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ABSTRACT

The anticipated performance, in terms of catch rastdof resource depletion, of two candidate
OMPs for the South African hake resources (eachn whtee different resource recovery
tunings) is evaluated. Both OMPs are empiricallgdah given that this form of OMP has
outperformed all production-model based approacitesnpted to date. One of the candidate
OMPs also attempts to react more quickly to regamductivity trends by including a
recruitment index. These candidate OMPs are thetledeover a set of robustness trials. The
candidate OMPs appear reasonably robust over ithe idade range of scenarios considered in
these trials.

INTRODUCTION

This paper presents a range of candidate OMP&éoBouth African hake resources, which are sulgjetcte
a Reference Set (RS) and also a set of robustrnalss t

These OMPs are all of an empirical nature. Attenptslevelop simple model-based procedures did not
achieve success, in that performances were notisupe those of empirical approaches, so it wasidial
to focus on the latter.

METHODS

The simulation-testing framework utilised is degdilin WG document WG/09/05/D:H:30. Note that this
uses actual CPUE data to 2003, actual survey da28Q4, actual catch data to 2003 and assumesesatch
from 2004-2006 have or will equal TACs. The projmoral split of the 2004 TAC by species is assunted t
be identical to the actual split for 2003. Thereathe species split of the TAC is as determinedhay
operating model; the testing framework assumesstlisto be know without error.
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Two empirically-based candidate OMPs with sligtdifferent structures are proposed here. OMPL1 isdas
on the recent trends in CPUE and survey indiceg, ovihile OMP2 attempts to also react more quickly t
recent trends in productivity by including a retment index as well.

Candidate OMP1:

The formula for computing the TAC recommendatioassollows:

TAC, =C[** +C® (1)
with
c =L+ A, (5% —target™ fy<2004+Y and
C¥ =C¥|1+ A (s7) if y > 2004+Y )
where

TAC, is the total TAC recommended for ygar

ijp is the intended species-disaggregated TAC for year
C;i‘f’ is the achieved catch of specipp in yeary-1

/1y is a year-dependent tuning parameter,

Y is a tuning parameter,

target™ is the target rate of increase for spesms and

sjpp iIs @ measure of the immediate past trend in bo@dance indices for specig® as available to use
for calculations for yeay.

This trend measure is computed as follows fromspecies-disaggregated GLM-CPUE "), west

coast summer surveyl f”’m”) and south coast autumn survdj“(vz's"p) indices:

linearly regressin | ;™ vs. yeary for y'=y-p-2 to y'=y-2, to yield a regression slope

value s;™5 %,

linearly regressin | 3"***" and In|;"*%" vs. yeary for y'=y-p-1to y'=y-1, to yield two

regression slope v;;tlues@””l’s‘pp and S)S/urv2,spp,

wherep is the length of the periods considered for theggessions. Note that the reason the trend for
surveys is calculated for a period moved one yatar than for CPUE is that by the time of year that
TAC recommendation would be computed for the follaywear, survey results for the current year would
be known, but not CPUE as fishing for the year wadt yet have been completed.

Then

- S;:PU E,spp S)s/urv], spp S;s/.;rvz, spp
S, = + + 3)

2 4 4

1 The TACs fory=2004-2006 are input, rather than computed by dhedilae that follow. For 2004 the species split of
this catch is assumed equal to that in 2003. F652Q006 and following years the achieved catchefich species

C'*™ isas generated by the operating model on the ledsissumptions concerning the ratio of fishingtaiiies for
each fleet.



WG/07/06/D:H:21

The function for the year-dependent tuning parame/ﬂ(-;, which is a measure of how responsive the
candidate OMP is to change in trend, is shown below

for s,<0

o | for s,>0

Candidate OM P2:

For this candidate OMP, the survey abundance isdice split into an index of recruitmerBiz(f"’ﬁ - age 2

and below) and an index of abundance of oIder(fBlf)f - age 3 and above, which relates more closely to

the age range selected by the trawl fisheries)s@&heo indices are computed as follows from theesur
catch-at-age and the survey biomass estimatestwes subscript has been omitted to reduce glutte

1) the age-structured data from the surveys are iffiotime of proportions by numbers in each age class
(Pya);
2) these are converted to proportions by mass in agehclass p)“,’f;) by using the mean weight-at-

age:

M i
M, — py,a Wa
py,a ~ a=m

z pi\//,léi'wa'
=

where w, is taken as the mean begin-year weight atafg® the summer survey$={l) and the
mean mid-year weight at agdor the autumn surveys+2) (see Table 1);

3) the two indices for surveyare then computed as:
) 2 ) _ - m - |
Blz—,y = z pya' | ;urw and B'3+'y = z p;\//fél I ;urw @
a=0 =

In generating the observel,_ and B;+ values, observation errors were introduced ineogfoportion by

number-at-age |():"i) as well as the survey indice$X"™). Lognormal errors were add to this expected

values of the former with age-dependent variancegstimated in the model-fitting process, with the
proportions thus generated renormalised each geam to 1.

The catch for each species is then computed asisil|

C® =C®[1+ A (S¥ - target™ )+ p(Rec™ - 1) (5)

where

Sjpp is a measure of the immediate past trend in thenddnce indices of older fish for specsgp as

available to use for calculations for ygamwhich is computed as is;””, but usingB; instead of

| survi,spp .
y



WG/07/06/D:H:21

y7 is a tuning parameter, and

Re(fypp is a relative measure of recruitment for spegppsas available to use for calculations for ygar

This recruitment measure is computed as followsiftioe west coast summer survey dzﬂgj@ls"p):

1
3L
Re(‘i/pp = 1y =y-3 (6)

Thus the role of the “recruitment” term in equati@) is to move the TAC up or down according as the
average recruitment over the last three yearsaseabr below the average over the 1994-2004 period.

Furthermore, for both OMP1 and OMP2, a maximum [gsiiole change in TAC d8% from one year to
the next is applied.

RESULTS
OMP1vsOMP2

20-year projections have been run for the Referé®eefor a series of candidate OMPs. Results are
presented for three recovery tunings of each of Ol OMP2. These three tunings achieved mediah fin
depletions forM. paradoxus of approximately 20, 30 and 40% (&) in 2025. The tuning parameters of
each of these candidate OMPs are given in Table 2.

A summary of the performance statistics for eacliheke candidate OMPs is given in Fig. 1. All three
tunings of OMP2 show greater average variationAC3 than the OMP1 variants. Otherwise, for the same
level of M. paradoxus recovery, the two candidate OMPs seem to perfaerg similarly for the Reference
Set.

Figs 2a and 2b show trajectories of resource algedand catch for an application of candidates OMP1
and OMP2b respectively (the central recovery tusiirig the whole RS, while Figs 3a and 3b showsethes
trajectories for the SR2 scenarios of the RS only.

Fig. 4 compares the TAC trajectories for candidaMP1b and OMP2b if all future indices (CPUE from
2004 and surveys from 2005) stayed constant ahtéeeels over the 20-year projection period. THUES
have been fixed at the average of the 2001-2008=8akbind the survey biomass and catch-at-age éssima
have been fixed to the average over the 2002-2@6éd It is clear that if these indices do notr@ase in
the future, the TAC will decrease at a rate clas¢ghe maximum permissible (5% per annum) under both
candidate OMPs.

SR1vsSR2

Median projections of resource abundance and @tlcompared for the SR1 and SR2 scenarios of $he R
for an application of candidate OMP1b and candi@#2b in Fig. 5a and 5b respectively.
Robustnesstrials

A summary of performance statistics for candidakPRQb and OMP2b for each of the robustness trials is
given in Fig. 6.
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DISCUSSION

The intent underlying OMP2 was that by taking marenediate action in response to indications of
recruitments being above or below average levekh@flast decade, target recovery levels would beem
closely attained, with catches raised or loweredespondingly and appropriately. However thereasyv
little difference in comparable 90% ranges for ffidapletion forM. paradoxus for OMP1 and OMP2 (see
for example Fig. 1). It would appear that any adage in principle that use of recruitment estimates
setting TACs would appear to provide is offset bg poor precision with which such recruitments ban
estimated from survey results. The only scenariosrer OMP2 might be argued to perform somewhatbette
than OMPL1 is whei changes over time (see Figs 5a and 5b) — integhgtihese seem the only scenarios
for which recovery performance is much worse thaat for the RS. The effect of changing the maximum
permissible decrease in TAC from one year to the fnem 5% to 10% and to no limit is shown in Frgtor

the RS and for the robustness trial in whi€¢hchanges in the past (A4). It is clear that a maxm
permissible decrease of 10% is still not sufficiemtprevent possibl®. paradoxus extinction in the A4
robustness trial.

It is important to note that these results are ¢hasedata up until the 2003 CPUE and 2004 survilythis
time, two years further data from each of thesercamsu are available and would be used in actual
implementation of any of these candidates OMPsdmrast to the stochastic model projections upbithv
the results presented here are based).

Within the range of options presented here, thiofadetween which choices would have to be maete ar
a) whether or not to use a recruitment index fromvtlest coast survey (i.e. OMP1 or OMP2);

b) what depletion recovery target to select Mr paradoxus (which relates to the rate of CPUE
recovery desired); and

c) possible constraints to impose on the maximum ¢xiEMAC variability from one year to the next
(currently 5%).

Given that future performance is sensitive to waethe SR1 or SR2 recruitment scenario appliesjght

be desirable to advance assessments using dateatleabecome available since the correspondingatipgr
models were fixed to better determine what eaviiere the most recent recruitments, and hence tothse
than equal weighting for SR1 and SR2 in integratimgr the RS and then tuning to recovery targets.

Simulations conducted to date have assumed thaspgbeies split of the current year’s catcﬂi;ﬁp) is

known at the stage of computing the TAC for nexryd AG) (see equations 1 and 2). In practice, however,
the most recent information on species split ats&lat that time would be for yeg2 as fishing for year
y-1 would not yet have been completed. To allowttiis when final tuning is effected, trials will ifgment

para

equation (2) by settingl;_1 +C;fi” to TAC,1, but assuming the proportional split by speciebdahe

same as foy-2. (This change would not be expected to haveradten a minor impact on the results
reported here). Note that in actual OMP impleméornatequation (2) will be based on the TAC ¥et, not

para

the anticipated total catch for that year. Thusi@dmplementation for 2007 will specif, o and C o
by having these sum to 150 000 tons, and withia aatestimated for the 2005 total catch.

OTHER FUTURE WORK

Other matters which need to be finalised beforevised OMP proposal can go forward are:

a) procedures if certain OMP input data are not aklaor deemed unsatisfactory, in a particular
year; and

b) finalisation of OMP metarule and review/revisiom@edures.
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Clearly neither OMP1 or OMP2 as at present perfsatisfactorily in circumstances whdfehas decreased
or will decrease overtime. Results in Fig.. 7 sstgehat this problem can be resolved by increatieg
extent to which the TAC can be reduced from one yedhe next if resource indices fall below spiecif
thresholds. Such modifications might be considéodae of an Exceptional Circumstances (metarulg)raa

as they are unlikely to greatly affect performaicether trials, their finalisation could perhaps delayed
until after the basic OMP has been adopted andeimghted to provide a recommendation for a TAC for
2007.

After the OMP is finalised, further work will be eged to clarify what changes might result in respoto
data from the current experimental study on vesgwsking the species composition of the catchragdie
(primarily) depth-related algorithm in current use.
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Table 1: Begin-year and mid-year mean weights-at-age asdufior the computation oBiz’_Sf’)',’ and B'sfpf
from the von Bertalanffy growth and mass-at-lenglnation parameter values estimated by Punt ariéeLes

(1991).

M. paradoxus M. capensis
Begin-year Mid-year] Begin-year Mid-yedr

0 6 22 3 14

1 54 105 38 81

2 180 281 148 243

3 412 573 369 530

4 766 993 729 968

5/5+ 1773 1895 1249 1574

6 1945 2361
7+ 3536 3692

Note: The plus-group weights\¢™) have been somewhat arbitrarily computed usingighted average:

15
Begin-yearw® ="

a=z

where

A survi

Pa

15
A survl, , ,spp . PP —
pI™wP and mid-yearw® ="

A SUrv2, . ,Spp
pa Wa+%

a=z

is the predicted proportion of fish of agan surveyi (i=1, West coast summer survéy?2, South

coast autumn survey), as average over all yearmblaand Reference Set scenarios 1, 4, 5 and18HW
C3-SR1, M1-H4-C3-SR1, M4-H1-C3-SR1 and M4-H4-C3-pR1

Table 2: Tuning parameters for each candidate OMPs predentthis paperd, &, andds are the parameters
of the year-dependent tuning parameigr,

0 5, 5, 5, Yr_join t‘zﬁ? tigpet Y
OMP1a| 5 01 4 11 10 70% 0% 13
OMP1b| 5 0.5 2 11 10  50% 0% 10
oMPic| 5 11 15 11 10  00% 0% 10

0 5, 5, 5, Yr_join t‘;‘;grzt tifst v p
OMP2a 3 3 3 10 50% 0% 10 0.2
OMP2b 3 3 3 10 15% 0% 10 0.1
OMP2c 5 2 3 15 00% 0% 10 0.03




WG/07/06/D:H:21
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Fig. 1: Graphical summary of performance statistics foe¢ versions of candidate OMP1 and candidate
OMP2, tuned to three different recovery levels Nbrparadoxus, for the RS. Each panel shows medians
together with 90% Pls
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Fig. 2a: Trajectories of resource abundance and catcladoapplication of candida®®MP1b to the RS.
Here and below, ten individual trajectories arevanowith the median a dark dotted line; the shaaledhs

show 90% probability envelopes. Note units for CPale those of the exploitable biomass to which it

corresponds.
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Fig. 2b: Trajectories of resource abundance and catclarioapplication of candida®MP2b to the RS.
Note units for CPUE are those of the exploitabtnizss to which it corresponds.
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Fig. 3a: Trajectories of resource abundance and catclariospplication of candidateMP1b to the SR2
scenarios of the RS. Note units for CPUE are tlobslee exploitable biomass to which it corresponds.
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Fig. 3b: Trajectories of resource abundance and catclaricapplication of candida®@MP2b to the SR2
scenarios of the RS. Note units for CPUE are tlobslee exploitable biomass to which it corresponds.
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Fig. 4. Comparison of catch trajectories (medians) foragplication of candidat®MP1b and OMP2b
assuming all future indices stayed constant aatlegage of the last three years data (2001-2008RWE
and 2002-2004 for surveys biomass and catch-aestijates).
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Fig. 5a: Resource abundance and catch (medians) for dicatmn of candidat©MP1b to a) only theSR1
scenarios of the RS and b) only BR2 scenarios. Note units for CPUE are those of tho#able biomass
to which it corresponds.
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Fig. 6a: Graphical summary of catch performance statisfmedian and 90%P) undé)M Plb (open squares) and OMP2b (open circles), for a series of
robustness tests, for two scenarios (M1-H1-C3-SirRM4-H1-C3-SR2) within the RSn the scenario in which tH€® decreases (A4), th€® used to compute
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Fig. 7: Graphical summary of catch performance statisfroedian and 90% PI) undé@MP1b and

OMP2b, for the RS (all 48 scenarios) and robustnessfésh whichK® is decreased in the past, for three
levels of maximum permissible decrease from one f@#éhe next: a) 5% (open squares), b) 10% (cB)sse
and c) no limit (full triangles). In all cases, tmaximum permissible increase is 5%.
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