FORMAL REPORT:
BENEFIT / NRF / BCLME STOCK ASSESSMENT WORKSHOP
(6 — 11 DECEMBER 2004, University of Cape Town)

1. OPENING
1.1 Welcome

Doug Butterworth welcomed all attendees on behblhe sponsors of the workshop:
BENEFIT, the Benguela Current Large Marine Ecosys(8CLME) Programme, and
the South African National Research Foundation.thésked the Namibian Midwater
Trawling Association for agreeing to sponsor tweigbfunctions for participants. He
noted that this year's meeting included a sepai@tmal training component on the
afternoons of 8 and 9 December.

1.2 Introduction of Chair and Participants

Dr Tony Smith opened the meeting. The participaatsl the observers introduced
themselves. A full list of attendees is given apéqudix 1.

1.3Terms of Reference

The terms of reference, in respect of the horsekaerat fisheries to be considered in
detail, were:

i) to critically review data available for, and pass@ssments of, the horse
mackerel resources of the Benguela Current region;
i) to further develop these assessmentsiguhe Workshop; and

i) to make prioritised recommendations for future aese, having special
regard for the possible trans-boundary nature egetresources.

The workshop was also to review progress on thesasgent and OMP evaluations for
the hake resources off South Africa and Namibieethasn the recommendations made
during the January 2004 BENEFIT/NRF/BCLME workshop.

1.4 Daily time schedule, meal and other arrangements

The agenda is listed as Appendix 2. Doug Buttefwooutlined the technical
arrangements for the workshop, including the dajlyestion and clarification” sessions
run by the invited scientists to assist attendess hdvanced in the stock assessment
field.



1.5Rapporteurs

Graca D’Almeida, Anabela Branddo, Carryn Cunningha&8osan Johnston, Carola
Kirchner, Rob Leslie, Eva Plaganyi, André Punt, &&a Rademeyer, Paul Starr and
Filomena Vaz-Velho acted as rapporteurs with amscgt from the Chair.

1.6 Computing arrangements

The Chair informed the attendees that there was dpportunity for additional
computations during the workshop and that two efekternal invited scientists (André
Punt and Paul Starr) had stock assessment packdmes could be applied during the
workshop.

1.7 Report adoption procedures

Doug Butterworth explained that the report would adopted by the full-time
participants on the final day of the workshop. Hetlfer explained that the full-time
participants comprised the scientists so appoibhteAngola, Namibia and South Africa,
the scientific representatives of industry, andgkiernal invited scientists.

2. REVIEW OF DOCUMENTS

The documents available to the workshop were dividéo six series and are listed in
Appendix 3.

3. HORSE MACKEREL
3.1 Background, catch history and geographic disthution

BEN/DECO04/HM/ALL/1aprovided a view of the sector of the Industry iruBoAfrica
and Namibia that operates large dedicated midwhatexnl vessels. It stressed the
importance for stock assessments and the resuftingagement considerations of
understanding horse mackerel behaviour and seasandl spawning migrations
(particularly those which straddle the continerghelf break), as well as escapement
behaviour during targeted trawls used in stocksssaents.

The workshoprecommended that efforts be made to understand the influente o
oceanographic changes on the spatial distributiod biomass of horse mackerel,
including inter-annual fluctuations in biomass aiid spread of age-classes in the
populations. Consideration needs to be given tedsian CPUE data (both commercial
and survey) because of changes in fleet stratedigsth limitations on commercial

fisheries, catchability of survey trawls and inteannual variation in the spatial

distribution of the populations.



3.1.1 South Africa

BEN/DECO04/HM/SA/1a provided a historical backgrouttdthe South African horse
mackerel fishery and its management. The commefghery, which consists of a
demersal fishery (predominantly on the South Coast) a pelagic fishery (on the West
Coast), started in 1950. Management of this fisHeg been based on a number of
modelling approaches, including a surplus productimdel based on a Japanese CPUE
series for the 1980s, a Beverton-Holt yield-perugaype modelling approach and, in
more recent years, an age-structured productionemddhe workshopecommended
that a midwater CPUE index series should be deeelop

3.1.2 Namibia

There is a spatial structure to the horse mackeselurce off Namibia and the associated
fishing fleets. Horse mackerel appear to spawnhsotiR0°S and the pelagic fleet tends
to concentrate its effort in this area, seekingejles. The midwater fleet is concentrated
north of 20°S, primarily by regulation (this flestexcluded from waters shallower than
200m) and because it prefers to target horse malcleeger than 20cm, which are more
abundant further north. The largest horse mackaelfound on the bottom south of
23°S where presently there is not a large fish€he workshogprecommendedthat the
catch and length frequency data should be ploftataly to pursue this issue further.

The fishery for horse mackerel off Namibia appeansespond to the seasonal migrations
of the target species, which may be partially eswinentally driven. The workshop noted

that catches (and length frequency data) may habe tstratified by season if there is a
seasonal structure to the length frequency dateatt noted that the Namibian horse
mackerel fishery is not particularly profitabledatihat this leads to fishing strategies that
tend to discourage much exploration for higher ltatates and to favour a return to

known areas of good fishing. This type of strateggimises costs without substantially

sacrificing catch rates

The workshop noted that the large pelagic catchl9@1l (140 000t) may include
misreported sardine catches because the sardneyfieas restricted from 1970 which is
likely to have led to a high level of species neparting during 1971. The data for years
prior to 1991 are reported by ICSEAF (Internatio@@mmission for the Southeast
Atlantic Fisheries) statistical area (Divisions,1134 and 1.5 - 5° blocks from 15° S to
30° S). ICSEAF Divisions 1.3 and 1.5 straddle th&ernational boundaries between
Angola and Namibia and between Namibia and Soutlt@fespectively. The workshop
examined the spatial distribution of the catchetafe mackerel off southern Namibia
andagreedthat the impact on assessment results of somieeotdtches from ICSEAF
Division 1.5 coming from South African waters ikdiy to be negligible.

3.1.3 Angola

BEN/DECO04/HM/AN/1a overviewed the fishery for horseackerel off Angola. Two
species of horse mackerel occur off Angola. The ddenhorse mackerelfachurus
trecag occurs over most of the Angolan continental shelfile the Cape horse mackerel
(T. capensigis associated with the cold waters of the Bermyuekrent and therefore is
caught mainly in the south of Angola.



Acoustic estimates of biomass are available foséonackerel off Angola for the period
1985-2004. However, these estimates are subjashdertainty because on the acoustic
transects carried out during the night sardineta aso detected , while in addition to
horse mackerel, a variety of demersal fish arectietieon the daytime acoustic transects.
Maturity and length frequency data and length-agationships are available from all
surveys on a split-species basis. Length-frequatatp from commercial catches are
available for the central region of Angola (Luandd@enguela) only. The workshop
noted that coefficients of variation are not aua#a for the survey estimates of
abundance for Angolan horse mackerel, mbmmendedthat efforts be made to obtain
such estimates. It was noted that standard mefloo@stimating coefficients of variation
cannot be applied in this instance given the desggd for these surveys, and that a
geostatistical approach may be worth pursuing.

The workshop noted that the catch data availableregent are likely to be unreliable
because of under-reporting. Furthermore, estimaitesitches of horse mackerel for the
years before 1984 include catches taken off the deeatic Republic of the Congo and
Namibia.

3.2 Stock structure

BEN/DECO04/HM/ALL/2a summarised available informatiomn genetic evidence for
stock structure, and contained some referenceth&r biological information. For South
Africa, there is some slight evidence (differenowth rates, minor morphological
differences) in support of different West and SoGthast stocks. However, the spatial
distribution of fish of different sizes and moleaulgenetic information suggest a single
South African stock. With regard to the relatiopshietween Namibian and South
African horse mackerel, molecular data suggestThatpensiss a single genetic stock
and that there may be more mixing betwdercapensisand T. trecaethan previously
thought, but the sample size is very small.

The workshopagreed that the available data fdr. capensisare consistent with the

current working hypothesis that the horse mackefeNamibia and South Africa are

independent stocks, and can be assessed and masagigch. There is limited sharing of
aT. capensistock between Namibia and Angola.

In relation to South Africa, the most plausible bifgesis is that horse mackerel off the
West and South Coasts constitute a single biolbgioak. Evidence for this is primarily
biological, including that only one major spawnirgea has been identified. The
workshop noted that horse mackerel most likelyliget other pelagic species off South
Africa, with the adults spawning on the Agulhas lhatarvae moving north in the
Benguela current followed by juveniles returningithevard along the West Coast, and
then adults moving back on to the South Coast.€l'lseno evidence to suggest that horse
mackerel do not exhibit this pattern. Some oldeh fnay move back to the West Coast.
There may be value in conducting an assessmeitthdéofouth Coast component of the
population only, as the bulk of recent catches Hmaen taken from this area, but it is not
clear whether it is meaningful to conduct an assess of the West Coast component of
the population on its own.



BEN/DECO04/HM/ALL/2b examined whether there are amgwo genetic stocks of the
southern African population gf. capensismtDNA markers were examined for 37 horse
mackerel collected along the southern African dmest(29 from South Africa and 8
from Namibia). The sample size was small and omy haplotypes were identified: a
northern and a southerhaplotype However, the genetic differences between the
haplotypes were at a species level rather thanhat population level. Therefore
BEN/DECO04/HM/ALL/2b assumed that the northern hype refers td'. trecaeand the
southern haplotype td. capensisand concluded that there was no evidence of genet
stock structure withiff. capensis

Although the authors hypothesised that the northaplotype should refer to. trecag
the workshop considered that there were alternagigssible explanations for the
differences in the samples in BEN/DECO4/HM/ALL/2ther than the possibility that.
trecaeare found in substantial numbers off Namibia,udahg that the samples may have
been contaminated or that there is a cryptic spaxfiborse mackerel off Namibia.

Although BEN/DECO04/HM/ALL/2b did not find any evidee of geographic structure
among theT. capensissamples, this does not contradict the working bypsis of
separate South African and Namibian stocks Tof capensisfor assessment and
management purposes. This is because the lackefigelifferences between samples is
not sufficient to rule out the existence of mukipdtocks. The existence of separate
spawning areas in Namibia and South Africa sugghststhere might be two stocks even
though no genetic distinction has been identified.

The workshop noted that there is a proposal to BEL analyse additional genetics
data for horse mackerel. The worksheyxpressed supportfor such a proposal and
recommendedthat it should consider both mtDNA and microsételmarkers and be

based on samples collected widely off South Afridamibia and Angola. The results of
this project may shed light on the interpretatibrihe two mtDNA haplotypes identified

from fish collected off Namibia, as reported in BEXEC04/NM/ALL/2a.

3.3 Further data for use in assessments

3.3.1 South Africa

BEN/DECO04/HM/SA/3a provided a summary of the biatad) information used in the
assessment of South African horse mackerd, the growth curve (length-at-age),
length-weight relationship, weight-at-age, age-aturity and rate of natural mortality.

The basis for the values of the biological paranselisted in BEN/DEC04/HM/SA/3a is
not adequately documented and appears inconsigtarthermore, the assumption of
knife-edge maturity at age 3 differs substantiditpm the maturity-at-age vector
estimated for Namibian horse mackerel (BEN/DECO4/NM3a). The workshop
thereforerecommendedthat a self-consistent database containing lengtight, age
and maturity information should be established. Vheous biological functions and
relationships could then be estimated in a selsbant manner. The workshop noted
however, that there is no ageing programme forS3bath African horse mackerel at
present, although it is hoped that this will resum2005.



BEN/DECO04/HM/SA/1b described the data available tbe South African horse
mackerel resource. These data consist of catches series of abundance estimates
based on demersal swept area surveys, and catgealata for the period 1975-1988.
The only reliable CPUE series is that from the dapa demersal trawl fleet for the
period 1976-87. This CPUE series ended when foreégsels were excluded from South
African waters. The workshopecommendedthat the length-frequency data from the
South African midwater and demersal fleets andttier Japanese demersal fleet should
be examined to determine whether it is necessarsndadel all three of these fleets
separately.

The two abundance indices in BEN/DEC04/HM/SA/1bufi&y 1" and “Survey 2") are
based on the same data to some extent so shoue motluded together in assessments.
It was noted, however, that “Survey 2” did provetame way to place a lower bound on
absolute biomass, although to do so it had neexlpddl data for different areas and data
collected at different times of the year. Sectiofh. B discusses further how to treat the
demersal trawl survey data in assessments. Thestvopknoted that the trawl gear on
F.R.S. Africanawas changed in June 2003 so that the swept ave®abs estimates after
June 2003 are not directly comparable to the eatiemates.

BEN/DECO04/HM/SA/3bdescribes a study carried out in October 2004 dutie South
Coast demersal survey east of Mossel Bay in whigtewed attempts were made to
develop a combined acoustic/bottom trawl methodwteying horse mackerel on the
South Coast. The main findings were that it is ficatto survey the fish over the outer
shelf acoustically at night, and that it may begilae to survey them acoustically on the
inner shelf during the day as well, in between drattrawls. An important observation
was that the bottom trawl appears to be samplingehmackerel off the bottom during
retrieval of the net, which reduces the value @& lottom trawl estimates as absolute
estimates of abundance. BEN/DECO04/HM/SA/3b also/ides a proposal to develop a
largely acoustic method for surveying horse madl@arehe South Coast.

BEN/DECO04/HM/SA/3c summarised attempts between 1&3d 1994 to assess horse
mackerel abundance on the South Coast through &ication of bottom trawling and
acoustic surveying, and the information on horsekeeel abundance on the West and
South coasts that can be obtained from acoustiegsiin May and November. Recent
acoustic work on horse mackerel from a commercidwater trawler and fronfr.R.S.
Africana during a South Coast demersal survey is disculssefly, and information on
size and position of catches in the midwater trastlery on the South-East Coast over
the past two years is presented. BEN/DEC04/HM/SAf8tcluded that acoustic surveys,
supported by acoustic and catch information from tdommercial midwater trawlers
operating there, offer the best and most cost-&fkecprospect for assessing horse
mackerel abundance on the South Coast. The infmmah horse mackerel abundance
from the pelagic surveys appears to be of littlueaexcept possibly as an index of
recruitment.

The workshoprecommendedthat a study examining how horse mackerel reattaiol
nets should be conducted to provide insight intatwhe demersal trawl surveys are
actually surveying, - i.e. do these trawls catchrsbanackerel primarily during hauling,



for which there is recent evidence? If this is tase, it will lead to the estimates of
absolute abundance derived from demersal trawlegsrbeing biased. The workshop
agreed that although the trawl net used in the bottomvitraurveys may be catching
horse mackerel off the bottom for much of the titie, catch rates could still provide a
useful relative index of abundance.

The workshoprecommendedthat work on developing combined acoustic anddnott

trawl surveys for horse mackerel should continupec8ic issues that will require

attention in this regard are: a) acoustic targentidication methods; b) aggregating
behaviour and vertical and horizontal migrationtgraus; c) trawl performance and the
reaction of horse mackerel to the bottom trawl; a)dn situ estimation of horse

mackerel target strength.

The workshopagreed that there were considerable benefits to collgcinoustic data
from commercial midwater trawlers fishing for horgeackerel whose catches are
sampled by onboard scientific observers. For exanthese data could help to elucidate
broad-scale migration patterns and provide infoiomagbout aggregating and vertical
migratory behaviour.

3.3.2 Namibia

BEN/DECO04/NM/NA/3b described the input data usedpieevious assessments of horse
mackerel off Namibia. These data comprise commientiarmation from the midwater
and pelagic/purse seine fleets and the resultsmfsdic surveys. Catch statistics from the
period 1961-1990 for both commercial fleets werdected by ICSEAF, and may have
been understated by the countries fishing durirag peeriod. All of the commercial data
from 1991 onwards have been collected by the Miistf Fisheries and Marine
Resources (MFMR). The surveys used to estimatedanoe between 1990 and 1998
were conducted mainly during the winter months witriable designs, coverages,
vessels, gear, etc. The surveys from 1999 onwaele standardised and therefore only
abundance estimates based on these surveys wetanuiee assessments reported in
BEN/DECO04/HM/NA/4a.

The workshop noted that the conversion factor ueesstimate nominal (green) weight
from fish meal production in the pelagic fisherysaghanged from 5.556 to 4.25 in 1997
on the advice of industry. The workshogcommendedthat the conversion factor of
4.25 should be used from 1991 to the present fgygaes of assessments. Although the
basis for neither conversion factor was availableéhe workshop, the 4.25 value was
favoured since it is more recent and is presumbaded on better information.



Effort data are available from the recent (i.e.tgndependence) fishery. These data are
available on a daily basis for the period 199188 an a tow-by-tow basis from 1997
onwards. The workshop discussed whether the assdciZPUE indices are a reliable
measure of abundance, or whether they are rathasures of responses of the fleet to
economic factors. For example, it may be the chsaé the fleet can maintain a high
CPUE even as stock size declines because of theegajong behaviour of horse
mackerel. Alternatively, economic considerationschs as smaller bags and market
demand for certain size ranges of product, may ecauseduction in CPUE even if
abundance is unchanged.

The workshoprecommendedthat a GLM approach should be used to calculage th
CPUE indices for the recently-operating midwateeflthat are used in stock assessment
models. The GLM should include an interaction betmvgear and area. This interaction
would be appropriate if fishing distribution hasaolged over time. The workshop noted
that annual CPUE-based indices could be obtaireed the GLM analysis by integrating
across area, using the size of each area as tgatwei

Several survey estimates of abundance are avail&édne possible inclusion in
assessments. The surveys from 1999 conducted fremesearch vessdélelwitschiaare
comparable. The survey estimates for the yearsréef699 are problematic because
there are differences over time in spatial coverage in the time of the year that the
surveys occurred. The workshapcommended that a summary should be made
available for the surveys off Namibia of the arand depths covered during each survey.
The workshogpecommendedthat GLM techniques should be used to providereggs

to “fill-in” area-depth strata for which data foorse of the earlier surveys (particularly
those conducted by thR.V. Dr Fridtjof Nansersince 1990) are missing, and hence
construct a second index of abundance for usesiesaments.

Length-frequency data for the surveys since 19@4those for the midwater and pelagic
fleets suggest that the existing surveys are imdpyrimarily fish aged 0 and 1

(Appendix 4), while the midwater fleet is catchimyich larger/older animals. This can
be handled in a stock assessment model by:

a) assuming that the survey selectivity in the maded dome-shaped function of
length and age; or by

b) restricting the length-frequency data used m #issessment to lengths for fish
aged 0 and 1 (i.e. making the survey into an irafexewly recruited fish).

Possible reasons for the bias identified in Appendliinclude the exclusion of the
midwater fleet from waters inside 200 m and thesgmkty that the survey trawl gear
may under-sample the larger horse mackerel (eg.taduoo-low a towing speed). The
workshop recommended that further studies be conducted to examine hanrsenh

mackerel react to research trawl nets to estalligh proportion-by-length of fish
insonified in acoustic surveys which is capturettawls made during these surveys.

BEN/DECO04/HM/NA/3a reported that the recent ageadat Namibian horse mackerel
were collected during two years (1996 and 2004g T896 data were generated during



the 2003 BENEFIT otolith reading workshop (BENEFMQ03) using the “burn and
slice” method. The 2004 data were generated fradings of unprepared otoliths. Von
Bertalanffy growth functions were fitted to bothays’ data leading to estimates fqk
andk of 44.4cm and 0.25yr(1996) and 57.2cm and 0.1%y(2004). A maturity ogive
fitted to the 2004 age data showed an age-at-5084rityeof 1.6 yr. The 2004 length-at-
age distributions (LAK) were used to estimate catthge proportions for each year for
which length frequency data were available forrthiéwater and pelagic fleets, as well as
for the survey. Cohorts are clearly evident in tiaéch-at-age data based on the LAK
method, unlike the case when the 1996 age-lengthskapplied to the length-frequency
data for the period 1991-2004.

The surface reading method was used in 2004 bedaisdess expensive and the otolith
readings are obtained much faster than from then‘land slice” method. The workshop
recommendedthat a comparison between these methods shouti#ucted. Such a
workshop has already been held for South Africamgola (BENEFIT 2001).

BEN/DECO04/HM/NA/3a constructed age-compositions foe midwater and pelagic
fisheries and for the surveys using two methodsafiplying the 1996 age-length key and
by using the LAK method of Clarke (1981). The wdnbp agreed that if age-
composition data are required, it would be betiarde the LAK method than to apply an
age-length key for one year to the length-frequethata for several years (but see also
Section 3.4.2). Nevertheless, the workshop notet th remains preferable to fit
population models to catch-at-length data for yéarsvhich ageing was not conducted.

The workshop compared growth curves based on leagghdata collected during 1996
and those collected during 2004, and found thahgles growth curve can be used to
represent both data sets (Appendix 5). Data ontheatgage are also available for the
period before Namibian Independence in 1990. Thekstmp recommendedthat an
analysis similar to that in Appendix 5 should bexdacted using length-age data from
many years to evaluate further the extent to wigrchwth rates vary over time, and hence
the extent to which the assumption of time-invargnowth is likely to be violated.

It was noted that the length-at-maturity for Naraibihorse mackerel had dropped from
above 20cm to 16cm between 1996 and 2004. The tvopkscommendedthat data on
maturity-at-age and maturity-at-length should banexed quantitatively to determine
whether there is evidence of changes in these tjeanbver time. If such changes are
identified, it may be necessary to make maturitysitg-dependent in assessment models.

The workshop noted that estimates of the massshfthken by the pelagic fishery are
available for the period 1971-2004. However, infation on the length- (and age-)
structure of these catches is available only fr@&®11 The workshopecommendedthat
earlier ICSEAF data on the length structure ofgakagic catches should be obtained and
incorporated in the assessment if available.

3.3.3 Angola
Data on historical catches and information on tpét ©f the survey estimates of
abundance among species are listed in Appendihé.wiorkshop noted that the catches
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for the period 1973-1984 are for trecaeandT. capensi€ombined. Catches by species,
obtained by using the survey data to determineptioportion of the catch which ig.
trecag are available from 1985. The worksh@gommendedthat information about the
spatial distribution of the catch could be usedpbt the historical catch data to species
(e.g. catches north of the Benguela-Cunene surtrayush are likely to have beeh
trecaewhile catches within this stratum are likely toreaonsisted of both species). The
catches from 1998 can be allocated to gear type.widrkshop noted that there has been
a large drop in effort since 1998 because of i&gins on the number of vessels that can
operate in the fishery.

The workshop noted that the fishery for horse mesdkaff Angola reflects a highly data-
poor situation, and consequentcommendedthat continuing the survey programme
be accorded the highest priority. Although it isnare difficult task, the workshop also
recommended that every attempt should be made to obtain estsnaf catch and
samples of the length-frequency of the commer@atings. The workshop noted that
some of the data required to improve assessmeigreé mackerel off Angola could be
collected by observers. The workshagreed that the weakness of information on
catches of horse mackerel off Angola compromisesrdhiability of assessment results,
and that therefore improved data collection anthemranalyses are needed.

3.4 Review of existing assessments

3.4.1 South Africa

BEN/DECO04/HM/SA/4a summarised the assessment dbtheh African horse mackerel
resource. This assessment is based on an agassddiproduction model which assumes
that there is a single stock (West Coast plus SQahst) of horse mackerel off South
Africa. It incorporates the historical catch datal dits to the two survey biomass series
using a maximum likelihood approach. The modelatedninistic, and estimates only
one parameterk(” — the carrying capacity in terms of spawning bies)aBothh (the
steepness of the stock-recruitment relationshig) @n(the catchability coefficient for
Survey Series 2) are set externally. The implicetiof various combinations dfandq,
are examined in BEN/DECO4/HM/SA/4a. The model wéso aused to project the
resource ahead for the period 2002-2020 under @leaiernative scenarios regarding
future demersal and pelagic catches. These projecsuggested that sustainable catch
levels were greater for a demersal fishery

In discussion, it was noted that the selectivitjtgga assumed for the years 1950-62 in
BEN/DECO04/HM/SA/4a is inconsistent with the lendtbguency and age-composition
data in Geldenhuys (1973).

The workshoprecommended that future assessments of the South African horse
mackerel resource should be based on the followasgline assumptions/specifications
(these assumptions may be modified once the resfuitstial analyses are available):

a) Include the following “fleets™ the pelagic fishemyrior to about 1969 when
catches of large fish were recorded (the “earlylage fishery); the pelagic
fishery after about 1969 when catches have comusistesmall fish; the South
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African demersal fishery off the West and South L®aeparately; the foreign
fleet and the recent South African midwater fishery

b) Fit to the bottom trawl survey indices of abundafwehe West and South Coasts
(treated as relative indices of abundance, possilitty a constraint on the two
survey catchability coefficients so that they suonléss than one) and the
Japanese CPUE series.

c) Fit to the length-frequency data for each of treet$ (to determine selectivity
patterns and to estimate year-class strengths)kéJiml many other assessments
based on the age-structured production model approamay be necessary to
estimate the strengths of some of the year-clagsesned during the 1950s to be
able to mimic the length-frequency data for ther€gelagic fishery.

d) Estimate the selectivity ogives rather than precépi@g them.

e) Set the rate of natural mortality equal to 0.4 yrstead of 0.3 yt.

The workshop identified the following sensitivitgsts andecommendedthat they be
conducted:

a) Set the rate of natural mortality equal to 0.3 yr

b) Exclude the Japanese CPUE series.

c) Increase the rate of natural mortality for agest fio 1.0 or 0.9 ¥ (as considered
appropriate for sardine and anchovy of this aghj)s ensitivity test is designed
primarily to examine further the trade-off betwesatching horse mackerel using
pelagic rather than midwater gear.

d) Replace the assumption of an age-at-maturity at3adpy the maturity-at-age
vector estimated for horse mackerel off Namibia.

3.4.2 Namibia

BEN/DECO04/HM/NA/4a assessed the horse mackereksbficNamibia using a fleet-
disaggregated age-structured production model.derenCPUE indices and in indices of
biomass from acoustic surveys since 1989 as wellatsh-at-age data were used to
estimate current stock status. Results based e thata indicated that the stock is at a
low level, below the Maximum Sustainable Yield Le{@SYL), and would not be able
to support catches as high as the current levebofe 350 000t until the stock is rebuilt
to itsMSYL

BEN/DECO04/HM/NA/5a assessed the horse mackerek stolCSEAF Divisions 1.3, 1.4
and 1.5 using a fleet-disaggregated age-strucpn@dliction model. CPUE and catch-at-
age data for each fleet were used to estimate sttatks in 1986. The results of this
preliminary exercise were found to be clearly uhista.

The workshop specified additional assessment rs@s Appendices 7 and 8) based on
the analyses presented in BEN/DECO04/HM/NA/4a andNBEC04/HM/NA/5a for
exploratory purposes. The baseline specificationshfese assessment runs were:

a) Include all of the catch data from the period 12604, split into six “fleets”
Namibia midwater, pelagic, Bulgaria, Poland, Roraarand USSR. There are
some catches by fleets additional to these (e.gthSAfrica). These catches are
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treated as having been caught using gear withegtsaty pattern the same as that
of the Namibian fleet.

b) Set the catch by the pelagic fleet for 1971 to Q@t0

c) Fit to the CPUE series for Namibia midwater, BuigaPoland, Romania, and
USSR as well as to the survey data for the peri@89122004. Estimate the
residual standard deviations for the CPUE seribgestito the constraint that they
are no larger than 0.2, and set the coefficientgaoftion for the survey indices
equal to their sampling coefficients of variation.

d) Assume thaM = 0.3 yi*, h = 0.6, and that the catchability coefficient foeth
survey data is 2 (purely for consistency with thasddine assumptions of
BEN/DECO04/HM/NA/4a and BEN/DEC04/HM/NA/5a).

e) Set the extent of recruitment variability,, to 0.4.

f) Use the maturity-at-age data based on the sampllested during 2004.

Appendix 9 presents results for a variant of theesasments in Appendices 7 and 8 in
which the model is fitted to the length-frequeneyadwhen length-frequency but not age-
length keys are available. The results of the a®alyn Appendix 9 are qualitatively quite

similar to those in Appendices 7 and 8 (which agarly identical), except in recent

years. The workshop noted that the model in Apperflliat its present stage of

development was unable to mimic the length-frequetata for the Namibian midwater

fishery adequately. It was suggested that one waggolve this problem might be to

allow selectivity to depend on length rather tharage.

Following review of the results in Appendices 7 éhthe workshopecommendedthat
future assessments of horse mackerel in Namibialdhze based on the approach in
Appendix 9 (if it can be modified to resolve thelplem associated with fitting to the
length-frequency data for the Namibian midwatendiy) except that:

a) The revised growth curve in Appendix 10 should bedu

b) The pelagic catches for the period 1991-1996 shbeldeplaced by values based
on a conversion factor of 4.25.

c) The CPUE index for Poland should be ignored whitimd the model.

d) The CPUE series for the period 1973-1986 shoulddven-weighted relative to
the Namibian midwater CPUE series and the survdgxrbecause these CPUE
series overlap temporally (c.f. BEN/DECO04/HA/SA/4b)

The results in Appendix 8 remain preliminary, amisiderable additional work may be
required to obtain an assessment that is able moiarall of the available information
(e.g. the survey indices of abundance) satisfdgtorhe workshop noted that the data
available at present provide relatively little inftation about the value of the survey
catchability coefficient. The workshop noted tHa¢ BENEFIT Survey Errors Workshop
in 2001 (Anon, 2003) developed a prior for the syncatchability coefficient for
acoustic surveys targeted at horse mackerel. Th&sWwoprecommendedthat such a
prior should be included in the assessment of Neamiborse mackerel, noting that it will
be necessary to account for the fact that the froon the BENEFIT Workshop did not
apply to survey catchability as it is defined i thssessments reported in Appendices 7
to 9.
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The workshoprecommendedthat the following sensitivity tests be conducted the
assessment of Namibian horse mackerel:

a) Ignore the recent CPUE series.

b) Ignore the historical CPUE series.

¢) Include the survey estimates of abundance for éreg 1994-1998, along with
their length/age-composition information.

d) Vary the values assumed fd; h, o, and survey catchability.

e) Estimate the value for the survey catchability Gornt.

The workshop noted that further analysis may |leadome of the items currently listed

as sensitivity tests becoming part of the “basélassessment specifications. It was also
noted that choosing wider length bins when fittihg model would reduce the extent of
auto-correlation in the residuals about the fitit® length-frequency data.

The workshop alseecommendedthat the growth curve for Namibian horse mackerel
should be revised by examining alternative paraméirms for the relationship between
length and age, attempting to allow for ageing reremd by examining alternative
relationships in the extent of variation in lengthage with age.

The workshop discussed methods for determining oggate sample sizes for, for
example, age-length keys and length-frequenciesgritedthat the benefits of different

sampling schemes (including different sample siaesl ranges of lengths when
constructing age-length keys) could be evaluatedsibwlating the application of the

assessment model to data sets constructed by régndampling data from the existing

information. This approach has the advantage tietmhpact of other uncertainties (e.g.
the precision of the survey indices of abundansdpken into account when sampling
schemes are evaluated.

3.4.3 Angola

Past assessments of horse mackerel off Angola Ibese conducted using the BioDyn
package (Punt and Hilborn, 1996). The workshop ldgesl a similar assessment based
on the Schaefer observation-error production moBesults of this assessment are
outlined in Appendix 11.

The results of the assessment in Appendix 11 agstiqunable primarily because the data
do not contain enough information to estimate dlithee parameters of the Schaefer
model. In principle, this assessment could be iwguadby fixing the survey catchability
(for example to 1) and the intrinsic rate of growflor example, from values in
FishBase), and by not interpolating species splitsyears for which survey data are
unavailable. However, given current uncertainty best way to provide management
advice appears to be to estimate the current reyplact yield. Appendix 12 provides an
example of the calculation of current replacemeegitiyand its associated uncertainty.

The workshop endorsed the approach in Appendixntbelieved it to be a useful first
step. The workshopecommendedthat this approach should be explored further as a
possible basis for management advice. Possibles akdurther investigation include
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examination of the sensitivity to the catch for 2@Ghd the period over which the model
is applied, and of the implications for the estimatof replacement yield of the apparent
decline inT. trecaeover the period considered in Appendix 12.

3.6 Priorities for further research

BEN/DECO04/HM/SA/6b suggested two analysis initiafwelated to the assessment and
management of the South African horse mackerelureso The first concerned the
possibility of using indices of horse mackerel u#itnent as a basis for varying the limit
on catches of juvenile horse mackerel by the psesee fleet. The second involved the
use of an adaptive harvesting strategy as a basisldtermining experimentally the
extent to which the resource could support an aszd midwater/demersal catch.

The workshop noted that a fisheries-independenthodetfor determining whether
incoming recruitment was good or not would be valeavhen providing advice about
the cap on the catch of juvenile horse mackeretheypelagic fishery. Although the
pelagic surveys have the potential to estimate-gkeas strength, such estimates would
only become available in June, after most of tHagie catch is already taken. A further
requirement for using the results from the pelagiweys as an index of recruitment is to
check that the estimates of recruitment based erpétagic surveys are consistent with
the estimates of recruitment from the stock assessmUnfortunately, the stock
assessment appears to be unable to estimate neentiteliably at present, precluding
this type of comparison for the time being.

Horse mackerel may migrate in and out of areas hichvthe midwater trawlers are
allowed to operate. It is important that CPUE irdiof abundance are evaluated in a way
that takes this into account (e.g. by appropriapatial stratifications in GLM
standardizations - see Section 3.3.2).

The workshopagreedthat, given the relatively little information orotse mackerel off
South Africa, the use of an adaptive harvest gyates an appropriate way to
substantially improve knowledge of the status ampctivity of the resource in the
short-to-medium term. This approach has been apphieAustralia and New Zealand,
although the changes in catch levels there, winilallsin an absolute sense, are large in
percentage terms. The worksh@gommendedthat Industry should be fully consulted if
an adaptive harvest strategy is to be considem@ticplarly to determine desirable (and
undesirable) levels of change in catch levels, mitree expected benefits of “adaptive
management”. The workshop noted that even thougbeguestimates are noisy, they
probably provide the best basis for use in any tnaparvest strategy.

Appendix 13 lists the prioritised research recomdadions. In prioritising them, the
workshop noted that several topics applied to horaekerel in all three countries. These
topics have been included in the “All” category.
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4. HAKE
4.1 Progress on January 2004 Workshop recommendatis

Appendix 14 (modified from BEN/DECO04/H/ALL/1a) sunamses the recommendations
arising from the January 2004 BENEFIT workshop rémgey the South African and
Namibian hake resources, and overviews progresssageach recommendation.

The workshop noted that a workshop on hake ag@&iNEFIT, 2004) had been held
since the January 2004 workshop, but that therelesoh little progress towards age
validation for hake. The workshop stressed the mapae of continuing to make
progress on this issue. It noted that perceptidrtark status and productivity depend
critically on the longevity of a species and tHagge would change substantially if the
current approach to hake ageing is shown to be gvrdhe workshop therefosgrongly
recommendedthat the issue of validating hake ageing be a@mbadvery high research
priority.

4.2 Matters arising from presentation of progress eport on BCLME project re
socio-economic optimal harvesting strategies

Rashid Sumaila gave a presentation on the ongoi@gME Hake Project: Socio-
Economic Exploration of Harvesting Strategies, eohtby the BCLME Programme. The
main objective of the project is to "Explore th@-sbcio-economics of hake trawl and
longline fisheries in Namibia and South Africa, hvithe goal of assisting the resource
managers in their attempts to achieve the besttiamg ecological, economic and social
outcomes for the fisheries". More specific questiorclude a) what are the current and
potential contributions (in terms of income, addetle, exports earnings, employment,
etc.) of hake to the national and possibly regi@wanomies of the two countries and b)
what proportion of the above contributions comemfrerawled and longlined hake,
respectively. With regards to the approaches toapplied, the project has three
components, namely:

(1) database development: compiling an historic accotigconomic and social
aspects of the hake trawl and longline fisheries;

(i) socio-economic assessment: analyzing economic aoihl saspects of the
hake trawl and longline fisheries using biologicahtputs from current
models; and

(i)  bio-socio-economic modelling: developing analyticahd computational
bioeconomic models to study the hake fisheries.

These research components of the project are sigppby workshops and a training
session. The first workshop took place in Cape TowMay 2004. The second workshop
and training session will take place in Swakopmumearly August 2005www.feru.org
provides the latest information on this). The dasgband modelling frameworks are in an
advanced stage of development, and consideraldendat already been collected.
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In discussion, the workshop highlighted the impoectof considering uncertainty (in, for
example, recruitment and the information availatde fishers) associated with the
conceptual model envisaged. It was pointed out @ftabugh a conceptual model that
assumes perfect information and no recruitmengbdity is simpler for decision makers
to use, results from such a model may be unrealisti

4 .3 ldentified issues for further discussion re Sdh African hake

4.3.1 Calibration of new trawl gear for surveys, ad associated implications for
OMP design

BEN/DECO04/H/SA/3a reported on the use of GLM methdd estimate calibration
factors for the research ves$eR.S. Africanawith its new gear compared to the gear
used previously. The calibration was effected tgloyarallel trawls betweeR.R.S.
Africana (with previously used gear) arRlV. Dr Fridtjof Nansenand betweerF.R.S.
Africana with new gear andR.V. Dr Fridtjof NansenThe results suggest a calibration
factor close to 1 foMerluccius paradoxysbut surprisingly of only some 0.6 fod.
capensis Attempts to better understand the reason unaegrlythis last result by
introducing depth, mean weight and depth-calibratactor interactions into the analysis
failed to provide any obvious clarification

The results of BEN/DECO04/H/SA/3a suggest thhtcapensigeacts very differently to
the new net thaM. paradoxusThe only clear differences between the two tygfegear
are the vertical opening of the net, which is agpnately 2m higher for the new gear,
and the type of foot rope. It is not clear how tbaild affect the catchability dfl.
capensisonly. There is therefore no clear explanationcag/ty there should be a large
difference in the efficiency of catchifg. capensietween the two types of gear. The
workshoprecommendedthat until this issue is resolved, assessmentsl.o€apensis
should consider the ratio of catchability of thevrte the previou$.R.S. Africananet to
be below 1, but not as low as the ratio of 0.6nestted from these calibration
experiments.

4.3.2 Current assessment updates for each species

BEN/DECO04/H/SA/3b provided coast-wide updated amswesits for each of th#l.
capensis and M. paradoxus resources, taking into account a number of the
recommendations of the preceding January workshtye assessments nevertheless
remained separate for the two species, with a cuesd inability to fit to some species-
pooled data, and also with the species split oliezacatches effected external to the
model and then used as inputs. From 1978, dep#dbapecies-splitting algorithms
based on information collected during researchestgcould be used to make these splits
(for CPUE as well as catch), since depth infornmatieas recorded from that time for
commercial catches, but coarse assumptions hack tmdile for earlier periods. The
results suggested a relatively stable capensisresource above itMSYL but anM.
paradoxusstock at a low level, and probably requiring cateluctions to ensure
recovery toward$1SYL

The workshop considered whether the CPUE seriestdrdeing accorded too much
weight compared to the survey series mmwbmmendedthat sensitivity to increasing the
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lower bounds on the residual standard deviationthi® CPUE series should be explored.
The workshop alsodecommended that retrospective analyses should be included in
future assessments.

The workshop discussed the fact that the estingtecey catchability coefficients for the
South Coast are much larger than unity. It was ssiggl that this might be due to the fact
that approximately 80% of the South Coast areatisawlable (rocky grounds) compared
to approximately 20% on the West Coast, and thia¢ Imsay prefer trawlable areas even
though it has been assumed, when estimating biofrasssurvey data, that the density
on untrawlable grounds is the same as that on afde/lgrounds. The workshop
recommended that longline catch rates on rocky and smooth mgsushould be
compared to obtain some idea of the relative dessif hake on the two types of
ground. It was noted that the apparently anomatatrshability coefficients for the South
Coast trawl surveys might also be an artefact @hbgesrrors in ageing (and hence in the
estimate of natural mortality), or in the assummptithat the historical CPUE series
reflects the trend of both resources.

4.3.3 Planned methodology to refine assessments

BEN/DECO04/H/SA/3c detailed a framework for futuesassments of the South African
hake resource which fully incorporated the reconuhaénns of the preceding January
workshop. This involved a four spatial componentdeiofor each of theMerluccius
capensisand M. paradoxusstocks, and a joint estimation procedure whichvidked a
split of past catches by species, and allowed @igsartier species-aggregated data in the
model fitting process. Incorporation of these feasudid however require an appreciable
increase in model complexity. Specifications of tmporal and spatial details of the
advocated structure had been based on consultatitimbiologists and industry.

The workshop endorsed the basic approach in BENMIHEOSA/3c, but noted that it is

very complicated. The external scientists commetitadl similarly complicated models

have been used as the basis for assessments alsdwige school shark in Australia and
hoki in New Zealand), but that it can take a sutitsthamount of time to fully develop

and fit such models. They also noted that such meahn potentially impose structural
certainty on the assessment results and shouldmipéemented with caution. The

workshop noted that it was inappropriate to incladmplexity in analyses simply for the
sake of increased “realism”, but that the levelcomplexity should be commensurate
with the nature of the data available. It was natest simplifications of the scheme
outlined in BEN/DECO04/H/SA/3c may still lead to ageate fits to the data.

The workshop then discussed how to proceed givenn#ed to provide management
recommendations by mid-2005, including advice oe performance of OMPs. The
workshop agreed that this deadline did not allow sufficient time implement the
approach of BEN/DECO04/H/SA/3c, although this apphoahould remain the long-term
goal, in particular to address trans-boundary sstrestead, variants of the approach of
BEN/DECO04/H/SA/3b could be used provided a widegeanf scenarios regarding the
historical catches is tested; this approach mighhgps also be extended in the direction
of the model of BEN/DECO04/H/SA/3c. This last (am#ar) models could also be used to
examine the question of the optimum choice of modetplexity.
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The workshop emphasised the need to move towardsiespseparate assessments
because of the introduction of the longline fledtich differentially targetd. capensis
compared tav. paradoxs. Although no species-specific OMPs have beenldpgd to
date, the workshop noted that in practice the aslyect of management advice which
could be based on species-specific catch recomrtiendavould be for the inshore trawl
fleet on the South coast which targhtscapensionly. A sub-TAC for this fleet could
increase or decrease depending on the recommeévidedpensiscatch. For the other
fleets, a combined-species TAC would still haveeacalculated.

4 .4 |dentified issues for further discussion re Nambian hake
See Section 4.1 and Appendix 14.

4.4.1 Comparison of CPUE and survey trends

BEN/DECO04/H/NA/4a conducted statistical tests fdffetlences in slope between the

hake survey total biomass time series and the atdis¢¢d commercial CPUE indices

over a range of post-Independence periods. The CiRiiH shows a lesser slope by an
amount which stabilises at around some 10% p.ease years’ data become available.
This difference is statistically significant at thé6 level if the data are assumed to be
uncorrelated. If serial correlation is taken intoc@unt, the difference is no longer

statistically significant, but the distinctly higheorrelation for the CPUE series would

then suggest that this series should be down-wesigkglative to the survey estimates in
population model fits.

Appendix 15 reports additional results based owesuestimates of fishable biomass.
The difference between the slopes for the CPUEcesdand the survey data is no longer
statistically significant at the 5% leved £ 0.07 when all the data are used).

An explanation for these differing results couldthat the CPUE and survey data are
indexing different components of the populationr Ewample, the CPUE data represent
density in waters deeper than 200 m, the fishaldmass includes fish (particularM.
capensiyin waters shallower than 200 m, while the totahiass includes the biomass of
small fish in addition to the biomass of “fishabkaiimals.

BEN/DECO04/H/NA/4b reported updated assessmentshef Namibian hake resource
based on both catch-at-age and (for years for whaclhgeing was conducted) catch-at-
length information, as recommended by the previsaskshop. A notable feature of the
results is the sensitivity of the results to thelusion or otherwise of recent CPUE data.
If such data are excluded, leaving surveys as tiye index of recent abundance trends,
the assessment suggests that the resource hasi&geted to some 20% of its initial
spawning biomass level, that it has been relatigeédple over the past twenty years, and
that the annual replacement yield is in the vigirof 150 thousand tons. If the post-
Independence CPUE data are included, this pictbhenges appreciably, indicating a
steadily declining resource now at only 6% of itsine spawning biomass level, with
an annual replacement yield of as little as somé&ébQsand tons. However, inclusion of
a further time-series, based on some (as yet uketgdndustry information on the
CPUE of seven vessels which fished both before a&tet Independence, indicates a
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resource well above itglSYlevel. A general feature of the results is annested natural
mortality M above 0.6yf, which seems unrealistically high, and also foal the last
of the cases mentioned, an unusually low estimiaséeepnesh (near 0.3).

The workshop considered the sensitivity of the ss®ent results to the inclusion of the
seven-vessel CPUE series. It was noted that bedhisseries was constructed from
company data using daily production figures, théat may not be identical to those
recorded in logbooks. The workshogrommendedthat, if possible, additional data for
these seven vessels should be obtained and tles sxtended and compared formally
with the GLM-standardised series. It algrommendedthat the logbook data for these
vessels should be extracted and analysed to determihether CPUESs, once
standardised, are different from the GLM-standadliseries. Finally, the workshop
recommendedthat the logbook data should be examined for yeaskl interactions.
The utility of CPUEs as an index of abundance W# diminished if year/vessel
interactions are found to be statistically sigrfit or if the trend for the seven vessels
since 1991 differs appreciably from that of the GkMndardised series.

The workshop reiterated that the values estimatedséme of the model parameters
appear anomalous (e.g. natural mortality and tleepstess of the stock-recruitment
relationship). It was noted that assessments dmultbnducted fixing the values for some
of these parameters using auxiliary informatiord eepresenting the results in the form
of a decision table. However, it was noted thanfpsome of the parameters could result
in very poor fits to some of the data.

The workshopecommendedthat a sensitivity test based on starting the rioda more
recent year (e.g. 1991) and applying it on a sgedigaggregated basis should be used to
examine the impact of assumptions related to @ st the fishery. The workshop noted
that it is likely that the predominant speciesha tatch during the 1970s and early 1980s
was M. capensis while it is known that at present the predominapécses isM.
paradoxus The current two-species model (BEN/DECO2/H/NA/fgkes the implicit
assumption that the ratio of the two species haglmanged, but a long term shift in this
proportion could lead to model misspecificationkpeons and may be a source of some
of the model-fitting problems described above.

4.4.2 Providing advice regarding the risks of altemative TAC decisions in
circumstances of assessment uncertainty

The workshop did not have time to discuss thisdassudetail, but noted that advice
regarding alternative TAC levels could be providgdusing decision tables as discussed
during the Training Session.

4.4.3 Developing OMPs that allow for flexibility inmanagement decisions
BEN/DECO04/H/NA/4c considered possible approaches developing OMPs which
output ranges rather than unique values for TAG® Gore suggestion made was that
flexibility in TAC decisions could be taken intocint in simulation testing in a manner
analogous to implementation error, which refledtat tthe catches that are eventually
made may differ from the TACs set. A key requi$dethis approach is reliable models
of the manner in which TACs will vary from year year about a "central level" output
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by the OMP. For example, a possible approach isl@ack quota" system whereby, for
example, a three year TAC is set, but with the jg@that in any one year the catch taken
may not exceed, say, 40% of this TAC.

The workshopagreed that the approach outlined in BEN/DECO4/H/NA/4ovdes a
framework within which the issue of allowing foefibility in management decisions
within an OMP setting can be addressed. Decisiokensaneed to be consulted to ensure
that any simulations conducted adequately captikelyl reality concerning the
implementation of flexibility.

4.4.4 The interpretation ofMSY as a management objective

BEN/DECO04/H/NA/4d questioned the current appropmass ofMSYL as a target
recovery level for the Namibian hake resource. Rrob identified were: a) the
sensitivity of estimates of the ratio of currenbrbass toMSYL to the inclusion or
otherwise of various CPUE series in the assessrmgtite complexities that have had to
be introduced into OMPs to attempt to refine estemaf anVISY L-related target as more
data became available, and c) indications thatctreying capacityK for the resource
might have decreased over recent decades. The disggevas made that defining an
increase of current abundance of, say, 20% asragaieMSY Lfor the time being might
provide a pragmatic solution of these difficulties.

The workshop agreed that estimation MESYL is problematic in many situations,
particularly when the data are in conflict. It mbtnat many fisheries jurisdictions used
MSY andMSYLwhen formulating management advice. However, itas necessary to
base advice related to the objectivedv8Y and MSYLon the specific outputs from a
stock assessment model. For example, it is cleasdme resources that they are below
MSYL,even though the extent to which they are belowoiswell quantified. In these
circumstances, management measures that simplyoaimrease abundance clearly still
remain consistent with the objective of moving tesource towards tH4SYL It is also
possible to adopt the biomass during a pre-specperiod (e.g. when the fishery was
stable and catches high) as a “proxy” f¢®Y L

4.5 Priorities for further research

Appendix 13 lists the prioritised research recomadagions for hake arising from the
workshop.
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5. OTHER

5.1 Weighting different data sets

The workshop noted that the weights assigned toClREE, survey and catch-at-age/
length data in the assessments conducted in sauitieca are generally determined by
the fit of the model to the data set (i.e. dats $kat are fitted best by the model are
assigned the highest weight). Thus, data serieh (@8 CPUE indices) which are smooth
and are available for many years tend to get maight than short and apparently noisy
data series (such as survey estimates of abundemca should, if properly designed,

provide unbiased estimates of trend and perhaps awsolute abundance).

In New Zealand and Australia it is common to preesfy the relative weight assigned to
the different data sources based on qualitativesiderations of their relative reliability.
The workshop highlighted the value of sensitivégts which include only a subset of the
data sources in the assessment to identify dateceuhat are in conflict (either
providing results which are significantly differestatistically, or which have appreciably
different management implications). The workshopniified three distinct bases for
weights:

a)

b)

Weights based am priori considerations of the relative reliability of theéferent
data sources. Such weights could be obtained bggoasing each data set
according to qualitative considerations (e.g. al-designed survey should
priori be given greater weight than an unstandardisedEC$tdies) and choosing
weights to conform with this categorisation. Doweighting historical data is a
means of forcing the model to better fit recenhdise

Weights based on diagnostics included in the ehd@or example, the weights
assigned to each data series could be chosentdbehaariance of the residuals is
similar to that implied by the weights.

c) Weights based on “reality checks”. Reality cledould include checks on

whether the estimates of the parameters of the haodeealistic, and on whether
the model is able to mimic recent trends adequagefyich is likely to be
important for making reliable predictions).

6. ADOPTION OF REPORT

The workshop participants (see Appendix 1) adoptesl report of the meeting as
reflected above.
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7. COMMENTS BY INTERNATIONAL PANEL
Namibian hake

In addition to the comments and recommendatioreadir contained in the report of the
workshop, the external review panel also offerezl ftillowing observations:The results
on Namibian hake presented at the workshop, wraketh on a technically competent
assessment, are of considerable concern. In pariche conclusions about current
levels of depletion, as well as sustainable yietds, extremely sensitive to the inclusion
of two time series of commercial CPUE. It was ateded that some of the parameter
estimates arising from these assessments areycleadalistic. This is not a satisfactory
basis on which to provide management advice.

The panel recommends further stepwise exploratibnthe sensitivities of these
assessments to all the data sets. In particulagt@mpt should be made to identify
model formulations that result in credible parametalues for steepness, natural
mortality, and/or survey catchabilities. A majomcern is that the ageing is incorrect.
This could be explored by fitting to length datalypnand estimating the growth
parameters within the model. Another obvious comégrthe potential bias arising from
the use of species-aggregated data, particulamgesihere is some suggestion that the
relative ratio of the two species has changed syieally over the period of assessment.
A suggestion for interim progress is to undertakspacies-disaggregated replacement
yield (RY) analysis based on survey data. In thegéw term, it is clear that a species-
disaggregated approach is highly desirable. Thesipidisy of a temporal change in
productivity and/or carrying capacity was also edisn discussion. While this is worth
exploring, it could be that this effect (if appaitgneal) is a consequence of the changing
ratio of these two species over the assessmertcperi

Ageing hake

Given the importance of hake to the economies ef rdgion, and particularly to
Namibia, it cannot be stressed too strongly howoirtgmt it is to validate the present
ageing methodology for these species.

Progress in modelling in Namibia

The panel was pleased to note the considerablege®gnade by Namibian scientists in
undertaking quantitative assessments for horse enelckit is important that Namibia

continues to develop domestic capabilities in thisa, which can be facilitated by
continuing cooperation in the regional context. ld@er, the panel stressed that the
development of independent assessment capacitys ieeaccur in conjunction with a

system of peer review at international standards.
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Focus on training in these workshops

The panel noted with interest the discussion, Yalhg the Training Session of this

workshop, on the strong training requirements néddethe region and the need for
alternative approaches to training. It is cleat thgroved training, both in quantitative

methods such as stock assessment, and in they dbilibterpret and make use of such
information, should be an on-going priority in tfegion. The experience gained from the
December 2004 workshop suggests that it is posslsimultaneously achieve the

objectives of critical technical review of reseamid modelling, while also helping to

improve understanding at a more general levelutarg, this might include an opening
half day session that explains some of the basiceqats that will be covered during the
technical review process, together with anothef-da@y “hands on” session mid-way

through the workshop along the lines of that cotelin this meeting.

8. CLOSURE

Thanks were recorded to the sponsors of the worksimal of the associated functions,
the Chair, the rapporteurs and participants (paerty the review panel) and the steering
committee. Di Loureiro and Nobukhosi Dlamini wer&anked for providing
administrative support.
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Appendix 4 : Length-frequency Distributions for Namibian Horse
Mackerel (1994-2004)
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Figure 1. LF distributions for the midwater traavid survey data from 1994 to 2004. One box per yea
(upper left is 1994).
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Appendix 5 : Comparison of growth curves

Anabela Brandao

Model fitted:
Cc
set _ ,set set( age
length,” =a™ +b ( A)

Hypothesis tested:

set

Ho: &%= a; 5%=b; ¢*=c
H1: 8= a; B*'=b; ¢*

where set = 1 is the Namibian growth data for 1896 set = 2 is the Namibian growth
data for 2004.

Table 1. Parameter estimates of growth curves under thénfyothesis and testing of
hypothesis that the growth curves for the four sétgrowth data are equal.

Parameter estimates H H;

a 10.651 10.635
b 13.747 13.853
c! 0.956 0.883
¢ 0.956 0.973

c 0.164 0.164
-Log-likelihood -1290.50 -1291.99
Log-likelihood ratio test 2.98
p-value 0.395

Namibian 1996 & 2004
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Figure 1. Growth curve fit under the hypothesis of equal gfoaurves for all sets of
growth data.
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Figure 2. Growth curve fits under the hypothesis of differgrawth curves for the
different sets of data.

31



32

Appendix 6 : Current data available for the Angolanhorse mackerel
resource

L. Henriette and G. Assuncao

This document reports the data currently avail&dM@ssessment purposes.

1. Catches

The FAO time series of the total catch comprisioghithe local and international fleet
area available from 1973-1994. Although the catdvided by FAO are referred to &s
trecae comparison with local catch for 1993 and 1994 datkd that most likely
correspond to carapau (i.e. both species combifiddrefore from 1984 the proportion
of T. capensisn the area estimated by the surveys in the cooreding years (Table 5)
was subtracted from the total catch provided by R8@©btain thel. trecaecatch. Purse-
seine, mid-water and demersal catches were spge@fiea monthly basis from 1995 to
2004.

2. Length composition of the catches

Length frequency data are available from 1982 ®719he sample are taken per month
and consisted of. trecae(Table 2). The sample corresponds only to therakatea
(Luanda — Benguela).There is not full coveragellofmanths and the sample size seems
too small, particularly in early years. Information gear or position corresponding to the
catch from which sample were taken is not available

3. Surveys

Table 5 shows the surveys carried out for horsekerat in Angola. There is a high
variation in survey effort in terms of the day aasdistance steamed and number of trawl
stations. This is mainly due to the fact that tlgectives varied between surveys and
survey period.

Most of the pelagic surveys covered the shelf &n@a a depth of about 20 m along the
shore out to the shelf edge at about 200m defihce 1996 the depth was expand to
500 m. From 1994 a distance from the coast ofé2@ical miles was kept in the northern
region (between Cabinda and Ambriz) because ofrggceasons and important inshore
areas could therefore not be surveyed. Furthernsoree 1995 the Cabinda has not been
covered because of the extensive oil drilling atéi® in that region. Since 2000 the
survey design was standardised to a systemati@gurack with parallel longitudinal
acoustic transect lines with 5 nm spacing betwhkerihes were followed throughout the
survey for the acoustic recording.

4. Length composition from the surveys
Length composition data are available for all sysve
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5. Maturity

Maturity data is collected in all the surveys faliag the Holden & Raitt (1974)
reproductive scale. The length of maturity hasnbéecrease from 21 cm in 1997 to 17
cm in the recent surveys.

Table 1: Landings of horse mackerel.

Year Total catch Purse-seine  Pelagic Demersal
1973 191694

1974 132994

1975 128208

1976 45723

1977 252565

1978 380150

1979 297247

1980 109665

1981 142216

1982 105072

1983 109985

1984 54923

1985 29140

1986 92453

1987 77830

1988 84854

1989 84638

1990 48710

1991 33598

1992 77212

1993 63370

1994 49944

1995 52503

1996 137766

1997 154037

1998 47761 5884 31315 10562
1999 38080 3072 27429 7579
2000 33511 7738 12832 12941
2001 120000 4456 105120 10424
2002 80358 6104 64843 92411

2003 60000 2267 52682 5050
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Table 2. Length frequency information from commakdatches. The sample size refers
to the number of fish measured in the year.

Year Months Sample size
1982 Jan-Jul 1135
1983 Jan,Apr,May,Jun,Jul, Oct 1875
1984 Jan, Apr,May,Jun, Oct, Dec 1682
1985 Jan,Mar,July, Sep 1822
1986 May 197
1987 Jan-Dec 6692
1988 Jan-Dec 3880
1989 Jan, feb,Sep, Oct, Dec 2227
1990 Feb-Dec 6745
1991 Jan,Feb, Sep,Oct,Dec 2477
1992 Jan, Apr,Jun,Aug, Dec 1840
1993 Mar, feb, Jun,Aug 3342
1994 Jan,Feb,Jun,Aug 2120
1995 Mar, Aug, Sep 805
1996 Jan,Aug,Sep 805
1997 Jan- Mar, May-Sep 3621

Table 4: Operational details of the Angolan susvéyrea 1: Benguela- Cunene; Area 2:
Luanda- Benguela; Area 3: Cabinda — Luanda

Year Month Type of survey Area covered
1-85 January-February Acoustic/demersal 1-2-3
3-85 August-September Acoustic/demerasl 1-2-3
3-86 March-April Acoustic/demersal 1-2-3
1-89 February-March Acoustic/demersal 1-2-3
2-89 April-May Acoustic/demersal 1-2-3
1-91 May-June Acoustic/demersal 1-2-3
2-95 August-September 1-2-3
1-96 February-April 1-2-3
1-97 March-April
2-98 August-September
2-99 August-September
2-00 August-September
2-01 August-September
2-02 July-August
2-03 July-August

2-04 July-August
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Table 5: Survey estimation of the biomass for tiwe tspecies of horse mackerel,
corresponding to stratum Benguela- Cunene andhiaiaiass of Cunene horse mackerel

Survey data  T.capensis T.trecae Total trecae ratio trecae/total
[-85 170 30 435 0.61
3-85 220 50 400 0.45
4-85 270 70 515 0.48
1-86 40 130 285 0.86
1-89 125 35 255 0.51
2-89 135 25 380 0.64
4-89 240 170 440 0.45
1-91 310 100 510 0.39
3-95 63 68 403 0.84
1-96 0 286 506 1.00
3-96 42 98 360 0.88
1-97 23 210 427 0.95
2-98 129 141 254 0.49
2-99 128 124 321 0.60
2-00 242 92 333 0.27
2-01 187 64 89
2-02 92 118 162 0.43
2-03 133 120 166 0.20

2-04 39 32 229 0.83
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Appendix 7 : Revised Assessment of Horse mackerdf dlamibia based
on a Fleet-Disaggregated Age-Structured ProductioModel

Carola Kirchner and André E. Punt

1. Data used

Tables 1, 2 and 3 list respectively, the catch @atanass), the CPUE and survey indices
and the catch-at-age matrices. Note that in therades of information about the age-

structure of the catches by fleets other than Bidg#&oland, Romania, and the USSR
and about the catches prior to 1973, the selegtpatitern for these catches has been
assumed to be same as that for the recent midfigttery in Namibia.

Table 4 lists the values assumed for weight-at{atget and middle of the year) and for
maturity-at-age.

2. Parameterisation and parameter estimation

Table 5 lists the parameters of the population dyos model and the objective function
and how each is treated in the analyses. Tabk$the plus- and minus-groups assumed
when fitting to the catch-at-age data for the fighileets and the survey data.

3. Results

Figures 1 and 2 summarise the results of the assessn terms of the estimated time-
trajectories of spawner biomass (in absolute teantsrelative to 1961), the recruitment
residuals and the fit of the (assumed) stock-raoent relationship to the data. The 95%
confidence intervals shown in Figure 2 are basedrasymptotic approximation. Figure
3 shows the estimated selectivity patterns forstkdleets and for the survey indices.

Figures 4-6 summarise the ability of the model tonim the survey indices and the
CPUE series (Figure 3) and the catch-at-age dajargs 5 and 6).

Table 7 and Figure 7 summarise the results of geihgitests in which the values fo,
h and the catchability coefficient for the survegioes are modified from those in Table
5.



Table 1. The catch data (in ‘000 tons).

Year Fleet

Namibia+

Other Pelagic Bulgaria Poland Romania USSR

1961 47 0 0 0 0 0
1962 23 0 0 0 0 0
1963 21 0 0 0 0 0
1964 71 0 0 0 0 0
1965 126 0 0 0 0 0
1966 100 0 0 0 0 0
1967 72 0 0 0 0 0
1968 69 0 0 0 0 0
1969 47 0 0 0 0 0
1970 51 0 0 0 0 0
1971 77 14 0 0 0 0
1972 51 22 0 0 0 0
1973 43.6 12 0 8.5 0 197.9
1974 345 31 0 9.7 0 109.8
1975 49.2 14 0 27.4 0 178.4
1976 45.6 24 0 42.2 0 396.2
1977 63.6 82 0 42.1 0 175.3
1978 116.5 10 0 122.6 27.2 271.7
1979 88 33 0 82 67.3 150.7
1980 64.7 39 18.6 69.5 31.8 322.4
1981 27.3 4 37.3 118.8 40.2 362.4
1982 44.6 68 48.4 94.7 74.7 329.6
1983 100.1 107 51.2 108.3 116.2 117.2
1984 91.1 88 50.5 76.1 107.8 193.5
1985 73.1 22 42.8 36.1 69.4 216.6
1986 86 84 48.5 14.5 97.6 169.4
1987 514 34 0 0 0 0
1988 393 17 0 0 0 0
1989 381 32 0 0 0 0
1990 342 85 0 0 0 0
1991 351 83 0 0 0 0
1992 310 116 0 0 0 0
1993 401 74 0 0 0 0
1994 331 33 0 0 0 0
1995 259 51 0 0 0 0
1996 229 91 0 0 0 0
1997 212 88 0 0 0 0
1998 286 25 0 0 0 0
1999 294 27 0 0 0 0
2000 336 21 0 0 0 0
2001 301 23 0 0 0 0
2002 299 61 0 0 0 0
2003 317 52 0 0 0 0
2004 320 41 0 0 0 0
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Table 2. The CPUE series and the survey indicedofdance (with CV in parenthesis).

Year CPUEs Survey
Namibia Bulgaria Poland Romania USSR Indices
1973 0 0 1.574 0 40.396 0
1974 0 0 1.448 0 80.854 0
1975 0 0 3.806 0 33.111 0
1976 0 0 3.103 0 35.71 0
1977 0 0 3.479 0 36.04 0
1978 0 0 8.884 1.863  38.165 0
1979 0 0 8.039 5.752  35.459 0
1980 0 1.755 5.43 2.052  24.343 0
1981 0 4.388 9.354 2.173 25.66 0
1982 0 5.042 6.764 5.116  25.817 0
1983 0 3.657 7.963 8.42 17.836 0
1984 0 4.106 5.397 5.765  15.289 0
1985 0 5.487 2.888 3.792  19.826 0
1986 0 4.949 1.007 7.284  45.089 0
1987 0 0 0 0 0 0
1988 0 0 0 0 0 0
1989 0 0 0 0 0 0
1990 4.07 0 0 0 0 0
1991 7.75 0 0 0 0 0
1992 8.24 0 0 0 0 0
1993 8.24 0 0 0 0 0
1994 7.16 0 0 0 0 0
1995 5.65 0 0 0 0 0
1996 5.3 0 0 0 0 0
1997 5.43 0 0 0 0 0
1998 5.86 0 0 0 0 0
1999 5.83 0 0 0 0 1808 (0.24)
2000 5.08 0 0 0 0 1473 (0.3)
2001 4.83 0 0 0 0 861 (0.21)
2002 5.02 0 0 0 0 803 (0.35)
2003 5.65 0 0 0 0 1059 (0.18)
2004 4.92 0 0 0 0 1375 (0.14)
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Table 3. The catch-at-age data (proportion-at-agedch year).

Year Age
0 1 2 3 4 5 6 7+

Namibia
1991 0.000 0.000 0.040 0.800 0.140 0.020 0.000 00.00
1992 0.000 0.020 0.010 0.120 0.750 0.090 0.000 00.00
1993 0.000 0.000 0.010 0.190 0.770 0.030 0.000 00.00
1994 0.000 0.040 0.040 0.300 0.580 0.040 0.000 00.00
1995 0.000 0.020 0.340 0.290 0.290 0.050 0.000 00.00
1996 0.000 0.060 0.400 0.400 0.120 0.020 0.000 00.00
1997 0.000 0.020 0.010 0.560 0.400 0.010 0.000 00.00
1998 0.000 0.040 0.070 0.440 0.450 0.010 0.000 00.00
1999 0.000 0.050 0.090 0.420 0.360 0.080 0.000 00.00
2000 0.000 0.140 0.270 0.350 0.220 0.020 0.000 00.00
2001 0.000 0.090 0.420 0.260 0.200 0.030 0.000 00.00
2002 0.000 0.080 0.490 0.340 0.070 0.020 0.000 00.00
2003 0.000 0.010 0.310 0.600 0.060 0.020 0.000 00.00
2004 0.000 0.050 0.370 0.380 0.120 0.080 0.000 00.00

Pelagic
1991 0.010 0.386 0.601 0.003 0.000 0.000 0.000 00.00
1992 0.030 0.412 0.149 0.409 0.000 0.000 0.000 00.00
1993 0.392 0.458 0.090 0.060 0.000 0.000 0.000 00.00
1994 0.008 0.992 0.000 0.000 0.000 0.000 0.000 00.00
1995 0.331 0.657 0.013 0.000 0.000 0.000 0.000 00.00
1996 0.069 0.921 0.000 0.009 0.000 0.000 0.000 00.00
1997 0.010 0.736 0.224 0.030 0.000 0.000 0.000 00.00
1998 0.077 0.196 0.470 0.258 0.000 0.000 0.000 00.00
1999 0.050 0.865 0.085 0.000 0.000 0.000 0.000 00.00
2000 0.050 0.880 0.070 0.000 0.000 0.000 0.000 00.00
2001 0.126 0.873 0.000 0.000 0.000 0.000 0.000 00.00
2002 0.000 1.000 0.000 0.000 0.000 0.000 0.000 00.00
2003 0.000 0.729 0.270 0.000 0.000 0.000 0.000 00.00
2004 0.111 0.792 0.094 0.003 0.000 0.000 0.000 00.00

Bulgaria
1980 0.000 0.227 0.663 0.073 0.020 0.005 0.005 60.00
1981 0.003 0.003 0.458 0.473 0.052 0.007 0.001 10.00
1982 0.000 0.079 0.797 0.102 0.016 0.005 0.000 00.00
1983 0.000 0.077 0.522 0.290 0.092 0.014 0.003 10.00
1984 0.000 0.073 0.571 0.229 0.082 0.034 0.009 20.00
1985 0.000 0.293 0.554 0.128 0.022 0.002 0.001 00.00
1986 0.000 0.085 0.502 0.343 0.055 0.013 0.001 00.00



(Table 3 Continued)
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Year Age
0 1 2 3 4 5 7+
Poland
1973 0.000 0.026 0.434 0.159 0.138 0.144 0.066 30.03
1974 0.000 0.006 0.039 0.033 0.055 0.188 0.177 30.50
1975 0.000 0.027 0.128 0.375 0.290 0.136 0.027 80.01
1976 0.000 0.046 0.090 0.322 0.265 0.184 0.065 70.02
1977 0.000 0.029 0.262 0.139 0.248 0.125 0.106 20.09
1978 0.000 0.005 0.084 0.123 0.261 0.140 0.197 90.18
1979 0.001 0.277 0.274 0.393 0.042 0.005 0.002 70.00
1980 0.000 0.000 0.066 0.199 0.249 0.256 0.170 00.06
1981 0.000 0.001 0.073 0.355 0.484 0.082 0.004 00.00
1982 0.000 0.000 0.063 0.484 0.366 0.080 0.006 00.00
1983 0.000 0.004 0.236 0.393 0.290 0.070 0.005 10.00
1984 0.001 0.037 0.117 0.320 0.394 0.127 0.004 00.00
1985 0.000 0.132 0.330 0.226 0.157 0.105 0.043 60.00
1986 0.001 0.079 0.492 0.317 0.079 0.024 0.004 40.00
Romania
1978 0.000 0.128 0.246 0.437 0.150 0.029 0.009 10.00
1979 0.004 0.288 0.427 0.244 0.032 0.004 0.001 10.00
1980 0.001 0.194 0.423 0.246 0.099 0.026 0.008 30.00
1981 0.013 0.139 0.468 0.239 0.105 0.029 0.005 20.00
1982 0.007 0.094 0.458 0.295 0.123 0.018 0.004 30.00
1983 0.008 0.106 0.365 0.294 0.151 0.063 0.010 40.00
1984 0.003 0.070 0.276 0.242 0.207 0.122 0.058 20.02
1985 0.004 0.292 0.452 0.169 0.054 0.019 0.008 10.00
1986 0.003 0.085 0.581 0.242 0.058 0.024 0.004 30.00
USSR
1973 0.000 0.010 0.092 0.312 0.250 0.182 0.051 30.10
1974 0.000 0.066 0.059 0.441 0.237 0.069 0.042 50.08
1975 0.000 0.011 0.050 0.428 0.340 0.091 0.025 50.05
1976 0.000 0.035 0.010 0.218 0.472 0.165 0.040 00.06
1977 0.002 0.066 0.205 0.306 0.276 0.125 0.005 60.01
1978 0.000 0.121 0.170 0.278 0.228 0.115 0.051 80.03
1979 0.003 0.135 0.233 0.224 0.199 0.104 0.047 60.05
1980 0.001 0.078 0.172 0.303 0.249 0.111 0.049 60.03
1981 0.000 0.012 0.174 0.424 0.280 0.065 0.014 20.03
1982 0.000 0.005 0.093 0.493 0.292 0.064 0.031 20.02
1983 0.000 0.016 0.105 0.423 0.314 0.119 0.016 80.00
1984 0.004 0.041 0.135 0.327 0.332 0.099 0.021 10.04
1985 0.000 0.095 0.396 0.209 0.197 0.069 0.019 40.01
1986 0.000 0.005 0.160 0.477 0.258 0.069 0.023 80.00
1999 0.197 0.305 0.364 0.135 0.000 0.000 0.000 00.00
2000 0.371 0.376 0.045 0.208 0.000 0.000 0.000 00.00
2001 0.335 0.529 0.136 0.000 0.000 0.000 0.000 00.00
2002 0.000 0.602 0.398 0.000 0.000 0.000 0.000 00.00
2003 0.030 0.398 0.474 0.097 0.000 0.000 0.000 00.00
2004 0.086 0.747 0.135 0.032 0.000 0.000 0.000 00.00
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Table 4. Maturity-at-age proportion and weight-gé-ggm)

Age (yr)
0 1 2 3 4 5 6 7+
Maturity 0 0.196 0.733 0.969  0.997 1.000 1.000 1.000
W-start 7 34 57 _151 136 313 218 473
W-mid 15 53 114 189 271 355 435 510

Table 5. The parameters of the population dynamiagdel { is selectivity slope).

Parameter Value
Population dynamics model
Virgin Biomass

Estimated
Natural mortality 0.3yr
Steepness 0.6

Selectivity parameters
S.S, S $ S (Namibia, Bulgaria, Poland, Romania, USSR)  Estimated

$,S $1 (Pelagic) Estimated

Recruitment residuals (1969-2004) Estimated
Objective function
Extent of recruitment variationg, 0.4
Catchability coefficients (CPUE indices) Estimated
Catchability coefficient (survey indices) 2
Residual variation (CPUE indices) Estimated (lower
bound 0.2)

$.S $.4 (Survey indices) Estimated

1'5=0 for these fleets.

Table 6. Specifications for the plus and minus geowhen fitting the catch-at-age data.

Fleet Minus-group Plus-group

CPUE indices

Namibia 1 5

Pelagic 0 3

Bulgaria 1 5

Poland 1 5

Romania 1 5

USSR 1 5
Survey indices 0 3
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Table 7. Stock assessment results using varioubsications of the parametek4 h and
g-survey. Maximum sustainable yielM$Y) for the midwater fleet, current depletion,
current biomass in thousand tons and the negatg«ilelinood are tabulated.

g=2 M=0.4 MSY B%0/B*i0s1 Booo: -InL
h=0.4 484 0.23 1425 -54.75
h=0.6 541 0.28 1386 -56.33
h=0.8 627 0.34 1497 -56.67
g=2 M=0.3
h=0.4 439 0.25 2056 -55.46
h=0.6 504 0.3 1901 -57
h=0.8 572 0.35 2006 -57.6
gq=2 M=0.5
h=0.4 579 0.22 1176 -52.77
h=0.6 594 0.28 1202 -54.02
h=0.8 690 0.34 1318 -53.96
g=1.5M=0.4
h=0.4 497 0.29 1881 -56.07
h=0.6 583 0.37 1887 -57.65
h=0.8 693 0.42 2001 -58.34
g=1.5 M=0.3
h=0.4 450 0.32 2821 -56
h=0.6 535 0.39 2722 -57.47
h=0.8 627 0.44 2772 -58.27
g=1.5 M=0.5
h=0.4 534 0.27 1490 -55.16
h=0.6 632 0.39 1738 -57.15
h=0.8 748 0.45 1848 -57.72
g=1 M=0.4
h=0.4 541 0.4 2912 -56.64
h=0.6 682 0.49 2900 -58.33
h=0.8 831 0.54 2902 -59.25
g=1 M=0.3
h=0.4 489 0.45 4568 -55.92
h=0.6 615 0.53 4373 -57.33
h=0.8 744 0.56 4248 -58.14
g=1 M=0.5
h=0.4 585 0.4 2355 -56.9
h=0.6 742 0.5 2455 -58.64
h=0.8 900 0.55 2515 -59.52
additional runs
h=0.75, M=0.3
gq=2 552 0.34 1977 -57.47
h=0.6, M=0.4
gq=2 541 0.28 1387 -56.33
h=0.6, M=0.3
g estimated 742 0.44 3168 -57.51
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Figure 1. Time-trajectories of spawner biomassafsolute terms and relative to that in
1961), the fit of the stock-recruitment relatioqghand the time-series of recruitment

residuals.
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Figure 2. Time-trajectories (with asymptotic 95%nfidence intervals) for the
recruitment residuals, spawner biomass relativilab in 1961, and spawner biomass in
absolute terms.
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Namibia midwater Pelagic Bulgaria
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Figure 3. Selectivity as a function of age for ¢irefleets and for the survey indices.
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Figure 4. Fits to the survey data and the CPUEesdor five of the six fleets. The
vertical bars for the CPUE series denote 95% cenfid intervals for the data based on
the estimated residual standard deviations.



Figure 5. Fits to the catch-at-age data for thdlsets and to those for the survey indices.
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(Figure 5 Continued)
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Namibia midwater Pelagic Bulgaria
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Figure 6. Bubble plots summarising the fits to tiaéch-at-age data for the six fleets and those to
the catch-at-age data for survey indices.
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Figure 7. Depletion (2005), current biomass &n8Y levels are plotted against log-likelihood

values.
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Appendix 8 : Sensitivities on the Assessment of tidamibian
Horse Mackerel Resource

RA Rademeyer and DS Butterworth

The assessment of the Namibian horse mackereln@spresented in a working paper (with catch-attagecatch-at-
length information) is updated with a CV on theruétment residuals @) of 0.4 instead of 0.25 (Reference Case).

Three sensitivities on this assessment are alsepred: i) with the survey bias correction fact@stimated rather than
fixed to 2, ii) omitting the GLM-standardised CPWEries for the midwater trawl fishery and iii) wit=0.4 and

h=0.75.

20-year projections have been carried out assumicgnstant catch of 320 and 41 thousand tons éomidwater and
pelagic fleets respectively (i.e. as in 2004).

Table 1: Estimates of management quantities fth@Reference Case assessment of the Namibian
horse mackerel resource and b)-d) three senstvidn this assessment. Values fixed on input are

shown in bold.

_ . c¢) excl. midwater GLM o _
a) Reference Caserg=0.4) b) q survey estimated CPUE series d) withh=0.75 andV =0.4
"-InL:overall -19.2 -19.6 -8.0 7.1
-InL:CPUE -23.8 -24.9 -8.2 -8.2
"-InL:Survey -3.2 -3.1 -3.7 -3.7
“InL:CAA -6.5 -6.1 -14.9 -13.9
"-InL:CAAsurv 17 17 1.3 15
“InL:LAA - - - 0.0
"-InL:LAAsurv - - - 0.0
Recruitment_Pen 12.6 12.8 17.5 17.3
Midwater  Pelagi Midwater  Pelagi¢ Midwater  Peladic Midwater  Peldgic
K SP 5036 5554 5339 3786
K 2050 1902 1776 2230 2066 1730 2005 1866 1437 1737 1622 1581
B 200: 1347 2020 1455 1331
B 200 753 685 760 1086 990 965 751 678 693 770 695 24
h 0.600 0.600 0.600 0.750
M 0.300 0.300 0.300 0.400
MSYL® 1608 1583 1726 1767 1739 1888 1682 1655 1794 1002 982 jo51
MSYL™ 812 743 754 895 818 747 817 751 625 565 498 $24
MSY 369 392 24Y 399 426 26 378 404 236 491 523 20
B 200, /K™ 0.268 0.364 0.273 0.352
B ™ 200./K* 0367 0360 0428 0487 0479 05585 0375 0364 0482 0443 0429  (.585
B 00, /MSYL? 0.838 0851 071 1144 1.162 1070 0865 0.879 0811  1.329  1.356  1.267
B 500./MSYL™ 0.927 0.922 1.009 1.213 1.210 1.292 0.920 0.903 1.109 1.363 1.397 1.482
MSYLP/K P 0.319 0.314 0.343 0.318 0.313 0.340 0.315 0.310 0.336 0.265 0.259 q.278
MSYL™/K ™ 0.396 0.391 0.424  0.401 0.396 0.429 0.407 0.402 0.435 0.325 0.307 0.395
Age| Surveyl Midwater Peladic Surveyl Midwater Pelagjc Surveyl Midwater Peldgic Surv@jitlwater Pelagi
S(0) 0.31 0.00 0.14 0.31 0.00 0.14 0.30 0.00 0.14 0.26 0.00 12
S(1) 1.00 0.04 1.9Jo 1.00 0.04 1.0p 1.00 0.04 1.p0 0.95 0.03 1.00
S(2) 0.93 0.28 0.43 0.93 0.30 0.4p 0.96 0.30 0.41 1.00 0.25 45
S(3) 0.43 0.63 0.35 0.41 0.67 0.3p 0.43 0.69 0.p9 0.49 0.63 .35
S(4) 0.20 1.00 0.29 0.18 1.00 0.2p 0.20 1.00 0.p1 0.24 1.00 .28
S(5) 0.09 0.14 0.23 0.08 0.12 0.1p 0.09 0.08 0.5 0.12 0.13 .22
S(6) 0.04 0.14 0.19 0.04 0.12 0.15 0.04 0.08 0.0 0.06 0.13 17
S(7) 0.02 0.14 0.16 0.02 0.12 0.1p 0.02 0.08 0.p7 0.03 0.13 13
Midwater Bulgaria  PolandMidwater Bulgaria  Poland Midwater Bulgaria  Polgnd MidwateBulgaria ~ Polanfl
Commercial_g's 0.008 0.003 0.qo2 0.006 0.003 0.002 0.007 0.003 0.002 0.007 0.003 0.002
Commercial_sigma's 0.202 0.423 0.795 0.200 0.405 0.793 0.600 0.394 0.791 0.600 0.396 (.809
Survey_Q's 2.000 1.399 2.000 2.000
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Fig. la: Time-series of estimated spawning bionfasshe Reference Case and three sensitivitieghferNamibian
horse mackerel resource. Projected spawning bioorees a constant catch strategy is also shown.
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mackerel resource. Projected spawning biomass undenstant catch strategy is also shown.
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Appendix 9 : Assessment of the Namibian Horse Mackel Resource, Including
Both Catch-at-Age and Catch-at-Length Information

RA Rademeyer and DS Butterworth

The data, parameterisation and parameter estimased in this assessment are as described in
Kirchner and Punt (Appendix 7). Age-length keys tioe Namibian horse mackerel are available
for 1996 and 2004 and for those years, the categatdata are used as input (data as in Appendix
7). For the years where no age-length keys ardadaj catch-at-length data have been used to fit
the model (data derived as in Appendix 10). Thgtemt-age is estimated by the Von Bertalanffy
growth equation, with the following Von Bertalanfparameter values:4&57.19cm,K=0.11 and
t0:-1.65.

20-year projections have been carried out assumiognstant catch of 320 and 41 thousand tons
for the midwater and pelagic fleets respectively.

Table 1: Estimates of management quantities foaisessment of the horse mackerel resource.

-InL:overall -43.7%
“InL:CPUE -25.¢
“InL:Survey -1.2
“InL:CAA -68.1
-InL:CAAsurv 15
“InL:LAA 27.2
“InL:LAAsurv 4.8
Recruitment_Pe 17.¢
Midwatel Pelagic Bulgarie Polanc Romanii USSF
K*P 5077
K 2871 275¢ 701 167¢ 381( 311¢ 274¢
B 500- 923
B %200 666 607 260 447 630 678 518
h 0.60(
M 0.30(
MSYL*P 165¢ 163¢ 160z 160z 170z 1662 1651
MSYL® 1171 109¢ 31¢ 72C 128 1247 987
MSY 334 36¢ 18( 30¢ 431 352 41¢
B 500./K*P 0.182
B 500 /K** 0.232 0.221 0.372 0.266 0.165 0.217 0.1.89
B*,00./MSYL® 0.558 0.563 0.576 0.576 0.542 0.555 0.p59
B®,00./MSYL™ 0.569 0.553 0.819 0.620 0.492 0.546 0.p24
MSYL*P/K*P 0.32¢ 0.32¢ 0.31¢ 0.31¢f 0.33¢ 0.32¢ 0.32¢
MSYL®/K ™ 0.40¢ 0.39¢ 0.45: 0.42¢ 0.33¢ 0.39¢ 0.36(
Age| Survey. Midwatel Pelagic Bulgarie Polanc Romanii USSF
S(0 0.2t 0.0C 0.07 0.0C 0.0C 0.0C 0.0C
S, 0.8t 0.0t 1.0C 0.1¢ 0.0¢ 0.2t 0.0€
S(2 1.0C 0.84 0.2t 1.0C 0.3Z 0.91 0.2Z
S(3 0.3t 1.0C 0.12 0.7% 0.6¢ 1.0C 0.7
S4 0.12 0.7¢ 0.0t 0.2¢ 1.0C 0.7t 1.0C
S(5, 0.04 0.2¢ 0.0 0.07 0.62 0.31 0.34
S(6, 0.01 0.2¢ 0.01 0.07 0.62 0.31 0.34
S(7, 0.01 0.2t 0.01 0.07 0.62 0.31 0.34
Midwatel  Bulgarie Polanc  Romanii USSF
Commercial_q 0.007 0.00¢ 0.00z 0.00z 0.02C
Commercial_sigme 0.20c¢ 0.451 0.79¢ 0.62¢ 0.33¢
Survey_q' 2.00C
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Appendix 10 : Fitting a von Bertalanffy model to ag-length data
from the 1996 and 2004Nelwitschia acoustic surveys

Paul J. Starr

Data sources

Two sets of age-length data from the 1996 and 206HKvitschiaacoustic surveys are
available Table TFrabletFablel).

Table 1. Number of length and age observatioraoh data set.

Survey Number length Number age
observations observations
1996 acoustic 220 220
2004 acoustic 1411 768

Methods

A three parameter von-Bertalanffy model was fiti@@éach of the data sets described
in Table 1TablelFablel.

A

=L, (1-ee) @)

wherea is the age andi is the predicted length (cm) of tiith fish. Parameters are

estimated as indicated ihable 2Table3Table 2. Parameters were estimated by
minimising (using the EXCEL solver) the negativg-likelihood in Eq. 2 oven
observations in each of the two data sets and dn@bimed data sefT@ble IFable
ey

—EaniEn(\/ZzUZ Ll (T nfi)2 2)

Analysis by Brandao (Appendix 5) indicates thatréhes no statistical difference
between the 1996 and 2004 data sets so it isiggstih combine these sets.

Table232. Parameters estimated for the von Bertalanffyehod

Parameter

L, Estimated
k Estimated
t, Estimated
o Estimated
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Results
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The parameter estimates tended to imply a relgtisghight line through the 2004

| data set and
The fitting pr
the model wi
different and

the combined data Seb(e 3TabléTable3; Figure 3FigureBFigure3).
ocedure showed that a wide rangeabfies for the model parameters fit
th little change in the negative ldgelihood, so it may be useful to fit a
more appropriate model these data.

""" - -
/
° / s
40+---——----—-"-"-o-—-—-8§---8--- '***;i‘**l****. **************
°
°
’é‘ VD+-—-—-—---------2 -~ - .***; ***********************
S °
c
2
o 20 ---8%-- K- Q- """
-
10,/, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
O T T T T T T 1
0 2 4 6 8 10 12

Age

Figure 3. von-Bertalanffy model fitted to age-ldnglata collected during the
1996 and 200%elwitschiaacoustic surveys.

Table353. Parameter estimates and the negative log-liketirfor the two Namibian

data sets and the combined data set.
Estimate
Parameter 1996 data 2004 data Combined
only only data
L, (cm) 56.895 99.031 109.619
k (yr'h) 0.141 0.052 0.051
t, (yr) -1.834 -2.136 -2.000
o 0.159 0.143 0.164
—/nL -91.825 -403.846 -387.037
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Appendix 11 : Further Angolan horse mackerel assesgents

S.J. Johnston

This document reports preliminary results of figtia Schaefer surplus production
model to three sets of 1985+ survey biomass estBnabm the Angolan horse
mackerel fishery. These biomass estimates are for:

i) T. trecaeonly

i) T. capensi®nly

iii) T. trecaeplusT capensis
For each of these biomass series, a correspondiiot) series from 1985 has been
defined. Table 1 reports the survey biomass seaed, Table 2 reports the catch
series. As the “raw” catch data for Angolan horseckerel from 1985 is foF. trecae
only, an assumed catch series Tocapensisvas calculated using the observed ratios
of T. trecaeandT. capensigrom the survey biomass estimates. It was thusnasd
that the proportion of. capensisandT. trecaeare the same in both the catch and
survey biomass series. The biomass estimates eatedr as relative indices in the
model fit, with an estimable multiplicative biascfar q in relation to absolute
abundance.

Catch data (for both species combined) is alsolahai for 1973-1984. A fourth
assessment is thus reported, which uses this satobs in conjunction with theé.
capensisplus T. trecaesurvey biomass series (for 1985+). For this assessnt is
assumes thdd;g73=K (i.e. thea value, wherex = B /K, is fixed at 1.0).

startyear
Results

The model output is presented in Table 3. A minimeonstraint of 0.10 on the
parameter is imposed. This was necessary as in sages, the model would fit an

impossible lowr value. Convergence was not achieved for any offitegADMB
was used). The model appeared in general to héfvady in fitting to the data.
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Table 1: Biomass survey estimates (‘000 t) usednferassessments reported here, as
well as the relative ratios between the two spediese that for some years more than
one survey was conducted and the average for daatiy used. Linear interpolation
has also been used to estimate biomass in yeanshfolh no surveys were conducted.

Ratio Ratio Biomass Biomass Total Biomass
trecae capensis trecae capensis capensis +trecae
1985 0.67 0.33 450 220 670
1986 0.88 0.12 130 40 170
1987 0.82 0.18 193 70 263
1988 0.75 0.25 255 100 355
1989 0.69 0.31 318 130 448
1990 0.66 0.34 209 220 429
1991 0.62 0.38 100 310 410
1992 0.68 0.32 92 248 340
1993 0.74 0.26 84 187 271
1994 0.80 0.20 76 125 201
1995 0.86 0.14 68 63 131
1996 0.95 0.05 433 21 454
1997 0.95 0.05 210 23 233
1998 0.66 0.34 141 129 270
1999 0.71 0.29 124 128 252
2000 0.58 0.42 92 242 334
2001 0.32 0.68 64 187 251
2002 0.64 0.36 118 92 210
2003 0.56 0.44 120 133 253
2004 0.85 0.15 32 39 71
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Table 2: Catch (t) series used for the variousszssents.

Total T. trecae T. capensis
1973 191694
1974 132994
1975 128208
1976 45723
1977 252565
1978 380150
1979 297247
1980 109665
1981 142216
1982 105072
1983 109985
1984 54923
1985 43493 29140 14353
1986 105060 92453 12607
1987 95302 77830 17472
1988 100683 75848 24835
1989 122664 84638 38026
1990 74366 48710 20947
1991 54190 33598 13728
1992 113547 77212 25548
1993 85635 63370 16842
1994 62430 49944 10509
1995 61050 52503 8547
1996 145017 137766 7251
1997 162144 154037 8107
1998 72365 47761 24604
1999 53634 38080 15554
2000 57778 33511 24267
2001 375000 120000 255000
2002 125560 80358 45202
2003 107143 60000 47143

Table 3: Model output statistics. [Noteis constrained to ba 0.1.]
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T. trecae T. capensis Both species | Both species
1985+ 1985+ 1985+ 1973+

K 1274 1123 2998 942

r 0.1 0.1 0.1 0.91

a 1.0 0.94 0.4 1.0 fixed
q 0.18 0.11 0.29 0.34
MSY 32 28 75 214
RY(2005) 26 27 37 155
Booo/K 0.35 0.64 0.19 0.59
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Figure 1a: Catch series (t) for the Angolan horsekarel fishery..
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Figure 1b: Survey biomass estimates for the Angbtase mackerel fishery.
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Figure 2a: Model fit td'. trecae(1985+) survey biomass estimates.
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Figure 2c: Model fit tol. trecae+ T. capensig1985+) survey biomass estimates.
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Figure 2d: Model fit tar. trecaet T. capensig1985+) survey biomass estimates —
model starts in 1973.
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Appendix 12 : Replacement Yield Model fits to Angan horse
mackerel data.

S.J. Johnston

A replacement yield model has been fitted to thgad\an horse mackerel survey
biomass data and catch data for the period 1988-:200

Three series of data are availallletrecaeonly, T. capensi®nly, andT. trecaeand
T. capensi€ombined.

The replacement yield model fitted to the datargsy:

B.,, =B, +RY-C, and
S =aBe’,

whereRY = replacement yield, an§, is the survey biomass estimate.

We assume = 1, i.e. that the survey biomass estimates aselate biomass
estimates. The estimable parameters areBlygs(the first year biomass), amly.

The data are reported in Table 1. Model resultseerted in Table 2. Standard
errors (Hessian-based) are reported in parenttagiste 1 provides the model fits to
the survey data as well as plots of biomass ardhcat

[The T. capensisatch value for 2001 of 255000 t seems somewhadalistic. TheT.
capensiscatch values are calculated by using the relatwe of trecae:capensisn

the survey biomass, and thecae catch series. In 2001, it was reported from the
survey that theapensisbiomass was more than twice the size of thdtexfag and
this results in theapenss catch being so large for that year.]
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Table 1: Catch (in t) and survey biomass (in ‘00f@t Angolan horse mackerel.

Catch Catch Catch Biomass Biomass Biomass
T.trecae T.capensis T.capensis + T.trecae T.capensis T.capensis +
T. trecae T. trecae

1985 29140 14353 43493 450 220 670
1986 92453 12607 105060 285 40 325
1987 77830 17472 95302

1988 75848 24835 100683

1989 84638 38026 122664 318 130 448
1990 48710 20947 74366

1991 33598 13728 54190 510 310 820
1992 77212 25548 113547

1993 63370 16842 85635

1994 49944 10509 62430

1995 52503 8547 61050 506 63 569
1996 137766 7251 145017 433 21 454
1997 154037 8107 162144 427 23 450
1998 47761 24604 72365 254 129 383
1999 38080 15554 53634 321 128 449
2000 33511 24267 57778 333 242 575
2001 120000 255000 375000 89 187 276
2002 80358 45202 125560 162 92 254
2003 60000 47143 107143 166 133 299
2004 229 39 268

Table 2: Model output statistics. [Value in paresdils is one standard error]. Biomass
units are in ‘000 t.

Both species T. trecae T. capensis
1985+ 1985+ 1985+
Biosg: 464 (80) 443 (89) 72 (48)
RY 94 (5.2) 58 (6.0) 31(3.1)
B2oo: 272 (40) 208 (40) 68 (29)
Bo0o/B19s: 0.59 (0.13) 0.47 (0.15) 0.95 (0.57)
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Figure 1a: Model fits to survey biomass (top figuard plots of biomass and catch
(bottom figure) forT. trecae

T.trecae
o
S
S
s ® obs
% —m— est
£
S
[
0 T T T
1985 1990 1995 2000 2005
year

500

450 ./’\\

400 »
= Nt

350 -
8 300 -
e —e— Catch
= 250 -
0 ——
o -
C
@]
= 100 /?.\ ha¥

50 - f\w u .

O T T T T
1980 1985 1990 1995 2000 2005
year

68



69

Figure 1b: Model fits to survey biomass (top figusad plots of biomass and catch
(bottom figure) forT. capensis
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Figure 1c: Model fits to survey biomass (top figusrad plots of biomass and catch
(bottom figure) for botA'. trecae andT. capensis
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Appendix 13 : Recommendations and Agreements

The following are the recommendations and agreesranging from the discussions
held during the workshop. Each recommendation \@aaked High, Medium or Low
by the workshop participants based on the impoeafithe recommendation in terms
of its likely impact on management decisions, dadeasibility.

The workshop ranked research recommendations il ldnd L categories, but did
not rank them within these categories. The workshegognised that the time
required to implement some of the recommendatioosldvbe substantial, and that
management advice may have to be provided prievém some of the high priority
research topics being addressed. The numbers agaicts recommendation refer to
the sections in the main text where the recomméendatrose, and where additional
commentary may be found.

|. Recommendations
A. Horse mackerel — general

A.1 (H, 3.2) The BCLME proposal to analyse additibigenetics data for horse
mackerel should be conducted, should consider balPNA and microsatellite
markers and be based on samples collected widelyanith Africa, Namibia and
Angola.

A.2 (M, 3.1) Efforts should be made to understanel influence of oceanographic
changes on fish distribution and aggregation.

B. Horse mackerel — South Africa

B.1 (H, 3.3.1) A study examining how horse mackeeglct to trawl nets should be
conducted to provide insight as to what the denhdéraal surveys are actually
surveying, and thereby insight concerning the pridgo of the catch that is taken
in the water column rather than off the bottom.

B.2 (H, 3.3.1) Work on developing combined acouatid bottom trawl surveys for
horse mackerel should continue.

B.3 (H, 3.4.1) Future assessments of the Southc#drihorse mackerel resource
should be based on the specifications and sengitests listed in Section 3.4.1.
B.4 (H, 3.6) Industry should be fully consultedaih adaptive harvest strategy is
considered for South African horse mackerel (se8.3l), particularly to
determine desirable (and undesirable) levels ohgaadn catch levels given the

expected benefits of “adaptive management”.

B.5 (M, 3.3.1) A self-consistent database contgréength, weight, age and maturity
information should be established and the varioudogical functions and
relationships estimated therefrom.

B.6 (M, 3.3.1) The length-frequency data from theutd African midwater and
demersal fleets and the Japanese demersal flegidshe examined to determine
whether it is necessary to model all three of ttikests separately.

B.7 (M, 3.1.1) A CPUE index series should be devetbfor the midwater trawl
fishery.
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C. Horse mackerel — Namibia

C.1 (H, 3.3.2) A GLM approach should be used touate the CPUE indices for the
recently-operating midwater fleet that are usestatk assessment models.

C.2 (H, 3.3.2) GLM techniques should be used tovige estimates to “fill-in”
area/depth strata for which data for some of thlBeeasurveys are missing, and
hence construct a second index of abundance fanwssessments.

C.3 (H, 3.4.2) Future assessments of horse mackeMhmibia should be based on
the approach outlined in Section 3.4.2.

C.4 (H, 3.4.2) A prior for the survey catchabilitpefficient for acoustic surveys
targeted at horse mackerel along the lines of deaeloped by the BENEFIT
Survey Errors Workshop in 2001 should be includethe assessment.

C.5 (H, 3.3.2) The “burn and slice” and surfaceimgemethodologies should be
compared.

C.6 (H, 3.3.2) For assessment purposes, the fat#25 should be used to estimate
the nominal (green weight) catch by the pelagibeiy between 1991 and the
present from fishmeal production.

C.7 (M, 3.3.2) A summary should be made availablettie surveys off Namibia of
the areas and depths covered during each survey.

C.8 (M, 3.3.2) Further studies examining how harseckerel react to research trawl
nets should be conducted to establish the propehyslength of fish insonified in
acoustic surveys which is captured in trawls madatend these surveys.

C.9 (M, 3.3.2) An analysis similar to that in Appen5 should be conducted using
length-age data from many years to evaluate futimerextent to which growth
rates vary over time, and hence the extent to wiieh assumption of time-
invariant growth is likely to be violated.

C.10 (M, 3.3.2) Data on maturity-at-age and maguaitlength should be examined
guantitatively to determine whether there is evaderof changes in these
guantities over time.

C.11 (L, 3.1.2) The catch and length frequency datauld be plotted spatially.

C.12 (L, 3.3.2) ICSEAF data on the length-structoir¢he pelagic catches should be
obtained and incorporated in the assessihentilable.

C.13 (L, 3.4.2) The growth curve for Namibian horsackerel should be revised by
examining alternative parametric forms for the tieleship between length and
age, attempting to allow for ageing error, and byamining alternative
relationships in the extent of variation in lengthage with age.

D. Horse mackerel — Angola

D.1 (H, 3.1.3) Coefficients of variation should digtained for the survey estimates of
abundance.

D.2 (H, 3.3.3) Estimates of catch, and samples hef length-frequency of the
commercial landings should be obtained.

D.3 (H, 3.3.3) Information about the spatial disttion of the catch could be used to
split the historical catch data to species.

D.4 (H, 3.4.3) The approach in Appendix 12 showddelplored further as a possible
basis for management advice.

D.5 (H, 3.2.3) The survey programme should be coetil.
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E. Hake — South Africa and Namibia

E.1 (H, 4.1) Age validation for hake should be aded a very high research priority.
E.2 (M, 4.3.2) Retrospective analyses should beided in future assessments.

F. Hake — South Africa

F.1 (H, 4.3.1) The extent to which catch efficierfoy M. capensiss estimated to
have decreased for the new research survey tratwvisimauld be reduced in
assessments until a plausible explanation forrthght be found. Assessments of
M. capensisshould take the ratio of the catchability of thmwnto the previous
F.R.S. Africananet to be below 1, but not as low as the rati®.6festimated from
the calibration experiments.

F.2 (H, 4.3.2) Longline catch rates on rocky anaatin grounds should be compared
to obtain some idea of the relative densities &khan the two types of ground.

F.3 (H, 4.3.2) Sensitivity to increasing the lowmyunds on the residual standard
deviations for the CPUE series should be explored.

G. Hake — Namibia

G.1 (H, 4.4.1) Additional data for the “seven \&S€£PUE series should be obtained
and the series extended and compared formallythwélGLM-standardised series.

G.2 (H, 4.4.1) The logbook data for the seven uJssshould be extracted and
analysed to determine whether CPUES, once starsealdare different from the
GLM-standardised series.

G.3 (H, 4.4.1) The logbook data should be examfoegear/vessel interactions.

G.4 (H, 4.4.1) A sensitivity test based on startimgmodel in a more recent year (e.g.
1991) and applying it on a species-disaggregateis should be conducted.

II. Agreements
A. Horse mackerel — general

A.l (3.2) The available data fdr. capensisare consistent with the current working
hypothesis that the horse mackerel off Namibia @odth Africa are independent
stocks and can be assessed and managed as suchisTlimaited sharing of &.
capensisstock between Namibia and Angola.

A.2 (3.3.2)If age-composition data are required, it would le¢tdy to use the LAK
method of Clarke (1981than to apply an age-length key for one year to the
length-frequency data for several years (but se® &éction 3.4.2). Nevertheless,
it remains preferable to fit population models &dch-at-length data for years for
which ageing was not conducted.

B. Horse mackerel — South Africa
B.1 (3.3.1) Although the trawl net used in the bwotttrawl surveys may be catching

horse mackerel off the bottom for much of the tiie catch rates could still
provide a useful relative index of abundance.
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B.2 (3.3.1) There are considerable benefits toecthg acoustic data from
commercial midwater trawlers fishing for horse nmexrek whose catches are
sampled by onboard scientific observers.

B.3 (3.6) Given the relatively little informatiomdorse mackerel off South Africa,
the use of an adaptive harvest strategy is an pppte way to substantially
improve knowledge of the status and productivitythed resource in the short-to-
medium term.

C. Horse mackerel — Namibia

C.1 (3.1.2) The impact on assessment results ok sainthe catches from ICSEAF
Division 1.5 coming from South African waters ikdly to be negligible.

C.2 (3.4.2) The benefits of different sampling sobe (including different sample
sizes and ranges of lengths when constructing exggt keys) could be evaluated
by simulating the application of the assessmentehtmldata sets constructed by
randomly sampling data from the existing informatio

D. Horse mackerel — Angola

D.1 (3.3.3) The weakness of information on catobieborse mackerel off Angola
compromises the reliability of assessment resalts] therefore improved data
collection and further analyses are needed.

E. Hake

E.1 (4.3.3) There is a need to provide managemectnmmendations for South
African hake by mid-2005, including advice on therfprmance of OMPs. This
deadline does not allow sufficient time to implemethe approach of
BEN/DECO04/H/SA/3c, although this approach shoultiam the long-term goal,
in particular to address trans-boundary issuesedals variants of the approach of
BEN/DECO04/H/SA/3b could be used provided a wide geanof scenarios
regarding the historical catches is tested; thigr@ach might perhaps also be
extended in the direction of the model of BEN/DEGO&A/3c.

E.2 (4.4.3) The approach outlined in BEN/DECO4/H/MIA provides a framework
within which the issue of allowing for flexibilitin management decisions within
an OMP setting can be addressed. Decision maketstoebe consulted to ensure
that any calculations conducted adequately capikety reality concerning the
implementation of flexibility.
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Appendix 14 : BENEFIT/NRF/BCLME January 2004
Recommendations for
Hake, with Comments and Progress made

DS Butterwortl, RA Rademeyér RW Leslié and C Kirchnet
! MARAM, Department of Mathematics and Applied Methatics, University of Cape Town,
Rondebosch 7701, South Africa
2 MCM, Private Bag X2, Roggebaai 8012, South Africa
¥ NatMIRC, Strand Street, Swakopmund, Namibia

A. Both hake species
1) (H) Methods (such as biochemistry, radiocartsimuld be applied to validate the
ageing of hake.
No progress as yet; new staff expert in ageing leaesn appointed recently.

2) (H) Given the clear hiatus in hake ageing irergég/ears, due to a dearth of ageing
competency in both countries, the workshop on apgeacthniques for hake
referred to in Appendix 4 should be conducted.

A workshop on hake aeging has been conducted ¢his Results were not
encouraging. Difference between readings by theessrader and between
readers were very large (up to 10 years) for sliogaliths as compared to 2-
3 years for whole otoliths. The decision was madeantinue using whole
otoliths; however methods to validate ageing mesajplied.

3) (H) Attempts to develop informative prior distions for the catchability
coefficient,q, should be pursued. If priors can be agreed, sheuld be evaluated
for use in stock assessments (either as penalttifuns or by fixing catchability
to some appropriate summary statistic of the dhistion, such as its mode).

Further discussions have yet to be held.

4) (H) The spatial distribution of the CPUE informea should be included in papers
that standardize catch and effort information.
Branddo and Butterworth (2004) considered the infation available for
Namibian hake in some detail, finding evidence rofeapansion to deeper
water over the last four years in particular, and@a notable concentration
of fishing effort close to Walvis Bay in 1993.

5) (H) Stock assessments to form the basis foettaduation of future OMPs should
be based on the framework outlined in Section 3.4.
Work is in progress for the South African hake use: see
BEN/DECO04/H/SA/3b and 3c.

6) (H) In view of the uncertainty regarding the walfor natural mortality, when
evaluating OMPs, a series of scenarios should bstagted that lead to a range
of values forM for example by: (a) allowing for changes over timecarrying
capacity, and (b) adjusting the historical CPUEadat

This will be done during next round of OMP testing.
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7) (H) The extent of variation in recruitment coblel estimated from the results of the
analyses of the seal scat samples or directly fomeys.
This has yet to be attempted; the seal scat data& h&en requested but as
yet not made available.

8) (H) Hake scientists should be encouraged t@botate with population geneticists
to address stock structure issues, especially tmek#ed to trans-boundary
guestions.

The BCLME is discussing the possibility of fundfogher hake genetics
work under Dr. Paulette Bloomer.

9) (H) Ways of explaining the development and immpatation of OMPs to
managers and industry in plain language must beldped.
A document providing a simple explanation was emittand two power-
point talks given to industry and to senior managem(including the
Minister) in Namibia.

10) (H) The cost-benefit of the OMP approach retatio other approaches needs
evaluation.
A discussion of qualitative pros and cons was itetliin the items listed
under 9).

11) (M) Given the importance of catch-effort datahe assessment, the issues related
to catch-effort standardisation identified in SextB.2 should be explored.

The GLM update for this year was not modified ire timterests of
comparability with the previous year's analyses wheputting to
assessment updates. However, some of the factwted lwill soon be
explored, though it should be noted that earliealgges have indicated that
the log-normal bias correction factor has minimaipact, and further that
all co-variates for which data are readily availabhre already taken into
account in the existing GLM standardization.

12) (M) The sensitivity to ignoring the recent CPUitlex and to considering
alternative relationships between standardised CRiuEexploitable (essentially
the fishable) biomass should be considered wheluatitag OMPs.

This will be done during next round of OMP testing.

13) (M) The assessment model should be applied avithore recent start year to
assess whether the use of the early data, the pisarthat the stock-recruitment
relationship has not changed over time, and thangsgon that the population
was at pre-exploitation equilibrium at the start ekploitation, may be
constraining the fit to the recent catch-at-age @RUE data.

Not attempted as yet.

14) (M) The OMP development process should incltelts that reflect possible

trophic interaction effects.
This will be done during next round of OMP testing.

76



77

15) (L) Existing data should be examined to bettkaracterize the relationship
between length (and age) and maturity / effectpasing potential (fecundity).
No progress as yet.

16) (L) Research (e.g. through longline-based taggishould be conducted to
provide more information on longshore movement.
No progress as yet.

17) (L) The value of using the variances estimdtech the application of GLMM
models to the catch and effort data to weight tHeUE indices should be
investigated.

Not attempted as yet.

18) (L) An analysis (such as Principal Componenitglgsis) should be applied to

examine the correlation structure of the model patars.
Not attempted as yet.

19) (L) As a first attempt to address hake-mule@ps interactions, existing models
should be adapted to provide estimates of the poedenortality on hake that is
generated by the two hake species.

Scheduled for consideration in the next stage weldpment of the SA hake
assessment models.

20) (L) Novel, cost-effective ways of estimatingtahility (prey preferences) should
be explored.
No progress as Yyet.

21) (L) The OMP evaluation process should be usezl/aluate the potential benefits
of additional data collection, e.g. of geneticsadat
No progress as yet.

22) (L) Alternative indices of hake recruitmentgiealong the lines of the Namibian
seal scat-based index of hake recruitment) shaaildielveloped.
No progress as yet.

B. South African hake
1) (H) The catch by the handline sector and itgigse, sex- and size-structure should
be monitored.
This work has commenced and some initial estinfates been made.

2) (H) The observer data should be used to testwdlidity of the algorithms for
splitting the past commercial trawl catches amqreres.

There are some doubts concerning the reliability toé species-split
information from the observer program, especiallyidg the early years.
The concern is based on questions of species idation, but mainly on the
experience of the observer with respect to coltgcti valid random sample.
The usefulness of the observer data will be greailyanced by grading the
collected data by the experience/ability of theepbesr.
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3) (H) The algorithm used to split the historicavil catches to species should take
the fish size as well as depth of capture into anto
An extensive analysis by Gaylard and Bergh (20@4) been completed and
is already in use to split catches by species.

4) (H) The lower bound imposed on the residualddach deviation for the CPUE data
should be increased appreciably.
This recommendation has been implemented in ressgissments.

5) (H) A new OMP for South African hake should eveloped through tests based
on a joint model for the two hake species. Giventime needed to conduct the
associated evaluations, this OMP could not be rédadymplementation before
late in 2005.

The construction of this joint model is imminent.

6) (H) The observer programme for South Africa rsetedprovide regular and reliable
information on the species-split of the hake catch.
Plans to obtain these data from the observer progree have been
implemented. Reliability of the species-split infation is dependent on the
experience of the observer.

7) (M) The spatial and temporal trends in the caiol effort data for the longline
fishery should be analysed.
Initial discussions have been held and analyses plenned, though
comparability over time in immediate past yearqugstionable.

8) (M) Comparison of the hake-specific biologiaalpiacts of trawling and longlining
needs to be updated in the light of further infalioranow available.
Discussions have taken place on this matter, wiidhalso be addressed in
a BCLME project headed by Sumaila.

9) (L) Industry should be consulted to developraktive hypotheses regarding the
levels and spatial distribution of the historicatahes.
Discussions have taken place. See paper BEN/DECSA/Ec.

10) (L) Research should be conducted to determiaespatial and temporal dynamics
of hake spawning and early life history using sysve
Cruises are being organised under the BENEFIT paogne.

11) (L) A seal scat-based index of hake recruitnsti@uld be developed for South
African hake.
This first awaits demonstration of progress usihg Namibian seal scat
data.
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C. Namibian hake
1) (H) The Spanish survey indices should be coeckct
This has been done.

2) (H) The utility of the seal scat-based indexake recruitment should be examined
further, and be included in tests of assessmesitsaty.
This has yet to be attempted; the seal scat data& h&en requested but as
yet not made available.

3) (M) Species- and sex-composition, length-freqyefand otoliths, if possible)
should be collected from the longline catches.
This has not yet been attempted, but will stathennear future (2005)

4) (M) The possibility of identifying the youngemlworts in the survey length-
frequencies using modal analysis should be examined
This has yet to be attempted.

5) (L) The effects of catches of other species lon datch rates of Namibian hake
should be investigated.
This is planned for consideration in the next rowidsLM standardisation
of this CPUE.

6) (L) An attempt should be made to obtain the taw-by-tow data for the Spanish
surveys.
This has yet to be attempted.
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Appendix 15 : Additional Calculations Related to Gianges in Survey
and CPUE Indices for Namibian Hake

Anabela Branddo

The log-linear regression analyses described in /BEEIC04/H/NA/4a are repeated
here for the fishable component of the survey besmiadices of abundance. The
regressions are fitted to all the data as welbasnly “comparable” years. (note that
the fishable component values used here have rest berrected for certain errors,
which were corrected for the data used in BEN/DEHBMMA/4a, but the consequent
differences are believed to be small.)

Table 1. Parameter estimates and their associated standandoé trend for the
fishable survey biomass and the commercial staratd CPUE indices of
abundance. The estimates (and standard erroreditference of the slopes and the
test of the hypothesis of equal slopes is shown.

All data
Final year 2004
slope estimate -0.0323
Survey std error 0.0309
Degrees of freedom 13
slope estimate -0.1006
CPUE std error 0.0184
Degrees of freedom 10
slope estimate 0.0683
std error 0.0360
Difference of Degrees of freedom 23
slopes 95% ClI -0.0061
0.1427
t statistic 1.8992
p-value 0.0702
Comparable years
Final year 2004
difference estimate -0.0898
Survey std error 0.0271
Degrees of freedom 11
difference estimate -0.1006
CPUE std error 0.0184
Degrees of freedom 10
difference estimate 0.0108
std error 0.0328
Difference of Degrees of freedom 21
slopes 95% ClI -0.0573
0.0789
t statistic 0.3297
p-value 0.7449
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