






































































































































































































































































































































































































































Appendix 4.1

later in the season (set at 0.85 — this value increased from a
previous value of 0.7 used in OMP94 to reflect the high premium
the pelagic industry places on more definite early indication of
the TAC for the whole year to facilitate planning for fishing and
marketing).

These decision rules are subject to the following constraints.

Anchovy ’
1. 1%and 2" TACs must be at least 60% of last year’s 2" TAC.

2. 1% and 2°¢ TACs must lie between ax200=90 000 tons and ax600=271 000 tons.

3. The 2" TAC must be at least as large as the 1% TAC, but must not exceed the 1 TAC by
more than ax150=68 000 tons.

4. Exceptional Circumstances apply if the November survey estimate of adult biomass (B;‘, Nov )

is less than 400 000 tons at the time the 1* TAC is set, or if the projected November adult

A
y.prof

biomass estimate ( B in equation A4.1.12) is less than 400 000 tons at the time the 2

TAC is set. The actual formulae used for Exceptional Circumstances for anchovy are given

below.

Pilchard
5. The TAC must be at least 75% of last year’s TAC.

6. The TAC must lie between £x70 000 and £x210 000 tons, where £ = 0.1 if B< 0.1, and

£ =] otherwise.

F

7. Exceptional Circumstances apply if the November survey adult biomass estimate (B, y,,

)is

less than 150 000t. The actual formulae used for Exceptional Circumstances are given below.

The above constraints were formulated in consultation with the industry, and are motivated by
concemns for stability in the industry (1 and 5), the need for economic viability (2 and 6),
limitations on pro;essing capacity (2, 3 and 6), and resource conservation (4 and 7).
Furthermore, the within-season adjustment of the anchovy TAC may not be downward (3),
because it is possible that the industry would have taken the 1¥ TAC by the time the 2" TAC is
set. Background to the threshold levels used to invoke Exceptional Circumstances (4 and 7) is

provided in Appendix 4.2.
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Back-calculating anchovy recruitment

[See equation A3.1.5 and associated text in Appendix 3.1 for the motivation for this equation.]

A
N y.recO

where

NA

yirec

y,0bs

=(N* ¢

0.5(1+:£1.2/12

A A
¥.rec + Cy Obs ;wy,()cbs ) 4

is the estimate of anchovy recruitment numbers (B2 /w? . as

y,rec yorec?
in Table A3.2.4) from the recruit survey in year y;
is the mass of anchovy landed from the 1 of April to the day
before the recruit survey commences in year y, assumed to be O-
year-old fish;

is the mean weight of fish corresponding to C3,, ;

is the timing of the anchovy recruit survey in year y (number of

months) relative to the 1% of May that year (e.g. if the survey
commenced on the 15 of June, then ¢! = 1 + 14/30 = 1.47).

[Note that the 1.2 factor in the exponential terms in equation A4.1.6 (and other equations below)

refers to the natural mortality value used for OMP (juvenile M = adult M).]

Exceptional Circumstances

Pilchard directed TAC

Exceptional Circumstances for the pilchard-directed TAC apply if:

BP

¥.Nov

150 thousand tons

in which case the TAC under Exceptional Circumstances is calculated as follows:

B*. Y
TAC' =TACT"| =2 A4.1.7
y Y1 150
where
B/0.1 ,B<0.1
70 , where £=
TAC," =max of 1 ,£20.1 A4.138
0.75TAC/

Anchovy I TAC

Exceptional Circumstances for the anchovy 1% TAC apply if:
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Appendix 4.1

B} ., < 400 thousand tons

in which case the TAC under Exceptional Circumstances is calculated as follows:

2
. B},
TAC;* =TAC}* {—;—’&;’i] A4.19
where
o 200
TAC,* =max of y A4.1.10
0.6 TAC,",
Anchovy 2™ TAC

First, a projected anchovy biomass is calculated as follows.

a) Derive TAC,*" in the normal manner by applying the anchovy decision rules and constraints

(equation A4.1.4 and anchovy constraints 1-3 listed above).

b) Calculate B;: g0 (the biomass contribution from the recruits of the year, projected to the end

of the year) as follows:

A _ TACi’A* —-C;i, ”C;.Obs o122 A
\rec - 1 .
B} .o =maxof | Wi A4.1.11
0
c¢) Calculate B)’: o (the total biomass projected to the end of the year, now adding the
| contribution from the 1-year-olds; for simplicity, the small 2-year-old contribution is
neglected) as follows:
BA e-l.Z/ 4 CA
A Nov A -3X1.2/4 —A A
By o = ( > A - w: € w, + B .0 A4.1.12
: y.1 yle

d) If B® <400 thousand tons , then Exceptional Circumstances apply.

¥ proj

[The basic intention of equations A4.1.11-12 is to project the results of the most recent

November and recruit surveys forward, taking natural and anticipated fishing mortality into

A

account, in order to provide a proxy (B, .

) for the forthcoming November survey, and hence

have a basis for invoking Exceptional Circumstances, if necessary.]

141



Appendix 4.1

If it is established that Exceptional Circumstances apply, then the anchovy revised TAC is

calculated as follows:

NA B . Y
0.7 =272 + 0.3 -2

.| N B
TAC}* =TAC}* e - A4.1.13

A* A
0 7 Ny,recO + 0 3 By,Nov
A= D=

y,recO Nov

where

) [5+0.5(1+27))1:2/12

A 05(1+1231,2/12 A A
Ny,rec() - (9 € + Cy,Obs / Wy,chs

A4.1.14

and

4 A 1272 2, A% A A
0 = [400 — (Byaprw:ABy,pij)] € + TAC)’ __iy‘l ~ C"’Obs A4.1.15
W] wﬂc

[Motivation for these equations is as follows. Equation A4.1.15 calculates the recruit survey

A

result 8in year y (in terms of numbers) that would be sufficient to yield a B, .

value of exactly

400 000 tons. Equation 4.1.14 then back-calculates this recruitment to the start of the year in the

same way as for the actual recruit survey results in equation A4.1.6. The term in the squared

parentheses of equation A4.1.13 is essentially TAC f"‘ calculated with the actual recruitment for
year y divided by TAC>* calculated with 6. The idea then is to reduce TAC>*" by the ratio

(squared) of the former to the latter, thus providing a means to reduce the TAC fairly rapidly

when the Exceptional Circumstances threshold is surpassed.]

In equations A4.1.11-15 (quantities not previousiy defined):

C;’J is the mass of anchovy landed from 1 January to 31 March in
year y, assumed to be 1-year-old fish;

Wy is the historical average of the mean weight of 1/2-year-old fish
at the start of the year, sampled from November survey trawls
(10.41g and 15.82g respectively);

W is the historical average of the mean weight of fish caught from 1
April onwards and assumed to be 0-year-old fish (5.77g);

Wy, is the mean weight of 1-year-old fish at the start of year y,
sampled from November survey trawls in year y-1; and

wy,.  isthe mean weight of fish, corresponding to C},.

[Note that all the above equations are as they would apply in practice, using data from the fishery

and research surveys. However, for the purposes of MP testing, these data are simulated by the
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selected operating model (see Chapter 5), and in the case of equations A4.1.6 and A4.1.14, the
first exponential term (in the parentheses) is omitted, and the second exponential term is
simplified to e'#?. Note also that values for W, and W, differ from those given in

Tables A3.2.1-2 because they are the values that applied when OMP99 was developed (i.e.

recent data are excluded).]
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APPENDIX 4.2
Threshold levels for invoking Exceptional Circumstances for OMP99

The threshold levels for invoking Exceptional Circumstances for OMP99 (Appendix 4.1) were
the same as those developed for OMP94, except for a downward adjustment of the anchovy
threshold (from 500 000 to 400 000 tons) because of the period of low anchovy biomass from
1993 to 1998. These threshold levels essentially trade off the probability of not taking further
action (by applying the Exceptional Circumstances meta-rules) when it is actually necessary,
with that of taking action when it is not really needed. They are computed from the 10 000

realisations of a single MP trial (20 years x 500 simulations) as follows.

1. Group the 10 000 pairs of values {B, ,,,;B, ,}? into categories based on the values for

B;’ vor 1€-8- [0,100), [100,200), etc., where bounds are in thousand tons}, where Q indicates
the simulation run, i the species (P or A), y the year, Nov that the biomass value is a

simulated November survey estimate, and N that it is generated by the operating model (thus

depicting the “true” situation — see Figure 4.3).
2. Within each category defined in 1, compute B, , /K" (K ’ is the average pre-exploitation

value for B;, v ) and associated cumulative probability curves (cumulative frequency curves

normalised to a maximum of 1).

3. Calculate the probability that the “true” biomass (B;‘ v ) is less than 0.2K ! (the level at which

recruitment is thought to be impaired), given that the survey estimate (B;, oy ) falls within

that category. The midpoint of the category is a potential Exceptional Circumstances

threshold value.

4. Calculate the expected frequency of application of the Exceptional Circumstances meta-rules
(10 000 divided by cumulative frequency in 2) for the threshold in 3.

An Exceptional Circumstances threshold value in 3 would be selected if the probability indicated
in 3 was sufficiently small (<20% was used for OMP94), and if the expected frequency in 4 was
once every 10 years roughly (also used for OMP94). Cumulative probability plots for OMP99,
and B?

: . P A
associated with B B . proj

yNov > By nov (the latter replacing B, ,,, in 1-4 above;

Appendix 4.1), are shown in Figure A4.2.1. Table A4.2.1 gives the expected frequency of

application of meta-rules associated with each of the curves in Figure A4.2.1.
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Figure A4.2.1 Cumulative probability curves for B; v 1K’ (i=P or A), given that the corresponding B; Nay OF
B ;pmj values fall within certain categories (indicated in the legends, with bounds in thousand tons).

A vertical line is drawn at B; ~1 K i = 0.2 (the level at which recruitment is thought to be impaired),

and the percentages along this line indicate the probability that the “true” biomass (B;‘,‘ ) is less than

0.2K’, given that survey or projected estimate ( B;, Ny OF B

4 ) falls within the corresponding

¥.pro}
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Appendix 4.2

Table A4.2.1 Frequency of application of Exceptional Circumstances meta-rules (once every “x” years, where the
x values are shown in the Table) associated with each of the curves shown in Figure A4.2.1. The
category bounds are in thousand tons.

Pilchard Anchovy
P
Category B\ Category B ;’* Nov B ;{ orof
[0;100) 83 [0;350) 26 20
[100;200) 23 [350;450) 12 9
[200,300) 8 [450;550) 6 5

Results in Figure A4.2.1 and Table A4.2.1 suggest that the Exceptional Circumstances threshold

value of 400 000 tons was suitable for anchovy under OMP99, but that a higher threshold value

(250 000 tons, say, instead of 150 000 tons) would be more suitable for pilchard.
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CHAPTER 5
OMP02 ~ The Pilchard-Anchovy MP Implemented in 2002

Pilchard and anchovy are managed together under a joint MP because of the operational
interaction that occurs when they are targeted. Essentially, pilchard and anchovy shoal
together as juveniles of a similar size, and any targeting of juvenile anchovy is accompanied
by a bycatch of juvenile pilchard. This has implications for the directed fishery of pilchard in
future years, which is based on adults. A trade-off decision between these species is
therefore inevitable. A joint MP provides a framework for making such a trade-off decision,
taking into account the stock-dynamics for each species as based on historical data from the
fishery and research surveys (assessments of Chapters 2 and 3). The trade-off decision is first
developed as “external” (the external trade-off decision, or ETD method), where the
responsible Minister makes a trade-off decision for the industry as a whole (the approach
used in the past). This requires a compromise between those rights holders that prefer
pilchard (for canning), and those that prefer anchovy (for reduction). It is then developed as
“internal” (the internal trade-off decision or ITD method), where the rights holders
themselves make the trade-off decision based on their own preferences. The ETD method
specifies a pilchard-anchovy ratio for the whole industry, calculates TACs on the basis of
this selection, and then allocates quotas to each rights holder on the basis of a percentage
right for each fishery (pilchard and anchovy). The ITD method requires each rights holder to
specify a desired pilchard-anchovy ratio, and to be allocated a single percentage of the joint
pilchard-anchovy fishery. Rights expressed either as a percentage of each fishery, or as a
percentage of the joint fishery, are implicit in the actual allocations for 2001, and a method
for converting the two rights into one is presented. When applying the ITD method, a non-
linear adjustment factor is introduced to ensure that allocations to individual rights holders
are near-identical to those derived using the ETD method. Robustness tests of MPs using the
ITD method are presented. After consideration of the robustness tests, OMPO02 was selected
from a sub-set of candidate MPs.

5.1 Introduction

This Chapter provides a detailed description of the development, testing and selection of
OMPO02, the multi-species MP implemented for pilchard and anchovy in 2002. Descriptions of
the historical development of MPs for South African small pelagic resources, the justification for
implementing OMPO02, and how OMPO02 differs from pelagic OMPs implemented previously are
provided in Chapter 4.

The framework within which the MPs presented here are tested is described in detail in
Appendix 5.1, and the assessment procedures used to derive parameter distributions for the
operating models within this framework are those presented in Chapters 2 and 3 (for pilchard and
anchovy respectively). Although already described in Chapter 4, it is worth repeating the typical
annual cycle of events for the management of pilchard and anchovy, shown in Figure 5.1,

because the decision rules and constraints of the MPs relate to these events.
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Chapter 3

Figure 5.1  The typical cycle of events for the pilchard and anchovy fisheries. Successive TACs and TABs (Total
Allowable Bycatches) are essentially revisions of their forerunners (i.e. the 2™ TAC/B is a revision of
the 1%, etc.). TABs incorporate pilchard bycatch with both anchovy and round herring. [Note that
because the additional sub-season is separate from the normal season for anchovy, the TAC/Bs
actually applied in the sub-season are: anchovy 3™ TAC less anchovy 2™ TAC, and pilchard 3ni TAB
less pilchard 2™ TAB.]

November Survey
Fishing Starts

January TAC/Bs

Pilchard directed TAC
Anchovy 1# TAC

Piichard 1 TAB
T

Recruit Survey
\Y
May/June TAC/Bs
Anchovy 2% TAC

Pilchard 24 TAB

[
Anchovy additional sub-season

Y%

August/September TAC/Bs
< Anchovy 3@ TAC
+¢ Pilchard 3@ TAB

R
0.0

07 R/
0’0 0.0

>,
"

R/
x4

L)

Fishing Ends

5.2 TAC equations and constraints

The equations and associated constraints set out below are used to set TACs in three stages

during the year (Figure 5.1). In broad summary, these constraints involve:
(1) maxima and minima for total anchovy and directed pilchard TACs;
(il)  maximum reduction percentages on anchovy and directed pilchard TACs; and

(iii))  maximum amounts by which the anchovy TAC may be revised upwards during the
year (different maximum limits may apply for the revision from the 1% to the ond
TAC, and from the 2™ to the 3 TAC).

However, under Exceptionai Circumstances these TAC and associated constraint calculations
may be adjusted downwards if the November survey results for pilchard or anchovy (when
calculating first stage TACs), and if the projected survey result for anchovy (when calculating
second and third stage TACs for anchovy) are below certain threshold levels (150 thousand tons

for the pilchard survey result, and 400 thousand tons for both the actual and projected anchovy
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survey results). Appendix 4.2 provides motivation for these threshold levels®®, while
Appendix 5.2 provides more details on the meta-rules for Exceptional Circumstances, which

have been omitted from the equations below for simplicity.

Adjustments in TACs during the year, if applicable, may only be upwards, not downwards,
because by the time the 2° TAC is set, the 1* TAC could have been caught.

[TACs and TABs** are in thousand tons, and descriptions of the symbols used in the equations
are provided after equation 5.11. The categorisation of the fishing season into a normal season

(first and second stage) and additional sub-season (third stage) applies only to anchovy.]

First stage (January)
TACs are based on the results of the immediately preceding November survey.

The directed pilchard TAC is set at a proportion £ of the November survey biomass estimate
(equation 5.1), but subject to the constraints of a minimum and a maximum value, and also a

maximum percentage drop from the previous year’s TAC (equation 5.2°°).

The anchovy 1¥ TAC is based on how the November survey estimate of anchovy abundance )
relates to the past average value (equation 5.3). It is assumed that forthcoming recruitment w111
be average (as evident from comparison of equations 5.3 and 5.6), because at the start of the
year, no information on this recruitment, which will form the bulk of the year’s catch, is
available. A “scale-down” factor, &, is therefore introduced to provide a buffer against possible
poor recruitment. The recruit-survey component in the anchovy TAC equations (5.3, 5.6 and 5.9
below) is given more weight because of the importance of the incoming recruits to the year’s

catch. The anchovy TAC is subject to similar constraints as apply for pilchard (equation 5.4).

The pilchard 1¥ TAB consists of two components (equation 5.5), one linked to the anchovy
fishery (mainly juvenile pilchard), and one to the round herring fishery (mainly adult pilchard).

The anchovy component is proportional to the anchovy TAC, and is based on an estimate of the

53 These threshold levels, associated with previous OMPs, should formally have been re-evaluated for the OMPs
presented in this Chapter, but this was not possible because of the time constraints involved in implementing
OMPO2.

> Total Allowable Bycatches
35 Although equation 5.2 is strictly a set of inequalities, this and other similar expressions will be called “equations”
for simplicity.

151



Chapter 5
ratio of pilchard to anchovy juvenile fish. However, there is no estimate of this ratio at the start

of the year, so a conservative value for the control parameter y is assumed. The round herring

component is simply a fixed tonnage (TAB), ).

Pilchard directed TAC:  TAC, =B B}, 5.1
subject to:
max{(l-c/,)TAC? ;¢ } < TACT < ¢f . 5.2
BA
Anchovy 1¥ TAC: TAC ;,‘A =q, 300[0.’7 +0.3 B{’:’m’ ] 53
Nov
subject to:
max{(1-cp,, ) TAC scp..} S TAC! < ¢ 5.4
Pilchard 1* TAB: TAB," =y TAC," +TAB}, 5.5

[Note, the values 300, 0.7 and 0.3 in equation 5.3 (and others below) come from previous OMP
implementations and were not newly specified here (Appendix 4.1, Butterworth et al. 1993, De
Oliveira 1993).]

Second stage (May/June)
The anchovy TAC and pilchard TAB midyear updates are based on the most recent November

and recruit surveys.

The anchovy 2" TAC uses the actual estimate of recruitment and therefore no lon ger requires
the “scale-down” factor 6 (compare equations 5.3 and 5.6). Additional constraints are applied,
restricting the amount by which the 2" TAC may exceed the 1¥ TAC, and ensuring that the

former is not less than the latter (equation 5.7).

For the pilchard 2" TAB (equation 5.8), y is replaced by an estimate of the ratio r, of pilchard to
anchovy juveniles (obtained from the average of values for the commercial landings during the
month of May and for the recruit survey), provided this ratio is larger than y. An additional term,
applying this ratio to the increase in anchovy TAC (if there is one), is added to the equation
(compare equations 5.5 and 5.8).
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NA BA
Anchovy 2" TAC: TAC} =aq,, 300( 072552 +0.3-227 5.6
y.recO Nov
subject to:
max{(1-cp,,)TAC; ;TAC,* ;ch ..} < TACH < min{c),,. ;TACY* +c2} 5.7
Pilchard 2 TAB: TAB)" =ATAC," +r,(TAC."* —~TAC,*)+TAB)}, 5.8

where A =max{y,r,}

Third stage (August/September): the anchovy additional sub-season

The anchovy TAC is adjusted to achieve better utilisation of the anchovy resource, resulting in
the anchovy 3™ TAC (note that o in equation 5.6 is replaced by g, in equation 5.9), while the
pilchard TAB is equal to the pilchard 2" TAB plus a small tonnage, this being either the fixed

tonnage TAB., or 10% of the difference between the anchovy 2™ and 3" TACs, whichever is

less (equation 5.11)*°. The anchovy 3™ TAC is subject to constraints similar to those applied
earlier (compare equations 5.7 and 5.10). Because the anchovy additional sub-season is

completely separate from the anchovy normal season, the anchovy TAC and pilchard TAB

actually applied during the sub-season are TAC,* ~TAC,* and TAB," —TABj’P respectively.

N2 B!
Anchovy 3" TAC: TAC* =a,,, 300| 0.7=2"2+0.3-22 59
¥, recO Nov
subject to:
max{TAC;* ; ch...} < TAC* < min{cj,, ;TAC* +cié-t) 5.10
Pilchard 3 TAB: TAB" =TAB>® +min{TAB?, ;0.1(TAC}* ~TAC™*) } 5.11

%% Appendix 5.1 provides motivation for using the factor 0.1 in equation 5.11.
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In equations and constraints 5.1-11:

Bi

Nov is the adult biomass at the beginning of year y, from the simulated*’

November survey in year y-1 for species i (in thousand tons; i = P for
pilchard or A for anchovy; equation A5.1.16);

B, is the mean of the actual B;.,,, estimates for anchovy for
y=1985,...,2001 (1.115 million tons — see Table A3.2.2), which
unlike N ;‘ is not updated annually (Appendix 4.1 provides an

,rec0

explanation for this);

ry is the simulated average of the juvenile pilchard to anchovy ratio in the
commercial catches in May and in the recruit survey, in year y (see
equation AS5.1.27-29);

is the simulated anchovy recruitment estimate from the mid-year

recruit survey, back-calculated to the start of the year by taking fishing
and natural mortality into account (in billions of fish;
equation A5.1.18°%);

is the mean of the estimates of N2

y.rec ?
equation A5.1.19 and associated text in Appendix 5.1
(N fo1.rec0 =194.7 billion fish — see Table A3.2.4);

updated annually according to

y.recC

TAB! is the fixed tonnage of adult pilchard bycatch set aside for the round
herring fishery each year (set at 10 thousand tons);

TAB!, is the maximum fixed tonnage of juvenile pilchard bycatch set aside
for the anchovy additional sub-season each year (2 000 tons);

Cls, Quds, P are control parameters that are fixed for the period over which a
selected MP is implemented;

Y is the proportion of the 1% anchovy TAC used to calculate the 1%
pilchard TAB (set at 0.1); :

o is a “scale down” factor which is used to set a lower anchovy initial
TAC to provide a buffer against possible poor recruitment later in the
season;

Ch e is the minimum TAC to be set for species i (= P or A; in thousand
tons);

Ch e is the maximum TAC to be set for species i (= P or A; in thousand
tons);

c is the maximum proportional amount by which the TAC for species i

(= P or A) can be reduced from one year to the next; and

7 Simulated values are used when testing MPs, but in application (e.g. when OMP99 was applied in practice — see
Appendix 4.1), actual data from the fishery and surveys are used throughout.

** In application (i.e. applying OMP02) equation A4.1.6, where 1.2 is replaced with 0.9, would be used.
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clA is the maximum amount (in thousand tons) by which the anchovy

TAC is allowed to be increased within the year (j = ns for the normal
season increase, and j = ads for the normal to the additional sub-
season increase).

5.3 Summary performance statistics

The summary statistics considered may be grouped into two categories: those dealing with

resource conservation, and those related to economic performance.

Resource conservation

The following resource conservation summary statistics are considered:

risk s, the probability that adult pilchard biomass, B’ , falls below 20%” of
K" (the average adult pilchard biomass in the absence of exploitation —
see Appendix 5.1) at least once during the projection period®;

risk}] as risks,. ,but “20% of K*” is replaced with the average of the By,

estimates (provided by the assessments in Chapter 2) for the period
1991-1994 — this period reflects a period of low-abundance for

pilchard, and B, levels prevalent at the time should be avoided®';

risk/i, the probability that adult anchovy biomass, B, , falls below 15% of
K* at least once during the projection period;

depl} the average adult biomass at the end of the projection period, B}y,
as a proportion of X for species i (= P or A); and

depl, the average adult biomass at the end of the projection period, By, .,

as a proportion of its average at the beginning of the projection period,
Blgo.x - fOr species i (= P or A).

¥ Motivation for the threshold levels selected for risk statistics for both pilchard and anchovy are given in
Appendix 5.3.

% The projection period is 20 years (2001-2020), with stock biomass and numbers-at-age calculated at the end of
each year (reflected as the beginning of the following year), so that estimates of stock biomass and numbers-at-age
are available for all years including 2021. An additional projection year (2000) is required for pilchard because there
is one year’s less data for pilchard compared to anchovy, caused by delays in processing age data for pilchard
(routine ageing is no longer performed for anchovy — Appendix 3.2).

8 isk ¥ was introduced to provide a risk measure that was independent of the estimate of K and reflected how

successfully an MP was able to avoid pilchard biomass dropping to levels similar to those over the 1991-1994
period.

155



Chapter 5

Economic performance

The following economic performance summary statistics are considered®*:

4
Cl the average of C!, =Y C/ -TAB! (see equation A5.1.20), the
a=l1

y.dir
annual directed catch of pilchard, over the projection period;

~P
bec,mt

the average of C;, ., =C,, +TAB,, (see equation A5.1.32 and

A5.1.42), the annual bycatch of pilchard (sum of the bycatch with
anchovy during the normal and additional sub-seasons, and with round
herring) over the projection period,;

c’ the average of C,, the annual catch of anchovy during season j (= ns
or ads), over the projection period, where C;,, =C +C, (see
equations A5.1.21 and A5.1.41) and C}} , =TAC)* ~TAC*

=C ~C%, (see equations AS5.1.43);
the average annual total catch of anchovy (C* +C/ ) over the
projection period;

vF the mean annual change (as a proportion) in C. ., calculated as

y.ir *

_, - 5001 2020 R » 2020
» * 2,
V=) X [C7E-Cla / 2,CJi, |- where O represents a
y=2001

Q=1 y=2001
particular simulation; and

1% the mean annual change (as a proportion) in C;i ; for season j (= ns or

ads), calculated in the same way as V.

Performance of an MP is generally considered to be best when risk?,, , risk?, risk/A, , V* and
V * are minimised, depl, (i = P or A) values are kept as high as possible, and depl; (i = P or A),

Cl,C! and C are maximised. Naturally these objectives are in conflict, so that a trade-off
choice is needed. In particular, it is not possible to simultaneously maximise average directed
pilchard and anchovy TACs, because of the juvenile pilchard bycatch with anchovy. A plot of
average directed pilchard against average anchovy catches expected under a candidate MP is

referred to below as a “trade-off” curve (see, for example, Figures 5.3).

5.4 Comparing alternative management procedures

Several candidate management procedures were investigated and the results presented to

industry, who helped narrow the number considered by advising on appropriate choices for

62 All catch-related statistics are subject to an upper limit on the industry’s fishing efficiency, through the
assumption that no more than 95% of the “exploitable” stock might be captured.
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constraint values. Nine of these candidate management procedures are described here, together
with a subset of these selected for robustness tests. For ease of presentation, the base case
procedure, My, is presented upfront as the one most likely to be selected for implementation (in
the form of OMPO02), although such a selection could only be made after due consideration of all

results and tests.

[Note that for the purpose of this Chapter, management procedures can differ in the choice of
constraint values and 9, or in the choice of control parameters s, g and f. For the former
(constraints and &) they would lie on different pilchard-anchovy trade-off curves, while for the
latter, they would lie on the same trade-off curve (see discussion following Table 5.1, and
Figure 5.7 later). Therefore, one can speak of the M, trade-off curve, which refers to the suite of
management procedures with the same choice of constraints and & as M, or one could refer to
M; as the point on the M; curve with the particular choice of control parameters associated with

M,.]

The choice of constraint values and & associated with the M; curve are shown in Table 5.1.
When other candidate management procedures (or curves) are compared to M, (or the M; curve),

only the constraint whose value has changed is shown.

Table 5.1 Constraint values and § associated with the base case management procedure M,. These constraints
(generally only ¢ and ¢ ) will be overridden if Exceptional Circumstances apply

mnac

(Appendix 5.2).
Constraint/d Description Value
) “Scale-down” factor for the anchovy 1% TAC 0.85
i . 4 L i=P: 90000t
Cromae Minimum TAC to be set for species i i=A: 150 000t
i . N i=P: 250000t
Crvtac Maximum TAC to be set for species i i=A- 600000t
Maximum proportional amount by which the TAC | .
i . . i=P: 0.2
C o for species i may be reduced from one year to the i=A- 03
next e
Maximum amount by which the anchovy TAC
oI may increase at particular stages during the year Jj=mns: 150000t
minc (j = ns for the normal season increase, and j = ads | j = ads: 100 000t
for the normal to additional sub-season increase)

Pilchard-anchovy trade-off curves were constructed by varying 8 from 0 to 0.6 in steps of 0.01.

For each f value, the procedure was tuned by alternately varying o, and 0,4, until riskg”;% <0.1

and risk}s, <0.3, so that points on the trade-off curve are determined by either the pilchard or
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the anchovy (or both) risk constraints being met. The effect of this tuning is that as fis increased
(moving from the bottom right to the top left of the trade-off curves in Figures 5.5-7), Ot
decreases (reflecting the trade-off between these two species) and @4, increases (reflecting better
utilisation of the anchovy resource, which is possible because bycatch of juvenile pilchard is
limited to a maximum amount of 2 000t in the additional sub-season). Therefore, even though £,
Qs and Q4 represent (apparently) three free parameters, their relationship above is such that

only one free parameter (conveniently ) remains.

ads, A
mxinc

O,qs Was capped at the value of 2 because the ¢...-> constraint (the maximum anchovy catch

during the additional sub-season) effectively means that there is nothing more to be gained by a

choice exceeding this value. Furthermore, the constraint &, > o, was implemented to ensure
consistency” with equation 5.10, where TAC.* 2 TAC>*. In the Figures following (e.g.

Figures 5.4-7), the trade-off curves are determined by the pilchard risk constraint coming into
operation, except for the vertical segment on the right hand side, which is a reflection of the

anchovy risk threshold coming into play.

Two problems were encountered when constructing these trade-off curves.

(a) The ¢! constraints (minimum TACsS) did not allow pilchard directed catéhes to be zero

mntac
when =0, and the anchovy catches to likewise be zero when ¢,; = 0. An additional
problem was that when o;,; = 0, 0,4 = 2, which gave rise to the unrealistic situation that even
though the trade-off selection was to have no anchovy, anchovy would still be allocated in
the additional sub-season. These problems were solved by replacing the minimum TACs

¢ with ¢"  as follows:

mntac pyLac

P
p* Cmmac k4 ﬁ 2 ﬁo
Contac = p
ﬁcmmc‘lﬁi} ’ﬁ<l30 5.12
where f, =0.1
A
A+ Conntac * ans 2 aﬁ
cmnla(' = A )
O Copiae T o O, <0 5.13

where o, =04

® This becomes important later when allocating sets of control parameters to each individual rights holders under
the ITD method, but constraints continue to be applied globally.
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What this means is that for 8 choices reflecting a desired low pilchard catch to allow for high
anchovy catches, the minimum pilchard TAC is reduced proportional to S once f8 drops
below 0.1. A similar adjustment is made to o, for the desired low anchovy catch situation. In
addition, a4, was forced to zero in the manner shown in Figure 5.2 and described in the

caption to that Figure.

Figure 5.2  Illustration of how oy, was reduced to zero to coincide with when a,, = 0 for the first time (which
occurs at = ") when constructing pilchard-anchovy trade-off curves. Essentially, the value of o,
is halved at each point, from = 8'-0.05 to = $-0.01, and then set equal to zero when 8= §".

2.5

Ctads

0 T T T T
§-0.05 B8-0.04 p-0.03 B-0.02 B-0.01 B
8

The values for f and og in equations 5.12 and 5.13 were selected on the basis of the results

shown in Figure 5.3, which indicate the smoothest curves for ff = 0.1, with og = 0.4 a suitable

A
mntac

intermediate value (too big a value would mean ¢ would be reduced for most options of oy,

while too small a value would start reducing the directed pilchard catch to guarantee the higher

¢?  value).

mniac
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Figure 5.3  Trade-off curves for different values of B, and o (equations 5.12 and 5.13). Catches are in thousand
tons, and reflect expected averages over a 20-year projection period.
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(b) When the trade-off curves were first constructed, they were not monotonic in terms of
anchovy total catch for low values of B (Figure 5.4). This hardly makes sense, as it suggests
that in some circumstances dropping pilchard catches necessitates lowering anchovy catches,

rather than being able to increase them. The problem arises essentially because, for low
values (i.e. the bottom right of the curve), the “risk frontier” is governed by risk3, rather
than risks,, (i.e. the trade-off curve was determined by “hitting” the anchovy risk rather than
pilchard risk threshold). This meant that several combinations of &, and 4 were possible
for the same value of risk3, (=0.3), without overstepping the pilchard risk threshold. This

feature arises because anchovy risk depends on the total anchovy catch, which can be split in

different ways between the normal and additional sub-season. A higher total anchovy catch is
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possible for the same value of risk;s, if less anchovy is taken in the normal season (lower

Q,,s) and more in the additional sub-season (higher ¢4;). This is because such a combination
of o, and a4, would provide a buffer against poor recruitment (thereby leading to better
utilisation of anchovy) that a combination of higher o,; with lower ¢4, (for the same

risk,’;% ) would not. The combination of s and @,4; initially chosen fell into the latter

category, and therefore yielded the kink shown in Figure 5.4. This was solved by selecting a
combination of oy and ¢, for which there was no such kink (Figure 5.5), and for which

risk, = 0.3 was maintained (without exceeding the pilchard risk threshold).

Figure 5.4  An illustration of the problem caused by having a particular combination of ¢, and o, for low 8
values, leading to non-monotonic (“kink) behaviour in the pilchard-anchovy trade-off curves. The

curve shown is based on M;. Catches are in thousand tons. C d’; is plotted on the y-axis and E,;‘, on

the x-axis. [Note that anchovy total catch includes catches from both the normal and additional sub-
season.]
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Figure 5.5 plots the trade-off curve shown in Figure 5.4 (but with the kink removed) on the same
graph as the trade-off curve associated with OMP99 (Chapter 4). The data updates and additional
features now incorporated (M;) have led to a considerable improvement in the average catches
possible from the fishery. The bars around the = 0.1 point on the M; curve emphasise the
considerable variation in annual catches associated with such MPs. Figure 5.6 illustrates the
improvement in the performance of OMP99 in terms of average catches as successive changes
were introduced when developing the MPs presented in this Chapter (see the comparison
between OMP99 and OMPO02 in Chapter 4).
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Figure 5.5  Comparing the OMP99 pilchard-anchovy trade-off curve with the base case MP (M,) curve. The solid
diamonds are points on each curve associated with $=0.1, and the open squares with B=0.15. The
bars around the 8= 0.1 point on the M; curve are to indicate that 50 and 90% of all values fall within
the inner and outer limits respectively. Points on each curve are obtained by varying £ from O (bottom
right) to 0.6 (top left) in steps of 0.01. [Note however that the curves intersect the y-axis long before
B= 0.6, the exact f value for which this happens varying from procedure to procedure.]
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Figure 5.6  Improvements in the performance of OMP99 in terms of average catch as various changes (discussed
in Chapter 4) were successively introduced when developing the MPs presented in this Chapter.
Curve (a) is the curve associated with OMP99; curve (b) incorporates new/updated data and bootstrap
parameter distributions used in testing; curve (c) incorporates the additional anchovy sub-season; and
curve (d) incorporates the fact that the pilchard bycatch ratio declines from May to August. [Note,
¢’ =210000 tons for all curves, which is why (d) in this plot does not correspond to M; in

mxge

Figure 5.5.]
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Figure 5.7 contrasts the performance of M; in terms of average catch with that for ten other MP
candidates. For the same f value, increasing the maximum pilchard TAC constraint ¢ ((a))
increases pilchard catches but loses anchovy catch on average. However, reducing & from 0.85 to

0.7 for a greater buffer against poor anchovy recruitment ((d)) appears to have little effect on

average catches except for improving anchovy catches when an option reflecting low pilchard

catches is selected. Decreasing the maximum downward adjustment constraint for pilchard ¢!

((b)) is associated with a relatively large loss of anchovy average catch, but trade-off curves
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Chapter 5

Although decreases in the minimum TAC constraints ¢/ don’t appear to improve average

mntac

catches by much ((c) and (f)), catches are relatively sensitive to increases in these constraints,

particularly for low f values in the case of anchovy.

Figure 5.7  Pilchard-anchovy trade-off curves for the base case MP M, (thick curve) and variants thereof. Only
one constraint is changed at a time as follows: (@) ¢/ ; (B) ¢/ 5 (©) ¢! (@& ()2 5
(f) ¢2 . - The solid diamonds correspond to B = 0.1, and the open squares to = 0.15.
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Table 5.2 repeats the results of Figure 5.7, showing the values for all summary performance

statistics, but only for = 0.1375, which was the value of f§ used for OMP99 (Chapter 4). These

results are shown to provide some indication of the values of the summary statistics not shown in

Figure 5.7. Of particular interest is that under f# = 0.1375, lower anchovy catches are obtained on

average in the normal season (lasting roughly 8 months) compared to the additional season

(lasting no longer than 4 months) for almost all MP variants. Decreasing the maximum

percentage by which the pilchard TAC may drop from one year to the next (variant 3) also has a
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severe impact on anchovy catches and associated inter-annual variability in the normal season.

However, all the depletion statistics are fairly insensitive to the different MP variants considered.

Table 5.2 Summary performance statistics for base case MP M, and variants thereof, for 8=0.1375 (the value
of B used for OMP99). All MPs incorporate the same constraints as M, (Table 5.1) apart from the
changes indicated in the second column “MP variants”. In all cases, risky, =0.1, ¢/ =250, and

™ =¢f because > 0.1 (see equation 5.12). Catches are in thousand tons.

nutkac mniac

MP variants | n | Ot | Couoc | Car | Cowunr | Cuo | Cate | Cax | V7 | Vit | Vi | depl{ | depl] | deplf | deply | riski,
1 M, 0208 | 2 | 78 | 171 | 210 | 94 | 97 | 190 | 0.21 | 024 | 0.10 | 0.72 | 0.74 | 082 | 041 | 0140
) 5=0.7 0208 | 2 | 78 | 171 | 21.0 | 93 | 97 | 190 | 0.21 | 024 { 0.10 | 072 | 074 | 082 | 041 | 0.140
3| ¢£,=01 [0060| 2 | 23 | 187 | 146 | 28 | 99 | 127 | 014 [ 059 | 007 | 073 | 075 | 089 | 045 | o062
4| ¢..=70 (0260 2 | 98 | 169 | 232 [ 115| 95 | 211 [022]021 |0J1| 071 | 073 | 080 | 040 | 0190
50 ¢l.=110 {0154 | 2 | 58 | 175 | 187 | 70 | 97 | 168 | 020 [ 029 [ 009 | 072 | 075 | 085 | 043 | 0100
6| =02 (0190 2 | 71 | 171 | 206 | 89 | 97 [ 18 [ 021 [023|010| 072 | 074 | 083 | 042 | 0126
7| ¢*,.=04 | 0213 | 2 | 8 | 171 | 21.1 | 94 | 9 | 191 | 021 [ 024 [040| 072 | 074 | 082 | 041 | 0.140
8| =100 0240 | 2 | 60 | 171 | 209 | 9a | 97 | 191 [021 | 031|009 | 072 | 074 | 082 | 041 [ o114
9| c¢?,.=200 0166 | 2 | 8 | 171 | 208 | 90 | 96 | 186 | 021 [ 019 (010} 072 | 074 | 083 | 042 | 0158

5.5 External vs. internal trade-off decision

When selecting an MP from a particular trade-off curve, a decision needs to be made regarding
the desired trade-off between catches of pilchard and anchovy. For OMP99, this trade-off
decision was made externally (the External Trade-off Decision, or ETD, approach) by the
Minister (though the real motivation for the choice of = 0.1375 for OMP99 was that it was
consistent with the “hybrid” OMP applied in 1998 — Chapter 4). This meant that OMP99 first
provided pilchard and anchovy TACs, which were then allocated to rights holders according to
separate pilchard and anchovy rights (respectively, percentages of the pilchard and anchovy
TAC) specified for each rights holder. This process is described in the top panel of Figure 5.8.
The problem with the ETD approach was two-fold.

a) The industry could not agree on an overall pilchard-anchovy trade-off (and hence choice for
B).

b) The above argument of consistency used for OMP99 when selecting an overall pilchard-
anchovy trade-off, and hence 8, could no longer be used for M;. This was essentially because
the additional features in M; compared to OMP99 (Figure 5.6) meant that the same choice of
B for the two OMPss no longer implied the same pilchard-anchovy trade-off (compare the

solid diamonds in Figure 5.5).

Under these circumstances, the ETD approach had the potential for litigation from any party who

perceived themselves as having lost out.
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Figure 5.8  Difference between the ETD and ITD methods, where for the former a trade-off decision is made for
the Industry as a whole by the Minister (“OMP” in the upper panel), in contrast to the latter, where
each rights holder makes their own trade-off decision (“OMP A”, “OMP B”, etc. in the bottom
panel). Rights are based on a percentage for each resource (x and y) for the ETD method, and on a
single percentage of the rights holder’s preferred fishery for the ITD method.
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The Internal Trade-off Decision (ITD) approach was introduced to overcome the problems faced
by the ETD approach. Under the ITD approach, the trade-off decision is made internally, which
means that each rights holder is able to select their own pilchard-anchovy trade-off (reflected by
their choice of a pilchard-anchovy ratio® desired on average). Effectively, rights holders would
be selecting their own preferred OMPs. Under this scheme, a right is expressed as a single
percentage of the rights holder’s preferred fishery®®, instead of as separate percentage rights for
pilchard and for anchovy. Once a right has been allocated to each rights holder, and rights

holders have specified their preferred pilchard-anchovy ratios, quotas are computed for each

® This ratio is expressed as [pilchard/(pilchard + anchovy)].

A hypothetical fishery in which the rights holder’s trade-off decision is implemented for the whole fishery.
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rights holder, and then summed to yield TACs for pilchard and anchovy, as shown in the bottom
panel of Figure 5.8. The remainder of the Chapter develops the ITD, approach further.

In order to assist in the allocation of rights for 2002 as a single percentage of the fishery, an
equivalent percentage right (EPR) of a rights holder’s preferred fishery was obtained by
converting the two rights corresponding to pilchard and anchovy quotas allocated for 2001 into
an EPR. The method to do this is explained in Appendix 5.4. Essentially, the method matches the
ratios implicit in the 2001 realisation of the M, trade-off curve®® with the ratios of the actual

2001 allocations of pilchard and anchovy to each rights holder. In this manner it is possible to
associate a set of control parameters with each rights holder, which define where along this
trade-off curve they are placed. The EPR for each rights holder is then calculated by dividing the
2001 allocation of that rights holder by the 2001 TAC realisation for M;, and then normalising
all EPRs so that they sum to 1. Figure 5.9 plots the 2001 distribution of S values and associated

pilchard-anchovy catch ratios based on calculating EPRs from the M; curve.

Figure 5.9  Distribution of (a) B values and (b) pilchard-anchovy “ratios” (pilchard/(pilchard-+anchovy)] based on
calculating EPRs (equivalent percentage rights of a preferred fishery) using the M, curve and the
quota aliocations made for 2001.
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% The 2001 realisation is derived by applying the control parameters associated with the M, trade-off curve to the
actual survey results of 2001.
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When applying the ITD approach, the quotas are calculated for each rights holder according to

the following scheme.

1. Allocate an EPR (pgrr4) and select a set of control parameters (B, Ofps 4, Ofaas s) for each rights
holder d on the basis of their actual quota allocations for 2001 (Appendix 5.4).

2. Calculate the “effective” overall control parameters as follows:

B’ =2ﬁd Perra f;M,d 5.14
d

a:s :zans,d Perra [ ;:2(1 5.15
d

a:ds =2aads,d Perra 1\(111(,12:/; 5.16
d

where fi .., frons and fura are factors that are initially set equal to 1 (here and in 4

below) for all rights holders d.

3. Replace f, s and Qg with B, o, and o, respectively in equations 5.1, 5.3, 5.6 and 5.9,

and modify equations 5.12 and 5.13 as follows:

- 1 ,>0.1
c:mrac = ZpEPRd ®§ c:mtar Whﬁre (I)g = i 517
d B,/0.1 ,B<0.1
1 * ans.ﬂ* 2 0'4
Ct::ac = ZPEPRJ (Dr/? C:ntac where (I):: = 5.18
d «, 104 0, 4, <0.4
Then proceed as usual (calculating TAC/Bs, and applying constraints and Exceptional
Circumstances provisions where necessary, using equations 5.1-5.11, 5.17 and 5.18, and
those of Appendix 5.2).
4. Calculate quotas Q for each rights holder as follows:
Pilchard directed quotas:
Q)}:d =B, Perra fl:LA,dTAC;)/ﬁ* 5.19
Anchovy quotas:
Q;g =4 Pepra J ;Is,::afTAC;’A / O‘:s 5.20
5}? =0y Perra [ é’&’deACf’A/ a;s 5.21
Qi:g = }2? + &g Perra f M'dj? (TACi’A "TAC)? 'A )y a;as 5.22
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Pilchard bycatch allowance quotas:

leby{ YQ +pEPRa‘TABP 5.23

Qz Phye _ 4 Q +7, (Qj:: - Q;’ﬁ )+ Peppa TAB ::*
5.24
where A =max{y;r,}

3,Phy 2, Piye
Q C"Q + & s.q Perra fNMd@)/aad.s

where © = min{TAB, ; 0.1(TAC>* —~TAC**)}

5.25

Once quotas are calculated for each rights holder using the ITD approach, they can be compared
to the quotas for each rights holder derived by the ETD method (the § value for the ETD method
was specified as 0.1375 for this comparison). Ideally, the two methods should yield similar
quotas given the values of pgpra, B, Gs and 04y, calculated on the basis of the 2001 realisation of
M;. However, Figure 5.10 shows that this was initially not the case for all rights holders, which

required the introduction of “non-linear adjustment” (NLA) factors, which appear in
equations 5.14-25 as fu,s» frol and fe®#4 The reason that these extra factors are needed is

evident from consideration of the two trade-off curves in Figure 5.5. For OMP99, the curve is
linear for the most part, which would lead to near equivalence of quotas computed by either
approach. However, for M, the trade-off curve becomes non-linear, particularly for higher
values, as a result of the maximum constraint on the directed pilchard catch coming into play
more frequently, thus necessitating the introduction of the NLA factors. Essentially the objective
of these factors is to ensure that the conversion of separate proportional rights in the pilchard and
anchovy fisheries to an EPR does not result in relative disadvantage for some choices of a

preferred pilchard-anchovy ratio when M, is implemented.
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Figure 5.10 Five-year projections of TACs using two methods for allocating rights: the external trade-off decision

(ETD) method and the internal trade-off decision (ITD) method. Results are shown for two possible
future biomass scenarios (top panel) and four hypothetical rights holders with different percentage
rights in the fishery (reflected by the different scales for the y-axes) and different trade-off selections
(reflected by the B value). Non-linear adjustment (NL.A) factors have not been included in this plot.
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5.6 Non-linear adjustment factors

Non-linear adjustment (NLA) factors were introduced to reduce the ITD and ETD differences
evident in Figure 5.10. The NLA factors were calculated as follows:

fora =0N(ETD)I O} (ITD) 526
wh =QF*(ETD)/ Q;* (ITD) 527

wsa _ Q2" (ETD)—02*(ETD)

=% = 5.28
MAd QA ITDY - Q. (ITD)

where Q represents an average over simulations for the next 20 years. Figure 5.11 plots these
NLA factors for a range of 3 values. Figure 5.12 repeats the results of Figure 5.10, but this time
incorporating the NLA factors. Although quotas under the two methods (ETD and ITD) are still
not absolutely identical, the differences are very small®’, and the appreciable differences for
different choices by a rights holder of a pilchard:anchovy trade-off (and hence B valhe) shown in

Figure 5.10 no longer occur with the introduction of the NLA factors.

Figure 5,11 NLA curves (equations 5.26-28) for calculations based on the M; curve. Similar curves were

calculated for the other eight MPs considered (Table 5.2).

° i
pilchard i

4 4 I
@ — - — —anchow ns 1
234 | .......anchowy ads 1
H J
< 2 - !
3 e e
= 1 '\..~ '/ q’

0

0 0.05 0.1 0.15 0.2 0.25
B

%7 The reason results in Figure 5.12 are not absolutely identical is that these are for two possible realisations of
future pilchard and anchovy abundances only. The criteria implicit in equations 5.26-28 to define the NLAs achieve
exact identity for the average over all possible future realisations.
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Figure 5.12 Results of Figure 5.10 are repeated, but this time incorporating the NLA factors.
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Table 5.3 repeats the results of Table 5.2, but instead of selecting a particuiar value of B along
the M; curve (ETD n;ethod), the distribution of 8 corresponding to 2001 quota allocations shown
in Figure 5.9, and the associated oy, and 4, values are used (ITD method). The effective values
of these control parameters (equations 5.14-16) are shown in Table 5.3(a), together with the

effective values for the constraints ¢’

nyuac

(equations 5.17 and 5.18). The results of Table 5.3
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therefore give some idea of how M; and the other MP candidates would perform for the fishery
as a whole if trade-off selections reflected the same “choices” as implicit in the 2001 quota

allocations.

Table 5.3  Results in Table 5.2 are repeated for the distribution of 8 values shown in Figure 5.9. NLA factors
have been calculated for each MP shown. Effective values for the control parameters and minimum
TAC constraints are shown in (a), and the full set of summary statistics is shown in (b). Catches are in
thousand tons.

@

MPvariants | B | o, | % | Coo | S
1 M, 0.128 | 0245 | 147 | &9 93
2 8=0.7 0129 10259 | 144 | 69 96
30 =01 0116|0071 | 124} 69 79
4| £,..=70 |0128 | 0306 | 143 | 54 98
50 ch,.=110 | 0128 | 0.184 | 147 | 84 89
6| ¢i.=02 | 0128|0220 143 | 69 94
70 =04 | 0129 | 0253|147 | 69 96
8| ¢}, =100 | 0130 | 0.256 | 145 | 69 66
9|l =200 | 0127 | 0210 | 141 | 68 116
(b)

MPvariants | Cyp | Chop | Cb | G | C | 77 | V2 | VA | depl] | dept] | deptl | depli | riskhy | riskl | riskiis
1 M; 164 | 228 | 11 ] 95 1206 |1 022 {020 | 012 | 072 | 074 | 081 | 041 | 0094 | 0.268 | 0.170
2 30.7 164 | 231 | 114 1 95 1209 | 622 (021|013 ] 072 | 074 | 080 | 040 | 009 | 0270 | 0.166
30 =01 | 1721 198 | 78 | 95 | 174 [ 015 014|012 072 | 074 | 084 | 042 | 0116 | 0290 | 009
40 ¢ =70 1163 | 240 | 125 | 94 | 219 023|023 013 | 071 | 074 | 079 | 040 | 0102 | 0278 | 0.174
51 ¢, =110 | 165 | 215 | 97 | 95 | 192 j 022|018 | 0a1 | 072 | 075 | 082 | 041 | 0088 | 0264 | 0.146
6| ¢2,=02 | 164 | 227 | 109 | 95 | 204 {022 | 018 [ 012 | 072 | 074 | 081 | 041 | 0100 | 0276 | 0.162
71 ¢2,=04 | 164 | 228 | 112 95 | 207 {022 | 021|012 072 | 074 | 081 | 041 | 0092 | 0268 | 0.168
8| ¢l.=100 | 166 | 215 [ 100 ] 97 | 197 | 022|029 | 010 073 | 075 | 082 | 041 | 008 | 0262 | 0108
9 ¢t =200 | 162 | 240 [ 122 | 92 | 214 1023|013 016 071 | 073 | 080 | 040 | 009 | 028 | 0186

maine

5.7 Robustness tests

Robustness tests were performed for only six of the nine MPs shown iﬁ Tables 5.2 and 5.3. To
aid the reader, they are described in Table 5.4, which also shows the effective values for their
control parameters and minimum TAC constraints. Essentially, the MPs selected for robustness
testing were those that involve modifying values for the constraints on minimum TACs and the
maximum % drop in TAC between years for each species, namely MP variants 1, 3, 5,6, 7 and 9
(Table 5.3). MP variants 2, 4 and 8 were omitted from robustness tests because they were more
conservative with regard to resource utilisation, and would therefore likely perform better than
the other variants from a resource conservation point of view, and would therefore attract less

concem in the context of robustness regarding risk.
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Table 5.4 Description of the MPs for which robustness tests are performed. All constraints are shown, together
with the effective values for the control parameters and minimum TAC constraints. Empty cells take
on the value of the corresponding cells for M;. Catch constraints are in thousand tons. Changes in
constraint inputs compared to M, are marked in bold.

M, 0.128 1 0.245 | 1.47 | 0.85 90 68.8 | 150 950 | 250 600 0.2 0.3 150 100
M, 0.116 | 0.071 | 1.24 68.6 78.5 0.1

M; 0.128 1 0.184 | 1.47 110 83.9 88.6

M,y 0.128 1 0.220 | 143 68.5 93.8 0.2

M; 0.129 | 0.253 | 1.47 69.0 96.0 04

Mg 0.127 1 0.210 | 1.41 68.3 200 | 116.2

Table 5.5 shows the full suite of robustness test results for M, in Table 5.4, with (a) describing
the operating models (OMs) used in the robustness tests (Chapters 2 and 3, Appendix 5.1), and
(b) showing results for all summary statistics. OMs additional to those presented in Chapters 2
and 3 are P;3-Pi5 and Aj3-A,s. These six OMs are not based on “fits” to historical data (as are Pg-
P2 and Agp-Ay2), but rather on future scenarios that, although not evident within the time-range of
the existing historical data, are nevertheless considered plausible®®. These additional OMs are
described below.

Increase in recruitment variability (P;3 and Aj3):

Based on Py and Ap (Chapters 2 and 3), these OMs increase the extent of variability about the
“SS” stock-recruit curve (G [i = P or A] in equation A5.1.15) by 50%. This reflects the
possibility that in the future, such environmental conditions as influence recruitment could

become more variable.

Total variance from surveys inversely proportional to abundance (P14 and Ap4):
To account for the possibility that the total variance (sampling and additional®) associated with

survey estimates may be inversely proportional to abundance, the following adjustments to
O'j. (i=PorA,j= Novor rec; equations A5.1.4 [and subsequent section] and A5.1.16) are made:
10,+Bi/B,,) B, 2B0},/10-0},)

O = o | 5.29
, B, y <ByOy,, /(10—0,,)

o8 P4 and Ay could, strictly speaking, have been investigated on the basis of historical data, but this route was not
followed, as it was felt that considering these OMs in the realm of projections only was adequate to investigate their
implications.

¢ Additional variances refer to Ay, in Tables 2.7 and 3.7.
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1o! 3+N'/N',) ,Ni_>Nio!_/(20-30",)

" r~ rec rec
o = 5.30

N! <Nioi /(20-3c" )

where Bj, are from equations A5.1.13 and A5.1.14, N} from equation A5.1.17, and By and

N’ are the averages of B; y and N ;’, respectively, from the assessments of Chapters 2 and 3

(equations A2.1.3, A2.1.4, A3.1.4 and A3.1.5, where for the latter, N, =B, /w) ). The

y.rec
difference between equations 5.29 and 5.30 reflects the fact that survey sampling error for the
November surveys seems to represent a greater proportion of the overall variance than for the

case of the recruit surveys.

Halving of carrying capacity (P15 and Ays):

To account for the possibility of a reduction in carrying capacity, K’ (i = P or A, Table A5.1.1) is
reduced linearly from the 5" year of projections, so that it is half its value from the 10™ year
onwards. This is to reflect the possibility of a “negative” regime shift (Chapter 7 provides a more

detailed investigation of this effect, using sinusoidal curves to model regime shifts).

Table 5.5 shows results for all robustness tests, but only for M; because the purpose of this Table

is to isolate those robustness tests that require further attention. The summary statistics that are

of most concern for this purpose are the risk statistics. For the top panel of Table 5.5(b), risk.,,

is analysed for all “pilchard” OMs except P31, P12 and Py3, for which fisk§ 1s compared to the

corresponding value for Py. The reason for this is that one’s perception of K changes markedly

for these three OMs because of the shape of the stock recruit curve for Py; and Py, and the

halving of K for Py3. A statistic based on 20% of K (as risk},, is) therefore makes comparison
between MPs in absolute terms difficult. The use of risk, avoids this problem. For the bottom

panel of Table 5.5(b), risk,, is considered as the appropriate risk statistic for all “anchovy”

OMs.

For pilchard, OMs P;, Ps, P; and Py all show risk}, values larger than the threshold value of
0.1. Furthermore, P;5s shows a markedly higher r‘isk » value than Py. For anchovy, all OMs give
results within the 0.3 threshold level of risk}, except for A;;. Nevertheless, those OMs that

showed markedly higher risk, values than Ao were also retained for further analysis. The OMs
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selected for further analysis were therefore the base case OMs Py and Ay, the pilchard OMs P;,

Ps, P7, P13 and Ps, and the anchovy OMs Aj, Ag, A1, Az, Az and Ajs.

Table 5.5 Robusthess test results for M,. Operating Models (“OMs” - assessments of Chapters 2 and 3) are
described in (a), and resuits for all summary statistics given in (b). Assessments Py-P; and Ag-A | are
detailed in Chapters 2 and 3 respectively (Tables 2.7-9 and 3.6-8). P,; and A,z increase o;, the extent
of variability about the “SS” stock-recruit relationship (see Chapters 2 and 3) by 50%, while P, and
A4 allow for the total variances associated with survey estimates to be inversely proportional to stock
abundance (equations 5.29 and 5.30). Finally, P,5 and A,; allow for the halving of carrying capacity K
from the 5™ year to the 10™ year of the projection period. Empty cells in (a) take on the value in the
corresponding cells of Pg/Ay, and catches are in thousand tons.

(a)

Pilchard Operating Models (OMs) Anchovy Operating Models (OMs
oM | ML | ML | kL | W i A SReurve | OM | MY | M5 | Ageing | &7 A k! | S/Rcurve

Py 04 0.8 1 1 est est SS Ao 09 09 Prosch est 0 1 SS

i) 0.3

P, | 05

P; 0.4

P, 12

Py 0.3 1.5

P, 0.5 0.5

Py 1]
Py 0
Py 0
| Py 0 0
Py BH
Py DS
P 88, 150
Pu “E | T
Pis S8, K
Ay 0.6 0.6
A, 12 1.2
Ay | 13 1.5
Ay 1.5
As 10.5 ¢/o
Ay 0.6 0.6 10 clo
Ay | 12 12 i1 cio
Ag 0
Aqy est
Ajg 0.75
Ay 125
Ap BH
Ap 85,150
A ol
Ags SS, AK
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(b)
Pilchard Summary Statistics Anchovy Summary Statistics

oM Co | Coers | VP | depll | deply | risky, | riskh | C2 | Ca CA | V2 | VA | depll | deply | riskiy,
P Ay 164 22.8 022 | 072 0.74 0094 | 0268 | 111 95 | 206 1 020 | 0.12] 0.8) 0.41 0.170
P 1A 193 232 0.18 | 074 0.88 0.076 | 0092 1 111 95 1206 § 02010121 081 041 0.166
P, | Ag | 134 21.9 0.34 0.68 0.72 0.094 0616 § 111 95 206 1 021 4 012 0.81 0.41 0.168
Py | A 158 22.3 024 | 0.69 0.73 0.102 | 0328 | 111 95 1206 | 02030121 081 0.41 0.172
P, | A 162 22.6 024 | 071 0.758 0090 | 0272 ¢ 111 95 1 206 | 020 5 0.12 ] 081 0.41 0.170
Ps | A 142 21.7 028 | 054 0.68 0278 ! 0590 ¢ 111 95 | 206 { 02010121 081 0.41 0.172
Ps ! Ay 152 | 228 023 | 0.86 0.78 0026 | 0272 ¢ 111 95 1206 | 0201012 081 041 0.168
P, | A 130 228 0221 094 0.89 0102 | 0404 ¢ 111 95 1206 102010121 081 0.41 0.170
Py 1638 22.9 0221 073 0.77 0056 | 0.164 § 111 95 1206 {0201 90121 081 0.41 0.172
Py | Ag 164 22.8 022 1 073 0.82 0074 | 0.188 ¢ 111 95 1206 {0201 0121 081 0.41 0.168
Pu i Ao 158 22.8 0221 074 0.97 0024 | 0110 § 111 95 206 10200121 081 0.41 0.172
Py iAs | 173 234 020 | 068 1.26 0.108 | 0246 § 111 95 206 | 0201 0121 0.8 0.41 0.170
P | Ay 178 23.0 0,21 0.70 .86 0.104 0216 | 111 95 206 10201 0.12 0.81 0.41 0.170
Pl Ao 173 229 0.21 0.89 0.87 0254 | 0424 | 111 95 206 10201 012 1 081 041 0.170
P | Ap 161 228 0.21 0.73 0.75 0.080 | 0256 | 11] 95 1206 10201012 081 041 0.170
Pis | Ay 111 21.8 025 | 0.56 0.32 0372 | 0872 f 112 | 95 206 | 021 | 012 1 081 041 0.168
P | A 164 229 022 072 0.74 0092 | 0272 | 111 94 1205 102010131 071 043 0.288
P, | A 164 22.6 0221 072 0.74 0092 | 0272 | 111 95 206 | 0.20 | 0.13 | 089 0.40 0.090
P | As 164 | 225 022 1 072 0.74 0092 | 0268 § 111 94 1205 102010131 092 0.37 0.074
Po | Ay 164 22.7 0.22 0.72 0.74 0.096 0268 1 113 95 208 | 0.21 ]| 0.12 0.86 041 0.106
Py | As | 164 22.8 0221 072 0.74 0092 [ 0268 § 112 | 95 | 207 1021 1012] 082 041 0.170
P, | As 164 23.0 0231 072 0.74 0092 | 0270 { 112 | 94 | 206 | 0.22 1 0.13 | 0.73 0.43 0.278
P | As 164 22.6 022! 072 0.74 0092 | 0268 ¥ 110 | 95 205 102010121 088 038 0.106
Po | A 164 24 0221 072 0.74 0092 | 0268 § 107 | 97 | 205 | 0.17 1 009 | 081 0.40 0.078
Po | Ag | 164 26 | 022 072 0.74 0092 | 0266 1 110 | 95 | 205 102010121 082 042 0.124
P, | A 164 22.7 022 @ 072 0.74 0092 ' 0272 f 112 95 1207 10200121 087 0.40 0.102
Po | Ay | 164 2.7 10221 072 0.74 0090 ' 0266 F 110 | 95 205 102010121 077 042 0.224
Py | Apl 164 23.3 022 072 0.74 0.098 0274 { 121 9 | 216 | 0.22 | 011 0.70 0.51 0.266
Py | Ap 163 24.0 0.23 0.71 0,73 0.100 0.282 | 125 88 213 10271021 1.19 0.60 0.400
P { Al 164 228 022 | 072 0.74 0.092 0270 & 110 | 94 | 205 1021 10131 080 0.40 0.174
Po | Az | 165 222 0221 073 0.75 0050 | 0266 | 94 73 167 1023 10391 0.70 0.18 0218

Table 5.6 indicates how often constraints were encountered during the 10 000 realisations (500

simulations of 20-year projections) of an MP application, with (a) showing results for the full

suite of robustness tests for M; (associated with the results shown in Table 5.5), and (b) showing

results for the base case robustness test (Po/Ag) for M;-Mg (see Table 5.4). An analysis of how

often constraints are encountered allows an improved understanding of how the constraints

operate, and to what extent they affect the summary statistics.
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Table 5.6 Summary of the number of times (expressed as a %) that constraints are encountered during 10 0600
applications (500 simulations of a 20-year projection) of a MP. (a) provides the summary for M,
across all robustness tests, while (b) compares results for M;-Mj, for operating model Py/Ag. Anchovy
constraints are shown for the 1%, 2* and 3™ stage TACs where applicable. Results are also shown in
the final columns for the number of times (as a %) that Exceptional Circumstance provisions are
invoked, and therefore meta-rules used to modify TACs (Appendices 4.2 and 5.2).

(a) [Refer to Table 5.5(a) for a description of the OMs.]

Minimum TAC Maximum TAC Max % drop in TAC ﬂiﬁﬁé’:’ﬁsﬁc Exceptional Circumstances
Av* A A ads, A
prs mntac r C, P C, ns, A c - . Anchovy
OM cmmn( 1 E3 gnd 375“ cmaf 1 E] 21:;“‘ 3rd medﬂ 1 3 mxd"znd Cmm e Pilchard 1 st 2Bd 3rd
Py | Ag 5 78 1 S 1 16 0 0 |29 43 72 | 56 2 92 1 5 3 5
Py | A 3 78 5 1 35 0 0 129 32 72 | 55 2 91 1 5 3 5
Py | Ac 12 15 1 7 0 0 | 28 48 72 ] 55 2 91 6 5 3 5
P: | As 7 781 5 1 15 0 0 129 44 72 | 56 2 92 3 5 3 5
P, | Ap 5 78 5 1 17 0 g |29 42 72 | 56 2 91 3 5 3 5
Ps | Ay 12 781 5 1 11 [ 0 |28 48 72 | 55 2 91 6 5 3 5
Ps | Ao 5 794 5 1 11 0| 6 |29 44 72 | 56 2 91 1 5 3 5
P; | Ao 12 791 5 1 5 0 0 |29 45 72 56 2 91 1 5 3 5
P: | Ao 2 791 5 1 16 0 0 | 28 41 72 | 55 2 91 0 5 3 5
Py | Ay 4 7915 1 15 0 0 |29 41 72 | 56 2 91 1 6 3 5
Pis | Ao 3 781 5 1 11 0 0 |29 43 72 56 2 91 Y] 5 3 5
Pu | Ae 4 781 5 1 24 0 0129 38 72 | 56 2 92 1 5 3 5
P | Ao 3 78 5 1 22 O Q|29 39 72 56 2 92 H 5 3 5
Pis | Ag 7 78 5 1 24 0 0 |29 41 72 56 2 92 3 5 3 5
Pu | As 4 78 5 1 14 0 0 |29 38 72 56 2 2 1 5 3 5
_f:_s Ap 31 781 5 1 5 0 0 |29 57 72 | 56 2 92 10 5 3 5
Po | As 5 76 | 5 1 16 0 0 |31 43 62 | 51 1 93 1 5 3 5
Po | Az s |80 6 | 1 16 | 0| 0 | 28] 43 | 77 | 57 2 9] 1 6 | 3 | 5
Po | As 5 801 6 | 1 16 | 0] 0 |27| 43 | 79 | 58 p) 90 1 6 | 3 | 5
Po | As 3 781 5 1 16 0 0 |29 43 75 56 2 91 1 5 3 4
P | As 5 815 1 16 0 0 |29 43 73 | 55 2 92 1 (] 3 5
Po | As 5 76 | 5 1 16 0 0 | 31 43 66 | 52 2 92 1 5 3 5
P | A 5 80 | 5 1 16 0 0 |27 43 76 | S7 2 91 1 6 3 5
Po | A 5 83 ( 3 0 16 0 0 |27 43 67 | 52 1 95 1 3 1 3
Py | As 5 80| 5 1 16 0 0 |28 43 72 56 1 92 1 5 3 5
Py | A 5 791 5 1 16 0 0 |29 43 74 | 56 2 91 1 5 3 5
Po | An 5 791 5 1 16 0 0 |28 43 70 | 54 1 92 1 6 3 5
Py | Ap 5 '169 4 1 16 4] 0 | 40 43 66 | 49 3 93 1 4 3 4
Po | Aps 5 671 9 3 16 0 1 37 43 71 57 5 85 2 10 7 9
Po | A 5 79 1 5 1 16 0 0 |29 43 72 | 55 2 92 1 5 3 5
Py | Ass 5 90 | 25| 5 16 0 g 112 43 75 1 72 1 70 1 26 21 29

(b) [Refer to Table 5.4 for a description of the MP vaxiants.]

" . . Max increase . .
Minimum TAC Maximum TAC Max % drop in TAC in anchovy TAC Exceptional Circurustances
A A A
pra ¢ P c I3 Conzdn ns, A ads, A . Anchovy

MP Conntac 1= ";x::“ 3 C e T ;%mf 37 Cosen 1 Zd Cosine Congine Pilchard T e 3+
M, 5 78 | 5 1 16 010 |29 43 72 56 2 92 1 5 3 5
M, 2 100 | 4 1 13 010120 62 100 | 95 0 90 2 4 2 3
M; 9 90 5 1 16 010 |29 44 88 66 1 93 1 5 3 4
M, 5 74 | 35 1 16 0 | 0 |27 43 93 71 1 91 1 5 3 4
Ms 5 83 5 1 16 0| 0|29 43 31 41 2 91 1 5 3 5
M, 3 94 | 6 1 16 010 |26 43 93 73 1 86 1 6 4 5

At this point, it is useful to consider constraint relations 5.2, 5.4, 5.7 and 5.10 again (where fis

i [had

mniac

replaced by ﬁ’*, Ous BY O, , Olgas by a:ds ,and ¢, by c i = P or A). In the context of these

mntac
equations and how they relate to the results of Table 5.6, it is important to note. that constraints
are implemented in the order that they appear within the “max{}” or “min{}” operators,
although the overall effect is that the constraint that is either the maximum or minimum

(depending on the operator) will override the other constraints within each set of curly
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parentheses. Figure 5.13 illustrates that the number of times constraints are encountered depends
partly on the order in which they are implemented in equations 5.2, 5.4, 5.7 and 5.10. Even
though this may change the results shown in Table 5.6, it will not affect the results in Table 5.5.

Figure 5.13  An illustration of how changing the order that constraints are applied in equations 5.2, 5.4, 5.7 and
5.10 can affect the results in Table 5.6. I, II and IH refer to different possible combinations of TAC,

and (1-Cpan)TAC,.; values, given c;;m . *“A” refers to applying the C:;m constraint before the ¢,

constraint, while “B” refers to the opposite {€,y, before c:,, « )- The thin/thick arrows indicate that

constraint c:m /¢, has been encountered and TAC, adjusted accordingly. [For convenience,
superscripts P/A have been omitted.]

—— (1'medn) TAC'\.LI
e TAC, before constraints

I Il HI
A B A B A B

Table 5.6(a) is discussed first, with the constraints considered in broad categories, followed by a
discussion of Table 5.6(b). [In order to simplify the discussion that follows, a “frequency” for a
constraint refers to how often it is encountered (expressed as a percentage), not its actual value.
Furthermore, superscript i (= P or A) is omitted when commenting in general, but added when

referring specifically to pilchard or anchovy alone.]

“Minimum TAC” and “Max % drop in TAC” constraints

Frequencies for ¢ and Cpuan in Table 5.6 are derived from I-B, II-B and III-B in Fi gure 5.13

mntac

(Cmxdn 18 implemented before ¢ in equations 5.2, 5.4, 5.7 and 5.10). Therefore, the only case

muac

where ¢,

is encountered is I-B, where TAC, (before constraints are applied) is less than

Ead ok .

(1-Cpxan)TAC,y.1 or lies between ¢, and (1-Cpuan)TAC,.1. Low frequencies for ¢, in
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Table 5.6 coupled with high frequencies for ¢4, Would indicate that scenarios II-B and III-B are
prevalent, and therefore that ¢,,:4, dominates (as proves to be the case for pilchard and the oud

stage TACs for anchovy). On the other hand, high frequencies for both of these constraints (1%

stage TACs for anchovy) would indicate that scenario I-B is prevalent, and therefore that ¢

mutac

dominates. ¢/~ and the 2" ¢~ are generally low, except for the robustness test where the

matac mma

is high throughout, a

carrying capacity K is halved (Pys and A5 respectively). The 1% ¢/
consequence of the very conservative TAC formula used for anchovy at the start of the season

(see equation 5.3). cmun 18 high for both species, indicating the important role of this constraint

when evaluating TACs. A further point to note is that, because the constraint TAC}?"‘ 2TAC ;’“ 18

implemented before ¢~

. e (€quation 5.7), one might expect the latter to have a zero frequency
for the 2™ stage TAC — however, this doesn’t happen because Exceptional Circumstances are

sometimes brought into play for the 1% stage TAC, and these could (though not always) cause

this TAC to drop below ¢

mntac *

“Maximum TAC”

P

€, ... Occurs with a frequency of around 15% in most cases, with higher values occurring when

adult natural mortality for pilchard is lower (P,), a different shape for the stock-recruit curve is
used (P;; and Py3), or greater variability around this curve is assumed (P;3). Low values are
encountered when adult natural mortality is higher (P;), the proportion-at-age data are omitted
(P7), and X is halved (P;s).

ch .. is hardly ever encountered, except for the 3" stage TAC (frequency of 12-40%), which is

not surprising for this TAC because it aims for better utilisation of the anchovy stock.

“Max increase in anchovy TAC”

A

Itis perhaps surprising that the frequency of ¢ is low, which indicates further scrutiny. This

constraint is encountered when TAC, %4 (before constraints) > TAC; MA 4™ . Substituting 150

nmuine *

for ¢’ and 0.85 for &, this inequality can be re-cast in terms of N/

y.recO ?

using equations 5.3 and
5.6, as follows:

NArecO >0)NA

recO

5.31

where w =0.85+0.786(B2,,, /B )+1/(1.4cr, )

y,Nov
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Table 5.7 calculates @, given different values for B4, /B, and a, in the above equation.

¥y, Nov
Results indicate that, for the values of o, associated with MPs M;-Mg (Table 5.4), and for a
wide range of B},,, /B, values (from % to4), N, will have to exceed N

y,rec)

by at least a

multiplicative factor of 3.9 before the ¢ constraint is encountered, which explains why this

constraint is encountered fairly infrequently.

At the other extreme, ¢*“* occurs over 90% of the time (except when K* is halved, when this

figure drops to 70%), once again emphasising the under-utilisation of anchovy in the normal

season under these MPs.

Table 5.7 Results for @in equation 5.31, given values for B}Q o ! E;m, and .. The values for o, are taken

from Table 5.4.
ByA,Nov /BA‘?GV
0.25 0.5 1 2 4

0071 M) | 111 11.3 11.7 125 14.1

0.184 (Ms) 4.9 5.1 55 6.3 79

0.210 (Mg) 4.4 46 50 58 7.4
O 70.220 (M) 43 45 4.9 57 72

0.245 (My) 4.0 42 4.6 53 6.9

0.253 (Ms) 39 4.1 45 52 6.8

“Exceptional Circumstances”™
Exceptional Circumstances (Appendix 5.2) occur with a frequency of less than 10% in most
cases, only reaching or exceeding this level when X is halved for both species (P15 and A;s), and

when variability around the stock-recruit curve is increased for anchovy (A3). The link between

Exceptional Circumstances on the 1 stage TAC and ¢”” on the 2™ stage TAC for anchovy has

already been alluded to in the section * “Minimum TAC” and “Max % drop in TAC” constraints’

above.

Table 5.6(b) shows similar patterns to Table 5.6(a) when other MP variants are considered

(tested under OMs Py and Ag), but marked differences between the MP variants do occur for

%

Cmuan @nd, to a lesser extent, c,,,. (the differences being more acute for anchovy than pilchard in

absolute terms). These differences are largely due to the changes in the control parameters (5,

%

a, and c, ) as a result of the changes to the constraints that are input and the associated ¢

mntac

values (Table 5.4). For example, a decrease in cﬁm (M in Table 5.4) causes this constraint to be
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invoked more frequently (Table 5.6(b)), but also causes 100% occurrences of ¢, and ¢/

because of the drop in &, associated with M, (Table 5.4). This is because situation I-B

illustrated in Figure 5.13 applies (see discussion in the section ‘ “Minimum TAC” and “Max %

drop in TAC” constraints’ above), and with such a low ¢, value, the lowest TAC, value for I-B
will always occur (Figure 5.13), and hence both constraints ¢ , and ¢/ will always be

encountered.

In Table 5.6, the frequency of c2 . is higher for the 1% stage TAC than the 2" in all cases but
M;, the MP variant where c:m is increased to 0.4 compared to M,;. An explanation for this can
be found by plotting frequency distributions for the quantities TAC}* /[(1 — /1., )TAC>}] and
TACH [ll-cp, )TAC?}] before constraints are applied (see equations 5.4 and 5.7), shown in

Figure 5.14. The omission of § shifts the latter distribution to the left, but the introduction of the
recruitment estimate (compared to assuming it is average) causes this distribution to widen and

have longer tails on both ends (compare equations 5.3 and 5.6, and the two curves in
Figure 5.14). A value of less than 1 for the above quantities means that the ¢, constraint is
encountered — the lower the value of the denominator (i.e. the higher the value of ¢ , ) the more

towards the left of the frequency distributions of the above quantities a valué of 1 will occur.

Because the frequency distribution of the second quantity has a longer tail, it will have a higher

cumulative frequency to start with, hence the reason for a higher frequency of ¢? , for the 2™

stage TAC compared to the 1% for Ms.
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Figure 5.14 Frequency distributions for the fractions TACi;" / a-ct . )TACf_‘_’l‘] and TAC}?’A / [A-c . )TAC?'_?
for the first and second stage anchovy TACs before constraints are applied, as associated with the
results for M; in Table 5.6(b).

First stage TAC
....... Second stage TAC

Frequency

.
aw,
......
________

0 0.5 1 1.5 2 2.5 3
Fraction

Table 5.8 shows results for a reduced set of robustness tests and sumrmnary statistics for M;-Ms.
Furthermore, Figure 5.15 provides a visual summary of the full set of robustness test results for
these MP variants for a selection of summary statistics, indicating median values together with
90% probability intervals (where appropriate). In Figure 5.15, (a) shows the pilchard robustness
tests, and (b) those for anchovy. Because the material presented in Table 5.8 and Figure 5.15 is
necessarily complex, it is easier to first consider the plots shown in Figure 5.15 to get an overall

impression of the results, and then if necessary refer back to Table 5.8 for the details.

Comparisons in Figure 5.15 should be made between MP variants within each plot, so that their
performance relative to one another, given a particular robustness test, can be compared for each
summary statistic. Comparisons of summary statistics are not made between robustness tests,
and therefore the scales on the y-axes are specific to each plot and no attempt is made to

standardise these axes.

Figure 5.15 shows that M, and M3 perform poorly in terms of average anchovy catch, relative to
the other MP variants. However, performance in terms of average pilchard catch is similar
throughout for all the MPs. The lower average anchovy catch for M, is coupled with a lower
anchovy risk and lower pilchard and anchovy catch variability, but is also associated with a
higher pilchard risk (both types) than the other MPs. M, was therefore rejected. M3 was similarly
rejected, even though it offered better risk levels for pilchard compared to the other MPs,

because of the lower average anchovy catch, particularly as the decrease in the average came
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almost exclusively from the normal anchovy season (compare Tables 5.8(a) and (c)). The

Industry would much rather prefer to have more anchovy catch during the normal season.

Mg performs poorly in terms of both risks, and risk; , exceeding the threshold level of 0.3 for

the former for OMs A; and A¢, whereas for these OMs, the other MPs managed to stay below
this threshold. Mg was therefore rejected. My was also rejected because of the relatively poor
n‘skg values in some cases (it often performed third worst in terms of this statistic, and in one

instance [Pg] performed worse than any other MP).

Although there is little to choose between M; and Ms, the one sometimes outperforming the
other in terms of risk} (e.g. compare OMs P; and P;3), the former was preferred because it

yielded less variable average anchovy catches (Figure 5.15) without sacrificing too much
pilchard or anchovy catch on average (compare Tables 5.8(a) and (e)). M; was therefore

accepted and implemented as OMPO2.

Chapter 6 discusses the implementation of OMPO2 and certain problems encountered.

Table 5.8 Results for Table 5.5 are repeated here for M;-Mg ((a)-(f) respectively) but for a selection of OMs and
summary statistics. Empty cells take on the value of the corresponding celis for Po/Aq, and catches are
in thousand tons.

(@M,
Pilchard Operating Models (OMs) Anchovy Operating Models (OMs) Pilchard Anchovy
oM SR N S/R = . R = = ,

ML | ML kWS amve | M w | M3 | Ageing | k7 curve Cr, | riskf, | risk) | T2 | C2 | riskl,
Ps | Ao 0.4 0.8 1.5 1 S8 0.9 0.9 Prosch 1 SS 164 0.094 0268 | 111 | 206 0.170
Ps Aqg 0.4 158 0.102 0328 | 111 | 206 0.172 .
Ps Ag 0.3 2 142 0.278 0.590 | 111 | 206 0.172
P; | Ao [ 130 0.102 0404 | 111 | 206 0.170
Po | Ao > 173 | 0254 | 0424 | 111 | 206 | 0170
Pys | Ag S§, BK 111 0.372 0.872 | 112 | 206 0.168
Po | A 0.6 0.6 164 0092 | 0272 J 111 | 205 | 0.288
Po | Ag 0.6 0.6 10 c/o 164 0092 | 0270 | 112 | 206 | 0.278
Po | Au 1.25 164 0.090 0.266 | 110 | 205 0.224
P | Ap BH 164 0.098 0.274 | 121 | 216 0.266
P | A ISSS;}' 163 0.100 0282 1125 | 213 0.400
Po | A S8, 14K | 165 009 | 0266 | 94 | 167 | 0.218
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(b)Mz (!, =0.1instead of 0.2]

Pilchard Operating Models (OMs) Anchovy Operating Models (OMs) Pilchard Anchovy
OM Y mr | M | k2 | W SR\ Ma | ML | Ageing | K SR T | riskdee | risky | T2 | Th | riskise
Po | Ae 04 0.8 1.5 1 SS 0.9 09 Prosch 1 SS 172 0.116 0.290 78 174 0.096
Py | Ay 04 166 | 0114 | 0340} 78 | 173 | 0104
Ps | A | 03 2 150 | 0290 | 0628 1 78 | 173 | 0.100
P; | Ao ¢ 135 | 0112 | 0418 1 78 | 174 | 0.092
P | Ao 1858;7 180 0.296 0.436 78 174 0.096
Pis | Ao S8, 2K 118 | 0438 | 0888 | 78 | 174 | (.09
A 0.6 0.6 172 ] 0116 | 0288 | 78 | 173 | 0210
Po | As 0.6 0.6 10 ¢/o 172 1 0116 | 0288 1 78 | 173 | 0.196
Py | Ay 1.25 172 0.116 0.290 78 174 0.146
Py | Ap BH 172 | 0116 [ 02901 79 [ 175 [ 0192
Po | An ISSS;’ 172 | o116 | 0292 | 79 | 168 | 0336
P | Ais SS,K {1 172 | 0110 | 0292 ] 74 | 149 | 0.154

{c)M; [,;-:'m = 110 instead of 90]

Pilchard Operating Models (OMs) Anchovy Operating Models (OMs) Pilchard Anchovy
OM N | ml |k [ wr | SR I mly | Ml | ageng | K| SROVE | riskh, | riskl | T2 | Th | riskds
P, | Av | 04 0.8 1.5 1 SS 09 09 | Prosch 1 SS 165 | 0088 | 0264 | 97 | 192 | 0.146
P | A 04 160 | 0100 | 0308 | 97 | 192 | 0.154
Ps Ag 03 2 144 0.268 0.572 97 192 0.152
Py Ag 0 132 ’ 0.102 0.402 97 192 0.148
P | Ao ISSS;}_ 174 0.244 0412 97 192 0.146
Pis | Ao SS, 2K 115 | 0388 | 0870 ] 97 | 192 | 0.144
Po | Ay 0.6 0.6 165 | 0090 [ 0258 1 96 | 191 | 0.264
Py, | As 0.6 0.6 10¢/o 165 0.090 0.260 97 191 0.262
Pe | Ay 1.25 165 0.086 0.264 | 96 191 0.206
P | A BH 165 | 0090 | 0266 | 103 | 199 | 0.240
Py | A 1282}' 165 0.100 0266 | 107 | 196 0.384
Py | Ass SS, ¥:K | 166 0.084 0.256 85 160 0.190

d) M, [c‘:m = 0.2 instead of 0.3}
Pilchard Operating Models (OMs) Anchovy Operating Models (OMs) Pilchard Anchovy
OM SR . SR = , , = = .

ML | My | kLW carve | M a1 M3 | Ageing | K] carve Ci. | riskfs | risk? 1 C2 | €& | riskl,
Py | Ae 0.4 0.8 1.5 1 SS 0.9 0.9 Prosch 1 S8 164 0.100 0.276 | 109 | 204 0.162
P | As 04 158 0.108 0324 1 109 | 204 0.162
Ps | Ac ] 03 2 142 | 0276 | 0564 ] 109 | 204 | 0.156
P| A 0 120 | 0104 | 0406 J 109 | 204 | 0.156
Pis | Ao IS‘;S;, 173 0.256 0422 | 109 | 204 0.162
P | Ag 88, 1K 111 0376 | 0870 | 109 | 204 | G.162
Po | At 0.6 0.6 164 0.092 0.272 1 108 | 202 0.286
Py | As 0.6 0.6 10 c/o 164 0.096 0.272 1 109 | 203 0.278
Py | An 1.25 164 | 0094 | 0270 ] 108 | 203 | 0.216
Py | Ap BH 164 | 0102 | 0280 | 118 | 214 | 0.258
P | Az i _SSS", 163 0.112 0.200 | 125 | 212 0.402
Py | Ass S8, WK § 165 0.088 0.268 92 165 0.216
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() M5 [¢?, = 0.4 instead of 0.3]

Pilchard Operating Models (OMs) Anchovy Operating Models (OMs) Pilchard Anchovy

OM |l | ap | wr | SR M | M) | ageing | k| SR VT | riskhe | riskl | €2 | A | riskis
Po | Ac ] 04 08 | 15 1 SS 0.9 09 | Prosch 1 S8 164 | 0092 | 0268 | 112 | 207 | 0.168
Ps Ag 04 158 0.102 0326 § 112 | 207 0.174
Ps Ag 0.3 2 142 0.274 0594 1 112 | 206 0.170
Py | A 0 130 | 0104 | 0406 | 112 | 206 | ©.168
Pis | As ISSS;}_ 173 0.252 0428 | 112 | 207 0.168

- i
Pis | As $S, %K 111 | 0368 | 0.872 | 112 | 207 | 0.166
Pe | A4 0.6 0.6 164 | 0092 | 0270 § 112 | 206 | 0.290
Po | As 0.6 0.6 10 c¢/o 164 0.092 0.268 | 112 | 206 0.278
Po | Au 125 164 | 009 | 0266 | 111 | 205 | 0.226
Py | A BH 164 | 0.092 | 0270 } 121 | 216 | 0.266
Py | Az ISSS; 164 0.098 0272 1 124 | 212 0.398
Py | Ass SS, %K | 165 0.090 0.268 95 168 0.218
(D Mgl C:m - = 200 instead of 100}
Pilchard Operating Models (OMs) Anchovy Operating Models (OMs) Pilchard Anchovy

M ml | i | a | W | SR ma | ML | ageing | K| SRONEE | ik, | skl | €2 | 5| skl
Py Ag 0.4 0.8 1.5 1 S8 0.9 0.9 Prosch 1 SS 162 0.096 0.280 | 122 | 214 0.186
Ps Ag 04 156 0.108 0344 | 122 | 214 0.188
Ps | As | 03 ] 2 139 | 0302 | 0626 | 122 | 214 | 0.188
Py | Ao 0 128 0.126 0420 | 122 | 214 0.196
P13 | Ao ISSS;), 171 0.264 0440 ) 122 | 214 0.188
Pis | Ao SS, K 109 | 0406 | 0.878 | 122 | 214 | 0.182
P | A 0.6 0.6 162 0.096 0280 | 120 | 212 0,322
Py | As 0.6 0.6 10 c/o 162 0.096 0282 | 121 | 213 0.318
Po | An 1.25 162 | 009 | 0278 | 121 | 213 | 0.238
P | Ap BH 162 0.096 0.282 | 127 | 220 0.304
Py | Az 1 SSS;; 162 0.108 028 | 130 | 215 0424
Po | Ais SS,BK 1163 | 0092 | 0278 1 108 | 176 | 0270

185




Chapter 5

Figure 5.15 Visual summary of the full suite of robustness tests described in Table 5.5(a) for a selection of MPs, M;-Mg, described in the “Management procedure” legend. Each
row is associated with a pilchard (a) or anchovy (b) robustness test; only those factors that are different to those for the default tests, Py and Ag, are shown, but the first
row always repeats the Py/Ag test results for comparison. Each column of plots depicts results for a particular summary statistic, as indicated.
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APPENDIX 5.1
Framework for testing alternative MPs

The framework used to test alternative MPs consists of four components (Figure A5.1.1). These

are:

¢ the assessment procedure that provides estimates of population parameters,

s the operating model that reflects possible “true” underlying dynamics of the resource and is
based upon the parameters estimated by the assessment procedure, '

e the MP itself, with its decision rules and constraints (these rules and constraints involve no
exact knowledge of the actual underlying dynamics, and have to be applied to data of the
type and subject to the errors to be expected in practice), and

e the summary performance statistics.

The MP and summary statistics are discussed in the main text of Chapter 5, while the operating

model is described below. Estimates from the assessment procedures are reported in Chapters 2

~and 3, and are briefly described below.

Figure A5.1.1 A simplified version of the MP testing framework presented in Chapter 4 (Figure 4.3), as 1t 1s
currently used for developing MPs to be applied in the pilchard-anchovy fishery.

MP Testing Framework

ASSESSMENT
PROCEDURE

using available data to estimate
parameters of Operating Model

!

OPERATING
MODEL

simulates dynamics of ~
resource

Generate Future > SUMMARY
Future Data TACs PERFORMANCE

STATISTICS

MANAGEMENT -
PROCEDURE

incorporating decision rules and
constraints
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Appendix 5.1

The Assessment Procedure

The assessment procedures used for pilchard and anchovy are discussed in detail in Chapters 2

and 3 respectively. Table A5.1.1 provides a brief description of the parameters, estimated from

or specified for these assessments, that are then used in the operating models utilised for MP

testing.

Table A5.1.1 Description of parameters estimated from or specified for the assessments of Chapters 2 and 3,
which are used in the operating models for MP testing, together with a list of where estimates/values
for these parameters can be found.

Parameters Description Source
M ; M ; Natural mortality of adult and juvenile pilchard (per year) Table 2.7
ML M 2‘ Natural mortality of adult and juvenile anchovy (per year) Table 3.6
The constant of proportionality between the assessment and
k ; Jk ; November survey estimates of adult biomass for pilchard iibﬁﬁ%zl and 3.7
and anchovy (the value for pilchard is assumed) P y
The constant of proportionality between the assessment and .
k ,P ,k rA recruit survey estimates of recruitment for pilchard and Tables 2.7 and 3.7
anchovy respectively
N ;DOO,a ca=1,..5 g;’l%l;i;d numbers-at-age at the beginning of 2000 (billions Table 2.8
N ;00 L sa=1l..4 f)&fngl:}c:;y numbers-at-age at the beginning of 2001 (billions Table 3.7
S : ,a=1,..4 Selectivities-at-age for pilchard Table 2.8
P A The error component of stock-recruit relationship in 1999 Tables 2.9 and 3.8
1999 » T2000 for pilchard and 2000 for anchovy respectively
P gh The serial correlation in recruitment associated with the Tables 2.9 and 3.8
cor? “cor stock-recruit relationship for pilchard and for anchovy respectively
o’ o Standard deviation of residuals about the log of the stock- Tables 2.9 and 3.8
ror recruit relationship for pilchard and anchovy recruitment respectively
Parameters associated with the stock recruit curve for
k' d b m" pilchard, where K” (thousand tons) is the average adult Table 2.9
| pilchard biomass in the absence of exploitation
Parameters associated with the stock recruit curve for
Kt , a* s v anchovy, where K* (thousand tons) is the average adult Table 3.8
anchovy biomass in the absence of exploitation
W:; ,a=0,..4 Mean mass-at-age for pilchard in the commercial catches (g} | Table A2.2.2
Wa’z ,a=0,1 Mean mass-at-age for anchovy in the commercial catches (g) | Table A3.2.1
Wap a=1,..5 ?g;:an mass-at-age for pilchard at the beginning of the year Table A2.2.3
WA a=1,..4 | Mean mass-at-age for anchovy at the beginning of the year Table A3.2.2

()

P A
Wochs » Wocks

Mean mass of 0-year-old pilchard and anchovy in the
commercial catches before the recruit survey takes place (g)

Tables A2.2.5 and A3.24
respectively

The operating models also preserve any correlative relationships in the residuals for the pilchard

and anchovy survey estimates (November and recruit surveys), and in the residuals between the

pilchard bycatch to anchovy ratio estimates for May and the subsequent months. Table A5.1.2
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Appendix 5.1

provides a brief description of these parameters, and is followed by a detailed description of how
these parameters were derived, and what the associated estimates and CVs were for the operating
models used (shown in Table A5.1.3). The role of these correlation parameters will become

clearer in the context of the operating model, as presented later.

Table A5.1.2 Brief description of correlation parameters, for which detailed descriptions are provided in this
Appendix, and for which estimates and associated CVs are shown in Table AS5.1.3. [Note that other
correlation parameters and associated standard deviations that appear in this Appendix are
intermediate parameters used to calculate py,., and therefore do not appear in this Table or in

Table A5.1.3.]
Parameters Description
Correlation between residuals from assessment model fits to the pilchard and to the
Prov> O ,Cm, » O ﬁ(w anchovy November survey estimates (p), with associated standard deviations for

pilchard and anchovy respectively (0).

Correlation between residuals from assessment model fits to the pilchard and to the
P, ;:r , O ::( anchovy recruit survey estimates (), with associated standard deviations for
pilchard and anchovy respectively (o).

Correlation between residuals (from the relationship between the pilchard to
anchovy ratio in the commercial catches and the assessment model estimates of this
P o c ratio) for commercial catches over April-May (for which the corresponding

may > " aprmay * = may assessment model estimates are at the beginning of the year) and during May (for
which the corresponding assessment model estimates are projected forward to the
time of the recruit survey) (p), with associated standard deviations (o).

Kapr:may, Kmay Constant of proportionality associated with G,,.,., and G, respectively.

k Constant of proportionality between the pilchard to anchovy ratio in the commercial
sur catches in May and during the recruit survey.

Correlation between residuals (from the relationship between the pilchard to

p anchovy ratio in the commercial catches and the assessment model estimates of this
bye ratio at the time of the recruit survey) for commercial catches in successive months

from May to August.

Correlation in pilchard/anchovy Nevember survey residuals:
Set | |
g =InB.,, —In(k,B' ) ,i=P, y=1985-2000

” A5.1.1
i=A, y=1985-2001

where B, ,,, is from Tables A2.2.3 for i = P and Table A3.2.2fori= A, B, isthe

y,Nov

corresponding assessment estimate from Chapter 2 or 3, and k,, is the constant of

i

proportionality between B,

and B, ,, , from Chapter 2 or 3.

Calculate

2000 2000
s=1Y (8))2/ 31 i=P,A A5.12
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Appendix 5.1
Then the correlation in the residuals between the pilchard and anchovy November survey

estimates, and associated standard deviations, are calculated as follows:

2 e
y=1985
pNov 2000 A5.1.3
El sPs?
y=1985
and
Of=s"
A5.14

ot=| S 67/ S

y=1985 =1985

[Note: O'}éw # 5", 10 allow one further year’s data to be taken into account (Appendix 3.1).]

- Correlation in pilchard/anchovy recruit survey residuals:

" and o are similar to those indicated by equations A5.1.1-4,

The calculations for p,,., 0, v
except that a recruit survey estimate is not available for pilchard for 1988, so that calculations are

modified to take account of this.

Simulating catch of 0-year-old pilchard before the recruit survey

In order to simulate the tonnage of 0-year-old pilchard caught before the recruit survey (see
equationAS.l.l? and AS5.1.23 later), the ratio of begin-year pilchard to anchovy recruitment
from the operating model is used to generate the pilchard bycatch to anchovy ratio in the
commercial catches over April-May. This is done by first investigating the relationship between
the historical pilchard bycatch to anchovy ratio in the catches over April-May, and the pilchard
to anchovy begin-year recruitment estimates derived from the assessment procedures of

Chapters 2 and 3. The constant of proportionality and time series of residuals are as follows:

K prmay = exp{z hn(cgfggm IC} ey}~ 1NN /N;{o)] /21} A5.15
¥ wY
and
€, aprimay = In(Cy o o Conrmay) = 10 s N o I N ) ,veY A5.1.6

where C72° and C? are from Table A3.2.5, N/ * is the pilchard/anchovy begin-year

y.apr:may y.apr:may

recruitment in year y (estimable parameters recorded in Chapter 2/3), and Y = {1987,
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1988,...,1999}, the subset of years for which the catch data and assessed recruitment estimates

for both species are available.

Simulating pilchard bycatch to anchovy ratios in May using catches in the recruit survey and
the commercial fishery in May
An estimate of the ratio of juvenile pilchard to anchovy “in the sea” during May (equation 5.8

and A5.1.27) can be calculated from:
(a) the recruit survey, and
(b) the pilchard bycatch to anchovy ratios in the commercial catches during May.

For (a), the relationship between the pilchard to anchovy ratio in the recruit survey

(NP /N? ) andthe pilchard bycatch to anchovy ratio in the commercial catches in May

y.rec y.rec
(Cyme 1C oy )'! is estimated for historical observations (1987-1999, except 1988 because of the

lack of pilchard recruit survey estimate for that year). Figure A5.1.1 plots these historical
observations and fits a linear regression, forced through the origin, which indicates a slope of

ksr = 1.3078 (used in equation A5.1.28). kg, is then applied to simulated recruit survey data

(NF /N2 ., given by equation A5.1.16) to obtain an estimate of the ratio of juvenile pilchard

y.rec yire

to anchovy in catches in May.

), and the
pilchard bycatch to anchovy ratio in commercial caiches in May (¢?#< ;¢4 ) for the years 1987-

yumay Fomay
2000 (1988 is omitted because of the lack of a pilchard recruit survey estimate for that year). The
slope of the linear regression line forced through the origin is k,,, = 1.3078.

Figure AS5.1.1 Relationship between the pilchard to anchovy ratio in the recruit survey ( N }{'" ! N2

yoree

0.7

y = 1.3078x

081 gme_o.g075 *

0.5 |
0.4
0.3

0.2 4

|

0 0.1 0.2 0.3 0.4 0.5
Recruit survey ratio

Commercial catch ratio

0.1

0.0

" See Tables A2.2.5 and A3.2.4, where for the latter table, 4 =B _Iw

y.orec yorec

! See Table A3.2.5
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For (b), a similar process to that used for equations A5.1.5 and AS5.1.6 is followed in order to
simulate the pilchard to anchovy ratio in the commercial catches in May. First, a constant of
proportionality (used in equation A5.1.29) is calculated, followed by a time series of residuals,
which is then used in conjunction with the residuals given by equation AS5.1.6 to calculate a
correlation coefficient and associated standard deviations (used in equations A5.1.23, A5.1.29
and A5.1.30), as follows:

kmzexp{Z[ln(C”y‘/CA y-In(N?, IN?)] /21} ,m=may  A5.17
yet

yeY
and

€,n =I(C, 7 /CL Y-In(k, N, IN}) ,m=may, yeY A5.1.8

where C; 2 and C!, are from Table A3.2.5, Y is from equations A5.1.5-6, and N/'* is the

pilchard/anchovy begin-year recruitment in year y, projected forward to the time of the recruit

survey’> ®, Standard deviations of the residuals are calculated as follows:
oo (S

and correlation coefficient:

Esympr-mygy.mﬂ)'
=2k A5.1.10

Pomay =
‘ (21] aprimay O may

, M= apr:may or may A5.19

Simulating pilchard bycatch to anchovy ratio in catches after May
‘When simulating pilchard bycatch to anchovy ratios in the catches in June, July and August, it is

assumed the correlations between the residuals in successive months follow the following

pattern:
June July August
May Prye (pbyc)2 ( pbyc)3
June Pbye (Pbye)
July | Phyc

2 See equations A2.1.4 and A3.1.5, where for the latter, N} A= 34 /w?

yrec

™ Begin-year recruitment projected forward to the time of the recruit survey was not used in equations AS5.1.5-6 as it
was here. This is because it was inappropriate to do so: equations A5.1.5-6 were simulating 0-year-old pilchard
caught before the recruit survey.
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However, in order to estimate the value of py,. to be used in the operating model, the actual
correlations between the residuals in successive months were calculated using the catches for the
corresponding months (Table A3.2.5) and the forward-projected recruitments from Chapters 2
and 3 (equations A2.1.4 and A3.1.5). This was done by first calculating the constants of
proportionality, Kjun, Ky and ka,, using equation A5.1.7 (replace m with jun, jul or aug, as
appropriate, and use Y for jun and jul, but Y, for aug, where Y,,, is the same as Y except the
years 1989 and 1996 are omitted because of zero catches), and the corresponding time series of
residuals, & jun, & ju and & 44, Using equation A5.1.8 (with Y for the first two £'s and Yy, for the
last, as before). The standard deviations, Ojus, Oju and Oy, associated with these residuals are
calculated using equation A5.1.9 (with Y for the first two 0’s and Y, for the last, as before). It is
then possible to calculate the actual correlations, p,,; (i.e. the correlation between the residual
time series in month m, and the jth month prior to month m), using equation A5.1.10. For

example, for m=jul and j=2,

Efgy,maygy,jul
_ >
Pz =
21 o'mayojul
¥

so that the following correlations are calculated:

June July August
May Piunt Pjut2 Paug,3
June Piut,1 Paug2
July ’ Paug 1

[Note that because of the difference in length of August time series compared to the other
months (i.e. ¥Ya,, compared to Y), kpay, kjun, and Kjyi, as well as &, may, £, jun and &, j, and
consequently Opay, Oun and 0, need to be recalculated using Y,,, instead of ¥, in order to

calculate Paug,1s Paug.2 and paug,3-]

Finally, psy., shown in the first correlation table, is estimated by differentiating the following
objective function, g (derived by summing the squared differences between the two correlation

tables), with respect to Ppy.:

8= Y [0pe Pl + Y [(P) ~Pual’ + [(Py.) — Pugsl ASL1L

m= jun, jul .aug m= jul ,aug

and setting the result to zero, so that solutions for pj,. are obtained by finding the roots of the

following equation:
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30e)” + MPpe) = 3P0s(Pp) + B=2 Y, 0210 = X Py =

It can be shown that equation A5.1.12 has only one real root. Estimates for p,,. and the other

m=fl.ag

m=jn, jl,ag

0

A5.1.12

correlation parameters presented above are shown in Table A5.1.3, with associated CVs, for the

assessments of Chapters 2 and 3.

Table A5.1.3 Estimates and associated CVs of correlation parameters presented in this Appendix, for the
assessments (“Assess.”) of Chapters 2 and 3.

Assess. Proy UNPM 0';30‘, O a::: O'::C P may Gapr;may Gmay kapr:muy kma_y P bye
P Ao 0.027 0.374 0.143 | -0.010 | 0.745 0.342 | 0.906 0.773 0.799 0.973 1.093 0.519
0 1512% 3% B% 1291% 2% 38% 2% 9% 10% 10% 1% 15%
P Ao 0.018 0.374 0.143 0.031 0.740 0.342 0.910 0.780 0.781 1.109 1.262 0.537
1 1657% 7% 2% | 20675% 20% 385 2% 9% 10% 13% 15% 7%
P A, 0.005 | 0.399 0.143 0.001 0.764 0.342 0.913 0.791 0.837 0.845 0.938 0.547
2 941% 62% 3% 1452% 25% 8% 2% 1% 12% 12% 3% 17%
P A, -0.009 | 0.385 0.143 0.023 0.732 0.342 0.911 0.776 0.800 1.390 1.263 0.504
3 1264% 9% 23% 1356% 2% 38% 2% 9% 10% 14% 16% 16%
P Ay 0.029 0.383 0.143 | -0.026 | 0.726 | 0.342 0.906 0.777 0.821 0.656 0.907 0.527
4 T64% 64% 23% 640% 2% 386 2% 9% 10% 13 14% 16%
P Ao -0.026 | 0.416 0.143 | -0.047 | 0,759 0.342 0.912 0.775 0.810 1.751 1.600 0.499
5 855% 55% 23% 1205% 20% 38% 2% 1% 1% 13% 14% 17%
P Ay 0.011 0.357 0.143 | -0.033 | 0.749 0.342 0913 0.796 0.838 0.505 0.557 0.559
6 VI64% 54% 23% | 26634% 2% 38% 2% 9% 1% 12% 13% 13%
P Ao 0.011 0.269 0.143 0.010 0.199 0.342 0.910 0.791 0.780 1.138 1.302 0.337
7 1116% B% 3% | 33868% 33% 38% 2% 10% 13% 11% 2% 26%
P Ay -0.037 | 0.351 0.143 | -0.046 | 0741 0.342 0.907 0.770 0.790 0.992 1.114 0.519
8 559% 316 3% 596% 26% 38% 2% 8% 9% 10% 12% 16%
P A, 0.022 0.348 0.143 0.040 0.483 0.342 0.897 0.735 0.762 0.956 1.068 0472
9 1351% 62% 23% 1591% 20% 38% 2% 9% 10% H% 13% 18%
P Ao -0.033 | 0.353 0.143 0.002 0.325 0.342 0.870 0.652 0.649 0.999 1.136 0.288
10 1198% 9% 23% 1722% 4% 38% 2% 115 13% 10% 12% 30%
P A 0.028 0.374 0.143 | -0.048 | 0.745 0.298 0.900 0.762 0.819 0.617 0.789 0.498
g 1 5900% 3% 24% 913% 2% 240% 2% 8% 3% 10% 2% 15%
P A -0.038 | 0374 0.139 0.012 0.745 0.310 0910 0.770 0.778 1.494 1.461 0.535
0 2 1624% 3% 3% 4085% 2% 37% 1% 8% 89 12% 13% 14%
P A 0.019 0.374 0.142 | -0.016 | 0.745 0.309 0.911 0.765 0.758 2.252 1.889 0.542
0 3 3803% % 8% | 1m% 29 35% 2% 8% 9% 13% 14% 13%
P A, -0.028 | 0.374 0.142 | -0.015 | 0.745 0.358 0.912 0.795 0.803 1.559 1.269 0.501
¢ 2805% $3% 25% 1093% 2% 38% 2% 8% 9% 12% 13% 16%
P A 0.007 0.374 0.147 | -0.001 | 0.745 0.294 0.907 0.785 0.837 0.938 1.049 0.545
0 5 4174% 15% 21% A% 2% 3% 2% 8% 9% 1% 13% 14%
P As 0.015 0.374 0.152 0.004 0.745 0.310 0.902 0.802 0.876 0.624 0.793 0.539
0 565% 2% 2% 4418% 2% 40% 26 8% 9% 9% 1% 14%
P A -0.016 | 0.374 0.138 | -0.020 | 0.745 0.309 0.907 0.754 0.773 1.460 1.431 0.524
0 7 2103% 5% 27% 1061% 2% 37% 2% 9% 10% 13% 14% 13%
P A -0.038 | 0.374 0.142 | 0.002 0.745 0.124 0.908 0.756 0.809 1.004 1.141 0.566
0 3 279% 3% 24% | 26056% 2% 2% 1% 7% 7% 8% 9% 10%
P A 0.046 0.374 0.142 0.045 0.745 0.319 0.909 0.776 0.811 0.974 1.107 0.511
0 9 1896% 2% 396 T02% 2% % 2% 9% 9% 10% 1% 14%
P A -0.032 | 0.374 0.147 0.005 0.745 0.310 0916 0.795 0.805 1.167 1.336 0.503
0 16 1140% 5% 24% 1784% 2% 41% 1% 8% 9% 13% 14% 18%
P A -0.029 | 0.374 0.152 0.025 0.745 0.324 0.902 0.764 0.799 0.863 0.951 0.526
9 ol I 43% 25% 939% 0% 3% 2% 8% 9% 10% 1% 13%

The Operating Model

Projecting numbers-at-age forward

The operating model is used to project numbers-at-age forward, given the values for future

catches provided by the procedure being tested and the parameter values from the assessment

procedure, as follows.
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Pilchard
P Y
P P —M’;lz Cy,{! -ME12
Noa=| Ny " ——5 e’
WOC‘
P
e CPY L |
NY o =| NJ g ™Mul? o 22 oMl , a=1,.4 > A5.1.13
WOC
P
By+lN Z y+la
a=]
Anchovy
4
A A —M‘ifz Cy,O -MA 02
Ni=|Npe " ——r e
Oc
4
NA12 NA ~M3id4 Cy,l e-sM;j,,M
¥+ =4
Wie > A5.1.14
4 - N4 o _
Ny+la+1 N n ) 0—2,3
v+lN Z y+la
a=l

4

where C ;‘a are catches of a-year-old fish of species i (=P for pilchard or 4 for anchovy) and y =

2001,...,2020™. Future recruitment N ;’0 is assumed to be log-normally distributed about a

stock-recruit relationship as follows:
=f(B) e ' A5.1.15

where

&, =806, +y1-(s.,)? o, , @, ~N[0;1]

Note that &5, =l a0d £5500 = 775se (Table AS5.1.1), and N[0; 1] represents a normal
distribution with mean 0 and variance 1. Furthermore, f (B;, ~ ) represents one of the stock-

recruit curves described in Chapters 2 and 3, with parameters o', b', m” (the latter for the “DS”

curve used for pilchard) with associated K'.

™ An additional year (y = 2000) is needed for pilchard because there is one year’s iess data available than for
anchovy (compare Chapters 2 and 3), but for this additional year, the actual catches made are used (as distinct from
MP-generated TACs) by applying equation A5.1.20 to disaggregate these catches by age.
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Generating survey data
The survey estimates for adult biomass and recruitment are generated by the operating model as
follows (i = P or 4):

Bi =k B:’ effy.m
wror A5.1.16
N} . = KIN) e
where
Si,f = ?7;),1“}')
7, ~N[0;1]
> for j = Novorrec
el =(pm, +1-(p,) 1)) o]
1, , ~N[0;1]
and
‘ s Clon
N, =| Ny g™ -2 A5.1.17
chbs

where C, ,, are the catches of 0-year-old fish of species i taken before the recruit survey

(equations AS5.1.22 and A5.1.23). However, the anchovy TAC equations require that N/ be

yrec

back-calculated to the start of the year (see equations 5.6 and 5.9), assuming a fixed value of 0.9

(per year) for M ;f, (regardless of the operating model used), as follows:

CA
4 ,0 09/
;:mO ={Ny,fec + —2 }e ? AS5.1.18
Ochs
so that

Mo = (N o (= 1-1985) + N}, o0 J(-1985) , y>2001
_ 2000 A5.1.19
Niorrecr = 2 N5 s 116

' ’ y=1985

where the N, in equation AS5.1.19 come from actual back-calculated recruit survey data

(Table A3.2.4; equation A4.1.6 but replacing 1.2 with 0.9) for y < 2000, and from the operating
model (equation A5.1.18) for y > 2001.
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Splitting TACs into catches-at-age for the whole year
The TACs given by the MP (equation 5.1-5.18) are split between the age groups for the whole
year (this sub-section), and before and after the recruit survey (next two sub-sections

respectively) as follows.

Pilchard 1-year-old and older catches:

Cl, =NP SIFe™Maty? , a=1,..4 AS5.1.20
where
TAC, +T4B;,

M5
[ZN;:,Sf ]

a=]

Splitting TACs into catches-at-age before the recruit survey
Anchovy 1-year-old catch:

C;, =3TAC}* AS5.1.21

The 2 factor comes from previous OMP implementations and is derived as follows: assuming

5= 0.7 (used in these earlier OMPs) and average recruitment, TAC;* =70% of TAC*, so that

using 2 of this amount for calculating C ;’ , implies 30%"° of the anchovy catch during the

normal season comprises 1-year-old anchovy taken from January to March, with the remainder

taken from April onwards comprising 0-year-old anchovy.

Anchovy 0-year-old catch before the recruit survey:
C}loy =3TAC A5.1.22

Here it is assumed that half the 0-year-old catch taken by the time the 2™ TAC is set will be

taken before the recruit survey commences.

Pilchard 0-year-old catch before the recruit survey:

P

P - _L_ & apemayl y apr-piay A A4
Cy,Obx - kapr imay NA e (Cy,Obx +Cy,l) A51-23

7 Corresponds roughly to the average proportion of the January-August anchovy catch made in January-March,
before there were problems (from the mid-1990s) with bureaucratic delays in starting the fishing season.
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where kapr:may and Ogpr:may from equations A5.1.5 and A5.1.9 respectively, and
Thapromay ~ NI0; 1] AS5.1.24
[Although equation A5.1.23 is developed on the basis of catches for April-May (see also
equations A5.1.5-6), C;,, is included in equation AS.1.23 because pilchard has a more protracted

spawning season than anchovy (Chapter 1) and juvenile pilchard also occur with anchovy taken

in January-March.]

Splitting TACs into catches-at-age after the recruit survey
Anchovy 0-year-old catch:

2,
Cly =TACH -C4, A5.1.25

Pilchard 0-year-old catch:

) 2, .
CPy = ATACY +r,(TAC** ~TACH")

A5.1.26

A =max{y, ry)
where y is the initial bycatch ratio (equation 5.5), and r,, is the ratio of juvenile pilchard to
anchovy “in the sea” during May, calculated as follows:

ry = %(ry,.wr + ry,com ) ' AS . 1 *27
which is derived from recruit survey estimates:

P .
r.. =k, —2= ' A5.1.28

y.sur Sur N A
¥, e

where N'’# are from equation AS5.1.16, and the simulated pilchard bycatch to anchovy ratio in

yrec
commercial catches in May is given by:

P

Nyr o
Py com = Kinay 36" A5.1.29

eom may A
NS,

where N, * are from equation A5.1.17, kyg, from equation AS5.1.7, Onay from equation AS.1.9,

and finally,

€, mar = PrayTyaprmay F VL= Prigy)’ 1,y A5.1.30

where Oy 1s from equation AS5.1.10, 7y,.aprmay from equation AS5.1.24, and

Ty may ~N[0; 1] A5.1.31
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Bycatch drop-off after May
C; o in equation AS5.1.26 assumes that the juvenile pilchard to anchovy ratio “in the sea” in May,

ry, will remain at this level for the remainder of the season. However, Figure A5.1.2 (a repeat of
Figure AS.1.1, but with August commercial catch data added) shows that there is a drop-off in
this ratio of about 50% by August. This implies that the level of bycatch set after the recruit

survey (TAByZ’P in equation 5.8) may be “too generous” and that C f o may be somewhat different
to this. This effect is simulated by adjusting C; o toreflect the actual level of ()-year—oldApilchard
to be expected in the catches, given the historical pattern of pilchard bycatch to anchovy ratio
changes (usually a drop-off) from May to August. The anchovy catch, C ﬁe , is also adjusted if
the adjusted C,, exceeds TABf’P ~TAB!, (equation 5.8), in order to reflect the closure of the

anchovy fishery once the pilchard bycatch allowance linked to anchovy is reached.

y.aug

Figure AS5.1.2 A repeat of Figure A5.1.1, but with commercial catch data for August ( Cif:‘; jCc*  from

Table A3.2.5) added.
0.7
¢ May

;-3 06 OAug May *
; 0.5 - y = 1.3076x
2 R? = 0.8075
8 04
s
£ 03 .z
£ — -0
g 0.2 4 P Aug
S Ly y = 0.7212x

] R? = 0.6376

0 . T

0 0.1 0.2 0.3 0.4 0.5
Recruit survey ratio

Adjusting C }i 0
Equation A5.1.26 is modified as follows (see also equation 5.5):

A
Cy,jun

CrL=TAB,* ~TAB} +r,

¥, jun

+ry,julC}‘§,ju£ +7r, c: A5.1.32

¥y g T Y.aug

The pilchard bycatch to anchovy ratios, r, ,, are derived in a similar way to ry ¢, in
equation A5.1.29 as follows: '

P
- yor Opbym
Ty =k, — e
yr

,m= jun, jul, aug A5.1.33
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where N/* are from equation A5.1.17, ky and 0,, from equations A5.1.7 and A5.1.9 (where Y is

replaced by Y,,, for calculations involving m = aug), and

€y jun = Poyc€ymay T 1- (‘Obyr)2 1. jun
€, 10 = Pore ) €, may T Pre 1= (Paye)’ My + 41— (P ) 1, A5.1.34
gy,aug = (pbyc )38)',3!&}' + (pbyc)z’\jl" (pbyc)2 ny,jun + )Obyc ‘\} I~ (pbyg)z ny,jul + \’1 - (pby(-)z ny,aug

reflecting the correlative relationships between successive months, where pyy, is from

equation A5.1.12, & may from equation A5.1.30, and

Nym ~ N[O; 1] , m=jun, jul, aug AS5.1.35

The anchovy catches in equation A5.1.32, C;m (m = jun, jul and aug), are derived as follows:

Cl in = P, (TACI* =TAC™")
A5.1.36
P ~ UI0 1]
where U[O; 1] represents a uniform random distribution between 0 and 17®. Furthermore,
C} = PuTACT* =TAC* -C} ) A5.1.37

where p;, is related to p;., in the same way as observed historically in the catches. In order to
derive this relationship, logit transformations’’ of historical anchovy monthly catches

(Table A3.2.5) were calculated as follows:
A o A
1-c},/ chlm.
A X A
S

Figure A5.1.3 plots g;, against g;,,, and shows a fitted linear regression line.

g,=In ,m= jun, jul AS5.1.38

7 A uniform distribution from O to 1 was used because data for the period 1987-1999 showed that, for anchovy, the
June catch as a percentage of the June-August catch varied from 1% in 1993 t0 99% in 1996 (see Table A3.2.5).

" A logit transformation was used to allow the application of linear regression.
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Figure AS5.1.3 A plot of g;, against g;,, (equation A5.1.38), based on historical anchovy monthly catches
(Table A3.2.5). A fit of a linear regression line to the transformed data is shown, with an estimate of
the residual standard deviation.

8
y = 0.3457x - 0.1273 5
residual std dev= 1.4719|" | o
R? = 0.2569 4
3
2 1 .
3
= 14 /
T 0B .
5 -4 2 *4 [
L 4 . -1 3
.
. 27
3
qjun

Dju 18 therefore derived as follows:
P ={expl0.3457In[(1- p )/ P, 1-0.1273+7,, ]+ 1}

N ~ N[0;1.4719°]

A5.1.39

Finally,

C} .. =TACY -TAC*-C} .. -C} A5.1.40

y.aug ¥, jun y, jul
Adjusting C;.,, when C,, +TAB;, >TAB}":
The adjustment to C,, when C;, +TAB,, >TAB;" assumes that the anchovy TAC is taken at

the same rate as the pilchard bycatch allowance, and therefore equation A5.1.25 is modified as

follows:

Cy =TAC>* [TAB}"/(C}, +TAB})]-C}, AS5.1.41

Additional sub-season

A final adjustment is made to C,, and C,'; to reflect the catches taken in the additional sub-

season, as follows:

Cly =Cly +min{TAB, ; 0.1(TAC>* ~TAC**)} AS5.1.42
and
AR A* 3, )
Cys =Cyo+TAC* —-TAC* A5.1.43
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where 0.1 in equation A5.1.42 is consistent with the value used for y at the start of the year
(equation 5.5), and ensures that the bycatch in the additional sub season is at most 10% of that

portion of the anchovy 3" TAC taken in the sub-season.

General

For all catches simulated in the operating model, an upper limit is placed on the industry’s
efficiency by assuming that no more than 95% of the “exploitable” stock may be caught.
Furthermore, appropriate adjustments are made to ensure non-negative values for catches. The
summary performance statistics for each test are calculated from quantities of interest derived
from 500 simulations of 20-year projections, with the 20-year trajectories differing from one
another because of the error components in the above equations. However, when alternative MPs
are compared, the same series of 20x500 error “realisations” are used to reduce the effect of
Monte Carlo variation on the differences between summary statistics, and the operating model is
left unchanged. When testing the sensitivity of a particular MP to alternative scenarios (e.g.
alternative stock-recruit relationships), changes are made to the operating model, while the MP
(i.e. the decision rules and constraints described in the main text, and equation A5.1.18) is left

unchanged.
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Exceptional Circumstances

This Appendix describes the Exceptional Circumstances meta-rules to be applied when
Exceptional Circumstances are invoked by the MP being tested. All quantities are as defined in
the main text of Chapter 5 and in Appendix 5.1. This is essentially a repeat of the “Exceptional
“Circumstances” sub-section of Appendix 4.1, but now cast in the mould of the MP testing
process (in contrast to how the meta-rules would apply in practice, as shown in Appendix 4.1),
and with modifications to account for the differences between OMP99 and OMPO02. Therefore
motivations for the type of equations used are not repeated here (refer rather to Appendix 4.1).
Motivation for the threshold levels used to invoke Exceptional Circumstances can be found in

Appendix 4.2.

Pilchard directed TAC

Exceptional Circumstances for the pilchard directed TAC apply if:

P
B_v,Nov

< 150 thousand tons

in which case the TAC under Exceptional Circumstances is calculated as follows:

2
B;
TAC] =TAC]"| 2= A5.2.1
150 _

where B; Nov is in thousand tons, and TACy’” is calculated using equation 5.1, 5.2, 5.14 and 5.17.

Anchovy 1 TAC

Exceptional Circumstances for the anchovy 1¥ TAC apply if

B}, < 400 thousand tons

in which case the TAC under Exceptional Circumstances is calculated as follows:

B, )
TAC)" =TAC;" | === A5.2.2
400 :

where Bj,, isin thousand tons, and TAC;™ is calculated using equations 5.3, 5.4, 5.15 and

5.18.
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Anchovy 2" TAC

First, a projected anchovy biomass is calculated as follows:

1. Derive TAC.* in the usual manner by applying equations 5.6, 5.7, 5.15 and 5.18.

2. Calculate B; ., as follows:

B* ., =maxof{ > Wi : A523

y.proj0

2’ &
[NA _ TAC), A “Cﬁl “Ciobs }-e.suzwft
0

Calculate B, as follows:

BA 8—0.9/ 4 CA
A ,Nov d | -509/4—A
B)’sﬂmf - { : WlA - WjA w, + B;tpmjg A5.24
If B)’,“,, oroj <400 thousand tons , then Exceptional Circumstances apply.
If it is established that Exceptional Circumstances apply, then the anchovy revised TAC is
calculated as follows:
N B Y
0.7 ﬁ’;’“" +0.3222
TAC>* =TACH™ Lt s A5.2.5
N y,recO B y.Nov
0.7=—+03-=
y,recQ Nov
where
_ i
NP o =| 0+27 ™ A5.2.6
w{)cbs
and
A A 09/2 2,A% A A
g = [400-(B; . — B, ,,i)le N TAC" -C,, —C g, A5
w i

However, if TAC?* <TAC," after Exceptional Circumstances meta-rules have been applied,

then set TACj”“ = TACi’A )
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Anchovy 3 TAC

The same procedure as for the anchovy 2™ TAC is followed, except that equations 5.9, 5.10,

5.16 and 5.18 are used to calculate TAC,*", which then replaces TAC*"" in equations A5.2.3,
A5.2.5 and A5.2.7. Furthermore, TAC;* replaces TAC.* in equation A5.2.5. Finally, if

TAC3* <TAC>*, then set TAC}* =TAC*.

[Note that when the above meta-rules are applied in practice, actual data from the fisheries and

research surveys is used (see Appendix 4.1).]
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Risk

Risk is defined as the probability that adult biomass drops below a pre-specified threshold level
at least once during a 20-year projection period. Butterworth and Punt (1999) argue that these
threshold levels should take into account the biological characteristics of the species under
consideration. For example, anchovy is a shorter-lived species and is subject to higher levels of

recruitment variability (compare o’ in Tables 2.9 and 3.8). It is therefore more likely to be

resilient to depletion to a particular level (0.2K " for example)78, so that a lower threshold
compared to pilchard is likely justified. Apart from the possibility of threshold levels differing,
the target risk levels for pilchard and anchovy used to tune MPs actually differ (0.1 and 0.3
respectively for the two species — see main text), not only for the reasons given above (regarding
the thresholds used in the definition of risk), but also because survey results for anchovy are
considered more reliable than for pilchard (Cochrane ez al. 1998; Chapter 1). Furthermore, the
policy with regard to managing pilchard has been to encourage recovery of the resource, so that

more conservative risk levels have been used for that species (Cochrane et al. 1998).

Although the threshold level used for pilchard in OMPO02 has remained unchanged (0.2K ")
compared to OMP99, it has changed from 0.2K* to 0.15K* for anchovy. The main reason for

this is that the estimate of cri has increased for anchovy (0.62 to 0.69 from OMP99 to OMP02),
but remained virtually unchanged for pilchard (0.50 and 0.51 respectively). Figure A5.3.1 plots
o! for pilchard and anchovy (i = P or A), wifh symbols indicating point estimates for both OMPs
and solid lines indicating the frequency distribution for OMP02 (OMP99 did not use a joint

probability density function for the pilchard and anchovy assessment parameters, only point

estimates).

™ K is the average pre-exploitation level of B!, for species i (= P or A).
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Figure A5.3.1 Point estimates and probability distributions for ¢, for pilchard (top, i = P) and anchovy (bottom,
i = A), with symbols indicating point estimates (“p.e.”) and solid lines frequency distributions
(“distn’”). Results are shown for OMP99 (point estimates only) and OMP02 (point estimates and
probability distributions).

X OMPS99p.e. Pilchard
¢ OMPO2 p.e.
—— OMPO2 distn

Probability

Anchovy

O,

There were several options for dealing with the changed perception of risk for anchovy for

OMPO2 compared to OMP99, as follows.
1. Risk could be re-defined by changing the threshold used in the definition of risk.

2. TAC constraints in OMPO2 could be modified so that the probability of dropping the adult
biomass below a pre-specified level was the same for OMP99 and OMP02.

3. The definition of risk could remain the same (i.e. threshold level not changed) but stake-
holders could be encouraged to accept higher levels of risk given the increased level of

recruitment variability

Option 1 was the most attractive because stakeholders were more familiar with the target level of
risk (0.3, which would be changed under option 3) than with the actual definition of risk, so it
was more important to keep the target level unchanged. Option 2 would essentially have
introduced a new method for tuning the MPs, which would have been more difficult to “sell” to

stakeholders than achieving the same result by using already familiar concepts (Option 1).
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Figure A5.3.2 compares point estimates of the threshold levels 0.15K* and 0.2K* for anchovy.
The 0.15K* threshold level for OMPO02 is closer to 0.2K* for OMP99 than is the 0.2K*
threshold level for OMP02. The Figure also shows that 0.2K* for OMP99 lies in the centre of
the 0.15K * distribution for OMPO02, but towards the bottom of the 0.2K # distribution. A choice
of 0.15K* for OMPO02 would therefore be more consistent with OMP99 than would 0.2K*.

Figure AS5.3.2 Point estimates (p.e.) and probability distributions for threshold levels {(0.15K and 0.2K) used in the
definition of risk for anchovy, with symbols indicating point estimates (“p.e.”) and solid lines
probability distributions (“distn”). Results are shown for OMP99 (point estimates only) and OMP02
(point estimates and probability distributions).

. ¥XOMP99 0.2K p.e.
oOMP02 0.2K p.e.
2 { Y ¢OMPO020.15K p.e.
z A
-§ OMPoO2: s OMP(?Q:
a 0.15K distn 0.2K distn
e
200 400 600 800
0.15K or 0.2K ('000t)

Figure A5.3.3 plots B, , /K’ with and without exploitation for OMP99 and OMPO02 (using tﬁe
ETD method and a B value of 0.1375 for OMP02, to be consistent with OMP99 ~ see main text).
In Figure A5.3.3, (a) shows the extent to which implementation of the OMP affects the
distribution of B, , /K" values, while (b) compares the two OMPs to one another. OMP02

appears to be less conservative for anchovy than OMP99, but this is perhaps not surprising
because OMPO2 incorporates the additional sub-season for anchovy, which attempts better

utilisation of anchovy, whereas OMP99 did not.
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Figure A5.3.3 Probability distributions of B;,N /K for pilchard (top) and anchovy (bottom) with and without
exploitation, for both OMP99 and OMPO2. The “with exploitation” options use = 0.1375 for both

Appendix 5.3
OMPs. (a) plots the “With expl.” and “No expl.” cases for each OMP, while (b) compares the two
OMPs, both with and without exploitation.
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Relating 2001 pilchard and anchovy allocations to an Equivalent Percentage Right

The process of computing an Equivalent Percentage Right (EPR) in ones “own” preferred fishery
is developed by relating individual allocations of pilchard and anchovy quotas in 2001 to
management procedure M, and hence to the TACs that would have resulted had that MP been
applied in 2001.

Figure AS5.4.1 shows the pilchard-anchovy trade-off curve for M;. This curve shows the trade-off
between anchovy and directed pilchard catches on average. The curve specific to a particular
year will differ from this, because both pilchard and anchovy abundances may differ from their
averages. Figure AS5.4.1 also shows the trade-off curve that would have applied for 2001, given
the anchovy and pilchard abundance estimates from surveys for that year. It is this 2001 curve

that is used to compute the EPRs, as follows.

1) Take a particular Company (X) and establish what its directed pilchard and anchovy
allocations were for 2001. Use this information to establish the proportion of this total
comprised of pilchard. | B
Ex: Company X was allocated 6226 tons of anchovy and 2008 tons of directed pilchard for
2001. These comprised 1.380% and 1.103% respectively of the TACs of these two species of
451000 and 182000 tons. The pilchard proportion of Company X's allocation was therefore
0.244.

2) Find the point on the trade-off curve for 2001 in Figure A5.4.1 that corresponds to this same
proportion of pilchard in the total catch (the two TACs combined). This tumns out to reflect
TACs of TAC-P tons pilchard and TAC-A tons anchovy. Compute the proportion that
Company X’s pilchard quota for 2001 comprises of TAC-P, which is termed prop-X. Note
that (by construction) one would get exactly the same result for prop-X by dividing Company
X’s anchovy quota for 2001 by TAC-A.

Ex: For the example above of a company with a pilchard proportion of 0.244, the
corresponding point on the 2001 trade-off curve is TAC-A = 385000 tons and TAC-P =
124000 tons. Dividing the 2008 pilchard quota for 2001 by TAC-P = 124000 tons gives
prop-X = 0.01618 or 1.618%.

3) The prop-X values are computed for every company awarded one or both of a pilchard quota

and an anchovy quota for 2001, and these values are added together to get Sum-prop-X.
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Ex: Repeating this exercise for every company awarded a quota in 2001 gives a value of

Sum-prop-X of 1.33286, or 133.286%".

4) Company X’s equivalent percentage right (in its own “preferred” fishery) - referenced as
“EPR” - is given by dividing prop-X by Sum-prop-X. Note that this means that if one adds
the equivalent percentage rights for all companies with quotas in 2001, the result will be

100%.

Ex: For Company X, prop-X = 0.01618 and Sum-prop-X = 1.33286, so that EPR = 0.01214

or 1.214%.

Figure A5.4.1 A plot of the M, trade-off curve (“M, average trade-off curve”), together with what this curve looks
like for 2001 (“M, 2001 realisation curve™) given the pilchard and anchovy abundance estimates for
that year. The trade-off implicit in the allocations of piichard and anchovy to Company X in 2001 is

shown.
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7 The reason that this sum exceeds 100% is linked to the non-linear nature of the M; 2001 realisation curve, which

in turn arises from the overall catch constraints imposed on the MP formulae.

218




CHAPTER 6
Implementation of OMP02

The implementation of OMPO2 took place against the backdrop of a re-allocation of rights to
South Africa’s major commercial fishing sectors, including the pelagic fishery. The ITD
method was adopted for OMPO2 partly because of concerns over litigation if the ETD
method was used, and partly because it allowed rights holders the additional freedom of
selecting their own preferred average pilchard-anchovy catch ratios. Delays in the rights
allocation process caused several problems, including an eventual greater than expected shift
in the distribution of preferred pilchard-anchovy ratios towards pilchard for the industry as a
whole, compared to the distribution of ratios implicit in the 2001 quota allocations. This
necessitated the implementation of a 15% cap (phased in over two years) on the amount by
which the ratios originally specified on the application forms for rights were revised upwards
when successful applicants were given a one-off opportunity to specify such a revision. It
also necessitated a final round of robustness tests to confirm that a re-calibration of OMP(02
was not necessary.

6.1 Introduction

The development and implementation of OMPO2 took place under challenging circumstances.
Transformation in the pelagic industry had already started in the early 1990s with the
introduction of new entrants into the fishery (Chapter 1, Sauer et al. 2002). No attempt was made
initially to remove existing rights holders (for example on the basis of transformation criteria),
though their allocations as percentages of the TACs were reduced. An unsatisfactory result of
these early transformation initiatives was the development of many new quota holders operating
only as “paper” quota holders®. In order to address the above problems (“untransformed” and
“paper” quota holders) and speed up the transformation process, a first attempt to re-allocate
rights in various fisheries sectors (including the pelagic fishery) was made in 1999 (for the 2000
fishing season) following the adoption of the Marine Living Resources Act (Anon. 1998b) in
1998. This attempt scored applicants for rights in these fishing sectors on the basis of criteria
such as historical involvement in the relevant sector, viability of the business plan each provided
and level of transformation (from the point of view of involvement or proportion of ownership
by previously disadvantaged groups in the rights applicant’s business). This attempt at “full-
blown” transformation failed however, because of fundamental flaws in the process usedsl,

which led to widespread litigation (Kleinschmidt et al. 2003).

8 «paper” quota holders were rights holders who had no investment in the industry and would simply sell their
allocated quotas to a third party (usually one of the “traditional” rights holders with large investments in the
industry— see Chapter 1) for catching and processing.

8! For example, the criteria used to score applicants were challenged as being too subjective to be used as a basis for
excluding applicants from the rights allocation process, and the administrative structures in place were inadequate to
cope with the sheer volume of applications for rights, which resulted in long delays in the allocation of fishing
rights.
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A moratorium on re-allocation was introduced for the 2001 season to stabilise the fishing
industry and to prepare for a fresh attempt to transform the various sectors and award rights for a
four-year period. To be eligible for rights, all prospective participants had to apply for rights in
the various sectors by September 2001. MCM was anxious to avoid the litigation problems it had
encountered previously, so a legal team was assembled as an integral component of the new re-
allocation process, to be completed in time for the 2002 season in the case of the pelagic fishery.

Kleinschmidt et al. (2003) provide an in-depth account of the new re-allocation process.

It was against this background that OMP02 was developed. In part because of the concerns over
litigation, MCM decided to adopt the ITD (internal trade-off decision) method for OMPO2 (see
Chapters 4 and 5), for the pelagic fishery. Furthermore, it was careful to avoid linking the
allocation process with OMPO2, because an integral part of developing OMPO02 was the
participation of the existing pelagic industry (for feedback on desired levels of constraints, for
example). If such a link was evident, prospective new entrants, who had not had the opportunity
to contribute to the development of OMP02, could claim that the allocation process had favoured
existing rights holders, which could constitute grounds for litigation. There was also concern that
if such a link was perceived by existing rights holders, it could be used by them to influence
OMPO2 to favour their own allocations. Although OMP02 (management procedure M; in
Chapter 5) was used to provide the EPRs% to inform the allocation process (Chapter 5;
Appendices 5.4 and 6.1), these EPRs were used by MCM merely as guidelines to compare to the
percentage right it eventually awarded to successful rights applicants®®. In this manner, MCM

avoided a direct link between the allocation process and OMPO02.

All the results shown in Chapter 5 were based on the EPRs and the pilchard-anchovy ratios
implicit in the allocations to rights holders in 2001. For the actual implementation of OMPO02 in
2002, these two pieces of information were to be replaced, because a new set of rights holders
(mostly existing participants, but some new entrants) were about to be confirmed for the pelagic
fishery. The first was replaced by the percentage right to the pelagic fishery allocated by MCM
to each newly-confirmed rights holder in the fishery, and the second by the preferred pilchard-
anchovy ratio (from which a f value could be calculated) specified by that rights holder on their
application form, when they had applied for rights in the fishery in September 2001. The

algorithm that applied once these two pieces of information were obtained was similar to that in

52 An EPR, or equivalent percentage right, essentially translated the two rights for existing rights holders in 2001,
into a single equivalent right for the combined fishery.

% The EPRs used by MCM in this manner included the refinements detailed in Appendix 6.1.

220



Chapter 6

Chapter 5 (incdrporating equations 5.14-5.25), except that the EPR value, pgpg +, calculated for

each 2001 rights holder (d') on the basis of their quota allocations for 2001, was now replaced by

prr.a, the percentage right MCM had allocated to each newly-confirmed rights holder d for 2002-

2005. Furthermore, a set of control parameters (4, Q54 and Oy, 4) Was associated with each

rights holder 4 by matching that rights holder’s choice of preferred pilchard-anchovy ratio with
the ratios implicit in the 2001 realisation of OMPO02 (M, in Chapter 5 — see also Appendix 5.4)%

The original plan for the implementation of OMPO2 towards the end of 2001 was as follows.

L.

The percentage right ppg 4 allocated by MCM to each newly-confirmed rights holder d would
be announced by the first week of December 2001.

A meeting would be convened in the second week of December to allow each newly-
confirmed rights holder a one-off opportunity to revise the preferred pilchard-anchovy ratio
they had specified on the application forms for rights to the pelagic fishery, submitted in
September 2001.

TACs, bycatch allowances and associated quotas, based on OMPO02 (this having been
formally adopted by the Minister), the November 2001 survey results and inputs from 1 and

2 above, would be announced towards the end of December 2001.

The reasons for allowing a one-off opportunity for all newly confirmed rights-holders to revise

their preferred pilchard-anchovy ratios (2 above) were as follows.

Rights holders that were new to the fishery, and thus had had no exposure to the principles
and discussions underlying OMPO2, could argue disadvantage at not having had the
information necessary to make an informed decision regarding their desired pilchard-
anchovy ratio when submitting their application for rights in September 2001. This situation
arose because, although it may have been feasible to convene a meeting of all applicants
(there were 187 in total compared to the 114 rights holders in 2001), there were concerns
within MCM regarding the expectations (related to allocation of rights) that such a meeting
would foster amongst rights applicants, and the message it might mistakenly send regarding
the rights allocation process (i.e. that it had somehow been “flawed” in the way it was
implemented). A decision was therefore taken to hold the meeting as soon after percentage
rights were announced as possible, so that only successful applicants would attend such a

meeting.

% Once again, this process included the refinements presented in Appendix 6.1.
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Over the years, the structure of the pelagic fishery had developed a strategic flaw, with too
many rights holders having pilchard-only or anchovy-only allocations. This situation had the
potential to give rise to severe hardship for these rights holders, because it is not uncommon
for pelagic fisheries to undergo large fluctuations (up to two orders of magnitude) within a
relatively short period of time (Lluch-Belda 1989), and to be subject to regime shifts (e.g. the
virtual disappearance of anchovy off Namibia towards the late 1990s — Boyer and Hampton
2001). The opportunity to revise ratios allowed scientists to highlight this concern to
industry, and to demonstrate that they could acquire a reasonable quantum of the other
species while hardly reducing quotas ‘for their species of primary interest (see Figure 6.1,
which shows typical quotas to be expected for a hypothetical rights holder allocated 1% as a
percentage right in the pelagic fishery, given a range of choices for the pilchard-anchovy
ratio). This would allow risk to be spread in the interest of sounder and more stable

management of the pelagic fishery.

With additional information (such as Figure 6.1, which was not available at the time of the
September 2001 deadline for applications), rights holders had the opportunity to make a
choice better attuned to their needs. This would lead to a lower likelihood of dumping as
each sought their desired species mix in catches. However, it was stressed to industry that
their preferred pilchard-anchovy ratio would only be achieved on average. This is because
the large fluctuations typical of pelagic species are not necessarily in the same direction or to
the same extent for two species in the same system (Figure 1.5). These fluctuations are
reflected in the changing TACs set from year to year. Therefore, the exact mix of pilchard to
anchovy actually realised will not always coincide with the choice of preferred pilchard-
anchovy ratio every year, but should nevertheless do so on average. The 90% probability
regions shown by bars in Figure 6.1(d) show the extent to which the selected ratios will not

always coincide with ratios actually realised.
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Figure 6.1 Five-year summaries of quotas for different pilchard-anchovy ratios (calculated as P/(P+A), and
expressed as a %) shown on the horizontal axis of each graph. Solid diamonds indicate averages over
five years. Bars indicate the variation to be expected around these averages (i.e. 90% of all values to be
expected for a selected pilchard-anchovy ratio occur within these bars). [Note that these results include
the refinements discussed in Appendix 6.1.]

7 7
- a) Pilchard directed quota el b} Anchowy total quota
r 6 8 6 -
_8 5 €5 1
s 2
3 4 847 I
§ 3 4 T34 l
- F ol
£ t £ I
s 1 I S 1
z ¥ £ z

o + . r T T r 0 T T r T +

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Pilchard-Anchovy ratio Pilchard-Anchovy ratio
-7 1.2
5 | © Pilchard bycatch allowance quota 2 d) Pilchard to anchovy ratios
S {with anchovy only} go 1- .
8 » 8
8 2 =08 - I
b
c 23] £ 9 k
= g - 0.6 4
HER <2 | i
z,) 3504 i
© H J
&1 I I 5 =o2y t
0 = : I I, * * & Y * T : . v r
0% 20% 40% 60% B80% 100% 0% 20% 40% 60% B0% 100%
Pilchard-Anchovy ratio Plichard-Anchovy ratio selected

6.2 Implementation difficulties

The process (due to be completed in the first week of December) of announcing successful f
applicants to the pelagic fishery, together with the percentage right of the fishery awarded tcf )
each of them, fell behind schedule. These rights were eventually announced only very late in
December, so that it was not possible before the 2002 fishing season would commence in early
January to hold the meeting to allow for a one-off opportunity for revising preferred ratios.
Accordingly, it was decided to use the preferred ratios specified on the application forms
submitted in September 2001 to provide TAC/Bs and initial quota allocations. It was also
decided to simultaneously announce percentage rights and initial quota allocations for each
successful‘ rights applicant, which meant that the results from the November 2001 survey were
not available in time to form part of this process. Consequently, OMP99 was used to provide
provisional TAC/Bs™. Because it was necessary to ensure consistency with future applications of
OMPO2 (and thus the ITD method), the approach used to calculate quota allocations was to

apply OMP02 (with the allocated percentage rights and originally specified preferred ratios as

5 Although generally not favoured by scientists because they are not based on any new information (Chapter 4),
there was no other alternative but to use these provisional TACs. They are based simply on the minimum or
maximum reduction constraints of OMP99 (Chapter 4).
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inputs), but then to scale the TAC/Bs that resulted from summing the quota allocations provided
by OMPO?2 so that they matched the provisional TAC/Bs that OMP99 provided.

The meeting for the one-off opportunity to revise preferred pilchard-anchovy ratios, and to
provide further information about OMPO02, was finally held in early February 2002. Once
specified, these revised pilchard-anchovy ratios would remain fixed for a period of four years,
and would be used in the first “proper” implementation of OMP02%, 10 set the pilchard directed
TAC, anchovy 1* TAC and pilchard 1% TAB, and subsequent TAC/Bs (Figure 5.1), and hence
also the quota allocations that made up these TAC/Bs (equations 5.19-5.25).

Once the process of revising the pilchard-anchovy ratios was complete (final rights having
already been fixed), it was necessary to re-test OMPO2 under the full suite of robustness tests
shown in Chapter 5, in case some re-calibration was necessary. This re-testing was one of the
recommendations from the BENEFIT Stock Assessment Workshop held in November 2001,
Cape Town (Anon. 2001b). One of the concerns expressed at this Workshop (at which results
shown in Chapter 5 were presented) was that a large change in the distribution of pilchard-
anchovy ratios (and hence in the S-distribution — see Figure 5.9) which moved its peak
appreciably towards one or the other species, could lead to a marked rise in risk for that species
beyond acceptable levels because of the non-linear nature of the pilchard-anchovy trade-off
curve (Figure 5.6). In their applications for rights to the pelagic fishery, the industry had already
shown a marked shift towards pilchard compared to 2001, and the opportunity to revise these
ratios provided responses that continued this trend, although there was also a move away from

rights holders requesting 100% pilchard (Figure 6.2).

% The provisional allocations for 2002 were not a “proper” implementation of OMP02, because TACs were scaled
to match the provisional TACs provided by OMP99.
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