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Introduction

A revision of the Operational Management Proced@P) to be used for setting South African sardind
anchovy total allowable catches (TACs) and sardatel allowable bycatches (TABs) was adopted by the
Marine and Coastal Management Pelagic Working Giiaupune 2004. This OMP, termed OMP-04, was
agreed subject to further testing of the threshbklew which exceptional circumstances are declaretithe
rules governing the TACs and TABs when exceptian@umstances are declared. This document seoves t

report on such further testing.

M ethods

Sardine

Directed sardine TAC is set at the beginning ofytbar and remains unchanged for the remaindereofehr.

In OMP-02 the threshold for invoking exceptionalcaimstances was 150 000t and the rule governing the
implementation of exceptional circumstances wasiadrptic function (De Oliveria 2003). Subsequentkwv

by De Oliveria (2003) indicated that the threshédd sardine exceptional circumstances may be more

appropriately set at 250 000t.

Two dimensions to the sardine exceptional circuntsta needed to be tested: the threshold used ofgnv
exceptional circumstances and the rule governiegirtiplementation of exceptional circumstances.thin
former case, thresholds @f° =0 (i.e. no exceptional circumstances) 250, 400&0@ithousand tonnes were

tested using the quadratic rule:
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If By oy < T° thenTAC =TAC§*{ VTLSN"VJ . (1)

Further, using the threshold @f° =250 thousand tonnes, three rules were tested, thebBing the quadratic

as given in (1) above, the second being linear:
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which effectively implies that the exceptional cingstances only serve to remove any constraintscthad
hinder the decrease of TAC under poor resourceitonsl (e.g. minimum directed sardine TAC or maximu

proportion by which directed sardine TAC can beréased annually), and the third being a cubic fanct

3
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If Byinoy <T thenTAC) =TAC, ( - J :
Anchovy

An initial anchovy TAC is set at the beginning bétyear for the ‘normal season’ and is revisediime]) when
a TAC for the ‘additional season’ is also allocateth OMP-02 the threshold for invoking exceptional
circumstances was 400 000t and the rule govertiagrmplementation of exceptional circumstances avas

guadratic function (De Oliveria 2003).

As for the sardine exceptional circumstances, twoedsions to the anchovy exceptional circumstances
needed to be tested: the threshold used to invakepdonal circumstances and the rule governing the
implementation of exceptional circumstances. Hawevor anchovy these two dimensions needed to be

considered in tandem. The initial anchovy TAC etimal circumstance rules are given by:

A

B — w - - -

If y_l_lANo" >1 thenTAC;* =TAC;”, i.e. no exceptional circumstances apply.
2
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If x<—220Y < g thenTACIA =TACEA | 225 — |
TA y y TA
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If % <X thenTAC;” = 0.

The revised anchovy TAC exceptional circumstandesrare calculated as follows. We estimate thenhgs

projected to the forthcoming November survey as
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the recruitment in May back-calculated to Novemiethe previous year as
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and an estimate of the number of recruits in Maat thiould give a biomass 6 * thousand tonnes in the

forthcoming November as
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If B;, <T" then exceptional circumstances are declared aplieems follows:
A A
07 _)}/A—:Lreco +03 yE—JANov
If L ' >1, thenTAC2" = max of{TACﬁA;TACf,' A*}, i.e. no exceptional circumstances
y—1recO y—-1,Nov
07 40 4 o3 Yt
y-1recO Nov

apply, which is consistent withl ", .o = N/ .o Wwhen B}, = 400
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07 y—1recO + 03 y—1,Nov
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The additional season anchovy TAC exceptional aistance rules are calculated using the above eggati
replacingTAC;” and TAC;* with TAC;"* and TAC}* respectively. In the above equationsgenotes the

observed November anchovy biomass fraction of tireshold below which no anchovy TAC will be

allocated, and * denotes the threshold below which exceptionalioistances are declared.

In OMP-02 and the provisionally accepted OMP-O4egtional circumstance ruled;” =400 and x=0.
Attempting a cubic function, as was tested for slaedine exceptional circumstances, did not provide
recovery necessary when anchovy biomass was siadulatreach very low levels. Instead the above was
tested since it allows for zero catch once anchmweynass reaches a low percentage of the thresboél, |
thereby preventing any further industry-inducedlideconce the resource reaches dangerously lowsleva
this document thresholds of 400 and 700 thousamade® were tested, together wix= abd x= 025 In

addition, the exceptional circumstances threshéld 6 =400 and rule x= Owas tested on an underlying
model of alternative anchovy stock-recruitment ag#tions (Cunningham and Butterworth 2004b). The

changes to the stock-recruitment parameters fradd 2dwards in fishery management system were:

a% =076a"

new

bA = 071"

new
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Results and Discussion

In all tests, the 10 trajectories that resultethinlowest future true biomass were monitored deoto see the
effect of alternative thresholds and rules undecepiional circumstances. In essence, the exception
circumstances provisions should facilitate avoidaofcproblems of low resource size that would ogauheir

absence, while at the same time minimising anyribeggion in the catch-related performance of tiRO

Sardine
The probability density functions (pdf) and cumiMatdensity functions (cdf) for the lowest 10% oture
true sardine November biomass trajectories reguftiom alternative thresholds for the sardine ekoegl

circumstances can be seen in Figure 1. Figuredibdtes that there was little difference in thebability of

the resource reaching low biomass levels for clsoimgweerT ° =250 and T° = 400thousand tonnes. The
corresponding cdf for the full sample (not just bvrest 10% as shown in Figure 1) indicates thatelis only

a 10% probability that, under OMP-04 and a threstudl 250 thousand tonnes, the true sardine biomdks

fall below 1 650 000 tonnes in the next two decdéigare not shown). The risk threshold for saedirsed in
developing OMP-04 was taken to be the average ashrdine biomass between November 1991 and
November 1994 (Cunningham and Butterworth 2004E)e mean of this distribution used in the testifig o
OMP-04 was about 946 thousand tonnes. Table Tatel that the true sardine November biomass falls
below 950 thousand tonnes between 2 and 3% ofitfeinh future simulations using OMP-04. If onlyeth
lowest 10% of the future biomass trajectories armsiered, then true sardine November biomassislated

to drop below 950 thousand tonnes in between 2@8#elcases (Table 1).

Another consideration is the percentage of occasibat the simulations suggest exceptional circantss
would be declared. Although the aim is to deckareeptional circumstances in sufficient time toverg any
irreparable damage to the resource, if exceptiomalimstances are declared too frequently, theriTh@s
will vary too rapidly for industry to function wittstability. Of the thresholds considered, the mmh
percentage of times that exceptional circumstarveere simulated to be declared was 5% for800

thousand tonnes, which translates to once in @mpears on average (Table 1).

Directed sardine catch was estimated to be on gee®&$5.9 thousand tonnes under OMP-04, using the
preliminary exceptional circumstances thresholdd arles used in Cunningham and Butterworth (2004c).
Given a zero threshold for anchovy exceptionalunstances used when testing the sardine exceptional

circumstances, the average directed sardine catehtbe next 20 years is simulated to be 365.8 shod
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tonnes whenT ° = 250, with only small adjustments to 365.7 thousanchésnin the absence of any sardine

exceptional circumstances and to 364.3 thousanteoif the threshold were increased to 800 thousamukes

(Table 1). Thus catch-related performance of OMB¢arcely differs for these various choicesTor.

These results indicate that there is little riskhe# sardine biomass falling below the average Riber 1991
to November 1994 biomass (distribution mean 946shad tonnes) given the current state of the resamd
future management under OMP-04, using a threshoRb@ thousand tonnes. Thus there appears tdtlee li
need from an ecosystem point of view to increasestirdine exceptional circumstances threshold k260

thousand tonnes.

Given the high sardine biomass in November 2008 fighery management system used to simulate OMP-04
predicts little chance of observed sardine bionfiallisg below 250 thousand tonnes in the next twoatles.

Figure 2, however, shows the effect on some ofwbest-case trajectories under the alternative rulesg

TS =250 thousand tonnes. Figure 2a is an example denatinstthe collapse of the resource in the absence
of exceptional circumstances, but increased rateee@very in linear, quadratic and cubic rulesheT
guadratic rule, as used in OMP-02 appears to peofid a sufficiently rapid recovery from exceptibna
circumstances, while the linear rule does not glevior as rapid or as substantial a recovery. Eléhere

appears to be little reason to change from the rgtiadule.

Anchovy
The probability density functions (pdf) and cumivatdensity functions (cdf) for the lowest 10% oture
true anchovy November biomass trajectories regulfnom alternative thresholds and rules for anchovy

exceptional circumstances are shown in Figure 3/ c@nsidering the high probability accorded to low

biomass values und@” = , this Figure clearly indicates the need for soorenfof exceptional circumstance

rules for OMP-04. The cumulative probability atvi@nchovy November biomass levels increases fram th

higher threshold off * = 7000 the lower threshold of # = 40@nd from the option of zero catch when
observed or projected November biomass is belowaater of the thresholdx(= 025) to the option of zero
catch only once biomass reaches zete () (Fdgure 3b). The corresponding cdf for the Bdimple indicates

that there is a 9% probability that anchovy Noventliemass will fall below 200 thousand tonnes urither

case ofT* = 400and x= 025 which is less than one in every 11 years (Tabfeg@re not shown).

The risk threshold for anchovy used in developindR304 was taken to be 10% of the average adultasych
biomass between November 1984 and November 1998n{@gham and Butterworth 2004a). The mean of
this distribution used in the testing of OMP-04 ved®ut 118 thousand tonnes. Table 2 indicates ithéte
absence of future catch, there is a 2% probabiti true anchovy November biomass will fall bel@0
thousand tonnes. When OMP-04 is simulated in Hse@ce of any anchovy exceptional circumstances, th
this probability increases to 20%. However, whevif304 is simulated with the alternative threshcdasi
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rules for exceptional circumstances consideredhi;mdocument, then the true anchovy November bisnsas
simulated to fall below 120 thousand tonnes in leetw3% and 7% of the cases. If only the lowest hO%e
future biomass trajectories are considered, thes anchovy November biomass is simulated to drdpabe
120 thousand tonnes in between 15% and 34% oirntiee(Table 2).

(Doug: I've added a 200 000t comparison as welbesdhis help from ecosystem point of view or not?)

As for the sardine exceptional circumstances, gregntage of times exceptional circumstances weckacd

for anchovy given the alternative options, weresidered (Table 2). The rule and threshold 8f= 400 and
x=0, from OMP-02, resulted in exceptional circumstanioeing declared 14.8% of the time, or about one in

every seven years. This decreases to about oeveiy eight years fox= 025For the higher threshold of

TA =700, exceptional circumstances are simulated to béadkt once in every four to five years, which

would be too frequent in terms of maintaining stgbin the industry.

Anchovy catch was estimated to be on average 3B0i%sand tonnes under OMP-04, using the preliminary

exceptional circumstances threshold ®f* = 4@0d rule (wherex= P used in Cunningham and

Butterworth (2004c). Given the lack of sardine eptional circumstances when testing the anchovy

exceptional circumstances here, the average ancbatgh underT” = 400and x= 0 is 304.7 thousand
tonnes (Table 2). If the rule is adjusted such ttmcatch is taken once the observed anchovy Nbgem
biomass falls below 100 000t, then the averagendatweases to 307.3 thousand tonnes. As forrsardican
be seen that the catch-related performance of OMRIfesn’'t differ greatly between the alternative
exceptional circumstance thresholds and rules dersil (Table 2).

These results indicate that although the highesstiold of T* = 700would allow for a smaller probability of
anchovy November biomass falling to low levelssttireshold would result in exceptional circumséanc
being declared too frequently, thereby resultingihigh variability in the annual anchovy TAC. Thew
option of setting TAC to be zero below a quartertted threshold results in a more rapid recoveryhef
resource, thereby resulting in exceptional circamsgs being declared less often. In addition,rtiésresults
in a lower probability of anchovy November biomdaking to low levels when compared to the optidn o

x =0 for the same threshold.

In addition to these above results, the effect li#sé rules on individual anchovy November biomass
trajectories, and in particular the trajectorieat treach the lowest biomass under THe= 460 x= O case

(from OMP-02), should be considered. The ten ¢tajées that reach the lowest biomass unbiér= F:T0 )
x=0 are shown in Figure 4. The trajectories simulatethe absence of any future catch are given for

comparison, as are the trajectories simulated uSiMid-04, but without any exceptional circumstancéses

(i.e., T# = 0). In most of the cases the application of exceyti circumstances rules enables the resource to

recover from the decline that would occur in theaaize of any exceptional circumstances.

6
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Table 3 indicates the vast improvement in the amghmomass level under OMP-04 under the exceptional

circumstances using * =400 and x=0 (OR x= 025) in comparison to what would result 5 years affter

biomass simulated if no exceptional circumstancéssrwere implemented dropped below 100 O0Ot.art ¢
also be seen that using a thresholdTdf= ¥oduld, on average, result in a more rapid recowdrthe

anchovy resource than using a threshold 6f= 400 that usingc= 02%vould, on average, result in a
more rapid recover of the resource than usirg (T@ble 3).

| wanted to say here that Figure 5 would demorestifaat the rapid decline and increase possibleitinréd
anchovy biomass levels may be due to larger vagiamaecruitment, but now | don’t think we can shgt

anymore...!

Recommendation

The results presented and discussed in this paperate that the quadratic rule previously usedstndine
exceptional circumstances in OMP-02 would be sigficto allow the resource to recover should theina

spawner biomass be observed to be low. In additienthreshold of 250 thousand tonnes (which esl&b

survey estimates), which corresponds in turn t@a@nal biomass of about 347 thousand tonnes gieasa
factor in the November surveys of 0.72, appealsetsufficiently high to allow for exceptional cirogtances
to be declared prior to irreparable damage beinmgedo the resource. Hence the authors recommexdhit
sardine exceptional circumstances for OMP-04 reragain

S

2
B -1,Nov
If By nov < 250000tonnes  thenTACS =TACS {YZTOOJ :

The results presented and discussed in this pagierate that the quadratic rule previously usedafachovy
exceptional circumstances in OMP-02 would not bificsent to allow the resource to recover shoulé th
anchovy spawner biomass be observed to be loweddsthe rule has been extended such that tharkl e

no anchovy TAC once the observed anchovy Novemimendss falls below a quarter of the threshold. The
threshold of 400 thousand tonnes (which relatesutoey estimates), which corresponds in turn t@aenal
biomass of about 286 thousand tonnes given a bietsrfin the November surveys of 1.4, appears to be
sufficiently high to allow for exceptional circunasices to be declared prior to irreparable damauge lm®ne

to the resource while at the same time not so &gyto result in the declaration of exceptionaluwinstances
too frequently. Hence the authors recommend thatainchovy exceptional circumstances for OMP-04 be
changed to:

If B2

y.proj <40000Gonnes then exceptional circumstances are declared apicedpas follows:
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N A BA N A B A
y—1recO y-1,Nov y—1recO y—1,Nov
07 7 + 032 07 27X + 032
TAC;’A,TAC? A* )'/A:ll’eco ANOV _ 025 |f 025< );lreco ANOV < 1
07 =2 +03 By_‘j'\”‘” 0.7 NVA‘”‘”‘) +03 By_";\”‘”
N B N B
TAC&A = maxof y-1recO Nov y-1recO Nov
A A
0 7 _):Lreco + 0 3 y_—]ANov
TAC:L,A 0 |f y-1recO BNOV < 025
y Ax A
07 _y—LrecO +03 y_—l Nov
;\—Lreco Bl\li\ov

No direct rules exist for the implementation of eptional circumstances on sardine TAB. Howevetha
event of exceptional circumstances applying to amghthe reduction of the anchovy TAC will cause a
reduction in sardine TAB (c.f. equations (A.5), §hand (A.14) of Cunningham and Butterworth (2004c)
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Table 1. Statistics indicating the percentage afasions sardine exceptional circumstances areagled| the
average directed sardine catch and the probabitityfalling below certain levels (including the so®&0
thousand tonnes which constitutes the risk threshroterms of distribution mean) for alternativedbholds
for declaring sardine exceptional circumstances.

T®=0 | T>=250| T®=400 | T°=800
Full Distribution | % Times Exceptional Circumstances 0% 0.9% 1.3% 4.7%
Declared
Cumulative probability at 950 000t 0.03 0.03 0.03 .020
Cumulative probability at 1 500 000t 0.08 0.08 0.08 0.07
Cumulative probability at 2 000 000t 0.17 0.17 0.17 0.17
Average directed sardine catch 365.J 365.8 365]7 4.336
Lowest 10% Cumulative probability at 950 000t 0.2¢ 0.28 0.26 0.20
Cumulative probability at 1 500 000t 0.43 0.42 0.42 0.39
Cumulative probability at 2 000 000t 0.55 0.54 0.54 0.52
Average directed sardine catch 258 7 258 3 257 2 257 7

Table 2. Statistics indicating the percentageaifasions anchovy exceptional circumstances areadedt] the
average anchovy catch and the probability of fgllimelow certain levels (including the some 120 samal
tonnes which constitutes the risk threshold in terof distribution mean) for alternative thresholtts
declaring and rules for implementing anchovy exiog@ll circumstances.

No | TA=0 | TA=40d TA=40q TA=70d T* =700
Catch x=0 x=025 x=0 x= 025
Full % Times Exceptional Circumstances 1.6% 0% 14.8% | 12.7% 21.8%  19.99
Distribution Declared
Cumulative probability at 120 000t 0.02 0.2( 0.0f .050 0.04 0.03
Cumulative probability at 200 000t 0.03 0.23 0.1 .07 0.05 0.09
Average directed sardine catch 0 308|2 304.7 307.3 306.3 304.7
Lowest Cumulative probability at 120 000t 0.04 0.6( 0.3 .2%0 0.22 0.15
10% Cumulative probability at 200 000t 0.07] 0.62 0.41 .340 0.30 0.23
Average directed sardine catch 0 126.5 103.3 207.2 208.4 213,

D

# Note that this differs from the 300.2 thousanthes reported in Cunningham and Butterworth (208#e the results
in above table were obtained in the absence ofpdixeel circumstances rules for sardine.
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Doug, I'm not sure which you want to use for thenparison — either T=400 with x=0 or x=0.25.

Table 3. The ratio of anchovy November biomass rualtiernative options to the biomass under the @pof
T =400and x =0, together with the ratio of biomass under theimptof T* =400 and x=0 to the
biomass under the no exceptional circumstancesowpfior the 10 trajectories that result in the lswve

anchovy biomass under tie”* = 400and x =0 case. The year chosen for comparison is fivesyafter the

trajectory resulting from OMP-04 with no exceptiboacumstances has dropped below 100 000t. (Doag —
bit clumsy...?)

TA=400,x=0/ TA=400,x=0 - TA =400, x= 025/ TA=700,x=0/ TA =700, x= 025/
TA=0 TA=0 TA=400,x=0 TA=400,x=0 TA=400,x=0
2204.07 1.93 4.11 3.10 9.55
9023.89 29.50 1.85 1.76 2.95
9358.39 8.83 1.57 1.66 6.06

60689.10 36.99 10.22 11.09 15.60
19055.46 3.87 1.77 1.67 3.48

155095.71 237.40 1.31 1.71 3.76
31157.67 66.53 1.48 3.69 4.01
422600.07 40.49 3.23 2.44 3.29

8417.48 2.69 1.03 1.02 1.76
110422.04 2092.29 1.78 3.42 3.52
OR

Table 3. The ratio of anchovy November biomass rualtiernative options to the biomass under the aptf

T =400and x = 025, together with the ratio of biomass under theéapbf T* =400 and x = 025 to the
biomass under the no exceptional circumstancesowpfior the 10 trajectories that result in the lswe

anchovy biomass under the"* = 400and x =0 case. The year chosen for comparison is fivesyafier the
trajectory resulting from OMP-04 with no exceptibnacumstances has dropped below 100 000t.

TA =400, x= 025/ TA =400, x= 025 - TA=400,x=0/ TA=700,x=0/ TA =700, x = 025/

TA=0 TA=0 T#=400,x= 025 T#=400,x= 025 T# =400, x= 025
9056.56 7.93 0.24 0.76 2.32
16711.78 54.64 0.54 0.95 1.59
14669.60 13.84 0.64 1.06 3.87
620466.04 378.13 0.10 1.08 1.53
33743.89 6.85 0.56 0.94 1.97
203050.89 310.81 0.76 1.31 2.87
46203.59 98.67 0.67 2.49 2.71
1363864.10 130.66 0.31 0.76 1.02
8638.70 2.76 0.97 0.99 1.72
196764.88 3728.34 0.56 1.92 1.97

10
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a) Probability Distribution of Lowest 10% of Sardine
Biomass
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Figure 1. The a) probability density function abgdcumulative probability density function for thmvest
10% of sardine biomass trajectories over the priopec period, under alternative thresholds for saweli

exceptional circumstances.

a) Testing Sardine Exceptional Circumstances Rules
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Figure 2. Some future sardine November biomasjediaries, under alternative thresholds for sardine

exceptional circumstances.

a) Probability Distribution of Lowest 10% of Anchovy
Biomass
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Figure 3. The a) probability density function abgdcumulative probability density function for thmvest
10% of anchovy biomass trajectories over the ptajacperiod, under alternative thresholds and rufes

anchovy exceptional circumstances.
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Figure 4. The future anchovy November biomassdtajies which reach the lowest biomass under the
exceptional circumstances threshold and rule use®@MP-02, compared to trajectories under alternativ

anchovy exceptional circumstances thresholds atekru
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Figure 4 (continued). The future anchovy Noventliemass trajectories which reach the lowest biomass
under the exceptional circumstances threshold arnd used in OMP-02, compared to trajectories under

alternative anchovy exceptional circumstances thoids and rules.
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Figure 5. A comparison between the future anchdeyember biomass trajectories under the base case

exceptional circumstances threshold and rule Tdf =400and x= 025 (as in figure 4), and the same
trajectory resulting from the alternative anchowgck-recruitment assumptions.
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Figure 5 (continued). A comparison between tharéutanchovy November biomass trajectories under the

base case exceptional circumstances threshold akdaf T# =400and x= 025 (as in figure 4), and the
same trajectory resulting from the alternative aoep stock-recruitment assumptions.
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