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REPORT OF THE WORKING GROUP ON FISH STOCK ASSESSMENT
(Hobart, Australia, 13 to 22 October 1992)

INTRODUCTION

11 The mesting of the Working Group on Fish Stock Assessment (WGFSA) was held at the
CCAMLR Headquarters, Hobart, Australia from 13 to 22 October, 1992. The Convener, Dr I.
Everson (UK) was unable to attend and Dr K.-H. Kock (Germany) chaired the meeting.

12 The Working Group noted with regret that scientists from Russia and France had not been
able to attend the meeting. The Working Group aso expressed its regret that Dr Everson had been
unable to attend the mesting.

1.3 The Charman informed the Working Group that Mr Wiedaw Sosarczyk of Poland had
died during the last year. Wiedaw had participated in WGFSA between 1984 and 1989. In
addition, he had been very active in the BIOMASS program. The Working Group paused for a
moment of slence in memory of adear friend and vaued colleague.

GENERAL MATTERSAND ORGANISATION OF THE MEETING

21 A Lig of Paticipantsis givenin Appendix A.

2.2 The following were appointed rapporteurs.

Dr R. Holt (usa), Agendaltems 110 6.1;

Conveners of Assessment Groups, Agenda Items 6.2 t0 6.8;
Mr D. Miller (South Africa), Agenda ltem 7,

Dr K.-H. Kock (Germany), Agenda Item 8; and

Dr D. Agnew (Secretariat), Agenda ltems 9 to 12.

2.3 The Working Group noted that several papers presenting assessments had been delivered
to the Secretariat and no scientists familiar with the contents of these papers were present
a the meeting. Concern was expressed thet it may not be possble to fully use these
papers. The Working Group agreed to take account of the information contained in the
papers as far as was possible and, where needed, to refer the papers back to the authors
for further clarification. Mr Miller noted that this was the same practice adopted by the
Working Group on Krill (wGKrill).



ADOPTION OF THE AGENDA

31 The adopted Agendais attached as Appendix B, and a List of Documents presented to the
meeting is attached as Appendix C.

CCAMLR SCHEME OF INTERNATIONAL SCIENTIFIC OBSERVATION

4.1 The Working Group again emphasised the urgent need for the implementation of a scheme
of internationa scientific observation on commercid fishing vessals. The deployment of observers
would improve datacollection generdly and much of the data which are essentid for WG-Fsa
assessments, could only be collected in this way. It was stressed that data collected under the
scheme would not be a substitute for fisheries data requested from Members.

4.2 The Scentific Committee in 1991 endorsed the priorities identified by wGFsa for
alocation of activities under the observation scheme and accepted the Working Group's offer to
assg in the preparation of a manua for observers in consultation with the Secretariat (SC-CAMLR-X,
paragraphs 10.6 and 10.7).

4.3 Although the Scientific Committee had reviewed the scientific objectives and priorities of a
scheme of observation and had reported to the Commission, consensus on the scheme was not
reached by the Commission in 1991 and it had been agreed tha discussons would continue & the
next meeting (CCAMLR-X, paragraphs 7.7 and 7.8). During the intersessona period, the EEC has
provided an amended draft text for an observer scheme (CCAMLR-X1/6).

REVIEW OF EEC PROPOSAL

4.4 Members of the Working Group felt it was gppropriate to comment only on the data
format section (CCAMLR-XI1/6, Annex 1). It was noted that the functions and tasks of internationd
scientific observers as defined in Annex 1 have been modified to include observers engaged in
scientific research (Annex 1, subtitle). During the meeting of the Scientific Committee in 1991,
concern was expressed about observation aboard research vessdls. The Scientific Committee
clearly identified observation on commercid vessdls as the priority and it was pointed out that the
research activities of Members dready involved some degree of internationa cooperation
(sc-cCAMLR-X, paragraph 10.3).



4.5 The Working Group agreed with the generd intent of Annex 1, noting that the detailed
description of data to be collected and the methods to be used would be specified in an observers
manua. The Working Group aso suggested that Annex 1, paragraph 2(vii) should be modified to
specificdly inform the observers as to where the data and biological samples should be deposited,
and who will be respongble for subsequent analysis of biologica samples. Data and results of each
survey should be made available to CCAMLR in the standard data formats for subsequent use by
working groups.

REVIEW OF CCAMLR SCIENTIFIC OBSERVERSMANUAL (DRAFT)

4.6 The data collection scheme on commercid vessels should be flexible to enable the changing
research priorities identified by the Scientific Committee to be addressed. In addition, the priorities
for collection of data would vary according to the vessd and fishery involved (SC-CAMLR-X,

paragraph 10.4).

4.7 The Working Group agreed that collection of observer data on the crab fishery was of
priority and additions were made to the draft observer manud accordingly.

4.8 Comments were received from Members during the intersessond period and at the
Working Group's meeting. Comments made at the meeting included:

() Form 1A should be modified to include observations on the incidence and volume of
benthos as by-catch in bottom trawls.

(i) Theitem ‘Weather’ on Forms 1A, 1B and 1C should be replaced by ‘ Sea State’. A
table of sea state classfications as defined by the World Meterological Organization
(wMO0) should be appended to the report.

(i)  The research priorities for Dissostichus eleginoides (page 5 of draft manud) should
include collection of otoliths and scales

(iv) Genedly totd length should be used to record fish lengths. In the case of
Electrona carlsbergi, sandard length should be recorded, as the ddlicate tail fin rays
are often broken.



4.9 The Working Group expressed its gppreciation to the Secretariat for preparing the draft
manud. It was recognised that consderable effort had been expended to produce the
manud in atimdy fashion.

REVIEW OF MATERIAL FOR THE MEETING

DATA REQUIREMENTS ENDORSED BY THE COMMISSION IN 1991

51 Various data were specificaly requested by the Working Group in 1991 (SC-CAMLR-X,
Annex 6, Appendix E). Data submitted to the Secretariat in response to this request are listed in

Appendix D.

5.2 Some of the data requested by the Working Group had been submitted, however, there is
asubstantiad amount of data till required (Appendix D).

CATCH AND EFFORT STATISTICS

53 Complete STATLANT A and B forms had not been recaived from Russia and Chile at the
time of the meeting. However, as Conservation Measures 35/x through 40/x (catch limitations and
reporting requirements for D. eleginoides and E. carlsbergi in Subarea 48.3) had been complied
with, the Data Manager was able to construct catch gatistics for D. eleginoides and E. carlsbergi
(from fine-scale catches and monthly reported satistics). It was noted that there were some
discrepancies between the five-day reported statitics for D. eleginoides and the subsequently
reported fine-scade catch and effort data; the fine-scale data were considered more accurate and
were used to compile the catch statistics.

54 Hshing for D. eleginoides in Subarea 48.3 commenced on 6 December 1991 and by its
closure on 10 March, 3 559 tonnes had been taken by vessds from Chile, Russa and Bulgaria A
further 11 tonnes was taken by Bulgaria before it ceased fishing. Additiona data were reported to
the Secretariat from Russan and UK research cruises. The Russian cruise reported a tota of 191
tonnes (132 tonnes taken between 10 March and 30 June 1992 and 58.8 tonnes taken in July
1992), and the UK cruise reported 1 tonne.  All catches were by longline except the UK research
cruise. Thetotal catch of D. eleginoidesin Subarea 48.3 was therefore 3 762 tonnes.



55 A fishery targetted a E. carlsbergi in Subarea 48.3 from July to November 1991 inclusive
took 46 960 tonnes (catches by month: July - 2 515, August - 7 413, September - 22 418,
October - 10 981, November - 3 633).

5.6 Catch gatigtics from Divison 585.1 (Kergueen) were incomplete, the Secretariat only
having recelved reports for the whole split-year from France.

5.7 The Working Group draws the atention of the Scientific Committee to the continuing
problem of late submisson of STATLANT catch data; the deadline is 30 September. However,
reporting data by five-day periods and in fine-scde format in accordance with the conservation
measures had been successful and proved extremely useful to the Working Group.

MESH/HOOK SELECTIVITY AND RELATED
EXPERIMENTS AFFECTING CATCHABILITY

5.8 Although no document was presented that directly investigated this topic, it was noted that
some information was available from the Chilean longline fishery (WG-FsA-92/28).

59 Dr C. Moreno (Chile) indicated that differences between Chilean and Russian catch rates
of D. eleginoides may be, in part, because of the use of different types of hooks. Normalised length
frequencies of D. eleginoides caught by Chilean vessds were subgtantidly different for different
shaped and sized hooks (see Table 9 following paragraph 6.116).

510  Mr G. Parkes (UK) presented a video made during the UK research trawl survey around
South Georgia which showed the retrieval of D. eleginoides longlines by Russan and Chilean
vessels. Catch rates from Chilean vessdls gppeared to be higher than from Russian vessels, which
was a0 evident from the reported data.

OTHER DOCUMENTS

511  TheWorking Group welcomed the recent publication of:

Kock, K.-H. 1992. Antarctic Fish and Fisheries. Cambridge University Press. 359 pp.



The book gives a comprehensive description of Antarctic fish biology and ecology and presents the
higory of finfish exploitation and a thorough discusson of the assessment and current state of
exploited fish stocks in the Southern Ocean until 1991.

512  An update of the Antarctic fish bibliography (Kock, 1989) was made available to the
Working Group.

ASSESSMENT WORK AND MANAGEMENT ADVICE

NEW FISHERIES

Crab Fisheriesin Subarea 48.3

Description of Fishery

6.1 Dr R. Otto (UsA) presented areport of crab fishing by a us vessdl in Subarea 48.3 during
1992 (WG-FSA-92/29).

6.2 Fishing operations for Antarctic crabs by the us vessal Fv Pro Surveyor were conducted
in waters around South Georgia and Shag Rocks from 10 July to 1 August, 1992. Operations were
conducted in accordance with the Plan for Research and Data Callection During Exploratory Crab
Fishing in the Antarctic (SC-CAMLR-X/BG20). Fishing operations are presently proceeding and only
limited data are available from the first 22-day trip.

6.3 Daa on fishey operaions were recorded usng the us crab logbooks
(sc-cAMLR-X/BG20). Copies of the logbooks will be archived a the headquarters of the USAMLR
Program in La Jolla, Cdifornia and at the USNMFS Laboratory at Kodiak (Alaska). Biologicd data
and specimens will be archived at the Kodiak Laboratory until find research projects are completed.
Specimens for taxonomic studies will be forwarded to the us Nationd Museum. All data will be
made available in accordance with CCAMLR requirements.

6.4 Two species were caught: Paralomis spinosissima and P. formosa. P. spinosissma
was the mgor species targetted by the fishery and few data were recorded for P. formosa. Lines
of 50 to 60 pots were used for dl fishing during the firg trips. “Commercid” crabs were mde P.
spinosissima that exceeded 102 mm in cargpace width. With the exception of a few (about 500)
mde P. formosa, dl other crabs were discarded. Discarded crabs were immediately returned to
the seawith gpparently minima mortdity.
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6.5 Fishing grounds were divided between South Georgia and Shag Rocks at 40°W latitude.
Catches taken during the firgt trip are summarised in Table 1 dong with incidental catches of fish.
The mean incidenta catch rate of dl fish was goproximatdly 2.26 individuds per tonne of commercid
crab caught. The mean incidenta catch rate of D. eleginoides was 1.23 individuas per metric tonne
of commercid crabs.

Tablel: Edtimated totd catch of crabs, fish and cephaopods during the first us exploratory crab
fishing trip to Subarea 48.3.
ltem South Georgia Shag Rocks Grand Total
Sampled Totd Sampled Tota Sampled Totd

Lines 46 138 7 13 53 151
P. spinosissima

Commercid 451 51728 8 758 459 52 486
Discarded 4519 83239 908 8203 5427 91 442
P. formosa 668 34 768 0 2152 668 36 920
Totd crabs 5638 169735 916 11113 6554 180848
Toothfish 22 65 4 8 26 73
Other rock cods 18 46 0 0 18 46
Rays 1 3 0 0 1 3
Flounders 1 3 0 0 1 3
Moray cod 1 3 0 0 1 3
Octopus 1 3 0 0 1 3

6.6 The Sze a sexud maturity for mae P. spinosissima was determined using the dlometric
relationship of chela (claw) height to cargpace length. Carapace lengths (CL) were converted to
cargpace widths (cw) using regresson techniques (WG-FsA-92/29). The Sze a maturity was 75 mm
CL a South Georgia and 66 mm CL a Shag Rocks. Assuming that growth per moult is 15% in CL
and dlowing maes at least one opportunity to breed before becoming vulnerable to the fishery,
minimum gze limits should be 94 mm cw at South Georgia and 84 mm a Sheg Rocks. A szelimit
of 102 mm cargpace width was established, based largely on the size of crab desired for processing.
This sze limit would ensure escgpement of a proportion of sexudly mature maes.  Although little
information is available, it appears that P. formosa matures at smaler szesthan P. spinosissma. A
gzelimit of 90 mm cw for P. formosa would be likely to be adequate.

6.7 The Working Group noted that the apparently high incidence of rhizocephdan parasitesin
P. spinosissma is likely to limit growth and reproduction in this species. Because only asmall area
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(less than 220 n milex?) was fished during the firgt trip, it is not known if the incidence of parasitesis
widespread or localised to this area.

Edtimation of Standing Stock for Paralomis spinosissima

6.8 The Working Group noted that growth rates of Antarctic crabs are unknown. Apparently
high initia catches may reflect an accumulated biomass and lead to an overestimate of sustainable
yidd.

6.9 The Working Group agreed that reliable estimates of sustainable yield of Antarctic crabs
could not be caculated from the limited data available. Two methods were examined which might
provide guidance in setting conservative levels of catch to be gpplied in the early stages of the fishery
while the data necessary for more precise etimates are being acquired and andytica methods are
being developed.

6.10  The first method is based on the fact that catch rates and the depths at which crabs are
taken in Antarctic waters are smilar to those in the Aleutian Idands (Bering Seq) fishery for golden
king crab (Lithodes aequispinum). Using estimates of annua production of golden king crabsin the
Aleutian 1dands suggests that Subarea 48.3 might have an annua potentia yield of 2 210 tonnes
between 200 and 1 000 m (0.243 tonnes of crabs per n mile2 (WGFSA-92/29) times 9 096 n milex?
(Appendix E; Everson and Campbell, 19911)).

6.11 In the second method, a rough caculation of the standing sock of commercidly szed mae
P. spinosissima was made by determining the vessd’s average catch per n mile2 and multiplying this
vaue by the total fishable areain Subarea 48.3. Results are presented in Table 2 and the method is
described below.

1 EVERSON, I. and S. CAMPBELL. 1991. Areas of seabed within selected depth ranges in CCAMLR Subarea
48.3, South Georgia. In: Selected Scientific Papers, 1990 (SC-CAMLR-SSP/7). CCAMLR, Hobart, Australia:
459-466.
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Table2:  Cdculation of the danding stock of commercidly szed mde P. spinosissma in

Subarea 48.3.

Cdculation Result
Digance between pots 46 m
Effective fishing radius (45.72)/2 23m
Effective pot fishing area p(22.86)2 0.00048 n mile2
Average crabs per pot 7.2
Average crab weight 1.1kg
Average crab weight per pot 7.21x1.13kg 0.0082 tonnes
Average density 0.00818 tonnes/0.00048 n mile2 17.1 tonnes'n mile2
Fishable area 9 096 n milex?
Standing stock 17.08 tonnes/n milezx 9 096 n miles? 155 000 tonnes

6.12  The pot lines were rigged so that the crab pots were spaced 46 m (25 fathoms) apart.
Assuming that the pot lines were spaced o that adjacent pots did not compete for crab, the effective
fishing radius of a single crab pot was assumed to be hdf the distance between adjacent pots.
Therefore, the effective fishing area of asingle crab pot was 0.00048 n mile2.

6.13  During the first trip, 7 282 pot lifts were made, and, on average, each pot contained 7.2
commercidly Szed P. spinosissima. The average weght of commercidly szed individuds in the
caich was 1.1 kg. Multiplying the average weight of a commercidly Szed individud by the average
number of individuas caught per pot yidds an average of 8.2 kg (0.00818 tonnes) of P.
Spinosissima per pot.

6.14  The Working Group assumed that the catchability of a crab pot equals 1.0 (i.e, all crabs
within the effective fishing area of a pot are captured) and divided the average catch rate (0.0082
tonnes/pot) by the assumed fishing area of a single pot (0.00048 n mile2) to obtain an estimate of the
average densty of P. spinosissma around South Georgia and the Shag Rocks. The average
density was estimated to be 17.1 tonnes/n mile2.

6.15 If it is assumed that the totd fishable area in Subarea 48.3 is 9 096 n miles? and that the
average dengty of P. spinosissma of 17.1 tonnes/n mile? is representative of the average dengty of
commercidly szed crab around al South Georgia and the Shag Rocks, the standing stock was
caculated to be approximately 155 000 tonnes.
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6.16  TheWorking Group identified a number of potentid biasses with this method of caculating
the standing stock. The results depend on:

» the assumed effective fishing radius of each pat;

» the catchability coefficient for pots being 1.0;

» the assumption that the pots randomly sampled locd crab dendty; and

» thelocal dendity as cdculated being representative of the entire depth stratum.

6.17  Theeffect of assuming that catchability is 1.0 will be consarvative because it is unlikely that
a pot will catch dl the crabs in its vicinity a one setting.  The biasses from the other assumptions
could be upwards or downwards, and they may be potentialy large. If the effective fishing radius of
each pot is less or greater than 23 m the caculations will be biassed upwards and downwards
respectively. |If pots are placed only in places identified as likely to contain concentrations of crab,
the gpparent dendty may be greater than the dendity of crabs over a wider range. Findly, if a
auitable crab habitat is only a proportion of the entire depth stratum of 200 to 1 000 m, the
caculations will be biassed upwards. The effect of this last assumption was examined by assuming
that the distribution of crabs was restricted to 50% and 30% of the depth stratum.  This reduced the
calculated stock estimate to 78 000 and 48 000 tonnes respectively.

6.18 A cach of 2 210 tonnes, based on cdculaions of the Aleutian Idand fishery potentid yield
(paragraph 6.10), would correspond to less than 5% of exploitable standing stock estimates given in
paragraphs 6.15 and 6.17.

Management Advice

6.19  Given the large uncertainties associated with estimating standing stock the Working Group
recommended that a conservative management srategy should be followed. This would involve the
immediate gpplication of precautionary measures and the Smultaneous commencement of work on
the development of alongterm management plan for the fishery.

6.20 It was recommended that pending the development of a longterm management plan for the
crab fishery in Statistical Area 48 the following measures should be gpplied:

(i)  crab fishing gear should be limited to the use of crab pots (trgps). The use of al other
methods of catching crabs (e.g., bottom trawls) should be prohibited;

Crabs- 483
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(i)

(i)

i)

v)

the crab fishery should be limited to sexudly mature mae crabs - dl femde crabs
caught should be released unharmed. In the case of P. spinosissima and P. formosa,
males with a cargpace width of 102 mm and 90 mm, respectively, shdl be consdered
sexudly mature and may be retained in the catch;

crab processed at sea should be frozen as crab sections (minimum Size of crabs can be
determined using crab sections);

the exploratory crab fishery should be limited to a few vessds (i.e, one to three
vessHs);

asfar aspracticd, the following data should be collected and submitted to CCAMLR:

(@  observation on fishing operations;

(b)  callection of haul-by-haul catch and effort data;

(o) representative length frequency digtributions;

(d) representative sex and maturity stage distributions;

(60 samplesof ovariesand eggs,

(f)  representative length frequency distributions by sex and maturity stage from both
the crab fishery concerned and from bottom trawl surveys.

The format for submisson of such data should be in accordance with the provisions of

the Draft Scientific Observers Manua (see Appendix F).

the following data should be reported to CCAMLR by 30 September 1993 for al crabs
caught prior to 30 July 1993:

(@ thelocation, date, depth, fishing effort (number and spacing of pots) and catch
of commercidly szed crabs (reported on as fine a scae as possible, but no
coarser than 1° longitude by 0.5° latitude) for each 10-day period;

(b) the species, Size and sex of a representative subsample of al crabs caught in
traps;

(c) other relevant data, as possible, according to the logbook formats aready being
used in the exploratory crab fishery;

Crabs- 483
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(vii)) each Member participating, or intending to participate, in the exploratory crab fishery
should register with the CCAMLR Secretariat (at least three months in advance of
garting fishing annualy) the name, type, Sze, regisration number, and radio cdl sgn
and fishing plan of each vessd tha the Member has authorised to participate in the
exploratory crab fishery.

6.21  The firg stage in the development of a longterm management plan is the convening of a
workshop during the intersessond period to specify the data needed and the actions required to
acquire the data from the exploratory crab fishery that will dlow the estimation of appropriate
harvest levels and methods in accordance with Article 11 of the Convention. The Working Group
envisons that the workshop would produce a plan to implement an experimental/adaptive harvest
drategy. It was agreed that results of the workshop should be conveyed to Members so that during
the 1992/93 season data could be collected according to guideines agreed at the workshop.

New Fisheries

6.22  Two natifications of new fisheries in Subarea 48.4 were received by CCAMLR; one from
the usa (CCAMLR-XI1/5) and one from Chile (CCAMLR-X1/7). Dr Holt reported that the Us intention
was to take D. eleginoides in fish pots which are used to capture bait for the crab fishery.
However, during the initid trip of the us crab vessdl in Subarea 48.3, few fish were captured and use
of fish pots was discontinued (WG-FsA-92/29). Itisbelieved unlikely that further attemptsto caich D.
eleginoides usng fish pots will be made by thisvessd in Subarea 48.4.

6.23  Dr Moreno presented plans of a Chilean fishing company to conduct exploratory fishing
operations for D. eleginoides usng longlines in waters off the South Sandwich Idands (Subarea
48.4) during the 1992/93 fishing season (CCAMLR-XI/7). The proposed fishing activity will be
undertaken during a 40-day period aboard the Chilean vessdl Friosur V. The vessd will take a
maximum of 240 tonnes of D. eleginoides. Dr Moreno extended an invitetion for one scientist to
participate as an invited observer on board the vessd.

6.24  The Working Group supported the application to conduct the exploratory fishery, noting
that the minimum effort possible was being gpplied (i.e,, use of one vessel conducting only one trip of
40 days) and a maximum of 240 tonnes would be taken. It was fdt that if the tanding stock was
low, catch rates would be low and less than the planned catch of 240 tonnes would be taken.
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6.25  The Working Group agreed that the list of data to be collected should include information
on the amount and compostion of by-catch in the fishery. It was agreed that the participation of
scientific observers aboard the vessal was essential.

6.26 It was noted that levels of abundance and sustainable yidd of a species are generdly
unknown during the initid phases of the devedlopment of a new fishery. Two documents that
addressed this problem were provided by Dr Moreno (WGFsA-92/22 and 23).

SOUTH GEORGIA AND SHAGROCKS (SUBAREA 48.3)

6.27  Summaries of the assessments presented in the following section are given in Appendix |.

Reported Catches

6.28  The catch history of Subarea 48.3 (South Georgia and Shag Rocks) since 1970 is shown
in Table 3. Thisilludtrates the collgpse of the Notothenia rossi fishery following landings in excess
of 500 000 tonnes in the firs two years of the reported fishery. This was followed by its
replacement in the mid-1970s by Champsocephalus gunnari as the most important finfish resource
on the South Georgia shdf. In recent years the C. gunnari catch has declined and is currently
overshadowed by the landings of myctophids, notably Electrona carlsbergi, from the northern part
of Subarea 48.3. The tota catch of al speciesin 1991/92 was 50 678 tonnes, which compares to
82 423 tonnes in 1990/91, the difference being largely due to a drop in myctophid landings.

Generd -48.3
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Table3:

Catches of various finfish species from Subarea 48.3 (South Georgia subarea) by year.
Species are designated by abbreviations as follows. ssi (Chaenocephalus aceratus),
ANI (Champsocephalus gunnari), sl (Pseudochaenichthys georgianus) and ELC
(Electrona carlshergi), TOP (Dissogtichus €leginoides), NOG (Notothenia
gibberifrons), NOR (Notothenia rossii), NOS (Notothenia squamifrons), NOT
(Patagonotothen  guntheri). “Others’ includes Rgiformes, unidentified
Channichthyidae, unidentified Nototheniidae and other Ogteichthyes.

Slit

year | SS ANI B ELCe TOP NOG NOR NOS NOT OTHERS TOTAL
1970 0 0 0 0 0 0 399704 0 0 0 399704

1971 0 10701 0 0 0 0 101558 0 0 1424 113713

1972 0 551 0 0 0 0 2738 'S 0 27 3351
1973 0 1830 0 0 0 0 0 765 0 0 2505
1974 0 254 0 0 0 0 0 0 0 493 747
1975 0 746 0 0 0 0 0 1900 0 1407 4053
1976 0 12290 0 0 0 4999 10753 500 0 190 28732
1977 | 293 93400 1608 0 441 3357 7945 2037 0  1463r 124611

1978 | 2066 7557 13015 0 63 11758 212 0 0 403 3762
1979 | 464 641 1104 0 70 2540 2137 0 15011 o738 24705
1980 | 1084 7592 665 505 255 8143 24897 272 7381 5870 56664
1981 | 1272 29384 1661 0 239 7911 1651 544 36758 12197 9167
1982 | 676 46311 = 956 0 34 2605 1100 812 31351 4901 89036
1983 0 128194 0 54 16 0 866 0 5020 11753 146482

1984 | 161 79997 888 2401 109 3304 302 0 1058 4274 104742

1985 | 1042 14148 1097 523 285 2081 1801 1289 11923 4238 38517
198 | 504 11107 16 1187 564 1678 70 41 16002 1414 32723
1987 | 339 71151 120 1102 1199 2844 216 190 8310 1911 87832
1988 | 313 34620 401 14868 1809 522 197 1553 13424 1387 737%
1989 1 21359 1 20673 4138 838 152 927 13016 55 70160
1990 2 807 1 23623 8311 1 2 24 145 2 40148
1991 2 7 2 78488 341 3 1 0 0 1 82423
1992 2 5 2 46960 37039 4 1 0 0 1 50678

a2 |ncludes 13 724 tonnes of ungpecified fish caught by the Soviet Union

b Includes 2 387 tonnes of unspecified Nototheniidae caught by Bulgaria

¢ Includes 4 554 tonnes of ungpecified Channichthyidae caught by the GDR

4 |ncludes 11 753 tonnes of unspecified fish caught by the Soviet Union

e Before 1988, it is not confirmed that these were E. carlsbergi

* Includes 1 440 tonnes taken before 2 November 1990

9 Includes 1 tonne taken as research catch by the UK, 132 tonnes taken as research catch by
Russia before 30 June

14
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6.29  Thetotd catch in 1991/92 was dominated by 46 963 tonnes of E. carlsbergi, which was
about 60% of the catch in 1990/91 and consderably less than the precautionary TAC of 245 000
tonnes st by the Commisson for the period commencing 2 November 1991 (Conservation
Measure 38/X). The remander included 3 703 tonnes of Patagonian toothfish, D. eleginoides,
which was in excess of the TAC of 3 500 tonnes set by the Commission for the period commencing
2 November 1991 (Conservation Measure 35/X) (see paragraph 5.4). A research catch of 59
tonnes of D. eleginoides was taken after 30 June 1992, and is therefore not included in the total in
Table 3.

6.30 No commercid caich of C. gunnari in Subarea 48.3 was reported for the 1991/92
season, due to the closure of the fishery by the Commisson in November 1991 until the end of the
Commisson meeting in 1992 (Conservation Measure 33/X). Research landings amounted to 5.3
tonnes reported from the UK survey in January 1992.

6.31 Catches of other gspecies in Subarea 48.3, including N. rossi, P. guntheri,
N. gibberifrons, C. aceratus, P. georgianus and N. squamifrons, were limited to a research
vessd catch from the UK survey in January 1992 and amounted to 10 tonnes. Directed fishing on
these species was prohibited in 1991/92 (Conservation Measures 3/1v and 34/X).

Nototheniarossii (Subarea 48.3)

6.32 N. rossii was severdy dffected by fishing primarily in the early 1970s but dso in the late
1970s. Conservation Measures have been in force since 1985 (Conservation Measures /111 and
31V). These prohibited directed fishing of N. rossii and aimed to keep by-catches of the speciesto
as low a levd as possble. The reported catch in 1991/92 was only 1 tonne (Table 3) which
originated from a research vessdl survey. It is unlikdy to have been higher due to the absence of
commercid trawling on demersal speciesin the subarea (Conservation Measure 34/X).

6.33 Length compositions from research vessel catches (Falklands Protector, WG-FSA-92/17)
did not exhibit Sgnificant differencesin comparison with previous years. Catches consisted mostly of
fish 40 to 65 cm long, with a mean length of 52 to 53 cm (WG-FsA-92/17). The biomass estimate of
7 309 tonnes (cv 60.7%) was within the range of biomass estimates from previous cruises snce the
mid 1980s. This suggests that the sock hasremained a alow leve.
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6.34  The didribution of N.rossi is extremdy patchy and the fish often appear to be
concentrated in underwater canyons. This contagious digtribution is not adequatdly taken into
account n the design of surveys which are currently undertaken. These surveys am to provide
edimates of sock dze of C. gunnari and other, more evenly distributed species, such as N.
gibberifrons and C. aceratus. The cCAMLR Workshop on the Design of Bottom Trawl Surveys
(Annex H) therefore felt that a survey targetting this species should be drétified to better survey
these areas of high aggregation. The desgn of such a survey must make use of haul-by-haul
information from higtoricd catches in determining sampling locdlities. This information has not been
made avalable to ccaMLR. The Working Group recommended that this information should be
submitted and that a survey on the species be undertaken in the near future in order to obtain amore
accurate estimate of the standing stock of N. rossi in this subarea.

Management Advice

6.35 In view of the likdy low stock sze of N. rossi a present, al conservation measures for
this gpecies should remain in force.

Champsocephalus gunnari (Subarea 48.3)

Fisheries Surveys

6.36 A bottom trawl survey of the same design as that in January 1991 was undertaken by the
Falklands Protector in January 1992 with scientists from the UK, Germany and Poland on board
(WGFsA-92/17). No large aggregations of C. gunnari of the type seen during surveys in 1989/90
(WGFsA-90/13) were encountered during this survey. The totd standing stock was estimated by the
‘swept area’ method to be 37 311 tonnes (cv 18.3%) around South Georgia and a further 2
935 tonnes (cv 35%) around ShagRocks. The comparatively low cv of the edimate for
South Georgiaiis indicetive of the rdaively even didribution of fish over the shelf encountered during
the survey.

6.37 No other surveys amed a C. gunnari in Subarea 48.3 during 1991/92 were reported to
the Working Group.

6.38  The edimate of ganding stock of C. gunnari in Subarea 48.3 from the survey is in
accordance with the predicted growth of the population since the Falklands Protector survey in
January 1991.
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6.39

The Working Group considered that the results of the 1992 trawl survey served to

substantiate the hypothess that the dramatic drop in biomass between 1989/90 and 1990/91
indicated by trawl surveys (Table 4) was a genuine reflection of the stock aundance over that
period. It was agreed that, in view of this, the conservative management gpproach adopted by the
Commission in 1991/92 was the most gppropriate.

Table4:  Reported catches and summary of biomass estimates of C. gunnari from surveysin
Subarea 48.3.
Stock Assessment Surveys
Season | Reported South Georgia Shag Rocks Source
Catch Biomass V% Biomass V%
(tonnes)

1986/87 | 71151 | 151293 95 62 867 84 Bagueriaset al., 1989
1986/87 50 4144 18 10023 55 SC-CAMLR-VI/BG/12
1986/87 51017 4229 SC-CAMLR-IX?

1986/87 47 312 - Sosinski and Skora, 1987
1987/88 | 34 620 15 086* 21 1447 78 SC-CAMLR-VII/BG/23
1987/88 15716 509 SC-CAMLR-IX?

1987/88 17913 - Sosinski (unpubl.)
1988/89 | 21 356 21 069 50 WG-FSA-89/6

1988/89 22 328 SC-CAMLR-IX?

1988/89 31 686¢ 45 Parkes (unpubl.)?
1989/90 | 8027 95 4054 63 279 000 83 Hill Covesurveys
1989/90 878 000 69 108 653 31 Akademik Knipovich surveys
1989/90 887 000 31 Anchar surveys
1990/91 92 22 2854 16 3919 75 WGFSA-91/14

1990/91 172 920 44 19225 23 WGFSA-91/23

1991/92 55 37311 18 2935 35 WGFSA-92/17

1 Cdculated at wG-Fsa-90 to take account of new seabed areasin WG-FSA-90/8

2 Semipdagic trawl used as a bottom trawl

Datafrom Professor Sedlecki survey, February 1989 re-worked according to model 3 in WG

FSA-90/13 and using seabed areas in Everson and Campbell (1991)

Survey indices used for tuning VPA in WG-FSA-92/27
S Research vessd catch
6 sCc-CAMLR-1X, Annex 5

6.40

Andysis of diet composition and feeding intengity of C. gunnari from data collected during

the survey is reported in WGFsA-92/26. Krill, the preferred prey item, was present in the somachs
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of 65% of fish at South Georgia compared to 22% in January 1991, indicating thet it was availablein
gregter quantities this year. Feeding intensty was adso sgnificantly higher in 1992 than in 1991.

Preliminary results of a comparison of condition factor between samples collected during January
1991 and January 1992 is presented in WG-FSA-92/18. The mean condition factor of mature fish was
ggnificantly higher in 1992 than in 1991 a both South Georgia and Shag Rocks. Little difference
between South Georgia and Shag Rocks was detected in either year.

6.41  Thesurvey in January 1992 therefore suggests that there has been a generd increase in the
abundance and improvement of the condition of C. gunnari in Subarea 48.3 compared to 1991.

6.42  The digribution of C. gunnari around South Georgia and Shag Rocks from a series of
eight trawl surveys by Soviet vessals between 1973/74 and 1989/90 was presented in WG-FSA-92/4.,
Congderable variation in catch rates between years was noted. Andyss of annud variation in
digtribution was confounded by variation in the timing of the surveys in different seasons.  High
locdised catch rates in some years were indicative of the presence of aggregations on the shelf. The
high catch rates encountered during April 1990 @Anchar survey) were aso detected in amilar
locations during the Hill Cove survey in January of the same year. The Working Group stressed the
need for the submisson to cCAMLR of haul-by-haul data from random dratified surveys of thistype
(indluding surveys conducted in the past), which can be used for optima dlocation of sampling
dations on future surveys.

6.43  WGFSA-92/6 presents data on the abundance of juvenile C. gunnari around South Georgia
from a series of surveys between 1984 and 1990. Most of this information has not been previoudy

reported to CCAMLR. Unfortunately, with the exception of the 1985 survey reported in Boronin et

al.1(1986), the details of the design and andlysis of these surveys has not been reported to CCAMLR.

The Working Group was therefore unable to assess the validity of the results shown in Figures2to 8
of WG-FSA-92/6.

6.44  TheWorking Group agreed that data of this type, which could potentidly provide an index
of recruitment, is of extremey high vaue and should be reported in the appropriate detail and format
as soon as possible.

6.45  WGFSA-92/6 dso presents an analysis of data on the by-catch of juvenile C. gunnari in kil
trawls collected by a scientific observer working on the fishing vessd More Sodruzhestva. A full
discussion of this report is presented in paragraphs 7.2 to 7.4.

1 BORONIN, V.A., G.P. ZAKHAROV and V.P. SHOPOV. 1986. Distribution and relative abundance of juvenile
icefish (Champsocephalusgunnari) from a trawl survey of the South Georgia shelf in June-Jduly 1985. In:
Selected Scientific Papers 1986 (SC-CAMLR-SSP/3). CCAMLR, Hobart, Australia: 58-63.
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Stock Assessment

6.46 Attempts were made at last year's meeting to assess the datus of the C. gunnari
population in Subarea 48.3 usng virtud population andyss (vPA). Two assessment papers were
presented (WGFsA-91/15 and 27) which showed highly divergent stock trgjectories, largely due to
differences in the use of tuning data. Two VPA runs were made at the 1991 meeting using the
L aurec- Shepherd tuning method (MAFF VPA verson 2.1), which followed the same generad trend as
the two tabled assessments (SC-CAMLR-X, Annex 6, Figure 3).

6.47 Concern was expressed at the Working Group meeting in 1991 that the large biomass of
5year olds predicted by the vPA runs for 1991/92 might be an artefact of the andyss. Inthe
absence of this year class, any TAC would be extracted from the younger, less abundant year
classes, with potentially severe effects on a population aready apparently under considerable stress
from a shortage of krill, the preferred food of C. gunnari (WG-FsA-91/15 and 29). Concerns over the
credibility of the vPA and resulting uncertainties in the estimation of total stock Sze lead to the
closure of the fishery for C. gunnari in Subarea 48.3 for the 1991/92 season by the Commission
(Conservation Measure 33/X).

6.48 The 5 year old age group, predicted as abundant by the VPAS presented a8 WGFSA-91
comprised less than 5% of the fishable population biomass (age 2+) estimated from the survey in
January 1992. Assuming the survey provided a representative sample of the population, it appears
that the vPAs and projections presented to and performed at the 1991 Working Group meeting
provided a mideading representation of the C. gunnari populaion sructure in Subarea 48.3 in
1991/92.

6.49  An atempt to rework the vPA (starting from 1991 because catch in 1991/92 was zero),
using both Laurec- Shepherd and ADAPT tuning methods was presented in WG-FSA-92/27. Data for
tuning was derived from a series of surveys between 1987 and 1991 (see Table 4) and from CPUE
data presented in WGFSA-91/27. Criteria for the sdection of the survey series were discussed in
detall during last year's mesting 6C-CAMLR-X, Annex 6, paragraphs 7.42 to 7.52). Projections
from the vPA estimates in 1991 consgtently indicated thet the population in 1991/92 would be
composed of a large proportion of 5 year olds, despite the use of various combinations of survey
and cPUE indices for tuning. Breskdown in the credibility of the VPA resultsin most recent years was
attributed by WG-FsA-92/27 to the invdid assumption of constant M over a period when severd
surveysindicated alarge reduction in stock size in the absence of fishing.

6.50  The Working Group used the CCAMLR verson of ADAPT (FADAPT8.EXE) to confirm the
VPA results presented in WGFSA-92/27. Five runs were performed (Run 1 to Run 5) using tuning
data inputs listed in Table 5. Catch-at-age and mean weight-at-age were as used a last year's
meeting (SC-CAMLR-X, Annex 6, Appendix F).
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Table 5: Tuning datainputs for FADAPT8 runson C. gunnari in Subarea 48.3.

Run Period M Tuning Indices Waeaghting Reference
(Ages 1-6) of Indices
1 | 1977-1991 | 0.48 |Surveyindices Equd weighting | WGFsA-a227
1987 to 1991
2 1977-1991 0.48 Survey indices Inverse variance WGFSA-92/27
1987 to 1991 of surveys WGFA-9U/15
3 | 1977-1990 | 0.48 |CPUEindices Equd weighting | wGFsa-av/27
1981 to 1990
4 | 1977-1991 | 0.48 | Combination of CPUE Equd weighting | weFsa-92/27
and survey indices
5 | 1977-1991 | 0.48 |CPUEandsurveyindices | Equd weight WGFSA-91/27
input seperctely q g | \wGrsa-9227

6.51  Fgure 1 illugrates the totd biomass (age 2+) from these five runs. The diagnogtics
provided by the program indicated that the final year parameters (F and q) of runs tuned to survey
indices had coefficients of variation between 40% and 80%. The cvs of the gs estimated on runs
tuned to cPUE indices were in the region of 20% due to the greater number of data points. The
pattern of stock trgjectories produced using the different tuning indices was smilar to that produced
by the Laurec-Shepherd tuned VPAS presented in WGFSA-92/27; the estimated population size,
however, was generdly higher with the ADAPT method.

6.52  Cohort projections from 1990/91 to 1991/92 (two years, from 1989/90 to 1991/92 in the
case of run 3) assuming zero catch, M = 0.48 and mean recruitment between 1985/86 and 1989/90
were made, in order to compare the projected age distribution with the observed age distribution
from the 1992 survey (Figure 2). The projected age distribution over the most recent years was
fairly congstent between runs, with alarge proportion of the fishable biomass (>2 years) in 1991/92
in most runs consigting of 5 year olds. In runs 1 and 4, 4 year olds made up about 40% of the
fishable biomass.
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Figure 1: Total biomass derived from VPA tuning runs in Table 5. Survey data (from Table 4, superscript 4) and CPUE data (from

SC-CAMLR-X, Annex 6, Appendix F, Table 5) are plotted with their various tuning runs.
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Figure2: Age didribution of exploitable biomass (age 2+) of C. gunnari in 1991/92 estimated
from the VPA runs (bars) and observed during a scientific survey in January 1992 (line) -
WG-FSA-92/17.

6.53  The Working Group considered that the parameters of the vPAS were generdly estimated
with poor precison. The resulting projections of recent stock biomass and age structure were not
consistent with the patterns observed from research vessdl surveys over the past few years.

6.54  Trawl surveysin 1989/90 surveysindicated that two abundant year classes had entered the
stock. Projections from the vPA predict that these fish are abundant in the population as 4 and 5
year olds in 1991/92. Trawl surveysin 1990/91 and 1991/92, however, indicate that these fish are
no longer abundarnt.

6.55  TheWorking Group believed that this inconsstency is explained by the invalid assumption
of constant M used in the VPA, the resulting projection, which did not take account of the large drop
in biomass in the absence of subgtantial F, and uncertainties in the age structure of the input data
The Working Group was concerned that basing management advice for 1992/93 on the results of
the vPA could result in damage to the stock, due to the apparent absence of the predicted
abundance of older fish in the population.

6.56  The Working Group therefore concluded that the results of vPAS performed at this year's

mesting should not be used as an assessment of the current status of the stock of C. gunnari in
Subarea 48.3.
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6.57  The only other information available to the Working Group for the assessment of the
current gatus of the C. gunnari stock in Subarea 48.3 was the results of the stock assessment
surveys performed by Falklands Protector in January 1991 (WGFsA-91/14) and January 1992
(WGFsa-92/17). The Working Group recognised that the catchability of the survey was unlikdy to
be 1 and that survey abundance indices are generdly regarded as underestimates of true population
dze. However, given the obvious uncertainty in the current assessment, the trawl survey results
represent the best measure of abundance.

6.58  The gpproach adopted was to use the results of the 1992 survey, which shows a picture of
total biomass which is reasonably consstent with the previous year’s survey, and project forwardsto
1992/93 and 1993/94, assuming either no catch (maintenance of the current conservation measure)
or a catch based on atarget F, such as F,,, in 1992/93. Projected recruitment of 1 year olds was
input as a mean vaue with alog-normd error, which was used to Smulate recruitment uncertainty.
Mean recruitment and the variance of loge recruitment were taken from the vPA between 1977 and
1986, prior to the period when the analyss apparently broke down. These parameters were highly
consgtent between runs, being equa to 900 million individuas and 0.45 respectivdy. F,; was
caculated under the same assumptions used at WGFsA-91 (F,; = 0.39, with knife edge selection at

age 2).

6.59  Annud recruitment R, was generated independently for each year on each run asfollows:.

- 24
R=R xegx- 20
e 29

wheree R = mean recruitment
X = Ns?xZ
s2 = variance of log, recruitment
Z = normd (0,1) random varigble

The vaue of s2was wdl within the range of vaues listed for other marine species (Beddington and
Cooke, 1983%). Each projection was run 500 times to simulate recruitment uncertainty making it
possible to obtain 95% confidence limits.

6.60 Thevduesof R and s 2 were very Smilar to those given in WGFsA-92/27. The Working
Group agreed to accept the results of these projections to save re-running the smulaion which

would yield essentidly the same results.

6.61  Theresultsof dl projections are presented in Table 6 and Figure 3.

1 BEDDINGTON, JR. and JG. COOKE. 1983. The potential yield of fish stocks. FAO Fish. Techn. Pap.
242: 47 pp.
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Table6:  Results of cohort projections with variable recruitment for C. gunnari in Subarea 48.3,

1991/92 to 1993/94.
Total Biomass (tonnes), Age 2+, Subarea48.3
Wi_thout Catch With Catch (Fy,)
1990/91 1991/92 1992/93 in 1992/93 in 1992/93
Survey Survey Projection 1993/94 1992/93 1993/94
Projection Catch Projection
Upper 95% 154100 277200 43 600 240600
Mean 22400CV 16% 33000 CV 18% 87000 137400 24300 110800
Lower 95% 52 000 62 700 15200 49 400

300000
—+H—  biomassfrom survey estimate 1992 o©
| 7 ©— without 92/93 catch
—®—  with 92/93 caich *
—®—  92/93 cach
2000007 (al means with 95% confidence limits)
surveys
g | I:I n
= )
100000 ﬂ‘
O
i M ®
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O_ T T T T
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Figure3:  Projection scenarios for C. gunnari with variable recruitment.

6.62 In the absence of fishing, the mean biomass was projected to grow to about
137 400 tonnes (95% confidence limits 62 700 to 277 200) by 1993/94, with an incresse in the
biomass of 4 and 5 year olds.
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6.63  The F,, catch leve in 1992/93 was estimated to be of the order of 24 300 tonnes (95%
confidence limits 15 200 to 43 600), however, about 50% of this was composed of 2 year olds and
was thus highly dependent on the estimated recruitment of 1 year olds in 1991/92. It has been
assumed that the recruitment in 1991/92 would be similar to those which occurred over the period
1977 to 1986. However, the observations of fish in poor condition which may have led to increased
mortdity and poor spawning performance mean that this assumption may not be judtified. The
Working Group thought that projections relying heavily on this mean recruitment should be trested
with caution.

6.64 At the lower 95% confidence limit of the projected catch (15 200 tonnes), the assessed
proportion of 2 year olds in the catch was 25%. At this leve of TAC the fishery in 1992/93 would
therefore be less dependent on the assumed Sze of the recruitment of one year oldsin 1991/92.

6.65 Following a caich a F,; in 1992/93 the mean biomass was projected to grow to about
110 800 tonnes (95% confidence limits 49 400 to 240 600) in 1993/94. The lower bound of the
95% confidence interva on the total biomass, however, was lower in 1993/94, following the catch,
than it wasin 1992/93.

Congderaionsfor a Re-opening of the C. gunnari Fishery

6.66  The Working Group recognised that a fishery for C. gunnari in Subarea 48.3 in 1992/93
could involve bottom trawling, peagic trawling or both.

6.67  Theimplicaions of bottom trawling in relaion to both the by-catch of demersd fish species
and the adverse effect on the benthos have been considered during past meetings of the Working
Group and the Scientific Committee (SC-CAMLR-X, Annex 6, paragraphs 7.189 to 7.197 and sc-
CAMLR-X, paragraphs 8.39 and 8.40). Bottom trawl catches of C. gunnari usudly contan a
mixture of the by-catch species N. gibberifrons, C. aceratus and P. georgianus, the proportionin
the catch probably varying congderably from one season to another and from one fishing ground to
another. Quantitative information on the by-catch is available from the Polish fishery for a number of
years, but not from the Soviet fishery, which has taken the bulk of the catches. During years when
the Polish fishery targetted C. gunnari, the relative weights of mgor species in the catch were as
given below (SC-CAMLR-X, Annex 6, Appendix H):
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N. gibberifrons
C. aceratus

P. georgianus
C. gunnari

O R R

6.68  TheTAc of C. gunnari in Subarea 48.3 of afishery usng bottom trawls could therefore be
limited by by-catch considerations to six-timesthe TAC of either N. gibberifrons, C. aceratus or P.
georgianus, whichever isthe leadt.

6.69  No new projections of the potentia yield of the three by-catch species were performed by
the Working Group. The dtatus of these stocks is thought to be little changed since 1990/91 (see
paragraphs 6.95 and 6.96).

6.70  According to the caculations given a last yea's meeting (SC-CAMLR-X, Annex 6,
paragraph 7.196), the TAC of C. gunnari in Subarea 48.3 using bottom trawls would be limited to
gx-timesthe Msy for N. gibberifrons. Thiswas caculated in 1991 as equa to about 8 800 tonnes
of C. gunnari.

6.71  The working Group adso reiterated its concerns over the potentia adverse effects of
bottom trawling on benthas, which in turn could affect fish communities in the medium or longterm.

6.72  There are dso implications of by-catch of other finfish speciesin apelagic trawl fishery for
C. gunnari. Despite requests for data a last year’s meeting (SC-CAMLR-X, Annex 6, Appendix E),
no new information on this by-catch was made available to this year' s meeting. Data analysed at the
1990 mesting showed that the by-catch of N. gibberifronsin peagic trawlstargetting C. gunnari is
potentidly of the order of 3 to 16%". A TAC of 15200 tonnesof C. gunnari (the lower 95%
confidence interva given above), for ingtance, would therefore imply a by-catch of N. gibberifrons
of between 460 and 2 432 tonnes. The by-catch of C. aceratusislikely to be of Smilar magnitude
to the by-catch of N. gibberifrons, given its smilar digtribution in the water column. P. georgianus,
however, is believed to undergo vertica migrations into the water column, which would make it more
vulnerable to pdagic trawls. The by-catch of this pecies is therefore thought to be potentialy
considerably greater than that of N. gibberifrons. Future TACs of a peagic fishery for C. gunnari
in Subarea48.3 will potentidly be limited by the magnitude of this by-catch in relaion to the
potentia yield of these species. The Working Group reiterated its request made last year for more
detailed data on this subject.

= catch of N. gibberifrons
catch of C. gunnari

x 100
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6.73  Thepotentid Msy of N. gibberifrons in Subarea 48.3, estimated at last year's meeting
was 1 470 tonnes (SC-CAMLR-X, Annex 6, Table 16). If the by-catch of N. gibberifronsisnot to
exceed 1 470 tonnes then the implications of the 3 to 16% range of by-catch percentage are as
follows

By-catch Percentage By-catch Limit Potentid Calling of
by Weght C. gunnari Catch
16% 1470 9200
3% 1470 49 000

6.74  The Working Group consdered that steps should be taken to investigate concerns over the
potentid impact of the C. gunnari fishery on by-catch species and benthos. For this to succeed,
data on the by-catch in pdagic and bottom trawl fisheries should be reported and incorporated in
samulation models which investigate the potentid impacts on stock dynamics of different fishing
srategies using pelagic and/or bottom trawls. An experimental design should be employed to look
a the impact of different types of bottom gear an the benthic community. For these experiments to
be possible, the Working Group agreed that control areas would need to be designated as soon as
possible in away that ensures that there are some areas in which the benthic communities are free
from the disturbance of trawling (SC-CAMLR-X, paragraph 8.41).

Management Advice

6.75  Given the uncertainty surrounding the current status of the exploitable stock of C. gunnari
in Subarea 48.3 the Working Group considered that a conservative agpproach to managemernt is
gopropriate in the immediate future.

6.76 A consarvative gpproach would be the maintenance of the current conservation measure
prohibiting directed fishing for C. gunnari in Subarea 48.3 (Conservation Measure 33/x). Such an
approach, however, should be supported by monitoring of the stock, idedlly on an annud bagis, to
observe the rate of recovery in the absence of fishing.

6.77  The Working Group recommended that a scientific survey be carried out during the
1992/93 season. No plans for scientific surveyson C. gunnari in Subarea 48.3 during the 1992/93
season have been received by the Secretariat.

6.78  The Working Group considered a number of possible TAC levdswhich are givenin Teble
1.
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Table7:  TAcClevdsand assumptionsfor C. gunnari in Subarea 48.3.

C. gunnari Assumptiong/Rationdle
TAC (tonnes)
15200 Lower 95% confidence limit of projected catchesa F,,

9200 - 15 200 Peagic trawl fishery only

Maximum by-catch of N. gibberifrons =1 470 tonnes
(sc-CAMLR-X, Annex 6, Table 16) and

N. gibberifrons £16% of C. gunnari catch

8 800 Bottom trawl fishery only
C. gunnari catch = 6 X maximum
by-catch of N. gibberifrons (1 470 tonnes)

6.79  The Working Group stressed that biologica information and information on by-catch from
any commercid trawl fishery in Subarea 48.3 during 1992/93 is of vita importance for future
asessments. I the fishery were to be re-opened in 1992/93, the Working Group felt that an effort
and biologicd reporting system smilar to that for D. eleginoides in Subarea 48.3 (Conservation
Measure 37/X) would be appropriate for C. gunnari in Subarea 48.3.

6.80 In the event that the fishery is re-opened in 1992/93, the Working Group recommended
the closure of directed fishing for C. gunnari between 1 April and the end of the Commisson
mesting in 1993 (asin the 1990/91 season; Conservation Measure 21/1X) to protect spawning.

6.81  TheWorking Group noted that a pelagic trawl fishery in Subarea 48.3 would dlow both a
higher TAC of C. gunnari and would aso avoid the possible adverse affects of bottom trawling on
the benthic community. It was therefore concluded that in the event of a TAC being st for C.
gunnari in 1992/93 the ban on bottom trawling (as in Conservation Measure 20/1X) should be
reinstated.
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6.82 No new information was presented to the Working Group concerning C. gunnari mesh
sdectivity. The Working Group therefore had no reason to propose changes to the 90 mm
mesh sze regulation (Conservation Measure 19/1X).

Patagonotothen guntheri (Subarea 48.3)

6.83 Conservation Measure 34/X prohibited directed fishing for this species in the 1991/92
season. The only catch of P. guntheri (1.5 tonnes) reported to CCAMLR originated from aresearch
vessd survey in January 1992 (WG-FSA-92/17).

6.84  Thedidribution of P. guntheri is confined to the waters around Shag Rocks. For the first
time anindividuad P. guntheri was caught on the western shelf of South Georgia a a depth of 365
to 392 m (WGFSA-92/17).

6.85 A new biomass estimate of 12 764 onnes (Cv 61.4%) from a bottom trawl survey was
avalable to the Working Group (VGFsa-92/17). Due to the benthopdagic mode of life of this
pecies, the Working Group reiterated its findings from previous years, notably that any biomass
estimate from a bottom trawl survey islikely to be an underestimate.

6.86 No new information on natural mortaity and recruitment of this species has been submitted
to CCAMLR. At last year’s meeting the Working Group expressed concern about the accuracy of
fine-scale data reported to CCAMLR. This referred in particular to catch and effort data from the
South Georgia area, an area in which this species has not been found in larger numbers during
research vessd surveys (SC-CAMLR-X, Annex 6, paragraph 7.13), and asked the reevant authorities
for daification. However, no additiona information was received.

Management Advice

6.87  Thevery low leve of fishing in 1989/90 and the absence of commercid fishing in 1990/91
and 1991/92 would have been expected to result in an increase in the biomass of P. guntheri.
However, the Working Group reiterates its statement from last year thet it is unable to assess the
current state of the stock due to the lack of information, such as an accurate biomass estimate,
estimates of naturd mortaity and recruitment values for recent years. As the species is short-lived,
the current state of the stock is critically dependent upon the strength of the year classes which have
been recruited to the stock in very recent years.
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6.88  The Working Goup recommended that the present conservation measure (Conservation
Measure 34/x which applied to the 1991/92 season) should be retained until information,
which would alow areassessment of the stock to be made, becomes available.

Notothenia squamifrons (Subarea 48.3)

6.89 Following the adoption of a by-catch provison of 300 tonnes in 1988/89 and 1989/90
(Conservation Measures 13vIiI and 20/1X), the directed fishery for the species was prohibited from
1990/91 onwards (Conservation Measures 22/1X and 34/X). In 1991/92, N. squamifrons were only
taken in small numbers during aresearch vessd survey in January 1992 (WG-FSA-92/17).

6.90 Despite a request in 1991 for the provison of length and age data from past commercid
catches (SC-CAMLR-X, Annex 6, Appendix E) no new information has become availadle to the
Working Group. The Working Group was therefore unable to assess the current state of the stock.

Management Advice

6.91 In the absence of any information which would dlow an assessment of the stock to be
made, the Working Group recommended that the conservation measure presently in force
(Conservation Measure 34/X) should be retained.

Notothenia gibberifrons, Chaenocephal us aceratus
and Pseudochaeni chthys georgianus (Subarea 48.3)

6.92  All three species have been common by-catch species particularly in the bottom trawl
fishery for C. gunnari since the mid 1970s. In some years they have been targetted by the fishery.
Both bottom trawling and directed fishing for the species have been prohibited since 1990/91
(Conservation Measures 20/1X, 221X and 37/X). A research vessal survey in January 1992 reported
catches of 8 tonnes (WG-FSA-92/17).
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6.93 No new information on by-catches of the three species in the fishery for C. gunnari from
historic catches made ether by bottom trawl or pelagic trawl have been made avallable to the
Working Group. These were offered two years ago (CCAMLR-IX, paragraph 13.16) but not
received, and have been repeatedly requested by the Working Group 6C-CAMLR-X, Annex 6,

paragraph 8.10).

6.94  Since 1988/89 little or no commercid fishing has taken place for these three pecies. Due
to the absence of catch-at-age information from commercid catches for the last four seasons, no
new anaytica assessments such as VPA have been carried out by the Working Group.

6.95 New biomass esimates were available from a research vessd survey in January 1992
(WG-FsA-92/17). These were

N. gibberifrons 29 574 tonnes (cv 15.4%)
C. aceratus 12 466 tonnes (cv 14.9%)
P. georgianus 13 469 tonnes (cv 14.6%)

6.96  Biomass edimates were condstent with estimates from surveys carried out in 1990 and
1991 and the results of assessments by the Working Group in 1991 (Figure 4). They support the
conclusions of lagt year's Working Group meeting that al three species show an upward trend in
gsock dze since the introduction of more stringent conservation measures for these species by
CCAMLR in 1989.

6.97  Length frequency digtributions from UK surveys since 1990 show a steedy increase in the
proportion of adult N. gibberifrons, and smal fluctuaions in the stock dructure and sze of
C. aceratus and P. georgianus. This is conggtent with trends in biomass estimates from these
surveys.

By-catch species- 48.3
31
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Figure 4: Abundance trends (VPA and survey biomass estimates) and catch history of N. gibberifrons, C. aceratus and P. georgianus.
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6.98 Biomass esimates (in tonnes) for the three species from the initid phase of the fishery
(21975/76 for N. gibberifrons and 1976/77 for C. aceratus and P. georgianus) are given in the
following teble:

Table8:  Biomass esimates (tonnes) for N. gibberifrons, C. aceratus and P. georgianus.

Date Research Surveys VPA 1992 Estimate asa
Proportion of the
Initid Leve
N. gibberifrons 1975/76 40 094t 339822 73 - 87%
C. aceratus 1976/77 18 719t 18 3653 66 -67%
P. georgianus 1976/77 36 401+ 43 5803 30- 37%

1 from Kock, Duhame and Hureau (1985)
2 from sC-CAMLR-X, Annex 6, Figure 12
3 from Agnew and Kock (1990)

These edimates suggest that N. gibberifrons and C. aceratus have recovered more than
P. georgianus.

6.99  Itisnoteworthy that recovery of N. gibberifronsand C. aceratus has been faster than that
of P. georgianus. The former are beieved to be more long-lived than P. georgianus. One
possible explanation is that the standing stock of P. georgianus in the mid 1970s was much higher
than average, due to the presence of several strong year classesin the stock. After these had been
fished out in the late 1970s no smilarly strong year classes have occurred and the stock may now
have gabilised a amuch lower levd.

Management Advice

6.100 Stocks of N. gibberifrons and C. aceratus have apparently recovered to a high
proportion of ther initid levedls P. georgianus may not have recovered to the same extent. A
re-opening of the fishery on these species might be considered. All three species have been taken in
quantity only by bottom trawling in the commercid fishery. None of these species can be taken
without a 9gnificant by-catch of other species.

6.101 The Working Group recommended that a directed fishery on these three species should
remain prohibited because the potentid yields could be entirely taken as by-catch in the C. gunnari

fishery.
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Electrona carlsbergi (Subarea 48.3)

6.102 The reported catch of E. carlsbergi in 1991/92 was 46 960 tonnes in Subarea48.3. This
catch was less than the catch in 1990/91 and 19% of the TAC set in Conservation Measure 38/X.
Although some fine-scale data has been submitted by Ukraine and Russia, not dl fine-scale data for
this catch has been submitted.

6.103 New data were available to the Working Group on species composition of by-catch in
research trawls targetting E. carlsbergi in the Polar Frontal Zone north of South Georgia Idand in
1987 to 1989 (WGFsA-92/12). The catches in these trawls were dominated by myctophids, with
E. carlsbergi dominating the catch (>90%) in catches greater than 0.5 tonnes. The presence of E.
carlsbergi was more variable in smdler catches with other myctophids, particularly of the genus
Gymnoscopelus, often making up dgnificant proportions of the catch. The Working Group
welcomed this information provided in response to a request last year for details of by-catchinthis
fishery (SC-CAMLR-X, Annex 6, paragraph7.148). However, details of the by-caich in the
commercid fishery are necessary for evauating whether the fishery should be consdered asasngle
gpecies fishery on E. carlsbergi or whether it is a multispecies fishery on a number of myctophid
Species.

6.104 No description of the trawls used in this fishery were provided to this year's meeting as
requested in SC-CAMLR-X, paragraph 4.76.

6.105 The Working Group noted that the stock assessments of last year were based on survey
data from 1987/88. Data on length composition in the 1991/92 fishery showed a Size Structure in
the fishery amilar to that reported in 1990 (SC-CAMLR-X, Annex 6, paragraph 7.131) with szes
ranging between 62 to 85 mm. No other data to refine the uncertainties in the assessments from
1991 (sc-CAMLR-X, Annex 6, paragraph 7.149) have been submitted. As these fish are short lived
(four to five years), there are no data on the current biomass of the stock. New surveys of the
myctophid stocks in Subarea 48.3 are needed to provide an assessment of the current stock status.

Management Advice

6.106 The Working Group noted the difficulty in providing advice based on data and assessments
which are no longer current.
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6.107  On the bads of the known biologica characterigtics of the stock, the current level of fishing
on E. carlsbergi in Subarea 48.3 may be sustaingble. However, the fishery is now based on a
stock for which the age structure and biomass are unknown and the catch and biologica parameters
of reated species are dso unknown. Thus, the Working Group was unable to advise on an
appropriate TAC for the current fishery. The Working Group reiterated the need for further surveys
to estimate current biomass (SC-CAMLR-X, Annex 6, paragraph 7.149).

Dissostichus eleginoides (Subarea 48.3)

6.108 Catchesof D. eleginoides in Subarea 48.3 were initidly reported in 1977. Until the mid
1980s, the fishery was carried out entirdly by bottom trawls. The longline fishery probably beganin
April 1986 (WG-FsA-92/13). The annud catch data are summarised in Table 3.

6.109 In accordance with Conservation Measure 35X, the total catch of D. eleginoides for the
period from 4 November to the end of the Commission meeting in 1992 was limited to 3500
tonnes. Conservation Measures 36/X and 37/X, relating to the reporting of catch and effort and
biologica data, were dso in force.

6.110 Catch and effort data were reported to the Secretariat by five-day period and in fine-scale
longline format. In addition, length frequency data were reported by Chile and Russa

6.111 The 1991/92 fishing season for D. eleginoides was shorter than previous seasons, mainly
because of entry into the fishery of the Chilean fleet. The fishery opened on 4 November 1991. The
TAC was reached on 10 March and the fishery closed. During the season the fishery was
prosecuted by one Bulgarian, five Russan and eight Chilean vessds, fishing for different periods as
shown in Figure 5.
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Figure5:  Number of vessdstaking part in the fishery.

Review of Catch and Effort Data
Catch Location from Fine-Scale Data
6.112 The pogtion of dl catches by Russan and Chilean vessdsis shown in Figure 6. In contrast

to earlier fishing seasons the fishery took place dl around Shag Rocks and South Georgia. The
depth of fishing ranged from 500 to 2 000 m with highest effort between 1 300 and 1 400 m.
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Figure6.  Pogtion of catchesof D. eleginoides around South Georgia and Shag Rocks.

Effort Data

6.113 Vessd size was reported as 300 to 1 000 tonnes (WG-FSA-92/28). The number of vessels

taking part in the fishery per five-day period ranged from one (second haf of March) to 12 (end of
February).

6.114 The number of hooks varied consderably. The mean number of hooks/line was 8809
(Chile), 4 794 (Russia) and 3 630 (Bulgaria). The Chilean fleet used six different types and sizes of
hooks, while only two types were used by Russian vessels.

Sdectivity of Trawls

6.115 A trawl survey around South Georgia in the depth range 50 to 500 m reported catches of
D. eleginoides ranging from 20 to 86 cm, with very rare occurrences of specimens larger than 46
cm (WG-FSA-92/17, Figure 17).
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Sdectivity of Hooks

6.116 Thesze of fish caught in the longline fishery ranged from 45 to more than 200 cm with the
bulk of fish being between 70 and 120 cm long WG-FSA-92/13, 24 and 28). The most important
factor influencdng mean length of D. eleginoides catches seems to be hook type. Seasons and
fishing dtes seem to have little or no effect (see Table 9).

Table9:  Mean length of D. eleginoides for different hook types (CCAMLR codingl), sites and

fishing nations

Fshing Area Hook L* sD

Nation Type (Totdl Length)
Chile South Georgia 5 95.4 141
Chile South Georgia 9 99.0 15.2
Chile South Georgia 6 1171 14.0
Chile South Georgia north of 54.2°S 6 116.4 13.6
Chile South Georgia south of 54.2°S 6 1179 134
Chile Areawest of 48.3 5 99.2 17.7
Russa South Georgia 104.5 13.8
Russa(WG-FsA-92131) | Kerguelen ? 92.95 - 93.4

*  Standard length converted to totdl length using TL = 1.247+1.118 (sL) (Kock et al., 1985)
6.117 Due to the use of different types of bait, it till remains unclear if the type of hook or bait
have greater effect on the CPUE and sdectivity for D. eleginoides. The Working Group
recommends that research be undertaken to dlow the estimation of sdectivity factors for usein
assessments.

Biologicd Information

Digtribution and Stock Identity

6.118 D. eleginoides is widdy distributed in sub-Antarctic waters from approximately 30°S off
Chile and approximately 37°S off Argentinain the north and Shag Rocks and South Georgiain the

1 Code5=20t025mm width, 6 = 25 to 30 mm width, 9 = 40 to 45 mm width
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south as well as around Crozet, Kerguelen, and Heard Idands, Ob and Lena Banks, an unnamed
bank north of Kara Dag Bank in the Indian Ocean sector, and around Macquarie Idand on the
Indo-Pecific boundary. The southern limit of the digtribution of D. eleginoides is currently thought to
be 56°S. The bathymetric range of the species extends down to more than 2 500 m, with smaller
fish being found above 500 m (Y ukhov, 19821; Sdas et al .2, 1987; De Witt et al.3, 1990).

6.119 The location of gpawning grounds of this species is unknown, but fish caught on the dope
of Burdwood Bank from May to August 1978 (Kock, unpubl.) and fish caught in July 1992 around
the northwest of South Georgia and Shag Rocks were found to be in pre-gpawning condition (WG
FSA-92/13 and 14). This suggests that spawning may take place over the continental dope from June
to August/September.

6.120 The reationship between the population of D. eleginoides around South Georgia and
those in other areas is unknown. Genetic amilaitiesof D. eleginoides caught in Subarea 48.3 and
in areas around southern Chile, FaklandsMavinas and the Indian Ocean are currently being
evauated. Zakharov# (1976) distinguished two separate populations, one on the Patagonian Shelf
and the ather around South Georgia, based on differences in morphological and meristic characters.
However, gatidtica techniques employed in this discrimination (e.g., Student’s t-test) appear to be
inadequate (Kock, 19925). The Working Group identified stock identity as an important issue to be
resolved because fishing occurs on D. eeginoides in four areas in close proximity - South Georgia,
Shag Rocks, southern Chile and around the Falklands/Mavinas. There are dso proposals to carry
out exploratory fishing around the South Sandwich Idands in Subarea 48.4 (Chile - CCAMLR-X1/7;
USA - CCAMLR-XI/5). If D. eleginoides migrates easly between these shef areas, congtituting a
gngle population, then an assessment of the status of the fishery in Subarea 48.3 should include the
fisheriesin these other locations, some of which are outsde the Convention Area.

6.121 The presence of squid and myctophids in ther diet (WGFsA-92/13) and their regular
occurrence in sperm whae somachs in pelagic waters of the Southern Ocean (Y ukhov, 1982)
indicate that these fish are likely to spend time in the pdagic environment. The proportion of the
gock found in the pelagic environment, compared with the benthic environment on the continenta

1 vukHov,V.L. 1982. Antarkticheskij Klyklach. Moscow: Nauka 113 pp.

2 SALAS R, H. ROBOTHAM and G. LIZAMA. 1987. Investigacion del Bacalao en VIII Region Informe
Técnico. Intendencia Regidn Bi6-Bid e Instituto de Fomento Pesquero. Talcahuano. 183 pp.

3 DE WITT, W.H., P.C. HEEMSTRA and O. GON. 1990. Nototheniidae (notothens). In: GON, O. and
P.C. HEEMSTRA (Eds). Fishes of the Southern Ocean. Grahamstown, South Africa: J.L.B. Smith Institute of
Ichthyology.

4 7ZAKHAROV, G.P. 1976. Morphological characterisation of Patagonian toothfish (Dissostichus eleginoides
Smitt) in the Southwest Atlantic. Trudy Atlantic Research Institute of Marine Fisheries and Oceanography.
Kaliningrad 65: 20-30.

5 KOCK,K.-H. 1992. Antarctic Fish and Fisheries. Cambridge University Press, Cambridge.
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shelf and dope, is unknown. Further work on the digtribution of these fish in the water column and
the potentid for movement between shelf areas would facilitate greetly the evaduation of stock
identity.

Age, Length and Weight Data

6.122 Length frequency digtributions have been provided from longlining activities (WGFSA-92/13,
14, 15) and trawl surveys (WGFSA-92/17). Ageswere not determined for fish in these catches.

6.123 As requested last year SC-CAMLR-X, Annex 6, paragraph 7.102) age/length keys from
larger sample Szes have been derived for South Georgia and southern Chile from catches obtained
by Chileen commercid longline vessels (WGFSA-92/30) (Appendix G, Tables G.1 and G.2).
Age/length keys have been provided for different areas of the Kerguden Idand areain three different
years (WGFsA-92/8). However, these keys are based on smal numbers of fish and most of these
fish are in the 9ze range between 70 and 110 cm. Agellength keys for D. eleginoides around South
Georgia (n=133) and Shag Rocks (n = 123) from a trawl survey early in 1992 have been
submitted to the CCAMLR Data Centre. Ages were determined from scales.

6.124 Two problems need to be addressed before these keys are accepted as representative of
the stock around South Georgia. Fire, there is controversy on the age determinations in
D. eleginoides and methods have not yet been vdidated. Lic. E. Barrera-Oro (Argentina) noted
that in otolith-sections the ageing is difficult due to the presence of fase checks, whereas in scales,
the ages of large fish are often underestimated due to the blending of rings at the outer edges, a
common problem in other fish (e.g., Beamish and McFarlane, 19831). Dr Kock noted also that the
ages of dl D. eleginoides may be underestimated by one year because the formation of the firs
readable annulus in the scaesis likely to occur in the second year. The Working Group agreed that
refining the methods of age determination should be given a high priority.  This could be facilitated
by comparing age readings from growth rings in otoliths and scaes taken from the same fish and,
aso, by comparing readings from different readers.

6.125 The second problem is that the age/length characterigtics of the entire stock are unlikely to
be represented in catches from longlining. This may result from the selectivity of hooks for particular
gzes of fish. WGFsA-92/28 described the influence of hook type on the size of fish caught and
describes a number of hook types which are currently used in the fishery. If large fish are excluded
from the catch then the length-at- age could be underestimated for older fish. Similarly, if amdl fish

1 BEAMISH and MCFARLANE. 1983. The forgotten requirement for age validation in fisheries biology. Trans.
Am. Fish. Soc. 112: 735-743.
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ae excluded then the length-at-age could be overestimated for younger fish. The truncated
digributions of sze a the youngest and oldest ages in the samples from southern Chile and South
Georgia suggest that these data may suffer from this problem.  The data from Kerguden Idand
shows an under-representation of the smaller (less than 70 cm) and larger (greater than 110 cm)
Szes.

6.126 The rdiability of agellength keys and growth parameters is dependent on the adequate
representation of the range of lengths a each age in the stock.

6.127 Length-weight rdationships for different Sze ranges of D. eleginoides in different areas
have been compiled in Appendix G, Table G.3 and Figure G.1.

Growth Parameters

6.128 Edimates of von Bertdanffy growth parameters for D. eleginoides in different areas are
shown in Appendix G, Table G.4 and Figure G.2. Most estimates are derived from Ford-Walford
plots. This was consgdered by the Working Group to be a less rdiable method than non-linear
regresson methods which are widdy available. The Working Group recommends that non-linear
methods of estimating von Bertdanffy parameters be used in future analyses.

6.129 A serious problem with estimating von Bertdanffy parameters arises when the agellength
relationship in the samplesis not representative of the stock (see above). Given the low likelihood of
complete representation of younger and older age groups, these estimates should be treated with
caution.

Naturd Mortdity

6.130 An evduation of estimates of M (see Table G.5 in Appendix G) was submitted to the
Working Group in WGFSA-92/21.  This evauation compared estimates of M based on different
growth curves, catch data from different areas (pooled across depths and different gear types) and
different methods for estimating M .

6.131 The use of the ChapmanRobson age-based method can bias estimates of M if it isan
increasing or decreasing function of aye, i.e. M will be overestimated if M increases with age and
underestimated if M decreases with age. Estimates usng Heincke's estimator should dso be
congdered in future, dnce this is insengtive to age-dependence in mortdity rate, and may be less
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affected by underestimation of age in older fish. The Working Group chose two models, which use
only length data and growth curve parameters, to examine how estimates of M might vary with areg,
growth curve and method. Given the data avalable, the results indicate variation between 0.07 and
0.19. The mean for each method (see WG-FSA-92/21) was.

Beverton and Holt length-based method =0.10
Alverson-Carney method =0.16
Grand Mean =0.13

6.132 The Working Group accepted this range and the mean of 0.13 as the most suitable
esimatesof M to work with in the current assessments.

6.133 The Working Group emphassed that estimates of M are affected by gear sdectivity and
will need to be refined as more data on sdlectivity comes to hand (see paragraphs 6.115 and 6.116).

Diet

6.134 Stomach content andyds of D. eleginoides caught on longlines showed that most
stomachs contained little or no food (WGFsA-92/13). Fish were found to be the prevaent food item.
This is corroborated by earlier findings that D. eleginoides feeds mostly on fish and to a lesser
extent, on benthic invertebrates, such as octopus (Permitin and Tarverdiyeva, 19721; Chechun,
19842; Duhamd, 19873). Species composition in the diet varied considerably locally and ranged
from mesopelagic to demersd species. This suggedts that the species is an opportunistic feeder
taking advantage of any locdly abundant fish resource.
Sexud Maturity

6.135 Three papers submitted to this year's Working Group meeting contain information on the
Size a sexud maturity and Sze at firgt spawning respectively: WG-FSA-92/13, 14 and 15.

6.136 WG-FSA-92/13 provides a Sze range over which most specimens become sexudly mature.
Itis

1 PERMITIN, Y.Y., M.I. TARVERDIYEVA. 1972. Thefood of some Antarctic fish in the South Georgiaarea(in
Russian). Vopr. Ikhtiol. 12(1): 120-132.

2 CHECHUN, I.S. 1984. Feedi ng and food interrelationships of some sub-Antarctic fishes of the Indian Ocean
(inRussian). Trudy Inst. Zool. Leningrad 127: 38-68.

3 DUHAMEL, G. 1987. Ichthyofaune des secteurs indien occidental et atlantique oriental de I'océan austral:
biogéographie, cycles biologiques et dynamique des populations. Ph.D. Thesis, P. et M. Curie University of
Paris. 687 p.
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72 - 90 cm (@7 - 11 years) in mdes, and
90 - 100 cm (@9 - 12 years) in femaes.

6.137 Tables 7 to 9 of WG-FsA-92/14 provide lengthymaturity tables by sex, fishing month and
fishing grounds separately. These were combined to estimate Sze at first pawvning. The Russan
investigators used a maturity scae which is different from the one commonly used in CCAMLR, and
was not available to the Working Group. It was assumed that maturity stages 3 and over contained
those individuds which were likely to spawn in the aurrent season. Due to Sze sdlectivity and a
possible different bathymetric digtribution, immature fish were poorly represented in the catches. a
Stuation which is particularly likely to occur for maes, which reach sexud maturity a a smdler sze
than femdes. The following estimates are thus biased to an unknown extent, the estimate for maes
having alarger bias than that for femaes.

Lm=77 cmfor maes,
Lm =92 cmfor femdes.

Furthermore, the number of fish invedigated in the Sze range in which Sze a fird goawning is
atained, was smal (<150 fish). Thisfurther limits the vaue of these estimates.

6.138 WG-FSA-92/15 provides Sze compostions for sexes combined on severd fishing grounds

and on approximate proportion of immeature fish in these catches. Assuming that these immatures
were comprised of smaller fish, size at first spawning was estimated to be Ly, = 95 am.

6.139 The Working Group concluded that none of the three data sets provide an accurate
edimate of Sze & sexua maturity and/or Sze at first gpawning. A firgt gpproximation (of Sze  first
spawning) may be to assume:

Lm=85cmfor mdes, and
Lm=95cm for femaes

until better data become available. The estimated age at first spawning will depend on which growth
function isto be used.

6.140 The Working Group recommended that the number of maturity stage determinations needs

to be increased substantidly in the Sze ranges 75 to 95 cm in males and 85 to 110 cm in femades to
edimate 9ze a sexud maturity and Size a first spawning more accurately.
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Assessment Work
Length-based Cohort Analysis

6.141 Length-based cohort analyses were carried out according to Jones (1974) method. This
method calculates the stock biomass under the assumption that it has been stable under exploitation.
Given that this assumption cannot be verified, the caculated biomasses should not be considered as
estimates of current biomass, but rather as estimates of the biomass which would occur if the stock
was stable with the average catches a length used in the calculation. The method requires estimates
of M and growth curve parameters, dong with catch at length data. The latter were caculated from
the available length frequency data from the catch and total catch data, averaged over the years
1989 to 1992. Thus, the annua average catch used in the caculations was gpproximately 5 000
tonnes. The results were caculated for the three vaues of M, and for the growth curves given by
Shugt et al. (1990)1 and Aguayo (WGFSA-92/30). The growth curve reported in Shust et al. is near
the middle of the range of those presented in Table G.2 of Appendix G, while that of Aguayo is near
the upper end of the reported growth curves. The reaults, given in Table 10 show that the method is
very sendtive to the vaue of naturd mortdity and the growth curve used.

1 SHUST, K.V., P.S. GASIUKOV, R.S. DOROVSKIKH and B.A. KENZHIN. 1990. The state of D. eleginoides
stock and TAC for 1990/91 in Subarea 48.3 (South Georgia). Document WG-FSA-90/34. CCAMLR, Hobart,
Australia.

D. eleginoides - 48.3



Table10: Summay of biomass cdculations of the exploitable biomass of D. eleginoides in

Subarea 48.3.
Method Parameter Exploitable Biomass
(seetext) (seetext) (tonnes)
De Lury over fishing season
(WG-FsA-92/24) 12 000
DeLury (locd dengdty)
(see paragraphs 6.156 to 6.159) 9 800
Area coverage (per longline) 10nmile 8000
(see paragraph 6.160) 05nmile 16 000
0.05 nmile 160 000
Area coverage (per hook) 10m 102 000
(see paragraph 6.169) 15m 45 000
20m 25 000
25m 19000
Length cohort andyss M=0.10, *GC=1 36 000
(see paragraphs 6.141 and 6.142) M=0.13, GC=1 61 000
M=0.16, GC=1 119 000
M=0.13, GC=2 14 000

* GC- 1 Ly = 174.8, K = 0.0712, Ly = -0.005, GC - 2: Ly = 210.8, K = 0.0644, L, = 0.783

6.142 Carrying out this analysis was unnecessarily time consuming because the length frequency
data from different operations was submitted in different formats. It is recommended that in future
length frequency data for this species be submitted as total lengthsin 1 cm length classes. It would
be desirable for the length measurements to be submitted in computer readable format for incluson
in the CCAMLR database.

ABUNDANCE ESTIMATES USING crPUE OR SURVEY DATA
6.143 At the 1991 meeting of the Working Group three types of anayses were attempted on the
CPUE data from the longline fishery. Problems were encountered during the andyses mainly because
no haul-by-haul data were submitted and the STATLANT B datadid not alow for sandardisation of

the effort indices.

6.144 Haul-by-haul data were submitted to cCAMLR from dl fishing Members for the 1991/92
Season, in accordance with Conservation Measure 37/X.

D. eleginoides - 48.3



6.145 Paper WGFSA-92/24 presents a De Lury analyss of the haul-by-haul cPUE data from the
Chilean fleet over the whole season. Two separate fishing grounds could be dearly distinguished
from the locations of the hauls one a the north of South Georgia, including Shag Rocks and the
second at the south of theidand. Results from the De Lury andys's suggest a recruited biomass of
around 12 000 tonnes.

6.146  Application of the De Lury andyss to these data assumes that there is no substantial
immigration or emigration during the period under consderation. If there is subgtantia immigration
into the loca area, the population size would be overestimated. Conversely, substantid emigration
would lead to underestimation of population sze. The locations of fishing from the haul-by-haul
data, as wdll as the observation that the CPUE series for the three areas do not have strong trends,
suggests that fishable aggregations persst throughout the season. Therefore, any substantial
movements of fish into or out of the fishing grounds during the fishing season are unlikely.

6.147 Anandyssof CPUE data dso assumes that CPUE s proportiond to the population Sze or a
power function of population sze. In the longline fishery, there are five potentidly important factors
that could affect the catch rates. These factors are: hook size and shape, soak time, depth of fishing,
location of fishing and seasondity (i.e, timing of fishing). The anadlyses in WG-FSA-92/24 does not
take these factors into account and the Working Group investigated the effects of these factors on
catch rates usng the haul-by-haul data from the Chilean and Russian fledts.

6.148 The hook type affects both the length frequency ditribution (see paragraph 6.116) and the
cach rate. Thisimplies that the effort should be standardised for hook type before combining data
to usein cPUE andyses. Unfortunately not al data records contained a code for the hook type and
the Chilean data did not contain any records where vessdls fished with different (known) hook types
in the same location and at the same time. The Working Group could not calibrate or sandardise
the cPUE for hook type. The Russian data contains some records for two hook types in the Shag
Rocks area and the same period but this sampleisrdatively samall.

6.149 The Working Group encouraged the collection of haul-by-haul data from vesselsfishing in
the same locd area a the same time for use in the cdibration of effort data.

6.150 The current cCAMLR hook code only reflects Sze and not shape. Both these aspects of
hooks affect the way they operate and the Working Group recommended that a new coding system
which reflects both these aspects should be developed by the Secretariat.

6.151 Only asubset of the data (those from the Russan fleet) were used to investigate soak times
and catch rates. These data did not show any relationship between catch rates and soak time. 1t s,
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however, premature to conclude that there is no rationship and these data should continue to be
collected.

6.152 Catch rates from the Chilean fishery did not show any clear rdationship with depth (WG
FSA-92/28). At this stage, there does not seem to be a need to consder fishing depth when
cdibrating effort data. It is, however, ill essentid to record this information since the current
andyses are only preliminary, representing a Sngle fishing season.

6.153 Asindicated in WGFsA-92/24 and 28, the locations of the hauls clearly suggested two or
three fishing grounds. The possble effect of location was investigated on arelaively coarse scde.
The area around South Georgiawas divided into three fishing grounds (Figure 6 above):

()  Shag Rocks, west of 40°W;
(i)  South Georgia north, east of 40°W, north of 54.2°S; and
(i)  South Georgia south, east of 40°W, south of 54.2°S.

6.154 The cPUE series for these three areas are dl of smilar magnitude athough the patterns over
time are somewhat different (WG-FsA-92/24) (Figure 7). This suggests that, at least during the
1991/92 season, there was no need to adjust the effort for fishing ground. What is, however, very
clear from al three series is the ‘seasondity’ which may be caused by various factors. The possble
effects of weather conditions could not be consdered. There may be seasonality in the population
numbers on the grounds caused, for example, by migration or changes in aggregation. Investigation
of the catch rates on a smdler area scale dso shows that the vessels tend to move from one location
to another. This sometimes occurs when local catch rates have declined after some days of fishing.

6.155 This effect was used to estimate locd population dendties in order to try and estimate
overd| fishable biomass. The advantage is that the CPUE of asingle vessd or par of vessdswith
amilar gear can be used without the need for calibration or correction for seasond effects. Three
such examples of declining catch ratesin alocd areawere identified:

() in the South Georgia north area, where two vessdls with the same hook types were
fishing over aperiod of nine days,
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Figure7.  cPUE kg/hook for the Chilean fishery in the three mgor fishing areas of Subarea48.3.
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(i)  to the north of Shag Rocks area where a ingle vessel fished for a period of six days;
and

(i) tothewest of Shag Rocks areawhere asingle vessd fished for aperiod of 11 days.

6.156 The De Lury method was used to edimate the initia local population sze from the CPUE
(Figures 83, b and ¢).  The main assumption of this method is that, for the short period under
congderation, the loca population within the small region where the hauls were taken is ‘closed

(i.e, there is no substantiad movement of fish into or avay from each location). It is thus dso
assumed that catches taken outside these locdlities do not affect the dendty of fish within them within
the short period considered.

Localised area of the South Georgia
3.0

2.5

CPUE (kg/hook)
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Figure8a: cpUEfor D. eleginoides in the locdised area of South Georgia.
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Figure 8b: cpPUEfor D. eleginoidesin thefirst localised area around Shag Rocks (South Georgia).
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Second localised area around Shag Rocks
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Figure8c: cPUE for D. eleginoides in the second localised area around Sheg Rocks (South
Georgia).

6.157 Becausedaly cPuevdues were used, the vaue for naturd mortaity (M) is so smdl that
there is no need to include this in the andyds. (If M is included, there is hardly any difference
between reaults for the range of vaues given in paragraph 6.131). In dl cases the regression fit was
satidfactory athough resduds for the third case did show some degree of non-randomness.

6.158 Locd dengty is obtained by dividing the locd population estimates by the effective area
fished. This area should be seen as the area over which the population was affected by the fishing
leading to the observed locd decline in the CPUE.

6.159 The effective area fished was estimated using two methods. The firs method involved
cdculating areas within boundaries which enclosed groups of hauls. These areas were chosen to be
at least 0.05° latitude and 0.2° longitude. A square of 0.05° latitude by 0.2° longitude (at 53°S) is
goproximatey 200 n mile?. This method leads to an average density of about 1.09 tonnesn mile2
for the three cases.

6.160 The second method of estimating the effective fishing area consders the totd length of each
longline set (cdculated from the number of hooks times the distance between hooks) multiplied by an
effective width. The effective width is far more difficult to assess, especidly snce the fishing geer is
left in the water for a period of time and fish are highly mobile. Three arbitrary vaues were therefore
used: 0.05, 0.5, 1 n mile. Table 11 beow summarises the dendty estimates obtained for the three
Cases.

Table 11: Dengty esimates (tonnes/n mile2) for D. eleginoides.
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Method A Method B
Effective Width of Longline

1.00 0.50 0.05
Shag Rocks west 0.43 0.40 0.81 8.10
Shag Rocks north 1.50 1.06 211 21.10
South Georgia north 1.33 1.19 2.39 23.90
Average 1.09 0.88 1.77 17.70

6.161 For compaison, the average dendty of D. eleginoides from the 1992 Falklands
Protector trawl survey was 0.74 tonnes/n mile2. It isof course known that the trawl survey mainly
caiches small fish at shdlower depths, but the comparison suggests that the above estimates of
around 1 to 2 tonnes'n mile2 are not unredidtic.

6.162 Edimates of tota exploitable biomass were obtained by multiplying the average densty
estimates by the total seabed area around South Georgia and Shag Rocks between depths of 500 to
2 000 m (see Appendix E). Thistotal area was estimated to be 9 000 nmilez. Resultsaregivenin
Table 10.

6.163 There are many cavedats associated with the above method and the estimates of exploitable
biomass. Firgt, Tables 10 and 11 clearly show that the method is very sendtive to the assumption
about the effective width of the areafished by alongline. Knowledge about the soak time, swimming
gpeed of fish and the digribution of fish on the hooks may throw further light on this problem in
future.

6.164  Second, the caculation of biomass in the whole of Subarea 48.3 involves extrgpolating
from alocd dendty to the whole area between in the 500 to 2 000 m depth range. Since fishing in
the most recent season took place in about 70% of the 9 000 n miles? area and the caculation
assumes the calculated dengity applies over the whole region, the above biomass values may tend to
be overestimates. At this stage, the variance in density between locations is aso unknown. Further
analyses of the kind described above are necessary to try to estimate the seasond and tempord
vaiability in dengty.

6.165 A further potentid problem with this andyss, as well as with the more conventiona De
Lury andyss presented in WGFSA-92/24, is the posshility that the cPUE is not linearly related to
population size but by a power function. This would imply that a rdaively svdl changein CPUE
could in fact reflect quite a substantia change in the population Size.
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6.166 Any saturdion effect of the fishing gear would dso affect CPUE andyses. However, the
heul-by-haul data do not show any signs of saturation.

Egtimates Based on Trawl Surveys

6.167 Paper WGFSA-92/17 presents estimates of biomass around South Georgia and Shag Rocks
from the Falklands Protector bottom trawl survey conducted in January/February 1992. These
estimates are:

South Georgia 2 460 tonnes (cv 21%)
Shag Rocks 3 353 tonnes (cv 35%)

6.168 Bottom travl surveys only egimate the biomass of young (juvenile) fish rather than
exploitable biomass. The length frequency digtribution from the survey congsts dmost entirdly of fish
between 20 and 50 cm totd length. The above biomass estimates can be considered as indices of
future recruitment to the fishery. Comparison with estimates from smilar surveys since 1984, show
that these values are in the middle of the range (Tables 15 and 16 in WG-FSA-92/17). No attempt was
made to estimate exploitable biomass from the survey estimates, because of the problems associated
with this method (SC-CAMLR-X, Annex 6, paragraphs 7.90 to 7.98).

Estimates Based on Area Fished by Each Hook

6.169 This method atempts to estimate dendty directly by assuming thet fish are caught from
within a certain radius of each hook. The data used came from the Chilean fishery, where the catch
per hook averaged one fish per 10.7 hooks. The average fish weight was 11.3 kg, and so the catch
per hook was 1.06 kg. The areafished per hook, in n mile?, isgiven by:

A = p r2/(18522)

where r isthe radid distance of the influence of the hook in metres. The dengty of fish, in tonnes/n
mile?, is caculated as.

D = C/A*1000

6.170 As inthe case of thelocd dendity De Lury estimates, biomass estimates are caculated by
extrgpolating the dengity estimated on the fishing ground to the whole bottom area in Subarea48.3
within the gppropriate depth range. The reaults are given in Table 12. Given that the average
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distance between hooks is about 3 m and that one fish istaken per 10.7 hooks, it was suggested that
the result for the influence radius of 15 m is likely to be the most gppropriate. Dendty estimates
usng this goproach are sendtive to the range of influence of each hook. Refinement of this
parameter could be based on measurements of the swimming and foraging behaviour of the fish, or
might be approached by varying the density of the hooks on aline.

Table12: Dengties and extrapolated estimates from the radius of influence of each hook.

Influence Radius Dengty Dengty Exploitable
(m) (tonnes’n mile?) (fidvn mile?) Biomass (tonnes)
10 11.30 1 000 101 700
15 5.02 424 45180
20 2.82 249 25380
25 2.08 184 18 720

Yidd-Per-Recruit Anayses

6.171 Y/R andyses (Table 13) were conducted using weights-at-age caculated from the length-
based growth curve for Subarea 48.3 in Shust et al. (1990) (see Table G.2 of Appendix G) and
converted to weights using the lenght-weight relationship in Gasiukov et al.1 (1991) (Table G.1 of
Appendix G). These adyses were carried out for three values of M (see discusson on natura
mortality, paragraph 6.131). These cadculaions have not taken into account the possbility of a
lower sdectivity in larger fish. Some difficulties arose with the current CCAMLR standard yield-per-
recruit software at low vaues of M (see paragraph 9.6). The anayses were done using the software
package MathCad.

1 GAsiukov, P.S, RS DOROVSKIKH and K.V. SHUST. 1991. Assessment of the Dissostichus eleginoides
stock in Subarea 48.3 for the 1990/91 season and calculation of TAC for the 1991/92 season. Document
WG-FSA-91/24. CCAMLR, Hobart, Australia.
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Table13:  Yidd-per-recruit values for catch and stock-per-recruit a F,,; for three levels of M.
Spawning stock biomass in the aosence of fishing isincluded.

Natura Mortdity
0.10 0.13 0.16
Fox 0.104 0.119 0.138
Yied (kg) 2.164 1.538 1.131
Catch (n) 0.292 0.238 0.201
Stock (n) 7.478 6.342 5.501
Spawning Stock (n) 2.307 1.557 1.059
Stock (kg) 27.207 18.23 12.604
Spawning stock (kg) 21.664 13.413 8.416
Spawning stock biomass at F=0 (kg) 51.608 32.896 21.418

6.172 The sdection pattern for fishing mortaity was approximated from catch-at-length data from
the commercia catches and converted to age. Full recruitment was considered to have occurred by
age 10. The sdlection pattern for ages lessthan 10 used in the analyses was.

Age 1 2 3 4 5 6 7 8 9 10
Pattern 0 0 01 0.2 0.3 04 05 075 09 1.0

TAC CALCULATIONS

6.173 Table 14 gives the TACs corresponding to the three different values of F,, for each
caculated biomass excluding the vaues cdculated from the length-based cohort andlysis. The
results based on length cohort andyss were excluded because they are cdculated under the
assumption that the stock is in equilibrium with the average caich over recent years. Since the catch
increased sharply only in 1990, it is too soon for this rdatively long-lived population to sabilise
under exploitation. The Working Group consdered these analyses to be a cross-check on the
results obtained by the methods which attempted to estimate dengty directly. Given that the length-
cohort results lie within the range obtained by the other methods, little has been lost by excluding
them.
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Table14: TACs corresponding to the caculated exploitable biomasses for D. eeginoides in

Subarea 48.3.
Exploitable Biomass TAC
F,. =0.104 Fo. =0.119 Fo. =0.138

12 000 1130 1260 1430
9 800 920 1030 1170
8 000 750 840 950
16 000 1500 1690 1910
160 000 15 000 16 900 19 090
102 000 9600 10070 2170
45 000 4230 4740 5370
25 000 2 350 2630 2980
19 000 1790 2000 2270

Management Advice

6.174 The Working Group noted with appreciation the submisson of haul-by-haul data from the
fishery. This detailed data has alowed considerable refinement of the estimates of stock abundance.
Last year, the range of estimates of stock abundance was 8 000 to 610 000 tonnes. The
improvements in data have dlowed this range to be refined to 8 000 to 160 000 tonnes. Further
fine-scde daa collection should dlow a deady improvement in assessments, paticularly if
experiments on hook sdection factors could be carried out by ensuring that different hook types
were fished on the same grounds at the same time.

6.175 In spite of the improvements in esimates of abundance, consderable uncertainty il
remains about the Sze of this stock and its sugtainable yield. Given the wide range of possble TACs
the Working Group considered that a conservative approach should be taken in setting aTAC. The
Working Group consdered that a stock biomass in excess of 45000 tonnes is unlikely.
Accordingly, the Working Group recommends a TAC in the range 750 to 5 370 tonnes. Given that
the most recent TAC is near the middle of this range, the Working Group agreed that aTAC gmilar to
that set in 1992 would be gppropriate. It was dso agreed that it is better if large year to year

vaidionsin TAC can be avoided when possible. The Working Group noted that the TAC in 1992
was reeched early in the fishing season. It was agreed that further expanson of the number of

vessels taking part in the fishery would not be appropriate, as this would lead to even earlier closure
of the fishing season, which could introduce extra complications into the CPUE and other fine-scale
data, with consequent del eterious effects on assessments.
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Data Requirements and Future Research Needs

6.176  Thefollowing matters were identified as requiring further data and research:

» the submission of fine-scae and haul-by-haul data should be continued,;

« studies on hook salection factors should be carried out;

» data on loss rates of fish observed to drop off the line as it is retrieved, and which are not
recovered, should be reported;

* intercomparisons between age-readings from scales and otoliths should be undertaken,
aong with intercomparisons between readers,

» full andyses of sexud maturation and other biologica parameters from any fish taken during
winter should be undertaken and reported; and

* investigations of stock identity in conjunction with studies on the Patagonian shelf.

SOUTH ORKNEY ISLANDS (SUBAREA 48.2)

Catch History

6.177 Catches in Subarea 48.2 were only sgnificant in the 1977/78 and 1978/79 seasonswhen
169 000 tonnes were landed, consasting dmost exclusvely of C. gunnari. In subsequent years
reported catches for the subarea have substantialy decreased being of the order of a few thousand
tonnes, except in 1982/83 and in 1983/84, when 34 000 tonnes were taken. The most abundant
gpecies in the catches have been C. gunnari and N. gibberifrons. A sgnificant proportion of the
catch has been reported under the classification of Pisces nel (fish not elsawhere included), that is
believed to be composed of different species of channichthyids (mainly C. aceratus, C.
rastrospinosus and P. georgianus) and N. kempi, but may have dso included N. gibberifrons.
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Table15: Catch by speciesin Subarea 48.2.

Year C. gunnari  N. gibberifrons N. rossii Ogechthyes Tota
ne

1978 138 895 75 85 2603 141 658
1979 21 439 2 598 237 3250t 27 524
1980 5231 1398 1722 6 2172 14 568
1981 1861 196 72 3274 5403
1982 557 589 2211 3357
1983 5948 1 12 4633 18 412
1984 4 499 9160 714 1583 15 956
1985 2361 5722 58 531 8672
1986 2 682 341 100 3123
1987 29 3 3 35
1988 1336 4 469 5805
1989 532 601 1 1134
1990 2528 340 2 868
1991" 14 9 27 50
1992 - - - -

Catches from research activities

1 Manly C. aceratus

2 P, georgianus, unidentified nototheniids and channichthyids
3 Unknown species

6.178 A totd of 1 518 tonnes of laternfish (Myctophidae) was reported in CCAMLR-X/MA/8 as
being taken from Subarea 48.2 in 1990/91, but the correctness of the location of these catches was
guestioned (SC-CAMLR-X, paragraph 4.17). No clarification of this matter has yet been provided.

6.179 A consarvation measure prohibiting fishing activities for finfish in Subareas 48.1 and 48.2
for the 1990/91 season (Conservation Measure 27/11X) remained in force during 1991/92
(Conservation Measure 41/X). No commercid catches have been reported for Subarea 48.2 in
1991/92.

6.180 The scarcity of higoricd data from the commercid fishery has made it very difficult to
make any assessment of the fish stocks in Subarea 48.2. However, some attempts have been made
to assess the stocks of C. gunnari and N. gibberifrons usng VPA (SC-CAMLR-VII, Annex 5;
SC-CAMLR-VI1I/18; WG-FSA-88/18; WG-FSA-90/16). Standing stock biomass has been estimated by the
swept area method from severa surveys conducted in the subarea by the Federa Republic of
Germany (1975/76, 1977/78, 1984/85) and Spain (1986/87, 1990/91).
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Champsocephalus gunnari (Subarea 48.2)

6.181 No new information was available to the Working Group on C. gunnari in Subarea48.2
during 1991/92. A series of amulations have been performed at this year's meeting to try to assess
the gtate of the stock during the forthcoming season (1992/93) to give management advice on this
gpecies. In doing so it was necessary to make the following assumptions.

6.182 Tota biomassin 1990/91 was taken as the estimate from the Spanish survey “ANTARTIDA
9101 caculated at last year's meeting following restratification of the sampling area, which gave an
edimate of 9 620 tomes (SC-CAMLR-X, Annex 6, paragreph 7.204). The length frequency
digtribution from the same cruise was extrapolated to this biomass estimate, and a pooled age/length
key from the former Soviet Union fishery occurring in the areain the period from 1978 to 1989 was
applied, in order to estimate an age structure of the stock in 1990/91.

6.183 It was noted that age groups 6 and older dominated the age Structure at the time of the
survey (Figure 9). Three possible explanations were cons dered:

()  sampling problems during the survey (i.e.,, few hauls conducted in shalow water);
(i)  recruitment to the area occurring a age 6, as aresult of migration; and

(i)  saverd strong year groups (cohort) were present in the fishery a the time of the cruise.

40
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Figure9: Edimated age didribution of C. gunnari in the 1991 Spanish survey, Subarea 48.2.

6.184 The potentid bias in the length didiribution from the survey resulting from the distribution of
gations is unknown, however, Mr E. Baguerias (Spain) consdered that this was likely to be
inggnificant.
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6.185 Dr Kock pointed out that the presence of 1 and 2 year old fish in the commercid fishery in
some years indicated that the hypothesis of fish recruiting to the stock at age 6 was unlikely to be
correct.

6.186 Observations from the fishery and from several surveys conducted in Subarea 48.2,
suggest that periods in the fishery with high catch rates are associated with the presence of severd
strong cohorts in the stock. Therefore the Working Group felt that the most plausible explanation for
the high relative proportion of ages 6 and over in the survey catch was that described in paragraph
6.183(iii).

6.187 However, dl three explanaions given in paragragph 6.183 were taken into account in
projecting stock abundance forwards from 1990/91. The first explanation was addressed by
including age groups 2 to 10 in the projections (scenario 1). The second explanation was addressed
by including age groups 6 to 10 in the projections (scenario 2). The third explanation was dso
addressed by conddering age groups 6 to 10 in 1990/91 (scenario 3), but this scenario implies that
the projection for 1991/92 (for example) only includes age groups 7 to 10 since the recruitment to
age group 6 in subsequent yearsis assumed to be negligible.

6.188 The mean leve of recruitment (age group 2) was cadculated from estimates of the number
of age group 2 individuds in the period 1978 to 1981 obtained from previous VPA andyses (WG
FSA-88/18). The numbers of individuadsin age groups 2 to 5 in 1990/91 were reconstructed from the
mean levd of recruitment and assuming that M=0.35.

6.189 For scenario 1, the numbers in age groups 2 to 10 (in 1990/91) were taken to be the
numbers in age groups 2 to 5 calcuaed from the mean recruitment plus the numbers in age groups 6
to 10 edtimated from the survey. For scenarios 2 and 3, the numbers in age groups 6 to 10 in
1990/91 were those estimated from the survey.

6.190 The population numbers in 1990/91, associated with each of the three scenarios, were
projected forwards to subsequent seasons (until 1995/96) assuming no fishing (F=0) and M=0.35.
The assumptions for recruitment were as follows:

scenario 1. mean recruitment (age group 2) estimated from previous VPA andyses
(paragraph 6.188);

scenario 2. mean recruitment (age group 6) estimated from mean recruitment age group 2,
projected forwards to age group 6 usng M=0.35;

scenario 3: no recruitment.
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The third scenario does not include recruitment because of the assumption that there were one or
more strong cohorts spawned in 1984/85 and before.

6.191 Reaultsof these cdculationsare given in Table 16.

Table 16: C. gunnari , Subarea48.2. Biomass projections (tonnes).
Scenario Slit-Year
1990/91 1991/92 | 1992/93 1993/94 1994/95 1995/96
1 26 578 28 443 29729 30633 30565 30 660
2 7 461 9 326 10613 11516 11 449 11543
3 7461 5807 4334 3118 1344 -

6.192 The evolution of both the expected total biomass (scenario 1 above) and the biomass of
fish in the stock older than 6 with recruitment (scenario 2 aove) show a amilar trend with a dight
increase in biomass up to 1992/93 reaching an equilibrium leved of around 30 000 tonnes and
11 000 tonnes respectively.

6.193 Scenario 3 above illudrates the development of the biomass of the cohort born in 1984/85
(age group 6 in 1990/91) and older cohorts (age groups 7 to 10) until their extinction in 1994/95.
The leve of biomass caculated for these cohortsin 1992/93 was around 4 000 tonnes.

6.194 The two scenarios that represent the highest and lowest estimates of exploitable biomass
(scenarios 1 and 3) were usad to caculate the maximum and the minimum possble TAcsof C.
gunnari in Subarea 48.2 for 1992/93 by considering the maximum yield obtained from the
Thompson and Bell method.

6.195 The exploitation pattern (fishing mortality vector) was assumed to be the mean Fsin the
fishery during the period from 1978 to 1981 obtained from past VPA anayses (WGFSA-88/18).

6.196 Reaultsof thisandysis are shown in Figure 10.
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Figure 10: C. gunnari (Subarea 48.2) projected yield in 1992/93.

6.197 Edimated maximum yields range from 2 000 to 5 700 tonnes. The lower vaue was
estimated from age group 8 and older (1984/85 cohort is age group 8 in 1992/93) which exhibited a
flat-topped yidd curve, from which it was very difficult to establish the maximum yield point and its
corresponding optimum F. The higher vaue, obtained from age groups 2 to 10, shows a typica
yield curve, with awell defined point of inflexion.

6.198 The exploitation pattern used in the yidd caculations was estimated from the fishery prior
to the introduction of the mesh regulation of 80 mm in 1985 (Conservation Measure 2/111) and is
likdy to be different from that which would be obtained if a fishery were to re-open. Thefishing
effort applied during the historical fishery (F multiplicator = 1) was above the MSY level (scenario 1).
To reach the MSY objective while maintaining the same exploitation pattern it would be necessary to
reduce the fishing effort by 20%.

Management Advice

6.199 The Working Group noted the large number of assumptions and the uncertainties
associated with both the projections and the maximum yield caculations and concluded that a
conservative approach would be gppropriate. A conservative strategy would be to maintain the
closure of the fishery for C. gunnari in Subarea48.2 until a survey is conducted to provide a more
accurate estimate of the status of the stock.
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Notothenia gibberifrons, Chaenocephal us aceratus, Pseudochaenichthys georgianus,
Chionodraco rastrospinosus and Notothenia kempi (Subarea 48.2)

6.200  No new information has been reported for any of these species during the |ast season.

6.201 Thelast research survey conducted in the areain 1990/91 (“ANTARTIDA 9101") suggested
that the biomass of these species had sgnificantly increased since the middle of the 1980s. Some
species, such as C. aceratus and C. rastrospinosus, seemed to have reached a smilar levd to the
pristine stock, athough this information was regarded with caution by the Working Group because
surveys from which the different biomass estimates were derived may not be comparable due to
different gear types, vessds, etc. and aso due to the uncertainty associated with the estimates (Sc-
CAMLR-X, Annex 6, paragraph 7.123).

Congderations for a Re-opening of the Mixed Species Fishery in Subarea 48.2

6.202 Inthelight of the recommended continued closure of the C. gunnari fishery in this subarea,
the re-opening of a mixed species fishery in Subarea 48.2 was not consdered. The Scientific
Committee's attention is drawn to the Working Group’'s conclusions on this matter at its 1991
mesting (SC-CAMLR-X, paragraphs 7.218 to 7.224).

ANTARCTIC PENINSULA (SUBAREA 48.1)

6.203 The finfish fishery in the Antarctic Peninsula subarea has been closed during the 1991/92
season (Conservation Measure 41/X).  The Working Group expressed its concern about the
reported catch of 50 tonnes of E. carlsbergi taken in Subarea 48.1.

6.204 Document CCAMLR-XI/7 briefly mentions the research activity of the Chilean longliner
Frioaysen SA between 60° and 62°S in the region of the Antarctic Peninsula during 1990/91. Dr
Moreno reported that this activity was of an extremely limited nature and had resulted in a catch of
only two specimens of Dissostichus mawsoni.

6.205 Pre-recruit monitoring in the South Shetland Idands (Barrera-Oro and Marschoff, pers.
comm.) indicated that the proportion of juveniles of N. rossii and N. gibberifrons in fjord fish
catches, remained a the low levels previoudy reported (SC-CAMLR-X, Annex 6, paragraphs 7.225
and 7.226).

By-Catch Species-48.2; Genera - 48.1
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6.206 Pending further information on the fish stocks in the area, the Working Group
recommended that conservation measures in force should be maintained (Conservation Measure
41/X) until aresearch survey is carried out to enable the Working Group to re-assess the status of the
fish stocks in Subarea 48.1.

STATISTICAL AREA 58

6.207 In 1991/92 fishing took place only in Divison 58.5.1. The catch in the Kerguelen divison
(58.5.1) comprised 6 787 tonnes of D. eleginoides caught in the Ukranian and French trawl
fisheries, 705 tonnes of D. eleginoides caught by Ukrainian longliners, 44 tonnesof C. gunnari and
1 tonne of N. squamifrons (Table 17).

Divison 58.5.1 (Kergudlen)

6.208 Daaare only available for D. eleginoides from the trawl fishery and from an experimenta
longline fishery. These include description of the longlining method and data on length frequency and
sex of D. eleginoides caught by this method (WGFsA-92/31). Data from the former Soviet Union
and more recently, the Ukrainian trawl fishery (WG-FSA-92/8 and 9) include detalls of the agellength
composition, and stock size and TAC estimates.

6.209 The catch of this species increased markedly over previous yearsto 7 492 tonnes. Thisis
the highest catch of this species ever recorded in this area. The average annud catch between
1984/85 and 1990/91 has been 2 210 tonnes, and the previous largest catch was 6 677 tonnesin
1984/85 when the trawling grounds on the western shelf area were first exploited (Table 17). The
trawl catch of 6 787 tonnes was caught mostly in the grounds in the northern part of the plateau
which were discovered in the 1990/91 season. The exploratory longline fishery was conducted in
the western part of the plateau (at 400 to 600 m; WG-FSA-92/31) by two vessels to assess the effects
of this type of fishery on D. eleginoides, the efficiency of the regulations imposed and the measures
to minimise incidenta mortdity of seabirds. 705 tonnes of fish were caught by this method.

6.210 At its 1991 mesting, the Working Group reiterated its advice of 1989 that the annud catch

in the western sector should not exceed 1 100 tonnes in view of the steedily dedlining CPUE. It
further recommended that catches in the new grounds in the northern sector be also
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Tablel17: Totd catches by species and subarea in Statistical Area 58. Species are designated by abbreviations as follows: ANI (Champsocephal us
gunnari), LIC (Channichthys rhinoceratus), TopP (Dissostichus eleginoides), NOR (Notothenia rossii), NOS (Notothenia squamifrons),
ANS (Pleuragramma antar cticum), Mzz (Unknown), srRx (Rajiformes spp.), wicC (Chaenodraco wilsoni).

Split- ANI LIC | wiIC TOP NOR NOS ANS Mzz SRX
Y ear 58 585 585 | 584 | 58 584 585 586 58 584 585 58 584 584 58 584 58 584 585 58.5.1
1971 | 10231 XX 63636 24545 679

1972 | 53857 XX 104588 52912 8195

1973 6512 XX 20361 2368 3444

1974 7392 XX 20906 19977 1759

1975 | 47784 XX 10248 10198 575

1976 | 10424 XX 6061 12200 548

1977 | 10450 XX 97 308 1

1978 | 72643 250 82 1% - 2 - 46155 31582 8 | 234 261

1979 101 3 - - - 1307 1218

1980 1631 8 14 56 138 - 1742 4370 11308 239

1981 1122 2 16 40 - 217 7924 2026 6239 375 21

1982 16083 83 121 - 237 9812 785 4038 50 364 7

1983 25852 4 128 17 1829 9% 1832 229 4 17 1
1984 7127 1 145 - 50 744 203 3714 611 17
1985 8253 279 8 6677 - A 1707 21 734 966 1 7 4
1986 17137 757 8 459 - - 801 61 2464 692 3
1987 2625 1099 A 3144 - 2 482 930 1641 28 22

1988 159 1816 4 554 488 - 21 5302 41 66

Split- ANI wiC TOP NOR NOS ANS

Y ear 5851 5852 584.2 5844 5851 58.6 5851 5844 5851 584.2 5844

1989 23628 - 306 35 1630 21 245 3660 - 30 17

1990 226 - 339 5 1062 - 155 1450 - - -

1991 13283 - - - 1944 - 287 575 - - -

1992 44 3 - - 74928 - - 1 - -

NB:

Mainly Rajiformes spp.
There are some discrepancies between the Fench datigtics for the Soviet fishery under licence (12 644 tonnes) in Divison 58.5.1 and the
STATLANT A data provided by the USSR (13 268 tonnes). It may be explained by the inclusion of 826 tonnes of by-caich (manly Rgiformes) in

thistotd.

1 589 tonnes, France; 5 903 tonnes, Ukraine of which 705 tonnes were caught by longline.

Before 1979/80 catches reported in Statistical Area 58 mainly concern Divison 58.5.1 (Kerguelen subarea). Catch reporting was not divided into
Divisons 58.5.1 and 58.5.2 until the 1989 season.




limited to 1 100 tonnes per annum, a least until more data become availadle, to avoid a Smilar
decline in aundance. The actud catch of nearly 7 500 tonnes is thus more than three-times that
recommended and isan darming increase.

6.211 New daa on the fishery were scanty. WGFSA-92/8 gives data on length and age
compogtion on D. eleginoides from both fishing grounds. It confirms that fish 9ze and age
correlates well with depth, with degper water (>500 m) producing larger fish than the shdlower
depth range of trawling (300 to 500 m). Taking this depth effect into account, there was little
difference in length or age structure of the catches from the two areas. WGFSA-92/9 gives figures for
sock sze, caculated from length compostion data for the 1984/85 season (when the firgt
exploitation of the western fishing ground took place) and for the 1991/92 season for the northern
grounds, of 43 000 and 50 000 tonnes respectively. Estimates of TAC were 7 330 and 7 500
tonnes. The Working Group, however, was not able to repeat these results, because the annua

average catch used in WG-FSA-92/9 was not specified. Insofar as the methodology in WGFSA-92/9
could be followed, a spawning stock size of about 6000 tonnes was cdculated. Moreover, the
CPUE in the 1991/92 season, in the northern area, had falen from 2.5 to 1.0 tonnes’hour. Thiswas a
marked decrease from the 3.4 tonnes’hour recorded in the first year of exploitation of the northern
grounds reported to last year's Working Group meeting and gppears to follow the rapid decline in
CPUE obsarved in the western grounds. This decline in cPUE gpplies to the shallower as well asthe
deeper waters.

Management Advice

6.212 The rapid increase in catches to unprecedented levels and smultaneous decline in CPUE,
when viewed in the light of the caution urged at last year’ s meeting, is cause for concern.

6.213 The Working Group noted that a smilar trend in catches of D. eleginoides had been
evident in Subarea 48.3 with a peak catch of 8 311 tonnesin 1989/90. The rapid expansion of the
Kerguden fishery to a amilar catch levd may be of equd or greater sgnificance since the catch
contains a high proportion of immeature fish.

6.214 Daafrom the fishery are now dso serioudy out of date, with few data available from the
last two years of fishing. This leads to even greater uncertainty in assessments and forces the
Working Group to recommended a TAC no greater than the 1 100 tonnes for each ground
recommended last year.

Notothenia rossii (Divison 58.5.1)
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6.215 No data on this species were submitted. The very low catch of C. gunnari meant there
was no reported by-catch of N. rossi. The further assessment of the results of aresearch survey
conducted in May/June 1991 promised at last year’ s meeting were not available.

Management Advice

6.216 The exigting regulaion in force (no directed fishery) should continue in order to dlow the
adult stock to recover. Research on prespawner and spawner biomass should continue.

Notothenia squamifrons (Divison 58.5.1)

6.217 In the 1991/92 season, no directed fishery occurred on this species. No biologica data
are available and no new assessment is possible.

Management Advice

6.218 Previous assessments to 1990 indicated the stock size was very low. In the absence of
new data, the fishery should remain closed until new data on biomass and age dructure indicate a

fishery ispossble.

Champsocephalus gunnari (Divison 58.5.1)

6.219 A very low catch (44 tonnes) was taken during the 1991/92 season in the Kerguden
Divison. Itisnot clear whether this was aresult of lack of fish or low effort. Andyses made during
last year’s meeting of the Working Group demonstrated that a strong cohort of the species would be
at age 3+ during the 1991/92 season and thus a significant catch could be expected. There was,
however, some evidence that successve strong cohorts since the 1979 cohort had shown a gradua
decline in abundance. The lack of data on the 3+ year old fish in the latest strong cohort is thus
regrettable, as is the continued absence of information on the apparent disappearance of fish older
than 3 years.
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Management Advice

6.220 If the pattern observed in this fishery for over a decade continues, thereislikely to bealow
abundance of this species in the 1992/93 fishery, as the strong 1988 cohort has died out, and the
next expected strong cohort of 1991 will not yet have been recruited to the fishery. It is difficult to
uggest a TAC, but the fishery will probably be sdf limiting because of the low abundance of
recruited fish.

Divison 58.5.2 (Heard Idand)

6.221 No fishery occurred in this area.  Some data on distribution, abundance and biology of
important species were collected during an Audtrdian research cruise from January to March 1992
and will be presented at future meetings. No new advice can yet be provided.

Divison 58.4.4 (Ob and Lena Banks)

6.222  No catches were reported from Ob and Lena Banks for the 1991/92 season, following the
prohibition of drected fishing on N. squamifrons under Conservation Measure 43/X. In 1990/91,
TACs of 267 tonnes and 305 tonnes were set for Ob and Lena Banks respectively (Conservation
Measure 28/1x). A totd catch of 575 tonnes was reported for these two areas together in the
1990/91 season.

6.223 A new catch higory for N. squamifrons at Ob and Lena from 1977/78 to 1989/90 was
presented in WGFSA-92/5. The Working Group noted that these were markedly different to the
catches reported to the Working Group two years ago (WGFSA-90/37). In particular, the tota catch
from the two areas prior to 1985/86 was different and the reported areal divison of catches was not
congstent between the above two papers. These differences cannot be explained by a smple split-
year as opposed to caendar year divison and impliesthat at best, one of the reported catch seriesis
incorrect. The tota catch for 1977/78 to 1988/89 from Lena Bank is about 3 000 tonnes higher
than previoudy reported, while some 2 500 tonnes less are attributed to Ob Bank (Table 18).

6.224 At its 1991 meeting, WG-FSA requested that both catch and biologicad data for the
N. squamifrons fishery in Subarea 58.4 should be submitted to the Secretariat &C-CAMLR-X,
Annex 6, Appendix E). Length frequency and ctch-at-age data from 1977/78 to 1989/90 were
presented in WGFSA-92/5, dthough no new data for 1990/91 were reported.

N. squamifrons- 58.4.4 67



Table 18: Reported catches of N. squamifrons from Ob and Lena Banks.

Year: 1977/78 | 1978/79 | 1979/80 | 1980/81 | 1981/82 | 1982/83| 1983/84| 1984/85| 1985/86 | 1986/87 | 1987/88 | 1988/89 | 1989/90 | Total Reference
1977/78
to
1988/89
Ob 4952 1511 2830 1586 70 313 A1 513 4999 1457 2989 850 867 22411 | WGFSA-92/5
4821 234 4167 1 56 588 40 1023 9531 1601 1971 913 - 24986 | WG-FSA-90/37
Lena 1071 585 201 3073 514 426 822 57 6284 506 2013 3166 596 18718 | WG-FSA-92/5
1592 267 2616 1934 59 840 397 87 1977 41 2399 3003 - 15612 | WG-FSA-90/37
Ob and
Lena 6023 2096 3031 4659 534 739 1163 570 11283 1963 5002 4016 1463 41129 | WGFSA-92/5
6413 501 6783 1975 115 1428 437 1107 11508 2045 4370 3916 - 40598 | WG-FSA-90/37
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Stock Assessment

6.225 WGFSA-92/5 presented assessments of N. squamifrons at Ob and Lena Banks based on
VPA udng CPUE to tune the moddl. Natura mortdity (M) was assumed to be 0.36 and the vPA was
fitted to data from 1977/78 to 1989/90. For the reasons discussed at its 1989 meetings, the
Working Group fdt that the above M vaue was too high for this species (SC-CAMLR-VIII, Annex 6,

Appendix 5).

6.226 It was dso not possible to recreate the VPA presented in WGFSA-92/5 Since details of the
CPUE tuning procedures were not given. The Working Group reiterated the importance it has
attached to ensuring that appropriate and necessary detalls underlying reported results are submitted
in the agreed format for the reporting of stock assessments (SC-CAMLR-I1X, Annex 5, Appendix F).
Consequently, the authors of WG-FSA-92/5 were requested to provide the essentid details of the
methodologies they had employed in their paper.

6.227 Udng the revised catch history presented in WG-FsA-92/5, the vPAs for Ob and Lena Banks
were recdculated (Figure 11). Trawl survey estimates of abundance from 1980 and 1986 were
used to fit the modd in a amilar fashion to tha employed by WG-FsA in 1990 (SC-CAMLR-IX,
Annex 4, paragraphs 246 to 261). Thevaueof M was 0.15.
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LenaBank, Divison 58.4.4
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Figure1l: Resultsof vPAsof N. squamifronsin Divison 58.4.4.
Lena Bank

6.228 Figure 11 shows the biomass trgectory for the vPA results caculated by the Working
Group, compared with the VPA results and reported catches from WG-FsA-92/5 for 1979/80 to
1989/90. There is a wide discrepancy in the estimated stock sizes and particularly the biomass at
the end of the period.

Ob Bank

6.229 Fgure 11 illugtrates the biomass trgectories for Ob Bank following the procedure above.
The projected stock biomass decreases with increased catches between 1985/86 to 1989/90, but
the end point projections differ markedly for the two dternative models.

Management Advice

6.230 The uncertainty surrounding the catch history of N. squamifrons for Ob and Lena Banks
adds to the gpparent discrepancies in the vPAs for the two areas. The Working Group therefore
strongly recommends that the separate catch histories for these two banks should be verified. In
addition, details of the method used to tune the VPA reported in WG-FSA-92/5 and catchat-age data
for 1990/91 are till required.
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6.231 The divergent assessments for the period up to 1990/91 indicate different trends in stock
biomass. The reaults caculated by the Working Group indicate a stock in 1990 of about 6 000
tonnes on Lena Bank and 3 500 tonnes on Ob Bank (Figure 11). Asthe speciesis relatively dow
growing, the stock szeis likely to have changed little snce 1990. Although it gppears that the stock
could sugain a fishery of a few hundred tonnes, it is recommended that a survey to determine age
structure and stock sze a both Ob and Lena Banks should be undertaken before the fishery is re-
opened.

Divison 58.4.2 (Coast of the Antarctic Continent)

6.232 Hne-scde cach and effort data from research cruises for Chaenodraco wilsoni and
Trematomus eulepidotus have been provided for 1990.

6.233  An outline of the biology of Pleuragramma antarcticum in this divison is given in WG
FSA-92/11. Fish from various locations within the dvison have different parameters of the von
Bertdanffy growth equation. As the only truly peagic fish on the Antarctic continentd shelf, its
biology is sgnificantly different from other speciesin the area. Sexud maurity is reached reatively
early (13 to 16 cm, 4 to 6 years for females; 12 to 18 cm, 4 to 7 years for males) and the fecundity
isrdatively high. Edimaesof M vary from 0.26 to 2.21.

6.234 Paper WGFsA-92/11 reported that biomass in various areas and years varied widdy, with
vaues between 171 and 285 tonneskm for Gunnerus Bank, 60 to 3 459 tonneskn® for the
Vernadsky Peninsula area, 1560 to 2 599 tonnes/kme for Kemp Land, 21 to 2 327 tonneskrs for
the Mawson Coast area and 311 to 2 886 tonneskme for Prydz Bay. WGFSA-92/11 proposed a
sriesof TACs Kemp Land, 14 500 tonnes; Prydz Bay, 5 800 to 28 100 tonnes;, Kosmonavtov
Sea, 37 900 tonnes, and Mawson Coast, 25 000 tonnes.

6.235 The Working Group noted that no detalled age Structure is given, or detalls of how
biomass figures were derived. The TACs are based on an age of fish entering afishery a 2.62 to
3.45 years (7.5 to 10.0 cm length), which is well below the age (length) & maturity. These TACs
should therefore be trested with extreme caution until more details of the assessment are available.

6.236 As P. antarcticum is very important in the diet of vertebrate predators, WG-Fsa-92/11

recommends no fishery should be gtarted in areas where monitoring is being conducted. The
Working Group agreed with this recommendation.
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GENERAL ADVICE ON THE MANAGEMENT OF FISH STOCKS

6.237 The Working Group agreed that its deliberations on the us crab fishery had highlighted a
number of issues pertinent to managing fishing mortdity in anew fishery.

6.238 The Working Group noted that, as agenera principle, the Commission had agreed in 1987
that the mogt direct ways to contral fishing mortdity (F) areto limit the amount of fishing effort or to
establish atotd dlowable catch (TAC) (CCAMLR-VI, paragraph 60).

6.239 For the most pat, the Commisson has adhered to a management Strategy whereby
conservation measures on finfish have been established in accordance with a set leve of F (F,;) and

the corresponding TAC agpplied.

6.240 In anew fishery, such as the crab fishery, estimates of current biomass and the strength of
recruitment are required in order to manage the fishery using a TAC. The information necessary for
this process will take some time to collect and consequently there is a possibility that unacceptably
high levds of F may occur before information necessary for an initid assessment can be collected.
The Working Group consdered that such stuations would be contrary to Article Il and would adso
not be in accordance with the precautionary gpproach to management adopted by the Commission.

6.241 The Working Group agreed that control of fishing effort could offer a useful dternative to a
TAC as ameans of contralling F, despite the limitations imposed by a need for detailed knowledge
about fishing power of vessels and operationa congraints of the fishery.

6.242 The implementation of effort controls could aso be viewed as “precautionary” insofar as
they can be gpplied in the absence of the detailed information necessary to set an acceptable TAC.
Such controls could thus not only be used to minimise the risk of an uncontrolled expangon in fishing
effort on an under-exploited stock, they could aso be gpplied in combination with an emergent TAC
regime which would be modified as the necessary information for such aregimeis collected from the
fishery or through scientific research. This gpproach would be in direct accordance with “feedback”

management control.

6.243  Effort controls may be useful adjuncts to TAC controls so that over-runsin TACS may be
avoided. Without effort controls, TACs could be over-run when catch ratesin the reporting periods
are very high. The rdiability of assessments can dso be enhanced if the fishing season does not
become truncated by excessive effort.
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6.244 The Working Group therefore drew the Scientific Committee' s attention to the potentia
utility of effort limitation as a method to contral fishing mortdity. The Working Group emphasised,
however, that the implementation of effort controls has certain practica difficulties and that some
guidance from the Commission is necessary.

6.245 Adviceis required on policy matters such as effort levels, and how frequently and to what
extent fishing effort can be modified. Thisisanecessary condition to the setting of gppropriate effort
levels. Similarly, the gpplication of effort controls in a precautionary management gpproach should
contribute to the sdlection of suitable effort levels

CONSIDERATIONS OF ECOSY STEM MANAGEMENT
INTERACTIONSWITH WG KRILL

7.1 For a number of years the Scentific Committee has highlighted the importance of
investigating the sgnificance of the by-caich of young fish in the krill fishery (eg., SC-CAMLR-X,
paragraph 3.22). This matter was also consdered a the most recent meeting of WGKrill (SC-
CAMLR-XI1/4, paragraphs 3.17 to 3.19) and a number of papers were presented to to this meeting of
WGFSA.

7.2 WGFSA-92/6 presented an andyss of data on the by-catch of juvenile C. gunnari in krill
trawls collected by a scientific observer working on a Russan krill fishing vessd around South
Georgia The mortdity of C. gunnari juveniles was estimated to be very small, being equa to about
0.3 to 0.5% of fish that survived up to the age of one year. The by-catch was found to be greatest
on the periphery of krill swarms and less interndly. Data presented in WG-FSA-92/20 duplicated this
information and had been presented in direct response to a request by WGKrill (SC-CAMLR-X1/4,

paragraph 3.18).

7.3 Several other papers were available to the Working Group on this subject; these included
WGKiill-91/25, Kompowski (1980)1 and Slosarczyk (1983)2. It is generdly beieved tha the by-
cach of juvenile C. gunnari in krill trawls is greater over certain parts of the shelf (e.g., Clerke
Rocks, east of South Georgia), and largest at low or moderate krill catch rates. It isthought that this
process could have asignificant and detrimentd effect on recruitment of C. gunnari.

1 komPowskI, A. 1980. On feeding of Champsocephalus gunnari Lénnberg, 1905 (Pisces, Chaenichthyidage)
off South Georgiaand Kerguelen Islands. Acta Ichthyol.Piscat. 10(1): 25-43.

2 SLOSARCZYK, W. 1983. Juvenile Trematomus bernacchii and Pagothenia brachysoma (Pisces,
Nototheniidae) within krill concentrations off Balleny Islands (Antarctic). Pol. Polar Res. 4(1-4): 57-69.
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74 In discussing the results presented in WG-FsA-92/6, members of the Working Group felt thet
the method of sampling (observing fish on a moving conveyor bet 4 m long) and the smdl sample
gzes were inadequate to provide reiable results of the by-catch, particularly if these were to be
extrgpolated over the entire krill fishery. Concern was dso expressed about the method of
extrapolation which could result in an under-estimation of the potential overal by-catch. In addition,
the assessed impact on recruitment was probably an underestimate, since the estimated average
annud recruitment of 1 000 million 1 year olds, taken from the VPA assessment presented in
WGFSA-91/27, is probably an overestimate of current recruitment to the population (paragraph 6.63).
The cv of this recruitment is high, being in the region of 0.67 to 0.71. Given these reservations, the
paper was referred back to authors for further details of the sampling and the underlying analytica
procedures.

7.5 Limited information was avaladble on species other than C. gunnari, such as
Gymnoscopel us.

7.6 Information an the juvenile fish by-catch in krill trawls was presented for the Indian Ocean
sector in WGFSA-92/10. A very useful st of haul-by-haul datawas provided, but again details of the
sampling methodology were unclear. In commercia catches between 114 and 1 million fish per
tonne of krill were recorded. Mot of the large by-catches (>100 000 fish per tonne of krill caught)
were teken in rdatively low to medium-sized krill catches (1 to 5 tonnes). The authors of the paper
concluded tha the juvenile fish by-catch could therefore be minimised by targetting dense krill
aggregations. As P. antarcticum comprised the bulk of the by-catch, with the ba ance conasting of
shdf-dwelling nototheniids and channichthyids, the authors recommended that to reduce the
incidental by-catch of juvenile fish further, the area of krill fishing should be limited to water depths of
1 200 m or greater.

7.7 Taking note of this new information and the Scientific Committeg' s concern in this metter,
the Working Group reiterated the concluson of wGKrill-91/25 thet there is fill an urgent requirement
for more detailed monitoring of the krill fishery to properly assess the magnitude of the fish by-catch
problem, and to determine the locations and times of year when young fish are a greatest risk. The
Working Group aso emphasised the need to ensure that future information should be submitted in
accordance with the formats set out in the Draft Scientific Observers Manud dong with full details of
the sampling procedures employed according to the agreed guiddines (see SC-CAMLR-I1X, Annex 5,

Appendix F).
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INTERACTIONSWITH WG CEMP

7.8 In consdering interactions with the Working Group for the cCCAMLR Ecosystem Monitoring
Program (WG-CEMP), the Working Group noted that these could be divided into those concerned
with ecologicd relationships between fish and other species, and those deding with the possble
consequences of finfishing operations for marine mammals and birds.

Ecologicd Reationships Between Fish and Other Species

7.9 The Working Group noted that in addressing the need to incorporate krill predation by fish
into estimates of prey requirements, WG-CEMP' s priorities have shifted and no specific proposas
have yet been made for scheduling a CEMP workshop on prey requirements (SC-CAMLR-XI, Annex
4, paragraph 7.20).

7.10  The Working Group aso noted that wWG-CEMP had suggested it consders Table 4 in WG
CEMPS report as an initid atempt to provide an inventory of fish data which could asss in
interpreting changes in aundance and digtribution (cf. SC-CAMLR-X, paragraph 6.57) of predator
and prey species.

7.11  TheWorking Group saw Table 4 as a useful firgt, essentidly quditative, sep in identifying
the type of data required to assess key ecological properties of fish in the interests of improving the
development of gppropriate scientific advice to wG-CEMP and the Scientific Committee. In this
context, the Working Group agreed that a clear distinction needs to be made as to whether fish are
considered as predators in their own right or as prey for other species.

7.12  The Working Group agreed that when fish are viewed as predators, then certain of the
headings in WG-CEMP Table 4 should be adapted. For example, “breeding success’ should be
replaced by “spawning condition”, “year-class strength” and “age-at-firs spawning”. The Working
Group did not pursue the matter further, however, snce it fet that some time is required to refine the
type of parameters to be included and to evauate the applicability of the gpproach as a whole.
Submissons on this topic to WG-FSA's next meeting were encouraged.

7.13 Both wGFsa-92/18 and 11 contained information relevant to the consideration of ecologica
relationships between fish and other species.
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7.14  WGFsA-92/18 linked differences in the condition of C. gunnari around South Georgia and
Shag Rocks to the availability of food in different years. Food qudity and low feeding intendty may
a0 affect ovarian development and gonada maturation.

7.15  The reporting of biologica data on P. antarcticumin WG-FSA-92/11 represents the first
such comprehensive data presented on this species. WG-FSA drew WG-CEMP' s atention to this
ggnificant devdopment dnce P. antarcticum is a CEMP monitoring species and one for which
informationis currently lacking.

Possible Ecologica Consequences of Finfishing

7.16  Vaious reports on the assessment and avoidance of incidental mortdity in the Convention
Area were reviewed. CCAMLR-XI1/7 indicated that “no incidentd mortdity of birds or mammals was
reported in association with commercia fishing operations and scientific sampling”. A smilar
negative report was contained in CCAMLR-XI1/8.

7.17  Since 1990, six records of entanglement with longline hooks and nylon line were reported
for giant fulmars near PAmer Station (CCAMLR-X1/BG/6). Thisisthefirg time that such entanglement
has been reported in the PAmer area and suggests that a longline fishery may now be operating
within the foraging range of the species. The Working Group was of the opinion, however, that
birds were likely to have become entangled farther afield either near South Georgia or even off the
Patagonian coast where there are alarge number of vessds carrying out longline operations. It was
aso fet that it would be useful to ascertain the type of nylon or polypropylene line concerned asthis
may enable identification of the particular fishery from which the line originated.

7.18  Severd incidents of fur sed entanglement were observed during a survey off Bird Idand
between November 1991 and March 1992 (Sc-CAMLR-XI/BG/9). Five of these entanglements were
in plastic packaging bands while the remainder were in fishing net fragments.

7.19 Information contained in the report of an attempted ingoection of a Russan longline vessdl
(ccAMLR-X1/BG9) suggested the deployment of a tori pole (or Streamer) in accordance with
Consarvation Measure 29/x had been effective in minimising incidentd mortdity of birds during
longline fishing operations.

7.20  The Working Group noted that there had been some problems of interpretation of
Consarvation Measure 29/X. The mgor problem was seen to be that in implementing the five

conditions of the measure, certain operators gppear to consdder that the setting of longlines at night
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negates the need for a streamer line. The Working Group emphasised that streamer lines should be
deployed during dl daylight operations and that “daylight” for these purposes should include “ nautical
twilight” as defined in anautica dmanac, corrected for latitude and date. The Scientific Committee's
atention was drawn to this definition which was provided in the interests of ensuring that a streamer
lineis deployed during the period when incident light levels are sufficient to dlow foraging birds to be
visudly attracted to baited longline hooks.

Other Interactions

7.21  Atits lagt two mesetings, the Working Group has noted the potentidly serious affect that
bottom trawling may have on benthic assemblages (see WG-FSA-90/24 and SC-CAMLR-X/BG/19). NO
new information was submitted on this problem to the current meeting.

722  WGFSA noted, however, that a mgor component of the SCAR-sponsored program of

research on the Ecology of the Antarctic Sea Ice Zone (EASIZ) will focus on benthos. The Working
Group uged the Scientific Committee to keep itsdf informed of developmentsin the SCAR program.
It was as0 suggested that there may be some utility in seeking advice from SCAR on the potentid of
comparing benthic assemblages in coasta areas which have been subject to heavy demersd fisheries
compared with other areas where no fishing has occurred.

7.23  The potentid importance of studying benthic communities in the context of monitoring
globda environmental change was aso recognised.

7.24  The Working Group noted that information presented in WG-FSA-92/12 suggedts that at
certan times the E. carlsbergi fishery may be targetting assemblages of myctophid species and that
ggnificant catches of species other than E. carlsbergi may be taken (paragraph 6.103). The need
for further investigation of such effects was emphasised.

Proposals for Working Group Co-ordination Mesting

7.25  The Sdentific Committee (SC-CAMLR-X, paragraph 12.4) has suggested that a meeting of
the Conveners of the three Working Groups and other interested parties would serve to improve co-
ordination of the Groups activities prior to SC-CAMLR-XI. The Working Group saw such amesting
as baeing useful in the identification of common problems between the three Working Groups and in
addressing matters of common concern.



7.26  The Working Group endorsed the principle of referring papers back to authors for
clarification as well as the independent vaidation of methods, andytica procedures and computer
programs used in the formulation of management advice. Similar principles have been established in
WGKiill.

7.27  The question of a common approach to the publication of information used during
ddliberations of the Working Groups, particularly in the formulation of management advice was
conddered to be a little more difficult to resolve. As such it was seen as a priority topic which the
coordination meeting should address.

7.28  As a genad rule it was agreed that data which had been used in the formulation of
management advice by WG-FsA should remain in the CCAMLR database and should be accessible to
the Working Group, the Scientific Committee, the Commission and accredited members of these
bodies as well as other working groups.

7.29  The classfication of papers submitted to WGFsA into Working Papers, Background
Papers and papers of generd scientific interest was seen as one way of ensuring that important
information is not lost whilst o providing for the greastest possible access to information used in the
formulation of management advice.

7.30  Thefina publication of paperswas sill seen to be the preserve of authors provided that the
dready agreed provisons concerning permisson from daa originators are met.  As a unifying
principle, therefore, the Working Group fet most strongly that in accordance with Article 1x of the
Convention, every effort should be made to fadilitate the andyss, dissemination and publication of
research information, data on the status of stocks and on fisheries catches.

RESEARCH SURVEY S
WORKSHOP ON THE DESIGN OF BOTTOM TRAWL SURVEYS

8.1 Difficulties associated with the design of bottom trawl surveys and the application of the
swept area method (Saville, 19771) and associated t-statistics on Species with a patchy distribution,
such as C. gunnari, have been a condderable problem to the Working Group in the past.
Therefore the Working Group, at its meetings in 1990 and 1991, drew attention to the need for
invedtigation of the problem as a matter of priority (SC-CAMLR-1X, Annex 5, paragraph 91).

1 saviLLE A. 1977 Survey methods of appraising fishery resources. FAO Fish. Tech. Pap. 171: 76 pp.
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Because of the specidised and detailed examination required, this work could not be done during a
regular meeting of the Working Group. It therefore recommended that a workshop on survey design
and andyses of research vessd surveys be held in the intersessord period (SC-CAMLR-X,
paragraph 4.108). The terms of reference for this workshop combine theoretical aspects, such as
survey dedgn for sampling different types of fish digtribution, two-phase surveys and properties of
estimators of biomass with practica aspects, such as sources of errors in comparisons between
surveys, into a synthess on survey design and cost effective dlocation of sampling resources (Sc-
CAMLR-X, paragraph 4.109).

8.2 The Workshop was held at the Bundesforschungsangtdt fir Fischerel (Federal Research
Centre for Fisheries), Hamburg, Germany from 16 to 19 September under the convenership of Dr
Kock. Despite the greet interest of Members in the Workshop initsinitia phase during sc-CAMLR-
x only four scientists from three Member countries attended the Workshop. No dtatistician was
present which limited the discusson on theoreticd aspects. No scientist familiar with bottom trawl
surveys in the Indian Ocean was present at the Workshop, so deliberations were mainly based on
experience from the Atlantic Ocean sector. The Workshop reviewed:

() Factorsaffecting the accuracy of bottom trawl surveys.
. trawl geometry, rigging and performance;
. fish behaviour in rdaion to fishing gear;
. fish digtribution in the areax
(@ gmdl-scaedigribution; and
(b) large-scdedigribution.

(i) Desdgn of bottom trawl surveys
. non-random (Systematic) surveys,
. random surveys,
. draification;
. two-stage surveys (three approaches).

(i)  Andyssof bottom trawl survey data.
(iv) Manual for bottom trawl surveys.

It was agreed that the main am of the Workshop would be to begin the development of a manud
describing the techniques to be used for bottom trawl surveys for fish stock assessment purposes
within the Convention Area and the nformation from the surveys which need to be reported to
CCAMLR.
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8.3 The Report of the Workshop is givenin Appendix H.

84 The Working Group welcomed the report as a useful first step in the further andyss of
survey data for fish species with a contagous distribution, such as C. gunnari.

85 To proceed further, the Working Group recommended that historic information from
surveys, such as those provided in WGFSA-92/4 in a summarised form, as well as those from the
commercid fishery should be made available to the Working Group in detailed form to investigate if
regularities exist in the occurrence of aggregations from one year to another.

8.6 This information could then be used to formulate a range of hypotheses how fish may
behave. These hypotheses would then be developed into a range of models of possble fish
behaviour in the area.  Properties of trawl surveys from the range of models should be tested by
samulation studies and the most appropriate methods of anadysis selected for gpplication to hstoric
and future trawl data sets.

8.7 The Working Group felt that these activities should be coordinated by a steering group
conggting of the Convener of the Working Group, Dr W. de la Mare (Audtrdia) and Dr Kock. A
progress report on these activitieswill be submitted to next year's mesting.

8.8 The Working Group agreed that the ‘Draft Manud for Bottom Trawl Surveys in the
Convention Area (Appendix H, Attachment E) should be circulated by the Secretariat among
Members in the intersessond period to obtain further comments. A new draft including these
comments would then be prepared by the Secretariat for next year's meseting for final gpprova by
the Working Group.

8.9 Edimates of areas of seabed within sdected depth ranges which are an important
prerequisite for the design and andysis of bottom trawl surveys, have so far only been published for
the Atlantic Ocean sector (Appendix H, Attachment E, Tables 1A to 10). It was recommended
that unpublished estimates of areas of seabed in the Indian Ocean sector (Kerguelen Idands, Heard
and Macdonad Idands) be made available to cCCAMLR to beincluded in the manudl.

8.10  Estimates of areas of seabed within selected depth ranges for Subarea 48.3 were so far
only available for the depth ranges 0 to 50 m, 50 to 150 m, 150 to 250 m and >500 m (Everson,
1987). In the course of the andyss of the D. eleginoides fishery, the Data Manager provided
estimates of areas of seabed within saected depth ranges from 500 to 2 000 m.



8.11 Estimates of areas of seabed around the South Orkney Idands (Subarea 48.2) and in the
Antarctic Peninsula region (Subarea 48.1) which have been based mostly on Admirdty Charts may
not be very precise. More detailed bathymetric charts of the Peninsula region have been prepared in
laboratories of some Member countries (Spain, Germany and Poland) by refining Admirdty Charts
with soundings from their own research cruises. The Working Group recommended that these
bathymetric charts be submitted to CCAMLR. The Secretariat should then extend its estimates of
areas of seabed within selected depth ranges to other subareas and provide refined estimates for
next year's mesting.

8.12  Mr Bdguerias drew the attention of the Working Group to the existence of very detailed
and precise bathymetric chartsin use in the Russian fishery. The Secretariat was asked to approach
the Russian authorities to see if these detailed charts could be made available to CCAMLR.

8.13  Noinformation has been submitted to CCAMLR since 1987 to assess the state of fish stocks
in the Peninsula region. WGFSA-92/7 provided the survey design for bottom trawl surveys to be
carried out in this region in the near future. The Working Group welcomed this initiative. However,
it was noted that the proposed survey design did not take the meridiona decrease in fish abundance
into account. Fish abundance during surveys in the 1980s was usudly highest dong the north coast
of Elephant Idand and the South Shetland Idands. Mogt of the commercid fishery in the late
1970s/early 1980s had been carried out in this area. It was therefore recommended that most hauls
during future surveys should be alocated to these areas and comparatively few need to be alocated
to the shelf of the Antarctic Peninsula. Furthermore, experience from previous surveys indicates that
only very limited areas are found suitable for trawling dong the Peninsula. Any extended trawling in
these areas are likdly to result in a high loss of bottom gear and would require extended periods of
searching to find grounds suitable for trawling.

8.14  The Working Group recommended that the proposed survey design should be modified

accordingly. The number of hauls required to survey the area may be reduced and additiond time
might become available to extend the survey to Subarea 48.2.

RECENT AND PROPOSED SURVEYS
8.15 A bottom trawl survey was carried out around South Georgia in January 1992 by the UK in

collaboration with scientists from Poland and Germany. The results of this survey have been used
extensively by the Working Group during this year’ s meeting.
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8.16 No research surveys have been proposed for the 1992/93 season. The Working Group
noted that a Chilean company will carry out an exploratory longline fishery around the South
Sandwich Idands to determine the feashility of extending the D. eleginoides fishery to this subarea.
This cruise will be accompanied by two scientific observers.

8.17 A Rusdan survey on D. eeginoides was caried out in the Shag Rocks/South Georgia
area from May to July 1992 usng two commercid longliners. The catch taken during the survey
made up approximatey 6% of the TAC set by the Commission for the 1991/92 season which was
exhausted in March 1992. |t was noted that no provisons have been made to take these catches
into account when consdering aTAC for 1992/93.

818 A plan detaling the survey design and the objectives of this research cruise was not
submitted to CCAMLR Sx months in advance as requested by the Commission in 1986 (CCAMLR-V,
paragraph 60). As a result the research plan was not subject to scrutiny by the Scientific Committee
and the Working Group. WG-FSA was unable to assess if the research plan set out in COMM CIRC
92/23 was directed to specific questions and gaps in knowledge addressed by the Working Group at
itslast mesting.

8.19 Hne-scde haul-by-haul data and length composition data from the research cruise were
submitted to CCAMLR. Preiminary analyses of biological characterigtics (age, reproduction) were
provided in WG-FSA-92/13, 14 and 15. However, the Working Group noted that the submission of
biologicd data did not follow the guidelines and standards set out by the Working Group (sc-
CAMLR-1X, Annex 5, paragraphs 249 to 254) earlier. It was noted that biologica sample size was
amall compared with the gpproximate 20 000 fish taken.

820  The Working Group concluded that information provided so far from these surveys
contributed little to improve the assessments carried out by the Working Group during this year's
meeting. It reiterates earlier satements and the Commission’s decison from 1986 that research
plans should be submitted at least Sx months in advance to dlow careful review of research
proposals to ascertain that they address specific requests by the Working Group.

FUTURE WORK

DATA REQUIREMENTS

9.1 The Commisson in 1991 adopted severd conservation measures to apply to the
D. eleginoides fishery in Subarea 48.3 (Conservation Measures 35/X to 37/X). Chile had been
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unable to comply with Conservation Measure 37/x and had objected to it within the objection period
st out in Article 1X(6)(c) of the Convention.

9.2 In cCCAMLR-XI/11 the reasons for Chile's objection are presented. Dr Moreno explained
that whilst Chile dways intended to provide the detailed haul-by-haul and biologica data requested it
had not been possible to collate these data every five days because the vessels did not have facamile
facilities. The only opportunity to collect the data was therefore when the vessals completed afishing
cruise, the duration of which was usudly 50 days. Because of this, and paragraph 3 of Conservation
Measure 37/X which states that the fishery should be closed to any Contracting Party which did not
supply these data to the Executive Secretary for three consecutive reporting periods, Chile objected
to the Measure.

9.3 The Working Group agreed that the reason for requesting haul-by-haul and biologica data
to be reported as the fishery progresses is to ensure that these data are submitted to the CCAMLR
Data Centre in time to be incorporated in the database and be available to the Working Group. It
gopreciated the difficulties that Chile had in acquiring these data. However, because of the volume
of data to be submitted, entered into the CCAMLR database and validated, the Data Manager
suggested that fixing data reporting to a single submisson date, such as 30 September, would not
alow enough time for the data to be entered before the Working Group meeting. Accordingly, the
Working Group recommended that any recondderation of Conservation Measure 37/X should
include the requirement that reporting should proceed periodicdly throughout the course of the

fishery.

94 Details of data requirements identified by the Working Group are given in Appendix D.

SOFTWARE AND ANALY SESREQUIRED FOR THE 1993 MEETING

9.5 Some problems had been encountered in running the yield-per-recruit program with long
lived speciesand low M . These problems should be fixed for the next meeting.

9.6 Severd ad hoc calculations had been performed during the meeting on MathCad. Using
this software, it is easy to congruct and run modds which are subsequently well documented in
gandard mathematica notation. The Working Group recommended that the Secretariat acquire this
program in the intersessordl period.



9.7 During the past year the Secretariat had acquired the new version of the MAFFVPA and a
FORTRAN-based ADAPT program as requested in (SC-CAMLR-X, Annex 6, paragraph 8.29). The
Working Group expressed its gratitude for these additions to the Secretariat’ s software.

9.8 During the course of the meeting the Secretariat had provided the Working Group with

data on seabed areas a sdlected depth ranges around South Georgia by fine-scde square
(Appendix E). The Working Group requested the Secretariat to continue this work to compile data
on other subareas in as much detall as available charts of the areas will dlow, and down to 2 500 m.
To facilitate this work, participants were encouraged to send copies of high resolution charts of

relevant areas within the Convention Area to the Secretariat.

OTHER BUSINESS

10.1  The Working Group had received a paper on FISHBASE from Dr A. Jarre-Techmann
(Germany) (WGFSA-92/25). FISHBASE is a database sysem designed to include biologica
information on fish on a globa scde and is being developed by the Internationa Centre for Living
Aquatic Resources Management (CLARM, Manilla, Philippines). The paper encouraged scientists
wishing to contribute papers or reports containing relevant data on Antarctic ish, for indusion in
FISHBASE, to write to Dr Jarre- Teichmann.

10.2 A glossary of terms used in stock assessment, compiled by the Secretariat, was circulated.
The Working Group agreed that this glossary could provide auseful guide to readers of its reports.

10.3  The Working Group noted that in previous years many papers had been submitted late
(after 9 am on the first day of the meeting) and had therefore been unavailable for gppraisa prior to
the meeting. The Working Group was pleased to note that dl papers consdered at its present
meeting had been submitted by the 9 am deadline. It was agreed that at any meeting, papers
submitted after the 9 am deadline would not be considered at the mesting.

10.4  The Working Group noted the large amount of work now involved in assessing dl the fish
stocks and the difficulty in assessng stocks with no new data or methods that improve assessments
of previous years. It was recommended that in future if no new data were available for a particular
stock and there was no reported fishery or knowledge of intended fishing on that stock, then, in the
absence of specific direction from the Scientific Committee or Commission, the stock should not be
congdered in the agenda of the Working Group at that meeting.



ADOPTION OF THE REPORT

11.1  The Report of the 1992 Meseting of the Working Group on Fish Stock Assessment was
adopted.

CLOSE OF THE MEETING

12.1 In closing the meseting, Dr Kock expressed his gratitude to the Secretariat, Rapporteurs,
Conveners of subgroups and to dl members for their hard work during the meeting.

12.2 He noted that at the present meeting there had been no time to discuss some of the more
philosophical aspects of stock assessment techniques, such as precautionary agpproaches and
amulated management scenarios. Several members agreed that it would be useful to devote a day
to this at the next meeting and the Working Group suggested that Members give some thought to the
topics that could be discussed at such a time o that these could be incorporated in the annotated
agenda.

12.3  Severd membersthanked Dr Kock for assuming chairmanship of the meeting at such short
notice when Dr Everson was regrettably unable to attend. Dr Basson conveyed Dr Everson's
thanks to Dr Kock for performing this task.
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DATA REQUIREMENTSFOR THE WORKING GROUP

APPENDIX D

Data Required by
WG-FSA-91

Data Received
by WG-FSA

Data Required by
WG-FSA-92

Data from the crab fishery should be
collected and submitted (paragraphs
6.20 (v) and (vi))

2. Length and age datafrom
D. eleginoides in Subarea48.3.
Continued requirement from historical
fishery

Data reported to CCAMLR under
item 4 below and in accordance with
Conservation Measure 37/X

3. Dataonsize selectivity of longline
fishery for D. eleginoides in
Subarea 48.3

Fine-scale data submitted (Chile,
USSR) IN WG-FSA-92/28

4. D. eleginoides, Subarea48.3:

* length and age datain
WG-FSA-90/34 and 91/24 should be
submitted

 changesto five-day reporting to
include vessel days and number of
hooks

Data were submitted to CCAMLR
Data Centre (CDC), including
haul-by-haul datafrom the
commercial longline fishery
(CCAMLR-X, paragraph 4.14)

D. eleginoides, Subarea 48.3

(paragraph 6.176)

» studies on hook selection factors
required

¢ studieson loss rates of fish

D. eleginoides, Subarea 48.3

» age and maturity determination
required for an expanded range of
lengths from historical and current
commercia and research catches
(paragraph 6.123 to 6.126)

« fish should be measuredin1cm
length classes and all data should be
submitted to CCAMLR

(paragraph 6.142)

7. Report E. carlsbergi catchesfrom
north of convergence

No information on areas north of the
convergence

8. Biological datafrom historical catches
of E. carlsbergi requested
Fine-scal e data requested

Some length composition data
submitted to CDC, fine-scale data
submitted

9. E. carlsbergi, Subarea 48.3:
* description of operations
(CCAMLR-IX, paragraph 4.27)
* details of by-catch

« full reporting of existing biological
and survey data

* noinformation

* WG-FSA-92/12 (research)

» some length composition data

« description of operation
(CCAMLR-IX, paragraph 4.2.7)

« further information requested on
by-catch in commercia E. carlsbergi
fishery (paragraph 6.103)

¢ new surveys required
(paragraph 6.105)




10. Representative length frequency from | No information Representative length frequency from
the commercial catch of C. gunnari in the commercial catch of C. gunnari in
Subarea 48.3 should be reported for Subarea 48.3 should be reported for
recent years recent years

11. C.gunnari Subarea48.3: Trawl fisheriesin Subarea48.3

* quantitative information on * noinformation * detailed data on the by-catch in
by-catch in midwater and demersal pelagic (midwater) and demersal
fisheries (bottom) trawl fisheriesin Subarea

* reports from past surveys should 48.3 are urgently required to establish
be submitted in detail management advice (paragraphs 6.72

and 6.93)

* research data should be submitted |« some research datareported « research data should be submitted to
to Secretariat the Secretariat

12. Biological information onincidental No information N. rossii, Subarea48.3
catch of N. rossii in Subarea 48.3 « biologica information on incidental

catch
* haul-by-haul datafrom historical
fishery requested (paragraph 6.34)

13. Length and age, N. squamifrons No further information Length and age, N. squamifrons,
Subarea 48.3 - commercia datafor Subarea 48.3 - commercial datafor past
past years year's (paragraph 6.90)

14. Commercial age and length datafor No further information Commercia age and length datafor
N. gibberifrons N. gibberifrons

15. P. guntheri, Subarea48.3 - clarification

of position of past catches around

South Georgia requested (paragraph

6.86)

16. E. carlsbergi

« clarification of position and time of
catch of 1 518 tonnes reported for
Subarea48.2 in 1990/91
(paragraph 6.178)

« clarification of position and time of
catch of 50 tonnesin Subarea48.1in
1991/92 (paragraph 6.203)

17. N. squamifrons, Division 58.4.4 All data submitted in WG-FSA-92/5

e STATLANT catches should be and will be used to update the CDC
corrected to agree with those in
WG-FSA-90/37
» catches should be reported for -
Ob and LenaBanksin fine-scale
format
« commercial age and length data
should be submitted to Secretariat

18. Age/length datafrom catches of No data
C. gunnari in Division 58.5.1 prior to -

1980

19. Commercia length and age data for Some data reported from France and

the D. eleginoidestrawl and longline | WG-FSA-92/8and 31 -
fisheriesin Division 58.5.1
20. N. sguamifrons Division 58.5.1 Some data in WG-FSA-92/9; length

« length and age/length key data

» catch data separated for
Division 58.5.1

* dataconsistency

composition from France; see
Table 1




21,

Reports requested from Savgorod,
Borispol, Passat 2 fishing in October
1989 (SC-CAMLR-VIII, paragraph 3.7)

No information

Haul-by-haul information from
research vessel surveys and
experimental fisheries

No further information from Russia

23.

Information on levels of discarding
and conversion rates from fish
products to nominal weight are
required

No information

Information on levels of discarding and
conversion rates from fish products to
nominal weight are required

24. Call for detailed chartsto assist the
Secretariat in the calculation of seabed
areas (paragraph 8.11)

25. Call for historic information from

surveys to assist the Workshop on the
Design of Bottom Trawl Surveysin
investigating the interannual variability
in the occurrence of fish aggregations
(paragraphs 8.5 and 8.6)




APPENDIX E

SEABED AREA AT SELECTED DEPTH RANGES AROUND
SOUTH GEORGIA AND SHAG ROCKS

Secretariat

The following seabed areas were cdculated usng the British Antarctic Survey bathymetric
chart BAS (MISC) 4 Edition 1. Images were scanned into the Secretariat’s Macintosh computers
and relative areas cdculated usng the drawing package “Canvas’. The digtorting effects of latitude
were assumed to be negligible a the scale of 0.5° latitude by 1° longitude (CCAMLR Fine-Scale

Squares).

Latitude Longitude Areaof FS _— .
(northern | (eastern Square Area (nmiles?) Within Depth Intervals Total
boundary) | boundary) 500-750m  750-100m  1000-1500m  1500-2000 m
530 359 1077.1 64.9 811 106.1 106.9 359.0
369 1077.1 0.0 62.3 143.1 98.9 304.3
370 1077.1 0.0 22.6 130.9 124.0 277.6
380 1077.1 0.0 0.0 0.0 143 14.3
410 1077.1 32.0 355 106.1 365.4 539.0
420 1077.1 59.2 51.7 126.2 3734 610.4
430 1077.1 60.8 26.3 383.9 473.3 944.3
53.50 350 1064.4 34.9 49.7 141.6 40.0 266.2
369 1064.4 89.3 102.4 74.3 54.8 320.8
370 1064.4 54.1 83.4 87.7 0.0 225.3
380 1064.4 35.9 411 615 94.1 2326
399 1064.4 70.2 29.3 482 227.2 374.8
400 1064.4 205.7 83.7 254.2 144.1 687.7
410 1064.4 39.7 42.0 62.7 40.0 184.5
420 1064.4 34.6 49.1 123.1 132.9 339.8
430 1064.4 0.0 0.0 5.6 69.3 75.0
540 340 1051.7 0.0 0.0 30.2 69.8 100.0
359 1051.7 39.2 474 126.6 39.0 252.2
380 1051.7 231.1 0.0 0.0 0.0 231.1
399 1051.7 76.2 422 147.9 157.9 4243
54,50 340 1039.0 159.2 1145 2285 93.7 595.9
359 1039.0 49 54 18.9 0.0 29.2
550 340 1026.4 53.0 78.1 125.9 157.7 414.8
359 1026.4 14.6 6.2 7.1 0.0 27.9
369 1026.4 112.2 84.4 116.7 75.4 388.9
55.50 340 1013.0 3.7 50.1 124.6 222.8 401.2
350 1013.0 47.0 59.0 87.9 146.4 340.3
369 1013.0 0.0 2.3 145 222 39.0
Total 29522.4 15225 1250.2 2884.2 3343.6 9000.3




APPENDIX F

FORMATSFOR SUBMISSION OF DATA
FROM THE CRAB FISHERY



FORMAT 1C
OBSERVER SUMMARY INFORMATION (CRAB FISHERY)

CRUISE NUMBER CRAB FISHING DETAILS* SPACING OF POTS (m)

LENGTH OF LINE (m) NUMBER OF POTS SHAPE OF POTS

MESH SIZE OF POT COVER (mm)

Haul | Sample Date Coordinates | Surface | State of Target Type | Bottom | Begin | Finish | Beginto | Finish | Number | Total By-Catch
No. No. Water Sea** Species of Bait | Depth to Set | Setting Haul Hauling | of Empty | Catch (species/kg)
(HN) (SN) t°C (m) Pots Pots Pots Pots Pots (kgs)

(GMT) | (GMT) | (GMT) | (GMT)

* If other than one type of pot string (different length of line, spacing and number of pots) had been used during the observed fishing cruise, separate forms should be
used for each type
** State of the Sea Scale is given overleaf




FORMAT 6
SUBSAMPLE FOR MATURITY AND AGE DETERMINATION FOR CRABS

CRUISE NUMBER: SPECIES:
HAUL NUMBER: TOTAL NUMBER IN THE SUBSAMPLE
SAMPLE NUMBER: TOTAL WEIGHT OF THE SUBSAMPLE
SUBSAMPLE NUMBER:

CARAPACE MEASUREMENT USED IN THE TABLE CL | CW

(Tick the appropriate box)*

Carapace Males Females Number
Size of
(mm) Maturity** Relative age (carapace condition)** Maturity** Relative age (carapace condition)** Farailiis)
see
Chela height 1 2 3 4 I 11 I v \Y 1 2 3 4
(mm) (soft) (new (old) (very (eggs (eggs (eggs (empty (non (soft) (new (old) (very
hard) old) uneyed) eyed) dead) egg cases) | ovigerous) hard) old)

* For definitions of CL and CW  **  For definitions of maturity stages of female crabs and relative age ***  Number of parasites of the genus Briarosaccus (Crustacea) and

see Appendix 2 see Appendices 7 and 10 parasite scars found underneath the crab abdomen



APPENDIX G

SUMMARIESOF AVAILABLE INFORMATION AND ESTIMATES OF
BIOLOGICAL PARAMETERSFOR DISSOSTICHUSELEGINOIDES

TableG.1l:  Summary of avalable agellength keysfor D. eeginoides.

Southern Chile:

Source: WGFSA-92/30

Catches: 1991/92

Ages determined from: Scaes

Lengths represent the minimum of 5 cm length classes

Sex Age (yrs) Length (cm) Length (cm) n
Young Old Smdl Lage Youngest/Oldest

Maes 5 19 45 170 45 / 140 1305

Females 3 20 50 185 55 / 165 1146

South Georgia:

Source: WG-FSA-92/30

Catches: February to March 1991

Ages determined from: Scaes

Lengths represent the minimum of 5 cm length dlasses

Sex Age (yrs) Length (cm) Length (cm) n
Young Old Smdl Lage Youngest/Oldest

Maes 5 18 60 140 60 / 140 695

Femdes 5 21 55 180 55/ 180 537

Kergudlen Idand Area

Source: WGFSA-92/8
Ages determined from: Scales
Lengths represent the minimum of 5 cm length dasses

Location Age (yr9) Length (cm) Length (cm) n
Young Old Smdl Lage Youngest/Oldest

West shelf (Oct-Nov 1984) 4 14 35 115 35 / 115 110

West shelf (Mar-Apr 1987) 2 14 20 115 20 / 115 184

North shelf (Jan 1992) 3 17 35 155 35/ 155 205




TableG.22  Summary of avalable length frequency datafor D. eleginoides in Subarea 48.3.

Longline data:
Sept/91 - Jun/92 - WG-FSA-92/23
May-Jun - WGFSA-92/14
Jun-ul - WGFSA-92/15

Trawl data:
Jan-Feb - WGFsA-92/17

WG-FSA-92/17
Length frequency digtribution from trawl survey

WG-FSA-92/13
Length frequency datafor longlinesin 1986

WGFSA-92/14 and 15
(two longline vessdls)

Datafor South Georgia and Shag Rocks, May-July 1992
Length frequency data
Weight length deta




TableG.3:  Summay of avalable length-weght rdaionshipsfor D. eleginoides. See Figure G.1
showing the differences between the relationships.

Weight =a.L*, W (g), L(cm).

a b Length Range Source
(cam)
South Georgia:
Both sexes 0.00590 3131 mostly <90 Kock et al. (1985)1
Both sexes 0.04570 2.653 ? Gasiukov et al. (1991)2
Male 0.07567 2559 60-134 Aguayo and Cid (1991)3
Female 0.15997 2407 20-164 Aguayo and Cid (1991)
Both sexes 0.07568 2.559 20-164 Aguayo and Cid (1991)
Male 0.00444 318 21-110 WGFSA-92/17
Female 0.00334 325 26-A WG-FSA-92/17
Southern Chile:
Males 0.01104 2970 ” WG-FSA-92/30
Femaes 0.00692 3.109 WG-FSA-92/30
Both sexes 0.00695 3.063 WG-FSA-92/30
Chilean Shelf:
Both sexes 0.00382 3221 51-127 Martinez (1975)*
Patagonian Shelf:
Both sexes 0.00350 329 mostly <90 Zakharov and Frolki na(1976)4
Both sexes 0.0026 3.326 mostly <90 Messtorff and Kock (1978)5
Kerguelen, Crozet
Both sexes 0.0015 358 8.9-95.7 Hureau and Ozouf-Costaz (1980)6
Kerguelen:
Male 0.0033 3.260 20.3-129 Duhamd (1981)7
Female 0.0032 3.269 26.1-141 Duhamel (1981)

*  Origind estimates congdered to bein mm by Kock et al. (1985). The estimate of a was
transformed to make converson from lengthsin cm.

1 KocCK, K.-H., G. DUHAMEL and J.C. HUREAU. 1985. Biology and status of exploited Antarctic fish stock: a
review. BIOMASS Scientific SeriesNo. 6: 143 pp. ISCU Press.

2 GASIUKOV, P.S, RS DOROVSKIKH and K.V. SHUST. 1991. Assessment of the D. eleginoides stock in
Subarea 48.3 br the 1990/91 season and calculation of the TAC for the 1991/92 season. Document
WG-FSA-91/24. CCAMLR, Hobart, Australia.

3 AGUAYO, M. and CID. 1991. Recopilacion, proceso y andlisis de |os antecedentes biol 6gico - pesqueros en
la pesca exploratoria de bacalao de profundidad realizada por el BP Rriosur V. Informe interno, Inst. Form.
Pesq. 63 pp.

4 ZAKHAROV, G.P. and ZH.A. FROLKINA. 1976. Some data on the distribution and biology of the Patagonian
toothfish Dissostichus eleginoides Smitt) occurring in the southwest Atlantic. Trudy. Atlant. Nauchno-
Issled. Ryb. Khoz. Oceanogr. 65: 143-150.

5 MESSTORFF, J. and K.-H. KOCK. Deutsch-Argentinische Zusammenarbeit in der Fischereiforschung mit FFS
Walther Herwig efrolgreich fortgesetzt. Infn. Fischwirtsch. 25 (6): 175-180.

6 HUREAU, J.C. and C. OZOUF-COSTAZ. 1980. Age determination and growth in Dissostichus eleginoides
Smitt 1898 from Kerguelen and Crozet Islands. Cybium, 4(1): 23-32.

7 DUHAMEL, G. 1981. Caractéristiques biologiques des principales espéces de poissons du plateau
continental desllesKerguelen. Cybium, 5(1): 19-32.



Table G.4: Summary of avalable estimates for growth parameters. See Figure G.2 showing the
differences between the growth curves.

Area Ly K to Method Source
Patagonian Shdf | 204.3 | 0.0563 | -0.545 7 Zakharov and Frolkina (1976)
South Georgia 174.8 | 0.0712 | -0.005 7? Shugt et al. (1990)1

210.8 | 0.0644 | 0.783 Wadford Moreno (data from WG-FSA-92/30)
170.8 | 0.0916 | -0.031 | Non-liner | Moreno (datafrom WG-FSA-92/30)
164.8 | 0.097 | 0.430 | Tomlinson & | Moreno (datafrom WGFSA-92/30)
Toramson

Southern Chile 216.1 | 0.062 |-0.877 Wadford | WGFSA-92/30
Males 199.2 | 0.0714 | -0.809 Wadford | WGFSA-92/30
Femaes 214.0 | 0.062 | -1.265 Wadford | WGFSA-92/30

1 sHusT, K.V, P.S GASIUKOV, R.S DOROVSKIKH and B.A. KENZHIN. 1990. The state of D. €l eginoides
stock and TAC for 1990/91 in Subarea 48.3 (South Georgia). WG-FSA-90/34.




Table G.5:

Edimates of naturd mortdity for D. eleginoides.

Edimatesof M pre 1992

Area M Method Source
Patagonian Shdlf 0.06 Pauly (1980) Kock et al. (1985)
0.12 Rikhter and Efanov (1976) | Kock et al. (1985)
South Georgia 0.18 AlversonCarnee Shugt et al. (1990)
0.16 Rikhter- Efanov Shudt et al. (1990)

Edimaesof M - Summary from WG-FSA-92/21
Naturad mortdity estimates based on length data for three fishing areas and three growth curves.

Area Method Growth Curve
1 2 3
Shag Rocks BandH 0.09 0.12 0.15
A-C 0.17 0.14 0.18
Mean 0.13 0.13 0.17
South Georgia north BandH 0.10 0.09 0.12
A-C 0.15 0.13 0.16
Mean 0.13 0.11 0.14
South Georgia south BandH 0.08 0.07 0.09
A-C 0.17 0.14 0.19
Mean 0.13 0.11 0.14
Means. BandH = Beverton and Holt length based estimate
A-C = Alverson Carnee estimate
Growth Curves.
1) Lt =204.3 (1-e0.0563[t+0.545]); Zakharov and Frolkina (1976)
2) Lt =174.8 (1-e0.0712[t+0.0049]); Shust et al. (1990)
3) Li=210.8 (1-e00e44(t+0.783)); Aguayo (1991)

Means, Band H =0.10
A-C =0.16
Grand Mean =0.13
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CCAMLR WORKSHOP ON DESIGN OF BOTTOM TRAWL SURVEYS
(Hamburg, Germany, 16 to 19 September 1992)

OPENING OF THE MEETING
1.1  The workshop was held a the Bundesforschungsangtdt fir Fischerel (Federd Research
Centre for Fisheries), Hamburg, Germany, from 16 to 19 September 1992. The Convener
Dr K.-H. Kock (Germany) chaired the workshop.
1.2 The paticipants of the workshop were welcomed by the Director of the Inditut flr
Seefischerel (Sea Fisheries Research Ingtitute), Dr. G. Hubold, on behdf of the Federal Research
Centre for Fisheries.
ORGANISATION OF THE MEETING AND APPOINTMENT OF RAPPORTEURS

2.1 Thefollowing were appointed rapporteurs.

Dr Kock (Agenda ltems 1 to 4, appendices)
Dr I. Everson (UK) (Agendaltems5to 12).

A lig of participants is given in Attachment A. A list of papers tabled and references is given in

Attachment B.

ADOPTION OF THE AGENDA

3.1 A draft agenda had been prepared by the Convener. This agenda, with minor modifications
and additions was adopted and isincluded as Attachment C.

BACKGROUND OF THE MEETING

4.1  Difficulties concerning bottom trawl survey design and the application of the ‘swept aregl

method and associated tgatistics on species with a contagious distribution, such as the mackerd

icefish (Champsocephalus gunnari), have been a considerable problem to the ccamLR Working
Group on Fish Stock Assessment WG-FsA) in the past.  The Working Group at its mestingsin



1990 and 1991 drew attention to the need for investigation of this problem as a matter of priority
(sc-cAMLR-IX, Annex 5, paragraph9l). Because of the specidised and detalled examination
required, this work could not be done during a regular meeting of the Working Group. The
Working Group therefore recommended that a workshop on survey design and anayses of research
vessd surveys be held in the 1991/92 intersessona period (SC-CAMLR-X, paragraph4.108). The
terms of reference for this workshop are set out in SC-CAMLR-X, paragraph 4.109. They combine
theoretica aspects, such as survey design for sampling different types of fish distribution, two-phase
surveys and properties of estimators of biomass, with practical aspects, such as sources of errorsin
comparisons between surveys, into a synthesis on survey desgn and cost effective dlocation of
sampling resources.

4.2  The workshop was origindly scheduled for May 1992 but was ddlayed until September
when the report of an ICES workshop covering Smilar topics was to be digtributed. The report of
the ICES workshop was unfortunately not available in time for the meeting.

4.3 It was noted with great regret that despite the great interest of Members in the workshop
expressed during SC-CAMLR-X, only four scientists from Member countries attended the workshop.
No datistician was present at the workshop which limited the discusson on theoretica aspectsto a
large extent. Since no scientigt familiar with bottom trawl surveys in the Indian Ocean sector was
present at the workshop, deiberations were mainly based on experience from the Atlantic Ocean
sector.

OBJECTIVES OF THE MEETING

51 It was agreed that the main am of the meeting would be to begin the development of a

manua describing the techniques to be used for bottom trawl surveys for fish stock assessment

within the Convention Area

5.2  Bottom trawl surveys could be undertaken for two mgor purposes. These were identified

() theedimation of Standing Stock; and

(i)  to provide information on Population Structure

5.3  Currently the main target species for bottom trawl surveysis C. gunnari. Other species of
likdly commercid interest, and for which bottom trawl suveys were gppropriate, are: Notothenia



gibberifrons, Notothenia rossii, Notothenia sguamifrons, Chaenocephalus aceratus and
Pseudochaeni chthys georgianus.

54  Other fish resources, such as Dissostichus eleginoides and the myctophid Electrona
carlsbergi, which are of current interest to CCAMLR, were not conddered in detall because they
either occur degper than the range of norma bottom trawls or are holopeagic.

FACTORS AFFECTING THE ACCURACY OF BOTTOM TRAWL SURVEYS
Trawl Geometry, Rigging and Performance

6.1  The ided dtuation would be for dl operators to use the same trawl design, rigged in a
dandard manner. In spite of this it is accepted that there will dways be variations between
operators.

6.2  The following characteridics of the gear should be included in the description of a trawl
urvey:

(i)  full net plan; and
(i)  full description of ground tackle from trawl door to trawl door.

6.3  Thegeometry of trawl netsis known to vary due to avariety of causes. These include water
depth, bottom type, warp length, wind and current direction relative to ship’s heading (Carrothers,
1981; Engds, 1991). The high natura variation in fish distribution corresponds to a high intrinsic
variance in the data which often masks variation due to these operationd characteristics. Even so,
the group recommended that these variables should be monitored whenever possible.

6.4  Electronic equipment is now available for monitoring many aspects of the trawl configuration
during fishing, such as headline height, wing spread, door spreed, effective fishing area, and water
temperature and depth. Wherever possible it was recommended that these devices be used to
monitor the behaviour of the net.

6.5 In the asence of eectronic monitoring equipment other devices, such as a cable between
the doors to control the door spread, might be hepful in andardisng the operation of the gear
(Engas, 1991).



6.6  The degreeto which the target species are herded into the net by sweep wires and wingsin
the net is unknown. This affects the effective area of the net and lence the swept area, the
parameter that is used for standing stock estimation. It was agreed that for sanding stock estimation
by the swept area method the width of the net should be defined as the estimated distance between
the wings in a graight line when the net isin operation.

6.7  Current practice is to use a andard haul time of 30 minutes with the net on the bottom.

Recent studies by Vdstad (1990) have indicated that shortening the haul time to 10 minutes or less
alows more hauls to be made during the course of a survey without any loss of precison in standing
dock estimates. Bearing in mind the distance between sampling stes and the problems of finding
suitable trawling grounds it was felt that such gains would be unlikely to be made in Antarctic waters.
It was aso noted that a longer haul time would improve sampling for population structure studies.

The group agreed that 30 minutes was probably the best sandard haul time for surveysin Antarctic
waters.

6.8 It is current practice to assume that the net is fishing correctly on the bottom from the time
that the winch brakes are gpplied until hauling commences. This may not be the case, particularly for
deep hauls. The group recommended that whenever possible the time on the bottom ould be
monitored precisely usng a net sounder or Smilar device,

Fish Behaviour in Relaion to Fishing Gear

6.9 Themain duestha the fish have of the presence of anet are either visud, sight of the net or
a‘sand cloud’, or vibration, from strain in the rigging wires or noise from the fishing vessd.

6.10 Responses by fish to the presence of anet vary greatly even between closdly related species.
For example, in the North Sea, cod (Gadus morhua) swim down towards the seabed when a net
approaches whereas haddock (Gadus aeglefinus) swim upwards (Main and Sangster, 1981, 1982,
Ehrich, 1991). No information is available to indicate how Antarctic fish respond to the presence of
trawls.

6.11 There is evidence that the pattern of reaction behaviour by fish to an gpproaching net is
largdly controlled by visud stimuli. Reaction ceases below a certain level of light and fish reect to a
trawl only when struck by the net (Glass and Wardle, 1989). This may lead to a different pattern of
entrance to the net. It suggeststhat catchability may be dependent on the time of the day and fishing
depth. The sengtivity of Antarctic fish to light is unknown but it must be assumed that, at leest in



shdlow water, the fish are likely to see the net or sweep wires before they reach them. No
information is available to indicate the likely response of the fish to these visua cues.

6.12 Fagt swimming fish, such as mackerd (Scomber scombrus) have been observed swimming
for up to 15 minutes in the mouth of atrawl net (He and Wardle, 1988), behaviour that is likely to
affect the catching efficiency of the net. Evidence from physiologicd studies on Antarctic fish
indicates that they would be unlikdy to sugtain a high levd of swimming activity for more than
perhaps a minute (Johnston and co-authors, see Kock, 1992). Thiswould indicate that fish that are
located in front of the net will be unable to avoid it and are therefore likdy to be caught.

6.13 The group was unable to discuss extensively dl factors potertidly or effectivey influencing
catchability (see Carrothers, 1981; Godg, 1990; Engas, 1991 for areview). Due to the absence of
information, most estimates of standing stock biomass using the swept area method have assumed a
catchability (g) of 100 %, i.e.g=1. Thisisunlikely to be met in redity, but the assumption that g <
1 is somewhat baanced by the herding effect of the doors and bridles increasing the area effectively
swept by the net.  As fish behaviour is an important factor affecting catchability the group strongly
recommends that studies be undertaken to investigate the responses of Antarctic fish to the presence
of the gear using techniques, such as remotely controlled underwater cameras, acoustic equipment
and Flit-pand nets.

Fish Didribution in the Area

6.14 The digribution of fish within the survey area was discussed from two perspectives, smdl-
scae digtribution with respect to the volume of water sampled by the net and larger scde didtribution
over the whole area surveyed.

Smdl-Scae Digribution

6.15 C. gunnari are known to occur close to the bottom during daytime and an unknown
proportion migrate upwards a night to feed in the water column. They are rardly more than 15m
from the bottom by day with the bulk of the fish lessthan 5 to 7 m from the bottom (Duhamel, 1987;
Frolkina and Shlibanov, 1991). There is some evidence for the larger, and therefore older, fish
being present closest to the seabed during the day. Therefore, the group recommended that net
sampling during trawl surveystargetted at C. gunnari should be undertaken during daylight.



6.16 C. aceratus and N. gibberifrons primarily feed on the bottom and are thought to occur
predominantly within about 1 m of the seabed.

6.17 N.rossi, N. sqguamifrons, P. georgianus and Chionodraco hamatus are known to feed
on fish, krill and sdps and probably feed well above of the seabed. The extent and frequency of
these feeding migrations is unknown, but it is assumed that they occur during darkness.

Large- Scale Didtribution

6.18 The man agpects of large-scale distribution that were considered of relevance to survey
design were the geographica limits of individua stocks and the degree of aggregation of the fish.
Previous surveys have provided some information on these aspects. In addition, much useful data
could be derived from an andysis of haul-by-haul datafrom the commercia fishery. These dataare
currently unavailable to CCAMLR. The group recommends that these data be made available so that
they can be used in planning future surveys.

6.19 At South Georgia during the summer, C. gunnari are likely to be found over most of the
shelf in water less than 300 m deep. When the standing stock is low, as for example during the
1990/91 season, the fish are thought not to form larger concentrations. When the standing stock is
high, dense aggregations do form which often extend some way above the seabed even in daytime.

6.20 It is unknown how long these aggregations persst but, because they have formed the focus
of large-scde commercid fishing, it is assumed that they are present for severa days or perhaps
weeks.

6.21 Information from bottom trawl surveys indicates that these aggregations are likely to be
found in amdl locdlities dmogt anywhere on the shelf. Sofar, it isimpossble to identify where these
aggregations might be in a particular season.

6.22 The presence of these aggregations is thought to be associated with the distribution of krill
(Euphausia superba), a mgor food of C. gunnari. The digribution of krill is known to be
dependent on the water circulation pattern in the South Georgia area in particular and the Scotia Sea

ingenerd.

6.23  Uneguivoca information on the location of concentrations was not available to the meeting
but it was fdt that analyss of haul-by-haul datafrom the krill and C. gunnari fisheries might provide
some further insight into the subject.



6.24 Spawning concentrations of C. gunnari have been observed ingde bays on the northeast
sgde of South Georgia during March, April and May. No information is avalladle to indicate what
proportion of the spawning stock enters these bays to spawn or whether these fish represent a
congtant proportion of the total spawning stock.

6.25 At Kerguden during September, C. gunnari spawn inshore in water depths of 100 to 150
m. After soawning the fish move dong the shdf on afeeding migration. It is not clear whether the
extent of this feeding migration is dependent on the abundance of the fish.

6.26 No information was available to the meeting on the ditribution of spawning concentrations
of C. gunnari in Subareas 48.1 and 48.2.

6.27 Thegroup agreed that surveys for standing stock estimation should not be undertaken during
the spawning season due to the uneven distribution of fish a thistime.

6.28 Thedidribution of N. gibberifrons, C. aceratus and P. georgianus appears to be more
uniform then thet of C. gunnari over the shelf a South Georgia Loca concentrations may
nonetheless occur.

6.29 Thedidribution of N. rossii is extremely patchy and appears to be concentrated in canyons,
for example at the eastern end of South Georgia and aso north of Cumberland Bay. The group felt
that surveys targetting on this pecies should be concentrated in these specific areas and also make
use of any haul-by-haul information from historica catches in determining sampling localities

6.30 N. squamifrons has occasondly occurred in large concentrations in Sngle hauls of surveys
at South Georgia but these concentrations are unlikely to be representative snce an unknown part of
the population is found deeper than 500 m.

6.31 At Kerguelen the mgor concentrations of each species of commercid importance appear to
be located in different areas of the shelf and shelf bresk (Duhame, 1987). The group thought that
surveys could be designed so that the effort could be concentrated in the area of greatest abundance
of the primary target species.

DESIGN OF BOTTOM TRAWL SURVEYS

7.1  Usng the information described in the preceeding paragraphs and from the tabled papers
severd options for bottom trawl surveys were considered.



Non-Random (Systematic) Surveys

7.2  Surveysbased on agrid of regularly spaced sampling stations were considered to be useful
when there was no a priori information available about the digtribution of the resource. The
goproach has the digtinct disadvantage that, due to the uneven nature of the seabed on many
Antarctic fishing grounds, few gations on a regular grid would be suitable for fishing. No standing
stock surveys have been reported to CCAMLR that have used regular pattern sampling grid. This
approach was not recommended by the group.

Random Surveys

7.3  Thenormd practice in recent years has been to undertake surveys using series of randomly
located sampling stations. Due to the widespread presence of bad trawling grounds the sampling
stations have been determined as ‘the nearest available trawlable location to the given pogition’. In
some instances this may be saverd miles from the pre-sdected position.  Subsequent surveys have
sampled at the same Stes rather than in other randomly sdlected locdlities.

7.4  Theoptimum time to undertake such surveysis when the fish are as dispersed as possible; at
South Georgia this is mogt likely to occur during the summer months when al the target fish species
are actively feeding. Although spawning, and hence aggregation, of C. gunnari at Kerguelen occurs
later than at South Georgia, the fish are likely to be most widdly dispersed on the shdf during the
same months.

Stratification

75  Stratification of the survey has digtinct advantages because it dlows the concentration of

sampling effort into regions of highest abundance. At South Georgia the surveys have been divided
into three strata based on water depth. These are: 50 to 150, 150 to 250 and 250 to 500 m. The
number of gtations alocated to each of these strata is based on the area of seabed within each depth
stratum weighted by abundance observed on previous surveys within that depth stratum (Parkes et
al., 1990). An aternative approach isto incorporate the variance of the standing stock estimate into
the weighting factor (Sparre et al., 1989).

7.6  Surveysfor C. gunnari a South Georgia have indicated that the highest concentrations are
present in the depth range 150 to 250 m whereas a Shag Rocks the density is gpproximately the
samein this and the 50 to 150 m depth stratum.



7.7  AtKerguden C. gunnari tends to be concentrated in the depth range 100 to 200 m.

7.8  The group agreed that it would be advantageous to drétify the survey further by identifying
areas where the abundance was likdly to be high. Even though it is known that concentrations are
likely to be encountered no information was available to provide a reasonable indication of where
they might be. This form of dratification was consdered important in survey design and it was
agreed that some mechanism needed to be incorporated into the design to dlow increased sampling
of high dengty patches that might be located during the survey.

Approaches to Survey Design that Take Account of Loca High Concentrations

7.9  Three options were consdered, dl of which are based on a series of randomly located
sampling stations which would be augmented by additiona sampling a areas of high concentration.

Two-Stage Survey - First Approach

7.10 Thetime available for the survey would be gpportioned to two phases, the standard random
sampling gations and intensve sampling on concentrations. The divison between these two phases
would be made based on the number and sze of concentrations that are expected to be
encountered.  Stations would be sampled sequentialy and the location of any concentration of fish
that is detected would be noted. At the end of this first phase the remaining sampling period would
be divided up to dlow sampling on the concentrations. The sampling on the concentrations would
incdude hauls to esimate dendty and smdl-scde surveys to map the concentrations.  This
‘encounter-response’ approach is described in Leaman (1981).

7.11 This gpproach has the advantage that the effort dlocated to the high densty stratum can be
goportioned to the concentrations in advance of that phase of the sampling program. A
disadvantage of this gpproach is that the time dlocation may not be sufficient to sample dl the
concentrations adequately. Therefore up two weeks may have eapsed between the concentration
being first detected and the vessd returning to sample on it; there is a significant chance that after this
amount of time the concentration might not be found again.
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Two-Stage Survey - Second Approach

7.12 This approach is smilar to the First Approach described in paragraph 7.10 except that the
intengve sampling on the concentrations is undertaken when the concentrations are detected.

7.13 This gpproach has the advantage that the concentration can be relocated for sampling. It has
the disadvantage that in the event that severd concentrations are detected early in the survey this
might congtrain sampling activity later in the program.

7.14 Both of these approaches have the disadvantage that it is unlikely that al concentrations
within the survey area will be detected and sampled. A scdling factor, determined by consideration
of the 9zes of concentrations detected in relation to the survey track, will need to be incorporated to
take account of the underestimation of the standing stock in this stratum.

An Adaptive Approach

7.15 Usng a smple modd, Everson et al. (1992) had considered options for incorporating
information on the presence of patches obtained during a survey into the design.

7.16 All of the randomly located sampling Sites would be given a randomly sdlected ranking in
addition to their ‘sampling order’. Stations would be sampled n ‘sampling order’ and the total
distance sailed between the stations measured. When a concentration is located it would be
sampled and its chord length measured. As each patch is sampled the lowest ranked dtation is
deleted from the ligt of remaining sations. Thus, as concentrations are detected sampling effort is
increased in these high dengity locations at the expense of the predetermined sampling Sites.

7.17 The ratio of the totd intersected chord length of al concentrations detected to the tota
distance steamed during the survey provides an estimate of the proportion of the survey areathat is
occupied by concentrations. This factor, multiplied by the mean ‘within concentration’ density
provides an estimate of the standing stock in the high dendity stratum.

7.18 Asapracticd aspect it was suggested that when the vessd isin trangit, as for example from
dation ‘A’ to dtation ‘B’, if a concentration is detected the vessdl should complete the track to
dation ‘B’ before bresking off and fishing at the concentration. This would ensure that the chord
length of the concentration is properly determined. The net haul could be made at the mid-point of
the concentration.

1



7.19 This gpproach has the advantage that dl the time dlocated to the survey can be used
effectively irrespective of how many concentrations are present in the area. It has the disadvantage
that it provides little information on the Sze or dengity of individud concentrations; such information
could be provided by further sampling following completion of the survey.

Congderation of the Different Approaches

7.20 The group favoured the adaptive gpproach as it offered the most effective utilisation of
sampling effort. Formulae for parameter estimation and combining data over drata are given in
Attachment D.

7.21 Thedgmilarity of the goproaches depends on ther ability to take into account the limits of fish
concentrations. Experience has shown that athough fish concentrations often gppear as more or less
continuous layers close to the seabed (see Duhamel, 1987: Figure 98; Kock, 1992: Figure 63), in
which case determination of the limits of the concentrations present little difficulty, they are frequently
present only as separate but close aggregations (see Frolkinaand Shlibanov, 1991: Figure 4).

7.22 The group recommended that further work be undertaken so as to better define the
characteristics of echotraces of C. gunnari aggregations.

7.23 The group discussed the gpproaches to sampling within high concentration regions. The
‘rues of the two-stage and the adaptive gpproaches indicate that the net hauls within the
concentrations should be randomly located because the am is to provide estimates of dengity within
this high dengty stratum. Where the digtribution is discontinuous within the concentration the hauls
should not be targetted at local high concentrations. It was agreed that this Stuation could only be
resolved by examination of echocharts from actud hauls within concentrations.  The group aso
agreed that datistical advice should be sought on sampling strategies when the target species is
discontinuoudy didributed within asmall area

7.24 Thegroup aso conddered the posshilities of repeat sampling within concentrations. Repest
sampling has the advantage that the sample Sze is increased. It dso has the disadvantages that
samples subsequent to the first are unlikely to be gatigticaly independent and aso there may be
behavioura responses (dispersion or aggregation) resulting from the initid haul.



ANALYSISOF BOTTOM TRAWL SURVEY DATA

8.1  For many applications the Norma digtribution is assumed to fit the digtributions of the data.
When the target species is widespread and not present in aggregations this is probably appropriate
(Saville, 1977). The gpproach has the advantage that there is a wide range of satistical tests that
can be applied to the data.

8.2  Bottom trawl survey data do contain many datasets where the distribution is markedly
skewed and for which Normd datistics are not appropriate.  Under these circumstances
transformations are applied to the data.  Of those that are commonly used are Poisson, negative
binomid, log(x+1), gamma, delta and beta distributions (e.g., Steinarsson and Stefansson, 1986;
Pennington, 1986; Conan, 1987; Groger and Ehrich, 1992).

8.3  The group noted some Stuaions when different transformations might be appropriate for
different components of a survey. For example, on a survey a South Georgia the more or less
uniform digtribution of N. gibberifrons might be andysed usng Normd datistics on untransformed
data whereas data on C. gunnari, which are generdly highly skewed might warrant an dternative
treatment. It was dso noted that for one species data from different strata might warrant different
treatments.

84  Thegroup was unclear on some applications of these techniques. Specificaly these were:

»  Converson of transformed to untransformed data for the purposes of providing vaues
of mean and variance that could be included in management advice.

* Combination of means and variances from dratified surveys where different functions
had been gpplied to different Srata.

8.5  Intheabsence of specidig datistical advice the group was unable to comment further.
8.6  The group was aware of developments in the use of geodtatistics for anaysing survey data

(e.g., Conan, 1987; Petitgas, 1990), but nobody in the group had specidist knowledge of
the technique.
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MANUAL FOR BOTTOM TRAWL SURVEYSIN THE CONVENTION AREA

9.1  Based on informetion included in the reports of WG-FsA and dso presented at this meeting,
the group prepared a draft manua to describe standard procedures to be used in undertaking
bottom travl surveys. A copy of the draft manud is included as Attachment E for further
condderation by the Working Group on Fish Stock Assessment.

ADOPTION OF THE REPORT

10.1 The Report of the Workshop on the Design of Bottom Trawl Surveys was adopted.

CLOSE OF THE MEETING
11.1 In clodng the meeting, the Convener thanked the participants for their input and the good

humour throughout the three days. Dr Everson, on behdf of the participants of the workshop,
expressed his thanks to the Convener and his s&ff for their hospitaity in hosting the meeting.
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Table L A:

Areas of seabed within sdected depth ranges in Subarea 48.1 west (from

Everson, 1987).

Sub- Coordinates Percentage of Sea Areain Depth Range (m) Area (kn?)
division
N S E W 050 50150 150-250 250-500 >500 Sea Total

21 62°00 62°200 60°30° 61°10 - 22 87 44.6 44.6 1284 1284
2 62°200 62°400 60°30° 61°10 - 85.7 77 6.6 0 %64 1266
23 62°40 63°05 60°30° 61°10 - 24.7 274 44 39 1476 1565
24 62°40 63°05 60°00 60°30 - 7.3 55 9.6 776 1036 1174
25 62°20 62°40 60°00° 60°30 - 95.2 21 28 0 564 A7
26 62°00 62°200 60°00° 60°30 - 54.1 178 19 9.1 %61 %1
27 60°00 64°000 64°00 70°00 0 0 0 34 9.6 | 371299 371299
28 60°00 61°00' 60°00° 64°00 0 0 0 0 100 24340 24340
29 64°00 66°00' 68°00° 70°00 - 04 - 49.2 504 20886 20886
30 66°00 67°00' 68°00° 70°00 - 39 31 67.9 21 9226 9850
31 67°00 68°00' 68°00 70°00 - 51.8 127 25 105 6607 9456
K 68°00 69°00' 68°00° 70°00 - 192 6 614 135 9049 9054
3 66°00 67°00' 66°00 68°00 - 21 234 49.7 48 8110 9850
A 67°00 68°00' 66°00 68°00 - 36.6 172 37.6 8.6 2261 9456
3B 68°00 69°00' 66°00° 68°00 - 534 23 236 0 3555 9054
36 61°00 62°00' 61°10 64°00 0 0 0 0 100 16703 16703
37 62°00 63°00 61°10 64°00 - 159 5 6.8 72.3 15952 16159
38 63°00 64°000 61°10 64°00 - 192 129 36.2 317 14894 15617
39 61°00 62°000 60°00° 61°10 - 0 0 32 %.8 6877 6877
40 63°05 64°000 60°00° 61°10 - 23 52 9.2 63.3 5586 5874
41 65°00 66°00' 66°00° 68°00 - 139 23 50.9 122 10085 10245
42 64°00 65°00' 66°00° 68°00 0 0 24 67.1 305 10637 10637
43 64°00 65°00' 64°00 66°00 - 153 72 43 345 10407 10637
a4 65°00 66°00' 64°00 66°00 - 422 422 1.2 44 8685 10245
45 66°00 67°00' 64°00 66°00 - 5.6 56 1 0 1196 9850
46 64°00 65°000 62°00° 64°00 - 359 359 16 121 6744 10637
47 64°00 65°000 61°00 62°00 - 337 337 184 14.2 2686 5319

Total for Subarea 48.1 west - 104 6.1 18.6 64.9 572070 609242
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Table1B: Areass of sedbed within sdected depth ranges in Subarea 48.1 west (from
Everson, 1987).

Sub- Coordinates Percentage of Sea Areain Depth Range (m) Total
division SeaArea
N S E wW 0150 0250 0500 >50 >150 >250 >500 (kn¥)

21 62°000 62°200 60°30° 61°10 22 108 554 100 978 892 446 1284
2 62°200 62°400 60°30° 61°10 857 934 100 100 143 6.6 0 964
23 62°40 63°05 60°30° 61°10 247 521 9%1 100 753 479 39 1476
24 62°40 63°05 60°00° 60°30 73 129 24 100 9924 871 776 1036

25 62°200 62°400 60°00° 60°30 952 972 100 100 48 28 0 564
26 62°000 62°200 60°00° 60°30 541 719 909 100 459 281 91 %61
27 60°000 64°000 64°00° 70°00 0 0 34 100 100 100 966 | 371299
28 60°00 61°000 60°00° 64°00 0 0 0O 100 100 100 100 24340

29 64°000 66°000 68°00 70°00 04 04 496 100 9%6 9%6 5S04 20886
30 66°000 67°000 80°00° 70°00 39 7 749 100 961 93 251 9226
31 67°000 68°000 68°00 70°00 518 645 895 100 482 355 105 6607
32 68°000 69°00 68°00° 70°00 192 252 85 100 808 748 135 9049
33 66°000 67°000 66°00° 68°00 21 455 452 100 779 545 48 8110
A 67°000 68°000 66°00° 68°00 366 538 914 100 634 462 86 2261
35 68°000 69°00 66°00° 68°00 534 764 100 100 466 236 0 3555
36 61°000 62°00 61°10 64°00 0 0 0O 100 100 100 100 16703
37 62°000 63°000 61°10 64°00 159 209 277 100 841 791 723 16159
38 63°000 64°000 61°10 64°00 192 321 683 100 808 679 317 15617
39 61°000 62°000 60°00° 61°10 0 0 32 100 100 100 968 5877
40 63°05 64°000 60°00° 61°10 23 2715 367 100 777 725 633 5586
41 65°000 66°000 66°00° 68°00 139 37 878 100 861 63 122 10085
42 64°000 65°000 66°00° 68°00 0 24 695 100 100 976 305 10637
43 64°000 65°000 64°00 68°00 153 225 655 100 847 775 345 10407
65°000 66°000 64°00 66°00 422 844 96 100 578 156 44 8685
66°000 67°000 64°00 66°00 56 112 121 100 944 888 879 1196
46 64°000 65°000 62°00° 64°00 %9 719 89 100 641 281 121 6744
47 64°000 65°000 61°00° 62°00 337 674 858 100 663 326 142 5319

& R

Total for Subarea48.1 west 100 154 338 100 0 841 662 575633
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Table1.C:

Areas of seabed within sdected depth ranges in Subarea 48.1 east (from
Everson, 1987).

Sub- Coordinates Percentage of Sea Areain Depth Range (m) Area (kn?)
division
N S E W 050 50150 150250 250-500 >500 Sea Total

1 62°00 62°200 59°30° 60°00 - 22 87 44.6 44.6 956 957
2 62°00 62°200 58°30° 59°30 - 916 29 37 18 1359 1934
3 62°00 62°200 57°30° 58°30 - 276 6.4 1 54 1500 1934
4 62°200 62°40 57°30° 58°30 - 0 0 0 100 1898 1898
5 62°200 62°400 58°30° 59°30 - 95 27 32 845 1809 1898
6 62°200 62°40' 59°30° 60°00 - 63.3 87 97 184 772 9
7 62°40 63°05 59°000 60°00 - 0.3 0.3 26 9.7 2350 2352
8 62°40 63°05 58°00° 59°00 - 46 34 27 69.3 2352 2352
9 62°40 63°05 57°30° 58°00 - 9%5.3 2 27 0 1176 1176
10 60°00 61°00' 50°00° 60°00 - 0.6 12 26 95.6 60850 60850
u 61°00 63°00' 50°00° 53°00 0 0 0 0 100 34819 34819
12¢ | 58°00' 60°00° 50°00° 58°00 0 0 0 0 100 | 101837 101837
13 61°00 62°00' 57°30° 60°00 - 6.6 43 204 68.8 14417 14740
14 61°00 62°000 56°00 57°30 - 15 24 284 674 8843 8843
15 61°00 62°00' 53°00° 56°00 - 116 28 121 735 17110 17686
16 62°00 63°000 56°000 57°30 - 144 11 129 61.6 8539 8555
17 62°00 63°00' 53°00° 56°00 - 2 18 418 382 17100 17109
18 63°05 64°000 57°30° 60°00 - 317 5.8 165 459 5136 12587
19 63°00 64°000 56°000 57°30 - 154 36 72 738 6279 8268
20 63°00 64°000 50°00° 56°00 - 45 18 86.1 75 30827 33082
Total for Subarea 48.1 east - 5.6 32 116 796 | 218101 226989

* Subdivison 12 is outsde Subarea 48.1
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Table1.D: Areas of seabed within sdected depth ranges in Subarea 48.1 east (from
Everson, 1987).

Sub- Coordinates Percentage of Sea Areain Depth Range (m) Total
division SeaArea
N s E W |0150 0250 050 »50 >150 >250 >500| M)
1 62°00 62°20 59°30 60°00° 22 108 554 100 978 892 446 956
2 62°00 62°20 58°30 59°30 916 945 982 100 84 55 18 1359
3 62°00 62°20 57°30 58°30 276 A 46 100 724 66 54 1500
4 62°20 62°40 57°30 58°30 0 0 0 100 100 100 100 1898
5 62°20 62°400 58°30 59°30 95 122 155 100 905 878 845 1809
6 62°20 62°40 59°30° 60°00° 633 719 816 100 367 281 184 772
7 62°40 63°05 59°00' 60°00° 03 0.7 33 100 997 993 9%7 2350
8 62°40 63°05 58°000 59°00 4.6 8 307 100 954 92 693 2352
9 62°40 63°05 57°30 58°00 953 973 100 100 47 27 0 1176
10 60°00 61°000 50°00' 60°00° 0.6 18 44 100 994 982 956 60850
11 61°00 64°000 50°00 53°00 0 0 0 100 100 100 100 34819
12* 58°00 60°000 50°00° 58°00° 0 0 0 100 100 100 100 | 101837
13 61°00 62°00 57°30° 60°00° 66 108 312 100 934 892 688 14417
14 61°00 62°00 56°000 57°30 15 38 322 100 985 9%.2 678 8343
15 61°00 62°00 53°00 56°00° 116 144 265 100 834 856 735 17110
16 62°00 63°000 56°000 57°30 144 255 384 100 856 745 616 8539
17 62°00 63°000 53°00 56°00° 2 20 618 100 93 80 782 17109
18 63°05 64°00 57°30° 60°00° 317 376 541 100 683 624 459 12587
19 63°00 64°00 56°000 57°30 154 19 262 100 846 81 738 6279
20 63°00 64°000 50°00° 56°00° 4.6 64 925 100 954 936 75 30827

Total for Subarea 48.1 east 5.6 88 204 100 946 915 803 | 218101

* Subdivison 12 is outside Subarea 48.1
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Table 1.E:

Aress of seabed within selected depth ranges around Elephant Idand (Subarea 48.1)

(from Kock, 1986).

Depth (M) Areaof Seabed (nn?)
0 - 100 458.8

101 - 200 461.5

201 - 300 500.0

301 - 400 736.5

401 - 500 1012.1

Tablel.F.  Areasof seabed within selected depth ranges in Subarea 48.2 (from Everson, 1987).
Sub- Coordinates Percentage of Sea Areain Depth Range (m) Area (km?)
division
N S E W 050 50150 150-250 250-500 >500 Sea Total
73 60°21 60°40° 44°10 45°00 108 7.8 159 65.5 1601 1603
74 60°40 61°00° 44°10 45°00 276 614 11 0 1930 2008
75 60°40° 61°00° 45°00° 46°00 19 29 52 0 1927 2008
76 60°40° 61°00' 46°00° 47°00 12 708 18 0 2008 2008
77 60°00 64°00 30°00 50°00 0 0 0 45 955 | 452647 452647+
78 57°000 60°00° 30°00 50°00° 0 0 0 0 100 | 387430 387430
79 60°21' 60°40° 46°00 47°00 65 10.7 5 193 1919 1926
80 60°21' 60°40° 45°00° 46°00 292 16 181 36.6 1535 1926
Total for subarea 0 04 05 2 971 850997 851556

* Excludes areas 73 to 76, 79 and 80.
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Table1.G:  Areas of seabed within sdected depth rangesin Subarea 48.2 (from Everson, 1987).

Sub- Coordinates Percentage of Sea Areain Depth Range (m) Total
division SeaArea
N S E W 0150 0250 0500 >50 >150 =>250 >500 (kn¥)
73 60°21' 60°40° 44°10 45°00 108 186 345 100 892 8lL4 655 1601
74 60°40 61°00° 44°10 45°00 276 89 100 100 724 11 0 1930
75 60°40 61°000 45°00° 46°00 19 48 100 100 81 52 0 1927
76 60°40 61°00' 46°00 47°00 1.2 82 100 100 888 18 0 2008
77 60°00 64°00' 30°00° 50°00 0 0 45 100 100 100 955 | 452647+
78 57°000 60°00' 30°00° 50°00 0 0 0 100 100 100 100| 387430
79 60°21° 60°40 46°00 47°00 65 757 807 100 3B 243 193 1919
80 60°21' 60°40' 45°00 46°00' | 292 452 634 100 708 548 366 1535
Total for Subarea48.2.3 04 08 29 100 96 92 971 | 850097

* Excludes areas 73 to 76, 79 and 80.




Table 1.H:

54°30'S (from Everson and Campbell, 1990).

Areas of seabed (knk) around South Georgia between 53° and 54°30'S.

Aress of seabed within sdlected depth ranges in Subarea 48.3 between 53° and

NE Corner 0-50 | 50-100 | 100-150 | 150-200 | 200-250 | 250-500| >500
SDeg | SMin W

53 0 43 0.0 0.0 0.0 0.0 0.0 12.0 | 36739
53 0 42 0.0 0.0 0.0 | 1298 158.3 | 445.2 | 2952.6
53 0 41 0.0 0.0 88.9 | 116.9 41.4 26.8 | 34119
53 0 40 0.0 0.0 0.0 0.0 0.0 0.0 | 36859
53 0 39 0.0 0.0 0.0 0.0 0.0 0.0 | 36859
53 0 38 0.0 0.0 0.0 0.0 0.0 0.0 | 3685.9
53 0 37 0.0 0.0 0.0 0.0 0.0 0.0 | 36859
53 0 36 0.0 0.0 0.0 0.0 0.0 0.0 | 36859
53 0 35 0.0 0.0 0.0 0.0 0.0 0.0 | 36859
53 0 34 0.0 0.0 0.0 0.0 0.0 0.0 | 36859
53 30 43 0.0 0.0 0.0 0.0 0.0 0.0 | 36428
53 30 42 0.0 0.0 933 | 1749 1150 | 178.6 | 3081.0
53 30 41 0.0 0.0 | 1209.8 | 500.2 495.1 | 4105 | 1027.2
53 30 40 0.0 3.8 777 | 1013 376 | 536.9 | 2885.5
53 30 39 0.0 0.0 0.0 39.5 138.1 | 689.2 | 2776.0
53 30 38 51.2 | 1058 | 3639 | 8194 340.7 | 6409 | 13209
53 30 37 | 1076 | 232.7 | 10254 | 585.5 2465 | 7329 690.8
53 30 36 0.0 0.0 | 1310 | 808.2 7286 | 723.1 | 1251.9
53 30 35 0.0 0.0 6.0 57.7 81.6 | 2705 | 3227.0
53 30 34 0.0 0.0 0.0 0.0 0.0 0.0 | 36428
54 0 43 0.0 0.0 0.0 0.0 0.0 0.0 | 3599.2
54 0 42 0.0 0.0 0.0 0.0 0.0 0.0 | 3599.2
54 0 41 0.0 0.0 0.0 0.0 0.0 0.0 | 3599.2
54 0 40 0.0 0.0 0.0 0.0 0.0 0.0 | 3599.2
54 0 39 0.0 0.0 15.8 | 260.6 4575 | 482.7 | 2382.6
54 0 38 54.0 | 106.7 | 113.1 | 782.7 |2466.2 66.5 0.0
54 0 37 | 1244 | 46.6 41.6 14.3 55 4.6 0.0
54 0 37(S) | 4476 | 3136 | 703.4 | 605.3 5109 | 251.3 0.0
54 0 36 |1384 | 3134 | 4474 | 309.2 4147 | 176.6 0.0
54 0 36(S) | 175.0 | 76.7 26.2 24.9 23.8 0.0 0.0
54 0 35 00| 388 | 1005 | 4514 |1261.8 | 528.7 | 1218.0
54 0 34 0.0 0.0 0.0 0.0 0.0 0.0 | 3599.2
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Table 1.1 Aress of seabed within selected depth ranges in Subarea 48.3 between 54°30 and
56°S (from Everson and Campbel, 1990).

Areas of seabed (knk) around South Georgia between 54°30" and 56°S.

NE Corner 0-50 | 50-100 | 100-150 | 150-200 | 200-250 | 250-500| >500

SDeg | SMin W

54 30 43 0.0 0.0 0.0 0.0 0.0 0.0 | 3555.5
54 30 42 0.0 0.0 0.0 0.0 0.0 0.0 | 3555.5
54 30 41 0.0 0.0 0.0 0.0 0.0 0.0 | 35555
54 30 40 0.0 0.0 0.0 0.0 0.0 0.0 | 3555.5
54 30 39 0.0 0.0 0.0 141 | 1131 106.0 | 3322.3
54 30 38 0.0 0.0 00 | 5429 | 7150 | 273.8 | 2023.8
54 30 37 0.0 00 | 4220 | 6496 |1034.7 | 4555 993.7
54 30 36 17.9 2.6 10.3 0.0 0.0 0.0 0.0
54 30 36(S) | 234.8 | 2635 | 565.0 | 4922 | 5975 903.7 0.0
54 30 35 [180.8 | 371.8 | 9220 | 7929 | 4431 554.0 84.9
54 30 34 0.0 89 | 1424 | 1450 | 1994 | 317.7 | 27421
55 0 43 0.0 0.0 0.0 0.0 0.0 0.0 | 35115
55 0 42 0.0 0.0 0.0 0.0 0.0 0.0 | 35115
55 0 41 0.0 0.0 0.0 0.0 0.0 0.0 | 35115
55 0 40 0.0 0.0 0.0 0.0 0.0 0.0 | 35115
55 0 39 0.0 0.0 0.0 0.0 0.0 0.0 | 35115
55 0 38 0.0 0.0 0.0 0.0 0.0 0.0 | 35115
55 0 37 0.0 0.0 0.0 0.0 0.0 6.9 | 3504.6
55 0 36 0.0 4.6 228 | 262.8 94.8 178.2 | 2948.3
55 0 35 00| 528 [1321.2 | 810.1 | 5864 | 457.9 283.1
55 0 34 00| 181 | 5239 | 2210 55.5 153.4 | 2539.6

55 30 43 0.0 0.0 0.0 0.0 0.0 0.0 | 3467.1
55 30 42 0.0 0.0 0.0 0.0 0.0 0.0 | 3467.1
55 30 41 0.0 0.0 0.0 0.0 0.0 0.0 | 3467.1
55 30 41 0.0 0.0 0.0 0.0 0.0 0.0 | 3467.1
55 30 39 0.0 0.0 0.0 0.0 0.0 0.0 | 3467.1
55 30 38 0.0 0.0 0.0 0.0 0.0 0.0 | 3467.1
55 30 37 0.0 0.0 0.0 0.0 0.0 0.0 | 3467.1
55 30 36 0.0 0.0 0.0 0.0 0.0 0.0 | 3467.1
55 30 35 0.0 0.0 0.0 0.0 0.0 18.3 | 344838
55 30 34 0.0 0.0 0.0 0.0 0.0 | 2095 | 3257.7




Table1.J:

Aress of seabed within sdlected depth ranges in Subarea 48.3 between 53° and

54°30'S (from Everson and Campbell, 1990).

Areas of seabed (knk) around South Georgia between 53° and 54°30'S.

NE Corner 50-150 150-250 250-500 >500
SDeg | SMin wW
53 0 43 0.0 0.0 12.0 3673.9
53 0 42 0.0 2887.1 445.2 2952.6
53 0 41 88.9 158.3 26.8 3411.9
53 0 40 0.0 0.0 0.0 3685.9
53 0 39 0.0 0.0 0.0 3685.9
53 0 38 0.0 0.0 0.0 3685.9
53 0 37 0.0 0.0 0.0 3685.9
53 0 36 0.0 0.0 0.0 3685.9
53 0 35 0.0 0.0 0.0 3685.9
53 0 34 0.0 0.0 0.0 3685.9
53 30 43 0.0 0.0 0.0 3642.8
53 30 42 93.3 289.9 178.6 3081.0
53 30 41 1209.8 995.3 410.5 1027.2
53 30 40 815 138.9 536.9 2885.5
53 30 39 0.0 177.6 689.2 2776.0
53 30 38 469.7 1160.1 640.9 1320.9
53 30 37 1258.1 832.0 732.9 690.8
53 30 36 131.0 1536.8 723.1 1251.9
53 30 35 6.0 139.3 270.5 3227.0
53 30 34 0.0 0.0 0.0 3642.8
54 0 43 0.0 0.0 0.0 3599.2
54 0 42 0.0 0.0 0.0 3599.2
54 0 41 0.0 0.0 0.0 3599.2
54 0 40 0.0 0.0 0.0 3599.2
54 0 39 15.8 718.1 482.7 2382.6
54 0 38 219.8 3248.9 66.5 0.0
54 0 37 88.2 19.8 4.6 0.0
54 0 37(9) 1017.0 1116.2 251.3 0.0
54 0 36 760.8 723.9 176.6 0.0
54 0 36(9) 102.9 48.7 0.0 0.0
54 0 35 139.3 1713.2 528.7 1218.0
54 0 34 0.0 0.0 0.0 3599.2
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Table 1K:  Areas of seabed within selected depth ranges in Subarea 48.3 between 54°30" and
56°S (from Everson and Campbell, 1990).

Areas of seabed (knk) around South Georgia between 54°30" and 56°S.

NE Corner 50-150 150-250 250-500 >500
SDeg | SMin W
54 30 43 0.0 0.0 0.0 3555.5
54 30 42 0.0 0.0 0.0 3555.5
54 30 41 0.0 0.0 0.0 3555.5
54 30 40 0.0 0.0 0.0 3555.5
54 30 39 0.0 127.2 106.0 3322.3
54 30 38 0.0 1257.9 273.8 2023.8
54 30 37 422.0 1684.3 455.5 993.7
54 30 36 12.9 0.0 0.0 0.0
54 30 36(S) 828.5 1089.7 903.7 0.0
54 30 35 1293.8 1236.0 554.0 84.9
54 30 34 151.3 344.4 317.7 27421
55 0 43 0.0 0.0 0.0 35115
55 0 42 0.0 0.0 0.0 35115
55 0 41 0.0 0.0 0.0 35115
55 0 40 0.0 0.0 0.0 3511.5
55 0 39 0.0 0.0 0.0 35115
55 0 38 0.0 0.0 0.0 3511.5
55 0 37 0.0 0.0 6.9 3504.6
55 0 36 274 357.6 178.2 2948.3
55 0 35 1374.0 1396.5 457.9 283.1
55 0 34 542.0 276.5 1534 2539.6
55 30 43 0.0 0.0 0.0 3467.1
55 30 42 0.0 0.0 0.0 3467.1
55 30 41 0.0 0.0 0.0 3467.1
55 30 40 0.0 0.0 0.0 3467.1
55 30 39 0.0 0.0 0.0 3467.1
55 30 38 0.0 0.0 0.0 3467.1
55 30 37 0.0 0.0 0.0 3467.1
55 30 36 0.0 0.0 0.0 3467.1
55 30 35 0.0 0.0 18.3 3448.8
55 30 34 0.0 0.0 209.5 3257.7
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Table 1.L: Summary of areas of seabed within selected depth ranges in Subarea 48.3 (from
Everson and Campbell, 1990).

Summary of areas of ®abed for Shag Rocks, South Georgia and the whole of
Subarea 48.3. An agterisk (*) indicates that there are no reported soundings for this

depth range.
Depth Range Area of Seabed (kn®)
(m)
Shag Rocks South Georgia Subarea 48.3

0O - 50 * 1531.7 1531.7
50 - 100 3.8 1 956.6 1960.4
100 - 150 1469.7 6 903.8 8373.6
150 - 200 1023.1 8689.3 97124
200 - 250 8475 10515.0 11 362.8
250 - 500 1610.0 8201.9 9811.9
> 500 24 360.0 144 798.0 169 158.9
Tota 293141 182 597.6 211911.7

Table1.M: Areas of seabed within sdected depth ranges in Subarea 48.4 (from
Everson, 1987).

Sub- Coordinates % SeaAreain Area (k)
Divison Depth Range (m)
N S E w 0-500 >500 Sea Total

66 56°00° 60°00° 24°00° 29°30° 0.
67 50°00'" 53°000 26°00° 30°00°
68 53°000 56°00° 26°00° 30°00°
69 60°00' 64°00° 24°000 30°00
70 56°000 60°00° 29°30' 30°00°
71 50°000 56°00° 20°00° 26°00°
72 56°00° 60°00° 20°00° 24°00°

99.1 | 143782 144073
100 | 92322 92322
100 | 86121 86121
100 | 139235 139235
100 | 13097 13097
100 | 267758 267758
100 | 104782 104782

OO O0OOOO0OwV

Total for subarea 0.1 99.9 (847097 847388
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Table 1LN:  Areas of seabed within sdected depth rangesin Subarea 48.4 (from Everson, 1987).

Sub- Coordinates % SeaAreain Area (k)
Divison Depth Range (m)
N S E w 0-500 >500 Sea Tota
81 65°00 70°00° 50°000 66°00° 50 50 | 313029 378286
82 64°00" 65°000 50°00' 60°00° | 51.6 48.4 49890 53196
83 64°00° 65°00° 30°000 50°00° 0 100 | 106396 106396
84 65°00 70°00° 30°00° 50°00° 0 100 | 472858 472858

85 64°000 78°00° 20°00° 30°00° 9.9 90.1 | 507572 561341
86 70°00° 78°00° 30°000 62°00" | 15.8 84.2 | 733571 871718

Total for subarea 9.6 90.4 | 2183316 2445595

Table1.0: Areas of sedbed within sdected depth ranges in Statisticdl Area 88 (from
Everson, 1987).

Sub- Coordinates Percentage Sea Areain Depth Range (m) Total
division SeaArea
N S E w 0150 0250 0500 >50 >150 >250 >500 (kn?)
87 60°00 66°00 70°00° 92°00 0 0 0 100 100 100 100 740541

88 66°000 70°00° 70°00° 92°00 46 55 156 100 954 945 844 393266

Total for Area 88 17 20 56 100 983 963 944 | 1133807
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Table2:  Maturity scde for nototheniids and chamnichthyids based on ovarian and testis cyclesin
Notothenia coriiceps, Champsocephalus gunnari, Chaenocephalus aceratus and

Pseudochaeni chthys georgianus (from Kock and Kellermann, 1991).

Maturity Stage Description
Femaes
1. Immature Ovary smdl, firm, no eggs vishle to the naked eye

2. Maturing virgin or regting

3. Devdoping

4. Gravid

5. Spent

Males;
1. Immature

2. Developing or resting

3. Developed

4. Ripe

5. Spent

Ovary more extended, firm, smal oocytesvisible, giving ovary
agrainy appearance

Ovay large, garting to swell the body cavity, colour varies
according to species, contains oocytes of two sizes

Ovary large, filling or swelling the body cavity, when opened
large ova spill out

Ovary shrunk, flaccid, contains afew resdua eggs and many
smdl ova

Testis amdl, tranducent, whitish, long, thin strips lying
closeto the vertebrd column

Tedtiswhite, flat, convoluted, easily visible to the naked eye,
about ¥/, length of the body cavity

Tedtis large, white and convoluted, no milt produced when
pressed or cut

Testis large, opa escent white, drops of milt produced under
pressure or when cut

Tedtis shrunk, flabby, dirty white in colour
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Figure 1 Congruction of the FP-120 net (from Parkes, 1991).




28mm WARP

NOEPENDENT FECE /
24 nch DAN LENO

—— O
36m GROUND WIRE (2Bmm) 50 Fathom BROLE R
POLYVALENT DOORS
1200 KQ
Bobbin Rig 70 & 220 mm ALUMINLIM FLOATS

PR 120 fodl (38, Bm) HEADLNE
“:"’: : X :‘;‘t": TR r e O
G I A K I IR I
R e
00 CXAIHAACXAXHHAI RN KN K SRR
Tetetetetoloteteleretetototetstetetatetatts

7.Em

12. 15.8
B, dm af S33mm aled bobina 533 men BOCEING 7. Gm RLUEBER 2.8m CHAM | )

Figure 2: Rigging of the FP-120 trawl (from Parkes, 1991).




total length

Figure3: Standard body length measurements of fish.
TL - Totd Length is from the most anterior part of the snout to the most posterior part
of the caudd fin when thisfin is extended aong the length of the body.
SL - Standard length is from the most anterior part of the snout to the end of the
vertebra column (usualy marked by averticad groove in the cauda peduncle when
it isflexed).
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ATTACHMENT C

AGENDA

CCAMLR Workshop on Bottom Trawl Survey Design
(Hamburg, 16 to 19 September 1992)

Opening of the Meeting

Organisation of the Meeting and Appointment of Rapporteur(s)
Adoption of the Agenda

The Objectives of Bottom Trawl Surveysin the Convention Area
Factors Affecting the Accuracy of Bottom Trawl Surveys

()  Trawl Geometry, Rigging and Performance
(i)  Fsh Behaviour in the Catching Process
(i)  Fsh Digribution in the Area

(iv) Stock Characterigtics

Design of Bottom Trawl Surveys

()  Non-Random (Systematic) Surveys
(i) Random Surveys
(i) Stretification

Anayds of Bottom Trawl Surveys

()  Didributions Fitted to the Data
(i)  ModesUsed to Andysethe Data
(i) Geodetigtica Methods

Manud for Bottom Trawl Surveysin the Convention Area
Adoption of the Report

Close of the Medting.



ATTACHMENT D
FORMULAE FOR PARAMETER ESTIMATION AND COMBINING
DATA OVER STRATA FOR THE ‘' ADAPTIVE APPROACH’
1. Proportion ‘p’ of area occupied by concentrations

If atotd of k patchesis encountered in atrack of tota length L, and the length of the track
within theith is|;, then the estimator of P is

2. Stratified Mean Biomass B

To provide a combined mean biomass from two strata, the within stratum mean densities B
and D b are weighted by the area of the strata. Assuming that P is the proportion of the survey
area occupied by concentrations whose mean dendty isD a and mean density of the remaining area
isD b, and the totd areais A, the formulafor the weighted mean is

B =[Da*P +Dpe(2-P)A

3. Combined Variance V[B ]

The combined variance must incorporate terms for the variance of D a D pand P .

The formulafor combining these variancesis:

V[B] = A{Vas P2+Vp e (1-D)2 + Vp[VatD ) + (Vp+D 12) - 2D 4 D pl}



ATTACHMENT E

DRAFT MANUAL FOR BOTTOM TRAWL SURVEYSIN THE CONVENTION AREA

1. INTRODUCTION

Research vessdl surveys should idedlly provide the following informetion:

standing stock biomass for al species (exploited and unexploited);
* length and age structure from the exploited stocks;

* lengthage-weght rdaionships,

*  maturity ogives,

* year cdass drengths of pre-recruits.

To date, bottom trawl surveys in the Convention Area have been nationd surveys with
varying degrees of comparability among surveys and nations.  The objective of this Manud is to
increase comparability between these surveys by standardising fishing methods, survey methods,
sampling of catches, and recording and andlysis of data. This Manud incorporates results of earlier
ddiberaions of the Working Group, such as in SC-CAMLR IX, Annex 5, p. 249 to 254, and the
CCAMLR Workshop on Bottom Trawl Survey Design.

2. THE SURVEY TRAWL

Survey results are criticaly dependent on the size, condruction and rigging of the trawl. The
trawl should preferably be a commercid szed trawl with a codend lining of max mesh size of 40
mm. Asit is unlikely that a sandard trawl will used by dl nations, a full description of the net, and
ground tackle including doors, should be provided as indicated in Figures 1 and 2.

It is crucid to achieve a good bottom contact of the whole groundrope, and this should be

checked regularly. A proper contact could be indicated by inspecting for wear on bobbins and
chans.
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3. SURVEY DESIGN AND FISHING POSITIONS

The survey should cover the main geographica and bathymetric range of the target pecies
within a given datisticd subarea. It should follow arandom survey design ratified by depth and, if
known, fish dengty. The areas of seabed within selected depth ranges in the Atlantic Ocean sector
ae st out in Tables 1A to 1.0O. Fishing positions have to be chosen randomly in the first survey,
but may be used as known clear tow sations during subsequent surveys. To reduce or avoid
covariance between fishing Sations in adjacent Strata, fishing stations should be separated by at least
5 miles. Fishing must not be directed towards fish shoas located by sonar or echosounder. The
survey design and the method of dratification needsto be carefully described.

If an adaptive (‘ encounter-response’) survey design is used, in which acoudtic equipment is
utilised to identify high dengty and low density regions, the acoustic equipment should be described
in detall.

4, STANDARD FISHING METHOD

Standard fishing speed measured as trawl gpeed over the ground should be used. The actud
ground speed and distance towed should be monitored and reported.

Each haul should last 30 minutes. Start time is defined as the moment when the net settleson
the bottom or in case of a continuous recording of net parameters, when vertica net-opening and
wing spreaed indicate that the net isin its sable fishing configuration. Stop time is defined as the Sart
of hauling. Hauls of less than 15 minutes duration should not be included for subsequent estimate of
standing stock of the data.

Verticd net-opening, wing spread and door spread should be monitored at 30 secord
intervas.

Trawling should be carried out only during daylight hours, i.e. between sunrise and sundown.

Any incidentd mortality of marine mammals or birds must be recorded.

All fishing gear lost during the course of the survey must be logged and reported.



5. ANALYSISOF THE CATCH

Fish in the catch should be sorted into species and the total weight and total number of each
species recorded. In case of large catches, a representative subsample should be sorted. Attention
must then be given to a possible uneven didtribution of species and/or sSize classes in the hold.

In order to assess the impact of bottom trawling on benthic communities the catch of
benthos should be weighed.

6. BIOLOGICAL SAMPLING

Representative length didtributions should be recorded for al exploited species (high
priority) and dl other species (if time permits). The Sze of a representative sample is difficult to
define but usudly contains a minimum of 100 fish measured. Length is defined as totd length
(Figure 3) measured to the nearest centimetre below.

Concurrently with length measurements sex and maturity data should be collected. Maturity
stages should be classified according to the maturity scae given in Table 2. Otoliths (and scaes for
nototheniids) shoud be collected on a survey area basis, or in the case of the presence of two or
more stocks according to their sock boundaries. For the commercidly exploited species a
minimum sampling leve of 10 otoliths per sex and 1 cm length class should be maintained. For the
smdler sSze groups, that presumably contain only one age dass, the number of otoliths per sex and
length class may be reduced.

7. INFORMATION TO BE REPORTED TO CCAMLR
7.1  Survey Desgn and Data Collection
*  Survey area
»  Geographica boundaries: |atitude and longitude

*  Map of area surveyed including location of fishing stations (and preferably bathymetry)
* Sdentigin charge



1.2

7.3

7.4

7.5

Description of Vessd

* Nameof ves#

* VessH sze (length, GRT, HP)

* Vessd type

* Incdludedin CCAMLR regigter of commercid or research vessdls.

Description of Fishing and Other Gear

» Destription of gear used, eg. bottom or semi-pdagic trawl, including congtruction
drawing and rigging diagram (see Figures 1 and 2)

* Auxiliary gear (dan leno assambly, etc.)

*  Type of mesh (diamond, square, other)

* Mesh gze in cod end (mm) (measurements according to standards set out in the
CCAMLR Ingpection Manud).

Description of Acoustic Equipment

*  Operating frequency
» Cdibration method
» Cdibration detals, eg.
Source level
Pulse length
Directivity index
Recalving sengtivity
Cdlibration congtant (source level plus receiving sengtivity)
TVG correction details

Survey Desgn

*  Survey design (random, systemdtic, etc.)

* Target species

»  Srdification (according to depth zones, fish dengity, etc.)
»  Detalls of sources of gratification

* Haul durdtion

*  Number of gations planned and carried out

*  Locations and map of fishing dations



7.6  Methods of Survey Data Andyses

for example:
*  Swept area method
» Statidticad properties of the estimator

7.7  Datato be Reported to CCAMLR

Haul-by-haul dataincluding

Date and time

Desgnated sratum for the haul

Start and end position of trawl

Method of pogtion fixing (e.g., GPS)

Duration of haul

Mean trawling depth

Wire out

Digtance trawled over ground

Net mouth opening (vertical- horizonta)

Catch by speciesin weight and numbers

Length frequency digtributions of exploited species

Benthos weight

Maturity stage information

Feeding information

Other (e.g., paraditic infestation, lesions, €tc.)
Combined for rectangle subarea:

Length/weight-age information of exploited species

Incidenta mortdity of mammals and birds

Fishing gear logt

Data should be reported to CCAMLR using Formats C1, C4, B2, B3 and B4.
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APPENDIX |

1992 ASSESSMENT SUMMARIES



Assessment Summary: Notothenia rossii, Subarea 48.3

Sour ce of Information: This Report

Yea: 1987 1988 1989 1990 1991 1992 M ax Min?2
Recommended TAC 0
Agreed TAC 300 300 0
Landings 216 197 152 2 1 1 24897 1
Survey Biomass 114712 1699 2439 14812 4205C 7309¢
16340 3015P  1002d
3900P
Surveyed by a)a nad USA/POL UK/POL UK/POL& UK¢ UK¢®
USAt/)POL USSRP USSR
Sp. Stock Biomass® No information
Recruitment (age...) available
Mean F (....)! since 1985/86
Weightsin tonnes, recruitsin ..........
1 ... weighted mean over ages(...)
2 Qver period 1982 to 1992
3 From VPA using (.......... )
Conservation Measuresin Force: 2111 and 31V
Catches: UK 1 tonne (research).
Data and Assessment: No new datafor an assessment.
Fishing Mortality:
Recruitment:
State of Stock: Stock remainsat alow levd.
Forecast for 1992/93:
Option Basis 1992 1993 Implications/
F SSB Catch F SSB Catch Consequences

Weightsin tonnes




Asessment Summary: Champsocephalus gunnari, Subarea 48.3
Sour ce of Information: This Report

Year: 1987 1988 1989 1990 1991 1992 M ax2 Min2
Recommended TAC 31500 10200 12000 8400-61900
Agreed TAC 35000 -4 8000 26000 0
Landings 71151 34619 21359 8027 92 5 1281946 25
Survey Biomass 159283 15716 223285 1495082 262048 402468
4421680 192144P
Surveyed by Spaln USA/POL UK/POL UK/POL2 uka uka

USSRP  usskb

Sp. Stock Biomass®
Recruitment (age...)

Mean F(....)! 0

Weightsin tonnes

1 ... weighted mean over ages(...) 4 Prohibition from 4 November 1988

2 Qver period 1982 to 1992 5 Standard estimate from WG-FsA-91, Appendix D
3 FromvVpA using (.......... ) 6 Maximum catch in 1983

Conservation Measuresin Force: 19/1X and 33/X
Catches: UK 5 tonnes (research).

Data and Assessment: VPA assessment tuned to survey abundance and CPUE indicesin WG-FSA -
92/27 and at the meeting gave poor results for most recent years, current abundance estimate
provided by 1992 trawl survey.

Fishing Mortality: Zero F in 1991/92 due to closure of the fishery.

Recruitment: Recent leves of recruitment uncertain, poor reproductive performance reported from
1991 survey (WG-FSA-91/14) may result in poor recruitment of one year olds in 1992/93.

State of Stock: Stock abundance increased since 1990/91 in line with expectations. Condition of
fish and feeding intensity improved since 1990/91.

Forecast for 1992/93:

Option Basis 1992 1993 Implications/
F Stock Catch F Stock Catch Consequences
Fos Zero  3gp00l S 0.39 520002 152002 | Lower 95% confidence
limit of stock in 1993/94
494003
Closure Zero 38000 5 Zero 520002 Zero Lower 95% confidence
limit of stock in 1993/94
627003

Weightsin ‘000 tones

1 Age2+

2 Age 2+, assumes recruitment in 1991/92 at lower 95% confidence limit
3 Age 2+, assumes recruitment in 1992/93 at lower 95% confidence limit




Assessment Summary:  Patagonotothen guntheri, Subarea 48.3

Sour ce of Information: This Report

Year: 1987 1988 1989 1990

1991

1992

M ax2 Min2

Recommended TAC -
Agreed TAC 13000 12000
Landings 8810 13424 13016 145

20-36000

0 36788 5029

Survey Biomass 81000
Surveyed by Spain

5842
16365P

uka
USSRb

12746

UK

Sp. Stock Biomass®
Recruitment (age 1)

Mean F (3-5)

33 3

Weightsin tonnes

1 ... weighted mean over ages(...)
2 QOver period 1982 to 1992

3 FromvVPA using (.......... )

4 Maximum catch in 1989

Conservation Measuresin Force: 34/x

Catches. Research catch only (<1 tonne).

Data and Assessment:

Fishing Mortality:

Recr uitment:

State of Stock: Unknown.

Forecast for 1992/93:

Option Basis 1992
F SSB Catch F

1993
SSB

Catch

Implications/
Consequences

Weightsin tonnes




Asessment Summary:  Dissostichus eleginoides, Subarea 48.3

Sour ce of Information: This Report

Year: 1987 1988 1989 1990 1991 1992 M ax? Min2
Recommended TAC -
Agreed TAC - 25006 3500
Landings 1199 1809 4138 8311 3843 3703 8311 109
Survey Biomass 1208 674 326 gg3ra  33;4@ 19315+ 3353

16030 3020+P 885+ 2460+
Surveyed by USA/ USA/ UK/ POL/UK?2 UK UK
POL4 POL* POL“ UssRb

Stock Biomass® 20745 - 435817 8000 - 160000°
Recruitment (age...) na
Mean F (....)! na na
Weghtsin tonnes
1 ... weighted mean over ages(...) 5 TACfrom 1 November 1990 to 2 November 1991
2 Over period 1982 to 1992 6 Edtimated from various methods
3 Edimated from cohort projections *  Shag Rocks
4 Survey excluding Shag Rocks *+ South Georgia

Conservation Measuresin Force: 35/X, 36/X, 37/X

Catches. TAC of 3 500 tonnes reached 10 March (dtarted 4 November). Bulgaria fished
11 tonnes &fter the closure. Russia 132 tonnes during a research cruise until 30 June 1992.
After 30 June, 59 tonnes. UK bottom trawl survey, 1 tonne.

Data and Assessment: One assessment (De Lury) presented in WG-FSA-92/24. Problem with
possible need to standardise effort for effects such as hook sizeltype, depth of fishing, area.
Haul-by-haul data provided; this dlowed investigation of effect of different factors on CPUE.
At meeting: used De Lury method on subsets of data where oneltwo vessdls fished in a
‘local’ area and cPUE showed a decline, to estmate ‘loca’ dendity. Seabed area between
500 to 2 000 m was calculated to extrapolate from dengity to overal biomass.

Fishing Mortality: Not caculated.
Recruitment: Survey results (WG-FSA-92/17) suggest future recruitment at an average leve.
State of Stock: Between 8 000 to 160 000 tonnes; thought unlikely to be above 45 000 tonnes.

Forecast for 1992/93: Suggested catch levels 750 to 5 370 tonnes.

Option Basis 1992 1993 Implications/
F SSB Catch F SSB Catch Consequences

Weightsin tonnes



Assessment Summary: Notothenia gibberifrons, Subarea 48.3

Sour ce of Information: This Report

Year: 1987 1988 1989 1990 1991 1992 M ax2 Min?2
Recommended TAC 500-1500
Agreed TAC 0
Landings 2844 5222 838 11 3 4 11758 0
Survey Biomass 1400 7800 8500 17000 25000 29600
Surveyed by USA USA UK UK UK UK

USSR USSR

Sp. Stock Biomass® 4700 4300 3300 4300 6200 18800 3300
Recruitment (age 2) 24000 24000 21000 27000 25000 27000 13000
Mean F(....)! 0.36 0.86 054 0.014 0.0002 0.95 0

Weightsin tonnes

1 Weighted mean over ages2to 16

2 Over period 1975/76 to 1991/92

3 From VPA using survey g = 1 model
Conservation Measuresin Force: 34/X

Catches: Research catch only in 1990/91 and 1991/92.

Data and Assessment: No new information on past by-catch in the C. gunnari fishery. No new
andytica assessment performed, due to no catch-at-age data for last four seasons.

Fishing Mortality: Zeroin 1991/92.

Recruitment :

State of Stock: Steady increase in survey biomass estimates in recent years, now estimated to be
7310 78% of theinitid level.

Forecast for 1992/93:

Option Basis 1992 1993 Implications/
F Stock Catch F Stock Catch Consequences
Surveyq=1 0 29600 4 1470
by-catchin
C. gunnari fishery
limited toMSY
level

Weightsin tonnes




Assessment Summary:  Chaenocephal us aceratus, Subarea 48.3

Source of Information: This Report

Y ear 1987 1988 1989 1990 1991 1992 M ax2 Min?2
Recommended TAC 1100 0 300 300-500
Agreed TAC 0 300 300 0
Landings 339 313 1 2 2 2 1272 1
Survey Biomass 8621 6209 5770 142262 13474¢ 12500
14424b 180220
17800P
Surveyed by USA/POL USA/POL UK/POL UK/POL2 UKEC UK
UussR?  UsRA
Sp. Stock Biomass® 4179 4156 4404 5008
Recruitment (age 2) 5375 8648 6717 4047
Mean F(....) 0.17 0.13 0.002

Weightsin tonnes, recruitsin ‘000s
1 ... weighted mean over ages3to 11
2 QOver period 1982 to 1992

3 From VvPA using revised VPA from WG-FSA-90/6

4 Predicted

Conservation Measuresin Force: 34/X

Catches. Research catch only in 1990/91 and 1991/92.

Data and Assessment: No new information on past by-catch in C. gunnari fishery. No rew
anaytical assessment performed, due to no catchat-age data for last four seasons.

Fishing Mortality: Zeroin 1991/92.

Recr uitment:

State of Stock: Survey biomass relaively consstent over recent year, now estimated to be 66 to

67% of initid level.

Forecast for 1992/93:

Option Basis 1992 1993 Implications/
F Biomass Catch F SSB Catch Consequences
Survey q=1, 0 12500 2
catch limited
to by-catchin
C. gunnari
fishery

Weightsin tonnes




Assessment Summary: Pseudochaenichthys georgianus, Subarea 48.3

Sour ce of Information: This Report

Year 1987 19838 1989 1990 1991 1992 M a2 Min2
Recommended TAC 1800 0 300  300-500
Agreed TAC 300 300 0
Landings 120 401 1 1 2 2 1661 1
Survey Biomass 5520 9461 8278 57618 13948C 13469
12200P 9959¢
10500P
Surveyed by USA/POL USA/POL UK/POL UK/POL2 UKE¢® UK
USSRP  ussrd
Sp. Stock Biomass® 5498 8090 8889*
Recruitment (age 1) 4337 1372
Mean F (....)! 0.09 015

Weights in tonnes, recruitsin *000s

1 ... weighted mean over ages 3t0 6

2 Qver period 1982 to 1992

3 FromVPA described in WG-FsA-90/6
4 Predicted

Conservation Measuresin Force: 34/x
Catches: Research catches only in 1990/92 and 1991/92.

Data and Assessment: No new information on past by-catch in C. gunnari fishery. No new
anaytical assessment performed, due to no catchat-age data for last four seasons.

Fishing Mortality: Zeroin 1991/92.

Recruitment:

State of Stock: Survey biomass relatively consistent over recent years, now estimated to be 30 to
37% of initid level. Recovery gppears to be dower than for N. gibberifrons and C.

aceratus.

Forecast for 1992/93:

Option Basis 1992 1993 Implications/
F Biomass Catch F SSB Catch Consequences
Surveyq=1 0 13500 2
catch limited
to by-catchin
C. gunnari
fishery

Weightsin tonnes




Assessment Summary: Notothenia squamifrons, Subarea 48.3

Sour ce of I nformation:

Y ear 1987 1988 1989 1990 1991 192 M2 Min2  Mean2
Recommended TAC 0 300 300
Agreed TAC 300 300 0
Landings 190 1553 927 0 0 0 1553 0 563
Survey Biomass 13950 409 131 13592 1374 1232
534p
Surveyed by USA/POL USA/POL UK/POL k/poLd UK UK
USSRP
Sp. Stock Biomass?
Recruitment (age...)
Mean F(....)!
Weightsin tonnes, recruitsin ..........
1 ... weighted mean over ages(...)
2 Qver period 1982 to 1992
3 FromvVPA using (.......... )
Conservation Measuresin Force: 34/X
Catches. Research catches only in 1991/92.
Data and Assessment: Now new data, no assessment performed.
Fishing Mortality: Zeroin 1991/92.
Recruitment:
State of Stock: Unknown.
Forecast for 1992/93:
Option Basis 1992 1993 Implications/
F SSB Catch F SSB Catch Consequences

Weightsin tonnes




Assessment Summary:  Electrona carlsbergi, Subarea 48.3

Sour ce of I nformation:

Year 1987 1988 1989 1990 1991 1992 M ax2 Min2  Mean?
Recommended TAC - - - - - -
Agreed TAC - - - - - 245000
Landings 1102 14868 29673 23623 78488 46960
Survey Biomass 1200kt  yssr4
Surveyed by 160kt  yssr5

Sp. Stock Biomass®
Recruitment (age...)

Weightsin tonnes, recruitsin ..........

1
2
3
4
5

... weighted mean over ages(...)

Over period 1982 to 1992

From vPA using (.......... )

WG-FSA-90/21 large portion of Subarea 48.3
WG-FSA-90/21 Shag Rocks region

Consarvation Measuresin Force: 38/X; TAC 245 000 tonnes. 39/X, 40/X.

Catches: 46 960 tonnes - fine-scae data incomplete.

Data and Assessment:

Length composition data August to October 1991 from commercid

caiches. By-catch data from research trawl 1987 to 1989. No new biomass surveys or
estimates of biological parameters such as age stucture of the sock were available,

Fishing Mortality:

Recr uitment:

State of Stock: With no estimates of biomass or age structure of the current stock (most of the
gock origindly surveyed over 1988/89 are likely to have disappeared) no assessments of

stock size were possible.

Forecast for 1992/93:

Option Basis 1992

F Exploitable Catch
Biomass

F

1993
Exploitable
Biomass

Catch

Implications/
Consequences

Weightsin ‘000 tonnes




Assessment Summary: Notothenia rossii, Divison 58.5.1

Sour ce of Information: This Report

Y ear 1987 1988 1989 1990 1991 1992 M ax2 Min2  Mean?

Recommended TAC
Agreed TAC
Landings 482 21 245 155 287 0 9812 0 1462

Survey Biomass
Surveyed by

Sp. Stock Biomass®
Recruitment (age...)

Mean F(....)!

Weightsin tonnes, recruitsin...........
1 ... weghted mean over ages(...)
2 Qver period 1982 to 1992

3 FromVPA using (.......... )

Conservation Measures in Force: Conservation Measure 2/11l. Resolution 3/1v. Limitation of
trawlers alowed on fishing grounds each year. Arrété NO: 18, 20, 32 (for details see sc-
CAMLR-VIII, Annex 6, Appendix 10, page 290).

Catches: Nil

Data and Assessment:

Fishing Mortality:

Recr uitment:

State of Stock:

Forecast for 1992/93:

Option Basis 1992 1993 Implications/
F SSB Catch F SSB Catch Consequences

Weightsin tonnes

10



Assessment Summary: Notothenia squamifrons, Divison 58.5.1

Source of Information: This Report

Y ear 1987 1988 1989 1990 1991 1992 Maxt  Min2 Mean?
Recommended TAC
Agreed TAC 5000 2000 2000%
Landings 1635 39 1553 1262 93 1 73%4 1 2191
Survey Biomass
Surveyed by

Sp. Stock Biomass®
Recruitment (age...)

Weightsin tonnes, recruitsin..........
1 ... weighted mean over ages(...)
2 Qver period 1982 to 1992

3 From VPA using (.......... )

Conservation Measures in Force: Catch limits set snce 1987 (French/Soviet agreement).

Conservation Measure 2/111; Arrété 20 and 32.

Catches: 1tonneonly - possibly as by-catch from C. gunnari fishery.

Data and Assessment:

Fishing Mortality:

Recruitment :

State of Stock:

Forecast for 1992/93:

Option Basis 1991
F SSB Catch F

1992
SSB

Catch

Implications/
Conseguences

Weightsin tonnes

1




Assessment Summary: Champsocephalus gunnari, Divison 58.5.1

Sour ce of Information: This Report

Y ear 1987 1988 1989 1990 1991 1992 Max2  MinZ Mean?

Recommended TAC

Agreed TAC

Landings (Kerguelen) 0 157 23628 12644 4 25852 4 10402
Landings (Combined)

Survey Biomass
Surveyed by

Sp. Stock Biomass®
Recruitment (age...)

Mean F(....)!

Weightsin tonnes, recruitsin...........
1 ... weighted mean over ages(...)
2 QOver period 1982 to 1992

3 FromvVPA using (.......... )

Conservation Measures in Force: Consarvation Measure 2/111; Arréé 20; Conservation
Measure as for N. rossii TACSs st under French/Soviet Agreement.

Catches. Low catch of 44 tonnes despite expected high abundance of fish due to presence of
strong 3+ cohort.

Data and Assessment:

Fishing Mortality:

Recruitment: Probably low this season.

State of Stock: If the pattern of recent years continues, there will be a strong 1+ cohort in the
population in 1992/93. Thiswill not be recruited to the fishery until 1993/94 season.

Forecast for 1992/93:

Option Basis 1992 1993 Implications/
F SSB Catch F SSB Catch Consequences

Weightsin tonnes

12



Assessment Summary:  Dissostichus eleginoides, Divison 58.5.1

Source of Information: This Report

Year 1987 1988 1989 1990 1991 1992 M ax2 Min2  Mean?2
Recommended TAC
Agreed TAC
Landings 3144 554 1630 1062 1848 7492 7492 121 2123
Survey Biomass 27200
Surveyed by

Sp. Stock Biomass®
Recruitment (age...)

Weightsin tonnes, recruitsin ..........
1 ... weghted mean over ages(...)
2 Qver period 1982 to 1992

3 FromvVPA using (.......... )

Conservation Measuresin Force: None.

Catches: Highest annua catch on record comprising:

1 589 tonnes by French trawlers in the northern grounds,
5 903 tonnes by Ukraine trawlers in the northern grounds; and
705 tonnes by Ukraine longliners in the western grounds.

Data and Assessment:
Fishing Mortality:

Recr uitment:

State of Stock: New grounds in the northern part of the area have been heavily exploited by
trawlers in 1991/92. cPuUE at 1.0 to 2.0 tonnes’hour has declined to smilar levels to those
experienced on the western grounds after severa fishing seasons.

Forecast for 1992/93:

Option Basis 1992
F SSB

Catch

1993
SSB

Catch

Implications/
Consequences

Weightsin tonnes

Catches should be limited to not more than 1 100 tonnes from each ground until scientific data

indicate otherwise.
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Assessment Summary: Notothenia squamifrons, Divison 58.4.4

Sour ce of Information: This Report

Y ear 1987 1988 1989 1990 1991 1992 Max Min2 Mean3

Recommended TAC (LenaBank)
Agreed TAC
Landings (LenaBank?) 506 2013 3166 596 ? 0 6284 0 133
Survey Biomass (Ob Bank) 12700
Survey Biomass (Lena Bank)
Surveyed by USSR
Sp. Stock Biomass? na
Recruitment (age...) na
Mean F(....)!
Weightsin tonnes, recruitsin ..........
1 ... weighted mean over ages(...) a From WG-FSA-92/5
2 Over period 1982 to 1992 b From sc-CAMLR-1x/BG2
3 Assumes TAC of 267 tonnes for Ob Bank Pat 2 (Statidtical Bulletin)

and 305 tonnes for Lena Bank was taken

in 1991

4 FromVPA using (.......... )

Conservation Measuresin Force: 2111 and 4/v

Catches: A further set of catch histories (WG-Fsa-92/5) was provided, which were inconsistent
with the three previous reports.

Data and Assessment: There is much confuson over catch data, which must be consdered as
unrelidble. A VPA was re-run using the new catch history and M of 0.15, which gave a
stock of 6 000 tonnes for Lena Bank and 3 500 tonnes for Ob Bank.

Fishing Mortality: High prior to 1989, but moderate to low since then.
Recruitment: Unknown.
State of Stock: Severely depleted in the past, but now probably dowly recovering.

Forecast for 1992/93:

Option Basis 1992 1993 Implications/
F SSB Catch F Biomass Catch Conseguences

Weightsin tonnes
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