


























































































































































































































































































Appendix 4.1 

later in the season (set at 0.85 - this value increased from a 
previous value of 0.7 used in 0MP94 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. 1st and 2nd T ACs must be at least 60% of last year's 2nd TAC. 

2. 1st and 2nd TACs must lie between ax200=90 000 tons and ax600=271 000 tons. 

3. The 2nd TAC must be at least as large as the 1st TAC, but must not exceed the 1st 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 1st TAC is set, or if the projected November adult 

biomass estimate (B:' proj in equation A4.L12) is less than 400 000 tons at the time the 2nd 

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

below. 

Pilchard 

5. The TAC must be at least 75% oflast year's TAC. 

6. The TAC must lie between ex70 000 and 0010000 tons, where e = {JIO.1 if f3 < 0.1, and 

e = 1 otherwise. 

7. Exceptional Circumstances apply if the November survey adult biomass estimate (B;'NOV) is 

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

The above constraints were formulated in consultation with the industry, and are motivated by 

concerns for stability in the industry (1 and 5), the need for economic viability (2 and 6), 

limitations on processing capacity (2,3 and 6), and resource conservation (4 and 7). 

Furthermore, the within-season adjustment of the anchovy T AC may not be downward (3), 

because it is possible that the industry would have taken the 1st TAC by the time the 2nd 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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Appendix 4.1 

Back-calculating anchovy recruitment 

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

where 

N A = (N A e 0.5(1+1;)1.2/12 + C A 1 w A ) e[5+O.5(1+I;)]1.2/12 
y,recO. y,rec y.Obs y.Ocbs A4.1.6 

N :',ec is the estimate of anchovy recruitment numbers (B :,ec 1 w:.,ec ' as 

in Table A3.2.4) from the recruit survey in year y; 

C:'Obs is the mass of anchovy landed from the 1st of April to the day 

before the recruit survey commences in year y, assumed to be 0-
year-old fish; 

W:,OCbS is the mean weight of fish corresponding to C:'Obs ; 

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

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

[Note that the 1.2 factor in the exponential terms in equation A4.L6 (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: 

B;'NOV < 150 thousand tons 

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

TAC? =TAC p*(B;'Nov)2 
y y 150 

where 

870 
{

PIO.l 
,where 8 = 1 

0.75TAC;_1 

Anchovy pt TAC 

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

B:NUII < 400 thousand tons 

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

TAC1,A :::: TAC1,A* (B:NOV Y 
Y Y 400) 

A4.1.9 

where 

{

a 200 
TACt,A':::: max of 

y 0.6TAC~~1 
A4. 1. 10 

Anchovy 2nd TAC 

First, a projected anchovy biomass is calculated as follows. 

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

(equation A4.L4 and anchovy constraints 1-3 listed above). 

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

of the year) as follows: 

. A4.1.11 

o 

c) Calculate B: proj (the total biomass projected to the end ofthe year, now adding the 

contribution from the l-year-olds; for simplicity, the smalI2-year-old contribution is 

neglected) as follows: 

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

[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 

A4.1.12 

account, in order to provide a proxy (B: proj ) for the forthcoming November survey, and hence 

have a basis for invoking Exceptional Circumstances, if necessary.] 
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Appendix 4.1 

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

calculated as follows: 

2 

TAC 2,A = TAC 2,A* 
y y A4.1.13 

where 

N A* = (8 0.5(1+1:)1.2/12 CA I A ) [5+0.5(1+1:)]1.2112 
y,recO e + y,Obs Wy,Oebs e A4.1.14 

and 

TA C2,A* CA CA 
+ L.tl. Y - y,1 - y,Obs 

-A 
WOe 

A4.1.15 

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

result 8 in year y (in terms of numbers) that would be sufficient to yield a B;,proj value of exactly 

400 000 tons. Equation 4.1.14 then back-calculates this recruitment to the start ofthe 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:,A calculated with the actual recruitment for 

year y divided by TAC:·A calculated with 8. The idea then is to reduce TAC:,A* 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 previously defined): 

C:'1 is the mass of anchovy landed from 1 January to 31 March in 

yeary, assumed to be l-year-old fish; 

Wl~2 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 
(1O.41g and 15.82g respectively); 

wo~ is the historical average of the mean weight of fish caught from 1 

April onwards and assumed to be O-year-old fish (5.77g); 

W;,l is the mean weight of l-year-old fish at the start of year y, 

sampled from November survey trawls in yeary-I; and 

W~IC is the mean weight of fish, corresponding to C~I' 

[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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Appendix 4.1 

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 eL2I2
• Note also that values for Wl~2 and wo~ differ from those given in 

Tables A3.2.1-2 because they are the values that applied when 0MP99 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 0MP99 (Appendix 4.1) were 

the same as those developed for 0MP94, except for a downward adjustment of the anchovy 

threshold (from 500000 to 400000 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 10000 

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

1. Group the 10000 pairs of values {B~,NOV; B~,N}Q into categories based on the values for 

B;,NOV {e.g. [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~,N I Ki (K i is the average pre-exploitation 

value for B~.N) and associated cumulative probability curves (cumulative frequency curves 

normalised to a maximum of 1). 

3. Calculate the probability that the "true" biomass (B~,N) is less than 0.2Ki (the level at which 

recruitment is thought to be impaired), given that the survey estimate (B~.NOV ) 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 

(10000 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 0MP94), and if the expected frequency in 4 was 

once every 10 years roughly (also used for OMP94). Cumulative probability plots for 0MP99, 

associated with B;'NOV' B:Nav and B:proj (the latter replacing B~.NOV 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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Appendix 4.2 

Figure A4.2.1 Cumulative probability curves for BI N I Ki (i = P or A), given that the corresponding BI N ' or y. ~ • 
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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 

Category B;NOV Category B:'NOV B:,proj 

[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 

(250000 tons, say, instead of 150000 tons) would be more suitable for pilchard. 
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CHAPTERS 

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 lTD 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 t~ 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 lTD 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 20(H, and a method 
for converting the two rights into one is presented. When applying the lTD 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 
lTD method are presented. After consideration of the robustness tests, OMP02 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 

OMP02, the multi-species MP implemen~ed for pilchard and anchovy in 2002. Descriptions of 

the historical development of MPs for South African small pelagic resources, the justification for 

implementing OMP02, and how OMP02 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 5 

Figure 5.1 The typical cycle of events for the pilchard and anchovy fisheries. Snccessive TACs and TABs (Total 
Allowable Bycatches) are essentially revisions of their forerunners (i.e. the 2nd TAC/B is a revision of 
the lSI, 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 T AClBs 
actually applied in the sub-season are: anchovy 3m T AC less anchovy 200 T AC, and pilchard 3rd TAB 
less pilchard 2nd TAB.) 

November Survey 

Fishing Starts 

V 
January TAC/Bs 

.:. Pilchard directed TAC 

.:. Anchovy}St TAC 

.:. Pilchard 1 5t TAB 
I I 

Recruit Survey 

V 
May/June TAC/Bs 

.:. Anchovy 2nd TAC 

.:. Pilchard 2nd TAB 
II 

Anchovy additional sub-season 

V 
I August/September TAClBs 
•• :. Anchovy 3rd TAC 
I 
.• :. Pilchard 3rd TAB 

[l 
Fishing Ends 

5.2 TAC equations and constraints 

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

during the year (Figure 5.l). In broad summary, these constraints involve: 

(i) maxima and minima for total anchovy and directed pilchard T ACs; 

(ii) maximum reduction percentages on anchovy and directed pilchard T ACs; 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 st to the 2nd 

TAC, and from the 2nd to the 3rd T AC). 

However, under Exceptional 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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Chapter 5 

survey results). Appendix 4.2 provides motivation for these threshold levels53
, 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 2nd TAC is set, the 1 st TAC could have been caught. 

[TACs and T ABs54 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 f3 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 5.255
). 

The anchovy 1st 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 will 

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, 8, 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 1st TAB consists oftwo 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 fonnally have been fe-evaluated for the OMPs 
presented in this Chapter, but this was not possible because of the time constraints involved in implementing 
OMP02. 

54 Total Allowable Bycatches 

55 Although equation 5.2 is strictly a set of ineqUalities, this and other similar expressions will be called "equations" 
for simplicity. 
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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; = {3 B:'NOV 5.1 

subject to: 

max{(I-c:m)TAC;_, ;c!:uac} ~ TAC; ~ c::Utac 5.2 

Anchovy 1 st TAC; TAC;:A =ans 0300(0.7 +0.3 B:':ov J 
BNov 

5.3 

subject to: 

max{(l-c~) TAC:'~~ ; c!'tacl $; TAC~·A ~ c~ac 5.4 

Pilchard 1st TAB: TAB1
•
P = Y TAC1,A + TAB P 

)' y rh 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 1995).] 

Second stage (May/June) 

The anchovy T AC and pilchard TAB midyear updates are based on the most recent November 

and recruit surveys. 

The anchovy 2nd TAC uses the actual estimate of recruitment and therefore no longer requi~es 

the "scale-down" factor 0 (compare equations 5.3 and 5.6). Additional constraints are applied, 

restricting the amount by which the 2nd TAC may exceed the 1st TAC, and ensuring that the 

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

For the pilchard 2nd TAB (equation 5.8), y is replaced by an estimate of the ratio ry 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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Chapter 5 

Anchovy 2nd TAC: 5.6 

subject to: 

max{(I-cA )TAC2
•
A ·TAC,·A 'cA } < TAC 2

•A < min{cA ·TAC'·A+Cns,.A} 57 
ttWin y-' • y' mntoc - y - mxJac • y ntXlllC • 

Pilchard 2nd TAB: TAB 2
•
P = A TAC,·A + r (TAC 2,A - TAC',A) + TAB P 

y y y y y rh 

where A = max{y,ry } 

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

The anchovy T AC is adjusted to achieve better utilisation of the anchovy resource, resulting in 

the anchovy 3rd TAC (note that am in equation 5.6 is replaced by lXads in equation 5.9), while the 

pilchard TAB is equal to the pilchard 2nd TAB plus a small tonnage, this being either the fixed 

tonnage TAB~s or 10% of the difference between the anchovy 2nd and 3rd TACs, whichever is 

less (equation 5.11)56, The anchovy 3rd 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 T AC and pilchard TAB 

actually applied during the sub-season are TAC:·A - TAC:·A and TAB~'P - TAB:'P respectively. 

Anchovy 3rd T AC: 

subject to: 

5,8 

5.9 

max{TAC 2,A . c A } < TAC 3,A < mint A . TAC 2,A + ads,A} 
Y , mntllc - y - cmxJoc ' )' cmxillc 5.10 

Pilchard 3rd TAB: TAB 3
•
P = TAB 2

•
P + min{TABP . 0 1 (TAC 3

•
A TAC 2

•
A) } 

y y ads" y y 5.11 

56 Appendix 5.1 provides motivation for using t~e factor 0.1 in equation 5.11. 
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Chapter 5 

In equations and constraints 5.1-11: 

Bi is the adult biomass at the beo1nning of year y, from the simulated57 
y,Nov e' 

TAB~s 

r 

i cmn1ac 

i cmxtac 

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

is the mean of the actual B:'NOV estimates for anchovy for 

y = 1985, ... ,2001 (1.115 million tons - see Table A3.2.2), which 

unlike N :'recO is not updated annually (Appendix 4.1 provides an 

explanation for this); 

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 A5.1.27-29); 

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 A5.1.1858

); 

is the mean of the estimates of N :'reco ' updated annuall y according to 

equation A5.1.19 and associated text in Appendix 5.1 
(N:OO],recO = 194.7 billion fish - see Table A3.2.4); 

is the fixed tonnage of adult pilchard bycatch set aside for the round 

herring fishery each year (set at 10 thousand tons); 

is the maximum fixed tonnage of juvenile pilchard bycatch set aside 

for the anchovy additional sub-season each year (2 000 tons); 

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

is the proportion of the lSI anchovy T AC used to calculate the 1st 

pilchard TAB (set at 0.1); 

is a "scale down" factor which is used to set a lower anchovy initial 
T AC to provide a buffer against possible poor recruitment later in the 
season; 

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

tons); 

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

tons); 

is the maximum proportional amount by which the T AC for species i 

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

57 Simulated values are used when testing MPs, but in application (e.g. when 0MP99 was applied in practice - see 
Appendix 4.1), actual data from the fishery and surveys are used throughout. 

58 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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Chapter 5 

is the maximum amount (in thousand tons) by which the anchovy 

T AC 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: 

. k P 
ns 20% 

. k A 
ns 15% 

depl~ 

depl~ 

the probability that adult pilchard biomass, B~N' falls below 20%59 of 

r (the average adult pilchard biomass in the absence of exploitation -
see Appendix 5.1) at least once during the projection period60

; 

as risk~%, but "20% of r" is replaced with the average of the B~N 
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~N levels prevalent at the time should be avoided61
; 

the probability that adult anchovy biomass, B:'N' falls below 15% of 

~ at least once during the projection period; 

the average adult biomass at the end of the projection period, B;021.N' 

as a proportion of K' for species i (= P or A); and 

the average adult biomass at the end of the projection period, B;021.N' 

as a proportion of its average at the beginning of the projection period, 

B~l,N' for species i (= P or A). 

S9 Motivation for the threshold levels selected for risk statistics for both pilchard and anchovy are given in 
Appendix 5.3. 

60 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). 

61 risk; 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. 
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Economic performance 

The following economic performance summary statistics are considered62
: 

-1' Cbyc,tot 

4 

the average of C:'dir = LC:'a -TAB~ (see equation AS. 1.20), the 
0=1 

annual directed catch of pilchard, over the projection period; 

the average of C:'byc,tot = C:.; + TAB~ (see equation AS.1.32 and 

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

the average of C:'j' the annual catch of anchovy during seasonj (= ns 

or ads), over the projection period, where C:,ns = C:,~ + C:'l (see 

equations AS.1.21 and AS.1Al) and C;'ads = TAC!,A - TAC:'A 

= C:,; -C:'~ (see equations AS. 1.43); 

the average annual tota1 catch of anchovy ( C n~ + C ~s) over the 

projection period; 

the mean annual change (as a proportion) in C:'dir , calculated as 

V p = ~ l[ ~ IC:'~r -C:~idirV ~C:'~r]' where Q represents a 
Q=I y=~1 y=~1 

particular simulation; and 

the mean annual change (as a proportion) in C:,j for seasonj (= ns or 

ads), calculated in the same way as V l' • 

Performance of an MP is generally considered to be best when riskfo%, risk:, riskl~%' V l' and 

Vn: are minimised, depl~ (i = P or A) values are kept as high as possible, and depl~ (i = P or A), 

C::r, c,: and Ct:r 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 S.3). 

SA 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, M}, is presented upfront as the one most likely to be selected for implementation (in 

the form of OMP02), 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 8, or in the choice of control parameters <X,u, CXads and fJ. For the former 

(constraints and 8) 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 MI trade-off curve, which refers to the suite of 

management procedures with the same choice of constraints and 0 as MI, or one could refer to 

MI as the point on the MI curve with the particular choice of control parameters associated with 

MI.] 

The choice of constraint values and 0 associated with the MI curve are shown in Table 5.L 

When other candidate management procedures (or curves) are compared to MI (or the Ml curve), 

only the constraint whose value has changed is shown. 

Table 5.1 Constraint values and 0 associated with the base case management procedure MI. These constraints 
(generally only c:.v.,,,, and C~dn) will be over-ridden if Exceptional Circumstances apply 

(Appendix 5.2). 

Constraintio Description Value 
0 "Sc.Hlp.-down" factor for the anchovy 1st TAC 0.85 

i Minimum T AC to be set for species i i =P: 90000t 
cmn1ac i=A: 150000t 

i Maximum T AC to be set for species i i=P: 250000t 
cmxtac i=A: 600 OOOt 

Maximum proportional amount by which the TAC 
i=P: 0.2 i for species i may be reduced from one year to the cmxdn i=A: 0.3 

next 
Maximum amount by which the anchovy T AC 

Cj,A may increase at particular stages during the year j=ns: 150000t 
mxmc (j = ns for the normal season increase, and j = ads j= ads: 100000t 

for the normal to additional sub-season increase) 

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

For each (3 value, the procedure was tuned by alternately varying lXns and lZads until risk~% ~ 0.1 

and risk)~% ~ 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 f3 is increased 

(moving from the bottom right to the top left of the trade-off curves in Figures 5.5-7), lXns 

decreases (reflecting the trade-off between these two species) and ~ increases (reflecting better 

utilisation of the anchovy resource, which is possible because bycatch of juvenile pilchard is 

limited to a maximum amount of 2 OOOt in the additional sub-season). Therefore, even though f3, 
lXns and fXads represent (apparently) three free parameters, their relationship above is such that 

only one free parameter (conveniently fJ) remains. 

CXads was capped at the value of 2 because the c:~: 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 fXads ;;::: lXns was implemented to ensure 

consistencl3 with equation 5.10, where TAC~,A ;;::: TAC:,A . 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 C~tac constraints (minimum TACs) did not allow pilchard directed catches to be zero 

when f3 = 0, and the anchovy catches to likewise be zero when lXns = O. An additional 

problem was that when Clns = 0, fXads = 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 T ACs 

i . h i* t: 11 cmntac WIt Cmntac as 0 OWS: 

{

C
P 

p. mntac 
Cmntac = 

f3 C ::'ntac I f30 

where f30 = 0.1 

where a o = 0.4 

, f3 ;;::: f30 

, f3 < f30 

63 This becomes important later when allocating sets of control parameters to each individual rights holders under 
the lTD method, but constraints continue to be applied globally. 
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What this means is that for f3 choices reflecting a desired low pilchard catch to allow for high 

anchovy catches, the minimum pilchard T AC is reduced proportional to f3 once f3 drops 

below 0.1. A similar adjustment is made to CXns for the desired low anchovy catch situation. In 

addition, aaa.s 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 Clads was reduced to zero to coincide with when am = 0 for the first time (which 
occurs at fJ fJ') when constructing pilchard-anchovy trade-off curves. Essentially, the value of Clads 
is halved at each point, from fJ = fJ'-0.05 to fJ = fJ '-0.0 1 , and then set equal to zero when fJ = fJ'. 

• 'D • tj 

2.5 .,------- .............. -------------, 

2 +--_. 

1.5 

0.5 

1l'·0.05 ,,'·0.04 W-o.03 ,,',0.02 "'-0.01 '" 

P 

The values for flo and OQ 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 flo = 0.1, with OQ = 0.4 a suitable 

intermediate value (too big a value would mean C~ntac would be reduced for most options of CXns, 

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

C~lIfac value). 
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Figure 5.3 Trade-off curves for different values of f30 and ao (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 fJ (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 fJ 

values (Le. the bottom right of the curve), the "risk frontier" is governed by riSkl~% rather 

than risk~% (i.e. the trade-off curve was determined by "'hitting" the anchovy risk rather than 

pilchard risk threshold). This meant that several combinations of am and CXads were possible 

for the same value of riskl~% (= 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 riskl~% if less anchovy is taken in the normal season (lower 

lXns) and more in the additional sub-season (higher CXads). This is because such a combination 

of lXns and aads would provide a buffer against poor recruitment (thereby leading to better 

utilisation of anchovy) that a combination of higher lXns with lower lXads (for the same 

riSkl~%) would not. The combination of lXns and aads 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 lXns and CXads for which there was no such kink (Figure 5.5), and for which 

riSkl~% = 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 a"s and a"ds for low f3 
values, leading to non-monotonic ("kink") behaviour in the pilchard-anchovy trade-off curves. The 

250 
~ 
u - 200 as 
u 

1:1 
Q) 150 -u 
Q) ... 

1:1 100 
1:1 ... 
III 50 
~ 
u 

a. 0 

0 

curve shown is based on MI. Catches are in thousand tons. C::, is plotted on the y-axis and Cr:r on 

the x-axis. [Note that anchovy total catch includes catches from both the normal and additional sub­
season.] 

100 200 300 400 
Anchovy total catch 

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 p= 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 OMP02 in Chapter 4). 
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Figure 5.5 Comparing the OMP99 pilchard-anchovy trade-off curve with the base case MP (M1) curve. The solid 
diamonds are points on each curve associated with fJ= 0.1, and the open squares with fJ= 0.15. The 
bars around the fJ = 0.1 point on the MI 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 fJ from 0 (bottom 
right) to 0.6 (top left) in steps of 0.01. [Note however that the curves intersect the y-axis long before 
fJ = 0.6, the exact fJ value for which this happens varying from procedure to procedure.] 
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.e 
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Figure 5.6 

100 200 300 400 
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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, 
c::UttJC= 210 000 tons for all curves, which is why (d) in this plot does not correspond to Ml in 

Figure 5.5.] 

.--___________ ~_--(a) OMP99 

o 100 

••••••• (b) New data 

1_ - - - (e) Add seas 
___ (d) Bye drop 

200 300 400 
Anchovy total catch 

Figure 5.7 contrasts the performance of Ml in terms of average catch with that for ten other MP 

candidates. For the same f3 value, increasing the maximum pilchard TAC constraint c!:wac «a)) 

increases pilchard catches but loses anchovy catch on average. However, reducing 8 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 c~n 

«b)) is associated with a relatively large loss of anchovy average catch, but trade-off curves 
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appear to be relatively insensitive to changes in the equivalent constraint for anchovy c~n ((e)). 

Although decreases in the minimum TAC constraints C~n1ac don't appear to improve average 

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

particularly for low f3 values in the case of anchovy. 

Figure 5.7 Pilchard-anchovy trade-off curves for the base case MP MI (thick curve) and variants thereof. Only 
one constraint is changed at a time as follows: (a) cP 

; (b) c~_"_; (c) c P 
; (d) 0; (e) c~_"_; 

tnXIOC' fflAUl' mntlU' UUWI 

(f) c:"'tac' The solid diamonds correspond to f3 = 0.1, and the open squares to f3 = 0.15. 

Changing pilchard constraints Changing anchovy constraints I 0 

250+------------------------------, 250,-------------------------------. 
(a) maximum TAC 

200 .'.' •• '.'.".'_ 200 r------__ (d) I) 

150 1150 

100 100 
-250ooot \ 

50 --290000t • 50 : 
_ .•.•. ·210000t I : 

~ o~~~==~==~--r---~--r--L~~ I. O+.--~--~------__ --__ --__ --~--~ 
S 0 100 200 300 4001. 0 

~ ~============================= m 250~------------------------------, 
CIt :s 
~ 200 t:':'~:---__ 
:e.:. 
: 150 
.c 
j 100 

-a 50 

I 
:ei o 100 

(b) max drop in TAC 

200 300 400 

100 200 300 400 

250~----------------------------~ 

200 r-----__ 
150 

100 

150 

(e) max drop in TAC 

I 0 +----.-_-.--_--,------.-.....,-.....L-_-I 
o 100 200 300 400 

~~====================~;======================~ ~ 250.------------------------------. 
.!:! 
~ 200r---------~ 

150 

100 

o 

-90000t 
······70000t 
--110000t 

100 200 

2ro.-----------------------------~ 
(c) minimum TAC 200 r----__ (f) minimum TAC 

150 

100 -150 000t 

.50 ······100000t 

I

· --200000t 
: 0 ~::;::==;=~--"'---""'----r-..Ll...,.---l 

300 400 o 100 200 300 400 

Anchovy total catch (thousand tons) 

Table 5.2 repeats the results of Figure 5.7, showing the values for all summary performance 

statistics, but only for f3 == 0.1375, which was the value of f3 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 f3= 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 

MPvariants 

MJ 
6=0.7 

c::.u" =0.1 

c~ ... c = 70 

C~nl.r = 110 

c~n=0.2 

c~.=O.4 

c~"'.r = 100 
A 200 emlttoc 

Summary performance statistics for base case MP M, and variants thereof, for {3 = 0.1375 (the value 
of (3 used for OMP99). All MPs incorporate the same constraints as MJ (Table 5.1) apart from the 
changes indicated in the second column "MP variants". In all cases, riskiO<k ==0.1. c::Wac 250, and 

cPo - c P because R> 0.1 (see equation 5.12). Catches are in thousand tons. 
mnlac -- mnJac ,..., 

A' C:r C:;".IlH C.~ CA C; v P V,.:' V.~, depl; depl6 depl; depL; a.... Clad, C"fPtlm: .uH 

0.208 2 78 171 21.0 94 97 190 0.21 0.24 0.10 0.72 0.74 0.82 0.41 
0.208 2 78 171 21.0 93 97 190 0.21 0.24 0.10 0.72 0.74 0.82 0.41 

0.060 2 23 187 14.6 28 99 127 0.14 0.59 0.07 0.73 0.75 0.89 0.45 

0.260 2 98 169 23.2 115 95 211 0.22 0.21 0.11 0.71 0.73 0.80 0.40 

0.154 2 58 175 18.7 70 97 168 0.20 0.29 0.09 0.72 0.75 0.85 0.43 

0.190 2 71 171 20.6 89 97 186 0.21 0.23 0.10 0.72 0.74 0.83 0.42 

0.213 2 80 171 21.1 94 96 191 0.21 0.24 0.10 0.72 0.74 0.82 0.41 

0.240 2 60 171 20.9 94 97 191 0.21 0.31 0.09 0.72 0.74 0.82 0.41 

0.166 2 83 171 20.8 90 96 186 0.21 0.19 0.10 0.72 0.74 0.83 0.42 

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 EID, approach) by the 

Minister (though the real motivation for the choice of fJ = 0.1375 for OMP99 was that it was 

consistent with the "hybrid" OMP applied in 1998 - Chapter 4). This meant that O:MP99 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 EID approach was two-fold. 

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

b) The above argument of consistency used for 0MP99 when selecting an overall pilchard­

anchovy trade-off, and hence {3, could no longer be used for MI. This was essentially because 

the additional features in MI compared to OMP99 (Figure 5.6) meant that the same choice of 

fJ for the two O:MPs no longer implied the same pilchard-anchovy trade-off (compare the 

solid diamonds in Figure 5.5), 

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

perceived themselves as having lost out. 
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Figure 5.S Difference between the ETD and ITO 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 lTD method. 

ETDMethod 
Allocate quotas to: 

----* A 
Pilchard .. B 

OMP I( TAC ~ C 

Anchovy ----* B 
TAC .. C 
~D 

Based on 
right = %x 
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TAC 
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right = %y 
o/anchovy 
TAC 

Minister chooses OMP to give overall required pilchard/anchovy mix 

lTD Method 
Based on right = % pre/erredfishery 

Pil TAC Allocation: 

I OMP A l
,;;r x % fishery A --+ A's pil quota 
~ A's anch quota 

'--------' Anch TAC 
PilTAC 

l
,;;r x % fishery B --+ B's pH quota 
~ B's anchquota 
AnchTAC 

IOMPB 
PH TAC 

l
,;;r X % fishery C --+ C's pH quota 
~ C's anch quota 
AnchTAC 

IOMPC 
PilTAC 

I l
,;;r X % fishery D --+ D's pi! quota OMP D ~ D'sanchquo~ 

L--___ ----J Anch T AC 

Applicants choose preferred OMP to give own desired pilchard/anchovy mix 

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 ratio64 desired on average). Effectively, rights holders would 

be selecting their own preferred aMPs. Under this scheme, a right is expressed as a single 

percentage of the rights holder's preferred fishery65, 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 

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

65 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 t~e 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 Ml trade-off curve66 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 I , and then normalising 

all EPRs so that they sum to 1. Figure 5.9 plots the 2001 distribution of fJ values and associated 

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

Figure 5.9 Distribution of (a) fJ values and (b) pilchard-anchovy "ratios" (pilchardl(pilchard+anchovy)] based on 
calculating EPRs (equivalent percentage rights of a preferred fishery) using the Ml curve and the 
quota allocations made for 2001. 
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66 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 lTD approach, the quotas are calculated for each rights holder according to 

the following scheme. 

1. Allocate an EPR (PEPR.d) and select a set of control parameters (Pd, lXns,d, CXads.s) for each rights 

holder d on the basis of their actual quota allocations for 2001 (Appendix SA). 

2. Calculate the "effective" overall control parameters as follows: 

P* = 'LPd PEPR.d f:LA.d 
d 

where f:LA,d' f;:;'~d and f::t.:~ are factors that are initially set equal to 1 (here and in 4 

below) for all rights holders d. 

3. Replace p, llns and CXads with rr, a:s and a~s respectively in equations 5.1, 5.3, 5.6 and 5.9, 

and modify equations 5.12 and 5.13 as follows: 

A** ~ A A 
CmlllDC = £.,; PEPR.d cP d Cmntac where CP~ = 

d {

I 

ans,d lOA 

, P ~ 0.1 

,/3<0.1 

,ans,d <OA 

Then proceed as usual (calculating TAClBs, 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 = Pd PEPR,d f:LA,d TAC; I p. 

Anchovy quotas: 

Q!:~ =ans.d PEPR.d f;:;'~dTAC!,A la:, 

Q 2.A a fns.A 'T'AC2.A I * y.d = ns,d PEPR.d NlA,d.L, y a ns 

Q3,A Q2,A +a fculs.A ('T'AC3,A 'T'AC2.A )Ia* y.d = y,d ads.d PEPR,d NLA,d.Lrl. Y -.Lrl. Y ads 
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Pilchard bycatch allowance quotas: 

Q l,Pbyc - r Ql,A + p TAB P 
y,d - y,d EPR,d rh 

Q 2,PbyC = A Ql,A + r (Q2.A _Ql,A)+ p TAB P 
y.d y.d y y.d y.d EPR.d rh 

where A = max{r; ry} 

Q
3.Pbyc Q2,Pbyc +a rads,A cla* 
y.d = y.d ads,d PEPR,d J NLA,d U ads 

where e = min{TAB P 
• 0 I(TAC 3

•
A 

- TAC 2
•
A

)} ads" y . y 

5.23 

5.24 

5.25 

Once quotas are calculated for each rights holder using the lTD approach, they can be compared 

to the quotas for each rights holder derived by the ETD method (the f3 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 PEPR,d, /3, am and lXads calculated on the basis of the 2001 realisation of 

MI. 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 f:LA,d' fNn:1.d and f:i~:.~. The reason that these extra factors are needed is 

evident from consideration of the two trade-off curves in Figure 5.5. For 0MP99, the curve is 

linear for the most part, which would lead to near equivalence of quotas computed by either 

approach. However, for MJ, the trade-off curve becomes non-linear, particularly for higher /3 
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 MJ is implemented. 
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Figure 5.10 Five-year projections ofT ACs using two methods for allocating rights: the external trade-off decision 
(ETD) method and the internal trade-off decision (lTD) 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 f3 value). Non-linear adjustment (NLA) 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 lTD and EID differences 

evident in Figure 5.10. The NLA factors were calculated as follows: 

f:LA.d = Q: (ETD) I Q: (lTD) 

ads.A _ Qi,A (ETD)-Q;,A (ETD) 
fNLA.d - Qi,A(lTD)-Qd2.A(lTD) 

5.26 

5.27 

5.28 

where Q represents an average over simulations for the next 20 years. Figure 5.11 plots these 

NLA factors for a range of fJvalues. Figure 5,12 repeats the results of Figure 5.10, but this time 

incorporating the NLA factors. Although quotas under the two methods (BID and lTD) are still 

not absolutely identical, the differences are very small61
, and the appreciable differences for 

different choices by a rights holder of a pilchard:anchovy trade-off (and hence fJ value) 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 Ml curve. Similar curves were 

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

5 
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I I I pilchard I 
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I : 
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./ 
r-: I .................. --'" "" . 

.... " ."..,., . .. 
. ~.- ...• --,. .' t------ -".0' 

o 0.05 0.1 0.15 0.2 0.25 

67 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 particular value of fJ along 

the MI curve (ETD method), the distribution of fJ corresponding to 2001 quota allocations shown 

in Figure 5.9, and the associated CXns and aads 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 C~ntac (equations 5.17 and 5.18). The results of Table 5.3 
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therefore give some idea of how MI 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 

(a) 

MPvariants 

1 M, 
2 fF=O.7 

3 c';:"'. =0.1 

4 c~nl.,.=70 

5 C~n1DC = 110 

6 c:..on =0.2 

7 c:..o..=O.4 

8 ";.,0< = 100 

9 A 
C,mtlU« 200 

(b) 

MPvariants 

1 M, 
2 fF=O.7 

3 c:mJn =0.1 

4 c~ ... c=70 

5 C~ntal = 110 

6 c:..o. =0.2 

7 C~xdn =0.4 

8 c;.la1 = 100 

9 c~ ... c =200 

Results in Table 5.2 are repeated for the distribution of fJ 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. 

p' . 
a:O, p" A" I a., CmnlOC Cmnluc ' 

0.128 0.245 1.47 69 95 i 

0.129 0.259 1.44 69 96 

0.1l6 0.071 1.24 69 79 

0.128 0.306 1.43 54 98 

0.128 0.184 1.47 84 89 

0.128 0.220 1.43 69 94 

0.129 0.253 1.47 69 96 

0.130 0.256 1.45 69 66 

0.127 0.210 1.41 68 116 

C:;r C~r"ot Cn~ C;, C,:t v P Vn: v;, depl: dept: depl; dept; risk~ risk; 
164 22.8 1I1 95 206 0.22 0.20 0.12 0.72 0.74 0.81 0.41 0.094 0.268 
164 23.1 1I4 95 209 0.22 0.21 0.13 0.72 0.74 0.80 0.40 0.096 0.270 

172 19.8 78 95 174 0.15 0.14 0.12 0.72 0.74 0.84 0.42 0.116 0.290 

163 24.0 125 94 219 0.23 0.23 0.13 0.71 0.74 0.79 0.40 0.102 0.278 

165 21.5 97 95 192 0.22 0.18 0.1I 0.72 0.75 0.82 0.41 0.088 0.264 

164 22.7 109 95 204 0.22 0.18 0.12 0.72 0.74 0.81 0.41 0.100 0.276 

164 22.8 112 95 207 0.22 0.21 0.12 0.72 0.74 0.81 0.41 0.092 0.268 

166 21.5 100 97 197 0.22 0.29 0.10 0.73 0.75 0.82 0.41 0.088 0.262 

162 24.0 122 92 214 0.23 0.13 0.16 0.71 0.73 0.80 0.40 0.096 0.280 

5.7 Robustness tests 

Robustness tests were performed for only six of the nine MPs shown in 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 

concern 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 T AC constraints. Empty cells take 
on the value of the corresponding cells for MI' Catch constraints are in thousand tons. Changes in 
constraint inputs compared to Ml are marked in bold. 

MP p. S variant 
P 

c"mlac 
P"" 

c mmac 
A 

CmnIac 
A" cP cA Cns,.A C<lds·A cnmuJI: nudn nudn mnnc mnnc 

MI 0.128 90 68.8 150 95.0 0.2 0.3 150 100 
M2 0.116 68.6 78.5 0.1 
M3 110 83.9 88.6 
M. 68.5 93.8 0.2 
M j 69.0 96.0 0.4 
Mr; 68.3 200 116.2 

Table 5.5 shows the full suite of robustness test results for Ml 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 13-P15 and A13-A15. These six OMs are not based on "fits" to historical data (as are Po­

P12 and Ao-A12)' but rather on future scenarios that, although not evident within the time-range of 

the existing historical data, are nevertheless considered plausible68
• These additional OMs are 

described below. 

Increase in recruitment variability (PJ3 and AJ3): 

Based on Po and Ao (Chapters 2 and 3), these OMs increase the extent of variability about the 

"SS" stock-recruit curve «(1~ [i = P or A] in equation A5.l.I5) 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 (PJ4 and AJ4): 

To account for the possibility that the total variance (sampling and additional69
) associated with 

survey estimates may be inversely proportional to abundance, the following adjustments to 

(1~ (i = P or A,j = Nov or rec; equations A5.1.4 [and subsequent section] and A5.1.16) are made: 

5.29 

68 P I4 and A14 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. 

69 Additional variances refer to AN/r in Tables 2.7 and 3.7. 
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where B~.N are from equations A5.1.13 and A5.1.14, N~.r from equation A5.1.17, and B~ and 

N; are the averages of B~.N and N~.r respectively, from the assessments of Chapters 2 and 3 

(equations A2.1.3, A2.I.4, A3.I.4 and A3.1.5, where for the latter, N:'r = B:Jw:.rec )' The 

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 (PI5 and A15): 

5.30 

To account for the possibility of a reduction in carrying capacity, K! (i = P or A, Table A5.I.1) is 

reduced linearly from the 5th year of projections, so that it is half its value from the 10th yea: 

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 MI 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), riskiO% 

is analysed for all "pilchard" OMs except P 11 , P12 and P!3, for which risk; is compared to the 

corresponding value for Po. 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 PII and PI2, and the 

halving of K for P!3. A statistic based on 20% of K (as riskiO% 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), ris"-t~% is considered as the appropriate risk statistic for all "anchovy" 

OMs. 

For pilchard, OMs P3, Ps, P7 and P13 all show riskio% values larger than the threshold value of 

0.1. Furthermore, PIS shows a markedly higher risk; value than Po. For anchovy, all OMs give 

results within the 0.3 threshold level of riskl~% except for A!3. Nevertheless, those OMs that 

showed markedly higher riskl~% values than Ao were also retained for further analysis. The OMs 

174 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 5 

selected for further analysis were therefore the base case OMs Po and Ao, the pilchard OMs P3, 

Ps, P7, Pl3 and PIS, and the anchovy OMs AI. A6, All, Al2, Al3 and Ais. 

Table 5.5 

(a) 

OM M~ 
Po 0.4 
P OJ 
p, 0.5 
p, 
P 
P; 0.3 
P6 0.5 
p, 
Ps 
P9 

P IO ! 

P 
PI 
PI3 

PI. 

Pa 

Robusmess test results for MI. Operating Models ("OMs" - assessments of Chapters 2 and 3) are 
described in (a), and results for all summary statistics given in (b). Assessments PO-P I2 and Ao-AI2 are 
detailed in Chapters 2 and 3 respectively (Tables 2.7-9 and 3.6-8). P]3 and A13 increase 0",., the extent 
of variability about the "SS" stock-recruit relationship (see Chapters 2 and 3) by 50%, while PJ4 and 
AI4 allow for the total variances associated with survey estimates to be inversely proportional to stock 
abundance (equations 5.29 and 5.30). Finally, PIS and A,s allow for the halving of carrying capacity K 
from the 5th year to the 10th year of the projection period. Empty cells in (a) take on the value in the 
corresponding cells ofPoIAo, and catches are in thousand tons. 

Pilchard ODerating Models (OMs) Anchovy Operating Models (OMs 
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N A!,: SIR curve OM MA 
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SS 1.5 a;. 
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=+= SS '/,K 

0.6 
I I A2 1.2 1.2 

A, 1.5 1.5 
A. 1.5 
As 10.5 c/o 
As 0.6 0.6 10 clo 
A7 1.2 1.2 II c/o 
As 0 
A9 est 

~ 
0.7S 
1.2S 

BH 
SS, 1.5 a; 

oc.J- oc...L. 
\'" B:~, . " 

I A 5 SS Y.K 
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(b) 

Pilchard Sum~I)'.Statistics Anchovv Summar Statistics 

OM C;r Cb~C,ltJl vP depl: dept: riskiOl<. risk; C~ C l 
'ads C,;, V.: VA 

orb dept: dept: risklA'J'!. 

Po Au 164 22.8 0.22 0.72 0.74 0.094 0.268 III 95 206 0.20 0.12 0.81 OAI 0.170 
P A", 193 23.2 0.18 0.74 0.88 0.076 0.092 III 95 206 0.20 0.12 0.81 0.41 0.166 
P2 Au 134 21.9 0.34 0.68 0.72 0.094 0.616 III 95 206 0.21 0.12 0.81 0.41 0.168 

Ip A", 158 22.5 0.24 0.69 0.73 0.102 0.328 lJI 95 206 0.20 0.12 0.81 0.41 0.172 
p. A", 162 22.6 0.24 0.71 0.75 0.090 0.272 III 95 206 0.20 0.12 0.81 0.41 0.170 
P A", 142 21.7 0.28 0.54 0.68 0.278 0.590 III 95 206 0.20 0.12 0.81 0.41 0.172 
P. All 152 22.8 0.23 0.86 0.78 0.026 0.272 111 95 206 0.20 0.12 0.81 0.41 0.168 

, p, A", 130 22.8 0.22 0.74 0.89 0.102 0.404 111 95 206 0.20 0.12 0.81 0.41 0.170 
p. A", 168 22.9 0.22 0.73 0.77 0.056 0.164 111 95 206 0.20 0.12 0.81 OAI 0.172 
P. A", 164 22.8 0.22 0.73 0.82 0.074 0.188 111 95 206 0.20 0.12 0.81 OAI 0.168 
Po A", 158 22.8 0.22 0.74 0.97 0.024 0.110 III 95 206 0.20 0.12 0.81 0.41 0.172 
Pll Au 173 23.4 0.20 0.68 1.26 0.108 0.246 III 95 206 020 0.12 0.81 0.41 0.170 
p" An 178 23.0 0.21 0.70 0.86 0.104 0.216 HI 95 206 0.20 0.12 0.81 OAl 0.170 
PIl Au 173 22.9 0.21 0.89 0.87 0.254 0.424 111 95 206 0.20 0.12 0.81 OAI 0.170 
p. Au 161 22.8 0.21 0.73 0.75 0.080 0.256 III 95 206 0.20 0.12 0.8\ OAI 0.170 
p" Au III 21.8 0.25 0.56 0.32 0.372 0.872 I 11") 0<; 206 0.21 0.12 0.81 0.41 0.168 
Po A 164 22.9 0.22 0.72 0.74 0.092 0.272 III 94 205 0.20 0.13 0.71 0.43 0.288 
p" A2 164 22.6 0.22 0.72 0.74 0.092 0.272 III 95 206 0.20 0.13 0.89 OAO 0.090 
p, A, 164 22.5 0.22 0.72 0.74 0.092 0.268 III 94 205 0.20 0.13 0.92 0.37 0.074 
Po A. 164 22.7 0.22 0.72 0.74 0.096 0.268 113 95 208 0.21 0.12 0.86 0.41 0.106 
Po A, 164 22.8 0.22 0.72 0.74 0.092 0.268 112 95 207 0.21 0.12 0.82 0.41 0.170 
Po A 164 

E 
0.72 0.74 0.092 0.270 1I2 94 206 0.22 0.13 0.73 0.45 0.278 

Po A, 164 0.22 0.72 0.74 0.092 0.268 

~ 
0.12 0.88 0.38 0.106 

Po A.g 164 0.22 0.72 0.74 0.092 0.268 0.09 0.81 0.40 0.Q78 
p, A.'L 164 2 0.72 0.74 0.092 0.266 110 95 205 0.20 0.12 0.82 0.42 0.124 
Po A1JL 164 22. 0.72 0.74 0.092 0.272 112 95 207 0.20 0.12 0.87 OAO 0.102 
Po A 164 2:)..7 0.72 0.74 0.090 I 0.266 lIO 95 205 0.20 0.12 0.77 0.42 0.224 
Po All 164 23.3 0.22 0.72 0.74 0.098 I 0.274 121 96 216 0.22 0.11 0.70 0.51 0.266 
p" AI) 163 24.0 0.23 0.71 0.73 0.100 0.282 125 88 213 0.27 0.21 1.19 0.60 0.400 

P" A. 164 22.8 0.22 0.72 0.74 0.092 0.270 110 94 205 0.21 0.13 0.80 0.40 0.174 
Po A 165 22.2 0.22 0.73 0.75 0.090 0.266 94 73 167 0.23 0.39 0.70 0.18 0.218 

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

simulations of20-year projections) of an MP application, with (a) showing results for the full 

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

results for the base case robustness test (Po/Ao) for MI-M6 (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 10 000 
applications (500 simulations of a 20-year projection) of a MP. (a) provides the summary for MI 
across all robustness tests, while (b) compares results for MI-Mo for operating model Pol~. Anchovy 
constraints are shown for the 151, 2nd and 3ro stage T ACs 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.] 

MinimumTAC MaximumTAC Max % drop in TAC Max increase Exceptional Circumstances in anchovy T AC 
A" A cA Cads•A Ancbovy 

OM 
p .. cmnlac p cnoooc cP CRS'.A Pilchard CmnlOC c_ar 

rmdn nulnC 

I" 2na 3ro 1" 2.0 
3r

" 
mxdn 1" 2"" 

IIUlnc 
I" 2no 3'0 

Po lAo 5 78 5 1 16 0 0 29 43 72 56 2 92 1 5 3 5 
PI lAo 3 78 5 1 35 ii±i= 129 32 72 55 2 91 1 I 5 3 5 
Pz Ao 12 78 5 1 7 28 48 72 55 2 91 6 5 3 5 
P3 Ao 7 78 5 1 15 29 44 72 56 2 92 3 5 3 5 
P4 Ao 5 78 5 1 17 0 0 29 42 72 56 2 91 3 5 3 5 
Ps Ao 12 78 5 I 11 0 0 28 48 72 55 2 91 6 5 3 5 

1m 
5 79 5 I 11 0 0 29 44 72 56 2 91 I 5 3 5 
12 79 5 I 5 0 0 5 72 56 2 91 I 5 3 5 
2 79 5 I 16 0 0 28 41 72 55 2 91 0 5 3 5 
4 79 5 1 15 0 0 29 41 72 56 2 91 I 6 3 5 
3 78 5 1 11 rlrl=t 29 43 72 56 2 91 0 5 3 5 

PI! Ao 4 78 5 1 24 29 38 72 56 2 92 1 5 3 5 

~ 
78 5 I 22 o 0 29 3 56 2 92 1 5 3 5 
78 5 1 24 0 0 29 41 72 56 2 92 3 5 3 5 

PI4 Ao 4 78 5 1 14 0 0 29 38 72 56 2 92 1 5 3 5 
PIS Ao 31 78 5 I 5 0 0 29 57 72 56 2 92 lO 5 3 5 
Po AI 5 76 5 1 16 0 0 31 43 62 51 1 93 1 5 3 5 
Po A2 5 80 6 1 16 0 0 28 43 77 57 2 91 1 6 3 5 
Po A3 5 80 6 1 16 0 0 27 43 79 58 2 90 1 6 3 5 
Po ~ 5 78 5 1 16 0 0 29 43 75 56 2 91 1 5 3 4 
Po As 5 78 5 1 16 0 0 29 

:3 I ~ 
55 ;=P.t 1 6 3 5 

Po A. 'i 76 5 1 16 0 0 31 52 1 5 3 5 
Po A7 5 80 5 1 16 0 

±Ii 
57 2 91 I 6 3 5 

Po As 5 83 3 0 16 0 43 67 52 1 95 1 3 1 3 

~A9 5 80 5 1 16 0 43 72 56 1 92 1 5 3 5 
AIO 5 79 5 1 16 0 o 29 43 74 56 2 91 I 5 3 5 

Po All 5 79 5 1 16 0 0 28 43 70 54 1 92 1 6 3 5 
Po I AI2 5 '169 4 1 16 0 0 40 43 66 49 3 93 1 4 3 4 

~ 
5 67 9 3 16 0 1 37 ~57 5 85 2 10 7 9 

Po 5 79 5 I 16 0 0 29 72 I 55 2 92 1 5 3 5 
Po IS 5 90 25 5 16 0 0 12 43 75 I 72 I 70 1 26 21 29 

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

MinimumTAC MaximumTAC Max % drop in TAC Max increase Exceptional Circumstances in anchovy T AC 
An 

C!.ac C
A Ancbovy p •• Cmn1t1l' p cP CRs,A Cads•A Pilchard MP Cl7l1lrac Cmxll1t' 
mxdn 

1" 2"" 3rt! 1" 2"0 3'" mxdn 
1" 2no lltanc I1UJnc 

1" 2"" 3'" 
M. 5 78 5 1 16 0 0 29 43 72 56 2 92 1 5 3 5 

tH 100 4 1 13 0 0 20 62 100 95 0 90 2 4 2 3 
90 5 I 16 0 

* 
44 88 66 1 93 1 5 3 4 

74 5 1 16 0 43 93 71 1 91 1 5 3 4 
Ms I 5 83 5 I 16 0 29 43 31 41 2 91 1 5 3 5 
Mo 5 94 6 I 16 0 0 26 43 93 73 I 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 Pis 

replaced by {l, lXns by a:s ' CY.ads by a~s' and c~mnc by c~:IaC' i = P or A). In the context of these 

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 ill refer to different possible combinations of TACy 
and (l-Cm;uln)TACy-l values, given c:',ac' "A" refers to applying the c::"ac constraint before the Cmxdn 

constraint, while "B" refers to the opposite (Cm;uln before c:',ac)' The thin/thick arrows indicate that 

constraint c:
ntIU 

/ cmxdn has been encountered and TACy adjusted accordingly. [For convenience, 

superscripts PIA have been omitted.] 

- (l-c ... dn) TAC>,'! 
• TAC>, before constraints 

I n III 

A B A B A B 

• • 

• • • • 
t J~ t-

.. 
Cllln I 

! ! I t 
.. ~ 

t • 

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 c:ntac and Cmxdn in Table 5.6 are derived from I-B, ll-B and llI-B in Figure 5.13 

(Cmxdn is implemented before c:ntac in equations 5.2, 5.4, 5.7 and 5.10). Therefore, the only case 

where c:ntac is encountered is I-B, where TACy (before constraints are applied) is less than 

(l-cmxdn)TACy-l or lies between c:ntac and (l-cmxdn)TACy-l. Low frequencies for c:ntac in 
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Table 5.6 coupled with high frequencies for Cmxdn would indicate that scenarios ll-B and ill-B are 

prevalent, and therefore that Cmxdn dominates (as proves to be the case for pilchard and the 2nd 

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

stage T ACs for anchovy) would indicate that scenario I-B is prevalent, and therefore that c:tac 

dominates. c::ac and the 2nd 
C::c are generally low, except for the robustness test where the 

carrying capacity K is halved (PIS and AlS respectively). The 1 st c':ac is high throughout, a 

consequence of the very conservative TAC formula used for anchovy at the start of the season 

(see equation 5.3). Cmxdn is 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:,a ~ TAc!,a is 

implemented before c::tac (equation 5.7), one might expect the latter to have a zero frequency 

for the 2nd stage TAC - however, this doesn't happen because Exceptional Circumstances are 

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

this T AC to drop below c':ac' 

"Maximum TAC" 

C::Wac occurs with a frequency of around 15% in most cases, with higher values occurring when 

adult natural mortality for pilchard is lower (PI), a different shape for the stock-recruit curve is 

used (PI} and P12), or greater variability around this curve is assumed (P13). Low values are 

encountered when adult natural mortality is higher (P2), the proportion-at-age data are omitted 

(P7), and K is halved (p}s). 

C~ac is hardly ever encountered, except for the 3rd stage TAC (frequency of 12-40%), which is 

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

"Max increase in anchovy TAC" 

It is perhaps surprising that the frequency of c~c is low, which indicates further scrutiny. This 

constraint is encountered when TAC:,A (before constraints) > TAC!,A + C:i~C . Substituting 150 

for c~c and 0.85 for 8, this inequality can be re-cast in terms of N:'reco, using equations 5.3 and 

5.6, as follows: 

A -A 
N y,recO > W N y,recO 

5.31 
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Table 5.7 calculates to, given different values for B:'NOV I li:ov and lXns in the above equation. 

Results indicate that, for the values of u"s associated with MPs M]-Mti (Table 5.4), and for a 

wide range of B:'NOV I B:ov values (from 1,4 to 4), N:'reco will have to exceed N:'reco by at least a 

multiplicative factor of 3.9 before the c:::;! constraint is encountered, which explains why this 

constraint is encountered fairly infrequently. 

At the other extreme, c~~: occurs over 90% of the time (except when KA is halved, when this 

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

season under these MPs. 

Table 5.7 

lXns 

Results for min equation 5.31, given values for B:
Nt1

1'18:
0I

• and u"s' The values for a..s are taken 

from Table 5.4. 

B: Nov I B:ov 
f 

.' 

0.25 0.5 1 2 4 
0.071 (M2) 11.1 11.3 11.7 12.5 14.1 
0.184 (M3) 4.9 5.1 5.5 6.3 7.9 
0.210 (Mt» 4.4 4.6 5.0 5.8 7.4 
0.220 CM4) 4.3 4.5 4.9 5.7 7.2 
0.245 (M}) 4.0 4.2 4.6 5.3 6.9 
0.253 (Ms) 3.9 4.1 4.5 5.2 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 K is halved for both species (p]s and AlS), and 

when variability around the stock-recruit curve is increased for anchovy (A I3). The link between 

Exceptional Circumstances on the 1st stage TAC and c~:ac on the 2nd 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 Po and Ao), but marked differences between the MP variants do occur for 

Cmxdn and, to a lesser extent, c:llac (the differences being more acute for anchovy than pilchard in 

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

a:s and a~s) as a result of the changes to the constraints that are input and the associated c:ac 

values (Table 5.4). For example, a decrease in c::nn (M2 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 c!.tn and c=ac 

because of the drop in a:s associated with M2 (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 a:s value, the lowest TACy value for I-B 

will always occur (Figure 5.13), and hence both constraints c~ and c~:ac will always be 

encountered. 

In Table 5.6, the frequency of c~ is higher for the 1st stage T AC than the 2nd in all cases but 

Ms, the MP variant where c~ is increased to 0.4 compared to MI. An explanation for this can 

be found by plotting frequency distributions for the quantities TAC;:A /[(1- c!.tn)TAC:~i] and 

TAC:,A /[(l-c!.tn)TAC:~i] before constraints are applied (see equations 5.4 and 5.7), shown in 

Figure 5.14. The omission of 0 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 c~ constraint is 

encountered - the lower the value of the denominator (i.e. the higher the val.ue of c!.tn) the more 

towards the left of the frequency distributions of the above quantities a value 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 c~ for the 2nd 

stage T AC compared to the 1 st for Ms-
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Figure 5.14 Frequency distributions for the fractions TAC!,A /[(1-c:...m)TAC;~~] and TAC;,A /[(1-c!.dn)TAC;:~] 

for the f'rrst and second stage anchovy T ACs before constraints are applied, as associated with the 
results for Ms in Table 5.6(b). 
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Table 5.8 shows results for a reduced set of robustness tests and summary statistics for M1-Mt.. 

Furthermore, Figure 5.15 provides a visual summary ofthe full set of robustness test results for 

these MF 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 MF 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 M2 and M3 perform poorly in terms of average anchovy catch, relative to 

the other MF variants. However, performance in terms of average pilchard catch is similar 

throughout for all the MFs. The lower average anchovy catch for M2 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 MFs. M2 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. 

~ performs poorly in terms of both riskl~% and risk:, exceeding the threshold level of 0.3 for 

the former for OMs Al and At" whereas for these OMs, the other MPs managed to stay below 

this threshold. ~ was therefore rejected. ~ was also rejected because of the relatively poor 

risk: values in some cases (it often performed third worst in terms of this statistic, and in one 

instance [P6] performed worse than any other MP). 

Although there is little to choose between MI and M5, the one sometimes outperforming the 

other in terms of risk: (e.g. compare OMs PI and P13), 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)). MI was therefore 

accepted and implemented as OMP02. 

Chapter 6 discusses the implementation of OMP02 and certain problems encountered. 

Table 5.8 Results for Table 5.5 are repeated here for MI-~ «a)-(t) respectively) but for a selection of OMs and 
summary statistics. Empty cells take on the value of the corresponding cells for PoIAo, and catches are 
in thousand tons. 

! Piljbard Operating Models (OMs) AnC~tingMTIMS) Pilchard Anchovy 
OM p e wp SIR MA . SIR risk~ risk; c,; risk~ 

1" N P curve .d gemg curve 

Po Ao 0.4 0.8 I I.S I SS 0.9 0.9 Prosch 1 SS 164 0.094 0.268 III 206 0.170 
Pj Ao 0.4 I 158 0.102 0.328 III 206 0.172 . 
Ps Ao 0.3 2 142 0.278 0.590 1ll 206 0.172 
P1 Ao 0 130 0.102 0.404 111 206 0.170 
PI3 Ao 

SS, 173 0.254 0.424 III 206 0.170 
1.5 a;. 

Ao SS,¥lK III 0.372 0.872 Il2 206 0.168 
Po AI 0.6 0.6 164 0.092 0.272 III 205 0.288 
Po A<. 0.6 0.6 10 do 164 0.092 0.270 112 206 0.278 
Po AI! 1.25 164 0.090 0.266 110 205 0.224 
Po AI2 BH 164 0.098 0.274 121 216 0.266 
Po A13 

SS, 163 0.100 0.282 125 213 0.400 I.S (1, 

Po AI5 SS,lhK 165 0.090 0.266 94 167 0.218 
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(b) M2 [c:..m = 0.1 instead of 0.2] 
Pilchard Operating Models (OMs) AnchovyC Ipemting Models (OMs) Pilchard Anchovy I 

OM 
M~ MI' k P WI' SIR M:d 

Mil Ageing e SIR C:r risk~ risk; -" -II 
riskt"s.. Ju N p curve Ju g curve C"" C"" 

Po Ao 0.4 0.8 1.5 1 SS 0.9 0.9 Prosch 1 SS 172 0.116 0.290 78 174 0.096 
P3 Ao 0.4 166 0.114 0.340 78 173 0.104 
Ps Ao 0.3 2 150 0.290 0.628 78 173 0.100 
P7 Ao 0 135 0.112 0.418 78 174 0.092 

PI) Ao 
SS, 

180 0.296 0.436 78 174 0.096 
1.5 0', 

PIS Ao SS.~K 118 0.438 0.888 78 0.096 

Po AI 0.6 0.6 172 0.116 0.288 78 173 0.210 
Po A;. 0.6 0.6 10 clo 172 0.116 0.288 78 173 0.196 
Po All 1.25 172 0.116 0.290 78 174 0.146 
Po An BH 172 0.116 0.290 79 175 0.192 

Po All 
SS, 

172 0.116 0.292 79 168 0.336 
1.5 0', 

Po A,s SS,~K 172 0.110 0.292 74 149 0.154 

(c) M3 [C.:'OC = 110 instead of 90] 
Pilchard Opemting Models (OMs) Anchovy (lperating Models (OMs) Pilchard Anchovy 

OM 
M~ M~ kl' WI' SIR M! M;' Ageing k" SIR 

risk:"" risk; 
-A -A 

risk:'s,. N p curve g curve C'" C'Ot 

Po Ao 0.4 0.8 1.5 1 5S 0.9 0.9 Prosch I SS 165 0.088 0.264 97 192 0.146 
P3 Ao 0.4 160 0.100 0.308 97 192 0.154 
Ps Ao 0.3 2 144 0.268 0.572 97 192 0.152 
P1 Ao 0 132 0.102 00402 97 0.148 

P13 Ao 
SS, 

174 0.244 0.412 97 192 0.146 1.5 0', 

PIS Ao SS,~K 115 0.388 0.870 97 192 0.144 

Po Al 0.6 0.6 165 0.090 0.258 96 191 0.264 
Po A;. 0.6 0.6 10 clo 165 0.090 0.260 97 191 0.262 
Po All 1.25 165 0.086 0.264 96 191 0.206 
Po AI2 BH 165 0.090 0.266 103 I 199 I 0.240 

Po An 
SS, 

165 0.100 0.266 107 196 0.384 
1.5 0', 

Po Ais 5S,V.K 166 0.084 0.256 85 I 160 0.190 

(d) ~ [C~ = 0.2 instead of 0.3] 
Pilchard Opemting Models (OMs) Anchovy Opemting Models (OMs) Pilchard Anchovy 

OM 
M~ Mj. e WI' SIR M:d MJ- Ageing e SIR C::r risk~ risk; 

-A 
risk~ N p curve g curve C'" 

Po Ao 0.4 0.8 1.5 I SS 0.9 0.9 Prosch 1 55 164 0.100 0.276 109 204 0.162 
P3 Ao 0.4 158 0.108 0.324 109 204 0.162 
Ps Ao 0.3 2 142 0.276 0.594 109 204 0.156 
P7 An 0 129 0.104 0.406 109 204 0.156 

PI3 Ao 
S5, 

173 0.256 0.422 109 204 0.162 1.5 0', 

PIS Ao SS,lhK 111 0.376 0.870 109 204 0.162 

Po AI 0.6 0.6 164 0.092 0.272 108 202 0.286 
Po A;. 0.6 0.6 lOclo 164 0.096 0.272 109 203 0.278 
Po All 1.25 164 0.094 0.270 108 203 0.216 
Po An BH 164 0.102 0.280 118 214 0.258 

Po AI3 
S5, 

163 0.112 0.290 125 212 0.402 
1.5 0', 

Po A is SS,~K 165 0.088 0.268 92 165 0.216 
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(e) Ms [c!.m = 0.4 instead of 0.3] 
Pilchard Operatin2 Models (OMs) Anchovy Operatin2 Models (OMs) Pilchard Anchovy 

OM 
M~ MI' e WI' SIR MA M; Ageing e SIR C:, riskJO'k risk; -A -A risk.t. I" N p curve ad I curve C'" C.., 

Po ~ 0.4 0.8 1.5 1 SS 0.9 0.9 Prosch 1 SS 164 0.092 0.268 112 207 0.168 
P3 Ao 0.4 158 0.102 0.326 112 207 0.174 
Ps Ao 0.3 2 142 0.274 0.594 112 206 0.170 
P1 Ao 0 130 0.104 0.406 112 206 0.168 

PI> Ao 
SS, 

173 0.252 0.428 112 207 0.168 
1.5 0', 

PIS ~ SS, ¥zK 111 0.368 0.872 112 207 0.166 

Po A. 0.6 0.6 164 0.092 0.270 112 206 0.290 
Po Ao 0.6 0.6 10clo 164 0.092 0.268 112 206 0.278 
Po All 1.25 164 0.090 0.266 111 205 0.226 
Po A\2 BH 164 0.092 0.270 121 216 0.266 

Po An 
SS, 

164 0.098 0.272 124 212 0.398 
1.5 0', 

Po AI5 SS,¥2K 165 0.090 0.268 95 168 0.218 

(t) Mt. [c!,ac = 200 instead of 100) 
Pilchard Operating Models (OMs) Anchovy Operating Models (OMs) Pilchard Anchovy I 

OM 
M~ M; e WI' SIR M:J Mt Ageing k A SIR C:, risk~ risk; C; C; risk~", I N P curve I curve 

Po Ao 0.4 0.8 1.5 1 SS 0.9 0.9 Prosch 1 SS 162 0.096 0.280 122 214 0.186 i 
P, Ao 0.4 156 0.108 0.344 122 214 0.188 
Ps Ao 0.3 2 139 0.302 0.626 122 214 0.188 
P7 ~ 0 128 0.126 0.420 122 214 0.196 

P13 ~ i SS, 
171 0.264 0.440 122 214 0.188 I 1.5 0', 

PIS ~ SS, 'nK 109 0.406 0.878 122 214 0.182 
Po AI 0.6 0.6 162 0.096 0.280 120 212 0.322 
Po Ao 0.6 0.6 10clo 162 0.096 0.282 121 213 0.318 I 

Po All 1.25 162 0.096 0.278 121 213 0.238 
Po AI2 BH 162 0.096 0.282 127 220 0.304 

Po AI3 
SS, 

162 0.108 0.286 130 215 0.424 
1.5 a, 

Po AI5 SS,'nK 163 0.092 0.278 108 176 0.270 
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Figure 5.15 Visual summary of the full suite of robustness tests described in Table S.S(a) for a selection ofMPs, Mr M6• 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, Po and Ao. are shown, but the first 
row always repeats the PoIAo test results for comparison. Each column of plots depicts results for a particular summary statistic, as indicated. 

(a) M 1: base case; M 2: C:';"ill :::: 0.1; M3: C:,,,,", = 110; M 4: C'~Tdtl :::: 0.2; Ms: C'~"bl = 0.4; M6: c:'"tur :::: 200. 
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Chapter 5 

(a) continued M t : base case; Ml: cl' J. = 0.1; M3: cl' = 110; M4 : cA 
, = 0.2; Ms: cA = 0.4; M,: cA = 200. 
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Chapter 5 

(b) continued. M1: base case; M2: c" h = 0.1; M3: cl
' = 110; Mot: cA

, = 0.2; Ms: cA ~ 0.4; M6: cA = 200. 
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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.I.l). These 

are: 

• the assessment procedure that provides estimates of population parameters, 

• the operating model that reflects possible "'true" underlying dynamics of the resource and is 

based upon the parameters estimated by the assessment procedure, 

• 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 

• the summary perfonnance 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 AS.I.I A simplified version of the MP testing framework presented in Chapter 4 (Figure 4.3), as it is 
currently used for developing MPs to be applied in the pilchard-anchovy fishery. 

MP Testing Framework 

ASSESSMENT 
PROCEDURE 
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parameters of Operating Model 
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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 AS.I.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 AS.I.t 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 

M:!,M1u Natural mortality of adult and juvenile anchovy (per year) Table 3.6 

k~,k~ 
The constant of proportionality between the assessment and 

Tables 2.7 and 3.7 
November survey estimates of adult biomass for pilchard 

respectively 
and anchovy (the value for pilchard is assumed) 

k;,k: 
The constant of proportionality between the assessment and 

Tables 2.7 and 3.7 
recruit survey estimates of recruitment for pilchard and 

respectively 
anchovy 

N;ooo,a ' a = 1, .. . ,S Pilchard numbers-at-age at the beginning of 2000 (billions 
Table 2.8 

offish) 

N:OCn.a ' a = 1, ... ,4 Anchovy numbers-at-age at the beginning of 2001 (billions 
Table 3.7 

offish) 
sp 

a ,a=1, ... ,4 Selectivities-at-age for pilcbard Table 2.8 

P A The error component of stock-recruit relationship in 1999 Tables 2.9 and 3.8 
111999' 112000 for pilchard and 2000 for anchovy respectively 

P A The serial correlation in recruitment associated with the Tables 2.9 and 3.8 
Scar' Scar stock-recruit relationship forpHchard and for anchovy respectively 

P A Standard deviation of residuals about the log of the stock- Tables 2.9 and 3.8 
(jr,(jr recruit relationship for pilchard and anchovy recruitment respectively 

Parameters associated with the stock recruit curve for 
KP

, d, bP
, mP pilchard, where KP (thousand tons) is the average adult Table 2.9 

. pilchard biomass in the absence of exploitation 
Parameters associated with the stock recruit curve for 

K\ ~,bA anchovy, where K" (thousand tons) is the average adult Table 3.8 
anchovy biomass in the absence of exploitation 

-P 
wac , a =0, ... ,4 Mean mass-at-age for pilchard in the commercial catches (g) Table A2.2.2 

-A 
wac , a = 0,1 Mean mass-at-age for anchovy in the commercial catches (g) Table A3.2.1 

-P , a = 1, .. . ,S Mean mass-at-age for pilchard at the beginning of the year 
Table A2.2.3 wa (g) 

-A ,a=1, ... ,4 Mean mass-at-age for anchovy at the beginning of the year 
Table A3.2.2 wa (g) 

-P -A Mean mass of O-year-old pilchard and anchovy in the Tables A2.2.5 and A3.2.4 
W Ocbs ' WOcbs commercial catches before the recruit survey takes place (g) 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 AS.I.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 AS.I.3). The role of these correlation parameters will become 

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

Table AS.l.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 A5.1.3. [Note that other 
correlation parameters and associated standard deviations that appear in this Appendix are 
intermediate parameters used to calculate Pbyn and therefore do not appear in this Table or in 
Table A5.1.3.J 

Parameters Description 
Correlation between residuals from assessment model fits to the pilchard and to the 

P A 
PNov' (J Nov' (j Nov 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 A 
P ree' (J ree' (j ree anchovy recruit survey estimates (p), with associated standard deviations for 

pilchard and anchovy respectively (0'). 
Correlation between residuals (from the relationship between the pilchard to 
anchovy ratio in the commercial catches and the assessment model estimates of this 

P may' (J apr-may' (j may 
ratio) for commercial catches over April-May (for which the corresponding 
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 (0'). 

kapr:may, k mav Constant of proportionality associated with O'opr:mov and 0'trUl). respectively. 

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

P byc 
anchovy ratio in the commercial catches and the assessment model estimates of this 
ratio at the time of the recruit survey) for commercial catches in successive months 
from May to August. 

Correlation in pilchard/anchovy November survey residuals: 

Set 

, i=P, y=198S 2000 

i = A, Y =1985-2001 

where B~,NOV is from Tables A2.2.3 for i = P and Table A3.2.2 for i = A, B~,N is the 

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

proportionality between B~,NOV and B~,N ' from Chapter 2 or 3. 

Calculate 

,i=P,A 
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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: 

and 

[Note: cr~ov '* SA, to allow one further year's data to be taken into account (Appendix 3.1).] 

Correlation in pilchard/anchovy recruit survey residuals: 

The calculations for Prec' (J~c and cr~c are similar to those indicated by equations AS. 1. 1-4, 

AS.L3 

AS.L4 

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 O-year-old pilchard before the recruit survey 

In order to simulate the tonnage of O-year-old pilchard caught before the recruit survey (see 

equation AS.LI7 and AS.L23 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: 

kapr:may = exp{L~n(c;'::;~.may I C:'apr:may)-ln(N;'o I N:,o)] ILl} 
~y ! ~y 

A5.l.S 

and 

,yE Y AS. 1.6 

where C;'::;;:may and C:'apr:may are from Table A3.2.S, N:,~A is the pilchard/anchovy begin-year 

recruitment in year y (estimable parameters recorded in Chapter 213), and Y = { 1987, 
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Appendix 5.1 

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 S.8 

and AS.l.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 

(N;'reJ N:re)70, and the pilchard bycatch to anchovy ratio in the commercial catches in May 

(C;':.! C;may )71 is estimated for historical observations (1987-1999, except 1988 because of the 

lack of pilchard recruit survey estimate for that year). Figure AS.I.l plots these historical 

observations and fits a linear regression, forced through the origin, which indicates a slope of 

ksur = 1.3078 (used in equation AS.l.28). ksur is then applied to simulated recruit survey data 

(N ;'rec! N :rec ' given by equation AS.l.16) to obtain an estimate of the ratio of juvenile pilchard 

to anchovy in catches in May. 

Figure AS.I.I Relationship between the pilchard to anchovy ratio in the recruit survey ( N:'rec IN :rec ), and the 

pilchard bycatch to anchovy ratio in commercial catches in May (C::; I C:.may) for the years 1987-

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 ksur = 1.3078. 

0.7 .,--------------------, 

~ 0.6 

:! 
.:: 0.5 
.l:! 
::; 0.4 

... 
~ 0.3 
• E 
E 0.2 
o 
o 

0.1 

y 1.3078x 

R2 = 0.8075 • 

0.0 +---__r---~--__r---...__----l 

o 0.1 0.2 0.3 0.4 0.5 
Recruit survey ratio 

70 See Tables AZ.2.5 and A3.2.4, where for the latter table, N A = BA Iw A 
)'Jec y.rec y.rec 

71 See Table A3.2.5 
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Appendix 5.1 

For (b), a similar process to that used for equations AS.l.S and AS. 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 AS. 1.29) is calculated, followed by a time series of residuals, 

which is then used in conjunction with the residuals given by equation AS. 1.6 to calculate a 

correlation coefficient and associated standard deviations (used in equations AS.1.23, AS.1.29 

and AS. 1.30), as follows: 

,m=may AS.1.7 

and 

,m = may, yE Y AS. 1.8 

where C;';;;C and C:'m are from Table A3.2.S, Yis from equations AS.l.S-6, and N;'~A is the 

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

survey72,73, Standard deviations of the residuals are calculated as follows: 

and correlation coefficient: 

L £ y,apr:may £ y.may 

P = -;)'E:...;:.;;..Y -.,.------ (~+~,-u_ 

, m = apr: mayor may 

Simulating pilchard bycatch to anchovy ratio in catches after May 

AS. 1.9 

AS.l.lO 

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 Pbye (Pbye)2 (Pbyei 

June Pbyc (Pbye)2 

July Pbye 

72 See equations A2.1.4 and A3.1.5, where for the latter, N:r = B :.r I w:.rec 

73 Begin-year recruitment projected forward to the time of the recruit survey was not used in equations AS. 1.5-6 as it 
was here. This is because it was inappropriate to do so; equations M.1.5-6 were simulating O-year-old pilchard 
caught before the recruit survey. 
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Appendix 5.1 

However, in order to estimate the value of Pbyc 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, k jun, k jut and k aug using equation A5.I.7 (replace m withjun,jul or aug, as 

appropriate, and use Y for jun andjul, but Yaug for aug, where Yaug is the same as Y except the 

years 1989 and 1996 are omitted because of zero catches), and the corresponding time series of 

residuals, fyjun, fyjul and fy,aug' using equation A5.1.8 (with Y for the first two e's and Yaug for the 

last, as before). The standard deviations, Ojuno Ojut and C1'aug, associated with these residuals are 

calculated using equation A5.1.9 (with Y for the first two ds and Yaug for the last, as before). It is 

then possible to calculate the actual correlations, Pmj (i.e. the correlation between the residual 

time series in month m, and the jth month prior to month m), using equation A5.1.1O. For 

example, for m=jul and j=2, 

so that the following correlations are calculated: 

June July August 

May Pjun,l pjul,2 Paug,3 

June pjul,l Paug,2 

July Paug,l 

[Note that because of the difference in length of August time series compared to the other 

months (i.e. Yaug compared to y), kmay, "kjun, and kjut, as well as fy,may, fyjun and fyjul, and 

consequently C1'may, Ojun and Ojul, need to be recalculated using Y aug instead of Y, in order to 

calculate Paug,b Paug,2 and Paug,3.] 

Finally, Pbyc, 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 PUyc: 

g = L [Pbyc -Pm,J]2 + L [(PbyCY -Pm.2]2 + [(pbyc>3 - Paug,3]2 A5.1.11 
m=jun,jul,aug m""jul,aug 

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

following equation: 
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Appendix 5.1 

AS.I.12 
m=jl,ag m=jll,jl,ag 

It can be shown that equation AS.I.12 has only one real root. Estimates for Pbyc and the other 

correlation parameters presented above are shown in Table AS.I.3, with associated CVs, for the 

assessments of Chapters 2 and 3. 

Table AS.l.3 Estimates and associated CVs of correlation parameters presented in this Appendix. for the 

assessments ("Assess.") of Chapters 2 and 3. 

Assess. PNov 
P A 

Prec 
p O'A P .. ay 0' apr:may O'may kapr:may kmay O'Nov 0' Nov O'rec ret: 

Po Ao 0.027 0.374 0.143 -0.010 0.745 0.342 0.906 0.773 0.799 0.973 1.093 
1512% 43% 23% 1291% 22% 38% 2S!- ~% IO'X IO'X 11'* 

PI Ao 0.018 0.374 0.143 0.031 0.740 0.342 0.910 0.780 0.781 1.109 1.262 
1657% 47% 23';< 20675'X 2O'X 38% 2% 9% 1O'X 13% 15% 

P2 Ao -0.005 0.399 0.143 0.001 0.764 0.342 0.913 0.791 0.837 0.845 0.938 
941% 62% 23<;r 1452% 25% 38<;;- 2% 11% 12% 12% 13'* 

P3 Ao -0.009 0.385 0.143 0.023 0.732 0.342 0.911 0.776 0.800 1.390 1.263 
1264% 69% 23% 1356'l1- 22% 38% 2% 9% IO'X 1491- 16<;;-

P4 Ao 0.029 0.383 0.143 -0.026 0.726 0.342 0.906 0.777 0.821 0.656 0.907 
764% 64'1< 23'X 64O'X 27% 38% 2% 9% 1O'X 13'K 14<;;-

Ps Ao -0.026 0.416 0.143 -0.047 0.759 0.342 0.912 0.775 0.810 1.751 1.600 
855% 55% 23% 1205% 2O'X 38% 2% 11% 11% 13% 14<;;-

P6 Ao 0.011 0.357 0.143 -0.033 0.749 0.342 0.913 0.796 0.838 0.505 0.557 
2764'11: 54% 23% 26634% 23% 38% 2% 9% 11% 12'K 13% 

P7 Ao 0.011 0.269 0.143 0.010 0.199 0.342 0.910 0.791 0.780 1.138 1.302 
1116% 33% 23'1< 33868'K 33% 38% 2% 1O'X 139< 11% 12% 

Pg Ao -0.037 0.351 0.143 -0.046 0.741 0.342 0.907 0.770 0.790 0.992 1.114 
559S!- 31<;;- 23% 596% 2~ 38% 2% 8% 9% lOS!: 12'* 

P9 Ao 0.022 0.348 0.]43 0.040 0.483 0.342 0.897 0.735 0.762 0.956 1.068 
1351'* 62% 23% 1591% 20% 38% 2'1' 9% 10% 1191- 13'1' 

PJO Ao -0.033 0.353 0.143 0.002 0.325 0.342 0.870 0.652 0.649 0.999 1.136 
1198'* 29% 23'* 1722'k 24% 38'k 4% 11<;;- 13% lOS!: 12<;;-

Po AI 
0.028 0.374 0.143 -0.048 0.745 0.298 0.900 0.762 0.819 0.617 0.789 

5900<;;- 43'k 24% 913<;;- 22% 40% 2% 8<;;- 89< 10% 12% 

Po A2 
-0.038 0.374 0.139 0.012 0.745 0.310 0.910 0.770 0.778 ].494 1.461 

1624% 43% 23% 4085% 22% 37% 1% 8% 8% 12% 1391-

Po A3 
0.019 0.374 0.142 -0.016 0.745 0.309 0.911 0.765 0.758 2.252 1.889 

3803% 43% 28'it 1437391- 22<;1; 35% 2% 8% 9% 13% 14'* 

Po ~ 
-0.028 0.374 0.142 -0.015 0.745 0.358 0.912 0.795 0.803 1.559 1.269 

2805% 43% 25% 1093% 22% 38% 2% 8% 9% 12'1' 13% 

Po As 
0.007 0.374 0.147 -0.001 0.745 0.294 0.907 0.785 0.837 0.938 1.049 

4174% 43% 21% 2172<;1' 22% 43<;1' 2<;1' 8% 9<;1' 11% 13" 

Po ~ 
O.ot5 0.374 0.152 0.004 0.745 0.310 0.902 0.802 0.876 0.624 0.793 

565% 43% 22% 4418% 22% 40%' 2% 8% 9<;1' 9% 11'k 

Po A7 
-0.016 0.374 0.138 ·0.020 0.745 0.309 0.907 0.754 0.773 1.460 1.431 

2103% 43'* 27% 1061% 22% 37% 2'* 9'lKo 10% 13'lKo 14'* 

Po As 
-0.038 0.374 0.142 0.002 0.745 0.124 0.908 0.756 0.809 1.004 1.141 

1279% 43% 24% 26056% 22% 21% 1% 791- 7% 8% 9'1f 

Po A9 
0.046 0.374 0.142 0.045 0.745 0.319 0.909 0.776 0.811 0.974 1.107 

18969< 43'k 39'l< 702% 22% 44% 2'i!: 9% 9% 10% 11% 

Po AlO 
-0.032 0.374 0.147 0.005 0.745 0.310 0.916 0.795 0.805 1.167 1.336 

1140% 43'* 24% 1784% 22% 41% 1% 8% 9% 13% 14% 

Po All 
-0.029 0.374 0.152 0.025 0.745 0.324 0.902 0.764 0.799 0.863 0.951 

692% 43'* 25% 939St 22% 37% 2% 8'k 9% lOS!: 11% 

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 

Anchovy 

Np - [NP -U;'12 - C;,o J -Uf./2 
y+ll - y oe _p e 

, • wOe 

5 

B p "NP - P 
y+l,N = L..- y+I,o Wo 

o~l 

NA = [NA -uf./2 _ C:,o J -u;~ 12 
y+I,1 y,Oe W A e 

Oe 

N A -NA -u;;., 
y+l,o+l - y,ae 

4 

BA "NA - A 
y+I,N == L..- y+l,a Wa 

a=l 

Appendix S.1 

a == 1, ... ,4 A5. 1. 13 

A5.1.14 

a==2,3 

where C~,a are catches of a-year-old fish of species i (i=P for pilchard or A for anchovy) andy 

2001, ... ,202074
. Future recruitment N~,o is assumed to be log-normally distributed about a 

stock-recruit relationship as follows: 

A5.lJ5 

where 

I i I ~1 (i)2 i 
S y == S corS y_1 + - S cor UJ y , UJ~ - N[O; 1] 

Note that S/~9 = 1]~99 and sinoo == 1]~ooo (Table A5.1.1), and N[O; 1] represents a normal 

distribution with mean 0 and variance 1. Furthermore, f(B~,N) represents one of the stock­

recruit curves described in Chapters 2 and 3, with parameters ai, bi, mP (the latter for the "DS" 

curve used for pilchard) with associated K!. 

74 An additional year (y = 2000) is needed for pilchard because there is one year's less 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 AS. 1.20 to disaggregate these catches by age. 

201 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Appendix 5.1 

Generating survey data 

The survey estimates for adult biomass and recruitment are generated by the operating model as 

follows (i = P or A): 

AS.1.16 

where 

for j = Nov or ree 

1J;,j - N[O; 1] 

and 

AS.1.17 

where C~,Ob.l are the catches of O-year-old fish of species i taken before the recruit survey 

(equations AS. 1.22 and AS. 1.23). However, the anchovy TAC equations require that N;,rec be 

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 Miu (regardless of the operating model used), as follows: 

N A [NA c:,o] 0,912 y,recO = y,rec +:::-;,-- e 
WOcbs 

AS.l.18 

so that 

-A (-A A )V Ny,recO = N y_
"
reco(y-1-1985)+Ny_l ,reco (y-1985) ,y>2001 

2000 AS.l.19 
-A '" A 
N 2001 ,recO = L..JNy,recO 116 

y=1985 

where the N: recO in equation AS .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 AS .1.18) for y > 2001. 
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Appendix 5.1 

Splitting TACs into catches-at-age for the whole year 

The TACs given by the MP (equation 5.1-S.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 l-year-old and older catches: 

C
p - N P SPF -M!:n/2-P 
y,a - y,a a ye Wac , a:= 1, ... ,4 

where 

Splitting TACs into catches-at-age before the recruit survey 

Anchovy l-year-old catch: 

C A = .lTACI,A 
y,l 7 y 

AS.1.20 

AS.1.21 

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

0= 0.7 (used in these earlier OMPs) and average recruitment, TAC;A = 70% of TAC~,A ,so that 

us~g + of this amount for calculating C :,1 implies 30%75 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 O-year-old anchovy. 

Anchovy O-year-old catch before the recruit survey: 

C A -~TACI,A 
y,Obs - 7 Y 

Here it is assumed that half the O-year-old catch taken by the time the 2nd T AC is set will be 

taken before the recruit survey commences. 

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

NP 

C
p - k ~ rr.pr70tayll •. apr>uO'l (C A C A ) 
y,Obs - apr:may N A e y,Obs + y,l 

y,O 

AS.I.22 

A5.1.23 

75 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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Appendix 5.1 

where kapr:may and CFapr:ma.y from equations AS.l.S and AS.l.9 respectively, and 

1]y,apr:ma.y ~ N[O; 1] AS.l.24 

[Although equation AS .1.23 is developed on the basis of catches for April-May (see also 

equations AS.1.5-6), C:,I 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 O-year-old catch: 

CA =TAC 2,A _CA 
y.O y y,! 

Pilchard O-year-old catch: 

cP = ).,TAC1,A +r (TAC 2,A TAC1,A) 
y,O y y y y 

)., = max{y,ry ) 

where r is the initial by catch ratio (equation S.S), and ry is the ratio of juvenile pilchard to 

anchovy "in the sea" during May, calculated as follows: 

which is derived from recruit survey estimates: 

NP 

=k ~ 
ry,.>ur sur N A 

Y,rec 

AS.1.2S 

AS. 1.26 

AS.l.27 

AS.l.28 

where N:~:C are from equation AS.1.16, and the simulated pilchard bycatch to anchovy ratio in 

commercial catches in May is given by: 

AS.1.29 

where N:; A are from equation AS .1.17, krnay from equation AS .1.7, CFmay from equation AS .1. 9, 

and finally, 

AS.1.30 

where jJmay is from equation AS.l.lO, 1]y,apr:rnay from equation AS. 1.24, and 

1]y,may - N[O; 1] AS.1.31 
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Appendix 5.1 

Bycatch drop-off after May 

C:'o in equation A5.1.26 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 AS. 1.2 (a repeat of 

Figure A5.1.!, 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 (TAB:'P in equation 5.8) may be "too generous" and that C;o may be somewhat different 

to this. This effect is simulated by adjusting C;o to reflect the actual level of O-year-old pilchard 

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:'o, is also adjusted if 

the adjusted C;o exceeds TAB:"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. 

Figure AS.l.2 A repeat of Figure AS.I.l, but with commercial catch data for August (CP,byc ICA from 
},.aug y.oug 

Table A3.2.5) added. 

Adjusting C;o: 

May + 
y" 1.3078x 

-_.-·0 + +. _. Aug 

• - y" 0.7212x 

R2 0.6376 
o 

0.2 0.3 
Recruit survey ratio 

0.4 0.5 

Equation AS. 1.26 is modified as follows (see also equation 5.5): 

C
p* _7'A DI,P _7'A DP C A C A CA 
y,O - .l1"lD Y .I. I"lV rh + 'y,}U1I y,}un + ry,}ul y,}u/ + rY,(JJJg y,aug 

The pilchard bycatch to anchovy ratios, 'y,m, are derived in a similar way to ry,com in 

equation AS. 1.29 as follows: 

,m = jun, jul, aug 
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Appendix 5.1 

where N:'~A are from equation A5.l.17, km and am from equations A5.l.7 and A5.l.9 (where Yis 

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

Cy,jUJI == PlTycEy,mtIy + ~l- (Pbycl1Jy,jun 

Cy,jul = (plTyc)2 Ey,/1Il1Y + Pbyc~l- (Pbyc)2 1Jy,jun + ~l- (Pby)2 1JY,jul 

cy,aug == (Pby)3 Ey,may + (pbyc)2 ~1- (PbyJ2 1JY,jun + PlTyc~l- (Pbyc l1Jy,jUl + ~l- (Pby)2 1Jy,tIug 

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

equation A5.l.12, Ey,may from equation A5.l.30, and 

1Jy,m - N[O; 1] ,m = jun,jul, aug 

AS.l.34 

AS.l.35 

The anchovy catches in equation AS.l.32, C:,m (m = jun, jul and aug), are derived as follows: 

CA. = p. (TAc2,A -TAC1,A) y,Jun Jun Y y 
A5.l.36 

Pjun - U[O; 1] 

where U[O; 1] represents a uniform random distribution between 0 and 176
• Furthermore, 

A5.l.37 

where pjul is related to pjun in the same way as observed historically in the catches. In order to 

derive this relationship, logit transformations 77 of historical anchovy monthly catches 

(Table A3.2.5) were calculated as follows: 

,m = jun, jul AS.l.38 1 m':m qm == n ---=:!..--

C:'m l ~C:,m' 
m'=m 

Figure A5.l.3 plots l}jul against lJiun, and shows a fitted linear regression line. 

76 A uniform distribution from 0 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 to 99% in 1996 (see Table A3.2.5). 

77 A logit transformation was used to allow the application of linear regression. 
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Appendix 5.1 

Figure AS.l.3 A plot of qjul against qjun (equation AS. 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. 

y = 0.3457x ·0.1273 

residual sId dev = 1.4719 5 

R2 = 0.2569 4 

3 

2 

• 

pjul is therefore derived as follows: 

• 

Pjul = Ij{ exp[0.3457In[(l- P jun)1 P jun] -0.1273 + l1 jul ]+ I} 

l1jul - N[O; 1.47192
] 

Finally, 

A5.1.39 

A5.1.40 

The adjustment to C:o when C;'~ + TAB~ > TAB:'P 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: 

A5.1.41 

Additional sub-season 

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

season, as follows: 

c p
** = cPO +min{TABP . 0 I(TAC3,A -TAC2,A)} 

y,O y,O ads' • y )' A5.1.42 

and 

C A** = C A* + TAC 3,A _ TAC 2 ,A 
y,O ),,0 Y Y A5.1.43 
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Appendix 5.1 

where 0.1 in equation A5.l.42 is consistent with the value used for r 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 3rd T AC 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. 

Furthennore, appropriate adjustments are made to ensure non-negative values for catches. The 

summary perfonnance 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.l.18) is left 

unchanged. 
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APPENDIX 5.2 

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 OMP02. 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 T AC 

Exceptional Circumstances for the pilchard directed TAC apply if: 

B~ Nov < 150 thousand tons 
.' . 

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

TAC P = TACP*( B;'NOV J2 
Y Y 150 

A5.2.1 

where B;'NOV is in thousand tons, and TAC; is calculated using equation 5.1, 5.2, 5.14 and 5.17. 

Anchovy 1st TAC 

Exceptional Circumstances for the anchovy 1st T AC apply if 

B:'Nov < 400 thousand tons 

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

TAC1,A = TAC1,A* y,Nov 

(
BA J2 

Y y 400 A5.2.2 

where B:'NOV is in thousand tons, and TAC~,A* is calculated using equations 5.3, 5.4, 5.15 and 

5.18. 
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Appendix 5.2 

Anchovy 2nd TAC 

First, a projected anchovy biomass is calculated as follows: 

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

2. Calculate B:'projo as follows: 

Calculate B:'proj as follows: 

If B:'proj < 400 thousand tons, then Exceptional Circumstances apply. 

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

calculated as follows: 

TAC 2,A = TAC 2•A* 
y Y 

N A BA 
0.7 ~recO + 0.3 y,;OV 

Ny,recO BNov 

2 

N A* BA 
0.7 ~recO +0.3 y,;OV 

N y,recO BNov 

where 

NA
* =(0 + C:'Obs JeO

.
9/2 

y,recO -A 
WOcbs 

and 

+ 
'T'AC 2,A* C A CA 
In y y,! - y.Obs 

A5.2.3 

AS.2.4 

A5.2.5 

AS.2.6 

A5.2.7 

However, if TAC:·A <TAC~·A after Exceptional Circumstances meta-rules have been applied, 

then set TAC:·A = TAC;A . 
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Appendix 5.2 

Anchovy 3rd TAC 

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

5.16 and 5.18 are used to calculate TAC~·A* , which then replaces TAC:·A* in equations A5.2.3, 

A5.2.5 and A5.2.7. Furthermore, TAC;·A replaces TAC:·A in equation A5.2.5. Finally, if 

TAC3•A < TAC 2
•
A then set TAC3,A = TAC 2,A y Y , Y Y • 

[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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APPENDIX 5.3 

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 C1~ in Tables 2.9 and 3.8). It is therefore more likely to be 

resilient to depletion to a particular level.(0.2K i 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 et 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 OMP02 has remained unchanged (0.2KP
) 

compared to 0MP99, it has changed from 0.2KA to 0.15KA for anchovy. The main reason for 

this is that the estimate of C1~ 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 

C1~ for pilchard and anchovy (i = P or A), with symbols indicating point estimates for both OMPs 

and solid lines indicating the frequency distribution for OMP02 (0MP99 did not use ajoint 

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

estimates). 

78 Ki is the average pre-exploitation level of B' N for species i (= P or A). 
y. 
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Appendix 5.3 

Figure AS.3.1 Point estimates and probability distributions for (1'~, for pilchard (top, i::: P) and anchovy (bottom, 

i ::: A), with symbols indicating point estimates ("p.e.") and solid lines frequency distributions 

>. 
:!:: 

:0 0 
Cd .c e 
0.. 

o 

("distn"). Results are shown for OMP99 (point estimates only) and OMP02 (point estimates and 
robabilit distributions). 

X OMP99p.e. 
• OMP02 p.e. 

--OMP02 distn 

0.2 

Anchovy 

0.2 

0.4 

0.4 

Pilchard 

0.6 0.8 1 

0.6 0.8 

a f 

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

OMP02 compared to 0MP99, as follows. 

1. Risk could be re-defined by changing the threshold used in the definition of risk. 

2. T AC constraints in OMP02 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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Appendix 5.3 

Figure A5.3.2 compares point estimates of the threshold levels 0.15KA and 0.2KA for anchovy. 

The 0.15KA threshold level for OMP02 is closer to 0.2KA for 0MP99 than is the 0.2KA 

threshold level for OMP02. The Figure also shows that 0.2KA for OMP99 lies in the centre of 

the 0.15KA distribution for OMP02, but towards the bottom of the 0.2KA distribution. A choice 

of 0.15KA for OMP02 would therefore be more consistent with 0MP99 than would 0.2KA. 

Figure AS.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 sh()wn for 0MP99 (point estimates only) and OMP02 
(point estimates and probability distributions). 
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Figure A5.3.3 plots B~,N I Ki with and without exploitation for 0MP99 and OMP02 (using the 

EID method and a fJ value of 0.1375 for OMP02, to be consistent with 0MP99 - see main text). 

In Figure A5.3.3, (a) shows the extent to which implementation of the OMP affects the 

distribution of B~,N I Ki values, while (b) compares the two OMPs to one another. OMP02 

appears to be less conservative for anchovy than 0MP99, but this is perhaps not surprising 

because OMP02 incorporates the additional sub-season for anchovy, which attempts better 

utilisation of anchovy, whereas 0MP99 did not. 
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Appendix 5.3 

Figure AS.3.3 Probability distributions of Bi N I K i for pilchard (top) and anchovy (bottom) with and without 
J, 

a. 

b. 

0 

exploitation, for both OMP99 and OMP02. The "with exploitation" options use {J = 0.1375 for both 
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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APPENDIX 5.4 

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 MI, and hence to the TACs that would have resulted had that MP been 

applied in 200 1. 

Figure A5.4.1 shows the pilchard-anchovy trade-off curve for M j • 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 A5.4.l 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. 

Ex: Company X was allocated 6226 tons of anchovy and 2008 tons of directed pilchard/or 

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 turns 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%79. 

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 AS.4.1 A plot of the MI trade-off curve (UM, average trade-off curve"), together with what this curve looks 
like for 2001 ("MJ 2001 realisation curve") given the pilchard and anchovy abundance estimates for 
that year. The trade-off implicit in the allocations of pilchard and anchovy to Company X in 2001 is 
shown. 
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79 The reason that this sum exceeds 100% is linked to the non-linear nature of the M I 2001 realisation curve, which 
in turn arises from the overall catch constraints imposed on the MP formulae. 
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CHAPTER 6 

Implementation of OMP02 

The implementation of OMP02 took place against the backdrop of a re-allocation of rights to 
South Africa's major commercial fishing sectors, including the pelagic fishery. The lTD 
method was adopted for OMP02 partly because of concerns over litigation if the BID 
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 confmn that a re-calibration of OMP02 
was not necessary. 

6.1 Introduction 

The development and implementation of OMP02 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 holdersso. 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 usedS1
, 

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

80 "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. 

81 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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Chapter 6 

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 lTD (internal trade-off decision) method for OMP02 (see 

Chapters 4 and 5), for the pelagic fishery. Furthermore, it was careful to avoid linking the 

allocation process with OMP02, because an integral part of developing OMP02 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 

OMP02 to favour their own allocations. Although OMP02 (management procedure Ml in 

Chapter 5) was used to provide the EPRs82 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 applicants83
. In this manner, MCM 

avoided a direct link between the allocation process and OMP02. 

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 OMP02 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 f3 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 

82 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. 

83 The EPRs used by MCM in this manner included the refinements detailed in Appendix 6.1. 
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Chapter 6 

Chapter 5 (incorporating equations 5.14-5.25), except that the EPR value, PEPR,d', calculated for 

each 2001 rights holder (dj on the basis of their quota allocations for 200 1, was now replaced by 

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

2005. Furthermore, a set of control parameters ({Jd, Clns.d and tXads.d) was associated with each 

rights holder d by matching that rights holder's choice of preferred pilchard-anchovy ratio with 

the ratios implicit in the 2001 realisation of OMP02 (Ml in Chapter 5 - see also Appendix 5.4)84, 

The original plan for the implementation of OMP02 towards the end of 2001 was as follows. 

1. The percentage right PPR.d allocated by MCM to each newly-confirmed rights holder d would 

be announced by the first week of December 200 1. 

2. A meeting would be convened in the second week of December to allow each newly­

confinned 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 200 1. 

3. T ACs, bycatch allowances and associated quotas, based on OMP02 (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 OMP02, could argue disadvantage at not having had the 

infonnation 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. 

84 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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Chapter 6 

Figure 6.1 Five-year summaries of quotas for different pilchard-anchovy ratios (calculated as PJ(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.] 
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6.2 Implementation difficulties 

The process (due to be completed in the first week of December) of announcing successful 
, ","I.~ 

applicants to the pelagic fishery, together with the percentage right of the fishery awarded to 

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 200 1 to provide T ACfBs 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 TACfBs85
• Because it was necessary to ensure consistency with future applications of 

OMP02 (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 

85 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 T ACs. They are based simply on the minimum or 
maximum reduction constraints of 0MP99 (Chapter 4). 
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inputs), but then to scale the TAClBs that resulted from summing the quota allocations provided 

by OMP02 so that they matched the provisional TAClBs that OMP99 provided. 

The meeting for the one-off opportunity to revise preferred pilchard-anchovy ratios, and to 

provide further information about OMP02, 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 OMP0286
, to set the pilchard directed 

TAC, anchovy 1st TAC and pilchard 1st TAB, and subsequent TAClBs (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 OMP02 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. 200lb). 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 fj-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 200 1, 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). 

86 The provisional allocations for 2002 were not a "proper" implementation of OMP02, because T ACs were scaled 
to match the provisional TACs provided by 0MP99. 
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