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Growth models

Prin
iples of mathemati
al modelling

A mathemati
al model of a biologi
al pro
ess is, in its simplest form, just

a formula used to des
ribe the pro
ess.

Before attempting to �t 
omplex statisti
al models, the pro
edure

should be to envisage the biologi
al pro
esses, formulate them as math-

emati
al models, and then study the behavior of the mathemati
al models.

On
e the mathemati
al models appear to behave in a

ordan
e with the

biologi
al pro
esses in question it is ne
essary to 
ompare the models to

data, whi
h is where the statisti
s 
ome in.

Part of the pro
edure is to plot and analyse data in order to verify whi
h

mathemati
al assumptions may re�e
t biologi
al reality.

Example: If the age of a �sh is stored in R as a ve
tor,a, then one 
an use

lhat<-Linf*(1-exp(-K*(a-t0)))

to 
ompute the predi
ted length at age.
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Growth models

Always �rst plot the data

First always plot the data - e.g. length

against age.
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Growth models

A model of �sh growth

A model of growth - the von Bertalan�y

growth equation
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K= 0.1  Linf= 120  t0= 0

K= 0.5  Linf= 120  t0= 0

K= 0.1  Linf= 80  t0= 0
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Growth models

Mathemati
al models as fun
tions in R
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Growth models

The sum of squares

Need to de�ne the sum of squares deviations based on
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Example: Estimating a growth 
urve for a �sh sto
k.

De�ne a new fun
tion whi
h returns the sum of squared errors, for a given set of parameters.

The data is assumed to be available in the dire
tory where the fun
tion is 
alled.

sse<-fun
tion(b){

lhat<-vonb(b)

s<-sum((l-lhat)^2)

return(s)

}

A better way of de�ning the fun
tion is to pass all the data as arguments:

sse<-fun
tion(b,a,l){

lhat<-vonb(b,a)

s<-sum((l-lhat)^2)

return(s)

}

This 
an now be 
alled with

sse(
(120,0.15,0),ages,meanl)

509.2992

>
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Growth models

Fitting a nonlinear growth model
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Plot some of the results

plot(a,l)

K<-fm$estimate[2℄

t0<-fm$estimate[3℄

Linf<-fm$estimate[1℄

lhat<-Linf*(1-exp(-K*(a-t0)))

lines(a,lhat)
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