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1 Introduction

1.1 Background - the development of cohorts in numbers
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Age
I-Cod catches in numbers at age from several cohorts.
1.1.1 Details

It is well-known that cohorts of fish enter fisheries at some, agually their numbers in
catches first increase and subsequently these fish die.

This is easily seen by looking at catches by age for diffecehbrts. Initially these catches
increase as a function of age as the fish enter the fishesegnter the fishing ground or

become more accessible to the fishing gear.

1.1.2 Examples

at which age the fish were caught.

occur between ages 4 and 6.

Example 1.1. The figure indicates the development in the catches at ageeuific
cohorts of cod in Icelandic waters. Each curve is a sepaddtert The x-axis indicate

The figure shows that fish are caught in low numbers at age 3 astl ohthe catche

This figure alone does not indicate whether this is a senatilization scheme or not.

v)

Importantly, it is seen here that for this cod stock, thelcaticthe 1983 year-class at agje
4 is about twice that of the same year-class at age 6.




1.2 Mean weight at age in catch

weIIeam

I-Cod Mean weight at age in catch

1.2.1 Details

In order to obtain some sense of whether a stock is beingedilin a rational manner, the
mean weight at age in catches needs to be taken into account.

1.2.2 Examples

Example 1.2. The mean weight at age for cod in catches is given in the figbesera
interesting observations can be made from this figure.,lgretvth is considerable fro
ages 4 to 6 which is the age range when the fish are caught itegtreambers. Second,
the mean weight at age is quite variable from year to yeas Wil need to be considerdd
when predictions are made.

1.3 I-cod: Catch in weight
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1.3.1 Details

When weight at age in catches is multiplied by catches atregeesulting catches in weight
at age are quite illustrative.

1.3.2 Examples



Example 1.3. The figure indicates the catch biomass by age for differenoids of cod
in Icelandic waters. This picture shows a considerablyedsft story from the graph @f
numbers caught.
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Comparing the two figures of numbers and biomass raises theusbquestion, "Wer
these year-classes utilized sensibly?".

1.4 The development of a cohort in numbers

e Development of average I-Cod cohort size in numbers as sgaurbey indices of
abundance. A logarithmic scale is used. Notice the devebopmf numbers.

1.4.1 Details

The following analyses will all assume that there is no ntigrain or out of the region of
interest. Once a cohort has been born, the numbers candreosfly decrease.

This decline in cohort abundance can be directly obsenad Burveys, where attempts
are made to catch all age groups equally.

1.5 Yield per recruit
1.5.1 Details
Typical cohort assumptions:
e Year-class size fixed
— l.e. M not variable after this age
e Numbers are reduced due to fishing and natural causes
— The numbers do not increase after the cohort is born
e The individuals gain weight with age
— Assuming the fish have enough to eat
e The biomass of the year-class will reach a maximum

— Weight * numbers =low initially, increases and ends up ase zer
— hence there is an age where the year-class would be killeguiacalture



e Fishing is for many year-classes at once

— So need to estimate what proportion should be caught at egch a

1.6 Development of yield and biomass
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Development of biomass in the absence of fishing

1.6.1 Details

When a stock is utilized in such a way that only the very oldest largest individuals are
caught, it is possible that the catch will be below potertetause very few individuals
can attain such an age and size simply due to natural mgrtalit

On the other hand, it is not desirable either (from the viewpaf obtaining high catches)
to harvest mainly small fish whose potential growth has nenbebtained. This can be
demonstrated by comparing fishing with aquaculture. Aftgear-class is born individual
growth continues for most of its life-span. The total biosaxreases initially since indi-
vidual growth exceeds mortality. This trend will, howeveagt go on for ever. As the

individuals become older, their growth tends to slow, asi@ehen compared with natural
mortality, and in the end they all die. At one particular gamtime, the total weight of the

year-class reaches a peak and would then give the greagbstiythe entire year-class can
be harvested at once.

The analysis of potential yield from a given cohort is thusafisiderable interest. This is
done by taking a fixed number of recruits and tracking thewetigment in time, as they
are subjected to the usual processes of growth, fishing htyréand natural mortality.

Several assumptions are needed for this type of analysis:

e Year-class sizes must be fixed (avids not variable)
e Numbers are reduced due to fishing and natural causes

e The individuals gain weight with age

The first of these assumptions carries with it some implisitsiderations. Although it is
simple enough to state that one is merely tracking a predsgegroup of fish, this implies
that it is sensible to do so. If the survival of such a group si fivould be highly varia-
ble due to external causes such as cannibalism or envirdahferctuations, then these
computations do not make much sense. It is therefore anginpisumption that the fish
considered are old enough that one can assume that naturallitgpoM, is not variable,



i.e. fairly stable after this age.

Since migration is assumed not to be of interest the secauhgdion follows.

The individuals will of course gain weight with age if theyveaenough to eat. Since a
fixed cohort is considered, a fixed set of mean weights at agearsidered, typically an
average over some years. Effects of this assumption willl bede investigated, both in

the form of potential competition effects at high numberd emthe form of variable mean
weight at age due to environmental variability in general.

These assumptions will lead to the biomass of the year-oéaghing a maximum at some
age: Weight * population size will be initially low, increasand then end up as zero.

Formally, the simple aquaculture analysis is basically

e Look at a single year-class

Consider harvesting it all at once

Numbers develop from year to year accordingNg;1 = e MN,

Biomass at a given age B = waNa

Should harvest when biomass is at a maximum (but note costsnyg)

Note that the cost is omitted here (as in most other caseg)efféct of including the cost
of feed will be fairly obvious (i.e. the harvest is taken esil

In any real fishing situation, fishing is for many year-clasaeonce so there is a need to
estimate what proportion should be caught at each age. NMefally, it is not possible,
in reality, to simply state that all fish should be caught atre-gpecified age, but gear
regulations can affect what proportion is caught at eachaageoverall effort (or quota)
regulations can affect the overall or average mortalityateétl on the cohort.

1.6.2 Examples

Example 1.4. The figure indicates the biomass development of a year-fdassithe i
Icelandic waters, based on typical values for mean weighg@tand natural mortality.

1.7 Yield per recruit
1.7.1 Details

Although it is simple enough to track the biomass of an unfistehort, to get indications
of the appropriate age to harvest it, fishing gear alwayseatseveral age groups together.
In order to model this, one must consider the parctical seleof different age groups.
The simplest way to do this is by tracking a single cohortinetiand analyzing how they
grow and die each year.

For a given year-class it is then possible to compute thel yiethe year-class.



1.7.2 Examples

Example 1.5.

1. Start with 1000 recruits (youngest age group, e.g. 3)

e Mean weight at age is known
e Know fishing mortality at each age
¢ Natural mortality is known

Compute catch in numbers at age three
Compute catch in weight at age three
Subtract natural mortality

Gives survivors at end of year

o 0o M W N

=number at age 4

1.8 Yield per recruit first age simplified example
1.8.1 Details

To predict total yield from a year-class, it is useful to star making assumptions on how
much is caught at the youngest age, what the weight is at gjesiad how many die at the
youngest age.

These numbers form the basis for computing the amount in etsrdnd weight caught
from this age group and in turn the survivors.

A simplified version of the computations could proceed byiasag proportional catches
and natural mortality, operating separately.

1.8.2 Examples

Example 1.6.

1. Start with 1000 recruiting cod at age 3

e Mean weight 1.1 kg
e Catchb
e Natural mortality 18

2. 1000x0.05=50 cod caught at age 3
3. 50x1.1=55 kg catch in weight at age 3
4. 1000-50=950 survive fishing




5. 950x0.82=779 survive the year

6. =number of 4 year olds at the beginning of next year

1.9 Yield per recruit second age group, simplified example
1.9.1 Examples

Example 1.7.

1. 779 cod 4 year old

e Mean weight 1.6 kg
e Catch 29% of age 4 cod
e Natural mortality 18% p.a.

2. 779x0.29=226 cod caught at age 4
3. 226x1.6=361kg of catch at age 4
4. 779-226=553 fish survive fishing
5. 553x0.82=453 fish survive the year

Which gives the number of 5 year olds at the beginning of neaty

2 Yield per recruit analysis

2.1 Introduction

¢ Initial assessment gives total mortali®)(
e Assume a value for natural mortalitiyl]
e Assume we have an idea of the fishing mortality by age group

e Can, for example, use back-calculation to gedr selection pattern

e Want to use these to compute expected yield for fixed yeasdae

2.1.1 Details

The issue of estimating or predicting yield potential frost@ack can be separated into two
parts: On the one hand there is the expected number of reéoui given stock size and
on the other hand, the yield per each recruit.

An important factor that needs to be considered in relatathé utilization of a fish stock
is, therefore, how much can be caught of a specific year-elass its size by number has
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been established. In order to examine this, the potentiahgaer recruit is computed as a
function of various assumptions.

The following will assume that there is a specific fishing @attfor a given year-class. The
pattern may be changed by modifying mesh size, for exampbklze effects of this can
easily be verified.

Remember, natural mortality affects the size of the yeasschnd individual growth affects
their mean weight.

2.2 Yield per recruit input data

UseF ands;to getF; =F - s,.
Note: Assume equilibrium or track a cohort...

2.2.1 Detalils

We will consider a specific year-class and track its develamprn time.

To determine yield per recruit the following data is needesdhing mortality at age, natural
mortality at age, and weight at age. In addition, the praponnature at age will be used
at a later stage.

In order to simplify computations, it will be assumed thahiigy mortality is written in the
formFa=F - s

2.2.2 Examples

Example 2.1. Data on cod in Icelandic waters, selection patteg), (hatural mortalit>|/
(Mgz) and mean weight at agev{). For later use we also note the vector of maturity at

age ).
http://tutor-web.net/fish/fish5105yieldrec/lecture26d.dat

Now we need to consider the overklland usd-, = F - s,.

2.3 Simulating a stock

Simulations are useful for testing the effects of assunmgtio
Can use vonB with length-weight relationship to get weigrage.

Can use curves for selection and maturity at age.

2.3.1 Example

11



Example 2.2. A simulated stock can be generated using the following contsa

http://tutor-web.net/fish/fish5105yieldrec/lecture@ristock.r

2.4 First year yield and stock size

2.4.1 Details

Assume that fish enter the fishery at age one. Thus, at therbegiaf the first year, the

year-class sizé\, is simply the number of recruits, i.8l; = R.

The mean weight at age 1 can now be used to compute the biofrthesyear-class at age

1asB; =wiN;.

The catch in weight during the first year is determined by fighinortality, year-class

strength and mean weight. Usually one would first computedbeh in numbers.

Definition 2.1. catch equation

Ci= —(1— e‘zl)Nl

Subsequently one would calculate the catch in weight.

Definition 2.2. Catch in weight equation

Y1 = chl .

2.4.2 Examples

Ris the number of recruits. Then the typical first-year compahs in R could be:

Fmult<-0.5
Fmort<-Fmult*sal[1]
Z<-Fmort+M[1]
Ni<-R

Example 2.3. Suppose the vect@, is the selection pattermy is the weight at age, arld

12



C1<-(Fmort/Z) *(1-exp(-Z))*N1
wi<-w[1]

Y1<-w1x*C1

N2<-Nixexp(-Z)

2.5 Second year

2.5.1 Details

During the next year the numbers change according to thé stgoation and become
N, = N;e~41, whereas the weight of the year-class becoBges- woN> and the catch in
numbers becomes

C = E(1— e_ZZ)Nz
Z

followed by the catch in weight:
Yo = wWoCo.

It is important to note that the number of two-year-old fishnsks in direct relation to the
number in the previous year. Thus, it is possible to rewhtedquation for two-year-old
fish in the catch in terms of the number of one-year-old résmmd mortality coefficients
in between.

Definition 2.3. 2-year-old catch equation

P

Co=—=—
2=7

(1—e®)e 4R

Thus, there is no real need to re-evaluate the stock in nusaberach step.

2.5.2 Examples

Example 2.4. Continuing the earlier example, typical second-year cdatpmns in RI
could be:

Fmort<-Fmult*sal[2]
Z<-Fmort+M[2]

C2<-(Fmort/Z) *(1-exp(-Z))*N2
w2<-w[2]

Y2<-w2*C2

N3<-N2x*exp(-Z)

13



2.6 The entire sequence

- Z Zy
Catch of ageg, fish:Ca = 22 (1—e%)e <= R
- Z Zy
Year-class yieldl => Y= 5—2(1— e %)wae @<a R
a
- Z Zy
Yield per recruitY /R= %(1 e 2)wae d<a

2.6.1 Details

In general, the catch in numbers of agish is given by the catch at age equation.

Definition 2.4. Catch at age equation

F B - > Zy
Ca—Z:(l e @)e 4a R

And the catch in weight of agefish is given by the catch by weight at age equation.

Definition 2.5. Catch by weight at age equation

The total yield of the year-class can also be calculated.

Definition 2.6. Yield per year-class equation

—ZZ/

a

Y = ZYa_ZZal e 2)we ¥<a R

An important aspect of the yield per year-class equatidmatthe total catch from a specific
year-class is simply a multiple of the year-class strengthatherwise only depends on the
effort directed at each year-class and mean weight by agen Ere above, it should also

be clear that yield per recruit can be calculated using tekelyier recruit equation.

Definition 2.7. Yield per recruit equation

14



This gives an equation that can be used to assess the efespetific fishing pattern and
total fishing mortality (multiplier) on the yield from a patilar year-class. The resulting
quantity is known as the yield per recruit.

The above model is of course a theoretical one. It can, hawgiwe valuable indications

as to whether a heavy or light effort is more feasible (oorzl) and whether it is better to
catch young or old fish.

2.6.2 Examples

Example 2.5. It should now be noted, that the stock numbers which arllin N2,
N3, can be written in terms of the original recruitment and olative Z-values. The R
function for accumulation isumsum.

cumsum(3:1)
356

Similarly one can set up a vector of cumulatE«values, first by computing the individugl
Z-values and then adding them up:

Fmort<-Fmult*sa

Z<-Fmort+M
prop<-(Fmort/Z)*(1-exp(-Z))
Ztemp<-c(0,Z[1: (length(Z)-1)]1)
cumZ<-cumsum (Ztemp)
C<-prop*exp (-cumZ)

Y<-sum(w*C)

Using anF multiplier (Fmult) of 1 and the values used earlier for cod in Icelandic waters
givesY/R= 1.58.

2.7 Results 1

Catches in numbers by age group at F=1.0

015

010

0.05

0.00

3 4 5 B 7 & 8 10 1 12 13 4

2.7.1 Details

Total catches are of primary interest.

2.7.2 Examples

15



Example 2.6. Consider the following application of the above theory, rehee computfl
the yield per recruit for ai multiplier of 1.

Fmult<-1

Fmort<-Fmult*sa

Z<-Fmort+M

prop<-(Fmort/Z) *(1l-exp(-Z))
Ztemp<-c(0,Z[1: (length(Z)-1)1)
cumZ<-exp (-cumsum(Ztemp) )
C<-prop*cumZ

Y<-sum (w*C)

cbind (Fmort,Z,C=round (C*1000))

This gives the following results:

Fmort Z C

3 0.07 0.27 61
4 0.33 0.53 196
5 0.60 0.80 186
6 0.86 1.06 107
7 1.09 1.29 43
8 1.15 1.35 12
9 1.156 1.35 3
10 1.15 1.35 1
11 1.151.35 0
12 1.1561.35 0
13 1.1561.35 0
14 1.151.35 O

As mentioned earlier, this givé&/R = 1.58. It should be noted that most of the catches
are from ages 3-7.

2.8 Results 2: Reduced effort

Catches in numbers by age group at F=0.5

000 00z 004 006 008 010 012

3 04 5 6 7 & 8 10 11 12 13 14

2.8.1 Details

With this approach is is quite easy to examine the effect ofing effort (through the
multiplier) while maintaining the same fishing pattern andgeistigating separately the ef-
fect of modifying the fishing pattern or other assumptions.

16



2.8.2 Examples

Example 2.7. Consider the following application of the above theory, vehee computtl
the yield per recruit for afr multiplier of 0.5.

Fmult<-0.5

Fmort<-Fmult*sa

Z<-Fmort+M
prop<-(Fmort/Z)*(1-exp(-Z))
Ztemp<-c(0,Z[1: (length(Z)-1)1)
cumZ<-exp (-cumsum (Ztemp) )
C<-prop*cumZ

Y<-sum(wxC)

names (Fmort)<-as.character(3:14)
cbind (Fmort,Z,C=round (C*1000))

This gives the following results:

Fmort Z C
3 0.035 0.235 31
4 0.165 0.365 109
5 0.300 0.500 130
6 0.430 0.630 106
7 0.545 0.745 68
8 0.575 0.775 34
9 0.575 0.775 16
10 0.575 0.775 7
11 0.575 0.775 3
12 0.575 0.775 2
13 0.575 0.775 1
14 0.575 0.775 0

Here we obtairy /R=1.72kg for F = 0.5. Notice that this is slightly higher than earljer
results withF = 1.0. More interestingly, however, is the age composition hiaesults
for a lower fishing mortality there are many more older fishtlar the high fishing
mortality.

2.9 The yield per recruit curve

A typical yield per recruit curve gives the yield in weightrpecruit for each level of

fishing mortality.

17



2.9.1 Detalils

A thorough understanding of all the underlying assumptism®portant when using these
methods to evaluate the potential yield from a year-class.

If there are uncertainties associated with the underlysgumptions, then the effects of
changing these assumptions should be investigated. Oftenlées not make much diff-
erence, but at other times even the slightest modificatiarheae wide-ranging consequ-
ences. In this case the factors in question require closenigation.

This graph shows that each year-class will only produce &efiyield. If the fishing

mortality increased too much then the catch will simply ua® more juvenile fish which
have only partially realized their growth potential.

2.9.2 Examples

Example 2.8. If we define an R function to return thé/R for a given value of fishinl;
mortality, then this function could be called wigltfun (0.4) and so on to get the yield
per recruit for individual values d¥.

Alternatively, if one is careful in the function definitioane can obtain a vector &f/R-
values and plot an entire curve of yield-per-recruit fofatiéntF-values, with

Fvec<-(0:150/100)
yr<-sapply (Fvec,yrfun,M,sa,wa)
plot (Fvec,yr,type=’1’,xlab="F", ylab="Y/R,(kg)")

2.9.3 Handout

The simplistic approach for defining ti¥e'R function is to use

yrfun<-function (Fmult) {
Fmort<-Fmult*sa
Z<-Fmort+M
prop<- (Fmort/Z)*(l-exp(-Z))
Ztemp<-c(0,Z[1: (length(Z)-1)1)
cumZ<-cumsum (Ztemp)
C<-prop*exp (-cumZ)
Y<-sum (w*C)
return(Y)

¥

but this assumes that the user has already defined the dabasM¢S;, andw;,. In fact no
other names can be used.

A much better approach is to define an R function with

yrfun<-function(Fmult,M,sa,wa){
Fmort<-Fmult*sa
Z<-Fmort+M
prop<- (Fmort/Z)*(1-exp(-Z))

18



Ztemp<-c(0,Z[1: (length(Z)-1)1)
cumZ<-exp (-cumsum (Ztemp) )
C<-prop*cumZ

Y<-sum (w*C)

return(Y)

}
so this function can be called witrfun(0.7,M,sa,wa) etc.

Notice that the function uses vector arithmetic internalBne can not call this function
with a vector ofF-values and expect to get the correct results.

Note also that the functiomhoes notassume the existence of data vectors such as the selecti-
on pattern, natural mortality, and weight at age. Rathey Hre all passed as arguments.

2.10 Yield per recruit and age composition

Bow 2

' The effect of variable fishing mortality on yield-per-reitr(solid line) and the age

composition of catches at low and high fishing mortality tddgsams).

2.10.1 Details

A thorough understanding of all the underlying assumptismsportant when using these
methods to evaluate the potential yield from a year-class.

If there are uncertainties associated with the underlysgumptions, then the effects of
changing these assumptions should be investigated. OQftenldes not make much diff-
erence, but at other times even the slightest modificatiarheae wide-ranging consequ-
ences. In this case the factors in question require closaniation.

This graph shows that each year-class will only produce &efiyield. If the fishing

mortality in increased too much then the catch will simplglirde more juvenile fish which
have only partially realized their growth potential.

2.10.2 Examples

Example 2.9. Start with some data, put it into file base95.dat:
Base95.dat: http://tutor-web.net/fish/fish5105yieldemture20/base95.dat

Use the commands found in the link below to generate a yielergcruit at age plot ifp
R:
http://tutor-web.net/fish/fish5105yieldrec/lecture@éid-per-recruit-age-plot.r

19



2.10.3 Handout

As noted earlier, the simplest Y/R-computations define anriRtion with:

yrfun<-function(Fmult){
Fmort<-Fmult*sa
Z<-Fmort+M
prop<- (Fmort/Z)*(1-exp(-Z))
Ztemp<-c(0,Z[1: (length(Z)-1)1)
cumZ<-exp (-cumsum (Ztemp) )
C<-prop*cumZ
Y<-sum (wxC)
return(Y)

}
so this function can be called wigtrfun(0.7) etc.

Notice that the function uses vector arithmetic internaDne can therefore not call this
function with a vector of-values and expect to get the correct results.

Note also that the function assumes the existence of sedatalsuch as the selection
pattern, natural mortality and weight at age. It is muchdnokr"to pass such arguments
explicitly to the function, as done in the following.

The simulated stock:
http://tutor-web.net/fish/fish5105yieldrec/lecture@ystock.r

The scriptyr.ris:
http://tutor-web.net/fish/fish5105yieldrec/lecturezG/

Running the Y/R-analysis is done by:

http://tutor-web.net/fish/fish5105yieldrec/lecture@éld-per-recruit-analysis-for-a-simulated-
stock.r

211 FO.1

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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2.11.1 Details

At zero fishing mortalityF = 0 corresponds to no fishing and of course this leads to zero
catch. When fishing mortality is increased from zero theleddncrease dramatically, as
implied by a steep slope of the yield-per-recruit curve atahigin. AsF increases, the
slope gets reduced, until it becomes zeré at Fax.

Note 2.1. The fishing mortality at which the slope of the Y/R-curve hasdime one tenth
of the slope at the origin is denotégl;.

At a fishing mortality offp 1 the marginal gain in yield is only 10% of the initial marginal
gain when fishing is started.

This should be put in an economic context, where it is clear tdking costs into account
will lead to an economically optimum fishing mortality beldway. The Fo1 fishing
mortality may be thought of as a simple approximation to tbenemically optimal po-
int on the curve.

2.11.2 Examples

Example 2.10. Typical R commands for computirig 1:
http://tutor-web.net/fish/fish5105yieldrec/lecturd@@/r

3 Spawning stock biomass per recruit

3.1 Introduction

Spawning stock biomass per recruit for a simulated stock

3.1.1 Details

In the same way as it is possible to compute yield-per-rgdtis also possible to compute
spawning-stock-per-recruit.

Computations of yield-per-recruit and spawning-stockgeruit can easily be carried out
using a spreadsheet or an interactive computational packazh as R. A single recruit can
be taken as a starting point for computing the catch in nusnaed weight as well as the
number of remaining individuals at the end of the year. Tmeesmethod is then employed
to compute the catch for the next year, and so on. Yield-pemit and spawning-stock-
per-recruit is then computed as the sum of the above-mesdinnmbers by age.

21



3.1.2 Examples

Example 3.1. The R functions for calculating spawning-stock-per-récru
http://tutor-web.net/fish/fish5105yieldrec/lecturegidwning-stock-per-recruit.r

For the simulated stock seen earlier the following commanaaisbe used to generaté@ a
figure:

Fvec<-(0:150/100)
sr<-sapply(Fvec,srfun,M,sa,wa,pa)
plot (Fvec,sr,type=’1’,xlab="F", ylab="S/R,(kg)")

3.2 Atypical representation

[T

3.2.1 Detalils

Yield-per-recruit and spawning-stock-per-recruit araally depicted together on a graph,
as seen above.

3.2.2 Examples

Example 3.2. Continuing with the simulated stock, the following R comrdaicombine
the two curves in one plot.

http://tutor-web.net/fish/fish5105yieldrec/lecture’@urve-plot.r

22



3.3 Some reference points

;;;;;;

F over FO0.1 gives little extra yield but much less SSB.

3.3.1 Details
Note 3.1. Some points on the yield per recruit graph are commonly usedfarence fis-
hing mortalities, usually called reference points.

Note 3.2. If the curve has a maximum, the corresponding fishing meyteditermedFyay.

SinceFnax may not exist and may correspond to a very flat portion of theeguanother
common reference point is further to the left, where the matgncrease in catches is

lower (10% of the increase at the origin). This latter refieeepoint is denotely 1.
Note 3.3. Fy 1 is the fishing mortality reference point at which the slopéhef Y/R-curve
is one-tenth the slope of the origin slope.

It is of importance to note that when increasing fishing miytabove Fy 1, the catch
will only increase marginally (in the long term) whereas spawning stock biomass (per

recruit) will decrease.

It should be noted that those reference points are solelgdbas growth and mortality.
Thus, if Fnax is exceeded, a loss in terms of yield is expected (in the langfor a given
year-class size This does not take into account a possible reduction iruresent due to

overfishing.

3.3.2 Examples

Example 3.3. Typical R commands for compultirig 1:
http://tutor-web.net/fish/fish5105yieldrec/lecturd@Qir
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4 Yield per recruit case studies

4.1 I-cod Yield per recruit

4.1.1 Examples

Example 4.1. The yield per recruit curve always starts out at zero for Zesbing
mortality and increases towards a maximum level. If it rescthis maximum level, k
will subsequently decrease.

Asymptotically, as the fishing mortality increases withbatinds, the catch will tend fo
be the entire cohort in its first year.

4.2 Herring, I-SuSp, Yield-Recr

4.2.1 Examples

Example 4.2. Increased fishing mortality not only affects yield-perftecbut it is als
reflected in the age composition, as seen here for summengmaherring in Icelandi
waters.
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4.3 |-cod SSB per recruit

Replacement

S/R=replacement to SSB

How much does a year-class provide into the
SSB? o

S=R+(S/R)|r

If a year-class gives less replacement than was
needed for its production...

4.3.1 Detalils

The spawning biomass per recruit curve is of great impogarien considering the replacement
of the stock. For a given fishing mortality, this curve desesithe rati/R. It follows that

for a fixed or average year-class size, it is possible to pteéde average spawning stock
biomass.

Importantly, if there is information about current levelsspawning stock biomass and
current average recruitment levels, then 8i&-curve provides information on whether
the fishery is sustainable. If the average spawning stock fiecent average recruitment
and current fishing mortality is lower than the estimatedlstat present, then the stock is
predicted to decline from present levels.

4.4 Yield per recruit: Assumptions

e General: Equilibrium

— Mean weight fixed
— Selection pattern fixed

e No equilibrium exists -> gives a direction

— Mean weights are variable
— depend on environment/stock size

e Need to get the number of recruits separately

— Fixed?

— Related to stock size?

— Function of other variables

4.5 Yield per recruit: Virtues

e Gives reasonable utilization with minimum work.

e Appears to work as a harvest control rule if ise- Fo 1.

e Can compare currefit with plausible targets.
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45.1 Details

Yield-per-recruit analysis has considerable benefits $imple to use and provides target
or reference levels of fishing mortality which appear to wquite well in practice if adh-
ered to. Thus, a harvest control rule based~oa Fy 1 appears to work quite reasonably,
but this assumes that management actually observes thisagea

4.6 Yield per recruit: Problems

e Stock-recruitment relationship missing
e Often uninformative (flat curve)

e Assumptions may be too stiff

4.6.1 Details

It should be noted that the model described above does mirtakaccount the possibility
that individual growth may depend on density. If the densigpendent growth rate is
known, it must be taken into consideration since it can tesid relatively lower yield at
low mortality rates because the size of the stock increases.

5 Effect of assumptions on yield per recruit analysis

5.1 Introduction

Should investigate effects of all assumptions

e Natural mortality

e Selectivity

vvvvvvvv

e Weight at age

Remember that the "current location” on the graﬁ
also depends on assumptions. )

Effects of different assumptions of selectivity

5.1.1 Details

3 Jouom

Mynd 1: A typical set of assumptions.
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Assumptions which need to be investigated include the weighage, natural mortality at
age, and mean weight at age. In particular, these values argycensiderably from year
to year, rendering interpretation difficult.

When considering the spawning stock biomass per recruiesmare needs to be taken to

ensure that these assumptions reflect stock values ratirecditch values (which have been
used here). Additionally, the proportion mature may beipaldrly difficult to estimate.
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