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Introduction

The management procedure used to recommend total allowable catches (TACs) and bycatches (TABs) for
sardine and anchovy in South African waters is currently being revised. Given the extensive testing desired
for this new management procedure, which among other factors includes taking account of the possibility of
multiple sardine stocks and of the impact of the recommended catches on penguins, a final version of OMP-
13 is not yet available. However, the Small Pelagic Scientific Working Group has agreed a revised version
of “Interim OMP-13”, called “Interim OMP-13v2” for use in June 2013 for calculating recommended final
TAC/Bs for 2013. The revised management procedure, OMP-13, is expected to be finalised and agreed
during 2013. This document details “Interim OMP-13v2”.

Important Changes from OMP-08
Some of the key differences between OMP-08 (de Moor and Butterworth 2008) and Interim OMP-13v2
include the following:

i) The maximum total anchovy TAC has been decreased from 600 000t to 450 000t, to more
accurately reflect the maximum catch possible by the industry.

ii) The normal season has been extended from the end of August to the end of the year, thereby
removing the additional season altogether’.

i) The Exceptional Circumstances threshold below which the anchovy TAC is decreased rapidly
has increased from 400 000t to 600 000t.

iv) A number of new (relatively small) TABs (e.g. a bycatch for anchovy landed by sardine only
right holders and a bycatch for small sardine landed with directed (large) sardine) have been
introduced so that all landings can be accurately accounted. These bycatch limits have been
intentionally set quite generously so that the chance of them being reached is small.
Technically, if these limits are reached, particularly as they are pools which all rights holders

have access to, the season would be closed?.

“MARAM (Marine Resource Assessment and Management Group), Department of Mathematics and Applied
Mathematics, University of Cape Town, Rondebosch, 7701, South Africa.

! The results upon which this decision was based used data from September — December from years in which the
additional season sardine bycatch restrictions were imposed. Thus the small sardine bycatch with anchovy in the last 4
months of the year under Interim OMP-13v2, and later OMP-13, will need to be monitored to ensure that these
simulations accurately reflect future bycatches, after the removal of the additional season.

2 In practice, the SPWG has suggested ad hoc decisions may need to be taken to deal with such unforeseen eventualities
until such time as more reliable estimates of the required size of these pools can be made.
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V) The key control parameters have been re-tuned based on updated perceptions of the sardine and
anchovy resource productivity and dynamics (i.e. updated assessments), and changes to the

operating model to account for the removal of the additional season.

Trade-Off Curve
The definitions of risk have remained unchanged from OMP-08:

risk g - the probability that adult sardine biomass falls below the average adult sardine biomass over

November 1991 and November 1994 at least once during the projection period of 20 years.

risk , - the probability that adult anchovy biomass falls below 10% of the average adult anchovy

biomass between November 1984 and November 1999 at least once during the projection

period of 20 years.
The acceptable level of risk changes from one MP to the next given changes in the perceived level of
productivity of a resource resulting from the inclusion of revised and new data in the underlying operating
models. de Moor and Butterworth (2010) developed an objective method of determining an acceptable level
of risk for a new MP. This method was applied to obtain a new maximum risk level of 0.21 for sardine.
However, given changes to key assumptions in the base case operating model for anchovy, particularly
relating to natural mortality and stock-recruit relationships, the method of de Moor and Butterworth (2010)
could not be applied straight-forwardly to obtain a new risk level for anchovy. Work has been progressing to
help determine an objective method of determining an acceptable level of risk for anchovy, but is still

underway. In the meantime, the SPWG has agreed to temporarily use a maximum risk level of 0.25 for

anchovy. The trade-off curve with riskg <0.21 and risk, <0.25 for Interim OMP-13v2 is shown in

Figure 1. The ‘corner point’ of the trade-off curve, where the directed average sardine catch is maximised
while maintaining a near-maximum average anchovy catch, was used to choose the directed sardine-anchovy

trade-off (Figure 2).

In Summary

The details of all the rules governing Interim OMP-13v2 are fully described in the Appendix, while Table 1
lists the control parameters of Interim OMP-13v2, with comparisons to those for previous OMPs. Table 2
lists the data required for input to this OMP. Table 3 lists some key summary statistics for the sardine and
anchovy resources under Interim OMP-13v2. Figure 3 shows the simulated distributions of sardine and

anchovy at the end of the projection period under Interim OMP-13v2 compared to a no-catch scenario
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Table 1. Definitions of control parameters and constraints used in OMP-02, OMP-04, OMP-08, Interim
OMP-13 and Interim OMP-13v2 together with their values. All mass-related quantities are given in
thousands of tons. Values for Interim OMP-13v2 which differ from OMP-08 are given in bold face.

Key Control Parameters OMP-02 OMP-04 OMP-08 Interim Interim
OMP-13 OMP13v2
B Directed sardine catch control parameter 0.1865 0.14657 0.097 0.090 0.090
e Directed anchovy catch control parameter ~ 0.16655  0.73752 0.78 0.321 0.871
‘ for normal season
a,y Directed anchovy catch control parameter  0.99956 1.47504 1.17 0.4815 N/A
‘ for additional season
Fixed TABs OMP-02 OMP-04 OMP-08 Interim Interim
OMP-13 OMP13v2
s Fixed >14 dine bycatch 103 10! 3.5! 7 7
TAB;, ixe cm sardine bycatc
TABA Fixed anchovy bycatch for sardine only N/A N/A N/A 0.5 0.5
right holders
TABS Fixed <l4cm sardine bycatch with round N/A N/A N/A 1.0 1.0
y,small,rh herri
erring
Fixed Control Parameters OMP-02 OMP-04 OMP-08 Interim Interim
OMP-13 OMP13v2
1) Scale-down factor applied to initial 0.85* 0.85 0.85 0.85 0.85
anchovy TAC
p Weighting given to recruitment survey in 0.7° 0.7 0.7 0.7 0.7
anchovy TAC
q Relates to average TAC under OMP-99 if 3009 300 300 300 300
am =1
BA Historic average 1984 to 1999 index of 2149 1380 1380 1380
Nov anchovy abundance from the November
spawner biomass surveys
NA Average 1985 to 1999 observed anchovy N/A N/A 198 180 217
recd recruitment in May, back-calculated to billion billion billion
November of the previous year
() Estimate of the percentage of <l4cm N/A N/A N/A 0.07 0.07
sardine bycatch in the >14cm sardine
catch
7. Range within which initial estimate of 0.1 0.1-0.2 0.1-0.2 0.1-0.2 0.1-0.2
! juvenile sardine : anchovy ratio is set,
dependent upon observed sardine biomass
Y max Maximum of the logistic curve for 7y N/A 0.1 0.1 0.1 0.1
B, Biomass of sardine where the logistic N/A 2 000 2 000 2 000 2000

curve for ¥ reaches 50%

3 TAB (assumed adult) with round herring only, initially set at 10 000t calculated as 12.5% of the predicted average
round herring catch of 80 000t; subsequently decreased to 3 500t when considering historic bycatch had not been
greater than 3 500t.

* A value of ¢ =0.85, used since OMP-02, reflects the industry’s desire for greater ‘up-front” TAC allocation for
planning purposes, even if this means some sacrifice in expected average TAC to meet the same risk criterion.

5 A value of p=0.7 reflects the greater importance of the incoming recruits in the year’s catch relative to the previous

year’s biomass survey.
6 Leaving ¢ =300 unchanged facilitated easy comparison between the outputs from OMP-02 and subsequent revised
OMP candidates
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Table 1 (continued).

Constraints OMP-02 OMP-04 OMP-08 Interim Interim
OMP-13 OMP13v2
B, Biomass of sardine where the logistic curve N/A 3178 3178 3178 3178
for | reaches 95%
s Minimum directed sardine TAC 90 90 90 90 90
mntac
cA Minimum normal season anchovy TAC 150 150 120 120 120
mntac
cS Maximum directed sardine TAC 250 500 500 500 500
mxtac
A Maximum total anchovy TAC 600 600 600 450 450
mxtac
s Two-tier threshold for directed sardine N/A 240 255 255 255
er TAC
cA Two-tier threshold for normal season anchovy N/A 330 330 330 330
tier TAC
cS Maximum proportion by which directed 0.20 0.15 0.20 0.20 0.20
mxdn sardine TAC can be reduced annually
A Maximum proportion by which normal season 0.30 0.25 0.25 0.25 0.25
mdn anchovy TAC can be reduced annually
oA Maximum increase in normal season anchovy 150 200 150 150 N/A
mxinc TAC
cads:A Maximum additional season anchovy TAC 100 150 120 120 N/A
TAB Sd Maximum sardine bycatch during the additional 2 2 2 1.57 N/A
4 geason
BS Threshold at which Exceptional Circumstances 150 250 300 300 300
“ are invoked for sardine
BA Threshold at which Exceptional Circumstances 400 400 400 400 600
« are invoked for anchovy
A’ threshold above B eSL at which linear smoothing N/A 500 500 400 400
is introduced before sardine exceptional
circumstances are declared (to ensure
continuity)
A? threshold above B 2, at which linear smoothing N/A N/A 100 100 100
is introduced before anchovy exceptional
circumstances are declared (to ensure
continuity)
B, threshold above which the anchovy additional N/A N/A 1 000 1 000 N/A
sub-season TAC can increase more rapidly
B, threshold above which the anchovy additional N/A N/A 1500 1500 N/A
sub-season TAC reaches a maximum
x’ the proportion of B LS( below which sardine 0 0 025 025 025
TAC is zero.
x? the proportion of B 2 below which anchovy 0 025 0.25 025 0.25
TAC is zero.
R sardine recruitment threshold above which the N/A N/A 17.38 16.48 16.48

crit . . . . . .
maximum possible mid-year increase in sardine

TAC under exceptional circumstances is
achieved

7 Interim OMP-13 assumed the additional season runs from October to December, rather than September to December
as assumed for earlier OMPs.
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Table 2. The data required as input to the Interim OMP-13v2 formulae to provide the directed sardine TAC

and initial anchovy TAC and sardine TAB recommendations for year y in December of year y —1, and to

set the revised and final anchovy TAC and sardine TAB recommendations in June of year y .

Input Definition
s November survey estimate of sardine 1+ biomass in year y —1 (in thousands of
1 B y-LLN
5 tons)
el
g B November survey estimate of anchovy 1+ biomass in year y —1 (in thousands
oy —LN
A ’ of tons)
N ; . May survey estimate of anchovy recruitment in year y (in billions)
N f, 8 May survey estimate of sardine recruitment in year y (in billions)
t; Day of commencement of recruitment survey (time in months after 1 May)
- Anchovy catch at age 1° from 1 November of year y —1 to the day before the
¥.1
3 commencement of the recruitment survey (in billions)
=
3 o4 Anchovy catch at age 0° from 1 November of year y —1 to the day before the
y,0bs . . eqqe
commencement of the recruitment survey (in billions)
Ratio of juvenile sardine to anchovy (by mass) indicated by the recruitment
r SU
e survey
Ratio of juvenile sardine to anchovy (by mass) in the commercial catches during
T y,com
" May, using only the commercial catches comprising at least 50% anchovy
WlA =10.689  Average historic anchovy weight-at-age 1 in November
WZA =13.671  Average historic anchovy weight-at-age 2 in November
Wa =4.847  Average historic catch weight-at-age 0
w* =10.983  Average historic catch weight-at-age 1

8 Only needed if sardine Exceptional Circumstances are declared in December y —1.

° Monthly cut-off lengths are used to split the anchovy catch into juveniles and adults. The monthly cut-off lengths for
November to March are given in de Moor et al. (2012), while the monthly cut-off lengths for April, May and June (if
necessary) are dependent on the recruit cut-off length used for the recruit survey in year y.
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Figure 1. Trade-off curves and chosen points on the curve for Interim OMP-13 and Interim OMP-13v2
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Figure 3. Comparison of a) anchovy and b) sardine 1+ biomass distributions in the final projection year

under a no catch scenario and Interim OMP-13v2.
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Appendix: Interim OMP-13v2 Harvest Control Rules

In this Appendix, catches-at-age are given in numbers of fish (in billions), whereas the TACs and TABs are
given in thousands of tons. Sardine and anchovy total allowable catches (TACs) and sardine total allowable
bycatches (TABs) are set at the start of the year and the latter two are revised during the year (or all three if

Exceptional Circumstances apply for sardine).

Initial TACs / TAB (January)
The directed sardine TAC and initial directed anchovy TAC and TAB for sardine bycatch are based on the

results of the November biomass survey. These limits are announced prior to the start of the pelagic fishery

at the beginning of each year.

The directed sardine TAC is set at a proportion of the previous year’s November 1+ biomass index of
abundance, but subject to the constraints of a minimum and a maximum value. If the previous year’s TAC is
below the ‘two-tier’ threshold, then the TAC is subject to a maximum percentage drop from the previous
year’s TAC. If it is above this threshold, any reduction in TAC is limited only by a lower bound of the

corresponding threshold less the maximum percentage drop.

The directed anchovy initial TAC is based on how the most recent November biomass survey estimate of
abundance relates to the historic (non-peak) average between 1984 and 1999. In the absence of further
information, which will become available after the May recruitment survey, this initial TAC assumes the
forthcoming recruitment (which will form the bulk of the catch) will be average. A ‘scale-down’ factor, &,
is therefore introduced to provide a buffer against possible poor recruitment. The anchovy TAC is subject to

similar constraints as apply for sardine.

A fixed anchovy TAB, TAB" , for sardine only right holders has been introduced in OMP-13 (see Table 1).

A fixed >14cm sardine TAB, TAB,fig , consisting of mainly adult sardine bycatch with round herring and to a
lesser extent with anchovy has been introduced in OMP-13 (replacing the “adult sardine bycatch with round

herring” TAB in OMP-08) (see Table 1).

A new <l4cm sardine TAB has been introduced in OMP-13. This consists of a fixed allocation for bycatch

N

y,small,rh >

with round herring, TAB and an allocation for small sardine bycatch in the >14cm directed sardine

landings, set proportional to the directed sardine TAC.

The final TAB is a <14cm sardine TAB with anchovy, and is set proportional to the anchovy TAC.
10
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Directed sardine TAC: TAC; = B BN, (OMP.1)
Subject to:
max{(l rnxdn)TAcf 1 € ;Elntac} < TACf < Cflxtac lf TACV l = tzcr (OMP 2)
max{l — mxdn ther ;Crflntac - TACf < CVISDCfaC lf TACS -1 >ctter .
Bobs A
Initial directed anchovy TAC: TAC ;'A =a, 5q|p+({-p) I_;;l (OMP.3)
Nov
max|l — TAC>" ;¢ [< TACY < ¢ = if TACY <cl
Subject to: X{( mxdn ) R y-1 | mntaL } | Ay Acmxtac lf ; 1 Ctter (OMP4)
max{(l medn )ctier ;Cmntac} - TACV < cmxtac lf TAC -1 > Ctzcr
<l4cm sardine TAB with directed >14cm sardine:
TABS small — wT'ACf (OMPS)
Initial <14cm sardine TAB with anchovy: TAB} anch = ¥y TAC ;’A (OMP.6)
where: y, =01+ Ymax (OMP.7)

(395 - Bso)

(Bysvﬁ?/ - Bso )] .

1+ exp{— In(19)

Here y, increases according to a logistic curve from 10% in years in which the survey estimated sardine

November 1+ biomass, Bysfi v, 1 poor to average, towards a maximum when sardine biomass is higher

(Figure A.1).

To maintain continuity in the directed sardine and initial anchovy TACs as the Exceptional Circumstances

thresholds (see below), Bf and B

ec?

are approached from above and below, the following linear smoothing
is applied.

If B), <B}"'\ <B, +A’ we have:

s _ ﬁélzsv - Besc S_EC | ngélfv BeSc s
TAC) =|1-—————— |XTAC;- ——— |XTAC; (OMP.8)
AS y AS y
where TAC f—EC is the value output from equation (OMP.16) when B;’fif\, S, while TAC is the value

obs,S

output from equation (OMP.2) when B/}, = BESL_ +A.

If B <Bi’bm <B! +A" we have:

11
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obs,A A obs,A A
) —. : - BEC B\'— ’ - BEC
TAC)" = [1 - +] XTACHA-HC 4 [%J xTAC )" (OMP.9)

where TAC;’A-EC is the value output from equation (OMP.17) when Bi’f}f, =B}

ec?

while TAC}* is the value

output from equation (OMP.4) when B;f‘m =B} +A".

In the above equations the symbols used are as follows. See Table 1 for fixed values:

B;’f’lf,’s - the observed estimate of sardine abundance from the hydroacoustic biomass survey in
November of year y .

B - a control parameter reflecting the proportion of the previous year’s November 1+ biomass

index of abundance that is used to set the directed sardine TAC, scaled to meet target risk levels

for sardine and anchovy.

B;f’]f,’A - the observed estimate of anchovy abundance from the hydroacoustic biomass survey in

November of year y .

Bl - the historic average index of anchovy 1+ biomass from the November surveys from 1984 to
1999.

a,, - a control parameter which scales the anchovy TAC to meet target risk levels for sardine and
anchovy.

) - a ‘scale-down’ factor used to lower the initial anchovy TAC to provide a buffer against

possible poor recruitment.

p - the weight given to the recruit survey component compared to the 1+ biomass survey

component in setting the anchovy TAC.

q - a constant value reflecting the average annual TAC expected under OMP99 under average

conditions if &, =1.

N

mntac

- the minimum directed TAC to be set for sardine.

ch - the minimum directed TAC to be set for anchovy.

€S e - the maximum directed TAC to be set for sardine.

e e - the maximum directed TAC to be set for anchovy.

e - the two-tier threshold for directed sardine TAC.

ch - the two-tier threshold for directed anchovy TAC.

cfwdn - the maximum proportional amount by which the directed sardine TAC can be reduced from

one year to the next.

12
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- the maximum proportional amount by which the directed anchovy TAC can be reduced from
one year to the next.
- an estimate of the maximum percentage of <14cm sardine bycatch in the >14cm sardine catch.

- a conservative estimate of the anticipated ratio of juvenile sardine to juvenile anchovy in

subsequent catches.

- maximum of the logistic curve for 7 .
- biomass where the logistic curve for y, reaches 50%.
- biomass where the logistic curve for y, reaches 95%.

- the biomass threshold below which Exceptional Circumstances apply for sardine.

- the biomass threshold below which Exceptional Circumstances apply for anchovy.

N

ec”?

- the threshold above the Exceptional Circumstances threshold, B,., below which the sardine

TAC is smoothed until B?. is reached.

A
ec?

- the threshold above the Exceptional Circumstances threshold, B,., below which the anchovy

TAC is smoothed until B is reached.

Revised TACs / TAB (June)

The anchovy TAC and sardine TAB midyear revisions are based on the most recent November and now also

recruit surveys. As the estimate of recruitment is now available, the ‘scale-down’ factor, 0 , is no longer

required to set the anchovy TAC. The additional constraints include ensuring that the revised anchovy TAC

is not less than the initial anchovy TAC.

The revised <lI4cm sardine TAB with anchovy is calculated using an estimate of the ratio, r, of juvenile

sardine to anchovy, provided this ratio is larger than ¥, which was used to set the initial TAB.

N2 B
Revised anchovy TAC: TAC =a, q ( p—=24(1- p) E} — J (OMP.10)
recQ Nov
Subject to:
max{TACH; (1 = e, JTACY } < TAC < ¢ TACY <cf, OMPL)
maX{TAC;A > (1 - Crlzxdn )Ct/i‘er } S TAC)Z,A < Clﬁxtac TAC%—? > Ct/i‘er .
Revised <14cm sardine TAB with anchovy:
TAB},., = A, TAC;" +r, (TAC)" —~TAC}") (OMP.12)
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Where: A, =max{y,,r,}

As for the initial TAC, continuity in the revised anchovy TAC as the Exceptional Circumstances thresholds

are approached from above and below, is maintained by applying the following linear smoothing.

If BA SBmej <B* + A" we have:

A A A A
2,A _ y.proj — ec 2,A_EC y.proj — Pec 2,A
TAC" =|1-——— |XTAC; + — XTAC (OMP.13)
2,A_EC . A A . 2,A -
where TAC; is the value output from equation (OMP.22) when B . =B, , while TAC;" is the

value output from equation (OMP.11) when B? =B(_,A;, +A*, and B?

V. proj v.proj 18 determined by equation

(OMP.19).

Note that by construction TAB?’S ZTAB;’S as /'iy 2y, and TAC i’A >TAC ;’A. In addition to the previous

definitions, we have:

N f_lgm,o - the simulated estimate of anchovy recruitment from the recruitment survey in year y, N ;’!h,s’A
19, back-calculated to 1 November y—1 by taking natural and fishing mortality into account
(equation (OMP.14) below).

N2, - the average 1985 to 1999 observed anchovy recruitment in May, back-calculated (using

equation (A.14)) to November of the previous year.
r)‘ = %(ry,sur + ry,cnm)
- the ratio of juvenile sardine to anchovy “in the sea” during May in year y, calculated from the

recruit survey and the sardine bycatch to anchovy ratio in the commercial catches'' during May.

obs,A
y.r

The anchovy TAC equations require that N , the recruitment numbers estimated in the survey, be back-

calculated to November of the previous year, assuming a fixed value of 1.2 year’ for M j«‘. The back-

calculated recruitment numbers are calculated as follows:

A
A _ obs,A 1yx1.2/12 A 0.5x1.2
Nvfl,rec(] - (Ny,r 4 + Cy,Obs) 4 (OMP14)

In the above equation we have

10 This estimate of recruitment is calculated using a cut-off length determined from modal progression analysis. In the
event of this modal progression analysis being unable to detect a clear mode, a recruit cut-off (caudal) length of 10.5cm
for anchovy and 15.5cm for sardine will be used. These are the cut-off lengths used historically and from which there
has not been substantial deviation over a 10 year period (Coetzee pers. comm.).

' Only commercial catches comprising at least 50% anchovy with sardine bycatch are considered.
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C }A Obs - the observed juvenile anchovy landed by number (in billions) from the 1* of November year

y —1 to the day before the recruit survey commences in year y

S

- the timing of the anchovy recruit survey in year y (number of months) after the 1* of May year

~<

y.

Exceptional Circumstances

Sardine directed TAC

Exceptional Circumstances for the sardine directed TAC apply if:
B < B,
in which case the TAC under Exceptional Circumstances is calculated as follows. Only a portion (half) of

the directed sardine TAC is awarded with the initial TACs, with a revised TAC in June dependent on the

observed May sardine recruitment (see Figure A.2):

Bova
0 if ;;N <x*
Bath 2

Initial TAC:  TAC},, =0.5x LN s b (OMP.15)

ol B2 B¢

TACS - —1 ; if x5 < ‘S‘N <1
i - X e
OhCS

. S TACflmt +1 2’X TACflmt lf N"bs S crlt

Revised TAC: TAC] = it (OMP.16)
TACS —+12XTAC?, if NS > R

y.init y,init y.r crit

where TAC ‘S =before = B By’ "% s subject to ¢ < <TAC; S-before < 5 . The rule allows for the TAC to be set

to zero if the survey estimated sardine biomass falls below x*® of the threshold (see Table 1). Further we

have:

R.. - the level of sardine recruitment required in order to achieve the maximum possible mid-year
increase in sardine TAC under Exceptional Circumstances (see Figure A.2 and Table 1).

Initial Anchovy TAC

Exceptional Circumstances for the initial anchovy TAC apply if
B < Bl

in which case the TAC under Exceptional Circumstances is calculated as follows:
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Bobs,A
0 if ;‘j’v <x*
) ec
B
TAC)" = TR gobna (OMP.17)
TACi’Aibefam lec - if )CA < ;—:N
. -X ec
obs,A
where TAC;*-""" = ¢, & q{p +(1-p) l:’N J, subject t0 Cpp e STAC;* =" <c/ .. The rule allows
Nov

for the TAC to be set to zero if the survey estimated anchovy biomass falls below x* of the threshold (see

Table 1).

Revised Anchovy TAC

The results of the most recent November and recruit surveys are projected forward, taking natural and

anticipated fishing mortality into account, in order to provide a proxy (B*

o) for the forthcoming

November survey, and hence have a basis for invoking Exceptional Circumstances, if necessary. Define

NA_ ] olis,A
TAC)Z,’A*’”f”"’ =a,q p—ii’mo +(1-p) _yAl’N , subject to maX{TAC;’A;c,ﬁnW}S TAC}Z,’A*M‘W <ct . a
recQ Nov
projected anchovy biomass, B é orojo » 18 calculated as follows:
TAC}*-""" + TAB* —-w'C} 6ty
BY .o =maxof0;| N4 — > — Ll [T AL (OMP.18)
Woc
Calculate B_é proj @S follows:
Bobs,A
LN _5412/12 —Ix1.2/12—
B} ., = %—Ae MRt e+ BY o (OMP.19)
1
If B i oroj <B 2,, then Exceptional Circumstances apply. The recruit survey result in year y (in numbers) that

value of exactly B’ is calculated as follows:

ec

would be sufficient to yield a B.é proj

Y, proj

[BX —(B* ~—B* O s TACH*-P9r + TAB* —wC?
6 = e 2 T (OMP.20)

—A —A
Wy Woe

This is back-calculated to November of the previous year in the same way as equation (A.14) during OMP

implementation:
A 1 x1.2/12 A 6x1.2/12
Ny—l,recO = (0 e + C_V,Obs) e . (OMP21)

In the above equations we have:
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C ;,‘,1 - the observed anchovy catch at age 1 landed by number (in billions) from the 1% of November
year y —1 to the day before the recruit survey commences in year y.

WGA - average historic anchovy weight-at-age a in November.

Wﬁ, - average historic anchovy catch weight-at-age a .

The revised anchovy TAC is calculated by reducing TAC i’A-bef”"’ by the ratio (squared) of TAC i’A-bef”"’

calculated with the annual recruitment for year y to TAC yZ’A calculated with @, thus providing a means to

reduce the TAC fairly rapidly when the Exceptional Circumstances threshold is surpassed. The rule allows

for the TAC to be set to zero (or to the initial anchovy TAC, if greater than zero) if the survey estimated

anchovy recruitment and biomass falls below a quarter of the threshold:

2

Niireco By
()
NrécO BI\f;ov A
Nl B we B
Moo i) 208 plres ) T
LA, 2,A _before recQ Nov . A recQ Nov
TAC>* f Hesne (1-x*) s Lrec0 B :
A — y=l,rec y-1,
y max o = +(l—p) £
recQ . Nov
N?—l recO Bs—iyﬁl
= Hl-p)=3
LA, 3 recQ) Nov A
TAC‘ ’0 if NA* B()bs,A <x
y—=LrecO y-LLN
2 4 (1-p)2
Nrec() BN()V
(OMP.22)

0. 1+Ymax’

= 0.1
OMP-04
lower B95
= = = =]Jower B50
0
0 4000
B, , 5 (000t)

Figure A.1. The logistic curve used to calculate the proportion of initial anchovy TAC that provides the

initial sardine TAB (y, Equation OMP.7). Curves for a lower value of Bys and centred on a lower value of

B, are also shown.
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Figure A.2. The proportion of the initial directed sardine TAC that is awarded in the mid-year revision to the
directed sardine TAC if Exceptional Circumstances are declared. The historic (May 1984 — 2011) average

observed May sardine recruitment is 13.74 billion recruits. For Interim OMP-13v2, R . =16.48 billion,

crit

such that the mid-year revision is the same as the initial TAC when observed recruitment from the May

survey is average.
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