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INTRODUCTION

1.1  The Workshop on Methods for the Assessment of Dissostichus eleginoides (WS-MAD)
was held a cCAMLR Headquarters, Hobart, Australia from 5 to 9 October 1995. The Convener,
Dr W. de la Mare (Audrdia), chaired the Workshop. The terms of reference of the Workshop
were agreed by the Scientific Committee at its 1994 meeting (SC-CAMLR-XII, paragraph 2.17).

1.2  The Convener welcomed participants to the Workshop, noting with pleasure the presence of
two invited experts, Mr D. Japp from the Sea Fisheries Research Ingtitute, South Africaand Dr A.
Zuletafrom the Ingtituto de Fomento Pesquero, Chile.

1.3 The Provisona Agenda was adopted unchanged. The Agendaisincluded in this report as
Attachment A and the Ligt of Participants as Attachment B. Documents submitted to the 1995
Working Group on Fish Stock Assessment WG-FsA) and referred to in this report are listed in
Appendix C of this annex.

1.4  The report was prepared by Drs 1. Everson, G. Kirkwood and G. Parkes (UK), K. Sullivan
(New Zedand) and Mr R. Williams (Augrdia).

REVIEW OF POSSIBLE ASSESSMENT APPROACHES

2.1 Under this agenda item, the Workshop first carried out an initid review of the gpproaches
taken in previous CCAMLR assessments of D. eleginoides, and of the approaches used in the
asessments of the longline fishery for D. eleginoides in Chile and the trawl and longline fishery for
hake in South Africa Following this, key problem areas in CCAMLR assessments were identified
and potentia solutions were discussed n subgroups, drawing particularly on the experience in the
Chilean and South African fisheries. Conclusions reached by the Workshop are recorded under this
or subsequent agendaitems.



Previous CCAMLR Assessments

2.2  The Workshop considered the current date of knowledge as reflected in previous CCAMLR
assessments of D. eleginoides under four headings. biology and demography, stock identity,
abundance and yield.

Biology and Demography

2.3  Discussion on biology and demography of D. eleginoides centred on the topics of growth,
reproduction, diet and condition.

Growth

24  Otolith and scale readings have been used to determine the age of individud fish. Both these
methods are widdy used in fisheries biology. Shortcomings have been noticed with both methods
for D. eleginoides which would affect the accuracy of age/length keys derived from them. Results
from both methods have been used together in the past and it is therefore important to reconcile any
systematic differences between the two methods.

2.5 Inthe case of otoliths, fase checks are occasiondly noted which, if not recognised, would
cause the age of the individud fish to be overestimated.

2.6 Inthe case of scaes, there is some uncertainty about the time taken for completion of the
nucleus and hence the age a which the first annud ring appears.  This effect could lead to the
underestimation of the fis's age by one year (SC-CAMLR-XI, Annex 5, paragraph 6.124). The
annua rings seen on scales tend to blend together towards the edge leading to an underestimation of
the age of older, larger fish (SC-CAMLR-XI, Annex 5, paragraph 6.124).

2.7 The Workshop recommended that further efforts be made to improve age determination
using otoliths and scales.

2.8  Length frequency distributions derived from samples of fish from trawl catches frequently
contain modes a intervals equivalent to years of growth (WGFsA-9120"). The modes are
indigtinguishable for fish older than five years, the method is therefore only gpplicable for juvenile fish.

! Everson, |. 1991. Stock assessment of the Patagonian toothfish (Dissostichus eleginoides) at South Georgia.
Document WG-FSA-91/20. CCAMLR, Hobart, Australia.



29 Thee is evidence that longlining sdects large fish (a key factor is the gear itsdf).
Refinements in selectivity can be obtained through variations of both hook and bait. Rigorous trids
have not been conducted for longlining of D. eleginoides with the result that ageflength keys derived
from longline data may be biased towards large fish for the younger age classes and smaller fish for
the older age classes.

2.10 The Workshop recommended that experiments be desgned using trawls and longlines, and
be undertaken to determine the magnitude of biases in estimated age/length keys caused by the use
of different gear types and szes, and different bat sSzes and species (trawls genegdly fish in
shdlower water than longlines).

211 Samples from commercid trawl and trawl survey catches may underestimate the proportion
of larger and therefore older fish. Thisis further discussed in paragraph 3.10.

2.12 Given the possible biasng effects of sze sdectivities, the Workshop agreed that it would be
useful to compare growth rates for young and old fish. To examine this, atable of estimates of Sze-
at-age was prepared using data from both trawl catches and surveys and longline catches (Figure 1).
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Figurel: Estimates of size-at-age from both trawl catches and surveys and longline catches.

213 Lengths-at-age for D. eleginoides from longline fisheries on the Patagonian shdlf, around
Southern Chile and in the South Georgia and Kergudlen regions were reviewed in 1992 &c-
CAMLR-XI, Annex 5, paragraphs 6.122 to 6.129 and Appendix G). An ageflength key not used in



this review is avaladle in the cCAMLR database for pre-recruits from a UK trawl survey on the
continental shelf around South Georgiain January 1991 (SC-CAMLR-XIII, Annex 5, paragraph 4.24).

2.14 No other ageflength data are available.

2.15

A number of problemswith the exigting data were identified in the review of 1992

age/length keys from Kerguelen Idand area were based on smal numbers of fish from a
limited Sze range;

a South Georgia, ages were determined from scae readings (see discussion of
problems in paragraph 2.6);

generdly, agellength characterigtics of an entire stock are unlikely to be represented in
the longline catches used to generate these keys (see SC-CAMLR-XI, paragraphs 6.125
and 6.126); and

most estimates were derived using Ford-Walford plots, which are less reliable than non
linear regressons.

2.16 The available data, except those from the Kerguelen area, were used to generate estimates
of the von Bertdanffy growth parameters. A nontlinear estimation procedure based on the
Levenberg-Marquardt method was used. In these andyses, mean length-at-age was not used; each
length-at-age datum was weighted by the number of fish in the sample which were observed with
that vdue. Exploraiory andyses were undertaken to investigate the influence of a number of
sampling problems on the estimation of the parameters. The andyses comprised the following:

2.17

0)
(i)

(i)

edimation of Lg, K and t,, for dl samples (maes, femaes, combined);

using al samples (combined sexes only), estimation of K in &l samples with afixed Lg
and t,, where Lg was chosen as 170.8 (SC-CAMLR-XI, Annex 5, Appendix G, Table
G.4) and t, =0; and

esimation of K as previoudy but removing Sze classes likely to be incompletey
sampled. The Size ranges used were:

UK 1991 trawl survey dl fish<60cm

longline catches al fish > 100 cm.

The results are presented in Table 1.



Table1:

Estimates of von Bertalanffy growth parameters for D. eleginoides in Subarea 48.3 from age/length keys available in the CCAMLR database and in
WG-FSA-92/30. See paragraph 2.16 for details. Var = variance; L/L =longline; T = trawl

South Georgia Samples Sample Estimates from All Data FIX Lg =1708;t,=0
Method
All Data Trawl: Length <60 Longline: Length > 100
Linf K to Var K Var K Var K Var

Aguayo (1992)":
1. Feb-May 1991 Males L/L 170.3 0.086 -0.015 49
2. Feb-May 1991 Females L/L 1775 0.082 +0.35 65
3. Combined (1 + 2) Feb-May 1991 L/L 1709 0.087 0.16 58 0.085 58.1 0.09 574
4. Apr-May 1991 Femaes L/L 169.8 0.086 -0.01 59
5. Apr-May 1991 Males L/L 170.1 0.087 -0.02 54
6. Combined (4 + 5) Apr-May 1991 L/L 1710 0.087 -0.01 57 0.086 571 0.089 554
7. Feb-Mar1991 Males L/L 165.1 0.085 -0.61 42
8. Feb-Mar1991 Females L/L 1725 0.088 0.162 62
9. Combined (7 + 8) Feb-Mar 1991 L/L 170.2 0.088 0.162 62 0.086 521 0.09 4.1
SUN 1986 T 1823 0.074 0.819 9 0.074 115 n=2
UK trawl 1991: Femde T 159.9 0.081 -0.69 14

Male T 1638 0.082 -051 19

Combined sexes T 1620 0.081 -0.60 16 0.088 235 0.091 194

*

Aguayo, M. 1992. Preliminary analysis of the growth of Dissostichus eleginoides from the austral zone of Chile and South Georgia. Document WG-FSA-92/30.

CCAMLR, Hobart, Austraia.



Reproduction

2.18 Spawning generdly occurs during winter dthough there are some references to spent fish
being taken in December. This may indicate that the gonad maturation and recovery processes are
prolonged.

2.19 Thereisno precise information on spawning location or whether the fish aggregate during the
pawning season.

2.20 The few ovathat have been found, have been near the surface in deep water. Post larvae
and early juveniles spend at least one year in midwater before settling to the bottom.  Juvenile fish
tend to be found on the shelf and it is thought that they migrate into deeper water as they get older
and become sexudly mature.

2.21 The maturity scae developed for nototheniids (SC-CAMLR-VIII, Annex 6, Appendix 4) has
been used by observers examining catches from the D. eleginoides fishery.

222 The results from observer reports avalable a the meeting were consdered by the
Workshop. There were mgor differences in the shape of maturity ogives and length at 50% maturity
(Lws0) VAlues derived from data from the different vessdls.

2.23  From an examination of the data on maturity stages of female fish, the Workshop concluded
that these data were inconsgtent, indicating that there had been difficulties in recognising specific
maturity stages. Examples of digtributions are shown in Figure 2 and the results from al observer
data are summarised in Table 2.

Table2: Estimates of size at sexual maturity from data collected by observers working on different commercial
longliners. (?, - = Insufficient or no datato provide an estimate.)

Sample Size L ength-at-Sexual L ength-at-
Maturity (cm) Spawning (cm)
(Stages |1 to V) (Stages1il to V)
Estela Cruise1 Males 135 20 100
March 1995 Femaes 265 75 105
Estela Cruise 2 Males 106 70 85
April to May 1995 Females 168 ? 95
Marunaka Males 205 70 R0
March to May 1995 Females 284 0 95
Isla Camila Males 3272 I6) 0
March to May 1995 Females 353 95 ?
RK-1 Males 815 75
June to September 1994 Females 864 95
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Figure2:  Length-at-first spawning derived from scientific observer data obtained during the 1994/95 season
from two vessels, Marunaka and Isla Camila.

2.24  The Workshop recommended the following future work:

» clearer and more expansve description of the maturity stages augmented, if possible, by
photographs;



» information should be collected on gonad maturity stages from as many months as
possble in order to determine the spawning season more precisaly;

* edimates of spawning stock biomass should be made based on the proportion of fishin
stages|lil to V;

* L, should be edimated from data obtained during the month immediately prior to
spawning; and

*  determine locations of spawning.

2.25 It was agreed that refinement of estimates of age-at-maturity would arise from such detailed
investigations and dso in conjunction with improvements in methods for age determination.

Diet

2.26  The Workshop consdered whether information on diet might provide indications of verticd
movement based on the known digtribution of the prey items. The Workshop agreed that at this
dage there was insufficient information available on which to base firm conclusons.

Condition

2.27 A condition known as ‘jellymeat’ has been reported previoudy (SC-CAMLR-XII1, Annex 4,
paragraph 4.28). No information was available to indicate the cause of this condition. Concern was
expressed that fish with the jellymeat condition were being discarded and might not be included in
the reported catch. It was unknown whether such finfish might have higher mortdities and/or
reduced spawning Success.

Stock Identity, Structure and Movements

2.28 Discusson on stock identity, structure and movements of D. eleginoides centred on the

topics of digtribution, extent and timing of movements, segregation by sex and age, aggregations and
stock separation.



Didribution

2.29 Thedidribution of D. eeginoidesis generdly known on a broad scde. It iswidespread in
the sub-Antarctic zone, being found around the east and west coasts of South America, South
Georgia and Shag Rocks, South Sandwich Idands, Kerguelen Plateau, Crozet Idand, Ob and Lena
Banks, and Macquarie Ridge.

2.30 There ae, however, some areas of uncertainty, including the southern limit of digtribution in
the South Orkney/Antarctic Peninsula and southern Kerguelen Plateau areas, where the distribution
may be confused with that of Dissostichus mawsoni. Recent findings of D. eleginoides on the
South African shdf and the Campbel Plateau south of New Zedand, as wdl as a much larger
population than previously thought on the Macquarie Ridge demondtrate that our knowledge of the
digtribution of this speciesis ill imperfect (Figure 3). It islikely that fish occur in other areas which
have not yet been investigated.

2.31 The Workshop noted that sperm whaes are known to feed on both Dissostichus species,
and that there is some information available on sperm whae somach contents from Russan data. It
was agreed that this information should be examined and a summary prepared for discussion at next
year's meting.

2.32 Information from the Chilean fishery demondtrates that catches have been made to 2900 m
depth off southern Chile WG-FsA-95/29), so that D. eleginoides apparently can move in depths to
around 3 000 m. Catch rates in terms of weight increase below 1 500 m in much of the Chilean
fishery, however, little is known about the catch rates in numbers of fish. This does indicate that a
sgnificant proportion of the population, at least in the Chilean area, could live between 1 500 m and
3 000 m. Also, there is no information on the extent to which D. eleginoides is capable of
movement over long distances in midwater.

2.33  No bathymetric maps of sufficient detail were available in the CCAMLR collection except for
the South Georgia/Patagonian region. Given the uncertainty of present distribution and the capability
of this fish to exist in waters around 3 000 m deep, the Workshop was unable to draw any
conclusions on the likely extent of movement between populationsin different aress.

Extent and Timing of Movements

2.34  Movements occur on severd time and spatid scales.
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Figure3: Known distribution of D. eleginoides.



2.35 Thereis some evidence for movements on the time scde of afew days. Data from the trawl
fishery at Macquarie Idand and the depletion experiments in Subarea 48.3 suggest that fish move
into an area of localised harvesting to replenish stock removed by fishing. This will tend to reduce
the usefulness of cPUE data on local scales.

2.36 Movements on a seasond time scde of large numbers of fish will confound results of
biomass surveys and andyss of catch and cPUE. There is very weak evidence for lunar cyclesin
CPUE Which may involve migration or other activity patterns. Spawning is presumed to take place
during winter in mid-dope depths. Some circumgantid evidence on migrations is available for the
South Georgia/Shag Rocks area (WGFSA-95/27).

237 As eggs lavee and smdl juveniles are pelagic, egg and larva surveys could possibly
provide information on the time and place of spawning as well as on the Sze of the spawning stock.
However, the Workshop agreed that useful results from such surveys will take some time to collect
given the potentiadly large geographic spawning areaof D. eleginoides (paragraph 2.30).

2.38 The presence of larger fish in degper water seems well established, but details may be
different between areas. This may be mediated by temperature or some other factor(s). It is
necessary to know that the depth distribution of fish by Sze, sex and spawning condition in survey
results are representative and to ensure that the interpretation of fishery datais not biased. Therefore
a description of distribution patterns by depth for each area is necessary, using fishery-independent
surveys and haul-by-haul andlyss of fishery deta.

2.39 The Workshop noted that the different available length frequency distributions from shallow
and deeper waters may be partidly confounded by the different sdlectivity patterns of trawls and
longlines. This has been further consdered in section 3 of this report.

240 Thereis no direct information on movements over long distances between geographic areas
(e.g., South Georgia to South America or Kerguelen Plateau to Macquarie Ridge). There is some
indirect information from parasite loadings that the Chilean population is split at 47°S, and that fish
from southern Chile to the southern Patagonian shelf have smilar origins, wheress there are grester
differences between the southern Patagonian shelf and South Georgia (WGFSA-95/28). More data
on egg and larvd didribution and further sudies on biochemicad markers and parasite loadings may
giveindirect evidence on the extent of movement.

241 The Workshop agreed that the most promising method for obtaining direct observations on
movements on al time and spatid scales was from tagging experiments in areas subject to fisheries,
and it recommended that high priority be given to such studiesin the future.



Segregation by Sex and Age

242 There is some direct evidence for segregation by sex and age from fishery experience;
Chilean data indicate that in the deepest drata fished, down to 1 500 m, larger femde fish
predominate (WVGFsA-91/11%). This needs to be quantified and investigated to see whether it is
consstent over al areas S0 that survey and fishery andyss are representative. Research data and
any gppropriate fishery data could be andysed for sex ratio by time, postion and depth. Length
frequency data could be andlysed adong the same lines for age segregation.

Aggregations

2.43 There do not gppear to be any known spawning or feeding aggregations, but many fisheries
exploit areas of condstent higher-than-average abundance, e.g. the two zones on the Kerguelen
Pateau, and the Argentine fishery centres on an area southwest of the southern Patagonian shdlf. It
is not known whether aggregations are solely on the bottom, in midwater, or both. Feeding
behaviour suggests both.  Acoustic methods usng deep-towed bodies may provide some
information on this. These questions need to be answered so that gppropriate survey methods can
be applied in order to optimise biomass estimates.

Stock Separation

244 There is no information a present on the number of stocks of D. eleginoides. Direct
investigation by andyds of mitochondrid DNA has encountered technical problems. Too little is
known about other aspects of the biology and behaviour as described above to make any meaningful
inferences. More information on oceanographic conditions would aso help interpretation of
biological data, eg. how currents in the upper 200 m might affect drift of larvae and juveniles.
Further work on parasite loadings, dlozyme polymorphisms and otolith microchemistry may yidd
more information an thisimportant subject. Conventiona studies of merigtic and otolith morphology
were fdt unlikely to shed much further light on stock separation.

#  Moreno, C.A. Hook selectivity in the longline fishery of Dissostichus eleginoides (Nototheniidae) off the

Chilean coast. Document WG-FSA-91/11. CCAMLR, Hobart, Australia.



Abundance

2.45 Discusson on methods for estimating abundance of D. eleginoides centred on the topics of
locd abundance, inter- and intra-seasona depletion studies, commercid trawl data, trawl survey
data, fishing radius of longlines and age-based methods. The Workshop also discussed the accuracy
of the reported total catch data under this heading.

Loca Abundance

246 At previous mestings, WG-FSA has made a number of attempts to estimate local abundance
usng a Ledie depletion modd (Ledie and Davis, 1939°). No consistent depletion has been
detected in these previous studies.

247 The Workshop roted that for loca depletion to be expected, a number of assumptions had
to be made. The principa assumption was that the rate of remova was subgtantialy greeter than the
rate of movement. This raised questions of the rate of movement and the distances over which
movements take place (see section on stock identity, structure and movements). There was dso
consderable uncertainty concerning the area of influence of a longline. If fish are attracted into the
area of a longline, over what distances might this occur? This process has both horizontal and
vertical components - the fish are likely to be dispersed both across the seabed and within the water
column. The digtribution of fish within the water column is unknown (see section on stock identity,
structure and movements).

248 Degpite the difficulties in interpreting the results of previous anayses, some possible further
andyses may be warranted. For ingance, some locdities might show greater potentia for loca
depletion than others, due to differences in locd conditions. However, condderable time had
dready been spent on this gpproach with little return in terms of results on which to base
management advice. It was agreed that work on other approaches should take precedence at the
Workshop.

Inter- and Intra- seasond Depletion Studies

249 Longer term depletion-type andyses have adso been attempted by WG-FSA a previous
mestings (eg., WGFSA-91). However, these had not revealed any consistent pattern and

® Ledie, PH. and D.H.S. Davis. 1939. An attempt to determine the absolute number of rats on agiven area. J.

Anim. Ecol., 8 94-113.



resulting abundance estimates included considerable uncertainty. The Workshop considered thet this
might be the result of alarge number of variables influencing the catch per unit effort (CPUE) and its
relationship with abundance.

250 Standardisation of the CPUE series was considered to be a high priority. The first step was
an initid data anayds to identify the key variables for an andyss of variance. One immediate
concern was the degree of overlap between periods of vessd activity to analyse seasond and year
effects. Other possible explanatory variables were fishing ground, vessel and gear type.

251 There were a number of posshilities for the dependent variable (CPUE). Both catch per
hook and catch per hook-hour could be investigated as part of the andlysis of variance.

252 A subgroup was assigned the task of carrying out an andyss of the CPUE data usng
Generdised Linear Models (GLMS). The results are discussed in section 3.

Commercid Trawl Data

2.53 D. eeginoides have been taken in trawl fisheries in various parts of the Convention Area,
incdluding as a by-catch in the bottom trawl fishery in Subarea 48.3 during the 1980s and early
1990s, and a directed trawl fishery in Subarea 58.5 (Kerguelen). Interactions between trawl and
demersd longline fisheries targetting the same resource have been studied in other parts of the world,
particularly in South Africa

2.54 There has not been any detalled andysis of the trawl by-catch taken in the 1980s in Subarea
48.3. There has been little overlap between the trawl and longline fisheries in Subarea 48.3 due to
the decline in the trawl fishery during the early 1990s. There was therefore little scope for
interactions between the two fisheries.

2,55 The Workshop consdered that the monitoring of abundance usng these data would be
difficult, but it might be possible to generate an index of recruitment. Some preiminary exploratory
data analyss was required to investigate the extent of the data available and possible methods of
andyss. However, it was consdered that data andyss should be undertaken during the
intersessiond period rather than during the Workshop or WG-FSA.



Trawl Survey Data

2.56 A large number of bottom trawl surveys have been undertaken on the shelf in Subarea 48.3
during the last 20 years. These surveys were not targetted specifically a D. eleginoides, covering
only the shdlower part of their range, however, catches of young fish were occasondly taken. The
subgroup consdered that it might be possible to determine which age classes were fully represented
in the trawl survey catches and to develop an index of potentid recruitment to the size classes fished
by longlines. An andysis of fish dengty at length was suggested as a means of investigating this. The
progress of this anayssis described in section 3.

FHshing Radius of Longlines

2.57 Some work has been done by WG-FsA on the estimation of locad dendty directly from
catches on individud longlines and assumptions about the sze of the area from which fish are
attracted to he bats. This gpproach has promise in that it might provide estimates of absolute
abundance. It is dso needed to extrapolate from loca depletion abundance estimates to the whole
fishable area. The Workshop had dmost no information on the process of attraction of fish to the
longlines, such as the range a which baits could be detected, swvimming speed of the fish and current
peeds a depth. Investigations of fishing radius in other longline fisheries, undertaken by Norwegian
scientists, have been reported in the literature and might provide some guidance in this area.

Age-based Methods
2.58 The use of age-based methods of assessment, such as virtua population andyss (VPA), was
discussed. The main limitation at this stage is the length of the time series. This gpproach might
prove useful in the future.

Estimates of Totd Catches

259 Condderable evidence exigs that there has been an increesng amount of catches of
D. eleginoides by longlinersin Subarea 48.3 that have not been reported to CCAMLR.



2.60 Many of the methods of estimating the abundance of D. eleginoides rely on estimates of
total removas. The Workshop therefore agreed that every effort should be made to estimate these
as accurately as possible.

2.61 Severd possble methods for estimating tota removas were identified and a subgroup was
assigned the task of obtaining best estimates. The results are discussed in section 3.

Yidd

2.62 Edimates of sustanable yidds in previous CCAMLR assessments have been caculated from
yidd-per-recruit andyses. In this gpproach, the catch-biomass ratio was cdculated from a yied-
per-recruit andyss with an F,; reference fishing mortdity rate and multiplied by the edtimated
biomass to determine a long-term sustainable yield (WG-FsA-93). The cdculations undertaken were
determinigtic, but account was taken of demographic uncertainty by presenting ranges of possble
total alowable catches (TACs) corresponding to likely ranges of values of demographic parameters.

2.63 An dternaive method for estimating precautionary yieds was used for the myctophid
Electrona carlsbergi (WGFsa-9421%) and subsequently used for D. eleginoides at Heard ISland
(WGFsA-94). Thiswas amilar to the method origindly developed for estimating precautionary TACS
for krill (the krill yield modd, Butterworth et al., 1994°). A generdised verson of the fish yidd
model was described in WGFsA-95/41.

2.64 The genadisad fish yidd modd in WGFsA-95/41 takes account of both demographic
uncertainty and stochadtic variability by carrying out stock projections over a specified number of
years into the future. This method is very amilar to that currently being used for D. eleginoides
asessments in Chile (WG-FsA-95/30 and 31).

2.65 The Workshop agreed that as a method to be used at the forthcoming meeting of WG-FsA, it
preferred the stock projection gpproach taken in WGFSA-95/41 over the yidd-per-recruit gpproach.

4 Constable, A.J. and W.K. de laMare. 1994. Revised estimates of yield for Electrona carlsbergi based on a
generalised version of the CCAMLR krill yield model. Document WG-FSA-94/21. CCAMLR, Hobart,
Australia

®  Butterworth, D.S.,, G.R. Gluckman, R.B. Thomson, S. Chalis, K. Hiramatsu and D.J. Agnew. 1994. Further
computations of the consequences of setting the annual krill catch limit to afixed fraction of the estimate of
krill biomassfrom asurvey. CCAMLR Science, Val. 1. 81-106.



2.66 It noted, however, that there were severd matters that required further discussion and that
possible amendments to the method would be required before it could be agpplied to the established
fishery for D. eleginoides in Subarea 48.3. These relate to the appropriate biomass levels to be
used as condraints on find spawning stock biomass, the number of years for forward projection,
and the manner in which hitorica catches were to be taken into account in the projections.

2.67 The Workshop agreed that further discusson on these topics should be deferred to the
megting of WG-FSA. Since gpplication of an amended stock projection method would involve
changes to existing computer programs, however, it agreed that yield-per-recruit cadculaions should
a0 be carried out at that mesting.

Assessment Methods Used in Comparable Fisheries

2.68 Asagreed by the Scientific Committee, two experts had been invited to the Workshop. Dr
Zuleta described the stock assessment carried out for the Chilean fishery for D. eleginoides between
47° and 57°S. Dr Japp described comparative studies of trawl and longline fisheries for hake and
kingklip off South Africa

2.69 The Chilean fishery for D. eleginoides has annua landings of 5 000 to 7 000 tonnes. The
fishery has operated since 1991, in recent years under the limit of a TAC st annudly by the Chilean
government. The assessment of stock Sze has been based on an analysis of the catch-at-age data
asuming an equilibrium age dructure and condant recruitment. A yidd-per-recruit modd gave
estimates of the various reference fishing mortaity rates. Papers WGFSA-95/30 and 31 describe the
procedure used to calculate the TAC in the fishery. In 1995 the projections incorporate uncertanty
both in naturd mortaity and recruitment. A stock projection gpproach was suggested for use in the
future when fitting the cPUE abundance indices derived from the commercid longline fishery.

2.70 The South African trawl fishery for hake has operated for many years on two main species
of Merluccius. M. paradoxus (deep-water species) and M. capensis (shdlow-water species).
Following the decline of the kingklip stock, an experimentd longline fishery directing effort a hake
was initiated (WGFSA-95/20). It was pointed out that caution was needed when introducing a
longline fishery on top of an dready established trawl fishery. The South African experience with
kingklip had shown that the different sdectivity patterns of the two gear types had resulted in a
recruitment problem. Longlines targetted the spawning stock and could lead to a reduction in
recruitment to both the trawl and longline fisheries.



2.71 The hake-directed pilot sudy aimed firdly at comparing the potentid yields of longline and
trawl, given the sdectivity patterns of the two gear types. This study showed that longlines and
bottom trawls catch different Szes of fish (WGFsA-95/20). Longlines exploit only larger hake whilst
trawls catch a much broader spectrum of szes. These differences were mainly attributed to
differences in the target species, area fished and the sex of the fish caught. Seasond patterns and
vessal effects (see paragraph 3.7) were also important.  Paper WGFSA-9522 presents yield-per-
recruit results which show that higher yields could be expected from the longline fishery. The hake-
directed pilot sudy was seen as an example of how specific data could be collected in a scientificaly
controlled manner.  This information could then be usaed to determine the potentid of any future

longline fishery.

Possible New Assessment Methods

2.72 The Workshop discussed methodologies which could overcome some of the difficulties
previoudy encountered in CCAMLR stock assessments for D. eleginoides. The various research
techniques were classified into four broad categories based on their practicality and feasibility.

() Possibleto complete currently:

(& andydssof gandardised CPUE data from the fishery; and
(b)  improved stochastic projection methods.

(i) Possbleto completein the near future:

(& tagging at the vessd (trawl, longline or crab pot) or by hook tags for andyss of
movement and migration;

(b)  research usng bottom and midwater trawling to study vertica distribution;
(©0 compaative fishing sudies (longline and trawl);
(d) vaidation of age estimates from scaes/otoliths;

(e) andyssof previous plankton samplesfor eggs/larvae of D. eleginoides; and

(f)  maturity ogives.



@) Long-term studies:

(@ trawl or longline survey in deep water over range of gpecies digtribution;

(b) <ock identification studies using otolith chemigtry, paradte or geretic studies,
and

(©) experimentd longline fishing (directed) with Sandard gear.

(iv) New studies.

e acoudtic survey with deep-towed body;

e camera sudies (flash or low-light senstive equipment) to assess distribution and
abundance;

e plankton surveys (egg production assessment methods and sudies of larva
digtribution); and

e dudies on fish foraging behaviour to improve biomass estimation from longline
surveys and to study the effective fishing area of each hook.

REVIEW OF DATA AND ANALYSES

Esimation of Total catch in Subarea 48.3

3.1 The use of abundance indices in stock assessment requires that the total removas are
known. The complete catch history is dso required to estimate the sze of the unexploited stock,
which determines the scale of the fishery and the target sock size. Accurate catch information is
therefore critical for both assessment and management of the fishery.

3.2 Itiscea from circumgantid evidence and confidentid records that the reported catches
from the longline fishery in Subarea 48.3 do not represent the true level of removas:

(i) the presence of fishing vessds in Subarea 48.3 in months outsde the CCAMLR season
clearly indicates fishing in excess of dlowable catch levels,



(i)

(ii)

many catches of D. eeginoides reported from areas just outside 200-mile limits
represent misreporting to avoid the congraints of nationd and CCAMLR catch limits,
and

fishermen have confided in scientists working in the fishery about misreported catch.

3.3 The Workshop has atempted to estimate the total removals from Subarea 48.3 and
adjacent banks (Rhine and North Banks) using dl avallable sources of data (Table 3). The
procedure required the use of confidentid records which are not available in an officid capacity.
The column |abelled ‘ estimate of additiond catch’ in the table includes:

0]

(i)

(ii)

the amount of catch which cannot be accounted for in the officid Satistics reported
from different countries. The officd Satistics correspond to catches within the
CCAMLR season, catches taken in non-CCAMLR fishing grounds and those clearly
misreported from zones which are far from Subarea 48.3, but which are not
appropriate for D. eleginoides;

catches where the area of capture is known but the dates do not correspond with the
CCAMLR season; and

catches estimated from sightings of fishing vessals in the area outside the fishing season.
The assumption was made that these vessds catch the equivdent volume of fish per
trip, as they reported during the CCAMLR season. The totd catch estimated will
probably be an underestimate because not dl vessels may be sighted.

Table 3: Estimates of total catchesD. eleginoides in Subarea 48.3 and adjacent Rhine and North Banks.

Split-year CCAMLR Catch Estimate of Best Estimate of
(tonnes) Additional Catch Real Catchest
1990 8156.0 345 8501.0
1991 3639.0 565 4206.0
1992 3841.6 3470 7309.6
1993 30885 2500 5588.5
194 4595 6145 6604.5
1995 3301.12 2870 6171.1

1 Include the adjacent banks
2 Includes 180 tonnes taken by Bulgariain August 1994



34  Inconcluson, thetotd removasin Table 3 for each year is an goproximation and likely to be
dightly underestimated. However, it is gpparent that over the last four years the CCAMLR reported
catch is only about 40% of the total catch from Subarea 48.3 and adjacent aress.

Standardisation of Longline CPUE Data

3.5 A prdiminary andyss of the CPUE data was completed to identify key variables for analyss
of variance. The individud longline sets from 1992 to 1995 were edited to remove data where area
was unknown and where effort was recorded as zero. However, zero catches were included in the
data st. The levd of overlap in fishing activity between vessds was farly limited but sufficient to
cary out the andyss.

3.6  One method of standardising catch and effort data is to use GLMs. This gpproach was
adopted for the prdiminary analyss, and four independent variables (vessd, year, month and areq)
were included in the model. The dependent variable of cPUE used was kilogram per hook.

3.7 ThevesH effect was found to be highly sgnificant. This variable includes dl the differences
between vessds, including fishing gear (longline method, baiting efficency and hook type),
experience of the skipper and nationdity. Area was ds0 found to be a sgnificant variable in the
modd, but month explained very little of the deviations. Although month did not show up as a
ggnificant factor, it sill may be an important determinant of catch rates in the fishery, paticulaly if
seasond migrations occur.  The data set was dominated by hauls taken in only a few months of the
year.

3.8  The sandardised gpproach gppears very promising and highlights the vaue of reporting by
individud haul. Comparison with raw CcPUE indices from each fleet and the use of aternative models
would be useful as the GLM andyds can be sendtive to outliers in the data. Andysis of the CPUE
data will continue during WG-FsA including use of kilogram per hook-hour as the dependent variable
and the possible effect of depth on catch rates.

Sdedtivity of Fishing Methods

3.9  Although the 9zefrequency of D. eleginoides in catches indicates mgor differences between
longline and trawl methods, much of this difference may be attributed to the fishing



grounds and depth fished. An attempt was therefore made to compare size distribution obtained
using both methods in the same area.  Limited data sources were available at the Workshop, but
more data are available to enable this comparison to be made in future.

3.10 Although the available data were not widespread, there appears to be mgor differencesin

the sze Hectivity of the fishing gear. In the Kerguden areg, the fish taken by travl were much

gmdler than catches from longlinesin asmilar depth (300 to 600 m) and area (Figure 4). Datafrom
the Argentinian longline and trawl fisheries operating on the Patagonian shef showed a smilar

pattern, but with a greater separation between the two sdlectivity curves (Figure 5). The differences
observed are affected by hook sSize and type, bait used and the size digtribution of the population.

However, anumber of tentative conclusions could be made from this comparison. Small fish, even if
present in the area, may not be taken by the lines. Therefore trawls may be more useful to map the
digtribution and abundance of small fish throughout the depth range.
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Figure4: Length frequency distribution of D. eleginoides from trawl and longline catches in western
Kerguelen from 1992 to 1994, from similar areas and depths (300 to 600 m).
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Figure5:  Comparison of Argentinian trawler and longline data from fine scale position 54°S 62°W.

Length- Dengty Andyss

3.11 Paper WGFsA-95/23 listed the research surveys for which D. eleginoides has been recorded
and data have been reported to cCAMLR. Thisincludes 12 surveysin Subarea 48.3 over the period
1987 to 1995 and three surveys from Heard Idand from 1990 to 1993. Mot of these surveys have
been based on arandom dratified survey design, using a bottom trawl to sample a sations between
50 and 500 m deep. One survey (1987) used a pelagic net to fish close to the bottom. The surveys
cover only part of the known depth digtribution of D. eleginoides. From what is known about the
Size compoasition of the catches it gppears that they sample only the younger age classes. 1t may be
possible to use these data to develop a series of indices of the abundance of younger fish, which are
considered to be well sampled by the surveys. These estimates can then be stochadticaly projected
forwards to the adult population, using known catches.

3.12 A procedure for analyss of the trawl survey data was developed and preliminary data
processing undertaken. The Workshop recommended thet this data andysis should be continued by
WG-FSA.

3.13 Length data from the trawl surveys will be andysed to determine year class strength. The
abundance at length of fish sampled by the surveys is decomposed into separate age dassesusng
mixtures of norma digributions. The method involves a maximum likelihood fit to the length deta



from individua trawl stations (de la Mare, 1994°). The method is Smilar to the method using Mix
software in MacDonald and Pitcher, 19797, but overcomes errors in variance estimation of the area
under the curve (year class strength).

RECOMMENDATIONS TO WG-FSA
4.1  TheWorkshop had four main areas of recommendations.
A. An experimenta gpproach to assessing stock abundance must be initiated.
() Reseach programs must be developed, particulaly on estimaes of absolute
abundance. It is clear that attempts to use relative abundance indices derived from

commercid data have to date provided inconclusive results.

(i)  An experimenta approachis therefore required. The Workshop considered that such
an gpproach would include:

(@ fisheries dependent data collection of data by observers to dlow
sandardisation of the CPUE series to be improved, should be considered a high

priority;
(b) fidheriesindependent data: directed research surveys are required; and
(©) experimentd/directed fishing should be conddered (eg., with standardised
gear).
B. Data conggstency and qudity from the commercid fishery must be improved.
() Evey effort must be made to estimate total removals as accurately as possible. This

could be improved by increasing confidence in the accuracy of the reported quantity
and location of catches.

delaMare, W.K. 1994. Estimating krill recruitment and its variability. CCAMLR Science, Vol. 1. 55-61.
MacDonad, P.D.M. and T.J. Pitcher. 1979. Age groups from size frequency data: a versatile and efficient
method of analysing distribution mixtures. J. Fish. Res. Board Can., 36: 987-1001.
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(i)

It was recognised that the best data acquired from the fishery so far had been that
from the 1995 observer program. Nevertheless,

(@  improvements in completeness of both historica and future records for catch,
effort, location, bait type, hook type, depth and soak time are needed;

(b) additiona data such as environmentd factors - current, wind strength, sea state,
temperature a sea surface and depth should be gathered; and

(60 WGFsA isurged to give condderation to the most appropriate mechanism for
acquiring different types of data from both travl and longline fisheries (eg.,
through scientific observers or vessel magters). Further consideration should be
given to the leve of observer coverage required to achieve these results.

C. Edtimates of biological and demographic parameters must be improved.

0]

(i)

(ii)

The age didribution usng data from commercia and research sources should be
determined. This should proceed by, in order of execution,

(@  devdoping methodsin order to vaidate ageing from otoliths and scales; and

(b) an experimenta gpproach to determine the magnitude of biases in estimated
age/length keys caused by use of different hook type and szes and different
speciesand bait sze.

Thelevd of mixing of D. eleginoides between different regions should be determined.
This indudes tagging experiments to determine mobility and stock identification. Other
methods to investigate stock identification are genetic, parasite markers etc., but these
probably should not be considered a priority.

Further studies should be made to determine times and locations of spawning.
Accurate identification of maturity stagesis needed to determine maturity ogives.



D. Specific recommendations for assessments at WG-FSA -95 should be made.

() The length-dendty andyses described in paragrgphs 3.11 to 3.13 should be
completed by WG-FsSA during its 1995 mesting.

() WGFsA should determine which of the estimates of von Betdanffy growth
parameters are appropriate for yidd cdculaions in the light of Sze sdectivity of
different fishing methods.

(i) WGFsA should peform gtock projections and yidd andyss using the information
derived above.

(iv) The cPUE standardisation described in paragraph 2.50 should be completed by wG-
FSA during its 1995 meeting.

ADOPTION OF THE REPORT

AND CLOSE OF THE WORKSHOP

5.1  Thereport of the Workshop was adopted.

5.2  Indosing the meeting the Convener thanked the rapporteurs, Secretariat and dl participants
for cooperating well to complete a successful workshop. In particular, he thanked Mr Japp and Dr

Zuletafor providing their expert assstance to the ddliberations of the Workshop.

5.3  Dr Kirkwood delivered a vote of thanks to the Convener, Dr de la Mare, for conducting a
productive Workshop.

54  The Convener then closed the meeting.
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