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EXECUTIVE SUMMARY

The ECOFISH project (a collaborative Benguela Current CommigsiBaropean Union
project) aims to develop regional stock assessments of marine fish resources that may be
shared between countries in the Benguela Region (i.e. of a transboundary nature). The first of
the resources being considered by ECOFISH is hake, specifically the two spatieay be
shared between Namibia and South Africa (shalmater hakeMerluccius capensisind
deepwater hakeM. paradoxuy There remains uncertainty concerning the stock structure of
these two species. In the absence of definitive information congemhi@ possible
transboundary distribution of stocks of these two speciemrieshop was convened from 26

i 28 March 2014 by the Benguela Current Commission with the objective of initiating co
ordinated discussions towards developing hypotheses regahdirggack structure ahese

two species of hakelhe available information that was reviewed during the course of the
workshop included some results of genetics analyksa, collected during research surveys
(primarily spatial patterns in abundance amk sstructure) that had been analysed using
GeoPop techniqee spatial patterns in spawningge and growth. Based on these data, a
number of alternative hypotheses concerning the stock structure of the two species were
developed. In terms d¥l. capensisthree alternative hypotheses&re recommendedvhile

two hypotheses ofM. paradoxusstock structurewere proposed The workshop also
recommended several fields of futlo@ntinuedresearch on this topiproviding a basis for a
second phase of the ECOFI$Fbgramme.
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RATIONALE

Progress on the ECOFISH project, and specifically on Work Padkégieck assessment)
and Work Packagd (input to stock assessment models) was reviewed during the annual
DAFF/NRFMARAM International Stock Assessment Review M#&hop convened at the
University of Cape Town in December 2013. The International Panel, having reviewed
available documentation and information made the following general recommendation:
AThe Panel recommends that t han, Nambibro gi st s
and Danish) collaborate to: (a) identify alternative hypotheses regarding stock
structure, (b) test those hypotheses using existing data (i.e. the tests to be undertaken as
part of the genetics study should be based on the identified hypetteeshe extent
possible), and (c) population models should be implemented for the hypotheses that
cannot be rejected given the tests conducted, to ensure that the models used for
management reflect the range of plausi bl e s
In line with this recommendation, the Benguela Current Commigsioieneda workshop
in March 2014 during which key ECOFISH participamiet address the first of these
recommendations

OBJECTIVE

Initial discussion of integratl information from various lological sources to inform the
construction of alternative plausible hake stock structure hypotheses (i.e. number of stocks,
possible overlap and movements during the year) for MottapensiandM. paradoxusoff
Namibia and South Africa.
It was intendedhat he outcomes of the discussions during this workshopld inform
subsequent meetings aimed at furthering the objectives of the ECOFISH programme,
specifically:
i. ECOFISH modelling workshopCopenhagen 288 May 2014
ii. Second ECOFISH biology meetiingevisit (and finalise to the extent possible)
hypotheses given results available from further genetics work (November 2014)
iii. Annual DAFF/NRF International Stock Assessment Review meeting (Cape Téwn, 1
December 2014) translating stock structure hypotheg@s detailed alternative model
specifications as the basis for trabmundary assessments.
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INTRODUCTION

An opening presentation on extending hake assessments to include both SA #id \WMasn
given by Prof. Doug ButterworttAs a starting point,he current approach and data used in
the South African hake assessmewts describedAdditional issueshatwould arise in joint
assessmentsvere then highlighted specifically stock structe, explicit modelling of
movement anthe use of norstandard assessment data such as gengtiam illustration of
the complexities inherent in incorporating spatial components (distribution, movements and
overlaps of multiple stocks), the assessmariitsnultiple stocks ofMinke whales in the
Northwest Pacifievas describe¢a study that has been ongoing for several decatles)key
points to be taken from this were:
1 There had been considerable disagreement on the structure of the Minke whale stocks,
with a relativelylarge number of different stock structure hypothdékashad beerargued
to be compatible with thavailabledata
1 As a resultfitting the assessment modaiiescribing the hypothesés the datahas been
very complexand time/labour irgnsive
1 Genetis datahad been very usefwb inform on relative proportions of different stocks
present in areas where these stocks overlapped.

The emphasis of thiECOFISHmeeting should therefore be to keep the hypotheses of hake
structure as plausiblsimple and few in number as possibitewas suggested that genetics
information coupled with GeoPop analyses of size distribution and spawning patterns were
likely to be the most useful sources of information towards clarifying stock structure
guestions

It was proposed that following this workshop, a further 3 meetings should be held during

2014:

1 May 2014 (Copenhagemn refine the methods to implement scenarios in assessment
models

1 November 2014 (Cape Towh - refine the stock structure hypothesesith updated
genetics results

1 DecemberCape Town DAFF/NRF/MARAM International Stock Assessment Workshop)
- finalise hypotheses and get advice from the International Panel on the most appropriate
method of fitting theassessment models

In closingthe introdictory session, it was notethat the question is not whether there is
interchange betwegputative Namibian and South Africaocksof hake but whether there
is sufficient interchange to warrant joint managenimrhe two countries
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INFORMATION REVI EW

A number of sessions were devotedptesentations and discussion afrrently available
information, as well as alternative data sources that could be informative in future.

a) Using parasitesas biological tags for examining population structureof M. capensis
and M. paradoxusin the Benguela(Carl van der Lingen)

Parasites are usefa$ biological tagf all fish are infectedy parasites and thafection
occurs within anendemic area(i.e. an area where conditions are suitable for
transmissioh If aninfected fish is found outside ¢fie endemiarea one can assume
that thefish has been in the endemic areasatestage in its life cycleln order for
parasitedo be ustul for stock structure analgs, theyshould

o Be longlived
Havea minimum effect onthehog
B e sitdispecifi®
Be endoparasitefectoparasites may fall off during capture)
Have a well understood life cycle
Temporal variability in infection patterns should be understood and accounted
for

© O O0OO0Oo

A large bodyof literaturedescribing sick structurestudiesusing parasites fastherfish
species is availablé number of examples were describedorparasitegDacnitis and
Triaenophoru} infecting sockeye salmon in the North Pacifiere usedto separatehe
salmon populationinto Eastem and Western stosk The HOMSIR study on horse
mackerel in the north Atlantifound parasitesto be strongindicatorsin determining
stock structureParasites were successfully used to clarify the structure of central and
southerrChilean hakestocks

In terms of local hake, three studms parasitebave been done

o Botha (1986) 1 describes major endoparasites and some conspicuous
ectoparasites of SA hake, and suggests that the field should be explored further
in the context of stock structure studies

o Reimer 1993 (abstract only) study on Namibian hakéndicates aborder
between a northern and southern Benguela stock5°800 S f or both
species.

0 Reedet al.(in pres$i synthesises previous work.

It was suggested that parasitology, perhaps usedconjunction with tolith
morphometricsshould be considered féuture work within ECOFISHParasite research
has recently been initiated for SA halend perhapsheuld be extended to Namibian
hake.

Key points arising from tcussion

T Considering he results oReimer 1993(only abstract availablé efforts should be
directed at obtaining the full papethis research seems promising, and should be
repeated The 25°300 S b o ubatwearr northern andouthern Benguela stocks
suggested in the papesrdorms to current perceptions M. capensistock structure
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derived from size structure informatiosiZe structureshows a contained stock north
of Luderitz- see later presentations)

T It was agreed that sampling for this research(both parasites and otdith
morphometrics) should be initiated throughout the Benguela regionas soon as
possible.

I Tore Strommementioned thatn ICSEAF times andhe early 1990shardly anyM.
paradoxusverefound inNamibia

b) Population geneticsof hake (Romina Henriques)

Research on the genetics of hake stocks in the Benguela has aimed at investigating:
o Population structure of deep and shalaater hake across Southern Africa

Connectivity patterns between populations

Temporal and/or geographical structuring

Effective populabn sizes and demographic history

Hybridization events

© O 0O

Markers that have/are being employed
o0 Mitochondrial DNA (tDNA)T pr ovi d eexv iae Wiid ,0 nignsforcal ms o n
processes, population structure and evolutionary history
0 Nuclear microsatellites- recent population structure, migration rates,
demographic history and effective population sizes. Fine scale structuring
o0 NGS: evidence for local adaptation and natural selection, fine scale structuring

Data collected to date sugge€9%% chance of populatiostructure betweel. capensis

and M. paradoxus but further conclusions require completion of the analyses of the
samples collected during 2013 and 2014 (it is anticipated that these results will be
available in November 2014).

The issue of hybridizationequires further consideration in view of the results recently
published byMiralles et al. (Journal of Sea ResearcB014) Analysis of samples
collected over th€0022003 period indicates appreciable levels of hybridizat{B6%

in M. capensiaand 20%n M. paradoxu}¥ between the two hake species in the Northern
Benguela &lthoughmuch lower levels in the Southern Bengu€ld)e hybridsareviable
andcan reproduce with each other and witbparentakpecies.

Key points arising from gscussion

- Theresults of Miralleset al (2014) are surprisingly high (20 36%, compared to
levels less than 8% in a recent study of kob), with the high levels of hybridization
only detected in the Northern Benguela from a relatively small sample size (n=88).

- It is possible that inaccurate baseline allele frequencies, coupled with incorrect vial
sample labelling may have contributed to the results.

- 250 individualshave beeranalysed for stock structure so fawvailable samples were
collected in 2005, 2012 and 2013l ia summer so no seasonal informatiofihe
stock structureseenin the 2005 data did not compare with that from th013
samplesSamplingdeally should encompass the entire coastinene time.

- Sampleshave recently beecollected in summer 2014 alg the entire coastline. The
SA west coast and south coast samples have been provided to Conrad Matthee. Paul
Kainge is to send Conrad the samples collected in Namibian watexse samples
will be analysed and results provideygtheNovember meeting.

6
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- It was recommendedthat some hypotheses fronthe genetic results need to be
developedbefore the planned November 2014 meeting to enable sufficienttime
for these to be incorporated into theassessment modellingp be presented at the
December 2014 mternational Stock AssessmenReview workshop.

- Delays inthegeneticgrojectfrom the plannedchedule are due to the lack of sample
collection in 2011

c) Spawning patterns of shallowwater hake (Merluccius capensisand deepwater
hake (Merluccius paradoxug in the BenguelaCurrent Large Marine Ecosystem
shown bythe gonadosomatic indeXJansenet al, presented byNiels Andersen)

A method of identifying spawning fish usir@@pnadosomatic indices (GSNasapplied

to data from54 000 samples of gonad drbody masgollectedin the region Spawning

M. capensisvere observed throughout the study area on the continental shelf and shelf
break, mainly at locations with bottom depths shallower than 200 m. Spawhing
paradoxuswere found further down the continental $hahd slope mainly at depths
between 200 and 650 (Rig. 1). The data indicate that there may be some spawning of
M. paradoxusn Namibian waters (Fig. I refer to Table 1 for the eordinates of key
locations along the Southern African coasfline

In the northern Bengueladntral Namibia), strong seasonality was observed, with the
main spawning season ®. capensisin winter from July to September, peaking in
August(Fig. 2). Larger fish appeared to initiate spawning first. The results furthermore
suggested a regional contrast between winter spawners in the (idathibia) and
summer spawners in the sowgast(Fig. 3). This pattern coincided with strong upwelling
and phytoplankton production, a proxy for larval food. Hake condition was shown to
follow the spawning cycle, with a decrease refative body weight following the
development of the gonads. The temporal spawning pattekh giaradoxusdiffered

from M. capensisn that M. paradoxusappeared to spawn throughout the year on the
South African sath coast with increased intensity in two periods, namely autumn and
spring(Fig. 2). The current Octobetlosure of the fishery in Namibia does not match the
peak spawning in August/September.

Key points arising from gscussion

- Depthfrequency plat should bere-plotted agproportiors - thefrequency of spawning
females is an effect dienumber of fish sampleat each depth.

- Sampling happened throughout the year in Namibia, but not in South ,Agacao
conclusions concerning seasonality can be ni@ad8A hake

- It was suggested thatsimg the fi r tapde u n n gomagl stageas an indicator of
spawning may benore useful than using Gl some instances

- Maturity stage data frorthe South African observer programme exiatgl should be
used

- Did M. paradoxusspawn in Namibia before this studpd were not capturedr were
they not spawning thePeAssorov and Berenbeim 1988SEAF datasuggestthat
M. paradoxusspawredin Namibia in the 1980s.

d) Inter-calibration of survey trawl gear using paired hauls(Jan Beyer)

A statisticalmethod forthe inter-calibration ofsurvey geafi.e. determining the relative
selectivity of twodifferent gear typeswas describedThe method is based on Poisson

7
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distribued catch counts in each length clasmditional on bg-Gaussian varides that
prescribe the expectedounts. These loGaussian variables yieldver-dispersion
relative to Poison statistics as well as the correlation betwesnh counts, and model
the size spectrum of the underlying paiidn, sizestructured clustering of §h at small
temporal and spatiacales, as well as the relatigelectivity of the two gar types in
each length class.

The methodwvas appliedo catches of &ke M. paradoxusand M. capensis in paired
trawl haulstaken with RVsAfricana with Aol dear, andDd Fridtjpfe w0
Nansen with Gisund gear. The results are vgmgliminary due to several issues et
data base that remain to dealt with, and should be seen largelyagsroof of concept.
The resultsddemonstratehat it is feasible to estimatbé relative selectivity in each size
class, butt has to be recognizeithat the confidence limits are wideThe Gisundgear
generallycatchesmallerfish thandoesthe Africanagear

Key points arising from gscussion

- It was suggestedhat dcepth differenceshould be taken into accounthge results
presented werategrated over all 236 parallel trawlhich had been conducted at
different depthls as well as the area swept

- Smoothing criteriavereused in this modédl it was suggested that perhaps AIC model
criteria should be considered

- Thef o lvsl.f n e Africcanagear comparison demonstrate larger uncertainty that has
been assumed in the past.

- It was suggestedhat GeoPopdoes not need to berought into a stock assessnt
environmenie.g.to estimateecruitment parametersbut $1ould rather beised asan
independentvaluation of the&key featurs of the stockghat can then be used to put
external constraintsn the stock assessment madel

e) Analysis of spatietemporal stock structure for Namibian hakes(Paul Kainge)

Preliminary resultsfor a studyaimedat investigating alternative methods for the fish
stock assessment of Namibian hak&ter{uccius capensiand M. paradoxu$ were
presented The two species are ciantly assessed as one stock in Namibian waters,
assumingthat both stocks are homogeneously distributed along the Namibian coast.
However, two distinct stocks may be more accurately modelled separately taking
additional spatigemporal effects into accoun

The study involves the use of spdtiahnd tempordy explicit commercialtrawl catch

and effort data (CPUE) for assessment purposes, through the analysis of CPUE data in
order to identify alternative stock boundarie®reliminary results based on
ungandardsed trawl CPUEsfrom 20102012 indicate consistently high CPUEs off
Luderitz andnorthwards(17i 20°S) during the entire year, as welliaghe central areas

during August November The exceptionis 2011 wha high CPUEswhere observed

along the ente coast.

If appropriate, comparative runs with the SAM model will be done. It is expected that
this study will provide new information on the transboundary stock structure of the two
hake species.
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Key points arising from tcussion

- An ICSEAF papefChaplowskP) describingseasonal movement peak CPUElong
the Namibian coastvas mentione@Rob Leslie to attempt to find the paper

- Gordoa et al. 2006 showed thatatchability in the hake fishery is negatively
correlated with bycatch of hake in the hee mackerel fishery, indicating a seasonal
spawning migration northwards and inshore. The lowest observed catchability of hake
(in both targeted trawl catch and-bgtch) in October was argued to coincide with the
spawning peak.

- It was suggestethat
o Rather than using unstandardised CPUE, it would be more appropriate to use

GLM-standardised CPURhere wetfish and freezer trawlergre separated, and

vessel size effestre takernnto account

It was recommended that the analysis should separate tlspaeies

o Observer datdsize structure and split specietiould be useth parallelwith the
CPUE data

(@)

Distribution and migration of shallow-water hake (Merluccius capensis and deep
water hake (Merluccius paradoxu} in the Benguela Current Large Marine
Ecosystem examined with a geostatistical population modéla preview (Jansenet
al., presented byJan Beyer)

Existing cata from demersal trawl surveyere usedo map and plot the distribution and
migration ofM. capensisandM. paradoxudor the entireBenguelaAgulhaslarge marine
ecosystemAnalyses were done with a new Latent Cohort GeoPop niiatgeostatistical

model (aggregated log Gaussian cox process model with correlations). This version tracks
the cohorts in time and space. The spatial popuastructures and dynamics is a
dimension of hake population ecology that is not currently accounted for in stock
assessment and managemerthete resources

The study has yet to be finalised due to ridge problems. Preliminary results:

M. capensisThe initial distribution of the Ofearold recruits revealed five areas with
high densitiegFigs 4 - 6):

1. Walvis Bay (1727°S, centred on Z%)

2. Orange River (2:81°S, centred on 29°S)

3. OlifantsRiver / Elands Bay (3B3°S centred on 32°S)

4. TheAgulhas Bak

5. ThePort Elizabeth are@n the south coast.
From hemostnorthern Walvis Bay centifish moved northwards and offshore and return
again by age 5, whil'om the Agulhascentre they remain anove eastwards and returns
again(Figs 5 and §. This suggest natal homing, but with unknown precision. Spatial
population structures (sytopulations or stocks) may thus be persistent from generation to
generation, or only be maintained duringrtain phases of the hake lifeistory. The
stability over time as wdl as the level of mixing between these migration patterns and
subpopulationsequires further analysis

M. paradoxus The 0.5yearold recruits were concentrated in an elongate retention area

from on the South African West coast frddape point to 50 kmorth of the Orange River
mouth. Highest densities were fouadbund the Orange River mouth aigags 7 - 9).

9
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From tis initial patternM. paradoxusinitiate their migration in their second year. The
resident hakes stay trey move300i 400 kmnorthwardsor soutlwardsor norttwardsto

return at age3-4 years The migratory hakesnigrate up to 1200 km nomtfards or
souttwardséastvardsto return at age6+ years.This indicates a transboundary nursery
hotspot, as well as transboundary migration of sewetabrts.Theyalso suggest that the
southern migratory part of the population migrate out of the area covered by the surveys.
Incomplete coverage of the stock appears to be a problem for stock assessment; an
extension of the survey should therefore besmered.

The alongshore migrations are combined with migrations towards deeper Veaterh
species.

Key points arising from tscussion

- Growth rate arecurrently estimated theyshould be inputAlternatively, nput some
alternativef growth ratsto test differenceandrobustness the model

- Catchability differencesbetween the different gears need to be considered in more
detail

- Trawls should be standardised before input

- Very few eggs spawneehst of Agulhas make it westwardshow dees tha go with
the resultsMost fish are found west of Agulhas (Plot distribution and migration)
Why would most of the popul at reum?Tghe East
noted but good counter argumewnsre made.

- The results suggest that fist. paradoxus there are eithemio stocks with the same
nursery arear one stock that splits inttwo components that moverthwards into
Namibiaand southwards into SA

- M. paradoxusmay spawn in Namibialf t hey donodt shpyaither i n N
move southinto SA watersto spawnor they are fished outn Namibiabefore they
spawn. Thisvould bealoss to the population.

- Given the narrow shelf in northern Namibia, it is possible #ratappreciable
proportion of the fish are located in deeper water thattisampled by the surveys.

- Place nameshouldbeindicatedon all distributionfmigration figures

g) M. paradoxuscatchability (Tore Strommeand Marek Lipinski )

Data collected during transboundary surveys byDRhd-ridtjof Nansenand Blue Sea
over the pdod ???were presented

A key finding was that small fish occur only in SA waters, spreading northwards into
Namibian waters with increasing size. Fish of lengths greatei6thamare absent from
Namibian waters, the larger fish again only occurringlsofithe border.

Fish < 10 cm are pelagiandsoarenotwell representeth bottom trawl data

Conclusions arising from the results:

1 M. paradoxugat the population level) only spawns between Cape Agulhas and St
Helena Bay.

1 The mainM. paradoxushurseryground is in the Hondeklip BayOrange Banks area.

1 Movement between the nursery grounds and spawning area is largely passive.

1 From the nursery groundsl. paradoxusactively migrates northwards into Namibia
and southwards up to the SA south coast.

1 M. paradoxus does not spawn in Namibia or in the eastern parts of the SA south
coast.

10
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h) Area-specific growth rates of Namibian and South African M. capensis and
M. paradoxus(Margit Wilhelm)

Margit Wilhelm presentech summaryof the speciespecific aresspecific and cohor
specific growth rates calculated for boM. paradoxusand M. capensis Modal
progression analysig/as done on length frequency distributio(LFD) samples from
Namibian seal scat®amibian surveys and monthly commercial observer samples, all
split into North (<24°S) and South (>28) and South African surveys (split into West
and South coasts) fdh. capensisand only Namibian (no area split) and South African
(W and S coast) survey samples fdr paradoxus The results shoed significant
cohort-specific differencedut no significantareaspecific differences in growth rates
each speciedM. capensiggrow twice as fast as previousdgtimatedrom otoliths. M.
paradoxusgrow slower thanM. capensis but faster than previously estimaté@m
otoliths. LFDs from the South coast show a potential missing age group and therefore
indicate faster growth than fro®A West coast and Namibian samplése potential
catchability differencesr migration (out of the area or deepefM. paradoxusbetveen

301 40 and 50 cm length classes the South coasteed to be discussethe area split
and monthly observed samples need to be added for NarMb@eradoxus

A conceptual model of spawning centres and migratidvi.afapensisn Namibia drawn

up from densitiest depth, area arglze from Namibian surveys 199007 (Wilhelmet

al. in press)was presentedlwo nursery areawere identified; one in central Namibia
(Walvis Bay) and one in southern Namibia (south of Lideritz). The migration of the
northern aggregation indicates a closed stock unit with fish bet@@end45 cm found

in the far north (1719 °S) with larger fishreturring inshore and souttards(Fig. 10).

The theory is that they migrate northwards to feed/fatten/gain energy for spawding a
then migrate southwards again for spawning. The southern aggregation often moves
across the border into South African wateza@ningpeaks of botlstocksare inwinter

(Julyi August).

Amet hod to convert exi gstow grayth atg eypothesis)ao f r o m
Anewo (fast gr owt h M. eapeesisNay a@so tlesceledhe fastd at a
growth rate hypothesis will change weight at age exponentially, maturity at age,
selectivity at age (from mainly catching age 5 in commercial catcheminly catching

age 3M. capensis Theobservedwinter hatching should be taken into consideration in

the assessment.

To further analyse the differences in age and growth between South Africa and Namibia
for potential stock differences, the following required from South Africa for both
species: monthly commercial LFDs, monthly otolith collection, monthly spawning
information (staging)

Key points arising from tcussion

- The conceptual model illustrated in Fig. 10 compares well with the GeoPofsresul
illustrated in Figs. 4 6 (other than the differences in age at length estimates arising
from differences in the growth rates assumed in the two approaches).

- The results are a basis fireeM. capensistocksin the region, with two in Namibia
(oneof which straddles the transboundary area) and one in South Africa.

11
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IDENTIFICATION OF APPROPRIATE DATA SOURCES AND DEVELOPMENT
OF PRELIMINARY HYPOTHESES OF STOCK STRUCTURE

a) Data/information sources to be consideredt this meeting

The workshop agesl that the available data / information sources that should be used to
develop preliminary hypotheses of stock structure / movement models at this meeting
were:

M. capensis

Spatial distribution of spawning female£SI (Janseet al.1) [Figure 1]

Tempaal spawning patterrisGSI (Janseet al. 1) [Figure 2]

Spatiectemporal spawning patteringGSI (Jansemet al. 1) [Figure 3]

Average &ongshore distributioby agei Geopop(Janseret al.2) [Figure 4]
Cohortseparated alongshore distributiomagei Gegop (Janseret al.2) [Figure5]
Alongshore and depth distributions with centre of grafdanseret al.2) [Figure 6]
Nursery and migration patterns Namibia (Wilhediral.in press) [Figure 10]

. paradoxus

Spatial distribution of spawning female&S (Janseret al.1) [Figure 1]

Temporal spawning patteringsSI (Janseet al.1) [Figure 2]

Average alongshore distribution by @g&eopop(Janseret al. 3) [Figure 7]
Cohortseparated alongshore distribution by aggéeopop(Janseret al.3) [Figure 8]
Alongshore and depth distributions with centre of grafdgnseret al. 3) [Figure 9]
Stromme and Lipinski stock structure hypothesis from transboundary surveys (see
text above)

S < = =4 =4 -8 _98_9_-°

b) Data / information that should be considered in future
1. Hake spawning pa#rns:

The workshop agreed that consideration of hake spawning patterns should be deferred
pending the completion of Mel ani e Smithf¢
history.

2. Genetics information:

Information that would ideally be required:

(i)  Number of socks

(i)  If more than 1 stock, what is the degree of interchange between them?
(i)  Migration rates?

While genetics data should be able to provide a clear answer on (i), definitive answers
on (ii) and (iii) are unlikely, buthe datamay at least be able to prde an indication.

If large genetic differences between N and S exist, the intercHaatgeeen stocks
would be more readily detected than would otherwise be the case. Thdikety
scenarias that if more than one stogk detectedthey would be closelyelatedwith

12
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only minor genetic difference3he importance of quantifying the level of exchange
between stocks relates to management in terms of fishing strategies (i.e. differential
fishing mortalities on stocks, with some degree of replacement betheastocks)lIt

would be important t@stablishhow the exchange rate between the stocks compares
to the natural growth rate of the resource.

3. Other useful information sources that may require further/new research

- Parasitology (has been initiated in SAeripaps extend into Namibia through the
second phase of ECOFISH that is being considered)

- Otolith shape analysis

- Scientific doserver data in SA(Deon Durholtz to contactSADSTIA regarding
access to the data)

- Paul Kainge to provide thenformation on lenth, frequency and observer
coverage.

- Relook at the feasibility of a tagging study

- Validatehake age estimates derived from otolith analyses

- Ichthygplanktonsurveys in Namibia

- New growth data: age/length kegsessment model (Rebecca to provide results by
May)

- GeoPop does not match the Afticana and Nanseraegg survey especially in
Namibia

- Include WRI components

c) Preliminary stock structure hypotheses

The workshop agreed that the following stock structure hypotlitisssrated in Figure

11) are geerally compatible with the available information. It would be appropriate to
develop stock assessment models according to the various alternative scenarios listed
below, pending refinement of the hypotheses in the light of future data/analyses.

1. M. capesis

A. One stockDistributedthrough the entire Benguekgulhas regior{scenario 1A)

B. Two stocks Winter spawners in the Northern Bengueldending southwards to
27°S,and summer spawners in the southern Benguela and Agtitabuted
southwards and egards from 25°S. The stocks consequently overlap in the area
251 27°S(scenario 1B)

C. Two stocks Winter spawners in the Northern Bengueldending southwards to
33°S, and summer spawners in the southern Benguela and AgeXtesding
from 31°S southwardsnd eastwards. The stockserlapin the area 3133°S
(scenario 1C)

D. Three stocksA northern Benguela stoakxtending southwards ®7°S a central
(SA-Namibiar stock distributedbetween 25°S and 33°8nd a southern stock
extending southwards and eastvgaftbm 31°S. The northern and central stocks
overlap in the area 2%7°S, while the central and southern stocks overlap in the
area 3133°S (scenario 1D)

13
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2. M. paradoxus

A. One stockDistributedthrough the entire Benguekgulhas regior(scenario 2A).
B. Two stocks: A northern stock extending southwards to 33°S and a southern stock
extending southwards and eastwards from 31°S. The two stocks overlap in the

area 3133°S(scenario 2B).

I n devel oping these hypotheses, eenRSandas not
27°S could be an artefact arising from lack of sampditmgng surveysn the untrawlable

grounds between 25 and 26 (Conception Bay Luderitz). Recruits and adults may in

fact be distributed continuously through this area. It was suggdsé¢dcemmercial

longline data be interrogated to clarify this.

14
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Table 1: Co-ordinates of key locations along the Southern African coast

Latitude Longitude
Walvis Bay 22°57.00'S 014°28.80'E
Luderitz 26°38.40' S 015°09.00' E
Oranjemund 28°33.00' S 016°25.20'E
Port Nolloth 29°15.00' S 016°52.20'E
Cape Columbine  32°49.50'S 017°50.76' E
Cape Town 33°55.20'S 018°26.40' E
Cape Agulhas 34°49.20' S 020°00.60' E
Mossel Bay 34°09.60' S 022°09.00' E
Port Elizabeth 33°54.00' S 025°36.00' E
Port Alfred 33°35.88'S 026°54.10'E
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Figure 1: Maps illustrating locations of spawning femae capensigright panel, green
dots, GSI > 10%) anMl. paradoxugleft panel, blue dots, GSI > 9%).
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Figure 2. Timing of spawning of shallowvater hakeM. capensis(green in the left
panels) and deewater hakeM. paradoxugblue in the right panelsh central Namika

for females (a) and males (b) and the central South African West coast (c, d) and western
Agulhas bank (e, f) and eastern part of the South African south coast Tdyeh$olid

green and blue linegdicate the proportion of spawning hake among the kaimp
maturing/mature (ex. spent) hake. Bokiskerplots of gonadosomatic index (GSI) by
month, area (rows) and sex (columns). The lower horizontal dashed line indicates the
transition between immature/spent and maturing/mature hake. The upper horizontal
dashed line indicates the threshold value above which only spawning hake are found.
Widths of boxes are proportional to the squarets of the number of observations. Total
number of observations (n) by sex and area are printed in top right corner ofa¢ach p
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Figure3. Summer and winter spawning of shallavater hake 1. capensisalong the coast

line from the eastern part of the South African south coast (0°) to northern Namibia.
Spawning intensity indicated for each season as the proportion of spawake among the
sampled maturing/mature (ex. spent) female hake per 3° of the coast line.
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Figure4. Jansen et al. (2). Alongshore distribution (number of fish) by adé. @apensis
from Geopop analysis: Average of all cohorts. The spatial distribdités been projected
onto a curvilinear axis following the coastline from Port Elizabeth in the S6agh to the
NamibiaAngola border (Kunene River) in the North.

17



Year class 1998

MARAM/IWS/DEC14/Hake/BG2

Year class 2004

Walvis Walvis
Orange Orange
Olifants Olifants
* - Agulhas -~ Agulhas
& P.Eliz. P_Eliz
Year class 1999 Year class 2005
Walvis Walvis
Orange Orange
Qlifants Olifants
Agulhas Agulhas
& P.Eliz & P.Eliz
Year class 2000 Year class 2006
Walvis Walvis
Orange Orange
Olifants Olifants
*I- Agulhas -~ Agulhas
E E P.Eiz s P.E
£ _\% E iz
(]
e Year class 2001 8 Year class 2007
&3 5 3
2 3 @ 3
E > Walvis E Walvis
= =4
_8 Orange o Orange
= Olifants ﬁ Olifants
o o
= Agulhas [ Agulhas
S PE S '
< c iz = £ PEliz
Year class 2002 Year class 2008
Walvis Walvis
Orange Orange
Olifants Qlifants
“I= Agulhas Agulhas
E P.Elz £ P.Eliz
Year class 2003 Year class 2009
- Walvis ~ Walvis
-+~ Orange [~ Orange
=* I~ Olifants [~ Olifants
= Agulhas ~ Agulha;
& P.Eiz £ P.Eliz
0 15 2 o 1.5 2
Age Age

Figureb. Jansen et al. (2). Alongshore distribution (number of fish) by age fortedi®®8
2009 of M. capensis The spatial distribution has been projected onto a curvilinear
following the coastline from Port Elizabeth in the Sehktst to the Namibi&ngola border
(Kunene River) in the North.
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Figure 6. Jansen et al. (2) Lefianel: Alongshore distribution oM. capensisbhy age and

mean length. The centre of gravity is indicated by grey dashed lines for hakes north of 2150
km and south of 1550 km. The spatial distribution has been projected ontadliaear axis
following the coastline from Port Elizabeth in Sowidist to the Kunene River in the North.
Right panel Depth distribution oM. capensisy age and mean length. Grey dashed lines
indicate the mean depth.
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Figure7. Jansen et al. (3). Ahgshore distribution by age of M. paradoxus. Average of all
year classes. The spatial distribution has been projected onto a curvilinear axis following the
coastline from Port Elizabeth in the sowthst to the NamibiAngola border (Kunene River)

in theNorth
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Figure8. Jansen et al. (3). Alongshore distribution in number of fish by age for cohorts 1998
2009 of M. paradoxus
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