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Abstract

This document presents the adopted record of the Thirteenth Meeting
of the Scientific Committee for the Conservation of Antarctic Marine
Living Resources held in Hobart, Audtraia, from 24 to 28 October
1994. Magor topics discussed at this meeting indude: krill, fish, crab
and squid resources, ecosystem monitoring and management, marine
mamma and bird populations, assessment of incidental mortdity and
management under conditions of uncertainty. Reports of meetings
and intersessond activities of subgdiary bodies of the Scientific
Committee, including the Working Groups on Krill, on Fish Stock
Assessment, for the CCAMLR Ecosystern Monitoring Program and on
Incidental Mortdity Arising from Longline Fishing, are gppended.
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REPORT OF THE THIRTEENTH MEETING
OF THE SCIENTIFIC COMMITTEE
(Hobart, Australia, 24 to 28 October 1994)

OPENING OF THE MEETING

11 The Scientific Committee for the Conservation of Antarctic Marine Living Resources met
under the Chairmanship of Dr K.-H. Kock (Germany) from 24 to 28 October 1994 at the Wrest
Point Hotel, Hobart, Australia

12 Representatives from the following Members atended the meeting:  Argenting, Austrdia,
Belgium, Brazil, Chile, European Economic Community, France, India, Itay, Japan, Republic of
Korea, New Zedand, Norway, Poland, Russan Federation, South Africa, Spain, Sweden, United
Kingdom of Greeat Britain and Northern Ireland and United States of America

1.3 The Chairman welcomed to the meeting observers from Canada, Greece, Ukraine, the
Antarctic and Southern Ocean Codition (AsoC), the Intergovernmental Oceanographic Commisson
(100), the Internationd Whding Commisson (Iwc) and the Scientific Committee on Antarctic
Research (SCAR) and encouraged them to participate in the meeting as gppropriate.

14 A Lig of Paticipants is given in Annex 1. A Ligt of Documents consdered during the
mesting isgiven in Annex 2.

15 The following rapporteurs were appointed to prepare the report of the Scientific
Committee:

 DrA. Congable (Austrdia), Fish and Crab Resources,

* DrW.delaMare (Audrdia), Krill Resources,

e DrJ Croxdl (UK), Ecosystem Monitoring and Management;

e MrD. Miller (South Africa), Joint Meeting of the Working Groups on Krill and CEMP,

e Dr J Bengtson (UsA), Marine Mamma and Bird Populations;

* DrsK. Kerry (Augrdia) and J. Croxal, Assessment of Incidental Mortdity;

* Dr G. Watters (UsAa), Management Under Conditions of Uncertainty about Stock Size
and Sudtainable Yidd;

» Dr E. Sabourenkov (Secretariat), Publication; and

* DrD. Agnew (Secretariat), dl other matters.



ADOPTION OF THE AGENDA

1.6 The Provisond Agenda had been circulated prior to the meeting. The Provisond Agenda
was adopted without amendments (Annex 3).

REPORT OF THE CHAIRMAN

17 During the intersessona period Members paticipated in a number of meetings. The
Chairman expressed his thanks to South Africa for hosting the meetings of the Working Group on
Krill Wa-krill), the Working Group for the cCAMLR Ecosystem Monitoring Program (WG-CEMP),
Joint wG-Krill and wG-CEMP, and Flux Workshop (paragraphs 1.8 and 1.9), and to Conveners,
Members, Rapporteurs and the Secretariat for ensuring their success.

1.8 WG-Krill met from 25 July to 3 August 1994, and was chaired by the Convener, Mr Miller.
WG-CEMP dso met from 25 July to 3 August 1994, and was chaired by the Convener, Dr Bengtson.
A joint meeting of these two Working Groups from 27 Jduly to 2 August 1994 was chaired by the
Charman of the Scentific Committee, Dr Kock. These meetings were held at the Breakwater
Lodge, Cape Town, South Africa

19 A Workshop on Evauating Krill Flux Factors, chaired by Dr de laMare, was held prior to
the meeting of wG-Krill from 21 to 23 July 1994 at the Sea Fisheries Indtitute, Cape Town.

1.10  The Working Group on Fish Stock Assessment (WG-FsA) met in Hobart, Audtrdia, from
11 to 19 October 1994, and was chaired by the Convener, Dr |. Everson (UK).

1.11 At its 1993 meseting, the Scientific Committee decided to establish an Ad Hoc Working
Group on Incidenta Mortdity Ariang from Longline Fshing (WG-IMALF) (SC-CAMLR-XII,
paragraph 10.19). The first meeting of this ad hoc group was held on 21 and 22 October 1994 in
Hobart, Austrdia, and was chaired by the Convener, Dr C. Moreno (Chile).

1.12  The report of WG-FsA is attached as Annex 4, that of wGkrill as Annex 5, that of
WG-CEMP as Annex 6, that of the Joint Meeting as Annex 7 and that of WG-IMALF as Annex 8. The
report of the Workshop on Evaluating Krill Fux Factors is appended to the report of wG-Krill as

Appendix D.



1.13  The Sdentific Committee was represented as an observer a a number of internationa
meetings during the intersessond period:

82nd Statutory Mesting of ICES, 22 to 27 September 1994, St Johns, Canada- Dr M.
Sssenwine (UsA);

o 1994 Annua Mesting of the 1wc Scientific Committee, May 1994, Puerto Vdlarta,
Mexico - Dr delaMare;

* XXl Medting of SCAR, 29 August to 9 September 1994, Rome, Italy - Dr Everson;

* Medings of SCAR Groups of Specidists, 23 to 27 May 1994, Padua, Itay -
Dr Croxdl;

e Sixth sCAR Symposum on Antarctic Biology, 30 May to 3 June 1994, Venice, Itdy -
Dr Sabourenkov;

*  SO-GLOBEC Implementation Mesting, June 1994, Bremerhaven, Germany - Dr Everson;

* SCAR-COMNAP Ad Hoc Antarctic Data Management Mesting, 29 August to
2 September 1994, Rome, Italy - Dr Agnew;

* FAO Ad Hoc Consultations on the Role of Regiond Fisheries Agencies in Relaion to
High Seas Fisheries Statigtics, 13 to 16 December 1993, La Jolla, usa -
Dr Sabourenkov; and

* 3rd International Marine Debris Conference, 8 to 13 May 1994, Miami, Horida -
Dr Sabourenkov.

1.14  The Charman regretfully informed the Scientific Committee that Dr Rodion Makarov had
died on 12 August 1994 in Moscow. Dr Makarov was a member of wG-Krill and had contributed a
great ded to the work of the Scientific Committee through his studies on Antarctic krill biology,
digtribution and population dynamics. The Chairman aso informed the Scientific Committee that two
Chilean fishermen had logt their lives in a fire on board the Chilean longliner Friosur V whilst it was
fishing for Dissostichus eleginoides in Subarea 48.3. The Scientific Committee extended its
condolencesto the families of Dr Makarov and the Chilean crewmen.



1.15 During the intersessond period, scientific observers from the UK, usA and Russa,
operating under the cCAMLR Scheme of Internationd Scientific Observation, were present on
vesdsfishing for D. eleginoides in Subarea 48.3.

1.16  Thefird issue of CCAMLR Science was published in October 1994 and was distributed to
delegates a the current meeting.

FISH RESOURCES

FISHERY STATUS AND TRENDS

21 The only species targeted in commercid fisheries in the 1993/94 season were
D. eleginoides and Electrona carlsbergi (SC-CAMLR-X111/BG/1). A catich of 603 tonnes of
D. eleginoides was taken by longlines in Subarea 48.3 in accordance with Conservation Measure
69/x111. 942 tonnes were reported by longliners and 4 141 tonnes by trawlers in Division 58.5.1.
12 tonnes of skates and rays were reported in Subarea 48.3 as by-catch in the D. eleginoides
fishery. A catch of 114 tonnes of myctophids in Subarea 48.3 in October 1994 was reported to
CCAMLR just prior to the meeting. There were no reports of commercia catches of
Champsocephalus gunnari in Subarea 48.3, D. eleginoides in 48.4 or Notothenia squamifrons
in Divison 58.4.4, even though TACs had been st for these fisheries.

REPORT OF THE WORKING GROUP ON FISH STOCK ASSESSMENT

2.2 WGFSA met from 11 to 19 October 1994 a ccAMLR Headquarters in Hobart. The
Convener of the Working Group, Dr Everson, presented the report of the meseting.

2.3 The Report of the Working Group is attached in Annex 4.

Data Requirements Endorsed by the Commission in 1993

24 Vaious data were specificaly requested by the Working Group in 1993 (SC-CAMLR-XII,
Annex 5, Appendix D). Data submitted to the Secretariat in response to this request are listed in
Annex 4, Appendix D.

1 Anadditional 43 tonnes were reported as having been taken by Russian longliners from October to January.
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25 Haul-by-haul and length frequency data from the fishery for D. eleginoides in
Subarea 48.3 were reported in accordance with Conservation Measure 69/Xl11.  France reported
fine-scde and length frequency data from the fishery for D. eleginoides in Divison 585.1 and
Subarea 58.6. Other biological data were reported from the various research cruisesin the 1993/94
season. However, most data requested by the Working Group are still outstanding.

Fish Biology/Demography/Ecology and Other Information

2.6 WG-FSA welcomed the data made available by observers of the D. eleginoides fishay in
Subarea 48.3. These data were considered under a number of agendaitems of the Working Group
meeting (Annex 4, paragraphs 3.7 to 3.12). Dr K. Shust (Russa) explained that a report from a
Russan obsarver on a Bulgarian longliner, who only recently returned to Russia, will be submitted to
CCAMLR assoon asit isavallable.

2.7 WG-FSA discussed papers dedling with various aspects of fish biology/demography/ecol ogy
relevant to stock assessments. Topics included age and growth, reproduction and early life history,
trophic relationships and stock separation (Annex 4, paragraphs 3.26 to 3.35).

2.8 Dr E. Fanta (Brazil) reported that the scAR Ad Hoc Working Group on Evolutionary
Genetics of Antarctic Marine Organisms is proposing to meet in Brazil in March/April 1995. This
group seeks, inter alia, to promote the coordinated investigation of stock separation. This is of
condderable interest to CCAMLR with repect to identifying the origin of seabirds caught in longline
fisheries as well as stock identity in a number of exploited fish pecies.

2.9 A revised bathymetric map of the Elephant Idand area and estimates of seabed areas
around the idands have been added to the cCAMLR database on seabed areas. In addition, the
Secretariat has developed software to caculate seabed areas in the Convention Area (Annex 4,
paragraphs 3.37 and 3.38).

New Fisheries

210  ccAMLR has had no natifications that Members intend to initiate a new fishery under
Conservation Measure 3UX.



Assessments and Management Advice

211  Assessment summaries for the various fish stocks assessed by WGFSA are presented in
Appendix F of Annex 4.

Statistica Area 48 (South Atlantic)

Dissostichus el eginoides (Subarea 48.3)
(Annex 4, paragraphs 4.5 to 4.44)

212  Assessmentsof D. eleginoides in Subarea 48.3 were based on the re-andysis of the
1992/93 edtimates of loca dengties, results of the 1994 depletion experiments in the fishery,
examinations of annud CPUE data and length frequency digtributions from commercia catches and
estimated recruitment from survey data (Annex 4, paragraphs 4.8 to 4.25). The results provided no
evidence of trends in the abundance or status of the stock and, as a consequence, no estimate of
yield was made.

213  The Scentific Committee noted that the assessments conducted in 1993 using the De Lury
method were superseded by the 1994 anadlysis - the analyses done in 1993 involved a number of
errors and ingppropriate choice of subsets of available data. Re-andyss of the full data set showed,
contrary to the conclusions reached in 1993, that there was no evidence of stock depletion. The
Working Group had concluded that the assumption of the modd, that the level of immigration was
very smdl, was invdid. As a result, no conclusion regarding stock size could be drawn from the
1992/93 cPUE data.

214  Theresults of a De Lury andyss of the CPUE data from the depletion experimentsin 1994
were not conclusve. Hence, estimates of biomass were consdered unrdiable.

215  There were no demongrable declines in CPUE over the last four years that could be
atributed to fishing. Three dternative explanations for this were consdered:

(i) the stock may not have become depleted (Annex 4, paragraph 4.31) and, as a
consequence, the catches may be sustainable at current levels

(i) the reationship between stock sze and CPUE may be weak. For example, the
overd|l sock may be dedining under fishing but movement of the fish into the fishing
areamay keep the CPUE rdaively congant (Annex 4, paragraph 4.27); and



(i) ardationship between stock abundance and CPUE may exist but is masked by natura
vaiaion in the annua CPUE, the variability in performance of longline fishing may be
such as to prevent an estimate of the decline in aundance before depletion has
occurred (Annex 4, paragraph 4.31).

216  The Scientific Committee agreed that work needs to be carried out to determine whether
congtant CPUE in thisfishery isareiable indicator that the catch level is sustainadle,

217  The Sdentific Committee agreed that there is an urgent need to develop methods of
ases3ng the biomass of D. eleginoides and endorsed the holding of a three-day workshop in
asociation with the next meeting of WGFSA. The Scentific Committee recommended that the
workshop should go ahead, pending the submission of data and appropriate papers by 1 August
1995. The decision to hold the workshop will be taken by the Convener of WG-FsA, the Chairman
of the Scientific Committee and the Data Manager. The Scientific Committee gpproved the
following terms of reference for the workshop:

() to review catch information, including trends in catches of individuad vessds and
including the location and extent of catches both insde and outsde the Convention

Area;

(i) toreview and evauate available information on stock identity over the entire range of
the species and in particular the relationships between stocks in Subarea 48.3 and
neighbouring aress,

(i) to review and evduate methods of conducting surveys of stocks targeted using
longlines,

(iv) toreview and evauate methods of ng the status of stocks and for determining
gopropriate yidds, including the utility of cPUE data from the longline fishery in these
assessments,

(v)  to determine the datarequired from the longline fishery; and

(vi) to provide advice to the Working Group on stock identity and on stock survey and
assessment procedures.



218  The Sdentific Committee recommended that funds be made avaladle to pay for two
invited experts to participate in the workshop. The Scientific Committee noted that experience from
other D. eleginoides fisheries outs de the Convention Areawould benefit the workshop.

219  The Scentific Committee was aware of reports of potentialy large catches being taken
from Subarea 48.3 and which were not recorded in official gatistics. Also, catches outside but
adjacent to the Convention Areamay be from the same stock. The Scientific Committee agreed that
the best information available on totd catch should be used in stock assessments, provided the data
are wdl documented and the sources rdiable, as is common practice in many fisheries management
authorities.

Management Advice

2.20  The Scientific Committee agreed that, should fishing be conducted for D. eleginoides in the
coming season, fishing effort should be digtributed in such a way as to ensure that catch and effort
data are able to contribute to assessments of the stock.

221  Some Members suggested that it would be beneficid to digtribute effort throughout the
subarea and over a period longer than a single reporting period, but consistent with periods fished in
previous seasons.

222  The Sdentific Committee noted the success of the scientific observer program in the 1994
fishery in providing important fisheries data for congderation by wGFsa. Consequently, it
recommended that dl vessds participating in the fishery should have scientific observers on board.

2.23  The Sdentific Committee recommends that, in addition to the required information aready
liged in the Inspectors Manual and according to Conservation Measure 71X, the following
information should be requested from commercid fishing operations:

()  converson factors from processed to whole weight;

(i)  bottom depths at both start and end of alongline s;

(iiiy  direction of haul;

(iv) percentage of hooks baited;

(v) amounts of discarded figh;

(vi) dedgn of longline gear (e.g., Spanish, traditiond);

(vii) an unequivoca measure of the depth at which hooks were set off the bottom; and



(viii) information dlowing unique identification of individua vessds across years within the
CCAMLR Database.

2.24 In addition, the Scientific Committee recommended that the Secretariat acquire from FAOQ,
Member countries and Acceding States data on catches of D. eleginoides in areas adjacent to the
Convention Area. The Scientific Committee dso recommended that historica haul-by-haul data for
this fishery be compiled together with information alowing unique identification of individud vessdls
across years (Annex 4, paragraphs 4.32 and 4.43).

2.25  With regard to catch levels for 1994/95, the Scientific Committee endorsed the Working
Group’'s comments that ‘In none of the data examined were there indications that the current and
recent levels of catches had had any detectable effect on the fishery. However, given the concerns
expressed previoudy about interpretation of longline cPUE and the probable high vulnerability of

toothfish to overfishing, the Working Group agreed that a precautionary approach should be taken
to the sdtting of any TACs until a reliable stock assessment has been completed.” (Annex 4,

paragraph 4.40).

2.26 In the absence of a reliable stock assessment for the 1993/94 season, the Scientific
Committee reviewed previous assessments and advice for this stock, and catches, TACs and
conservation measures from previous years (Tables 1 and 2; paragraphs 9.65 to 9.68).

2.27 It was recognised that the estimates contained in Table 1 do not exclude the setting of a
zero TAC as one of the options for the management of thisfishery.

2.28  Theadvice aisng from the assessments of last year, which indicated a Sgnificant depletion
of the stock, was not considered because it was found to be invaid. The previous assessments have
not been invaidated, but the Scientific Committee noted the need to trest them with caution because
they each carry a suite of assumptions that may not have been addressed adequately (see footnotes
to Table 1).

229  There was no agreement on how these assessments could be used to recommend a TAC
because each new method had been applied in an effort to overcome the problems with previous
methods.

Table 1 Assessments of yield (in tonnes) for the longline fishery for D. eleginoidesin Subarea 48.3 provided
by the Scientific Committee in previous years on the basis of a number of stock assessment methods
and yield-per-recruit calculated at F ;.



Assessment Method SC-VIiI SC-IX SC-X SC-XI (1992)2 SC-XIlI
(1989) (1990) (1991) (1993)
Areafished per hook 1790-5370°
Areafished per longline 750-1910%
Length-based cohort 88195 assessment
analysis
not
completed®
Trawl survey of 240-120014 | 1200-80007 | 794-117008 assessment
young fish
not
completed °
De Lury method - 481-843810 1130-143011
annual CPUE
De Lury method - 920-117012 900-1700
loca CPUE (invalid)'3

10

11

12

13
14

10

no agreement on estimates to be used (SC-CAMLR-X, paragraphs 4.64 to 4.66)

considerable uncertainty about stock size and its sustainable yield, stock biomass in excess of 45 000 tonnes
considered unlikely (SC-CAMLR-XI, paragraph 3.79)

estimates sensitive to the range of influence of each hook and the relationship between CPUE and stock

biomass (SC-CAMLR-XI, Annex 5, paragraphs 6.165 to 6.170)

estimates sensitive to effective width of area fished by a longline, extrapolation from local density to whole
region, relationship between CPUE and stock abundance; further caveats in the estimates of biomass using
this method described in SC-CAMLR-XI, Annex 5, paragraphs 6.160 to 6.165

not tuned to independent data; run under the assumption that the fishing mortality in the most recent year

was equal to longterm average fishing mortality (SC-CAMLR-X, Annex 6, paragraph 7.99)

sensitiveto M and K; see SC-CAMLR-XI, Annex 6, paragraph 6.141

no direct estimate of biomass available (SC-CAMLR-1X, Annex 5, paragraph 160); biomass estimated from

young cohorts with unquantifiable uncertainty attached to the results (SC-CAMLR-IX, Annex 5,
paragraph 167); TAC recommended to be in lower part of the range (USSR expressed view that TAC should
bein middle of range) (SC-CAMLR-IX, paragraphs 3.59 and 3.60)

TACs derived from MSY rather than Fy;; CV of estimate used was great because of single large catch in 1991
(SC-CAMLR-X, Annex 6, paragraph 7.96); highest recent catch was close to lower estimates of biomass (SC-
CAMLR-X, Annex 6, paragraph 7.97)

problems using survey results; see SC-CAMLR-XI, Annex 6, paragraphs 6.167 and 6.168

this estimate will be affected by the relationship between the start of the CPUE series and the pre-exploitation
biomass which is unknown (SC-CAMLR-X, Annex 6, paragraphs 7.120 and 7.121)

based on a single estimate of biomass, range is an exploration into effect on yield of different values of M

(SC-CAMLR-XI, Annex 6, paragraphs 6.171 and 6.172); assumes no immigration or emigration and direct

relationship between CPUE and stock biomass (SC-CAMLR-XI, Annex 6, paragraph 6.146); CPUE could not
be calibrated for hook type (SC-CAMLR-XI, Annex 6, paragraph 6.148)

requires re-examination; based on a single estimate of biomass, range is an exploration into effect on yield of

different values of M (SC-CAMLR-XI, Annex 6, paragraphs 6.171 and 6.172); estimates sensitive to effective
width of area fished by a longline, extrapolation from local density to whole region, relationship between

CPUE and stock abundance (SC-CAMLR-XI, Annex 5, paragraphs 6.164 and 6.165)

method invalidated by WGFSA, 1994

yield derived from Gulland formulaY = 0.5 M.B,. Range of B, was FRG biomass survey (lower bound) and
five times the FRG biomass survey (upper bound) (SC-CAMLR-VIII, Annex 6, paragraphs 115 to 120).



Table2: Catches and TACs applying to the longline fishery for D. eleginoides in Subarea 48.3.

Y ear Catch TAC Conservation Measure
(tonnes) (tonnes)

1990 8311 -

1991 3641 2500 241X

1992 3703 3500 35/X

1993 3049 3350 55/X1

194 652 1300 69/X11

Champsocephal us gunnari (Subarea 48.3)
(Annex 4, paragraphs 4.45 to 4.83)

230  No catches were reported for icefish, C. gunnari.

231  Two research surveys amed at estimating the abundance of C. gunnari in Subarea48.3
were conducted during the 1993/94 season, one by the UK and one by Argentina. The Working
Group evauated the methods used during these surveys and found that the results of the surveys
were not comparable because different survey designs, sampling equipment and estimation
methodology had been used (Annex 4, paragraphs 3.18 to 3.20). The Working Group decided to
use the results of the UK survey for their assessment of this stock as it used the same methods as
those employed in surveys of previous years. The survey series therefore provides an indication of
trendsin stock abundance.

232  Thereallts of the UK survey indicated a very much lower standing stock of C. gunnari
than had been expected using stock projections from the 1992/93 survey results. A number of
explanations for the decline was consdered in detail by the Working Group and these are
summarised below:

()  uncetanty in the 1992/93 and the 1993/94 survey estimates - while this may
contribute in part to the difference in the estimates, the Working Group agreed that
other factors are likely to be important;

(i) unreported fishing mortdity - there was no evidence to support this possibility;

(i) vaiability in recruitment - this would not fully explan the lower-than-expected
abundance of age classes older than two years, and

(iv)  dramatic change in naturd mortdity - the Working Group agreed that interannua
variation in M was likely and that M may increase with age.
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2.33  The Working Group concluded that, as in 1991, there had been a genuine decline in
ganding stock of C. gunnari in Subarea48.3. Both declines had occurred around times when krill,
the staple food of C. gunnari, was scarce. Kirill are dso the dominant component in the diet of
Antarctic fur seds and, since fur seds dso edt fish, predominantly C. gunnari, they could have
affected the C. gunnari stock. When krill are scarce, fur seds may change diet and feed
predominantly on fish (Annex 4, paragraphs 4.73 to 4.77). The Working Group noted that the prey
requirements of fur seds particulaly during periods of low krill avalability, may need to be
consdered in future management advice for the C. gunnari fishery in Subarea 48.3.

2.34  The Scentific Committee accepted WG-FSA’s assessment.  Furthermore, the Scientific
Committee endorsed the development of a longterm management plan for this fishery which would
account for uncertainty in biomass esimates, variability in recruitment and variability in naturd
mortality with age and between years (Annex 4, paragraphs 4.78 and 4.79).

2.35  The Scentific Committee agreed that biomass surveys just prior to the meeting of WGFsA
would be beneficid for developing management advice based on information from the stock in the
season to which that advice would apply.

2.36  The Scentific Committee endorsed the conclusions of the Working Group that, given the
uncertainties outlined above, the caculation of yield on the basis of F,; as done in the past is ho

longer appropriate for this ock and that the escapement of the spawning stock should be high for
the 1994/95 season (Annex 4, paragraphs 4.81 and 4.82).

Management Advice

2.37  The Sdentific Committee recommends that the fishery for C. gunnari be closed for the
1994/95 fishing season.

2.38  The Scentific Committee endorsed the recommendation of the Working Group that a
survey be carried out during the coming season to monitor the status of the stock and to provide
more information for the development of the longterm management approach.



Electrona carlsbergi (Subarea 48.3)
(Annex 4, paragraphs 4.84 to 4.93)

239 No new survey or fishery information for E. carlsbergi in Subarea 48.3 has been
submitted to CCAMLR since the last mesting.

240  The Working Group undertook a new assessment of yied by applying a generalised

verson of the yield mode being developed by wG-Krill. The Scientific Committee endorsed the
application of this approach to E. carlsbergi because this species shares a number of population and
trophic characteristics with krill (see Annex 4, paragraphs 4.86 to 4.90). In particular, this approach
helps overcome the problem of formulating advice on the basis of biomass estimates derived from a
survey older than the life expectancy of the fish. This is achieved by incorporating estimates of the
pre-explaitation variability in biomassin the estimates of yield.

241  This approach uses stock projections to estimate yields for E. carlsbergi given the
uncertainties in the characteridtics of the stock and meets the objectivesin Article 1. Thisapproach
was endorsed previoudy by the Scientific Committee (SC-CAMLR-IX, paragraph 8.11). waKrill and
WGFSA have adopted three decision rules for determining yield (where Y = g.B,) (see paragraphs
5.18 to 5.26 for a detailed presentation of these rules).

242  The Sdentific Committee endorsed the use of these decision rules for esimating g for the
E. carlsbergi fishery.

243  The Working Group agreed that, using the avallable biologica information and pending
refined estimates of the stock parameters and biomass, the estimate of g of 0.091 for E. carlsbergi
isthe best available,

Management Advice

244  The most recent estimate of E. carlsbergi biomass was from a survey in 1987/88. This
was used as the basis for caculating a TAC of 200 000 tonnes (Conservation Measure 67/X11) in
1993/94. Using these estimates of biomass and the new estimate of g from the generdised krill yidd
model, the corresponding precationary catch levels would be 109 000 tonnes for Subarea 48.3 and
14 500 tonnes for the region around Shag Rocks.

245  The Scentific Committee endorsed the advice of the Working Group on the need for
anew biomass survey and for precautionary catch limits on the fishery (Annex 4, paragraphs 4.91 to
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4.93). Consequently, it recommended that Conservation Measure 67/X11 be retained indefinitely, but
that some condderation should be given to a revison of the TACs in paragraphs 2 and 3 of the
measure.

2.46 Dr Shust had some resarvations about the andyss. He indicated that the role of
E. carlsbergi as prey in Subarea 48.3 was uncertain. Thus, the level of escgpement required in
Decison Rule 2 (see paragraph 5.18) may be too high. Also, the parameters used in the yidld mode
for this species are uncertain and need to be refined. On this bass Dr Shust dated that
Conservation Measure 67/X11 could be retained in its current form.

247  The view adopted by the Working Group and accepted by many Members of the
Scientific Committee was that the uncertainties in the parameter and biomass estimates had been
accounted for in the cdculation of g, and that this was in line with the generd request
that uncertainties be accounted for in stock assessments (CCAMLR-XII, paragraph 4.26; SC-CAMLR-
Xll, paragraph 3.96). In this case, the revised estimates of yield were gppropriate, pending revison
of the parameters (Annex 4, paragraph 4.91). It was noted that, for E. carlsbergi, Decison Rule 1
was the important rule for determining g.  Consequently, a revison of Decison Rule 2 would be
unlikdy to have any effect even though there is sufficient evidence to indicate the importance of
myctophids to some predators.

2.48 In this case, Consarvation Measure 67/x11 would need to be revised to include the revised
estimates of yield as precautionary TACs for Subarea 48.3 and Shag Rocks respectively.

Notothenia gibberifrons, Chaenocephal us aceratus,
Pseudochaeni chthys georgianus, Notothenia rossii,
Patagonotothen guntheri and Notothenia squamifrons
(Subarea 48.3) (Annex 4, paragraphs 4.94 to 4.103)

249  The Sdentific Committee endorsed the advice of WGFsA and recommended that al
conservation measures for these species should remain in force,
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Antarctic Peninsula (Subarea 48.1)
and South Orkney Idands (Subarea 48.2)

Champsocephal us gunnari, Notothenia gibberifrons,
Chaenocephal us aceratus, Pseudochaenichthys georgianus,
Chionodraco rastrospinosus and Notothenia kempi
(Subareas 48.1 and 48.2) (Annex 4, paragraph 4.116)

250 The Working Group reterated the advice offered in 1993 that the fisheries in
Subareas 48.1 and 48.2 should remain closed until a survey is conducted to provide more accurate
estimates of the status of the stocks in these subaress.

Management Advice

251  The Scientific Committee endorsed the recommendations of the Working Group and
recommended that the conservation measures in force for the above species should be maintained.

South Sandwich Idands (Subarea 48.4)
(Annex 4, paragraph 4.117)

252  No catches were reported from this area.

Management Advice

253 In the absence of further information, the Scientific Committee recommended that
Consarvation Measures 7o/X11 and 7111 should remain in force.

Statistical Area 58 (Indian Ocean Sector)

254  Catches from the 1994 season are shown in Table 9, Annex 4. Catches of D. eleginoides

in Divison 58.5.1 were taken in the directed French and Ukrainian trawl and longline fisheries.
Catches in Subarea 58.6 were taken in a French exploratory trawl fishery around the Crozet 1dands.



Dissostichus eleginoides (Divison 58.5.1)
Kerguelen Idands (Annex 4, paragraphs 4.131 to 4.135)

255  Thefishery for this species continued in the 1993/94 season in the two traditional aress, a
longline fishery on the western dope (942 tonnes) and a trawl fishery on the northern shelf (4 141
tonnes).

256  No other new data were provided.

257  French authorities have set a limit of 1 000 tonnes for the western area longline fishery in
1994/95.

258 A precautionary catch limit of 3000 tonnes in the northern area for the trawl fishery has
been set by French authorities for the 1994/95 season.

Management Advice

2.59 In the absence of any new data, the Scientific Committee endorsed the French
conservation measures. These are consistent with the Working Group's previous advice that a
longterm sustainable yidd for the western area of the Kerguelen shdlf is estimated at 1 400 tonnes,
and that a precautionary gpproach should be taken with the northern area to prevent the spawning
stock szefaling to low levels before the stock has been adequately assessed.

260  The Scentific Committee endorsed the view of the Working Group that for proper
assessment of these stocks, trawl surveys of the entire stocks would provide indices of abundance to
mode the stock dynamics and sustainable yield.

Notothenia rossii (Divison 58.5.1)
Kerguden Idands (Annex 4, paragraphs 4.120 to 4.123)

2.61 More information has been submitted on the increase in juvenile N. rossii abundance.
However, the Working Group noted that these data were for a part of the sock not on the fishing
grounds and, therefore, not representative of the overdl stock. The current biomass is very much
less than the biomass before the fishery commenced.
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Management Advice

2.62  The Scentific Committee endorsed the recommendation of WGFsA tha the commercid
fishery for N. rossii remain closed until a biomass survey demonstrates that the stock has recovered
to alevd that will support afishery.

Notothenia squamifrons (Division 58.5.1)
Kerguelen Idands (Annex 4, paragraphs 4.124 and 4.125)

2.63  Nonew dataare avalablefor thisfishery.

Management Advice

2.64  The Scientific Committee endorsed the recommendation of WG-FSA thet the fishery for N.
squamifrons on the Kerguden Shelf remain closed.

Champsocephalus gunnari (Divison 58.5.1)
Kerguelen Plateau (Annex 4, paragraphs 4.126 to 4.130)

2.65  Theresults of arecruitment study support the previoudy stated idea that the population is
dominated by a single cohort that survives for three years. Other cohorts are present but in lower
abundance. Thisislikely to be aresult of variable recruitment.

266  Atitslast mesting, the Scientific Committee endorsed the recommendation of WG-FSA that
fishing on the strong cohort being recruited should be delayed until the 1994/95 season, by which
timeit would have had the opportunity to spawn. Also, only restricted fishing in the 1994/95 season
should be dlowed, to enable sufficient escapement of fish to spawn a second time and because a
declining trend in the strength of previous sirong cohorts had been detected. The objective of the
first part of last year's recommendation, i.e. no fishing in the 1993/94 season, was met. However,
the Working Group could not recommend a catch limit for the 1994/95 season because no data on
the biomass of this cohort were available,

2.67  The Scientific Committee endorsed the view of the Working Group that a proportion of the
cohort should be alowed to survive another year to spawn a second time, in the hope thet this will
contribute to establishing a population with more than one strong cohort and a reduced variability in
biomass.
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Management Advice

2.68  The Scientific Committee recommended that the fishery in the 1994/95 season be kept to a
low level to dlow the present strong cohort to spawn a second time.

Heard Idand (Divison 58.5.2)
(Annex 4, paragraphs 4.147 to 4.159)

2.69  The results of three trawl surveys in the area since 1990 were reviewed by the Working
Group.

2.70  The Scientific Committee endorsed the decison of the Working Group to determine
precautionary catch levels usng an gpproach smilar to that adopted for E. carlsbergi in
Subarea 48.3 (Annex 4, paragraphs 4.150 to 4.158). The Scientific Committee noted that these
assessments will be refined following revison of the biologica parameters for these stocks in the
Heard Idand area.

Management Advice

2.71  The Scientific Committee recommends that a precautionary TAC be set for C. gunnari at
311 tonnes and a precautionary TAC for atrawl fishery on D. eleginoides at 297 tonnes.

Coadtd Areas of the Antarctic Continent
(Divisons58.4.1 and 58.4.2)

2.72 No new information was avalable to WGFSA to dlow assessment of the stocks in these
aress (Annex 4, paragraph 4.160).

Ob and Lena Banks (Divison 58.4.4)
(Annex 4, paragraphs 4.136 to 4.146)

2.73  The Scentific Committee welcomed the latest submission by Ukraine of data on catches
from these banks (SC-CAMLR-XI11/BG/13). New stock assessments will be undertaken wang these
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data at the next meeting of WGFsA. No new data were available for these banks at the recent
megting of WG-FSA.

274  Dr V. Yakovlev (Ukraine) informed the Scientific Committee that Ukraine wished to
undertake the research proposed in recent yearsto survey fish stocks on the Ob and Lena Banksin
November this year (WG-FSA-94/32). He welcomed the participation of observers from Members.

2.75  The Sdentific Committee noted the details of the trawl survey proposa (see Annex 4,
paragraphs 6.9 to 6.15 for details). The survey will be conducted usng a commercidly-sized
bottom trawl with a mesh size (diamond mesh) of 40 mm in the codend. The duration of hauls will
be 60 minutes. The Scientific Committee expressed particular concern at the use o a net monitor
cable. The Scientific Committee noted that the vessd would be undertaking commercid fishing in
addition to the research survey, and consdered that this commercid fishing should not be exempt
from conservation messures.

Management Advice

2.76  The Scientific Committee endorsed the advice of the Working Group that a biomass survey
islikely to improve consderably assessments of the fish stocks on the two banks.

2.77  The Scientific Committee endorsed the Working Group’ s recommendations that:

(i) the research trawl survey by Ukraine be conducted according to the information
contained in Annex 4, paragraphs 6.9 to 6.15;

(i) aTACc of 1 150 tonnes for N. sguamifrons (715 tonnes for Lena Bank and
435 tonnes for Ob Bank) as previoudy set in Conservation Measure 59/X1 be
reingtituted for the seasons 1994/95 and 1995/96 combined;

(i)  datareporting should follow the cCAMLR Database format and data recording should
be in accordance with the requirements set out in Conservation Measure 64/X11. This
information should include al species caught;

(iv) in the event that the proposed survey is postponed by one year, the TAC
recommended may need to be revised in the light of new assessments by
theWorking Group based on the revised cach figures provided in
SC-CAMLR-XI11/BG/13;
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(v) the occurrence of seabirds close to the ship should be monitored and any incidenta
mortdity, in particular that caused by the net monitor cable, must be reported;

(vi) aninternationd scientific observer should be present during these activities; and

(vii) exemptions to conservation measures for research purposes should only apply a the
designated research stations.

Management Under Conditions of Uncertainty
Concerning Stock Size and Sugtainable Yield

2.78  Discussonsof thistopicin WGFSA are reported in Annex 4, paragraphs 4.161 to 4.164.

2.79  The Scientific Committee endorsed the approach of the Working Group to develop
management options under conditions of uncertainty on a species-by-species basis. In particular, the
Scientific Committee noted the moves by WGFSA to congder options for a longterm management
plan for C. gunnari in Subarea 48.3 (see paragraph 2.34). Also, the Scientific Committee noted
that WG-FsA had applied the approach adopted by wG-Krill for krill to E. carlsbergi in Subarea
48.3 (paragraphs 2.41 and 2.42) and C. gunnari and D. eleginoidesin Divison 58.5.2 (paragraph
2.70). The techniques and models being used by the Working Group operate in such a way that
caculated yidds and catch limits usualy decrease as uncertainty in any of the parameters increases.

Congderations of Ecosystern Management

2.80  The Working Group addressed a number of issues concerning ecosystem management:

monitoring of coagtd fish populaions (Annex 4, paragraphs 5.1 to 5.3); incidenta mortality of birds
in longline fisheries (this topic was referred to WGIMALF for discusson - Annex 4, paragraph 5.4);
interactions among fur sedls, C. gunnari and krill (Annex 4, paragraph 5.5); the by-catch of young
and larval fish in the krill fishery (Annex 4, paragraphs 5.6 to 5.10); and interactions between the
longline fishery and marine mammals (Annex 4, paragraphs 3.12 and 5.11).

281  The Scientific Committee welcomed two recent studies on the by-catch of young fishin
krill catches. While these studies were not directly comparable, they both provided an opportunity
to assess rates of by-catch in Subareas 48.1 and 48.3. The Scientific Committee noted the Working
Group's conclusion that the largest by-catches in these studies occurred when the krill catch was



comparatively low. The Working Group concluded that, given the variability in estimates of by-
catch, the rate of by-catch was likely to be of the same order of magnitude in Subareas 48.1, 48.2
and 48.3. This contrasts with information presented by wG-Krill (Annex 5, paragraph 3.12) that the
by-catch around the South Shetland Idands was an order of magnitude less than the by-catch
reported by the Ukrainian fishery in South Georgia The Scientific Committee noted thereisa need
to account for spatid and tempord variability in the results when conddering the scde of this
problem.

2.82  The Scentific Committee endorsed the recommendation of WG-FSA that these studies be
continued in the future following closdly the ingtructions set out in the Scientific Observers Manual,
and that they provide information on spatia, seasond and diurnd differences in the by-catch of fish
(Annex 4, paragraph 5.10).

Research Surveys (Annex 4, paragraphs 6.3 t0 6.15)

Trawl Survey Smulaion Studies
2.83 No new submissons were received by the Working Group. The Scientific Committee
endorsed the comments made by WG-FSA on the need for more work on trawl survey smulation
modds and for the vdidation of modds aready submitted to WG-FSA to continue (Annex 4,
paragraphs 6.1, 6.2 and 7.3).

Recent and Proposed Surveys

2.84  The UK has notified CCAMLR of its intention to undertake a fish survey in Subarea48.3in
January/February 1995 using a design smilar to those employed in previous years.

2.85  Argentina hopesto undertake, at some time between January and March 1995, ademersal
fish survey in Subarea48.3. If favourable ice conditions prevall, the cruise will dso investigate krill in

Subarea 48.2.

2.86 A Ukrainian demersal trawl survey of fish stocks on the Ob and Lena Banks is proposed
to begin in November 1994. Thisis discussed above (paragraphs 2.76 and 2.77).

2.87 In response to the Commission's request (CCAMLR-XII, paragraph 6.10) to review the
goplicability of the 50 tonne catch limit for research prescribed by Conservation Measure 64/Xi1, the
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Scientific Committee endorsed the advice of the Working Group that this limit appears gpplicable for
crabs given the rdatively tight provisons under Conservation Measures74/x11 and 75/XI1.

DATA REQUIREMENTS

2.88  The Sdentific Committee endorsed the list of data requirements specified by wGFsa and
st out in Annex 4, Appendix D.

2.89 In addition to these requirements, the Scientific Committee endorsed the requests of the
Working Group that:

() data collected by observers be submitted to the Secretariat in approved reporting
formats whenever possible; and

(i)  theformat for reporting longline data to CCAMLR (Format C2) be updated to include
the itemsidentified in paragraph 2.23.

2.90 The Scietific Committee noted that the new submisson date for STATLANT data,

31 August, had enabled the Secretariat to acquire all STATLANT data prior to the Working Group
meeting, with the result that dl catches could be reported to the group.

Software and Analyses Required for the 1995 Meeting
(Annex 4, paragraphs 7.3 and 7.4)

291  The Scentific Committee endorsed the recommendations made by WGFsA.

WORKING GROUP ORGANISATION

292  The Sdentific Committee noted the discusson of WGFSA on its function and terms of
reference (Annex 4, paragraphs 7.5 to 7.8) and endorsed the view of WGFsA that its terms of
reference did not need to be changed at thistime.



CRAB RESOURCES

31 No fishing for crabs was undertaken in the 1993/94 season.

3.2 No new data for assessing the crab stock in Subarea 48.3 were avalable to WGFsA
(Annex 4, paragraph 4.105).

3.3 The Scientific Committee noted the continuing work on designing stock assessment
procedures and a longterm management plan for crabsin Subarea 48.3 (Annex 4, paragraphs 4.108
to 4.110).

34 The usa and Sweden intend to conduct a survey of the crab stock in Subarea 48.3 in
March 1995.

35 The Scientific Committee endorsed the recommendation of the Working Group that the
following are high priorities for future research:

() theuse of time-release or biodegradable devices should be consdered as a means of
reducing the effects of ghogt fishing should pots be lost from aline;

@i aminimum mesh sze should be adopted ad/or an escape port included in pots
(usudly a metd ring set into the side of the pot) following research on mesh or port
sdectivity. This will serve to sdect only crabs of harvestable sze more effectively
and to reduce the number of potential discards, dthough it will dso reduce the ability
to monitor parastic infection; and

(i) experiments should be conducted using pots with finer mesh or escape ports added
to commercia pot lines in order to obtan more representative length frequency
information from harvested stocks.

MANAGEMENT ADVICE
3.6 The Scientific Committee recommended that the current TAC of 1 600 tonnes and the other

regulations contained in Conservation Measures 74/x11 and 75/X11 should remain in force for the
1994/95 fishing season.
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3.7 In the case of data reporting, the Scientific Committee believed that it would be most
gppropriate for data to be in haul-by-haul form. However, it noted thet at this stage of the fishery’s
development the question of indugtrid confidentidity aose (SC-CAMLR-XII, Annex 5, paragraph
6.103).

SQUID RESOURCES

4.1 No catches of squid were reported from the cCCAMLR Convention Area in the 1993/94
season. The only catches of squid taken in recent years were reported from the 1989 season by the
UK (8 tonnes).

4.2 Paper SC-CAMLR-XI111/BG/15 reported that the UK had received two enquiries about squid
fishing in the Antarctic. The firgt, from Taiwan, concerned a proposd to fish for Martialia hyades
in the waters off South Georgia and the South Sandwich Idands, and apparently resulted from
experience of poor fishing conditions in the Illex argentinus fishery on the Patagonian shelf in the
1994 season. Prof. J. Beddington (UK) reported that since the preparation of SC-CAMLR-XI11/BG/15,
a further enquiry had been recelved from a Taiwanese company. However, the Secretariat has not
yet been gpproached on the matter.

4.3 The second enquiry was from a Spanish seafood company for information on M. hyadesi.
The reason for this company’s interest was the recent consderable variation in the catch rate of .
argentinus and the effects of this on the market.

4.4 Prof. Beddington informed the Scientific Committee that from the informeation available to
the UK, he did not anticipate that a fishery for squid in the Convention Area would develop in the
1994/95 season.  The Scientific Committee agreed that these developments and expressions of
interest in fishing for squid in the Convention Area should continue to be closely monitored.

RESEARCH

4.5 Paper SC-CAMLR-XI11/BG/15 reported that a UK research cruise around South Georgia in
January/February 1994 had been partly devoted to cephaopod research. The results of this work
will be reported to CCAMLR in the future. Paper SC-CAMLR-XI11/BG/15 aso reported that in its 1995
South Georgia groundfish survey, the UK will evduate the potentiad of a new longline system,
developed by Japanese scientists for squid fishing, as a research sampling technique for M. hyades.
These longlines are currently used in the Pacific Ommastrephes bartramii fishery.
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4.6 Paper sC-CAMLR-X111/BG/15 dso included an abstract of a paper by Dr P. Rodhouse et al.
on the growth, age structure and environmental history of M. hyades and noted that papers
presented at the 1993 Symposium on Southern Ocean Cephdopods have now been published in
Antarctic Science, 6 (2) (1994).

4.7 Prof. G. Duhamd (France) informed the Scientific Committee that squid caught during
recent experimenta surveys a the Kerguden (Divison 58.5.1) and Crozet I1dands (Subarea 58.6)
had been retained for identification, and that specimens had been sent to Dr Rodhouse for this
purpose. Future surveys a Kerguelen will aso include the identification of samples of squid caught
inthisarea. The Scientific Committee encouraged thisinitiative.

KRILL RESOURCES

51 The gxth meeting of wGKrill was held in Cape Town (South Africa) from 25 July to
3 August 1994, and was chaired by the Convener, Mr Miller.

5.2 Monthly catch data were submitted in accordance with Conservation Measure 32/X from
Chile, Japan, Poland and Ukraine. In addition, Chile has submitted afull set of haul-by-haul data.

53 The tota catch of krill reported for the 1993/94 season in SC-CAMLR-X111/BG/1 Rev. 1 1S

shown in Tables 3 and 4. It was reported that a non-member (Latvia) had taken a smdl catch in
Statistical Area48, but it was not known in which subarea the catch was taken.
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Table3:

National krill landings (in tonnes) since 1985/86 based on STATLANT returns.

Member Split-Year*
1986 1987 1988 1989 1990 1991 1992 1993 1994

Chile 3264 4063 5938 5329 4501 3679 6066 3261 3834
Germany 0 0 0 0 3% 0 0 0 0
Japan 61074 78360 73112 78928 62187 67582 74325 59272 62322
Latvia 71
Republic

of Korea 0 1527 1525 1779 4040 1211 519 0 0
Poland 2065 1726 5215 6997 1275 9571 8607 15911 7915
Spain 0 379 0 0 0 0 0 0 0
USSR** 379270 290401 284873 301498 302376 275495 0 0 0
Russia 137310 4249 965
South Africa 3
Ukraine 61719 6083 8708
Total 445673 376456 370663 394531 374775 357538 288546 83776 83818

* The Antarctic split-year begins on 1 July and ends on 30 June. The column ‘split-year’ refers to the
calendar year in which the split-year ends (e.g., 1989 refersto the 1988/89 split-year).

Although the formal date for separation of the former USSR was 1 January 1992, for comparative purposes

statistics are compiled here for Russia and Ukraine separately for the complete split-year, i.e. 1 July 1991 to

30 June 1992.
Table 4: Total krill catchin 1993/94 by areaand country. The catch for 1992/93 isindicated in brackets.
Subarea Chile Japan Latvia Poland Russia South Ukraine
/Area Africa
4132 0 (2506)
481 3834 (3261) | 41251 (29665) 0 (4790) (0) (0)
48.2 7029 (10049) 6833  (2621) 5253 (0)
483 13143 (13763) 1082 (5995) | 965 (4199)| 3  (0)| 3455 (6083)
486 0 (33)
48?2 71 (0)
58.4.1 899 (5762 (50)
Total | 3834 (3261)| 62322 (59272)| 71 (0)| 7915 (15912) | 965 (4249)| 3 (0)| 8708 (6083)
Subarea Total
/Area
4132 0  (2506)
48.1 45085  (37716)
482 19115  (12670)
48.3 18648  (30040)
486 0 (33)
48?2 71 (0)
58.4.1 899 (5812)
Total | 83818  (88777)
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54 WGKrill recommended that the Statistical Bulletin include details of totd effort on the
same tempord and spatial scdes as catch data.  In SC-CAMLR-X111/BG/11 the Data Manager
proposed a number of revisons to the format of the Satistical Bulletin, one of which would give
effect to the recommendation of wGkrill. The Scentific Committee recommended that future
editions of the Satistical Bulletin report totd effort in the format given in SC-CAMLR-XI11/BG/11.

55 A study of length frequency data from the Japanese commercid fishery was submitted to
WGKrill. The Sdentific Committee encouraged the continued submisson of length frequency and
haul-by-haul information which is useful for assessng the overlgp between the segment of the krill
population exploited by the fishery and that by predators, as well as providing information on length
a recruitment to the fishery.

5.6 Results of recent work by Japan on the by-catch of young fish in commercid krill travls
suggest an inverse rdationship between the dengity of krill swarms and the by-catch of young fish.
The [Scient ific Committee encouraged further work of this nature, but emphasised the need to
follow the standard method for sampling fish by-catch during krill fishing set out in the Scientific
Observers Manual (see aso paragraph 2.81).

5.7 It was noted that attempts had been made to derive a composite index of krill abundance
from the joint Chilean/us study using acoustic and fisheries data off Elephant Idand. No information
has been recaived on the practicdity of collecting search time information & random times as
described in sC-CAMLR-XII, Annex 4, paragraph 5.31. Pilot studies are encouraged despite the
recognised difficulty of measuring search time informeation directly.

5.8 The Scientific Committee was informed that the fishing plans of Jgpan, Chile and Wkraine
for 1994/95 were amilar to the fishing operations of those countries last season.  An Audrdian
company is dill interested in fishing for krill with one to four vessds, catching up to 80 000 tonnes
per year, but it is uncertain whether this venture will proceed in the next year. India, in reponseto a
request for information on reports thet it had plans to undertake some krill fishing (see SC-CAMLR-
XI1, Annex 3, paragraph 3.12), informed the Scientific Committee that at present there were no plans
to harvest krill. The Scientific Committee expressed its continued interest in knowing future plans
with respect to potentid krill catch levels and fishing aress.

ESTIMATION OFKRILL YIELD

5.9 A Workshop on Evduating Krill FHux Factors was held immediatdy prior to the meeting of
WGKrill.  The workshop cdculated water and krill fluxes for a number of smal regions within
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Satistical Area 48 for which there are sufficient deta. Data on krill distribution and abundance were
avalable from ABEX, and oceanogrgphic flow raes were avalable from the Fine Resolution
Antarctic Modd (FRAM) and from German and Japanese geostrophic caculations. However, there
isalack of hydroacoustic and oceanographic data collected smultaneoudy over the same aress, and
the geographica coverage of the existing data is limited. Nonetheless, the results showed that
horizontd transport of krill is an important factor in the overal stock distribution and needs to be
congdered in the development of management advice for krill fisheries. The analyses provided a
range of vaues which can be used to examine the flux of krill in reation to fishery and predator
demandsin particular regions.

510  The Scientific Committee consdered that there were two important scaes over which to
congder the effects of krill flux. The firg is the scale of Satistical areas and subareas, where the
question is how to take the flux of krill into account when cdculating catch limits. The second scae
is a much amdler one which rdates to the flux of krill within the foraging ranges around predator
colonies where these overlap with krill fisheries.

511  There are additional oceanographic data sets that could be used in refining the flux
cdculaions, and the Scientific Committee encouraged further data submissions. In particular, there
isalarge body of drifter and buoy data (mainly collected by the usa) which would be very useful for
indicating regions of rapid water transport with little eddy activity and areas of high eddy activity and
drifter retention. The Scientific Committee agreed that repeated surveys of particular regions on a
small scae (about 10 000 to 120 000 kn¥), such as carried out under AMLR and LTER, which
include both biology and oceanography, were particularly wseful, and that further studies based on
direct current measurements were needed in key areas such as shelf and shdf-break regions. The
development of coupled biologica-oceanographic models is an area of research which will be kept
under review by the Scientific Committee and its Working Groups.

512 Dr M. Naganobu (Japan) noted that there may be considerable aggregations of krill close
to the sea bottom and that there may be a seasond verticd flux of krill which could aso be an
important factor in he movement and concentration of krill. He reported that Japan would be
conducting studies to investigate this hypothes's in the coming season.

513  wakrill had reviewed new work relevant to hydroacoudtic investigations of krill, survey
design and modelling studies on krill aggregation. Various aspects of krill acoudtic target strength
determination and survey design had been discussed.  With respect to survey design, the Scientific
Committee recognised the need to consder further the circumstances in which random or regular
survey designs were to be preferred.
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514  The Sdentific Committee noted WG-Krill’s endorsement of Audraian plans to carry out a
survey of krill biomassin Divison 584.1. The Scientific Committee endorsed WG-Krill’ s view that if
the survey were undertaken according to the design which had been submitted, the results would be
auitable for providing a sanding stock estimate to be used as the basis for setting a precautionary
catch limit for this divison.

KRILL YIELD CALCULATIONS

515  The populaion modd and computer program used to caculate potentid krill yield were
updated during the year and the program verified by the Secretariat. The computer code has been
updated to include the recruitment module reported to wGKrill at its 1993 meeting (WGKrill-93/13).

5.16 New estimates of recruitment variability were obtained using the proportion of recruits in
the population estimated from length densty data. Data available last year and new data which had
been submitted in response to the request from the Scientific Committee were andysed to obtain
new estimates of the average and variance in recruitment proportion. Mean recruitment proportions
by age are amilar, dthough variances of the individua estimates are much lower for 1-year-old as
opposed to 2-year-old recruitment. Combined results tend to be dominated by estimates of 1-year-
old recruitment since vaues were combined by inverse variance weighting.

5.17 Refinements to the model were planned to take into account probable correlation between
growth and mortdity, but submissons to waGkrill indicated that no rdiable information on the
relationship between growth and mortdity for crustacea was available. WGKrill has identified two
options for further investigations of the properties of the yidd model with respect to potentia
correlations between these two variables (Annex 5, paragraphs 4.88 and 4.89).

CRITERIA FOR SELECTING APPROPRIATE VALUEOF g
(Annex 5, paragraphs 4.92 t0 4.98)

518  Over the past severd years, the Working Group has been developing the krill yield model

to calculate the proportion (g) of a survey estimate of the pre-exploitation krill biomass (B,) that can
be st as a precautionary catch limit. At this year’s meeting of wG-Krill and during discussonsin the
Joint Working Group, the following three decision rules were developed for determining the vaue of
g to be used in caculaing a precautionary catch limit:
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() choose g;, s0 that the probability of the spawning biomass dropping below 20% of
its pre-exploitation median level over a 20-year harvesting period is 10%;

(i)  choose @, S0 that the median krill escgpement in the spawning biomass over a 20-
year period is 75% of the pre-exploitation median leve; and

() sdect thelower of g; and g, asthelevd of for caculation of krill yied.

519  Toillusrate what the three decision rules mean, it is necessary to give some background on
the krill yidd modd. The krill yield modd uses computer smulations to determine the Satistical
digtribution of the abundance of krill for a given level of exploitation over a period of 20 years. The
modd initialy assumes a given biomass of krill, divided into a number of age classes. The mode
caculates the biomass year by year, by adding an amount for annua growth and deducting an
amount corresponding to natural mortality. The biomass of each year’'s recruits is added and the
effects of a constant annud catch of g* B, are deducted from the biomass each year. Variahility in
the smulated population biomass in each year arises because the recruitment to the population in
esch year is drawn from a datisticd digtribution which reproduces the Statistical properties o the
esimates of proportiona recruitment obtained from length composition data collected during krill
urveys.

520 A vduefor gissdected by finding the value which results in the gatisticd distributions of
the outcome of many repetitions of the Smulation mode meeting sdlected criteria. The modd alows
for uncertainty in estimates of unexploited biomass as well as uncertainty in estimates of key
demographic parameters such as growth and mortdity, by drawing values for each parameter from
appropriate Satistical distributions for each repetition of the modd.

521  Themodd isrunwith g= 0 (i.e, no catches) to produce the distribution of spawning stock
biomass, shown in Figure 1 as digribution A. The midpoint of this didribution is a number
representing the median unexploited spawning stock biomass. If gisgiven avaue greater than zero,
the smulated biomassis reduced by the effects of fishing.

522  Thesdection of g vaues used to date has taken into account two criteria  The primary
criterion, or decison rule, has been the vaue of gwhich leads to a 10% probability of the spawning
biomass dropping below 20% of its pre-exploitation median level over a 20-year harvesting period.
Applying this criterion requires the examination of the gatistical digtribution of the lowest population
Sze (expresed in terms of spawning biomass) in any year over the 20 years of each smulation,
collected over hundreds of replicates. This digtribution is shown in Figure 1(a) as distribution B.
The probability of attaining a lowest spawning stock biomass less than 20% of its pre-exploitation
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leve is estimated from the relative frequency of this event over the set of replications for arange of
vaues of g The sdected vdue of g is that which has this relaive frequency a& 10%. This
corresponds to the first decison rule.

5.23  This firg decison rule was amed & meeting the requirement for stable recruitment in the
krill stock by not alowing the spawning biomass to drop to very low levels, where the chance for
successful recruitment may be impaired. Although the probability of 10% is somewhat arbitrary, it is
consgent with vaues used in managing other fisheries. This particular decison rule, however, is
deived from a sngle-species approach. At last year's meetings, WGKrill and the Sdentific
Committee had preliminary discussons on decison rules that afford some protection to krill
predators in accordance with the provisons of Article 11. This year, the second decision rule given
above was derived as afirg attempt to give some explicit effect to the requirements under Articlell.

524  The second rule dso leads to a vaue of gwhich isdetermined by the Satidticd didribution
of the spawning stock biomass a the end of the 20-year period used in eech smulation. The
criterion embodied in this part of the rule isillustrated in Figure 1(b). Asbefore, A isthe digtribution
of spawning stock biomass without fishing. C is the digtribution of spawning stock biomass after 20
years of exploitation corresponding to agiven g. The sdected vaue of g, isthat which resultsin C
having amedian equd to 75% of the median of A.
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Figure 1: Distribution of biomass of krill under different management regimes.

A is the statistical distribution of biomass in any year for a population which has not been
exploited. B in (a) is the statistical distribution of lowest spawning stock biomass over 20 years
with catches gy By,. Cin (b) isthe statistical distribution of spawning stock biomass after 20 years

of exploitation with annual catchesg, B,,.

525  Thevduesof g, and g, will usudly be different, and so the third decision rule chooses one
of the two values. Whether g, or g, is the greater depends largely on the degree of variability in
recruitment and the variance of the etimate of unexploited biomass B,. Let the criteria
corresponding to the values g, and g, be designated as the ‘recruitment criterion’ and the * predator
criterion’ respectively. The lower of the two vaues is chosen because it means that the criterion
corresponding to that part of the decision rule is just attained, and the criterion corresponding to the
higher vdue of g will be exceeded. Conversdy, if the higher of the two g vaues were chosen, the
criterion corresponding to the lower g vaue would not be met. There are two possible resultsfor g,
and g, as st out in Table 5 and four possible outcomes from choosing g, or g,. It can be seen that
only by choosing the lower of g, or g, that the two criteria relating to recruitment or predator
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requirements are met or exceeded. Choosing the higher vaue automaticdly leads to afailure to fulfil
one or other of the two criteria

Table5: Outcome of choosing the higher or lower value of gunder conditionswhereg, > g, or g, <.

Choose higher value of g Choose lower value of g
9>% Predator criterion not met Predator criterion met
Recruitment criterion met Recruitment criterion exceeded
9<% Predator criterion met Predator criterion exceeded
Recruitment criterion not met Recruitment criterion met

526  The Scentific Committee agreed that use of the three decison rules is gppropriate for
determining precautionary catch limits for krill. It recognised that the levels used in the two criteria
are somewhat arbitrary and they will need to be revised from timeto time. The recruitment criterion
of 10% probability of the lowest biomass being less than 20% of the unexploited level will need to
be revised to take into account any information which becomes available on the relationship between
stock and recruitment. A revision of the predator criterion of median spawning stock biomass at
75% of the unexploited level would require better information on the functiona relationship between
abundance of prey and recruitment in predator populations. The 75% leved is chosen as the
midpoint between taking no account of predators (i.e., treating the krill fishery as a sngle-species
fishery), and providing complete protection for predators (i.e., no krill fishery). wWG-CEMP has begun
to develop some modds to explore the possible form of these functiona relationships. However, the
Scientific Committee recognised that it will take consderable time to acquire the information needed
to provide advice on revised vaues for either the recruitment or the predator criterion levels.

YIELD ESTIMATES (Annex 5, paragraphs 4.99 t04.110)

527 Realts from the krill yidld modd incorporaiing the updaied edimates of average
recruitment proportion and its variability are presented in paragraphs 4.99 to 4.110 of the report of
wGKrill (Annex 5). Given the unusudly high variance in the set of estimates of proportions of
recruits based on 1-year-olds, the vaues for gwere cdculaed usng only the recruitment
proportions from 2+ krill.

528  Thefirg decison rule resulted in g; = 0.149 and the second decison rule g, = 0.116. Full
results (using 2+ recruitment) for both g values are given in Table 6.



Table 6: Results of the krill yield model for the two decision rules.

Statistic First Decison Rule  Second Decision Rule

P=0.10 M =0.75
g =0.149 g =0.116

Probability of spawning biomassfalling

below 0.2 over 20-year harvest period (Prob) 0.10 004

M edian spawning biomass level at the

end of 20 years (Med) 0.68 0.75

Lower 5%-ile spawning biomass (Low) 0.25 0.38

529  The Sdentific Committee noted that the values of g; and g, lie between the vaues of 0.1
and 0.165 determined by waKrill in 1993. The third decison rule, indicating that the lower of the
two vaues should be chosen, determines that a g value of 0.116 should be used in caculations of
precautionary catch limits.

530  The sengtivity of the results to sze a 50% recruitment to the fishery was o investigated
for variaions of £5 mm in the digtribution assumed for length at 50% recruitment (rsg). The results

showed that most changes in g are not too substantia (~10%) for the changes in rsp used in the
tess. Although the Scientific Committee noted that there is some need to determine whether actua
vaues of this parameter are likely to be covered by the ranges of the digtributions used in the
sengtivity tedts, it was consgdered tha the vaues currently used are likdy to fal within the ranges
used in the modd.

ADVICE ON KRILL FISHERY MANAGEMENT
(Annex 5, paragraphs 5.1 to 5.33)

Precautionary Catch Limits (Annex 5, paragraphs 5.1 to 5.26)

Estimates of Potential Yield (Annex 5, paragraphs 5.1 t0 5.17)

531  wakrill examined the need for possble upward adjustment of survey estimates of B, to
account for flux. The Working Group developed an andyss which confirmed that such an
adjustment may not be necessary if catch limits were to be caculated over a series of contiguous
areas from a near-synoptic survey. This was the assumption used in caculating the exiging overal
precautionary limit for Statitica Area 48. The andys's showed that applying this assumption to the
subarea survey edimaes of B, condituted a sufficiently conservaive bass for management,
provided that the regions for which precautionary limits were set did not contain more than one sdlf-
sugtaining stock. This should alow catch limitsto be set for dl subareas for which biomass estimates
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are avallable. This gpproach was applied to caculate the precautionary catch limits shown in column
A of Table7. Therevised catch limit for krill in Statistical Area 48 is4.1 million tonnes.

Table7: Precautionary limits on krill catches in various areas, based on the formula Y = gB,, where g=0.116.
Units are 10° tonnes. Two methods of calculating catch limits by subarea are given: (A) alocation

proportional to biomass estimate for subarea; and (B) alocation on the basis of previous
recommendation (see SC-CAMLR-XII, Annex 4, Table 5). B, valuesaretaken from SC-CAMLR-XII,

Annex 4, Table 4.
Subarea/ By Y= 0B Catch Limit by Subarea 1993/94
Division Catch
A B
481 13.6} 158 1.39 (34%) 0.045
482 156} 308 357 181 201 (49%) 0.019
483 15} 0.18 1.07 (26%) 0.019
484 - 0 021 (5%) 0
485 - 0 021 (5%) 0
486 46 053 053 0.49 (12%) 0
Total 48 354 410 0.083
584.2 39 0.45

532  Consarvation Measure 46/X1 Specifies subarea maxima that currently apply in addition to
the present overdl precautionary caich limit of 1.5 million tonnes for krill in Statistical Area48
(Conservation Measure 32/X).

533  Four views were put forward as to how the revised cdculation of a limit of 4.1 million
tonnes for Statistical Area 48 (see Table 7) should be treated and subdivided:

» thefird view wasthat the revised precautionary limit of 4.1 million tonnes should replace
the exiging vaue of 1.5 million tonnes, and that it should be subdivided according to
column A in Teble 7,

» the second view was that the overall precautionary catch limit should be revised to 4.1
million tonnes, and that it should be subdivided according to column B in Teble 7;

+ thethird view was that there was no need to revise either the 1.5 million tonne overdl
limit of Consarvation Measure 32/X for Statistical Area 48 or the subarea maxima that
currently apply in Conservation Measure 46/x1; and

» the fourth view was that the overdl precautionary catch limit should be revised to 4.1
million tonnes, but that neither column A nor column B provided an acceptable basis for
subdivison.



5.34  Thefirg approach follows from the management strategy put forward in Appendix F of the
WGKrill report (Annex 5) which implies that the limits for subareas should be based solely on

biomass estimates for those subareas (so that, inter alia, zero limits gpply in subareas where there
has as yet been no survey). Advocates of this gpproach queried the use of historic catch data as a
guide towards subdivison, arguing that this was not a sound approach in the longer term, as the fact
that a particular level of catch has been maintained over alimited period congtitutes no guarantee that
it issustainable.

535  One resarvation expressed concerning this approach was that it was unreasonable to
reduce the existing limits for Subareas 48.4 and 48.5 from 75 000 tonnesto zero. Another was that
the resultant decrease for Subarea 48.3 from 360 000 to 180 000 tonnes was inappropriate, as it
was an artefact of the low coverage of this subarea achieved in the FIBEX survey used to provide the
B, egimate.

5.36 In response to these concerns, proponents of the approach in paragraph 5.34 argued that:

() these low vaues provided an gppropriate incentive to organise surveys of these
subaress (for the first time, or on amore extendve basis than previoudy);

(i)  the gpproach, consgtently gpplied, obviated the need for considering only the results
from near-synoptic surveysin setting precautionary catch limits - hence other surveys
in, for example, Subarea 48.3 in addition to ABEX, could be consdered in refining
the estimate of B, for that subareg;

(i)  the dtuation for subareas with zero limits (because of the absence of a prior survey)
might be reconsidered in the context of limited alowances for exploratory fisheries,
and

(iv) further flux studies might provide evidence of a sufficently large trandfer of krill
between, say, Subareas 48.2 and 48.3 to negate an hypothesis that these subareas
contained effectively separate sdf-sudaining stocks, thus dlowing them to be
combined for the purpose of setting precautionary catch limits.

5.37  The second view showed agreement with the revison of the overdl precautionary catch
limit to 4.1 million tonnes. However, it consdered that the matter of subdivision had dready been
discussed at length a previous meetings, and that the subdivison proportions for each subarea then
agreed (SC-CAMLR-XIl, Annex 4, Table 5) should be gpplied pending further detailed consderation
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of this matter (snce little time had been available to study the strategy advanced in Appendix F of the
report of WG-Krill). These percentages are based on taking the average of the proportion of ABEX
survey estimates and the proportion of the hstoric catch in a subarea of Statistica Area 48 and
adding 5%. The results of such a subdivison, and the percentages upon which it is based, are
shown in column B, Table 7.

5.38 In support of thisview Dr Naganobu stressed the following points:

()  the 1994 meeting of wWG-Krill recognised the revised precautionary limit of 4.1 million
tonnes as the best scientific value for Statistical Area 48 at this sage. It is therefore
quite reasonable to accept the overdl catch limit of 4.1 million tonnes,

(i) it is quite unreasonable to reduce without any scientific evidence the existing catch
limits for Subareas 48.4 and 48.5 from 75 000 tonnes to zero, as shown in column
A. The resultant decrease for Subarea 48.3 from 360 000 to 180 000 tonnesisadso
ingppropriate, because the low coverage of this subarea was gpparent in the ABEX
survey. |If there had been a wider range survey than the ABEX survey, he believed
that vaues of biomass higher than the current figure would have been attained;

(i) the vdues in column A do not accord with the percentages adopted for the
subdivisons in the context of the overdl limit of 1.5 million tonnes for Statistical Area
48 which was agreed after lengthy argument. He therefore consdered it appropriate
to continue to dlocate catch limits to subdivisons by percentages, not an overdl
catch limit and/or biomass, and

(iv) Japan condders that in the gpproach proposed in paragraph 5.36(iii) and Annex 5,
paragraph 5.9 (that the Stuation for subareas with zero limits - because of the
absence of a prior survey - might be reconddered in the context of limited
dlowances for exploratory fisheries), the impogtion of such limits would be
tantamount to regtricting the area availadle for krill fishing.

539 A reservation concerning the application of the percentages in column B was that they were
adopted for an dlocation in the context of an overdl limit of 1.5 million tonnes for Statistica Area
48. It was argued that these percentages had not been intended to extend to a higher figure for the
overd| precautionary catch limit, as was now under congderation.

540  Thethird view was tha biomass estimates used in the krill yield model were based upon
data:
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(i) collected in 1981 and therefore outdated and of no practicd use; and
(i) possbly collected during ayear when the krill biomass was high.

In addition, indications of the likely levels of fishing for the next season were consderably less than
the trigger level of 0.62 million tonnes given in Conservation Measure 46/X1. Accordingly, there was
no immediate need to revise either the subdivison maxima of Conservation Measure 46/X1 or the 1.5
million tonnes overdl limit of Conservation Measure 32/x for Statistica Area48.

541 Dr Naganobu noted that athough paragraph 5.40 mentions that there is no immediate need
to revise 1.5 million tonnes in Conservation Measure 32/x because of likdy low caich levelsin the
next fishing season, it is neither scientific nor reasonable not to do so snce, following that logic, it
would have been unnecessary to adopt Conservation Measures 32/x or 46/X1 for the very same
reason.

5.42 He furthermore stressed that WG-Krill had agreed that the revised catch limit represented
the best scientific advice avallable and he therefore suggested tha the 4.1 million tonne catch limit
should be adopted by the Scientific Committee.

543 Dr T. Ichii (Japan) recaled that at last year’s meeting the Scientific Committee was unable
to agree on a recommendation for a revised catch limit even though the Scientific Committee had
accepted a revised estimate for B, He was disgppointed that the Scientific Committee was again
unable to agree on a revised limit even though a revised vaue for g was available. He was
concerned that the lack of agreement would reflect badly on the credibility of the Scientific
Committee.

544  The fourth view was that the overdl precautionary catch limit could be revised upward to
4.1 million tonnes but that it was not possible at this stage to suggest an gppropriate dlocation to
subaress.

545  Severd Members stressed that the overdl catch limit could only be revised upwards in
conjunction with an appropriate alocation scheme designed to ensure that the overall catch would be
distributed over the subareas (see paragraph 5.32).



REFINING OPERATIONAL DEFINITIONSOF ARTICLE I
(Annex 5, paragraphs 5.21 t0 5.23)

5.46 The Scientific Committee agreed that the development of the three decison rules for the
sdection of g condituted sgnificant progress on the refinement of operationd definitions.  In
particular, the development of operationd definitions that consder both predator and krill needs
were welcomed.  The Scientific Committee recommended the continued development of such
operationd definitions.

547  The Sdentific Committee noted that the krill yield modd has been refined and the key
parameters of the modd are now based on analyses of empirica data The Scientific Committee
noted that the revised overall precautionary catch limit for Statistical Area 48 has been obtained
using empirica dataand methods. A mgor problem now liesin the dlocation of precautionary limits
to subareas within Statistical Area 48. The two approaches proposed by WGKrill each result in
anomdies. The Scientific Committee was not able to offer any further advice a this time which
would clarify the basc gpproach to be followed or provide possble means of resolving such
anomalies,

DATA REQUIREMENTS (Annex 5, paragraphs 5.24 and 5.26)

548 The Scentific Committee endorsed the list of data requirements set out in Annex 5, Table 3.

549  wakrill received an offer from Chile to present data on haul tart times and duration. The
Scientific Committee agreed that these data would be useful. Analyses of parameters such as
catch/towing hour could show seasond trends. In addition, the data would be of use in fishery
behaviour models. The Scientific Committee therefore recommended that such data should be
presented to the next meeting of WG-EMM?Z,

ECOSY STEM MONITORING AND MANAGEMENT

6.1 The ninth medting of WG-CEMP was held in Cape Town, South Africa from 25 July to 3

August 1994 under the convenership of Dr Bengtson. The report of the meeting is atached as
Annex 6.

2 At this meeting of the Scientific Committee it was agreed that the Working Groups on Krill and CEMP
bemerged into a new Working Group on Ecosystem Monitoring and Management (WGEMM) (see

paragraph 7.40).



MEMBERS ACTIVITIES

6.2 In previous years, summaries of the status of Members activities - specificdly thar
submission of data to CEMP on monitoring gpproved predator parameters and the nature of ther
research directed towards evauating the utility of potentid predator parameters - have been
atached as an annex to the WG-CEMP report.  This year, to save space in the fina report of
the Scientific  Committee, this information is presented to the Scentific Committee as
SC-CAMLR-XI1/BG/2.

6.3 The Sdentific Committee welcomed the initiation of CEMP-related research by Italy and
South Africa and Norway’ s commitment to start such work (Annex 6, paragraph 3.3). It regretted
the absence of participants from severd Members known to have recent or current programs of
research on top predators of considerable relevance and interest to CEMP.

6.4 Dr Fanta reported that the Brazilian CEMP program had been temporarily suspended but
would recommence in 1995/96. Dr E. Baguerias (Spain) dtated that research on penguins
undertaken by Spain a Deception Idand is funded on a year-to-year bass of research grants and
therefore the continuity required by the CEMP Program could not be maintained.

6.5 The Scientific Committee again encouraged Members to participate in CEMP meetings and
activities In particular, it invited representation and collaboration from France, Germany and New
Zedand, dl of which have longterm research programs of specid interest to CEMP, offering the
posshility of mutudly beneficid interactions.

6.6 It was noted that the production of the wG-CEMP newdetter, endorsed by the Scientific
Committee last year, was expected to be undertaken immediately following the current meeting of
the Scientific Committee.

MONITORING PROCEDURES

Sites

6.7 A management plan for an Antarctic Specidly Managed Area (ASMA) a Admirdty Bay,

King George Idand, submitted by Brazil and Poland had been agpproved by scar and, in
accordance with agreed practice, was now being submitted to CCAMLR for comment.



6.8 In congidering this proposd, the Scientific Committee recalled that an earlier draft of this
document had been referred to WG-CEMP for condderation.  Their comments were included in
Appendix E of Annex 6.

6.9 The Scientific Committee noted that the proposa has been prepared in accordance with
Annex V of te Protocol on Environmenta Protection of the Antarctic Treaty and submitted to
CCAMLR as would be required under Article 6(2) of Annex V once the Protocol came into force.

6.10  This is the firsg proposa of an ASMA to be developed and presented t0 CCAMLR.
However, no criteria have been established by CCAMLR againgt which such proposas may be
evaluated.

6.11 It was agreed to recommend to the Commisson that assessment by the Scientific
Committee of proposds for both ASMAs and Antarctic Specidly Protected Areas (ASPAS) should
include an evauation of whether the proposals adequately:

()  describe the breeding distribution of seabirds and sedls in the area and, at least for
colonidly breeding species, include points of their entry and departure from the seg;

(i)  note the location of sites where monitoring studies for purposes of direct relevance to
CEMP are being undertaken. This is irrespective of whether or not the Stes have
been formaly protected under Conservation Measure 18/1X;

(i)  ensure protection to research which contributes to the objectives of CCAMLR,;

(iv) describe areas in which birds and sedl's, associated with or breeding in the proposed
management area, are known to forage;

(v) draw to the attention of CCAMLR any other matters which may be rdevant to the
implementation of Article 1l of the Convention.

6.12  The Scentific Committee recommended that the Commission develop a forma procedure
for congderation of proposas for ASMAs and AsSPAS and decide how and a which stages they
should be reviewed by cCAMLR. It suggested the requirement that any proposas for review by
CCAMLR should be received by 31 March o that they may be consdered by wG-EMM and then by
SC-CAMLR &t their next meetings.
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6.13  Anad hoc group was asked to review the ASMA proposa from Brazil and Poland against
the criteria set out in paragraph 6.11. They noted that not dl of the information required had been
presented. They aso noted that there was no report of consultations with other parties, eg., UsA,
Ecuador and Peru who are known to be conducting research in the area.

6.14  The Scientific Committee therefore recommended that the proposa be revised to include
the information sought in paragraph 6.11.

Standard Methods

6.15  The Sdentific Committee noted the revison of standard methods on breeding population
Sze, breeding success and age-pecific recruitment and surviva in black-browed abatrosses, on
age-specific recruitment and surviva in penguins, on procedures for determining the sex of penguins
and on methods involving banding and lavage (resulting from the workshop last year on
seabird/researcher interactions). It noted that in response to the recommendation of WG-CEMP, the
Secretariat had circulated these methods (in English only) to Members in advance of the 1994/95
field season. The Secretariat was thanked for its prompt and efficient response.

6.16 However, it was noted that changes agreed in previous years, especidly those consequent
on the incorporation of the gentoo penguin as a CEMP monitoring species, had not yet been
incorporated and circulated. The Secretariat was requested to make these changes at the earliest
opportunity and to circulate the revised texts to the Ad Hoc Subgroup on Monitoring Methods
(currently Drs Bengtson, Croxall and W. Trivelpiece (Usa)). Once approved, these additiona
changes should then be circulated together with the earlier onesin dl languages of the Commission.

6.17  The Scentific Committee welcomed the agreement of the following scientists to prepare
prdiminary drafts of new standard methods for consderation by WG-EMM:

» time/depth recorder (TDR) deployment: Drs P. Boveng and Trivelpiece (UsA), B. Culik
and R. Wilson (Germany);

» TDRdatacollection: Drsl. Boyd and Croxdl (UK); and

 Antactic and cape petrds. Drs F. Mehlum (Norway) and J. van Franeker
(Netherlands).
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6.18  The Scientific Committee dso supported the request made to the following persons
to provide new text for potentia incorporation into standard methods. Dr G. Robertson (Augtrdia):
penguin lavaging; Dr R. Vet (UsA): procdlariiform lavaging; Dr Kerry and Ms J. Clarke (Augtrdia):
penguin disease sampling.

6.19 It was noted that no progress had yet been made in developing standard methods for
crabeater seals and Members with relevant experience were encouraged to prepare draft sandard
methods as soon as possible.

6.20 Last year the Scientific Committee endorsed WG-CEMPS development of initiatives
designed to lead to standard methods for studying, recording and reporting on diving behaviour and
foraging performance of penguins and seds usng data collected by TDRS and related instruments.
WG-CEMP has now developed its proposal in consderable detail (Annex 6, paragraphs 4.15 to
4.21) and recommended that a workshop be held in 1996 to develop as standard parameters
indices of foraging effort which are likely to reflect intra- and interannud variation in prey avallahility.
Subject to the approva of the terms of reference of this workshop, to be developed intersessondly
by Dr Boyd and an ad hoc subgroup of wG-CEMP, the Scientific Committee accepted this proposa
and agreed to make appropriate provison in the draft budget for 1996.

ENVIRONMENTAL MONITORING

6.21  The Scentific Committee commended the work of the Secretariat in compiling information
on searice didribution and extent in the vicinity of CEMP monitoring Stes. 1t welcomed the detailed
report in SC-CAMLR-XI11/BG/10 on progress to date and noted the recent diaogue with the iwc and
other indtitutions aso investigating Antarctic sea-ice characteristics based on archived historica data.
The report indicated that additiond - and possibly less costly - sources of relevant data might exis.

6.22 Rather than referring this matter to the wG-CEMP Ad Hoc Subgroup on Statistics as
suggested in SC-CAMLR-X111/BG/10, the Scientific Committee fdt that the potentid, for CCAMLR
purposes, afforded by sources of sea-ice data which have recently become available, should be
criticaly reviewed next year by the gppropriate Working Groups of the Scientific Committee. To
facilitate this, the Data Manager was asked to obtain cD-RoM data from the us Snow and Ice Data
Centre to cadculate searice indices as currently defined by CEMP (SC-CAMLR-XI, Annex 7,
paragraphs 4.30 to 4.32), to compare these with the indices calculated from the Jc charts and to
report the results to the meeting of WG-EMM.



6.23 Pending the outcome of this review and re-assessment, the Scientific Committee agreed
that the Secretariat should not undertake further extraction of sea-ice datafrom the Jc charts.

6.24 In addition, Dr Bengtson had been asked to consult with the Chairman of the Scientific
Committee of the iwc (sc-1wc), Dr S. Rellly (UsA) concerning the IwC initiatives on seerice data.
Initid consultation indicated that further discussons would be fruitful and Dr R. Holt (UsA) was
asked to undertake these and report back to the WG-EMM medting.

REVIEW OF MONITORINGRESULTS

6.25  The Scientific Committee noted that 46 sets of data on designated monitoring species were
submitted to CEMP by five Members for eight Stes, including the firgt submissions from Itdy (Annex
6, Table 1). However, the Scientific Committee echoed the concern of the Working Group that
some Members, ostensbly undertaking active CEMP programs, were ill not submitting data to
CEMP. Furthermore, because no Member had submitted any historica data this year, gaps were
increasing in the time series of data so far submitted to CEMP.

6.26  The Secretariat had, as requested, used the dtatisticd methods specified in the CEMP
standard methods to assess differences between years in the data submitted for each parameter at
each ste. In reviewing these assessments the Working Group:

()  raised queries concerning the appropriateness of some of the statistical tests used,;

(i)  requested invedtigation of other ways of presenting the results in order to asss the
review process, and

(i)  recommended that the Data Manager and the Subgroup on Statistics (currently Drs
Boveng, P. Rothery (UK) and Lic. E. Marschoff (Argenting)) should address these
Issuesintersessondly.

6.27  The Scentific Committee agreed that work amed at identifying the most appropriate
datistica analyses to be used to investigate interannua variation and trends in CEMP indices and the
means of presenting the results of these analyses most clearly should be undertaken as a high priority
before the 1995 meeting of WG-EMM. This work should be undertaken by correspondence, and,
where circumstances dlow, direct contact among Members of the statistics subgroup and the Data
Manager. A one-day meseting of the subgroup to complete this work may be required immediately
prior to the meeting of WG-EMM, depending on progress made intersessonaly.



ECOSYSTEM INTERACTIONS

6.28  The Scientific Committee noted that the discussion of this topic had taken place a the joint
meeting of the Working Groups.

ECOSY STEM ASSESSMENT

6.29 Because of the problems in cdculaing the magnitude and sgnificance of interannud
differences in parameter values (see paragraph 6.26 above), the assessment procedure undertaken
by WG-CEMP in 1994 (presented in Annex 6, Table 2) remained rather smilar to those followed in
1992 and 1993, rather than the more quantitative summary envisaged in SC-CAMLR-XI1, Annex 6,
paragraph 6.37.

6.30 Nevethdess the Scentific Committee found the summary tebles very useful and
welcomed the clear digtinction in the tables between assessments based on data actualy submitted to
the CEMP database and those based on data collected annualy by standard procedures but not
submitted to CEMP.

6.31  The Scientific Committee noted the vaue of Annex 6, Table 2, in terms of the ingght the
data provide into predator population size and predator performance in 1993/94 (Annex 6,
paragraphs 7.13 to 7.22).

6.32 In particular, the Scientific Committee noted the conclusons (Annex 6, paragraph 7.23)
that very different patterns of predator performance and prey availability/abundance had apparently
exised in the three sibareas of Statistical Area 48 in 1993/94. It concurred with the Working
Group tha these contrasting Stuations offered an excellent opportunity for a concerted effort to
investigate the biological and physica characterigtics of the marine environment that existed in these
three subareas in 1993/94.

6.33  Accordingly, WG-EMM was requested to investigate the best way that comparable, and,
where appropriate, coordinated analyses of relevant data might be arranged and expedited.
Members holding, or aware of the existence of, data reevant to this undertaking were asked to
provide WG-EMM with details, if they had not aready done so at the joint Working Group or in the
report of their Member’ s activities for 1993/94.



SCOPE OF CEMP

6.34  The Sdentific Committee agreed last year that wG-CEMP should consder whether it was
timely and gppropriate now to consder expanding CEMP beyond its current exclusive focus on the
krill-based system.

6.35 WG-CEMP reviewed briefly three areas of current research that had the potentid to make
vauable contributions to monitoring of and directed research on predators of fish species currently
or recently subject to commercid fishing (Annex 6, paragraphs 9.310 9.7). These were:

()  work on blue-eyed shags, especidly by Lic. E. Barrera-Oro and Lic. R. Casaux and
colleagues, providing data on the relative abundance and other characterigtics of
severa species of coagtal benthic fish. This research had been further discussed by
WG-FSA (Annex 4, paragraphs 5.1 to 5.3);

(i) current research a five sub-Antarctic idand groups by Audraia, France, South
Africa and Sweden investigating the dynamics of interactions between king penguins
and myctophids; and

(i)  detalled work, principaly by Audrdian, German and US scientists, on predators that
are important consumers of Pleuragramma antar cticum, a selected species within
the CEMP Program about which CEMP has rarely received any informetion.

6.36 In discusson, Members noted that research on king penguins and myctophids coud
potentialy be coordinated with research on squid, which would aso be vaduable to the Scientific
Committee.

6.37 It was dso noted that interactions between Antarctic fur seds and C. gunnari were of
congderable potentid interest in relation to the dynamics and management of stocks of thisicefishin
Subarea 48.3 (Annex 4, paragraph 4.77).

6.38  The Scientific Committee noted the conclusons of wG-CEMP that it would be very vauable
to widen the scope of CEMPto take full advantage of current work on these topics.

6.39 The Sdentific Committee recollected its discussons of las year (SC-CAMLR-XII,
paragraphs 8.11 to 8.13) concerning the advantages and disadvantages of expanding the scope of

CEMP. It endorsed the statement of WG-CEMP that any expanson should be carefully planned and
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should not dilute the condgderable effort required to maintain the exising CEMP Program. It further
noted the potentid vaue of comparisons between krill-based and fish-based predator-prey
interactions.

6.40 Consequently, recognisng the interest in undertaking gppropriate research and monitoring
activities on sdlected predators of fish species that are or have been of commercid interest, the
Scientific Committee agreed this topic should be considered at the next neeting of its Working
Groups. It encouraged Members to submit outline proposals for research and monitoring activities.

6.41 Findly, the Scientific Committee noted Dr Bengtson's intention to retire as Convener of
WG-CEMP. The Chairman, with unanimous endorsement, thanked him for five years of outstanding
leadership of WG-CEMP, during which time the program had made great progress, atracting much
internationd interest and furthering the ecosystem management goas of CCAMLR.

ADVICE TO THE COMMISSION

6.42 Members should be reminded of the importance of submitting current CEMP data annudly
and in atimdy fashion, and of the requirement to submit dl relevant historica data to CEMPas soon
aspossible.

6.43 Members undertaking long-term research programs relevant to CEMP, and especidly
France, Germany and New Zedand, should be paticularly encouraged to paticipate fully in
mestings and activities of WG-CEMP.

6.44  Subject to its goprovd of terms of reference of next year's meeting, the Scientific
Committee recommended including funds in the provisona 1996 budget for a workshop to develop
dandard indices of foraging effort of seds and penguins (from TDR data) which are likely to reflect
intra- and interannud variation in prey availability.

6.45  The Secretariat should be requested to circulate al gpproved revisons to existing CEMP
gandard methodsin al languages of the Commission before the 1995/96 field season.

6.46 The Sdentific Committee prepared pecific recommendations to the Commisson

concerning the establishment of criteria againg which proposds from SCAR for ASMAs and ASPAS
should be assessed. These are set out in full in paragraph 6.11.
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6.47 In respect of the current ASMA proposa from Brazil and Poland, the Scientific Committee
drew the attention of the Commission to the fact that not al of the information required under the
criteria proposed in paragraph 6.11 had been presented in the proposal. The Scientific Committee
recommended appropriate revison (paragraph 6.14). Furthermore, there was no report of
consultations with other parties (e.g., Ecuador, Peru, usa) known to be conducting research in the
area (paragraph 6.13).

REPORT OF THE JOINT MEETING OF THE
WORKING GROUPS ON KRILL AND CEMP

7.1 The second joint meeting of wGKrill and wG-CEMP was held in Cape Town, South Africa
between 27 July and 2 August 1994. It was chaired by the Chairman of the Scientific Committee,
Dr K.-H. Kock. The report of the meeting is attached as Annex 7.

7.2 The objectives of the meeting were set out at last year's Scientific Committee meeting (Sc-
CAMLR-XII, paragraph 15.4) and its primary objective was to facilitate interaction between wKrill
and WG-CEMP on matters of common concern.  Specific items chosen by the Scientific Committee
for consderation are contained in SC-CAMLR-XII, paragraphs 8.14, 8.22 and 15.5. These include
the development of models to evaluate various aspects of experimenta harvesting regimes, a review
of the scope of CEMP monitoring with respect to predators and prey, fine-scae fisheries data
obtained within predator foraging ranges, indices of krill availability and year-class strength, the
incorporation of predator-derived indices into the development of approaches to manage the krill
fishery and the future organisation of the work of wGKrill and WG-CEMP.

PREY MONITORING (Annex 7, paragraphs 3.1 to 3.18)

7.3 The Scientific Committee endorsed the joint meeting's ddliberations st out in Annex 7,
paragraphs 3.1 to 3.18.

74 In particular, it was noted that with respect to the availability of krill biomass estimates
within the Integrated Study Regions (1SRs), the boundaries for each of the three ISRs enclose alarge
area. These were origindly chosen, inter alia, as regions where krill harvesting has taken place, krill
surveys have been undertaken, and which were presumed to encompass important foraging areas for
predators to be monitored (SC-CAMLR-V, Annex 6, paragraphs 11 and 12).



7.5 The Scientific Committee endorsed the joint meeting’s conclusion that these oundaries
were useful in the above context, but added that it may not be necessary to conduct surveys of krill
biomass over the regionsin their entirety (Annex 7, paragraph 3.10).

7.6 It also accepted that there are problems in comparing biomass estimates from different
Szed areas and that krill dengity is amore gppropriate measure for such comparisons.

PREDATOR MONITORING (Annex 7, paragraphs 3.19 to 3.23)

7.7 The Scientific Committee noted the review of the important work being undertaken within
CEMP.

ECOSY STEM INTERACTIONS (Annex 7, paragraphs 4.1 to 4.40)

Didtribution of Krill Fishing and Predators
(Annex 7, paragraphs 4.1 to 4.13)

7.8 The Scientific Committee welcomed the work undertaken by Japanese scientigts as the
most detailed attempt so far to investigate interactions between penguins, fisheries and krill a an
appropriate scale.

7.9 In respect of the reservations expressed about the above work, particularly the
interpretation of the results (Annex 7, paragraph 4.3), the Scientific Committee welcomed the joint
Japanese/us initiative, planned for the forthcoming austrad summer, to investigete further potentia
interactions between predators, the fishery and krill in the Elephant Idand region (Subarea 48.1).

7.10  The Scentific Committee further agreed that pursuing the question of potentia predator-
fisheriesinteractions at various scaesis of great importance to CCAMLR (Annex 7, paragraph 4.4).

7.11 It is equally important that the collection of any data to examine such interactions should be
accompanied by theoretica work aimed at establishing how such data can be used in management.
Also, both theoretical work and data collection should proceed jointly. In particular, it is essentia
that data collection be evaduated in respect of additiona observations necessary to resolve
ambiguitiesin the interpretation of current data (Annex 7, paragraph 4.5).
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7.12  The continuation of moddling studies a scaes which examine the combined effects of
fishing and krill flux on krill avaldaility within predator foraging areas (Annex 7, paragraphs 4.6 and
4.37 to 4.39) was encouraged.

7.13  The Scientific Committee noted that further breskdown of flux cdculations at finer scales
more relevant for predators may be required. The importance of refining esimeates of krill flux a the
scaes currently being used and through the acquistion of new data sets (Annex 7, paragraph 4.13),
particularly at finer scales than at present, was recognised.

7.14  The Scentific Committee endorsed the joint meeting’s suggestion that studies of predator
foraging should be continued in order to investigate behavioura interactions between krill predators
and their prey (Annex 7, paragraph 4.8). Such sudies are dso likely to be useful in improving
quantitetive definitions of predator-prey interactions.

7.15 In this connection, the Scientific Committee noted the Data Manager’s development of a
generdised index to describe overlap between predators and fishery and agreed that this work has
been taken as far as possible at this stage (Annex 7, paragraphs 4.9 to 4.11). The Secretariat was
requested to continue to caculate the catch of krill taken within the critical foraging period-distance.

7.16  The Sdentific Committee further agreed that discussion of the full implications of studies of
predator-fishery interactions should be carried forward.

Effect of Potentid Precautionary Measures
(Annex 7, paragraphs 4.14 to 4.17)

7.17  Reviewing the joint meeting's ddiberations, the Scientific Committee commended the Data
Manager on his efforts to develop a modd setting out the perceived consegquences of various
management measures on the krill fishery. It agreed that further development of this modd is
unnecessary at this stage, but interested parties were encouraged to proceed with vaidation of the
model and develop proposas for parameter re-definitions. The development of dternative models
was a'so encouraged.

7.18  The Scientific Committee noted the concerns expressed about the relationship of the model
to the operationd requirements of fishing (Annex 7, paragraph 4.16). It recollected its request that
fishing Members provide some indication of how they perceive some of the implications identified by
the modd in relaion to their fishing operations (SC-CAMLR-XI1, paragraphs 8.42 to 8.44). Fishing



nations were therefore requested to submit their views on this matter to the next meeting of the
Working Group.

Krill/Predator Functiona Relationships
(Annex 7, paragraphs 4.18 to 4.40)

7.19  The Sdentific Committee noted that the joint meeting had focused its attention on refining
the Butterworth/Thomson mode (WGKrill-93/43 and 24) which ams to describe krill-predator
functiond relationships. Suggested improvements include refinement of input parameters (eg.,
aurviva of juvenile krill), discusson of the mathematicd formulation for functiond relationships
between predator surviva and krill biomass in modelling density-dependence, mechanisms to deal
with moddling error, possible effects of prey sze sdectivity on age-dependent natural mortdity of
krill and appropriate levels of krill escapement necessary to meet predator needs (Annex 7,
paragraphs 4.21 to 4.32).

720 The Scientific Committee noted that work on most of these aspects of the
Butterworth/Thomson mode will be carried out during the forthcoming intersessiona period.

7.21  The Scientific Committee noted that placing nomina bounds on the acceptable levels of
escapement had proved to be useful in developing management advice. Usudly this leve istaken to
be about 0.5 of the spawning population in a single species fishery context. However, this ignores
dependent and related species within the provisons of Articlell.

7.22 In the absence of quantitative assessment of predator responses to different leves of
escapement, the Scientific Committee noted that the joint meeting had proposed a target escapement
level of 0.75 which is intermediate between the 0.5 (traditional sngle species fishing level) and 1.0
(no fishing) ‘extremes. It agreed this target value could be revised in the light of new information
both from the models currently being developed and from predator data (paragraph 5.18 and Annex
7, paragraph 4.32).

7.23 Particular note was taken of the possble effects of prey sdectivity by predators on
age-dependent naturd mortdity of krill dong with the need for further investigation of the effects of
predator consumption on the 2+ krill year class (Annex 7, paragraphs 4.34 and 4.35).

7.24  The Scentific Committee noted various other approaches to the modelling of predator/prey
fisheries interactions consdered by the joint meeting, particularly insofar as these atempt to rlate
prey flux with predator foraging demands at aloca level (Annex 7, paragraphs 4.36 to 4.40), and in
one case with environmenta variability (postion of the ice edge) as well. Further development of
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these modds was encouraged in the interests of improving the capacity for comparing results from
different moddling gpproaches.

ECOSY STEM ASSESSMENT (Annex 7, paragraphs 5.1 to 5.34)

7.25 Having endorsed the joint meeting's ddliberations on this topic, and on the development of
prey, predator and fishery indices in paticular, the Scientific Committee noted the difficulties
identified by the meeting in this regard (Annex 7, paragraphs 5.1 to 5.22). Despite recent advances
in the submisson of fisheries data (Annex 7, paragraph 5.8), there was ill a number of unresolved
issues, paticularly with regard to andysing fine-scae catch data from the former Soviet fleet (Annex

7, paragraph 5.9).

7.26  Although the Scientific Committee recognised that some expressons of CPUE, such as
cach per towing time, may be useful in providing information about loca concentrations of krill
abundance, it acknowledged that it is not possible to use currently submitted CPUE data as one of the
indices for assessment of prey abundance/availability in comparisons with predator indices derived
from CEMP (Annex 6, paragraph 5.15). Consequently, the Scientific Committee agreed to
encourage further development of fishery-based indices using catch information.

7.27  The Scientific Committee noted that, a least in the near future, the provison of prey
abundance and availability indices rlevant to the CEMP Program will depend extensvely on fishery-
independent information (Annex 6, paragraph 5.16).

7.28  The Scientific Committee reiterated that as far as CEMP prey monitoring surveys are
concerned, aminimum requirement is for annua surveys of at least part of each ISR.

7.29  The Stentific Committee noted that the above conclusions indicate that evauating changes
in predator populationsin relaion to changesin prey, taking due account of environmenta variability,
and how together these may affect predators, prey, or both within the ISRs, may be more difficult
than previoudy envisaged.

7.30 The Scentific Committee agreed that this topic should be reviewed at the earliest
opportunity by WG-EMM (see paragraphs 7.40 and 7.41 below). It will be necessary to address
guestions of whether it is best to proceed in future by (Annex 7, paragraph 5.23):

() atempting to increase the number and frequency of prey surveys in ISRs and to
fadilitate the acquisition of complementary environmentd deta;
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(i)  defining and developing more gppropriate prey indices,

(i) devdoping a suite of different goproaches to management measures involving
predator/prey interactions, which do not necessarily require the close linkage of data
from predators, prey and environment in the same way as hitherto attempted; or

(iv) some combination of (i) to (iii) above.

7.31  The Scentific Committee agreed that to improve the development of an ecosystem-based
management gpproach, it is necessary to improve current understanding of both the structure and
dynamic functioning, including tempord and spatid variability, of the Antarctic marine ecosysem
(Annex 7, paragraph 5.24).

7.32 Members were urged to submit proposds amed at identifying variables most likely to
indicate trends in important ecosystem components, especidly for prey, hydrography and wegther,
on various spatia (e.g., areas/subaress, 1SRs, fishing grounds) and tempord scales (e.g., interannud,
intraseasond).

7.33  WGCEMPS past progress in addressing this issue specificadly for predators was noted and
the Scientific Committee agreed that it offers a useful bass on which to proceed (Annex 7,

paragraph 5.26).

7.34  With respect to integrating predator, prey, environmenta and fishery indices into ecosystem
asessments and, ultimately, the formulation of management advice, the Scientific Committee
acknowledged progress reported by both wG-cEMP and WGKrill (Annex 7, paragraph 5.27).

7.35 In terms of CEMP Experimentd Approaches (Experimentd Fishing Regimes) as ameans of
invedtigating cause/effect relationships between the potentid impact of fisheries and predator
performance, the Scientific Committee agreed that these should not proceed without formaising the
precise objectives of any experiment and thoroughly evaduating its feaeshility. k was noted that
Members had been requested to undertake such tasks, but no proposals or evauations had been
forthcoming (Annex 7, paragraphs 5.28 and 5.29).

7.36  The Sdentific Committee dso noted that continuing to measure and evduate annud
vaiationsin predator, prey and environmenta parameters increases the possbility of formulating well
defined hypotheses to be tested by future experimental perturbations. Such measurements aso
serve to establish basdines against which to assess any detected changes in salected parameters. In
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the meantime, sharp fluctuations in the naturd variability of various parameters (eg., loca krill
availability) can be consdered as aform of naturd experiment which may facilitate the devel opment
of auitable hypotheses for future work (Annex 7, paragraph 5.30).

7.37  The Sdentific Committee concurred with the joint meeting's concluson that given the
difficulties which have become gpparent in developing assessments usng some combination of
predator, prey and environmenta data from those submitted to the CEMP database, and the
likelihood that the Stuation will not improve markedly in the near future, greater priority should be
given to condgdering how assessments of predator population datus, trends, reproductive
peformance, diet and demogrephy can contribute to the formulation of management
recommendations for the krill fishery (Annex 7, paragraph 5.31).

7.38  The Scentific Committee noted that papers addressing the genera issue of incorporating
ecosystem assessments into management advice have been tabled at past cCAMLR meetings and
encouraged Members to present these and other suggestions at the next meetings of the appropriate
Working Groups.

ORGANISATION OF FUTURE WORK (Annex 7, paragraphs 6.1 t0 6.12)

Re-organisation of the Scientific Committee’s Working Groups
(Annex 7, paragraphs 6.1 to 6.9)

7.39  The Scentific Committee had requested the joint meeting's advice on re-organisation of the
Committee’ swork (SC-CAMLR-XII, paragraph 15.16).

740  The Scientific Committee agreed that in order to integrate better the work currently being
undertaken by wGKrill and wG-CEMP, these two Working Groups should be combined into asingle
group under one convener. The new Working Group will be cdled the ‘Working Group for
Ecosystem Monitoring and Management’ (WGEMM).

741 Recdling tha Artide 11 of the Convention requires the conservation of harvested
populations, the maintenance of ecologica relationships between harvested, dependent and related
populations, the restoration of depleted populations and the minimisation of the risk of irreversble
changes in the Antarctic marine ecosystem, the Scientific Committee agreed that the terms of
reference for WG-EMM areto:

0] undertake assessments of the status of krill;



(i)

)

)

()

(vii)

undertake assessments of the status and trends of dependent and related
populations including the identification of information required to evauae
predator/prey/fisheries interactions and their relationships to environmentd festures,

undertake assessments of environmentd features and trends which may influence the
abundance and digtribution of harvested, dependent, related and/or depleted
populations;

identify, recommend and coordinate research necessary to obtain information on
predator/prey/fisheries  interactions, paticulally those involving harvested,
dependent, related and/or depleted populations;

liasewith WG-FSA on matters related to stock assessment;

develop further, coordinate the implementation of, and ensure continuity in the
CCAMLR Ecosyster Monitoring Program (CEMP); and

taking into account the assessments and research carried out under the terms of
reference (i) to (v) above, to develop management advice on the datus of the
Antarctic marine ecosystem and for the management of krill fisheries in full
accordance with Convention Article 11;

Pursuing these terms of reference will require, inter alia, that WG-EMM:

@

(b)

(©

(d)

develop assessment methods, including survey methods for predators and prey, and
standard methods for monitoring dependent and related species together with
environmental conditions,

continue efforts amed a utilisng the best available technology and a developing
sandard methods for the collection, recording, reporting and analysis of biologicd,
environmentd, fishery and other data pertinent to fulfilling the terms of reference;

develop models for predator and prey populations, their direct interaction with each
other, and their potentid interactions with fisheries and the environment;

coordinate relevant research activities, and



()

develop and evauate gpproaches to managing krill fisheries, taking account of
current and future patterns of harvesting.

742  The Scentific Committee d <0 identified the following priority activities to be undertaken by
WGEMM (Annex 7, paragraph 6.10):

further work on the determination of krill flux in Statistical Area 48, especidly in rdation
to predators (Annex 7, paragraph 4.7) and with consderation of tempora as well as
gpatid vaiaion;

investigation of options for decidon rules (in addition to those implicit in the bullet
following) for the cdculaion of agppropriate levels, digtribution and timing of krill
harvesting (Annex 7, paragraph 4.33);

further work on the functiond relationship between predators and prey, especidly
involving further determination of the parameters for and formulation of the
Butterworth/Thomson model (Annex 7, paragraphs 4.25 to 4.30);

further evduation of the sgnificance of locdised interactions between krill harvesting and
krill-dependent predators and identification of suitable approaches for further research
Initiatives and management measures, and

review of the links between prey, predator and environmenta data within the scope of
the CEMP Program (Annex 7, paragraphs 5.22 to 5.25).

743  The Scentific Committee agreed that the important ongoing intersessond tasks and
submisson of data requirements identified by wG-CEMP (Annex 6) and wWGKrill (Annex 5, Tables 3
and 4), as wdl as those listed by the joint meeting (Annex 7, paragraph 6.8), should be carried out
by wG-EMM. Tasks requiring work by ad hoc groups during the 1994/95 intersessond period

include:

evauation of proposasfor new CEMP methods,

evauation of new gatistics and methods of andyss of CEMP data;

evauation of any new proposas for CEMP Site protection;

development of sandard methods for measurement of foraging performance of
predators;

continuation of the analyds of krill flux;

estimation of krill biomass and evauation of acoustic methods, and



(vii)  continuation of work on yield and functiond relaionship modds.

744  The Scentific Committee noted that in order to address effectively the diverse range of
tasks, WG-EMM will require wide participation by scientists in a variety of specidist fidds (Annex 7,
paragraph 6.9).

745  To fadlitate the efficient and ongoing development of its advice to the Commission on krill
harvesting and ecosystem assessment the Scientific Committee recommended that wG-EMM should
meet in 1995 for about 10 days.

MARINE MAMMAL AND BIRD POPULATIONS

ANTARCTIC PACK ICE SEALS (APIS) PROGRAM

8.1 Dr Bengtson reviewed the past year's progress of SCAR'S Antarctic Pack Ice Sedls (APIS)
Program. A planning meeting was held in May, 1994, during which time a Draft Implementation
Fan for the APIS Program (SC-CAMLR-XI11/8) was developed. The SCAR Group of Specidists on
Sedls conveyed its thanks to cCAMLR for its financid support during 1993, which helped to fund this
mesting.

8.2 The plan describes proposed research operations at three scaes. circumpolar, regiond,
and sub-regiond. 1t is planned that the APIS Program fidd activities will be conducted during five
years (1995/96 to 1999/2000), with the 1998/99 season being targeted for coordinated, multi-ship
operations on a circumpolar sce. Two of the focal areas for APIS Program field work are also
integrated study regions for CEMP activities (Antarctic Peninsula and Prydz Bay).

8.3 The Scentific Committee welcomed the progress being made in developing the APIS
Program and reiterated its support for the program, which is expected to provide information useful

to the Scientific Committee swork. In particular, the proposed research on crabeater sedls, aCEMP
gpecies salected for monitoring, will address topics of direct relevance to CCAMLR.

84 It was recdled that so far very little progress had been made in developing standard
methods for monitoring crabeater sedls as part of CEMP. The Scientific Committee recognised that
one of the areas in which the APIS Program could benefit CCAMLR is through the specification of
gtandard methods for studying pack-ice seds. Therefore, it was agreed that the Chairman would
write to the Convener of the SCAR Group of Specidists on Sedls requesting that group’ s assistance
in drafting CEMP standard methods for crabeater sedls.
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85 The Scentific Committee agreed that cCAMLR should continue its support of the
development and planning of the APIS Program, and it recommended that an amount of A$2 500 be
provided to SCAR in 1995. These funds would help to sponsor a planning meeting, provisondly
scheduled for May or June 1995, that would focus on determining the scope and coordinating the
logidtic requirements of the program’ sfidd activities.

8.6 Dr Bengtson informed the Scientific Committee that because it was unlikely that he would
be participating in future meetings of CCAMLR, he would no longer be able to serve as the liaison
officer between the Scientific Committee and the APIS Program. The Scientific Committee thanked
Dr Bengtson for his efforts to ensure good communication between these two groups, and
nominated Dr Boyd as its new liaison officer with the APIS Program. It was recdled that Dr Boyd is
well positioned to serve in this role given that he is active both in the APIS Steering Committee and in
CEMP.

8.7 The Sdentific Committee noted that it would be very hepful in mantaining effective
communication with the APIS Program if the liaison officer would submit annud reports to the
Scientific Committee concerning relevant developments and progressin the APIS Program. A report
in respect of the APIS planning and development meeting was specificdly requested.

8.8 Severd Members informed the Scientific Committee that they were dready undertaking
pack-ice sed research leading up to the formal start of the APIS Program. The us noted that it
would conduct aerid surveys and other studies of pack-ice seds during February-March 1995;
scientigts from Norway and the UK will collaborate in the cruise. This research was planned partly in
response to the Scientific Committee' s encouragement to Members to undertake such surveys as a
matter of priority (SC-CAMLR-VII, paragraph 6.7, SC-CAMLR-IX, paragraph 6.4; SC-CAMLR-X,
paragraph 7.11).

8.9 Augtrdia reported that it was presently conducting crabeater sed research in the period
leading up to the initiation of the APIS Program; one focus of this work would be on methodologies
for future surveys. Chile gated that it plans to participate in the APIS Program, both through its
nationa research program and through collaboration with scientists from other countries.

STATUSAND TRENDS

8.10 Dr Croxal reported that the 1ucN (World Conservation Union) has produced new, draft
objective criteria for identifying threatened species and for assigning them to specific categories of



threat (including near-threatened status). Designation of a species in one of these categories can be
expected to have world-wide repercussions on conservation activities directed to such a pecies.

8.11  Thefirg globd gpplication of these criteria has been to birds, and a book containing the
relevant ligtings has just been published by BirdLife Internationa3. Two bird species of specid
interest to CCAMLR are listed in the volume: wandering abatross, threatened;, and grey-headed
albatross, near-threatened. The Scientific Committee' s attention was drawn to this development.

8.12 It was aso noted that one of the objectives of the forthcoming Internationd Conference on
Albatross Biology and Conservation, to be hed in Hobart in August 1995, will be to establish a
mechanism for a more comprehensive and criticad evauation of the status of dl abatross species.

The reaults of thiswork could be of interest to the Scientific Committee in repect of its evauation of
the gtatus and trends of marine mamma and bird populations.

ASSESSMENT OF INCIDENTAL MORTALITY
INCIDENTAL MORTALITY IN LONGLINE FISHERIES

9.1 The Charman introduced this item by noting that, in response to the growing concerns
about this topic and the increasing volume of materid being presented for discusson at the Scientific
Committee, it was decided last year to convene an ad hoc Working Group to review the Stuation.
The terms of reference for this Working Group, set out in SC-CAMLR-XII, paragraph 10.19, were to:

()  review and analyse the data submitted in accordance with CCAMLR requirements on
incidenta mortality associated with longline fishing;

(i)  review the efficacy of mitigating measures currently in use in the Convention Area,
and consder improvements to them, taking into account experience both insde and
outsde the Convention Areg;

(i) review data on the level and sgnificance of incidenta mortdity arisng from longline
fishing to marine animas found within the Convention Areg;

(iv) prepare asummary of the above for the consgderation of the Scientific Committee;

3 Collar, N.J, M.J, Crosby and A.J. Stattersfield. 1994. Birdsto Watch 2. The World List of Threatened Birds.
The official source for birds on the [IUCN Red List. BirdLife Conservation SeriesNo. 4. BirdLife International,
Cambridge.
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(v)  provide the Scientific Committee with advice for improvements to:
(& thereporting requirements currently in use in the Convention Areg; and

(b) the measures in use to avoid incidenta mortdity in longline fisheries within the
Convention Area.

9.2 The meding of WG-IMALF was held in Hobart, Tasmania, on 21 and 22 October 1994,
under the convenership of Dr Moreno. The report of the meeting is attached at Annex 8.

9.3 The Convener noted that the meeting had been very well attended, with 32 participants
from 12 Member countries. Forty papers were presented for consideration.

94 The Scientific Committee recorded its thanks to the Working Group for undertaking such
an onerous task in such ashort time. It welcomed the tabling of papers by Members such as Brazil
and Uruguay, which were unable to send representatives to the meeting; it also gppreciated the
presence of representatives of fisheries authorities and organisations at the mesting.

Levd of Incidentd Mortdity Arisng
from Longline Fisheries and its Significance
for Marine Animas within the Convention Area

95 The Scientific Committee noted the review of reports of incidenta mortality of seabirds
arising from longline fishing in Subarea 48.3 since the start of the fishery there in 1986/87 (Annex 8,
paragraphs 3.2 and 3.3).

9.6 The Scientific Committee recollected that, because of the very incomplete reporting of data
on incidenta mortdity and the lack of information on the effectiveness of mitigation measures
(sc-CAMLR-XII, paragraph 10.31), it had recommended last year to the Commission that scientific
observers be placed on a high proportion of longline vesses fishing in the Convention Area (sc-
CAMLR-XII, paragraph 10.32).

9.7 In response, the Commission had incorporated in Conservation Measure 69/X11, regulaing
the D. eleginoides fishery in Subarea 48.3 in 1993/94, the requirement that a scientific observer
(appointed in accordance with the cCAMLR Scheme of Internationa Scientific Observetion) be
aboard each vessd authorised to fish in the subarea.



9.8 The reports of the scientific observers from three of the four vessas which were authorised
to fish in Subarea 48.3 were available for review by WG-IMALF.

9.9 Dr Shug regretted that because fishing by Ukraine/Bulgaria on the RK-1 had only ceased
on 15 September, there had been insufficient time to prepare and transmit the observer’s report to
CCAMLR. It would be submitted as soon as possible.

9.10  The Scentific Committee welcomed this information and the Secretariat was requested to
ensure that the report was available for review by the gppropriate working and ad hoc groups of the
Scientific Committee.

9.11  The Sdentific Committee endorsed the conclusons of the WG-IMALF review (Annex 8,
paragraph 3.11) of the observer reports, specificdly that:

() the use of scientific observers had provided cCAMLR with the first adequate sets of
quantitative data on incidental mortdity of segbirds in the Convention Area and the
first evidence of any kind of interactions involving cetaceans,

(i)  the observers had produced excdlent results, often under very difficult conditions,
and had aso managed to achieve and maintain good relations with the fishing mesters
and crew, without which such useful data could not have been collected;

(i)  catch rates of seabirds were broadly smilar to those reported for longline fisheries
elsawhere (see Annex 8, Table 2 and paragraph 3.41). The current level of annud
mortaity of seabirds from longline fishing in Subarea 48.3 is likely to be in the order
of afew hundred birds (over haf of which, however, will be abatrosses). The levels
of mortaity, a least in some previous years when fishing effort was greater and few,
if any, mitigating measures were used, could eadly have been five or more times
higher. Even current levels of mortdity are likely to be having detrimentd effectson
some loca abatross populations;

(iv) stting lines only a night would reduce very significantly the catch of dbatrosses. It
will probably, however, result in larger numbers of white-chinned petres being killed;
further work on measures to prevent incidental mortdity of petrelswill be required;

(v) dreamer lines were shown to be highly effective in reducing seabird mortdity. Some
modification of the existing CCAMLR specification, to cater for the different types of
longline fishing in the Convention Area, would be appropriate;
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(vi) discharge of offad during setting should continue to be prohibited; discharge during
line hauling should be conducted on the opposite dde of the vesse to hauling
operations, and

(vii) attention should be given to the problem of cetacean interactions.

9.12 Members commented on certain aspects of the WG-IMALF review of the observers
reports, soecificaly that:

()  because dl catch rates of birds were based on observations during the hauling of
lines, they will be substantid underestimates. This is due to the number of birds that
are hooked and killed but not retained on the hooks; this proportion is about 30% in
studies conducted outside the Convention Areg; and

(i) the use of Mustad atoliners results in a proportion (perhaps 30%) of hooks not
being baited. Thus the true number of hooks ‘available to catch birdsis substantidly
lower than the numbers given in Table 2 of Annex 8, resulting in an underestimate of
theredl rate of catching birds.

9.13  The Scientific Committee noted the review of relevant data for Subarea 48.4 and Divison
58.5.1 (Kerguelen). It noted that seabird mortdity rates in the latter area (Annex 8, paragraphs
3.14 to 3.16) are broadly smilar to those reported from Subarea 48.3.

9.14 It dso noted the conclusion of WG-IMALF that, provided that the D. eleginoides fishery on
the Kerguelen shdf is maintained at its current level and the enforcement of measures to reduce
incidenta mortdity is maintained, there should be very limited impact from this source on loca
seabird populations.

9.15  The Scientific Committee noted with concern that in Subarea 48.3 there had been a very
subgtantiad increase in the numbers and proportions of abatrosses at their breeding colonies showing
evidence of having interacted with locd longline fisheries. These data could indicate mortdity to
abatrosses additiona to those recorded from observations of hauled birds and from estimates of
further mortdity during setting.

9.16  The Sdentific Committee welcomed the review of incidentd mortdity of seabirds which
breed in the Convention Areg, in longline fisheries for tuna outsde the Convention Area (Annex 8,
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paragraphs 3.22 to 3.30). This review summarised many of the data presented to the Scientific
Committee in recent years.

9.17 Dr D. Robertson (New Zedland) drew attention to the existence of recent data from New
Zedand which could supplement Table 2 of Annex 8. These data are dso from the southern bluefin
tuna longline ishery. In 1993 the data were from vessds either using streamer lines or fishing at
night. In 1994 the data were from vessdas required by regulation to use streamer lines whether or
not fishing took place a night. The observed incidentd catch rates for 1993 and 1994 (0.18 and
0.14 birds/1 000 hooks respectively) are both consderably higher than the rate recorded in Annex
8, Table 2 for 1992 in the New Zedland region.

9.18 Potentid problems arising from existing and developing longline fisheries for D. eleginoides
in southern Chile, the Patagonian shelf, the FaklandsMalvinas Idands and oceanic banks adjacent
to the Convention Area were highlighted in Annex 8, paragraph 3.31.

9.19  The Saentific Committee noted the Working Group conclusons that the problem of
incidenta mortality of seabirds from the Convention Area clearly occursin dl three oceans bordering
the Convention Area (Annex 8, paragraph 3.34).

9.20  The review of evidence of the effects of longline fishing outsde the Convention Area on
seabird populations in the Convention Area (Annex 8, paragraphs 3.35 to 3.40) was noted. This
review dso summarises many of the papers presented a recent meetings of the Scientific
Committee.

9.21  The Sdentific Committee welcomed the overdl summary of many of the preceding studies
and data in Annex 8, Tables 2 and 3. It agreed to include Table 2 in the report of the Scientific
Committee (with some minor changes to aid clarity) and to incorporate the New Zedand data
referred to in paragraph 9.17 (Table 8).

9.22 Dr M. de Poorter (AsoC) drew the meeting’s attention to document CCAMLR-XI11/BG/14
(aso Annex 8, paragraph 3.16) which reports an average of one to two birds killed per longline
setting in the Ukraine fishery in the Kerguden EEz, and SC-CAMLR-XI11/BG/12 which mentions atotd
of 875 sts for this fishery in 1993/94. Combined, this gives an edtimated totd of 875 to
1 750 birdskilled in thisfishery in the Kergudlen EEz in 1993/94.



Table8: Catch rates of seabirds in various longline fisheries from data collected by observers both inside and outside the CCAMLR Convention Area. Rough estimates
of total mortality are extrapolated from estimates of total effort. These estimates may involve substantial extrapolation, and hence may be subject to
considerable uncertainty.

. ) Estimated Number Observed Edimated | Annual Implied
Region Fishery Season | Number of Hooks | of Birds | Incidental Catch | Totd Effort | Tota Seabird Reference
Observed Observed | Rate of Seabirds | in Fishery Mortdity
Caugnt (SNo. per (Millions
1 000 hooks) of hooks)
South Atlantic Tuna 1990 18597 71 3.82 - 2 650t WG-IMALF-94/4
off Brazil
South Atlantic off Tuna 1994 55624 280 5.03 - - WG-IMALF-94/17
Braz| and Uruguay
AS\U%/rdO} . Tuna (Japanese) | 1987 108 662 45 041 107.9* 44 000 WG-IMALF-94/6
asnania
Ne\#hZed and Tuna (domestic) | 1994 11 200 6 0.27 - - WG-IMALF-94/10
no
f\l(evy %ea%g;tt:i ) Tuna (Japanee) 1%818- 1269 000 304 0.24 104 2 500 SC-CAMLR-XI11-BG/14
W/O0 miugation
New Zedand Tuna (Japanese) | 1992 1 032 000 16 0.016 9.0 1442 SC-CAMLR-XI11-BG/14
(streamer lines
+ nl%ﬁ-ﬁtl ng)
New Zedand Tuna (Japanese) | 1993 1226 000 215 0.18 4.8 839 D. Robertson
S. cOmm.
New Zedand Tuna (Japanese) | 1994 708 000 98 0.14 0.9 128 . Robertson
[PErs. comm.
Fisheriesin CCAMLR Convention Area
S%Itufkleeor |a3) D. dleginoides 1991 9000 6 0.67 5.2290 3000 WG-IMALF-94/5
area 4o.
“ “ 1994 239 200 75 0.31 0.2392 75 SC-CAMLR-XI11-BG/9
(snglevesH) Rev 1.
‘ “ 1994 25 860 5 0.19 0.2504 55 WG-IMALF-94/14
: “ 1994 206 720 98 0.47 0.29143 138 WG-IMALF-94/155
Kerguelen “ 1994 174 000 38 0.22 - - WG-IMALF-94/12
(Divison 58.5.1)

1 Estimate calculated as birds per fishing day.
2 Reported to be higher in 1993
3 C. Moreno, pers. comm.

Number of fishing daysis an estimate only.

4 All hooks south of 30°S
5 Including data from experimental hauls set during the day




9.23 Prof. Duhamd drew atention to the fact that the estimate provided in CCAMLR-XI11/BG/14
was not based on data of the same type as those analysed by WG-IMALF.

9.24  The Scientific Committee noted the clear indications in Annex 8, Table 3 that, of gpecies
breeding in the Convention Area, abatrosses and white-chinned petrels are particularly at risk from

longline fishing.
9.25  The Scientific Committee noted in particular the Working Group's conclusions that:

() dthough condderable uncertanty exists concerning the estimates of implied totd
seabird mortdity, it is known that substantiad numbers of seabirds are killed each
year,

(i)  except for the very high catch rates of segbirds in the tuna fisheries off Brazil and
Uruguay (where it is unlikely that any mitigating messures are in use), catch rates are
broadly smilar across fisheries despite the condderable differences in the near-
surface longline gear employed in fisheries for tuna and the bottom lines used in the
fisheriesfor D. eleginoides,

(i)  the results from the Japanese tuna fishery in New Zedand waters (and aso from
smilar Augrdian work) show that a substantia reduction in catch rates of segbirds
can be achieved by setting longlines a night and by using bird-scaring streamer lines,
and

(iv) the greater part of seabird incidentd mortdity relating to birds breeding within the
Convention Area arises from fisheries outsde the Convention Area. However, catch
rates of seabirds in longline fisheries within the Convention Area are comparable with
those outsde. Therefore, future expangon in any of these fisheries has the potentid
to lead to subgtantid incidentd mortdity unless the use of mitigation measures is
continued and improved.

Data Reporting on Incidental Mortality Arisng
from Longline Fishing in the Convention Area

9.26  The Scientific Committee noted the deficiencies in data reporting identified by WG-IMALF
(Annex 8, paragraph 4.2) and endorsed the comments that:



9.27

0]

thereis a need grestly to improve the collection of data and information on incidental
mortdity;

reliable datawill only be obtained from scientific observers;

it would be essentid to have obsarvers on dl longline vesss fishing in the
Convention Areg; and

the range and nature of the tasks of the scientific observer (collecting both bird and
fish data) are such that some prioritisation of tasks will be necessary. Even so, some
tasks are unlikely to be within the ability of a Sngle observer.

The Scientific Committee therefore endorsed the wG-IMALF recommendations that:

0]

whenever logidicadly possble, two scientific observers should be present on each
vesd. |n this context, the Scientific Committee noted that one particularly helpful

way of giving effect to this might be to share the duties between an internationa

scientific observer and a scientific observer provided by the Member operating the
vessd, as had been done successfully in 1992/93 and 1993/94 with the BF Friosur
V in Subareas 48.4 and 48.3;

priority tasks for scientific observers in relation to recording gppropriate data on
incidenta mortdity (Annex 8, paragraph 4.4) include:

(@ observation of both setting and hauling of lines and recording of appropriate
details of fishing equipment, fishing techniques and the type and nature of the
deployment of mitigating measures,

(b) retention of dl specimens of birds caught, or, if impossble, retaining a least
the head, leg and samples suitable for subsequent DNA andys's, together with
any bands or other identifying markers,

(o) traningin seabird identification;

(d) assding with education and dissemination of information to fishermen on the
problem of incidental mortdity and its solutions. It was recognised tha to
carry out this task the observer would need to be equipped with appropriate
documentation.



9.28  Accordingly the Scientific Committee recommended that:

() the pilot edition of the Scientific Observers Manual be updated to include the
following research priorities, rdevant to incidentd mortdity, which could be
addressed by scientific observers:

e monitoring total incidentd bird mortdity by species, sex and age;

* monitoring bird mortaity per unit of fishing effort and rative vulnerability of
different species,

»  collecting bird bands and reporting other study markings,

e evduating the efficacy of mitigation measures, and

investigating the practicdities of implementing different mitigation methods;

(i) inaddition, a new gppendix to the Scientific Observers Manual be prepared by the
Secretariat to provide guidance to observers placed on longline vessdls for the
purposes of recording information relating to incidenta mortdity;

(i)  reporting data on incidental mortality on form C2 be continued; and

(iv) the Secretariat create data sheets in book format based on information set out in
Annex 8, Appendix D for reporting observations conducted on board longline
vessds by scientific observers designated under the CCAMLR Scheme of Internationa
Scientific Observation.

9.29  The Scientific Committee recognised that producing new data formats will not be possible
in time for the 1994/95 fishing season. Development of these data formats would probably require
close liason with (and between) WG-IMALF and WG-FSA, as would evauating priorities for the
collection of data on fish and incidental mortality separately and together. The Scientific Committee
therefore recommended that the list of data required be circulated among Members (Annex 8,
Appendix D) in order to hdp standardise the collection of information by scientific observers in
1994/95.

9.30 In hdping to provide materid for observers to asss fishing vessas reduce incidentd
mortdity, the Scientific Committee commended the collaboration between Audtrdia and Japan which



had resulted in the production in 1994 of a book in Japanese entitled Catching Fish not Birds. a
Guide to Improving Longline Fishing Efficiency. The Scientific Committee recommended that
CCAMLR should condder requesting permission to revise the English language verson of this text
(WG IMALF-94/20) to ensure its gpplicability to longline fishing for D. eleginoides in the Convention
Area and then arrange its wide circulation in dl languages of the Commisson, and, if possble, in
languages of nations currently undertaking longline fishing in the Convention Area.

Measures for Reducing and/or Eliminating Incidental
Mortdity Associated with Longline Fishing

9.31  The Sdentific Committee welcomed the review by WG-IMALF of rdevant information from
Members working in the Convention Area (Annex 8, paragraphs 5.1 to 5.3), derived from
experience of the scientific observers on vessels in Subarea 48.3 and from research in conjunction
with the longline fishery around Kerguelen.

9.32 It noted the gpparent efficacy of the method currently in use around Kerguelen, and aso
the comments of WG-IMALF that such a method would not be applicable to the types of longline
fishing for D. eleginoides currently in use esewhere in the Convention Area.

9.33 The Sdentific Committee aso welcomed the review of relevant experiences and
observations from smilar, but much more extensive, work outside the Convention Area (Annex 8,
paragraphs 5.4 to 5.20).

9.34 It noted that the work referred to in Annex 8, paragraphs 9.29 and 9.30 indicated very
clearly the need for some smadl, but potentidly very important, modifications to the existing
Conservation Measure (29/X11). The Scientific Committee also noted that while these modifications
should very subgtantidly reduce the number of abatrosses caught, they may increase mortaity of

petrels.

9.35 In generd, however, the Scientific Committee observed that while improvements to such
mitigeting measures were desirable, only through more fundamental modifications to longline fishing
techniques would lagting solutions to the problem be achieved. Examples of such modifications are
the development by Audrdia and Japan of bait-casting machines and the development by Norway
of methods for setting longlines under water.



9.36 In conclusion, the Scientific Committee recommended that scientific observers be placed
on dl longline vesHs fishing in the Convention Area and that this requirement be incorporated into
the gppropriate conservation measures.

9.37 The Scientific Committee aso recommended that Consarvation Measure 29/X11 be revised
to:

()  ensurethat the setting of longlines takes place only at night (i.e., between the times of
nautica twilight);

(i) dlow dightly greeter flexibility in the desgn and deployment of streamer lines,

@) request that every effort should be made to ensure tha birds captured during
longlining are released dive and that, wherever possible, hooks are removed without
jeopardisng the birds’ lives, and

(iv) ensurethat the prohibition on dumping trash and/or offa during longline operationsis
maintained, with the addition of wording indicating that where this was impossible,
any discharge should take place as far away as possible from the area of the vessd
where longlines are being set or hauled.

9.38 In the revison of Conservation Measure 29/Xl1, exiing provisons for rgpid snking of
baited hooks and for the night-time use of the minimum ship’s lights necessary for safety, be retained.

9.39  As regards deploying streamer lines effectively and helping to devise improvements to
them, the Scientific Committee noted that WG-IMALF-94/19 provides a very clear satement of the
principles involved in the congtruction and use of streamer lines. 1t recommended that this document
be trandated into dl Commisson languages and, if possble, into the languages of other Members
currently fishing in the Convention Area, and circulated to Members with arequest to make it widdly
avalable amongg the longline fishing flegts, incdluding dl the vessds operating in the Convention
Area. All scientific observers should also be in possession of a copy of the document.

940  The Scentific Committee noted that the future development of improved methods to
mitigate seebird mortality may require an experimental gpproach, augmenting and complementing
data being collected by scientific observers aboard commercia vessds. Members were encouraged
to undertake such work and to report the results to the Scientific Committee for review.



941 Lic. Marschoff noted that using longlines in an experimental program (as suggested in
Annex 8, paragraphs 5.24 and 6.2) will result in some degree of interference with fishing activities
For example, during 1993/94 this potentiad problem was solved by the designation of a Specid Area
for Protection and Scientific Study.

942  The Scientific Committee noted that severd papers tabled a WG IMALF had drawn
attention to the potentidly important problem posed by interactions between longlines and cetaceans
and that WG IMALF had recommended that the Scientific Committee investigate how these
interactions could be reduced.

9.43  The Scietific Committee recommended that a useful first step would be for the Secretariat
to consult with the 1wc, seeking its advice on this topic, information on relevant research into
cetacean-fishery interactions and, particularly, details of research investigating techniques whereby
such interactions can be reduced or diminated.

9.44 Dr D. Torres (Chile) noted that FAO dso had interests, and potentidly relevant information,
inthisfield; the Secretariat was asked to seek amilar advice from this organisation.

945  The Scentific Committee recognised that however successful it is in reducing and/or
eiminating incidentd mortdity of seabirds in longline fisheries in the Convention Areg, there remains
the substantiad problem of the impact of incidentd mortality on segbirds in areas outsde the
Convention Area (paragraphs 9.18 and 9.19). Thisisa problem cCAMLR cannot solvein isolation.

946  The Sdentific Committee commended Jgpan for the initiatives dready taken by its fishing
organisations and authorities to reduce this problem; it encouraged Japan and other fishing Members
to extend these practices as widely as possble and to continue devising improved solutions to the
problem.

9.47  Accordingly, the Scientific Committee endorsed the recommendation of WG-IMALF that
CCAMLR should exchange, with appropriate fisheries management authorities and internationd
organisations, information on the state of Antarctic seabird populations affected by longline fisheries,
incidentd caiches in these fisheries, and rdevant data on fishing effort as wel as CCAMLR
experiences with mitigating techniques and with the formulation of conservation measures.

948  This exchange of information should involve dl the internationa fishery organisations
covering waters adjacent to the Convention Area as listed in Annex 8, Appendix E.



9.49 In this context, CCAMLR'’s atention was drawn to recent internationd effortsin formulating
guidelines for respongble fishing, amed at the sustainable use of the world's fisheries resources. In
May 1992 a meseting on responsible fisheries was held in Cancun, Mexico, and in the same year the
United Nations Conference on Environment and Development in Rio de Janero, Brazil, agreed on
the need to develop specific guiddines for respongble fishing and entrusted FAO with the
development of a Code of Conduct for that purpose. A Technica Consultation on this subject was
held in April 1994 and discussons will continue during the FAO Committee on Fisheries in March
1995. The work of CCAMLR on the regulation of fisheriesis of high rdevance to these internationd
efforts and should be made known to FAO. It should aso be noted that the UN Conference on
Straddling Stocks and Highly Migratory Fish Stocks will continue, and hopefully be findised, in
1995. Agan, certain regulatory measures enacted by CCAMLR concerning high sess fishery and
incidental catches of seabirds may be of considerable interest to that conference as an example of
how some aspects of this problem are currently being tackled.

9.50  The Scentific Committee noted that WG IMALF had identified a number of areas where
further work was needed (Annex 8, paragraph 6.1), and proposed various actions in respect of
some of these (Annex 8, paragraph 6.2).

9.51 Many of these initiatives have been addressed earlier in thisreport. However, the Scientific
Committee also recommended that:

() Membes mantan or increase monitoring of seabird populaions a risk from
incidenta mortality. The man species involved are dbatrosses, br which quite
extensve programs are in progress or under development, and to a lesser extent
white-chinned petrels, for which there are currently no population monitoring
programs, and

(i)  WGIMALF and WG-FSA should consder, as a matter of priority, the development of
mechanisms facilitating the processing of pecimens collected by scientific observers.

9.52  The Scentific Committee discussed how best to carry forward the work of WG-IMALF,
paticularly in the light of the heavy burden on the Secretariat of meetings aready planned to be held
in Hobart prior to the next meeting of the Scientific Committee.

9.53 It was agreed that a full meeting of WG-IMALF should not take place in 1995. In the
intersessond period, the undertaking of initiatives identified above should be handled by an ad hoc
subgroup ingtituted by the Scientific Committee and coordinated by Dr Moreno.



9.54  Thissubgroup will report on progress to the 1995 meeting of WG-FsA, for which the topic
of inddentd mortdity in longline fisheries will receive attention as a specid agendaitem. Every effort
should be made to ensure that scientists experienced in studies of incidental mortdity can attend WG
FSA, a least when this subject is being discussed.

ADVICE TO THE COMMISSION

9.55  The Commisson should note the conclusons of the Scientific Committee following its
review of the reports of scientific observers on board longline fishing vessals in Subarea 48.3 under
the terms of Conservation Measure 69/X11 (paragraphs 9.11 and 9.12).

9.56  The Commisson should aso note the conclusons of the Scientific Committee on which
gpecies breeding in the Convention Area are principdly at risk from longline fishing (paragraph
9.24), on catch rates of sedbirds in tuna and D. eleginoides longline fisheries, on the success
achieved by appropriate measures seeking to mitigate this incidentd mortdity and, findly, the
concluson tha the greater part of segbird incidental mortdity relaing to birds breeding in the
Convention Area arises from fisheries outside the Convention Area (paragraph 9.25).

9.57  Japanese scientidts, at the time of the adoption of the report, reserved their position on the
conclusions described above, since they had not analysed the papers and data submitted to wG-
IMALF.
9.58  The Scentific Committee has made a series of recommendations.

()  concerning improving the collection of data on incidental mortdity (paragraph 9.27);

(i)  for related changesto the Scientific Observers Manual (paragraph 9.28); and

@) for publications assging scientific observers in explaining the problems of, and
solutions to, incidental mortality of seabirdsin longline fisheries (paragraph 9.30).

9.59  The Scentific Committee, after reviewing numerous papers tabled on the topic of measures
for mitigating incidentd mortdity in longline fisheries, recommended that:

() sdentific observers be placed on dl longline vesss fishing in the Convention Area
and that this requirement be incorporated into the appropriate conservation measures

(paragraph 9.36);



(i) Conservation Measure 29/x11 be dightly revised, dong the lines specified in
paragraphs 9.37 and 9.38; and

(i)  ccAMLR should make widdy available to longline fishing vessdls and obsarvers a
publication explaning how to condruct, set and use streamer lines correctly

(paragraph 9.39).

9.60 In seeking to reduce interactions between cetaceans and longline fishing in the Convention
Areg, the Scientific Committee recommended that the Commission consult with the Iwc and FAO for
advice (paragraphs 9.43 and 9.44).

9.61 In order to help reduce the mortdity outsde the Convention Area of seabirds breeding
within the Convention Areg, the Scientific Committee recommended that the Commission exchange
information with al internationd fisheries organisations covering waters adjacent to the Convention
Areaand dso with FAO and the UN (paragraphs 9.47 to 9.48).

9.62  The Scentific Committee agreed that WG-IMALF need not meet in 1995. It established an
ad hoc subgroup, coordinated by Dr Moreno, to ensure progress is made with the agreed
intersessond tasks and to report to the 1995 meeting of WG-FSA (paragraphs 9.53 and 9.54).

9.63 Dr de Poorter expressed the view tha it would be hdpful to the Commisson's
deliberations if, in addition to the totd number of birds accidentdly killed in the past season, the
Commission was informed of the effects of bird mortaity that would be achieved by the different
actions it might condder taking. This could include an estimate of the decrease of totd mortdity and
the potentid increase in petrd mortality resulting from adopting the mitigative measures identified by
WG-IMALF, aswdl as the effects on bird mortaity in the event of closure of the fishery.

9.64 Dr de Poorter further stated that it would be useful to specify atime frame for an in-depth
review of the effectiveness of additiond mitigative action.

9.65 Dr Holt noted that wG-IMALF had reviewed information concerning the incidence of bird,
especidly dbatross, mortdity in the D. eéeginoides longline fishery. He suggested that the
Commission might wish to consider these impacts when determining an appropriate catch level for
this fishery. In fact, congderation of these impacts may include setting a catch leve a the lowest or
lower end of the range of levels being considered.



9.66 Dr Moreno gtated that it was ingppropriate to relate the problems of incidental mortdity to
the process of determining TAC levels. This statement is based on the fact that most incidenta
mortdity of seabirds occurs outsde the Convention Area, and the existence of mitigating measures
which are currently being used to decrease the rate of mortaity within the Convention Area. Hewas
convinced that the most important issue is to educate fishermen in order to achieve longterm success
in goplying mitigating measuresin dl fisheries

9.67 Dr de la Mare agreed that it was ingppropriate to make a direct connection between TACS
and the level of bird mortdity. However, he considered that there was a need to provide information
to the Commission on the likely consequences, for example in terms of estimates of bird mortdity, of
management measures directed towards the fishery. This would be particularly gppropriate where a
range of aternative measures was [roposed so that the Commisson might take bird mortdity into
account when consdering the dternatives. The measures consdered may be not only TACs, but
other regulations possibly involving fishing areas and seasons.

9.68 Dr Robertson noted that in addressing the issues of incidentad mortality of segbirds, the
Scientific Committee has so far been careful to propose mitigating measures which will not have an
impact on the TACS of target species.

9.69 Lic. Marschoff indicated that gethering information an incidenta mortaity would become
usdessif it did not result in adegquate conservation measures being adopted; these measures might
well indude the setting of TACs based on by-catch condderations, as has been done in the past by
the Commisson.

9.70 Mr Miller emphasised that in addressing incidentd mortdity, CCAMLR was, to a large
extent, inheriting a problem whereby far grester mortdity was occurring outsde than ingde the
Convention Area.  Consequently, CCAMLR has a strong duty to inform other aganisations and
nations fishing outsde the Convention Area of the magnitude of the problem of incidentd mortdity of
seabirds across the Convention’'s boundaries.  Therefore, the Commission should be proactive in
promoting awareness not only of its activities in repect of the above, but dso in enhancing efforts
amed at addressing incidentd mortdity of species found in the Convention Areaon aglobd bass.

INCIDENTAL MORTALITY IN TRAWL FISHERIES

9.71  The Commission adopted Conservation Measure 30/X in 1991 which prohibited the use of

net monitor cables in the Convention Area from the beginning of the 1994/95 fishing season.
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9.72 Mr Z. Cidniaszek (Poland) informed the Scientific Committee that Poland intended to
operate one vessd in the 1994/95 season and asked the Scientific Committee to support its request
to the Commisson to defer the introduction of the conservation measure for one season. Poland
maintained that the ship it planned to use was old, and since thiswould be its last season of operation
it would be uneconomic to replace the net monitor with one which does not use a cable. Poland
would continue, however, to deploy the cables in accordance with the procedure set out in Annex 6
of CCAMLR-X. Thishas resulted in no cases of bird or mamma mortality being observed, a Stuation
reflected in the report of Poland (CCAMLR-XI11/BG7).

9.73  The Scentific Committee noted, however, that no other reports had been presented on
incidental mortdity caused by net monitor cablesin trawl fisheries within the Convention Area.

9.74  The Scentific Committee recdled that such mortdity in New Zedand trawl fisheries went
unreported until scientific observers had been placed on board fishing vessals (SC-CAMLR-X/BG/4).

9.75 In the absence of relevant data from the Convention Area, the Scientific Committee could
not assess the probability of incidental mortality of seabirds occurring. It was therefore unable to
comment on the proposal from a scientific point of view, dthough it noted that the net monitor cable
arrangement used by Poland was unlikely to cause substantid mortdity of abatrosses. The Scientific
Committee was, however, concerned at the prospect of creating exemptions from conservation
measures and recommended that if an exemption were to be granted then this should be conditiond
on ascientific observer being placed on board.

9.76  The Scientific Committee noted that Ukraine proposed to undertake trawling on the Ob
and Lena Banks using vessdl's equipped with net monitor cables (see paragraphs 2.74 to 2.76).

9.77  Japan reported in CCAMLR-X111/BG/23 that two penguins, two unidentified seabirds and two
Antarctic fur seals were caught and brought on board krill fishing vessds. Most of them, except for
two unidentified birds, were caught dive and rdeased immediately. Coordinates and dates provided
show the birds were taken in the region of the South Shetland Idands in March to May and the fur
seds were taken in June near South Georgia. Thisis the firgt report of incidenta catches of marine
mammals and birds in active trawl fishing gear in the Convention Area.

MARINE DEBRIS

9.78 Members reports on the assessment and avoidance of incidenta mortaity and impacts of
marine debris on biota in the Convention Area have been recaived from Audrdia, Brazil, Japan,
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Russa, Poland, South Africa, UK and USA (CCAMLR-XIII/BG6, 24, 23, 28, 7, 5, 20 and 15). Reports
dedling with mortdity and loss of longline equipment are discussed in paragraphs 9.5 to 9.25.

9.79 Dr Croxall presented sc-CAMLR-XI11/BG3 which reports that surveys of Antarctic fur sedls
entangled in man-made marine debris were carried out for the fourth consecutive winter and sixth
consecutive summer a Bird Idand, South Georgia. In the 1993 winter the number of entangled
seals was only 39% of the record 1992 totd, but il five times the numbers in 1990 and 1991.

Nearly dl animas were juveniles, hdf had severe injuries and the proportion of females (40%) was
the highest yet reported. The proportion of animas entangled in packaging bands was the lowest
ever (24%) and less than one-hdf that in 1992. Fishing net fragments and especidly string and bags
were common entangling materids. In the 1993/94 summer the number of seds entangled (23) was
the lowest ever and a 70% reduction on the previous year, thereby reversing the upward trend snce
1990. For the firg time more animas were entangled in net fragments (35%) than in packaging

bands (30%), the decrease in the latter mirroring the records of the preceding winter. However,
68% of animds affected were femae (previous highest 40%); combined with the highest proportion
of adults and of severe injury yet reported, grounds till remain for concern.

9.80 Dr Croxdl introduced sc-CAMLR-XI11/BG/4 which reported the first observations of oiled
abatrosses at South Georgia. He noted that as with the oiled penguins reported in 1993, dso from
South Georgia (SC-CAMLR-XII, paragraph 10.29), evidence suggests that at least one of the birds
became contaminated localy.

9.81 Paper sc-CAMLR-XI111/BG/4 dso recorded the ingestion of plastics by abatrosses and giant
petrels and reported a six-fold increase over the previous year of the incidence of fishing line and
hooks associated with, regurgitated by and impaed in seabirds (see Annex 8, paragraphs 3.18 to
3.21). Paper CCAMLR-XI/BG5 reported the occurrence of a tuna longline hook close by a
wandering abatross nest at Marion Idand.

9.82  The Scentific Committee noted with concern the gpparent increase in the number and
variety of environmenta threats to birds and sedls.

MANAGEMENT UNDER UNCERTAINTY ABOUT
STOCK SIZE AND SUSTAINABLE YIELD

10.1  The Scientific Committee recaled the Commisson’'s request for work to continue on the
development and implementation of methods for estimating TACs under conditions of uncertainty
about stock szes and sudtainable yields (see CCAMLR-XII, paragraph 4.26). The Scientific



Committee agreed that both wGKrill and WGFsA have made Sgnificant, practica advances in this
regard; uncertainty has been incorporated into a number of stock assessments.

10.2  With respect to krill, the Scientific Committee reiterated its concluson made in 1993 (see
SC-CAMLR-XII, paragraph 3.97) and noted that the principles of management under uncertainty
continue to be incorporated in the assessment and management of this stock.

10.3  With respect to fish, the Scientific Committee noted that WGFsA has made sgnificant
progress in deding with uncertainty in the assessments of various fish socks. In particular, the
Scientific Committee recognised that uncertainty had been considered during the assessments of C.
gunnari (Subarea 48.3), E. carlsbergi (Subarea 48.3), C. gunnari (Divison58.5.2), and
D. eleginoides (Divison 58.5.2) (Annex 4, paragraphs 4.65 to 4.70, 4.78 to 4.83, 4.150 to 4.159,
4.161t0 4.164).

104  The Scientific Committee agreed that more work needs to be done on accounting for
uncertainty in the assessment and management of fish socks. There is scope for incorporating
additiond methods for dedling with uncertainty into the current assessment modds. For ingtance, an
edimate of the variahility in pre-exploitation biomass could be taken into account for C. gunnari in
Divison 58.5.2 (Annex 4, paragraph 4.158).

10.5  The Sdenttific Committee noted that a longterm management strategy for C. gunnari in
Subarea 48.3 (Annex 4, paragraphs 4.78 and 4.79; paragraph 2.34 of this report) will have to ded
with uncertainty in many population dynamics parameters. In particular, it should take account of the
potential for occasiond, large increases in naturd mortality of this slock (Annex 4, paragraphs 4.71
to 4.77).

10.6  The approach adopted by CCAMLR is a sendble drategy for coping with unpredicted
changes in the ecosystem. It was noted that the observation syslem implemented in Subarea 48.3
(Annex 4, paragraph 3.7) could be a useful mechanism for collecting data on large-scale changesin
the Antarctic marine ecosystem.

10.7  The Scientific Committee reiterated its view that ‘under conditions of increasingly poor data
availability, management measures would most gppropriately start to follow options from a choice of
precautionary low catch levels (SC-CAMLR-XII, paragraph 3.98). In this context, it was noted that
the techniques and models currently used to incorporate uncertainty in the stock assessments operate
in such a way that estimated yields and catch limits usudly decrease as uncertainty in mode
parameters increases (Annex 4, paragraph 4.164).
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10.8  The Scientific Committee agreed that the topic of management under uncertainty should
remain as a separate agendaitem for its 1995 mesting.

SCIENTIFIC RESEARCH EXEMPTION

11.1  The Sdentific Committee had been aked by the Commisson to review the
gopropriateness of the 50 tonne catch limit for scentific ressarch exemption, specified in
Conservation Measure 64/X11, for krill, crab and squid (CCAMLR-XI1, paragraph 6.10).

11.2  The Sdentific Committee endorsed the following comments of wGkKrill and WGFsA on this
topic:

*  For krill, Members usng commercid types of travl should submit information on the
levels of catches which could be taken in research cruises (Annex 5, paragraph 5.26).
Thisinformation should be reviewed a the next meeting of WGEMM.

»  For crab, the 50 tonne catch limit gppears sensble given the rdatively tight provisons of
Conservation Measures 74/X11 and 75/X11 (Annex 4, paragraph 6.8).

11.3  Given the limited information on the abundance of squid in the Convention Area, the
Scientific Committee had no advice to offer in respect of squid.

11.4  Some members of WGFSA suggested that the sx-month lead in time required for
notification of intended survey activity (CCAMLR-V, paragraph 60) was redrictive (Annex 4,
paragraph 6.7). The Scientific Committee encouraged the review of this requirement at the next
meeting of WG-FSA.

NEW AND EXPLORATORY FISHERIES

12.1  CcCAMLR has not recaved any notification of intention to conduct new or exploratory
fisheries in the 1994/95 season. However, the UsA natified its intention to fish for crabs in
Subarea48.3 in accordance with Conservation Measure 74/XI1, which cdlassfies this fishery as
exploratory.

12.2 Dr Halt informed the Scientific Committee that although cCAMLR had been natified of this
intention, the Us did not pursue this exploratory fishery in the 1993/94 season. A company holds a
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us permit and has natified its intention to fish in the present fishing season (1994/95), but it is ill
uncertain whether it will fish or not.

CCAMLR SCHEME OF INTERNATIONAL
SCIENTIFIC OBSERVATION

OBSERVATIONSIN THE 1993/94 SEASON

13.1 In the 1993/94 season three Members, in fulfilment of the conditions of Conservation
Measure 69/XI1, placed internationa observers on vessds operating in the D. eleginoides fishery in
Subarea 48.3: UK (on vessels from Korea and Chile), UsA (on a Russan vessdl) and Russa (on a
Bulgarian vesd).

13.2 In introducing the report of the us observer on the Fv Maksheevo (7 February to 18 April
1994; sC-CAMLR-XIII/BG/9 Rev. 1), Dr Holt expressed the gratitude of the US to the Russan captain
for the professona way in which the observer was treated, and acknowledged the assistance of UK
colleagues with logigtic organisation. He noted that dthough some results were reported in SC-
CAMLR-XI11/BG/9 Rev. 1, andlyds of observer samples (in particular otolith readings) was continuing.
The report was considered by both WG-FsA and WG-IMALF.

13.3  The report of the UK observerson Fv Thn Sung 66 (15 December 1993 to 7 February
1994; SC-CAMLR-X11I/BG/14) was introduced by Dr G. Parkes (UK). Three observers had
participated, two being present on the vessdl at any one time, and athough the observers did not
speak Korean, they were able to communicate in Spanish with the captain. On behdf of the UK he
thanked Korean colleagues for their cooperation, but noted that the observer had found that the
cgptain was not fully informed of his obligations under Conservation Measure 69/XI11, especidly with
regard to the experimenta protocol, and that the observers had found working conditions difficult.
The principa results of the observations had been presented to WG-FSA and WGIMALF (WG-FSA-
94/22, WGIMALF-94/15 and 16). Otolith and scale samples taken for age determination had not yet
been processed.

134  Dr D.-Y. Moon (Republic of Korea) acknowledged that difficulties had been experienced
in communicating with the vessel and its company, but that this situation would be improved in future
arrangements.



135 Reports from the UK observers on the BF Friosur V (Chile) had been presented to
WGFA (WGFSA-94/31) and WG IMALF (WGIMALF-94/15 and 16). A Chilean observer was dso
present on this cruise and this had markedly increased the qudity of the observations.

13.6 Dr Moreno noted that the presence of two observers on a ship was generdly desirable to
complete the heavy workload requested of observers, and suggested that the Chilean/UK experience
of aloca observer on board the Friosur V in addition to international observers could be used in
other gtuations to reduce the workload on observers, enable increased coverage of observed events
and increase cooperation between crew and observers.

13.7 Dr Robertson noted that the conversion factor of 0.69 for the headed and gutted fish on
the Korean vessdl was different to the factor of 0.5 noted in paragraph 4.7 of the WG-FSA report
(Annex 4) for the Chilean vessdl, and highlighted the need to obtain reliable converson factors for
CCAMLR fisheries. The Scientific Committee Chairman advised that the factor 0.5 was for fillet
weight to green weight, hence the difference.  Members were urged to submit information on
conversion factors to the Secretariat.

13.8 It was reported that observers had found the Scientific Observers Manual very useful,
but as was the case last year, they had used the formsin the manua as a guide only and had actudly
used their own forms (SC-CAMLR-XII, Annex 4, paragraph 4.3).

13.9  The Sdentific Committee agreed thet a the time of entering into a bilaterd arrangement,
some condderation should be given to establishing provisons for andysng data and samples
collected by observers. It was recdled that the most important consideration was that data and
samples from observer programs should be andysed in a timely fashion, so that results wuld be
presented to the rdlevant Working Groups as early as possble. In cases where neither the host nor
the observing Member could process the results in sufficient time, other Members might be able to
find the resources to do the work.

ADVICE TO THECOMMISSION

13.10 The Scientific Committee recdled its decisons regarding the technica aspects of recording

data on incidentad mortality (Annex 8, paragraph 4.4). It recommended that, whenever logidticaly
possible, two scientific observers should be present on each vessel for the purpose of recording such

data (paragraph 9.27).
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13.11 The Scentific Committee recommended that the Commission ensure that Members
entering into an Obsarver Arrangement take steps to make certain that the crews of ther fishing
vessdls are well aware of the responshilities of hosting an observer, and the requirements of those
obsarvers in the execution of their duties, and dso to ensure that the conditions available on the
vessdls are satifactory.

13.12 To ensure that data collected by observers are analysed and reported to relevant Working
Groupsin atimely fashion, the Scientific Committee recommended that:

* agreement on the fate of data and samples, and the arrangements for their anayss,
should be considered by e parties to the arrangement at the initiation of observer
arrangements, and

»  where naither host nor observing Member is able to process samplesin atimely fashion,
consderation should be given to sending them elsawhere for processing.

13.13 The Scentific Committee asked the Working Groups to consider what would be the best
cooperative arrangements to ensure that samples are andysed in a timely fashion when they cannot
be worked up by ether party to an observer arangement. A ligt of ingtitutions able to perform such
work would be helpful in this regard.

13.14 To facilitate access to observer data, it was recommended that al data acquired as part of
an observer program should be lodged with the Secretariat. In this regard, the Scientific Committee
endorsed the suggestion in Annex 4, paragraph 3.11 and recommended that:

o dl data from observer programs which could be entered into existing CCAMLR
databases (in particular, the longline, research, length composition, age compostion,
age-based biologica databases) should be submitted to CCAMLR;

 acopy of dl other data from observer programs should dso be lodged with the
Secretariat where it would be held as hard copy only; and

» these datawould be subject to the CCAMLR rules on data access (Annex 10).

13.15 Regading the <ientific Observers Manual, the Scientific Committee recdled its
discussionsin paragraph 9.28 under items regarding observer information and agreed that:
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» thepriority ligt for observations of incidenta mortdity (Annex 8, paragraph 4.5) should
be added to the list of research priorities given on pages 5 and 6 of the Scientific
Observers Manual;

» condderaion of revisons to the section on data collection and sampling requirements
for observers (page 7), which should contain some indication of the reative priorities for
data collection, should be deferred to the next meeting of the Scientific Committee. In
the interim, the Working Groups were requested to consider relevant priorities for data
collection and proposas for changes to this section of the Scientific Observers
Manual; and

» pending these and other technica additions a new verson of the Scientific Observers
Manual should be considered for 1996.

COOPERATION WITH OTHER ORGANISATIONS

14.1  The Sdentific Committee recdled that it had requested that a flow chart be prepared
describing CCAMLR's redions with other organisations. This chat is in the find dages of
preparation and will be digtributed to Membersin the intersessond period.

FUTURE COOPERATIVE RESEARCH

14.2 During the present meeting representatives of five countries (Brazil, Germany, Japan,
Republic of Korea, usa) reviewed their marine research activities in the Antarctic Peninsula area
during the 1994/95 season (Annex 7, Table 1a).

14.3 Data collection procedures were discussed in order to ensure standardised methods for
hydroacoustic surveys, krill and zooplankton net sampling, phytoplankton standing stock estimates
and oceanographic measurements. Data formats were agreed in order to facilitate processng and
andyss of biologicd data that will be collected during the surveys. Guiddines on sampling
procedures and data storage will be prepared by Dr V. Siegel (E=C) and distributed to participants.
Potentid queries were drawn up for the workshop and a prdiminary list will be attached to the
guiddines.
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144  Sdentigs involved in the planned research activities were invited by Germany to attend a
Daa Andyss Workshop in Hamburg from 17 to 20 July 1995 immediately prior to the meeting of
WGEMM inltdy.

SCAR

145  Thereport of the cCCAMLR Observersto SCAR (Drs Croxal and Everson) was presented in
CCAMLR-XIII/BG/18.

14.6 Following discussions held a the meeting of the Group of Specidists on Environmentd
Affars and Conservation (GOSEAC) (Santiago, Chile, May 1994), the Scientific Committee noted the
following items of interest to CCAMLR:

* GOSEAC presented a working paper on environmental monitoring to XVIil ATCM in
Kyoto. The Secretariat was requested to obtain a copy of this paper from GOSEAC for
condderation by WG-EMM; and

* GOSEAC noted the intention of IUCN to hold a workshop on human impact in the
Antarctic, and that ITUCN has established an Antarctic Advisory Committee with the
dated priorities of addressng questions of protected aress, the liability regime and
CCAMLR. The Scientific Committee requested that the Secretariat establish links with
this Committee through its chairman, Prof. B. Davis (Hobart).

14.7  CCAMLR was represented at the Sixth SCAR Biology Symposium (30 May to 3 June 1994,
Venice, Itay) by the Science Officer. His report (SC-CAMLR-XINI/BG/7) noted that there was
condderable interest in CCAMLR at the symposium, but that the level of knowledge about CCAMLR
was dill rdativdy low within the SCAR scientific community. The Scientific Committee commended
the Science Officer for the qudity of the poster prepared by the Secretariat for this meeting. The
proceedings of the symposum are currently being edited and will be published by Cambridge
Univergty Press. The next Biology Symposum will be held in New Zedand in 1998.

14.8 Paper CCAMLR-XI11/BG/18 reported on the meeting of the Group of Speciaists on Southern
Ocean Ecology (GOssOg), Padua, Italy, May 1994. A mgor activity being undertaken by this group
is the development of the Coasta Zone part of the SCAR Program on the Ecology of the Antarctic
Sea-lce Zone (CsEASIZ), and a workshop during the meeting established find plans for the
program. CSEASIZ is established for a period of 10 years (1994 to 2004), and it has been
suggested that a first methodology workshop be held in 1995 and a mid-term review symposum in
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1998/99. A steering committee was set up to coordinate the work of CSEAzIS. The Scientific
Committee agreed that it should maintain close liaison with the CS-EASIZ program and nominated Dr
M. Fukuchi (Japan), who aso serves on the steering committee to provide liaison with CCAMLR.

14.9  The programs coordinated by GOSSOE are the main marine ecologica inputs to the SCAR-
IGBP Program, and the SCAR group of specidigs responsible for Antarctic input to IGBP is
GLOCHANT. It was noted that the Secretariat for GLOCHANT is being established in Hobart, which
should act to facilitate further liaison between CCAMLR and SCAR.

14.10 The Bird Biology Sub-Committee met in Padua, Itdy, in May 1994, and formaly
recommended that SCAR develop a register of dl Members activities rdating to the use of
implantable eectronic tags for the identification of individud birds. The Scientific Committee recalled
its previous discussons of this item (SC-CAMLR-XII, paragraph 8.9) and encouraged Members to
contribute to this register once SCAR circulates appropriate details.

14.11 The scAR Working Group on Biology met in Rome, Itdy, in August and September 1994.
The group was particularly interested in the initiatives being pursued by CCAMLR to coordinate
scientific research (paragraphs 14.2 to 14.4). The Scientific Committee recommended that the
Commission agree to a forthcoming request from SCAR that information on planned research cruises,
being compiled annudly by CCAMLR, be placed on an eectronic bulletin board being developed by
SCAR.

14.12 The scAR Ad Hoc Group on Evolutionary Genetics of Antarctic Marine Organisms is
proposing to meet in Brazil in 1995. Amongs the topics which will be consdered is stock
separation, which is of interest to cCCAMLR. Dr Fantawas nominated to liai se between CCAMLR and
this group.

14.13 The Data Manager acted as CCAMLR Observer to the SCAR/COMNAP Ad Hoc Working
Group on Antarctic Data Management (29 August to 2 September 1994, Rome, Italy) (SC-CAMLR-
X11/BG/10). The Scientific Committee encouraged the development of this liaison between the ad hoc
group and the Secretariat, and nominated the Data Manager as CCAMLR Observer to the next
meseting of this group.

14.14  SCAR has gpproved the development of an Antarctic Master Directory (AMD) and has
caled for expressions of interest to host it. A decison on the host is expected in March 1995, and
the AMD is expected to be operational after that. The Scientific Committee agreed that it would be
goppropriate to lodge a directory entry with the AMD, describing some of CCAMLR's data holdings
and data access rules.



14.15 The Sdentific Committee reeffirmed its belief that close liaison between SCAR and CCAMLR
was of great benefit to both organisations. 1ts nomination of observers and liaison officers to SCAR
and various of its committees underlined this commitment.

IWC

14.16  The report of the observer to the 1994 meeting of the Scientific Committee of the Iwc (sc-
IWC) (May, Puerto Vdlarta, Mexico), Dr de la Mare, was distributed as SC-CAMLR-XI11/BG/6. The
main topic for the meeting was the refinement of the Revised Management Scheme for Baeen
Whaes and the assessment of whae stocks subject to aborigind subsistence whaling.

14.17 The Observer from 1wc (Dr Rellly) noted that the sc-1wcC was now a aturning point in its
higory. A common theme running through much of its new or planned initiatives involves the sudy
and monitoring of cetacean populations in relation to their environment. A number of initiatives are
of specific interest to CCAMLR (paragraphs 14.19 to 14.25).

14.18 An intersessond meseting of a steering group on research related o the conservation of
large bdeen whdes in the Antarctic was held in Jgpan, with the following objectives.

* torefine the estimates of abundance in feeding aress,

* to determine the distribution of breeding areas; and

» to evaduate the potential for ompetition for krill between blue whaes, other baeen
whaes and other high level predators.

14.19 The iwc Observer informed the Scientific Committee that the steering group had noted the
need to include a krill specidigt in the group, which is likely to meet in January 1995. The Scientific
Committee agreed that the Committee work coordination group, planning to meet during the 1994
meeting of the Commission, should consder the gppropriate mechanism for inclusion of akrill expert
nominated by the Scientific Committee into this steering group.

14.20 In 1992 the Iwc decided that its Scientific Committee should keep under review the impact
of environmenta change on whale socks. CCAMLR has dready responded to a cdl for exchange of
information on this topic (SC-CAMLR-XII, paragraph 12.7). The iwc will pursue thisinitiative with a
workshop in 1995 on the effects of climate change and ozone depletion on whales, as mediated
through changes in habitat structure and prey avalability. At the invitation of the observer from the
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IWC, it was agreed that Dr V. Marin (Chile) would represent CCAMLR at this workshop and would
join its steering committee.

14.21  The observer from the sc-iwc reported that whilst the 1wc was indirectly interested in the
question of baeen whale feeding (previoudy the subject of correspondence between the 1wc and
CCAMLR), currently the terms of interest of the sc-iwc were being re-drawn and it would be
established next year whether there was any further interest in this subject.

14.22  Dr Railly noted that the Iwc was interested in possble mechanisms for closer exchange of
information between the sciwc and CCAMLR. A closer exchange had been established with the
paticipation of Dr de laMare and the Chairman of the Scientific Committeein SC-IwC meetings, the
Charman of the sc-iwc in this meeting, and the nomination of two scientists involved with CCAMLR
to participate in forthcoming 1wc workshops.

14.23 The Scentific Committee agreed that a suitable further activity would be the exchange of
data between the two organisations. It therefore requested the Data Manager to contact the Iwc to
establish what 1wc data were available which might be of use to the Scientific Committee. Dr dela
Mare noted that at least two data sets hed by the iwc would be of interest to CCAMLR: catch
records for southern hemisphere whales and sghtings data. It was emphasised that acquisition of
data at the highest possible resolution would be most useful.

14.24  Dr Rally suggested thet it might be worthwhile to consider the possibility of adding awell-
desgned whdes gghtings survey component to the studies in the CCAMLR ISRS. The Scentific
Committee agreed that this suggestion should be investigated further at the next meeting of WGEMM.

14.25 The Scentific Committee noted that the IwC's comprehensive assessment of southern
hemisphere baeen whaes was continuing but had been temporarily disrupted by the recent reporting
of higtorica catch data by Russan scientists. The current best estimate for the abundance of ‘true
(i.e,, not pygmy) blue whaes in the Antarctic from sghtings surveysis 460 (95% confidence interval
210-1000).

FAO

14.26  There were two interactions between the Secretariat and FAO in the 1994 intersessond
period. Firdly, the Science Officer represented CCAMLR at the FAO Ad Hoc Consultation on the
Role of Regiond Fisheries Agencies in Rdation to High Seas Statidtics (La Jolla, usa, 13to
16 December 1993). CCAMLR'S participation in this consultation was gppreciated by FAO asitisthe
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only Regiona Fishery Organisation with responghilities in al three mgor oceans. The consultation
established requirements for data collection and data reporting for fisheries in high seas areas as
advice to the UN Conference on Straddling Fish Stocks and Highly Migratory Fish Stocks.

14.27  Secondly, the Data Manager vidted the FAO Fisheries Information Data and Statistics
Service in Rome, Italy in September 1994. Cooperation between FIDI and CCAMLR continuesto be
of great benefit to both organisations. Thisvigt resulted in the acquidition of STATLANT reportsfrom
Latvia (see paragraph 5.3). Prof. Beddington suggested that in addition to requesting Latvia to
provide more information about these catches, the Data Manager should write to Lithuanian
authorities concerning activity in the Convention Area, Snce Lithuania has dso been active in the
southwest Atlantic recently.

CWP

14.28 Paper SC-CAMLR-X111/BG/10 reported that the Secretariat was represented at an ad hoc
meeting of the cwpPin Madrid thisyear. The Scientific Committee recommended that the Secretariat
representation at CwP meetings should continue.

I0C

14.29 Theobserver from 1oc (Dr P. Quilty, Austrdia) reported that the 10C maintained an interest
in the work of cCAMLR, and that he would be making a full report to 10C of the proceedings of the
Scientific Committee.

ICAIR

1430 In May 1994 the Secretariat received a letter from the Director of ICAIR (Internationd
Centre for Antarctic Information and Research, Christchurch, New Zedand) with a suggestion that
CCAMLR lodge copies of some of its published materid on ICAIR’s newly developed World Wide
Web (vww) server ‘Gateway to Antarctical (SC-CAMLR-X11-BG/10). The Scientific Committee
agreed that it would be appropriate to publicise the work of CCAMLR in this way. Accordingly, the
Data Manager was requested to lodge CCAMLR newdetters and other promotiond materia (e.g., the
text of the Convention and certain of the Basic Documents) with the * Gateway to Antarctical .
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WWW

14.31 The Data Manager raised the possbility that ccAMLR should consder setting up its own
WWW server. Such a system would dlow the Secretariat to maintain its own server, lodging
whatever documents and data it saw fit, and maintaining direct control over them. This would be
technicdly feasble but costly with the Secretariat’s present internet sysem. The Scientific
Committee requested that the Secretariat conduct a feasibility study on establishing acCAMLR www
server.

NOMINATION OF OBSERVERS
14.32  Thefollowing observers were nominated to represent CCAMLR at intersessond meetings.

* sclwc-DrdelaMare;

* ICES- Msl. Lutchman (UK);

* NAFO/ICES workshop on maine mammas-fisheries interactions - Dr T. @ritdand
(Norway);

*  FAO Secretaridt;

* APIS-Dr Boyd,

*  EASIZ- Dr Fukuchi

* SCAR/COMNAP- Data Manager

* ICESAcoustic Workshop (Aberdeen, Scotland) - Dr Everson; and

* CWP- Secretariat.

PUBLICATION

15.1  Thefird issue of CCAMLR Stience was distributed at the Scientific Committee mesting.
The Scientific Committee congratulated the Editor (Dr E. Sabourenkov) and his Secretariat team on
producing afirgt volume of high technica and scientific qudity.

152  The Sdentific Committee was informed that the Editorial Board had met on 24 October
1994 and considered the report of the Editor on the publication of CCAMLR Science (SC-CAMLR-
X111/BG/10). Copies of the journad were provided to the Editorial Board for evaluation. The report
addressed the experience gained by the Secretariat in publishing the first issue.
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15.3  The Scentific Committee agreed that to avoid overtaxing the Secretariat’s resources, the
overdl limit on any one issue of the journd should be set at gpproximately 200 pages. This sze
corresponds with volumes of other smilar publications and would be sufficient to dlow the annud
publication of a diveraty of articles on science relaied to ccAMLR. Should the papers selected
exceed this limit, some will be deferred to a later issue. If a sufficient backlog of papers were to
build up, publication of a second volume in one year might be necessary. However, the Scientific
Committee recognised that this would involve an increased cost Since contract personne would have
to be obtained to augment the Secretariat, and agreed that this be brought to the attention of the
Commission.

154  The Scientific Committee agreed that if any deadline for authors is passed by more than 10
days, the decison on whether publication of the paper concerned should be postponed until the next
edition would reside with the Editor. It was also proposed that the Secretariat should provide each
author and reviewer with a return postcard containing standard replies for advising the Secretariat in
atimely fashion of any delays or other problems with deadlines imposed.

155  The Scientific Committee endorsed severa changes that the Editorid Board had made to
the journa editoria policy. It was decided that, as a generd rule, articles describing preliminary
results or results of one year's survey would not be encouraged for submission. Papers on fishing
gear condruction and other subjects of fishing technology would be considered for publication only if
they directly reate to fisheries in Antarctic waters. A new section * Short Notes' was introduced for
publishing short scientific articles of particular importance to CCAMLR.

15.6  The Secretariat was asked to maintain an up-to-date list of reviewers. Members were
asked to submit more names to the list of reviewers, and to &cilitate this the Secretariat was
requested to circulate the current list.

15.7  The Secretariat should maintain the practice of reviewing selected papers from the point of
view of language (in addition to other technica aspects) and should draw the attention of authorsto
any deficiencies when requesting the find manuscript. In al ingtances the authors should have the
ultimate respongibility for the quality of the English expresson within their papers.

15.8 More dringent requirements will be set concerning the qudity of figures presented.
Authors must provide ‘camera-ready’ originds of a standard acceptable to the Editor in order for

their work to be considered for publication.

15.9 In response to the Commission direction to investigate the feeshility of obtaining an
independent review of the qudity of the cCAMLR Science publication, the Secretariat wrote to the
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editors of a number of internationa journals and asked whether they would be able to carry out such
areview. Editors of Marine Hology, Biological Conservation, Antarctic Science and Marine
Mammal Science have indicated that they will be happy to comment on the first issue of CCAMLR
Science, or to provide names of people with specid knowledge of marine resources who could
review it if thiswas degrable.

15.10 The Scentific Committee agreed that these journas should be requested to provide
reviews of both the layout and scientific content of CCAMLR Science.

15.11 A flier lesflet explaining the objectives of the new journd, its layout and contents of the first
issue, was widely distributed by the Secretariat to rdlevant scientists and ingtitutions. So far, from the
responses received and the previous circulation ligt for the Selected Scientific Papers, 380 of the
450 copies of the firgt volume which have been printed will be distributed.

15.12 Memberswere urged to support CCAMLR Science.

INTERSESSIONAL ACTIVITIES

MEETINGS OF WORKING GROUPS AND WORKSHOPS

16.1 At this meeting, the Scientific Committee agreed that its Working Groups on Krill and
CEMP be merged into a new Working Group on Ecosystem Monitoring and Management (WGEMM)
(see paragraph 7.40).

16.2  The Scentific Committee thanked Dr Bengtson and Mr Miller for their work and
commitment as the current Conveners of wG-CEMP and wWGKTrill. It noted that much of the work of
WGEMM could only be taken forward because of the substantia work done aready by wG-Krill and
WG-CEMP.

16.3 Dr Everson expressed the sncere thanks of the Scientific Committee especidly to
Dr Bengtson, who had indicated thet it was unlikely that he would participate in CCAMLR in future,
and recognised that he had been a particularly active contributor to al aspects of CCAMLR’'s work
over anumber of years.

16.4 Dr Everson was eected to convene WGEMM, and accordingly resigned the convenership
of WGFsA. The Scientific Committee thanked Dr Everson for his work as Convener of WGFsA in
taking that Working Group along way forward in itstasks.
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16.5 Dr delaMare was dected to convene WG-FSA.

16.6  An offer was made by Itay to host the meeting of WG-EMM in 1995. This was gratefully
received by the Scientific Committee.

16.7  The megting of WGEMM will take place in Sena, Itdy, from 24 July to 3 August 1995.
Should a meeting of the Ad Hoc Subgroup on Statistics be required (see paragraph 6.27) this should
also take placein Seeng, on 20 and 21 July 1995.

16.8  The meding of WGFsA will take place from 10 to 19 October 1995 a CCAMLR
Headquarters in Hobart. A workshop on methods for the assessment of D. eleginoides will teke

place from 4 to 6 October 1995 at CCAMLR Headquarters provided that the conditions laid out in
paragraph 2.17 (see Annex 4, paragraph 4.37) have been met.

OTHER WORK OF CCAMLR SCIENTISTS

16.9 Data collected during the cooperative research activities in the Peninsula region in 1994/95

will be andysed a aworkshop in Hamburg from 17 to 20 July 1995.

BUDGET FOR 1995 AND FORECAST BUDGET FOR 1996

17.1  Thebudget for 1995 is atached as Annex 9.

17.2 Provison is made for two permanent Working Groups to meet and for aworkshop on D.
eleginoides which includes provison for the invitation of two experts.

17.3 Provison is dso made for CCAMLR to be represented by the Secretariat at the 1995
meeting of cwpP and SCAR-COMNA P Ad Hoc Working Group on Antarctic Data Management.

17.4 Items are included to cover publication and trandation of the CEMP Standard Methods
and a brochure on incidenta mortdity in longline fisheries.
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ELECTION OF CHAIRMAN OF THE SCIENTIFIC COMMITTEE

18.1  On the nomination of Dr Naganobu, Dr Kock was unanimoudy re-elected to the office of
Chairman of the Scientific Committee for a second term.

NEXT MEETING

19.1  The next meeting of the Scientific Committee will take place in Hobat from 23 to
27 October 1995.

OTHER BUSINESS

CCAMLRDATA AND DATA HANDLING

20.1 A number of items concerning CCAMLR data and data handling was addressed by the
Scientific Committee under various sections of its agenda. It was agreed that a specific item on
CCAMLR Data Management should be placed on the agenda next year to facilitate structured
discusson of such items.

20.2 A paper providing explanatory notes on CCAMLR’srulesfor data access was circulated as
WGKrill-94/19 a dl Working Group meetings. The Scientific Committee endorsed the clarifications
provided in this paper and attached it as Annex 10.

TERMS OF OFFICE FOR CONVENERS OF WORKING GROUPS

20.3  The Sdentific Committee conddered the question of limits on a Working Group
Convener’s term of office. It noted that there were many consderations to this question and that it
was essentid that any limit on the term of office should take into account the requirements for
continuity and commitment to the office.

20.4  The Scientific Committee did not agree upon a formd term of office for Conveners but
generdly agreed that about four years would be an appropriate period. It noted that the ends of
terms of office of Conveners of Working Groups and the Chairman of the Scientific Committee
should not be coincident. The Scientific Committee will congder this question at its next mesting.
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ADOPTION OF REPORT

21.1  Thereport of the Thirteenth Meeting of the Scientific Committee was adopted.

CLOSE OF THE MEETING

22.1 In closng the meeting, Dr Kock thanked Members and observers for their excellent
cooperation, hard work and good spirit throughout the meeting. He especialy extended his gratitude
to rapporteurs, the Secretariat, interpreters and public address system operators for their hard work
and dedication.

22.2  The Sdentific Committee expressed its gratitude and congratulations to Dr Kock for
chairing a successful meseting. It noted that the next two years were likely to be highly productive
under Dr Kock’ s continued chairmanship.

22.3 Mr Miller noted that projections based on the rate of paragraph adoption, and made
throughout the adoption of the report, had dmost consstently estimated the time of completion of
adoption to within 20 minutes (18:20). The Scientific Committee encouraged this gpproach to
monitoring the process of adopting the report.
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(i)  Report of the Chairman

Fish Resources
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(i)  Report of the Working Group on Fish Stock Assessment (WG-FSA)
(i)  Data Requirements

(iv) Advicetothe Commisson

Crab Resources

() Fshery Statusand Trends

(i)  Report of the Working Group on Fish Stock Assessment (WG-FSA)
(i)  Data Requirements

(iv) Advicetothe Commisson

Squid Resources

() Review of Activities Related to Squid Resources
(i)  Advicetothe Commisson

Krill Resources

() Fshery Statusand Trends

(i)  Report of the Working Group on Krill (WG-Krill)
(i)  Data Requirements

(iv) Adviceto the Commisson
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Marine Mammd and Bird Populations

Assessment of Incidenta Mortdity
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(i) Incidentd Mortdity in Trawl Fisheries
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Management under Conditions of Uncertainty about Stock Size and Sustainable Yield

Scientific Research Exemption
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Next Meeting
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Adoption of the Report of the Thirteenth Meeting of the Scientific Committee

Close of the Meeting.
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REPORT OF THE WORKING GROUP ON FISH STOCK ASSESSMENT
(Hobart, Australia, 11 to 19 October 1994)

INTRODUCTION

11 The meeting of the Working Group on Fish Stock Assessment (WG-FsA) was held at
CCAMLR Headquarters, Hobart, Audradlia from 11 to 19 October 1994. The Convener,
Dr I. Everson (UK), chaired the meseting.

ORGANISATION OF THE MEETING
AND ADOPTION OF THE AGENDA

21 The Convener welcomed participants to the meeting and introduced the Provisond
Agendawhich had been circulated prior to the meeting. He noted that I1tem 3.3 had been introduced
this year to enable a thorough consideration of papers of generd biologica and ecologica interest
having implications for management. The Agenda was adopted with the inclusion of two sub-items,
4.10 and 4.11, concerning assessments in Division 58.5.2 and Subarea 48.4.

2.2 The Agendaisincluded in this report as Appendix A, the List of Participants as Appendix
B and the List of Documents presented to the meeting as Appendix C.

2.3 The report was prepared by Drs D. Agnew (Secretariat) and A. Congtable (Augtrdia),
Prof. G. Duhamd (France), Drs G. Kirkwood (UK) and K.-H.Kock (Charman, Scientific
Committeg), MrD. Miller (South Africa), DrsG. Parkes (Uk), G. Watters (usa) and
Mr R. Williams (Augrdia).

REVIEW OF AVAILABLE INFORMATION

DATA REQUIREMENTS ENDORSED BY THE COMMISSION IN 1993

31 Various data were requested by the Working Group in 1993 (SC-CAMLR-XII, Annex 5,
Appendix D). Data submitted to the Secretariat in reponse to this are listed in Appendix D.
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FISHERIES INFORMATION

Catch, Effort, Length and Age Data

3.2 This year the date for reporting STATLANT data to the Secretariat was brought forward to
31 August (CCAMLR-XII, paragraph 4.18). The Data Manager reported that this change had
ggnificantly improved the ability of the Secretariat to acquire dl STATLANT data prior to the
Working Group meseting, with the result that dl catches could be reported to the group in SC-CAMLR-
X11/BG/L

3.3 The only commercid fisheries which had been in operation in the 1993/94 season were the
fisheries for Dissostichus eleginoides in Subarea 48.3 and Divison 58.5.1. Other species were
taken as by-catch in these fisheries, or as research or exploratory catches by Argentina, Austrdia,
France, South Africaand the UK.

34 A TAC of 1 300 tonnes had been set in Conservation Measure 69/x1l for the
D. eleginoides fishery in Subarea 48.3. Only 603 tonnes were caught in the fishery. No catches
were reported from the fisheries for Champsocephalus gunnari, crabs (Paralomis spp.) or
Electrona carlsbergi in Subarea 48.3, D. eleginoides in Subarea 484, or the fishery for
Notothenia squamifronsin Divison 58.4.4, dl of which had been subject to conservation measures
with TACs (Conservation Measures 66/X11, 67/XI1, 7UXI1, 73/X11 and 59/X1).

35 Haul-by-haul and length frequency data from the fishery for D. eleginoides in
Subarea 48.3 were reported in accordance with Conservation Measure 69/Xl11.  France reported
fine-scde and length frequency data from the fishery for D. eleginoides in Divison 585.1 and
Subarea 58.6. Various other biologica data were reported from research cruises in the 1993/94
Season.

3.6 It was noted that a number of ingpections were carried out this year under the CCAMLR
System of Inspection. Reports of these ingpections indicated that some D. eleginoides may have
been caught in Subarea 48.3, and that this had not been officidly reported as catch data to the
Secretariat.  The Working Group requested clarification of these reports in order to record the
catches of this species correctly.
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Scientific Obsarver Information

3.7 Participation in the 1993/94 D. eleginoides fishery in Subarea 48.3 was conditional on
having a scientific observer under the cCAMLR Scheme of Internationd Scientific Observation
(Conservation Measure 69/x11). The UK, usA and Russia had provided observers for Korean and
Chilean (UK), Russian (UsA) and Bulgarian (Russa) vessels. The Working Group expressed its
regret that there was no participant from Russia a the mesting to provide areport from the observer
on the Bulgarian ves.

3.8 Drs R. Holt (usa) and Parkes reported on difficulties experienced by observers.
Dr Parkes reported that observers from the UK had found that the fishing vessd captains had not
aways been fully aware of ther obligations under Consarvation Measure 69/xI1, particularly with
respect to fishing within the experimental depletion Site, and that this had led to some difficulties on
board ship. The Working Group recommended that fishing nations be requested to ensure that the
operaors of ther vessds ae made fully aware of the implications of ther obligations under
conservation measures, especialy when they are expecting to host internationd observers.

3.9 Dr Holt reported that the us observer had collected a great dedl of detailed data additiona
to that reported to cCAMLR under Conservation Measure 69/X11. Dr Parkes reported that the Uk
and Chilean observers had dso collected such data, but that it had yet to be fully andysed. He dso
reported that the observer data collected on the Friosur V had regrettably been lost in the tragic fire
on that vess.

3.10  TheWorking Group recognised that providing an observer under the scheme was a mgor
exercise, requiring careful planning, a qualified observer, and provison a the planning stage of
sufficient resources for subsequent data andysis and reporting work.

3.11  The Working Group emphassed that the data collection forms provided in the CCAMLR
Sientific Observers Manual should be used as a guide for the collection of rdevant data
However, to make best use of the information collected by observers, the Working Group
recommended that al data that could be reported in CCAMLR format (for ingtance in research data
format C4, length frequency format B2 and age composition format B3) should be submitted to the
Secretaria for entering into the CCAMLR Database. The Data Manager confirmed that other data,
whether on the Scientific Observers Manual forms or not, could be sent to the Secretariat for safe
keeping, but that only datain the recognised CCAMLR formats would be accepted for entry into the
CCAMLR Database.
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312  Thescientific observers on board vessels taking part in the 1994 fishery for D. eleginoides
in Subarea 48.3 the Fvs Ihn Sung 66, Maksheevo and Friosur V) reported some interaction
between the longline fishery and killer whales and sperm whades. Whaes were observed foraging
for fish caught on longlines, taking fish, hooks and sometimes destroying the line itsgf. On some
occasions when killer whales were present in large numbers, hauling was stopped and the vessH
moved to another area, returning after some time to resume hauling. The Working Group
consgdered that the influence of this interaction on the cPUE in the longline fishery should be
investigated.

Research Surveys

3.13  Three research surveys of finfish took place in the 1993/94 season; by the UK (January
1994, Subarea 48.3), Argentina (February to March 1994, Subareas 48.3 and 48.2) and Audtralia
(September, Divison 58.5.2).

3.14  The Argentinian survey of South Georgia, Shag Rocks and the South Orkneys was
reported in WGFSA-94/29. A nove survey desgn, based on the random selection of a number of
‘chains of gaionswithin each of three depth strata, was used to optimise ship time.

3.15 The UK survey was described in WGFSA-94/18. It used the same design as previous
surveys, and produced biomass estimates which were generdly lower than those found in 1992.

3.16  The Working Group decided that since it generdly uses survey results as indices of
abundance, it would be most gppropriate to use the UK survey results, in conjunction with previous
results from the UK, as its primary index of abundance in Subarea 48.3 (see paragraph 4.96 and
Tables7 and 8).

3.17 It was noted that the UK survey had found arather even didribution of C. gunnari over the
shelf area of South Georgia and Shag Rocks, whereas the later Argentinian survey had found a
persgent high-density region close to Shag Rocks.  Differences in other characteridtics, such as
representative length frequencies and diet of various species, were dso identified and are further
discussed in paragraphs 3.28, 3.33 and 4.73 to 4.75.

3.18 Discussing the two gpproaches to survey design, the Working Group noted that one of the
main difficulties in surveys around South Georgia lies in locating survey sations on grounds suitable
for trawling. The gations used for the UK surveys were chosen according to a stratified random
design during the first survey year, and then the same set of stations was used in subsequent surveys.
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Randomly sdlecting a new set of stations each year was conddered infeasible. Using a fixed set of
gations may introduce some bias, but this is not important when the results are used as indices of
abundance.

3.19  On the Argentine survey, a smdler number of stations was chosen in a dtratified random
way and these were then used as Sarting points for salecting further ‘chains' of sations by searching
for further suitable trawling grounds in a random direction from the starting points. This procedure is
described in WGFSA-94/29. In part, this approach was followed in order to reduce the searching
time for survey dtes on suitable trawling grounds.  The other reason for adopting this approach to
Ste selection was a desire to take account of the expected heterogeneity in the digtribution of the fish
when determining the design and analyss of the survey. It was anticipated that it would be possble
to reduce the cv of the abundance estimate and thereby optimise ship time. Because not dl Stesare
randomly chosen in this method of Ste sdection, methods of andlys's need to be used which differ
from those used by the Working Group to andyse the UK survey results. The analysis reported in
WGFSA-94/29 did suggest that some reductions in cv might be achieved by tregting the ‘chains asa
nested factor in the andyds. The comparison used, however, was difficult to interpret because of
the non-random Site salection procedure.

3.20 Maximising the information obtained from surveys is a common god and the gpproach
taken on the Argentine survey was fdt to be interesting and innovative. However, severd members
of the Working Group felt that further development and investigation was needed. They wondered
whether the difficult grounds around South Georgia provided the best testing area. The Working
Group agreed that if proper account could be taken of the spatid heterogeneity, it should be possible
to reduce the cv of the abundance estimate below that cdculated in the norma way from random
dratified surveys. In this context it would be ussful if an andyds of the UK survey results
incorporating spatid variability could be attempted.

321  The Audrdian survey was reported in WGFSA-94/10 which included the results of two
previous surveys of Heard Idand conducted using Smilar survey designs. The results of the surveys
are described in paragraph 4.148.

Experiments Affecting Catchability

3.22 Paper WG-FSA-94/23 reported experiments on the FP-120 trawl used during the UK survey in
Subarea 48.3. *Scanmar’ trawl monitoring equipment was used to make in situ measurements of
trawl dimensons and derive amultiple regression equation relating opening width to depth of travling

and tow speed (this had a high correlation coefficient).
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3.23 Mr Williams commented that the good correlations among various trawl parameters, depth
and tow speed in this Sudy contrasted with Austraian experiences around Heard Idand. It was
suggested that the relatively greater current speeds in the Heard Idand area may have acted to
digtort the net dimengion relationshipsto a greater extent than in the study around South Georgia.

3.24  Thetimes of the gart and end of each tow during the UK trawl surveys are recorded asthe
times a which the captain estimates that the trawl arrives at and leaves the seabed. The * Scanmar’
equipment provided the opportunity to compare these times with observations from the trawl itself.
The comparison was undertaken for six tows, dl of which showed that the trawl actudly reached the
seabed after the cagptain conddered that it had. The average difference was two minutes,
representing a 6.7% error on a standard 30-minute tow. The largest difference was 3 minutes 20
seconds.  Differences between the estimated and observed times when the trawl left the bottom
were much less. It was noted that whilst these differences were amdl, the effect might be sgnificant
if the trawl duration was much less than 30 minutes.

FISH AND CRAB BIOLOGY/DEMOGRAPHY/ECOLOGY

3.25  The Working Group conddered a number of background papers deding with various
aspects of the biology and demography of selected species.

Age and Growth

3.26  The firg of three Ukrainian papers (WG-FsA-94/4) dedt with the dynamics of Notothenia
rossi rossii on the Kerguden Idand shdf.

3.27  Thetwo other Ukrainian papers (WG-FSA-94/6 and 8) reported on the determination of age
of C. gunnari a Heard and McDondd Idands using otolith weights. The Working Group looked
forward to further submissions on the topic.

3.28  An agelength key for C. gunnari from Subarea 48.3 was presented in WGFSA-94/11.
Mostly smdl and medium szed specimens were found in the whole subarea, while age groups 1-4
and 2-3 were wdll represented at South Georgia and Shag Rocks respectively. The mean length at-
age values for fish collected around South Georgia were in line with results from previous surveys
(see dso paragraph 4.54).
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3.29 Paper WGFsA-94/12 reported results of a vdidation method for age determinaion of
Notothenia coriiceps based on a tag-recapture experiment at Potter Cove, South Shetland 1dands.
Scde samples were taken from fish on tagging and when recaptured. The annulus count on scales
corresponded well with the elgpsed time between tagging and recapture.  Good agreement was
found on age readings from the scaes and otoliths of recovered specimens. The method was
recognised as having promise and the Working Group encouraged further work of this kind.

Reproduction and Early Life

3.30 The firsd of three pgpers on this topic (WGFSA-94/14) described the early life of
D. eleginoides in the western Atlantic sector. This species spawns over the shelf dope between July
and September, with eggs being observed primarily in the upper reaches of the water column in
water depths between 2 200 and 4 400 m. The paper described Stages 111 and v of embryonic
development and concluded that hatching is likely to occur in October/November. Scales do not
form until animas are about 64 to 74 mm in length.

3.31 In considering these results, Prof. Duhame noted that at Kerguden growth rates during the
fird two years of life for D. eleginoides and C. gunnari are remarkably smilar, as are their
digtribution and feeding preferences.

3.32 Paper WG-FsA-94/16 described the results of sampling C. gunnari a South Georgia and
Shag Rocks. The mean and median Szes of fish at the two locations were sgnificantly different, with
two size modes being evident at Shag Rocks compared to one a South Georgia. The Working
Group agreed that such conditions may arise from a number of different circumstances which may
include different spawning times in the two locdities, different spawning patterns, different growth
rates and/or be the result of sampling a patchily distributed resource. The Working Group thought it
unlikely that the results were indicative of two separate stocks.

3.33 A higologicd description of the ovaries of C. gunnari was presented in WG-FSA-94/28. SIX
stages of oocyte development were identified, and these are Smilar to those described for other
gpecies. A stage of generdised atresia of oocytes was described and was found to be similar to the
regression stage reported for the 1991 year of krill shortage. A revison of the gonad maturation
scae was presented.  The Working Group agreed that the revised scae set out in Appendix E
should be used for future studies.
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Trophic Relationships

3.3 Papers WG-FsA-94/15 and 27 reported on the diet of C. gunnari at South Georgia during
the period January to March 1994. Both concluded that in the absence of large concentrations of
krill, the hyperiid amphipod Themisto gaudichaudii was the mgor component in the diet of
C. gunnari. Further discussion of these papersis given in paragraphs 4.73 and 4.74.

3.35 Paper WG-FSA-94/17 suggested that predation by fur sedls could potentidly exert a more
profound effect on stocks of C. gunnari a South Georgia than hitherto gppreciated, particularly in
the absence of krill concentrations such as occurred during the 1993/94 austra summer (see dso
paragraphs 4.77 and 5.5).

Management Units

3.36 Paper WGFSA-94/10 highlighted possble gsock differences for C. gunnari in
Divison58.5.2. The Working Group agreed that these results may have some gpplication in the
alocation of management units in the respective areas and further work was encouraged.

Seabed Areas

3.37  The Working Group welcomed WGFsA-94/13, which presented a revised bathymetric map
of the Elephant Idand area and estimates of seabed areas around the idand, as an addition to the
CCAMLR data on seabed aress.

3.38  The Data Manager reported that following the request of the Working Group in 1993 (sc-
CAMLR-XII, Annex 5, paragraph 5.24), the Secretariat hes written a program to caculate aress of
seebed within sdected depth ranges for dl subareas within the Convention Area. This program is
available on request from the Secretariat.

ASSESSMENT WORK AND MANAGEMENT ADVICE
4.1 Both the Scientific Committee and the Commission have requested more work on the

question of management under conditions of uncertainty (SC-CAMLR-XII, paragraph 3.95 and
CCAMLR-XII, paragraph 4.26). The Working Group looked at this question on a stock-by-stock
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basis and its advice is contained in the management advice for individuad stocks where gppropriate.

Generd conclusions are given in paragraphs 4.161 to 4.164.

NEW FISHERIES

4.2 CCAMLR has had no naotifications under Consarvation Measure 3ux that Members intend

to initiate a new fishery. The Working Group therefore had nothing to consider under thisitem.

SOUTH GEORGIA (SUBAREA 48.3) - FINFISH

43  Summaries of assessments presented in the following section are given in Appendix F.

Reported Catches
4.4 The catch higtory for Subarea 48.3 is shown in Table 1. The only finfish to be targeted in

this subarea was D. eleginoides; catches of other species were taken as by-catch in these fisheries
or as research catches.
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Table 1 Catches of various finfish species from Subarea 48.3 (South Georgia subarea) by year. Species are

designated by abbreviations as follows. KCV (Paralomis spinosissima, SSI (Chaenocephalus
aceratus), ANI (Champsocephalus gunnari), SGl (Pseudochaenichthys georgianus) and ELC
(Electrona carlsbergi), TOP (Dissostichus eleginoides), NOG (Notothenia gibberifrons), NOR

(Notothenia rossii), NOS (Notothenia squamifrons), NOT (Patagonotothen guntheri). ‘Others
includes Ragjiformes, unidentified Channichthyidae, unidentified Nototheniidae and other

Osteichthyes.

Split

year | KoV SSI AN B ELCe TOP NOG NOR NOS NOT Others  Tota
1970 0 0 0 0 0 0 0 399704 0 0 0 399704
1971 0 0 10701 0 0 0 0 101558 0 0 1424 113713
1972 0 0 551 0 0 0 0 2738 35 0 27 3351
1973 0 0 1830 0 0 0 0 0 765 0 0 2595
1974 0 0 254 0 0 0 0 0 0 0 493 747
1975 0 0 746 0 0 0 0 0 1900 0 1407 4053
1976 0 0 12290 0 0 0 4999 10753 500 0 190 28732
1977 0 293 93400 1608 0 a1 3357 7945 2937 0 1463 124611
1978 0 2066 7557 13015 0 635 11758 2192 0 0 403 37626
1979 0 464 B4l 1104 0 70 2540 2137 0 15011 27380 24705
1980 0 1084 7592 665 505 255 8143 24897 272 7381 5870 56664
1981 0 1272 20334 1661 0 239 7971 1651 544 36758  12197¢ 91677
1982 0 676 46311 956 0 24 2605 1100 812 31351 4901 89036
1983 0 0 1281% 0 524 116 0 866 0 5029 11753 146482
1984 0 161 79997 888 2401 100 334 3022 0 10586 4274 104742
1985 0 1042 14148 1097 523 285 2081 1801 1289 11923 4238 38517
1986 0 504 11107 156 1187 564 1678 70 41 16002 1414 32723
1987 0 339 71151 120 1102 1199 2844 216 190 8810 1911 87882
1988 0 313 34620 401 14868 1809 5222 197 1553 13424 1387  737%4
1989 0 1 21359 1 29673 4138 838 152 927 13016 55 70160
1990 0 2 8027 1 23623 8311 1 2 24 145 2 40148
1991 0 2 R 2 78488  3@41f 3 1 0 0 1 82423
1992 0 2 5 2 46960 37039 4 1 0 0 1 50678
1993 | 299 0 0 0 0  3M9 0 0 0 0 0 3348
1994 0 2 13 1 0 @ 4 2 0 1 13 640

- o o o o

Includes 13 724 tonnes of unspecified fish caught by the Soviet Union

Includes 2 387 tonnes of unspecified Nototheniidae caught by Bulgaria

Includes 4 554 tonnes of unspecified Channichthyidae caught by the GDR

Includes 11 753 tonnes of unspecified fish caught by the Soviet Union

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

Includes 1 440 tonnes taken before 2 November 1990

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

59 tonnes taken by Russian research cruise July 1992, 2 990 tonnes by the longline fishery December 1992 to
February 1993

Includes 179 tonnes taken in the 1994 fishing season but after 1 July 1994, 1 tonne taken by research cruises
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Dissostichus e eginoides (Subarea 48.3)

4.5 In the 1993/94 season, Subarea 48.3 was designated as a Specid Areafor Protection ad
Scientific Study. Fishing during the season was undertaken by one vessel from each of the Republic
of Korea, Russa, Chile and Bulgaria, with one vessdl operating in each of five 55-day periods.
Detailed operationd gatidics are given in WGFSA-94/20. Catches by vessel and month during the
season are shown in Table 2. A dte for loca depletion experiments was specified for each fishing
period. Figure 1 shows the postions of catches and the local depletion Stes. The dte origindly
alocated to the Korean vessdl was found to be unsuitable for fishing and was changed to that shown
inFgure 1.

Table2: Catches by vessel and month during the 1993/94 season.

Period Allocated Periods Actual Fishing Catch Month Catch
(tonnes (tonnes
) )
1 15 December 93 - 7 February 94 | 22 December 93 - 7 February 94 9 December 32
2 8 February - 3 April 94 27 February - 29 March 94 103 January 32
3 4 April - 28 May 94 7 April - 6 May 94 151 February 39
4 29 May - 22 July 94 1 June-22 July 94 115 March 80
5 23 duly - 15 September 94 23 July - 10 September 94 135 April 147
May 23
June 70
July 73
August 72
Septembe 35
r
Total 603 603

4.6 The Working Group felt that the catches reported to the Secretariat may not represent all
of the catches taken in Subarea 48.3. Lack of thisinformation will hamper assessments. In addition,
it was recalled that detailed information on catches to the north and west of Subarea 48.3 had been
avalable last year and had proved very useful in assessment. The Working Group noted that it had
no information on catches outs de the Convention Areafor other years and agreed that acquisition of
these data would greetly assst its work.

4.7 Dr C. Moreno (Chile) explained that the discrepancy between the 5-day reported catch
and the find reported catch for the Chilean vessdl (WGFSA-94/20, Table 1) was dueto usein the find
reported catch of an updated converson factor from processed to whole weight. The updated
converson factor (0.50) had been estimated from data collected during the fishing period. The
previous vaue was 0.48. The Working Group agreed that information on the converson factors
used should be requested along with each catch report.
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Review of 1992/93 Edimates of Loca Dendties

4.8 Assessments of the toothfish fishery in Subarea 48.3 undertaken by the Working Group at
its meetings in 1992 and 1993 were based on estimates of locd dendties caculated using CPUE data
for angle commerdd longline vesds fishing in amdl aress over a limited period of time. The stock
depletion esimation method involved fitting a linear regresson of CPUE againgt cumulative catch.
Vdid estimates can only be obtained if this regresson has a negative dope. Paper WGFSA-94/24
reported the results of a review of the stock depletion anadyses undertaken at the 1993 Working
Group meseting and of are-andysds of the 1992/93 longline data for Chilean vessdls.

4.9 Paper WG-FsA-94/24 found that the method used at the 1993 Working Group mesting to
select cPUE data for andlysis was not in full accordance with the assumptions of the stock depletion
method of andyss. It dso found that in some cases the cumulative catch had not been cadculated
gopropriately. The resulting estimates of local dengties were therefore not correct. An attempt was
then made to re-anayse the 1992/93 Chilean data both from Subarea 48.3 and from the North and
Rhine banks.

410  Seiesof datawere selected for andyss on the basis of single vessals operating in localised
areas for periods of three consecutive days or more. The size of the localised areas was restricted
to an area of amilar 9ze to the circle of 10 n miles diameter specified for the 1993/94 Experimenta

Protocol. A total of 23 series was selected for Subarea 48.3 and a further 12 and 13 for North and
Rhine Banks respectively. All catches during the selected time periods in the selected locdised areas
were included in the caculation of the accumulated catch, regardiess of which vessel had taken them.
Linear regressons of CPUE againgt accumulated catch were then performed and a one-tailed t-test
was used to test whether the dope was significantly less than zero.

411 For the 23 series identified in Subarea 48.3, a the 5% level only three regressions had
dopes sgnificantly less than zero, and 11 had postive dopes. Of the 12 series from North Bank,
none of the dopes were sgnificantly less than zero and seven were postive. Of the 13 seriesfrom
Rhine Bank, two had dopes ggnificantly less than zero and five were positive. Since most of the
series in the 1992/93 data st with potentid for showing sgnificant local stock depletion did not
show depletion, it was concluded that on the scde of sngle longline vessds operating in localised
areas the stock depletion method cannot be applied.
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Figure 1:

Location of catchesinthe D. eleginoides fishery, Subarea48.3: sguares = Republic of Korea, diamonds = Russia, crosses = Chile, dots = Bulgaria. Positions
of experimental sites are numbered
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412  The Working Group accepted the conclusions of WG-FSA-94/24 and agreed that it was not
possible to calculate estimates of stock densties from the 1992/93 data using the stock depletion
method, at least on the tempora and spatid scaesit had origindly envisaged would be appropriate.

Andysis of the 1993/94 Locd Depletion Experiments

4.13 Locd depletion experiments were conducted on five vessels in Subarea 48.3 during
1993/94 in accordance with Conservation Measure 69/X11 and the experimental protocol in coMM
CIRC 93/50.

4.14 Paper WG-FsA-94/22 reported an analysis of the local depletion experiment conducted on
the Korean vessel |hn Sung 66. Ten longline sets were undertaken on successive days at Site 1 (see
Figure 1). Of these, the set on the first day had a much longer soak time than the others, the line set
on the fourth day was broken and tangled, and the set on the sixth day was made in water shalower
(725 m) than on the other days (1 000 to 1 500 m). cPUE data for these three days were omitted
from the andygs. A linear regresson of CPUE data againgt accumulated catch was then undertaken.
Significant stock depletion was found, and an estimate of loca density was cdculated. In discusson
of this paper, it was agreed that it would be more gppropriate not to omit the cPUE with the long
s0ak time, given that the measure of effort was the number of hooks. Similarly, the depth of the
shdlower st was dill within the depth range of the commercid fishery, and it was believed that this
datum should aso have been included. 1t was therefore agreed that the data should be re-anaysed.

4.15 Paper WG-FsA-94/31 reported an analysis of the local depletion experiment conducted on
the Chilean vessdl Friosur V. Longline sets were made on 10 consecutive days a Ste 3. When dll
the data were included, the regresson dope was neither Sgnificant nor negative. However, when the
data for the lagt longline set were omitted, a regression of CPUE (tonnes) against accumulated catch
(tonnes) indicated that depletion had occurred. The Working Group agreed that there was no a
priori reason to omit the last datum, and therefore it should be included, despite the fact that no
densty estimate could then be caculated. An interesting feature of the data was that there was a
congderable decline in mean weight over the 10 days. No reason was identified as to why this
should have occurred.

4.16 Data from the loca depletion experiment conducted on the Russan vesse Maksheevo at
dte 2 were reported in SC-CAMLR-XII/BG/9 Rev. 1. No anadysis of these data had been attempted
prior to the Working Group meeting. In dl, 11 longline sets were made within the Ste on five
consecutive days. Three ssts were hauled on the third day and five on the fourth day. The Working
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Group noted tha, while multiple sets on a dsingle day were entirdly in accordance with the
experimentd protocol, the possibility existed that there may have been interactions between these
longlines. Thiswould have to be dlowed for when andysing the data.

4.17  The find loca depletion experiments were undertaken on the Bulgarian vessd RK-1 over
two periods. The experimenta protocol had envisaged that two experiments would be undertaken,
one & dte 4 and one a dte 5. In actudity, dl fishing was undertaken at dte 4, and data satisfying
the experimenta protocol were available for three time periods of 10, 23 and 13 days duration.
Data from these experiments were reported to the CCAMLR Secretariat. No anayses had been
undertaken prior to the Working Group mesting.

418  Noting some minor differences in the methods of analys's used in WG-FSA-94/22 and 31, as
well as the need to include some data that had been omitted in the analyses tabled, the Working
Group agreed that the data from dl of the experiments should be re-anaysed usng a consstent
methodol ogy.

419  Plotsof cPUEin numbers per hook againgt accumulated catch in numbers (caculated using
the Ricker 1975 correction) are shown in Figure 2, dong with the fitted regression lines. These plots
show clear positive dopes for both the Russan and Chilean data, clear negative dopes for the
Korean data and the Bulgarian data in period 4, and close to zero dopes for the Bulgarian deta for
the next two periods. Two of the dopes were sgnificantly less than zero at the 5% levd.
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Figure2: Plots of CPUE in numbers/hook against accumulated catch in numbers for the six depletion
experiments.

420  Despite the fact that al of these local depletion experiments had been conducted in full

accordance with the experimenta protocol, the analyses indicate that the assumptions underlying the
experiments and the analyses have not been satisfied. Significant local depletion at this tempord and
gpatia scale has not been consistently detected. Consequently, no estimates of loca densties and,
therefore, estimates of abundance in Subarea 48.3 can be caculated from these data. This matches
the conclusion reached after re-anaysing the 1992/93 commercia longline data.

4.21 Dr Moreno reported that a smilarly desgned loca depletion experiment for toothfish
undertaken in the 1992 season in southern Chile, involving seven vessals and atota catch of closeto
7 000 tonnes, had aso failed to detect stock depletion.

Review of Other Data
4.22  The Working Group reviewed the annuad mean CPUE data by fleet for 1991/92, 1992/93

and 1993/94 given in WGFSA-94/20. For the Russian and Bulgarian fleets, the annual CPUE ether
remained leve or rose dightly. Only for the Chilean fleet did the cPUE decline over the three
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seasons, however, it is known that there have been dgnificant changes in the Chilean fleet over that
time period, and the mean CPUE data are therefore not comparable across seasons. It was bdieved
that cPUE data for some vessels in the Chilean fleet would be comparable across seasons, however
the data held by the CCAMLR Secretariat do not dlow identification d individud vessds. The
Working Group agreed that attempts should be made to obtain information sufficient to identify
individua Chilean vessds across seasons, while ill retaining the anonymity required for commercid
confidentidity.

4.23  Plots of length frequencies for catches taken by Russan vessds for the four seasons
1990/91 to 1993/94 were aso examined. There were no obvious changes in the length frequencies
for the firgt three seasons, dthough there was an increased frequency of smaler fish and dightly
lower frequencies of fish around 130 cmin 1994.

4.24  An atempt was made to estimate the abundance of pre-recruit D. eleginoides from recent
UK surveys. These, in conjunction with size frequency distributions, were used to ettimate the
abundance of 2-, 3- and 4-year-old fish for 1990, 1991, 1992 and 1994 to provide indications of
levels of recruitment in recent years using the gpproach in WG-FSA -91/20.

4.25 Because the surveys were designed primarily to assess C. gunnari, the number of
D. eleginoides which were caught was low for each survey. Consequently the results of this analyss
gave no indication of any trend in recruitment in recent years.

Stock Status and Research Needs

4.26 None of the data (CPUE, length frequency) examined by the Working Group, either on the
short tempora and spatid scae of the loca depletion experiments or on an annud time scale for the
whole subarea, have provided any clear indications of trends in stock abundance. Accordingly, the
Working Group was wable to conduct a forma stock assessment. Possible reasons for this were
discussed.

4.27  On the short tempord and spatid scae, movement into and out of the locd aress of the
experiments was identified as a possible reason for no depletion having been observed; the toothfish,
a large mobile predator, can move a a sufficient speed and over sufficient distances to violate the
assumption that there was no migration into or out of the locdised area for the duration of the period
andysed. At the subarealevd, it is dso possble that the waters around South Georgia form only
part of the range of a single stock of toothfish that may extend over a much wider area.  Existing
information about the life history and biology of the toothfish suggests thet it is capable of large-scae
migrations.
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428  Littleisknown about the stock structure of toothfish, which have acircumpolar distribution
in sub-Antarctic waters. It is believed that separate stocks probably exigt in Atlantic and Indian
Ocean waters, and there is evidence that the fish around Crozet Idand and Kerguelen come from
different stocks. However, the stock structure in the Atlantic is unknown. It was noted that the
presence of jellymest, especidly in larger fish, has been observed both a South Georgia and in
southern Chile, but not in northern Chile.

429  The Working Group was advised by Mr Williams that a mitochondrid DNA sudy of
toothfish from a number of different areas was soon to commence. Progress on this and smilar
studies was strongly encouraged by the Working Group.

4.30 No data on migrations of toothfish are avalable, and this is clearly of mgor importance.
The Working Group agreed that this could be addressed through tagging studies, probably using
snap-off hooks, and it encouraged such experiments.

431  Ancther possible reason for the failure to detect fishery-induced changes in stock indicators
in the depletion experiments is amply that the current caiches are amdl in relation to the available
locd stock of fish.  While this could by no means be ruled out, the Working Group was very

reluctant to adopt it as a working hypothess. The Working Group has previoudy expressed

concerns about the probable high vulnerability to over-exploitation of along-lived and dow-growing
fish like the toothfish. It isaso quite possible that the relationship between cPUE and abundance may
be such that changes in abundance only become apparent when the stock has been reduced to low
levels. The Working Group reiterated its view that a conservative approach should be taken to the
management of toothfish in this subarea.

4.32  The Working Group reviewed the requirements for data reporting in this fishery. In
addition to the required information listed in the Inspectors Manual, the following information should
be requested from commercid fishing operations.

()  converson factors from processed to whole weight;

(i)  bottom depths at both start and end of alongline s;

(iiiy  direction of haul;

(iv) percentage of hooks baited;

(v)  by-catch of birds and marine mammas;

(vi) amounts of discarded figh;

(vii) dedign of longline gear (.., Spanish, traditiond);

(viii) an unequivoca measure of the depth at which hooks were set off the bottom; and
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(iX) information alowing unique identification of individua vessds across years within the
CCAMLR Database.

433  Thereisacdea need for the collection of length frequency data and of otoliths and scades
for age reading. These data should be collected in such away as to ensure full coverage of fishing
throughout the season and throughout the subarea. 1t was recognised that these data could only be
collected by qudified observers, and therefore the Working Group recommended that al vessels
fishing in the subarea should have a scientific observer on board. The observer should aso collect
biologica dataon, for example, sex and maturity stage of fish caught.

4.34  With regard to future research, the need for sudies of stock identity and of migrations has
dready been identified. The Working Group noted that there had been insufficient time during the
meeting to undertake as thorough an andlyss of the cPUE and length frequency data as would be
desrable. It recommended that such an andyss be undertaken in the intersessond  period. This
andyds should take full account, inter alia, of both the area fished within the zone and the depths
fished.

435  Ancther possible new source of data for stock assessment is properly designed longline
aurveys. These would need careful consideration and planning, as would any future possible
depletion experiments, given the disgppointing results of the ones conducted during the 1993/94
Season.

436  Since a cartain anount of time is needed to consder fully the results of analyses to be
conducted n the coming year, to plan the collection of new daa and to review possble new
assessment methods for this stock, the Working Group recommended that a three-day meeting be
scheduled prior to next year’s Working Group meeting to address these issues with the following
terms of reference:

(i) to review catch information, including the location and Sze of caiches both in and
outsde the Convention Areg;

(i) toreview and evauate available information on stock identity over the entire range of
the species and in particular the relationships between stocks in Subarea48.3 and
neighbouring aress,

(i) to review and evauate methods for conducting surveys of stocks targeted using
longlines,
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(iv) toreview and evauate methods for ng the status of stocks and for determining
gopropriate yidds, including the utility of cPUE data from the longline fishery in these
assessments,

(v) toidentify the datarequirements from the longline fishery; and

(vi) to provide advice to the Working Group on stock identity and on stock survey and
assessment procedures.

4.37 In order to help decide whether to hold the workshop and when it should be held in
relaion to the meeting of the Working Group, haul-by-haul longline fishery data, results of stock
identification andlyses, and papers reevant to the terms of reference (i) to (iv) should be submitted to
the Secretariat by 1 August 1995. At that time, the work of the Working Group regarding stock
assessments can be reviewed to see whether the workshop can be held during the mesting of the
Working Group or whether it should be held three days prior to that meeting.

438  The Working Group agreed that the workshop would require the assstance of experts
who have been involved with the assessment of longline fisheries dsewhere in the world, in
paticular, the fisheries for D. eleginoides in South America  Therefore, the Working Group
recommended that the Scientific Committee request funds be provided for two experts to participate
in the workshop.

Management Advice

439  The Working Group has been unable this year to carry out a stock assessment of the
toothfish in Subarea 48.3 and is therefore unable to advise gppropriate TACs. It therefore is faced
by a postion smilar to that of two years ago.

4.40 In none of the data examined were there indications that the current and recent levels of
catches had had any detectable effect on the fishery. However, given the concerns expressed
previoudy about the interpretation of longline cPUE and the probable high vulnerability of toothfish to
overfishing, the Working Group agreed that a precautionary gpproach should be taken to the setting
of any TACs until ardiable stock assessment has been completed.

441 In view of this, the Working Group is hot in a pogtion to advise on paticular levelsof TAC
for the 1994/95 season. It noted the following TACs and catches from past years:
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TAC Catch

1991 2500 36412
1992 3500 37030
1993 3350 3049
194 1300 604d

a Includes 1 440 tonnes taken before 2 November 1990

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

¢ 59 tonnes taken by Russian research cruise July 1992, 2 990 tonnes by the longline
fishery December 1992 to February 1993

4 Includes 179 tonnes taken in the 1994 fishing season but after 1 July 1994, 1 tonne taken
by research cruises

442  To better assess D. eeginoides stocks in the future, the Working Group recommends,
pending the submission of data and appropriate papers, that a three-day workshop be scheduled to
run immediately prior to, or during, the 1995 WGFSA meeting to discuss stock identity, survey
designs, assessment methodologies and data requirements.

443  The Working Group requests that prior to the workshop the Secretariat compile
comprehensive haul-by-haul datafrom al longline catchesin Subarea 48.3.

4.44 It dso requested that data on catches of D. eleginoides taken in areas of the southwest
Atlantic which are outsde the Convention Area be sought and compiled by the Secretariat.

Champsocephalus gunnari (Subarea 48.3)

Commercia Catch

445  There was no reported commercia catch of C. gunnari in Subarea 48.3 during the
1993/94 season, despite a TAC of 9 200 tonnes (Conservation Measure 66/X11). The season lasted
from 1 January 1994 to 1 April 1994, when it was closed in accordance with Conservation Measure
66/X11 until the end of the Commisson meeting on 4 November 1994. There has now been no
reported commercia catch of C. gunnari in Subarea 48.3 since March 1990. A tota of 8 027
tonnes was reported in that season.
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Research Surveys

446  Two research surveys amed a estimating the abundance of C. gunnari in Subarea48.3
were conducted during the 1993/94 season. The results of these surveys were reported in
documents WGFSA-94/18 (UK survey on MV Cordella) and WGFsA-94/29 (Argentine survey on Dr
Eduardo L. Holmberg). The methods used during these surveys are discussed in paragraphs 3.18
to 3.20.

447  The gart of the 1993/94 season for C. gunnari in Subarea 48.3 was delayed to coincide
with the trawl survey undertaken by the UK in January 1994. The TAC was agreed on the condition
that any sgnificant trend which would affect current estimates of the sock sze would be immediatdy
brought to the attention of the Commisson. The preiminary results of the survey indicated that there
was a substantidly smdler biomass of C. gunnari in Subarea 48.3 than had been predicted by the
projections conducted by the Working Group in 1993. This information was communicated to the
Commisson and circulated to Membersin COMM CIRC 94/11 on 17 February 1994.

4.48 Edimates of the sanding stock of C. gunnari from the two surveys are presented in
Tables 3 and 4. Edtimates from the UK survey were caculated using two estimators: the Minimum
Variance Unbiased Egimate (MVUE) (de la Mare, 19941) and the sample mean (WG-FSA-94/18).
WGFSA-94/29 presented results based on a log transform within a nested model. Due to the non
random survey design the sanding stock estimates from WG-FSA -94/29 were not recaculated using
the MVUE modd. The results presented in the paper are therefore recorded in Table 4.

Table 3: Comparison of hiomass estimates (tonnes) for C. gunnari for the UK survey in Subarea 48.3.

Area and Depth Strata (m) EntireDepth | CV | 95% Confidence Limits

Estimation Method 50-150 150250  250-500 Range Lower Upper
South Georgia
MVUEL 6050 9073 965 16083 0.24 10365 39207
Sample Mean 6254 7699 970 14923 0.22 -
Shag Rocks
MVUEL 506 4364 - 4870 0.25 2930 29046
Sample Mean 453 4358 20 4831 024

1 delaMare, 1994

1 delaMare, WK. 1994. Estimating confidence intervals for fish stock abundance estimates from trawl
surveys. CCAMLR Science, Vol. 1. 203-207.
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Table 4. Biomass estimates (tonnes) for C. gunnari for the Argentine survey in Subarea 48.3.

Areaand Depth Strata(m) Entire Depth | 95% Confidence Limits
Estimation Method 50150 150250  250-500 Range Lower Upper
South Georgia
L og transform, nested model 375 1608 29 2012 252 8246
Shag Rocks
L og transform, nested model - - - 67 259 23 14 x 108

449  The ganding stock estimates from the two surveys could not be compared directly due to
differencesin the survey design, sampling equipment and estimation methods.

450  The UK survey was acontinuation of the series of surveys undertaken by the UK in Subarea
48.3 during recent years, usng the same methodology as before. The results of this survey were
therefore used as the basis for an assessment of the current status of the stock.

451 No concentrations of C. gunnari were detected during the UK survey. The population
was compardively evenly distributed over the shelf a low dendties. The use of both methods of
estimation (MVUE and sample mean) resulted in low standing sock estimates. The cvs were also
low, dthough the confidence limits provided by the MVUE program were considered to present a
more redidtic indication of the uncertainty in the estimates.

452  The Argentine survey aso did not detect any concentrations on the South Georgia shelf.
However, one very large catch on the Shag Rocks shdlf a the start of the survey resulted in a high
abundance estimate for that area, with very large confidence limits.

Stock Status

453  The ganding stock estimates from the UK survey were consderably lower than expected
from cohort projections made at last year' s meeting.

454  Age data from the UK survey had not been fully andysed prior to the meeting and
preliminary examination of these data during the meeting indicated that they could not be used in their
present form. The age structure of the samples taken on the UK survey was estimated from the catch
weighted length frequency from that survey and the agellength key from the Argentine survey,
reported in WG-FSA-94/11. This ageflength key was considered to be applicable to the samples taken
on the UK survey due to the short time difference between the two surveys.

136



4.55 Figures 3 and 4 provide comparisons between the biomass-at-age projected at last year's
meeting and that observed during the UK survey. Two projections were performed at last year's
meeting: projection 1 garting from the median estimate of biomass from the UK survey in 1991/92
and projection 2 starting from the lower 95% confidence bound (MVUE). Projection 2 was re-run a
this year' s meeting using the gs from the VPA to adjust the biomass estimate used as the starting point
in accordance with the comments in last year’'s Working Group report (SC-CAMLR-XI1, Annex 5,

paragraph 6.52).

456  Both projections conducted at last year's meeting assumed no fishing took place up to
1993/94 and a congtant coefficient of natural mortdity (M) of 0.48.

4.57 In order to compare the current estimate from the survey directly with the projections, the
former was back-caculated to 1 July 1993. To provide estimates of absolute abundance a value of
M of 0.48 was used, taking into account catchability (g) a age from run 5 of the vPA performed at
last year's meeting (SC-CAMLR-XII, Annex 5, Table 10). The error bars shown on the figures for
ages 2 and 3 represent the uncertainty in the projections derived purdly from the smulation of
recruitment variability (SC-CAMLR-XII, Annex 5, paragraph 6.53).

458  The totd discrepancy between observed and median expected biomass over dl age
classes was 113 500 tonnes and 83 100 tonnes for projections 1 and 2 respectively.

459  The Working Group recdled the smilar drop in biomass between 1989/90 and 1990/91
described in the 1991 Working Group report (SC-CAMLR-X, Annex 6, paragraphs 7.28 to 7.36).
The decline in standing stock between 1989/90 and 1990/91 was indicated by the bottom trawl
surveys undertaken in those seasons by the UK and the former ussR. The current decline, however,
was indicated by the discrepancy between the cohort projections from the survey in January 1992
and the survey in January 1994. There was no survey in the 1992/93 season
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Figure3: Projections of biomass of C. gunnari by Figure4: Projections of biomass of C. gunnari by

age group (projection 1), with confidence age group (projection 2), with confidence
intervals for the first two ages, compared intervals for the first two ages, compared
with results from the UK survey in 1994. with results from the UK survey in 1994.

4.60 In 1991 the Working Group considered a number of possible explanations for the apparent
decline. These were reconsidered a the present meeting under the following headings.

(i)  unreported fishing mortality;

@)  recruitment falure;

(i) uncertainty in the estimates from the surveys including uncertainty caused by possble
dispersd; and

(iv) naurd mortdity in the recruited population above the level assumed in the projection.
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Unreported Fishing Mortdity

461  The Working Group had received no information which suggested that unreported fishing
on a scale necessary to account for the observed discrepancy had taken place.

Recruitment Failure

4.62  The observed biomass of 2-year-olds in 1993/94 was within the 95% confidence bounds
of the projections (Figures 3 and 4). The number of 2-year-oldsin 1993/94 was projected back to
the recruitment of 1-year-oldsin 1992/93, assuming an M of 0.48. The absolute leve of recruitment
was in the region of 300 million individuds, which was at the lower end of the range of recruitment
indicated by the vPA reaults a last year's meeting 6C-CAMLR-XII, Annex 5, Figure 7). These
recruits would have resulted from the spawning event in March/April 1991, just after the UK survey
in that year which indicated some abnormdity in the ovarian maturation cycle of some fish, possbly
linked to the low availability of krill in Subarea 48.3 a that time (SC-CAMLR-X, Annex 6, paragraph
7.31).

4.63  The observed biomass of 3-year-olds in 1993/94 was lower than the lower 95%
confidence bounds of the projections (Figures 3 and 4). The number of 3-year-olds in 1993/94 was
projected back to the recruitment of Tyear-olds in 1991/92. This implied an absolute leve of
recruitment of 1-year-olds in 1991/92 of only 80 million individuals. This would be consderably
lower than the lowest recruitment estimated over the history of the fishery by the VPA performed at
last year's mesting.

4.64  The Working Group concluded that the abundance of 2-year-olds observed in 1994 could
be explained by a poor recruitment in 1992. However, the leve of recruitment required to explain
the observed number of 3-year-olds in 1994 was lower than would reasonably be expected. The
current low abundance could not therefore be explained solely by poor recruitment.

Uncertainty in the Estimates from the Surveys

4.65  Uncetanty in the stock estimates from the surveys arises from the patchy distribution of
fish within strata and the consequent variaion in dendty estimates between sampling ations. The
confidence limits for the 1992 and 1994 UK surveys, shown in Table 3 and in Table 7 of last year's
report (SC-CAMLR-XII, Annex 5), are comparatively narrow for trawl surveys of thistype, reflecting
the rdlatively even digtribution of fish encountered.
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466  The Working Group pointed out that these confidence limits do not take into account the
possibility that there were patches of high densty C. gunnari in Subarea48.3 which were not
detected by the UK surveys. For example, the Argentine survey in 1994 detected a high
concentration of fish at Shag Rocks which gpparently perssted for the few weeks during which the
vessd was in Subarea48.3. This patch was not detected during the UK survey which sampled in the
Shag Rocks area only a few weeks before. The data could be re-andysed - to include the
probability of encountering a patch - based on the results of the whole survey series. This would
provide more redistic upper confidence limits regardless of whether a patch was encountered or not.

4.67  There were subgtantid uncertainties in the estimates of abundance from the surveys and
recruitment, which may account for the observed discrepancy. However, the Working Group
conddered that this was unlikely given that the observations are based on best etimates. It was
further consdered that there could be serious implications for stock status if the observed decline
was a genuine occurrence, but had been dismissed as an artefact of the analyss. Therefore other
possible explanations were investigated.

4.68 Dr Everson recdled that the possibility of changesin distribution of C. gunnari, resulting in
changes in availability to the trawl survey in Subarea 48.3, was consdered a the Working Group
meeting in 1991 as an explanation of the observed decline in aundance in that year. Such changes
may aso be responsible for the apparent decline in 1993/94.

469  Thereis no evidence tha C. gunnari undertakes migrations awvay from Subarea48.3 to
other shelf areas on the scale necessary to account for the apparent decline.

470  Temporary dispersd of the population across the shdf and throughout the water column in
Subarea 48.3 could reduce the avallability of the fish to the bottom trawl survey, thus resulting in an
atificidly low esimate of standing stock. This could reasonably be expected to be followed by a
corresponding increase in abundance associated with the fish returning to their normd digtribution
close to the seabed when conditions became favourable again. The increase in abundance indicated
by the survey in the 1991/92 season was broadly in line with cohort projections from the 1990/91
survey. There was no indication that a substantial number of fish, absent in 1990/91, had returned to
the shelf in 1991/92. The Working Group consdered that the observationsin 1991 and 1994 were
aufficiently smilar to infer that changes in digtribution were probably not responsible for the apparent
decline in 1993/94.
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Natura Mortdity in the Recruited Population
Above the Level Assumed in the Projection

471  There are two components to variation in M: an interannua component and an inter-age
component. The higtoricd low abundance of older fish (>5 years old) in the population shown by
the VPA suggests that M may be increasing with age. The recent stock dynamics indicated by the
surveys and cohort projections suggest that there may aso be considerable variation in M between
years.

472  The projections undertaken at last year's meeting were re-run a this year's meeting,
incorporating variable M-at-age to investigate the level of M which would be required to match the
projection with the observation in 1993/94. The variatiion in M around the normaly assumed leve of
0.48 was assumed to apply between 1992/93 and 1993/94. The implied change in M was
subgtantia, ranging from 2.5 on 2- to 3-year-old fish to 4.5 on 4- to 5-year-old fish.

4.73 In considering the possible causes of such a change in M, the Working Group recalled the
tentative link in 1991 made between the decline in C. gunnari abundance and the low availability of
krill in Subarea 48.3 in that year. 1993/94 has also been characterised as a season of low krill
avalability at South Georgia. Discussions on the rdiance of C. gunnari on krill as afood supply
have been presented in previous Working Group reports. Information on the feeding status of C.
gunnari during the UK survey was presented in WGFSA-94/15. Overdl feeding intengty was low,
and the occurrence of krill in the diet was the lowest recorded since 1967. The main prey item in the
absence of krill was T. gaudichaudii.

4.74  According to the diet andyss from the Argentine survey presented in WG-FSA-94/27, kiill
was the main food item in terms of frequency of occurrence, however a large proportion of empty
stomachs were found and those tomachs containing food had a high proportion of T. gaudichaudii.
The difference between both surveys may be due to methodologicd differences and their timing, as
well as changes in plankton compogtion associated with water movements indicated in WG-FSA-
94/29.

4.75  The occurrence of patches of high concentrations of C. gunnari has been linked to the fish
feeding on krill concentrations in the past. The overal lack of krill concentrations in Subarea 48.3
during this period may explain the absence of high concentrations of C. gunnari in the UK survey.
Lic. E. Marschoff (Argenting) suggested that the presence of a high concentration of C. gunnari
around Shag Rocks in the Argentine survey may be explained by a locaised aggregeation of krill,
perhaps resulting from oceanographic changes, given the higher frequency of occurrence of krill in
the diets of fish in this area during its survey (see paragraphs 4.73 and 4.74).
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476  The Working Group agreed that the repeat occurrence of an apparent drop in biomass at
the same time as alow availability of krill was interesting, however in the absence of information on
the stock in 1992/93, it was not possible to assess over what period the increase in M might have
been occuring and whether the short-term shortage of krill could be responsible.

477 Information was presented to the Working Group in WG-FSA-94/17, Suggesting that
Antarctic fur seds (Arctocephalus gazella) might be respongble for periodic increases in mortaity
of C. gunnari in poor krill years. A. gazella feed subgtantialy on krill and, to a smdler extent, on
fish. When krill are scarce they change diet and feed predominantly on fish (North et al., 19832).
The population of A. gazella has been increasing rapidly over the past three decades to the point
where the current estimate of population size is 4.2 million animas (Boyd, 19933). A changeinthe
proportion of fish in the diet of fur sedls, as might be expected when krill are scarce, would be
aufficient to account for the observed decline in C. gunnari (see paragraph 5.5). Further work is
required to refine the understanding of the spatial and tempord scales of the interaction between
icefish, krill and fur sedls before any firm conclusions can be drawn. The Working Group noted that
the prey requirements of fur sedls, particularly during periods of low krill availability, may need to be
considered in future management advice for the C. gunnari fishery in Subarea 48.3.

Development of a Longterm Management Approach

478  Onthebass of the uncertainties in the current stock status, the Working Group agreed that
cdculaions of yied based on the gpproach devel oped for krill would be appropriate for thisfishery.
It was further agreed that work should begin on a longterm management plan for the fishery which
accounts for uncertainty in biomass estimates, variability in recruitment, variability in M with age and
between years, and vaiability in growth. In paticular, the Working Group noted that the
cdculations of yidd will need to incorporate the possibility of mgor mortdity events occurring every
few years. This edimate of a longterm anud yidd should have a low probability of causng
depletion in the stock.

479  The Working Group agreed that decison rules need to be developed for this fishery for
deciding (i) what levds of longterm yidd are gppropriate, and (ii) under what circumstances the
longterm yidld may be varied (e.g., the use of pre-season surveys for setting annua TACS). An

2 North, A.W., JP. Croxal and D.W. Doidge. 1983. British Antarctic Survey Bulletin, 61: 27-37.
3 Boyd, I.L. 1993. Antarctic Science, 5; 17-24.
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important component of this work is to determine the features of the stock that needs to be
protected according to the objectives of the Convention.

Management Advice

4.80  The Working Group consdered that developing a longterm management plan should be
accorded a high priority. Uncertainty over many of the parameter values means that such an
approach will take some time to develop. In the meantime, the Working Group provided advice
solely on short-term management options.

4.81  TheWorking Group agreed that the calculation of yield on the basis of F,;, asdoneinthe
padt, is no longer appropriate for this fishery given the uncertainty in stock bhomass estimates,
recruitment variability and possible large interannua variation in M and the potentid for M to
increase with age. Also, the recent apparent decline in stock abundance and the potentia influence
of predation by seds in some years suggest thet the level of escapement of the spawning stock
should be much greater than that which would occur under an F,; drategy. This is necessary in
order to prevent a significant depletion of the stock and possible recruitment failure in poor krill
years. The Working Group agreed that escapement of the spawning stock should be high for the
1994/95 season.

482  Given the unceartaintiesin M and other characteridtics of the stock, the Working Group is
unable to determine with any confidence the levd d yidd that would avoid sgnificant depletion.
Consequently, the Working Group recommends the fishery be closed for the 1994/95 season.

4.83  TheWorking Group strongly recommended that a survey be carried out during the coming
Season to monitor the status of the stock and provide more information for the development of the
longterm management gpproach.

Electrona carlshergi (Subarea 48.3)

4.84  The TAC for E. carlsbergi for the 1993/94 season was set a 200 000 tonnes in this
subarea, and a locd TAC for the Shag Rocks region was set a 43 000 tonnes (Conservation
Measure 67/x11). No commercia catches were reported for the 1993/94 season.

4.85  No new survey or fishery information on the stock had been submitted to CCAMLR Since

last mesting.
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486 A rew assessment of yied for E. carlsbergi was presented to the Working Group in WG
FSA-94/21. This assessment was undertaken because:

() previous assessments of WGFSA showed that determining yidd a F; was not
appropriate for this species (SC-CAMLR-X, Annex 6, paragraph 7.139);

(i) thebiologica and survey data available for the stock are now much older than the life
expectancy of fish in the sock (SC-CAMLR-X, Annex 6, paragraph 7.133; SC-
CAMLR-XII, Annex 5, paragraph 6.69); and

(i) wGFsA hasidentified that a greater escgpement of E. carlsbergi may be required to
meet the needs of predators (SC-CAMLR-XII, Annex 5, paragraph 6.68).

4.87  An gpproach based on stock projections was used to estimate yields for E. carlsbergi
given the uncertainties in the characterigtics of the stock and in line with the objectivesin Article 11 of
the Convention. This gpproach has been endorsed by the Scientific Committee (SC-CAMLR-IX,
paragraph 8.11) and developed further by wakrill with a krill yidd model (SC-CAMLR-XII,
paragraphs 2.66 to 2.75; Annex 5, paragraph 5.1). wGKrill has developed three decision rules for
adopting ayidd estimate (whereY = g.By):

() choose g,, o that the probability of the spawning biomass dropping below 20% of
its pre-exploitation median level over a 20-year harvesting period is 10%;

(i) choose g,, s0 that the median escapement over a 20-year period is 75%;

(i) selectthelower of g, and g, astheleve of gfor caculation of yield.

4.88  Thesedecison rules and the use of the krill yidd mode as the bags for the andyss were
used for estimating an gppropriate g for E. carlsbergi because this species and krill share a number
of attributes, including population dynamics, behaviour and their importance as prey in the Antarctic

ecosystem.

4.89 Paper WG-FsA-94/21 discusses the modifications made to the krill yield modd to use it for
edimating g for fish stocks generdly. The basic attributes of the krill modd were retained in the
generdised modd, i.e. the timing of growth, options for fishing and the generd projection structure
(see Annex 5, paragraphs 4.51 to 4.110 for discussion of this work). The modd was updated to
dlow input of biologicd and survey parameters and to dlow variation of the smuldion
characteristics.  The input parameters used to estimate g with this generdised modd are shown in
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Table 5. Table 6 shows the vaues for g for each decison rule. On the basis of the decison rules,
the estimate of gfor cdculaing aTAC for E. carlsbergi was 0.091.

Table5: Input parameters used to estimate gfor E. carlsbergi.
Parameter Estimates Source

Natural mortality (M) 0.65100.98 | sSC-CAMLR-X, Annex 6, paragraph 7.138

Maximum age Syears SC-CAMLR-X, Annex 6, paragraph 7.136

Ls %Bmm SC-CAMLR-X, Annex 6, paragraph 7.136

von Bertalanffy K 0771 Derived using non-linear regression - SY STAT, 1992 - of
standard von Bertalanffy model with age and mean length
from SC-CAMLR-X, Annex 6, Table 10

Age-at-maturity 3 SC-CAMLR-X, Annex 6, paragraph 7.131

L ength-at-maturity 818 mm Knife-edge maturity - taken as mean length-at-age of maturity
minus one standard deviation (datafrom SC-CAMLR-X,
Annex 6, Table 10)

Age-at-recruitment 2 SC-CAMLR-X, Annex 6, paragraph 7.131

Length-at-recruitment 60mm Knife-edge recruitment (SC-CAMLR-X, Annex 6, paragraph 7.131)

Range in recruitment 0.4t00.6 No data are available to determine variation in recruitment

variability (SC-CAMLR-X, Annex 6, paragraph 7.133). Thisrange
has been adopted from Butterworth et al. (1994)* for krill.

CV of biomass estimate 03 SC-CAMLR-X, Annex 6, paragraph 7.134

Fishing season All year Consistent with Conservation Measure 67/X11

Selectivity Ages1,4,5=0 | SC-CAMLR-X, Annex 6, paragraph 7.138

Age2=1
Age3=02

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

Table6:  gvaluesderived for E. carlsbergi.
Decision Decision Decision
Rule1 Rule2 Rule3
o] (o) gto calculateyield
0.091 0.102 0.091
490 The Working Group agreed that the gpproach and decision rules adopted for estimating

krill yidds by waGkrill are gppropriate for esimating yield for E. carlsbergi. On this bass, the
Working Group agreed that the estimate of g of 0.091 was the best available. However, the
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Working Group dso noted that the etimae will be influenced by the vaidbility in the
pre-exploitation biomass esimate, range of recruitment vaiability, estimates of M and von
Bertdanffy K, the timing of the period of fish growth (punctuated versus continuous growth) and the
relationship between the fishing season and the growth and reproductive periods. For these reasons,
the Working Group noted that the estimate of g will need to be refined following (i) investigations of
the sengtivity of the mode to uncertainty in these parameters, and (ii) acquisition of refined estimates
of those modd parameters, such as and in particular, recruitment variability.

Management Advice

491  The Working Group agreed that, pending refined estimates of the stock parameters and
biomass, the decison rules adopted for estimating krill yield are gppropriate for E. carlsbergi and
that the estimate of g of 0.091 isthe best available.

492  The mos recent estimate of E. carlsbergi biomass was from a survey in 1987/88. This
was used as the bass for caculating a TAC of 200 000 tonnes (Conservation Measure 67/XI11) in
1993/94. Using this estimate of biomass and the new estimate of g from the generdised krill yidd
modd, the corresponding catch levels would be 109 100 tonnes for Subarea 48.3 and 14 500
tonnes for the region around Shag Rocks.

493  TheWorking Group reiterated its concern that the biomass estimate is out of date and that,
as a consequence, the recaculated catch levels should be viewed with caution. The Working Group
requests that in the event that a fishery should recommence on this stock, a new biomass survey and
revison of the biological parameters should be undertaken in accordance with Conservation
Measure 67/X11, paragraph 4, in order to be able to refine the estimates of yield for this stock.

Other Species (Subarea 48.3)

4.94 Biomass estimates and length compositions were available from the UK (WG-FSA-94/18) and
Argentine (WG-FSA-94/29) bottom trawl surveys around South Georgia Due to methodologica
differences in survey design and andlyss between the two surveys, the Working Group based its
asessments primarily on results from the UK surveys for which comparable data are available for a
number of recent years (Tables 7 and 8).
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Table7: Comparison of biomass estimates (tonnes) with the results from previous UK surveys around South

= Parkeset al. (1989) WG-FSA-89/6

Parkeset al. (1990) WG-FSA-90/11

UK Falklands Protector survey (1991) WG-FSA-91/14
UK Falklands Protector survey (1992) WG-FSA-92/17
E = UK FPV Cordella survey (1994) WG-FSA-94/18

Georgia.
Species Season
1988/89 1989/90 1990/91 1991/92 1993/94
A CV% B CV% C CV% D CV% E CV%
C. gunnari 31700 45 95435 63 22089 16 37311 21 14923 21
C. aceratus 5770 14 14226 37 13474 15 12459 15 9685 19
P. georgianus 8278 53 5761 28 13948 19 13469 15 5707 18
N. gibberifrons 8510 17 12417 28 28224 18 29408 15 23459 20
N. rossii 2439 4 1481 76 4295 49 7309 61 6600 45
D. eleginoides 326 66 335 39 885 37 2460 21 2219 24
N. squamifrons 131 98 1690 - 1374 43 1153 60 1148 79
A
B
C
D

Table 8: Comparison of biomass estimates (tonnes) with the results from previous UK surveys around Shag
Rocks. Surveysasfor Table7.

Species Season
1989/90 1990/91 1991/92 1993/94

B V% C V% D V% E V%
C. gunnari 279000 83 3919 75 2935 35 4601 24
C. aceratus 10 100
P. georgianus 37 73 15 62
N. gibberifrons 267 39 117 A 166 26 107 35
D. eleginoides %31l 55 19315 A 3353 35 1767 25
N. squamifrons 120 44 631 33 83 74 618 56
P. guntheri 13608 90 584 45 12764 61 4589 36

* with large-scal e adjustment added (SC-CAMLR-X, Annex 6)

495  Biomeass edimates provided in WG-FSA-94/18 were based on the ‘traditiond’ method of
cdculaing biomass by using sample means (Saville, 19774). Re-andysis of these resullts using the
MVUE modd (WG-FSA-93/20) resulted in higher biomass estimates for al species; the trend in biomass
over time was Smilar to results presented in Table 7.

4.96  The difference in biomass estimates obtained using the ‘traditiond’ method and the MVUE
gpproach varied among species, sometimes to a larger extent than was expected from the assumed
comparaively even spatia digribution of the species. The Working Group therefore recommended
that the causes of these differences be explored in the intersessond period. For the time being the

4 saville A. (Ed.) 1977. Survey methods of appraising fisheries resources. FAO Fish. Tech. Paper., 71: 76 pp.
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Working Group decided that since it generdly uses survey results as indices of abundance, it would
be appropriate to use the results derived by the ‘traditional’ method from the UK surveys since 1989
asitsprimary index of abundance (Table 7).

Notothenia rossii (Subarea 48.3)

497  The biomass estimate of 6 600 tonnes was within the confidence limits of estimates from
previous surveys since 1991 (Table 7). Length compositions, dbeit based on sample sizes of afew
hundred specimens only, were smilar to those from previous surveys. Both observations suggest
little change in stock compodtion in recent years.

Management Advice

498  The Working Group reiterated its advice from previous years that dl conservation
measures for this species should remain in force (Conservation Measures /111, 31V and 68/X11).

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

4,99  Biomass estimates for these three species were lower than from previous surveys (Tables 7
and 8). The decrease in biomass of N. gibberifrons and C. aceratus fdl within the confidence
limits of estimates from previous surveys. However, the biomass estimate for P. georgianus was
sgnificantly below previous estimates (Table 7).

4100 Length compogtion data for N. gibberifrons showed a steady increase in the proportion
of adult fish (>34 cm) in the stock (Figure 5). The proportion of adult C. aceratus (>42 to 45 cm)
has decreased from 1990 to 1992, but increased again in 1994 (Figure 6).

4101 Length compostion data for P. georgianus demondtrated that a strong year-class (1988
cohort) had recruited to the stock in 1990. Recruitment in subsequent years was much lower
(Figure 7). The 1988 cohort was gill dominant in the stock in 1991 and 1992. If this speciesisas
short-lived as has been assumed in a previous assessment (Agnew and Kock, 1990°), part of the
decline in biomass may be explained by the disgppearance of this year-class from the stock.

5 Agnew, D.J. and K.-H. Kock. 1990. An assessment of Chaenocephalus aceratus and Pseudochaenichthys
georgianusin Subarea48.3. Document WG-FSA -90/6 (mimeo). CCAMLR, Hobart, Austraia.
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Figure5:  Length frequency distributions of N. gibberifronsfrom UK surveysin Subarea48.3. There was no
survey in 1993.
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Figure6: Length frequency distributions of C. aceratusfrom UK surveys.
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Figure7:  Length frequency distributions of P. georgianusfrom UK surveys.
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Management Advice

4,102 The Working Group reiterates its advice from previous years (e.g., SC-CAMLR XIlI, Annex
5, paragraph 6.64). All these species have been taken in quantity only by the commercid bottom
trawl fishery. None of them can be taken without a sgnificant by-catch of other species. Given the
current low potentia yield of these species and the likely high by-catch of C. gunnari in afishery of
these pecies, the Working Group recommended that a directed fishery of these species should
remain prohibited (Conservation Measures 48/x1 and 68/X11).

Notothenia squamifrons, Patagonotothen guntheri
(Subarea 48.3) - Management Advice

4.103 The digributiond range of both species was not adequately covered during the survey.

The bathymetric range of N. sgquamifrons extends considerably beyond 500 m. P. guntheri hasa
sami-peagic mode of life.  Consequently, both biomass estimates provided in WGFSA-94/18
underestimate stock Size to an unknown extent. 1n the absence of any new information which would
dlow an assessment of the two stocks, the Conservation Measures presently in force should be
retained (Conservation Measures 48/X1 and 68/X11).

SOUTH GEORGIA (SUBAREA 48.3) - CRABS
(Paralomis spinosissima and P. formosa)

4.104  During the 1993/94 season no vessals fished for crabsin Subarea 48.3.

4.105 No new data were available for assessing the crab stock in Subarea 48.3. Consequently,
there are diill large uncertainties associated with the most recent estimates of the standing stocks of
these species (SC-CAMLR-XI, paragraph 4.15).

4106 Sinceit was not possible to reassess the crab stock, the Working Group recognised that a
consarvative management scheme is gill appropriate for this fishery. In particular, the Working
Group noted that the fishery should be controlled by direct limitations on catch and effort, aswell as
by limitations on the sze and s=x of individua crabs which may be retained in the caich. The
Working Group agreed that Conservation Measure 74/X11 contains such limitations, and thet it should
continue to be applied in the management of the crab fishery.

4.107 The Working Group recalled the Commission’s view tha ‘an exploratory fishery should
not be alowed to expand faster than the acquidition of information necessary to ensure that the
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fishery can and will be conducted in accordance with the principles in Article |1 of the Convention’
(CCAMLR-XI, paragraph 4.28; sC-CAMLR-XI, paragraph 3.49). Given this view, the Working Group
agreed that Conservation Measure 75/XI11 could provide vauable information about the crab stock
(sc-cAMLR-XII, Annex 5, paragraph 6.97) and should continue to be gpplied in the management of

the fishery.

4.108 The Working Group dso noted that the Commisson has requested the Scientific
Committee to develop alongterm management drategy for the crab fishery (CCAMLR-XI, paragraphs
9.48 t0 9.50). The Working Group reviewed WG-FSA-94/26 in addressing this topic.

4.109 Paper WGFSA-94/26 outlines the congruction of a smulaion modd that might be ussful for
evauaing certain aspects of Conservation Measure 75/x11 and facilitating the development of a
longterm management plan for the crab fishery. The smulaion modd is spatidly explict and
describes crab distribution and movement, recruitment and fishing strategy.

4,110 The Working Group welcomed the development of the crab fishery smulation modd and
encouraged further work. The Working Group recommended that data from other crab fisheries
(eg., the Alaskan King crab fishery) be used to refine parameter etimates and test various
assumptions in the modd. Since reaults from the amulation are likely to be sengtive to fishing
drategy, the Working Group also agreed that dternative fishing model s should be explored.

4111 Given thelack of data available for assessang the crab stock, the Working Group reiterated
its prior recommendation that fishery-independent surveys of the crab stock be given a high priority
(sc-cAMLR-XII, Annex 5, paragraph 6.101).

Management Advice

4112 High-priority topics for future research are identified in SC-CAMLR-XIl, Annex 5,
paragraph 6.89. These include:

()  condderation should be given to the use of time-release or biodegradable devices to
reduce the effects of ghogt fishing should pots be lost from aling;

@) a minimum mesh dze should be adopted and/or an escape port included in pots
(usudly a metd ring set into the sSde of the pot) following research on mesh or port
sectivity. Thiswill serve to sdect only crabs of harvestable sze more effectively as
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well as reducing the number of potentid discards but will reduce the ability to monitor
paragitic infection; and

(i)  experiments should be conducted using pots with finer mesh or escape ports added
to commercia pot lines in order to obtain more representative length frequency
information from harvested stocks.

No data relating to these topics are currently available.

4113 Thecurrent TAC of 1 600 tonnes and other regulations contained in Conservation Measure
74/X11 should remain in force for the 1994/95 fishing season.

4114 The Working Group recommended that Conservation Measure 75/x11 should remain in
force for the 1994/95 fishing season.

4115 The data required for collection from the fishery are detailed in SC-CAMLR-XI1, Annex 5,
paragraph 6.102; these data should be submitted to CCAMLR in haul-by-haul form.

ANTARCTIC PENINSULA (SUBAREA 48.1)
AND SOUTH ORKNEY ISLANDS (SUBAREA 48.2)

Champsocephalus gunnari, Notothenia gibberifrons, Chaenocephal us aceratus,
Pseudochaeni chthys georgianus, Chionodraco rastrospinosus
and Notothenia kempi - Management Advice

4116 No new information was available to enable the Working Group to assess stocks in these
Subaress. Previous biomass assessments from research surveys have become completely out of
date and dthough the Argentinian survey reported in paragraph 3.14 above (February 1994) did
extend to Subarea 48.2, only two hauls were taken in this area, insufficient to provide a biomass
esimate. Accordingly, the Working Group reiterated the advice offered in 1993 that the fisheries in
Subareas 48.1 and 48.2 should remain closed until a survey is conducted to provide more accurate
estimates of the status of these stocks (Conservation Measures 72/x11 and 73/XI1).
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SOUTH SANDWICH ISLANDS (SUBAREA 484)

4117 Although a andl fishery of D. eleginoides was open in this area (TAC of 28 tonnes), no
catches were reported. In the absence of further information the Working Group could not update
its advice from last year and recommended that Conservation Measure 71/X11 be retained.

STATISTICAL AREA 58

4,118 Catches from the 1994 season are shown in Table 9. Catches of D. eleginoidesin
Divison 58.5.1 were taken in the directed French and Ukrainian trawl and longline fisheries.

4,119 Catches in Subarea 58.6 were taken in a French exploratory trawl fishery around the
Crozet Idands. This exploratory fishery was part of a series of such expeditions conducted by
France in 1983, 1987, 1988 and now 1994. Results will be presented at the next meeting of the
Working Group.

Kerguden Idands (Divison 58.5.1)

Notothenia rossii (Divison 58.5.1)

4.120 Dr P. Tankevich (Ukraine) suggested in WG-FSA-94/4 that data from smal by-catchesof N.
rossi in fisheries directed a other species and from research cruises after the closure of the directed
fishery for N. rossii in 1985 show that the age and Sze structure of the population are gpproaching
those that existed in the early stages of the fishery. On this bas's WGFsA-94/4 suggested that a smdll
fishery for this species would be appropriate.

4.121  Although Prof. Duhame agreed tha there was an increase in juvenile fish in ther inshore
nursery grounds according to the results of a scientific monitoring program between 1982 and 1992,
these fish would not yet have been fully recruited to a fishery. Therefore, he considered it would be
premature to re-open the fishery.
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Table9: Totd catches by species and subarea in Statistical Area 58. Species are designated by abbreviations as follows: ANI (Champsocephalus
gunnari), LIC (Channichthys rhinoceratus), Top (Dissostichus eleginoides), NOR (Notothenia rossii), NOs (Notothenia squamifrons),
ANS (Pleuragramma antar cticum), Mzz (Unknown), SRX (Rajiformes spp.), wic (Chaenodraco wilsoni).

58.5.2 until the 1989 season.

Split- ANI LIC | WIC TOP NOR NOS ANS Mzz SRX
Year 58 585 | 585| 584 | 58 584 585 586 58 584 585 58 584 584 58 584 58 584 585 585.1
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 19% - 2 - 46155 31582 93 234 261
1979 101 3 - - - 1307 1218
1980 1631 8 14 56 138 - 1742 4370 11308 239
1981 1122 2 16 40 - 217 7924 2926 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 - 50 744 203 374 6111 17
1985 8253 279 8 6677 - A 1707 27 734 966 1 7 4
1986 17137 757 8 459 - - 801 61 2464 692 3
1987 2625 1099 A 314 - 2 482 930 1641 28 2
19838 159 1816 4 554 488 - 21 5302 1 66
Split- ANI wiIC TOP NOR NOS ANS
Year 585.1 585.2 58.4.2 58.4.4 585.1 58.6 585.1 58.4.4 585.1 58.4.2 58.4.4
1989 23628 - 306 35 1630 21 245 3660 - 30 17
1990 226 339 5 1062 - 155 1450 -
1991 132832 - - - 1944 - 287 575 -
1992 44 3 - - 74923 - - -
1993 - - - - 2722 - - - -
1994 12 3 - - 5083 56 - - -
1 Mainly Rajiformes spp.
2 There are some discrepancies between the French statistics for the Soviet fishery under licence (12 644 tonnes) in Division 58.5.1 and the STATLANT A dataprovided
by the USSR (13 268 tonnes). It may be explained by the inclusion of 826 tonnes of by-catch (mainly Rajiformes) in thistotal.
3 1589 tonnes - France; 5 903 tonnes - Ukraine, of which 705 tonnes were caught by longline.
NB: Before 1979/80 catches reported in Statistical Area 58 mainly concern Division 58.5.1 (Kerguelen subarea). Catch reporting was not divided into Divisions 58.5.1 and
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4,122 Themost recent biomass survey for this species, in the 1987/88 season, indicated less than
10 000 tonnes totad biomass. The current biomass is therefore very much less than the biomass
before the fishery commenced, when 168 000 tonnes were taken in the first two years of the fishery.
The Working Group aso noted that the data were taken from a different part of the shelf to that on
which the fishery was conducted, and therefore are not representative of the entire fished stock. To
recommence the fishery now would be in contravention of Article 11 3(a) which tipulates thet the Sze
of a population be prevented from fdling below a levd close to that which ensures greatest net
annud increment.

Management Advice

4.123 The Working Group recommended that the fishery for N. rossii reman closed until a

biomass survey demongtrates that the stock has recovered to aleve that will support afishery.

Notothenia squamifrons (Division 58.5.1)

4.124  Asno data have been received on this species no hew assessment can be made.

Management Advice
4.125 In the absence of new data and assessments, the Working Group recommended that the
Kerguden shelf fishery should remain closed.
Champsocephalus gunnari (Divison 58.5.1)
4,126 Following management advice from the 1993 medting, no commercid fishing for this

gpecies was conducted. Some research trawls were made to investigate length frequency
digtribution.

4.127 Prof. Duhamd presented data from a monitoring program on C. gunnari stocks on the
northern part of the Kerguelen inner shelf between 1989 and 1992 (WGFsA-94/9). This confirmed
previous ideas on the structure of the population:
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« only one grong cohort exigsin the fishery a any time;

«  other cohorts exi<, but their abundance is very low;

» each cohort lagts three years and then disgppears from the fishery;

«  recruitment seems to be very vaiable - there are great interannud differences in the
number of spawners on the winter inshore spawning grounds, and abundance of juvenile
fish isin proportion to the strength of the spawning cohort, which maintains a three-year
cycle of abundance; and

+  growth rate and size a maturity are not significantly different between cohorts.

4128 In the 1994/95 season there should be a strong age 3+ cohort (born in 1991), which
spawned for the firg time during winter (July 1994). The 1991 cohort has been identified both in the
inshore part of the shelf (1991/92) and subsequently on the usud fishing grounds during 1993/94.

Management Advice

4.129 The 1993 report recommended that fishing of the strong cohort being recruited should be
delayed until the 1994/95 season, by which time it would have had the opportunity to spawn. Also,
only restricted fishing in the 1994/95 season should be dlowed, to enable sufficient escapement of
fish to spawn a second time and because a declining trend in strength of previous strong cohorts has
been detected. The first requirement of last year’s recommendation, i.e. that no fishing take placein
the 1993/94 season, has been met. The Working Group cannot, however, recommend a catch limit
for the 1994/95 season because no data on the biomass of this cohort are available. The Working
Group reiterates the advice that a proportion of the cohort be alowed to survive another year to
gpawn a second time, in the hope that this will contribute to establishing a population with more than
one strong cohort and consequently reduce variability in biomass.

4.130 TheWorking Group recommended that the fishery in the 1994/95 season be kept to alow
leve to dlow the present strong cohort to spawn a second time.
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Dissostichus eleginoides (Divison 58.5.1)

4131 Fshing for this species continued in the 1993/94 season in the two traditional aress, a
longline fishery on the western dope and a trawl fishery on the northern shelf. In the area on the
western dope of the plateau, 942 tonnes were caught by three Ukrainian longliners. This catch was
less than the 1 400 tonnes recommended in the 1993 report.  French authorities have dready set a
1994/95 limit of 1 000 tonnes in the western area for the longline fishery.

4.132 Inthe northern area, 4 141 tonnes were caught by two French trawlers. The 1993 report
recommended limitation of catchesfor this area, but as thisfishery is only three years old the trend in
the abundance index (CPUE) is not yet defined enough to give any clear indication of what a catch
limit might be. A precautionary catch limit of 3 000 tonnesin the northern areafor the trawl fishery
has been set by French authorities for the 1994/95 season.

4.133 No other new data were provided.

Management Advice

4.134 In the absence of any new data, the Working Group endorses the French conservation
measures (paragraphs 4.131 and 4.132). These are condstent with the Working Group’s previous
advice that alongterm sugtainable yidd for the western areais estimated at 1 400 tonnes, and that a
precautionary approach should be taken with the northern area to prevent the spawning stock size
faling to low levels before the stock has been adequatdly assessed.

4.135 The Working Group reiterates its previous advice that for proper assessment of these
stocks, trawl surveys of the entire stocks would provide indices of abundance to mode the stock
dynamics and sustainable yield.

Ob and Lena Banks (Divison 58.4.4)
4.136 In 1992 the Working Group stated that the stocks of N. squamifrons on the Ob and Lena
Banks are likdy to sustain a fishery of only afew hundred tonnes. It recommended that a survey to

determine age structure and stock size on both banks should be undertaken before the fishery isre-
opened. Thisview was endorsed by the Scientific Committee (SC-CAMLR-XI, paragraph 3.94).
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4.137 During the same meeting of the Scientific Committee, Ukraine stated thet it intended to
conduct a survey to estimate the biomass of fish species on both banks in 1993 (SC-CAMLR-XI,
paragraph 3.95). As a consequence, the Commission implemented Conservation Measure 59/XI
limiting the catch of N. squamifrons on both banks for the 1992/93 and 1993/94 seasons. No
survey was undertaken in ether of these two seasons dthough a proposd for a survey had been
submitted for review to WG-FSA in 1993 (WGFSA-93/10). The conservation measure expired on 30
June 1994.

4,138 Paper WGFSA-94/7 has provided amended catch datistics and given age and length
composition data for N. squamifrons from Lena Bank in the 1990/91 season. The paper aso
dates that interannud fluctuations in mean length and age in the catch were more a result of sampling
variaions than of red change in the population structure. The Working Group requests the author to
provide more evidence for his assartion becausg, if true, it would invaidate previous assessments.

4,139 Paper WGFSA-94/7 dso reports a catch of 29 tonnes of D. eeginoides in the 1990/91
Season.

4.140 During the meeting Ukraine submitted revised catch figures for both banks for 1978 to
1991 as part of SC-CAMLR XI11/BG/13. However, this new information did not arive in time for the
Working Group to attempt to revise previous assessments.

Management Advice

4.141 TheWorking Group reaffirmsits postion of 1992 and 1993 that a biomass survey islikdy
to improve consderably assessmerts of the fish stocks on the two banks.

4.142 The Working Group recommended that Ukraine should conduct the proposed survey on
the Ob and Lena Banks as outlined in paragraphs 6.9 to 6.15. However, it was noted that the
survey vessd will have to use a net monitor cable (see paragraph 6.13).

4.143 Given the uncertainties associated with stock size and stock structure of the fish stocks on
both banks, the Working Group recommended that a TAC of 1 150 tonnes for N. squamifrons
(715 tonnes for Lena Bank and 435 tonnes for Ob Bank) - as previoudy set in Conservation
Measure59/XI1 - be re-ingtituted for the seasons 1994/95 and 1995/96 combined.

130



4.144  Daareporting should follow the cCAMLR Database format and data recording should bein
accordance with the requirements set out in Conservation Measure 64/X11. This information should
include dl species caught.

4.145 In the event that the proposed survey is postponed by one year, the TAC recommended
may need to be revisad in the light of new assessments by the Working Group based on the revised
catch figures provided in SC-CAMLR-X111/BG/13.

4.146  The presence of seabirds close to the ship should be monitored and any incidentd mortality
caused by the net monitor cable must be reported.

Heard and McDondd Idands (Divison 58.5.2)

4.147 No commercial catches have ever been reported for this area However, some
exploratory Polish fishing occurred in 1975 and some of the Soviet catch from the early 1970s in
Subarea 585 may have come from this divison lefore separate satistics were kept for each
divison.

4.148 The results of three trawl surveys conducted in the area since 1990 were reported in

WGFSA-94/10. Estimates of abundance were derived from a swept-areatrawl survey according to a
random dtratified survey design. Strata were by depth around Heard Idand with the addition of a
number of banks in the region - Shdll, Discovery, Pike, Cord and Aurora Banks and Gunnari Ridge
(see WGFsA-94/10 for variation of the desgn between surveys). These surveys were undertaken in
(augtrd) winter 1990, summer 1992 and spring 1993. The composition of fish fauna obtained during
these surveys was very smilar to that found around Kergudlen Idand. The main species found were
C. gunnari, D. eeginoides, Channichthys rhinoceratus, N. squamifrons and rays (Bathyraja
$p.). These fish varied in ther digtribution around Heard 1dand from an even didribution across
gratafor D. eleginoides to a very patchy distribution of C. gunnari concentrating in the shelf areas
and banks between 200 and 300 m depth. A summary of biomass estimates for each survey (with
95% confidence intervals ) and cv) is shown in Table 10. These esimates and confidence
intervals were derived using de laMare' s (1994)6 method for obtaining MVUEs.

4.149 For C. rhinoceratus and rays, there are no rdliable biologica parameters that can be used
inayidd andyss

6 delaMare, W.K. 1994. Esli mating confidence intervals for fish stock abundance estimates from trawl
surveys. CCAMLR Science, Vol. 1. 203-207.
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Table10: Summary of estimates and 95% confidence intervals of total abundance by species and survey in
tonnes. Survey 1 = winter 1990; survey 2 = summer 1992; survey 3 = spring 1993.

C. gunnari
Survey 1
Survey 2
Survey 3

C. rhinoceratus
Survey 1
Survey 2
Survey 3

D. eleginoides
Survey 1
Survey 2
Survey 3

L. squamifrons
Survey 1
Survey 2
Survey 3

Rays

Survey 1
Survey 2
Survey 3

Lower Cl Estimate Upper Cl cv (%)
2606 4585 113019 257
A4 3111 427728 535
4112 31701 14712200 80.1
1249 2019 4924 256
1485 2765 24649 308
1397 2210 6629 248
11210 17714 45004 252
2220 3179 84838 192
8375 11880 19284 18.6
1310 2844 58658 418
4249 41378 9586070 87.0
14 31 A 392
735 5370 26771 35.6
7060 10506 46280 212
850 2369 25453 52.9

4150 Paper WGFSA-9430 presents yidd edtimates for two stocks, C. gunnari and
D. eleginoides, based on the generaised verson of the krill yild modd used for estimating yield for

E. carlsbergi (WGFsA-94/21; paragraphs 4.87 to 4.90). The same decision rules adopted for krill
and for E. carlsbergi have been used to estimate gintheequaionY = g.B,. Theinput parameters

are shown in Table 11 and the estimates of g for each survey estimate of these two species are
shown in Teble 12.

4151 The Working Group agreed that this gpproach for estimating yield was a useful way of
deriving precautionary TACs for these stocks. It was noted that the estimates of g may be subject to
the following sources of error:
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the length and timing of fishing season (estimates in WG-FSA-94/30 were based on a
summer fishing season);

estimates of M and K (estimates in Table 11 are from stocks other than Heard
Idand);

the potentid correlation between M and K; and



(iv) the number of years in the pre-exploitation period, because fishing in the smulation
should begin in a year where the stock compasition isindependent of the initid stock
dructure in the smulation.

Table11l: Parameters used to determine gamma (g) in the generalised krill yield model for C. gunnari and
D. eleginoides around Heard Island.

Parameter Value Source
C. gunnari
M 0.3t005 (@]
L 39cm 2
K 0.3702 3
Maximum age 6 years 4
L ength-at-maturity 25cm @]
Age-at-maturity 3years 2
L ength-at-recruitment (Nov) 28cm 2
Age-at-recruitment (Nov) 3years 2
Recruitment variability 10 to 90% 4
CV of biomass estimate (Survey 1) 0.257 5
(Survey 2) 0535 5
(Survey 3) 0.801 5
D. eleginoides
M 0.1t00.2 (@]
L 204cm (€]
K 0.0563 @
max. age 20 years 2
L ength-at-maturity 94cm 2
Age-at-maturity 10 years 2
L ength-at-recruitment (Nov) 35cm 4
Age-at-recruitment (Nov) 3years 4
Recruitment variability 40 to 60% 4
CV of biomass estimate (Survey 1) 0.252 (5)
(Survey 2) invalid - survey omitted major area of distribution
(Survey 3) 0.186 (5)

Sources: (1) estimates based on Kock et al. (1985); (2) from Kerguelen data of Duhamel (various publications); (3)
Kerguelen data fromKock et al. (1985); (4) authors' estimate, based on behaviour of Kerguelen population and
datafrom Heard Island region; (5) this paper.

Table12: Vaues of gfrom WGFSA-94/30, determined to satisfy the two decision rules discussed in the text for
C. gunnari and D. eleginoidesin three surveys around Heard Island. These estimates are based on
a fishing season over summer only. The length of pre-exploitation period is 10 years in al
calculations. Column 1 is that g for which the probability of depletion to 0.2 of the pre-exploitation
spawning biomass over 20 years harvesting = 0.1. Column 2 is that gfor which the median spawning
stock biomass after 20 years fishing will be 0.75 of the median pre-exploitation spawning stock

biomass.
Species Survey 1 2
C. gunnari Survey 1 0.112 0.120
C. gunnari Survey 2 0.093 0.129
C. gunnari Survey 3 0.080 0.149
D. eleginoides Survey 1 0.043 0.027
D. eleginoides Survey 3 0.046 0.027
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4,152 The program for estimating yield was modified to embrace the last point. New estimates of
g were derived for both stocks for a fishing season lasting the whole year, which is likely to be more
redigtic. Also, the effect of different levels of M and K on gwas explored. These results are shown
in Table 13.

Table13: Estimates of gfor different input parameters in the yield model for C. gunnari and D. eleginoides at
Heard Island. The fishing season is all year. ‘Source parameters’ refers to estimates of gusing the
parameters in Table 11, but with a fishing season covering the whole year. Model parameters
indicated in the table are those which differ from those in Table 11. Numbers in parentheses refer to
the % difference of that gfrom the baseline. The number of years in the simulations before fishing
beginsis 10 for C. gunnari and 20 for D. eleginoides.

Model Survey 1 Survey 2 Survey 3
Winter 1990 Summer 1992 Spring 1993

C. gunnari
Source parameters 0.119 0.100 0.04
M: 0.2-0.6 0.120 (@] 0.099 @) 0.090 4
M:0.2-04 0117 (-2 0.096 (-4 0.083 (-12
M: 0.4-0.6 0.125 5 0.108 8 0.101 @)
K=032 0.103 (-13) 0.090 (-20) 0.077 (-18)
K =042 0.143 (20) 0.136 (36) 0.135 (44)
D. eleginoides
Source parameters 0.026 - 0.025
M: 0.05-0.25 0.026 (0)] - 0.026 4
M: 0.2-0.3 0.028 (8 - 0.028 (12
K =0.045 0.025 (-9 - 0.024 (-9
K =0.065 0.026 0 - 0.026 4
Re-run of summer fishing with 0.026 0) - 0.025 (0)
20-year pre-fishing period

4.153 For C. gunnari, the lowest estimate of g resulting from goplication of the decison rules
was aways that associated with Decison Rule 1, i.e. that the probability of the spawning stock
becoming depleted to less than 20% of the median pre-exploitation spawning biomass during a 20-
year fishing period was not to exceed 0.1. These estimates showed little sengtivity to variationin M
(<10% variation) according to dternatives available in the literature (e.g., Kock et al., 19857),
except for the third survey in which the cv was greatest. Sengtivity to von Bertdanffy K was greater
(up to 44% greater than sengtivity derived using parameters from the literature). These variationsin
estimates of g were consdered to be unimportant compared to the variation in biomass estimates.

4.154 For D. eleginoides, the lowest etimate of g resulting from gpplication of the decison rules
was dways that associated with Decison Rule 2, i.e. that the median spawning biomass after 20
years of fishing would not be less than 0.75 of the median pre-exploitation biomass. Variation in M

7 Kock, K.-H., G. Duhamel and J.-C. Hureau. 1985. Biology and status of exploited Antarctic fish stocks: a
review. BIOMASS Scientific Series, 6: 143 pp.
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and K had only smdll effects on the vaues of g (up to 12% for increasing the potentid vaues of M
from 0.1-0.2 to 0.2-0.3).

4.155 The Working Group agreed that congderation of precautionary TACs on the basis of the
current estimates of g was il vaid following these andyses. It was noted that estimates of M and
K for Heard Idand would be available by the next meeting of the Working Group. In the absence of
these edtimates, the Working Group accepted that the levels of g estimated using the source
parameters (Table 11) were appropriate as interim estimates until refined vaues for the input
parameters are obtained.

4.156 The Working Group considered the biomass estimates in WG-FSA-94/10 for use as B, inthe
cdculations of yidd. The Working Group noted there was sufficient evidence to consider the stock
of C. gunnari around Heard Idand to be separate from those around Kerguelen Idand. It was
recognised that the survey results for C. gunnari are likely to be due to interannud variation in stock
Sze (as observed for this species in other areas), but wuld to some degree represent variation in
catchability between different seasons because the surveys were done a different times of the year.

4.157 For D. eleginoides, there were no data to determine whether stocks around Heard 1dand
are different from those around Kerguelen Idand. In the absence of such information, the Working
Group treated these stocks as being separate. They noted that the survey results for D. eleginoides
are appropriate for a trawl fishery but not for a longline fishery. Trawling was not undertaken in
deeper waters where longline activities usudly take place.

4.158 The pre-exploitation biomass will vary naturdly through time in the absence of fishing.

Consequently, the determination of B, will involve accounting for variation of biomass through time
as well as the errors associated with biomass surveys a different points in time. In the absence of
methods to ded with this caculation, the Working Group recommends that a conservative gpproach
be taken to the estimates of yield. Therefore, the Working Group adopted the lowest biomass
estimates for the two species and the respective estimates of gto calculate precautionary TACS. The

Working Group recognised that these would be refined when better estimates of the input
parameters are obtained and variability in estimates of B, is incorporated into the caculations.

Management Advice

4.159 The Working Group recommends that precautionary TACs be set for C. gunnari and
D. eleginoides around Heard Idand according to the principles outlined above. For C. gunnari,
the lowest biomass was in survey 2 (3 112 tonnes), with a corresponding g of 0.1, which gives a
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precautionary TAC of 311 tonnes. For D. eeginoides, the lowest biomass was in survey 3 (11 880
tonnes), with a corresponding g of 0.025, giving aprecautionary TAC of 297 tonnes.

Coagtd Areas of the Antarctic Continent
(Divisons 58.4.1 and 58.4.2)

4.160 No new data on the fish stocks in these areas were available. Therefore, no management
advice could be provided for these aress.

MANAGEMENT UNDER CONDITIONS OF UNCERTAINTY
CONCERNING STOCK SIZE AND SUSTAINABLE YIELD

4161 At ther 1993 mestings, the Scientific Committee and Commission requested that more
work be undertaken on thistopic (CCAMLR-XII, paragraph 4.26; SC-CAMLR-XII, paragraph 3.96).

4162 This year the Working Group has considered this topic for a number of species (for
ingance, in the assessments of E. carlsbergi, C. gunnari and other species in Subarea 48.3) and
has provided management advice which reflects various levels of uncertainty. For instance, the state
of the stocks in Subareas 48.1 and 48.2 is practicdly unknown, and a continued closure is
recommended, and the assessment of C. gunnari in Subarea 48.3 incorporates much uncertainty
about current stock size, population structure, and mortality.

4163 The Working Group has this year applied the gpproach developed by wGKrill (the krill
yield modd) to estimating potentid yield for a number of fish gocks. This gpproach dlows for the
incorporation of uncertainty in many demographic parameters, stock sSze and recruitment, into a
caculation of potertid yidd. This development reflects the Working Group's increesing use of
techniques that take account of uncertainty, and could be gpplied to other speciesin the future.

4.164 It is worth pointing out that these techniques and modds operate in such a way tha
caculated yields and catch limits usudly decrease as uncertainty in any of the parameters increases.
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CONSIDERATIONS OF ECOSY STEM MANAGEMENT

MONITORING OF COASTAL FISH POPULATIONS

51 Three papers presented a this year's meeting of WG-CEMP (WG-CEMP-94/29, 31 and 32)
extended studies on the diet compostion and feeding of blue-eyed shags (Phalacrocorax atriceps)
in the South Shetland Idands from the previous year (SC-CAMLR-XII, Annex 6, paragraphs 4.29 to
4.34; Annex 5, paragraphs 7.7 to 7.10). The objective of these studies was to investigate the
regular occurrence of fish otoliths in shag pellets as a means of monitoring the dynamics of coasta
fish species over time. Comments provided by WG CEMP are given in Annex 6, paragraphs 4.31 to
4.33.

5.2 The reaults of the somach content analysis and the feeding trids on a captive shag (WG
CEMP94/29 and 31) confirmed the experience obtained in other areas that fish species are
differentidly represented by otaliths in the pellets. Species with smdl and brittle otoliths, such as N.
coriiceps and N. rossii, were ether largely under-represented or not represented at al. For species
represented in sufficient numbers in the feeding trids, prdiminary correction factors both for the
under-representation in the pelets and for the reduction in otolith Sze due to eroson could be
established. The authors of the studies concluded that their investigations till bear a consderable
potentid for improvement by increasing sample sze and more redidicaly smulating naturd feeding
conditions.

53 The Working Group welcomed this effort to monitor coastal fish species which are not
accessble by trawl surveys. The Working Group encouraged the authors to undertake further
investigations on the gpplicability of this method.

INCIDENTAL MORTALITY OF BIRDSIN LONGLINE AISHERIES
54 The Working Group did not discuss subjects rdated to the incidental mortality of seabirds
in longline fisheries in the Southern Ocean. Extensive discussons on this matter can be found in the

Report of the Ad Hoc Working Group on Incidenta Mortdity Arisng from Longline Fishing WG
IMALF) (Annex 8).
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INTERACTIONSWITH FUR SEALS

55 Paper WGFsA-94/17 investigated the potentidly subgtantid influence of fur seds on the
abundance of C. gunnari in Subarea 48.3, particularly in seasons of low krill avalability. Further
discussonisgivenin paragreph 4.77.

BY-CATCH OF YOUNG FISH IN THEKRILL FISHERY

5.6 Two papers reported on the by-catch of young fish in the krill fishery. One (WG-Krill-94/25)
assessed the by-catch in the Japanese commercid krill fishery off the South Shetland Idands in
January/February 1994, the other (WG-FsA-94/25) the occurrence of fish in commercid krill catches
taken by a Polish trawler in the vicinity of the South Orkney Idands and South Georgia from March
to May 1993. They have been the first two studies after the introduction of cCAMLR’s Scientific
Observers Manual. However, only WG-FsA-94/25 used the subsample size and extrapolated tota
catch figures standardised to numbers per one tonne of krill caught and numbers per tonne/hour, as
recommended in the Scientific Observers Manual. Comments on WGKiill-94/25 are ds0 given in
Annex 5, paragraphs 3.12 to 3.15.

5.7 The results of these gudies show that the proportion of andysed hauls containing fish and
the species composition of the by-catch of fish during krill fishing operations differed congderably
between areas.  In addition to early life stages, juvenile and adult specimens were aso caught,
athough in lower numbers. The proportion of krill catches containing fish varied between 25% off
the South Shetland Idands and 43% in the vicinity of South Georgia. The predominant species were
Lepidonotothen larseni, C. aceratus and Chaenodraco wilsoni off the South Shetland Idands,
unidentified Myctophidae in the South Orkney Idands and unidentified Myctophidae, L. larseni and
C. gunnari in the vicinity of South Georgia

5.8 Although estimations of the abundance of fish in krill catches were not directly comparable
in the two studies, results suggest that the amount of by-catch per hour of trawling was of the same
order of magnitude in dl three fishing grounds. This finding is in contragt to observations made by
WGKrill (Annex 5, paragraph 3.12) that the level of by-catch in the South Shetland Idands was an
order of magnitude less than the by-catch reported by the Ukrainian fishery in the vicinity of South
Georgialast year (WGFSA-93/8).

5.9 Both recent studies tend to confirm earlier conclusons by the Working Group thet the
largest by-catch occurred when the krill catch was comparatively low.
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510  The Working Group welcomed these studies and recommended that they be continued in
the future, following dosdy the indructions st out in the Scientific Observers Manual. The
Working Group reiterated its recommendations from last year’s meeting (SC-CAMLR-XII, Annex 5,
paragraphs 7.1 to 7.5) that future studies should preferably provide information on spatia, seasond
and diurnd differences in the by-catch of fish to assess when fish are most vulnerable to the krill
fishery. The Working Group stressed that gppropriate statistical procedures should be gpplied to
the andyss of the data (see SC-CAMLR-XII, Annex 4, paragraph 3.32).

INTERACTIONS WITH WHALES

511 Interactions between the longline fishery and marine mammas, including killer and sperm
whales, were reported by observersin the 1993/94 season and are discussed in paragraph 3.12.

RESEARCH SURVEY S

TRAWL SURVEY SIMULATIONS

6.1 At both its 1991 and 1992 meetings, WGFSA attached high priority to addressing the
difficulties associated with the gpplication of the swept-area method in trawl surveys to species with
patchy digtributions, such as C. gunnari. The need to undertake smulation sudies of arange of fish
behaviours to determine the possible forms of underlying satistical distributions was reiterated by the
Working Group at its 1993 meseting (SC-CAMLR-XII, Annex 5, paragraphs 8.1 to 8.3).

6.2 As no new submissions have been received on the above, the Working Group again called

for work on trawl survey smulations as amatter of high priority. It was agreed that current efforts to
vaidate the modes aready submitted to WGFSA (WG-FSA-93/20) should continue.

RECENT AND OTHER SURVEYS

6.3 The Working Group noted that the United Kingdom has notified CCAMLR of itsintention to
undertake afish survey in Subarea 48.3 in January/February 1995 dong the lines of previous years.

6.4 Lic. Marschoff indicated that Argentina hopes to undertake, at some time between January

and March 1995, a demersd fish survey in Subarea 48.3. If favourable ice conditions prevall, the
cruise will dso investigate krill in Subarea 48.2.
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6.5 The Working Group was informed that the UsA intends to conduct a survey of the crab
stock in Subarea 48.3. During the survey, to be conducted during March 1995, a remotely
operated vehicle (Rov) will be used to take video pictures of the crabs. Line transect theory will be
used to estimate the abundance of crabs around South Georgiaa The survey design includes a
bathymetric mapping component to correlate crab densties with different types of habitat.

6.6 The Working Group welcomed the proposed crab survey, and suggested that the data
resulting fom the survey be andysed to estimate the abundance of fishes as wdl as crabs. In
particular, the Working Group suggested that the ROV could be used to look for the presence of
gpawning aggregations of fish in some of the fjords surrounding South Georgia.

6.7 Cetan members of WGFsA indicated that they had found the six-month lead-in-time
required for the notification of intended survey activity (CCAMLR-V, paragraph 60) to be redtrictive.
The Working Group agreed to review this requirement at its next meeting.

6.8 In response to the Commission’s request (CCAMLR-XII, paragraph 6.10) to review the
goplicability of a 50-tonne catch limit for research prescribed by Conservation Measure 64/X11, the
Working Group agreed that this limit appears appropriate for crabs, given the rdativey tight
provisons under Conservation Measures74/X11 and 75/XIl.

Ob and Lena Banks

6.9 A bottom trawl survey design for the Ob and Lena Banks was proposed by Ukraine in
WGFSA-94/32. This proposal was identical to a proposal submitted to the Working Group in 1993.
Discusson of the paper claified a number of points dready addressed during last year's
ddiberations (SC-CAMLR-XI1, Annex 5, paragraph 8.5).

6.10  Thetiming of the survey is ill unknown and will depend on the availability of the survey
vessdl. The participation of observers from Members is welcomed and arrangements may be made
on ahilatera bass.

6.11  The survey will be conducted usng a commercidly-szed bottom trawl with a mesh sze
(diamond mesh) of 40 mm in the codend. To be condgtent with previous surveys, the duration of
hauls will be 60 minutes. The survey will be conducted in two phases as outlined in CCAMLR-
X1/BG/21, paragraph 5. Phase 1 will comprise of a bottom trawl survey with a Stratified random
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survey desgn. During phase 2 it is intended to map aress of high fish dengity by carrying out hauls
randomly in areas of high concentrations.

6.12 Data will be collected and reported according to the standard methods set out in the
CCAMLR Scientific Observers Manual. Data reporting will follow the CCAMLR research database
format and recording will be done in accordance with the requirements set out in Conservation
Measure 64/XI1.

6.13 Despite the prohibition of net monitor cables from the 1994/95 season onwards
(Conservation Measure 30/X), the survey vessel will have to use anet monitor cable. The vessd has
no hull-mounted transducer. She is only equipped with a towed transducer which, if used, would
congtantly be at risk of being lost due to the severe weather conditions. No incidental mortdity of
birds has been reported during previous surveys. The presence of seabirds close to the ship will be

monitored with each haul and any incidentd mortdity caused by the net monitor cable will be
reported.

6.14  Thetotd catch anticipated is 1 150 tonnes in accordance with the TAC set in Conservation
Measure 59/X1 for a period of two seasons.

6.15 It isintended to conduct such surveys regularly, adthough not on an annud basis.

FUTURE WORK

DATA REQUIREMENTS

7.1 Data requirements carried over from those requested last year are listed in Appendix D.

7.2 In addition to these requirements, the Working Group recalled that it had requested that:

() data collected by observers be submitted to the Secretariat in approved reporting
formats whenever possible (paragraph 3.11); and

(i)  theformat for reporting longline data to CCAMLR (Format C2) be updated to include
theitemsidentified in paragraph 4.32.
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SOFTWARE AND ANALY SESREQUIRED

7.3 The Working Group requested that the trawl survey analyss program developed last year
(WGFsA-93/30) continue to be vaidated. In addition to test smulation runs, the method and its
assumptions should be examined in the light of actua survey results from various parts of the
CCAMLR Convention Area (paragraph 4.96).

74 The Working Group noted that severa assessments had made use of a modified verson of
the krill yiedd program developed by waGkrill and agreed that a more generd verson of this
program, applicable to fish stocks, would be of use. Dr Constable agreed to coordinate an
intersessiond group which would prepare a modified verson by correspondence.

WORKING GROUP ORGANISATION

7.5 The Chairman informed the Working Group that the Joint Meeting of WG-CEMP and WG
Krill (South Africa, July 1994) had recommended that the two groups meet as a joint group from
now on. It had commented, however, that it saw no immediae requirement to consder joint
meetings between itsdf and WGFsA (Annex 7, paragraph 6.4).

7.6 The Working Group agreed that whilst its work included consderation of biologicd
information of use in providing advice on management in addition to assessments, it was important
that these two aspects of its work remained under the umbrela of a sngle group. It was agreed,
therefore, that no change to its terms of reference was necessary at thistime,

7.7 The Working Group consdered that the work of WGIMALF was closdly linked to its own.
Should WGIMALF continue its work in future years, it would be important to maintain aclose liaison
between the groups, dthough a joint meeting would not be necessary in the foreseegble future.
However, there was some concern that if WGIMALF took place between the WG-FsA meeting and
the meeting of the Scientific Committee, there would be no opportunity for WG-FSA to act on the
results of the ddliberations of WGIMALF in formulating its advice to the Scientific Committee.

7.8 The Working Group noted that many assessments within WGFsA and other groups are
moving in smilar directions, both in methodology and operationd consderaions such as decison
rules and congderation of escgpement. This trend was helpful for the development of sound advice
by dl of the Scentific Committee’'s working groups, and has been consderably assisted by the
continuing good communication between the groups.
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FUTURE MEETINGS

7.9 A workshop to condder assessment of the D. eeginoides fishery in Subarea 48.3 was
proposed in paragraph 4.36. The terms of reference for this group are dso given in paragraph 4.36.
OTHER BUSINESS

8.1 The Convener of wGKrill, Mr Miller, introduced WGKrill-94/19 which amed to darify the
issue of access to datain ccAMLR. The Working Group endorsed the gpproach outlined in the

paper, which conforms with current Working Group and CCAMLR practice. In principle, this
reiterates that:

() anayses presented as Working Group documents are not considered to be public
documents; and

@) if thefind am of the andydsis formd publication, then the onus is on the person(s)

undertaking the analysis to obtain the necessary permisson from the originators of the
data a the outset of any collaborative undertaking.

ADOPTION OF THE REPORT

9.1 The report of the meeting was adopted.

CLOSE OF THE MEETING

10.1 In closng the meeting the Convener thanked the rapporteurs, Secretariat and Al
participants for cooperating wdl to complete the Working Group’s busness smoothly and
effectivdly. He aso thanked dl participants who had worked hard intersessondly to produce
analyses and reports which had contributed to the Working Group’ s business.

10.2 Mr Miller congratulated the Convener for conducting the meeting efficiently in hisinimitable
fashion.
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APPENDIX A

AGENDA

Working Group on Fish Stock Assessment
(Hobart, Australia, 11 to 19 October 1994)
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3.2

3.3
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4.4
4.5
4.6
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4.8
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5.1
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6. Research Surveys
6.1 Trawl Survey Smulation Studies
6.2 Recent and Proposed Surveys

7. Future Work
7.1 DaaRequirements
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8. Other Business
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APPENDIX D

DATA REQUIREMENTSFOR THE WORKING GROUP

Data Required by Data Received by Data Requested by
WGFSA-93 WGFSA-A4 WGFSA-A4
1. D. eleginoides, Subarea48.3 D. eleginoides, Subarea 48.3
« studies on hook selection factors | Nonereceived * studies on hook selection factors
required required
* studieson lossrates of fish Some information * studieson lossrates of fish
2. D. eleginoides, Subarea48.3 None received D. eleginoides, Subarea 48.3
* age and maturity determination * age and maturity determination required
required for an expanded range of for an expanded range of lengths from
lengths from historical and current historical and current commercial and
commercial and research catches research catches
3. Representative length frequency from | None received Representative length frequency from the
the commercial catch of C. gunnari in commercial catch of C. gunnari in Subarea
Subarea 48.3 should be reported for 48.3 should be reported for the most
the most recent years of the fishery recent years of the fishery and required
from historical fishery
4. Trawl fisheriesin Subarea 48.3: Trawl fisheriesin Subarea 48.3
* detailed data on the by-catch in None received « detailed data on the by-catch in pelagic
pelagic (midwater) and demersal (midwater) and demersal (bottom) trawl
(bottom) trawl fisheriesin Subarea fisheriesin Subarea 48.3 are urgently
48.3 are urgently required to required to establish management
establish management advice advice. Historical datarequired
* research data ShOUld be submitted Bei ng done by UK and Argentina
to the Secretariat (WG-FSA-94/18 and 29)
5. E.carlsbergi No information E. carlsbergi
« clarification of position and time of * clarification of position and time of
catch of 1 518 tonnes reported for catch of 1 518 tonnes reported for
Subarea48.2 in 1990/91 Subarea48.2 in 1990/91
« clarification of position and time of » clarification of position and time of
catch of 50 tonnesin Subarea 48.1 catch of 50 tonnesin Subarea48.1in
in 1991/92 1991/92
6. Cdl for historic information from Heard Island (W G-FSA-94/10) Cadll for historic information from surveys
surveysto assist the Workshop on to assist the Workshop on the Design of
the Design of Bottom Traw! Surveys Bottom Trawl Surveysin investigating the
in investigating the internnual interannual variability in the occurrence of
variability in the occurrence of fish fish aggregations.
aggregations Also required for validation of MVUE
methods (paragraph 7.3)
7. D. €eleginoides, Subarea48.3 WGFSA-94/14 D. eleginoides, Subarea 48.3
* stock identification studies * stock identification studies
« dataon the position or bearing of » data on the position or bearing of each
each end of longlines end of longlines especially in
preparation for workshop
8. Crabfishery, Subarea48.3 No information Crab fishery, Subarea48.3
Investigations on the use of time- Investigations on the use of time-release
rel ease devices, escape ports and pot devices, escape ports and pot selectivity
selectivity
9. Additional datafrom D. eleginoides
fishery (paragraph 4.32)
10. All observer data should be reported if
possible (paragraph 3.11)
11 D. eleginoides:

Datarequested from outside CCAMLR
Convention Area (paragraphs 4.6
and 4.44)




APPENDIX E

MATURATION SCALE USED FOR OVARIES
OF CHAMPSOCEPHALUS GUNNARI *

Maturity Stage Generd Higtological Festures
1 Immeature Compact ovigerous lamellas with oocytes | and |1
2 Early maturation Ooctyesl, Il and 111 elements starting secondary
vitelogenesis (1V)
3 Advanced maturation Oocytes|, I1, 1l and V
4 Totd maturation Oocytes|, 11, 11l and VI
5 Post- spawning Lax ovigerous lamellas, with oocytesl, Il and 11l. Residud

components'V in resorption and post-ovulatory follicles.

6 Pre-reproductiveregresson | Compact ovigerous lamellas, with oocytes | and I1.
Y olky dements (V) in different resorption phases.

*

WG-FSA-94/28
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1994 ASSESSMENT SUMMARIES



Assessment Summary: Notothenia rossii, Subarea 48.3

Sour ce of Information: This report

Yea: 1989 1990 1991 1992 1993 194 M ax2 Min2

Recommended TAC 0

Agreed TAC 300 300 0

Landings 152 2 1 1 0

Survey Biomass 2439 14812 4205¢ 7309 6600
3915P 1002
39000

Surveyed by UK/POL UK/POL2 UKEC UK UK

UssRP  uUssrd

Sp. Stock Biomass3 No information

Recruitment (age...) available

MeanF (..... )1 since 1985/86

Weghtsin tonnes, recruitsin ..........
1 ... weighted mean over ages(...)
2 Qver period 1982 to 1992

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

Conservation Measuresin Force: 2/111, 3/1v and 68/X11

Catches;

Data and Assessment: No new assessment was performed for this species.

Fishing Mortality:

Recruitment:

State of Stock: Little changein stock composition in recent years.

Forecast for 1994/95: Recommend continued closure.




Assessment Summary: Champsocephal us gunnari, Subarea 48.3

Sour ce of Information: This report

Year: 1989 1990 1991 1992 1993 1994  Mad Min2
Recommended 10200 12000 8400-61900  9200-15200 0
TAC
Agreed TAC 4 8000 26000 0 9200
Landings 21359 8027 R 5 0 13
Survey Biomass 24241 720902 271118 437632 16088+a

4421680 1921440 4870"2
2012+b
67259'b
Surveyed by UK/POL UK/POL2 ukKa ukKa uka
USSRP  ussrP ArgP
Stock Biomass3 0 0 305
Recruitment (age 1) 500 (millions)
Mean F (....)! 0
Weightsin ‘000 tonnes
1 ... weighted mean over ages (... *  Shag Rocks
2 Over period 1982 to 1992 *+ South Georgia
3 Fromvpra (2+)
4 Prohibition from 4 November 1983

Conservation Measuresin Force: 19/1X and 66/XII

Catches: Research catchesonly - 13 tonnes.

Data and Assessment: Surveysin 1993/94 indicated sgnificantly lower biomass than predicted by
projections made at the 1993 Working Group meeting. Decline in biomass in the absence of
fishing may be linked to the low availability of krill in Subarea 48.3 during the 1993/%4
Season.

Fishing Mortality: None.

Recruitment: Recruitment of 1-year-olds in 1992/93 projected back from the UK survey was at
the lower end of the range in the vPA a lagt year's meeting. Poor recruitment was not
consdered to explain the low biomass of age 3+ in the 1993/94 surveys.

State of Stock: Overal biomass is low according to the 1993/94 UK survey, but thereis a high
degree of uncertainty and reliable projections could not be made.

Forecast for 1994/95: Closure and survey recommended.



Assessment Summary:  Patagonotothen guntheri, Subarea 48.3

Source of Information: This report

Year: 1989 1990 1991 1992 1993 1994 Mad  Min2
Recommended TAC - - 20-36000 0
Agreed TAC 13000 12000 0 0
Landings 13016 145 0 0 0
Survey Biomass sgqa 12764 4589
Surveyed by 16365P
UK a UK UK
UsRP
Sp. Stock Biomass3 na
Recruitment (age 1) na
Mean F (3- 5)1 na

Weightsin tonnes

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

3 From VPA using (.......... )

4 Maximum catch in 1989

Conservation Measuresin Force: 48/x|

Catches:

Data and Assessment: No new assessment was performed for this species.

Fishing Mortality:

Recr uitment:

State of Stock: Biomass estimates provided by surveys above may underestimate stock size
because they do not sample its complete depth range.

Forecast for 1994/95: Recommend conservation measures presently in force be retained.




Assessment Summary:  Dissostichus eleginoides, Subarea 48.3

Source of Information: Thisreport

Year: 1989 1990 1991 1992 1993 199 Mad  Min2
Recommended TAC
Agreed TAC 25005 3500 3350 1300
Landings 4138 8311 3843 3703 2990 604
Survey Biomass 326 o631+ a 335+a 19315 3353 149232 oo12'b
1693+b  3000+b 885+ 2460+ 4831+2  67259™P

Surveyed by UK/ POL/UK?2 UK UK uka

PoLY UsRP ArgP
Recruitment (age...) na
Mean F(....)L na

Weightsin tonnes

1 ... weighted mean over ages(...)

2 Qver period 1982 to 1992 6
3 Edtimated from cohort projections

4 Survey excluding Shag Rocks +

5 TAC from 1 November 1990 to 2 November 1991

Edtimated from various methods
Shag Rocks

South Georgia

Conservation Measuresin Force: 69/xl1, 70/X11 and 71/X11

Catches. TAC of 1 300 tonnes, 603 tonnes taken during five depletion experiments, 1 tonne

research catch.

Data and Assessment: 1992/93 haul-by-haul data were re-andlysed and 1993/94 depletion
experiment data were andysad with the am of estimating local densty. No consstent
depletion observed, so no dengity estimates calculated. No stock assessment possible.

Fishing Mortality:

Recr uitment:

State of Stock: Unknown. A precautionary approach should be taken in setting any TACS.

Forecast for 1994/95:




Assessment Summary: Notothenia gibberifrons, Subarea 48.3

Sour ce of Information: This report

Yea: 1989 1990 1991 1992 1993 199 Ma  Min2
Recommended TAC 500-1500
Agreed TAC 0
Landings 838 11 3 4 0
Survey Biomass 8500 17000 25000 29600 23566
Surveyed by UK UK UK UK UK
USSR USSR
Sp. Stock Biomass3 3300 4300 6200
Recruitment (age 2) 21000 27000 25000
Mean F(....)1 054 0.014 0.0002

Weightsin tonnes
1 Weighted mean over ages2 to 16
2 Over period 1975/76 to 1991/92

3 From VPA using survey g = 1 model

Conservation Measuresin Force: 48/x! and 68/X11

Catches:

Data and Assessment:

Fishing Mortality:

Recruitment :

State of Stock: Biomass decreased from last survey; potentid yield currently low.

Forecast for 1994/95: Recommend directed fishery remain prohibited.




Assessment Summary:  Chaenocephal us aceratus, Subarea 48.3

Source of Information: This report

Year 1989 1990 1901 1992 1993 19 Mad  Min2
Recommended TAC 1100 0 300 300-500
Agreed TAC 0 300 300 0
Landings 1 2 2 2 0 1272 1
Survey Biomass 5770 142268  13474C 12500 9695
144240 180220
178000
Surveyed by UK/POL UK/POL2 UKC UK UK
UssRP  ussrd
Sp. Stock Biomass3 4404 5008*
Recruitment (age 2) 6717 40474
Mean F(....)L 0.002

Weights in tonnes, recruitsin *000s

1 ... weighted mean over ages 3to 11

2 QOver period 1982 to 1992

3 From vPA using revised VPA from WG-FSA-90/6
4 Predicted

Conservation Measuresin Force: 48/x1 and 68/XII

Catches;

Data and Assessment:

Fishing Mortality:

Recruitment :

State of Stock: Biomass decreased from last survey; potentid yield currently low.

Forecast for 1994/95: Recommend directed fishery remain prohibited.




Assessment Summary: Pseudochaenichthys georgianus, Subarea 48.3

Source of Information: This report

Y ear 1989 1990 1991 1992 1993 1994 M ax2 Min2
Recommended TAC 1800 0 300 300-500
Agreed TAC 300 300 0
Landings 1 1 2 2 0 1661 1
Survey Biomass 8278 57612 1348C 13469 5707
122000 99594
10500P
Surveyed by UK/POL UK/POL2 UKC UK UK

USSRP  ussrd

Sp. Stock Biomass3 8339%
Recruitment (age 1)

Weights in tonnes, recruitsin *000s

1 ... weghted mean over ages3to 6

2 Qver period 1982 to 1992

3 FromVvPA described in WG-FSA-90/6
4 Predicted

Conservation Measuresin Force: 48/x1 and 68/XII

Catches;

Data and Assessment:

Fishing M ortality:

Recruitment :

State of Stock: Biomass Sgnificantly lower than last survey; potentid yield currently low.

Forecast for 1994/95: Recommend directed fishery remain prohibited.




Assessment Summary: Notothenia squamifrons, Subarea 48.3

Sour ce of Information:

Year 1989 1990 1991 1992 1993 199  Mad  Min2 Mean2
Recommended TAC 0 300 300
Agreed TAC 300 300 0
Landings 927 0 0 0 0 1553 0 563
Survey Biomass 131 13592 1374 1232
5340
Surveyed by UK/PO UK/POL2 UK UK
L

USSRP
Sp. Stock Biomass3
Recruitment (age...)
Mean F (....)1

Weightsin tonnes, recruitsin...........
1 ... weighted mean over ages(...)
2 Qver period 1982 to 1992

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

Conservation Measuresin Force: 48/x1 and 69/XII

Catches:

Data and Assessment: No new assessment was performed for this species.

Fishing Mortality:

Recr uitment:

State of Stock:

Forecast for 1994/95: Recommend conservation measures presently in force be retained.




Assessment Summary:  Electrona carlsbergi, Subarea 48.3

Sour ce of I nformation:

Year 1989 190 1991 1992 1983  199% Mmal  Min2  Mean?

Recommended TAC -
Agreed TAC 245000 o500 000B

Landings 29673 23623 78488 46960 0 0

Survey Biomass USSR4
Surveyed by USSR5

Sp. Stock Biomass3

Recruitment (age...)

Weightsin tonnes, recruitsin...........

1 ... weighted mean over ages (...)

2 QOver period 1982 to 1992

3 From VPA using (.......... )

4 WG-FSA-90/21 large portion of Subarea48.3

5 WG-FsA-90/21 Shag Rocks region

6 43 000 tonnes at Shag Rocks (Conservation Measure 67/X11)

Conservation Measuresin Force: 54/, 67/X11; TAC 200 000 tonnes

Catches: Nil

Data and Assessment: Use of generdised krill yidd modd to esimate ginY = gB, gave
g=0.091. [Program FYIELD.EXE Input File 94ECYLD.DAT (use as IN.DAT)]

Fishing Mortality:

Recruitment: No etimate.

State of Stock: No new estimates of biomass. Using old estimates of biomass. yield = 109 100
for Subarea 48.3 and 14 500 for Shag Rocks.

Forecast for 1994/95:

10



Assessment Summary: Notothenia rossii, Divison 58.5.1

Sour ce of Information: This report

Year 1989 190 1991 1992 1993 1994  ma?  Min2  Mean?

Recommended TAC
Agreed TAC
Landings 245 155 287 0 0 0

Survey Biomass
Surveyed by

Sp. Stock Biomass3

Recruitment (age...)

Weghtsin tonnes, recruitsin ..........
1 .. weghted mean over ages(...)
2 Over period 1982 to 1992

3 FromVPA using (.......... )

Conservation Measures in Force: Conservation Measure 2/111. Resolution 3/1v. Limitation of
trawlers dlowed on fishing grounds each year. Arrété No: 18, 20, 32 (for details see sc-
CAMLR-VIII, Annex 6, Appendix 10, page 290).

Catches;

Data and Assessment:

Fishing Mortality:

Recr uitment:

State of Stock: Still low compared with initid levels. Most recent survey (1987/88) estimated total
biomass a 10 000 tonnes. In the first two years of the fishery 168 000 tonnes of this
Species were taken.

Forecast for 1994/95:

11



Assessment Summary: Notothenia squamifrons, Divison 58.5.1

Source of Information: This report

Year 1989 1990 1991 1992 198 199  Mad  Min2  Mean?

Recommended TAC
Agreed TAC 2000%

Landings 1553 1262 98 1 0 0

Survey Biomass
Surveyed by

Sp. Stock Biomass3

Recruitment (age...)

Weightsin tonnes, recruitsin...........
1 ... weighted mean over ages (...)
2 Qver period 1982 to 1992

3 From VPA using (.......... )

Conservation Measuresin Force:

Catches;

Data and Assessment: No new assessment was performed for this species.

Fishing Mortality:

Recr uitment:

State of Stock:

Forecast for 1994/95:

12




Assessment Summary: Champsocephalus gunnari, Divison 58.5.1

Sour ce of Information: Thisreport

Year 1989 190 1991 1992 1993  19%  ma?  Min2  Mean?

Recommended TAC

Agreed TAC

Landings (Kerguelen) 23628 226 12644 44 0 12 25852 0
L andings (Combined)

Survey Biomass
Surveyed by

Sp. Stock Biomass3

Recruitment (age...)

Weightsin tonnes, recruitsin ..........
1 ... weighted mean over ages(...)
2 Qver period 1982 to 1994

3 From VPA using (.......... )

Conservation Measures in Force: None. Recommendation that no fishery be conducted during
the 1993/94 season and a limited fishery during the 1994/95 season (CCAMLR-XII,

paragraph 4.21).

Catches: 12 tonnesto assess the length frequency distributions of the stock. No fishery.

Data and Assessment: No new assessment was performed for this species.

Fishing Mortality:

Recruitment: Pre-recruit abundances highly variable from one year to another (results of 1989 to
1992 inshore monitoring program).

State of Stock: Biomass in relation to the strength of a three-year abundant cohort. Presently the
1991 normaly strong cohort is coming and has spawned for the first time during 1994.

Forecast for 1994/95: Low levd of catchesto alow the present cohort to spawn a second time.
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Assessment Summary:  Dissostichus eleginoides, Divison 58.5.1

Source of Information: This report

Year 1989 190 1991 1992 1993 1994  ma?  Min2  Mean?

Recommended TAC
Agreed TAC
Landings 1630 1062 1848 7492 2722 5083 7492 121

Survey Biomass
Surveyed by

Sp. Stock Biomass3

Recruitment (age...)

Weightsin tonnes, recruitsin ..........
1 ... weighted mean over ages(...)
2 Qver period 1982 to 1994

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

Conservation Measuresin Force: None. Recommendation not to exceed 1 400 tonnesin
western fishing grounds (CCAMLR- X1, paragraph 4.21).

Catches: Western grounds. 942 tonnes, longline only by Ukraine. Northern grounds. 4141
tonnes, trawling only by France.

Data and Assessment: 1987/88 biomass survey mainly for the western sector. No new
assessment was performed for this species.

Fishing Mortality:

Recr uitment:

State of Stock:

Forecast for 1994/95:
Western stock:  Fggossg gives 1 400 tonnes longterm yield.

Northern stock:  Precautionary limitation of catchesto prevent spawning stock szefdling to low
level before the stock has been adequately assessed.
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Assessment Summary: Champsocephal us gunnari, Divison 58.5.2

Sour ce of Information: This report

Year 1989 1990 1991 1992 1993 194 M ax2 Min2  Mean?
Recommended TAC 311
Agreed TAC
Landings 0 0 0 0 0
Survey Biomass 4585 311 31701
Surveyed by Australia

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 Measuresin Force:

Catches;

Data and Assessment: Biomass surveys by Audrdia according to random dratified design and
caculated by MVUE. Precautionary TACs caculated by esimating g from modified krill
yield program.

Fishing Mortality:

Recr uitment:

State of Stock: Presently unexploited.

Forecast for 1994/95:
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Assessment Summary:  Dissostichus el eginoides, Divison 58.5.2

Sour ce of Information: This report

Year 1989 1990 1991 1992 1993 194 M ax2 Min2  Mean?
Recommended TAC 297
Agreed TAC
Landings 0 0 0 0 0 0
Survey Biomass 17714 3179 11880
Surveyed by Austrdia

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 Measuresin Force:

Catches:

Data and Assessment: Biomass surveys by Audraia according to random dratified desgn and
cdculated by MVUE Precautionary TACs cdculated by estimating g from modified krill
yield program. Assessment only applicable to trawl fishery on younger part of population.

Fishing Mortality:

Recr uitment:

State of Stock: Presently unexploited.

Forecast for 1994/95:
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Assessment Summary: Notothenia squamifrons, Divison 58.4.4

Source of Information: This report

Year 1989 1990 1991 1992 1993 1994 Ma Min® Mean3
Recommended TAC (LenaBank)
Agreed TAC
Landings (Ob Bank® 850 867 ? 0 0 0 4999 0 1151
Landings (Lena Banka) 3166 596 ? 0 0 6284 0 1335
Landings (Combined®) 4016 1463 575 0 0 0 11283 027 2487
Survey Biomass (Ob Bank) 12700
Survey Biomass (Lena Bank)
Surveyed by USSR
Sp. Stock Biomass? na
Recruitment (age...) na
Mean F(....)L

Weightsin tonnes, recruitsin...........
1 ... weighted mean over ages (...)

2 QOver period 1982 to 1992

3 AssumesTAC of 267 tonnes for Ob Bank
and 305 tonnes for Lena Bank was taken

in 1991
4 FromVvpPA using (......... )

a8 From WG-FSA-92/5

b From Sc-CAMLR-IX/BG/2
Part 2 (Satistical Bulletin)

Conservation Measuresin Force: 2/l and 4/v

Catches: No catches since 1991

Data and Assessment: No new assessments performed for this species since 1992.

Fishing Mortality:

Recruitment :

State of Stock: Unknown

Forecast for 1994/95:
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REPORT OF THE SIXTH MEETING
OF THE WORKING GROUP ON KRILL
(Cape Town, South Africa, 25 July to 3 August 1994)

INTRODUCTION

1.1  The Sxth Mesting of the Working Group on Krill (wGKrill) was held a the Breskwater
Lodge, Cape Town, South Africa, from 25 July to 3 August 1994. The meeting was chaired by the
Convener, Mr D.G.M. Miller (South Africa).

1.2  TheWorking Group was welcomed to Cape Town by Mr G. de Villiers, the Director of Sea
Fisheries Adminigration in South Africa

REVIEW OF THE MEETING OBJECTIVES
AND ADOPTION OF THE AGENDA

2.1  The Convener briefly outlined the major objectives of the meeting which had been set out in
detall and circulated prior to the meeting in SC CIRC 94/6.

2.2 A Provisond Agenda had aso been circulated prior to the meeting. There were no
additions or amendments and the Agenda was adopted.

2.3  TheAgendaisincluded in this report as Appendix A, the Ligt of Participants as Appendix B
and the List of Documents submitted to the meeting as Appendix C.

24  The report was prepared by Drs D. Agnew (Secretariat) and M. Basson (UK),
Prof. D. Butterworth (South Africa), Drs W. de la Mare (Augtrdia), |. Everson (UK), R. Hewitt
(usa), E. Murphy (Invited Expert), S. Nicol (Augtrdia) and J. Watkins (UK).



REVIEW OF FISHERIESACTIVITIES
Fisheries Information
Data Submisson

3.1 An andyss by the Secretariat of fine-scale krill catch data from the 1992/93 season
(waKrill-94/6) reveded that some Polish catches were made to the north of the Convention Areaiin

Divison41.3.2. The proportion of the total catch from outside the Convention Area was, however,
adl:

Subarea/ 1992/93 Total Catch %
Division (tonnes)

4132 2506 28
481 37716 425
482 12670 14.3
48.3 30040 338
484 50 0.06
48.6 33 0.04
584.1 5762 6.5

Paper wGKiill-94/6 dso included maps of fine-scale catches taken from Division 58.4.1 in 1992/93.

3.2 A full s of fine-scale krill catch data from 1974 to 1994 and krill catch data on a scale of
10 x 10 n miles from 1992/93 has now been supplied to the Secretariat by Japan. The Working
Group noted this submission and acknowledged the utility of this data set.

3.3 A sample of commercia krill catch data from 1978 from the former Soviet Union was
presented in WGKrill-94/10.  Only YugNIRO (Ukraine) has historic catch data from Subarea 58.4
(from 1978 to 1984 and 1988). The high cost of preparing the data precluded the submission of a
complete data set. The Working Group urged Members with available resources to aid with the
andyss of fisheries data from the former Soviet Union (Russa and Ukraine) and recdled the
initigtive by the US to obtain funds to assst with these analyses (SC-CAMLR-XI11, Annex 4, paragraph
3.20).

3.4  The Working Group noted that monthly catch deta are being submitted in accordance with
Consarvation Measure 32/X. Data have arrived from Japan, Poland and Ukraine. In addition, Chile
haes submitted a full set of haul-by-haul data



Presentation of Databy CCAMLR

3.5 The ccAMLR Secretariat had reported to Members in January on krill catch leves and will
continue to do so every Sx months.

3.6  The Working Group recommended that the Statistical Bulletin include detalls of effort on
the same temporal and spatia scales as catch data and noted that the Secretariat was preparing a
paper on this subject for the Scientific Committee.

1993/94 Catches

3.7  Japan has submitted monthly reports from July 1993 to June 1994 which give a tota krill
catch for this period of 62 315 tonnes. Poland fished from July to June and reported atota catch of
7 915 tonnes; Ukraine fished from March to May and reported a catch of 8 205 tonnes. Chile
fished in Subarea48.1 during March and April and reported a catch of 3 834 tonnes. There was no
indication that Russia fished for krill in the Convention Area during 1993/94. The totd reported krill
catch for 1993/94 was 82 269 tonnes.

3.8  The Jgpanese 1993/H4 fishery deployed six vessds and the catch was mainly taken in
Subareas 48.1 and 48.3. In the summer, the catch came mainly from Subarea 48.1 and later in the
season from Subarea 48.3. The Japanese catch was taken between January and May, and followed
the general trend towards a later- season fishery in Subarea 48.1 over recent years.

3.9  One thousand tonnes of the Japanese catch was taken off Wilkes Land (Divison 58.4.1) by
onevesse. Thisvessd usudly fishes for other species near New Zedland and targets krill stocksin
Divison 58.4.1 because of their operationd proximity.

3.10 The Polish catch for 1991/92 and 1992/93 was reported by subarea in WGKrill-94/9
athough this paper gives no indication of catches which were reported to have been taken outsde
the Convention Area WGKiill-94/6). The Working Group seeks clarification from Poland on this
omisson.

3.11 Ukraine reported that from March to July 1994 two vessdls landed a tota catch of
9 618 tonnes in Subareas 48.2 and 48.3 (WGKrill-94/33). This fishery will continue until August
1994 and further results will be submitted to CCAMLR as soon asthey are available.



Reports of Observers

By-catch of Young Fish

3.12 The incidentd cach of fish in the Jgpanese commercid krill catch in summer 1994 from
Subarea 48.1 was reported in WGKrill-94/25. A totd of 77 specimens of 13 species were
documented from 25 trawl catches. Thisleve of by-catch isan order of magnitude less than the by-
catch reported by Ukraine last year (WGFSA-93/8).

313 Fish gopeared more rardy in hauls from high dengty krill swams, those targeted
preferentidly by the fishery. There were, however, only two samples where there were relatively
high fish catches, so the data were suggestive rather than conclusive on this point.

3.14 The Working Group welcomed this data set on by-catch and considered the results very
useful. The absence of Champsocephalus gunnari in the catches was noted despite its prevaence
in the area. The Working Group encouraged other fishing nations to obtain comparable data sets
from different areas and seasons and noted that some data may become available from Ukrainian,
Polish and possibly Russian observers.

3.15 However, the method reported in WG-Krill-94/25 only used a subsample of 25 kg of the
caich. The methodology for andysing the commercid krill catch for fish by-catch given in the
ientific Observers Manual recommends that standard samples of 40 to 50 kg of krill be taken
from al sampled hauls. The Working Group therefore recommended that the standard method in
the Scientific Observers Manual be followed in future studies.

Length Frequency and Haul-by-haul Data

3.16 A dudy of the length frequency of krill sampled from the Japanese commercid caich in 1993
(waKrill-94/28) failed to note a change as the fishing season progressed, dthough in most seasons
there has usudly been a shift to smdler krill later in the season. Body lengths of krill from this area
(Subarea 48.1) are generaly gresater further offshore.

3.17 The same study (WGKrill-94/28) found that the Japanese fishing fleet operating off the South
Shetlands moved from offshore in January closer to shore in April. Catch/tow and catch/trawling
time in the same area both increased to mid-summer then declined again.



3.18 The Working Group encouraged the continued submission of length frequency and haul-by-
haul information. These data are useful for assessing the overlap between the predators and the
fishery and length a sdlection to the fishery.

Fishing Escapement Loss/Mortality

3.19 The Working Group noted that the Secretariat has not been sent, for validation purposes,
the modd of krill escapement from wGKrill-93/34. The Working Group repeated the request for the
submisson of the mode for vaidation.

3.20 The Working Group noted that there were two aspects to the study of escapement of krill
from commercid trawls - experimentd sudies and modelling exercises. The Working Group,
recognisng the potentia seriousness of escagpement, encouraged the development of both
approaches.

Development of cPUE Indices

3.21 Paper wG-Krill-94/14 presented an attempt to derive a composite index (SC-CAMLR-VII) of
krill abundance usng a combination of acoudtic and fisheries data collected off Elephant 1dand.
Three points arose from the study:

» the large changes in aundance and didribution of krill observed between the four
aocoudtic surveysin this sudy have implications for future near- synoptic surveys,

o the frequency digributions of catch-per-fishing-time and krill densty (measured
acoudticdly) showed smilar forms, dthough it was noted that the norrrandom
movement of the fishing vessdl may obscure this comparison; and

e search time could not be used to estimate other aspects of krill distribution because
fishing operations were limited by processing efficiency rather than by availability of krill.

3.22 The Working Group noted that conclusions on search time from one area may not be
generdised for other areas.  For example, the composite index, including search time, was
developed for the fishery off Wilkes Land (Divison 58.4.1) and therefore may not be applicable to
other areas such as the Peninsula (Subarea 48.1).



3.23  Asthe krill fishery develops, krill availability may change and search time may become a
useful index. Feedback management will require some estimate of krill abundance. Acoudtic
surveys are too costly to be caried out frequently enough to regularly assess abundance for
management purposes, S0 it IS necessary to investigate other options for assessing availability of krill
to the fishery through an index such as search time.

3.24 The Working Group noted that it had not received any information on whether it is practica
to collect search time information from fishing vessdls using techniques such as gathering information
on ships activities a random intervas (SC-CAMLR-XII, Annex 4, paragraph 5.31). The Working
Group encouraged the development of a pilot study on the collection of such data, possbly on the
fishery off Wilkes Land (Divison 58.4.1) (see paragraph 3.30).

3.25 DrT. Ichii (Jgpan) reported that he had examined the collection of search time information
on a Jpanese commercid fishing vessd off Wilkes Land. He drew smilar conclusions to those
meade in respect of fishing off the Peninsula - i.e., search time was difficult to measure directly.

Scientific Observers Manual

3.26 There were no reports of the Scientific Observers Manual having been used.

3.27 TheWorking Group examined the list of research activities concerning krill outlined on pages
5 and 6 of the Scientific Observers Manual and conddered that the activities listed under 4,
‘Fishery for Euphausia superba’, could be split into those which involved genera observations of
fishing operations (items (i), (ii) and (vii)) and those which involved specific tasks usng samples from
the commercid catch (items (iii), (iv), (vi) and (v)). The Working Group agreed that the |atter tasks
could be prioritised in the order specified above.

3.28 There appeared to be some contradiction between the priorities for observers activities
listed on pages 5 and 6 and those specified on page 7 of the manua. The Working Group sought
direction from the Scientific Committee as to whether the listing on page 7 was in some form of
priority order, and if not, whether the Scientific Committee might want to prioritise these activities.

3.29 Scentigts with experience of fisheries activities reported that the workload suggested in the
manual was very great and that observers would have to be sdective in the tasks that they
performed. It was suggested that a time management report from experienced observers might aid
in the interpretation of the results from observations and would assist in the use of the manual.



3.30 It was further suggested that information on the ship’s activities should be collected by the
observer a 20 randomly sdlected intervals. A list of standard activities carried out on board ship
could be assembled for the observer to record agangt each time intervd, including:  fishing,
processing, hove to, trans shipping, relocating and searching. An example of a timesheet for
collection of random samples over amonth is attached (Table 1).

3.31 TheWorking Group urged Members to assess whether the measurements suggested for krill
in the manua were appropriate and to report to future meetings of the Working Group any
suggested changes, particularly in the light of any new prioritisation established by the Scientific
Committee.

Future Plans
3.32 Sdentigs from the fishing nations present (Japan, Ukraine and Chile) reported that their
nations fishing plans for 1994/95 were amilar in magnitude, season and area to the 1993/94 season.

The Jgpanese fishery will continue a the same level due to limited market demand.

3.33  An Audrdian company is gill interested in fishing for krill with one to four ships catching up
to 80 000 tonnes, but it is uncertain whether this venture will proceed in the next yesar.

3.34 Thereis dill no further information on Indid s interest in entering the krill fishery, which was
reported at last year’s meeting (SC-CAMLR-XI1, Annex 3, paragraph 3.12), and the Working Group
expressed interest in knowing India's plans.
3.35 Members expressed continuing interest in knowing the future plans of nations, particularly
with regard to potentid catch levels and aress.
ESTIMATION OF KRILL YIELD
Egtimation of Krill Biomass

Krill Hux in Statistical Area 48 and Other Areas
4.1  Dr de la Mare presented the report of the Workshop on Evauating Krill Flux Factors

(Appendix D) held at the Sea Fisheries Research Indtitute, Cape Town, South Africa, from the 21 to
23 July 1994.



4.2  Although much of the data required for the workshop were available prior to the meeting,
this data did not have sufficiently wide coverage to cdculae dl the fluxes set out in the terms of
reference.  Consequently, the workshop needed to identify areas for which it could carry out
cdculations. The computations required more time than anticipated. Therefore, the workshop
report covers the calculations carried out but does not go into detail about their interpretation.

4.3  The oceanographic data provided to the workshop included CcTD data from Mr M. Stein
(Invited Expert) and Dr M. Naganobu (Japan) which were used to caculate geostrophic current
velocities. Dr Murphy provided a set of current vectors based on the average vaues over the top
250 m for a gngle instant of time from the FRAM (Fine Resolution Antarctic Model, 10S, NERC, UK).
Further limited data sets on buoy and iceberg tracks and local surface currents were also available.

4.4  Thekrill data used were from the FIBEX, SIBEX 1 and SIBEX 2 surveys. Dr Agnew provided
interpolation software to alow the oceanographic and acoustic data to be combined.

45  Afterinitid condderation of the problem in the workshop, it became clear that the calculation
of fluxes over the cCAMLR subareas would not be possble or particularly useful. A number of smadll
boxes were defined within the subareas, based on such criteria as data coverage, natural boundaries
of oceanographic features and krill distribution. Krill and water fluxes were caculated across the
boundaries of these boxes, dlowing water and krill residence times to be estimated. Integrated
values over areas covering a number of contiguous boxes were also generated.

4.6  Theandyses provide arange of vaues which can be used to examine krill flux in reation to
fishery and predator requirementsin particular regions.

4.7 Thereisalack of good qudity acoustic and oceanographic data collected smultaneoudy
over the same areas, and the geographica coverage of the data is generdly poor. Furthermore, the
data used for the complex caculations of krill flux were origindly collected for other purposes.

4.8  The caculations were based on the assumption that krill are passive tracers in the water
dream. The caculaions were made by multiplying the current profile dong a boundary by the krill
dengty profile dong the same boundary. Resdence times (as defined in Appendix D) for krill
greater than those for water would suggest thet krill are actively maintaining their postion (i.e., not
passive tracers). Although comparable resdence times for krill and water would not necessarily
demondtrate that krill can be consdered as passive tracers, comparability over arange of geographic
scales would suggest that krill are behaving as passive tracers.



4.9  The reaults from the workshop tended to show comparable residence times for water and
krill over a range of geographic scdes, implying that krill may be behaving as passve tracers.
However, care must be taken in interpretation of the data, as the main water flows may be separated
from areas of high krill dendties. This may be a particular problem in shelf and idand regions.

4.10 Dr Naganobu noted that there may be consderable aggregations of krill close to the sea
bottom on the dope to the north of the South Shetland Idands, a supposition based on severd
reports in the literature (WG-Krill-93/15).  Kirill rise to the surface during summer, indicating a
‘seasond verticd flux'. This would suggest that not only horizontd, but dso vertica migraion may
condtitute an important factor in the movement and concentration of krill. Consequently, more data
on verticd flux should be collected.

4.11 Nonethdess, the results from the workshop do indicate that the horizontd transport of krill is
an important factor in the overdl stock digtribution, and aspects of krill flux do need to be
congdered in the development of management procedures and in the advice given.

4.12 Theimpact of these results on the current views of the potentid yield from the fishery needs
to be assessed, and consideration needs to be given to whether the current catch limits require
revision (see paragraph 5.2).

4.13 The development of further analyticd methods was discussed. Mr Stein indicated that there
were other CTD data that should be used, and incluson of the wind-fidld and Ekman drift effects
could be investigated. Mr Stein indicated that he would attempt to prepare a paper on this for the
next meeting. Dr Murphy said that a second FRAM data set was available which was the mean of
the last Sx years of the mode run. This data set might more redigticdly take account of the fine-
scale eddy field. This data set could be provided to CCAMLR to repeet the caculations carried out in
the workshop.

4.14 The differences between the FRAM model output and geostrophic flows result from a range
of effects such as the lack of wind-induced surface currents in the geostrophic andyses, the
topographic resolution of the FRAM data and the variability evident in the CTD-based estimates.

4.15 There are ds0 a number of other oceanographic data sets on which the Working Group
would encourage further submissions. In particular, there is a large body of drifter and buoy data,
manly Us data (e.g., FGGE datd), which would be useful. Analyses of the data to determine regions
of rgpid water trangport with little eddy activity and areas of high eddy activity and drifter retention
would be extremdy useful.



4.16 Dr E. Hofmann (UsA) suggested that a suite of models should be developed. At one end of
the scae are the detalled regiond circulation models coupling biology and oceanography. These
more complex models can be developed dongsde less complex, more management orientated

approaches. In this way questions can be asked at a range of levelsto investigate particular aspects
of the more complex models, and their outputs can be used as inputs to management. As an

example of the type of coupled models that could be developed, reference was made to Capella et
al. (1992)1 and Hofmann et al. (1992)2.

4.17 The Working Group conddered that restricted regiond surveys, including direct current
measurements, were needed in key areas, such as shelf and shef-bresk regions, where the
oceanographic regimeis not well described by geostrophic caculations.

4.18 The Working Group agreed that restricted spatia scale repeat surveys of particular regions,
of the AMLR or LTER type, which include both oceanography and biology, were particularly useful.

4.19 The Working Group noted the dgtinction between more applied and more basic research
guestions. The development of large-scale coupled biologica- oceanographic circulation models was
conddered to be an important area of longer term research which the Working Group should
monitor.

4.20 The flux anadyses carried out indicate that smadl-scde isolated surveys are likely to give a
mideading index of krill availability to restricted predator colonies. Near-synoptic surveyswere ill
conddered to have advantages for calculating catch leves, but large-scale flux patterns need to be
congdered in their design.

New Work on Acoustic Methods

4.21 Three papers were tabled dedling with aspects of krill target strength (Ts) eimation, WG
Krill-94/12, 13 and 35.

422 Paper WGKrill-94/13 reported measurements of zooplankton TS obtained a different
frequencies. Two theoretical models were examined, a high-pass bent-cylinder modd that indicated
TS was dependent on anima volume and aray bent-cylinder modd in which Ts is dependent on the

1 cCapella, JE., L.B. Quetin, E. Hofmann and R.M. Ross. 1992. Models of the early life history of Euphausia
superba - Part 1. Lagrangian calculations. Deep-Sea Research, 39 (7/8): 1201-1220.

2 Hofmann, E.E., JE. Capella, RM. Ross and L.B. Quetin. 1992. Models of the early life history of Euphausia
superba - Part I. Time and temperature dependence during the descent-ascent cycle. Deep-Sea Research, 39
(7/8): 1177-1200.
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cross sectiond area. Neither of these models incorporates orientation which is a confounding factor
of sufficient complexity that while both models provide descriptions of the observed effects, neither
provides a comprehensive explanation. The authors concluded that linear regressons of TS on the
log of animd length or weight can be mideading.

4.23 The Working Group agreed that approaches usng more than one frequency provided a
more redistic gpproach to target identification. This had been examined in WGKrill-94/12, where
theoretica estimates of target strength were used in conjunction with fidd sampling to determine
whether it was possble to diginguish between sdps and krill.  Although having smilar acoustic
properties, these two scatterers could be distinguished with reasonable success by the technique.

4.24 Paper WGKrill-94/35, previoudy published in the Journal of the Marine Acoustics Society
of Japan, discussed the conditions that are necessary for precise measurement of in Situ TS. It was
concluded that the conditions for detection of individud targets were unlikdly to be met by numerica
dengties of krill greater than about one per resolution volume.

Review of Issues on Survey Design

4.25 Four papers, WGKrill-94/14, 18, 20, 27, and the report of the Subgroup on Survey Design (sc-
CAMLR-X, Annex 5, Appendix D) were discussed.

4.26 Paper WGKrill-94/14 described a series of acoudtic surveys in a limited area near Elephant
Idand which had been used to invedtigate spatia variability prior to the commencement of
commercid krill fishing during the 1992 season.  There was some concordance between the firgt
three surveys, but the last survey indicated amgor reduction in krill dbundance. Commercid fishing
soon after the last survey was characterised by high catch rates. Thisimplied that the abundance of
krill in the Elephant Idand area can change rapidly, and when krill do come into the areg, they are
mogt often found at the same location.

4.27 Pansfor an acoudtic survey in Divison 58.4.1 were discussed (WGKiill-94/18). The primary
am of the survey will be to provide an estimate of standing stock which could be used as the basis
for setting a precautionary catch limit for the area. Some information is available on the digribution
of commercid catches in the region but little additiona information is available. Planning the survey
has highlighted the congtraints imposed by incorporating regular series of CTD casts and net hauls into
a study based mainly on acoustic observations.

1



4.28 Alternative srategies were discussed, such as undertaking intensive surveys in three smaller
locdities with broader scale surveys in between and then extrgpolating to the overdl area. No ided
dternative dtrategy was identified and the Working Group felt that if the survey were undertaken
according to the submitted design the results would be suitable for providing a standing stock
estimate to use as the basis for a precautionary catch limit. It was recognised that most of the krill in
Divison 58.4.1 were likely to be found south of 63°S.

4.29 Plans for a Japanese survey in Subarea 48.1 were discussed (WGKrill-94/27). This study
amsto investigate krill flux in the South Shetland I1dands region, estimate the grazing impact of kiill
on other planktonic species and to study krill-predator interactions. Krill close to the bottom would
be investigated using a deep echosounder and closing nets. It was reported that an acoustic doppler
current profiler would be used for the study but could not be used in conjunction with the
echosounder due to interference between the two instruments.  This problem has been noticed by
other researchers. The study would be undertaken in three phases during the period December
1994 to March 1995. The Working Group welcomed thisinitiative.

4.30 Guiddines for the design of surveys were summarised in WG-Krill-94/20 following the results
of the meeting of the Subgroup on Survey Desgn 6C-CAMLR-X, Annex 5, Appendix D), and
responses to a request for information were circulated by the Working Group Convener. The
Working Group recognised the need to obtain unbiased estimates of biomass and variance from
acoudtic surveys. Because spatid data are rarely independent, it might be assumed that a Strategy
which gives an even coverage of the area would be the more effective. However, according to
classcad sampling theory this desgn would lead to a biased estimate of variance because samples
would not be independent of each other unless the resource is assumed to be randomly distributed.
As the latter is not likely to be true, an unbiased estimate of variance would only be possible usng
classica sampling theory with arandom sampling design (with or without gratification).

4.31 The geodtatistica approach exploits the existence of spatid corrdation. Independence of
samplesis not arequirement under this gpoproach. Variance is estimated in accordance with a mode
fitted to the covariance function or variogram.

4.32 When the inter-transect distance is greater than the range of spatid correlation, the variance
estimated by both approachesisvery smilar.

4.33 The Working Group recognised that these gpproaches warrant further consderation and
encouraged continued discussion to enable the group to recommend specific approaches to survey
design and data analysis.



Methodology Used on Recent Surveys

4.34 Four papers were discussed on this subject, WGKrill-94/21, 32, 34 and WG-Joint-94/9.

4.35 Paper wGKiill-94/21 reported recent surveys in the Prydz Bay region. The Working Group
noted that the three-dimensond plots of the results indicated that there might be some spatid
dructure present dong the transects, particularly close to the shelf break, which might warrant further
investigation.

4.36 Paper wGKiill-94/32 included results from two surveys using a 38 kHz system in the margind
ice zone. Noise margin levelswere st by ingpecting sSignd levels on an oscilloscope whilst operating
in clear water; this resulted in different vaues being used for the two legs of the study. The survey
design was of paralld transects, 20 minutes of longitude apart.

4.37 A 120 kHz sysem was available for this study but the results were conddered by the
authors to be unrelidble due to low sgnd levels and an unexplained, approximatdy 20 log R,
increase in mean volume backscattering strength with depth.

4.38 Paper WGKrill-94/34 summarised biomass estimates from a variety of surveys from 1977 to
1992. Edimates based on net surveys were dl a least an order of magnitude lower than the
acoudtic edtimates, suggesting that avoidance is a dgnificant problem with the former method.
Without details of the individua surveys, the Working Group was unable to comment further.

4.39 Paper wG-Joint-94/9 included information on aseries of four sequentiad surveys undertaken in
the vicinity of Elephant Idand during January and February 1994 as pat of the AMLR Program.
Two designs were used for the surveys, the first and last of which covered alarge area with paralld
transects goaced a 15 n mile intervas while the other two surveys covered a smdler area with
transects spaced at 5 n mile intervas. It was accepted that these designs represented a compromise
between the requirements for estimating abundance and its variance by the traditiond methods and
determining spatia sructure.

440 Comparisons were made between biomass edimates caculated assuming that dl
zooplankton sound scatterers were krill, and those caculated by assuming that only distinct svarms
contained krill. Biomass estimates differed by only 6 to 8%.

441 The Working Group agreed that reports of surveys should include not only the results of
cdibrations, but dso the insdrument settings used during the survey. It was noted that when
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calibrations were undertaken away from the survey area, the sound speed and absorption coefficient
volumes might not be appropriate for polar regions. During surveys, values of these parameters
gppropriate to the conditions should be used. There remains some uncertainty regarding how to
compensate for noise.

Modedling the Digribution of Krill Aggregetions

4.42  Two papers were discussed, WGKiill-94/7 Rev. 1 and WGKrill-94/31.

443 Paper WGKrill-94/7 Rev. 1 described an gpproach to moddling the distribution of krill
aggregations based on observations in the Southern Indian Ocean sector. The presence of krill in
the surface 3 to 8 m during daylight early in the austr summer was noted by the authors. Such an
occurrence can introduce bias into acoustic estimates of krill dendty, and hence abundance. At
larger scales the didribution of aggregations was reasonably well described by an exponentia
function, but this was not the case at smdler scaes. The Working Group noted these devel opments
and encouraged further examination of the data, particularly since they were obtained in an areafrom
which little information had been available in the past.

4.44  Paper WGKirill-94/31 described the fitting of random process models to the distribution of the
centre-to- centre distances of krill aggregations detected on surveys undertaken aboard FFs Walther
Herwig and Fsv Agulhas. A totad of twelve modds were investigated, including both smple
digtributions and binary mixtures of these. The authors concluded thet the best fit was obtained using
a two-component Weibull mixture model or a log-transformed extreme value approach. It was
agreed that one of the reasons that the models had been poor descriptors of the distributions was
that at least two processes were being described: random diffusion and active aggregation.

Biomass Estimates from the Integrated Study Regions
(see dso Annex 7, paragraphs 3.8 to 3.18)

4.45 No new surveys for Statistical Area 48 suitable for use in revising the precautionary catch
limit were reported.

4.46 Surveys were reported for parts of the CEMP Integrated Study Regions (1SRs) and the results
are set out below.

4.47 Resaults from three surveysin the region of Prydz Bay are presented in WGKiill-94/21. These
cover areas which are part of the ISR. Biomass estimates are summarised below:
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Weight Density Biomass (106 tonnes) cv

(g/m?) over 150 000 kn? (%)
1985 20.2 3.02 16
1991 16.6 247 17.6
1992 10.25 153 348
1993 7.7 1.15 237

448 A review of results of Ukrainian krill surveys in the vicinity of Prydz Bay are presented in
WGKIill-94/34. The results from acoustic surveys are summarised below:

Period Area Mean Biomass Total Biomass
(kmR) (g/n?) (million tonnes)
February-March 1977 133200 187.7 250
December 1977-January 1978 129 260 50.7 6.56
February-March 1978 129000 65.8 849
February 1979 107 600 60.7 6.53
January 1980 133000 205 272
January-March 1981 112 400 200 225
December 1981-January 1982 168 000 226 3.80
December 1982-January 1983 126 800 213 2.70
December 1983-January 1984 124000 710 881
January -February 1984 345000 175 6.04
February 1985 123000 1.1 51
February 1986 94 000 36.6 344
February 1987 105000 183 192
February-March 1988 42 000 480 20
February 1989 37800 920 35
February-March 1990 53800 167.0 9.0
January -February 1991 537
February-March 1992 258

449 Reslltsof asaries of acoudic surveysin early 1994 from within the Elephant Idand region of
the Antarctic Peninsula 1SR were presented in WG-Joint-94/9 and are summarised below:

Weight Density Variance Area Biomass cv

(g/n?) (106 n¥) (103 tonnes) (%)

17 to 28 January 9.63 1.06 41673 401 11
29 January to 2 February 12.02 112 7203 86 9
17 to 19 February 13.46 8.66 7203 97 22
25 February to 9 March 861 371 41673 359 22

450 The biomass from these four surveys was substantiadly lower than that from surveys in
previous years. Mean vaues of dendity from previous years are summarised in the table below. It
was noted that the high vaue in 1993 may in part be due to difficultiesin differentiating between echo
sgnds from sdps and krill.



Average Krill Density (g/n?)
1990 58.6
1901 26.3
1992 454
1993 1114
1994 838
Krill Yidd Cdculaions
Evauation of Population Modds

451 A number of papers were presented describing further work on the krill yiedd modd of
Butterworth et al. (1993). This mode, which has been developed and used within the Working
Group to relate krill yield to a pre-exploitation survey estimate of krill biomass (see paragraph 4.92),
has been further developed according to specifications outlined in SC-CAMLR-XII, Annex 4,
Appendix E.

452 Paper WGKiill-94/5 reported that the computer code for the krill yield modd had been
updated to incorporate the recruitment module as developed in wWGKrill-93/13.  Checking of the
computer code was carried out intersessondly and a the meeting and it was concluded that the
program was now correct.

453 Paper WG-Krill-94/23 detaled preliminary computations carried out for the krill yild modd.
This involved modifying the input distributions for the lengths a recruitment and maturity (according
to the results of wWG-Krill-94/4), naturd mortdity (M) and the extent of recruitment variability.
Sengtivity tests were carried out to assess the consequences of avoidance of gravid females by the
fishery and higher natura mortality for younger ages of krill.

454 Reallts of the sengtivity tedts indicate that partid avoidance of gravid femaes leads to
greater depletion of males, but lesser depletion of females, than for the comparative base case where
gravid femdes are not avoided. This effect increases for large vadues of g, the proportion of the
unexploited biomass that can be taken as catchs.

455 The reproductive behaviour of krill is such that a sngle mde produces sufficient
spermatophores to fertilise more than one femde. It istherefore unlikely that the heavier depletion of

3 gisavalue (corresponding to a decision criterion) which is computed by means of the krill yield model and
used in the formula Y = @B, to obtain the yield, or catch, (Y) from an estimate of the pre-exploitation krill
biomass, B,
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males would adversdy affect reproduction of the krill population a the levels of g that have
previoudy been consdered appropriate by WG-Krill (g~ 0.1 - 0.165; see paragraph 4.94).

456 Realts of sengtivity tests (WG-Krill-94/42) also indicate that higher values of M for younger
ages result in akrill population which is lessreslient to higher harvesting intengties, i.e., higher values
of g. The assumption used in the tests was that M for ages 0, 1 and 2 is double that for older ages.
The redlism of this assumption was questioned, and the Working Group referred this question to the
Joint Medting of WG-Krill and WG-CEMP (WG-Joint). This discusson is presented in Annex 7,
paragraphs 4.34 and 4.35).

Evauation of Demographic Parameters

Estimation of Krill Recruitment Variability

457 At the wakrill meeting in 1993, a method for estimating the proportion of recruits in the
population from data on length density distributions was presented (WGKrill-93/12). This proportion
is esimated by fitting a mixture distribution to a length dendity distribution.  The proportion of 1-
year-old recruitment is estimated as the ratio of 1-year-oldsto al older animals, and the proportion
of 2-year-old recruitsSsmilarly.

458 The average proportion of recruits and the variability about this average are estimated from a
number of data sets. These two Satistics are then used as inputs to the krill yield model to generate
time series of (fluctuating) recruitment. One of the assumptions of the estimation method is thet the
length dengty didributions are representative of the length structure of a sdf-sudaning krill
population for the range of age classes considered.

459 Reallts, in terms of the average and variance of the proportion of recruits, had been
cdculated in WG-Krill-93/12 from a subset of the data sets congdered in the andyss. Estimates (of
the recruitment proportion) that were close to zero were excluded.

4.60 At this meeting, an attempt was made to develop criteria for the exclusion of data setsfrom
the estimation of recruitment proportion and varigbility. There were no obvious reasons for
excluson of any of the origina data sts used in WGKirill-93/12. Two modifications to the data sets
were, however, suggested.

4.61 The Walther Herwig FIBEX survey included a number of samples made in the Weddell Seq,

just to the southeast of the Antarctic Peninsula, and it was suggested that data from this area should
be excluded. The main reason for this excluson is the different mean length of the krill age group 1+
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compared to the krill from the Peninsula area, suggesting an origin from different populations.
Incluson of these data is thought to violate the assumption of representativeness of a sngle

population.

4.62 The second suggestion was to exclude dl data for szes below 20 mm because of possble
net sdectivity problems. Only data obtained from RMT8 nets were considered, and this type of gear
is likely to sdect animds greater than 20 mm in length. Sdlectivity a the upper end of the sze
digribution is unlikely to have a serious effect on estimates, whereas selectivity at the lower end of
the 9ze digtribution isfar more likely to do so.

4.63 Further data sets for use in the estimation of recruitment variability were requested in sc-
CAMLR-XII, Annex 5, Appendix E, and nine more data sets were submitted. At the present meseting,
these new data sets were analysed together with a re-andysis of the origind data sets, incorporating
the suggestions noted above (paragraphs 4.61 and 4.62).

4.64 Edimates of recruitment proportion were obtained for 1-year-olds (18 data sets) and for 2-
year-olds (17 data sets)*. These vaues were combined into three estimates of the average and
variance of recruitment proportion, based on: (i) 1-year-old recruitment; (ii) 2-year-old recruitment;
and (iii) 1- and 2-year-old recruitment combined (see below). Full detals of the results are given in
Appendix F.

lyear R 2-year R Combined
Number of estimates 18 17 35
Mean R estimate 0.404 0.557 0.415
Standard deviation 0.456 0.126 0.442
CV of distribution 1.128 0.226 1.067

Note: combined statistics reflect inverse variance weighting.

4.65 The mean recruitment proportions are smilar, but the standard deviations (SDs), and, hence,
coefficients of variaion (cvs), ae much higher for 1-year-old recruitment than for 2year-old
recruitment. The combined results are dominated by estimates for 1-year-old recruitment, because
vaues are combined by inverse variance weighting.

4.66 The high cvs for the 1-year-old recruitment proportion and for the combined sets of
edimates imply that these distributions are U-shaped with high probabilities of observing values close
to zero and vaues close to 1. These digtributions are more variable than a uniform digtribution,

4 Results are for al data sets analysed in WGHKill-93/12 and all nine new data sets (paragraph 4.63); see
Appendix F.
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which has a cv of about 0.3. On the other hand, a cv less than 0.3 would imply a bell-shaped
digtribution, and this would be the case for the results based on 2-year-old recruitment.

4.67 Although it is possible that the recruitment proportion distribution for krill is U-shaped rather
than bell-shaped, it is unlikely that it would be as extreme as suggested by the results. If mortdity is
in a range compdatible with the expected life-gpan of krill, then one would not expect frequent
occurrences of recruitment much larger than the numbersin severa older age classes, and one would
therefore not expect a high probability of a recruitment proportion close to 1. There is a high
probability that recruitment proportions will be close to zero.

4.68 There is, however, an apparent contradiction in that the results for 1-year-old recruitment
suggest a U-shaped distribution, whereas results for 2 year-old recruitment suggest a bell-shaped
digribution. There are two possible explarations for this.

4.69 Frdg, the basic assumptions of the recruitment method may be violated, which would lead to
unrdiable results. The assumptions are that:

() length dengity didtributions are representative of the length structure of a self-sustaining
population;

(i)  the length structure can be described by a mixture digtribution with increasing age,
leading to a monatonic increase in mean length-at-age; and

(i) krill do not shrink neturdly.

At least one set (1+ year-olds or 2+ year-olds) nmay, for example, not be representative of the
length Structure of a self-sugtaining population.

4.70 Inthisregard, it was noted that there were possible reasons for excluding some of the data
from two of the surveys included in the new andysis (the German surveysin 1982 and 1983, code-
named GER1982 and GER1983). These data sets gave estimates of 1-year-old recruitment proportion
close to 1, which was thought to be due to over-sampling of smdl krill in the Brandidd Stratt, or
from the shdf area. The spatid segregation of krill of different age/size classes is well-documented
for this area (e.g., WGKirill-94/22), and could lead to nonrepresentative length dengity distributions.
This concern may aso be expressed for some other surveys and should be considered before future
discussion of matters mentioned in paragraphs 4.64 and 4.66 to 4.68.
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471 Paper WGKrill-94/22 presents estimates of recruitment proportion using didtribution mixture
andysis for the same two surveys, but including data from the vicinity of Elephant Idand only. The
aurveysin this area are thought to cover the digtribution range of dl krill life stages and Sze groups.

4.72 Due to limited time, the recruitment variability analysis could not be repeated at the meeting
excluding al, or some, of the data from the German surveys in 1982 and 1983. These surveys are
not included in the estimates of 2-year-old recruitment.

4.73 The second possible explanation for the different shapes of recruitment distribution suggested
by the 1-year and 2-year-old recruitment proportions, is that natura mortaity for krill between ages
1 and 2 may differ from that at greeter ages, reflecting adso large variagbility, possbly as a result of
density dependence. If this is the case, then it woud be reasonable to use estimates based on 2-
year-old recruitment in the yield model, since the fishery does not take 1-year-olds.

474 Thekrill yiddd modd was run with the new estimates of average recruitment proportion and
variability. Both sats of results, those based on 1- and 2-year-old recruitment combined, and those
based only on 2-year-old recruitment were used. Results are discussed in paragraph 4.101 below.

4.75 The dgorithm thet generates krill recruitment in the yidd modd, usng the esimates of
average recruitment proportion and variability, is based on the assumption that the distribution of
recruitment proportion is bell-shaped. A bootstrap re-sampling procedure was therefore applied
ingteed to provide results for andyses including the 1-year-old recruitment proportions.

476 Paper WGKiill-94/15 raised two points regarding the method of edtimating recruitment
variability and its implementation. Firgt, concern was expressed whether net samples were likdly to
provide representative samples. Criteria for the excluson of data (paragraphs 4.61 and 4.62) were
discussed; only data from RMT8 nets, which are likely to fully sdect for animas above 20 mm, were
consdered, and data on size classes below 20 mm were excluded.

4.77 The scond concern was that, at high recruitment proportions (around 0.7 and above), the
smulated variance is higher than the ‘true variance. In responsg, it was noted that currently the
average values of recruitment proportion are around 0.5 and most vaues are below 0.7, so this
problem is unlikely to have a greeat effect on results.

4.78 It would, however, be possible to try to modify the agorithm to improve its performance a
high levels of recruitment. The Working Group agreed that this could not be dbne during the
mesting, but should be given attention before its next mesting.



Krill Natura Mortdity and Growth

4.79 Paper wGKiill-94/16 presented growth and mortdity estimates for krill from the Prydz Bay
aea Reallts are congstent with previous estimates. It was noted that athough growth estimates
were obtained by fitting mixture distributions to length frequency data, these data could not be used
directly for the estimation of recruitment proportion because this requires length dengty distributions.
The data are, however, recorded in sufficient detail to congtruct length dengty distributions.

4.80 The author noted that there is some evidence of spatial segregetion by age in the samples.
To the north of the Antarctic divergence, mainly 4+ animals are found, wheress dl age classes are
represented south of the divergence. This should be considered if the data are to be used for the
edimation of recruitment proportion in the future.

4.81 The data described in this paper are not in the CCAMLR database, and Prof. V. Yakovlev
(Ukraine) indicated that the main problem in submitting the data to CCAMLR is lack of finance for
extracting and preparing the data. The Working Group emphasised that the data would be very
vauable to thework of WGKiill.

4.82 In genead discusson of the estimation of von Bertdanffy growth parameters, the negative
correlation between k and L, was notedd. If the curvature in the mean Sze-at-age plot is not
evident, then it is eesier to determine the product (k.L, ) than either parameter on its own.

4.83 Paper wGKrill-94/17 presents results of a study investigating whether krill shrink in the wild.
If krill do shrink, then current estimates of growth rate may be postively biased. Edimates of
recruitment variability, and hence mortdity, may aso be affected. The study consders the number of
crystd cones in the eyes as a possible index of age. The crystaline cone count may not decline with
shrinkage, and may therefore give amore reliable index of age than that provided by length.

4.84 Prdiminary results indicate some evidence for dhrinkage in the wild, though further
experiments are under way to vaidate basic assumptions and hypotheses. The method and study
were brought to WGKrill’ s atention at this early stage, because of their potentia importance.

4.85 Dr V. Segd (Germany) suggested that changes in crystd cone counts during maturation
should dso be examined, since changes in eye shape have been observed in spawning maes. The

eye shape returned to a pre-gpawning shape after spawning.

5k = kappa, growth rate; for instance in the von Bertalanffy equation Length = L; (1-eX +0))
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M/k Digtribution

486 At last year's meeting a request was made for a comparative andysis of ratios of natura
mortdity to von Bertdanffy growth rate for species other than krill 6C-CAMLR-XII, Annex 4,
Appendix E). The main reason for this request was to enable the correlation between M and k to be
incorporated into the krill yield modd. Prior to the development outlined in paragraph 4.52, the
modd used afixed vaue of k (0.45) with arange of vaues of M.

4.87 Paper WGKrill-94/11 presented results of a wide range of M/K ratios for crustaceans,
including euphausids. These estimates had to be extracted directly from the literature, and most
estimates are therefore for tropica exploited species. A mgor problem associated with euphausiids
is the lack of estimates of natural mortality. The range of vaues for M/K is very wide and would
lead to unredigtic vaues of k for krill if used with the current range of mortaity vaues generated in
the length dendty digtribution andyses.

4.88 The man concluson from this paper was that M/k cannot be obtained reliably from a
comparative andyss. The Working Group agreed that the way forward would be to look at the
properties of the yield modd with regard to correlation between M and k. Two options should be
conddered. Fird, the current ratio of (average) M over k should be used to generate a k-vaue for
eech M in the amulaion. This would imply that each k-vaue is amply some congant multiplied by
the redlised M.

4.89 The second option is to add some ‘noise’ or variability around this linear dependence. In
each casg, the effect of the corrdation between M and k on the results from the mode needs to be
investigated.

Maturity and Recrutment to the Fishery by Length
4.90 Paper WG-Krill-94/4 presented revised estimates for Sze at 50% maturity (| ,.50) and Sze a
50% recruitment (| ,5,) to the fishery. Reaults indicate thet the krill yield modd should sample from

uniform digtributions with the following parameters:

l'so = U[30, 39] with awidth of 9 mm
| o = U[32, 37] with awidth of 6 mm

where U[ ] indicates uniform distribution with upper and lower bounds.



491 The Working Group agreed that estimates of the range for |5, were likely to be rdiable,
since they are derived directly from biologicd information on maturity. Edtimates of the range for
I s, ON the other hand, were subject to the combined effects of gear sdectivity and fishing
operations. The Working Group therefore suggested that sengtivity tests with regard to |, be
conducted a this meeting usng the updated edimates of recruitment variability (see
paragraphs 4.108 and 4.109).

Criteriafor Sdecting an Appropriate Vauefor g

492 Ove the past severd years, the Working Group has been developing the krill yield modé!.
This is used to provide vaues for the proportion of a survey estimate of the pre-exploitation krill
biomass that can be harvested under a given set of criteria. The proportiondity coefficient iscdled g,
and catch limits are cdculated as the product of gand an estimate of the pre-exploitation krill
biomass, B, (see footnote to paragraph 4.54).

493 Ladt year the Working Group had one decison rule for sdlecting avaue of g choose g so
that the pobability of the spawning biomass dropping below 20% of its pre-exploitation median
level over a 20-year harvesting period is 10%. This decison rule was amed a protecting the krill
stock by not dlowing the spawning biomass to drop to very low levels a which the chance for
successful recruitment may be impaired. Although the probability of 10% is somewhat arbitrary, it is
conggtent with vaues used in managing other fisheries.

4.94 This decison rule, however, derives from a sngle-species approach. The Working Group
had some initid discussons in 1993 amed a establishing decison rules that would accord some
protection to krill predators as required under Article 11. Further discussonswere held a thisyear’s
meeting, both in wGKrill and the joint meeting with CEMP (Annex 7, paragraph 5.31).

495 Interms of predators, it is gppropriate to devise a decison rule on the basis of the median
level of krill escapement, defined as the ratio of median krill biomass under exploitation to the
corresponding median pre-exploitation levd. In a dngle-gpecies management context, an
ecgpement level of about 50% is usudly considered to be gppropriate.  The highest levd of
escapement (i.e., 100% - the best Stuation for the predators) is achieved when there is no harvest.
Given that afina decision has yet to be reached in CEMP regarding appropriate levels of escgpement
for predators, the Working Group suggested that a value hafway between these two bounds (i.e, a
75%0) should be used as a preliminary target level, as dso agreed a wG-Joint (Annex 7, paragraphs
4.33 and 4.34).
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496 The second decison rule, amed at protecting predator requirements, is therefore:  choose
g S0 that the median krill escapement at the end of a 20-year period is 75%.

497 Each decison rule would lead to the sdlection of avalue of g, and these vdues are likely to
be different. The third rule for deciding between these two vaues of gisto sdect the lower, more
conservative vaue. This means that the g-vaue associated with the ‘limiting factor’ in the system
would be selected.

498 Thefollowing decison rules were therefore defined:

() choose g,, o that the probability of the spawning biomass dropping below 20% of its
pre-exploitation median level over a20-year harvesting period is 10%;

(i)  choose g,, so that the median krill escapement over a 20-year period is 75%;

(i) selectthelower of g;, and g, asthelevd of gfor cdculation of krill yidd.

Yidd Edimates

499 Realts from the krill yidd modd with the updated estimates of average recruitment
proportion and its variability are presented below. Three sets of results are summarised: last year's
results (last); results for 1- and 2-year-old recruitment combined (1-2+); and results for 2-year-old
recruitment only (2+). Results are given for the two vaues of gthat were used at last year’ s mesting
(sc-cAMLR-XI1, Annex 4, paragraph 6.3).

Parameter g=01 g=0.165
Last 12+ 2+ Last 12+ 2+

Probability spawning biomass falls below

0.2 K, over 20-year period (Prob) | 0.02 089 002 |010 093 014
Median spawning biomass after 20 years (Med) | 0.78 010 078 | 062 003 064
Lower 5%-ile spawning biomass after

20 years (Low) 041 O 043 |024 O 0.20

4.100 Resultsfor the recruitment parameters derived from 1- and 2-year-old recruitment combined
(1-2+) are very different from the other two sets of results because of the much higher cv and U-
shaped nature of the recruitment distribution.
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4.101 The vdues of Prob, Med and Low at different levels of g for the updated recruitment
parameters are given below.

g Thisyear 1+ and 2+ Thisyear 2+ only
Prob Med Low Prob Med Low
0 0.66 1 0.07 0 1 0.68
0.016 0.76 0.61 0.003 0 097 0.65
0.032 0.80 043 0.0002 0 0A 0.62
0.048 034 0.30 0 0.001 0.89 0.58
0.064 0.86 0.22 0 0.002 0.87 0.55
0.080 0.87 0.16 0 0.008 0.83 048
0.096 0.88 012 0 0.017 0.79 043
0112 0.90 0.07 0 004 0.76 0.39
0.128 091 0.06 0 0.06 0.72 0.33
0.144 0.92 0.05 0 0.09 0.68 0.26
0.160 0.93 004 0 0.13 0.65 0.22
0.176 0.17 0.61 0.17
0.192 0.22 057 013

4.102 Given the reservations expressed with regard to the combined results for 1- and 2-year-old
recruitment, and in particular the inclusion of the two German data sets for 1982 and 1983 which are
thought to be unrepresentative, and the apparent inconsistencies (see paragraph 4.64) in results for
1- and 2-year-old recruitment, the Working Group agreed that at this stage it is most gppropriate to
consder yield caculations based on 2-year-old recruitment only.

4.103 The firg decison rule resulted in g, = 0.149 and the second decision rule g, = 0.116. Full
results (using 2-year-old recruitment) for both g vaues are given below:

Statistic First Decision Rule Second Decision Rule

P=0.10 M =0.75
g =0.149 % =0.116

Probability of spawning biomassfalling

below 0.2 over 20-year harvest period (Prob) 0.10 004

Median spawning biomass level at the

end of 20 years (Med) 0.68 0.75

Lower 5%-ile spawning biomass (Low) 025 0.38

4.104 It was noted that these two vaues of g lie between the values of 0.1 and 0.165 used
previoudy.

4.105 The third decison rule, which indicates that the lower of the two g-vaues should be chosen,
impliesthat ag-vaue of 0.116 should be used in caculaions of catch levels.
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4.106 The sendtivity of results to the didtribution of sze a 50% recruitment to the fishery was
investigated. Cdculaions for the 2+ estimates of M and recruitment variability from this meeting
have been repeated for 5 mm upward and downward variations in the distribution assumed for
length a 50% recruitment (I ,,), which is currently taken from a distribution U[30,39] mm.

4.107 The vdues of g corresponding to the two criteria identified as a bass for management
recommendations are given below.

r50 g
U[25, 34] mm U[30, 39] mm U[35, 44] mm
Prob=0.10 0.131 0.149 0.214
Med =0.75 0.109 0.116 0.128

4.108 Paragraph 4.107 shows that most changes in g are not too substantia (~10%) for the
changesin | 5, used. The Working Group agreed that there was a need to determine whether the

ranges of distributions used in the sengtivity tests were likely to reflect the red Stuetion.

4.109 Dr Agnew sad that, having analysed the data, he fdt that the red Stuation was indeed
covered by the sengtivity andyses. He indicated that it would be possble to quantify the likdy
bounds on estimates of |5, to determine whether the 95% confidence interva from the estimates

fdls within the ranges tested aove. This would be facilitated by more length frequency samples
from the fishery, particularly from Ukrainian and Chilean fishing vessals, becoming available.

4.110 The analyses presented in WG-Krill-94/4 were based on samples from the Japanese and
former Soviet fisheries which used 15 to 17 mm and 12 mm mesh Szes respectively. Precise
information on the mesh size usad by the Ukrainian fishery was requested.

Review of Precautionary Catch Limits

4.111 Discusson under thisitem isreflected in Section 5 and Table 2.
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ADVICE ON KRILL FISHERY MANAGEMENT

Precautionary Limits on Krill Catchesin Various Aress

Edtimates of Potentia Yield

5.1  The meding agreed that, asin the past, calculations of precautionary limits on catches should
be made using the formula’Y = g B, where B, is an estimate of the pre-exploitation krill biomass,
and gis avaue (corresponding to certain decison criteria) which is computed by means of the krill
yiddd modd. In terms of the decison rules agreed above (see paragraph 4.98), the current best
esimate for gis 0.116.

52 There was congderable discusson on whether survey estimates of B, (in Subareas 48.1,
48.2 and 48.3, for example) should be adjusted upward to dlow for krill flux through these
subaress. Detalls of this discusson, and its implications for management, are reported in Appendix
E

5.3  The outcome of these discussions was that making no ‘flux adjusment’ to survey estimates
for B, condtituted a sufficient and conservative basis for management, provided that the regions for
which precautionary limits were set did not contan more than one sdf-sustaining sock. This
gpproach would dlow catch limits to be set for al subareas or divisonsin the Antarctic for which
biomass estimates are available.

54  An dtendaive goproach of making adjustments for flux for certain subareas would
necessitate zero catch limits being set in other subaress - particularly those upstream of the subareas
concerned, for example. This option could not be implemented immediately and further andyses
would be necessary if it isto be pursued.

55  The meeting accordingly applied the gpproach of paragraph 5.3 to cdculae precautionary
cach limits Theresultsare givenin Table 2.

5.6  Conservation Measure 46/x1 Specifies subarea maxima that currently apply in addition to the
present overdl precautionary catch limit of 1.5 million tonnes of krill in Statigticdl Area 48
(Conservation Measure 32/x). A number of views were put forward as to how the revised
cdculation of alimit of 4.1 million tonnes for Satistical Area48 (see Table 2) should be subdivided.

5.7  Thefirg view wasthat the revised precautionary limit of 4.1 million tonnes should replace the
exiging 1.5 million tonnes figure, and be subdivided as reflected by column A in Table 2. This
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gpproach follows from the rationde given in Appendix E, which implies that the limits for subareas
should be based soldly on biomass estimates for those subareas (so that, inter alia, zero limits gpply
in subareas where there has as yet been no survey). Advocates of this gpproach queried the use of
historic catch data as a guide towards subdivision, arguing that this was not a sound gpproach in the
longer term, as the fact that a particular level of catch has been maintained over a limited period
condtitutes no guarantee that it is sustainable.

5.8  Onereservation expressed concerning this approach was that it was unreasonable to reduce
the exising limits for Subareas 48.4 and 48.5 from 75 000 tonnes to zero. Another was that the
resultant decrease for Subarea 48.3 from 360 000 to 180 000 tonnes was inappropriate, as it was
an artefact of the low coverage of this subarea achieved in the ABEX survey used to provide the B,
estimate.

5.9 Inresponseto these concerns, proponents of the gpproach in paragraph 5.7 argued that:

() these low vaues provided an appropriate incentive to organise surveys of these
subaress (for the first time, or on a more extensive basis than previoudy);

(i)  the gpproach, consstently applied, obviated the need for restriction of consideration to
the results from near-synoptic surveys in setting precautionary catch limits - hence
other surveys in, for example, Subarea 48.3 in addition to ABEX could be considered
in refining the edtimate of B, for that subareg;

(i)  the Stuation for subareas with zero limits (because of the absence of a prior survey)
might be reconsidered in the context of limited alowances for exploratory fisheries,

(iv) further flux studies might provide evidence of a aufficiently large trandfer of krill
between, say, Subareas 48.2 and 48.3 to negate an hypothess that these subareas
contained effectivdly separate sdf-sustaining stocks, thus dlowing them to be
combined for the purpose of setting precautionary catch limits.

(The meeting did not have sufficient time to pursue andyses which might have dlowed options (ii),
(i) or (iv) to be further examined.)

5.10 The second view concurred with the revison of the overal precautionary catch limit to 4.1
million tonnes. However, according to this view the matter of subdivison had dready been
discussed a length a previous meetings, and the sub-divison proportions for each subarea then
agreed (SC-CAMLR-XI1, Annex 4, Table 5) should be applied pending further detalled consderation
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of this matter (snce little time had been available to study the rationde advanced in Appendix E at
this meeting). These percentages are based on taking the average of the proportion of FIBEX survey
estimates and the proportion of the historic catch in a subarea of Statistica Area 48 and adding 5%.
The results of such a subdivison, and the percentages upon which it is based, are shown under
column B in Table 2.

511 A reservation concerning this second view was that the percentages adopted for subdivison
had been agreed in the context of an overdl limit of 1.5 million tonnes for Statistica Area48. It was
argued that this agreement had not been intended to extend to a higher figure for this limit, as was
now under consderation.

512 A third view was that the likely levels of fishing for the next season were congderably less
than the ‘subdivison trigger’ leve of 0.62 million tonnes in Consarvation Measure 46/XI.
Accordingly, there was no immediate need to revise ether the trigger leve or the 1.5 million tonnes
overdl limit of Conservation Messure 32/x for Statistical Area 48.

5.13 TheWorking Group had insufficient time to discuss these views further.

5.14 Concern has previoudy been expressed that krill fishing has occurred in Divison58.4.1, but
that a survey of the krill biomass in that region has yet to take place. The meeting was therefore
pleased to hear (WG-Krill-94/18) of plans by the Audrdian Antarctic Divison for a survey of this
divison during the 1995/96 summer season.

5.15 Comments on the detalled proposas of WG-Krill-94/18 are recorded in paragraph 4.27. The
meeting endorsed the overal proposa which would provide key information.

516 DrsdelaMare and Nicol stated that they would welcome the participation of vessels from
other countries in the survey, as this would improve survey intengty and synopticity. Dr Naganobu
advised that Jgpan was giving condderation to this posshility. The CCAMLR Secretariat could
fecilitate the coordination necessary if a multi-nationd survey becomes likdy. In the meantime Dr
Nicol would be the contact person for information.

517 The Sdentific Committee had accorded a high priority to the refinement of the biomass
estimate for Divison 58.4.2 (SC-CAMLR-XII, paragraph 2.83). Two papers, WG-Kiill-94/21 and 34,
presented estimates of krill biomass for areas within Divison 58.4.2. Due to differencesin coverage,
estimates could not eadily be related to the biomass in the whole of Divison 58.4.2 and it is aso not
easy to relate these estimates to the original FIBEX estimate previoudy used by wWG-Kiill.
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5.18 TheWorking Group had insufficient time to discuss this matter further.

Possible Ecologicd Effects on Catch Limits

519 The Working Group noted the precautionary catch limits usng the new edimate of
g=0.116, obtained from the three decison rules agreed upon a this meeting. The estimates of
biomass for Subareas 48.1, 48.2, 48.3 and 48.6 have not been changed, since no new information
has been received.

520 WG-CEMP (SC-CAMLR-XII, Annex 6, paragraph 5.33) had addressed certain questions to
WG-Krill. Thesewere consdered by wG-Joint (Annex 7, paragraphs 4.7 to 4.16).

Refining Operationd Definitions of Article I

521 The Working Group agreed that substantial progress had been made in the refinement of
operdiond definitions, in paticular on the three decison rules for the sdection of ¢

(paragraph 4.98).

5.22 The Working Group recognised the need for operationd definitions that conddered the
needs of predators as well as prey, and in this regard welcomed the adoption of a vaue of krill
escapement of 75% (Annex 7, paragraphs 4.32 and 4.33). The Working Group recommended that
such operationd definitions should be devel oped.

5.23 The Working Group recommended that the interim decison rules for the sdection of an
exploitation rate in caculating precautionary catch limits be conddered for adoption by the Scientific
Committee. The Working Group noted that the krill yield mode has been refined and that the key
parametersin that model were now based on analyses of data. The Working Group aso noted that
the revised precautionary catch limit for Statistical Area 48 has been cdculated usng agreed data
and methods. The mgor problem facing the Working Group is in providing advice on the dlocation
of aprecautionary limit to subareas within Statistical Area 48 (see paragraphs 5.7 to 5.13). The two
basic approaches to dlocation each result in some anomalies. The Working Group recommended
that the Scientific Committee consder this matter further with aview to darifying the basic gpproach
to be followed and possible means of resolving the anomaies in the selected approaches.



Daa Requirements

5.24 Standard data requirements of the Working Group are given in Table 3. Two additiona
items were discussed.

5.25 The Working Group received an offer from Chile to present data on trawl start times and
duration. The Working Group agreed that this data would be useful. Andyses such as catch/towing
hour could show seasond trends. In addition, the data would be of use in fishery behaviour models.
The Working Group therefore recommended that such data should be presented to the next meeting.

526 As requested by ccCAMLR-XII (paragraph 6.10), the Working Group discussed the
implications of a 50-tonne research catch as a trigger level for Conservatiion Measure 64/XIl.
Experience from aGerman research cruise utilisng commercid krill trawls indicated possible catches
of up to 400 tonnes of krill. The Working Group recommended that other researchers usng
commercid types of trawl submit smilar information, which would then enable wGkrill to review the
dtuation & its next mesting.

Accessto and Use of Datawithin CCAMLR

5.27 The Convener outlined briefly the principles of access to data and use of data within
CCAMLR (WG-Krill-94/19).

5.28 Some concern was expressed where collaborative analyses, to be carried out during the
intersessond period, were sanctioned by the Working Group during its meeting.

5.29 TheWorking Group reiterated that:

() anayses presented as Working Group documents are not considered to be public
documents, and

@) if the find am of the andyss is forma publication, then the onus is on the person(s)
undertaking the analys's to obtain the necessary permission from the originators of the
data at the outset of any collaborative undertaking.

5.30 The Working Group agreed that it is highly desirable that in cases outlined in paragraph 5.29

that this permission be obtained during the relevant Working Group or subgroup meeting.
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Future Work and Organisation of wG-Kiill
Review of Terms of Reference

5.31 A discusson of thisitem isgiven in the Report of the Joint Meeting of wGKrill and wWG-CEMP
(Annex 7, Section 6).

Future Organisation of Work

5.32 The report of the Joint Meeting of WGKrill and wWG-CEMP identified three areas of further
work which have implications for wG-kiill:

()  thedetermination of krill flux;

(i)  the determination of options for decison rules for caculating appropriate levels of krill
harveding; and

(i)  thefunctiond relationships between predators and prey.

5.33 In adition, ongoing activities of wGKrill that need to continue through the intersessiond
period are listed in Table 4.

OTHER BUSINESS

6.1  The Working Group noted that in recent years the catch of E. superba in the Convention
Area has been smaller than thet of Euphausia pacifica off the west coast of Japan. The catch of E.
pacifica will reportedly fdl to 90 000 tonnes this year, with management of this fishery being based
on market demand rather than on biomass estimates. Mr Ichii agreed to contact those involved with
the management of the E. pacifica fishery to investigate whether there were matters of common
interest to scientigts involved in the management of these krill fisheries.

ADOPTION OF THE REPORT

7.1  Thereport of the Sxth Meeting of wGKrill was adopted.
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CLOSE OF THE MEETING

8.1 In cdosng the meeting the Convener, Mr Miller, thanked participants, rapporteurs and the
Secretariat for ensuring a successful and productive meeting. In paticular he thanked
Dr V. Shannon, Director of the Sea Fisheries Research Inditute for his assstance and support in
organisng the whole auite of Hux, Krill, CEMP and joint meetings, and dl his staff who had worked
tirdesdy to effect its success. He dtated that holding these meetings in South Africa was of great
persona satisfaction to him.

8.2  Mr Miller then informed the meeting that it was his intention to step down from the pogtion
of Convener at the close of the 1994 Scientific Committee meeting. He thanked all participants, past
and present chairmen of the Scientific Committee and other Working Groups, and dl g&ff of the
Secretariat for making his years as Convener, from 1989 to 1994, productive, pleasurable and
satisfying. He particularly congratulated the Working Group on the direction which it was taking and
the progress it had made towards responsble scientific support of the Commisson and the
Convention.

8.3  Dr Shannon congratulated Mr Miller on successfully concluding the meeting, and thanked dl
participants for their support in its deliberations in South Africa The Executive Secretary dso

extended thanks and congratulationsto Mr Miller on behdf of CCAMLR.

84  Dr Everson then ddivered a vote of thanks to the Convener from the Working Group and
presented him with an engraved avian Satuette.

8.5  The Convener then closed the meseting.



Table 1 CCAMLR Observer Program. Random times of day to be used when recording fishing vessel activity. Activity type should be recorded in the boxes provided.

Activity codes:

F = Fishing (haul in progress)
S = Vessdl searching/steaming

P = Vessel stopped while processing of previous catch is completed

A = Vessel stationary either at anchor or hoveto

T = Transhipping catch

R = Vessel repositioning in preparation for next haul
day

1 2 3 4 5 6 7 8 9 10

date: date: date: date: date: date:; date:; date: date: date:
051 0:49 023 017 0:18 057 151 051 1.07 0.02
112 2:37 113 0:28 0:26 1.55 201 333 2:36 2:36
2:18 2:46 440 1:36 2:08 249 249 424 306 315
317 423 6:41 345 212 317 3.08 550 318 329
359 6:23 715 6:02 4:32 413 4.02 6:10 339 412
6:09 6:25 .27 6:44 4:49 4:15 4:25 12:06 5:30 527
6:.44 6:48 7:59 7:49 540 7:36 44 14:50 541 10:04
817 841 8.02 824 741 8338 513 14:59 6:45 10:28
10:36 857 839 10:25 817 849 713 15:55 713 10:29
10:40 9:30 904 10:28 947 13:22 835 16:10 7:36 11:16
11.35 10:43 10:46 11:38 10:53 14:.02 858 17:26 7:39 11:19
1147 10:54 1321 1512 15:16 14:49 9.06 17:50 11:.00 11.35
12:43 11:42 13:33 16:03 16:25 14:58 9.46 18:58 14:42 1151
13.09 12:10 14:20 16:48 17:01 15:11 12:13 19:53 16:20 14:32
13:23 15:32 15:53 17:.37 17:19 18:47 15:31 19:56 16:48 17:12
16:22 15:51 17:55 20:02 18:05 22:17 17:41 20:14 17:.35 18:09
18:14 16:22 1914 21:.47 18:47 22:59 18:56 21.02 17:46 1850
19:10 18:26 20:27 2211 19:43 23.07 18:57 21:27 17:56 20:48
20:09 19:20 2322 22:14 20:16 2335 19:.02 21:30 19:.07 21:50
21:34 20:12 2356 2312 2057 2356 2320 2338 21:12 2315




Table 1 (continued)

day
11
date:
0:18
2:39
3H4
341
528
6:44
6:49
742
9:30
10:29
10:42
11:26
14:22
14:48
17:55
1811
18:34
19:.44
21:09
22:06

12
date:
0:09
017
044
302
358
527
7:18
10:42
10:45
12:37
1310
1354
16:31
16:50
19:35
20:37
20:49
22:09
2312
23:32

13
date:
021
0:29
0:49
355
4.03
4.03
525
.27
8.08
944
11.07
12:45
14:19
15:.02
16:50
16:50
18:25
22:01
22:33
2331

14
date:
0:23
1:40
251
315
341
4.04
4:19
442
458
6:34
812
10:59
1354
14:04
16:09
16:21
18:07
18:32
21.07
2354

15
date:
1.03
1.07
211
2:37
3.02
314
446
7.01
7.52
921
9:36
11.03
12:25
12:47
14:17
17:.03
18:15
18:24
20:29
21:18

16
date:;
1.07
1.42
2:46
2:56
6:22
836
855
9:39
11:34
11:46
15:16
15:23
16:22
16:55
1711
1744
20:17
21:29
23.03
2317

17
date:;
0:38
1.01
1.33
307
3.08
841
912
10:04
10:58
11:30
12:34
12:48
13.23
15.02
16:34
18:47
20:58
22:36
22:50
23:18

18
date:

0:18

2:27

5:38

10:12

1334

15:32

15:45

16:18

16:43

18:26

19:06

20:32

20:44

21:10

21:26

21:48

22:38

2304

2327

2334

19
date:
141
218
322
4:36
4:40
451
518
8:26
9.08
922
953
11:29
12:48
12:51
14:33
17:18
17:24
19:58
2315
2350

20
date:

1:26

345

4.02

4:22

5.02

528

5:39

1234

13:19

1332

14:04

14:14

14:44

1521

15:23

17:19

1815

20:56

21:42

22:03




Table 1 (continued)

day
21
date:
0:58
1.24
134
241
423
6:26
813
11:16
11:40
15.05
15:18
16:10
16:20
17:00
17:45
19:18
1951
20:21
21:24
23.28

2
date:
0:19
1.57
3.06
5:56
6:34
6:58
.27
743
828
855
10:08
1151
12:58
14:10
14:25
16:25
19:09
21:09
23.02
23:32

23
date:
1.08
1.47
2:23
447
6:00
6:21
.22
830
935
10:21
11:36
12:16
14:15
1551
16:23
18:13
18:23
21:52
2317
23:38

24
date:
0:05
210
2:56
358
443
533
540
7:11
7:36
7:39
755
913
15:.02
18:25
19:40
1951
20:21
21:14
21:49
21:56

25
date:
0:48
(07
(07
215
2:28
6:14
850
10:38
10:48
13:17
13:18
14:24
14:41
16:44
18:23
18:33
18:44
1951
19:55
20:48

26
date:
157
534
555
6:45
734
846
10:20
11:00
13:26
14:19
14:26
16:10
17:.03
17:59
19:55
20:17
20:55
21:.06
22:18
22:39

27
date:;
(0X0%]
0:45
248
525
826
919
14:.02
14:31
14:38
14:49
15:19
16:22
16:36
16:46
17:16
19:22
20:54
20:55
21.07
2317

28
date;
1.55
3.09
359
521
7.37
919
934
10:55
12:13
13:43
14:52
15:35
16:21
17.27
18:05
19:42
20:21
21:57
22:31
2353

29
date:
Q.27
0:30
2:56
307
327
357
452
6:55
7.03
841
10:37
16:53
16:55
17:50
19:42
20:22
22:48
23.08
23:10
2314

30
date:
0:32
o4
1.31
2:08
221
4:15
919
9:59
10:16
11:42
12:06
13.37
14:48
17:.09
17:47
19:19
20:26
20:34
20:48
21:39

31
date:
0:32
2:38
2:39
2:40
326
331
415
454
6:0
6:39
80
10:1
12:18
12:38
13:14
15:43
16:34
22:41
23:19
23:58




Table2: Precautionary limits on krill catches in various areas, based on the formula Y = gB,, where g=0.116

(see paragraph 4.105). Units are 106 tonnes. Two methods of calculation of catch limits by subarea
are given: (A) alocation proportional to biomass estimate for subarea; and (B) allocation on basis of

previous recommendation (see SC-CAMLR-XII, Annex 4, Table 5). B, values are taken from
SC-CAMLR-XII, Annex 4, Table 4.

Subareal B, Y =gBy, Catch Limit by Subarea 1993/94

Division A B Catch
481 136} 158 1.39 (34%) 0.045
482 156} 308 357 181 201 (49%) 0.019
483 15} 0.18 1.07 (26%) 0.019
484 - 0 0.21 (5%) 0
485 - 0 0.21 (5%) 0
486 46 053 053 049 (12%) 0

Total 48 354 410 0.083
584.2 39 045




Table3:

Datarequirements. Thistableliststhe requests of WG-K(ill-93 and additional requests of the Sixth Meeting of the Working Group.

Data Requested by WGKrill-93

Data/Work Submitted

Data Requested by WGKrill-94

Examination of the precision of estimates
of krill length/weight relationships

Demograhic data, especially as parameters
for the yield model

Krill flux data

Length frequency data submission

Haul-by-haul data

Finer scale data submission

Estimates of biomass for ISRs
Monthly catch reporting

Data on amount and viability of krill passing
through a net

Historical fine-scale catches

Minimum data requirements from acoustic
surveysrequired (SC-CAMLR-XI, Annex 4,
Appendix H)

Net haul density data should be submitted for
calculation of recruitment

Data on by-catch of fishin krill trawls

Not done

WGKrill-94/4, 11, 16, 17

See WS-Flux report (Appendix D)

Length frequency datafrom
Japanese fishery

Chileonly

Japanese 10 n mile x 10 n mile data
reporting

WGKirill-94/21, WG-Joint-94/9
Proceeding

Model in WG-Krill-93/34 had not
been sent to Secretariat

Information provided by Ukraine
WGKiill-94/10

Compliance

German and Japanese data submitted
(paragraph 4.63)
WGKrill-94/25

Continued requirement

Additional datafor continued work on flux required (paragraphs 4.13 to 4.15)

Continuing requirement, especially from Chile and Ukraine, that data be submitted
to the CCAMLR Database (paragraphs 4.81 and 4.109)

Continued requirement from other fleets

Continued requirement

Validation of assumptions of WG-Krill-93/34 recommended (SC-CAMLR-XII,
Annex4, paragraphs 3.36 and 3.38) - continued requirement (paragraph 3.19)

Progress and assistance for submission of historical fine-scale data encouraged
(paragraph 3.3)

Continued reguirement - see future work
Trawl start times and duration; from Chile (paragraph 5.25)
Information on catch quantitiesin research surveys (paragraph 5.26)




Table 4:

Future work requirements. Thistable liststhe requests of WGKrill-93 and additional requests of the Sixth Meeting of the Working Group.

Work Requested by WG-Krill-93

Data/Work Submitted

Future Work Requested by WGKrill-94

Operational definitions of Articlell
particulary decision rules

Refinement of parameters and model of
functional relationships

Further validation of R/M model and input
parameters (Appendix E)

Further work on acoustic methodologies,
especially on upward-looking and
multi-frequency transducers

encouraged (paragraphs 4.17 and 4.20)

Survey designs

Further detailed quantitative analysis of
overlap of predators and fishery in all
CCAMLR areas requested

Further consideration of the Scientific
Observers Manual

Evaluate CPUE index
Yield mode

Liaison between fishermen, biologists and
managers

Investigations of the scale and frequency
of surveys applicable to feedback
management approaches

Paragraph 4.98

See WG-Joint report
(SC-CAMLR-XI11/5)
WGKiill-94/6

Number of papers
(paragraphs 4.21 to 4.24)

WGKrill-94/20;
also paragraphs 4.25t0 4.33

Thistopic was addressed by the
joint meeting
Japanese data (W G-Krill-94/25)

WGKiill-94/14
WGKrill-94/4, 5, 11, 23, 42

None

None

Specific intersessional work reguested on determining options for decision rules
(WG-Jaint report and paragraphs 5.22 and 5.32)

Continued requirement (paragraph 5.32)

Continued requirement

Future work should take into account considerations in paragraph 4.33

Suggested use of random time table 1 to examine ship activities (paragraph 3.33)

Further work encouraged

Modify algorithm for estimates of recruitment proportion (paragraph 4.26) and various
sensitivity analyses (paragraphs 4.89 and 4.91)

Continued requirement

Continued requirement




Table 4 (continued)

Work Requested by WG-Krill-93

Data/Work Submitted

Future Work Requested by WGKrill-%4

Subdivision of results from existing
surveysin line with WGKrill-92
(SC-CAMLR-XI, Annex 4, Appendix D)

Modelling to evaluate feedback control
management options and spatial effects
related to localised predator aggregations

A workshop on krill flux should be held in
1994 (paragraph 4.10)

Fux workshop held

Continued requirement

Continued requirement

Additional work on hydrographic data (paragraphs 4.13 and 4.15) and krill flux
(paragraph 5.32)

New work on tables for Statistical Bulletin (paragraph 3.6)
Information on mesh size on Ukrainian vessels (paragraph 4.110)
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REPORT OF THE WORKSHOP ON
EVALUATING KRILL FLUX FACTORS
(Cape Town, South Africa, 21 to 23 July 1994)

The Workshop on Evauating Krill Flux Factors was held from 21 to 23 July 1994 in the Sea
Fisheries Research Indtitute, Cape Town, South Africa. Dr Vere Shannon, Director of the Ingtitute,
welcomed participants.

2. A Prdiminary Agenda, circulated prior to the meeting, was adopted. Dr W. de la Mare
(Audraia) was dected Chairman for the meeting. Terms of reference for the workshop were given
in SC-CAMLR-XII, paragraph 2.29. Further specification of the data and anayses required were
givenin sC-CAMLR-XI1, Annex 4, Appendix D.

3. The Agenda, ligs of participants and papers submitted to the workshop are given as
Attachments A, B and C. The report was prepared by Drs D. Agnew (Secretariat), M. Basson
(UK), W. delaMare (Audrdia), R. Hewitt and E. Hoffman (UsAa) and E. Murphy and Mr M. Stein
(Invited Experts).

DATA AVAILABILITY AND PREPARATION

4, The data required for the workshop to proceed were outlined in SC-CAMLR-XII, paragraph
2.30. This section describes the available data and their preparation for the meeting.

5. Krill acoudtic survey data were avallable from the BIOMASS experiments which covered the
following aress.

FABEX:  Odissey - small areanorth of South Georgia, and another to the east of Subarea 48.2.
Dr Eduardo L. Holmberg - western Subarea 48.2, including areas to the west and north
of the South Orkneys.
Walther Herwig - large area overlapping Subareas 48.1, 48.2 and Divison 41.3.2 north
of the Convention Area.
Itzu Mi - Drake Passage and Brandfield Strait.

FIBEX cruisestook place from January to March 1981.



SBEX 1. Polarstern - area surrounding Elephant I1dand; October to November 1983.
Professor Sedlecki - Drake Passage and Brandidd Strait south to Anvers Idand,
December to January 1983/84.

SBEX 2. John Biscoe - Drake Passage and Brandfidd Strait south to Anvers Idand; January to
February 1985.
Capitan Alcazar - Bransfield Strait; January to February 1985.
Walther Herwig - Peninsula south to 68°S; March to April 1985.
Polarstern - around Elephant 1dand; November to December 1984.

6. These data were prepared prior to the meeting by the Data Manager usng the same
techniques as have been used in previous analyses (Ws-Flux-94/4) (see also Trathan et al. (1992))1.
The data avalable to the workshop were therefore latitude, longitude, krill dendty, integration
interva distance, top and bottom integration depths and a day/night flag for each integration interva
stored in the database. Most data sets had integration depths of 150 to 200 m.

7. Data on current velocity were available from two sources:

 a dngle time dice (FR2191) of the FRAM (Fine Resolution Antarctic Modd) was
provided at a resolution of 0.5° longitude x 0.25° latitude for Subareas 48.1, 48.2 and
48.3 south to 64.5°S by Dr Murphy. Data available were latitude, longitude, speed
(cm/sec) in northerly and easterly directions. Prior to use by the workshop, they were
converted to the standard latitude, longitude, direction and speed, averaged over the top
250 m; and

e geodtraphic current velocities derived from CTD samples were provided by Mr Stein
and Dr M. Naganobu (Jgpan). These data covered three years of sampling by
Germany off the Antarctic Peninsula (1986, 1987 and 1990), a number of samples from
Subarea 48.2 and two years sampling by Japan and Germany in the vicinity of the
Subarea 48.1/48.2 boundary (1988 and 1992). All data were provided in the standard
format of latitude, longitude, direction and speed, and averaged over the upper 200 m.
Maximum reference depth for the caculations was 800 m. Interpolated flow vectors for
the German data were presented in Ws-Flux-94/6.

1 Trathan, P.N., D.J Agnew, D.G.M. Miller, JL. Watkins, |I. Everson, M.R. Thorley, E. Murphy, A .W.A. Murray
and C. Goss. 1992. Krill biomass in Area 48 and Area 58: recalculations of FIBEX data. In: Selected
Scientific Papers (SC-CAMLR-SSP/9). CCAMLR, Hobart, Australia: 157-181.



8. Figure 1 shows the extent of dl these data sets together with krill catch didribution by fine-
scale area

ANCILLARY DATA

9. A number of additional data sources were available to the group, including passive tracer
dreamlines derived usng the FRAM (WS-Flux-94/9), ship displacement trgectories (Ws-Flux-94/10),
buoy paths (Ws-Flux-94/8) and iceberg drift paths (W s-Flux-94/6).

10.  Latitude, longitude and date of buoy positions were extracted from Figure 8 of Ws-Flux-94/8,
and average speeds between consecutive poditions were caculated. A comparison of these data
with hydrodynamic datais presented in Table 1.

11.  lceberg drift speeds in Ws-Flux-94/6 did not contain any information on direction. Average
speed across boundaries of subareas (see paragraph 13) was nonethel ess calculated for comparison
with other data. On the basis of Figure 1 in ws-Flux-94/6, a generd direction of 30° was assumed.
Reaultsare givenin Table 3.

ESTIMATION OF KRILL AND WATER TURNOVER AND RESIDENCE TIMES

Generd Methodology

12.  Kiill flux and resdence times were cdculated following the methods detailed in Appendix D
of sSc-CAMLR-XI1, Annex 4, and applied and developed in WG-Flux-94/15.

13.  Inward flows into an area were termed as postive and outward flows as negative. The flux
of krill V,, across a boundary of an area was expressed as the product of the profile of krill density

aong a boundary and the profile of water transport across that boundary.

Vo =adf, 1)
i=1
where n = number of intervas dong a boundary
d, = dengty of krill in eachinterval (t km?)

—h
1

water transport across each interval (ke hrt)



The krill influx was given by adding together the values for the inflow boundaries
&
V,= 4V, )
V>0

where b isthe number of boundaries, and the tota efflux

b
V.= aVv,, ©)

V<0

Residence times (days) based on the inflow or outflow were caculated by dividing the krill biomass
in the area by the rlevant flux.

Inflow-based resdence time

-8B
R =y @

Outflow-based resdence time
R, =~ )

where B = krill biomass (tonnes).

14.  Smilar formulae were used to caculate water replacement times using water flows and water
volumein the areain place of krill flux and biomass.

Calculation of Flux Rates and Residence
Timesin Subareas 48.1, 48.2 and 48.3

15. A number of small boxes were defined within subareas, using criteria such as data coverage
and natura boundaries of oceanographic features and krill distribution (Figure 2).

16.  Krill and water flux across each of the boundaries of the boxes defined in Figure 2 was
caculated using programs developed by the Secretariat (Ws-Flux-94/4). Kirill dendty dong eech
boundary and water speed normal to that boundary (i.e., directly across the boundaries) were
caculated at interpolation points at intervals of 5nmiles dong the boundary by weighted averaging
of nearest data using the computer program described in Ws-Flux-94/4. Weighting was by inverse
distance and, for acoudtic data, integration interval distance. For krill density calculations, dl data



within a 30 n mile radius of an interpolation point were used, whereas for water flow the nearest nine
data points were used.

17.  This procedure was used for dl acoudtic data, the FRAM data and some of the CTD data.
Some water flow vectors, however, were calculated directly from lines of CTD gaions usang linear
interpolation because boundary effects rendered the inverse distance procedure unsuitable.  Only
those acoudic integration intervas teken during daylight hours were used for krill dengty
cdculations.

18.  Kirill dendgty boundary vectors were cdculated for AIBEX, SBEX 1 and SIBEX 2 data
separately. Water flow vectors were calculated for the FRAM data set and for the separate years of
avallable geostrophic flow data. Figure 3 shows an example of krill density and flow vectors dong a
boundary (boundary 8, between boxes D and F). Krill and water flux across the boundary were
caculated smply asthe product of these vectors (t hr-t and ke hr1).

19. Table 3 gives water flow rates across each of the boundaries in Figure 2, caculated usng a
number of data sets. The results d cdculaions of flux, usng dl the available combinaions of
acoudtic data and hydrographic data are given in Table 4.

20.  Inorder to cdculate krill resdence times, an estimate of the total biomass of krill in a box
was required (paragraph 12). Similarly, for cadculation of water resdence times, totd effective
volume of water in abox was required.

o For krill, mean krill dengty (g m2) in each box was cdculated usng asmple mean of dl
acoudtic dengty data in that box, weighting by integration distance (Table 5). For this
reason, biomass estimates in Table 5 are dightly higher than those cadculated by Trathan
et al. (1992) using a transect-based method.

* For water, the rdevant depth of the water column was taken to be 200 m for CTD
derived data and 250 m for FRAM data.

21.  Equations for caculation of resdence times from a combination of boxes were developed
(Attachment D) and used to calculate residence times for both water and krill for individua boxes
(Table 6) and groups of boxes (Table 7).



Reallts

22.  Genedly, water flux vaues derived from the FRAM modd were up to four times larger than
those obtained from direct observations. This might reflect the incorporation of wind-induced
surface currents to the model. The flux rates derived from observed data represent only the
geostrophic component of the current field, based upon the given verticd dendty fidd. Additiond
andyses of the actud windfiedd data, as collected during the CTD measurements, should be
undertaken to estimate the amount of wind-driven surface currents.

23.  There was some seasond variability in the estimates of water flow from the CTD datawhich
was not resolved by the sngle time dice from FRAM. A further discrepancy was that the
southwestward flowing Antarctic Coastal Current was not apparent in the FRAM data.

24.  The only area of consgtency between FRAM and observationa data seems to be in the
Brandfidd Strait. Data derived from direct observations indicate that the inflow and outflow were
balanced for this area.  However, inflow and outflow were not balanced in the FRAM data. This
might reflect the fact that water mass transport in the region is mostly confined to the upper hundreds
of metres since the deep parts of the Brandfidld Strait are blocked by ridges. These topographic
features prevent deep reaching, consstent flow to the northeast and are not well described in the
FRAM modd.

25.  Concerning inflow and outflow of individua boxes cdculated from the FRAM data, boxes A,
D, F and H might serve as examples where for the upper 200 m the influx of water massesis fairly
condstent with the outflow.

RECOMMENDATIONS AND FUTURE WORK

26.  Discusson of the significance of these results, recommendations to the Scientific Committee
and suggestions for future work was left to the wGKrill megting.

CONCLUSION

27.  The Charman thanked dl participants for a hard-working and successful workshop.



Tablel:

Ancillary dataon buoy speeds (derived from W S-Flux-94/8).

Section Direction Buoy Speed FRAM Average Sub-section
(cm/s) Speed (cm/s) Coordinates
3 151.6° -130 83 61-615W
3 151.6° 114 121 59.9 - 61W
6 Q° 203 79 61.05-612S
7 0° 46 35 539-542W
7 0° -129 25 53-539W
14 0° 103 09 51-512W
14 0° 64 22 499-51W
Table2:  Areasand boundariesfor the regions shown in Figure 4.

Region Boundary Sections Area (knm?)
A 0,2,3b,3 39 466
B 1,24 31106
C 4,5,10 30465
K 33,3b, 5,6 45739
D 6,7,8,9 40759
E 9,10, 11, 12 22 206
F 8,12, 15,13, 14 56 448
G t1, t2, t3 30343
H 13, 22,24, 25, 23,21 70852
I 24, 26, 28, 27 50 149
J 31,32,33, 34 34452




Table 3: Water flow rates (cm sec’l) across boundaries shown in Figure 2, from the FRAM data set, a number
of hydrographic datasets (CTD samples) and iceberg track data. Negative flows are in a direction
diametrically opposite to that shown.

Section Distance Fow FRAM CTD CTD CTD CTD CTD I ceberg
(nmiles) Direction 1986 1987 | 1988 1990 1992

0 80 64.0 81 17 01 52

1 50 64.0 39 -11 -01 -02

2 140 59.3 0.2 0.2

3 150 1519 03
3a 185 61.3 14
3b 75 68.7 88

4 80 70.9 7.7 6.8 7.3

5 35 0 56 26

6 120 0 8.6 38 44 48

7 100 0 38 55

8 120 0 113 23 04 31

9 9%5 0 6.8 01 99
10 50 0 31 6.0 71
11 55 0 52 70
12 70 0 03 13 33
13 190 0 7.2 43
14 0 0 16 5.7
15 80 0 16 73
t1 190 0 28 5.7
t2 215 65.4 -1.2
t3 0 0 32 50 56
21 120 0 89 28
2 100 0 -2.6 95
23 0 0 04 130
24 110 0 9.7 32 16 34
25 95 0 49 19 53
26 130 0 6.7 83
27 120 0 32 50
28 110 0 59 31 35
31 40 0 -2.8
32 125 0 39 91
33 9% 0 -59 55
A 55 180 -2.8




Table 4:

Apparent krill flux and water flow rates across sections for various combinations of krill survey and
oceanographic data sets. Negative fluxes are in adirection diametrically opposite to that shown.

Section Data Set Direction Krill Flux Water Flux
(°) (tonnesh-y) (kreh-t

0 SIBEX 2*FRAM 64.0 80.8 8.7
SIBEX 2*(G86 174 18

SIBEX 2*G87 1.0 0.2

SIBEX 2*G90 52.7 55

1 SBEX 2*FRAM 64.0 30.6 26
SIBEX 2*G86 -10.7 -0.7

SIBEX 2*G87 -3.0 -0.1

SIBEX 2*G90 -4.5 -01

2 SIBEX 1*FRAM 329.3 432 -04
SIBEX 1*G90 -89 -04

SIBEX 2* FRAM -15 -04

SIBEX 2*G90 -154 -04

3 FIBEX*FRAM 3319 13 -05
SIBEX 2*FRAM 16.7 -05

3a FIBEX*FRAM 3313 831 -3.3
SIBEX 1*FRAM -39.1 -3.3

SIBEX 2*FRAM -285 -3.3

3b FIBEX*FRAM 68.7 664.1 8.8
SIBEX 1* FRAM 861.1 8.8

SIBEX 2*FRAM 195.1 8.8

4 FIBEX*FRAM 70.9 6005.4 8.2
FIBEX*G87 3787.6 73

FIBEX*G90 48339 78

SIBEX 1*FRAM 206.7 8.2

SIBEX 1*G87 2305 7.3

SIBEX 1*G90 2341 7.8

SIBEX 2* FRAM 5305 8.2

SIBEX 1*G87 3245 7.3

SIBEX 2*G90 3788 78

5 FIBEX*FRAM 0 511.4 26
FIBEX*G90 151.3 12

SIBEX 1*FRAM 18.0 2.6

SIBEX 1*G90 129 12

SIBEX 2*FRAM 1685 2.6

SIBEX 2*G90 94.2 12

6 FIBEX*FRAM 90.0 619.7 138
FIBEX*G86 980.2 6.0

FIBEX*G87 1309.2 71

FIBEX*G90 1438.0 7.6

SIBEX 1*FRAM 93.0 13.8

SIBEX 1*(G86 324 6.0




Table 4 (continued)

Section Data Set Direction Krill Flux Water Flux
(°) (tonnes h-1) (kméhd)

SIBEX 1*G87 389 7.1

SIBEX 1*G90 382 76

SIBEX 2*FRAM 3120 138

SIBEX 2*G86 166.3 6.0

SIBEX 2*G87 2132 71

SIBEX 2*G90 2155 76

7 FIBEX*FRAM 0 1007.6 51
SIBEX 1* FRAM 50.8 51

SIBEX 2*FRAM 58.7 51

8 FIBEX*FRAM 90.0 3556.1 18.1
FIBEX*G86 741.8 3.7

FIBEX*G20 153.0 0.6

SIBEX 1*FRAM 0 18.1

SIBEX 1*G86 0 37

SIBEX 1*G90 0 0.6

SIBEX 2*FRAM 0 181

SIBEX 2*G86 0 37

SIBEX 2*G90 0 0.6

9 FIBEX*FRAM 0 3826.3 8.7
FIBEX*G20 431 0.1

SIBEX 1*FRAM 26.3 8.7

SIBEX 1*G90 04 0.1

SIBEX 2*FRAM 2514 8.7

SIBEX 2*G90 22 0.1

10 FIBEX*FRAM 90.0 1462.1 21
FIBEX*G87 3790.5 5.6

FIBEX*G20 49329 6.7

SIBEX 1*FRAM 84 21

SIBEX 1*G87 287 56

SIBEX 1*G90 34.8 6.7

SIBEX 2*FRAM 824 21

SIBEX 2*G87 210.6 5.6

SIBEX 2*G90 258.0 6.7

11 FIBEX*FRAM 0 2538.3 3.8
SIBEX 1*FRAM 338 38

SIBEX 2*FRAM 153.1 3.8

12 FIBEX*FRAM 90.0 172.2 0.3
FIBEX*G90 652.0 13

13 FIBEX*FRAM 90.0 2566.2 183
14 FIBEX*FRAM 2044 19
15 FIBEX*FRAM 782 17




Table 4 (continued)

Section Data Set Direction Krill Flux Water Flux
(°) (tonnes h-1) (kméhd)
11 FIBEX*FRAM 0 449.8 7.1
t2 FIBEX*FRAM 335.8 1458.0 34
t3 FIBEX*FRAM 90.0 2546.7 39
FIBEX*G88 3969.1 5.6
21 FIBEX*FRAM 0] 1712.8 14.3
FIBEX*G88 354.6 27
22 FIBEX*FRAM 180.0 2554.9 35
23 FIBEX*FRAM 0 6596.9 05
24 FIBEX*FRAM 90.0 13308.7 14.2
FIBEX*G88 3052.0 47
FIBEX*G92 2074.6 24
25 FIBEX*FRAM 90.0 11406.3 6.2
FIBEX*G92 5295.9 24
26 FIBEX*FRAM 1564.3 11.7
27 FIBEX*FRAM 31169 52
28 FIBEX*FRAM 90.0 1898.2 8.6
FIBEX*G88 1322.9 46
31 FIBEX*FRAM 270.0 179.6 15
32 FIBEX*FRAM 0 1002.3 6.6
33 FIBEX*FRAM 270.0 1889.1 75
A3 FIBEX*FRAM 0 1553.8 21




Table5:

Biomass estimates for the regionsin Figure 2 from the various surveys.

Region Biomass from Survey (000s tonnes)
FIBEX SBEX 1 SBEX 2

A 54 722 116
B 3502 262 187
C 2178 226 525
K 1924 155 229
D 7848 107 274
E 2531 50 162
F 1907 - -
G 1764 - -
H 10265 - -
I 2495 - -
J 1725 - -




Table6:

Apparent krill and water retention times in the regions based on both influx and efflux rates, for
various combinations of survey and oceanographic data sets.

Region Data Set Water Retention Time (days) Krill Retention Time (days)
Influx Efflux Influx Efflux
A SIBEX 2*FRAM 4.7 44.8 60.0 221
B SIBEX 2*FRAM 1082 39.7 2053 14.7
FIBEX*FRAM 338 67.1 151 46.0
SIBEX 1*FRAM 45.6 355.7
SIBEX 2*FRAM 41.3 87.2
FIBEX*G90 324 322 188 179
SIBEX 1*G90 40.2 197.3
SIBEX 2*G90 57.8 62.1
K FIBEX*FRAM 323 345 68.2 1141
SIBEX 1*FRAM 70 69.5
SIBEX 2*FRAM 244 30.6
E FIBEX*FRAM 39.2 258 264 264
SIBEX 1*FRAM 49.7
SIBEX 2*FRAM 28.7
FIBEX*G90 1706 1518
D FIBEX*FRAM 189 183 736 717
SIBEX 1*FRAM 374 87.8¢
SIBEX 2*FRAM 20.3 195.1*
FIBEX*G90 440 220.8
SIBEX 1*G90 1155
SIBEX 2*G90 52.6
F FIBEX*FRAM 292 2.1 209 287
G FIBEX*FRAM 44.6 437 1634 184
H FIBEX*FRAM 333 36.1 319 17.3
I FIBEX*FRAM 269 25.8 6.3 300
J FIBEX*FRAM 37.7 44.2 209 60.8

* No krill density estimates were available on section 8 for SIBEX 1 and 2 (see second page of Table 4,
column 4). Therefore these retention times are probably biased upwards.

Table7: Apparent krill and water retention timesin combined regions based on both influx and efflux rates, for
various combinations of survey and oceanographic data sets.

Combined Data Set Water Retention Time (days) Krill Retention Time (days)
Regions Influx Efflux Influx Efflux
ABKCDE SIBEX 2Z*FRAM 1155 93.0 2127
KDCEF FIBEX*FRAM 79.0 804 736 176.9
KCDE FIBEX*FRAM 60.2 61.7 65.5 1252
SIBEX 1*FRAM 19.7
SIBEX 2*FRAM 547
Hi FIBEX*FRAM 46.1 476 3R2 35.8
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RETENTION/RESDENCE TIMES

1-BOX SYSTEM - Example

foo ® Vi ® fo

V, volume (e.g., water volume) in box 1 (eg., kn®)

fo; = input from ‘outsde into box 1 (eg., in kne/day)

f.o = outflow from box 1 to the ‘outsde (eg., in kne/day)
The subscript ‘O’ refersto ‘outsde

_for
T, turnover for box 1 =

Vi

V
r residencetimein boxlzf—l (eg., indays)
o1

2-BOX SYSTEM - Example

fOl ® Vl V2 ®

Vsand fsasabove: dl fs>O0(if f; <O P f; =-f;to get apodtive flow)

V
residencetimein box 1 :f—l
o1

-
.
]

resdencetimein box 2 =

_‘
N
1

f12 + f02

If we ignore the subdivison then the overdl R (resdencetime) is

ATTACHMENT D



=(v1+v2): Vi o,V
fOl + f02 fOl+ f02 fOl + fOZ

Canwewrite Rintermsof r, andr,?

Yes,

Vi b, Vo g tfy
f +f02 efOlg fOl+ fOZ ef12+f02

R=

which can bere-organised as.

V1 ® fy, O Vs oef;, + f029
f01 f01 + f02 QI f12 + foz f01 + fozg
_ Irlae for g+ Ir2aef12 +fo, g
gfof" for & gfm"’ for
cdl thisw, cdl this w,
=T 2W + 1, W,

wherethe w;, w, are cdled pooling weights.

Note:

() any weight can belessthan or greater than 1 (e.g,, if f,, > fo; then w, will be > 1);

@M R=r,+r,onyif w, =1 and w, = 1, i.e. resdence times in the boxes can only be added
directly, that is unweighted, when f,, = 0 and f,, = f,,.

N-BOX SYSTEM. GENERAL CASE

Py
I
Qo

m
-

N
whereeach r, :V/é_ f
j=0

adw = A f /é“ Pz dl inputstobox i (from ' anywhere')
! 2‘0 I J-az‘l 9 dl inputstothesysemfrom  OUTSIDE (N boxes)



APPENDIX E

INITIAL CONSDERATION OF METHODSTO INCORPORATE
KRILL FLUX INTO THE CALCULATION OF CATCHLIMITS

Consder a connected set of n management areas as shown in the figure below, with a net
clockwise flux of krill a congant rate f. We wish to find away of dlocating catch limits such that
ayt gg B where y; isthe limit set in each areaand B, is the unexploited biomassin areai. To

i=1

illustrate the factors to be considered, let us suppose that areas 2, 3 and 4 each contain one fishing
ground at F,, F; and F, respectively. Lett; ., bethe average time taken for krill to travel from F, to
F+1. Let thelength of the fishing season bet.

flux

If thereis no fishing immediatdy upstream of F, and ignoring production which occurs during
the fishing season, the potentia yield which can be taken on this ground is given by

Y, = oft )
By definition the average resdence time in areali is

T=3 @

where S = stock biomass in areai, and hence

t
Y= ®



The esimate can be inflated in the ratio t/T,. This means, however, that the potentid yield
from at least part of one or more areas upstream has been alocated to area 2. Therefore upstream
areas cannot be fished until upstream of the point where

gassy,
i 1 {contiguousareas upstreamof ~ 2}

(4)

If it is assumed that Y, is dl taken in fishing ground F,, then the limit in area 3 is that part of
this stock not fished in the span between F, and F;; given by

Y; = gfd,;
where
d,z=1,5 ; Ta <t
d,,=t St =t
Smilaly
Y, = dofd,,

and s0 on until the area is reached from which fishing must be excluded in accordance with (4)
above. Therefore

é-Yi :gfé- din ©)

i=1n
Thetota yidd which we dlow to be taken is

Y=gaB (6)
which can be written as

Y=ofaT



and hence
avey,
which meets the basic requirement.

Now consder what happens if we ignore the effects of flux. Clearly the totd yield is il
given by equation (6). Theyiddin areai isgiven by:

Y, =9.S (7)

For areas 2, 3 and 4, the tota yield taking flux into account is

L T 0
Y2,3,4 - gf ét + S-zdi,iﬂﬂ
Clealyif
3 3
t+adq..»aT (which requirestha T, <t), 8
i=2 i=2
then

4 4
Y2,3,4» of é T » gé fT,
i=2

i=2

and, subgtituting equation 2,
3
Y3420 az S

which is the yidd cdculated if the flux factor is ignored (equetion 7). The only component of
potentid yield missed is due to the difference between the biomass not incorporated from the
upstream side and any biomass surveyed downstream of the fishing ground in area 4. Thisisthe



goproach currently taken for Statistica Area 48 where the gpproximation given in (8) is assumed to
hold.

In summary, if the unmodified rule, i.e. ignoring flux, is used globdly, the totd precautionary
catch limit is correct. If the flux factor is taken into account, some areas may have the catch from
upstream areas added into them, with the proviso that no other catches can be taken from those
upstream areas.  The alowable catch in downstream fishing grounds depends on the average time
taken for krill to be transported from the upstream ground to the downstream ground, and whether
there is some ‘unused’ catch from the upstream ground available for catching a the downstream
ground. However, given that rdiable data on the average time taken for krill to move between
fishing grounds is not yet avallable, and noting that for a series of contiguous areas the overd| results
from not taking flux into account may not dffer by rdativdy much, it should be sufficient, but
consarvative overdl, to proceed by making no corrections for krill flux. This is because in
contiguous aress, the flux-modified limits may result in changed dlocation between aress, but within
atotd which isonly modified by addition from the flux into the one area a the upstream end.



APPENDIX F

FULL RESULTSFROM THE REEANALYSS
OF RECRUITMENT PROPORTION

(paragraph 4.64)

TableF.1: Proportions of recruits for a range of net surveys obtained by fitting mixture distributions (using
method of delaMare, 19941). R(1) isthe proportion of recruitsto the population age 1+.

1-Y ear-Old Recruitment

Survey R(1) Std. Error CV of Length-at-age
HEFX 0.142 0.0347 0122
NDFX 0.167 0.0468 0.096
SIFX 0.370 0.0422 0.153
NDS2 0.528 0.0475 0.117
ADBEX1 0.001 0.0010 0.117
ADBEX2 0.016 0.0273 0.087
AAMBER 0.025 0.0174 0.085
AA2 0.314 0.0113 0.150
KROCK 0.064 0.0269 0.103
GER1978 0.043 0.0653 0.074
GER1982 0.936 0.0025 0.100
GER1983 0.937 0.0156 0.105
GER1984 0114 0.0463 0.114
GER1985 0.027 0.0441 0.095
GER1986 0.317 0.0217 0.113
GER1987 0.863 0.0417 0.152
GER1989 0.057 0.0390 0.095
KMS1 0.001 0.0031 0.100

2-Y ear-Old Recruitment

Survey R(2) Std. Error CV of Length-at-age
MDFX 0.286 0.0645 0.071
HEFX 0.360 0.1183 0.096
NDFX 0.096 0.0592 0.091
SIs1 0.968 0.0540 0.169
NDS2 0.320 0.0560 0.157
NDS2 0431 0.0877 0.119
ADBEX1 0.561 0.0851 0.110
ADBEX2 0.557 0.2715 0.084
AAMBER 0.231 0.1300 0.084
AA2 0.556 0.0063 0.083
KROCK 0.020 0.1307 0.095
GER78 0.109 0.1130 0.106
GER&4 0.827 0.0557 0114
GERS5 0.099 0.0572 0.064
GERS6 0.982 0.0323 0.1%4
GER89 0.465 0.0370 0.065
KMS1 0.211 0.283 0.106




TableF.2: Summary statistics.

1+ 2+ Combined
Number of estimates 18 17 35
Mean R estimate 0.404 0.557 0.415
Standard error 0.012 0.010 0.006
Standard deviation 0.456 0.126 0.442
CV of distribution 1128 0.226 1067

Figures demonstrating goodness of fit for each data set are held at the Secretariat.

1 delaMare. 1994. Estimating krill recruitment and its variability. CCAMLR Science, Vol. 1. 55-69.





