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Prodution
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Figure : The stok-reruitment urve an be alled a prodution urve.

S-R urve is a prodution urve
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Replaement
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Figure : A line re�eting the replaement of the stok, i.e, how muh a given yearlass size

provides in terms of spawning stok biomass, is a replaement urve.
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Data requirements

Need several data sets for prodution and

replaement urves

Assessment gives the prodution (stok-

reruit) urve

Mean weight at age, natural mortality at

age, seletion at age and proportion mature

at age gives spawning stok biomass per

reruit

Can simulate or use real data...

2 4 6 8 10 12 14

0
20

40
60

80
10

0
12

0

Age (years)

Le
ng

th
 (

cm
)

2 4 6 8 10 12 14

0
5

10
15

20
25

30
35

Age (years)

W
ei

gh
t (

kg
)

2 4 6 8 10 12 14

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Age (years)

S
el

ec
tio

n

2 4 6 8 10 12 14

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Age (years)

P
ro

po
rt

io
n 

m
at

ur
e

Figure : Assumptions are needed...

Example: To generate data for simulating the prodution and replaement urves, one an

start with simple assumptions onerning growth et.

Linf<-160

k<-0.1

beta<-3

ond<-0.02

ages<-1:14

t0<-0

la<-Linf*(1-exp(-k*(ages-t0))) # Mean length at age

la<-round(la,2)

selF1<-0

selF2<-0.25

selF3<-0.35

selF4<-1.1

wa<-ond*la**beta/1000 # Mean weight at age in kg

wa<-round(wa,2)

s50<-5 # Age at 50% seletion

sa<-round(1/(1+exp(-1.1*(ages-s50))),2) # Seletion at age

p50<-5.5

pa<-round(1/(1+exp(-2*(ages-p50))),2) # Proportion mature at age

M<-0.2

srfun<-funtion(Fmult,M,sa,wa,pa){

Fmort<-Fmult*sa

Z<-Fmort+M

Ztemp<-(0,Z[1:(length(Z)-1)℄)

umZ<-exp(-umsum(Ztemp))

S<-sum(wa*pa*umZ)

return(S)

}

The above simulated data is su�ient to simulate the spawning biomass be reruit.

In addition, the parameters of a stok-reruit relationship need to be de�ned to simulate the

stok-reruitment urve. This an be done in several ways.
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Prodution and replaement
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Example: Given appropriate de�nitions of parameters, the following ommands an be used

to plot some prodution and replaement urves.

Srange<-0:2000*100

Rhat<-alpha*Srange/(1+Srange/K)

plot(Srange,Rhat,type='l',xlab="S ('000 t)",ylab="R (millions)")

sr1<-srfun(selF1)

sr2<-srfun(selF2)

sr3<-srfun(selF3)

sr4<-srfun(selF4)

lines(Srange,Srange/sr1)

lines(Srange,Srange/sr2)

lines(Srange,Srange/sr3)

lines(Srange,Srange/sr4)
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Prodution and replaement: Low e�ort
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Prodution and replaement: Heavy e�ort
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Figure : The �gure shows the long-term e�ets of allowing reruitment to return only a

spawning biomass whih is lower than the spawning stok that produed these reruits.
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Referene point: F

rash

F

rash

= Fishing mortality orresponding to

stok ollapse.
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Figure : A simulated

stok-reruitment urve along with

the replaement line for Frash.

Gunnar Stefansson Prodution and replaement June 15, 2016 8 / 11



Prodution and replaement

Referene points: Fmed

F

med

is the �shing mortality whih orresponds to the median observed

slopes from data in an S-R plot.

F

med

is used to denote a spei� mortality rate, omputed based on S-R data and an S/R

urve.

First take the median slope of the S-R data, i.e. ompute median(S/R) over all the years

from an assessment. Now, hek that the units of this quantity are the same as in the S/R

funtion (e.g. '000 tonnes/million individuals=kg/reruit). Finally, �nd what F orresponds to

this value of S/R. This is F

med

.
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Prodution and replaement presentation
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Note varying interpretation!
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Spawning Stok and Reruitment - Summary
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A stok-reruit urve for a simulated stok, with some replaement lines inluding F = 0 and

F = F

rash

.
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Referenes See Shepherd and Niholson for Fmed.
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