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Models of length distributions

Statisti
al and other models of length distributions

A fairly simple statisti
al model of length distributions is a 
ombination of


ohort length distributions, ea
h of whi
h is assumed to be for a spe
i�


probability density su
h as a Gaussian density.

The lo
ation of ea
h density is 
entered on the mean length of the


orresponding 
ohort with some standard deviation.

The multipli
ative fa
tors forming the 
ombination re�e
t the relative

strength of ea
h 
ohort.
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Models of length distributions

Cohort sli
ing

Figure : A length distribution is sli
ed by assigning length groups surrounding a mode to an

age group.

Sli
ing is done by grouping length 
lasses into age groups.
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Models of length distributions

The distribution of length at age
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Figure : Some length measurements on age 1 
od in I
elandi
 waters in 1996.
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Models of length distributions

The Gaussian density and 
df
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Figure : Length frequen
y and �tted Gaussian for a single age group.

Example: Data on the length of one-group 
od and a normal density, with the same mean and

standard deviation of length and s
aled to the same 
ounts.
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Models of length distributions

The proportion within a length group

Gaussian density and 
umulative distribution fun
tion
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Unknown parameters: π
a
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.
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Models of length distributions

Statisti
al estimation of proportions at age

Parameters: π
a

, µ
a

, σ
a

Need some 
riteria, e.g.

∑
(y

l

− ŷ

l

)2

Where y

l

is the measured proportion in 
ell

l and ŷ

l

is the modeled proportion
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Figure : Example length

distribution. Cod in 1990 survey of

I
elandi
 waters.

If at least some modes 
an be dis
erned, it is feasible to use data-�tting methods to estimate

normal distributions whi
h add up to give the observed length distribution as the sum of the

individual 
omponents.
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Models of length distributions

Setting initial values
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Figure : Example length distribution with initial values for �tted distribution.
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Models of length distributions

Estimating proportions alone

The proportions are easiest to estimate and


an be estimated for given values of the

mean and standard deviation.

The results from this �rst estimation part

will typi
ally 
lear up what needs to be done

about standard deviations and means.
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Figure : Example length

distribution. Cod in 1990 survey of

I
elandi
 waters.

In this parti
ular 
ase the standard deviations on the older ages are 
learly way too low.

# Define a fun
tion to evaluate the fit of different ve
tors of proportions

sseprop<-fun
tion(pve
){ # The pve
tor is input - the mu and sigma are fixed

pi<-
(pve
,1-sum(pve
)) # na-1 values - the last is 
omputed

pi<-abs(pi) # Make sure all are positive

pi<-pi/sum(pi) # Readjust, just in 
ase

fit<-rep(0,130) # Compute the fitted values

for(lgrp in 1:130){

fit[lgrp℄<-sum(pi*(pnorm((lgrp+0.5-mu)/sigma)-pnorm((lgrp-0.5-mu)/sigma)))

}

sse<-sum((dat-fit)^2)

#plot(lgrps,dat,type='b',lwd=2)

#lines(lgrps,fit,type='l',lwd=2,
ol="red")

#
at("SSE=",sse,"\n")

return(sse)

}

# Read the data

lmat<-read.table("http://tutor-web.net/fish/fish5103growth/le
ture30/base30.dat",header=T)

le<-lmat$le

freq<-lmat$freq

# Set the initial values

na<-11

p0<-rep(1/na,na-1)

# Make sure the zero 
ells are also represented

lgrps<-1:130

dat<-rep(0,130)

dat[le℄<-freq/sum(freq) # The data ve
tor

pi<-
(p0,1-sum(p0)) # Proportions - making sure they add to 1

mu<-
(12, 24, 35, 45, 55, 65, 75, 85, 95, 105, 115) # Mean lengths at age

sigma<-rep(2.5, na)

# Find the best proportions for this parti
ular set of mu, sigma

fm<-nlm(sseprop,p0)

p1<-fm$estimate

pi<-
(p1,1-sum(p1))

fit<-rep(0,130) # Be
ome the fitted values (first just the initial ones)

for(lgrp in 1:130){

fit[lgrp℄<-sum(pi*(pnorm((lgrp+0.5-mu)/sigma)-pnorm((lgrp-0.5-mu)/sigma)))

}

plot(lgrps,dat,type='b',lwd=2,xlab="Length (
m)", ylab="Frequen
y")

lines(lgrps,fit)
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Models of length distributions

Typi
al parameter redu
tion - sigma

Commonly assume equal standard deviations

Often the standard deviation for the

youngest is 
learly lower than for the oldest

Possibly estimate one or a few for the

younger ages
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Figure : Example length

distribution. Cod in 1990 survey of

I
elandi
 waters. Sigma values

estimated after proportions.

After the proportions, standard deviations for 4 ages are estimated.

See base.r for the 
ode.
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Models of length distributions

Full run
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Figure : Example length distribution. Cod in 1990 survey of I
elandi
 waters. Parameters

estimated in twi
e-repeated sequen
e.
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Models of length distributions

Parameter redu
tion - using a growth 
urve

May want to use a von B growth 
urve in pla
e of µ
a

R 
oding:

ssevonB<-fun
tion(beta){

Linf<-exp(beta[1℄)

k<-beta[2℄

muve
<-Linf*(1-exp(-k*(1:11)))

fit<-rep(0,130)

for(lgrp in 1:130){

fit[lgrp℄<-sum(pi*(pnorm((lgrp+0.5-muve
)/sigma)-pnorm((lgrp-0.5-muve
)/sigma)))

}

sse<-sum((dat-fit)^2)

plot(lgrps,dat,type='b',lwd=2)

lines(lgrps,fit,type='l',lwd=2,
ol="red")


at("SSE=",sse,"\n")

return(sse)

}

Gunnar Stefansson and Lorna Taylor Models of length distributions De
ember 19, 2016 12 / 14



Models of length distributions

Caveats

Un
ertainty estimation

Time of sampling - �xed-point (survey) or 
ontinuous (
at
hes)

Time of spawning - short interval or 
ontinuous or biomodal

et
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