4 Growth Il

“ © 2006 Pisces Conservation Ltd



Growth Il

by Pisces Conservation Ltd

Growth Il - a major upgrade to our 'Simply Growth' software.
Fits and plots von Bertalanffy, Gompertz, Logistic and a wide
range of other growth curves to length and/or weight at age
data.

Pisces Conservation Ltd

IRC House, The Square

Pennington, Lymington,

Hampshire, SO41 8GN

UK.

Tel: +44 (0)1590 674000

Fax: +44(0)1590 675599
pisces@irchouse.demon.co.uk

Website: www.pisces-conservation.com

Online shop: www.piscesconservation.com/shop



Growth I

© 2006 Pisces Conservation Ltd

All rights reserved. No parts of this work may be reproduced in any form or by any means - graphic, electronic, or
mechanical, including photocopying, recording, taping, or information storage and retrieval systems - without the
written permission of the publisher.

Products that are referred to in this document may be either trademarks and/or registered trademarks of the
respective owners. The publisher and the author make no claim to these trademarks.

While every precaution has been taken in the preparation of this document, the publisher and the author assume no
responsibility for errors or omissions, or for damages resulting from the use of information contained in this document
or from the use of programs and source code that may accompany it. In no event shall the publisher and the author be
liable for any loss of profit or any other commercial damage caused or alleged to have been caused directly or
indirectly by this document.

Printed: November 2006

Peter Henderson, Richard Seaby & Robin Somes, Pisces Conservation Ltd.



4 Growth 1l

Table of Contents

Foreword

Part | Introduction 7
Part 1l Installation 10
Part Il System requirements 12
Part IV How to reference this program 14
Part V Using Growth Il 16
Y = T o BV T e T o X PSPPI 16
ClasSEA DALA TAD .....coiuiiiiiiiiii et e b e b b e e st e s b e s e e b e e b e b et e e s sra e 18
CAICUIALIONS TAD ..ttt et b e e st e e s b e s ab e e s b e e e sbe e e s b e e st e e s b e sbeesbee e 19
LeNGth RESUILS TAD ...eeiiiiiie ittt et e e s ke e e e e sht b e e e sabb e e e eabee e e e assbeeesnnbeeesnneeaeas 20
Highlighting INdiVIAUAI ParameEters............uiiiiiiie ittt ettt ettt e st e e e et e e e e ssne e e e st e e e ssbeeeeanneeeas 22
L Gulland Tab 23
W Gulland Tab 24
L FOrd-WalfOrd Tab ....ccooiiiiiie ittt a e s e e b e e sb e e e 25
W FOrd-Walford TaD ....cc.cooiiii e 26
WEIGNT RESUITS TAD ..ttt et e ettt e e e sttt e e e bbb e e e sabb e e e eabbe e e e aabbe e e snnbeeesnbnaeaas 27
Incremental Data TaD ........oocuiiiiii e 28
THE ATOP-OOWN MIENUS ..eeiiiiiiieiit ittt ettt ettt e ek bttt e e be e e e o ate e e e aabe e e e ekt e e e e eab b e e e eabbe e e e sbeeeeamnbeeesnnbeeeeanbeeeeane 29
Bl oo R h e R R e bR b e bR e bR e Rt e nt et nre e 29
SAVING @ AL SEL.....eeeiiiiii ettt e e st e e s bt e e e a bt e e e e b et e e e eab e e e e et e e e e e bbe e e e anbne e e anbeeeanaeas 29
ClOSING the PrOGIAIM ... ..ttt ettt et e e e e bt e e e s bt e e e e sbe e e e e aate e e e aabeeeeabbnaeeaabneeesnnbeaeensnnas 30
Open an exiStiNg Aata fil.........oe ettt e et e e et e e a e 30
AAGEISIZE ..ottt e e e bt e e e e R a et e e e R bt e e e R b et e e R he e e e e R be e e aanbe e e e e beeeeaanrreeeaae 30
Length Weight ReIAtIONSNID.....cc.veii ittt ettt e et e e e s e e e ssb e e e e anneeee s 31
Graphical von Bertalanffy e 32
SEASONAI AQE/SIZE...... ettt ettt e e e be e e e e b et e e e h bt e e e anbe e e e e be e e e e aanr e e e anbe e e enaeas 33
INCIEIMEINTAL. ...ttt b e s et e b e e e b e e bt e s ab e e s b e e sae e e s be e e sbe s e beesanee e 34
The von Bertalanffy model for incremental data..............coooeiiiiiiiiiiie e 34
The Gompertz model for INCremMeNtal data............c.eieiiiiiiiiiii et e e 34
The Logistic model for incremental data...... .. 35
The Richards model for incremental data 35

[ 1= T PP U PP RUPPPTPPI

Initial parameter dialog iNCremMeENtal AtaA .........cc.eiiiiiiiiii et e e et e e sebe e e e aneee s

LTI N oo = T g1 (=T o T = 1o o [ OO PPTOSU PP TP RUPPI

= (o] go T =1 (o Yo OO U PR UPPTRUPPI

2 Entering and editing data...

Creating a new data set within Growth Il ....
Yo [ o F= 7= T B - - T SRR
INCIEMIENTAI LA ... ettt bt et sh ekt e bt e bt e ea bt e e ab e e nae e e abeeebe e e beeaanee e

Creating a data file using @ SPread SHEEL ..o e

o AT Yo o - - P

3 Maximum SiZ€ Of the JAtA SEBL.......ccuueiiiiiiiiieee e e e e s e s e e e s e e eraae e e eeseees

© 2006 Pisces Conservation Ltd



Contents

Part VI

1
2
3

Part VII

© 00 N o o b~ W NP

Part VIII

1
2
3

Part IX
1

Part X
1

Maximum Size Of @ VAriable........oooiiii 45
Editing and changing graphiS. ... e e 45

GraphiCal MENU DA ...ttt ettt e ekt e e e e s bb e e e s s b e e e e e abe e e e e bbb e e s aabe e e e anbeeeeesnbneeennraeas 45

ENIarging Part OF @ CRAIT ..ottt bt e e he e e e st b e e e e bt e e e e abbb e e e snnbeeeenneeaeas 47

Editing direCtly from the CRArT ..... ..ottt et e e e s r e e e sabe e e e aneeeeas 48
Printing and exporting YOUE FESUITS......oi ittt e e e e e e eeeeeees 49

L 0101 0] o T O PP O TSP TRT PP PP 49

0101 A1 g - T S PO PSP P P TOU PP RTOPR PP 50
1007 o V2T 2 o P PEEPRR 51

(007 ¢} V74 S d s o] ¢ @1 -1 SR T O PP T SO P P UP PP URPOPPIS 51

(0] o)V €1 ¢ o IR PP U PO PRTOPR PR 53
Tutorials and demonstration data sets 95
Choosing a growth MOAel ...t a e e e 55
FIttiNg SEASONAI GATAL....ciii ittt e e e e e e e et e e e e e e e e e s annaebeees 58
Fitting a model to incremental data..........ccuvvviiiiee i 65
Types of growth curve 71
GOMPEITZ GrOWLEN CUNVE. ..ttt e e e e e ettt e e e e e e e s s anbbeeeeeaaaeeaeannns 71
[0 T =3 4T o o U - SRR 74
RICHAITS CUTVE ..ottt ettt e e s e bbbt e e s e nb b e e e e anbb e e e e enbbeeeeennres 76
L A= o 10 PRSP 79
1= (Lo 1= o] o= OPSTRR 80
L q o Yo ] 1= | - SRR 81
Lo Yo T T BT o =Y g o Yo =T oSSR 82
The von Bertalanffy growth @qUation...........ccooiiiiiiiiiiiiic e e e e 84
Seasonally adjusted von Bertalanffy.........oo 85
Regression diagnostics 88
Weighted Sum of squared reSidUalS ..........uuuiiiiieiiiiice e 88
AKaike INformation CriteriON ... 88
Yo o MVLTF= U4 O 1 (=1 o 1 o USRS 89
References 91
[RyE) 1= =T o= PP 91
Contact Pisces 93
(070] 01 7= Toa Al S =T o] =1 SRR 93
Index 94

© 2006 Pisces Conservation Ltd






Introduction 7

1 Introduction

Growth II is designed to allow scientists and students, with no mathematical knowledge,
to fit a variety of common growth curves to their data. The methods on offer range from
the relatively simple and familiar to more complex models such as the general Richards
curve and seasonally adjusted von Bertalanffy. The program also offers some graphical
methods which have generally been superseded by numerical techniques, but which may
still be useful when exploring your data.

Growth 1l, completed in October 2006, is an upgrade from Simply Growth and includes
the following additions and enhancements:

An improved user interface and graphics

No maximum size for the data set - all arrays are dynamically sized
Improved help system with tutorials

Additional new models including a seasonal von Bertalanffy
Appropriate model statistics to help with choice of method

A full list of the New Features in Growth II

New Models

Exponential

4 Parameter Gompertz

4 Parameter logistic

3 Parameter Weibull

4 Parameter Weibull

Morgan-Mercer-Flodin (MMF)

Janoschek

4 Parameter Richards

5 Parameter Richards

Non Linear Seasonally adjusted von Bertalanffy
Linear Seasonally adjusted von Bertalanffy

New Appropriate Model Statistics
e Akaike Information Criterion (AIC)
e Schwarz Criterion (SC)

Improved Models

e Non Linear Von Bertalanffy
e 3 Parameter Gompertz

e 3 Parameter Logistic

Improved Graphic

e Export Charts as BMP, WMF, EMF, JPEG, PCX, GIF and PDF

Updated graphics

New tools on each graph making publication quality charts easier

Active clicking on graphs - takes you to the editor for each part of the graph
Interactive results and Equation - click on a parameter and the corresponding part of
the equation will be highlighted

© 2006 Pisces Conservation Ltd
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Improved data entry and editing
¢ Redo/Undo on grids

e Paste in to grid

e Output to grids

e Opens Excel (*.xls) files

New Help

e Completely rewritten Help

e Explanations of the models

e Tutorials and worked examples

© 2006 Pisces Conservation Ltd
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Installation

e Place the Growth II CD in the drive.
The installation process should begin automatically; follow the on-screen instructions.
If the CD does not auto-run, browse in Windows Explorer or My Computer, and
double-click the file named Setup.exe in the root directory.

When installation is complete there will be a Growth II entry on your Start menu and a
folder (directory) on your hard drive called C:\Program Files\Growthil which holds the
Growth II program files. An uninstall program will also be created, accessible from the
Start menu should you wish to remove the program. If you wish to make a shortcut to
the program on your desktop, go to the Growth II entry on the Start menu, right-click on
it, and choose Send To: Desktop (create shortcut).

© 2006 Pisces Conservation Ltd
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System requirements

e An IBM-compatible PC with CD-ROM drive.
e 10 MB of free hard disk space
e Windows 98/NT/2000/XP operating system.

We do not produce any software designed to run under the Mac OS or Linux, however,
our programs should run satisfactorily using Windows emulation software. We
recommend downloading one of our demo versions to test this, from the download page
on our website. We regret that we are unable to provide any guarantee that our
programs will work correctly under operating systems other than Windows.

© 2006 Pisces Conservation Ltd
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How to reference this program

This program should be referenced as:

Henderson, P. A. & Seaby, R. M. (2006). Growth IlI. Pisces Conservation Ltd., Lymington,

England.
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5.1

Using Growth Il

Start Growth II in the normal Windows fashion either by clicking on the desktop icon or
from the Start menu. The program appears with no open data set.
Main Window

Start Growth II in the normal Windows fashion either by clicking on the desktop icon or
from the Start menu. The program appears with no open data set, as shown below:

“ Growth I 2.1.0.12

File Copy Help  About

Hintz

To zhart the program uging an existing data set uze filelopen and chooze a data et
To start a new data set choose File[Mew.

by

Most of the menus will not become active until a data set is opened or created.
File: To open and create data sets, save files and print results.

To open an existing data set click on File|Open as follows:

Printer Setup ...

Exit

1 strangomera seasonal, cs:
2 engraulis seasonal,csy
Jindividual sale lengths.cs

4 sole monkhly csv

To get you started, Growth II comes with numerous demo data sets; see for example

© 2006 Pisces Conservation Ltd
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fitting seasonal data.

For example use File|Open to find and open sole monthly.csv (saved by default
during installation in the folder C:\program files\GrowthII\GrowthDemoData)

This will give a plot of the data in a tabbed output, and a number of the drop-down
menus will be activated. Upon opening the data set Growth II has automatically fitted
a von Bertalanffy growth equation using non-linear methods. Do not worry if you wish
to fit another model - this is easily accomplished.

Growth Il 2.1.0.12 - sole monthly.csv

File gspy Age/Size  Seasonal AgefSize Help  About

Y S@E e oA e

B Mon Linear

Length B Chserved
T T T T — Predicted

160

140

B0

40 4

20 wm o

04 1 145 2 25 3 35
Age

Results - Length ¥B Mon Linear |95% Confidence |Model Diagnostics ‘ |
Upper Asymptote 393.438 22,1199 Sum of Sguared Residuals 3181.36
K {Growth Rate) 0127778 0,00993263 Akaike Information Criterion (AIC) 336,665
TO (Time at which size is 0) |-0.520023 Schwarz Criterion (5C) 341,808

Classed Data |Ca|cu|ati0ns |Length Results |L Gulland | L Faord-%alford |

Along the top bar are a number of drop-down menus. These work in the same way as
most standard Windows programs.
File: To open and create data sets, save files and print results.
Copy: To copy or export the graph or the data and predicted results.
Age/size: To select a model to apply to age (time) size data.
Seasonal Age/size: To fit a seasonal growth model to age size data.
Incremental: To fit a growth model to incremental data.
Help: to enter the Help system. Context-specific help can also be obtained for each
method by opening its window and then clicking on the right hand mouse button, or
by pressing the F1 key on your keyboard.

Below these pull-down menus is a series of buttons, each displaying a standard symbol:

© 2006 Pisces Conservation Ltd
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S B = R T #ﬂl’l?’:a%
This is the graphics tool bar which will allow you to edit your plots.

Below the plot there is a table which gives the the parameter estimates for the model
and model fitting diagnostics (see above).

At the bottom there are a series of tabs that you can click on to select various data and
output displays.

Classed Data | Calculations | Length Results |L Gulland | L Ford-Walford

The tabs displayed will depend on the data set entered. The full list of tabs is as follows:

Classed Data: This tab shows age and size data. For example, it will be displayed if you
have entered or opened a data set that comprises age and length data for
individual organisms.

Calculations: This tab presents the observed and predicted values.

Length results: This tab presented a plot of the observed and predicted fit plus model
parameters and diagnostics for length data.

Weight results: This tab presented a plot of the observed and predicted fit plus model
parameters and diagnostics for weight data.

L Gulland: This presents a Gulland plot (incremental change in length against length).

L Ford-Walford: This presents a Ford-Walford plot (length at age t+1 against length at
age t)

W Gulland: This presents a Gulland plot (incremental change in weight against weight).

W Ford-Walford: This presents a Ford-Walford plot (weight at age t+1 against weight
at age t)

5.1.1 Classed Data Tab

Click on this tab to show the data grid for age classed data.

© 2006 Pisces Conservation Ltd
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File Copw AgefSize Seasonal AgefSize  locremental Help  About

s

Data can be edited, saved, copied or printed. To print, export or copy the grid see Print
Grid and Copy Grid

5.1.2 Calculations Tab

This tab shows a grid giving both the observed (entered data) and the predicted values
for the selected model. The model used is shown in the title. If the data set comprises
both lengths and weights, then both will be displayed in the grid.

The grid below shows the output when size at age data are used. In this example both
weight and length data were supplied, so the output includes both observed and
predicted lengths and weights.

Predicted length || Observed ' Predicted weight

200 242,62 180 F0.7E

300 259,42 250 247,55
4.00 31,79 400 417,34
5,00 37014 =00 580,39
.00 404 .57 &S0 736,94
F.an 436,51 a50 887,27
2.00 464,77 1050 1051.61
9.00 490,54 1300 1170.21

10.00 213,87 1500 1303.30
11.00 235.00 1600 1431.10
12.00 254,12 1625 1553.80

13.00 271,43 1650 1671.63

14.00 287,11 1665 1754.77 %
15.00 al1.50 1670 1393.41

© 2006 Pisces Conservation Ltd
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5.1.3

The grid below shows the output when incremental data are analysed. The two columns
on the left, labelled Time and Predicted Size, present the predicted growth curve. To the
right the Observed column holds the observed sizes for individual organisms from your
data set. The adjacent columns on the right give the model prediction and the difference
between the observed and predicted.

Obzerved Fredicted Difference

To print, export or copy the grid see Print Grid and Copy Grid
Length Results Tab

Click on this tab to see a plot of your data, plus the fitted model and a grid of the
parameter estimates and regression diagnostics.
The screen is arranged into a number of panels.

The graphical menu bar at the top of the chart can be used to change many features of
the plot.

The chart is active, and features of the chart can be edited directly by moving the cursor
over them, holding down the Shift key and left clicking.

You can use the mouse to enlarge part of the chart.

Use File|Print Chart to print the graph.

The fitted equation is displayed in the panel below the plot and the individual parameters
can be highlighted.

Finally the results and regression diagnostics are shown in the bottom grid.

The data in this grid can be printed, copied and exported.

© 2006 Pisces Conservation Ltd
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k B @ & b @8 F e

B Maon Linear

B Observed

600 7 — Predicted
50 1
500

£ 460

Uj 1

T

T 400 |

380 |

300 t-----

a0 L

E quation ¢
L =L, (1-e X))

Results - Length ¥B Non Linear ‘95% Confidence |Mudel Diagnostics | ‘

Upper Asymptote (Linf) 737029 80,1107 | Sum of Squared Residuals 50135

K {Growth Rate) 0.0994365 0.0239008 | Akaike Information Criterion (AIC) 28.5838

To {Time at which size is 0) -2.01529 Schwarz Criterion (3C) 30,501

Classed Data | Calculations | Lenath Results L Gulland | L Fard-walford |Weight Results | W Gulland | Ford-wialFord |

When incremental data have been analysed the output shows the predicted curve as a
green line and the observed length at age observations as red squares.

© 2006 Pisces Conservation Ltd
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Predicted Growth Curve - Brody-Bertalanffy

5.1.3.1 Highlighting Individual Parameters

When any model is run the results are presented together with the fitted equation as
shown below.

= I, [1—e 50

\

Results - Length ¥EB MNon Linear |95% Confidence |Model Diagnostics
Upper Asymptote {Ljnf) TE7.029 80,1107 Sum of Squared Residuals
K {Growth Rate) 0.0994363 0.0239003  Akaike Information Criterion
TO (Time at which size is 0) -2.01529

Schwarz Crikerion (SC)

|Classed Data |Calu:u|atiu:uns ||_E|-|gl;h Results |L Gulland |L Ford-'Walford |'-.-'-.-'eight Results |'-.-'-.-' Gulland | W

To help you understand which parameter the different estimates refer to, you can
highlight each parameter in turn by left button clicking on the parameter name in column

1 of the grid or the result in column 2. This will result in the parameter name and symbol
in the equation both being highlighted in red.

© 2006 Pisces Conservation Ltd
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5.1.4

For example, using the bass.csv data set and running a von Bertalanffy growth curve, to
highlight the upper asymptote in the equation, left-click on the Upper Asymptote in the
grid:

Upper Asymptote (Linf) |

then the following is displayed:

—E(t-t,]
t Im [1 —€ [ :
Results - Length ¥B Mon Linear |95% Confidence |Mudel Diagnostics
Upper Asymptote (Ljnp) 737,029 80,1107 Sum of Squared Residuals
K (Growth Rate) 0.0994368 0.0239003  Akaike Information Criterior
TO {Time at which size is 0} -2.01529 Schwarz Criterion {S@
|r|-u-.-m-| | e |.*--I.-. Jl i || Y T S M || oallamd || Erwd WI=IFAeA ||..'-.|nid-|l-\.|- | P [ |l..l..l oallam A | [

L Gulland Tab

This tab presents the Gulland plot of your length data. It shows the incremental increase
in length at each length. It is only shown if you run a von Bertalanffy growth model. This
plot can be useful to help you estimate initial parameters for nonlinear regression. It is
also useful to assess the goodness of fit of the chosen model, as the predicted line for the
chosen model is marked on the plot.

The graph below shows a typical example using the bass.csv data. The green line is the
model prediction.

© 2006 Pisces Conservation Ltd
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YEB Mon Linear Length Gulland
BT W S S S S S S S

| Ohszerved
— Predicted

551

Length Increment
— (o] o] () L e - m
m (] m (] m (] m (]

Y
o
L

260 300 350 400 450 500 550 B00 Ba0 700
| enrth

5.1.5 W Gulland Tab

This tab presents the Gulland plot of your weight data. It shows the incremental increase
in weight at each weight. It is only shown if you run a von Bertalanffy growth model. This
plot can be useful to help you estimate initial parameters for nonlinear regression. It is
also useful to assess the goodness of fit of the chosen model as the predicted line for the
chosen model is marked on the plot.

The graph below shows a typical example using the bass.csv data. The green line is the
model prediction, and the graph suggests that the von Bertalanffy curve is poor model
for the growth in bass weight.
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B Maon Linear YWeight Gulland

240 e S b [ coserved
1 ] 1 ] 1 1 1 ] 1 _Predicted

220

200

Weight Increment
» @ 2 M B @ @
= (] (] (] = = (]

.
=
.

201

' ' ' ' ' ' ' '
Ot------ e Tl elieletielitie b Rl elieletielitie el el llieletiellie etttk lelelekelekeleele ke elhelledetietetiadel h Eelhelledetietetael
T

&00 1,000 1,500 2,000 2 500 3,000 3,500 4,000 4 500
Weight

5.1.6 L Ford-Walford Tab

This tab presents the Ford-Walford plot of your length data. It shows a plot of length at t
+1 against length at t which was used as a graphical method to solve the von Bertalanffy
growth equation. It is only shown if you run a von Bertalanffy growth model. This plot
can be useful to help you estimate initial parameters for nonlinear regression. Marked on
the plot is the 45 degree line and the best fit through the observed points as found by
least squares. The point where these two lines intersect is an estimate of L .

The graph below shows a typical example using the bass.csv data. The red line marks
the estimate of L which is about 735 cm. for these data (the non-linear regression

method estimated a value of 737 cm., showing that the graphical method can give quite
good results). This method was the standard method to estimate L in fisheries science

until the 1980s.
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5.1.7

B Mon Linear Length Ford-Walford

B Observed

700 ' — Fredicted

ESD-;
EEID-E
550-;
EDD-é
450-;

+1)

a0}

Lenght

Length (t)

W Ford-Walford Tab

This tab presents the Ford-Walford plot of your weight data. It shows a plot of weight at t
+1 against weight at t which was used as a graphical method to solve the von
Bertalanffy growth equation. It is only shown if you run a von Bertalanffy growth model.
This plot can be useful to help you estimate initial parameters for nonlinear regression.
Marked on the plot is the 45 degree line and the best fit through the observed points as
found by least squares. The point where these two lines intersect is an estimate of W

(asymptotic weight).

The graph below shows a typical example using the bass.csv data. The red line marks
the estimate of W_, which is about 4,500 g (4.5 kg) for these data (the non-linear

regression method estimated a value of 4.415 kg showing that the graphical method can
give similar results). However, this plot does indicate that this estimate should be viewed
with caution as it is an extreme extrapolation. This method was the standard method to
estimate L in fisheries science until the 1980s.
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B Mon Linear Weight Ford-Walford

4,400 4
42004
4000 4
3,800 4
3600 ¢
3400 4
32004
3,000 4
2800 §;
< 2800}
= 24004
5 22004
2 20004
1,800 4
15004
1400}
1200 4
1,000 4
800 }:
600 |
400 4---+
200 ¢

' ' ' ' ' ' ' '
(IR ST Felleleleletetiadeted  lliellielielalieled h Eelkelellelielied b Eellellleltieded e e ol [ ellellelielalieed
T T

0 a00 1,000 1,500 2000 2500 3,000 3,600 4,000 4 500
Weight (1) [

W Obzerved
— Predicted

5.1.8 Weight Results Tab

Click on this tab to see a plot of your data, plus the fitted model and a grid of the
parameter estimates and regression diagnostics.
The screen is arranged into a number of panels.

The graphical menu bar at the top of the chart can be used to change many features of
the plot.

The chart is active and features of the chart can be edited directly by moving the cursor
over them, holding down the Shift key and left clicking.

You can use the mouse to enlarge part of the chart.

Use File|Print Chart to print the graph.

The fitted equation is displayed in the panel below the plot, and the individual
parameters can be highlighted.

Finally the results and regression diagnostics are shown in the bottom grid.

The data in this grid can be printed, copied and exported.
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5.1.9

ES@E & kPP e R

WE Mon Linear

Wiigght B Observed
— Predicted

Weight

i
[}
[}
T
T
'
'
'
'
'
'
I
'
'
'
'
"
'
'
'
'
R

-

E quation E

=L, (1-eXlt%))

Results - Weight ¥B Non Linear ‘95% Confidence |Mudel Diagnostics | ‘
Upper Asymptote (Linf) 4515,41 449, 2 | Sum of Squared Residuals 397,875
K {Growth Rate) 0.0405979 0.00526694 | Akaike Information Criterion (AIC) 89,8059
To {Time at which size is 0) 1.61115 Schwarz Criterion (3C) a1,7231

Classed Data |Ca|culatinns |Length Results |L Gulland |L Fard-‘Walford |\'|I'eiuht Results |W Gulland | W Ford-YWallFord |

Incremental Data Tab

Click on this tab to show the data grid for incremental data.

File Copw A0s/Size  Seasonal Aos/Size Incremental Help  about

Known Age Enown Size

Data can be edited, saved, copied or printed. To print, export or copy the grid see Print
Grid and Copy Grid

© 2006 Pisces Conservation Ltd



Using Growth II

5.1.10 The drop-down menus
5.1.10.1 File

Use this drop-down menu to open and create data sets, save files, and print results.

Mew 3
Save
Save As
X
Prink Grid ...
151
Prinker Setup ...
AoE!
Exit baar
1 sole monthly, csy XN
2 kest.csv 043!
3 strangormera seasonal.cs e
4 engraulis seasonal sy

Options are as follows:

Open

New

Save: saves the data file as a csv file.

Save As: allows you to select a name for the saved file.
Print Chart

Print Grid

Printer Setup: allows you to select printer options

Exit

5.1.10.1.1 Saving a data set

To save the current data set, use Save or Save As from the File menu.
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Mew 3
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=
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v

Prink Grid ...

Prinker Setup ...

Exit

1 sole manthly, csy

2 kest.csv

3 strangomera seasonal. cs
4 engraulis seasonal sy

G
151
J56!
44
B3
43!
Aol

5.1.10.1.2 Closing the program

Choosing the Exit button (last on the right on the lower toolbar), Exit from the File menu,
or the cross symbol at the top right corner of the program window will close Growth II.

5.1.10.1.3 Open an existing data file

Use File|]Open to select a data file for analysis. To reopen a recently opened dataset,

select from the recent file list at the bottom of the menu.

Prinker Setup ...

Exit

1 strangomera seasonal. cs
2 engraulis seasonal.csy
Jindividual saole lengths,cs
4 zole monthly, csy

5.1.10.2 Age/Size

This drop-down menu allows you to choose from a range of calculations and models
applicable to data entered in the form of size at age or time. The orange square with a

black dot indicates the method currently applied to the data.
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Graphical von Berkalanffy

Length Weight Relationship

IEI von Bertalanff

Exponential

3P Gompertz —
3P Logiskic

Wbl

oy

Morgan Mercer Flodin
4P Gomperkz

4P Logiskic ---
4P Richards

5P Richards

When a nonlinear regression method is chosen an initial parameter dialog window opens

Graphical von Bertalanffy

Length Weight Relationship

von Bertalanffy growth equation
Exponential growth

3 parameter Gompertz growth equation
3 parameter logistic growth equation
Weibull growth curve

Janoschek growth curve
Morgan-Mercer-Flodin

4 parameter Gompertz growth equation
4 parameter logistic growth equation

4 parameter Richard's model

5 parameter Richard's model

5.1.10.2.1 Length Weight Relationship
This option will only be available if the data set comprises both length and weight data.

An example data set supplied with Growth II which comprises both weights and lengths
is bass.csv.

Growth II plots the change in weight with the length and fits by regression a power curve
of the form:

W =al’
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Length Weight relationship

1 500 . : . . : : 2 — Predicted

1,500 4
1,400
1,300 4
1,200
1,100 1
1,000 4
300
200
700
B00
500
400
300 1
200

Weight

5.1.10.2.2 Graphical von Bertalanffy

Each of the growth equations offered is solved using the Levenberg-Marquardt Method
for non-linear regression. The one exception is the Graphical von Bertalanffy. This fits
the von Bertalanffy growth curve using a graphical method which was much used before
the development of computers.

To allow comparison with older methodologies that are still described in books on
fisheries methods, a graphical method for fitting the von Bertalanffy is included. This is
based on the Ford-Walford plot of length (or weight) in which the length (or weight) at
time t+1 is plotted against the length (or weight) at time t. If a straight line is fitted to
the graph then the growth parameter, k, can be estimated from the slope and L inf. is
given by the intercept of this line with a 45 degree line from the origin. This method is
not as accurate as nonlinear regression and should not be the method of choice.
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%8 Linear Length Faord-WYalfard

W Ohzerved
— Predicted

om0 |
a0 |
100-2
50|,

While the graphical method is included mainly for historical interest, but may be useful
for diagnostic purposes should the Levenberg-Marquardt Method fail to reach a solution.
Growth II estimates the initial guesses of the parameters for fitting the von Bertalanffy
curve required by the Levenberg-Marquardt Method using this graphical approximation.

5.1.10.3 Seasonal Age/Size

This drop-down menu allows you to choose from two methods to fit a seasonally adjusted
von Bertalanffy growth model.

Seasonal

e ]

Linear Seasonal

Choose Seasonal to fit the model using the Levenberg-Marquardt Method for non-linear
regression. This is the preferred method as it will produce the most accurate estimates.

The Linear Seasonal method may be useful for diagnostic purposes should the
Levenberg-Marquardt Method fail to reach a solution. Growth II estimates the initial

guesses of the parameters for fitting the curve by the Levenberg-Marquardt Method using
this linear approximation.
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5.1.10.4 Incremental

This drop-down menu allows you to choose from a range of models applicable to data
entered in the form of incremental data. The orange square with a black dot indicates the
method currently applied to the data.

-Bertalanff
| wion-Bertalanffy [ ?
Izl Gompertz
Logiski
Logiskic —
Richards —_
Growth

Four growth models can be fitted to your data using Fabens (1965) method. These are:
von Bertalanffy used with incremental data

Gompertz used with incremental data

Logistic curve used with incremental data

Richard's model with incremental data

In the case of Richards model the method only estimates 3 of the 4 parameters and if
this model is chosen you will be presented with a dialog window in which you will be
asked to enter

5.1.10.4.1 The von Bertalanffy model for incremental data

von Bertalanffy derived this equation in 1938 from simple physiological arguments. It is
the most widely used growth curve and is especially important in fisheries studies. There
are a number of different ways that this equation can be written (see von Bertalanffy
growth equation). When using incremental data the version used is

=L, (1-be ™)

where t is time,

| is length (or some other measure of size),

K is the growth rate

b a parameter determining the rate of growth att = 0 and

L, , termed 'L infinity' in fisheries science, is the asymptotic length at which growth is

ZEero.

In this version of the equation the parameter t, is not included. However b = exp(kt,) so
t, can be easily calculated.

5.1.10.4.2 The Gompertz model for incremental data

The Gompertz curve was originally derived to estimate human mortality by Benjamin
Gompertz (Gompertz, B. "On the Nature of the Function Expressive of the Law of Human
Mortality, and on a New Mode of Determining the Value of Life Contingencies." Phil.
Trans. Roy. Soc. London 123, 513-585, 1832). Charles Winsor (1932) presents an early
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description of the use of this equation to describe growth processes. There are a number
of different ways that this equation can be written (see 3 parameter Gompertz growth
equation). When using incremental data the version used is

.I'; — E-m El‘fﬁ'é‘

where t is age

where k is the growth rate

b a scaling parameter and

L, , termed 'L infinity', is the asymptotic length at which growth is zero.

5.1.10.4.3 The Logistic model for incremental data

The logistic growth curve (sometimes called the Verhulst model as it was first proposed
as a model of population growth Pierre Verhulst 1845, 1847) is one of the simplest of the
S-shaped growth curves. A generalization of the logistic, which is no longer symmetrical
about the point of inflection, was developed by Richards (1959) and is termed the
Richards curve or generalized logistic.

There are a number of different ways that this equation can be written (see Logistic
curve). When using incremental data the version used is

[ = to

a 1—he ™

where t is age

where k is the growth rate

b a scaling parameter and

L, , termed 'L infinity', is the asymptotic length at which growth is zero.

5.1.10.4.4 The Richards model for incremental data

The Richards curve or generalized logistic is a widely used growth model that will fit a
wide range of S-shaped growth curves. There are both 4 and 5 parameter versions in
common use. The logistic curve is symmetrical about the point of inflection of the curve.
To deal with situations where the growth curve is asymmetrical, Richards (1959) added
an additional parameter.

There are a number of different ways that this equation can be written (see Logistic
curve). When using incremental data the version used is

= La
L (l-Dbe™®)°
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where t is age,

where k is the growth rate,

b a scaling parameter,

3, a parameter that in part determines the point of inflection on the y axis and
L , termed 'L infinity', is the asymptotic length at which growth is zero.

For incremental data Growth II will not estimate d , which must be supplied prior to
fitting.

5.1.10.5 Help
Select this drop-down to use the help system
5.1.11 Initial parameter dialog incremental data

If you choose to fit a Richards curve to incremental data, Growth II will ask you to enter
an appropriate value for the parameter that fixes the point of inflection.

Input Parameter X

[nput the delta parameter which determines
the pozition of the paint of inflection [delta »0]

0.&E0 [f = 0 then Logistic:
[f = infirity then Gompertz

LCancel

If you do not want a value of 0.5 (the default) click on the nhumber and type in the
required number. This dialog gives you some guide values - for example, if a value of 1
is entered you will in fact be fitting the Gompertz. It is worthwhile examining the shape
of your curve to decide if the shape is closer to a logistic von Bertalanffy or Gompertz in
shape and then chose a shape parameter value close to that of the appropriately shaped
curve.

5.1.12 Initial parameter dialog

Estimation of nonlinear regression parameters using the Levenberg-Marquardt Method
requires the user to supply initial guesses for each parameter. Growth II will attempt to
identify useful initial guesses and these will be presented in the initial values column.
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5.1.13

Parameikss for Length

Parameters

Upper Aspmptote [Liqf)

K. [Growth Rate]

Puaint af [nflection

Generally you should initially see if these values lead to a solution by clicking OK. If a
solution is not obtained, as can easily happen with the Richards curve, you will need to
try some different guess for the initial values. These can be input by left-clicking on the
existing value and typing in a new figure. One way to make some suitable guesses is to
run some of the other models and look at the parameter estimates produced. For
example, if the Richards curve fit fails, run a Gompertz or logistic and look at the value of
the asymptotes and try these as initial guesses.

Error dialog

The Levenberg-Marquardt numerical method to solve for the nonlinear regression is the
best method known, however, it can fail and may often do so when the Richards curve is
fitted to data. Failure is normally caused by the choice of inappropriate guesses for the
values of the parameters to be estimated.

This box is shown when Levenberg-Marquardt has failed to converge to a solution.

Failed while attempting ko solve.
You may need betker initial guesses

ar this model may not be suitable for your daka.

Click on OK and either try some other starting values until a solution is achieved or use a
different model. One way you may be able to identify better starting values is to look at
the output for models that were successful.
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5.2 Entering and editing data
Demonstration data sets
A number of example data sets are supplied with the program. These allow the user to
test the program, and can be opened in a spreadsheet or word-processor program to
examine the way the data are organized.
Creating data sets
Data sets can be created within Growth II, or by using a spreadsheet such as Microsoft
Excel, or many other spreadsheets, word processors, database programs etc. We
recommend that you organize large data sets using a spreadsheet like Excel, as this will
give access to a wide range of sorting and editing procedures to ease your task.

Creating a data file using a spreadsheet

Creating a new data set within Growth

5.2.1 Creating a new data set within Growth II

Data sets can also be created and edited within Growth II. To create a new data set,
select New from the File drop-down menu. You will be presented with the a choice of
Classed or Incremental.

Print Chart ... L_

Prinker Setup ... -

Exit

1 sole manthly, csy L_
2 skrangomera seasonal o) _

3 engraulis seasonal . csy

4 individual saole lengths,cs

Choose classed if you wish to enter data where you have information on size at particular
ages or points in time.

Choose incremental if you have observations on the change in size between different
points in time.
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Remember that for larger data sets you are advised to use a spreadsheet to create your
dataset, as it will give you superior editing and data search facilities. See Creating a data
file using a spreadsheet.

5.2.1.1 Ageclassed data

If File|New|Classed is selected, an empty grid will be formed with two titles, Age and
Length, in place.

File Copw AgefSize Seasonal AgefSize Help  About

s

These titles can be changed and others added by clicking in the top cell of another
column and selecting a suitable title from the drop-down list.

Length 50 k

Alternatively, you can simply type in one of the following titles:

Age identifies the column as holding the ages (time since birth) of the animals. Ages can
be input as integer or real numbers. Age can either be the age of an individual animal, or
refer to an age class.

Length identifies the column as holding length at age data. These data can be either
measurements for individual animals or the mean for an age class.

Weight identifies the column as holding weight at age data. These data can be either
measurements for individual animals or the mean for an age class.

Length SD identifies the column as holding the standard deviations of length at age
data. When age classed data are used this column gives a measure of the variation in
length between the individuals in a single age class.

Weight SD identifies the column as holding the standard deviations of weight at age
data. When age classed data are used this column gives a measure of the variation in
weight between the individuals in a single age class.

Please note that the column title should be added exactly as given above.
You should avoid adding duplicate column titles; these are likely to cause the program to

malfunction. If you add a duplicate title, the program will give a warning message to
alert you. To delete a column title, click into the title cell, so that the text is highlighted,
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(see below) and press the Delete key on your keyboard.

| I~ ||

Once you have the correct titles for the columns you can type in values in the grid by
clicking on a cell and entering a number.

The typical structure of age classed data in an Excel spreadsheet is as follows:

E3 Microsoft Excel - engraulis

File Edit Wew Insert Format
e &LV &
C3 | =

A B C

1 |Age Length

2 0.33 B.37
3 | 0.41 7.43
4 0.49 7.9
] 0.49 8.49
B 0.43 9.26
7 0.43 9.36
g 0.74 89.26
g 0.75 7.04
10 0.83 7.3
11 0.a2 7.7
12 0.a2 8.19
13 0.a2 8.87

To insert a new row, use the Up / Down arrows to highlight any cell in the bottom row of
the grid so that it turns blue - as shown below - then press the Down arrow key on your
keyboard.

Length

6,37

743
791
g.49

.26

—

To delete a row, highlight any cell in that row, so that the cell itself is highlighted blue,
rather than its contents, and press the Delete key on your keyboard. Please note that the
Undo function does not apply to row deletion; once a row has been deleted, it cannot be
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restored.

5.2.1.2 Incremental data

Incremental data comprises observations of the size of organisms at two points in time.
To fit a growth curve to such data, you will also need to supply at least one observation
of known size at a known age. If File|New|Incremental is selected, an empty grid will
be formed with titles, Sample, Size TO, Size T1, Time Gap, Known Age and Known size in
place.

File Copy Aos/bize  sessona sog/oze  Incremental Help  Abook

Known Age Known Size

Sample identifies the column as holding an identification number or name for the
individual.

Size TO identifies the column as holding length or weight of the individual when first
measured.

Size T1 identifies the column as holding length or weight of the individual when
measured on a second occasion.

Time Gap identifies the column as holding data on the time difference between the
measurements at time TO and T1.

Known Age for a growth curve to be fitted to incremental data it is necessary to know
the size of at least one individual at a known age. Place in this column a known age, as
either a real or integer value.

Known Size place in this column the size of individuals of known age.

To insert a new row, highlight any cell in the bottom row of the grid so that it turns blue
- as shown below - then press the Down arrow key on your keyboard.

Ic— 1.9 s
Cakch 6 19.23 20,41 0,967

Hzme 0973

To delete a row, highlight any cell in that row, so that the cell itself is highlighted blue,
rather than its contents, and press the Delete key on your keyboard. Please note that the
Undo function will not apply to row deletion; once a row has been deleted, it cannot be
restored.
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5.2.2

Creating a data file using a spread sheet

A data set is stored as a comma-delimited text file with the extension .csv or an Excel
file (.xlIs). It is normal to initially organize your data in a spreadsheet such as Excel and
then save the worksheet as a comma delimited (csv) file for use with Growth II.

There are different arrangements of data for the analysis of age classed and incremental
data which will be described in turn below.

Age classed data

For simple size at age measurements, the data are organized as a simple 2-dimensional
array as follows:

E3 Microsoft Excel - engraulis

File Edit Wew Insert Format
e &LV &
C3 | =

A B C

1 |Age Length

2 0.33 B.37
3] 0.41 7.43
4 0.49 7.9
] 0.49 8.49
B 0.43 9.26
7 0.43 9.36
g 0.74 89.26
g 0.75 7.04
10 0.83 7.3
11 0.a2 7.7
12 0.a2 8.19
13 0.a2 8.87

Your data for analysis should comprise observations of the age (time), length, standard
deviation of length, weight and standard deviation of weight for organisms, which are
organized into columns. The first row of each column holds the title that the program
uses to know what type of data the column holds. You must use the following standard
titles:

For age classed data:

Age identifies the column as holding the ages (time since birth) of the animals. Ages can
be input as integer or real numbers. Age can either be the age of an individual animal or
refer to an age class.

Length identifies the column as holding length at age data. These data can be either be
measurements for individual animals or the mean for an age class.

Weight identifies the column as holding weight at age data. These data can be either be
measurements for individual animals or the mean for an age class.
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Length SD identifies the column as holding the standard deviations of length at age

data. When age classed data are used this column gives a measure of the variation in
length between the individuals in a single age class.

Weight SD identifies the column as holding the standard deviations of weight at age
data. When age classed data are used this column gives a measure of the variation in
weight between the individuals in a single age class.

The image below shows an example of data that includes lengths and weights and
standard deviations. This data set, named bass.csv, is included with Growth II.

E4 Microsoft Excel - bass.csy

Eile Edit “ew Insert Format Tools Data window Help ad

eE &EYy & 2B T f Il

A R4 =| Age

A B © D E
1 |ﬂa§e _'Length Weight  Weight SCLength S0
2 2 240 180 15.5 9.4
3 3 300 250 26.24 127
4 4 340 400 30.35 129
g ) 360 S00 10.24 143
= 5 400 B50 15.2 5.2
7 7 450 a0 235 223
= g 470 1050 255 251
9 2 500 1300 16.2 25.3
10 10 530 1500 25 17.4
11 i 550 1600 34 275
12 12 560 1625 12.5 30.3
13 13 565 1650 12.4 % 347
14 14 AE5 1665 15.2 7.7
15 15 AES 1670 154 40.5
16

Incremental data

For incremental data the layout in in a spreadsheet is as follows. This data set, named
incremental test Gompertz.csv, is included with Growth II.
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E1 Microsoft Excel - incremental test Gompertz.csy

File Edit Miew Insert Format Tools Data Window Help Adobe PDF

DEE SEY §BBR<C 9- = & [[E o - 2 A

| A1 . = Sample
A B C 0] E F E H
1 |Samé|e _'Size t0 Sizetl  Time Gap Khown Age Known Size
2 1 0.89 219 0.8 ) 16.4
3 2 22 4.8 1 5] 19.4
4 3 5] i 1 1 22
A 4 ] 16 4
B ] 18.1 19.3 1
7 ) 20 207 1
8 7 207 N7 1
g &) 14.2 16.5 1
10 e 12 1.5 0.2
11 10 5] 14 2
12 i 14.2 15.2 2
13 12 19 20 1
14 %

Sample identifies the column as holding an identification number or name for the
individual.

Size TO identifies the column as holding length or weight of the individual when first
measured.

Size T1 identifies the column as holding length or weight of the individual when
measured on a second occasion.

Time Gap identifies the column as holding data on the time difference between the
measurements at time TO and T1.

Known Age for a growth curve to be fitted to incremental data it is necessary to know
the size of at least one individual at a known age. Place in this column a known age as
either a real or integer value.

Known Size place in this column the size of individuals of known age.

5.2.3 Editing data

To edit an open data set click on the tab to display either the Classed Data or
Incremental Data tab to display the data grid. Click on the cell you wish to edit and
type in the new value.

To insert a new row, use the Up / Down arrows to highlight any cell in the bottom row of
the grid so that it turns blue - as shown below - then press the Down arrow key on your
keyboard.
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5.3

5.4

5.5

5.5.1

Length [

6,37

.43
791
g.49

9,26

-

To delete a row, highlight any cell in that row, so that the cell itself is highlighted blue,
rather than its contents, and press the Delete key on your keyboard. Please note that the
Undo function does not apply to row deletion; once a row has been deleted, it cannot be
restored.

To make major changes it may be quicker to open the data set in a spreadsheet
program.

Maximum size of the data set

Growth II has been written to handle any size of data set. However, there will still be a
maximum upper limit to the size of data set it can handle that will be defined by the
processing power and available memory of your computer.

Very large data sets may create problems for the non-linear regression to find suitable
solutions. In practice, Growth II should be expected to always work with 10,000
age-length observations.

Maximum size of a variable

The maximum size of any number in Growth II is 2147483647. You are advised to
rescale numbers to sensible sizes or you will experience problems with the
Levenberg-Marquardt Method for non-linear regression. For example rather than
expressing weights as 22,000 g it would be wise to input 22.0 kg.

Editing and changing graphs

Almost all aspects of the charts in Growth II can be edited.

Many useful changes can be quickly accomplished using the graphical menu bar buttons.

For instructions to zoom in and out of part of a graphing see enlarging part of a chart.

Many chart features can be edited directly from the chart by simply clicking on the chart.
Graphical menu bar

The graphics bar situated above the charts in Growth II allows you to quickly edit many
features of your graphs.
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M@ e & @A F e
The functions of the individual buttons are as follows.

=
Opens the main graphics dialog window, which allows you to edit every feature of the
chart.

4

Prints the chart - see Print Chart for more details.

),

Copies the chart to the clipboard. See Copy/Export Chart for information on file formats.

=

Saves the chart to a file. See Copy/Export Chart for information on file formats.

r

A

%

Increases the size of the text on the chart.
K
Decreases the size of the text on the chart.

Irk
Increases the thickness of the growth curve predicted by the model.
"
Decreases the thickness of the growth curve predicted by the model.

N

Increases the size of the observed data points on the chart.

*

Decreases the size of the observed data points on the chart.
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o

Switches between black and white and colour graphics.

T

Switches grid on and off on the graph.
-
Switches the legend on and off.

5.5.2 Enlarging part of a chart

To expand part of the chart, move the cursor to the upper right hand corner of the area
you which to magnify, and hold down the the left hand mouse button. Now without
releasing the button, drag downwards and towards the left. A yellow box will appear (see
below) showing the area that will be enlarged. Release the button and the yellow part of
the plot will be enlarged. To return to the full plot simply reverse the process by left
clicking and dragging the cursor up and to the left.

"B Maon Linear

Wigight B Observed
T T T T T — Predicted

1,800
1500
1,400
1,200

1,000 §:

Weight

a00 |
go0 4

4004

The result of releasing the button after forming the yellow rectangle above is shown
below.
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B Man Linear

Wieight B Cheerved
. - . - . - - — Predictad

1,400
1,300
1,200
1,100

1,000

Weight

500 4
800

700 42

500

5.5.3 Editing directly from the chart
The chart is active, and features of the plot can be edited by moving the cursor over

them and shift left clicking. For example, to edit the x-axis move the cursor over the
axis like this:

.
1
1
1
1
1
]
4-q1---
1
1
1
1
1
1
[ -
1
1
1
1
1
1
[ ——
1
1
1
1
1
1
[ QU -
[
1
1
1
1
1
]

and then hold down the Shift key (key on left with Y symbol that changes from lower to
upper case) and left click on the mouse. The following dialogue window will pop up,
allowing you to change the chart defaults.
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Edit Chart [Z[f(;]

Chart lSeries ] Datka ] Tionols ] Export ] Print ]
Series ] General  Axis lTitIes ] Legend ] Panel ] Paging ] YWalls ] 3D ]

v Wisible Scales |Title | Labels | Ticks | Grid | Position |
v Behind [v Aukomatic [vw Wisible [ Inverted
Axes:
Left Axis iChange. .. Desired Increment: 0
Right Axis
FOBES = [ Logarithmic Log Base: I
Depth Right .
DeEth T,:,gp Minirmum lMaximum ]
[v Auto 2
Change... Offset: |0 ﬁ
+
.

5.6  Printing and exporting your results

The data grids and graphs can be printed using the Print option from the File menu.
Different printing options are offered for graphs and grids.

Print Grid
Print Chart

5.6.1 Print Grid

Selecting File|Print Grid opens the grid printing dialogue, which allows the font and
page layout to be selected before printing.
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0.25
0,333333333
0. 416666667
0=
0,583333333
0. 660606667
0.75
0,833333333
0,91 6666667
1
1.0683333333
1. 166666667
1.25
1,333333333

14:16

Cancel

Length

17
57.48979502
67. 52669903
75
7643037975
74
74.23809524
80.13043472
82.09090909
7695018367
7o.42168675
7980666667
09,97222222
108,8333333
1056037736

page 1-1

50 Growth I
Print Settings
Headers / Footers ] b argine ]
Borders:
Border: |[n|:une] ﬂ
Border Style: | J
General:
Fit to Page: |Never ﬂ
[ Repeat Figed Colurmnz v AutoSize Columng
[ Repeat Fized Rows [v AutoSize Rows
[ Print graphics [ Center on Page
Fonts:
A4 Table Font A4 Fized Fort
v Usze dizplay font
A4 Header Fart A4 Footer Font
(]
5.6.2 Print Chart

Selecting File|Print Chart opens the grid printing dialogue which allows the chart and
page layout to be selected before printing.

This window shows a representation of the graph on the paper. The print margins are
displayed as dotted lines and can be dragged by moving the cursor over the margin,
holding down the left hand mouse button and dragging.
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5.7.1

TeeChart Print Preview
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Copying

The data grids and graphs can be copied to the clipboard, or exported in different
formations using the Copy drop-down menu.

Different options are offered for graphs and grids.

Copying Charts
Copying tabulated data

Copy/Export Chart

Selecting Copy|Copy/Export Chart opens the Export dialog.
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Export Dialog m

Format Cptions l Size ]

as Metafile )
== PDF Colars: |DeFauIt j

as alF
as PNG
as Py
as JFEG

[ Monachrome

Copy Save, ., Send... Close

You can change the colour depth and size of the image if desired. The default file format
for the file is a bitmap, select another file format by left clicking on the format of choice
in the list.

You can also copy a chart using the copy button on the graphical menu bar.

File formats

The chart can be saved in a number of different file formats: Bitmap (*.bmp), Metafile
(*.emf), PDF (*.pdf), GIF (*.gif), PNG (*.png), PCX, (*.pcx) and JPEG (*.jpg). Each file
format has advantages and disadvantages.

e Bitmaps are a lossless method of saving; the stored file will not lose any of the
original's detail. Because of this, bitmaps tend to be much larger than compressed
files such as Enhanced Metafiles, GIFs or JPEGs.

e The advantage of Enhanced Metafile is that, if pasted into, for instance, a Word
document, it can be resized by dragging, without losing resolution.

e PDF is an Adobe Acrobat file, which is a useful format to send to other people or for
inclusion in a pdf document.

e GIFs offer advantages for web use as they compress the file.

e JPEGs are file formats which can be compressed to take up less space - useful if you
wish to send one by email, put it on a website, or paste it in to a document. If they
are compressed too heavily, they can lose resolution and detail, and spoil colours.

e PNG and PCX are graphics file formats in common use. PCX format is one of the most
usable graphic formats. Originally it was designed by Zsoft for PC Paintbrush
MS-DOS. PNG (Portable Network Graphics) is a bitmap image format that employs
lossless data compression. PNG was created to both improve upon and replace the
GIF format with an image file format that does not require a patent licence to use.

There are three buttons at the bottom of the screen. Select
Copy to copy to the clipboard

Save to open a save file dialogue window and
Send to activate your email system and send the file
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5.7.2 Copy Grid

Select this option to copy the data grid on the active (visible) tabbed page to the
Windows clipboard. The data can then be pasted into some other program using the
Paste or Ctrl+V. Once the file is copied you will see a confirmation dialogue.

Confirm k |E|

<P arid successfully copied to clipboard
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6 Tutorials and demonstration data sets

Upon installation of Growth II a number of demonstration data sets will also be placed on
your hard disc. These data files are saved by default in the folder My Documents/
Growth 2 Data. These data sets are used in the help tutorial system.

Click on the links below to see the different tutorials

Choosing a growth model - this demo uses the file Male turkey weights.csv packaged
with Growth II.

Fitting seasonal data - this demo uses the files sole monthly.csv and individual sole
lengths.csv which are packaged with Growth II.

Fitting a model to incremental data - this demo uses the file incremental test
Gompertz.csv packaged with Growth II.

6.1 Choosing a growth model

This demonstration data set was copied from the paper by Sengul & Kiraz (2005). The
data set comprises the age in weeks and body weight in grams of male large white
turkeys for the first 18 weeks of their life.

Use File|Open to find and open Male turkey weights.csv (saved by default during
installation in the folder C:\Program files\GrowthII\GrowthDemoData)

Once the data set has been opened, Growth II will immediately fit a von Bertalanffy
growth curve to the data and plot the result.

A brief glance at this graph and the Regression diagnostics in the grid below shows that
the von Bertalanffy is a poor choice (note the size of the Akaike Information Criterion,
AIC = 290.165). We will now take you through an investigation of other possible more
appropriate models.

Now choose from the Age/Size drop-down menu 3P logistic (logistic growth curve with 3
fitted parameters):
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Graphical von Berkalanffy

Length Weight F.elationship -

von Bertalanffy
Exponential

3P Gompertz

3P Logiskic

I
weibul g
Morgan Mercer Flodin
4P Gomperkz

4P Logiskic

4P Richards -

5P Richards -

Growth II immediately opens a dialogue box showing the initial guesses for the 3
parameters. The program needs initial guesses as it solves the non-linear regression
using the Levenberg-Marquardt method. While the initial guesses can and sometimes
have to be changed to get a solution, it is sensible to first try the defaults you are given.

Click OK and the fit is immediately presented:

3 Parameter Logistic

Weight B Chserved
— Predicted

ks

It is clearly a fair fit, but it seems poor for the youngest age groups. Note the size of the
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Akaike Information Criterion (AIC = 270.94), this is smaller than that for the von
Bertalanffy, suggesting that the logistic is the superior model.

Staying with the logistic we can now fit a 4 parameter logistic by choosing 4P logistic

from the drop-down. This fit is clearly a superior fit with with the lowest AIC so far of
248.79:

4 Parameter Logistic

Wigight W Ohserved
= Predicted

Trying other models will give the following values for the Akaike Information Criterion:

Exponential - 290.166

3 parameter Gompertz - 281.06

Weibull - 239.748
Morgan-Mercer-Flodin - 239.46

4 parameter Gompertz - 244.668
Janoschek - 239.747

The Richards curves could not be fitted successfully to these data. However, by rescaling
the data by dividing by 1000, so that weight is in kilograms and not grams (see file
Male turkey weights kg.csv) the 5 parameter Richards was successfully fitted to the
data. Comparison with other models using the AIC suggested that this model was inferior
to most other models)

The results indicate that the Weibull or closely related Janoschek curve is the best
description of the turkey data. However, almost all the models were equally good.

Here is the plot of the Weibull to compare with the logistic above. It is clearly a good fit
to the data. The authors of this paper actually used the coefficient of determination, R?,
as a measure of fit, and found very high R? values with all models tested. The coefficient
of determination should not be used to measure the goodness of fit of nonlinear
regression. Interestingly, they did not fit the Weibull or Janoschek models, but certainly
noted that most models gave good fits:
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6.2  Fitting seasonal data

For this demonstration we use length data for the sole, Solea solea, a flatfish. The data
set was collected over a 25 year period in the Bristol Channel, England. Two data sets
have been prepared as follows.

sole monthly.csv is a file giving the mean age of sole from an age of 0.16667 years (2
months) to 3,5 years of age. Note that age is expressed in fractions of a year, this is
required when fitting a seasonal model using Growth II.

individual sole lengths.csv is a file holding the individual lengths and ages of sole.
Use File|Open to find and open sole monthly.csv (saved by default during installation

in the folder C:\Program files\GrowthII\GrowthDemoData)

Once the data set has been opened, Growth II will immediately fit a von Bertalanffy
growth curve to the data and plot the result:
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B Mon Linear
Length

B Chserved
— Predicted

160

140

A brief glance at this graph and the Regression diagnostics in the grid below shows that
the von Bertalanffy gives a fit that does pass through the scatter of points, but there is a
clear periodic oscillation that the model fails to fit (note the size of the Akaike

Information Criterion, AIC = 336.8). This number will be useful later to compare the
models:

Model Diagnostics |

Sum of Squared Residuals 31581.36
Akaike Information Crikerion (AIC) | 336,665

Schwarz Crikerion (3C) 341,585

We will now get Growth II to fit a seasonally adjusted von Bertalanffy. From the
Seasonal Age/Size drop-down select Seasonal

Seasonal }I

Linear Seasonal

This will run a non-linear curve fitting routine to fit a seasonally adjusted von Bertalanffy
model. Growth II immediately opens a dialogue box showing the initial guesses (shown
below) for the 5 parameters needed for this model. The program needs initial guesses as
it solves the non-linear regression using the Levenberg-Marquardt method. While the

initial guesses can and sometimes have to be changed to get a solution, it is sensible to
first try the defaults you are given.
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Click on OK and the fit is immediately presented. The plot shows the observed data and

the fitted curve.

Seasonal (Mon Linea
Length

N

B COhserved

1704
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1104
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404--------- :
SFEEEEEEEEEs ;
0)e Snheasases IL ............. I, L ddddiceaooo

Length

Sy SIS e

S

(S ST S

— Predicted

Age

[N Py

Below the plot are presented the the parameter estimates, their 95% confidence

intervals.
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Results - Length Seasonal (Mon Linear) |95% Confidence |Model Diagnostics | ‘
Upper Asymptote 279,772 7.268285 Sum of Squared Residuals 1819.38

K (Growth Rate) 0.223705 0.0100199 Akaike Information Criterion (AIC) | 317.756

C (Seasonal Change in Growth) |-1.42913 0.079561 Schwarz Criterion (5C) 326,324
TO {Time at which size is 0) -0.732739 0.0095449 %

TS (Seasonality Parameter) -0,313511 0.00412841

“lassed Data | Calculations |Length Results |

The fitted model has an upper asymptote (called L infinity in fisheries science) of 279.77
cms with 95% confidence intervals of 279.77-7.28 = 272.49 cms and 279.77+7.28 =
287.05.

The growth rate K has units of Year.

C, the seasonal parameter has an absolute magnitude greater than 1, this indicates that
the model predicts that the sole shrink during the winter. While individual fish do not
shrink, close examination of the data does indicate that the average size does decline
during the winter, this is probably because the larger fish migrate offshore and are not
included in the winter samples.

The Akaike Information Criterion, AIC = 326.324 which is lower than the AIC for the
none seasonal von Bertalanffy (AIC = 336.8). This indicates that the seasonal model,
which uses two additional parameters to fit the data, is the preferred model. The Schwarz
criterion also indicates that the seasonal model is superior.

The above example was fitted to average length data, we can also fit a seasonally
adjusted growth curve to individual measurements.

Use File|Open to find and open individual sole lengths.csv (saved by default during
installation in the folder C:\Program files\GrowthII\GrowthDemoData).

From the Seasonal Age/Size drop-down select Seasonal which will fit a curve to the
individual data points. Note that this fit is not very impressive because almost all the
data are for the youngest ages and there is insufficient data for sole above 5 years of age
to give a good fit.

© 2006 Pisces Conservation Ltd



62

Growth 1l

Seasonal (Maon Linear)

| Ohzerved
— Predicted

450
400
360
3001

5 2504

% 2001
150 |
100 |

&0

Our final examples use data from Cubillos et al (2001). Because the data points were
read from the published graphs and could not be accurately acquired we will not get
exactly the same fit as the authors, but we can demonstrate similar results and show the
quality of fit to data sets that include data close to the asymptotic length, and do not
show a winter decline in size.

Use File|Open to find and open engraulis seasonal.csv and run a seasonal model. You
will obtain the following fit:
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Seasonal (Mon Linear)
Length

Length

B Ohserved
— Predicted

Results - Length seasonal (Non Linear) |95% Confidence |Model Diagnostics | |
Upper Asymptote 20,7335 0.940937 Sum of Squared Residuals 58,7693

K {Growth Rate) 0.461879 0.0600409 Akaike Information Criterion (AIC) 516,923

C {Seasonal Change in Growth) |1.24632 0.29055 Schwarz Criterion (SC) 530,56

TO (Time at which size is 0) -0.459641 0.0361956

TS {Seasonality Parameter) 0.289073 0.0274956

Classed Data | Calculations |Lenqth Results |

For comparison here is the published graph

20 7 Engraulis ringens
15

10

Total length (cm)

0 05 1 15 2 25 3 35 4 45
Age (years)
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The published parameters for Engraulis ringens are shown in the table below. The
authors replace TS by the Winter Point (WP) = TS+0.5 and gives the winter point at
which growth is slowest. Our results indicate that WP = 0.289+0.5 = 0.789 where as the
published value is 0.312. The authors argued that the slowest growth rate occurred prior
to the southern hemisphere winter in April-May. Our result (using less accurate data
suggests lowest growth in occurred in late winter (September 9/12 = 0.75). It is easy to
see the cause of this discrepancy as for an extended period the fish grow little and during
their first winter appear to shrink. Thus TS is easily changed by small alterations in the
data.

Table II. Growth paramsters of Srangomera bentincld and Engraulis
ringens describmg the von Bertalanffyr growth function medified fo
take inte account seasonal zrowth oscillation

Parameters 5. bentincki E. ringenc
Lea {om TL) 18.1{0.8) 2.1 (0.6)

E (yaar ") 0,745 (00T 0.514 (0.05)
ty (vear) —0.330 (0.09) —0.042 (019
C 0898 (010 0.997 (0.16)
WF 0,363 (0.0 0,312 (0.03)
r 0.848 0929

S50 63.73 10533

" 130 144

The standard deviation of parameter iz shown m parentheses; -
amplitude of seasonal growth; WP: winter pomnt ar phasa of seasonal
growith; S50 sum of square, m: mumber of data.

As our final example use File|Open to find and open strangomera seasonal.csv and
run a seasonal model. You will obtain the following fit:
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Growih Il 2.1.0.12 - strangomera seasonal.csv

File Copy Aage/Size Seasonal AgefSize Help  About

@~ o mb 2% P e

Seasonal (Mon Linear)

Lenith B Chserved
T T T =~ Predicted

Results - Length Seasonal {Non Linear) |95% Confidence |Model Diagnostics ‘ |
Upper Asymptote 17.9396 0.842287 Sum of Squared Residuals 61,7361

K {Growth Rate) 0.759418 0.117849 Akaike Information Criterion (AIC) | 495,499

C {Seasonal Change in Growth) |-0.987836 0.227497 Schwarz Criterion (5C) 510,352
TO (Time at which size is 0) -0.386015 0.0973526

TS {Seasonality Parameter) 0.85578 0.0308167

Classed Data |Calculati0ns |Length Results |

The published parameters for these data, which are similar to those calculated by Growth
II, are shown in the table above.

6.3  Fitting a model to incremental data

Use File|Open to find and open incremental test Gompertz.csv (saved by default
during installation in the folder C:\Program files\GrowthII\GrowthDemoData)

This demonstration data set was generated for demonstration purposes using a Gompertz
growth curve with an upper asymptote (L infinity) of 21.9, a growth rate of 0.417 and a
point of inflection at t=3.

With the data file loaded you can click on the Incremental Data tab to examine the
data set. The first column just gives an identifier for each individual measurement set (it
might be a number of name). The Size t0 column gives the initial size measurement for
each individual, the Size t1 column gives the size measurement at a later time and the
Time Gap column gives the time jump between t1 and t0. For Fabens' 1965 method to
work we must also give at least one observation of known size at age and these
observations are placed in the Known Age and Known Size columns. (see Entering and
Editing Data for information on how to enter your own data)
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Once the data set has been opened, Growth II will immediately fit a von Bertalanffy

growth curve to the data and plot the result.
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Predicted Growth Curve - Brody-Bertalanffy

16+

Length

=1L (1-be™)

Results Brody-Bertalanffy |95% Confidence |
Upper Asymptote {Linf) 32,8516 11,932

K (Growth Rate) 0117174 00673065

TO {Time at which size is 0) 1,04084

|Incremental Data |Ca|culations |Length Results |

A brief glance at the grid below shows that the von Bertalanffy upper asymptote estimate
has an estimate of 32.85 with 95% confidence intervals of 11.92. This suggests a rather
poor fit. This is conformed by clicking on the Calculations tab and examining the
differences between the observed and predicted values.
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Predicted
2,19 3,75
4.80 5.5o
11.00 10,75
16.00 15.42
19,30 19,73
20,70 21,42
21,70 22,04
16,50 16.76
1.50 1.95
14,00 13.19
15,20 18.10
20,00 20,53

-0.53 %

From the Incremental drop-down now choose the Gompertz option

von-Bertalanffy -

13
[IEI Gompertz .
Logistic T

rio,

Richards -

The results are immediately displayed and the plot looks like a better fit. More
importantly the confidence intervals on the parameter estimates are far smaller. For the
asymptote, the 95% confidence intervals are only 1.98 compared with 11.932 for the von
Bertalanffy. The Gompertz is clearly the better model, as it should be as the data was
generated from a Gompertz curve with an asymptote of 21.9.

- kf

I _ L El -hg
F - e
Results Gompertz [95% Confidence
Upper Asymptote (Ljnf) 21.8662 1.98798
K {Growth Rate) 0.407525 0.0136919
TO (Time at which size is 0) 1.11785

Incremental Diaka | Calculations | Length Results

The superiority of the Gompertz over the von Bertalanffy is is also reflected in the
differences between the observed and predicted on the Calculations tab.
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You can also try a logistic fit which will give a poor fit to the data.
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7 Types of growth curve

Growth II offers a wide range of growth curves these vary in their shape, flexibility and
the number of parameters that need to be fitted to your data. Generally you should
favour a growth model that gives the best fit while taking into account the number of
parameters (see Akaike information criterion). Fitting a model with 4 or 5 parameters to
data set that is noisy (high error levels in the measurements) and holds a small number
of points < 10 is unlikely to be successful.

3 parameter models
Exponential growth

3 parameter logistic growth equation

3 parameter Gompertz growth equation
von Bertalanffy growth equation

4 parameter models

Morgan-Mercer-Flodin

Weibull growth curve

4 parameter logistic growth equation

4 parameter Gompertz growth equation
4 parameter Richards model

5 parameter models

5 parameter Richard's model
seasonally adjusted von Bertalanffy growth model

7.1  Gompertz growth curve

The Gompertz curve was originally derived to estimate human mortality by Benjamin
Gompertz (Gompertz, B. "On the Nature of the Function Expressive of the Law of Human
Mortality, and on a New Mode of Determining the Value of Life Contingencies." Phil.
Trans. Roy. Soc. London 123, 513-585, 1832). Charles Winsor (1932) presents an early
description of the use of this equation to describe growth processes.

Assume that the rate of growth of an organism declines with size so that the rate of
change in length, /, (or any other measure of size of weight) may be described by:

fflog%r = K(log I —log )

where K is the growth rate and L , termed 'L infinity', is the asymptotic length at which

growth is zero. (This equation has the same form as the von Bertalanffy but with log
length replacing length)

Integrating this becomes:
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I =7 , k(=)
=/ @

fd oo

where t is age and I is the age at the inflection point.
The equation above is the 3 parameter version of the Gompertz growth curve (see below

for an example plot). Growth II can also fit the 4 parameter version:

], = A+ Be¢ 0

in which A is the lower asymptote (see below for an example plot) and B is the upper
asymptote minus A.

The point of inflection on the y-axis occurs at

This last formula states that the point of inflection is always at at about 36.8 % of the
asymptotic size (L ). This does not hold true for all growth processes. You should

consider using the Gompertz growth curve to model sigmoid growth processes in which
the point of inflection is approximately 1/3 of the maximum possible size.

The following graphs show example plots of the 3 and 4 parameter Gompertz.
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3 parameter Gompertz with L infinity =50, k =0.5and | =5
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7.2

Logistic curve

The logistic growth curve (sometimes called the Verhulst model as it was first proposed
as a model of population growth Pierre Verhulst 1845, 1847) is one of the simplest of the
S-shaped growth curves. A generalization of the logistic, which is no longer symmetrical
about the point of inflection, was developed by Richard (1959) and is termed the
Richards curve or generalized logistic.

Assume that the rate of growth of an organism declines with size so that the rate of
change in size may be described by:

fﬁr N
/ﬁ—z“(ﬁ 5)

where t is time, | is length (size), K is the growth rate and delta a term which expresses
the rate at which growth declines with size.

After integration and some rearrangement we arrive at the 3 parameter logistic growth
curve:

[ = L.

f == 1
1+{?k£f

where T is the age at the inflection point and L is the upper asymptote (maximum size
reach after infinite growing time).

The 3 parameter logistic has a lower asymptote of 0. The point of inflection on the y-axis
occurs at

/
1, = %

This last formula states that the point of inflection is always at at 50 % of the asymptotic
size (L ). This does not hold true for all growth processes. You should consider using the

Logistic growth curve to model sigmoid growth processes in which the point of inflection
is approximately 1/2 of the maximum possible size.

If a non-zero asymptote is required then the 4 parameter version of the equation is
required this is expressed by the equation:
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(k=)
(l+e é}

[ =a+

where a is the lower asymptote and d is a shape parameter that determines the
steepness of rising curve.
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The following graphs show example plots of the 3 and 4 parameter Logistic growth curve.

4 parameter logistic, L infinity = 4, K =5 and delta = 0.5

Size (for example length)

Time

16

4 parameter logistic, L infinity = 4, alpha=1,K=5and delta=1

Size (for example length)

16
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7.3

Richards curve

The Richards curve or generalized logistic is a widely used growth model that will fit a
wide range of S-shaped growth curves. There are both 4 and 5 parameter versions in
common use. The logistic curve is symmetrical about the point of inflection of the curve.
To deal with situations where the growth curve is asymmetrical, Richards (1959) added
an additional parameter producing the equation:

£

1
[ =1L_ [1+(5—1)£?_k'£_y']/1_5'

where | = length, (or weight, height, size), = 1 and t = time.
The four parameters are:

L, , the upper asymptote;

k, the growth rate;
y, the point of inflection on the x axis
8, a parameter that in part determines the point of inflection on the y axis;

The y-ordinate of the point of inflection is determined from

L

i~

cr)
A
5749

The average normalized growth rate is:
l{ o+1 }

Richards curve requires one more parameter than the logistic curve to generate
asymmetry; you can avoid this additional parameter by using the Gompertz curve which
generates an asymmetrical growth curve with only 3 parameters.

The Richards curve can be difficult to solve because of numerical difficulties. This
particularly the case with 5 parameter model, where the choice of initial parameters is
critical. The Janoschek model has much of the flexibility of the Richards model and is far
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easier to solve.

The 5 parameter version of the Richards curve is:

[=[0+ L.

{.1 + To Flétnm) %

where

B, is the lower asymptote;

L,, is the upper asymptote;

tm, is the time of maximum growth;

k, is the growth rate and

T, is a variable which fixes the point of inflection.

The following graphs show example plots of the 4 and 5 parameter Richards growth
curve. The first 3 graphs show the effect of varying, n (nu), which is the parameter
determining the degree of asymmetry. The final plot is the 5 parameter version with a
lower asymptote greater than zero.

4 parameter Richards curee, L infinity = 50,
k=2, tm (point of inflection) = 8, nu (asymmetry parameter) = 10

Size (eq length)
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4 parameter Richards curve, L infinity = 50,
k=2, tm (paint of inflection) = 8, nu (asymmetry parameter] =5
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7.4  Weibull

The Weibull growth model is described by the equation:

=L, (L, - gl "

where | = length, (or weight, height, size) and t = time.
The four parameters are:

B, is the lower asymptote;
L,, is the upper asymptote;

k, is the growth rate and
8, is a parameter that controls the x-ordinate for the point of inflection.

The point of inflection on the x axis lies at:

L)fo-1 Y5

I

T O

If 5 = 1 the Weibull is a simple exponential growth curve.

The following graphs show example plots of the Weibull growth curve for different values
of § (delta).
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Weibull growth curve, L infinity (upper asymptaote) = 10,
beta {lower asymptote) = 4, k=01 and delta=0.3
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Wieibull growth curve, L infinity (upper asymptaote) = 10,
beta {lower asymptote) = 4, k=0.1 and delta = 1
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7.5 Janoschek

This growth curve was originally proposed by Janoschek, A. (1957). The form of the
equation used by Growth II can have initial values greater than 0 and was originally
described by Sager (1978). It has the equation:

_ [—mﬁl
=L, —(L.—pe
where | = length, (or weight, height, size) and t = time.

The four parameters are:
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7.6

B, is the lower asymptote;
L, is the upper asymptote;

k, is the growth rate and
3, is a parameter that controls the x-ordinate for the point of inflection.

Note that this curve is extremely similar to the Weibull growth curve.

The Janoschek growth curve has the flexibility of the Richards curve, but is far easier to
fit and manipulate. It rarely fails to converge during non-linear regression.

Exponential

The exponential growth model is described by the equation:
— i - =i kﬁl |
fﬁ - Lm _{Em _ﬁ.}{?

where | = length, (or weight, height, size) and t = time.
The three parameters are:

B, is the lower asymptote;
L., is the upper asymptote;

k, is the growth rate.

The following graphs show example plots of the exponential growth curve for different
values of k.

20

Exponential growth equation, L infinity = 10,
beta (lower asymptote) = 2, K=0.3
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Exponential growth equation, L infinity = 10,
beta (lower asymptote) =2, K =2
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7.7 Morgan-Mercer-Floden

The Morgan-Mercer-Flodin (MMF) growth equation is described by the equation:

L. —p

i ‘w ] R
L+ (kr)° )
where | = length, (or weight, height, size) and t = time.

The four parameters are:
B, the size at t=0;
L, , the upper asymptote;

k, the growth rate and
5, a parameter that controls the point of inflection.

The point of inflection is located at:

5_1,%

I =|—

O +1
and

O —2
[=—

20
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The following graphs show example plots of the MMF growth curves for different values

of 6 (delta).

MMF growth curve, L infinity (upper asymptote) = 10,
beta (size at t=0) =2, k = 0.2 and delta=5
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MMF growth curve, L infinity (upper asymptote) = 10,
beta (size att=0) =2, k= 0.2 and delta=1
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7.8

MMF growth curve, L infinity (upper asymptote) = 10,
beta (size at t=0) = 2, k = 0.2 and delta = 0.3

Size (eg length)
N
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Time

The von Bertalanffy growth equation

von Bertalanffy derived this equation in 1938 from simple physiological arguments. It is
the most widely used growth curve and is especially important in fisheries studies.

Assume that the rate of growth of an organism declines with size so that the rate of
change in length, /, may be described by:

dl/ —vir _
/ﬁ—ﬂ_(ﬂm /)

where t is time,

| is length (or some other measure of size),

K is the growth rate and

L, , termed 'L infinity' in fisheries science, is the asymptotic length at which growth is

ZEero.

Integrating this becomes:

[ =1L, (1—e X!

The parameter t, is included to adjust the equation for the initial size of the organism

and is defined as age at which the organisms would have had zero size. Thus to fit this
equation you need to fit 3 parameters (L, K and t, ) by nonlinear regression.
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The following graph shows an example plot of this equation.

Example Von Bertalanffy curve with L infinity = 18 cms and K = 1.0 per year
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Time years

To fit this curve we must therefore estimate 3 parameters, L , K and t,. While this was

once done graphically, it is now accomplished using the Levenberg-Marquardt Method for
non-linear regression. Growth II offers both the graphical and the more accurate
nonlinear numerical method.

7.9 Seasonally adjusted von Bertalanffy

Because organisms generally grow seasonally, a good description of the pattern of
growth of an organism that lives for a number of years requires a seasonal adjustment to
the growth rate. The seasonal growth equation used by Growth II is an extension of the
von Bertalanffy growth equation derived by Somer (1988). This has the form:

] =] [l—e"“f“fﬂ '+S|:z:|—3(:a)J
£ ‘o '

where K is the growth rate and L , is the asymptotic length (or size) at which growth is
zero and t0 is time at which the organism would have zero length (size) and

1 7.

(
S() =| == |Sinz(r-1,)

i

-
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Ck

S(t,) = Sinz(r, —1,)

I

-

C is a parameter that measures the size of the seasonal variation in growth. When C = 0,
the equation has no seasonal variation and is the same as the von Bertalanffy. When C
=1 or (-1) growth becomes zero during the winter or other low growth season. If Cis > 1
or < -1 then the organism will shrink during the non-growth season. The parameter ts is
the time between t = 0 and the start of a growth oscillation. For visualization, it helps to
define ts + 0.5 = WP, which expresses, as a fraction of the year, the period when growth
is slowest. WP represents Winter Point.

This equation cannot describe long periods of zero growth, however, it often gives an
adequate description of seasonal growth, and the parameter C can be used to compare
the degree of seasonal growth shown by different species.

It is important to note that Growth II expects age (time) to be expressed in
years or fractions of years. Thus, age 3 months is 0.25 years.

Tutorial and examples of seasonal growth fitting.
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8.1

8.2

Regression diagnostics

Growth II offers 3 measures of the suitability of a model as a fit for your data.
Weighted Sum of squared residuals

Akaike Information Criterion (AIC)
Schwarz Criterioin (SC)

Weighted Sum of squared residuals

The sum of squared residuals gives a measure of the deviation of the observed size
values from that predicted by the selected model; it is calculated using:

SS = Z{} absi cafcufa:zed i }2

where n is the number of observations.

If standard deviations (SD) have been given for the mean size at age, then the weighted
sum of residuals is calculated using:

i=#n .}2

WSS = :::'E:'.S'I o cafcufczzedz -
i=1 15D

See also

Akaike Information Criterion (AIC)
Schwarz Criterion (SC)

Akaike Information Criterion

The Akaike Information Criterion (AIC) (Akaike, 1974) is a measure to help in the selection between
candidate models. Using this criterion, the best model is the one with the lowest AIC. This criterion
takes into account both the closeness of fit of the points to the model and the number of parameters
used by the model.

It is calculated as:

AIC = NIn(WSS) + 2M

where N is the number of data points, WSS is the weighted sum of squares of residuals and M is the
number of model parameters.
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See also Schwarz Criterion.

8.3  Schwarz Criterion
The Schwarz Criterion (SC) is a measure to help in the selection between candidate
models. Using this criterion, the best model is the one with the lowest SC. This criterion
takes into account both the closeness of fit of the points to the model and the number of
parameters used by the model.

It is calculated as:

SC = NIn(WSS) + In( N)M

where N is the number of data points, WSS is the weighted sum of squares of residuals
and M is the number of model parameters.

See also Akaike Information Criterion
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10 Contact Pisces

10.1 Contact Pisces

For most active windows, context sensitive help can be obtained by pressing F1, clicking
on the help button or selecting the help drop down menu. or clicking on the right-hand
mouse button and choosing help from the pop-up menu.

If pressing F1, make sure that the window that you are seeking help for is the active one.

If you have problems using the program or entering data which you cannot solve then
contact Pisces Conservation Ltd by e-mailing pisces@irchouse.demon.co.uk or by phone
to UK (0)1590 674000 during office hours (09.00 to 17.00).

PISCES Conservation Ltd,
IRC House, The Square
Pennington,

Lymington

Hants,

S041 8GN

UK

Telephone 44 (0) 1590 674000
or 44 (0) 1590 676622
Fax 44 (0) 1590 675599

For more information, details of our other software, and answers to a range of technical
queries, visit our web site at http://www.pisces-conservation.com

For details about our consultancy and research work, visit
http://www.irchouse.demon.co.uk
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