FORMAL REPORT: BENEFIT / NRF STOCK ASSESSMENT
WORKSHOP 2004
(12 — 17 January 2004, University of Cape Town)

1. OPENING

1.1 Welcome

Doug Butterworth welcomed all attendees on behath® sponsors of the workshop:
BENEFIT, the Benguela Current Large Marine Ecosyst8CLME) Programme,
and the South African National Research Foundatitenthanked the Namibian Hake
Association and the SA Deep Sea Trawling Associatow agreeing to sponsor two
social functions for participants. He explainedt tthee workshop had been organized
by a Steering Committee consisting of himself, Reblie, lan Hampton, Di Loureiro
and Carola Kirchner, and those persons would bporesble for organizational
matters relating to the workshop during the week.

1.2 Introduction of Chair and Participants
Dr Tony Smith opened the meeting. The participamd the observers introduced
themselves. A full list of attendees is given apémdix 1.

1.3 Terms of Reference
The terms of reference for the workshop, in respdcthe two resources to be
considered in detail (South African and Namibiake)awere:

i) to critically review past assessments and meamat procedure evaluations;

i) to consider possibilities for including multpscies effects in assessments,
particularly hake cannibalism and inter-speciesigtien; and

iii) to make recommendations for future research.

The workshop was also to review progress in regarthe assessment and OMP
evaluations for the Nambian fur seals based omgb@mmendations made during the
BENEFIT 2002 workshop.

1.4 Daily time schedule, meal and other arrangemesit

The agenda is listed as Appendix 2. Doug Buttefwarstitined the technical
arrangements for the workshop, including the dddyestion and clarification”
sessions run by the invited scientists to asstendées less advanced in the stock
assessment field.

1.5 Rapporteurs

Anabela Brandao, Doug Butterworth, Carryn Cunnimghalim lanelli, Susan
Johnston, Carola Kirchner, Eva Plaganyi, John Pdg®jré Punt and Rebecca
Rademeyer acted as rapporteurs with assistancetfire@hair.

1.6 Computing arrangements
The Chair informed the attendees that there wasppertunity for limited additional
computations during the workshop.

1.7 Report adoption procedures
Doug Butterworth explained that the report would &#opted by the full-time
participants on the final day of the workshop. ideter explained that the full-time



participants comprised the scientists so appoibte@outh Africa and Namibia, the
scientific representatives of industry, and theaxfrica invited scientists.

2. REVIEW OF DOCUMENTS
The documents available to the workshop were ddvideo four series and are listed
in Appendix 3.

3. SOUTH AFRICAN HAKE
3.1 Background and basic data
BEN/JANO4/SAH/1a summarized the available datehttke off South Africa.

3.1.1 Catches

Customary local usage of the word “catches” reterty to the quantity landed, and
does not include estimates of discards. The worksimted that there was little basis
for disaggregation of the catches for the earlyryed the fishery in terms of their
distribution by species and area. There is anetddtamation is available on this
issue. The workshopecommended (B.9) that industry be consulted to develop
alternative hypotheses regarding the levels antiadpdistribution of the historical
catches.

The workshop noted that little information is awhbie for the handline fleet. It
recommended(B.1) that the catch by this sector, the spe@es-sex-structure of the
catch, and its size-structure should be monitored.

3.1.2 Ageing information

The workshop noted the critical importance of hgvieliable ageing information
when conducting assessments of hake. This infoomais used,inter alia, to
determine growth curves and to construct catclgatdata. The workshop noted the
general lack of strong cohorts in the catch-at+agérices for hake off South Africa
and Namibia and hence that the assessments imghigdrecruitment variability
(particularly off South Africa) is less than woule expected from the results of
assessments for other biologically similar specié& lack of large fish in the catches
and during surveys implies either high natural mldst, declining selectivity with age
(and hence that a large proportion of the olddr ile unavailable to the fishery), or
errors with the ageing.

The workshop highlighted the importance of haviatiable and routine information
on the age-structure of the commercial and suratghes. liagreed (#6) that, even
though stock assessment methods can be modif@cttunt for missing catch-at-age
data, this was a “patch” and that every effort $thdae made to obtain annual catch-
at-age information. The workshop noted that a lafckapacity in recent years has led
to an inability to develop age-length keys for hdkerelation to ageing, the workshop
alsorecommended(A.1, A.2) that:

a) consideration be given to applying methods (such hkéschemistry,
radiocarbon) that should be used to validate tieenggorocedure.

b) a workshop be conducted on ageing techniques fke.h@his workshop
should consider both the objectives of the ageiraggam (e.g. estimating
growth curvesversus developing age-length keys) and the sampling sehem
used to collect data for ageing purposes.



The workshopstrongly supports (#1) the planned BENEFIT project to exchange
samples and methodologies between Namibian anch @dttan age-determination
scientists. A technical sub-group was conveneddouds issues related to ageing and
their findings are summarized in Appendix 4.

The workshop noted that the current assessmentisagedl on the assumptions that
maturity is age rather length-specific, maturitykisfed-edged at age 4, weight is an
effective proxy for egg production, and spawningc&ss is not related to age or size.
The information available on batch fecundity agaowary-free fish mass (Osborse
al., 1999) suggests a non-linear relationship betweese quantities. However, in the
absence of information about batch spawning, imads possible to draw definitive
conclusions. The workshapcommended(A.15) that the existing data be examined
to evaluate these assumptions. The workshopratsonmended(B.10) that research
should be conducted to determine the spatial amgpdeal dynamics of hake
spawning and early life history using surveys.

3.1.3 Stock structure and movement

The workshop noted that previous assessments athSafican hake have been
based on the assumption of separate west and soast populations. Appendix 5
summarizes information on the distribution Mf capensis based on surveys. The
workshopagreed (#7) that the assumption of a sindle capensis stock off South
Africa was more plausible than separate west amthscoast stocks based on this
information. The workshop noted that this conclasias based on indirect evidence
for movement because there is virtually no infoioraton longshore movement of
hake. Indirect support onshore/offshore movemefage arises from the seasonality
of the catches by handline fleet. The workshepommended(A.16) that research
(e.g. through longline-based tagging) be condudiedaddress this issue. The
workshop als@greed(#8) that the assumption of a single stockofparadoxus was
more plausible than separate south and west ctiadtss There is some uncertainty
about whetheM. paradoxus caught off Namibia also form part of this stocleds
Section 4.1).

3.2 Data refinements

Commercial hake catches are not recorded by spekiesever species-specific
information is required in order to generate CPWfes and for use in the stock
assessments forl. capensis andM. paradoxus. This problem has been addressed in
the past by applying an algorithm developed by @&emt et al. (1995), which uses
depth to predict the proportion bf. capensis in the trawl catch.

BEN/JANO4/SAH/2brevises the algorithm for splitting annual hakechas intoM.
capensis andM. paradoxus first developed by Geromoset al. (1995) by applying a
different functional form (a variant of the logistifor proportion-by-depth and
making use of the further survey data which haveobee available since that time.
The proportion-by-depth is assumed to be binomidistributed about its expected
value. A separate proportion-by-depth relationshipstimated for the south and west
coasts. This analysis provides considerably impidite to the updated data than the
previous function and suggests that the presentiespesplitting procedure for
commercial trawl catches likely underestimatesMheapensis and overestimates the
M. paradoxus proportions on the west coast, with the south ce@égation not being
as clear. In the addendum to BEN/JANO4/SAH/2b,ntethod is extended to include



the possible effects of season, as well as yedy. tBa year effect on the west coast is
found to be significant.

BEN/JANO4/SAH/2c presents an alternative algoritiondetermine the proportion of
M. capensis in the trawl catch off the South African south sioldased on trawl survey
data up to 2002. It also investigates the imporasfmther factors in the relationship.
The key findings of BEN/JANO4/SAH/2c are: (a) swmtially different proportion-
depth relationships exist for different size-claseé fish; (b) variances are such that
the model is inadequate without consideration o&;s{c) the longshore location of
the catch adds some precision to the proportiormatts; and (d) there is no
significant year, season or time of day effectlmgroportions.

Further information on the geographic distributiointhe two hake species off the
South African west coast are shown in Appendix 6.

The workshop noted that the use of methods suchthase outlined in
BEN/JANO4/SAH/2b and BEN/JANO4/SAH/2¢c depended loa éxtent to which the
survey data were representative of the commernshéfy. The workshop also noted
that the importance of the choice of the algoritiieed to disaggregate the historical
trawl catches by species depended on whether thdtseof assessments and OMP
evaluations were sensitive to different choices fiois algorithm. Appendix 7
contrasts the species-specific catches off thehstaast based on the Geromenal.
(1995) approach and selected algorithms from thnsBEN/JANO4/SAH/2b and
BEN/JANO4/SAH/2c. The results in Appendix 7 suggestt there are appreciable
differences in estimates of catch by species depgnah the algorithm used. The
workshop recommended (B.2) that the observer data should be used tb thes
validity of the algorithms for splitting the pasbrmamercial trawl catches among
species and over time.

The workshoprecommended (B.3) that the algorithm used to split the histati
catches to species should take fish size as wealepth of capture into account. The
workshop noted that this will require some furtlaalysis because the use of an
algorithm which utilizes the commercially-reporteide-categories of small, medium
and large presents some problems due to differencable definitions of these
categories among fishing companies and over time.

The workshoprecommended (B.7) that the catch and effort data for the longline
fishery should be analyzed to determine trends tiwer and space. The algorithms in
BEN/JANO4/SAH/2b and BEN/JANO4/SAH/2c are not apprate to disaggregate
the longline catches by species.

BEN/JANO4/HB/1d summarized the attempts to quantifg individual sources of
error in Namibian and South African hake surveyshat BENEFIT Survey Errors
Workshop in December 2000, and the results of MdX#elo simulations of the
overall effect of the errors on the trawl survetireates. The simulations suggested a
positive bias of the order of 109 ébout 1.1) in both the Namibian and the South
African surveys. The uncertainty in the bias fast@s greatest for the surveys on the
South African south coast, largely because of tieertainty associated with the large
proportion of untrawlable ground there. The resstisuld be treated with caution as
input to management because of the large CVs orbithee factors, the somewhat
arbitrary nature of some of the inputs to the satiah, and the omission of certain



potentially large sources of error such as fism@eoff the bottom for protracted
periods in response to environmental conditions.

The workshop considered the factors that wouldrdetes the size of the bias factors
for the hake surveys off Namibia and South Africae workshoprecommended
(A.3) that attempts to develop informative priostdbutions for the catchability
coefficient, g, should be pursued anekpressed support(#9) for research into
environmental and behavioural effects that couldeha significant effect o). If
priors can be agreed, they should be evaluatedserin stock assessments (either as
penalty functions or by fixing catchability to sorappropriate summary statistic of
the distribution, such as its mode).

BEN/JANO4/SAH/2a details how GLMs are applied tdand species-disaggregated
standardized CPUE series, and presents the restltsse methods.

The workshop identified a number of potential wagswhich the analyses in
BEN/JANO4/SAH/2a could be extended armetommended (A.11) that they be
explored:

* The log-normal bias-correction factor is not apghehen computing the year-
effects. While generally small, this factor mayibmportant in this case given
the unbalanced nature of the data.

* Regressions are conducted separatelywWocapensis andM. paradoxus. The
possibility of assuming that the values of the ee$actors are the same for
the two species should be explored. Also, the vedsdfrom the regressions
should be examined for negative correlation.

 There is a need to routinely examine standard dstipgs when conducting
catch-effort standardizations. Examples of suchgrbatics are: (a) the
fraction of the variation explained by the yeartéade.g. through the Type lli
sum-of-squares) - if this is small, the reliabildthe standardized index as an
index of abundance may be questionable, (b) thebeuf data points in each
(for example) depth*year stratum should be tabdlagéed (c) plots of catch-
rate against possible covariates should be examioedisually identify
potentially important covariates.

» Consideration should be given to including envirental variables when
standardizing the catch and effort data. The sudats should be examined to
determine plausible environmental variables to whars

* Vessel * year interactions should be consideredwgtendardizing the data.

* Bycatch should be standardized by vessel when deduas covariates in
GLM analyses.

The workshoprecommended (A.4) that the spatial distribution of the catclera
information should be included in papers that stadide catch and effort
information.

The workshop noted that data are missing for sontleeostrata (e.g. combinations of
year and latitude) that define interactions. Areipblation algorithm is used to
specify the interaction terms that cannot be esgcthasing the GLM. The workshop
highlighted that even if catch and effort data atandardized, this does not
automatically guarantee that the resultant indepragportional to abundance. The



workshoprecommended (A.12) that the sensitivity to ignoring this indexd to
considering alternative relationships between sietdided catch-rate and exploitable
(essentially fishable) biomass be considered whatuating OMPs.

3.3 Assessments and their key uncertainties

BEN/JANO4/SAH/3goresents updated ASPM assessments diithepensis andM.
paradoxus resources off South Africa and compares theserdwiqus assessments.
The two species are assessed independently Ml ftepensis resource is assessed
separately for the south coast and the west cbhstassessment of tih paradoxus
resource is for the south and west coasts combifteel large multiplicative bias for
the survey of the south coaddtcapensis resource, which is estimated to be about 2.7,
calls the reliability of this assessment into gisestThe assessment of the west coast
M. capensis resource is not satisfactory, especially givenlois estimate for the
steepness parameter. The results of the asseskmémtparadoxus, for both coasts
combined, seem satisfactory.

BEN/JANO4/SAH/3bpoints out that species-disaggregated assessnifetiits South
African hake resource have had to make broad adsumspwith little foundation
about the disaggregation of the commercial catch@RUE. The paper investigates
an alternative approach to these assessments,iam Wwhth theM. capensis and M.
paradoxus populations (treated as single populations orsthegh and west coasts) are
assessed jointly under the assumptions that tkkitive selectivity by the offshore
trawlers changes in a steady manner over time. dntrast to the standard
assessments, the annual catch by species is mut takbe fixed but is estimated, via
the fishing proportions, in the model fitting prdcee. This approach reveals some
promising aspects, but some shortcomings remaith s the fact that only data
readily analyzed on a both-coasts-combined basideditted straightforwardly, and
the assumption that a CPUE series based upon sgegieegated catches is
proportional to the sum of the exploitable biomassponents of the two species
irrespective of changes in the distribution patteffishing over time. It is suggested
that many of the problems of this approach couldeselved by moving to a spatially
disaggregated model formulation.

The workshop considered that the valuesdvbbbtained in the assessment appear
unrealistically high. It was noted that forciMyto be lower by making selectivity-at-
age domed-shaped leads to deterioration in thetditshe historical CPUE data
(discussed further below).

3.4 Future assessments and resolution of key uncantties

The workshop identified an approach for the futassessment of hake off South
Africa and Namibia based on the following featur@sdrecommended(A.5) that it
form the basis for future assessments:

* age-length keys for one year should not be apphbethe length-frequency
data for another year — rather, if length-frequedata are available for a year
for which an age-length key is not available, thedei should be fitted to the
length-frequency data for that year (cf. BEN/JANUSG/3b).

» a model which considers both species simultaneaisiyld be developed and
its results aggregated to fit to data that canmtdisaggregated between
species (e.g. the ICSEAF CPUE series);



» the initial spatial structure of the model shouldalve four components (west
coast inshore, west coast offshore, south coalsbrassouth coast offshore) —
the definition of inshore and offshore should besdsh on biological
considerations and data availability;

» the initial version of the model should estimatenponent- and species-
specific “selectivity” (which includes both gearledivity and availability)
patterns;

» the values for the parameter that determines thie apong species of the
exploitation rate on fully-selected animals shobéd calculated to mimic the
catches by species each year, with a prior plaoateextent to which it may
vary over time;

» future assessments should be sex-structured witlctsfty defined in terms
of length (rather than age) because hake are dgxdiatorphic — this will
require the collection and use of sex-structura;dat

» the longline catches should be split to specieg, @sing observer data to
develop a suitable algorithm; and

» allowance should be made for age-determinatiorr evheen fitting the catch-
at-age information.

The workshop furtherecommended (B.4) that the lower bound imposed on the
residual standard deviation for the CPUE data shde increased appreciably
because, at present, the model overemphasizegdaeta fit (for example) the GLM
CPUE data at the expense of other indices of almaedésuch as the results from
fishery-independent surveys).

The above approach should form the initial focus fiture assessments. Other
approaches should be examined to consider the tredmss of the assessment. For
example:
* apply a delay-difference model which models theraye length of the
population, the square of the average length (Btipe, 2003);
» apply a fully length-structured method of stockesssnent;
» rather than assuming a single homogenous stock esplied by the above
specifications, model movement of animals amongapstrata explicitly;
» examine sensitivity to the choice of the methodstandardizing the catch and
effort data and to different forms for the stockftetment relationship; and
» fit the models to the length-frequency data andatipelength keys separately.

It was noted that improved performance of the esiommay result from estimating
age-specific selectivity rather than assuming $eiec to be governed by (say) a
logistic curve, as has been the case in certairatgins. The development of an
assessment that involves fitting to length-freqyethata for some years will involve
some decisions: (a) the choice of plus and minasigg when fitting the length-
frequency data, and (b) how to estimate the grawitive, the variability about this
curve, and how/whether it changes over time,

The current assessment assumes that the samerastogitment relationship applies
throughout the entire (80+ year) period of the sss®nt. This relationship and the
need to fit the historical (ICSEAF) catch-rate esriconstrains the assessment
substantially. The workshop was concerned that dbisstraint could: (a) lead to an
inability to fit recent catch-at-age and catch-rdéga, and (b) lead to unrealistically



high values for natural mortalitil. To address the second issue, the workshop
recommended(A.6) that a series of scenarios be constructatlléad to a range of
values forM for example by: (a) allowing for changes over timearrying capacity,
and (b) adjusting the historical catch-rate data.

The workshop alsaecommended (A.13) that the assessment model should be
applied with a more recent start year to assesshwhéhe use of the early data, the
assumption of that the stock-recruitment relatigmstas not changed over time, and
the assumption that the population was at pre-éagilon equilibrium at the start of
exploitation, may be constraining the fit to theawet catch-at-age and catch-rate data.

The workshoprecommended (A.7) basing the value assumed for the extent of
variation in recruitment on the results of the gsas of the seal scat samples or
directly from surveys. It alssecommended (A.17) that the value of using the
variances estimated from the application of GLMMd®eis to the catch and effort
data to weight the catch-rate indices should beeshgated. The workshop
recommended(A.18) that an analysis (such as Principal ComptmAnalysis, PCA)
should be applied to examine the correlation stinecof the model parameters.

It was noted that discarding of small hake has wecduin the past (and may have
been particularly substantial off Namibia in theeld980s). Although sensitivity has
been examined to increasing the historical catcteesaccount for discarding,

additional sensitivity tests should examine alteBmeaassumptions about the size-
structure of the discards. One way to model disngrdf non-marketable fish is to

parameterize a “retention curve” (by length) basedactual gear selectivity relative
to what was marketed.

3.5 Including multi-species effects in assessmenpgrticularly hake cannibalism

and inter-species predation

BEN/JANO4/HB/5b presented a summary of potentigkapches to model both intra-
and inter-species interactions between the two lspkeies as well as extending this
to consider interactions with other componentshef écosystem, most notably Cape
fur seals. Some of the research topics identifeedeang particularly important in this
regard include: a) analyzing hake stomach contatd dvailable since the earlier
analyses, and b) giving consideration as to what tae appropriate functional
response formulations to be considered in modelshake-hake and hake-seal
interactions. The paper stressed the need to amsid relative merits and costs of
the various approaches carefully. Moreover, sonublpms are identified with the
operational definition as given in the “ecosystegtations” criterion for continued
certification as provided by the Marine Stewardsbguncil (MSC) in their review of
the South African hake trawl fishery.

3.5.1 Purpose of multispecies modelling

The meetingagreed (#10) that multispecies/ecosystem studies andctiwce of
multispecies models need to be linked to scientifoals and / or management
objectives. The workshoggreed (#2) that before initiating sampling programs aime
at improving understanding of multispecies intamd, this needs to be balanced
with data collection and analysis needs relatedht® single-species assessment
process.



A number of possible goals for multispecies modglli ecosystem studies were
noted. Broadly these could be consolidated inteehmajor goals:

1. to address the Marine Stewardship Council’s (MS&idation that gaps in the
understanding of ecosystem relationships be adehledsy appropriate
research;

2. to provide ballpark figures for the implicationstoe “hake-hake-seal” subset
of interactions and more generally to provide ddvdiasis for the evaluation
of future OMP’s; and

3. to move towards an Ecosystem Approach to Fish@dAs$). This broad goal
might include several sub-aims: a) describing d@npgssible, explaining any
regime shifts/major switching events, b) estimatiogv many fish there were
in the sea (cf. Census of Marine Life), c) achigvanbetter understanding of
by-catch and damage to non-target species, anthd) issues such as closed
areas.

The first goal might be best seen as a need tolaje\e research plan and review
process that would address at least some of this ilisted under the third goal. It was
also noted that existing research programmes aineadly address this issue.

Goal 2 is the most well-specified. If this goal ts be addressed, the workshop
recommended(A.19) that, in the first instance, existing madshould be adapted to

provide estimates of the predation mortality onehtiiat is generated by the two hake
species. These models could then perhaps be egtémdeclude seal predation on the
hake species. If it were appropriate, predatiorotier fish on hake or the effect on

hake mortality of including other hake prey couieén be added. Such studies would
be essentially hake-centric and aim to providettebbasis to evaluate hake OMPs.

Goal 3 has a much wider scope. Some sub-aimsa@hgving a better understanding
of regime shifts) might help to resolve problemshwiurrent assessments. However,
the broad aim would be to obtain an overview of steus of the Benguela marine
ecosystem. Goal 3 might also encompass predictiaglikely effects of proposed
management measures. The North Sea Quality StajpsrRand subsequent work by
ICES/OSPAR provides an example of ongoing reseaaiyg these lines.

3.5.2 Appropriate modelling approaches.

Goal 2 will clearly require the use or developmehsuitable multispecies models.
However, the research needed to satisfy goal 3im@glly be descriptive in nature,
though ultimately better framed as an ecosystememod

The development of a simple “Fishing Fleet” typed®lomight be a good starting

point to address goal 2. This could be based uporemt single-species models
(possibly length-based). There may be a need fagthestructured models because
most feeding interactions are strongly sized-bamedl therefore using a size-based
model eases both coding and attendant data reqgmtenSuch models could initially

concentrate on the dynamics of the two hake spemnes could be extended as
required to achieve greater realism. Alternativéihey could be contracted to focus
on essential interactions which are likely to blatesl to predation-mediated changes
in hake recruitment. The aims of these models wbeald clearer understanding of the
population dynamics of the two hake species and lagsis for the operating models
used to test OMPs.
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Modeling requirements for goal 3 might include tbkowing:

» developing/refining a description of the broad resties of biomass through time
of the known, important, components of the ecosyqte.g. hake, seals, pelagics
etc.) would be helpful,

» identification of the major environmental driversidaany changes in their
intensity (in the Barents Sea, PCAs of the envirental time-series (Ottersen and
Loeng 2000) were rather instructive); and

» providing simple descriptors of aspects of ecosyst&ucture (e.g. size spectrum
or K-dominance curves) - where possible, these Idhbe shown together with
equivalent descriptions of exploitation in a simfilarmat (e.g. catch size spectra).

The workshopagreed (#11) that Ecopath / Ecosim models could be useadtress
objectives related to broad-scale questions regarttie structure of the ecosystem;
other models may be more appropriate for more Spegiestions.

3.5.3 Data requirements

Multispecies models require inputs (preferably yata size and species food
preferences of predators and ration sizes. Idesdiypling would span all regions and
seasons (c.f. the ICES “years of the stomach” énNbrth Sea). However, this is very
expensive and labour-intensive and hence is seldoatical. In the case of the
Benguela region, stomach sampling is a routinetip@on annual research surveys.
This sampling may be difficult to achieve at othienes of year using observers on
commercial vessels. Despite these drawbacks, bigsegd seasonal) or haphazard
collection of stomachs can be mined to give lesscipe, though still useful,
indications of the size and species preferencgwedators. Size of prey as well as
size of predator is an essential item of data tonee The workshopecommended
(A.20) that novel, cost-effective ways of estimgtiauitability (prey preferences)
should be explored. A possible (though untried)teors to compare the size and
species preferences of predators that are caugheaame place and time. It was
noted that the assumption of an Ursin (log-normiskribution) size preference
function (Riceet al., 1991) is a useful simplification in such studiksvas also noted
(BEN/JANO4/NH/3c) that scat samples seem to givatlaer coherent picture of seal
predation onM. capensis in Namibia, and this approach could be extendeSdoth
Africa.

3.5.4 Using Ecosystem model s to improve biomass and production estimates
BEN/JANO4/SAH/5b noted that trophic models of tloaithern Benguela ecosystem
have been developed using the Ecopath with EcoSink) approach. Model results
relating to South African hakes are summarised wetpect to hakes as predators,
hakes as prey, simulations of altered fishing dtebBdalso in relation to cannibalism),
and model fitting to time series (the latter isewsary if EWE models are to be used
in policy analysis). Data requirements are listedatilitate further progress in using
EwE to assess South African hake in an ecosystetexiy and thereby to contribute
to an ecosystem approach to fisheries (EAF).

The workshop had a wide-ranging discussion on tlvagtages and disadvantages of
the EwWE approach. The advantages of the approatidathe ability to comment on
whole-ecosystem dynamics, something that is nosiplesin other approaches such
as minimal realistic models. Although the form lbé tEwE predation term is flexible
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in some respects, results using this model aratsent® the vulnerability parameters,
and uncritical use of default settings can be &lpro.

BEN/JANO4/SAH/5a investigated the potential for tbenstraints associated with
ECOPATH to improve estimates of biomass and prodtgctin the Southern
Benguela region. The ECOPATH-mass-balanced equd@bmistensen and Pauly,
1992) provides a mathematical basis for specifying predator-prey-association
constraints on all the species in an ecosystemtréuuc efficiency was treated as
unknown in this equation and all other quantitissgaven. Markov Chain Monte
Carlo (MCMC) was used to estimate biomass and tbdygtion-to-biomass ratio for
each species. Bounds were placed on both the bsoamakthe production-to-biomass
ratio for each species; these wer@0 for the reference case and ,16 40 and
+60 for the sensitivity cases. These bounds were imeiged as uniform
distribution priors. Chains of 2.5 million runs wercarried out saving every
thousandth. The marginal posterior distributionsvedd that there are only small
improvements for the reference case, typically thas 10% for most species. There
also seemed to be a slightly smaller improvemetmisnathe there was uncertainty in
the diet in addition to the biomass and the prdduoetio-biomass ratio. Improvement
seemed to be largest (typically 60%) when the paluncertainty is large.

BEN/JANO4/HB/5a used the same methods as BEN/JABIE/5a, but the data
utilized were for the northern Benguela for the 0€8 Results obtained are
preliminary because they were conducted only fsingle uncertainty range (uniform
+20%) and no uncertainties in diet compositions weotuded. The results suggest
that the overall relative changes between the pamal posteriors for biomass and the
production-to-biomass ratio are less than 10% catthg that only a small amount of
updating occurred. Hake is one of the speciesstiaived one of the largest extents of
updating.

It was noted that it might be possible to use biggnastimates that are relatively
precisely determined to improve the precision @& #stimates of biomass for less
well researched species. The size of this effectbeaevaluated using the simulation
frameworks outlined in BEN/JANO4/SAH/5a and BEN/J®MHB/5b. In a similar
way, the predation mortality estimated to be geeersby a predator of known
biomass on a prey of known biomass might be extadgd to quantify biomass of
poorly-studied prey species from the results ofnstoh contents.

BEN/JANO4/HB/5a provided a summary of the Punt-Butiorth “minimal realistic
model” of the hake-seal system that focused orbiblegical interaction among Cape
fur sealsArctocephalus pusillus pusillus and the Cape hakééerluccius capensis and
M. paradoxus to examine the effects of possible culls of sesscatches and catch
rates of the bottom-trawl fishery for the Cape Isa&#f the South African west coast.
Suggestions are made for updating this work to @atctor inter alia changes in and
extensions to the data used as inputs as well amproved understanding of the
distribution and dynamics of the species involved.

The workshomgreed(#12) that disagreements between the predictibssgle- and
multi-species models can be informative and leath¢éogeneration of hypotheses for
system behaviour.
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The workshomgreed (#3) that, while clearly some advances have beatenm this
field, understanding of multi-species and ecosystéanractions is still at a relatively
early stage, and that a range of modelling appemdhould be considered when
addressing these issues. Caution should be exgicigeaking use of the predictions
of such models unless there was substantial agradmeveen these across different
approaches.

3.6 Management procedures, past and future

BEN/JANO4/SAH/6a summarized the basis for the mesént TAC recommendation
for the South African hake resource. Previously GMiad been used for the south
coast M. capensis and for both species combined on the west coagh an
adjustment based upon differences in estimatedcepient yield used to motivate an
allowance added for the component of khegparadoxus resource which occurs on the
south coast. For the recommendations for 20040Md® for the west coast had not
been used because updated assessments suggestedtabundance trend below the
confidence intervals for the assessment at the {{h®¥®7) that OMP had been
developed and tested. Recent assessments suggesfdcement yield for the whole
hake resource of some 184,000 tons, compared t@G68 TAC of 164,000 tons.
Projections based upon these assessments wereousetivate that a continuation of
the 3,000 tons per year TAC phase-down first imgleted for 2003 would not lead
to undue resource reduction, contingent upon keltilarger reductions being made
to theM. capensis component of the anticipated 2003 catch.

BEN/JANO4/SAH/6b summarized previous comparisons tbhé hake-specific
biological merits of trawling and longlining. Altbgh earlier evaluations had
suggested longlining to be preferred, subsequeakepgons that natural mortalitv
was higher than previously assumed had led to mse@wiew that there was no
clearcut preference between the two.

The possible need to revisit the consequencesadak imbalance in longline catches
in some regions was noted. The workshepommended(B.8) that the comparison
of the hake-specific biological impacts of trawliagd longlining needs to be updated
in the light of further information now available.

The workshop agreed that the baseline assumptrostdok structure for a new OMP
for the South African hake resource should be arestwvideM. capensis and one
coastwideM. paradoxus stock. In due course consideration might neecetgiben to
the incorporation of spatial- and sex-disaggregatigodels used would need to
account for the different fleets (sectors) in theéustry. The workshopecommended
(B.5) that this new OMP for South African hake sklobe developed through tests
based on a joint model for the two hake speciegeiihe time needed to conduct the
associated evaluations, this OMP could not be réadynplementation before late in
2005 though this would dovetail conveniently with a 1€ay rights allocation process
scheduled for implementation at the start of 2008 essential for such an approach
that information on the commercial catch compositiy species be available. To this
end the workshoptressed(B.6) that the observer programme for South Afrieads
to provide regular and reliable information on #pecies-split of the hake catch. It
alsostressed(#13) that while this new OMP for the South African hgk@pulations
should outpuTACs disaggregated by species (and perhaps by aresapat proposed
that allocations comprise species-specific quotas trights holder. Management
options that might best achieve the desired spepktsof the overall catch still need
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to be proposed and evaluated. A suggested appalach these lines as set out in
Appendix 8 was noted.

While initial OMP evaluations would likely be rested to TAC-related issues, the
workshop emphasized (#4) that evaluation of management controls need be
restricted toTACs, but might also include input controls and timegaclosures,
though perhaps only for the longer teffhe issue of Marine Protected Areas (MPAS)
was also raised. The general objectives for MPAsail these outside the workshop’s
ToR, and it wasagreed (#14) that assessment of the implications of MR&s
biodiversity conservation needs a dedicated wonksdrad will need to consider the
implications of bycatch. Ideally, management ofstaéde stocks requires coastwide
abundance surveys. Accordingly the workslagpeed (#15) that changes in survey
strategy towards coastwide surveys should be cereddbut existing surveys should
not be modified unless analyses indicate that wiisimprove their utility in the
short- to medium-term.

Given that implementation of a new OMP would notwcbefore 2005, and so
provide TAC recommendations only in time for theD@G0season, an interim basis
would be required to provide such recommendationgife 2005 season. Note was
taken of the projection results foM. paradoxus in BEN/JANO4/SAH/6a.
Furthermore, BEN/JANO4/SAH/6c considered the ingiluns of different phase
down options for the South African hake TAC ovee thext few years that are
reported in BEN/JANO4/SAH/6a. That paper had cargd variations in the future
catch ofM. paradoxus only, with a fixed reduction of the overdll. capensis catch
from 39,000 to 26,000 tons assumed for all the omgti considered.
BEN/JANO4/SAH/6c briefly considers the implicatiorsd this and other catch
reduction programmes for the south cddsicapensis resource, under the associated
assumption that the catch from the smaller wesstchla capensis population is
reduced from the current 6,000 to 2,000 tons. Kegpine current catch unchanged
would not result in an unsustainable situation, BRUE would remain near its
current low level. By reducing the catch, the CPEHlould improve towards the
average level over the 1980s and 1990s, as hadtheevbjective for the OMP for
this resource to maintain the economic viabilityled associated industries.

The workshomgreed (#16) that the existing phased decline could sas/a default
basis to determine a 2005 TAC recommendation fanttS@\frican hake, unless
strong contrary evidence was put forward.

The workshomgreed (#5) that given the possibility of a shared paradoxus stock
between South Africa and Namibia, thought needset@iven to how TAC sharing
arrangements might best be developed should suavemtuality arise, noting that
there are certain prerequisites for this such amesform of common resource
assessment agreed between the two countries agdaademonitoring of catch- and
abundance-by-species. It was noted that the SARf®mal Protocol on Fisheries
provides a possible framework fanter alia, research and management of shared
resources, and that SADC is developing guidelireeg. (Penneyet al., 2003) for
management of stocks shared among SADC countries.

A number of examples of sharing arrangements betwather countries were
discussed. BEN/JANO4/HB/7b describes how the TA&grans-boundary stocks of
cod, haddock and yellowtail flounder on GeorgeslkBaill be allocated between the
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USA and Canada. The agreed share is based onHgolfistoric share of the catch by
the two countries and the geographical distributainthe fish between the two
countries. Initially these factors will be weightd@/60 when computing the shares
but over time will move towards a share based wp@0/90 weighting, i.e. towards a
weighting which heavily emphasises the geographdaiatribution of fish. The
geographical distribution is to be measured by altywpdating smoothed estimates
of distribution based on the time-series of surveysducted by both countries. The
agreed protocol was the end result of a processegbtiation. Hence, while the
Georges Bank protocol gives guidance as to how agobements might be reached,
it does not provide a precise template. An impdr@sson to learn from this example
is that the protocol has to be precisely definedhbegally and scientifically.
Agreement between the two countries was assistesg\gral factors. It was aided by
the broadly similar fisheries management objectivfethe two countries involved. It
was also aided by the extensive time-series arsbeahspread of groundfish surveys
made by both countries over much of the range @ftlinee fish stocks. An ongoing
problem is that while Canada sets anntiACs the USA manages these fisheries
using fishing effort controls and technical measui®ich as extensive closed areas).
This means that the annual fish take of the twantreas may not match the agreed
share precisely.

The workshopemphasized(A.21) that the OMP evaluation process should seiuo
evaluate the potential benefits of additional dailection (e.g. of genetics data) to
better specify stock structure.

3.7 Priorities for further research

Appendix 9 lists the prioritized research recomnatioths. BEN/JANO4/HB/7a
provided a list of potential research topics. Itluded research areas considered
important by the workshop but which it did not hdiree to discuss, e.g. economic
factors, and the reasons for some of the “anonialethe assessments (such as the
very low value for steepness and hence productigitfNamibian hake).

4. NAMIBIAN HAKE

4.1 Background and basic data

Carola Kirchner overviewed the biology of and fishér hake off Namibia along
with current management and assessment methodsNaimbian fishery catches
mostly M. paradoxus. The catch rates of both hake spedmse been declining
recently. M. capensis off Namibia are considered a separate stock fkbnecapensis
off South Africa.

BEN/JANO4/NH/1c argued the case that there is onlg stock ofM. paradoxus in
the Benguela region. Previous studies of feediagagites and genetics provided no
evidence for separate stocks; furthermore a higél lef spawning had been observed
only on the Agulhas Bank, and only slight differeadn morphology were evident
between fish off South Africa and off Namibia. Thaper showed that small.
paradoxus were found only south of 28 off Namibia, and that survey estimates of
density reflected continuity across the South AfridNamibia border. Initial estimates
of otolith microstructure also did not reveal ragab differences. The management
implications of a single shared stock, in conttasthe conventional assumption of
two separate stocks (separated by the Orange Ril/bt)paradoxus, were discussed.
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The workshop noted that the power of many of tis¢sten BEN/JANO4/NH/1c was
likely to be low, implying that even if there weseparate stocks ®f. paradoxus off
Namibia and South Africa, the data would be unjikel detect this. In the context of
genetic approaches to stock-structure, the workstuted that Dr Paulette Bloomer
(Dept. Genetics, Univ. of Pretoria, 0002 Pretopbloomer@postreo.up.ac)zhas
received funding from BCLME to examine hake stottkifure issues using genetic
methods. The workshogpecommended (A.8) that hake scientists should be
encouraged to collaborate with population geneticite address stock structure
issues, especially those related to trans-boundagstions. Possible methods for
analyzing the genetics data to address these igstlade “Boundary Rank” (Martien
and Taylor, 2001) and tests for isolation by dis&an

Although the conclusions of BEN/JANO4/NH/1c aretastbmore strongly than might
be suggested by the available data, the paucityehiles and the lack of evidence of
spawning in Namibia is certainly suggestive of thek of separate stocks od.
paradoxus in the north and south of the Bengulea system.

BEN/JANO4/NH/3b summarized the methods and resolisthe hake ageing
programme in Namibia. Age-length keys (ALKs) araitable for 1993, 1999 and
2000. Catch-at-age matrices for these years weadent based on: 1) the 1993 ALK
only, 2) the 1999 ALK only, 3) the 2000 ALK onlyn@4) a combination of the three.
When one ALK was applied to all years, it changed tatch-at-age matrix quite
substantially. For example, when the 1999 ALK wppliad to the 1993, 1999 and
2000 survey length-frequencies, it showed a modakpat age-group 3, whereas
when the 1993 and 2000 ALKs were applied to thesgth-frequencies, they showed
a modal peak at age-group 2. Growth parametersvaight-at-age were calculated
for 1993, 1999 and 2000, and maturity ogives wateutated for 1999 and 2000.

BEN/JANO4/NH/3c examined possible reasons why tlaéchzat-age matrices
calculated from ALKs based on otoliths collectedinly the 1999 and 2000 surveys
were substantially different. The otoliths colletia 1999 and 2000 were read by the
same two age-readers. These readers each read (19881 survey) and 871 (2000
survey) otoliths twice. There is no valid reason discarding the 1999 ALK even
though between-reader average percent agreemeimicdeéise over the period of data
collection. The time of sampling, mean lengths-gg-and growth rates did not differ
significantly between 1999 and 2000. The differasnbetween the two ALKs stems
rather from adding different proportions of agdeatgth, so seems to be a result of
differences in cohort strength between the twog/ear

The workshop noted the lack of data from the lovglcatches off Namibia and
recommended (C.3) that species- and sex-composition, lengtlgueacy (and
otoliths, if possible) be collected from these bak

4.2 Data refinements

BEN/JANO4/NH/2a described various General Lineardklo(GLM) analyses that
have been applied to the commercial catch peraiffatt (CPUE) data for Namibian
hake. The principle objective of these GLM analysas been to obtain a model that
incorporates factors that explain a significanctie of the variation in the hake
CPUE data and to obtain a standardized CPUE s#raésindexes abundance. A
summary of other GLM analyses performed aimed wésftigating some aspects
arising from the survey analyses, namely to shgitt Ibn the likely annual variability
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in survey biomass estimates of Namibian hake argtdeide a means to account for
diurnal variability in catchability in the estimati of abundance indices from surveys
is also given.

The workshop noted its earlier comments on cattdrte$tandardization (see Section
3.2). It was noted that bycatch CPUE were not cdmied as a covariate in
BEN/JANO4/NH/2a. The workshopecommended (C.5) that bycatch species be
considered as a covariate in future analyses dloegg lines.

The workshopecommended(C.1 and C.6) that an attempt be made to obtaimatv
tow-by-tow data for the Spanish surveys (which allbw estimation of the length-
and age-composition of the survey catches to mileabd) and to correct the Spanish
survey indices for errors.

4.3 Assessments and their key uncertainties

BEN/JANO4/NH/3a presents results from a routineatpaf the (species-aggregated)
assessment of Namibian hake. Steepness is noéestetlated and the Reference Case
assessment therefore fixes this parameter to MiBasito earlier estimates. Values of
steepness much above 0.5 result in systematicgrienithe residuals to the fits to the
ICSEAF CPUE data. Some sensitivity tests are caeduclhe addendum to this
paper considers the sensitivity of the updatedsassent results to alternative data
sets for post-independence catch-at-age proporéindgor weights-at-age. Using the
different catch-at-age sets has substantial effattthe results; all of these leading to
more pessimistic results than the routine updaserdeed in the original paper. The
use of the alternative weight-at-age vectors leadsmore optimistic appraisals of
resource productivity and current status, but ifferénces are relatively small.

BEN/JANO4/NH/3bpresents a first attempt at assessing the Namlimée resource
based on catch-at-length information rather thatchecat-age. The reason for
attempting to use the length data directly is #geing of the hake otoliths has only
occurred somewhat fitfully over recent years sd thase ageing data are available
for only very few years. This analysis was not présd as definitive, but only as an
illustration of the application of the method.

BEN/JANO4/NH3c overviewed the implications of d&tam seal scats. Analyses of
seal scats from Namibian seal colonies have shdwah fur seals in the northern
Benguela preyed on at least 36 species of telesstiri the past decade. Juvenile
horse mackerel was the most important prey (in b&sj in the northern half of
Namibia while juvenileM. capensis (mostly between 7 and 21 cm TL) dominated in
the south. Hardly anWl. paradoxus was consumed. Fur seals feed on only one cohort
at a time, so that growth parameters of 1-group éian be calculated from otolith
measurements. Growth is virtually linear with gpglmf 11.8 cm / year in good years.
However, environmental anomalies (anoxia and Belaghao events) can impact on
the growth rate (and most probably also surviveésadrastically as shown during
January-June 1994 (anoxic event) or January-MaB89b {Benguela Nino Event).
The abundance of juvenile hake in the diet wasddorbe tightly linked to the cohort
strength of the fish spawned the year before. Taamits estimation of cohort
strength from the seal diet up to one year prioth®time those pre-recruits can be
assessed by surveys and therefore provides anveamtyng of recruitment failures or
exceptionally strong cohorts.
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The workshop believed that the relationship idesdifin BEN/JANO4/NH/3c had
considerable potential for use as index of recreitimlt was noted that one reason for
the high correlation between the seal scat index the survey data might be
availability common to both data types. Furthermtiie seal scat-based index will be
less useful as an index of recruitment if prey clitg (by seals) occurs.
Nevertheless, the workshagcommended (C.2) that the utility of this index be
examined further, and that it be included in tedtassessment sensitivity. Given the
results of further analyses, consideration shoelditzen to including this index in the
reference case assessment.

Noting the potential value of an index of hake w@onent based on seal scats, the
workshoprecommended (A.22) that alternative indices of hake recruitment (e.g.
along the lines of the Namibian seal scat-baseédxirad hake recruitment) should be
developed. Specifically the workshapcommended (B.11) that consideration be
given to the development of a similar index for BoAfrican hake. The workshop
alsorecommended(C.4) that the possibility of identifying the yowsrgcohorts in the
survey length-frequencies using modal analysis Ishioel examined. It was noted that
information from seal scats could also be usedsisawith age-validation,

4.4 Future assessments and resolution of key uncainties
The workshop agreed that the approach to stoclssissmt outlined in Section 3.4 be
adopted for Namibian as well as South African hake.

4.5 Including multi-species effects in assessmenparticularly hake cannibalism
and inter-species predation
See Section 3.5

4.6 Management procedures, past and future

BEN/JANO4/NH/6a reported that the management adpiogided for the 2002 and
2003 TAC for the Namibian hake resource had besedan an OMP developed in
2001. Although the results of a routine updatectsmsent had proved to be on the
verge of falling outside the 90% CI's of the origirassessment, the Namibian Hake
Working Group had decided that this did not (quipedpvide sufficiently strong
evidence to override the OMP TAC recommendationplisation of the OMP
formulae had resulted in a recommended TAC reduadtiom 196,000 to 176,000
tons (the maximum 10% reduction allowed in termtéhefOMP’s formulae).

Considerable discussion took place concerning & @pproach as a basis for TAC
recommendation. Strong concerns were expressedntuadgers and industry lacked
adequate understanding of the approach, and réesmvavere expressed regarding
lack of clarity as to the circumstances under whiEAC recommendations
forthcoming from an OMP might be overridden at skeentific level given additional
scientific data. Points made in support of the apph and its accompanying
development process were its evaluation of longn teonsequences and risks in line
with the Precautionary Approach, and the opporttie framework provided to
involve stakeholders in consideration of altermratmanagement options. In line with
an Ecosystem Approach to Fishing (EAF), the workstezommended(A.14) that
the OMP development process should include tesis rdbflect possible trophic
interaction effects.
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In response to the concerns raised, the worksagpped (A.9. A.10) that a high
priority be given to explaining the development antgplementation of OMPs to
managers and industry in plain language, and tduatrag the cost-benefit of the
OMP approach relative to other approaches.

The general recommendations made in Section 3.6 South African hake
management apply also to Namibian hake. The préfosa species-disaggregated
model basis for OMP evaluation requires the capghd split commercial catches in
this manner. It was noted that data collected asenter programmes rendered this
possible for Namibian hake. It was further suggkshkat additional mechanisms be
incorporated in any new OMP for Namibian hake thiewe a speedier reaction to
spawning stock declines.

4.7 Priorities for further research
Appendix 9 lists the prioritized research recomnatioas.

5. FUR SEALS

5.1 Progress on December 2002 Workshop recommendats for Namibian seals
Appendix 10 (modified from BEN/JANO4/NS/1) summaszthe recommendations
arising from the December 2002 BENEFIT workshoparding the Namibian fur seal
resource, and overviews progress against each reeodation. The workshop
discussed progress relative to the recommendatrons that workshop along with
issues that arose during 2003.

The workshop reiterated its recommendation front yesr that a forum at which
biologists and modelers could discuss data (and efmy) issues should be
established. Itecommended(D.1) that the changes to the seal pup censubakda
be documented and finalized. Some pupping occurrefouth Africa in 2001 at
newly developed colonies which may not be curremitjuded in the pup census. The
seal pup census database should be extended tmlenplip counts from these new
colonies. MCM confirmed that it is the intension ¢ontinue the three-yearly pup
censuses. MFMR indicated that the annual pup salrvates will also continue to be
calculated from monitoring at a study site.

It was noted that there may be little value in gipyg a GLM to the pup census data
because of differences in trends in pup numbersagrolonies.

MFMR indicated that the management plan that ibealeveloped by the Namibian
authorities will deal more with technical issuesidtpa regulations, introducing eco-
tourism), and does not imply a change from the afsan OMP for Namibian fur
seals.

Avalilability of bulls (e.g. between age-classesliesmwith the time of year and there
is evidence that the selectivity of the harvesthhigary as well (with time of year and
guota level — e.g. more quota resulting in morengphulls taken). Data on the bull
harvest are important because they provide infaomabtn how the bull selectivity
pattern changes from year to year. The workshdpreged its recommendation from
2002 regarding the importance of the collectioringfse data. The workshop further
recommended(D.3) that the sensitivity of the OMP results taiaion in the bull
selectivity pattern be examined because the OMP pnaye robust to this source of
uncertainty.
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The workshoprecommended (D.4) that the data on pup harvest selectivity be
analyzed to evaluate the hypothesis that in goadgsyall pups are equally likely to be
harvested whereas, in bad years, when the pup iméeser than average, industry
tends to select the larger pups. The results & éxiamination could be used to
develop a relationship between mass and selectiiigta on pup mass should
continue to be collected. The timing of pupping rdes from year to year even
within the same colony. This may affect pup surkiredes. The workshop therefore
agreed(#17) that information continue to be collectectioa timing of pupping.

The workshopagreed (#18) that the future assessments and OMP develojpwork
take account of spatial structure because of tiparept different trends in different
areas and the movement of animals among coloniesas noted that a colony-
specific model may, however, be infeasible givere tavailable data and a
compromise between spatial resolution and dataladbritly would need to be
determined when moving to a model that considees dpatial distribution and
movement of the Cape fur seals.

BEN/JANO4/NS/2 presented the updated Namibian &al population assessment
model and provided some projections. This papecloded that the low December
2001 pup census result was most likely a resulbwer than normal pregnancy rate
(rather than an increase in adult female mortaldy)nual catches up to a maximum
of 60,000 pups and 5,000 bulls appear to be sadinn the short-term for the seal
population, although the longer-term implicatiorfstlus level of bull harvest may

need to be considered further in due course, pdatly given the increasing ratio of
4+ females to 12+ males.

It was suggested that bias in the (early) pup coatd could be driving estimates of
female survivorship to be higher than is biolodicakalistic (0.98). The workshop
recommended (D.2) that the sensitivity of the results of thesessment to the
selection of which pup counts to include in theeasment (and how to adjust them to
correct for possible bias) should be re-examined.

The workshop noted that one consequence of estignatinual pregnancy rates and
additional adult mortalities in 1989, 1994 and 2@®1hat it is no longer possible to
estimate carrying capacity reliably. The workshagreed (#19) that the current
assessment cannot be used to estimate quantiaésdréo carrying capacity such as
Maximum Sustainable YieldVISY, and the population size associated WitBY. The
workshop noted, however, that loose bounds coulglaeed on carrying capacity
based on ecosystem and spatial constraints butdhatlations for doing this had not
been presented and hence reviewed.

Anecdotal information suggests that bulls yound®ant 12+ have recently been
holding territories. It was suggested that monigritrends in harem bulls was
possible through, for example, photogrammetry. Netonortality increases for harem
bulls and it is hypothesized that a reduction i@ ttumber of 12+ bulls leads to an
increase in the natural mortality of younger mald@he workshop therefore
recommended(D.5) that the model be amended to examine this hypathesi

BEN/JANO4/NS/3 provided some updates to work preesein BEN/JANO4/NS/2.
This work includes estimation of adult female natusurvivorship, initial OMP
development, and an MCMC-based Bayesian assessment.
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With respect to OMP development, the workshiepommended (D.6) that future
projections should include robustness tests in kwhkin event similar to the 1994
anomaly occurred on an infrequent basis rather filemuent less extreme events.

The workshop noted that the MCMC algorithm hadef&ito converge and suggested
that the likelihood value be included in the setqgofintities routinely assessed for
convergence. It also suggested that the paramstienratdes may be highly correlated
and that this should be examined in future work.

5.2 Modelling seal-hake interactions
The discussion of this item is recorded under 8a8@i5.

5.3 Priorities for future research
Appendix 9 lists the prioritized research recomnatios.

6. ADOPTION OF REPORT
The workshop participants (see Appendix 1) adopkedreport of the meeting as
reflected above.

7. COMMENTS BY THE INTERNATIONAL PANEL

The international panel noted the importance ofhithke resources to both Namibia
and South Africa. While considerable effort is clga@xpended in both countries in
monitoring and assessing these resources, the gapeéssed particular concern
about the availability and quality of recent data age of hake. The panel also
stressed the need to monitor all sectors of theefis and to ensure that any changes
to surveys are accompanied by suitable inter-cgtiton research and do not
compromise long-term data series. The panel notédapproval the move to species
disaggregated assessments, but also noted thatalbrgy with poor age data, had
resulted in interim problems in developing consgisi@ssessments. Given that all the
assessments are “in transition”, it was difficolt the panel to develop a clear view of
the status and recent trends in the hake resourdbs region. For South Africa, the
deep-water hake stock appears to have increasesl thie late 1970s, but has declined
since 2000. The results for the shallow-water hake less certain, in particular
because past assessments have been conductedefawest and south coasts
separately, while recent studies suggest thatishefiforn the two coasts most likely
are part of the same stock. After a period of fitgldor shallow-water hake over the
1980s and 1990s, there are some indications otkndethough this is of a lesser
extent than that of the deep-water hake. No spaliEggregated assessment was
presented for Namibian hake resource, but therecareerns about continuing
downward trends in catch rates and fishable bionfimsa surveys, and anecdotal
evidence suggests that this is particularly a mwbfor the shallow-water species.
The very low estimates for productivity parameténs Namibian hake are also of
concern. It remains to be seen whether this idveddy refinements of the analysis,
such as moving to a species disaggregated assdssmen

Notwithstanding the clear potential benefits of &P approach used in both
countries to provide scientific recommendations tlee management of the hake
resources, the panel was concerned at evidenceaokf df acceptance and/or
understanding of the approach by some key manamehsstry representatives and
scientists, particularly in Namibia. This issue wldobe addressed as a matter of
urgency. Both the general approach, and its agmitdao managing hake resources,
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need to be explained in plain language so thapaticipants in the process have a
clear understanding of what they are agreeing.ay miso be helpful to develop a
simple spreadsheet model that illustrates the agprand its application.

8. CLOSURE

Thanks were recorded to the sponsors of workshdpoérthe associated functions,
the Chair, the rapporteurs and participants (paleity the review panel) and the
steering committee. Di Loureiro and Nobukhosi Dlamvere thanked for providing
administrative support.
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Appendix 4 : Report of the Age-determination Group

Akkers, Durholtz, lanelli, Kirchner, Leslie, Lipins ki, and Wilhelm

The group discussed the importance of comparingdatgrmination methods both
among countries and, where possible, with oldetectbns (as aged by different
scientists using different methods). Use of otfega (e.g., scat-analysis as presented
in BEN/JANO4/NH/3c) for validation purposes (e.gnitial otolith increment
deposition) was encouraged.

The issue of rejecting difficult-to-age specimenasweviewed along with some

general properties of aging error. The group ndtext close collaboration with

assessment scientists was required to avoid thielgmnoof under-sampling older

specimens since they are most difficult to age aiften fail the testing procedures
used in some laboratories. For example, the estimaf aging error based on

percent agreement can and should be used appsdpriat assessment models.
Figure 1 illustrates a typical estimate of ageingcjsion for another species of gadid.
The group reviewed the fact that size selectionaféact estimates of size-at-age and
noted that strata weighting should reflect biomestgnates (from surveys) and catch
(from fisheries) appropriately. Also, the importanof evaluating data for outliers

was emphasized.

Finally, it was clear that the ability to staff entists to conduct the age-
determinations is one of the major limitations toyiding useful age data required
for assessments.  Problems with establishing atgrdination laboratories that
regularly produce reliable age-determinations may rbmedied by a proposed
international laboratory. The small group was supy® of such a laboratory and
recommended that it be given high priority for furgd However, it was reported that
a clear set of priorities for research and analysesald be required for the age-
determination laboratory to fulfill its intendednfctions.

Recommendations from the small group

* BENEFIT should convene a workshop for exchangeamfiges for testing
(this has been planned and is likely to occur meJor July 2004).

* Re-evaluate the sampling protocol (ensure that troeourve estimation
methods are appropriate for sampling method).

* The proposed ageing laboratory should be fundeti wlibse coordination
from national laboratories.

» Age-length keys should be applied only to lengdgtrency data for the year
of sampling.

» Data should be carefully screened (close examimati@utliers).

* Where possible, comparisons with past age strustah®uld be evaluated
relative to current methods.

* A study to evaluate surface age-reading vs methduse the otoliths are
sectioned should be conducted. This will provideeans to inter-calibrate
between datasets where the ageing methods differ.

* Assessment models should account for errors indaggrminations (and
carefully evaluate sample size issues).

* Agencies should try to minimize the current turmoweé professional staff
trained in age-determination methods. Also, agenshould assign priority to
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employ staff scientists assigned to age-deterngnassues needed for stock

assessments.
1
=+ Percent agreement
-#- Sigma at age A ,
0.75
0.5
0.25 -
0 T T T T T T T T T T T T T T 1

Agel Age2 Age3 Age4 Age5 Age6 Age7 Age8 Age9 Age Age Age Age Age Age
10 11 12 13 14 15+

Figure 1. An example (based on Bering Sea polladkpverage between-reader
agreement and estimated standard deviations (sajn@e) used to construct the
ageing-error matrix. The “Age 15+” values represia between-reader agreement
for pollock specimens aged 15 or older (and hemee la higher agreement rate than

say for age 10).
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Appendix 5 : Spatial Patterns in Size-dependent Alndance
Distribution of Shallow-water Hake: 1999-2001

Frances le Clus, MCM

The abundance distribution (humber per standardizal) of four size-classes of
shallow-water hake was determined from researclveyar The surveys were
conducted to 500m depth, in January/February 19@d-2n the West Coast and
April 1999, April 2000 and September 2001 on thetBd&Coast. Kriging was used to
plot contour maps to visualise spatial trends. ati@p trends of Cape hakes are
compromised because of hazardous grounds, espeatidie shelf-edge on the South
Coast. Furthermore, juvenile numbers may be ustierated, as young hake less
than about 7 cm may remain near the surface imsixte schools.

The spatial trends in distribution of the four sctasses are shown in Figsla-d. High
densities of juvenile and small shallow-water halexe found inshore at depths less
than 200 m on the West Coast north of Cape Poihere@as on the Agulhas Bank
densities were lower and present mainly at dephs than 100 m (Figs 1a&b). In
contrast, there were higher concentrations of mmediized (35-54.9 cm) shallow-

water hake on the Agulhas Bank (from south of Chp&n) than on the West Coast
north of Cape Town (Fig. 1c). Large shallow-watake (> 55 cm) were widely

distributed on the Central Agulhas Bank, but wenentl at higher densities towards
the shelf-edge on the West Coast (Fig. 1d). Simriénds were also found on surveys
conducted during surveys in the period 1990-1997.

Fig.1: Spatial trends in abundance distributiofoof size-classes of shallow-water hake, fromasste surveys in summer
on the West Coast and in autumn or spring on thetSG8oast, in the period, 1999-2001: (a) juvenile49.9 cm), (b) small
(20-35 cm), (c) medium (35-54.9 cm) and (d) laf®&100 cm).
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Appendix 6 : Species Split for West Coast Hake

T.P. Fairweather
Department of Ichthyology and Fisheries Scienceydel University
PO Box 94, Grahamstown 6140, SOUTH AFRICA

INTRODUCTION
This working document focuses on using spatialsté@lpropose a resolution to the species
disaggregation issue for hake on the West CoaSbofth Africa.

MATERIALS AND METHODS

General

The West Coast extends 1478km; three fishing zerexe defined by lines of latitude and,
for simplicity, named sequentially after the lagperts found on the West Coast. These
were from north to south - Port Nolloth (28.5°S2°S), Saldanha Bay (32°S — 34.5°S) and
Cape Town (34.5°S — 37°S).

West Coast catch and effort data from commercatltivessels was obtained from Marine
and Coastal Management (M&CM) with the permissidnttee South African Deep-Sea
Trawling Association. All catch records reportedM&CM are referenced to a commercial
grid system that is composed of 28D’ blocks extending to the boundary of the EEZ.

Biomass survey trawl data collected by BRS Africana along the West Coast between 1986
and 1999 was used in the analysis. The data ¢tedst$ summer (January/February) and
winter (July/August) surveys until 1989 and onlyrsuer surveys for the remaining years.

Species Split

Although MCM have constructed a species disaggeegaperating model, further methods
were investigated for comparison. A Syrjala (19@8} was used to assess whether the
distributions of each hake species were randonis {€kt is non-parametric and compares
normalised densities of two populations at geogcagblocations. The significance of the
results was determined using a randomisationti@sttomparea random pair-wise
comparisons of the data against that which has bleserved. A randomisation test was
necessary because of the sample size (n>100 foryeac), 20 data points would requiré?20
=1 048 579 permutations. If 10% of the randomiest statistics were greater than the point
statistic, then the hypothesis that the two popartatare random can only be rejected 90% of
the time, i.e. equivalent to a p-value of 0.1.

Research survey catch data was used to map thibatistn of M. capensis andM. paradoxus

for each year investigated (1986 to 1999). Catchmvapped as point pie charts depicting the
ratio of each hake species present at each sang@ing(Figure 1). The percentagehdf
capensis at a particular survey catch point was calculatethe proportion of both hake
species present. This value was only calculateddtzh points where at least one of the
species was sampled.

A logistic model relating the percentageMfcapensisto depth was constructed, similar to
the method employed by MCM (Geromahtl 1999). To account for latitudinal differences
in hake abundance found by Millar (2000), a twoapaeter linear model was constructed that
relates the percentageMf capensis (PC) to depth and latitude for the entire West<taad
within each fishing zone. The modified logistic debwas of the form:
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100
d-dsgg ’
where @ is depth at 50% abundance @nid the steepness of the ogive. Whereas the linear
model was of the form:

PC = 3, * depth + B, * |atitude + 3,

wherePC is the percentagd. capensis andp the vector of regression coefficients. The
proportion ofM. capensis caught during the study period was calculatedgigie estimated
regressions where the latitude co-ordinate waseaténtre point of the commercial grid
block in which fishing occurred. The catch datadus this study does not include catches
that were not spatially referenced, and outliereewemoved using criteria developed by
MCM before theM. capensis total catch for that year was calculated (TableThe
coefficient of determination was calculated as:

(21— residual SS

total SS

PC =100-

RESULTS

General

Length frequency data collected on research sunvelysate that the average size\df
capensis found between 201 and 300m is 40cm, increasidd.¢on between 301 and 400m.
Similar results are observed in Figure 1. Unfoatety, research trawls have not extended
much beyond 500m (Table 2), in the last 14 year®si 90% of the trawls have been in
water shallower than 401m.

Species Split
The depth-dependent distribution of hake is cleaviglent in Figure 1, wittV. capensis and
M. paradoxus non-randomly distributed across the West Coadil€ra).

Commercial catches are reported by statistical ZWxgrid blocks. For the analysis, the
latitudinal co-ordinate corresponding to the midApcf the grid block was applied to all

catches from that block. Although this is not \ealyi accurate, the estimation faces a
maximum error of only 10’ for each trawl complefadhe grid where the gear was shot.

The logistic model relating the percentagé/bftapensisto depth provided a superior fit
(Table 4) when compared to the linear model, winiclrporated both depth and latitude
(Table 5). However, the specific models for eactine fishing zones provided a better fit
then the models for the West Coast (Table 4 andCaYches predicted in this study were
considerably higher than those calculated by MCMis is attributed, in part, to the
assumption MCM make regarding the absendd.afapensis deeper than 289m, in
contradiction to observer data collected on commkt@awl vessels (Table 6). The logistic
models predict a minimum of 484. capensis at 289m (Table 4).
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Table 1 Total annual hake (both species) landings (Gerari®f9) andMerluccius
capensis catch and CPUE estimations (Glazer 1999). All cadchnd landings are
reported in tons.

Year  Merluccius sp. M. capensis M. capensis
Catch CPUE (kg.min™) | WC logistic®  Zone logistic>  Zone linear’  WC linear”

1978 101 140 6068 1.83

1979 92704 8343 2.00

1980 101538 8123 1.92

1981 100678 9061 2.19

1982 85970 7737 2.08

1983 73677 4407 2.31

1984 88410 7044 2.32

1985 99590 4921 3.05

1986 109091 4309 2.81

1987 104 010 4018 1.65

1988 90131 3398 1.31

1989 84896 3384 1.47

1990 78918 2 356 1.84

1991 85521 855 2.54

1992 86280 1726 2.98

1993 98 110 981 1.99

1994 102 770 911 1.51 7 040 4 956 13 237 14 879
1995 94 716 844 1.04 6 943 4 136 15 309 15371
1996 91 364 889 1.10 9854 3771 16 926 14 785
1997 92 328 808 1.43 6 032 3763 14 341 13714
1998 107 248 7 053 4764 14 411 14 708
1999 100 000 5592 3 655 12 725 12 107

Table 2 Merluccius capensis length frequencies measured during nine research surveys
conducted over six years (1986, 1988, 1990, 1992, 1994 and 1999). No fish were
measured at depths greater than 500m although trawls were completed.

Length 100m 200m 300m 400m  500m 600m 700m 800m 900m 999m
10cm 43 430 634 10 0 0
20cm 64 726 70775 796 0 0
30cm 136 547 118 597 7 380 1 0
40cm 3631 29 929 11 239 119 0
50cm 121 5361 8741 869 0
60cm 28 1554 5100 1568 20
70cm 7 476 2 256 932 24
80cm 2 156 670 147 18
90cm 2 24 138 48 5
100cm 0 5 20 6 0
110cm 0 0 2 1 0
Trawls 153 760 571 231 179 4 0 12 7 6
100% (8%) (39.5%) (29.7%) (12%) (9.3%) (0.2%) (0%) (0.6%) (0.4%) (0.3%)

Footnotes for Table 1
! Catch calculated using logistic depth model fer ¢ntire West Coast.

2 Catch calculated using logistic depth model farhefishing zone.

% Catch calculated using linear depth and latitudelehfor each fishing zone.

* Catch calculated using linear depth and latitudelehfor the entire West Coast.
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Table 3 Results of the Syrjala (1996) test for Merluccius capensis and M. paradoxus research

CPUE (3000 random pair-wise permutations). Minimum possible p-value was

0.0003.
Year M. capensis M. paradoxus
Xi p-value Xi p-value
1986 1.792 0.0003 2.842 0.0003
1987 1.609 0.0003 2.603 0.0003
1988 1.289 0.0017 1.809 0.0023
1989 0.990 0.0067 4.982 0.0003
1990 1.618 0.0550 4.445 0.0003
1991 1.504 0.0003 1.879 0.0010
1992 0.849 0.0040 0.726 0.1127
1993 0.363 0.1380 0.767 0.0693
1994 0.457 0.0030 0.833 0.0440
1995 0.811 0.0137 2.438 0.0003
1996 0.628 0.0003 2.947 0.0003
1997 1.465 0.0027 1.791 0.0007
1998 0.779 0.0003 1.256 0.0067

Table 4 Results of the logistic regression model relating the percentage of Merluccius

capensis to depth and latitude within each fishing zone and for the entire West Coast.

Coefficients Cape Town Saldanha Bay Port Nolloth West Coast

R* 0.780 0.600 0.505 0.534
Dso 220.008 201.115 192.121 209.331
o) 21.116 49.208 59.579 55.807
PC at 289m 3.7% 14.4% 16.4% 20.0%

Table 5 Results of the linear regression model relating the percentage of Merluccius capensis

to depth and latitude within each fishing zone and for the entire West Coast.

Coefficients Cape Town Saldanha Bay Port Nolloth West Coast
R 0.492 0.436 0.449 0.434
Bo 5.678 117.495 70.725 80.445
B1 -0.196 -0.205 -0.236 -0.215
B2 3.019 -0.852 0.964 0.577
ANOVA
Pr (depth) 0.000 0.000 0.000 0.000
Pr (latitude) 0.468 0.607 0.401 0.064
N 278 552 886 1919

Table 6 Merluccius capensis data collected on trawler vessels by MCM staff from 1994 to

1999, number of fish measured and the depths at which catches were recorded.

Year n Depth (m)
1994 0 310, 340, 346, 415, 410, 330, 380, 353
1995 774 350, 345, 349, 417, 302, 420, 320, 370, 370, 240
1996 1714 300, 310, 320
1997 962 130, 420, 440, 250, 265, 270, 370, 280, 350
1998 328 391, 300, 310, 350, 360, 400, 270, 420, 275, 380, 370, 430, 475
1999 728 330, 340, 355, 320, 342, 315, 266, 350, 264, 220, 400, 360, 345, 380
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DISCUSSION

While recognizing the limitations of the data coted during the annual West Coast
Demersal Survey (in terms of seasonality, trawlatan, gear type and vastly different
fishing techniques), basic application of the dwta raised several issues.

Although the final results of fishing zone specifialculations were not vastly different to
those for the entire West Coast, they provide @isopfit to the data. The large discrepancy
between the results of the logistic model and theal warrants investigation. Differential
latitudinal abundance of hake along the West Cbast been documented (Millar 2000),
which suggests thatl. capensis catch in previous years is likely to be different that
indicated by models based exclusively on depthgr&esion estimates conducted at a finer
spatial scale than three fishing zones may prositetter fit than the current depth logistic
employed, however the increase in precision musbdlanced by an awareness of the
potential increase in bias.

The annual catch figures calculated by MCM Kbrcapensis were significantly different to
those calculated in this study. The large diffeeeigan be attributed to two factors: the
minimal depth range at which MCM considdr capensis to be found i.e. no deeper that
289m (Glazer 1999), and the assumption khatapensisis uniformly distributed.

It is necessary to incorporate finer spatial detaihe collation of catch data and collection of
sampling data. The calculation of an accufdtecapensis CPUE time series is crucial.
Research surveys should perhaps extend trawls deyen500m depth range and include
collection of length frequency data.

There is a need to incorporate spatial analysis $tdck assessment procedures. Models
including spatio-temporal variation would be highidpmplex and, as such, error prone.
Model predictions can be compared to a spatialalisation of what actually occurred e.g.
parental stock (i.e. large fish) distribution aie tistribution and associated effort shift of
each vessel. This would facilitate model refinet@rd verification on an annual basis.
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Appendix 7 : Results from applying revised speciesplit algorithms
to the hake catches

Jean Glazer

The algorithms to separate the commercial hakeheatento speciesMerluccius
capensis and M. paradoxus) as derived by Geromomt al (1995), Butterworth and
Rademeyer (2004) and Gaylard and Bergh (2004) baee applied to the offshore
South Coast hake catches (east of 200E) for corin@npurposes. Similarly, the
West Coast species splits using the Geromont €1%95) and Butterworth and
Rademeyer (2004) algorithms are compared. Thdtseme presented in the figures
below.

Note that Gaylard and Bergh (2004) considered abauraf models, some of which
are size-disaggregated. In the comparisons betdywtbe size-aggregated models are
considered, namely Models 1.2, 1.3, 2.1 and 2.2.
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Figure 1: South Coast M. capensis catches east of 20°E
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Figure 2: South Coast M. capensis catches east of 20°E
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Figure 3: South Coast M. paradoxus catches east of 20°E
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Figure 4: South Coast M. paradoxus catches east of 20°E
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Figure 5: West Coast M. capensis catches
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Figure 6: West Coast M. paradoxus catches
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Appendix 8 : Matching Sectorial Allocations to theProductivity of
Each Component of the Hake Resource

R.W. Leslie

A principle that the Demersal Working Group strgnglipports is the apportionment
of the globalTAC on a proportional, rather than on a quantum basigegcially when
rights are allocated for more than one year.

However, it must be remembered that the hake resaarcomprised of two species,
and that the different sub-sectors of the hakeosé¢atget different components of the
resource. For example, the Handline and InshoreTsab-sectors are based on the
South Coast, where they target oMgrluccius capensis. Thus setting the allocation
for these sub-sectors to a proportion of the gld@#eC could lead to over- or under-
exploitation of theM. capensis resource on the South Coast if the proportional
contribution of this component to the gloBaAC changes over time. It is therefore
recommended that the allocation per sub-sectorebermined as a fixed percentage
of each component of the global hak&C that that sub-sector exploits.

A procedure to link sub-sector allocations to safgacomponents of the globBAC

is suggested, and illustrated using the allocatgmasited for 2001. The components
of the globalTAC,0;, and the quanta allocated to each sub-sector @64 Zre
presented in Tables 1 and 2 respectively. Tablee3gmts the proportion of each
component of the globalAC,: that was allocated to each fishery sub-sector for
2001.

Table 1: The contribution of the components of laé&e resource to the global

hakETACQQOJ_

Component of the hake resource Contribution to
the global
TAC2001

Merluccius capensis east of 20°E 25000t

West CoasM. capensis andM. paradoxus combined 107 000 t

ad hoc adjustment to account ftM. paradoxus on the South 34 000t

Coast
Global TAC 166 000 t

! The M. paradoxus resource is not regarded as coast-specific, aisdsfiecies is
exploited primarily by the West Coast-based offghiishery, therefore thad hoc
adjustment foM. paradoxus on the South Coast can be regarded as part ofest'W
Coast component” for the purposes of allocationmgrfshery sectors.
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Table 2: Quanta allocated to each sub-sector féx1 28hd the component of the
resource targeted by the sub-sector

Fishery Quantum Component targeted by the fishery
allocated in
2001
Handline 5 500 M. capensis on the South Coast only
Longline 10 840 Divided evenly between West andtcoasts.
South Coast operators tardyét capensis only.
Inshore Trawl 10 165 | M. capensis on the South Coast only
Offshore Trawl 138 495 Mostlyl. paradoxus from both coasts

" Note that this does not total 166 000 t as ther mon-sector specific reserve of 1
000 t (Mozambique bi-lateral agreement)

Table 3: The proportion and quantum (in parenthesfiach component of
the global hak&d ACyy; that was allocated to each sub-sector of the

hake fishery for 2001
Component  South Coast West CoasMerluccius Total
M. capensis sp plus South Coast

Fishery M. paradoxus

Handline 22.00% 5 500) 5500

Longline 21.68% 5 420) 3.87% ( 5420) 10 840

Inshore Trawl 40.66%4.0 165) 10 165
(134

Offshore Trawl| 15.66% 3 915) 96.13% 580) 138 495
140

Total 100.00%25 000) 100.00% E)OO) 165 000

It should be noted that:

« Amounts of hake held in sector-specific reservesukh be taken from the
allocation to that sector, and that amounts heldoin-specific reserves should be
subtracted from the glob@AC prior to allocation to sectors.

* It is assumed that th#l. paradoxus resource is a single stock, so it is not
necessary for the "South Coaddt paradoxus component” to be taken on the
South Coast. Further, this component is exploitaty @y the offshore trawl
sector. Therefore, for the purposes of allocatiomomg sectors, thed hoc
adjustment is treated here as part of a "West Coastponent.

* The take ofM. paradoxus from the South Coast (east of 20°E) will be lirditey
the amount oM. capensis available to the offshore trawl fleet. Over thestpa
years, catches by the offshore trawl fleet takethenSouth Coast have averaged
35% M. capensis and 65%M. paradoxus. If this species ratio is maintained, then
the total hake catch (both species combined) tadgerthe South Coast by the
offshore fleet should not exceed 2.85 timeshNheapensis allocation to this fleet.
Since the species ratio in the hake catches catftdred by changing the average
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fishing depth, it should not be too difficult fdnet offshore fleet to maintain this
target species split.

The intention is to develop three species-spe€@fitPs for the hake resource, viz:
a South CoasM. capensis OMP, a West Coadtl. capensis OMP and a coast
combined M. paradoxus OMP. Once developed, and accepted, the latter two
OMPs will replace the current West Coast OMP arelatth hoc adjustment to
account foM. paradoxus on the South Coast.

The part of the allocation to the Longline sub-sederived from théV. capensis
component should be allocated to South Coast apsraand the remainder to
West Coast operators.

The annual quantum per sector is the determinesubyming the annual quanta
derived from the percentage of the two componeritsthe TAC (viz: a
M. capensis component and aM. paradoxus’ component) allocated to that
fishery sector.
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Appendix 9 : Recommendations and Agreements

The following represent the recommendations anceeagents arising from the
discussions held during the workshop. Each recondateon was ranked High,
Medium or Low by the workshop participants based tba importance of the
recommendation in terms of its likely impact on mgement decisions, and its
feasibility. The workshop also divided the recomnategtions into those which pertain
to administrators (“A”), scientists (“S”) and botfA/S”).

The workshop did not rank research recommendatwenisin the H, M and L
categories. The workshop recognized that the teneired to implement some of the
recommendations would be substantial and that idesisegarding future OMPs may
have to be made prior to even some of the highripridesearch topics being
addressed. The numbers against each recommendatemto the sections in the
main text where the recommendation arose and wddi#éional commentary may be
found.

|. Agreed recommendations

A. Both hake species

A.1 (H, 3.1, A/S) Methods (such as biochemistrglisaarbon) should be applied to
validate the ageing of hake.

A.2 (H, 3.1, A). Given the clear hiatus in hakeiagen recent years, due to a dearth
of ageing competency in both countries, the worgsbo ageing techniques for
hake referred to in Appendix 4 should be conducted.

A3 (H, 3.2, S). Attempts to develop informativeiopr distributions for the
catchability coefficientq, should be pursued. If priors can be agreed, sheyld
be evaluated for use in stock assessments (esheeraalty functions or by fixing
catchability to some appropriate summary statistithe distribution, such as its
mode).

A.4 (H, 3.2, S). The spatial distribution of thetatarate information should be
included in papers that standardize catch andtefftarmation.

A.5 (H, 3.4, S). Stock assessments to form thesbdasithe evaluation of future OMPs
should be based on the framework outlined in Se@id.

A.6 (H, 3.4, S). In view of the uncertainty regaglithe value for natural mortality,
when evaluating OMPs, a series of scenarios shoelldonstructed that lead to a
range of values foM for example by: (a) allowing for changes over time
carrying capacity, and (b) adjusting the historwatich-rate data.

A.7 (H, 3.4, S). The extent of variation in recnuént could be estimated from the
results of the analyses of the seal scat sampleésemtly from surveys.

A.8 (H, 4.1, A/S). Hake scientists should be enaged to collaborate with
population geneticists to address stock structseds, especially those related to
trans-boundary questions.

A.9 (H, 4.6, A/S) Ways of explaining the developmand implementation of OMPs
to managers and industry in plain language musielveloped.

A.10 (H, 4.6, A/S) The cost-benefit of the OMP aggwh relative to other approaches
needs evaluation.

A.11 (M, 3.2, S). Given the importance of catcledffdata in the assessment, the
issues related to catch-effort standardizationtiied in Section 3.2 should be
explored.
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A.12 (M, 3.2, S). The sensitivity to ignoring thecent catch-rate index and to
considering alternative relationships between stetided catch-rate and
exploitable (essentially the fishable) biomass #thobe considered when
evaluating OMPs.

A.13 (M, 3.4, S). The assessment model should Ip&eabwith a more recent start
year to assess whether the use of the early deaagsumption that the stock-
recruitment relationship has not changed over tiame the assumption that the
population was at pre-exploitation equilibrium la¢ tstart of exploitation, may be
constraining the fit to the recent catch-at-age @atdh-rate data.

A.14 (M, 4.6, S). The OMP development process shantlude tests that reflect
possible trophic interaction effects.

A.15 (L, 3.1, S) Existing data should be examined better characterize the
relationship between length (and age) and matleyective spawning potential
(fecundity).

A.16 (L, 3.1, A) Research (e.g. through longlinesdxh tagging) should be conducted
to provide more information on longshore movement.

A.17 (L, 3.4, S). The value of using the varianesmated from the application of
GLMM models to the catch and effort data to weitjiet catch-rate indices should
be investigated.

A.18 (L, 3.4, S). An analysis (such as Principalm@onents Analysis) should be
applied to examine the correlation structure ofrtieelel parameters.

A.19 (L, 3.5, S). As a first attempt to addressdrakulti-species interactions, existing
models should be adapted to provide estimateseoptédation mortality on hake
that is generated by the two hake species.

A.20 (L, 3.5, S). Novel, cost-effective ways of iegtiting suitability (prey
preferences) should be explored.

A.21 (L, 3.6, S). The OMP evaluation process shioadised to evaluate the potential
benefits of additional data collection, e.g. of girs data.

A.22 (L, 4.3, A/S). Alternative indices of hake meitment (e.g. along the lines of the
Namibian seal scat-based index of hake recruitnsdmiild be developed.

B. South African hake

B.1 (H, 3.1, A). The catch by the handline sectod &s species-, sex- and size-
structure should be monitored.

B.2. (H, 3.1, S). The observer data should be tséekt the validity of the algorithms
for splitting the past commercial trawl catches amepecies.

B.3 (H, 3.1, S). The algorithm used to split thetdiical trawl catches to species
should take the fish size as well as depth of capghio account.

B.4 (H, 3.4, S). The lower bound imposed on thédted standard deviation for the
CPUE data should be increased appreciably.

B.5 (H, 3.6, A/S). A new OMP for South African hagleould be developed through
tests based on a joint model for the two hake sgecbiven the time needed to
conduct the associated evaluations, this OMP cootd be ready for
implementation before late in 2005.

B.6 (H, 3.6, A). The observer programme for SouthicA needs to provide regular
and reliable information on the species-split & tiake catch.

B.7 (M, 3.2, S). The spatial and temporal trendshim catch and effort data for the
longline fishery should be analyzed.

B.8 (M, 3.6, S). Comparison of the hake-specifioldigical impacts of trawling and
longlining needs to be updated in the light ofliertinformation now available.
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B.9 (L, 3.1, S). Industry should be consulted toedep alternative hypotheses
regarding the levels and spatial distribution @& tiistorical catches.

B.10 (L, 3.1, S/A). Research should be conducteddgtermine the spatial and
temporal dynamics of hake spawning and early li$éony using surveys.

B.11 (L, 4.3, S/A). A seal scat-based index of hed@uitment should be developed
for South African hake.

C. Namibian hake

C.1 (H, 4.2, S). The Spanish survey indices shbaldorrected.

C.2 (H, 4.3, S). The utility of the seal scat-bas&tex of hake recruitment should be
examined further, and be included in tests of @&ssent sensitivity.

C.3 (M, 4.1, A). Species- and sex-composition, tbefigequency (and otoliths, if
possible) should be collected from the longlinekas.

C.4 (M, 4.3, S). The possibility of identifying theunger cohorts in the survey
length-frequencies using modal analysis shouldxaenened.

C.5(L, 4.2, S). The effects of catches of othercggs on the catch rates of Namibian
hake should be investigated.

C.6 (L, 4.2, S). An attempt should be made to obtia¢ raw tow-by-tow data for the
Spanish surveys.

D. Namibian fur seals

D.1 (H, 5.1). The changes to the seal pup censiadase should be documented and
finalized.

D.2 (H, 5.1, S). The sensitivity of the resultstbé assessment to the selection of
which pup counts to include in the assessment lf@adto adjust them) should be
re-examined.

D.3 (M, 5.1, S). The sensitivity of the OMP evalaatresults to variations in the bull
selectivity pattern should be examined.

D.4 (M, 5.1, S). The data on pup harvest selegtshiould be analyzed to evaluate the
hypothesis that in good years all pups are equialyy to be harvested whereas,
in bad years, when the pup mass is lower than geemdustry tends to select the
larger pups.

D.5 (M, 5.1, S). The model should be amended tanaxa the hypothesis that a
reduction in the number of 12+ bulls leads to araase in the natural mortality
of younger males.

D.6 (M, 5.1, S). Future projections should includbustness tests in which an event
similar to the 1994 anomaly occurs on an infrequasis rather than frequent less
extreme events

Il. Workshop agreements

A. Strategic issues

#1. There is strong support for the planned BENEPB#0ject to exchange samples
and methodologies between Namibian and South Afriege-determination
scientists.

#2. Before initiating sampling programs aimed atpiiaving understanding of
multispecies interactions, this needs to be bathne#h data collection and
analysis needs related to the single-species assasprocess.

#3. While clearly some advances have been madéenntulti-species/ecosystem
modelling field, understanding of multi-species awbsystem interactions is still
at a relatively early stage, and a range of maugllapproaches should be
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considered when addressing these issues. Cautiidshe exercised in making
use of the predictions of such models unless th&rsubstantial agreement
between these across different approaches.

#4. Evaluation of management controls need noebgicted tolTACs, but might also
include input controls and time/area closures, ghoperhaps only for the longer
term.

#5. Given the possibility of a sharddl paradoxus stock between South Africa and
Namibia, thought needs to be given to how TAC sttparrangements might best
be developed should such an eventuality arisengotinat there are certain
prerequisites for this such as some form of commesource assessment agreed
between the two countries.

B. Other issues

#6. Even though stock assessment methods can béieddd account for missing
catch-at-age data, this is a “patch” and everyreffbould be made to obtain
annual catch-at-age information.

#7. The assumption of a single stock Mf capensis off South Africa is more
plausible than separate south and west coast stocks

#8. The assumption of a single stock Mf paradoxus off South Africa is more
plausible than separate south and west coast stocks

#9. There is support for research into environmeaa behavioural effects which
could have a significant effect an

#10. Multispecies/ecosystem studies and the cladiceultispecies models need to be
linked to scientific goals and / or management ciibjes.

#11. For objectives related to broad-scale questi@garding the structure of the
ecosystem Ecopath / Ecosim models could be usedy otodels may be more
appropriate for more specific questions.

#12. Disagreements between the predictions of esirgid multi-species models can
be informative and lead to the generation of hyps#is for system behaviour.
#13. While a revised OMP for the South African halapulations should output

TACs disaggregated by species (and perhaps by ateia),not proposed that
allocations comprise species-specific quotas taghts holder. Management
options that might best achieve the desired spepktsof the overall catch still

need to be proposed and evaluated.

#14. Assessment of the implications of MPAs fordrersity conservation needs a
dedicated workshop and will need to consider thaisations of bycatch.

#15. Changes in survey strategy towards coastwideegs should be considered but
existing surveys should not be modified unless yamea indicate that this will
improve their utility in the short- to medium-term.

#16. The existing phased decline could serve asfaull basis to determine a 2005
TAC recommendation for South African hake, unlessrg contrary evidence
was put forward.

# 17. Information should continue to be collectediwe timing of pupping.

#18. Future assessments and OMP development woudkdstake account of different
spatial scales (e.g. colony-specific and regional).

#19. The information content of available data madequate for the current
assessment to be able to estimate quantities delatearrying capacity such as
Maximum Sustainable YieldSY, and the population size associated WiHY.
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Appendix 10 : BENEFIT 2002 Recommendations for Narbian
Seals, with comments of Progress made

S.J. Johnston
MARAM, Department of Mathematics and Applied Mathagios
University of Cape Town,
Rondebosch, 7701

The following represent the agreed recommendatamsng from the discussions
held at the December 2002 BENEFIT Stock Assessmafarkshop. Each
recommendation was ranked High, Medium or Low by Workshop participants
based on the importance of the recommendation rimsteof its likely impact on
management decisions, and its feasibility. The Wloop recognised that the time
required to implement some of the recommendatioosldvbe substantial and that
decisions regarding future OMPs may have to be madeto even some of the high
priority research topics being addressed.

Namibian Seals

1 (H). A long period has elapsed since seal biolstg of the region met to update
data and debate interpretations thereof. There is aeed to establish a forum at
which seal biologists and modelers can regularly gcuss issues related to the data
inputs and assumptions for any modelling work.

A proposed BCLME research project envisages an iafge to initiate modelling
work on trans-boundary exchange aspects of thehSéditican and Namibian
components of the seal population. Constitutiotnhef forum would likely best wait
until this appointee is in place.

2 (H). Models should be based on total counts ofldirths during a year but it is
seldom that the entire population was censused sirtaneously. An agreed pup
count time-series (by colony and year) needs to lskeveloped. One approach to
developing such a time-series would be to apply aL® to the raw count data for
all years, taking account of their uncertainty.

Although an agreed pup count time-series existss ga the data are currently filled
using average values of prior and post counts. INthér GLM analysis work has
been carried out on the data base to date.

3 (H). The data used for assessment purposes shoblel stored in a database and
maintained on an ongoing basis.

There is currently an agreed pup census database.consists of the raw data and
the “adjusted” database for which missing data ‘diéed in” using specified
methods. Other data, e.g. catch data and pup slir¢gf¥ values), are however
reported in a variety of documents without to dhgng collated into a single
database.
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4 (H). Further data on bull harvests prior to 1970 were presented to the
workshop. Future assessments should incorporate thevised time-series of bull
harvests.

Assessments since the last BENEFIT 2002 Workshdgnwhese bull harvest data
were provided, have incorporated them. These date weported in an Appendix in
the BENEFIT 2002 report.

5 (H). It appears that the information available issufficient to determine the
survival rate for 1+ females. This parameter shouldherefore be estimated along
with the other parameters of the model, either byreating as a free parameter of
the model, or by profiling across a range of plaubie values.

BEN/JANO4/NS/3 reports model sensitivity to the &ensurvival rate. Treating the
female survivorship as a free parameter resultaninunrealistically high estimate
(0.98). The Reference Case model continues toeiwmate survivorship at 0.94 as
values lower than this result in a substantial idedhn the log-likelihood of the fit to
the pup census data.

6 (H). In order to check the extent to which estimi@s of the survival rates from
different data sets are compatible, the size of thikkelihood components for the
data from branded harem bulls and for the age datdor animals collected at sea
should be presented along with other population maal outputs and diagnostic
statistics.

This work is reported in BEN/JANO4/NS/3.

7 (H). Appendix 7 provides specifications developeduring the workshop on how

to model pup survival, pregnancy rates and carrying capacity. These

specifications should form the basis for future asssments. The modelers and
seal biologists need to work together to refine théypotheses underlying these
specifications in the event that some of the speici&tions in Appendix 7 prove

unsatisfactory.

These specifications form the basis of the curi@sgessment. For example, the
current modeling framework takes into account tohe@endent pregnancy rates (see
BEN/JANO4/NS/2). The specifications provided alpagpr to have been satisfactory.

8 (H). There are a number of appreciably differentinterpretations of the recent
seal pup census data. Future management of the Naman fur seal should be
based on a management procedure approach to ensutbat management
decisions are robust to this uncertainty.

An OMP approach is currently being developed antltest robustness to different
uncertainties in assessments. These will include uthcertainty referenced, which
relates to distinguishing whether a lower than eiguk pup count from an aerial
census in a particular year reflects an unusuahyd adult female mortality rate, or a
lower than usual proportion of adult females givimigh that year.
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9 (H). The Namibian authorities need to provide thenodelers with more explicit
management objectives to constrain the number of tsiations requiring
evaluation.

The Namibian MMS (Marine Mammal Section) is aimiaigdeveloping a proposal
for a comprehensive management plan for the Namiliim seal to submit to

Namibian fisheries management authorities. Thigppsal will outline alternative

management objectives and procedures to calculatéas, and it will discuss the
short and long term effects of these options initateve terms. The proposal will be
submitted to the Namibian fisheries managemengetide upon coherent objectives,
population targets and reference values, and gtestefor managing the seal
population.

10 (H). The Namibian authorities need to specify # types of data on which an
OMP could be based. This could form the basis for valuating the cost-
effectiveness of alternative data collection scheme

Data on which an OMP could be based currently ohelaerial pup counts, catch data
and Q values (pup survival indices). Catch data will toame to be collected, and

Namibian scientists intend to continue annual ctib® of data to determin@ly,Qi

and Q3y data. South African scientists have carried oataérial censuses in the past

and will continue to do so in the future. Therelw# a full survey of all colonies in
December 2003, though future frequency has yetetcagreed. The OMP under
development will contain meta-rules for situatiamshe future for which data are not
collected.

11 (H). Previous OMP evaluations involved projectins for only 15 years. The
time horizon for the OMP projections should be longenough to capture the time-
lags in the dynamics of the population.

Projections are now calculated to 2050 (see BENMANS/3).

12 (M). To assist in interpretation of the output & the population model, the
number of pups prior to the harvest should be inclded in the model output in
addition to the number of pups born and the numberof pups when the pup
counts are conducted.

This output is provided for the reference case ENBIANO4/NS/3).

13 (M). To assist in estimating the selectivity othe bull harvest through the
model, the bull harvest should be sampled for lenbt and teeth should be
collected for ageing.

The Namibian MMS is collecting the following dateorm the bull harvest: length,
girth and teeth for age determination. This isw@etseries that is planned to continue.
These data, once transformed to age-distributiwiisprovide a basis to estimate bull
selectivity within the model. However, the extert selection practised by the
harvesters varies from year to year; furthermoeestipe-distribution of bulls present at
colonies changes within a season, so that timinthe@fharvest can effect selectivity.
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Thus some inter-annual variability about an ovesdlectivity function must be
explored.

14 (M). In order to develop diagnostic statistics eélated to bulls, additional data
need to be collected on their abundance.

Since the previous BENEFIT workshop, MCM (Southiéd) have attempted to get a
MSc student to compare Bull/Cow and Bull/Pup rafrasn aerial photographs (time
series from 1974 to the present are available)s Waould give an idea whether the
bull numbers are declining. So far, no student taken up this project, and hence
these results are not yet available (Ooshuizes, pemmn).

15 (M). The selectivity pattern for the pup harvestmay change as a function of
environmental conditions, with consequences for pjections. Therefore, this
pattern (by size and sex) should be re-evaluateding available data.

No further progress has been made on this issusthGaen reports that no
environmental data are available. There are saat@oc historical data on harvested
pup weights and sex ratios in some field notes.

16 (M). Estimates of male/female survival rates havbeen obtained from the age
data for animals collected at sea. In the past, tike data have been considered to
provide biased estimates of survival rate becausef ander-representation of
older animals at the shallower depths at which sanies have been collected. The
data should be examined further to confirm this.

Herman Oosthuizen and Robin Thompson are curreathiewing the age data for
animals collected at sea. Their intended analysiaggregates these data into three
depth strata, and attempts to use sighting sursemates of seal density within each
of these strata for weighting purposes, so as ¢ertesn whether or not the original
aggregated analysis might be expected to produaseti results (and if so, the
direction of this bias).

17 (M). Fur seals are known to move between SouthfWca and Namibia.
Sensitivity tests to examine the implications of #& movement need to be
developed.

An assessment model which models the whole stoakni{bia plus South Africa) will
be developed in the near future as part of a BClLiMiiative.



