WG/10/05/D:H:34

- ..
MARAM

Species-Disaggregated Candidate M anagement Proceduresfor the
South African Merluccius paradoxus and M. capensis Resour ces

R.A. Rademeyer, E. E. Plaganyi and D.S. Butterworth

MARAM (Marine Resource Assessment and Managemeoa@r
Department of Mathematics and Applied Mathematics
University of Cape Town, Rondebosch 7701, SouthcAfr

October 2005

INTRODUCTION

The performance of some initial Fox-model and erogirbased candidate OMPs is compared in
terms of expected catches, future CPUE trends iskdo the resource. The examples presented
here should not be viewed as final candidatesydther “intermediate” examples that are further
guiding the OMP development process.

METHODS

The methods are as described in document WG/09/853D, so that a brief summary only is
presented here. Extensions to the methodologyeserithed in full below.

Summary of simulation-testing framework

The operating model is applied to 64 Reference Gassels (which are referred to in combination
as the Reference Set (RS)). Three replicates di ehdhe 64 RS cases (i.e. a total of 192
simulations) have been projected over a 30-yeaogento the future. The “future data” utilised
include species-disaggregated catch, species-degaigd CPUE series (two per species) and
survey indices of abundance (three per species).

The OMP is species disaggregated and hence magdaeta compute appropriate TAC values for
M. paradoxus andM. capensis separately, i.e. TACs based on the updated datantbination with

an updated assessment of each species. Note, howbee the overall TAC species-split
recommended by the OMP is not implemented by tlegatmg model — rather the operating model
uses the total TAC value (i.e. the sum of the \&foe the two species) and apportions this quantity
between species by assuming a fikethtio (i.e. it assumes that the ratioFgkra/Fcap remains the
same, and hence that the current pattern of fisihamgains approximately constant over the
projection period — though some robustness tesexpimre sensitivity to this).

In the Fox-model based OMPs, a value of 10% issé¢he baseline for limitations to the extent of
TAC change from one year to the next, while in ¢nepirical OMPs, values of 5% upwards and



WG/10/05/D:H:34

10% downwards are set as the baselines. OMP cdesdidaorporate an immediate fixed phased
reduction over the next two-years before a feedlwackrol rule kicks in. As an immediate
example, the OMP candidates presented here in@Ws@00 ton reduction for the first two years
(i.e. C200s = 153 000 t;Co007 = 148 000 t) with feedback variations on this cogninto play after
this period.

A. Fox model-based OM Ps

A range of Fox model-based OMPs linked to harvgssinategies ranging froni,, to f,, have
been simulation tested.

The recommended TAC fed back to the operating misdmmputed as follows:
TAC, = ATAC,, +(L-A)O[FOX ™2, 1, + FOX =y, ) (1)
where

FOX*®y,, is the estimated catch of the species as indidategieary (C;°) corresponding to a

Fox surplus production model-basdg,, harvesting strategy that may or may not be the
same for each species.

For the results reported below, the valug\ois always set to 0.5.

Extensionstothe OMP
TAC, =ATAC,, +(1-0)* (Cypara + C;‘J‘P) (2)
where
C* = FOX ™y, * h{survey,* = h(CPUE**) - K(C %, ) @)
with

h(CPUE;at'Sp”) is a function which adjusts the TAC dependinglom fatio of the immediate CPUE

for speciesspp (averaged over the past three years) compardaatoover the period (5-

year average) immediately preceding applicatiothefMP,

h(SJrvey;at'Spp) is a corresponding function adjusting the TAC dejieg on the ratio of the

immediate surveys for speciggp (averaged of the west coast summer and south coast
autumn surveys — averaged over the past three)yaargpared to that over the period (5-

year average) immediately preceding applicatiothefMP, and

k(Cf;f’o’y_l) is a function which adjusts thd. paradoxus TAC in yeary depending on the relation

between the species ratio of the intended (TAC)atdal catch in year1.
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The functionsh(CPUE;a"s"p) andh(Surveyra"S"p) which control the TAC depending on the ratio of

y

immediate CPUE ( or Survey) value compared tohen the MP was first put into effect are:

y-2
12 > cPuEy
CPUE;* ™ =| — X2 (4)

2003
1L > cPuE

y=1999

and
y-1
F3 2 Survey
rat, _ y'=y-
Surveyy = 2004 (5)
% > Survey;™®
y=2000
where
0 if 0< 1 <07
1 .
hil'™J=4——— (1™ -07) if07<1™ <095 6
( y ) 0'95_ 0'7( y ) y ( )
1 I;at > 095

The TAC reduction factork(CSpp ) is only used in the computation of tid. paradoxus

ratio,y-1

component of the TAC and is set to:

k(e @)

ratio,y-1

1 whenCh® <1

ratio,y

)- {[1— alcze . -1f| whence 51

where

a andx are tuning parameters (here fixed to 6 and 2 mtisdy), and

Crio. . is the ratio of actual over intended catch in yearfor M. paradoxus.

ratio,y

Furthermore, a penalty function is added to theatieg log-likelihood so thatMéYRy - the

estimated maximum sustainable yield rate — is keftin realistic values — fixed here between

0.03 and 0.075. Note that these estima#syR values — calculated &s/InK, for the Fox model —

change with yeay as more data become available.

B. Empirical-based OMPs

The formula for computing the TAC recommendatioasdollows:
TAC, =C* +CJ® (8)
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C¥ =C#|1+ A (s - targef™ | ©)
where
TAC, s the total TAC recommended in ysar
C;» isthe recommended species-disaggregated TACairyye

Ay Is a year-dependent tuning parameter,
target™® is target rate of increase for specipp, set to 2% foM. paradoxus (i.e. the target is to

achieve 2% recovery per year for this species)tarmero forM. capensis (i.e. the target is
to keep this population — and CPUE - at the curexml), and

s;” is a measure of the immediate past trend in the@dnce indices for speciggp as available

to use for calculations for yegr

This trend measure is computed as follows fromsihexies-disaggregated GLM-CPUEfF(UE'S"p),
west coast summer survey datg(“**) and south coast autumn survey ddg'¢*"):

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

value s;’PUE'S"p ,

linearly regresdn | " andIn|"*% vs yeary' for y'=y-p-1to y'=y-1, to yield two

regression slope value;@“”lspp and S;Jrvz,spp,

wherep is the length of the periods considered for thhegeessions, fixed here to 6 years. Note that
the reason the trend for surveys is calculatecafperiod moved one year later than for CPUE is
that by the time of year that the TAC recommencdhati@s being computed for the following year,

survey results for the current year would be knawut,not CPUE as fishing for the year would not
yet have been completed.

Then

(10)

CPUE, spp survl,spp surv2,spp
S S S
S)s/pp = y + y + y
2 4 4

The function for the year-dependent tuning paraméfe which is a measure of how responsive
the candidate OMP is to change in trend, is shostovia
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Furthermore, candidate OMPs (Fox-model and empitieesed) differ depending on whether
Options |, Il or Il additional rules/constrainteeamposed (see Appendix).

RESULTS

The simulation-testing framework described above uged to compare the performance of a large
number of alternative OMPs, and the results oflecsed few examples are presented here. Results
are given for the Reference Set (“RS”) and a seitgii(“low F”) (one of the robustness trials) in
which theFraio (F . = Fpaa / F., ) Used to disaggregated future catches by speciscreased by

30% to model a greater fraction bf. capensis in the catches. The basis for this sensitivity is
evident from Fig. 1, which shows tlkeaic estimated for previous years for two key casesiwith
the RS. The RS projections $&kio to its average value over 2002 to 2004, whiclaiker higher
than during the 1990’s. The sensitivity bases @&&éh projections on a value for the ratio which is
closer to that for these earlier catches. Thisi@ddr sensitivity has been singled out because (as
will be evident from the results that follow) a peular difficulty in keeping future catches on the
higher side in the future is the depletion Mf paradoxus that results because the Ftio
specification frequently leads to higher actuatbas ofM. paradoxus (and correspondingly lower
catches oM. capensis) than candidate OMPs intend in terms of the sgespecific TACs that they
compute. Results for the four candidate OMPs aeegmted, each applied both to the RS and the
low F sensitivity operating models, where optioh(Which bases any restriction on inter-annual
TAC change upon the TAC for both species combiagg)ies throughout:

1) “Empirical, RS™ Empirical based OMP: maximum inase=5%/yr, maximum
decrease=10%l/yr; applied to the RS.
2) “Empirical, lowF”: As 1), but applied to Low F.

3) “f0604, RS™ Fox-model based OMH;,; for M. paradoxus, f,, for M. capensis,
h(l ;a"s"p) used, maximum increase=10%/yr, maximum decrea$ést0applied to the
RS.

4) *“f0604, lowF: Applied to Low F — otherwise as 3).

5) “f0603, RS™ As 3) but,f,, for M. paradoxus, f,, for M. capensis.

6) “f0603, lowF”: Applied to Low F — otherwise as 5).
7) “f0603, RS, Cratio rule”.  As 5) but including théAT reduction factoﬂ(C paa )

ratio,y
8) “f0603, lowF, Cratio rule”: Applied to Low F — otheise as 7).

A summary of performance statistics for each ofs¢hecandidate OMP/operating model
combinations is given in Table 1 and Fig. 2.

Trajectories of resource abundance and catch ateeglfor four combinations that involve the RS:
(1), (3), (5) and (7) (Figs 3-6). Results are shdwith for the two species combined, and Nbr
paradoxus andM. capensis on their own. For each plot, the median is ingidaby a thick dotted
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line, the 9" percentiles are shaded, and the same ten (randseiggted) individual biomass and
catch realisations are plotted.

DISCUSSION

The empirical based candidate OMP achieves relgty@od average catch and resource recovery
for M. paradoxus (Fig. 3), but this is achieved by keeping the catdhtively steady over the first
10-years or so, followed by a sharp drop, i.ehi ghort term, it borrows from the future to keep
immediate catches higher.

The catch trajectories for the Fox-model based idatel OMPs (Figs 4, 5 and 6) show a decrease
in the short term followed by a steady increaseteNshat here, in contrast to the empirical
candidate OMP, in nearly all cases the maximum I@% reduction constraint is invoked in the
first year that the feedback component of the atatdi OMP comes into play, i.e. two years of a
fixed TAC reduction each of 5000 tons are followled a third of almost 15000 tons (an
unsatisfactory feature that will require refinemefthese candidates to avoid.) Good recovery for
M. paradoxus in terms of the RS is shown under the “f0604” ¢date OMP (Fig. 4), but there are
longer term problems under the “f0603” candidate Wdich there is a >5% probability of
extirpating theM. paradoxus resource within 20 years (see Fig. 5).

As expected, the “low F” sensitivity generally riésun a slightly better resource status fdr
paradoxus. In particular, the lower 5%-ile of the depletitor M. paradoxus under the “f0603”
procedure is increased somewhat to an arguablytatie level (see Table 1).

Throughout, results reflect a drop over time in thiisation of theM. capensis resource — a
characteristic whose desirability might be questide, but which is difficult to avoid without
exposing théVl. paradoxus resource to greater risk.

Ideally one would wish for a candidate that gavecate performance in terms of risk to Me
paradoxus resource, as in the case of the “f0604” candiftat¢he RS, but yielded higher catches
(medians of averages over the next 20 years ctose40 than to 130 thousand tons) if the low F
sensitivity better reflected reality, as achievadthe case of the “f0603” candidate. The reason
underlying the problem in reducing risk for the B&narios appears to be that while a candidate
OMP advocates decreasing thk paradoxus catch, this is not achieved in reality, as fheio
prescription sees a larger componentvofparadoxus in the total catch duly achieved than was
intended. The idea underlying the Cratio rule varia for the “f0603” candidate to penalise future
TACs in instances where thé& paradoxus component of the catch exceeds the proportiomaee

by the OMP by means of tHe(CS"p ) factor, thereby rendering this more risk aversdtie RS.

ratio,y-1
Results shown in Table 1 and Fig. 6 show thatititent is indeed achieved for the RS, but noise
effects see it also degrading catch performancenwvthie candidate is applied to the low F case;
furthermore inter-annual catch variability is in@sed appreciably.
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FUTURE PLANS

The first priority is to continue attempts to actadetter catch performance for the low F operating
model for the Fox model based candidate OMPs, wdtilecontrolling the risk ofM. paradoxus
depletion for the RS, through use of information the species ratio for the catch achieved.
Furthermore, since Figs 4-6 indicated that this bscomes a concern only some 10-15 years in the
future, attempts will be made to see whether, aaiglaxation of the restriction on the extent of
downward TAC adjustment at about that time coulevpnt such undesirable behaviour. Similar
initiatives for the empirical candidate OMP mayoale pursued, though as a lower priority.

Once the best possible performance (within timestramts) has been achieved on that front (and
the candidate(s) tested also against the otherstobss tests), performance trade-offs will be
computed for the following variations of what haween taken above as fixed components of the
candidate OMPs considered:

)) the length of the initial period of pre-set redans (2 years above);
i) the extent of such initial pre-set reductions (58t p.a. above); and

i) the extent of limitations to annual TAC changesarnihe feedback component of the
OMP (5/10% up and 10% down above).

This exercise may require some iteration, as mmatibns under i) — iii)) may necessitate
concomitant changes to the feedback componenteotahdidate OMP to preserve some aspect of
longer term performance.
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Appendix 1. Constraint Options

Option I

The TAC recommendation per species is constrainedaty by no more thaw % from year to
year, i.e.

C;)ara>(1+a)*cpara then C;wa:(1+a)*cpara

y-1 y-1
C™* <(1-0)*C/™* then C/**=(1-q)*C/™"

If
C¥>L+a)*C then C¥=(Q0+a)*CH

C®<(l-a)*C™ then C®=(1-a)*C®

wherea = 0.05 is the baseline.

Option 11

As above, except that if thd. paradoxus TAC is reduced, the recommendéd capensis TAC is
also reduced by the same proportion (unless the @d®nmendedV. capensis reduction is
greater than this), i.e.

If C*<C)* then C*=p*CH

where
,B — C;)ara /C;:arla
Option I

The TAC recommendation when summed over the twoispes constrained to vary by no more
than a % from year to year, i.e.

If TAC,>(+a)*TAC,, then TAC,=(l+a)*TAC,,
If TAC,<(-a)*TAC,, then TAC,=(-a)*TAC,,

wherea = 0.05 is the default.
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Table 1: Summary of performance statistics for 2@ryprojections for the four candidate OMPs
each applied to the RS and low F operating models {ext for details).

1 2 3 4 5 6 7 8
Empirical Empirical f0604 f0604 f0603 f0603 f0603 f0603
RS lowF
RS lowF RS lowF RS lowF . .
Cratio rule Cratio rule
AVTAC
Mediar 136.( 138.( 133.¢ 132.¢ 1442 143t 134.2 131.¢
5%-ile 118.8 122.3 94.4 98.7 107.3 110.6 101.7 1024
95%-ile 156.: 160.¢ 152.7 146.1 169.2 166.7 151.c 145.¢
AAV
Mediar 34 .2 3.1 2.8 3.C 2.8 8.2 8.2
5%-ile 2.2 2.2 1.t 1t 14 1t 6.S 7.4
95%-ile 5.1 4.€ 5.2 5.1 5.4 5.2 8.7 8.7
BszozE/KSp
a Mediar 0.2¢ 0.3C 0.3C 0.3t 0.1¢ 0.2t 0.2¢ 0.34
Py 5%-ile 0.14 0.14 0.07 0.1t 0.01 0.0¢4 0.0€ 0.14
S 95%-ile 0.5C 0.4¢ 0.67 0.6¢ 0.5t 0.5¢ 0.62 0.6t
8 BszozE/B 2005
2‘ Mediar 2.0¢ 2.1¢ 2.32 2.61 1.2¢ 1.72 2.1¢ 2.68
5%-ile 1.14 1.1z 0.4: 0.67 0.0¢4 0.2¢ 0.37 0.7z
95%-ile 4.0C 3.9¢ 6.64 6.81 5.9¢ 5.71 6.82 7.04
Bszozle ®
» Mediar 0.8t 0.84 0.8t 0.8t 0.82 0.82 0.8t 0.8t
@ 5%-ile 0.67 0.6t 0.7t 0.7¢ 0.6¢ 0.6¢ 0.7¢ 0.7¢
% 95%-ile 0.9¢ 0.94 0.97 0.9¢ 0.9¢ 0.9t 0.9¢ 0.9t
) BszozslB 200¢
= Mediar 1.27 1.2 1.2¢ 1.27 1.2t 1.2t 1.27 1.27
5%-ile 1.0¢ 1.0¢ 1.07 1.0¢ 1.0C 1.0z 1.0z 1.0€
95%-ile 1.62 1.54 1.7¢ 1.82 1.71 1.6¢ 1.82 1.84
30
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2
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Fig. 1: Trends in paskraio (=FpardFcap) for the offshore fleet for case 17 (M4-C1-H1-SRhjl case
49 (M4-C1-H1-SR2) of the RS.
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Fig. 2: Graphical summary of performance statistics far ¢ight candidate OMP/operating model
combinations considered (see text for details) hBamel shows medians together with 90%-iles.
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Fig. 3: Trajectories of resource abundance and catchaforapplication of candidate OMP
“Empirical” to the RS. Here and below, ten indivadurajectories are shown, with the median a
dark dotted line; the shaded areas show 90%protyadivelopes
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Fig. 4: Trajectories of resource abundance and catchrfapplication of candidate OMP “f0604”
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Fig. 5: Trajectories of resource abundance and catchrfapplication of candidate OMP
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to the RS.
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Fig. 6: Trajectories of resource abundance and catchaforapplication of candidate OMP
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“f0603,Cratio rule” to the RS.



