompt for a change of data
disk or offer the option to qQuit to the main menu by
pressing [F3]. Once the disk library has been accessed, a
file may be selected by moving the cursor, i.e. by pressing
an arrow key followed by <CR>. The file accessed may still
be replaced after the file parameters have been displayed
(see Fig. 6).

Restructuring of data will commence immediately after
confirmation, i.e. by pressing [F9]. Depending on the size
of your file and the speed of the computer, this routine may
take a minute or so.

An option to output the restructured data via the installed
Printer will also be given.
Submenu

This program has four subroutines (see Fig. 7) to analyze a
given length-frequency file.

{j Use arrow (11) keys to

salect, {CR) to ran &l

This routine allows the user to *drav’ onto
Response surface analysis a graph displaying restractared length fre-
futomatic search rontioe quency sanples a growth curve defined by o
Cutput roatine set of grouth parimeters, and to assess the
Quit to wain wem it of ke carve both viswally and i terws
of a goodness-of~fit index (Rn),

orermredfi 05
R e R el

Fig. 7
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Response surface analysis

The limits (lower and upper) for each of the four growth
parameter will be required by the program. To leave a
parameter constant, press <CR> when the program prompts for
the upper limit for this parameter (see Fig. 8).

Two growth parameters have to be left variable; otherwise
the limits for each of the parameters have to be re-entered.

Enter the lower limit of Loo or the
value to be constant, then press (CR)

Valoe of Loo should not be less than
13.3

starting polot ——
: ] 8L: 1

Fig. 8

Default values for the starting points are provided. When
all parameters have been entered,'a prompt on whether or not
a printer output is desired will appear. After answering the
prompts, the user will be given the opportunity to change
whatever needs changing before the computer starts
generating the response surface.

In the final output, the best 10+ points will be boxed for
easier identification of the best combination of parameters.
(see Fig. 9). At any time, a user may abandon the routine by
pressing [F3] or [F7). to rerun the response surface
generator with another set of entries.
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20.88 R 2.4 28.68 0.6 .
2\ A WM WM WM WM wm o m w8
B N8 298 298 WM M7 My W2 W w1 w

302 M5 S M5 235 28 48 N M M1 M2

gfEzIzaasEacy

- o .

ol sl el et et b ed el at et uhad - .

20.88)-1  21.08)

Press any of the following @ loo: (
I 0. 8.5t 1.80)
[ |
W ot

0.8881-(  6.089)
a.888)-1  @.0d8)
starting polnt ——
H S VI § 9.60]

[F7) to tey anather set of paraxeters
(F3) to retarn to ELEFAN | menu

Fig. 9

Curve fitting by eye

Given a set of parameters (i.e. Loo, K, €C and WP), this
routine will fit the curve over the restructured data
plotted on screen. Aside from the response surface, a user
will find this routine particularly helpful in defining, at
least approximately, the values of these parameters and
identifying a good starting point.

The starting point (starting sample and starting length,
i.e. the coordinates of a point through which the curve must

pass) will also be asked (see Fig. 10).
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(¢ CURVE FITTING BY EVE 3
(Upzneus moluccensis RAGAY CULF 1388)

{4

- Loo (asyeplotic Jexgth) 4 20.58 1 8L dofaalt value is 9.5.

o . 1 (growth constant) { 0.580 ) You way press [F5] to acti-
: ¢ (amplitude) t 0.889 1 vate/deactivate ‘raler’ to
WP (ulater point) {  0.888 ) betlor read off lengths.

{ 88 (starting sawple) [ 1]

?,;' 8L (starting leagth) (BN 5.0 ¢ 5L ¢= 12,68

oo

.ﬁi"

s
S

Exter the value of ths parasater, them press (CO)
or press [F18] for more Bolp wessages

R AR

}nl
o

Fig. 10

A ruler may be activated using [FS5] to ease identification
of a starting length (default is the class with the highest
peak) once the starting length is prompted for input. Use
the arrow keys to move the ruler to a desired location.
Pressing the <CR> will change the default value of the
starting length.

£¢ CURVE FITTING BY IVE .
Bo = 0.887 (Upereus woluccensis RAGAY G'(M 1989)

__‘ 1

b

1988

Leo (asymptotic lesgih) { 2.9)
I (growth constant) { 8,588 )
€ (amplitade) { 8,088 )
WP (uinter polnt) { 8,088 )
88 (starting semple) ( 11
SL (starting length) { 9.600 )

I Press acy koy to coatinee ...
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The values entered before a curve is drawn will be used as
the next default value, i.e. a user may simply press <CR> if
a former entry is to be kept unchanged.

Search for optimum base point

This routine will allow a user to "seed" growth parameter
values (i.e. to enter first guesses) and the step size by
which the gquesses will vary. The program will vary the
parameters up to 6 steps at a time. That is, if for example
you entered a seeded value of Loo of 21, and a step size of
«1, it will first vary ghe value for Loo to 21.1 and compute
for any improvements in the Rn value. If the computed Rn
value is equal or 1less than the previous value, it will
check the Rn value for Loo equal to 20.9, then 21.2, then
20.8, and so on. It will continue to vary the parameter
until a value is reached which leads to a higher Rn value,
and this combination of parameters will be used as the new
input values. The search will continue until no further
improvement is reached.

Once the "seed" parameter values and step sizes have been
entered (see Figq. 12), the user will be given the option,
via [F3], to let the computer search for the coordinates of
the best starting point given the seeded parameters entered
earlier. Depending on the size of the file, this may take
some time.

If [F&6] is pressed, the starting point (i.e. starting length
and starting sample) will have to be provided. Default
values are available (i.e. the coordinates of the class with
the highest "restructured"” point value).

Optimal step size ranging from about 3-6%Z of a parameter
value for the initial searches to 17 or less may be used to
better identify a good set of parameter combinations.
Depending on the size of your file, searchifg can be a long
process.

ol .
The computed growth curve will be plotted over the

restructured sample everytime a new base point is
identified.
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FILE PARNYETERS
& ¥ ] R
57 Tilenine 3
P HUMOR2 Seeded values Step sizes "
3 Species naxe

» Upencus moluccsnsis Leo
Other labels X
b RAGAY GULY 1981 ¢
Mo. of sumples )4
»?

Class interval

[

3 Range of length observations
. $}S5-19 o

N == - J |
H4STRUCTIONS

Eoter the Loo (asymptotic Jength) to be azed ( Loo )=5 )

KOTE : Press (i8] for uore help messages.

Ny
?ﬁ' v — . s
-%‘f‘-‘?‘%ﬁh‘?".ﬁ‘.‘c&l'- P AR '-‘-:\f:sé‘;':;':fs‘ﬂ!:” <

Fig. 12

It is recommended to re-initiate a search several times,
from different seed values before accepting an "optimum” as

such.

Graphic outputs

After an optimum of growth parameters has been identified,
this routine will allow users to’'output the results through

either a plotter or a printer.

If a growth curve 1is desired, the parameters (see Fig. 13)
will. be required and the computer will compute the
corresponding Rn value. Also available 1is an option to
output the points of the growth curve on every 15th of the
month. A sample plotter output is given in Fig.14.
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2. Type of data to draw

«(C Oatpat rostines for Uponeus moluccensis 23

1. Cutpat options 4. Grouth carve
(9 Prassters

[ 1 view/print graphics outpat
[ ) soathly predicted lengths

.
.
.
-

() restractared Preq.
[ 1 origical fecquoncies
[ ] zove

ETETR

335(.-5

3. No. of growth carves to plot

oze (1)

Spacies nama 1 Shanawr eo/scwvisss
Other lcbale + RAGAY GULF 1880 GROWTH PARAMETERS
Filaname « NMUMOR2 [¢}) [#
Loor 20,8 om 20.8 cm
Sampla(s) v 7 K o+ 0.8 0.8
Clase eiza ¢« Jem cC s+ 0 0
Largoet ML v 18.8 em Y :
Snalloet ML ¢ 5.9 cm SL s+ O em 13.5 cm
Rn » 0,42 0. 064

Fig. 14
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WORKING WITH ELEFAN I1I

Introduction

ELEFAN 11 is a collection of auxiliary routines and a sequel
to ELEFAN I. It covers major topics as follows:

1.

S.

Estimation of total mortality from a catch curve
using VBGF parameters estimated by ELEFAN I or
known from an independent source;

Smoothing of selection pattern given the
probability of capture for each length class using
a logistic transformation;

Estimation of Loo and Z/K using a modified version
of the Wetherall method;

Derivation of seasonal patterns of recruitment;
and

Relative yvield and biomass per recruit analysis.

Below (Fig. 15) is a layout of ELEFAN II main menu.

CCCELETAN-11-9)9)

N
Use arrow (1) keys to 0 conplete catch corve analysis includes: g
select, (C) to run .pooling of several length-frequency

zamples of a data set simulating steady- 1
state conditions, ’ .

| - Catchoerve - -] .derjvation of catch carve proper and

Saoothiog prod. of capture identit Ication of points used for estime-
Recrufinent pattern tion of total wortality (2),
Estimation of Loo and 2/X .estiration of nataral sortality (M)
Yicld & biomass per recrait uzing estivates of Loo, X and mean water
Quit to main wem temperatare based on Psuly's ewpirical

equation and estisation of T (=Z-M),
Dackvard projection of descending,
right aru of catch carve to estimate
probabllities of capture,
.saouthicy of prodadilitics of capture
using logistic transforsation or ranning

sverage ovep three.

TR

1 :'J&'-«hbq >
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Catch curve and resultant curves

Catch curves are constructed for the investigation of total
mortality (Z) within a fish population. The catch curve
routine requires the filename of the ELEFAN data set for
analysis and growth parameters (Loo and K) to be entered
through the keyboard.

The user is given the option to select particular samples to
use in estimating Z; some transformation of the data set are
allowed. Transformation options are as follows :

1. No transformation (original data),

2. Using the square root of sample total as weighting
factor; and

3. Transforming all samples into % samples before
pooling.

The selected/transformed samples are then added up by length
class and each cumulated frequency (%N.) is divided by the
time needed for the fish to grow from the lower to the upper
limit of its length class (At.).

The 1n (%N./0ts) values are then plotted vs age on the
screen, as shown in Fig. 16.

PILENAME: MMOR2  WT.MODR (1)

Crouth Paraueters
loo: 20,888 em K@

first point: class 8= 8

¥: la(2M/4t)
X: rolative age

1.148

last polot:  class 8=

¥: lalat/4t)
X: relative age
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The "turtle" (or pointer) on the graph reguires the user to
select points to use in estimating total mortality. The
turtle may be moved from one point to the other using
function keys ([F2] or [F4]) or arrow keys (left or right).

The points selected must include only fish which are fully
recruited and vulnerable to the gear employed. A generally
applicable rule is to use as a first point the one
immediately to the right of the highest point of the catch
curve.

Often, one or two points corresponding to very high "ages"
must be excluded from the computation of Z because they
pertain to length values very close to Loo, affecting Z
dramatically. Jones (1987) and Laurec and Mesnil (1987)
provided rules as to which of these points should be
excluded from the computation.

A preliminary estimate of Z is made using the lipear
regression @

Ln(%ZN/At) = a+b¥t, where t = relative age

An iteration procedure (P.Sparre, per.comm. to Pauly 1984,
Chapter 5) corrects the Z=-b of the regression line for the
non-linearity of the growth model and for the fact that some
mortality occurs within each 1length class. The iteration
equation is :

log(Ne/(1-exp(-Z:%Qts)) = a~Z.% Aty

then natural mortality (M) is estimated from the empirical
relationship :

1ogio (M) = —0,0066 - 0.279 logie (Loo) + 0.6543
log 10 (K) + 0.4634 logio (T)

where T is temperature in <Centigrade (Pauly 1980).

The user is not compelled to use the computer-estimated Z
and M values, and the values for Z and M to be used must in
fact be entered by the user.

Given Z and M, a resultant curve may be derived from the
left, ascending arm of the catch curve. The fishing
mortality (F=Z-M) ranges between M (=mortality in the
highest length class not caught at all) and Z (=mortality
from the first selected point of the catch curve). Thus,
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Z,=M+F,, where Z, and F. are the total mortality and fishing
mortality for class i, respectively. The number of available
fish in the population is then estimated using :

(1-exp(Ze—aXte—y))
N;=N‘¢; X exp(Z;*At) x -

(l-exp(Zixty))

The screen plot of the catch curve with estimates for Z, M
and N.'s is shown in Fig. 17.

The probability of selection P, is Ni(caught)/Ng(available).
The resul tant curve is fitted using a logistic
transformation (x=log(p4q)) or moving average over on the
selection probabilities. Fig. 18 shows an example of a
resultant curve,

FILENAME: MUMORZ  WT.MODE (1)

Growth Pau:ele

Loo :

20.000cm X: 0.660

catoff length (L')

ncan lesgth (frow L')

Z from nean length

Z from cated carve

Z entered

rat, nortality (M, estimated
for 7= 28°C) 1,789

)

e 33 0 I H O

W W =9 0

W valae aged = 1,710
tishing wortality (F=Z-H

(Z 8 1 a3 entered) = 3.423
axploit, rate (E:1/2) = 0.66

[F1)-redo routins
{F3l-quit to ELEPAN 1 womn
- § (B1-dump graph

{I3)-estimate prob. of capture

Fig. 17

Fitting of probability of capture

This routine estimates Las, Lse and L given a set of
probability of capture over different length classes. This
is one of the few routines in the ELEFAN package that may be
used without the need to access an ELEFAN data file. The
basic information needed to run this routine are the
smallest midlength, largest midlength, class interval and
the probability of capture for each length class. The
algorithm and screen output is similar to the resul tant
curve section of the catch curve routine.
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PROBABILITIES OF carrulz

1-75 = 13,868
slope = 1,436

. Kidlength
5.588 .
6.568 - 8.898 0.048

Probability Suooth curve
9,608 88

B 7.580 8.881 9.081
8.5¢88 8.883 0.885
R 9.588 8.832 8.819
" 18.588 8.869 9.876
’_;_ 11.568 8.383 8.256
- - P 12.588 . 8.589 0.59
_1 Regression estimates : 13.5¢0 - 1.608 0.659

X 2=-17.59 b= 1.43 14.568 1.868 8.962

press ary key to continue

Fig. 18

Recruitment pattern

A recruitment pattern is obtained by projecting a set of
length-frequency data backward onto a one-year time axis.
Recruitment patterns can be used to infer the number of
recruitment pulses occurring per vyear (see Fig. 19).
However, when the parameter to is not glven, the exact time
of recruitment can not be determined.

A routine (Soriano 1987) is buzlt into the program which
automatically fits a recruitment’ pattern with one or two
normal distributors when the recruitment explained by one or
two normal curves ranges between 904 and 1104 of the
observed annual recruitment.

In the same manner as in the catch curve routine, an ELEFAN
data file and its growth parameters (Loo, K,C, and WP) must
be provided. The user is also given the option to select
samples for analysis and the type of data transformation to
use for computation.
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Estimation of Loo and 2/K

This routine estimates Loo and Z/K using the method of
Wetherall (1986), as modified by Pauly (1986).

In the same manner as with the catch curve and recruitment
pattern routines, the user has the option to select samples
and transform the available length-frequency data before
pooling.

The transformed samples are then cumulated by length class
and plotted on the left box of the screen (see Fig. 20) with
midlength on the X-axis. The right box gives a plot of
(Le(mean)-L°.)vs L',.

The user is then required, uéing fhe plot on the left box,
to select a point representative of animals fully selected
and recruited, from which Loo and Z/K will be estimated.

A regression line is then fitted to the points with each
point weighted by its cumulative frequency. The Loo and Z/K
estimates are given by (Pauly 1984):

(Yi-Xi)XNi = a+bxXixNi
Loo = a/-b
Z/K = (1+b)/-b
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WT.HODE (1) HODIFIED WETHERALL PLOT

Liwzan)-L'
8

O e BN W e Ut O

BEGRESSION EQUATION:

¥ 4,854 (-9.21 X, »=-0.90
Estimate of Loo = 19.285 o»

Estimate of 27K = 3.762

Fig. 20

Yield/recruit and Biomass/recruit

This routine estimates the optimum level of exploitation
rate (E) wusing the relative yield/recruit (Y'/R) model of
Beverton and Holt (1964) as modified by Pauly and Soriano
(1986). This routine may be accessed without using an ELEFAN
data file. Y'/R may be computed in two different manners i

1. assuming knife-edge: wherein Y'/R is a function of
selection M/Ky, E and c (mean length at
first capture/Loo), as in
Beverton and Holt (1964).

2. using probabilities : the input required here are

of capture that the smallest midlength,
are gradually largest midlength, class
changing interval, Loo, M/K and the

probability of capture for
each midlength (a maximum of
five data sets can be
entered at a time).
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Also included in this
biomass/recruit (B’ /R)

a sample screen output
selection.

routine is a plot of relative

vs exploitation rate (E). Fig. 21 is
and B'/R with

of Y'/R logistic

REL. BIOMASS PER NECRUIT

-
-

[ E O SN R TR VI Y

I TIarTYy

Expiofhfln& r'atu loitation rate

(P31-RLRFAM 11 monu
Loo = 20.888 § (18]-print resuits
{191-dunp graph

B A
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WORKING WITH ELEFAN 111

Introduction

ELEFAN 111 differs from ELEFAN 1 and II in that more is
needed to run the program than just length-frequency data.
The added data which ELEFAN IIl1 requires are catch data
usually by month. Also, as is characteristic of most
approaches based on Virtual Population Analysis (VPA), it is
the entire catch from the whole stock which must be used,
not only a part thereof.

ELEFAN 111 incorporates three types of VPA, i.e. VPA I, VPA
I1, and VPA 111.

VPA I estimates for any given cohort, the standing stock (in
numbers) and fishing mortalities by time interval (month,
quarter, year, etc.). VPA 11 is used to estimate mean
standing stock for a stable—-age distribution, as can be
simulated by combining data for several vyears. VPA 111
provides estimates of standing stock and fishing mortality
by month and by length, which is achieved by "slicing"
(pseudo-) cohorts through catch-at-length data by means of a
set of growth parameters. This approach assumes that little
exchange occurs between the monthly "cohorts", which applies
mainly in short-lived animals, such as anchovies or penaeid
shrimps, for which the VPA III routine has been specifically
designed.

Beverton and Holt (1957) showed that the catech (Ci) 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 (Ngs) times the fraction of the deaths caused by
fishing, times the fraction of togal deaths, or

F ~Z
C;= -z_:.(l_e iy Ny (1)

where F; is the fishing mortality in the ith period,
Z:s=F4+M, and M is the natural mortality, generally
assumed constant for all period,

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

-7
Nivg Zjre .
= Zi (2)

C F; (1—e )
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also written
-F
- o ez D (3)

which is the equation in Gulland’'s (1965) Virtual Population
Analysis and which can be derived from (1) by substituting
for N: the relationship

Zi

NiaNii-l'e (4)

Equation (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 a past cohort), an estimate of M and a (gquessed) value of
the fishing mortality that affected the oldest age group of
a given cohort (F.). Terminal fishing mortality (Fe) and the
terminal catch (Ce) are used to estimate the size of the
terminal population (N.), either from

: C.* 2
Ng=- t‘—%t ()
Fe (1—e ")
or from
Ni=Cy- ZyR, (6)

Generally, equation (S) is used when the cohort is not
extinct past Ne (and Ce), while equation (6) is used when C.
includes the last remnants of a cohort (ELEFAN 1I1I
incorporates equation S). Then, using N¢ as initial value of
N¢+1y Fe and Ny values are estimated sequentially from older
to younger age group be repeatedly solving equations (2) and
(4), respectively.

The discussion that follows is limited to the principles
behind these various routines and the reasons they were
incorporated into ELEFAN IIl.

VPA I : The principle behind VPA hinges around the concept
of the “cohort", i.e., a group of fish or invertebrates born
or hatched and recruited at more or less the same time and
sharing throughout their lives a common pattern of
exploitation by their predators and a fishery.
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In most applications of VPA I, the "exploitation" by
predators is expressed by a single value of the rate of
natural mortality M, which is assumed to apply throughout
most of the life of the cohort (i.e., from the time the
animals enter the fishery to the time the cohort is
decimated).

VPA, then, is a method to reconstruct a cohort (i.e., to
estimate the number of animals that were present at each age
(of a cohort's life) by using a value of M and the catch by
the fishery (in terms of numbers) of each group in the
cohort. The cohort is always reconstructed backward in time,
starting with the last caught animals of a cohort (the
"terminal catch"), which is used to obtain an approximation
of the "terminal population" using a quessed value of the
"terminal fishing mortality" exerted upon the "terminal
population”. Then, successive estimates of the population
sizes are obtained for each age group by adding the catch of
the fishery to a previous estimate of population size, to
which the number of fish caught by predators has also been
“added".

The method, which was formulated by Gulland (1965) has been
reviewed by Pope (1972), Mesnil (1980) and Pauly (1984). It
is incorporated in ELEFAN 1III as "VPA I" to allow users of
the Compleat ELEFAN system to acquaint themselves with VPA
in its original form and to perform age-structured VPAs
whenever the data for such analyses are available to them.

VPA I1 : Catch-at-length data differs from catch-at-age data
(such as used in age-structured VPA or VPA 1) in that they
do not pertain - nor can readily be made to pertain - to a
given cohort as defined above.

Still, versions of VPA can be run with catch-at-length data.
Two very different versions of 'VPA are incorporated in
ELEFAN I1II1 which uses catch-at-length data. The first of
these (VPA 11) is conceived such that while it is not meant
to help in reconstructing any given cohort, it can, given
catch data covering the 1life span of several cohort,
reconstruct an averaqe cohort. Thus, the results of VPA II
are not structured in time; instead the population sizes and
fishing mortalities which are typical ocutputs of VPAs are
related to sizes. These results, therefore cannot be used to
manage a fishery in real time, nor to study temporal
fluctuations of recruitment.

VPA II1 : VPA 111 was devised to combine the advantages of
both VPA 1 and 11, to allow use of catch—-at-length data as
inputs and still to run an "age"-structured VPA, and thus to
obtain results that are structured both in size and in time
(see Fig. 22 and 23). '
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VIRTUAL POPULATION ANALYSIS III
POPULATION & F
o H e | I
Loo ¢« 20.5 om
K «+ 0.00
€C o+ 0.38
WP . 0,82
R 2
Pt 2 2 °
U v 327 ca : ; a
Honth

Lg

Fig. 22. Fascimile of an ELEFAN
showing catch-at-length data (not to scale) and one of the
many monthly cohorts which can be superimposed on these
data. The wupper two panels show the population and fishing
mortality estimates pertaining to this cohort, along with
its biomass (rightmost panel). The population estimate
pertaining to month i is an expression of recruitment of
fish of lenqgth Lr.

111 output (via plotter)

VIRTUAL POPULATION ANALYSIS III
PCPULATION 8 F I an BOASS

FILENAME o YPAJTEST |' ago o
HENTH s 3
YEAR « 1008
Loar 20.S em
- X « 0.88
€ ¢ 0.38
¥w « 0.02
tros a'«” o= mmm U Omee
lo.al
Length
' : q20
© Cume bicmceesniS, 173.818 w .
?":::hqﬁ&uu 1°
ata o4, .
MHsan s 0.17 - | . 3
¥ - ol ) 410
o = 0.C0797
bbb 5
’ ' . 1 '
N .
. .
]

]

Lutn * 5.73_cn

et fors .

G 2 10.78 o
Fig. 23. Showing the summary result of a VPA IIl pertaining
to a given month (here May 1969), and showing the catch
data, the cohort "passing through that month (box with
narrowing lines), the size structure of the population and

other statistics.



39

This was achieved by assuming that all fish in the
population under investigation have the same growth
parameters, as is also assumed in the other ELEFAN programs.

In reality, not all fish in a given cohort have the same
growth parameters, however, and it can be expected that some
fish will “leave their cohort" because they grow either
faster cr slower than predicted by the mean cohort growth
curve. Such differences in growth rate here have the effect
of artificially increasing the autocorrelation between
monthly estimates of recruitment.

Preparing catch data

A routine is available to allow users to store monthly
catches and coefficients of the length-weight relationship.
For managing the data, three routines are availablej;(a) data
entry, (b) data editing, and (c) viewing or printing of data
(see Fig.24).

it \.f‘:&??é".’f.‘q:f—':.*

w - (¢ CATCH TILE HAKIPULATION ROUTINE D))~ - .
Entryg routine

Routives available @ This routine will allow yoa to |
enter the tota) catch per month .
and length-weight comversion

Data eatry routine'. 7.

Bditing rontiee factors. Thesa entries can be
Priat/view roatioe saved In a data disk which will
Retarn to ELETAN 111 mepu be used ia UPA 111,

|

To select a roatine, use the arrow’keys (1)) or
fancticn keys (F2) and {F4) respectively to move
carsor to desired routine, then press {CB) to
access routine,

Fig. 24

Data _entry. This subroutine will allow monthly catch data
(in tonnes) and the constants of the length-weight
relationship to be stored onto the data disk.

Monthly catches (always in metric tonnes), and the ‘a’ and
the ‘b’ constants in the length-weight relationship will be
asked sequentially. Note that the "a" value must link length
to weight in grams (g). The values of the previous entry
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will serve as a default value for the coefficients (a and
b). However, the monthly catches will not have a default
value. To gqo back to a previous entry (date), press [F2]

(€4 (RTCH-AT-LENGTH aTR’ FILE CREATIOY D)D)

I

Filenane Hooth -~ Year
» ANCHOV »1- 1953
Jeginning period (IMIAY) Catches (in tonnes)

‘| rissa . ERRERE

a’ conversion factor (Hz=al'h)
Ending period UBIAY)
r12782 ’) exponent (H=al’h)

——————————mel
INSTRUCTICNS

Inoter tho catches and comversion factors for the lemgth-weight
relationship, Press (F2) to g0 to previcas sntry, (F3) to quit

to BLEFAM 111 wenu or (CR) to obtaim default values (coel. nnl:)

Fig. 25

Editing routine. This routine will allow a catch file saved
earlier to be edited. To edit, a user may either go through

Eater the date to sdit (MUY
| B YA o
Catch (in tonnes)
Beginaing periad (IMAY) »
P19 'a’ factor
» .08640
Eading period (MIAY) ') exponent
P12782 | 3]
w|  InsTRucTioNs
3 Pross (19) to edit, olss press any other key.
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the file sequentially or in any order by entering the date
(MM/YY) to go to a particular record. To save the edited
file, press [F9); otherwise, press [F3] to return to the
previous menu without changing the file (see Fig. 26).

Print/View routine. This subroutine will allow data stored
and/or edited to be displayed on screen or printed. Once a
file has been accessed, pressing [F?] will print results to
printer, while [F8] will only display results in the screen
(see Fig. 27).

LB "*g‘l‘:{'\' p L
26
4
5 [(C(C PRIKT/VIEW ROUTIKE FOR STORED CATCH DATA )3
3 s paswmTs ,
%‘ [ ——— b
- /53 172,325.88 8.88662 3.82688 ¥
Filesans V53 199,136.88 8,88645 3,88868
P ANCHOV 5 92,571.88 .88638 3,88308
4753 154,261.89 D.88641 3,80980
Beginning period (IRI/YY) §/53 152,967.88 B.83668 3.08888
»1/83 6/53  186,928.88 9.88676 3.80888
53 137,938,88 8.88678 3.82889
Ending perlod (BUAY) 853 118,142,689 B.88565 3.00088
. » 12782 953 153,313.88 8.88684 380069 :
. 18/53  212,868.88 B.8B683 3,8800 B
AL 3
2 2
Ly} Press any key for wore
! . ________________________________________________ |

Fig. 27
vPA I

The following input is necessary to run this program : (1) a
file identifier independent of the files stored in disk; (2)
the number of periods for wwhich catches are available; (3) M
and F. estimates (on an anual basis); and (4) catches by
ages starting with the youngest fish (see Fig. 28).

Given the necessary input (above), the results generated by
this routine will be displayed graphically (see Fig. 29) and
an option of either printing the results to a printer or
dumping the graphic result via a plotter or a printer is
also given. The user also has the option to repeat the
procedure (changing the values of M and/or F.).
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{CGURR )0

-+ INHTS CATCHES A
R =
N fge Groaps Catch
Stock designation 1 'EEENE ¥
» Sardices 2 .88 N
Ro. of age groups 3 8.e8 ;

P17 4 0.89

Natural wortality (M 1/year) S 8.88

. 6 8.8

Tersiaal F (FL: 1/year) 7 8.88

» 8.68 8 8.88

Tine interval Bolueen age groups 9 0.88

[ (in yoar) 13 9.08
11 8.08 .
. N
: INSTEUCTIONS '
Enter your catchos by starting with tho youngest fish. XL
H You can use the arrow keys (1 and 1) to move to other Fields.

NOTE © Pt wast be greater than zoro

Fig. 28

4 b Sardines

I t of ags grps.
» 17

Mat, xortality
: 2

j CMat.losses
N survivors
——{ishing

Fig. 29
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vPA 11

VPA I1 makes use of either catch-at-length data or length-
frequency data saved on disk through ELEFAN O. 1In either
type of data, the mean annual catch data (in tonnes)
represented by the samples and the constants for the length-
weight relationship will be required by the program. For
length-frequency data, in addition to the input requirements
mentioned earlier, monthly catch (in tonnes) will be asked
to allow conversion of the data from length—-frequency to
catch-at-length type of data. The growth parameters (Loo and
K), as well as natural and terminal fishing mortalities
will also have to entered (see Fig. 30) to complete the
neccessary inputs before a length-structured VPA can be
performed.

i FILE PARAMETERS
&N = ]
- File nase
- » HUNORZ Matural mortality ()
Species nawo :
b Upencus moluccensis Terninal fishing mortality (Ft)
Other labols
b RAGAY GULY 1988 Asymptotic Jength (Loo)
Mo, of samples
»? Growth constant (X)
Class interal
1
Range of leagth odservations
$»S-19¢cn
essss————————
1XSTRUCTIONS

Please provide cecessary fopats
Press [F9) to proceed to processing, (F3) to retarn to sodmesa, or

arrow % (1 and §) or (F2) and 114), respectively, to move carsor

Fig. 30

After the requirements for VPA Il have been satisfied, the
computer will estimate the steady-state biomass for each
length class. These results may be output via a printer. The
other VPA Il results (estimated F,, catches and population)
may be displayed graphically on screen. As with VPA I the
user has the option to print the numerical results or dump
the graphic results via the printer or plotter (see Fig.
31).



VPA III

VPA 111, as mentioned earlier, incorporates
both VPA I and II. A rather comprehensive
length- frequency and catch data is needed
apply the routine. Data that were stored

frequency"” data file may be transformed to a
data file using a file of monthly catches

the features of
set of monthly
to successfully
as
catch—-at-length
in tonnes (see

L-iafinity
P 2.8 c»

K constast
k.8

i Hat. wortality
k17
Terwinal !

18.5 1S,
Length (cw)

St losses TRSTRGCTICHS R

Al “"
\ ﬂ——__
S

H Sturvivers . T ——
~—fishiog Pross (73] to retarn to BLERAN 111 subacon, (171 to try
othor paransters, or [F8) to dusp graphics

P
. '

R Ura I DN

¥o. of samples

Class iaterval

Rasge of length chservations

INSTRUCTIONS

Fig. 32
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above). The user will be asked to select a file from the
library (see Fig. 32) of catch files. The catch-at-length
data file may be printed to a printer. Because of the way
this routine is programmed, continuous computer paper is
needed for printing.

The user is also given the opportunity to smooth the
computed catch—at-length data. The growth parameters (Loo,
K, C and WP), the natural fishing mortality and the terminal
~ fishing mortality are required input. This routine may take
up to 10 minutes, depending on the size of the file and the
processing speed of the available computer. Using the
parameters given, it will also initialize the array that
stores the results for computed monthly summaries (see Fig.
34).

Once the above routine has been completed, the user will be
. given the opportunity to reanalyze separate cohorts, one
after the other (see Fig. 33). The results generated in each
cohort analysis will wupdate the array that stores the
monthly summaries. Computed results will be shown
graphically and these results may either be printed or
dumped to a plotter or printer (see Fig. 22). To proceed to
the monthly summary routine, enter [F?] when a cohort number
is prompted.

VIRTUAL POPULATION ANALYSIS 111 © Leogth-cooverted UPA

FILENAME © UPAJTEST POFULATION & T BIOMASS X
COMORT 8 : 1 T N18%s) (in toones.18"6) g

i N:2 ? .
i Ft: 2 2
: Loo : 28.5
‘ X:.Bb :
¢: .3 !
w62
ale

Dump graphics (Y/R) 1 Ronth (1) i Month 69

1368 1869




For the monthly summaries, only the date (MM/YY)
asked. The summaries will be shown
results, as in the case of the above routine, may either be

printed to a printer or plotted via a plotter and/or printer
(see Fig. 34 and Fig 23). '

will be
graphically. These

I IR AT P N % O

VIRTUAL POPULATION ANALYSIS J1I & RMonthly sumsary

FILENAMB : UPAITEST POPULATION & 7 BIOHASS
Lr : 3.78 P‘ K(18%6) (lo tonnes.18%6)

Leo : 28.S
K: .8 1
€C:.3%
w62

HOMTHAYR : S /69

Syl || SOLCRAIAL,_
Bunp graphics (Y/N) 4.25  length 19.25 4125 Length 19,25

Cun. Miowass: 15,175,513 (1) 2
Total catch ¢ 73,844.13
Total pop. ¢ ‘4‘”1155
A7
. =
——
L1 = 3.9 —
12:18.19
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WORKING WITH ELEFAN IV

Introduction (adapted from Munro 1984).

In conventional catch curves, the logarithms of the relative
abundances of successive age groups are plotted against age,
in order to obtain an estimate of the total instantaneous
mortality rate, Z, from the slope of the descending right
arm of the plot. Values of the left of the descending arm of
the gqraph, reflecting catches of incompletely retained
fishes are ignored.

Pauly (1982, 1983) has described how length-frequency
distributions can be converted to age-structured catch
curves in which the observed frequencies in successive
length groups are divided by the time required for a fish to
grow through each length group and plotted against the
estimated ages of the mid-points of successive length
groups. From the slope of the resulting length-converted
catch curve, an estimate of Z is derived. This value |is
composed of the fishing mortality rate (F) generated by the
gear in question plus the natural mortality rate (M).
Usually, this method is applied only to length groups which
are larger than the size (L°') at which the fishes become
fully retainable by the gear and is inapplicable to gillnets
and other gears which exhibit a bell-shaped selection curve
or to length groups which are within the selection ogive of
gear such as trawls.

The method now proposed is based around the premise that for
any fishing gear, the catch (N) of each successive catch is
a function of the probability of retention (P) of that size
group in the fishing gear and the relative abundance (A) of
that size group in the population. Also, the total mortality
coefficient (2) observable between successive length groups
in an exploited stock is the sum of the natural mortality
coefficient plus the product of the probability of
retention, P., and the prevailing fishing mortality
coefficient (F).

Thus, for the ith length group
2, = M + P,F
Thus, a regression of estimates of 2Z,, against P, should

yield a regression of slope F and Y-axis intercept equal to
M.



Methodology

The requirements for implementing the method are as follows:

a. Unbiased estimates of the 1length composition of
the catch averaged over a year which will be
entered through ELEFAN O and can readily be
accessed through the displayed disk library once

ELEFAN IV is accessed through the main menu of the
package; '

b. Estimates of parameters of the von Bertalanffy
growth function (Loo and K); and

c. Estimates of the probability of retention (P) at
successive lengths (L), acquired independently of
the estimates of the mean annual length
composition. (See Hamley (1975) and Pope (1979)

for reviews of various methods for estimating
selection curves).

In (N/At)

8 | 2 3-
Relative age (year—t@)

Fig. 35. Length-converted catch curve for fishes
exploited by a single size of gill net in which values
Of 10ge Rm = Am/ties are plotted against the relative

ages (tm - to) attained at the mid-points of successive
length groups. Note the changes in slope resulting from
mesh selectivity. Data from Table 1.
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Z (gear 1)

P (gear 2)

Fig. 36. Regression of coefficients of mortality, Z.
between successive length groups against the
probabilities of retention, P:., at the median points
between those successive length groups. Data from Table
1.

Table 1. Hypothetical exampte (K = 0.5, L= 30, M = 1.00, F = 2.00} showing steps in derivation of estimates of total mortality
rate (Z;) from catches (N} in successive length groups (L} by calculating apparent abundance {Ap, = C/P) and true relative
abundance Ry = A IAtI ..,.') Survival rate S; = mHIR and Z; = log, S; IAtm m+1- See text for detanls The ages, t, of succes-
sive lengths are the retative ages which are calculated by assignirg a 2ero value to the parameter, t,, of the von Bertatanffy growth
function. The subscripts i and m refer to the beginning and midpoint of a tength group.

t a) Bt 54y Bt ma

Lm 4 P Nm Am {yc} ty) R S; {yr) Z;

16.0 04 1.524
165 A2 89 742 (1597 ) .48 5,004

170 28 1672 .790 .154 1.53
175 43 272 633 (1751) .80 3,951

18.0 62 1.833 584 167 227
185 - 85 400 4an ( 1918 ) 174 2,704

19.0 90 2.007 598 182 283
185 a7 299 308 (2100) 191 1617

20.0 1.00 2.197 551 .200 298
20.5 97 182 188 (2300) .21 890

210 S0 2.408 541 222 2.76
218 82 93 113 (2522) 236 481 .

220 .7 2.644 544 250 2.43
225 60 42 70 (2773 ) 267 262

230 50 . 2911 557 .286 2,05
25 40 18 a5 (3059 ) 308 126

240 | 3.219 527 .334 2.00
245 22 8 27 (3393) 365 75

25.0 15 3584 666 .401 1.01
255 09 2 22 (3794 ) 446 50

26.0 04 4,030

3)values in brackets are tm's



The analytical procedure is illustrated in Table 1 and Figs.
35 and 36 and by a  hypothetical example from a gill net
fishery. The procedure is as follows:

a. Tabulate the annual average length frequencies
(Nm) oOf the catch and the probabilities of
retention (Pm) of successive 1length groups (L)
(the subscript m refers to the mid-point of a
length group);

b. Calculate the apparent relative asbundances (A) of
successive length groups within the selection
curve as Am = Nn/P3

c. Calculate the ages (in years) at the start (t.),
mid-point (t,) and end (ti.,) of successive length
groups and the time required ( ti;s+2) for a fish
to grow through each length group;

d. Divide A, by tiy1+12 to get the true relative
abundance (Rn) of the fish in each length group
(Fig. 1 shows a length-converted catch curve in
which loge Rm is plotted against relative age (t-
to). Note the sigmoid shape generated by mesh
selectivity);

e. Calculate the survival rate between successive
length groups, S = Rm++/Rm and the annual
coefficients of total mortality, Z. = 1loge S:
tmym+s between successive midlengths; and

f. Plot Z,, against P;, to obtain estimates of F and
M, using the equation Z, = Pys(F+M), and obtain an
estimate of M (Fig. 36).

Computational options and variations

A variation of the above is implemented in this package
wherein it is assumed that the values of Nn; Am and R, are
derived from sampling gear (Gear 1) with a retention range
smaller than is used commercially, and where the Z,.,’'s are
computed from the above values and are plotted against the
probabilities of retention, P,, of successive lengths, L.,
in the commercial gear (Gear 2). In such a case, estimates
of 2, pertaining to lengths below the retention range of the
commercial year (where P;:=0) are direct estimates of natural
mortality (M). In other words: the probabilities of capture
of Gear 1 are used to compute the Z, values, which are then
plotted againts the probabilities of capture of Gear 2 to
estimate M as the Y-intercept of the regression.
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Putting the foregoing in a different form, if estimates of
Rmy and thus Z,, can be obtained for length groups outside
of (usually smaller than) the retention range of the
commercially utilized fishing gear, estimates of the natural
mortality rate, M, of the unexploited size groups can be
obtained from the sample length~frequency distributions.

Probability of capture for Gear i may be entered and saved
through ELEFAN O.

Another computational option as suggested by J. Moreau
{pers. comm.) is to interpolate the computed values of Z.
and to plot these values againts the values of P entered
(Gear 2). This would differ from the methodology suggested
by J. Munro (1984) in which, Z, between successive length
groups is plotted against P; values interpolated between
successive length groups.

<CC BLETAN IV : Estimatios of N from selection curves )))
o
Filonamo : TESTOMM Wi, mode : (1)  Option : Morean's molified approach
Specles : Hypotbetical example (X=.5,l00=38,$8-0) (FISHBYTE 2(2):13-14)

In (W/31) 2 (goar 1)

Relative age (year-t@)

Press (F2] or [M4] - move turtle
[¥S] - change option 2=1202+1.707s P
{76) - mark pofnt (First/last) (r= ,816; &f = 6)
(78] - cotpat ressitis Bstinate of M = 1.282
{s,e.= .15 o= 8)

Regresslon equation @

(F3) ~ quit to maln menu

Fig. 37. J. Moreau’'s modified approach. Data from Table 1.

For either of the two options, the regression equation and
standard error is estimated.
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WORKING WITH ELEFAN V

Intraoduction

ELEFAN V is based on an approach suggested by Morgan
(1987), and is used to estimate growth parameters through
simul taneously analyzing length-frequency and growth
increment data.

Growth increment data can be of three different types :

- " tagging/recapture data;

- growth increments derived from length—at-age data;
or

- growth increments obtained from model class

progression analysis (MPA).

The approach used in ELEFAN V for the simultaneous analysis
of length-frequency data and growth increment data involves
presentation of a mean goodness-of—-fit index (Rm) for
different data types in the form of a response surface.

This programs contains two major routines :

1. Response surface for analysis of length-frequency
and growth increment data and
2. Growth parameters estimation from growth increment

data alone.

Response surface for length-frequency and growth
increment data

The response surface presents the goodness—-of-fit index (Rn)
for the length—-frequency data, computed as :

Rn=(10®=ps/asp) /10

and of the coefficient of determination (r=) of the actual
and predicted 1lengths at the end of the growth increments;
thus, Rm=(Rn+r=)/2.

The response surface is a two—-way table with one growth
parameter varying on the X—-axis and another parameter on the
Y-axis. More particularly, for two parameters K and Loo
(leaving C and WP constant), the response surface provides
Rm (x1000) values (see Fig. 38).
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31 (C RISPONSE SURFACE (B X 1238) : bonito lagging file )) &
81.08  83.69 6589 6268  89.89
M7 4B 448 417 %6 W IE W IM WM

SB7 464 465 448 450 423 485 399 3H 3/ W
S S30 536 414 475 4% 453 437 418 413 465

$S6 525 SS1[ i8] S Sz7 497 581 491 447 427 i
528 543 (564 9562 sfse] s |
TR~ §39 53 549 537 SeH| Bl S € :

.

§26 B S22 517 58 5% 823 SM S S0 S
Egip 645 S32 552 542 545 532 529 521 541 533
§25 S§41 520 533 551 S58 551 558 S48 S50
489 489 455 498 583 686 514 544 S5 S17 Si5-
472 475 463 478 484 485 402 407

Press any of the followlng ¢ Loo: ! 81,880~ 91.80)

| SN § 8.18)-( 8,70
(73] to retora to ELETAN V meru ¢ :( 8.088)- 0.888)
[T7] to try another set of parameiers W ot o.pesl-I  8.888)

(79) proceed to cowpatidility plot starting point

88 :( 6] SL:[ 45.88)

Fig. 38

This routine also provides an assessment of the compatibi-
lity of length-frequency to growth increment data (see Fig.
39)

Growth parameters estimation from growth increment data

The estimation of growth parameters from growth increment
data begins with a Gulland and Holt plot (AL/At vs L, see
Gulland and Holt 1959) giving the user a preliminary view of
the data structure. Using the G-H plot allows the user to
detect and delete outliers.
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CONPATIBILITY PLOT
(of goodnass-of-fit indices)

o ale (Mote: plot
sap tnf way display i
(fros ¢ a sigalffcant, !
positive :
grouth '9f correlation
only when a
ircrement wide range
51 of paranctar
data) values has
been exunlued)
tu 1 —— i ]
" (¥4 " “w (4]
Re (frow lengti-frequency data)

Press (M) - redo roatins
(R3] - quit to ELEPAN U wena
(18] - graphlc dowp

o Ty - ap—
A L N P T e dekeaniinn

Fig. 39

After samples have been selected, a regression line is
fitted on the data for preliminary estimates for K and Loo.
The plot of deviations from the 1line over time is used to
identify seasonal patterns in the data, and provides initial
estimates of C and WP (see Fig. 40).
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The preliminary estimates of Loo and K from the G-H plot may
be improved using either of three methods:

1. Munro’'s method (Munro 1982);

2, Fabens’' method (Fabens 1965); or

3. A newly developed method for the analysis of
seasonally oscillating growth using increment
data (see below).

The selected points may then be saved in another file to be
analyzed Jjointly with length-frequency data. 1t is
recommended to try to estimate growth parameters from
available growth increment data (and to identify which part
of the available data can be used for such purpose) before
proceeding to the simultaneous analysis of L/F and growth
increment data.

A new method for estimating the parameters of a
seasaonally oscillating growth curve from growth
increment data

When growth increments are available, each of which has - -an
initial date (t.) and length (L.) and a final date (tz) and
length (La), the growth parameters Loo, K, ts, and C of a
seasonally oscillating version of the VBGF can be computed
using a multiple regression derived as a further development
of the model of Appeldoorn (1987), of the form :

Y ==Kd +bi(sin 2Nty - sin 21ty)
+ba(cos 27tz — cos 21t,)

( '—oe-l-z )
where Y = loge
( LQQ-L& )

CK cos 21Tt

2n

CK sin 2MTte

b= =

21

ta = tan—*(bx/b=)/21
and d = t> - t,

Thus, one can compute RZ values for different values of Loo
until R= is maximized. Therefore, estimating the four
parameters needed (Loo, K, ts and C) involves searching in
only one dimension.

[Note that "t." is related to the Winter point (WP) used in
the ELEFAN programs through te + 0.5 = WP]
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WORKING WITH MODAL CLASS PROGRESSION ANALYSIS (MPA)

Introduction

Prior to the discovery of daily and seasonal rings in fish
otoliths and scales, the detailed analysis of length-
frequency data was, besides marking-recapture studies and
direct observation of captive fish, the only method
available to draw inferences on the growth of tropical
fishes, and indeed the only method that could be applied
routinely (Pauly 1987).

A great deal of confused terminology surrounds the use of
length-frequency data in growth analysis and before
discussing Modal Class Progression (MPA), it is necessary to
clarify the terms we shall use.

We believe the term "Petersen’'s method", which is often very
loosely used, should be restricted to the analysis of one
length-frequency sample at a time, This analysis wusually
consists of identification of class modes or means in the
sample in question using either a purely visual approach,
graphical techniques, or computer—-based methods of class
separation. The next step in Petersen‘'s technique is the
subjective attribution of relative ages to the class modal
or mean lengths thus identified. This then enables the
estimation of growth parameters using the identified size
groups, and the relative ages attributed to them.

Petersen’'s method for length frequency analysis is
illustrated in Fig. 41 below, which also illustrates what
happens if the subjective attribution of relative ages goes
wrong (which happens quite frequently, and is behind many
statements that the VBGF is not suitable as a model for
growth of this or that fish). '

Fig. 41. Application of

N the ‘Petersen Method’
Tyonr? (sensus stricto) to a

——1year? hypothetical length-
frequency sample. Note

that the time separating

& \\\%q/’\\\ various peaks must be

f;;n. X, assumed, a difficult task

in animals which may, or
may not, spawn several
times a year.
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We shall use the term "Modal Progression Analysis" (MPA) for
the method in which several length-frequency samples are
plotted sequentially, and where the apparent shift of modes
is used to infer growth. In MPA, the identification of class
modal or mean lengths is done as in Petersen‘'s method, after
which subjective identification of modes perceived to belong
to the same cohort of fish enables the tracing of growth
curves, or computation of growth increments between modes.
Thus, in MPA, the critical issue is not the attribution of
"ages" to the various groups - as in the Petersen method -
but the 1linking of means perceived to belong to a same
cohort (see Fig. 42).
N
Fig. 42. Application
sample at of 'modal progression
time t, analysis’ to a set of

two samples obtained
Y at known times (t,,
N R t=). Note that the

problem here is the

proper identification

N of peaks to be inter-

2 22 connected,. and not

st:;mle‘at the question as to

2 how the much time

separates the peaks

({as was the case in
Fig. 41).

I, P
- £ N

Length

The subjective judgement required in the second step of both
of these methods and the large potential errors thus induced
have prompted a search for ways of reformulating these two
traditional methods so that improved solutions are obtained.

This was achieved in this package in two ways:

1. by constraining possible solutions through the use
of pre-selected growth functions, usually the VBGF
and especially its seasonally oscillating
formulation (ELEFAN I); and

2. by combining the length—-frequency data with other
information, such as growth increment data from
tagging-recapture experiments or length-at-age
data obtained, e.g., from otolith analysis (ELEFAN
V)l

However, many researchers prefer to stick to modal
progression analysis (MPA) despite its shortcomings. For
these, we bhave included here a computerized version of MPA
as part of the Compleat ELEFAN package.
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This routine is subdivided into four parts: (a) separation
of length—frequency samples into normal distributions using
the method of Bhattacharya (1967) or entry of means (and
standard deviations if available), (b) linking of the means,
(c) computation of the C.V. of Loo and (d) saving of the
linked means (which represent growth increment data, having
the same characteristic as tagging/recapture data) which can
then be analyzed using ELEFAN V.,

Data files and sample access

As in the case of other routines of the Compleat ELEFAN, the
computer will first search for a disk library in the data
disk when this routine 1is accessed. Once the library is
read, the directory will be shown in the right portion of
the screen. The user will be asked to select a file from the
list displayed.

Once a file has been read, its parameters will be shown in
the display. The computer will read the samples after [F2?]
has been pressed. Next, the computer will ask for the number
of the sample to work with (a value entered that is greater
than the total number of samples or less than 1 will not be
accepted). Once the sample is accessed, the program will
chain to Part I of MPA, which is the separation aof normal
distribution using the Bhattacharya method.

Bhattacharya method

There are four boxes in the left side of the screen (Fig.
43). The first box contains the filename and sample number
accessed. The next box contains the parameter of the turtle,
i.e., the coordinates for the X and Y axes (after
transformation) and the population (N). The third box
contains the parameters of a normally distributed component
that has been identified, and the 1last box ig for the
messages. In this particular instance (see Fig. 43) the user
is asked to mark the first point by moving the turtle using
the arrow keys and then pressing the [F&6) or <SPACE BAR>
when the turtle is properly positioned. Later the user will
be asked to identify the second point.

[F10]1, LF3] and [FB] are interrupt keys whose functions
(help, quit to main menu and graphic printer dump
respectively) may be accessed at any time, as needed.

The population in each normally distributed component will
be computed and the regression linme and the normal curve
will be drawn (see Fig. 44). The user will be given the
opportunity to select new points if the computed parameters
of the component generated is not satisfactory.
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The estimated population of the defined component will be
subtracted from the sample and a display of the new
transformation will be displayed.

R BPA Part |, Bhattacharya metkod )
Nlcnue H Toar - soe sl S Red s S el e dn b D
B » HPATEST
N Susple Mo, !
R »

RTURTLE

Xh 12

4| Y» 8
JCROUP PARAN.

HE» ) {NC18)
i [Sh» ‘
B2

o ' ' TR ' v
g ————r -ty Mt —— e B
’ 1] .

-1

Hark 1st pt.
(M) to end

Fart |, Bhattacharga AR
N R E o ot e

N-.

X»28 1 .
Y +-1.8458 Yo

1.0

Satisfied
(1
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The procedure is repeated until most or all visible
components are separated, in which case a user can press
[F?] to end. A summary of results will be displayed and may
be printed.

The program will then compute expected frequencies for the
whole sample (see Fig. 45); when sgufficient degrees of
freedom are available, a chi-square test will be performed,

Stacdard  Separation R
dev.(3.4.) index (8.1.)0

Hean

1 160.81 1.229
2 133.38 28.539 3.891 4691
3 168.2? 38.612 3919 2,858
4

1.9 48.698 23,2 2.98

1.731 -

[see below for composite distribation)

indicating how well the expected frequencies fit the
observed frequencies. These results may be plotted on a per-
sample basis on a plotter (see Fig. 46). The program will
automatically store the computed means for later analysis.
These means, may however, be lost if you immediately return
to the main menu (by pressing [F3]1) and it will also be
overwritten if the same sample is reanalyzed.

Linking of the means

When all (or efough) samples have ‘been analyzed, enter @ to
proceed to the routine allowing linking of the mean lengths
(i.e. derivation of growth increment data). This routine
uses the four arrow keys to move the turtle (see Fig. 47).

Position the turtle at a point representing the start of a
growth increment, and mark this point by pressing [Fé&] or
<SPACE BAR>, then move the turtle to a point representing
the end of the growth increment in question and mark it
(note that negative growth increments will be accepted).



Continue until
increments have been marked.

Press [F7]

. LA

issace

Sanple Mo,

| 28 Part 1. Bhattacharva wothod Rk
(CSTATISTICSM

Chi-square value : 3,689
Degrees of freedom ¢ 22
COMMENT : At 95x confidence Jinit, the composite
distribution is votl significantly different from
the observed values.

UARNING : The chi-square value is seaningless if
sample analyzed did not consist of actaal freq.

Plotter dusp

to redo the routine.

The C.V.'s,
value for each pair of means are saved for later analysis.
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all points representing end points of growth
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Fig. 47
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C.V. vs growth rate

In this newly developed routine, a Plot of the AL/At values
vs the mean C.V. of the linked means is generated (see Fig.
48). This plot may be used to identify the most likely of

two alternative hypotheses concerning the distribution of
lengths about age :

(1) constant C.V.; or
(ii) C.V. declining with AL/At and hence with length.

In case the first alternative applies, an overall mean C.V.
is computed from the individual C.V. estimates. For the
second alternative to be likely, the correlation coefficient
between the growth increments and the means of the paired
C.V. values must be significant and positive; also the

intercept of the (GM) regression (i.e. the C.V. of Loo) must
be positive.

Sy

ITOeED
S

The plot oa the lelt

of lengths about

s2an C.V .= 78.19] age:

s.e.{cv.): 11,998 (1) comstant C.V.or
‘Nz 18 (1) C.V. declining

coordinates of pt. with AL/AL and

& -19.7 can be ased to iden- 3
b 8032 tity the most likely
= 0.3% of tuo alternatives
n: 9 hypotheses concera~ ;'
X-inter.  23.763f ing the distribation o]

%= 19.714 hence w/ length.

5 Y- 0.811 Por tho sccand
thesis to be likely,
Mean coelticient of varlatien (x) the carr.ceelficient

of Linked lengthrat-age disteitations wast Be sigailicaat
B - and positive: also
the fatorcopt of the
(M) regression
(=C.V. of Loo) mast

AL

Press  (F2) and (P4) to wove poister, (F6 to
select/deselect pointe or [F18) Por wore HELP.

Fig. 48

Estimates of the C.V. of Loo may be used, when available, as
an input to Sainsbury’'s (1980) method of computing
population growth parameters from growth increments derived
from fish with individually variable growth parameters. The
linked points (i.e. growth increments) may be saved on disk
as an increment data file by pressing [F9].
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A re-linking of the means may be done by pressing [F7] if
the above plot gives an unsatisfactory result.
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The ICLARM Software Project

ICLARM has initiated, in early 1987, a new activity, the
"ICLARM Software Project®, involving the disseminatiun of
software for calcinaicrs and micracomputers, along wita their
supporting dacgmentation (e.g., manuals or scjentific paper).

The maleiial now available for- distributior, . frosently
cnnsists of soflwaie produced at ICLARM, bul will i1 the near
future include putlic domain programs, as well as scitware
made available by their authors to ICLARM for free worlcwide
distrihuilon. " This sohware will include the areas of fish

~ population dynamics, fichaties and aquaculiure sconumics, fish
- genatics and other fields covering ICLARM's areas of interast
All software will be made available at cost, i.e., including
_ only material, mailixg and handling ensts, Copyrighted mae rial
" 'will not be distributed. The availability uf new programs wilt be
. made public through notices in NAGA, The ICLARM Quarterly,
orachures and the ICLARM pubiication catalngua. Authors end
... poténtial contributors to this scheme ara inviled to writa to tha
Director,” Résource 'Adsessment and Managsment Program,
ICLARM, MC P.O. Box 1501, Makali, Metro Maniia,
Philippines. Nota that checl: payments 0 ICLARKM must be
made 1n a US-hes ad bank. A
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