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Sampling

Design issues
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Figure : The varian
e vs mean relationship for an estimated proportion

Length distributions are basi
ally 
ount data, as are the number of �sh at a given age if simple

random sampling is used for age readings. In the 
ase of simple random sampling from an entire

population of �sh, the number of �sh in a given age or length 
ell should follow a binomial

distribution.

This implies that the probability of obtaining exa
tly x �sh in a given 
ell is given by binomial

probabilities:

p(x) =
(

n

x

)

p

x(1 − p)(n−x)

where p is the true population proportion in the 
ell. Fisheries data rarely satisfy this!

If the binomial distribution applies, the varian
e of the number of �sh in a given 
ell is npq

where q 1 p and the mean number (expe
ted value) is np.

Given data, x , the estimated proportion is p x n and the varian
e of this estimate is given

by pq n. It should be noted that this varian
e is never greater than at p

1

2

.

A 
ommon method of obtaining a 
on�den
e interval for the proportion is though the use of

a Gaussian approximation.
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The width of the 
on�den
e interval is
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whi
h is never wider than
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It follows that if one 
an guarantee that the latter is no more than , then the former will also

be smaller.

Commonly, 0 05 is used and then z

1 2

1 96.

Some design 
riteria in
lude

The distan
e between p and p should be no greater than ,

The 
on�den
e interval width should be no more than .

The standard error of p should be no more than .

Con�den
e interval width 
riterion:
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Now note that
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and it follows that the 
on�den
e interval is su�
iently tight if n is 
hosen to satisfy
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.

Distan
e between p and p 
riterion:
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Standard error of p 
riterion:
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Sampling

Simulating sampling s
hemes

Want to estimate a proportion p

Sample independently individual �sh (in

group=1; or not=0): get binomial distribu-

tion for x=number of positives

Estimated proportion: p̂ = x/n

Known expe
ted value and varian
e:

E [p̂] = p, V [p̂] = np(1 − p)

Histogram of phat
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Example: In R it is very easy to simulate the e�e
ts of di�erent sampling s
hemes and there

are several ways to do this. Consider the red/green marble experiment.

R 
ode for the red/green marble experiment

n<-25

numred<-10

numgreen<-30

green<-rep("G",numgreen)

red<-rep("R",numred)

bowl<-sample(
(green,red))

B<-1000

phat<-rep(NA,B)

for(b in 1:B){

out
ome<-sample(bowl,n,repla
e=T)

x<-sum(ifelse(out
ome=="R",1,0))

phat[b℄<-x/n

}

hist(phat)
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Sampling

Correlation issues

When 
orrelation issues o

ur the model is usually wrong

Primary issue: Intra-haul 
orrelation, 
f Pennington and Volstad

Fish within a station s are more similar than a
ross stations.

A model of the pro
ess needs to in
lude a (random) station e�e
t:

y

sj

= µ+ α
s

+ ǫ
sj

Here, y

sj


ould be the length of �sh j at station s.

The resulting 
orrelation between �sh at the same station is the intra-

haul 
orrelation
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