WG/09/06/D:H:34

- ..
MARAM

Further Resultsrelating to Appropriate TACsfor the South African
Merluccius paradoxus and M. capensis Resour ces

R.A. Rademeyer and D.S. Butterworth

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

September 2006

Abstract

A simple species-aggregated population model ideppo combined-species hake CPUE data
since 1992 as a “reality check” on the short tenfmsgantial reductions in TACs being indicated
by candidate OMPs when tested under the operatoutenThese simple computations suggest
similar levels of TAC reduction are necessary &ioee resource abundance (and hence CPUE)
to 1992 levels over the next 10 years. Retrospecnalyses comparing the reliabilities of the
SR1 and SR2 options in predicting recent recruitraed pursued, and suggest slight preference
for use of the SR2 option. TAC projections under wiarious OMP candidates for fixed future
inputs for resource abundance indices are showhustrate how the TACs output by these
OMPs depend on the index values input.

I ntroduction

This document is intended to complement the OMRIlt®sn WG/09/06/D:H:33, particularly given that
those suggest that substantial TAC reductions tinenext few years are likely.

Reservations have been expressed about the manndrich past catches are split between specielsein t
operating models used for OMP testing, and alsatatiee current biomass ratio df. paradoxus vs M.
capensis implied by these models, with the implicit infecenthat the resultant OMP and associated TACs
from such a process might not be appropriate. Tesd this, as a reality check, a much simpler ladipn
model is applied to offshore trawler CPUE data authseparating the species to ascertain whethealasim
implications concerning future TAC reductions (ose from the OMP testing process) follow.

As robustness tests using the SR1 rather thanRReoBtion for estimating recent recruitments sutytest
resource recovery predictions (and future TACsha $hort term) are much more optimistic under SR1,
retrospective analyses are pursued to provide pattble basis to choose which of the two optiorsvjates

the more reliable predictions.

Finally to indicate how the candidate OMP outputépehd on future data and their trends, future TACs
under these OMPs are contrasted for a number obsos for future values for CPUE and survey esisia
of abundance.
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M ethods

Species combined Constant Surplus Production Model
The resource (both species and coast combined)dglied by:
B,,=B, +P-C, 1)

where

By is the total exploitable biomass in ygar

C, is the total catch in yegr and

P is the surplus production, taken to be constaat tine.
The model is fitted to species and coast combinlll-Gtandardised CPUE. The likelihood is calculabed

assuming that the observed CPUE is log-normallyidiged about its expected value:

A

1, =1,e" (2)
where

I, is the GLM-standardised CPUE for yezar

fy = 0B, is the corresponding model estimate,
g is the constant of proportionality, and

2
&, from N(0,0' )

The log-likelihood function is then given by:

CPUE _ ‘9)2/
=InL*E = Y lino+ ®3)

2

y=1992 20

where

O is the standard deviation of the residuals, wigcestimated in the fitting procedure by its maximu
likelihood value:

J:J%Z(Inly —In(qu))2 (4)

y

where
n is the number of data points used.
The catchability coefficierq is estimated by its maximum likelihood value, whis given by:

> Llfn1, -5,
Ing =~ I (5)
2y
The constant surplus productidn is then estimated for a series of input values Bar The GLM-
standardised CPUE series is assumed to be compdrabh 1992 only (because prior to that time it is

conventionally assumed that the use of net-lineas being phased out), so that year 1 is taken tt9b2.
The total catch and CPUE series used are givealteTl.
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SR1 vs SR2

To assess the relative abilities of the SR1 and &R®ns to predict recent recruitment, a “retraspe”
analysis is conducted. The “true” values for reonent residuals up to 2002 are taken to be as gedviby
assessments using data up to 2006. The averageglofestimates under SR1 and SR2 are used for that
“truth”, though the difference is minimal for akkgirs except 2002.

Since SR1 and SR2 differ in the manner in whicly tipge relative weights to the data for the mosere
three years, comparisons with “true” values arei@arout for only the first three years for whid¢tetcohort
concerned enters the assessment. Thus, for exaimplescruit residual for the year 1999 as estithatehe
1999, 2000 and 2001 assessments is compared toraké value provided by the 2006 assessment, and
overall predictive capability assessed by the roeain square error (RMSE) statistic evaluated dveset
three estimation yeatrs.

Note that the computations conducted were not “detely” retrospective because of the burden of the
computer time required. Instead, all estimable tties except the recruitment residuals were seheir
values for the 2006 assessment for the particelemagio examined (M4-H1-C3a from the Reference. Set)
The “retrospective” residuals were then obtainedesymating residuals only using data up to 1998902
2001, etc.

Results

Simple Constant Surplus Production Model

The model is fitted to the CPUE series for a seofemputs for the starting (1998 value as there is not
enough information in the data to estimate tndP, as evidenced by the marginal change i -ds the
Bi1go2 Value input is altered (see Table 2). The chofdberange foBiggz in this Table is based on estimates
for species combined offshore trawler exploitabt@rass, which range from 400 to 600 thousand tons f
the scenarios which comprise the new ReferenceT8etfit of the model to the CPUE series is shown i
Fig. 1 forBigg> = 500 000t. The resource is then projected falwender a series of constant catches so that
the biomass at the end of the projection periag) isack at the 1992 level, b) 10% above the 198 lend

c) 20% above the 1992 level at the end of a 10pedod (i.e. by 2016). The results are given iblg&.

SR1 vs SR2

Root mean square error measurements of the predadbility of these two options for recent reamsint
are shown for stock-recruitment residuals for tharg 1999 to 2002 in Table 3 for each species.

Fig. 2 compares recruitment residuals for eachispexs evaluated with data to 2004 and to 2006.

OMP TAC projections

This section reports the TACs that would be recormied under the OMPs presented in WG/08/06/D:H:33
if certain series future CPUE and survey resulenaate.

Comparison of catch trajectories for an applicatiércandidate OMP1 for four recovery tunings, aod f
OMP 100, OMP 20y and OMP 3%, assuming all future indices stay constant atatverage of the last four
years data (2002-2005 for CPUE and 2003-2006 fimeys biomass estimates) are shown in Fig. 3 agd Fi
4 respectively. Appendix 1 details the specificcakdtion of the TAC for 2007 under OMR to illustrate
how the algorithm works.

Figs 5 and 6 compare the catch trajectories fomplication of OMP4y, and OMP3y, respectively
assuming all future indices a) stay constant aindrease by 5% per annum from and c) decreasédges
annum from the average of the last four years @a2-2005 for CPUE and 2003-2006 for surveys bgsma
estimates).
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Discussion

Simple Constant Surplus Production Model

Depending on the absolute value for the 1992 coetbgpecies exploitable biomass, and the targeveego
level for the resource, estimated future constatthes in Table 2 range between 108 and 138 thdueas.
Such estimates are not dissimilar from those ayisihthe more complex species-disaggregated and age
structured operating models used for OMP testing.

Thus even if there remain residual reservationsitth@ species-split results from these operatindeh) the
results of the simple calculations here suggestttiege operating models nevertheless provide talulysce
on appropriate TAC levels.

SR1 vs SR2

Table 3 indicates no difference in the reliabilifythe recruitment prediction estimates providedhsy SR1
and SR2 options for 1999 and 2000, but for 2001 padicularly 2002 SR2 achieve slightly better
performance.

Fig. 2 shows that the strong recruitments Nbrparadoxus in 2002 and 2003 predicted by the operating
model under SR1 two years ago with data up to 2G84 not turned out to be reliable. SR2 also “got i
wrong”, but the magnitude of the error was not@ag

All'in all, these results provide some supporttfar SR2 option to be preferred to SR1.

OMP TAC projections

For all the candidate OMPs, maintenance of pre€EE and survey abundance estimates will result in
some reduction of the TAC over time. For a 20% eligh M. paradoxus recovery target, increases in these
indices at rates averaging as much as 5% are eeljfor there to be any appreciable TAC increastén
medium term.
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Table 1: Total catch (in thousand tons) and species aadtammbined GLM-standardised CPUE (from J.
Glazer, pers. commn) used in the constant surpbduption model.

vear | °@  cpue
catch

1992 141.600 13.63
1993 141.473  12.02
1994 147.177  12.80
1995 141.040 11.42
1996 159.263  13.83
1997 147.680 12.60
1998 154.222  12.97
1999 137.399 12.54
2000 154.651 13.39
2001 158.567  11.93
2002 147.358 11.54
2003 154.838 11.81
2004 154.403 11.16
2005 143.613  10.19
2006 150.000

Table 2: Estimated catches to bring the biomass at theoéthe 10-year projection period (i.e. by 201®6) t
a) the 1992 level, b) 10% above the 1992 level @nd0% above the 1992 level for a series of stgrtin
biomass values in 10-years time (i.e. by 2016) tfer constant surplus production. The negative log-
likelihood is also shown. Catch and biomass vatéuesn thousand tons.

Bioos nL é:a éi tborizg 9(;:;(laJvEeI Cltgfyggr;)%vcepfggg Cztcc))tysgrl;%\iepfggé
level level

300 -33.4 138.2 134.6 131.0

400 -33.7 134.8 130.0 125.4

500 -33.4 131.4 125.6 119.6

600 -33.2 128.0 121.0 114.0

700 -33.0 124.6 116.4 108.2

Table 3: RMSE values for retrospective stock-recruitmessidual estimates for 1999-2002 when compared
to “true” values from the 2006 assessment for SRER2 scenarios fdvl. paradoxus andM. capensis for
the M4-H1-C3a scenario from the Reference Set.

Year to M. paradoxus M. capensis
which
residual | gpq SR2 SR1 SR2
applies
1999 0.196 0.196 0.426 0.42¢
2000 0.199 0.199 0.221 0.22]
2001 0.078 0.076 0.128 0.114
2002 0.140 0.135 0.093 0.074

5



Fig. 1. Fit of the constant surplus production model to $hecies and coast combined GLM-standardised
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Fig. 3: Comparison of catch trajectories for an applaatof candidateOMP1 for four recovery tunings

assuming all future indices stay constant at thexage of the last four years data (2002-2005 fddiEERnd
2003-2006 for surveys biomass estimates).
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Fig. 4: Comparison of catch trajectories for an applaranf candidate®M Plooy,, OM P2200, andOM P3209

assuming all future indices stay constant at tlexame of the last four years data (2002-2005 fdsEEBNnd
2003-2006 for surveys biomass estimates).
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Fig. 5. Comparison of catch trajectories for an applaatdf candidateOM P10, assuming all future
indices a) stay constant at, b) increase by 5%apeum from and c) decrease by 5% per annum from the
average of the last four years data (2002-2008RIJE and 2003-2006 for surveys biomass estimates).
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Fig. 6: Comparison of catch trajectories for an applaratof candidate®©M P30, assuming all future
indices a) stay constant at, b) increase by 5%apeum from, and c) decrease by 5% per annum frem th
average of the last four years data (2002-200€RIJE and 2003-2006 for surveys biomass estimates).
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Appendix 1
Example of the application of OM Pl20 to calculate the 2007 TAC

See equations 1-3 of WG/08/06/D:H:33.
The following tuning parameter values apply to OMR1

Candidate P o, 3, 5 Yr_join Target incfTarget inc v
para cap
OMP 1y, 6 0.40 2 1.1 10 0.0240 0 15

1) Compute the measure of trend:

The OMP requires a measure of the immediate parsd tin the abundance indice&i’,”’. This trend measure
is computed from the species-disaggregated GLM-CPL@?UE'S””), west coast summer surveyjt”’“p”)
and south coast autumn survdf(vz's"p) indices:

linearly regresdn | ;™= vs yeary for y'=y-p=-1to y'=y-2, to yield a regression slope value

CPUE,spp

Sy

: survl,spp surv2,spp ’ "\ - _ .
linearly regressinl| and Inl/ vs yeary for y'=y—-p to y'=y-1, to yield two

regression slope value@“rvlSpp and Siurvz,spp.

Table Al gives thelnl; used to compute the slopes for each species atek ifor the 2007 TAC
recommendation. The measure of trend used is then:

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

2 4 4

so that

s)’,’ara :(— 0.16+ 0008+ - 0396) _ 0105 and
2 4 4

Ssap =(_ 02080+ 0322+ 0072j=_0017.

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

52‘ for s,<0
328 e
5 for s,>0

1

200¢ 2006+yr_joir



Thus, in 2007A,,,, = 191, as the measure of trend for both species is ivegat

The catch by species is computed as:

cPr=C® [1+ )ly(sip" — target )J
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C;gg,'; is computed by applying the species ratio of titetcin 2005 to the TAC for 2006, so that:

C2 =1203¢1+ 191(- 0105- 0024)] = 9074 and

ce® = 20621+ 191(- 0017)] = 2868

For OMP1, the maximum allowable change in TAC frame year to the next i£10%. As
90.74+28.68=119.42 leads to a greater TAC decrtdase allowed, the TAC for 2007 would be set to
135 000 t, this being 10% less than the 2006 TAC.

A few points to note about this TAC formula:

As time progresses the current LBTactor drops, so that TAC changes will tend tddss.

Under invariant indices (slop0), the formula foM. capensis will yield an unchanged contribution to
the TAC. However, foM. paradoxus catch contributions increase only if the averagiege is above
2.4% per annum. This reflects the deliberate inbéhe formula to provide recovery fit. paradoxus.
For OMPZ%os this target increase rate applies only to thet ff=15 years of application, dropping to

zero thereafter.

Table Al: Indices and slopes used to compute ®0& ZAC under an application of OMR%.

2

M. paradoxus M. capensis
IN(CPUE) In(Survl) In(Survy) In(CPUE) In(Survl) In(Su)
2000 1.81 1.67
2001 1.73 1.52
2002 1.59 5.55 1.61 4.46
2003 1.75 5.95 4.64 1.57 4.09 4.62
2004 1.72 5.51 3.97 1.42 5.10 4.42
2005 1.67 5.64 3.25 1.17 4.27 4.34
2006 5.75 3.56 4.48 4.88
Slope -0.016 0.008 -0.396 -0.080 0.022 0.07
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