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Abstract

This document presents the adopted record of the Eleventh Meeting of
the Scientific Committee for the Conservation of Antarctic Marine
Living Resources held in Hobart, Audtrdia, from 26 to 30 October
1992. Mgor topics discussed at this meeting include: krill resources,
fish resources, other resources, ecosystem monitoring and management,
marine mammal and bird populations, assessment of incidental mortality,
CCAMLR Scheme of International Scientific Observation, cooperation
with other organisations and publication of scientific papers. Reports of
meetings and intersessond activities of subsdiary bodies of the
Scientific Committee, indluding the Working Groups on Krill, on Fish
Stock Assessment and for the CCAMLR Ecosysem Monitoring
Program, are appended.
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REPORT OF THE ELEVENTH MEETING
OF THE SCIENTIFIC COMMITTEE
(Hobart, Australia, 26 to 30 October 1992)

OPENING OF THE MEETING

1.1 The Scientific Committee for the Conservation of Antarctic Marine Living Resources met
under the Chairmanship of Mr O. @stvedt (Norway) from 26 to 30 October 1992 at the Wrest
Point Hotel, Hobart, Australia

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

1.3 The Chairman welcomed observers from Bulgaria, Finland, Greece, Ukraine, Uruguay, the
Scientific Committee on Antarctic Research (SCAR), the Internationd Whaing Commisson (wc)
and the World Conservation Union (JUCN) to the meeting and encouraged them to participate in the
meeting as gppropriate.

14 An observer from the Antarctic and Southern Ocean Codition (ASOC) had been invited to
attend the proceedings of the Scientific Committee by the Executive Secretary in accordance with
rules of procedure for the attendance of observers to meetings of the Scientific Committee. The
Japanese Delegation stated that it understood that the observer was attending under the conditions
lad out in SC-CAMLR-X, paragraph 1.9. Amendments based on these conditions were endorsed by
the Commission & its last meeting and are given in Appendix 4 of SC-CAMLR-X.

15 The Chairman commemorated Mr Wiedaw Sosarczyk, from the Sea Fisheries Indtitute in
Gdynia, Poland, who died on 3 March 1992 after a long illness. Wiedaw made great individua
contributions to the work of the Scientific Committee and the Working Group on Fish Stock
Assessment, atending meetings from 1984 to 1989. As a measure of the high regard in which he
was hdd by his colleagues, he was dected a Vice Charman of the Scientific Committee at
SC-CAMLR-IV for a two-year term. Although only 41 when he died, he had an outstanding career in
Antarctic research.

Thefirst part of the number relates to the appropriate item of the Agenda (Annex 3).



1.6 A Lig of Paticipants is given in Annex 1. A Lig of Documents conddered during the
mesting isgiven in Annex 2.

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

e Dr M. Basson (UK), Krill Resources,

* DrW.delaMare (Audrdia), Fish Resources,

* DrR. Holt (usa), Other Resources;

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

e Dr J Bengtson (UsA), Maine Mamma and Bird Populaions and Assessment of
Incidentad Mortdlity;

 Mr D. Miller (South Africa), cCAMLR Scheme of Internationd Scientific Observation
and Scientific Exemption Providons,

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

ADOPTION OF THE AGENDA

1.8 The Provisona Agenda had been circulated prior to the meeting. The Agenda was
adopted with one amendment, the raisng of Agenda item 5(ii), “Report of the Joint Meeting of the
Working Groups on Krill and CEMP’ to afull agendaitem as Item 6 (Annex 3).

REPORT OF THE CHAIRMAN

19 During the intersessona period Members had participated in a number of meetings. The
Chairman expressed his thanks to Chile and Germany for hosting these mestings, and to Conveners,
Members, Rapporteurs and the Secretariat for ensuring their success.

1.10  The Working Group on Krill (vG-Krill) met from 27 July to 3 Augugt 1992 in Punta
Arenas, Chile and was chaired by the Convener, Mr Miller. The Working Group for the CCAMLR
Ecosystem Monitoring Program (WG-CEMP) met in Vifiadd Mar, Chile from 7 to 12 August 1992,
and was chaired by the Convener, Dr Bengtson. A joint meeting of these two Working Groups
from 5 to 6 August 1992 was dso held in Vifia dd Mar, and was chaired by the Chairman of the
Scientific Committee, Mr @stvedit.



1.11 A Workshop on the Design of Bottom Trawl Surveys was held from 16 to 19 September
1992 in Hamburg, Germany, chaired by the Convener, Dr K.-H. Kock (Germany).

1.12  The Working Group on Fish Stock Assessment (WG-FsA) met in Hobart, Audrdia, from
13 to 21 October 1992. Dr |. Everson (UK), the Convener, was unable to attend the meeting and
the Chalrman expressed histhanks to Dr Kock for chairing the meeting in Dr Everson’s absence.

1.13  The report of wG-Krill is atached as Annex 4, that of the joint meeting as Annex 8, that of
WG-CEMP as Annex 7, and that of WG FsA as Annex 5. The report of the Workshop on the Design
of Bottom Trawl Surveysis appended to the report of WG-FsA as Appendix H.

1.14  The Scientific Committee had been represented as an observer at a number of internationa
meetings during the intersessond period. As gppointed a last year's meeting (S-CAMLR-X,
paragraph 11.15) Mr E. Baguerias (Spain) had been an observer for the Scientific Committee at the
80th Statutory Mesting of ICES, Dr de la Mare at the meeting of the 1wc Scientific Committee and
Dr Croxal a scAR medtings. Although the Charman of the Scientific Committee had been
nominated to represent CCAMLR at the FAO Technicd Consultation on High Seas Fishing, held at
FAO headquarters from 7 to 15 September 1992, he had been unable to attend and Mr S. Olsen
(Norway) had agreed to act as observer in his place.

KRILL RESOURCES
FISHERY STATUS AND TRENDS

21 The krill catch for the 1991/92 season was 19% less than in 1990/91 and totalled
288 546 tonnes (Table 2.1).



Table2.1:

Nationd krill landings (in tonnes) since 1984/85 based on STATLANT returns.

Member Split-Year*
1985 1986 1987 1988 1989 1990 1991 1992
Chile 2598 3264 4063 5938 5329 4501 3679 6066
Germany 50 0 0 0 0 396 0 0
Japan 38274 61074 78360 73112 78928 62187 67582 74325
Republic of Korea 0 0 1527 1525 1779 4040 1211 519
Poland 0 2065 1726 5215 6997 1275 9571 8607
Spain 0 0 379 0 0 0 0 0
USSR** 150538 379270 200401 284873 301498 302376 275495 0
Russia 137310
Ukraine 61719
Total 191460 445673 376456 370663 394531 374775 357538 288546

* The Antarctic salit-year begins on 1 July and ends on 30 June. The column “split-year” refers
to the cdendar year in which the split-year ends (e.g., 1989 refers to the 1988/89 split-year).

**

Although the formd date for separation of the former USSR was 1 January 1992, statistics are

compiled here for Russa and Ukraine separately for the complete split-year, i.e. 1 July 1991

to 30 June 1992 for comparative purposes.

2.2
Table 2.2.

The totd krill catch by subarea and country for 1990/91 and 1991/92 is given in

Table2.2: Totd krill catch in 1991/92 by area and country. The catch for 1990/91 isindicated in

brackets.

Subarea Chile Japan Republic Poland Russia | Ukraine | (USSR) Total
/Area of Korea

481 |6066 (3679)| 61598 (54720)| 519 (1211) | 641 (310)| 8975 (4721) | 77799  (64641)
482 272 (1924) 2742 (6020) | 80142 | 20333 |(159313) | 103489 (163979)
483 12405 (9606) 5224 (3241) | 48163 | 41386 |(110715) | 107178 (123562)
48.4

485 30 (©) 30 ©)
58.4 0 0 (1329)
88 50 (746) 50 ©)
Total | 6066 (3679) | 74325 (67582) | 519 (1211) | 8607 (9571) | 137310 | 61719 | (275495) | 288546 (353514)
2.3 Catches contained in reports of Members' Activities were noted to be different from some

of those submitted in STATLANT returns and included in Tables 2.1 and 22. The Scientific
Committee sought darification from the Members concerned on the discrepancies.

24

An analyss of the 1991/92 catchesindicate that Chile and Japan have increased their catch

levels between the 1990 and 1991 seasons whereas Korea, Poland and the combined fleets of
Russia and Ukraine have decreased their catch levels.




25 The Scientific Committee noted with concern that the Secretariat could not prepare the
summary tables of tota krill catches prior to the meeting because of a lack of compliance with
Consarvation Measure 32/x and the fact that not dl STATLANT data had been recelved by the
officid submisson date of 30 September. This matter is further discussed in paragraphs 3.12 and
3.13.

2.6 Dr K. Shust (Russia) confirmed that catches of krill reported by Russaand Ukraine for the
1991/92 fishing season did not include any catches taken by vessals from the Bdtic states. Dr Shust
a0 indicated that since the Baltic states do not have a large scde krill fishery, catch leves are likdy
to be rdativey low.

2.7 Dr V. Yakovliev (Ukraine observer) confirmed that fishing was conducted during March to
August with scientific observers on board the vessdls.

2.8 Dr I.-Y. Ahn (Korea) reported that Korean vessds fished between 14 January and
2 February 1992 and took atota krill catch of 519 tonnes to the north of Elephant and Livingston
Idands. These data were submitted to the Secretariat at the Scientific Committee mesting.

2.9 The utility of reviewing Members intended commercid krill fishing activities for the
fothcoming season was agan noted (SC-CAMLR-IX, paragraph 2.11 and SC-CAMLR-X,
paragraph 3.13). Delegates from Chile, Jgpan and Russa reported that it was very difficult to
predict the number of vesses that would be involved in the forthcoming season snce this was
primarily driven by economic factors.

2.10 Dr Yakovlev indicated that vessds from Ukraine will befishing in Satigtical Area48in the
1992/93 season and that information on the number of vessals and catching capacities of the vessd
could be submitted.

REPORT OF THE WORKING GROUP ON KRILL

211  The Fourth Meeting of the Working Group on Krill (wGKrill) was hdd in Punta Arenas,
Chile from 27 Jduly to 3 August 1992. This meeting was atended by 27 participants from
11 Member countries. The objectives of the meeting are outlined in SC-CAMLR-X, paragraphs 3.23,
3.48, 3.52, 3.53, 3.82, 3.89, 3.91 t0 3.94, 3.105, 6.30, 6.36 and Annex 4, paragraphs 2.1 to 2.3)



212  The Convener of wGkrill, Mr Miller presented the report of the meeting. He tharked the
rapporteurs, participants and Secretariat for their support.

213  TheWorking Group’s report is attached at Annex 4.

214 In reviewing the report, the Scientific Committee thanked the Convener and participants
for thar input. Some 39 working and background papers were tabled at wGKrill’'smeeting. A ligt
of these documentsis given in Annex 4, Appendix C.

215  The Sdentific Committee endorsed WGKrill’ s report and made use of its ddiberations as a
bass for discusson. In the interests of brevity and to avoid unnecessary duplication, only a brief
summary of the report is presented here. Wherever paragraphs of the Working Group report were
accepted with little or only minor revison, the reader is referred to the rdevant paragraphs of
Annex 4. Consequently, the following summary should be reed in conjunction with this Annex.

Review of Fisheries Activities (Annex 4, paragraphs 3.1 to 3.23)

216  The Sdentific Committee shared WGKrill's concern about the lack of compliance with
Conservation Measure 32/x which cals for monthly reports of krill catches. It was noted that more
data had been submitted since the meeting of wGKrill in July and it was anticipated that compliance
will improve in the future (Annex 4, paragraph 3.9).

217  The Sdentific Committee noted that it might be possble to derive a composite index of
CPUE, asfirg defined by wGKrill in 1989 (Sc-CAMLR-VIII, Annex 4, Appendix 7), from haul-by-haul
fishery data in combination with acoudtic data collected on a smilar scale (Annex 4, paragraph
3.12). The Scientific Committee encouraged Chile and the usA to establish cooperative research
programs to work on this problem.

218  The Sdentific Committee again noted the vaue of haul-by-haul data from the Russan and
Chilean krill fisheries and the important role played by scientific observers aboard fishing vesselsin
the collection of such data. It was agreed that the collection of biologica and other data from
commercid krill fishing vessds remains atop priority in wWGKrill’swork.

219  wakKrill indicated that it is fill not possible to assess the full effect of the by-catch of larval
and juvenile fishin the krill fishery. Thisis despite past concerns and severd requedts for information
on this problem (SC-CAMLR-X, paragraph 3.22). The Scientific Committee urged both wGkrill and
WGFSA to keep the matter under review.



220  The Sdentific Committee noted WG-Kirill’s ddliberations on the problem of assessing the
mortdity of krill not retained in krill trawls and endorsed the comments made by the Working Group
(Annex 4, paragraph 3.22).

Egtimation of Krill Yield (Annex 4, paragraphs 4.1 to 4.88)

Krill Hux in Statistical Area48 (Annex 4, paragraphs 4.1 to 4.33)

221  The importance of krill movement with respect to krill distribution and the estimation of
potential yiddd was again emphasised a the waGKrill meeting (Annex 4, paragraph 4.1). The
Working Group had provided a summary of current knowledge on water flow rates in and between
subareasin Statistical Area48 (Annex 4, Table 1).

222  The Scentific Committee noted that new information on water flow ratesin Statigtica Area
48 had only been presented for Subarea 48.1. There is ill not much information available for
Subarea 482 and no new information had been provided for Subarea 48.3 (Annex4,
paragraph 4.27). It was agreed that submissions should be encouraged for Subareas 48.2 and
48.3, aswdll as other statistical aress.

223  The Scientific Committee supported WGKrill’s view on the vaue of higoric fine-scae
fisheries data from Statistical Area48 in the identification of areas of high krill dendty and the rdative
persstence of krill concentrations (Annex 4, paragraph 4.30). The Scientific Committee therefore
urged Members to submit higorica fine-scale data where possible.

2.24 Dr Shugt noted that accessing the historic data from the Russan krill fishery and preparing
the data for submisson to CCAMLR is possible but would represent a mgor data processing effort.
Because of the potentidly large amount of historic catch data and the substantid investment of
personnd time that would be required to trandform the data into a format useful to CCAMLR (e.g.,
extracting logbook data and recording it onto computer files or sandard reporting sheets), it might
be difficult to recongruct al higoricd fine-scale data  However, if sufficient resources can be
alocated to undertake such a project, it would probably be possible to assemble and submit historic
catch datafor at least some areas of particular interest.

2.25  The Scientific Committee agreed that Members holding previoudy unreported historic data
on krill catches should be encouraged, as a matter of priority, to evauate the current accessbility of
such data.  Following the completion of an initid data inventory, the feasbility of processng these



data into standard formats and submitting the data to the cCAMLR Data Centre should be
investigated. The historic data should be reported to CCAMLR in asfine ascae as possible.

226  There seem to be few difficulties in collecting fine-scae data and the Scientific Committee
therefore endorsed the recommendation that fine-scae data be submitted for dl Statistical areas in
the Convention Area. This would imply an extenson of the current requirements for Subareas 48.1,
48.2 and 48.3 to Subareas 48.4, 48.5 and 48.6, as well as, Statistical Areas 58 and 88.

2.27  wakrill had indicated that, for reason of convenience, the boundaries between subareas
within Statistical Area48 were used to assess the flow of water masses between subareas (Annex 4,
paragraph 4.10). The Scientific Committee agreed that it will be necessary to consder whether
these boundaries are indeed appropriate with respect to krill movement. If the boundaries need to
be re-defined, the information necessary to do so should aso be identified.

228  The Scentific Committee agreed that there was a need for more oceanographic models
and encouraged the establishment of links between research groups and institutes working on krill
population dynamics and those working on oceanographic models. It was noted that there were
many oceanographic sudies focusing on very different spatial and tempora scales. The Scientific
Committee encouraged WGKrill to devdop outlines indicating the ranges of spatid and tempord
scales (for oceanographic models) that would be most relevant to the work of wGKrill.

229  The Scentific Committeg's atention was drawn to publications by Prof. Hofman and
colleagues on the integration of models of oceanographic factors and of krill biology. Members
were requested to provide information on smilar studies to the Convener of wGKrill before the next
mesting of this Working Group.

230  The Scentific Committee recommended that the Secretariat develop a bibliography with
respect to oceanographic matters relevant to the wakrill. The Scientific Committee, however, dso
requested WGKrill to provide outlines that would define the subjects within oceanography thet are of
greatest relevance to the Working Group in order to assst the Secretariat in their task. The attention
of the Secretariat was drawn to the SO-GLOBEC program (CCAMLR-XI/BG9Rev. 1).

Estimation of Biomass (Annex 4, paragraph 4.34 to 4.71)

231  wakrill reviewed various submissons on esimating krill biomass using acoudtic data. The

Scientific Committee endorsed without comment, wGKrill’s cal for further work regarding acoustic
methods (Annex 4, paragraphs 4.40, 4.41 and 4.44).



2.32  The Sdentific Committee noted that Russia had tabled a paper ©C-CAMLR-XI1/BG/13)
setting out an outline proposa for a project to modd krill aggregation (KRAM) in reation to acoustic
surveys to estimate the species abundance.  While the Scientific Committee recognised that there
may be some merit in the proposd, it felt that the matter should be referred to WG-Krill’s next
meeting. The Working Group should then evauate the proposa in the light of its other priorities and
advise the Scientific Committee accordingly.

2.33  The precautionay limit set in 1991 for krill in Statisical Area 48 (Consarvaion
Measure 32/X) was based, in part, on caculations undertaken by wGKrill in 1991 usng estimeates of
krill biomass from ABEX. The Scientific Committee had requested that the ABEX data be
re-andysed (SC-CAMLR-X, paragraph 3.78) to obtain estimates of biomass by subarea using the new
acoudtic target strength (1) values adopted by the Scientific Committee (SC-CAMLR-X, paragraph
3.34). A group of scientists from severd Member nations undertook this andysis and the results
were reported to WGKrill (Annex 4, paragraphs 4.47 to 4.59 and Table 2).

2.34 It was noted that the dendties obtained from the new target strength relationship (see
paragraph 2.32) were approximately bur-times those obtained from the origind target strength
relationship BIOMASS Rept. Ser. No. 40, 1986). There were, however, some problems with the
results from one vessel (Walther Herwig) which used 50 kHz as its survey frequency. In Subarea
48.2 the dengty from the Walther Herwigwas smilar to that from other vessals, whereas in Subarea
48.1 the dengity from this vessdl appeared very high for a survey covering such alarge area of deep
water. The Working Group discussed possible reasons but could rot satisfactorily explain the
difference.

235 The Sdentific Committee's atention was drawn to this problem and it agreed with
WGKrill's recommendation that further evduation of the ABEX acoudtic data for Walther Herwig
together with net-haul data should be undertaken (Annex 4, paragraph 4.58).

2.36 In discusson it was dso noted that a supersvarm had been detected north of Elephant
Idand during the time of the ABEX survey. Mr Miller informed the Working Group that some
transects of the Walther Herwig cruise did cross the area where the supersvarm had been detected
and that the analysis presented to wGKrill had not correctly weighted the data from these transects.
He reported that re-analysis of these data have been performed since that meeting.

2.37 Mr Baguerias informed the Scientific Committee of the establishment of a new ICES Study
Group on Target Strength Methodology and suggested that the Scientific Committee follow the
work of that Study Group in order to benefit from its expertise.



2.38  The Scentific Committeg' s attention was drawn to results of acoudtic surveys, presenting
estimates of krill biomass in the Ross Sea, Prydz Bay and around Elephant Idand (Annex 4,
paragraphs 4.59, 4.60 and 4.63 to 4.70).

Refining Cdculations of Potential Yield (Annex 5, paragraphs 4.72 to 4.80)

2.39  The Scentific Committee noted that various refinements to the process used to caculate
potentia yield of krill were carried out during the intersessond period and presented to wWGKiill
(Annex 4, paragraphs 4.73 to 4.77 and WGKrill-92/4 and 28).

2.40 It was dso noted that direct account was taken of uncertainties, particularly with respect
to recruitment, mortdity and the initid biomass. This gpproach implied that there was no further
need for a discount factor as previoudy used (SC-CAMLR-X, paragraph 3.67).

241 At the wakrill meeting, two papers were presented containing estimates of potentid yield
using caculaions that were very smilar, though not identicd (WGKrill-92/4 and 28). Results were,
however, quite different and the Working Group recommended that the caculations contained in
these papers should be independently checked.

242 In this regard, the Scientific Committee endorsed WGKrill’s cdl for the establishment of a
procedure whereby the Secretariat would verify the methodology, cadculations and computer
software used in modds or assessments, particularly in Stuations where results from such modds
are used in providing management advice.

243  The Scentific Committee noted that estimates of potentia yield obtained from the refined
mode developed by wGKrill (Annex 4, paragraph 4.72 to 4.80) are sendtive to the assumption
about the variability in recruitment and endorsed the Working Group's recommendation that further
work, adong the lines set out in Appendix D of Annex 4, be conducted to try and estimate
recruitment variability from length frequency data

Refinement of Precautionary Catch Limit Estimates
(Annex 4, paragraphs 4.83 to 4.88)

244  In ariving a suggestions for an overdl precautionary catch limit for Subareas 48.1, 48.2

and 48.3, wWGKrill had consdered four estimates based on the re-analysed ABEX data (Annex 4,
paragraph 4.84). Two biomass estimates were used, one including and the other excluding the

10



Walther Herwig data, because of the problems encountered with results from this vessd (see
paragraph 2.34) and the fact that the Working Group had not found a satisfactory explanation for

this discrepancy.

245  Two methods of cdculation were used, one based on the modd used in 1990/91
(sc-cAMLR-X, Annex 5, paragraphs 4.32 and 6.42 to 6.55) and the other based on the refined
modd presented in WGKirill-92/4, because of the problems regarding vdidation of the cdculations
(see paragraphs 2.41 and 2.42).

2.46 Dr Shust was of the opinion that the Walther Herwig results should be included because,
athough estimated dendties were very high for Subarea 48.1, estimates for Subarea48.2 are very
amilar to those from other vessdls (paragraph 2.34).

247  TheWorking Group had suggested that the estimates of biomass used in these cdculations
were likely to be underestimates. The Scientific Committee, however, suggested that the estimates
could dso be postively biased, if recruitment kad been above average in the period prior to the
survey.

248  Seven dternaive methods for dlocating the precautionary limit to subareas within
Statistical Area 48 were consdered by waKrill (Annex 4, paragraph 4.87 and Table 5). The
methods could be grouped into those that could be implemented immediately and those that would
need more information before they could be implemented.

2.49 Prof. J. Beddington (UK) expressed his doubts about the feasibility of the method based on
predator demands since it was not clear whether a podtive or negative reationship between
predator demands and precautionary catch leve in a subarea should be applied. For example,
should ahigh level of predator demand imply ardatively high or low caich leve?

2.50 Dr Bengtson, the Convener of wG-CEMP, indicated that wGKrill had requested wG-CEMP
to condder the feashility of this method and wG-CEMP had concluded that the method was not
feasble (Annex 7, paragraph 8.7).

251 It was, however, noted that the possble problem of locd depletion of krill and any

corresponding need for supplementary management measures to ensure that not al catches were
taken in the criticd period and location for predators still remained (Annex 4, paragraph 4.88).
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2.52 Further problemswith some of the other methods were highlighted. Dividing the catch limit
evenly between areas was thought to be unredigtic ance biomass and productivity would tend to
differ between subaress.

2.53 By contragt, the information needed to implemert the method using local biomass adjusted
for movement of krill is so great that once it has been obtained, a more detailed and gppropriate
management strategy for each subarea rather than asmple divison of catches, could be developed.

Ecologicd Implications of Krill Fishing (Annex 4, paragraphs 5.1 to 5.53)
Location and Timing of Fishery (Annex 4, paragraphs 5.3 to 5.26)

254  The Sdentific Committee had posed some questions regarding the ecologica implications
of krill fishing to wGKkrill & its 1991 meeting GC-CAMLR-X, paragraph 6.36). WGKrill had an
extensve and vauable discusson on this topic and noted that the dialogue between scientists and
those with practica experience of the fisheries had led to a better appreciation of what measures
would be consdered as reasonable when cons dering management options.

2.55 In summary, the main factors affecting the timing and location of the fishery areice, the type
of krill (eg., feeding or nonfeeding) and operationd requirements (Annex 4, Table1l). The
Scientific Committee endorsed the comments made by wGKrill in thisregard (Annex 4, paragraphs
55105.8).

256  wakKrill noted that in Subarea 48.1 fishing is concentrated in the months and locations that
are critica to land-based predators. In Subarea 48.2 much less fishing occurs during the critica
months and locations and in Subarea 48.3 the bulk of the catches are taken in the winter months

(paragraph 5.29).

2.57 In conddering the rdation of fishing to krill predators wGKrill focussed on two spatia

scades. the Southern Ocean scale and a scde rdating to localised krill/predator interactions.

2.58 Prof. Beddington suggested that there would be merit in consdering a spatid scde in the
middle of the range (for example, a the scale of subareas) Snce management decisons are currently
based on the subarea scale.



Effects of Management Measures on Krill Fishing
(Annex 4, paragraphs 5.46 to 5.51)

259  Vaious management measures for controlling fishing in specific areas were discussed at
WGKrill’s meeting. The Scientific Committee noted that there were advantages and disadvantages
associated with al the methods.

260  Prof. Beddington disagreed with WGKTrill’s assertion that a combination of closed aress
and closed seasons was not easy to enforce. The Scientific Committee agreed that questions
regarding the enforcibility of management measures was a matter for the Commisson and not a
problem the Working Group needs to consider.

261  Dr Shugt suggested that athough the combination of closed areas and closed seasons
seems most appropriate, it would be very difficult to define appropriate areas because the
predator-prey interactions are so dynamic.

262  Dr de la Mare noted that, with respect to land-based predators, the problem of defining
appropriate ‘management areas that could be used in the closed areas management measure, is
quite tractable. Biologica characteristics such as foraging range could be used to define such aress.
With respect to pelagic predators, the problem is far lesstractable.

2.63  Further discusson on thistopic is given in paragraphs 5.41 to 5.43.

Liason with wG-CEMP (Annex 4, paragraphs 5.52 and 5.53)

2.64 The close liaison between wGKrill and wG-CEMP was endorsed.

Advice on Krill Fisheries Management (Annex 4, paragraphs 6.1 to 6.30)
Precautionary Limits on Krill Catches (Annex 4, paragraphs 6.1 to 6.5)

2.65  The Scentific Committee took note of the caculations carried out by WGKrill to etimate
precautionary limits using e re-andysed ABEX data and the refined model (Annex 4, paragraph
4.84), in response to a request from the 1991 meeting (SC-CAMLR-X, paragraph 3.78). The
Scientific Committee endorsed the comments made by wGKrill regarding the reservations and
caveats associated with these cdculations (Annex 4, paragraph 6.2).
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266  The Scentific Committee endorsed the Working Group's recommendation that the
precautionary catch limit for krill in Statistical Area 48 should remain & 1.5 million tonnes noting,
however, that thislevel is only exceeded by one of the revised estimates.

2.67  With some reservations being made by certain Members about the revised methodology,
the Scientific Committee agreed that the estimates of yield caculated by wGKrill for Divison 58.4.2
(Annex 4, paragraphs 6.1 and 6.3) could be used as a basis for setting a precautionary catch limit
for this subarea and endorsed wGKirill’s recommendation (Annex 4, paragraph 6.4).

2.68  Dr M. Naganobu (Japan) stated that he endorsed the view expressed by Dr H. Hatanaka
(Japan) in wGkKrill (Annex 4, paragraph 6.4). In his opinion advice could not be based on the lower
figure (0.25 million tonnes) which was obtained from the revised mode because of the problems
associated with validation (see paragraphs 2.40 and 2.41). The higher figure (0.39 million tonnes),
based on the moddl used at the 1991 meeting, could however, be used as a bads for setting a
precautionary cetch level in Divison 58.4.2.

2.69  The Scentific Committee took note of wWGKrill's advice that if the vdidity of the ABEX
results remains in doubt, consideration would need to be given in the near future to the indtitution of
a near-synoptic survey for krill in Statistical Area 48 as awhole. This matter is further discussed in
paragraphs 2.116 to 2.118 of this report.

2.70  With respect to future refinements of these calculations, the Scientific Committee noted that
the focus had been on the estimate of initia (or unexploited) biomass. The variance associated with
the edimate of biomass had not redly been consdered and should receive more attention. The
variance of recruitment assumed in the modd calculations aso affects results and further work to try
and egtimate the level of variance from data (for example, as outlined in Appendix E of Annex 4) is
encouraged.

2.71  Dr D. Robertson (New Zedland) drew Members attention to the implicit assumption that
the biomass estimate from the FIBEX survey conducted in 1981 is gppropriate for use as an estimate
of unexploited biomess in the caculation of potentid yield.

2.72  waGKrill conddered severd options as the basis for alocating precautionary catch limits to
subareas within Statistical Area 48 (Annex 4, paragraphs 6.6 to 6.10) and considered that, ideally,
the tota krill biomass in a subares, corrected for predator demands and krill movements should be
used. Some members of wGKrill felt that an approach based on congderations of the movement of
krill between subareas within the season would be most appropriate.

14



2.73  The Scentific Committee endorsed the view of the Working Group that snce the catch in
the most recent season had been well below the trigger level of 620 000 tonnes (stipulated in
Conservation Measure 32/X), it would be unlikely that the implementation of an dlocation scheme
would become necessary in the near future. An interim gpproach was therefore recommended
(Annex 4, paragraph 6.9).

2.74  The interim approach was based on taking the average of three percentages for each
Subarea:

(i) the percentage of the tota biomass, estimated from the ABEX survey incuding the
Walther Herwig data, in that subarea:

(i)  the percentage of the total biomass, estimated from the ABEX survey excluding the
Walther Herwig data, in that subarea; and

(i)  the percentage of the historica total average catch in each subares;

The reason why the higtorical catch was taken into account in these calculations was because the
proportion of biomass edimated in Subarea 48.3 seemed unredidicaly low rdative to the
proportion of the catch taken in that subarea. This may have been due to the fact that only part of
Subarea 48.3 was covered during the ABEX survey (Annex 4, paragraph 4.54).

2.75  The Scientific Committee noted that there are problems with an gpproach based on krill
biomass with an adjustment for predator demands. Firdly, krill biomass may fluctuate greatly
between subareas and between years. Secondly, asindicated by CEMP (Annex 7, paragraph 7.6), it
is currently impossible to estimate total consumption for al krill predators in the subaress.

2.76  The Scentific Committee dso took note of the view that krill movement (or flux) should be
taken into account when alocating catch limits to subareas, but agreed that much more information
on oceanographic factors and krill biomass fluctuations was heeded before such an gpproach could
be implemented.

2.77  The Scentific Committee agreed that, at this stage, the most practical gpproach would be
that recommended by wGKrill (Annex 4, paragraph 6.10). The Scientific Committee drew the
Commission’s attention to the fact that this gpproach implies that the sum of the percentages for dl
Subaress is greater than 100%. Implications of this recommendation, in terms of catch limits by
subarea based on atota precautionary catch of 1.5 million tonnes, are set out below (in tonnes):
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Antarctic Peninsula 48.1 28% 420 000

South Orkney Idands 48.2 49% 735000
South Georgia 48.3 24% 360 000
South Sandwich Idands 484 5% 75000
Wedddll Sea 48.5 5% 75000
Bouvet Idand region 48.6 20% 300 000

2.78  waGKrill again discussed the possible need for additional management messures to ensure
that not al catches are concentrated within the critica times and locations for krill predetors
(Annex 4, paragraphs 6.11 to 6.15). The discussion in the Scientific Committee with respect to this
matter is given in paragraphs 5.39 to 5.43.

2.79  The Scentific Committee endorsed the recommendation by wGKrill that there may be a
need for the definition of management regions for krill that are more gppropriate than datigtical
subareas (Annex 4, paragraphs 6.16 and 6.17).

Refining Operationd Definitions (Annex 4, paragraphs 6.18 and 6.19)

2.80  The Scientific Committee noted that the Working Group had made definite progress at its
last meseting, with respect to the development of operationa definitions within the context of a
particular management procedure. WGKrill had darted with rdaivedy smple modes, taking
uncertainty into account and using relatively arbitrary levels of probability in the caculaions of
potentid yidd. The Scientific Committee supported further work in wGKrill to move to a more
redigtic set of models and biologica targets.

281  The Scentific Committee endorsed WGKrill’s comment that advice from the Commission
on policy matters may be needed in future as management procedures are developed (Annex 4,
paragraph 6.19). An example of such a policy matter would be the question of how frequently and
by how much caich levels can dter.

Other Possible Approaches and their Development
(Annex 4, paragraphs 6.20 to 6.23)

2.82  wakrill highlighted the fact that essentidly three types of information would be avalable

for the devdopment of a feedback management procedure: information from the fisheries,
information independent of the fisheries (e.g., surveys) and information on krill predators. The
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Scientific Committee noted the advantages and disadvantages associated with the three types of
information.

2.83  The studies an cPUE by Drs Mangdl and Butterworth! which had been endorsed by the
Scientific Committee (SC-CAMLR-VIII, paragraphs 2.13 to 2.21) indicated that haul-by-haul dataare
essentid if any changesin CPUE were to be detected. The information obtained from surveys have
not yet been subjected to such rigorous examination. It would therefore be appropriate now to
move on to condder the information content of data from different types of survey and the
information content of data on predator responses. The latter is a more difficult exercise than the
former and the functiond relationships between predators and prey should first be investigated.

2.84  The Sdentific Committee commended WG-Krill and wG-CEMP for taking up this task, as
outlined in the report of the Joint Meeting (Annex 8).

2.85  The Japanese Delegation indicated that due to the congraints of domestic law it would be
impossible for them to submit haul-by-haul data. Dr Naganobu, however, confirmed that it would
be possible for Japan to report combined krill catches on a scde of 10x 10 n miles (Annex 7,
paragraph 5.29; and 5.13 of this report).

2.86 Dr Shugt pointed out that athough surveys are expensive, fisheries data are not collected
without costs and collecting fine-scale data is also expensve. He suggested that asmall fund should
be created from Members contributions to assst in covering the costs of the collection and collation
of fisheries data.

2.87 Saeverd Members dso noted that more studies of the interactions between krill and the
fishing fleets are needed.

Data Requirements (Annex 4, paragraphs 6.24 to 6.26)

2.88  The Scientific Committee endorsed the comments made by wGKrill in this regard.

1 BUTTERWORTH, D.S 1989. A simulation study of krill fishing by an individual Japanese trawler. In:
Selected Scientific Papers. 1989 (SC-CAMLR-SP/5). CCAMLR, Hobart, Australia: 1-108. BUTTERWORTH,
D.S 1989. Some aspects of the relation between Antarctic krill abundance and CPUE measures in the
Japanese krill fishery. In: Selected Scientific Papers. 1989 (SC-CAMLR-SSP/5). CCAMLR, Hobart, Australia:
109-126. MANGEL, M. 1989. Analysis and modelling of the Soviet Southern Ocean krill fleet. In: Selected
Scientific Papers. 1989 (SC-CAMLR-SSP/5). CCAMLR, Hobart, Austraia: 127-236.
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Scientific Observer Scheme (Annex 4, paragraphs 6.27 to 6.29)

2.89  The Sdentific Committee endorsed the recommendation by wG-krill for the trid use of the
draft scientific observer manud developed by the Secretariat during the forthcoming fishing season.

290 The Scentific Committee dso endorsed the Working Group's views expressed in
paragraphs 7.2 to 7.13 regarding editorid matters.  For further discusson on SC-CAMLR’'S
publications policy see paragraphs 11.1 to 11.5.

DATA REQUIREMENTS

291  The Scentific Committee was pleased to note that a consderable number of papers had
been tabled a& waKrill and that these contained information relevant to the data requirements
identified a the Working Group’s 1991 meseting (SC-CAMLR-X, Annex 4, Table8). In this
connection, the Scientific Committee endorsed WGKrill’s updated table of informeation requirements
(Annex 4, Table5). Thefollowing requirements were highlighted in particular:

» the Secretariat should contact FAO and other relevant organisations to determine
whether data on catches from FAO Statistical Area 41 are available, and can be added
to the ccAMLR Database;

» the requirement to submit fine-scale catch and effort data from Subareas 48.1, 48.2
and 48.3 and the CEMP Integrated Study Regions (1SRs) should be expanded to apply
to any catches of krill in the Convention Area Higtorica fine-scale catch data should
also be submitted for Statistical Area 58;

» the ongoing requirement to submit length frequency data from commercid vessdls, haul-
by-haul data (irrespective of proximity to CEMP dtes) and information on the
number/capecity of fishing vessds should remain.

2.92  With respect to the requirement to submit both catch and effort data, Japan restated that it
hed difficulties with the submisson of fine-scale effort data. Japan indicated, however, that Japanese
effort data would be, and had been, included in andyses undertaken by Japanese scientists, eg.
SC-CAMLR-XI/BG14.

293  Other requirements include - reporting of monthly catches in accordance with
Conservation Measure 32/X, presentation of data on krill flux in Subareas 48.2 and 48.3 as well as
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other areas, examination of the precison of estimates of krill length-weight relationships and reports
of experiments of krill passing through trawls during fishing.

294  The Sdentific Committee agreed that it would ill be of vaue if fishing Members could
indicate the number of vessdls that plan to fish for krill in the forthcoming season together with thelr
catching capacities. Reservations were, however, expressed by many Members of their ability to do
this.

295 The vdue of quditative information from the fisheries was emphessed and future
submissons of such information is encouraged.

FUTURE WORK OF WG KRILL

296  The Sdentific Committee noted tha wGKrill made sgnificant progress in its work. In
particular, the refinement of procedures to caculate potentid yield, the development of dternative
procedures whereby the dlocation of precautionary limits to subareas in Statistical Area 48 may be
achieved, and condderation of various gpproaches to take explicit account of predator requirements
in the management of the krill fishery were seen as being noteworthy achievements.

2.97  The Sdentific Committee endorsed the following topics as having the highest priority for
WGKrill in the forthcoming year:

» the continued investigation of oceanographic flux in Statistica Area 48 and other aress,

» thefurther estimation of totd effective biomassin Statistical Area 48 and other aress,

» the further esimation, refinement and vdidation of methods to cdculate potentid yied
and precautionary limitsin various Saigtical areas and subaress, including refinements of
the underlying model used to estimate yidd as wdll asitsinput parameters,

o further work, in asociaion with WGCEMP, on models to describe functiond
relationships between krill, its principa predators and the fishery. Such work would
include the need to take account of predator requirements in the development of

management procedures for the krill fishery; and

» further work onthe possble extent of krill mortaity during fishing operations.
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2.98 In addition the Working Group should continue to address issues associated with survey
design, acoudtic assessment of krill biomass, development of gpproaches to management and
continue liason with wG-CEMP on matters of common concern.

2.99 In order to address these issues, which are fundamenta to the development of advice on
krill, the Scientific Committee recommended that wGKrill should meet during the intersessond
period for approximately one week during 1993.

ADVICE TO THE COMMISSION
Generd Advice

2100 waKrill should hold an intersessona meeting during 1993 in order to continue work on
topics set out in paragraphs 2.97 and 2.98.

2101 The Commission’s attention was d-awn to the fact that, because of non-compliance with
the data reporting element of Conservation Measure 32/X, the Secretariat was unable to complete
the tables of krill catch gatistics before the Scientific Committee meeting.

2.102 Submissons are encouraged on the dynamics of krill fluxes in Subareas 48.2 and 48.3in
particular, aswell asin other statistica areas (paragraph 2.22).

2.103 Condderation should be given to whether the use of CCAMLR datistical subaress is
appropriate with respect to krill movement and the definition of water mass boundaries. In
paticular, the information necessary to define water mass boundaries should be identified

(paragraph 2.27).

2104  Hne-scale fisheries data should be submitted for dl datistical areas (including Areas 58,
88 and subareas in Area 48 for which fine-scae data have not been required in the past). Such data
from past seasons should a so be submitted (paragraph 2.23).

2.105  Kiill recruitment varigbility should be estimated using length digtribution data from research
surveys as outlined by wGkrill (Annex 4, Appendix D) (paragraph 2.43).

2106 Submissonsto WGKrill’s next meeting on additional management measures to supplement
precautionary catch limit alocations are encouraged (paragraph 2.78).



2.107 The Walther Herwig FIBEX data should be vdidated further. Should the vdidity of the
FIBEX dataremain in doubt then consideration needs to be given in the near future to the ingtitution of
anear-synoptic krill survey in Statistical Area48 as awhole (paragraph 2.69).

2.108 A flexible scheme for designating specific management aress, fishing grounds or aress of
specific ecologicd interest is required. As afirst step such a scheme could be based on aggregates
of fine-scale catch reporting units (0.5° latitude by 1° longitude) (paragraphs 2.61 and 2.62).

2109 wakrill and wG-cEMP should continue thelr close liaison on the devdopment of a
feedback management procedure to take account of information on interactions among krill, krill
predators, the fishery and the environment (paragraph 2.82).

2110 The specific data requirements listed in paragraph 2.91 should be addressed as a matter of
priority.

Specific Advice on the Status of Krill Stocks

2.111 The Sdentific Committee recommended that Conservation Measure 32/x should not be
amended at thistime.

2112 The average of ABEX-based biomass estimates and historica catch levels plus 5%
currently offers the most practica interim alocation procedure for gpportioning the precautionary
catch limit to subareas within Statistical Area 48 (paragraph 2.74).

2113 A range of 0.25 to 0.39 million tonnes represents the best scientific advice on a
precautionary catch limits for Divison 58.4.2 which can be given a this time (paragraph 2.67). It
was agreed that a precautionary catch limit of 0.39 million tonnes should be gpplied to Divison
58.4.2 @ thistime.

2114 As a principle, the Secretariat should be charged with checking specific cadculations,
particularly when these are used as abasis for management measures (paragraph 2.42).

2.115 When deveoping a comprehensive management procedure for krill (paragraph 2.82) it is

necessary to know the magnitude and frequency by which krill catch levels may be adjusted. The
Commission’ s guidance is sought on this matter.
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2116 The Commisson’s atention is drawn to the possible need for a large-scale near-synoptic
survey in Statistical Area 48 (paragraph 2.69). Such a survey would involve condderable effort in
coordination and involve sgnificant costs. The Commisson’s guidance on the feagbility of such an
exerciseis sought .

2117 The Commisson's atention is drawn to the fact that the development of management
procedures for krill is critically linked to the rdiability and qudity of information that would be used
in such a procedure.

2.118 Thisimplies, for example, that if wGKrill could not rely on obtaining the necessary detalled
data from the commercid fishery, management procedures that rely on such data would not be
possble. In this circumgance, dternatives such as regular comprehensve surveys might be

necessary.

FISH RESOURCES

FISHERY STATUS AND TRENDS

31 In the Atlantic sector commercid fishing for finfish was prohibited in Subareas 48.1 and
48.2 (Conservation Measures 41/X and 42/X).

3.2 In Subarea 48.3 (South Georgid) the tota catch of al species in 1991/92 was
50 678 tonnes, which compares to 82 423 tonnes in 1990/91, the difference being largely due to a
drop in myctophid landings. However, dl expected catch returns have not yet been received.

3.3 The fishery for Champsocephalus gunnari was closed for the 1991/92 season
(Conservation Measure 33/X). The fishing season for Dissostichus e eginoides was shorter than in
previous seasons, mainly because of entry into the fishery of the Chilean fleet. This fishery was
subject to a TAC of 3500 tonnes (Conservation Measure 35/X). The tota catch reported for this
gpecies was 3 703 tonnes, including 133 tonnes taken in research catches. The total catch of
Electrona carlsbergi was 46 960 tonnes, well below the TAC of 245 000 tonnes (Conservation
Measure 38/X). Directed fisheries on Notothenia rossii, Patagonotothen guntheri, Notothenia
gibberifrons, Chaenocephalus aceratus, Pseudochaenichthys georgianus and Notothenia
squamifrons were prohibited in 1991/92 under Conservation Measures 3/1v and 34/X. A summary
of catches of al speciesfrom 1970 onwardsis presented in Table 3 of Annex 5.



34 In the Indian Ocean sector, the only commercid fishing reported was from Divison58.5.1
(Kergudlen). The tota catch congsted of 44 tonnes of C. gunnari and 7 492 tonnes of D.
eleginoides. Fshing for N. squamifrons in Divison 58.4.4 (Ob and Lena Banks) was prohibited
under Conservation Measure 43/X.

REPORT OF THE WORKING GROUP ON FISH STOCK ASSESSMENT

35 The acting charman of the Working Group on Fish Stock Assessment (WGFsA),
Dr Kock presented the report of the meeting which had been hed a the CCAMLR Secretariat
Officesin Hobart from 13 to 22 October, 1992.

3.6 The Report of the Working Group is attached in Annex 5.

3.7 WGFSA reported there were no scientists present at the meeting who were familiar with the
contents of some of the papers which presented assessments. WGFSA attempted to take these
papers fully into account in its work, but in some cases, the Working Group was unable to evauate
them because some technica details of the andyses were insufficiently reported. In these cases WG
FSA has referred the papers back to the authors for clarification and re-submisson to a future
mesting.

3.8 In reviewing the report, the Scientific Committee thanked WG-FsA for the considerable
work which had gone into the report. The Committee particularly thanked the acting chairman for
running the Working Group meeting when the Convener (Dr Everson) was unfortunately unable to
attend.

CCAMLR Scheme of Internationa Scientific Obsarvation
(Annex 5, paragraphs 4.1 to 4.5)

39 The Scientific Committee endorsed the comments of WGFsSA. The Scentific Committee
agreed that dl vessds conducting any form of fishing should be covered under the Scientific
Observation Scheme, but the highest priority for the placement of Scientific Observers was on
commercid fishing vesds.
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Review of Draft ccaMLR Scientific Observers Manud
(Annex 5, paragraphs 4.6 t0 4.9)

310 The Scentific Committee endorsed the comments made by WGFSA. The Scientific
Committee expressed its gppreciation for the considerable effort put into producing the manua by
the Secretariat, and to many Members of the Scientific Committee and Working Groups for ther
contributions.

Data Requirements Endorsed by the Commission in 1991
(Annex 5, paragraphs 5.1 and 5.2)

311 Requedts for various data from WGFSA in 1991 (SC-CAMLR-X, Annex 6, Appendix E)
were endorsed by the Scientific Committee and Commisson. Data submitted to the Secretariat in
response to thisrequest are listed in Annex 5, Appendix D. Although some of the data requested by
the Working Group had been submitted, there is a substartia amount of data till required (Annex 5,

Appendix D).

Catch and Effort Statistics (Annex 5, paragraphs 5.3 t0 5.7)

312  The Sdentific Committee noted that STATLANT A and B data are sill not being submitted
to the Secretariat by the due date (September 30), and many of these data were sill not submitted in
time for the meeting of WGFSA. This year, the necessary data could be compiled from the returns
under the reporting requirements adopted under the various conservation measures in force.
However, the STATLANT data cover any fisheries not subject to specific reporting requirements, and
<0 ther timely submisson is essentid.  The Data Manager suggested that moving the due date for
submission forward to 31 August would dlow the Secretariat to determine which data are missng
well ahead of the meeting of WGFsSA. Given this extra time the Secretariat would be able to seek
these data from Members so that they would be avallable in time for WGFsA.

3.13  The Scentific Committee requested the Data Manager to consult with Members in the

intersessond period to determine if such a scheme could be arranged, and to report the results and
recommendations from this review to the next meeting of WG-FsA for further consderation.
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Generd Advice on the Management of Fish Stocks
(Annex 5, paragraphs 6.237 to 6.245)

314  wGFsA discussed the potentid utility of effort controls as a means of controlling fishing
mortdity. These were seen as likely to be useful in controlling the rate of expangon of fishing effort
on stocks for which new fisheries have recently begun and for which insufficient informetion was
avalablefor sftting aTAC.

3.15  Effort controls may be particularly vauable in ensuring that the fishing season does not
become excessively foreshortened. Some of the estimation methods in use by WG-FSA may become
unreliable if the fishing season is very short.  In such cases increasing effort will lead to increasing
uncertainty about the status of the stocks.

3.16 The Scientific Committee endorsed these comments, but aso noted WGFSA'S comments
thet the implementation of effort controls has a number of practica difficulties which will require
congderation by the Commission.

Congderations of Ecosystern Management

Interactionswith wGKrill (Annex 5, paragraphs 7.1 to 7.7)

3.17  The Scientific Committee endorsed the comments of WGFsA. The Scentific Committee
reiterated the concluson of wGKrill-91/25 that there is till an urgent requirement for more detailed
monitoring of the krill fishery to properly assess the magnitude of the fish by-catch problem, and to
determine the locations and times of year when young fish are a greatest risk. The Scientific
Committee o0 emphasised the need to ensure that future information should be submitted in
accordance with the formats set out in the Draft Scientific Observers Manud aong with full details of
the sampling procedures employed according to the agreed guiddines (see SC-CAMLR-1X, Annex 5,

Appendix F).
3.18 It was suggested that the Commission may need to consider measures which reduce the
by-catch of fishin krill trawls.

Interactionswith WG-CEMP (Annex 5, paragraphs 7.8 to 7.15)

3.19 The Scientific Committee endorsed the comments of WG-FSA on these matters.
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Research Surveys

Workshop on the Design of Bottom Trawl Surveys

3.20  The Report of the Workshop on the Design of Bottom Trawl surveysis given in Annex 5,
Appendix H. The Scientific Committee endorsed the comments and recommendations of WGFSA,
and thanked the Bundesforschungsangdt fir Fischerel (Federd Research Centre for Fisheries),
Germany, for hosting the Workshop. The Scientific Committee agreed that the ‘Draft Manua for
Bottom Trawl Surveys should be circulated by the Secretariat to al Members in the intersessond
period for comment. A new draft will be prepared for find approvd next year.

Recent and Proposed Surveys

321  The Sdentific Committee noted that a Russian survey on D. eleginoides was carried out in
the Shag Rocks/South Georgia area from May to July 1992 usng two commercid longline's. The
catch taken during the survey made up gpproximately 6% of the TAC sat by the Commission for the
1991/92 season which had been exhausted in March 1992. It was noted that no provisons have
been made to take these catches into account when consdering aTAC for 1992/93.

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

3.23 Hne-scde haul-by-haul data and length composition data from the research cruise were
submitted to CCAMLR. Preliminary analyses of biologica characteristics (age, reproduction) were
provided in WG-FSA-92/13, 14 and 15. However, the Scientific Committee noted that the submission
of biologica data did not follow the guidelines and standards set out by WG-FSA earlier (SC-CAMLR-
IX, Annex 5, paragraphs 249 to 254). It was noted that biological sample size was smal compared
with the gpproximate 20 000 fish taken.

3.24  The Sdentific Committee noted the concluson of WGFsA that the information provided so
far from these surveys contributed little to improve the assessments carried out by the Working
Group during this year's meeting. The Scientific Committee reiterates earlier satements and the
Commission s decison from 1986 that research plans should be submitted Sx months in advance to
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alow careful review of research proposds to ascertain that they address specific requests by the
Scientific Committee and Working Groups (see dso Scientific Research Exemption section
fallowing).

3.25 A bottom trawl survey was undertaken by the Falklands Protector in January 1992 with
scientigts from the UK, Germany and Poland participating.

DATA REQUIREMENTS

3.26 The Scientific Committee endorsed the list of data requirements specified by WGFsA set out
in Annex 5, Appendix D.

SCIENTIFIC RESEARCH EXEMPTION

3.27  The Scentific Committee noted the concerns expressed by various Members (CCAMLR-
X1/9) in connection with the Russan research cruise on D. eleginoides in Subarea 48.3 during 1992.

3.28  This particular cruise commenced after closure of the fishery in accordance with
Consarvation Measure 35/X; the TAC of 3 500 tonnes &t by this measure was exceeded as a
consequence of catches during the cruise. The catch comprised gpproximately 6% of the TAC and
had not been taken into account in the formulation of the TAC (Annex 5, paragraph 8.17).

3.29  While re-endorsing the need for research exemption provisons (CCAMLR-V, paragraphs
59 and 60), the Scientific Committee noted that there is gill some uncertainty attached to their
effective implementation.

3.30 The Sdentific Committee consequently agreed that in the interest of reducing such
confuson, some attempt should be made to clarify the scientific research exemption provisons as
they currently stand.

331  Asafirg gep, the Scientific Committee recommended that the status of scientific research

exemption provisons as st out in CCAMLR-V, paragraph 60 should be such that they are formalised
ather as a Commisson resolution or as afull conservation messure.
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3.32  The Sdentific Committee reterates its concern that many vessds (induding research
vessels) are capable d taking large catches which may have a detrimenta impact on the objective
function of specific conservation measures (SC-CAMLR-VIII, paragraph 3.10).

3.33  The Scentific Committee drew the Commisson’s attention to gpparent inconsstencies in
interpretation of the exemption provisions as goplied to research vessas and commercid or fishery
support vessals engaged in scientific research (CCAMLR-V, paragraph 60(c); CCAMLR-VIII,
paragraph 51 - see Annex 6). Definition of the latter is further confused by the dipulated
requirement to register permanent research vessdls that may engage in fishing for research purposes
(ccAMLR-vV, paragraph 60(a) and (b)), and by the fact that it is unclear whether it is only these
vessdls to which the additiond requirements are to be applied.

3.3 For the reasons dipulated in paragraph 3.32 above, the Scientific Committee
recommended that the scientific exemption review procedure described below should be applied to
al vessds planning to undertake research on gpecies, or in areas, subject to conservation measures.
This application procedure shdl only be invoked when research catch levels are anticipated to be
subgtantial. “ Subgtantid” should be viewed as equivaent to the lowest commercid catch leve of the
species taken in any year in the area or subarea concerned, or 100 tonnes, whichever is the least.
This qudification is necessary to ensure that research activities likely to result in inconsequentia

catches are not included in the exemption review process set out in the following paragraphs.

3.35 In the context of goplying research exemption provisons to dl vessds the Scientific
Committee sought further darification by the Commisson on the definition of “research vessds’ as
goplied in the Regisry of Rrmanent Research Vessels CCAMLR-V, paragraph 60(a) and (b) -
reproduced in Annex 6 of this report). The Scientific Committee emphasised the desirability of
obtaining the details of al vessas subject to the scientific research exemption provisons as set out in
subpragraph 60(b) of CCAMLR-V (Annex 6).

3.36  The Scientific Committee recommended that any Member intending to undertake research
a the fishing level dipulated above and in accordance with subparagraph () of CCAMLR-V,
paragraph 60 should submit a research plan to the Secretariat. Such plans should then be reviewed
by the appropriate Working Group and advice on their scientific merits be provided to the Scientific
Committee. To dlow this process sufficient time to occur, submisson of plans should be submitted
to the Secretariat at least 30 days in advance of the appropriate Working Group’s planned next
meeting or three months in advance of the annud Scientific Committee meeting whichever is the
ealier.
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3.37 It was felt, however, that the current statement and level of detail for submitted research
plans (CCAMLR-V, paragraph 60(d)) should be viewed as little more than interim requirements. The
Scientific Committee therefore tasked its Working Groups to develop guiddines and standardised
formats for such plans. The sandardisation of formats will provide for comparable review and
evauation of submitted research plans.

3.38 Having evauated the submitted research plans, the Scientific Committee will formulate
advice to the Commission on their scientific merits. Due account will be taken of the advice offered
by the appropriate Working Groups in this regard.

3.39  The Sdentific Committee again endorses the principle (CCAMLR-VIII, paragraph 51) that
catches of dl species taken during scientific research as outlined above should be considered as part
of any prevaling TACS.

3.40 During the review, evauation and acceptance of research plans, a catch reporting
procedure equivaent to the finest-scale reporting provisons for commercid fisheries on the same
gpecies or in the same areg, should be indtituted. The implementation of catch reporting procedures
should occur when the gppropriate Working Group or Scientific Committee are of the opinion that
catches will comprise a discernible proportion of any prevaling TAC on the species, or in the area,
concerned.

341 Submission of catch data in accordance with the above should reach the Secretariat within
180 days of the completion of the research.

342 Failure to submit required catch data should be viewed as a falure to fulfil the research
exemption provisons.

NEW FISHERIES

343  Two notifications of new fisheries in Subarea 48.4 were received by CCAMLR; one from
the usa (CCAMLR-XI1/5) and one from Chile (CCAMLR-X1/7). Dr Holt reported that the Us intention
was to take D. eleginoides in fish pots which are used to capture bait for the crab fishery.
However, during the initid trip of the us crab vessd in Subarea 48.3, few fish were captured and
use of fish pots was discontinued (WG-FSA-92/29). It is believed unlikely thet further attempts to
catch D. eleginoides usng fish pots will be made by this vessd in Subarea 48.4.



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

345  The Scentific Committee supported the gpplication to conduct the exploratory fishery,
noting that the minimum effort possible was being gpplied (i.e.,, use of one vessel conducting only one
trip of 40 days) and a maximum of 240 tonnes would be taken. The Scientific Committee agreed
that the list of data to be collected should include nformation on the amount and composition of
by-catch in the fishery. It was agreed that the participation of scientific observers aboard the vessd
was essentidl.

EXPLORATORY FISHERIES

346  The Scentific Committee noted that the exploratory crab fishery had provided a ussful

example of the sequence of the steps that should be taken in association with a new fishery. It was
fdt that the advance natification of the sart of the fishery, the provison of information about fishing
operations and catches, and the plans to convene a workshop had been helpful in the Scientific
Committee’ s evauation of this exploratory fishery.

3.47 It was recdled that the provisons of Conservation Measure 31/X requiring notification of
entry into a fishery and provison of information about the fishery ceased to gpply at the concluson
of the Commisson's anud meeting following initid natification from a leest one Member.
Members agreed that dthough there was an expectation that the provison of this type of information
would continue once the fishery entered into an exploratory phase, a formd requirement no longer

applied.

348  Some Members suggested that it would be desirable to formalise this process to ensure
that any future new fisheries that may occur undergo Smilar assessments during their exploratory
phase. Other Members believed that the need for such forma measures was less gpparent.

349  The Scentific Committee agreed that as a generd principle, the orderly development of
new and exploratory fisheries was fundamenta. Commercid catches should not be dlowed to
expand fagter than the Scientific Committee is able to consder the implications of such expanson.



350 WGFsA had discussed the various types of precautionary measures that could be
implemented to promote the orderly development of new and exploratory fisheries (Annex 5,
paragraphs 6.237 to 6.245). In this regard, it had recommended that when insufficient data were
available with which to cdculate a TAC, consderation should be given to impogng limits on fishing
effort .

351  The Sdentific Committee agreed that the topic of exploratory fisheries was one which

merited further discussion at the 1993 meetings of the Scientific Committee and its Working Groups.
Members were encouraged to develop and submit papers outlining possible approachesto thisissue
for consgderation during the forthcoming year.

3.52 It was noted that the issues outlined above highlight the question of what management
measures and research requirements are most appropriate when a fishery is operating under
subgtantial uncertainty concerning the types and availability of data required for undertaking the
desred Sngle- or multi- Species assessments.

3.53 It is the Scientific Committee's view tha a precautionary approach is especidly
gopropriate under circumstances of uncertainty, and the guidance of the Commisson is solicited in
advisng the Scientific Committee of the types of anadyses and management options that would be
most useful to the Commission.

ASSESSMENTSAND MANAGEMENT ADVICE

354  Assessment summaries for the various fish stocks assessed by WGFsA are presented in
Appendix | of Annex 5.

Statistica Area 48 (South Atlantic)

Subarea 48.3 (South Georgia)
Notothenia rossii, Patagonotothen guntheri

and Notothenia squamifrons (Subarea 48.3)
(Annex 5, paragraphs 6.32 to 6.34, 6.83 to 6.88 and 6.89 to 6.91)

355  The Scentific Committee endorsed the advice of wGFsa and recommended that all
conservation measures for these pecies should remain in force.
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Champsocephalus gunnari (Subarea 48.3)
(Annex 5, paragraphs 6.36 to 6.82)

356  The Scientific Committee endorsed the comments of WGFsSA. The Scientific Committee
noted that a new survey carried out in 1992 by the UK confirmed that a dramatic drop in biomessin
this stock occurred between 1989/90 and 1990/91. In view of this, the Scientific Committee agreed
that the conservative management adopted by the Commisson in 1991/92 was the most
appropriate. Fish in 1990/91 were found to be in poor condition, with alower than usua proportion
in prespawning condition, which was probably the result of poor feeding due to alow abundance of
krill in the area,

357  The 1992 survey indicates that there was a modest increase in the abundance of the stock,
and that the fish have improved in condition.

3.58  The Scientific Committee agreed that the results from VvPA analyses and stock projections
from the VPA were unreliable and should not be used for ng the current status of the stock.

359 WGFsA usad the age didributions and abundance estimates from the recent survey to
caculate stock projections and arange of possble TACs. The Scientific Committee noted that these
projections assumed that future recruitment to the stock would be similar to those estimated to occur
before the recent decline in biomass. However, the observations of fish in poor condition which may
have led to increased mortality and poor spawning performance means that this assumption may not
be judified. The Scientific Committee considered that TACs caculated from these projections
should be trested with caution. The lower 95% confidence interva of the projected catch using Fy,
indicatesaTAC of 15 200 tonnes.

3.60  The Scentific Committee noted that re-opening the fishery for C. gunnari would lead to a
by-catch of other species, and that only limited data (from Polish catches) on the by-catch in earlier
fisning on C. gunnari were available. These data indicate that with bottom trawling, the catch of C.
gunnari would need to be limited by the by-catch consderation, to sx-timesthe Msy caculated for
N. gibberifrons. ThisresultsinaTAC of 8 800 tonnes.

361  Andyses undertaken in 1990 showed that the by-catch of N. gibberifrons in pdagic

trawls for C. gunnari is potentidly of the order of 3 to 16%. This leads to a range for a possible
TAC for C. gunnari of 9200 to 15 200 tonnes, if MSY for N. gibberifronsis not to be exceeded.

32



Management Advice

3.62 In light of the uncertainty surrounding the current atus of the stock the Scientific
Committee recommended that a conservative gpproach to management is gppropriate in the
immediate future,

3.63  Some Members, taking into account the uncertainty about current levels of recruitment, the
modest increase in abundance even dter two years with negligible catches, and the likelihood that a
fishery this coming season would rely heavily on two year old fish, consdered tha the current
conservation measure prohibiting directed fishing on C. gunnari in Subarea 48.3 should be
continued for a least one more year. Further monitoring of the stock should be carried out to
observeitsrate of recovery.

3.64  Other Members considered that re-opening the fishery with alow TAC would be possible.

3.65 Dr Shust consdered that a TAC of 12 000 tonnes, which is at the middle of the range given
above, would be appropriate.

3.66  Some Members conddered that a TAC of this magnitude could result in the by-catch of
one or more of N. gibberifrons or C. aceratus or P. georgianus exceeding the Msy for these
gpecies, even if the fishery was to be restricted to pelagic trawls (Annex 5, paragraph 6.72). It was
emphasised that P. georgianus may be paticularly vulnerable to peagic trawls because it is
believed to undertake vertical migrations within the water column.

3.67 Dr Shugt sad that a higher by-catch of N. gibberifrons could be acceptable because of
the likely continued improvement in the stock (Annex 5, paragraph 6.95).

3.68 If the fishery is re-opened, the Scientific Committee recommended tha the following
measures be applied:

()  bottom trawling to be prohibited;
(i) aTACsetat 9200 tonnes,

(i) an effort and biologica reporting sysem smilar to tha specified in Conservation
Measure 37/X be indituted which should dso indude information on the proportion of
by-catch species;



(iv) the fishing season to be dosed from 1 April to the end of the following Commisson
meeting to protect the spawning stock; and

(v)  themesh regulations to be maintained (Conservation Measure 19/1X).

Notothenia gibberifrons, Chaenocephalus aceratus
and Pseudochaenichthys georgianus (Subarea 48.3)
(Annex 5, paragraphs 6.92 to 6.101)

3.69 The Scientific Committee endorsed the recommendations of WG-FSA.

Management Advice

3.70  Stocks of N. gibberifrons and C. aceratus have gpparently recovered to a high
proportion of ther initid levels. P. georgianus may not have recovered to the same extent. A
re-opening of the fishery on these species might be consdered. However, dl three species have
been taken in quantity only by bottom trawling in the commercid fishery. None of these species can
be taken without a significant by-catch of other species.

3.71  The Scientific Committee recommended that a directed fishery on these three species
should remain prohibited because the potentia yields could be entirely taken as by-catch in the C.

gunnari fishery.

Electrona carlsbergi (Subarea 48.3)
(Annex 5, paragraphs 6.102 to 6.107)

3.72  The Scentific Committee endorsed the advice from WGFSA on this species.

Management Advice

3.73  The Sdentific Committee has difficulty in providing advice based on data and assessments
which are no longer current. The fishery in 1991/92 was subject to Conservation Measure 38/X.

3.74  Onthebass of the known biologica characterigtics of the stock, the current leve of fishing
on E. carlsbergi in Subarea 48.3 may be sustainable. However, the fishery is now based on a
gock for which the age structure and biomass are unknown. Substantia by-catches of other



myctophids are a0 taken, for which few biologicd data are availdble. Thus, the Scientific
Committee was unable to advise on an gppropriate TAC for the current fishery. The Scientific
Committee reiterated the need for further surveys to estimate current biomass (SC-CAMLR-X, Annex
6, paragraph 7.149).

Dissostichus eleginoides (Subarea 48.3)
(Annex 5, paragraphs 6.108 to 6.176)

3.75 The Scientific Committee endorsed the advice and recommendations of WG-FsA for this
stock.

3.76  WGFSA undertook a substantid review of the Sate of biologicad knowledge of this species
as pat of the assessment. This review is summarised in Annex 5, paragraphs 6.118 to 6.140. and
Annex 5, Appendix G.

3.77  The Sdentific Committee endorsed the list of data requirements and future research needs
given in Annex 5, paragraph 6.176.

3.78  The Scientific Committee noted with gppreciation the submisson of haul-by-haul datafrom
the fishery. This detalled data has dlowed consderable refinement of the estimates of stock
abundance usng a range of methods. Last year, the range of estimates of stock abundance was
8 000 to 610 000 tonnes. The improvements in data has dlowed this range to be refined to 8 000
to 160 000 tonnes. Further fine-scde data collection should dlow a steady improvement in
assessments, particularly if experiments on hook sdlection factors could be carried out by ensuring
that different hook types were fished on the same grounds at the same time.

Management Advice

3.79 In spite of the improvements in esimates of abundance, consderable uncertainty ill
remains about the Sze of this stock and its sustainable yield. Given the wide range of possble TACs
the Scientific Committee considered that a conservative gpproach should be taken in setting a TAC.
The Stientific Committee consdered that a stock biomass in excess of 45 000 tonnesis unlikely.
Accordingly, the Scientific Committee recommended a TAC in the range 750 to 5370 tonnes.
Given that the most recent TAC is near the middle of thisrange, the Scientific Committee agreed that
a TAC Smilar to that set in 1991/92, under Conservation Measure 35/, would be appropriate. It
was a0 agreed that it is desirable to avoid large year to year variationsin TAC when possible. The



Scientific Committee recommended that Conservation Measure 35/X, with an gppropriate ateration
dependent on the setting of anew TAC, should be retained for the 1992/93 season.

3.80  The Scentific Committee noted that the TAC in 1991 was reached after four months. It
was agreed tha further expanson of the number of vessdls taking part in the fishery would not be
gopropriate, as this would lead to even earlier closure of the fishing season, which could introduce
extra complications into the cPUE and other fine-scale data, with consequent deleterious effects on
assessments.

Subarea 48.2 (South Orkney Idands)

Champsocephalus gunnari (Subarea 48.2)
(Annex 5, paragraphs 6.181 to 6.199)

3.81  Dr Shust queried the assumption used in one set of biomass projections, carried out for this
stock by WGFsA, that the recruitment to the stock was assumed to be zero for a number of years.
He considered that the vdidity of this assumption was doubtful and use of it would lead to a
substantial underestimate of current stock abundance and to a TAC which would be too low.

3.82 The atting charman of WGFSA explained that the samples collected during research
surveys contained very few young fish. He further explained that WG-FsA had used three different
scenarios relating to recruitment in order to evauate the likely range for the current Satus of the
sock. Mr Baguerias concurred, noting that data from both the former USSR fishery and the results
of trawl surveys carried out by Spain indicate that one strong cohort supported the fishery over a
number of years.

3.83 With this clarification, the Scientific Committee endorsed the advice and recommendations
of WGFSA on this species.

Management Advice

384  The Sdentific Committee noted the large number of assumptions and uncertainties
associated with both the projections and the maximum yield caculaions for this sock. The
Scientific Committee agreed that a conservative approach would be appropriate for managing this
gock. The Scientific Committee recommended that the fishery for C. gunnari in Subarea48.2
remains closed until a survey is conducted and a more accurate estimate of the status of the stock
has been obtained.



Notothenia gibberifrons, Chaenocephalus aceratus,
Pseudochaenichthys georgianus, Chionodraco rastrospinosus
and Notothenia kempi (Subarea 48.2) (Annex 5, 6.200 to 6.202)

3.85  The Scentific Committee endorsed the advice from WGFSA on these species. In light of
the Scientific Committee' s recommendation for continued closure of the C. gunnari fishery, there-
opening of amixed species fishery in Subarea 48.2 was not considered.

Subarea 48.1 (Antarctic Peninsula)
(Annex 5, paragraphs 6.203 to 6.206)

3.86  Thefinfish fishery in the Antarctic Peninsula subarea has been closed during the 1991/92
season (Conservation Measure 41/X). The Scientific Committee expressed concern about the
reported catch of 50 tonnes of E. carlsbergi taken in Subarea 48.1. The Scientific Committee
endorsed the comments of WG-FSA on this subarea

Management Advice

3.87  Pending further information on the fish stocks in the area, the Scientific Committee
recommended that conservation measures in force should be maintained (Conservation Measure
41X) until aresearch survey is carried out to enable the status of the fish stocks in Subarea 48.1 to
be re-assessed.

Statistical Area 58 (Indian Ocean)

Divison 58.5.1 (Kerguelen)

Dissostichus eleginoides (Divison 58.5.1)
(Annex 5, paragraphs 6.208 to 6.214)

3.88 The catch in 1991/92 of this species increased markedly over previous years to
7492 tomes. This is the highest catch of this species ever recorded in this area. The average
annua catch between 1984/85 and 1990/91 was 2 210 tonnes, and the previous largest catch was
6 677 tonnes in 1984/85 when the trawling grounds on the western shelf area were first exploited.
6 787 tonnes of the 1991/92 catch was taken mostly on the trawling grounds in the northern part of
the plateau, which were discovered in the 1990/91 season. The exploratory longline fishery was
conducted in the western part of the plateau (at 400 to 600 m) by two vessals to assess the effects
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of this type of fishery on D. eleginoides, the efficiency of the regulations imposed and the measures
to minimise incidental mortality of seabirds. 705 tonnes of fish were caught by this method.

3.89 Dr G. Duhamd (France) agreed with the conclusons reached by WG-FsA with respect to
its andyses and recommendation for the trawling grounds for D. eleginoides to the west of
Kerguden. However, he conddered that more careful andyss of the CPUE data was required,
particularly to take into account catch location. He consdered that it was not valid to extrgpolate
the advice from the western trawling ground to the new trawling ground to the north of Kerguden.

Management Advice

390 The Scientific Committee is concerned a the rapid expanson of the fishery for
D. deginoidesin Divison 58.5.1. The Scientific Committee recommended a caich at asmilar level
to 1991/92 (1 100 tonnes) should be set for the western trawling grounds. The Scientific
Committee also recommended that a catch level be established for the northern trawling grounds
substantialy below the catch taken in the 1991/92 season.

Notothenia rossii (Divison 58.5.1)
(Annex 5, paragraphs 6.215 to 6.216)

391 The Sdentific Committee endorsed the recommendations of WGFSA. The Scientific
Committee recommended that existing measures prohibiting directed fishing should be retained.

Notothenia squamifrons (Divison 58.5.1)
(Annex 5 paragraphs 6.217 and 6.218)

3.92 The Scientific Committee endorsed the recommendations of WG-FSA.

Champsocephalus gunnari (Divison 58.5.1)
(Annex 5 paragraphs 6.219 and 6.220)

3.93 The Scientific Committee endorsed the advice of WG-FSA without comment.



Divison 58.4.4 (Ob and Lena Banks)

Notothenia sgquamifrons (Divison 58.4.4)
(Annex 5, paragraphs 6.222 to 231)

3.94 The Scientific Committee endorsed the recommendations of WG-FSA.

3.95 DrYakovlev stated that Ukraine was intending to conduct surveys to estimate the biomass
of the stocks on these banks in the coming year. An ad hoc group was set up to review the
Ukrainian cruise design before the end of this Commission mesting.

Management Advice

3.96  Theresults caculated by WGFsA indicate a stock in 1990 of about 6 000 tonnes on Lena
Bank and 3 500 tonnes on Ob Bank. As the species is rdatively dow growing, the stock size is
likely to have changed little snce 1990. Although it gppears that the stock could sustain a fishery of
a few hundred tonnes, the Scientific Committee recommended that a survey to determine age
sructure and stock size a both Ob and Lena Banks should be undertaken, and a revised
assessment carried out before considering re-opening the fishery.

Pleuragramma antarcticum (Divison 58.4.2)
(Annex 5, paragraphs 6.232 to 6.236)

3.97  The Scientific Committee endorsed the comments of WGFSA on this species. The
Scientific Committee recommended that no fishery should be undertaken on P. antarcticum in the
CEMP Integrated Study Regions (ISRS).

OTHER RESOURCES

SQUID

4.1 No Members reported fishing for squid within the Convention Area during the past year.
In addition, no field program on cephaopod biology was reported by Members.

4.2 The UK reported research on the diet of Martialia hyadesi that was conducted during this
last year (SC-CAMLR-XI/BG/10 and 11). Samples of deep frozen squid, collected aboard two



Japanese squid jigging vessds carrying out commercid fishing trids a the Antarctic Polar Frontal
Zone, north Scotia Sea in February 1989 were examined. The prevaence of copepod-feeding
myctophids in the diet of squid, which is itsdf a mgor prey item of some higher predators in the
Scotia Sea, suggests that they fed in two food chains, the copepod-myctophid food chain and the E.
superba food chain.

4.3 An international symposum on Southern Ocean Cephdopods  Life Cycles and
Population, on behaf of the Cephdopod Internationa Advisory Council and sponsored by the
British Antarctic Survey and the Mdacologicd Society of London will be hdd a King's College,
Cambridge from the 4 to 10 July, 1993.

CRABS

4.4 It was noted that the Scientific Committee at the last meeting had initidly assgned the task
of ng the status of crab stocks to WG-FSA. It was agreed that this was the appropriate venue
for thiswork and that future assessment of crab stocks should be completed by WG-FsA.

4.5 The Scentific Committee commended the us for the way it had conducted the early
developmentd stages of the new crab fishery and that this should serve as a guide for the
development of other new fisheries.

4.6 Beginning in early July 1992 and continuing until the present, the us vessd Fv Pro
Surveyor has been conducting fishing operations for Antarctic crabs in waters around South
Georgia and Shag Rocks (Subarea48.3). Two species are being caught: Paralomis spinosissima
and P. formosa. Using data collected during the first 22-day trip of the vessd, “commercid” crabs
to be retained as catch were defined as maes of P. spinosissma that exceed 102 mm in carapace
width. Only about 500 male P. formosa, which exceeded 90 mm, were retained and dl other crabs
were returned to the sea (Annex 5 and WGFSA-92/29).

4.7 During the firgt trip, approximately 7 280 pots were lifted (fished), and on average, each
pot contained gpproximately seven crabs which averaged about 1.1 kg each.

4.8 Mr P. Duffy, owner of the us crab fishing vessd conducting operationsin Antarctic waters,
was invited by the Scientific Committee to provide details of the fishing operation. He povided
answers to severa questions concerning the specific operation of the fishery, his future plans to fish
in Antarctic waters, survival of released crabs, incidence of paraditesin the crabs, etc.



4.9 The Scientific Committe noted WGFSA’s view tha growth rates of Antarctic crabs are
unknown and gpparently high initid catches may reflect an accumulated biomass and lead to an
overestimate of sustainable yidd. In addition, the Scientific Committee agreed that reliable estimates
of sustainable yidd of Antarctic crabs could not be calculated from the limited data available (Annex
5, paragraphs 6.8 and 6.9).

410 WGFA investigated two methods which might provide guidance in setting consarvative
levels of catch to be applied in the early stages of the fishery while the data necessary for more
precise estimates are being acquired and andytica methods are being devel oped.

411  The first method, described in Annex 5, paragraph 6.10, is based on the fact that catch
rates and the depths at which crabs are taken in Antarctic waters are Smilar to those in the Aleutian
Idands (Bering Seq) fishery for golden king crab (Lithodes aequispinum). This method indicated
that Subarea 48.3 might have an annud potentid yield of 2 210 tonnes between 200 and 1 000 m
(stratafished during the first trip).

412 In the second method (Annex 5, paragraph 6.11), arough calculation of the standing stock
of commercidly 9zed mde P. spinosissima was made by determining the vessd’s average catch
per n mile2 and multiplying this vaue by the totd fishable area (200 to 1 000 m) in Subarea 48.3.
This method indicated that the standing stock might be roughly 155 000 tonnes.

4.13 However, the Scientific Committee agreed with the view of WGFsA that this method
contained a number of potentid biases (Annex 5, paragraphs 6.16 and 6.17). Therefore, a
conservative gpproach was to reduce the standing stock calculation by 50% and by 70%. This
reduced the caculated stock estimate to 78 000 and 48 000 tonnes, respectively.

4.14 A cach of 2 210 tonnes, based on caculations of the potentid yield from the Aleutian
Idand fishery, would correspond to less than 5% of exploitable standing stock estimates in the
second method.

Management Advice

415 The Sdentific Committee agreed that given the large uncertainties associated with
esimating standing stock, a conservative management drategy should be followed. This would
indude WGFsSA’s suggestion that immediate gpplication of precautionary measures and the
amultaneous commencement of work on the development of a longterm management plan for the
fishery should be adopted.
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416  The Scentific Committee recognised thet the first stage in the development of a longterm
management plan is the convening of a workshop during the intersessona period to specify the data
needed and the actions required to acquire the data from the exploratory crab fishery that will alow
the development of assessment methods and the estimation of appropriate harvest levels. The
Workshop should be held in late April or early May, 1993.

4.17 Thetermsof reference for the Workshop are:

() to desgn an goproach to management of this fishery that will endble WG-FsA to
measure;

(& the productivity and abundance of the stock; and
(b) theeffect of different harvest Srategies,

(i)  to establish the types and scale of data necessary to implement the above gpproach to
management; and

(i)  to establish reporting requirements for the fishery.

418  Pending the development of a longterm management plan for the crab fishery in Statigtical
Area 48 by the Workshop and its subsequent review by WGFsA and the Scientific Committee and
its endorsement by the Commission, the following measures should be applied:

() thefishery should be dosed until the end of the Workshop (planned for April or May,
1993);

(i) the exploratory crab fishery should be limited to a few vessds (i.e.,, one to three
vessdls); however, if more than three vessdls register with the Secretariat to fish for
Antarctic crabs, a catch limit (see paragraphs 4.19 and 4.20) should be applied for the
period from the dart of the fishery until the next meeting of the Commission;

(iif) acondition to enter this fishery should be that each Member participating, or intending
to participate, in the exploratory crab fishery register with the Secretariat (at least three
months in advance of sarting fishing annualy) the name, type, size, regigtration
number, and radio cdl sgn and fishing plan of each vessd that the Member has
authorised to participate in the exploratory crab fishery;
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)

v)

()

(vii)

(viii)

the following data should be reported to cCAMLR by 30 September 1993 for crabs
caught prior to 30 July 1993,

(@ thelocation, date, depth, fishing effort (number and spacing of pots) and catch
(numbers and weight) of commercialy sized crabs (reported on as fine a scde
as possible, but no coarser than 1° longitude by 0.5° latitude) for each 10-day

period;

(b) the species, 9ze, and sex of arepresentative subsample of crabs caught in traps,

(c) other rdlevant data, as possible, according to the logbook formats aready being
used in the exploratory crab fishery (Annex 5, Appendix F);

data identified by the Workshop that are required to determine the appropriate harvest
levels should be collected during the 1993 season by dl vessds fishing for Antarctic
crabs. These data should be reported to CCAMLR in the form specified by the
Workshop;

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

the crab fishery should be limited to sexualy mature mae crabs that have had, on
average, a least one opportunity to breed - al femde and underszed mde crabs
caught should be released unharmed. Inthe case of P. spinosisssma and P. formosa,
maes with a minimum cargpace width of 102 mm and 90 mm, respectively, may be
retained in the catch; and

crab processed a sea should be frozen as crab sections (minimum size of crabs can
be determined using crab sections).

419  Some Members believed tha if more than three vessas regidter to enter the fishery for
Antarctic crabs (see paragraph 4.18 above) a reasonable catch limit would be 2 200 tonnes.

420  Other Members believed that if more than three vessals register to participate in the crab
fishery areasonable catch limit would be 1 000 tonnes.

421  The Sdentific Committee welcomed the offer of the us to host the ccaMLR Crab
Workshop at the Southwest Fisheries Science Center, La Jolla, Cdifornia



ECOSY STEM MONITORING AND MANAGEMENT

51 Dr Bengtson, Convener, presented the report of the Sixth Meeting of the Working Group
for the cCCAMLR Ecosystem Monitoring Program (WG-CEMP), held at Vifia dd Mar, Chile, 7 to 12
August 1992 (Annex 7).

5.2 The Scientific Committee thanked the Working Group for its work during the intersessond

period and a the recent meeting. The text below reports the endorsement of specific initiatives and
the discusson of these and other points during the Scientific Committee' sreview of the report. The
remainder of the WG-CEMP report, which was endorsed generdly by the Scientific Committee,

should be consulted for specific detalls.

53 Seventeen scientists from nine Members had attended the meeting. The absence of
scientists & WG-CEMP from Brazil, France, Germany, New Zedand, Swveden and South Africa, dl
of whom have active programs of consderable relevance to WG-CEMP, was grestly regretted. The
Scientific Committee endorsed the initigtive of WG-CEMP in atempting to enhance participation
(Annex 7, paragraph 3.10) and encouraged Members to do whatever possible to help. The action
of Argentina in producing a video to increase awareness of CEMP operations was particularly
commended.

54 The Convener drew attention to the substantid amount of CEMP activity being undertaken
by Members. Annud data collection in support of CEMP is underway at severd fidd gStes (see

Annex 7, Table 1), and many papers describing results and andyses from these studies had been
tabled for the Working Group's consderation.

MONITORING PROCEDURES

55 The Scientific Committee endorsed the establishment of ad hoc subgroups within wG-
CEMPfor reviewing existing and future proposds relaing to:

()  dedgnation and protection of monitoring Sites and review of management plans,

(i)  practica aspects of standard monitoring methods and proposals for new methods; and

()  gatistical aspects of monitoring and methods.



Member’s attention was drawn to the requirement to submit any proposals on these topicsin writing
three months in advance of WG-CEMP mesetings. Proposals concerning protection of CEMP Sites
should be submitted to the Secretariat; dl others should be sent initialy to the Convener.

5.6 The production by the Secretariat of a document describing in detall the procedures for
caculating indices from each of the parameters being monitored by standard methods, was noted.

This document marks an important step in the development of gppropriate sandardised andytical

methods. Future refinements will undoubtedly be desrable but it was agreed that the document in its
present form should be published in cCAMLR Selected Scientific Papers and included in the next
edition of the cEMP Sandard Methods for Monitoring.

5.7 Although no proposas for new standard field methods had been received, the Scientific
Committee noted that the use of implanted passive trangponder tags was an important development
with sgnificant implications for automated monitoring of severd parametersin the future.

5.8 It was noted that wG-CEMP had indicated that it was not intending to schedule in 1993 a
workshop to develop standard methods for monitoring at-sea behaviour of penguins and pinnipeds.
Scientists who had attended the workshop on andysis of data from time-depth recorders used on
pinnipeds at the Univerdaty of Alaskain September 1992 and those who will attend sessions and/or
symposiaon thistopic at the forthcoming meeting of the Society for Marine Mammaogy (Gaveston,
Texas, October 1993) are urged to ensure that WG-CEMP receives full and detailed feedback on
relevant aspects of these meetings. Pending review of the outcome of these meetings, wG-CEMPwill
consder whether CCAMLR should consider holding aworkshop on thistopic in the future,

5.9 The Scientific Committee commended progress in investigating the feasibility of acquiring
sadlite imagery permitting routine monitoring of searice didribution within CEMP Integrated Study
Regions (ISRs). It thanked the Secretariat for its consderable effort in this regard. It endorsed the
recommendations of WG-CEMP concerning acquistion of Jc data that would be incorporated into
the ccaMLR Database for the three 1SRs and for Subareas 48.1, 48.2 and 48.3 (Annex 7,
paragraphs 4.30 and 4.31). SC-CAMLR-XI/10 provided the requested (Annex 7, paragraph 4.29)
estimates for this undertaking. These were gpproved by the Scientific Committee and it was agreed
that they be incorporated into the budget request of the Scientific Committee for the current and
succeeding financid years.

510  The Scientific Committee endorsed the recommendation of WG-CEMP, based on a detailed
evauation by the Secretariat, that future editions of the Standard Methods for Monitoring volume
should be produced in loose leaf ring binder format. It was recommended that a new edition be
produced as soon as possible.



MONITORING RESULTS

511  The Scentific Committee noted that there had been an extensive review of the full set of
data resulting from monitoring of predators (Annex 7, paragraphs 5.1 to 5.18). Members were
encouraged to complete the process of checking the accuracy of their submitted data and of the
indices derived therefrom.

512 Prey data from both fishery and fishery-independent activities had been reviewed by WG
CeMP. This induded fine-scale krill catch data (Annex 7, paragraphs 5.20 to 5.22) and additiond
vauable information on the operations of the Russian and Chilean fisheries, including the provison of
haul- by-haul and cPUE data from the latter (Annex 7, paragraphs 5.23 t0 5.26).

513  The vdue of fine-scde data had again been emphasised by wG-CEMP, and the Scientific
Committee noted the importance of the request to Jgpan to provide data on combined hauls a a
scdeof 10 x 10 n miles.

5.14 Dr Naganobu indicated that Japan could report future krill catches on ascde of 10x 10n
miles. He noted, however, that because of the need to devel op appropriate andytica software and
domedtic reporting mechaniams, initiating this reporting scheme may be ddayed for 6 to 12 months.
The Scientific Committee thanked Japan for their positive response and encouraged them to provide
the required information as ragpidly as circumstances permit.

5.15 Koreawill continue scientific surveys on krill digtribution and abundance. However, future
plans for krill fishing are not available at the present time.

516  The Scientific Committee noted the request from wG-CEMPto WGKrill for the provison of
estimates of krill biomass within the complete area of dl three I1SRs whenever the data become
avalable.

517  The Sdentific Committee welcomed the continuation of the fine-scale hydroacoustic
surveys of krill in the vicinity of the Sed Idand CEMP Ste by the Usa. These are currently the only
aurveys for krill being conducted in accordance with the standard methodology developed by wG-
Krill; other Members were urged to commence smilar surveys as soon as possble. The importance
of reporting the variance associated with estimates of krill biomass was emphasised.



ECOSYSTEM ASSESSMENT

518  The 1992 meeting of WG-CEMP provided the first opportunity to review and assess dl the
data being collected under CEMP in relation to available information on the biologicd and physca
environment (including fishery data) in the manner previoudy endorsed by the Scientific Committee
and Commission (see Annex 7, paragraphs 6.1).

519  This assessment and its synthess in Annex 7, Table 4 was warmly welcomed by the
Scentific Committee. Although WG-CEMP had noted that the present synthesis was a rather coarse
and preiminary treatment, the Scientific Committee fdt that even at this leve it showed clearly the
importance and utility of the goproach. Some interesting patterns had emerged, particularly for
1991, apparently a year of poor avalability of krill to predators across dl three subaress of
Statistical Area 48, there were numerous additional features of interest.

520 WwG-CEMP was grongly encouraged to expand and refine these assessments at future
meetings, especidly by conddering the magnitude and significance of changes and by incorporating
future years data as these become available.

5.21 It was recognised that these assessments would be greatly improved by more
comprehendve data on krill avallability both from the fishery and from research surveys. In this
regard, WG-CEMP had suggested that obtaining some subjective assessments might be a hdpful

complement to other sources of data (Annex 7, paragraph 6.35).

5.22 However, Dr V. Marin (Chile) was doubtful that requesting subjective assessments,
including genera impressions from fishing cagptains (Annex 7, paragraph 6.35) would be ussful. He
much preferred reliance on CcPUE indices, such as Chile was able to provide from its fishery. Mr
Miller agreed and noted that the Composite Index which had been developed by wG-Krill (sc-
CAMLR-VIII, paragrgph 2.15) was directly rdevant to this assessment of availability of krill to the

fishery.

523  waGKrill was encouraged to develop these indices as far as possible and to provide annud
summaries of the current availability of such indices to wWG-CEMP in advance of the latter’ s meeting.

POTENTIAL IMPACT OF LOCALISED KRILL CATCHES

5.24 Last year in response to the analyses showing the consderable geographica overlap
between the krill harvest and the foraging ranges of krill-dependent predators during their breeding
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Season in three successive years in Subareas 48.1 and 48.2, the Scientific Committee stated that “a
dtuation, whereby a subgtantia krill fishery consstently operates within the foraging range of krill-
dependent predators at a critica time of year (when the predators have dependent offspring), had
long been identified as a most serious concern and one where close and urgent attention needs to be
given to appropriate management action” (SC-CAMLR-X, paragraph 6.29).

525  The Scentific Committee dso noted last year that an appropriate precautionary
management measure to provide protection for land-based predator populations at the critica time
of year when they are breeding would be to prevent fishing within the foraging range of these
predators (up to 50 km for penguins, 80 to 100 km for fur sedls) a the time of year that they are
rearing offspring (from December through February) (SC-CAMLR-X, paragraph 6.34).

5.26 In consequence, the Scientific Committee initiated an investigation of the implications and
consequences of such potential conservation measures with Members conducting fishing in these
areas (see paragraph 5.35 below).

5.27 Notwithstanding these initiatives the Scientific Committee also made a clear Satement
recognising the potentialy serious Stuation of subgtantid krill fisheries consstently located near sedl
and seabird colonies, (SC-CAMLR-X, paragraphs 6.28 and 6.31), the current lack of data adequate
for any precise assessment of the magnitude and consequences of these problems (SC-CAMLR-X,
paragraphs 6.30()) and (ii), paragraph 6.26) and the advice on precautionary management
procedures available to mitigate these problems (SC-CAMLR-X, paragraph 6.34). Most Members
fet that it was highly dedrable to implement now a conservation measure to provide adequate
protection for predators in appropriate parts of Subareas 48.1 and 48.2 until sufficient data are
avallable to assess the Stuation more precisely (SC-CAMLR-X, paragraph 6.75).

5.28 Dr Naganobu indicated the lack of evidence that the fishery is having any marked effect on
sedl and penguin colonies.

529  This year the anayses by the Secretariat of the fine-scale catch data had reinforced the
findings of previous years. The overdl picture for Subarea 48.1 was sill remarkably consstent in all
four years (1988 to 1991) for which data are available, with 96 to 98% of the krill catch from
December to March in the subarea being taken within the critica period-distance for foraging
activity of breeding penguins and fur sedls. For Subarea 48.2, the 1991 data showed 81% of the
catch taken within the criticad period-distance, smilar to 1987 (83%) and 1988 (96%) and very
different from 1989 (5%) and 1990 (17%) (Annex 7, paragraph 6.39).



530 WG-CEMP had agreed that it was entirely proper for wG-Krill and WG-CEMP to give serious
and urgent congderation to the circumstances whereby substantid krill catches are taken annudly
from within a very redricted area & a time of year when krill egting predators, trying to rear
offspring, are restricted to the same area - that it would be difficult to imagine a Stuation of grester
potentiad concern to WG-CEMP (Annex 7, paragraph 6.49) and, that it is essentid to condder
gppropriate precautionary management measures, including, but not confined to, catch limits (Annex
7, paragraph 6.50). wWG-CEMP had re-emphasised that the object of developing precautionary
measures in this context is to try to identify management measures to afford adequate protection for
krill-dependent predators in specific areas at critical times of year without this protection causng
unnecessary or unacceptable restrictions for the krill fishery.

531 Dr Naganobu had disagreed with this view, for the reasons set out in Annex 7, paragraphs
6.46 and 6.47, which had been rebutted by other Members (Annex 7, paragraphs 6.50 to 6.52),
who drew atention to the possible incompatibility of some of the former views in relaion to the
established policies of the Scientific Committee and Commission.

532  The Scientific Committee then consdered a proposd (SC-CAMLR-XI/BG15) tabled by Dr
Holt concerning dlocation of krill precautionary catches within the foraging ranges of land-based
predators in Statisticd Area 48. This was essentidly an eaboration of the proposa noted in the
report of WG-Krill (Annex 4, paragraph 6.11).

5.33  With regard to this proposd for dlocating a precautionary catch limit for the krill fishery
near land-based predator colonies, the Chilean Delegation consdered that because of the prevailing
low catch leves of krill and their decreasing trend, there is no basis for immediate action to be taken
by the Scientific Committee. Neverthdess, Chile proposed that this matter should be given further
congderation by wG-Krill and wG-CEMP during the intersessiond period.

534  Japan, Koreaand Poland endorsed the statement by Chile.

5.35 In addition, Jgpan Sated that it believed the catch limit for Subarea 48.1 to be
recommended to the Commisson this year is sufficient to safely manage the krill resources and loca
ecosystem.  Japan does not congder, however, that there is any biologicd need to further restrict
krill catch in the waters around the idands in Subarea 48.1. According to monitoring surveys on
penguins and sed populations thus far conducted, there are no Sgns to suspect that populations of
predator animds are adversdly affected by the present krill fishery. This is corroborated by the
following findings:
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0]

(i)

(ii)

)

according to the Japanese surveys, 80% of the krill resource in Subarea 48.1 is
located in the waters around the idands;

according to surveys by both Jgpan and usA, the biomass of krill in the waters around
idands fluctuates between 1 and 2 million metric tonnes.

Agnew (1992)1 estimates that the present catch level in Subarea 48.1 is less than one-
third of the Msy and this gpplies principdly to the waters around the idands (see (i)
above);

the nature of the Butterworth modd wsed in setting precautionary catch limits, is, as
pointed out by Dr Hatanaka, sufficiently conservative and precludes the need to ingtdl
further redtriction in the area

5.36 Most Members disagreed with these views and interpretations.

Fird, the topic a issue is the provison of protection to populations of krill-dependent
predators which are condtrained to forage at critical times of year in restricted areas in
which subgtantid krill fishing dso occurs. wWG-CcEMP and the Scientific Committee have
congstently recognised that setting precautionary catch limits at area or subarea scaesis
Inadequate to provide protection in such cases (SC-CAMLR-X, paragraphs 3.80 to 3.84,
Annex 5, paragraphs 5.13 and 6.16).

Second, at least with respect to such predators breeding in areas adjacent to the main
fishing grounds in Subarea 48.1, there are neither adequate data on status and trends of
populations nor monitoring data and sO no bass for coming to any concluson on
whether these populations are adversdly affected by krill fishing or not. In any case,
WG-CEMP and the Scientific Committee have noted the difficulty of detecting causd
relations between changes in predator performance and fishing activities (eg.,
SC-CAMLR-VIII, Annex 7, paragraph 104) and most Members have recognised that
precautionary management approaches will need to be adopted in these kinds of
circumstances, based on the best available data.

Third, the statements in paragraph 5.35(i) and (ii) provide no logica corroboration of
any of the preceding statements in the paragraph in view of the redtricted nature of the
aurveys, the mobility of krill, the lack of information on relaionships between krill
biomass and availability to predators (and fishery) and the fact that estimates d krill

1 AGNEW, D. 1992. Distribution of krill (Euphausia superba Dana) catches in the South Shetlands and South

Orkneys.

Document WG-KRILL-92/19. CCAMLR, Hobart, Australia.



requirements of penguins and fur sedls represent minimum estimates for the whole of the
locd krill-dependent predator community.

* Fourth, the caculation in Agnew (1992) that the ratio between the catch and the
estimated predator consumption n Subarea 48.1 is less than one-third does not imply
that the caich is less that one-third of the MSY because, as indicated by Beddington and
Cooke (1983)1, the msy usudly occurs a levels of fishing mortdity that are lower than
netural mortality.

» Fifth, the modd referred to in paragraph 5.35(iv) had not been used in the setting of the
precautionary catch limits. The modd is currently being vaidated, taking account of Dr
Hatanaka' s reservation, as requested by the Scientific Committee. Consequertly, it is
premature to comment on the characteridics of this mode at this time and in this
context.

5.37  After pursuing counter-comments as described in paragraph 5.36, Japan did not find any
scientific reason to dter its pogition as described in paragraph 5.35. Specifically,

» The point is whether there is any urgent need to introduce further protection measures
for foraging animas for paticular areas within Subarea 48.1 in addition to the
precautionary catch limit to be indaled for the entire Subarea 48.1, in view of the
available scientific evidence and the higtorica fishing pattern in the area.  Japan Sated
that there is no such urgency as would not dlow awaiting the outcome of the planned
study on thisissue.

*  Further, Japan consders it gppropriate to claify its view in reation to some of the
arguments raised in paragreph 5.36. Fird, Jgpan does not see any logic in the
accusation that 5.35(i) and (ii) provide no logica corroboration. Japan's explanation
was terse, pointing to the existence of some 1 to 2 million tonnes of krill in the weters
around idands throughout the critical period from January through March, which isfar in
excess of the demand of the krill predators.

o Japan referred to Agnew (1992) and his use of the Gulland modd that indicated the
present catch level being less than one-third of the Msy leve.

1 BEDDINGTON, JR. and J.G. COOKE. 1983. The potential yield of fish stocks. FAO Fish. Techn. Pap.
242: 47 pp.
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*  With respect to the Butterworth modd (1991) used in caculating a precautionary catch
limit, Japan had two thoughts in advancing its view. One concerns the basic assumption
employed in the modd ; Japan congdered that that assumption is far too conservative to
be redigtic. The second point is the discounting factor employed in the modd in arriving
a thefind catch limit figures

* In concluson, Japan does not see any urgent need to introduce such conservative
measures as those contemplated in paragraph 5.36 without awaiting the outcome of the
planned research into this question.

538  The Scientific Committee then addressed the topic of potentid management measures
relating to closed seasons and aress.

539 Responsesto last year's questions from the Scientific Committee to Members engaged in
fishing in the rlevant areas (Annex 4, paragraphs 5.1 to 5.35) had been most helpful. However, it
was noted that the generd tenor of the replies indicated that moving part of the harvest awvay from
the areas currently targetted during December through February would probably entaill some
reduction in fishing efficiency.

540  The importance of continuing this didogue was recognised. Severd Members indicated
that asking questions as generd as those outlined in Annex 7, paragraph 6.57 might not be very
helpful. However, other Members fdt that it would ill be useful to invite Members currently
engaged in fishing for krill to consder and report on what potentid measures, or combinations of
measures, would be acceptable to them for gpplication within Subareas 48.1 and 48.2 in order to
address the specific problem of providing some precautionary protection for land-based krill
predators foraging within 100 km of breeding colonies between December and March inclusive.

541  The Scentific Committee decided that in the context of developing precautionary measures
to afford adequate protection for krill-dependent predatorsin specific areas a critica times of year,
without this protection causing unnecessary or unacceptable regtrictions for the krill fishery, it would
be hepful to conduct a smulation study to explore more fully the potential and consegquences of

different extents and locations of closed areas. The study would use the fine-scae data for the krill

fishery in Subarea 48.1 within the period December through February in the last five years.

542  The Secretariat was asked to undertake this smulation analyss intersessondly. The
Scientific Committee advised that the mode would require the subdivison of Subarea 48.1 into
severd “longitudina” subdivisons taking into account especidly the timing and location of fishing,
and the congderation of various zond limits (e.g., 50 km, 60 km, 100 km from breeding colonies of
land-based predators).
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543  The gmulation andyss should examine the consequences of cdosng one or more
subdivisons smultaneoudy, and in rotation, and taking account aso of the need to ensure that in
areas around some exigting or potentid CEMP Sites, fishing should remain unrestricted.

544  The Secretariat should table the results of these andyses a the next meetings of WG-CEMP
and WG-Krill. It isintended that these results would simulate a further didogue on the feasibility of
implementing some combination of closed areas and closed seasons to protect some predators a a
particularly criticd time of yesar.

545  Jgpan, dthough not intending to deny the merit of such smulation studies, Sated that it was
opposed to any proposition which might pre-determine the necessity of closed area or closed
Season meaaures, in light of the current historical low catch leve in the region concerned.

5.46 In response to the Japanese statement, other Members expressed the following opinions.
In severd recent meetings of WG-CEMP and the Scientific Committee of CCAMLR there had been
unanimous Or near unanimous concern over circumgtances of persstent geographicd overlap
between dgnificant krill fishing and the foraging ranges of krill-dependent predators at critical times
of year; this concern was irrespective of the overdl magnitude of the krill fishery and of any
assrtions regarding future levels of this fishery.

547  The Scienttific Committee had agreed unanimoudy that there was a need to give close and
urgent atention to gppropriate management action in these circumstances (SC-CAMLR- X, paragraph
6.29). It had been indicated at the present meeting that the imposition of precautionary TACS over
particular zones within subareas was unlikely, on its own, to be the most gppropriate or most
effective management measure.  Various Members were agreed that some combination of catch
limits, closed seasons and closed areas would offer a good progpect of mitigating potentia problems
for predators without imposing unacceptable changes to fishing practice and dso offered a
reasonable prospect of monitoring compliance.

5.48 Most Members recognised that it was unreasonable to try to establish measures for closed
seasons and closed areas without didogue with Members conducting fishing and without assessment
of the potentia consequences of various types and combinations of such measures. Detailed (and
very helpful) diaologue commenced lagt year and the smulation study referred to aove is both a
logical development and an gppropriate scientific way of gpproaching the issue.  There was
widespread agreement in the Scientific Committee that this research is appropriate and useful.

Members would welcome congtructive suggestions from Jgpan for the development of precautionary
management measures for the Situation outlined above.



5.49 Dr Shust noted that assessment of overlap between fishery and predators in appropriate
parts of Subarea 48.1 depended sgnificantly on the location of the fishing fleet and rates of krill flux
(Annex 7, paragraph 6.42).

550  All Members recognised that work is needed to investigate more precisdy the overlap
between predators and the commercid fishery and to assess more accurately the magnitude of
potentia competition between predators and fishery.

551  To undertake thisit will be necessary to have accurate data on the sze and distribution of
the breeding colonies of the mgor krill predators and of ther krill requirements, a leest during the
time of year when the fishery is operaing. It isadso important to have fishery dataon asfineascde
as possible, to have accurate data on krill biomass (and avallability to predators) and to take
account of different potentia rates of movement of krill through the areas under investigation.

552  waG-cempand WG-Krill were encouraged to prepare for such work as a matter of some
priority and it was agreed that Subarea 48.1 should be the first target of this work.

553  The Sdentific Committee dso endorsed the need to enhance CEMP activities, especidly
expanded monitoring operations in Subarea 48.2 and as a particularly high priority conducting
monitoring & one or more additiond dtes on the north coast of the main idands in the South
Shetland 1dand group.

PREY REQUIREMENTS FOR KRILL PREDATORS

554  Condderable progress had been made intersessondly in accumulating data to estimate
prey requirements of krill predators in the 1SRs (Annex 7, paragraphs 7.3 to 7.5, 7.8 and 7.9).
These data are required to help assess the sgnificance of overlgp between the krill fishery and krill-
dependent predators and are dso potentidly rdevant to other Scientific Committee initiatives,
including assessment of escapement levels and estimates of potentia yield of krill (see SC-CAMLR-X,
Annex 6, paragraph 6.1).

5.55 However, there had been insufficient time during the intersessond period for WG-CEMPto
provide interim estimates even for salected predator species for the ISRs.

556  The Joint Meeting of wG-Krill and wWG-CEMP had emphasised that even with revised
estimates of krill requirements of predators for dl or part of the ISRs, assessment of the sgnificance
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of overlap between fishery and predators would require a knowledge of functiona reaionships
between krill availability and predator performance.

5.57 Consequently, WG-CEMP had accorded greater priority to improving understanding of
these rdationships, rather than to estimating predator consumption in the 1SRs. It was noted that
WG-CEMP intended to continue its efforts to develop estimates of the prey requirements of krill
predators.

558  Severd Membersindicated their consderable interest in estimates of krill consumption by
selected predators (especialy penguins and fur sedls) for Subareas 48.1 and 48.2. They urged WG
CEMP to try to complete the task of estimating krill consumption by at least these predators in the
ISRS as soon as possible.

KRILL ESCAPEMENT

5.59 Last yer WG-CEMP noted that the prospects of etimating desred leves of krill
escgpement on the basis of estimates of krill consumption by dl naturd predators were remote. At
the Joint Meeting of wG-Krill and wWG-CEMP, attention was focussed instead on the need to consider
citicd levels of predator peformance in relaion to escapement of krill from the fishery.
Approaches for doing this were developed in some detail in Annex 8, paragraph 2 and Appendix 1.

560 WGCEMP had chosen representative species (Addie penguin, crabester sed, and
black-browed dbatross) and had dlocated responsbility for providing the required data The
Scientific Committee encouraged the prompt provision of these data. It was agreed that as soon as
data were received at the Secretariat, they should be circulated to Members who were encouraged
to undertake the modelling described in Annex 8, Appendix 1 as soon as possible and to report the
results to the next meetings of wG-Krill and WG-CEMP.

LIAISON WITH WG FSA

5,61  The acting charman of WG-FSA noted that there had been insufficient time a its recent
meeting for condderation of the WG-CEMP ecosystem assessment in the light of reevant fish data
However, WG-FsA intended to carry out thistask in future.

5.62 He drew the atention of WG-CEMP to the fact that data on P. antarcticum (a target
gpecies for CEMP) had been received by the cCAMLR Data Centre.



FUTURE WORK

563 The Sdentific Committee endorsed WG-CEMPs plan of future work (Annex 7,
paragraph 10.1).

MANAGEMENT PLANS FOR CEMP STES

5.64 Last year the Commission adopted Resolution 8/x according protection to the Seal Idands
CEMP dte in response to a proposal submitted by the us. In accordance with Conservation
Measure 18/1X, the Secretariat sought comments on the proposal from SCAR and from the Antarctic
Treaty Consultative Parties.

5,65  Within sCAR the management plan was consdered by the Group of Specidists on
Environmenta Affairs and Consarvation (GOSEAC), the Working Group on Biology and the Working
Group on Geology (CCAMLR-X1/BG9 Rev. 1). GOSEAC commented thet it “found the management
plan acceptable in its present form in terms of environmentd care, but noted some written views
from usA [geologists] concerning the wording of specific sections’; the Working Group on Biology
recommended endorsement by sSCAR and the Working Group on Geology found the proposa
acceptable. Onthis basisit was formaly endorsed by XXII SCAR.

5,66  Subsequently, however, the Secretary of the Working Group on Geology had requested
the CCAMLR observer to SCAR to include some comments on the management plan in his report
(ccAMLR-X1/BG/9 Rev. 1, Annex 1). These comments indicate concern due to:

()  inadequate time to consder the document; and
(i) potentidly restrictive conditions for access to a geologicaly anomaous area.

5.67 Dr Bengtson noted that the management plan did not intend to exclude geologists or others
from conducting research at the Sed Idands that does not disturb the locd wildlife, their habitat, or
the CEMP studies being undertaken. The us Delegation suggested a modification to the management
plan’s wording to rectify any such misunderstanding.

5.68  Accordingly, the Scientific Committee recommended that the Commission revise the Sed
Idands cEMP Site Management Plan by incorporating the following text as gppropriate under section
D.1.b. andin the third paragraph of Annex A:



D.1.b. Throughout the ste at all times of year: Any nonCEMP activities are not
permitted which result in:

()  killing, injuring, or disturbing pinnipeds or seabirds,
(i)  damaging or destroying pinniped or seabird breeding aress; or

(i)  damaging or destroying the access of pinnipeds or seabirds to their breeding
aress.

Annex A (paragraph 3)
Geological and other studies which can be done inside of the pinniped and seabird

breeding seasons in such away as they do not damage or destroy pinniped or sesbird
breeding areas, or access to those areas, would be permitted as long as they would
not adversdy affect the planned assessment and monitoring studies. Likewise, the
planned assessment and monitoring studies would not be affected adversdy by
periodic biologicd surveys or sudies of other species which do not result in killing,
injuring, or disturbing pinnipeds or seabirds, or damage or destroy pinnipeds or
seabird breeding areas or access to those aress.

5,69  No adverse responses had been received from Antarctic Treaty Consultative Parties.

570  Consequently, the Scientific Committee noted that, with the amendments suggested above,
the way was now clear for the Commission to adopt Resolution 8/X as a conservation measure and
to attach the Management Plan for the Sed 1dands CEMP Site as Annex B to Conservation Measure
18/X1.

571  The Sdentific Committee noted that draft management plans for the CEMP dSites at
Magnetic Idand (Audrdia) and Cape Shirreff (Chile) had been reviewed by wWG-CcEMP and would
be reconsidered next year after revision.

ADVICE TO THE COMMISSION
5.72  The Scentific Committee recommended that the Secretariat begin the acquisition of current
and higtorical data on searice distribution around CEMP Sites as described by WG-CEMP (Annex 7,

paragraphs 4.28, 4.30, 4.31 and 4.33) and according to the schedule and budget elaborated in sc-
CAMLR-XI/10.
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573  The Sdentific Committee recommended the publication of a new edition of the Standard
Methods for Monitoring, in loose leaf format as soon as possible.

574  The Sdentific Committee recommended that CCAMLR support the proposed SCAR
workshop to plan a coordinated multinationa research initiative on Antarctic ice-breeding sedls.

575  The Sdentific Committee recommended that ameeting of WG-CEMP be hdd during 1993.

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

6.1 This meeting was hdd in Vifiadd Mar, Chile, 5 to 6 August 1992 and was chaired by Mr
@svedt (Chairman, Scientific Committeg) with the Conveners of WG-CEMP and WG-Krill acting as
rapporteurs.

6.2 The summary report was introduced by Mr @stvedt, who noted the success of the
interactive initiative and highlighted some of the main achievements and proposed actions. The
review of the report by the Scientific Committee concentrated on these aress.

KRILL ESCAPEMENT

6.3 The detailled definition and explanaion of escapement was welcomed. For ease of
reference it was agreed to repesat this definition in the report of the Scientific Committee and to
indude it in the cCAMLR Glossary of Scientific Terms (Annex 12). It was noted that care must be
taken in trandation to distinguish escgpement in the present context from fishing escapement loss,
meaning animas which pass through the meshes of nets. The definition of escgpement in the present
context is asfollows:

In a fisheries management context, escapement is the average leve of
biomass of the exploited stock for a given leve of fishing. Proportiona
escapement is the ratio of this exploited biomass to the average biomass of
the stock before the start of the fishery (pristine biomass).



KRILL/PREDATOR FUNCTIONAL RELATIONSHIPS

6.4 This approach was developed further by wG-ceEmMP and the Scientific Committee
comments can be found at paragraphs 5.56 and 5.57. Possble experimenta approaches to

evauate these relationships were al so discussed by the joint meeting of WG-Krill and WG-CEMP. The
Sdentific Committee endorsed the comments of the joint meeting on the longterm nature and careful

experimental design required of such studies.

KRILL BIOMASSVERSUSAVAILABILITY TO PREDATORS

6.5 The need to investigate this relationship was recognised.

USE OF PREDATOR DEMAND IN SUBAREA
ALLOCATION OF CATCH LIMITSFORKRILL

6.6 The comments of WG-CEMP that such an gpproach is not advised a present (Annex 7,

paragraph 8.7) were noted and endorsed.

TIMING AND LOCATION OF FISHING

6.7 The vdue of fine-scale, and especially haul-by-haul data in this context has been

congstently endorsed by the Scientific Committee.

OPERATIONAL CHARACTERISTICS OF KRILL FISHING

6.8 It was agreed that the dialogue between fishing operators and scientists has been a most

vauable one and should be maintained, particularly in the discussion of gpproaches to management.

KRILL SURPLUS

6.9 The conclusion of the meeting, that work on this concept should be of low priority was
endorsed.
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EXPERIMENTAL HARVESTING REGIMES

6.10  The Sdentific Committee endorsed the advice that the development of models to evauate
the gatigticd peformance and codt-effectiveness of possble experimental harvesting regimes
designed to distinguish between naturd variation in predator performance and effects due to fishing is
desirable. Members are encouraged to develop appropriate proposals.

INCORPORATION OF CEM P INFORMATION IN MANAGEMENT ADVICE

6.11 Thisisacrucid dement in the deveopment of CEMP. It requires modelling a number of
management scenarios using current and historical data. One facet of this could be the investigation
of the feadhility of dynamic dlocation of krill catch limits in response to changes in measures of
predator performance. Members were strongly encouraged to undertake studies of this kind.

PRECAUTIONARY MANAGEMENT MEASURES

6.12 Extendve discusson on this topic is included in the discusson of the wG-CEMP report
(Annex 7, paragraphs 6.45 to 6.57).

INFORMATION REQUIRED FROM WG-KRILL

6.13 The Scentific Committee endorsed the recommendations of the Joint Meeting to
encourage:

()  submisson of haul-by-haul data;
(i)  deployment of scientific observers aboard fishing vessals, and
(i)  fine-scae reporting of fisheries data from atistical areas other than Area 48.

6.14  The need for updated estimates of krill abundance, for krill aundance surveys covering
complete ISRs, for more predator prey surveys using recommended procedures (SC-CAMLR-X,
paragraphs 6.13 and 6.14) and for data on rates of krill movement were a so endorsed.



COORDINATION

6.15  There was unanimous agreement on the need to continue to coordinate the work of, and
paticularly the formulation of management measures by, WG-Krill and wWG-CEMP through joint
megtings. In view of the likdy imposshility of holding such a meeting in 1993, it is particularly
important to try to arrange a joint meeting for 1994. Regular mesetings of the Conveners of dl the
Working Groups of the Scientific Committee were o highly desirable.

MARINE MAMMALS AND BIRDS

STATUSAND TRENDS OF POPULATIONS

7.1 In response to a request from the Scientific Committee, the SCAR Group of Specidistson
Sedls and the SCAR Bird Biology Subcommittee had reported in 1988 on the abundance and trends
of Antarctic pinniped and sesbird populations (SC-CAMLR-VII/9 and SC-CAMLR-VII/12). The
Scientific Committee had requested that SCAR continue to review avallable information and to
update its report on status and trends every five years.

7.2 The rdlevant SCAR groups met in Bariloche, Argenting, from 8 to 12 June 1992, a which
time their reports for CCAMLR were finalised.

7.3 In responding to the Scientific Committee' s request, both SCAR groups had considered the
most effective procedure for providing information on satus and trends.  Although the Secretariat
had prepared and distributed standardised forms for reporting abundance data to CCAMLR, the
SCAR stientigts agreed that it would be difficult to enter in a database dl of the relevant background
information and judgements necessary to estimate population trends.

74 Because census data for some sSites are incomplete, survey methods vary among sites, and
assumptions or conditions peculiar to individua censuses directly affect the estimated populations,
some of the descriptions of increasing or decreasing trends are based on professona judgements
arigng from combined technica expertise.

7.5 The Scentific Committee agreed with the view of the rdevant SCAR groups that the
Scientific Committee would be asssted mogt effectively in consdering marine mamma and bird
population trends by SCAR providing it with analyses, interpreted judgements, and summaries of
available population data.
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7.6 The Scientific Committee thanked the SCAR Group of Specidists on Sedls and the SCAR
Bird Biology Subcommittee for their assgtance in providing the updated summaries of marine
mamma and bird populaions. Given the vadue of information synthesised in the reports from SCAR,
it was agreed that both reports should be appended to the Scientific Committee’ s report (Annexes 9
and 10).

7.7 It requested that SCAR provide an update of avalable information for the Scientific
Committee' s review in 1997. Recognisng that the reviews provided by SCAR in 1992 had been
quite comprehensive, it was noted that because over the next five years sufficient additiona data may
not become available on some populations, a full assessment for al species may not be possible.
Therefore, it was agreed that SCAR through its Group of Specidists on Sedls and the Bird Biology
Subcommittee, be requested to provide, prior to the 1997 meeting of WG-CEMP, information on
those species or populations for which there is evidence of change in population status.

PINNIPED POPULATIONS

7.8 The report from the SCAR Group of Specidists on Sedls concerning the status and trend of
pinniped populations was introduced by Dr Bengtson (Annex 10). Tables 2, 3, 4, and 5 of that
report summarised the most recent population information for Antarctic pinnipeds.

7.9 Antarctic fur sedl (Arctocephalus gazella) populations continue to increase in most aress.
Fur sed abundance a South Georgia and in the South Shetland, Macquarie, Heard, and Marion
Idands gppears to be increasing, while the breeding population in the South Orkney Idands has
been rdaively stable since about 1973.

7.10  Sub-Antarctic fur sed (A. tropicalis) populations are increasing rapidly, and a smdl
population gppears to be establishing itsdf a Macquarie 1dand together with Antarctic fur seds and
New Zedand fur sedls (A. forsteri).

7.11  The status and trends of southern eephant sed (Mirounga leonina) populations had been
reviewed in detall a the SCAR Southern Elephant Sed Workshop held in 1991 and sponsored by
CCAMLR (SC-CAMLR-X/BG/3). It was noted that in response to some of the recommendationsfrom
that workshop, the Group of Specidists on Seds in 1992 established a coordinated study to
esimate and monitor the weaning mass of pups. It was fdt that this cooperative effort would
fecilitate comparing data from various locdlities within the three stocks of southern elephant seds.
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7.12 In generd, southern eephant sedl populations are declining in the Indian and Pacific Ocean
sectors of the Antarctic, while the status of the South Georgia stock is uncertain. This uncertainty is
mainly due to the long period between censuses and ther limited number. However, there is no
indication that the South Georgia population has experienced either a large decline or a large
increase in recent years.

7.13  Although dedines in the numbers of southern eephant seds are continuing a some
locdlities, on the basis of socksin al regions, there is a suggestion that the declineis dowing.

7.14 In contrast to the land- breeding Antarctic pinnipeds, there are relatively few data available
for esimating the sze or trends of ice-breeding sed populations. Because the SCAR Group of
Specidigts on Sedls fdt that it was unable to make meaningful assessments of potentid trends in
population abundance based on these limited data, the importance of acquiring additiond census
data for the pack-ice seals was once again emphasised.

SCAR RESEARCH INITIATIVE ON SEALSIN THEANTARCTIC SEA -ICE ZONE

7.15 Recognising the pressing need for obtaining more information about ice-breeding Antarctic
sedls, the SCAR Group of Specidists on Sedls is developing an internationa program of research on
pack-ice seals (SC-CAMLR-X1/13). The am of such a project would be to carry out sudies of the
behaviour, abundance, and distribution of Antarctic pack-ice sedls in relation to food and the pack-
ice.

7.16 A planning workshop to develop a full description and plan of the program is provisondly
scheduled for May or June, 1993.

7.17  The Sdentific Committee welcomed the SCAR research initiative, and agreed that the
information expected to be forthcoming from such an initiative would provide vauable information of
relevance not only to CCAMLR'S interest in the status and trends of Antarctic pinniped populations,
but aso to the work of WG-CEMP.

7.18  Therefore, he Scientific Committee agreed that the SCAR research initiative on ice sed
research be supported. Specificdly, the Scientific Committee recommended that the following steps
be taken:

() Members are encouraged to accord a high priority to having their scientists participate
in the SCAR research initiative;



(i)  Members are encouraged to alocate sufficient financial and logistic support to engble
the ice sedl initiative to succeed;

(i)  Members are encouraged to provide funds for their relevant scientiststo participatein
the planning workshop to be held in 1993; and

(iv) the Commisson should be requested to provide financid assstance to SCAR to
facilitate the 1993 planning workshaop.

CETACEAN POPULATIONS

7.19 No additiond information on the status and trends of Antarctic whaes was considered by
the Scientific Committee. It was noted, however, that the iIwc Scientific Committee is undertaking a
Comprehensive Assessment of baleen whaes in the Southern Hemisphere, to be completed in 1993.

SEABIRD POPULATIONS

7.20 Dr Croxdl introduced the report of the SCAR Bird Biology Subcommittee regarding the
gatus and trends of Antarctic and sub-Antarctic seabirds (Annex 9). The main data reviewed by
the Subcommittee are summarised in detall, by species and Ste or areg, in Table 1 and Annex 3 of
their report.

7.21 It was emphasised that most available population data, even from exactly the same gte,
derive from afew counts widdy separated in time. Given the subgtantid naturd fluctuations in most,
if not al, seabird populaions, “changes’ indicated in the tabulations should not necessarily be
interpreted as evidence of systematic population change. Furthermore some gpparent population
increases, especidly relaing to petrels, amply reflect improvementsin census techniques.

7.22 For many species of Antarctic and sub-Antarctic seabirds, data are generdly inadequate to
make any accurate assessment of population trends at any Ste in the region. For most other species,
adequate data exist for only one or two gtes. Only commitments of continuous longterm studies will
remedy this Stuation.

7.23  Of speciesfor which adequate data exist for at least one Site, most are currently fluctuating
goppreciably but without any discernable trend, or increaang dightly.
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7.24  Theking penguin isthe only species for which sSgnificant population increases are currently
taking place at mog, if not dl, breeding locdities. These increases are likely to reflect changesin the
gpecies biologica environmert, presumably involving their main prey, myctophid fish.

7.25  Adédie penguins have increased steadily in the Ross Sea since 1982. Populations are
generdly stable dsawhere including at sites where significant population increases occurred between
the 1950s and 1970s.

7.26 Chingrap, and possbly macaroni, penguins, which showed subgtantid loca or regiond
population increases in the 1950s through 1970s are now stable or, a mogt, dightly increasing.

7.27  Thereis less evidence than previoudy that gecies are continuing to increase in numbers
because of increased avallability of refuse in the vicinity of gaions. Treatment of human refuse,
athough much improved, sill needs attention, especidly when the potentid main beneficiaries are
predatory species whaose population increases will be to the likely detriment of other birds.

7.28  The southern giant petrd and nearly al dbatrosses for which adequate data are available
ae decreasng a most or dl sub-Antarctic idands. The southern giant petrd has decreased
ggnificantly at dl breeding dtes on the Antarctic continent but the Stuation in the Antarctic Peninsula
area is more complex. The declines are most likely related to incidental mortdity associated with
longline fisheries but better data, especidly for grey-headed abatrosses and giant petrels, are
urgently needed.

7.29  Thereis less evidence than previoudy that species are continuing to decrease because of
human disturbance though better data are needed on populaions in the vicinity of bases.

7.30 Burrowing sesbirds a most sub-Antarctic idands continue to be serioudy affected by
introduced animds, the example of South Africa in probably having eradicated cats from Marion
Idand needs to be emulated as widdy and as rapidly as possible.

7.31  Thereis dill only circumstantia evidence that decreases in any segbird population can be
attributed to decreases in food avallability at sea. There is no evidence that any population decline
reflects effects of commercid fishing except for those species referred to above in paragraph 7.28.

7.32  There is increasng evidence of the importance of the physica environment (eg., ice,
climate, oceanographic variables) in influencing reproductive performance and even population



dynamics of Antarctic seabirds, especidly species of high latitudes. It is crucid that dl sesbird
monitoring studies should record physica variables as an integrd part of the CEMP program.

7.33 Despite numerous examples of changes in abundance of seabird populations that corrdate
with previous or smultaneous changes in characteristics of the biologica or physicad environment, we
have only a very poor knowledge of how such environmental factors operate and interact, or of how
seabird populations are regulated. These remain vitd fields for enhanced research.

ASSESSMENT OF INCIDENTAL MORTALITY

INCIDENTAL MORTALITY IN LONGLINE FISHERIES

8.1 The problem of seabird mortality associated with the longline fishery for D. eleginoides
had been discussed in detall at the previous two mesetings of the Scientific Committee (SC-CAMLR-IX,
paragraphs 7.3 to 7.14; SC-CAMLR-X, paragraphs 8.1 to 8.26).

8.2 These discussions led to the Commission adopting Conservation Measures 26/1X and 29/X,
which pertained, respectively, to reporting of seebird entanglement and mortdity and the
implementation of procedures to minimise incidenta seabird mortdity.

8.3 WG-FSA had reviewed the extent to which the actions specified in Conservation Measure
29/X had been effective (Annex 5, paragraphs 7.20 and 7.21). The deployment of a tori pole
goparently hed been effective in minimisng incidentd mortdity of birds during Russan longline fishing
operations during the past year (CCAMLR-XI/BG/5).

84 However, WGFsA noted that there had apparently been some mis-interpretation of
Consarvation Measure 29/X (Annex 5, paragraph 7.21). Certain fishing operators had interpreted
this measure to mean that a streamer line is not required if longlines were st a night. The Working
Group emphasised that streamer lines should be deployed during al daylight operations, including
“nautica twilight”. If this definition is used, “daylight” conditions would be present for 20 hours or
more in many of the areas where longline operations are undertaken in the Convention Area.

85 Accordingly, the Scientific Committee recommended that the Commisson consder
redrafting Conservation Measure 29/X S0 that the use of dreamer lines is requested in dl
deployments of longlines regardiess of whether these are during daylight or darkness.



8.6 Dr T. @ritdand (Norway) noted that there have been successful experiments on reducing
the incidental mortality of segbirds in association with longline fisheries in the North Atlantic Ocean.
A report on reducing bait loss had been previoudy submitted to ICES, and will be made available to
CCAMLR. A second report specificaly focussed on reducing the incidental catch of seabirds will be
brought forward and tabled at the 1993 meseting of WGFSA.

8.7 The Scientific Committee agreed that it should take appropriate steps to ensure that it has
access to as much rdevant information as possible on thistopic. In particular, papers describing the
experience of longline fisheries and the results of research invedtigations by New Zedand and
Audrdia, aswell asthose in the North Atlantic, should be brought forward for consderation by the
Scientific Committee and its Working Groups.

8.8 The Scientific Committee therefore requested that:

(i) the Secretariat write to relevant sources of information requesting that this information
be made available to cCCAMLR; and

(i)  Members bring forward information on this topic for review at next year' s meetings of
the Scientific Committee and Working Groups.

8.9 Dr Robertson noted that New Zealand intended to submit a document for the Scientific
Committee's congderation in 1993 which described the successful use of tori poles in the New
Zedand longline fishery. Deployment of tori poles decreased the overdl incidentd mortdity of
seabirds, when night-time sets were utilised, incidenta mortality decreased even further.

8.10  The Scentific Committee reviewed the information available on incidental seebird mortdity
from longline fisheries operating within the Convention Area during the 1991/92 fishing season.

811 A report concerning the Chileen fishery (SC-CAMLR-XI/BG/3) indicated that one
black-browed abatross was taken during the 1991/92 fishing season. Apparently tori poles,
streamers or other gpparatus to discourage birds from diving on baits were not deployed in fishing
operations.

8.12 Russan longline fishing operations employed a variety of methods to minimise incidenta
mortdity (SC-CAMLR-X1/BG/17). Research was dso conducted to investigate ways to minimise lure
atraction for birds and to determine effective methods for reducing incidentd mortdity. Squid was
found to be a bait that was less attractive to birds than fish. The most effective method found for
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deterring birds from diving on baits was towing a brightly-coloured buoy behind the fishing vessel on
a200 mline.

8.13 A report from the United States (CCAMLR-XI1/BG/7) described observations of four cases of
giant fulmars (Macronectes giganteus) entangled in longline hooks and nylon line. Thisiis the first
time that this type of entanglement had been reported in the PAmer Station area, and suggests that a
longline fishery is now operating within the foraging range of this populaion. For example, it was
noted that longline fishing operations had, in 1991, moved from Chilean coastd areas to pelagic
zones in the southeast Pacific Ocean (but outside of the Convention Areg).

8.14 Dr Croxdl noted that a smal number of abatrosses of severd species with longline hooks
impaled in their beaks had been observed annudly a Bird Idand, South Georgia Examination of
these hooks reveded that they are of the type used in D. eleginoides longline fisheries

8.15  An atempted ingpection of a Russan longlining vessel (CCAMLR-X1/BG/5) resulted in no
evidence that birds were being killed during fishing operations. A device (referred to asa“shori” or
“blinker”) to deter birds from taking baits had been deployed and gppeared to be effective. The
shori devices had been used as an aternative to tori poles or streamers because the Russan fishing
captains had fdt that the latter posed arisk to safe navigation.

8.16  The Sdentific Committee welcomed the report on the Russan research on minimising
incidenta mortaity in longline fishing. It was recdled thet this report had been submitted in response
to a request from the Scientific Committee at its 1991 meeting (SC-CAMLR-X, paragraphs 8.10 to
8.13). The Scientific Committee noted that it looked forward to recelving a more detailed written
report on the studies described in paragraph 8.15 at its next meeting.

8.17 Dr Duhame provided an update of his 1991 report on incidenta mortdity (SC-CAMLR-X,
paragraphs 8.4 to 8.6). Although recommended measures for reducing incidenta mortdity have
been implemented around Kerguelen, data had not yet been received on the effectiveness of these
measures. It was expected that this information would be forthcoming and reported to the Scientific
Committee in 1993.

8.18  The Scientific Committee noted the evidence presented, that the use of tori poles can be
vey effective in reducing incidenta bird mortdity in longline fisheries However, because
abatrosses range very widdy (including to areas outsde of the Convention Area), steps should be
taken to ensure an effective liason and information exchange between CCAMLR with nations and
international organisations that are active outsde of the Convention Area.



8.19 It was noted that there is a mgor internationd campaign underway to reduce seabird
mortdity from longline fisheries The Scientific Committee agreed that it would be desirable for
CCAMLR to provide relevant organisations interested in this issue with information arisng from
CCAMLR's efforts within the Convention Area

820 The Sdentific Committee encouraged Members to advise thelr scientists to be on the
lookout for birds that may have been entangled in line or hooks from longline fisheries. Such
occurrences may go generaly unnoticed unless a specid effort is made to watch for such evidence.

Advice to the Commission

821 The Sdentific Committee recommended that the Commisson congder redrafting
Consarvation Measure 29/X S0 that the use of streamer lines is requested in dl deployments of
longlines regardless of whether these are during daylight or darkness.

8.22 At its 1991 meeting, the Commission noted that the adoption of Conservation Measure
29/xX was only one of two options identified by the Scientific Committee that could be effective in
minimigng incdental mortdity in the longline fishey (SC-CAMLR-X, paragraph8.26). The
Commission had requested that the Scientific Committee be prepared to investigate further the other
option of redtricting the operation of the fishery through some combination of catch and/or effort
limitation should the need arise (CCAMLR-X, paragraph 5.9).

8.23  Over the past seveard years, the dtuation concerning incidenta mortality of seabirds in
longline fisheries has improved substantidly, due in large part to the conservation measures adopted
by the Commission. Reports on thistopic have been received from some Members, and additiona
reports are expected to be tabled for the Scientific Committeg’s consderation in the future. In
paticular, reports from the mgor longlining countries concerning the current status of incidenta
mortdity are expected to provide vauable information.

824  The Scentific Committee agreed, however, tha if the anticipated reports are not
forthcoming as expected, it may be desirable to recommend that the Commission consider adopting
additiond measures that would dlow an effective assessment of incidental mortdity and further
actions that might be needed to minimise such mortdlity.

825  Steps should be taken to ensure an effective liaison between ccAMLR and nations and
internationa organisations that are active outsde the Convention Area, to dert these parties to the
incidental mortdity of abatrosses from longline operations.
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INCIDENTAL MORTALITY IN TRAWL FISHERIES

8.26  Atitsprevioustwo meetings, the Scientific Committee had discussed the incidenta catch of
segbirds in trawl fisheries usng net monitor cables GC-CAMLR-X, paragraphs 8.27 t0 8.34). In
1991 the Commission adopted Conservation Measure 30/, which prohibited the use of net monitor
cablesin the Convention Area arting with the 1994/95 fishing season.

8.27 No reports on the use of net monitor cables in the trawl fishery during 1991/92 had been
recaived by the Secretariat. It was understood that Members have dready started to discontinue
the use of these devicesin the Convention Area.

8.28 Reports from Japan (SC-CAMLR-X1/BG11) and Korea (SC-CAMLR-X1/BG/15) stated that no
incidental mortdity had been observed in these Members' trawl fisheries during the 1991/92 fishing
Season.

8.29 Dr Ahn noted that Korea has been conducting studies on reducing incidentd mortdity in
trawl fisheries, and tha there were plans to extend these studies into the Convention Area in the
future through the use of scientific obsarvers. The Scientific Committee welcomed the plans of
Koreato undertake these investigations.

MARINE DEBRIS

8.30 Members' reports on the assessment and avoidance of incidental mortaity and impacts of
marine debris on biota in the Convention Area had been recaived from Audrdia (CCAMLR-XI/BG/S),
Chile (sc-CAMLR-XI/BG/7), Japan (CCAMLR-XI/BG/11), Korea (CCAMLR-X1/BG/15), United Kingdom
(CCAMLR-X1/BG/14 and SC-CAMLR-X1/BG/9), and the United States (CCAMLR-XI/BG/7).

8.31 Dr Moreno introduced a paper describing the types and quantities of marine debris present
on the beaches of Cgpe Shirreff, Livingston Idand (SC-CAMLR-X1/BG/7). Antarctic fur seds a this
Ste have been observed entangled in plagtic packing bands, and man made debris has been found in
the nests of Dominican gulls (Larus dominicanus) and chinstrgp penguins (Pygoscelis antarctica).

8.32 Reaults of on-going surveys of the incidence of Antarctic fur sedls entangled in man-made
marine debris at Bird Idand, South Georgia, were summarised by Dr Croxal (SC-CAMLR-XI/BG/9).
Over the past two years, the incidence of fur sed entanglement in marine debris has declined. The
types of entangling debris most commonly observed (polypropylene packing straps and fishing net
fragments) has remained unchanged. There are plans to continue these surveys annudly.
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8.33 Dr Bengtson noted that annua surveys of Antarctic fur seds a Sedl Idand, South Shetland
Idands, continue to reved individuas entangled in marine debris (SC-CAMLR-X1/BG/7). During the
1991/92 audtra summer, four fur seds entangled or previoudy entangled in marine debris were
obsarved a Sed Idand. This number is Smilar to the number of entangled fur seds observed in the
previous severa seasons.

8.34 Dr K. Kerry (Audrdia) reported that no sghtings of Antarctic wildlife entangled in marine
debris had been reported by Audtrdian scientists for the 1991/92 austral summer (CCAMLR-XI/BG/8).
He noted, however, that a survey of Antarctic fur seals on Heard Idand will be carried out during
1992/93 and that any observed entanglements will be reported to CCAMLR.

8.35 Mr M. Donoghue (New Zedand) drew the attention of the Scientific Committee to a
newly developed bait box that does not use plastic packing bands. The “Blo bait box” is designed
to digntegrate harmlesdy if discarded or lost a ®g, thereby reducing the amount of perdstent
plagtics that are added to the ocean. Information on the specifications and benefits of this product
was made available to the Scientific Committee,

CCAMLR SCHEME OF INTERNATIONAL SCIENTIFIC OBSERVATION

9.1 At its last meseting, the Scientific Committee had provided advice to the Commission on the
operation of a scheme of international scientific observation GC-CAMLR-X, paragraphs 10.1 to
10.8). It had dso agreed that such a scheme would improve the flow of information necessary for
the Scientific Committee swork and adraft set of provisons had been submitted to the Commisson
for consgderation. The Commisson was unable to reach agreement on certain detals of the
proposed scheme (CCAMLR-X, paragraphs 7.5 and 7.9) and the matter had been held over to the
current mesting.

9.2 In preparation for the eventud introduction of the scheme, the Scientific Committee noted
with appreciation that the Secretariat in consultation with the various Working Groups and interested
Members had made significant progress in the development of a draft scientific observer manud.
This manud was tabled as Sc- CAMLR-XI/BG/S.

9.3 The Scientific Committee agreed that on implementation of the scientific observer scheme,
this manuad should be tested in the field as soon as possible and reviewed or updated whenever

necessary.
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94 During the course of its meeting, the Scientific Committee gppreciated that the Standing
Committee on Observation and Ingpection was in the process of elaborating the functions and tasks
of international scientific observers. It was noted that a number of changes had been made by scol
to the list of tasks for observers forwarded by the Scientific Committee to the Commission last year.

9.5 In conddering the scol draft, the Scientific Committee took the “detail of trawls’ to be
provided by observers to be consagtent with the information requirements set out in Format 1A of
the Draft Scientific Observer manud.

COOPERATION WITH OTHER ORGANISATIONS

ACQUISITION OF BIOMASS DATABASE

10.1  With the concluson of the BIOMASS program in 1991, SCAR had offered to make the data
in the BIOMASS database available to CCAMLR free of charge (SC-CAMLR-X, paragraphs 11.8 to
11.10). The Scientific Committee requested that the Secretariat consult with the manager of the
Biomass Data Centre (BDC) to determine the most efficient and cost-effective way of acquiring the
BDC data. The Data Manager’s report was presented as SC-CAMLR-XI/BG/3.

10.2  The report recommended that since these data have been of use to wGKrill and the
Scientific Committee recently (Annex 4, paragraphs 4.47 to 4.62; SC-CAMLR-X, paragraph 3.78;
this report paragraph 2.33), cCAMLR should not only acquire these data but dso load them into an
active database for the use of CCAMLR Members. The cost of this operation, detailed in SC-CAMLR-
X1/BG/3 was estimated as A$3 000.

10.3  The Scientific Committee agreed with this proposa. The Committee expressed its thanks
to SCAR and BIOMASS for maintaining these data for the duration of the BIOMASS program and for
offering to supply them free of charge to ccAMLR. The Scientific Committee dso extended its
thanks to Audrdian Antarctic Divigon, for agreaing to make computer facilities available for this
project to CCAMLR free of charge.

104 It was agreed that the Data Manager would contact the manager of the BDC to ensure that

a full record of dl trandformations that have been made to the data in congtructing the BIOMASS
database will be lodged with the CCAMLR Secretariat for consultation by users of the database.
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REQUEST OF THE SCIENTIFIC COMMITTEE
OF THE INTERNATIONALWHALING COMMISSION

10.5  The Scentific Committee consdered the request of the International Whaing Commisson
(lwc) to comment on the scientific matters raised in a proposa by the Government of France that
the IwcC desgnate al waters south of 40°S as a whae sanctuary (SC-CAMLR-XI1/12). It was aso
aware of an Iwc resolution on the need for research on the environment and whale stocks in the
Antarctic region, which cdls for exchange of information between the 1wcC and CCAMLR (SC-
CAMLR-XI1/14).

106  The Scientific Committee recognised that the 1wcC is the globa international organisation
with authority for the management of whales. Accordingly, the Scientific Committee agreed that it
should confine its discussion to scientific aspects of the proposa. There was arange of views on the
scientific basis of the proposa and its relationship to the IwC's Revised Management Procedure, but
no advice could be offered that had not aready been reflected in the discussons of this topic by the
Scientific Committee of IwC. However, the cCAMLR Scientific Committee welcomed further
cooperation with the 1wc Scientific Committee in investigating the role d whaes in the Southern
Ocean ecosystem.

10.7  The Scentific Committee noted that the minke whale was one of the origina indicator
species proposed under CEMP and that the results of substantia directed research into potential
monitoring parameters had been reported to WG-CEMP. The minke whale no longer appeared on
the list of indicator species Smply because no specific proposds, including methods, for monitoring
had been received. The Scientific Committee considered that it was desirable for any IwC program
of research and monitoring on minke whales to include the development of methods addressing
parameters of relevance to CEMP. The Scientific Committee would be happy to asss in these
endeavours.

REPORTS OF OBSERVERS

10.8  Dr Croxall, the observer to SCAR, presented a report on SCAR activities of relevance to
CCAMLR (CCAMLR-X1/BG/9), particularly relating to meetings associated with XXI1 SCAR in Argentina
in June 1992. Mot of the documents and reports referred to below can be obtained from the SCAR
Secretariat.

109 The second pat of SCAR'S proposa for coordinated Antarctic research on the
International Geosphere - Biosphere Programme, entitled “The Role of Antarcticain Globa Change;
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Part 2 - An International Plan for a Regiond Research Programme”’ will be published late in 1992,
This mgor research program which will contain research on the effects of increased uv-B radiation
on Antarctic biota, as wdl as the mgor initiatives in marine research described below, will be
coordinated by a new group of specidists to which SCAR nationd committees have been invited to
nominate corresponding members. Members of CCAMLR may be interested in maintaining liasson
with their nominated representatives to this SCAR group.

10.10 SCAR, together with COMNAP has dso submitted a paper on environmentad monitoring in
Antarctica to the Group of Experts on Environmental Monitoring a Buenos Aires, June 1992. The
paper covered areas complementary to those covered by CCAMLR, and the meeting recommended
that environmental monitoring should be closaly coordinated with activities of CCAMLR.

10.11 The management plan for the Sed Idands was gpproved by SCAR as reported in
paragraphs 5.64 to 5.70.

10.12 scAR and COMNAP have jointly established an ad hoc planning group on Antarctic Data
Management. The am of this group is to investigate data coordination in the setting up of an
Antarctic data base, and ultimately a data network of Antarctic data holdings. This is envisaged to
proceed via the solicitation d information on current data holdings by nationd and internationa
organisations.  The Scientific Committee asked the Data Manager to write to SCAR expressng
CCAMLR'sinterest in participating in the discussions of the planning group.

10.13 The activities of the SCAR Bird Biology Subcommittee and Group of Specidists on Sedls
are discussed in paragraphs 7.1t0 7.7.

10.14 As part of its IGBP Program SCAR is developing a new coordinated multinationd initiative
for marine research in the Antarctic sea-ice zone, currently comprising three separate programs.
SCAR and SCOR have agreed co-sponsorship of the Southern Ocean Joint Globa Ocean Flux Study
(s0-3coFs) and the Southern Ocean Globa Ocean Ecosystems Dynamics Programme (SO-GLOBEC).
The latter which will investigate relationships within zooplankton and a higher trophic leves is
therefore of particular interest to CCAMLR. The most recent initiative is the coordination of work,
especidly involving longterm dudies, a shore-based Stes, particularly in the Antarctic Peninsula,
Ross Seaand parts of the Antarctic continent in the Indian Ocean sector.

10.15 Recommendations from SCAR to CCAMLR concern support for rapid implementation of the
program of scientific observation on fishing vessals and another recommendation of relevance to
CCAMLR concerns coordination of scientific research at King George Idand. In the latter respect it
was nhoted that the Programa Antértico of the Universidad de Chile proposes to devote a session of
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the forthcoming seminar, held in conjunction with the Divison of Polar Programs, National Science
Foundation, usA, on “Sciencein Antarctica’ (Santiago, 12 to 14 May 1993).

10.16  The next mgor biological mesting of SCAR will be the biology symposum in Venice, Itay
in late May to early June 1994. This symposum should contain the results of much research of
relevance to CCAMLR and will also offer opportunities for the presentation of the results of research
conducted within CCAMLR.

10.17 Mr Bdguerias, CCAMLR observer to ICES, presented his report of the 80th Statutory
Mesting. Of the 95 current working groups of ICES, 70 held meetings during the 1991/92 season,
approximately 45 dealing with the assessment stocks of commercid interest.

10.18 A large number of groups established for the assessment of stocks of single species have
been replaced by others based on geographica criteria, and the consderation of multispecies
approaches and the environmenta relationships of commercia species has become more prevalent
in their work. A new approach has been adopted by the Advisory Committee on Fishery
Management; it has been accepted that the establishment of fisheries management objectives is the
responghility of management bodies, and the role of ICES should be limited to providing scientific
advice to managers. ACFM now presents a range of options of ways of achieving agreed
management ams, and their implications, rather than providing specific recommendations for TACs.

10.19 A workshop held & Woods Hole on the andlysis of data from assessment cruises was of
specia relevance to CCAMLR, especidly consdering CCAMLR'S own workshop to address this
problem (Annex 5, Appendix H). The report from this workshop will be sent to CCAMLR wheniitis
avalable.

10.20  Informeation on forthcoming ICES sponsored meetings was dso given in SC-CAMLR-XI/BG/8,
including workshops on sampling drategies for age and maturity data (February 1994,
Copenhagen), the distribution and sources of pathogens in marine mamma's (22 to 26 March 1993,
Cambridge), and a symposum on computers in fisheries research to be held prior to the next
Statutory Meeting in Dublin (Ireland), September 1993.

10.21  The observer to the Scientific Committee of the Iwc, Dr de la Mare, presented his report
(sc-cAMLR-XI/BG/6) and drew attention to the recently adopted Revised Management Procedure
(RMP) for caculating catch limits. Much of the procedure and the science that has contributed to the
development of the RMP should be of interest to CCAMLR.
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10.22 In response to a letter from the Convener of WG-CEMP enquiring about sources of data
available for invedtigating the krill requirements of baeen whdes, the Scientific Committee of 1wcC
noted that many of the studies it was undertaking as part of the Comprehensve Assessment of
Southern Hemisphere baleen whaes should provide much of the required information, and would be
avalable in one to two years now that the priority of the Scientific Committee to develop the RMP
had been redlised.

10.23 The Charman introduced CCAMLR-XI/BG/12, concerning the recent FAO technicd
consultation on high seas fishing (paragraph 1.14). There were many references to the CCAMLR
Convention Area in the context of high seas management in this document, without apparent
consultation of CCAMLR. The Scientific Committee recommended that the Commission congder this
development carefully.

10.24  Thefollowing were nominated as obsarvers for the meetings taking place in 1993:

e 814 Statutory meeting of ICES (September 1993, Dublin, Ireland):
Mr Balguerias, and Secretariat representation: Data Manager;

e 1993 meeting of IwC (May 1993, Kyoto): Dr delaMare,
* SCAR planning workshop for a program of research on pack-ice seds (see
paragraph 7.18): Dr Bengtson.
PUBLICATION OF SCIENTIFIC PAPERS
11.1  The Secretaria had prepared a review of publications policy of the Scientific Committee
(sc-cAMLR-X1/3). The primary objectives of publishing scientific pagpers submitted to CCAMLR

mestings were identified as

(i) to provide a complete record of and to facilitate access to documents that have been
used in discussons leading to management decisons,

(i) tofoger ahigh andard of scientific work on which CCAMLR activities are based;
(i)  to promote scientific work on CCAMLR obj ectives through the worldwide ditribution

of origind research papers of high scientific vaue;, and
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(iv) to provide in one reedily identifidble volume, a record of the best scientific work
undertaken in pursuit of the CCAMLR objectives.

11.2  The Sdentific Committee endorsed the conclusions of the paper that some of these
objectives were not being met by the present publication of the Selected Scientific Papers (ssP). It
therefore recommended that:

(i) anew publication, ccAMLR Scientific Abstracts beintroduced. This publication will
congs of abgtracts of dl scientific papers submitted to CCAMLR,;

(i) ccAMLR work towards lifting the standard of publication of ssp to that of an
internationaly recognised scientific journd;

(i) as the first steps in working towards this objective, the current publication procedure
for ssp be upgraded to include the review of papers before publication by reviewers
nominated by the Editoria Board.

11.3  The Sdentific Committee recognised that raisng the standard of the ssp in thisway would
help to ensure that CCAMLR was seen to be performing high quality science which is of mgor benefit
to CCAMLR.

114  Theestimated cost of (i) above was recognised to be about A$38 700.

115  Severd technicd points were made about both publications. These were referred to a
gpecid meeting of the Editorid Board to be held after the Scientific Committee meeting which would
consder ways of implementing the developments outlined in paragraph 11.2.

REVIEW AND PLANNING OF THE PROGRAM
OF WORK FOR THE SCIENTIFIC COMMITTEE

121  The Scientific Committee agreed that dl three Working Groups should meet during the
intersessond period.

12.2  An offer was made by Japan to host the meeting of wGKrill and by the Republic of Korea
to host the meeting of WG-CEMP. The Scientific Committee expressed its thanks to Japan and
Korea and accepted these offers.



WG-Krill will meet from 4 to 12 August, 1993 in Tokyo, Jgpan
WG-CEMPWiIll meet from 16 to 23 August, 1993 in Seoul, Republic of Korea
WG-FSA will meet from 12 to 21 October, 1993 in Hobart, Austrdia

12.3  Additiondly, a Workshop on the Design of Approaches to Managing the P. spinosissma
Fishery in Statigticd Area 48 will be held in 1993. The usa offered to host this Workshop in La
Jolla, Cdifornia, in April or May. This offer was gratefully accepted.

12.4  Concerning the meeting of the Conveners of the Working Groups, origindly scheduled for
25 October 1992 (sc-CAMLR-X, paragraph 12.4) the Scientific Committee agreed that this should
take place within the week of the Commisson meeting, and that it should am to ensure that the
Working Groups adopt a common approach to matters of common interest.  As an example, the
protocols for submisson of papers to the meetings should be common (Annex 4, paragraphs 7.3
to 7.7; Annex 5, paragraph 10.3).

125  The Secretariat has been asked to maintain and annudly digtribute a summary of nationa
research plans, according to procedures adopted a sC-CAMLR-1X. Only two Members had
submitted reports in the agreed standard format (New Zealand and Norway). Other Members
provided a brief description of their plans in their Members Activities reports to the Commission.
The complete information available to the Secretariat did not engble the compilation of the required

ummary.

12.6  The Sdentific Committee agreed that Snce few Members were submitting reports in the
agreed format, and since most Working Groups now consdered a review of research plans in ther
agenda, there was no further need for the reporting of nationa research plans and thelr collation by
the Secretariat.

12.7 In the absence of a compilation, Norway reported that it is garting up a monitoring
program on sesbirds and sedls in the Antarctic scheduled for the NARE-1992/93 expedition. The
activities will be limited to hdlicopter transects for estimating distribution and abundance of crabester
seds and preliminary performance of Antarctic petrds. A more comprehensve program is under
preparation and will include cEMP monitoring of fur sedls, chindrgp and macaroni penguins on
Bouvet Idand.

12.8  Jgpan reported that it would continue to census Adélie penguins at and around Syowa
Station, Antarctica to provide estimates of breeding success and penguin dendities.
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BUDGET FOR 1993 AND FORECAST BUDGET FOR 1994

13.1  The draft budget given in Annex 9 includes provison for three Working Group meetings
and one Workshop on Approaches to Managing the P. spinosissima fishery. The budget item for
the Workshop includes an amount for attendance of the Data Manager and trandation of the report
of the mesting.

13.2 A provison is made for activating the BIOMASS database (see paragraph 10.3) and for
supporting a SCAR planning workshop for research on pack-ice sedls (paragraph 7.18).

13.3  The Secretariat had been asked by WG-CEMP to produce a plan for the acquisition and
andysis of satellite data on searice digtribution, obtained from Joint Ice Centre ice charts at specified
intervas throughout the year (Annex 7, paragraphs 4.28). This plan (SC-CAMLR-X1/10) was
endorsed by the Scientific Committee (paragraph 5.9) and atwo year provision for the acquisition of
these data is included in the budget. The Scientific Committee agreed that collection of these data
by the Secretariat condtituted the most practicd way to ensure that they were available to dl
Membersin conjunction with data currently being submitted on monitoring of predator parameters.

134 It was noted that the budget used the remaining part of the Norwegian Specid Fund. The
Scientific Committee expressed its thanks to Norway for providing this fund to assst its work.

135 Dr Kock suggested that, as regards the 1994 forecast budget, the Science Officer should

represent CCAMLR at the SCAR symposum in Venice.

ELECTION OF CHAIRMAN

14.1  The Charman informed the Scientific Committee that this would be his last year in the
Chair.

14.2 Dr Kock was unanimoudy dected Chairman of the Scientific Committee, having been

nominated by Dr Marin and seconded by Mr Baguerias. Dr Kock has been active in the work of
the Scientific Committee for many years, being Convener of WG-FsA from 1987 to 1991.
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NEXT MEETING

15.1  The Sdentific Committee agreed that its next meeting should be held from 25 to
29 October 1993 in Hobart, Audraia

OTHER BUSINESS

ACCESSTO CCAMLR DATA CENTRE DATA

16.1  The topic of the rules and procedures relating to access to data in the CCAMLR Data
Centre was raised in severd Working Groups, most specificdly in WG-CEMP (Annex 7, paragraphs
9.1 to 9.2) and the Scientific Committee had been asked to consder this matter (Annex 7,

paragraph 9.3).

16.2  Themain concernswerethat at present:

0]

(i)

data requested for work relating to CCAMLR meetings was supplied by the Secretariat
without the ownergoriginators of the data having any indication of the reason for the
request. This had the potentid to creete difficulties if the requester later proposed to
publish outside of CCAMLR the results of hiswork; and

that the Secretariat could be faced with requests for data from individuas who had no
previous connections with CCAMLR. It therefore seemed desirable to ensure that such
individuals were proceeding with the knowledge and approva of the gppropriate
Member’s representative and in compliance with CCAMLR’ s policy of data access and
use.

16.3  Accordingly the following additions (in bold face) to the existing rules of accessto CCAMLR
data (CCAMLR-VIII, paragraph 64) were proposed.

@

(b)

All data submitted to the ccAMLR Data Centre should be fredy available to Members
for andyds and preparation of papers for use within the ccCAMLR Commission,
Scientific Committee and their subsdiary bodies.

The originatorsowners of the data should retain control over any use of their
unpublished data outside of CCAMLR.



(©

(d)

()

()

Requeststo the Secretariat by individual scientists of a Member for accessto
data in the ccAMLR Data Centre will only be considered if the request has
been approved in writing by the Representative to the Scientific Committee
(or hisnominated deputy) of that Member.

The Representative is responsible for informing the individual scientist
requesting the data, of the rules governing access to CCAMLR data and for
obtaining the requester’s agreement to comply with theserules.

When Members request access to data for the purpose of undertaking analyses or
preparing papers to be conddered by future meetings of CCAMLR bodies, they
should indicate the reason for the request and the nature of envisaged data
analysis. The Secretariat should supply the data and inform the originators/owners of
the data of this action, together with the details of the original request. When
data are requested for purposes other than consideration by future meetings of
CCAMLR bodies, the Secretariat will, in response to a detailed request, supply the
dataonly after permission has been given by the originators’owners of the data.

Daa contained in papers prepared for meetings of the Commisson, Scientific
Committee, and their subsidiary bodies should not be cited or used in the preparation
of papers to be published outsde of ccAMLR without the permisson of the
originatorsowners of the data Furthermore, because incluson of papers in the
Slected Scientific Papers series or any other of the Commisson’'s or Scientific
Committee' s publications, congtitutes forma publication, written permisson to publish
papers prepared for meetings of the Commission, Scientific Committee and Working
Groups should be obtained from the originatorsowners of the data and authors of

papers.

The following statements should be placed on the cover page of dl unpublished
working papers and background documents tabled:

This paper is presented for consderation by cCAMLR and may contain unpublished
data, analyses, and/or conclusons subject to change. Data contained in this paper
should not be cited or used for purposes other than the work of the CCAMLR
Commisson, Scientific Committee or their subsidiary bodies without the permisson of
the originators/owners of the data.

81



16.4 Dr S. Nical (Audrdid) commented on the benefit of didogue between fishing operators
and scientigts. This has been possible because of the attendance of some of the former a meetings
of the Working Groups. The Scientific Committee agreed that it would be useful to investigate the
possibility of organisng such diadogue meetings to take place a& some time, perhaps adjacent to
Working Group meetings, and encouraged Members to condder this matter when organising
meetings. These didogues would aso help to determine which fisheries are likely to be the object of
fishing activitiesin the future, and so enable the Scientific Committee to focus its work.

ADOPTION OF THE REPORT

17.1  The Report of the Eleventh Meeting of the Scientific Committee was adopted.

CLOSE OF THE MEETING

18.1 In closing the meeting, Mr @stvedt thanked Members for their hard work and cooperation
during his two years as Chairman. He congratulated the Scientific Committee on having aways tried
to make use of the best scientific advice and not being unduly influenced by nonscientific
congderations.

18.2 He dso thanked the Secretariat and interpreters for their high standards of professiondism
and hard work in making sure the meetings ran smoothly and efficiently.

18.3 Prof. Beddington thanked Mr @stvedt for his guidance over the last two years, and for
being a hdpful and efficient Chairman to work with.

184 Mr Miller extended the very best wishes of the Scientific Committee to Dr Darry Powdll
and his wife May on the eve of his retirement from the position of Executive Secretary of CCAMLR.
He noted especidly the high regard in which Dr Powdl was held by Members, and the loss they
would fed at his departure.

18.5 Finaly, Mr @stvedt extended his best wishes to the incoming Chairman of the Scientific
Committee, Dr Kock.

18.6  The Charman then closed the meeting.
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AGENDA FOR THE ELEVENTH MEETING
OF THE SCIENTIFIC COMMITTEE

1. Opening of the Meeting
() Adoption of the Agenda
(i) Report of the Chairman

2. Krill Resources
() Fishey Statusand Trends
(i) Report of the Working Group on Krill (WG-krill)
(i) Data Requirements
(iv) Adviceto the Commisson

3. Fish Resources
() Fisheries Statusand Trends
(i) Report of the Working Group on Fish Stock Assessment (WG-FSA)
(i) Data Requirements
(iv) Sdentific Research Exemptions
(v) New Fisheries
(vi) Adviceto the Commisson

4, Other Resources
() Review of Activities Related to Squid
(i) Review of Activities Related to Crab Species
(i) Other Resources
(iv) Adviceto the Commisson

5. Ecosystem Monitoring and Management
() Report of the Working Group for the CCAMLR Ecosystem Monitoring Program (WG
CEMP)
(i) Management Plansfor CEMP Sites
(i) Adviceto the Commission

6. Report of the Joint Meeting of the Working Groups on Krill and CEMP

7. Marine Mammd and Bird Populations



10.

11.

12.

13.

14.

15.

16.

17.

18.

Assessment of Incidental Mortdity

() Incidentd Mortdity in Longline Fisheries

(i) Incidentd Mortdity in Trawl Fisheries

(i) Marine Debris

CCAMLR Scheme of International Scientific Observation

Cooperation with Other Organisations

() Acquigtion of BIOMASS Data Base

() Reports of sc-CAMLR Representatives a Meetings of Other Internationd
Organistions

(i) Nomination of sc-CAMLR Observersto Meetings of Other Internationa Organisations

Publication of Scientific Papers

Review and Planning of the Program of Work of the Scientific Committee

() Activitiesin the Intersessond Period

(i) Coordination of Field Activities for 1992/93 and 1993/94

Budget for 1993 and Forecast Budget for 1994

Election of Chairman of the Scientific Committee

Next Meeting

Other Bugness

Adoption of the Report of the Eleventh Meeting of the Scientific Committee

Close of the Mesting.
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REPORT OF THE FOURTH MEETING
OF THE WORKING GROUP ON KRILL
(Punta Arenas, Chile, 27 July to 3 August, 1992)

INTRODUCTION

1.1  The Fourth Mesting of the Working Group on Kirill (wG-Krill) was held a the Hotel Cabo
de Hornos, Punta Arenas, Chile, from 27 July to 3 August 1992. The meeting was chaired by the
Convener, Mr D.G.M. Miller (South Africa).

1.2  Mr Miller welcomed the Working Group to Punta Arenas, commenting that this was the first
time the Group had met in the Southern Hemisphere.

REVIEW OF THE MEETING OBJECTIVES
AND ADOPTION OF THE AGENDA

21  The Convener reviewed the objectives of the meeting. The highest priority topics for
consderation by the Working Group had been identified by the Scientific Committee (SC-CAMLR-X,

paragraph 3.93) as:

investigations of flux in Statistical Area 48 and other aress;

* edimation of totd effective biomassin Statistical Area48 and other aress,

* refinement of cdculations of potentid yield and precautionary limits, including further
evaduation of the population models and demographic parameters used in such
cdculaions, and

»  further estimation of precautionary limitsin various Satistical areas and subaress.

2.2 In addition to the activities set out above, the Scientific Committee had endorsed specific
additional objectives as.

» further work on by-caich of young fish in the krill fishery (SC-CAMLR-X, paragraph
3.22) and on possible escapement losses of krill not retained during trawling 6c-
CAMLR-X, paragraph 3.23);



additional information on krill demographic parameters should be reviewed
(SC-CAMLR-X, paragraph 3.48);

continued development of operationa definitions of Article 11 in the context of particular
management procedures and the associaed mechanisms for monitoring the krill
resource (SC-CAMLR-X, paragraphs 3.52 to 3.53);

regions where overlap between fisheries and foraging predators may exist should be
further defined in order to fadilitate future refinement of precautionary krill limits (sc-
CAMLR-X, paragraph 3.82);

congderation of the cods to fishing nations, likdy to be incurred in the collection of
length frequency and haul-by-haul data (SC-CAMLR-X, paragraph 3.91).

2.3  The Sdentific Committee had posed four questions that would assist the development of
exact formulations of future conservation measuresin Statistical Area 48:

0]

(i)

i)

Within Subareas 48.1 and 48.2, does the cons stent concentration of the krill fishery in
particular parts of these subaress, reflect that:

(@ these are the only parts of these subareas where economic krill fishing is
congstently possible;

and/or

(b) these are consgently the best parts of the subareas for krill fishing?

What is known about krill concentrations in the parts of these subareas further from
land than 100 km?

How criticd is the December through February period to the efficient operation of the
krill fisheriesin parts of Subareas 48.1 ad 48.2 to which they are currently restricted?

How does the abundance and digtribution of krill in areas currently the focus of the
fishery, change throughout the fishing season? In particular, what are the abundance
and digtribution characteristics immediately prior to and after the breeding seasons of
penguins and fur sedls (i.e., prior to December and after February).



24 A Prdiminary Agenda had been circulated prior to the meeting. Two additions were made,
‘Techniques under Item 4(ii), which would cover condderations of target strength estimation and
other procedures used for biomass surveys, and ‘ Editorial Consderations under Item 7. With these
additions the Agenda was adopted.

25 TheAgendaisincluded in thisreport as Appendix A, the List of Participants as Appendix B,
and the List of Documents submitted to the meeting as Appendix C.

2.6  The report was prepared by Drs D.J. Agnew (Secretariat), R. Hewitt (Usa), R. Holt (usa),
M. Basson (UK), D. Butterworth (South Africa), J. Watkins (UK), I. Everson (UK) and W. de la
Mare (Augtrdia).

REVIEW OF HSHERIESACTIVITIES

3.1  The following documents were considered during the discussions of the Working Group
under this agendaitem: CCAMLR COMM CIRC 92/54, WGKTill-92/6, 9, 13, 21, 29, 32, and 33.

Fisheries Information

Catch Leves

3.2 CCAMLR COMM CIRC 92/54 contained the fird summary of monthly krill catch reports
required by cCAMLR Conservation Measure 32/X. Conservation Measure 32/X became effectivein
May 1992, and reports from Member nations were due at the Secretariat by 30 June 1992.

3.3  Poland reported monthly catches from July 1991 through May 1992 totaling 6 887 tonnes,
the bulk of these catches were taken in Subarea 48.3. The data reported by Russa including
catches by Ukrainian vessas, monthly catches from November 1991 through June 1992 totalled 93
625 tonnes and 89% of the catch was taken in Subarea48.2. No other Members reported monthly
catches.

34 Dr M. Naganobu (Japan) reported that Sx Japanese fishing vessels operated during
1991/92 and that two were currently fishing. The 1991/92 catch was estimated to be smilar to the
1990/91 catch (66 250 tonnestotal).



3.5 Dr V. Main (Chile) reported that one Chilean fishing vessel operated in Subarea 48.1
during January through March 1992 and caught 6 086 tonnes (WG-Krill-92/21). These catches had
been reported to the Secretariat in haul-by-haul format, separated into two 45-day fishing periods.

3.6  Therewas no information available regarding catches of krill by other Membersin 1991/92.

3.7  DrK. Shus (Russa) reported that the Murmansk and Black Sea fishing fleets caught 7 014
tonnes of krill in Subarea 48.1, 101 422 tonnes in Subarea 48.2, and 39 305 tonnes in Subarea
48.3 during 1991/92. He dso dated that this catch was substantidly lower than in previous
seasons.  However, Russa was unlikely to increase krill catches beyond currert levels in the near
future.

3.8 From the above, it was concluded that at least 227 000 tonnes of krill were caught in
1991/92, with 30% from Subarea 48.1, 50% from Subarea 48.2, and 20% from Subarea 48.3. Of
the tota catch, approximately 60% was reported to the Secretariat by month.

3.9 Members noted the lack of compliance by some nations with Conservation Measure 32/x
which cdls for reports of monthly krill catches. It was dso noted that the requirement to report
monthly catches had only recently been established, and it is anticipated that compliance with this
conservation measure will improve in the future,

Location of the Fishery

3.10 waGKirill-92/13 described fine-scale catches of krill in Statistical Area 48 reported to CCAMLR
for 1990/91. Smilar to previous Flit-years, fishing began a South Georgia, then shifted to South
Orkneys, then to the Antarctic Peninsula area, and findly returned to the South Georgia area during
the winter of 1991.

3.11 Hne-scae catch data for 1990/91 (WGKrill-92/13) indicated that krill were caught over shdlf
areas associated with idands, smilar to the fishing patterns reported for 1987/88. During 1988/89
and 1989/90 fishing was less concentrated, particularly in Subarea 48.2. It was noted that CPUE
from the Chilean fishery was low during these years. Krill recruitment from spawning in 1988/89
and 1989/90, asimplied from length frequency data and reported in wWGKrill-92/15, was a so poor.

3.12 The Chilean fishing vessd operated first north of Livingston Idand, then north of Elephant
Idand, and findly back to the area north of Livingston Idand; these were Smilar to the areas fished
in 1990/91 (WG-Krill-92/21).



3.13 Thedigribution of CPUE, provided in WGKrill-92/21 was very smilar to the distribution of Krill
determined from acoustic surveys conducted during the same period and reported in WG-CEMP-
92/15. In this regard, it was noted that an evaluation of the composite CPUE index, defined first by
WG-KTill in sc-CAMLR-VIII, Annex 4, Appendix 7, might be made by consdering haul-by-haul fishery
datain combination with acoudtic data collected on asmilar scde.

Other Information from the Fishery

3.14 Differencesin verticd migration patterns between male and femade krill were described from
samples collected during Russian krill fishing operations west of Coronation Idand (WGKrill-92/9). It
was noted that fishing operations were focused on aggregations of krill that remained in the same
area over three months. It was further noted that reports from previous years of fishing operations
and research vessd activities described aggregations of krill in the same areas to the west of
Coronation Idand. The information contained in WGKrill-92/9 was conddered very useful and
demonstrates the benefit of having observers aboard fishing vessels.

3.15 Length frequencies of krill sampled from the 1990/91 Chilean fishery indicate that juveniles
were taken north of Elephant Idand but not north of Livingston Idand (WG-Krill-92/21). The length
frequency didributions were samilar to those reported last year by the us AMLR Program
(WG-CcEMP-91/11), where juveniles were caught north of Elephant Idand but not north of King
George Idand.

3.16 The problems of catching large numbers of sdps or “green” krill were discussed. It was
recognised that discarding catches with large numbers of sdps may affect observed length
frequencies. Dr E. Acufia (Chile) indicated that the Chilean vessd discarded hauls with grester than
40% sdps, but that this was a relaively rare event and only ever occurred during short trid hauls at
anew location. Dr H. Hatanaka (Japan) commented that some Japanese fishing companies kept the
caiches including saps. “Green” krill are kept by both fleets but in the case of the Japanese fishery,
movement away from regions of “green” krill is necessary to maintain product qudity. The Russan
fishery on the other hand utilises both “green” and “white” krill.

By-Catch of Young Fish

3.17 waGKirill-92/32 described the numbers and size digribution of juvenile and adult fish caught
during the course of Chilean krill fishing operations. Dr Acufia further explained that gpproximately



12% of the hauls were examined, and 10% of the total of 419 hauls contained fish as a by-catch.
The Working Group noted tha the rdatively smal numbers of large fish reported may ill be a
cause of concern. In response to a query from Dr Everson, Dr Acuiia reported that juvenile fish
(Chionodraco spp.) were included in the above andyses dthough there is ill an attendant difficulty
in separating smdl fish from krill in the catch and consequently the occurrence of amdl fish may be
under-reported. It was dso noted that information on the proportion of fish by-catch by weight
would be useful information.

3.18 The abstract of wGKrill-92/6 reported that there was no fish by-catch during Russan krill
fishing operations conducted in Subarea 48.2. Juvenile Champsocephalus gunnari were caught,
however, during krill fishing operationsin Subarea48.3. Dr Shust indicated that the tables contained
in waKrill-92/6 would be trandated and presented at the meeting of the Working Group on Fish
Stock Assessment (WG-FsA) later thisyear. The Working Group strongly encouraged more reports

of thistype.

3.19 Attention was drawn to the fact that information on the presence of smal fish, particularly the
larva stages, is Hill lacking snce they are difficult to observe. It is therefore il not possible to
asess fully  the possible effect of by-catch on the early life history stages of fish, particularly species
subject to conservation measures. The Working Group draws the attention of WG-FsA to the above
results in the context of the Scientific Committee's concern expressed in SC-CAMLR-X, paragraph
3.22.

Fishing Escapement Loss/Mortality

3.20 Both the Scientific Committee and Commission have expressed concern as to the lack of
information on the mortality of krill which pass through the meshes of nets (see for example
SC-CAMLR-X, paragraph 3.23 and CCAMLR-X, paragraph 6.16).

3.21 In this connection, WGKrill-92/29 was accompanied by a video of Japanese commercid

fishing operations. The objective of showing the video was to suggest that little loss occurred
through the codend of the trawl, and that many of the krill retained were till living. It was noted that
Japanese fishermen carefully monitor the quantity of krill caught in the net throughout the course of
the haul, and that the net is retrieved when an adequate amount of krill is caught. Jgpanese catches
are 10 to 12 tonnes per haul if the krill is to be frozen and 30 tonnes per haul if the krill is to be
peded or reduced to med. The Russan fishery on the other hand fishes for longer periods of time
and catches are often of the order of 15 to 20 tonnes per haul.



3.22 The Working Group encouraged additiond experiments to determine the amount and
viability of krill passing through the wings body, and codend of nets used in krill harvesting
operaions particularly during the towing process. Members with historicd information from such
experiments were encouraged to submit their results to the next meeting.

Reporting of Catch Data

3.23  Currently data on krill catch and effort are required to be reported by fine-scae rectangles
(0.5° latitude x 1° longitude) from Subareas 48.1, 48.2, 48.3 and the Integrated Study Regions
(ISRs).

3.24 Members noted that the Chilean fishery occursin only 3 to 5% of Subarea48.1. Smilarly,
total krill catches in Subarea 48.1 have occurred in 15% of the availdde fine-scae reporting
rectangles. It was suggested that subareas, and even the fine-sca e reporting blocks, are too large to
determine the effects on krill predators of locdised fishing. It was further noted, however, that more
detailed reporting schemes would be difficult to implement for dl catch and effort data, and that the
present fine-scale reporting was adequate to define the temporal and spatia distribution of catches
(for further discussion see paragraphs 3.11, 3.12, 4.15, 4.30, 4.31 and 6.17). The Working Group
emphasised the continued request for reporting of haul-by-haul data within 100 km of CEMP Stes
(sc-CcAMLR-1X, paragraph 2.63; CCAMLR-X, paragraph 4.10(i1)) if possible.

ESTIMATION OFKRILL YIELD

Krill Flux in Statistical Area48

Immigration and Emigration Rates

4.1  The possble importance of krill movement with respect to the estimation of potentia yield
was emphasised at both the 1990 and 1991 meetings of wGKrill and, at the 1991 meeting, the
Working Group recommended that submissions on this topic be made.

4.2  Paper wGKirill-92/25 presented figures and tables containing surface geostrophic flow in
Statistical Area 48 and the Atlantic Sector of the Antarctic Ocean, based on oceanographic data
accumulated since 1925. Geostrophic veocity and volume transport through specific observation
lines were also presented based on oceanographic data collected by cruises of Rv Kaiyo Maru over
thelast nine years.



4.3  The geopotentid anomay and verticd digribution of velocity and volume transport, based
on data from the second leg of a survey conducted by Rv Kaiyo Maru in the waters north of the
South Shetland Idands (January/February 1991) were presented in WGKirill-92/24.

4.4 It was pointed out that the picture of flow obtained from four Argos buoys released in the
area to the north and northrwest of Livingston Idand presented in Figure 4 of wWGKiill-92/26, is
somewhat different from the picture of geostrophic flows based on geopotentia anomalies presented
iINWGKrill-92/25.

45  Theimportance of scade and location in this regard was noted. Figure 5 in wGKrill-92/24, for
example, based on geopotentid flow, shows a strong flow from the Pacific to the Atlantic Sector
with asmdl counter flow dong the shelf. Thisis not contradictory to the tracks of the Argos buoys,
but these flows are defined on a much smdler scae than those in WGKiill-92/25. Large errorsin the
esimation of krill migration rates can therefore be made if an ingppropriate scde is used to
determine the flux or flow of water.

46 It was dso noted that the tracks of two of the buoys, released on the same date, to the
northwest of Livingston Idand were very close a one point but one buoy ended up around South
Georgia whereas the other became entrained in the waters around Elephant Idand.  This suggests
that it may be very difficult to predict where a body of water (with or without krill) may end up even
if the flows are known.

4.7  The Working Group was of the opinion that when consdering fow in the deep ocean,
between idand groups, geostrophic flow on ardatively large scale may be agppropriate. Flowson a
andler scde in the area around an idand, for example, may be described more redigticdly using
satdllite tracking of buoys.

4.8  Dr Naganobu commented that the generd direction of the surface geostrophic currentsin the
northern shelf of the South Shetlands is toward the east, but below 50 m they move in the opposite
direction. It isimportant to consder this current system in relation to the movement of the different
life tages of krill inthe area.

49  One possible disadvantage of usng satdllite tracking is that a large number of observations
needs to be congdered in order to obtain an overdl picture of the patterns of flow. Thisisrequired
because the knowledge of integrated mass flows over boundaries, combined with the density of krill
in bodies of water, is most important for estimation of the totd biomassin agiven area.



4.10 At this stage, for convenience, the boundaries used are those that define the CCAMLR
Statistica Subareas within Statistical Area 48. It will become necessary to consider whether these
boundaries are gppropriate and the information that would be necessary to do so should be
identified.

4.11 The Working Group's atention was drawn to the woce (World Ocean Circulation
Experiment) Program which includes the use of tracking buoys put in the open ocean. Members felt
that amilar sudies that concentrate on shelf areas would complement the wockE study and should
provide useful information on krill movement.

4.12 The possible ussfulness of modds that smulate Southern Ocean circulation, such as FRAM
(Fine Resolution Antarctic Modd), was noted. Results of this modd have been published as FRAM
Atlas.

4.13 Dr Everson reported prdiminary results of work undertaken with the FRAM a British
Antarctic Survey. The study looked a the drift of particles seeded into the modd a different
locations. When the particles were totaly passive and seeded into Drake' s Passage, they ended up
north of the Antarctic Polar Front (APF). When the particles were dlowed to migrate verticdly,
however, they remained south of the APF. Thisimpliesthat any modd of krill movement should take
into account the behaviour of krill, a least in terms of verticd migration.

4.14 Two mgor problems with the use of FRAM in trying to undergand krill movement were
identified. Frgly, FRAM only smulates summer conditions and, secondly, its patid scae is greater
than 10s of kilometres so that not much useful information on movement in shef areas can be
obtained.

4.15 Dr Hewitt reported that on one survey around Elephant 1dand, the geopotentia anomdies
were found to be complex (many eddy-like structures) and there wes a high leve of krill densty.
On another survey, aso around Elephant 1dand, the geopotentid anomaies were directed (fewer
eddies and a predictable flow pattern) and there were fewer krill. In order to investigate this matter
further, it was necessary to look on spatia scales of less than 10 km. Thereistherefore aneed for
local circulation model s which accommodate much finer spatia resolution.

4.16 Inthis context, reference was made to the work by Hofman and colleagues (UsA) who have
developed very fine-scae modds linking hydrographic conditions with egg and larva stages of krill.

4.17 Table 1 summarises current knowledge of flow rates in and between subaress in Statisticdl
Area48.



Resdence Times

4.18 The Working Group noted that tere were areas where krill concentrations consstently
tended to occur year after year, but where loca krill concentrations did not necessarily persst. This
is particularly evident from data on the location of the fishery. There are dso areas where, withina
season, thereis very little flow and locd krill populations may be consdered as quas-dationary.

4.19 It was suggested that Statistical Area 58 may be one where water flow may be less complex
and varidble in the shef region and may therefore be a good starting point for studying residence
timesin asysem somewhat smpler than that in Satistical Area48.

4.20 Dr Everson reported that a krill patch studied during acoudtic investigations in the area of
Bird Idand, perasted for over two weeks (WGKrill-92/31). Although the length frequency
digribution of the krill sampled within the patch was dso gable and the dendty was redivey
congant, it was impossible to say whether the same group of animds remained in the area or
whether animals were continuoudy moving into and out of the patch.

4.21 The view was expressed that, with respect to the formation and persistence of aggregations,
andl-scde flows, eddies and gyres are likely to be more important than large-scde flows. Thisis
because the formation of krill aggregations is likely to be associated with primary production which
in turn may depend on locaised hydrographic conditions.

4.22 1t islikdy that krill are ale to follow plumes of production and end up in aress of high
primary productivity (i.e, food availability). Krill distribution should not therefore be assumed to be

entirdy passve and dependent on prevailing hydrography.

Influence of Hydrography

423 A sudy of seasond changes in the oceanic structure of waters around the South Shetland
Idands from a survey conducted by Rv Kaiyo Maru was presented in WGKrill-92/24. During the first
leg of the survey (22 to 29 December 1990) the temperature of the Antarctic Surface Water over
the insular shdf was congagtently below O°C. On the second leg (18 January to 2 February 1991),
however, the temperature in the same waters was cons stently above zero.

4.24 The reason for this change in temperature is thought to be caused by the topographic
upwdling of the Warm Degp Water and wind-driven coastd upwdling. The distribution patterns of
temperature, sdinity, dengty, dissolved oxygen and nutrient salts supported this conclusion.
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4.25 One of the authors (Dr Naganobu) added that this upweling phenomenon is important for
primary production and that further andyses are being conducted to investigate this matter.

Generd Comments

4.26 Inthe 1991 report of WGKrill various hypotheses about the movement and degree of mixing
of krill between the subareas in Statisticad Area 48 were proposed and graphically presented in
Figures 2 and 3 in Annex 5 of sC-CAMLR-X. One modd is that the populations in each subarea are
effectivey closed populations. Another model is that there is effectively a conveyer belt moving krill
from Subarea 48.1 to 48.2 and on to 48.3. Current information does not exclude either of these
posshilities dthough the generd feding was that a mixed modd would probably be most

appropriate.

4.27 It was noted that new information has been presented for Subarea 48.1 but that there was
not much information available for Subarea 48.2 and no new information for Subarea48.3.
Members agreed that it was dso important to consder dtatistical areas other than Statigtica
Area48.

4.28 With respect to Statisticad Area 58, it was fdt that the system islikely to be smpler than that
in Statigicad Area 48. Severa papers (SC-CAMLR-VI/BG25 and WGKrill-90/16) on the
characterisation of water masses and the krill digtribution as well as on the location of thefishery
have been presented in the past. Biologica surveys have aso been conducted in Statistical Area 58
and, in generd, these activities have been concentrated on the shelf area where krill concentrations
consstently occur.

4.29 It wasaso noted that WOCE was focussing on this area.

4.30 TheWorking Group noted how vauable the fine-scale fisheries data from Statistica Area 48
have been, particularly in identifying areas of high krill dendty and the duration of these aggregations.
These data are essentid in the linking of krill digtribution with fine- scale oceanographic features.

4.31 There seemed to be few difficulties in collecting these data, and the Working Group

therefore recommended that fine-scale data be required for Statistical Areas (58 and 88). These
data should be submitted in the same way as those for Statistical Area48. The submission of fine-
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scale data for Statistical Areas 58 and 88 from past seasons would aso be of great vaue to the
Working Group and should be requested.

4.32  For future work on the influence of hydrography on krill distribution, it was felt that attention
should dso be given to the use of data on flux and retention times to integrate krill abundance with
the flow of water masses in order to estimate overdl krill biomass (or standing stock).

4.33 It was pointed out that the effective liaison between biologigts, fishermen, fisheries managers
and oceanographers has yielded a large amount of information for Subarea48.1 and that thereisa
need to extend this cooperative work to the other aress.

Edimation of Biomass

Techniques

4.34 At the 1991 meeting of WGKrill, recommendations were made regarding the rdationship
between target strength and length (of the target) that should be used in caculations of biomass, from
acoudtic surveys conducted a 120 kHz. This recommendation was adopted by the Scientific
Committee (SC-CAMLR-X, paragraph 3.34).

4.35 Recommendations for further work regarding the estimation of krill target strength were dso
made (SC-CAMLR-X, Annex 5, paragraph 4.30). These can be summarised as.

() cageand in situ measurements of krill aggregations should be made over a range of
acoudtica frequencies and anima lengths and physiologica condition;

(i)  in situ measurements of individud krill target strength should be made usng dud- or
gplit-beam echosounders;

(i)  the physicad conditions of krill should be measured whenever possible;

(iv) the orientation and shape characterigtics of krill should be determined whenever
possible; and

(v) the above measurements should be used in theoreticd modds to predict the
digribution of individud target strengths tha would be expected from a natura
aggregation of animals.



4.36 Paper wGKirill-92/11 presents an overview of empiricd vaues of target strength and
theoretical models of target strength. Data from awide variety of sources are reviewed with the aim
of providing a generdised relaion between target strength, size and frequency. Various problems
are identified and the resulting recommendations are essentidly the same as those above.

4.37 Paper WGKirill-92/31 summarises information, addressng some of the above issues, from
three papers submitted for publication by scientists from British Antarctic Survey. The results
indicate that:

() the near surface bubble layer causes sgnificant backscatter at 38 and 120 kHz but
does not cause gnificant Sgnd attenuation;

() 9gnd drength at 120 kHz was gpproximatdy 5 dB higher than at 38 kHz for 55 nm
krill in apatch near South Georgig;

()  different types of echotraces can be identified from survey records; and

(iv) from target hauls with a Longhurst Hardy Plankton Recorder some of these target
types could be identified asindividud taxa

4.38 Taget identification, both with angle-beam and dual-beam systems, is recalving a lot of
attention and improved methods and systems are under development in many countries.

4.39 The edimation of the target strength of sdps was discussed in some detall.  Salps often
occur in areas where krill are found. Although little work has been done on this problem, some
members felt that it may be possible to distinguish sdps from other taxa because the sgnds from
200 kHz and 120 kHz for saps appear to be different.

4.40 The Working Group indicated that further work on the effect of the physica condition and
orientation of animals on target strength was needed.

4.41 The importance of cdibration was emphassed paticularly in the estimation of abundance
and in Stuations when dua frequency systems are being used for target identification.

4.42 Paper wWGKrill-92/17 outlines the theory and procedures that have been used for cdibrating
an echo integration acoudtic system with a sandard sphere. Results of an extendve cdibration of a
Simrad EK500 scientific echosounder with a 120 kHz split-beam transducer in arefrigerated 10 m
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deep tank were presented. Cdlibration parameters were studied in relation to sphere materid, water
temperature, transmitted pulse length, target depth and time. Conclusions from this study indicate
that the accuracy of the standard sphere as a reference TS vaue, temperature range and time
contribute sgnificant error to the cdibration accuracy of an echo integration acoustic syssem. The
Working Group agreed that acoudtic cdibrations should be undertaken for dl the insrument settings
used during asurvey.

4.43 Paper wG-Kirill-92/30 presented a procedure to correct for the effects of acoustic beam width
when assessing the biomass of krill aggregations. The problem arises because, as a sSvarm passes
into the beam, it is only fully insonified when a certain distance has been traversed; the diganceis a
function of the range to the swarm and the angle off-axis at which the svarm isfirst detected. This
off-axis angle should be determined and used in preference to the vaues supplied by manufacturers.
It was pointed out that beam width isinfrequently measured adthough it is a very important parameter
inthe andyss of acoudtic data.

4.44 A further important congderation in acoustic surveys is the choice of threshold leves for
echo integration. This should be taken into account when considering results from acoustic surveys.
Statistical Area48
445 In 1991 the Commisson st a precautionary limit for krill in Statigticd Area 48
(Conservation Measure 32/x), based on caculations undertaken by wG-Krill usng estimates of krill
biomass established from results of the ABEX acoudtic survey.
4.46 Kiill target strength is an important parameter in the estimation of abundance from acoustic
survey data. The Working Group agreed at its last meseting that the TS values used during the ABEX
andyss were too high and recommended that arevised TS/length rdationship at 120 kHz be used.
447 The Sdentific Committee had requested that the AIBEX data be re-analysed (SC-CAMLR-X,
paragraph 3.78). A group of scientists from some Member nations undertook this task which

congsted of:

() re-cdculation of ABEX results udng the origind TS relationship to check the database
and programs,

(i)  re-cdculationof FIBEX resultsusng the new TS reaionship; and
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(i)  caculation of biomass estimates for each subarea.

Reaults are presented in wG-Krill-92/20.

448 Thanks were extended to BIOMASS Data Centre and British Antarctic Survey for ther
cooperation and assstance in this task.

4.49 The TS rdationship recommended by the Working Group pertained to a frequency of 120
kHz. Two of the surveys conducted under ABEX were not at 120 kHz, but at 50 kHz (Walther
Herwig) and at 200 kHz (Kaiyo Maru). The recommended TS relationship had to be adjusted to
obtain TS relaionships at these other frequencies (Greene et al., 1991%).

450 Theresultsudng the origind TS are, in generd, in close agreement withthe origind BIOMASS
results. The ratio of dengties obtained by using the origind TS and the new TS is gpproximately 4 in
most cases.

451 There are some exceptions. First, the Japanese survey was conducted at 200 kHz and the
origind TS reaionship used was very close to the one recommended by wG-Krill, corrected for that
frequency. Second, the German survey was conducted a 50 kHz. In this case, the new TS
relaionship is very different from that origindly used; the dendties obtained udng the new TS
relationship were 40.92 times greater than the dengties obtained using origind FAIBEX relationship.

452 Biomass esimates from the re-andysed ABEX data are shown in Table 2. The re-andysed
mean dendty for the Indian Ocean Sector showed an amost two-fold increase over the origind. In
the West Atlantic Sector the increase was aimost 10-fold, due to the fact that the Walther Herwig
surveyed ardatively large area (see Table 2).

453 Some difficulties were encountered in assgning survey tracks used in ABEX t0 CCAMLR
subareas where transects crossed subarea boundaries. This was particularly true of the Walther
Herwig survey where many transects crossed subarea boundaries. It was, however, possble to
assign parts of survey tracks because of the comprehensive information contained in the dataset for
thiscruise,

*

GREENE, C.H., T.K. STANTON, P.H. WIEBE and S. MCCLATCHIE. 1991. Acoustic estimates of
Antarctic krill. Nature 349: 110.
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454 The authors stressed that the cruise tracks did not cover dl of the subareas, particularly in
the case of Subarea 48.3, and drew the Working Group's attention to the dangers of extrgpolating
beyond the area covered by tracks.

455 In discusson of the results of the survey the question of coverage was raised. Dr Everson
explained that the survey was designed in such a manner that tracks would run in a north-south
direction (Anon., 1980%). The tracks extended as far south as possible and, in a northerly direction,
until no krill were found. The surveys in Subareas 48.1 and 48.2 are therefore likely to give
reasonable estimates of krill biomass at the time.

456 In Subarea 48.3, however, technica problems prevented the survey proceeding as intended
and only part of the area to the north of South Georgia was surveyed. This resulted in a much
smdler area being surveyed in Subarea 48.3.

457 Inthe case of the Walther Herwig survey in Subarea 48.1, the mean density appeared very
high for a survey covering such a large area of deep water. This meant that the biomass estimate
from the Walther Herwig survey contributes about 80% to the total estimate of biomass in Subarea
48.1. In Subarea 48.2 the dendty from the Walther Herwig was smilar to that from other vessdls.
It was questioned whether the high densty in Subarea 48.1 was representative of ared difference
between the area surveyed by Walther Herwig and the area surveyed by dl the other vessels. The
Working Group discussed possible reasons such as inadequate target strength vaues and threshold
effects, but could not satisfactorily explain the difference.

458 It was agreed that further analyses of the acoustic data together with the target net-haul data
should be done.  Such analyses might consider data from other vessels that used Smilar gear (nets)
to that used on the Walther Herwig and could try to determine the rdationship between densty
esimates from the acoustic method and those from net-hauls. The same exercise would be done
with the Walther Herwig data and the results compared. This should dlow vaidation of results
from the Walther Herwig survey and, if necessary, cdibration between results from the Walther
Herwig and other vessals.

459 Reaults from acoudtic surveys conducted in the vicinity of Elephant Idand from mid-January
to mid-March 1992 were presented in WG-CEMP-92/15. Two large-scale surveys (10s to 100s km)
and two smaler scale (1 to 10s km) surveys were done using pardld transects. Digtribution maps
of krill densty show, on the firgt large-scde survey, awide band of krill around Elephant Idand with
the highest dengity to the north and northeast of the idand. On the second large-scae survey the krill

*

ANON. 1980. BIOMASS Report No. 40.
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had dispersed and the dendty was very low. The smaler scde surveys show that the highest
dengties are generdly dong the shef and shdf break and to the north and northeast of the idand.

4.60 Kirill abundance decreased agpproximady two-fold over the two-month period of the
survey. Thiswas in marked contrast to the results from surveys conducted in 1990 and 1991 when
krill abundance increased from mid-January to mid-March.

4.61 Indiscusson it was noted that the oceanography in this areaiis complex and that krill patches
do not seem to perss for long periods of time. On a scae of 10sto 100s km krill can consstently
be found in this alea. No smple reationship has yet been found between krill densty and, for
example, hydrography or primary production.

462 A mehod for improving biomass edimates was suggested for subaress usng the
accumulated information from many krill surveys (Appendix D).

Other Estimates

4.63 Paper WG-Krill-92/7 reported results from the Itaian Expedition in the Ross Sea (November
1989 to January 1990). Two acoustic surveys for krill estimation were conducted by Rv Cariboo.
The firgt acoustic survey (30 November 1989 to 5 January 1990) was near the Bdleny Idands and
in the central part d the Ross Sea. The second survey covered the same area as the first survey,
and in addition an area previoudy covered with pack-ice. Prdiminary results from these two
surveys indicated that the mean area dengity of krill in the Ross Sea was amilar to that etimated in
the Indian Ocean Sector.

4.64 The Working Group noted that this was the first pagper on the estimation of krill biomass in
the Ross Sea submitted to CCAMLR.

4.65 Members indicated that krill were expected to be found in this area because minke whaes
are known to feed on krill and to be present in high dengtiesin the area.

4.66 It was pointed out that the ABEX target-strength relationship had been used. The authors
had used this relationship for the purposes of comparison with ABEX resultsin other Satistical aress.
The Working Group suggested that the data be re-andysed using the target-trength relaionship
recommended by WG-krill in 1991 (SC-CAMLR-X, Annex 5, paragraph 4.30).
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4.67 Resarvations were aso expressed about the way which the survey was designed and results
anaysed.

4.68 Paper WGKrill-92/23 presented results of acoustic surveys in the Prydz Bay region,
undertaken by the Aurora Australis in January/February 1991 and February/March 1992. The
estimated biomass from the 1992 survey was substantidly less than that in 1991. Therewas adso a
difference in the spatia didribution of krill dengty. High krill dengty was observed dong the shelf
break in 1991 but not in 1992. High krill dendty was aso observed to the west of Prydz Bay in
1991 but not in 1992.

4.69 The paper indicated that the extent of biasin estimates of krill abundance due to the inclusion
of biomass of other species, particularly Euphausia crystallorophias, cannot be assessed until the
target strengths of the other species that occur in the same area as Euphausia superba are
determined. The Working Group was informed that work was in progress to try and resolve this
problem usng a multi-beam system.

4,70 Some members questioned why the noise margin and threshold were changed between the
surveys in 1991 and 1992. The authors were requested to clarify how this had been taken into
account in the anayss.

Refinement of Yidd Edimate Cdculations

Evauation of Population Models

4.71 At the previous meeting of the Working Group, estimates of potentia yield had been based
primarily on the formulaY = dl MB,,. In thisformula B, is an estimate of the biomass prior to the
onset of exploitation, M is the natura mortdity, and | is afactor calculated so that the probability
that the spawning biomass drops below 20% of its average pridtine leve over a 20-year period
under a congtant annua catch is 10%. The discount factor d was introduced to alow for uncertainty
in estimates of parameter values, and the fact that a precautionary limit should be less than a possible
ultimate catch levd. Cdculations made a that meeting had assumed d = 0.67; for recruitment
vaiability s, = 0.4, the vaues of the product dl M had been calculated to be 0.093 for M = 0.6 yr
1and0.14for M =1.0yr 1.

4.72 The previous meeting had aso specified various refinements to the process used to cdculate
| , to change the model into a more redigtic representation of the krill fishery (SC-CAMLR-X, Annex
5, Appendix E). In paticular, to take direct account of the uncertainty in estimates for various
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parameter vaues (ingtead of the ad hoc gpproach of gpplying a discount factor d), prior distributions
had been specified for these vaues, with the refined cdculations of | to incorporate integration over
these digributions. Thus, for example, results were to be integrated over uniform distributions for M
and s ; over theranges[0.4, 1.0 yr-t] and [0.4, 0.6] respectively.

473 Refined cdculations requested by the Commisson were caried out and reported in
WGKrill-92/4.  For a fishing season over the whole year, the vdue of the factor IM = g
corresponding to a 10% probability of the spawning biomass fdling below 20% of its average
prisine level over a20-year period of congant-catch harvesting had been evauated to be 0.063.

474 Paper WGKrill-92/28 contained results of cdculaions smilar to those reported in
WG-Krill-92/4, uang a amplified versgon of the modd. In the light of the results obtained, the author
of WG-Krill-92/28 suggested thet the vaues of g liged in wG-Krill-92/4 were too low.

4.75 The Working Group agreed that when complex caculations of this nature, which may form
the basis for subsequent management recommendations, are carried out, it is desirable as a matter
of principle that they should be independently checked before being findly adopted. Accordingly, it
recommended that the Secretariat be requested to check the calculations reported in WG-Krill-92/4
and 28, with particular regard to explaining the apparent differencesin results.

4.76 During the course of discussons, further refinements to the modd used in WG-Krill-92/4
were suggested. These are detalled in Appendix E which aso specifies certain further sengtivity
tests and output statistics which were requested.

477 The Working Group noted that the mode in quedtion is intended to asss with the
development of broad initid advice on an gppropriate precautionary catch limit, which is based on
the results of a Sngle biomass survey only. As such, it would be ingppropriate to extend this
particular modd further to consder ether:
()  feedback-control management options (i.e, adjustment of the caich level during the
harvesting period on the basis of additiona surveys or other observations);
and
(i) spatid effects, related (for example) to localised predator aggregations.

Rather, separate model's should be developed to address these concerns specificaly.
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478 Dr Hatanaka stated that he congdered it unredigtic that harvesting a proportion of the
estimated krill homass as smdl as 6.3% could deplete spawning biomass to as large an extent as
indicated by the results reported in WG-Krill-92/4. He wished to stress his view that it would be
premature to base management recommendations on that result.

4.79 At thetime of the adoption of the report, Dr Shust indicated his agreement with this point of
view.

Evauation of Demographic Parameters

4.80 The results of yidd estimate caculatiions usng the modd of WG-Krill-92/4 are particularly
sengtive to the vaue of the recruitment variability parameter s;. It is clearly desrable that the
vaues used in cdculations should be based upon analyses of observations of the krill resource,
rather than upon anaogy with the values for other smal pelagic fish species asin the case @ present.
Appendix E sets out a basis by which s ; might be estimated directly from length distribution results
obtained on research surveys.

4.81  Paper WG-Krill-92/8 reported estimates of krill mortality ranging from 0.75 to .17 yr -1. It
was noted that these were compatible with results obtained previoudy by Siegel (19917) .

482  Paper wG-Kiill-92/15 reviewed length-weght relationships for krill, with particular attention
to seasond variation, to ad {nter alia) in biomass assessment from acoudtic surveys. It was
suggested that the precision of the results reported should be investigated by means of the methods
similar to those applied by Morriset al. (1988™).

Refinement of Precautionary Catch Limit Esimates

4.83 At the previous meeting, the formula Y=d M B, had been used to provide an indication of

an gppropriate precautionary catch limit in Statisticad Area48. The vaue of 15.1 million tonnes used
for B, was based on the estimate (at that time) from the FIBEX survey in Subareas 48.1, 48.2 and

48.3, because of its near synopticity. The two values for dl M indicated in paragraph 4.72 above
had then indicated vdues of 1.40 and 2.11 million tonnes for Y; it had been noted that these two

SEGH, V. 1991. Estimation of krill Euphausia superba) mortality and production rate in the
Antarctic Peninsularegion. Document WG-Krill-91/15. CCAMLR, Hobart, Austraia

MORRIS, D.J., J.L. WATKINS, C. RICKETTS, F. BUCHOLZ and J. PRIDDLE. 1988. An assessment of
the merits of length and weight measurements of Antarctic krill Euphausia superba. Brit. Ant.
Surv. Bull. 79: 37-50.
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estimates were negatively biased because no account had been taken of flux factors and incomplete
coverage of the total area by ABEX. Two dternative methods had suggested precautionary limits of
1.5 million tonnes and between 1 and 2 million tonnes. Taking al these results into account, the
Working Group had recommended a precautionary catch limit of 1.5 million tonnes (which
correspondsto avaue of 0.10 for the factor dl M).

4.84 Based on this previous vadue for dl M, and the vaue of g = 0.063 from WG-Krill-92/4,
together with the updated results for B, from FAIBEX as discussed in paragraphs 4.47 to 4.63 above

(see ds0 Table 2), precautionary catch limit estimates (Y) caculated in a manner and under
assumptions smilar to those of the previous year would be as follows (dl units are million tonnes):

Subarea/Division Bo | Y=(dM=010) | Y(g=0.063)
48.1,48.2,48.3 (induding Walther Herwig) | 21.43 2.14 1.35
(excdluding Walther Herwig) | 11.00 1.10 0.69
48.6 4.63 0.46 0.29
58.4.2 3.93 0.39 0.25

4.85 Vaues for Subareas 48.1, 48.2 and 48.3 in the table above have been reported for B,
esimates both induding and excluding data from the Walther Herwig, for reasons discussed in
paragraphs 4.58 and 4.59 above.

486 Conservation Measure 327X adopted by ccaAMLR in November 1991 required the Scientific
Committee to provide advice on how the precautionary limit for Statistical Area 48 should be
divided between subareas or bcal areas, once the total catch in Subareas 48.1, 48.2 and 48.3
exceeds 620 000 tonnes in any fishing season. Paper WG-Krill-92/16 sets out a number of optionsin
this regard, which formed the basis for the Working Group' s discussion of thisissue.

4.87 Inthelight of these discussons, the Working Group devel oped seven dternative methods for
dlocating the precautionary limit to subareas. An dlocation might be based on any one or a
combination of these methods. These seven methods are as follows.

() FBEX edimaesof krill biomassincluding datafrom Walther Herwig
The most recent andyses of the FIBEX data set reported in WG-Kiill-92/20 are used to
dlocate catch among subareas.  Allocation is proportiond to the biomass of krill
esimated for each subarea. No alocation of krill is possible for Subareas 48.5 and
48.6, because no survey took place in these subareas during FIBEX.
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(i)

(ii)

)

v)

()

(vii)

FIBEX estimates of krill biomass excluding data from Walther Herwig
This dterndtive is amilar to (i), except that the survey data from the Walther Herwig
are excluded.

Higtorical catch

Allocation to subaress is in proportion to historica catches. The highest catch
reported for each subarea, regardless of year, isused. These vaues are then totalled,
and the reault is used as the divisor in caculating the percentage dlocation for each
subarea.

Even divison
Catches are alocated evenly to dl sx subaress.

Linear extent of shelf bresk

This dlocation is based upon the rationae that fishable concentrations of krill are found
most frequently dong the shelf bresk around idands, and that the linear length of the
shelf bregk of each subarea may be proportiond to the amount of krill resdent at any
one time in the subarea. Allocations for each subarea should then be proportional to
the linear length of the shelf bresk (as defined by the 500 m isobath) in the respective
subareas.  Although this calculation could not be made during the Working Group's
meseting, sufficient data are available for it to be performed.

Predator demand

Allocations to subareas are related to estimates of the amount of krill consumed in
each subarea by pedagic and land-based predators. Estimates of predator
consumption should include that by pinnipeds, seabirds, cetaceans and fish. Although
this calculation could not be made during the Working Group’s meeting, sufficient data
are avalable for it to be peformed. The exact form of the rdationship between the
dlocations and the consumption estimates should be considered in the context of the
estimates once available. The Working Group requested the Working Group for the
CCAMLR Ecosystem Monitoring Program (WG-CEMP) to undertake this calculation as
amatter of priority.

Loca biomass adjusted for movement of krill

Allocations to subareas are proportiond to some measure of locd krill biomass,
adjusted for krill movement. The mechanics of this scheme have yet to be specified,
but would be intended to account for differences in the resdence time of krill in the
various subaress.



4.88 The Working Group dso recognised the advice to the Commission from the Scientific
Committee (CCAMLR-X, paragraph 6.16) that it may be necessary to supplement the dlocation of
the precautionary catch limit with other management measures to ensure that the catch was not
entirdly concentrated in the foraging range of vulnerable land- breeding predators.

ECOLOGICAL IMPLICATIONS OF KRILL FISHING

51  Theecologicd implications of krill harvesting have been identified as topics of mgor concern
for the Scientific Committee. The Working Group discussed this item with respect to the location
and timing of the fishery, the effects of management measures on krill fishing and CEMP studies.
Some discussion of thistopic had occurred under Agenda Item 3.

5.2  The Working Group had an extensve and vauable discusson on this topic and it was felt
that the didogue between scientists and those with practica experience with fisheries had led to a
better gppreciation of what measures would be conddered as reasonable when consdering
management options.

Location and Timing of the Fishery

53  Specific questions, posed by the Scientific Committee (SC-CAMLR-X, paragraph 6.36), were
considered.

54  Responses to questions (i) and (i), summarised as. ‘Why is fishing concentrated a certain
times and locations? and ‘What is known of krill concentrations more than 100 km from land? are
<t out below.

Genegrd Points

55  Currently fishing fleets prefer to operate close to idands because concentrations of krill tend
to occur in predictable locations there.  Such Stuations are found in summer north of the South
Shetlands, west of the South Orkneysin summer and in winter around South Georgia.

56  Fesets have tended to encounter sufficient krill on these traditiona grounds without needing

to search much farther afield. Steady catch rates on these grounds indicate a ready supply of krill
but give no substantia indication of the status of the resource.
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5.7  BEvidence from higtoricd whde catches suggests that krill concentrations can occur at
distances greater than 100 km from land. Krill fishing fleets do not look for such concentrations
snce much greater searching timeis required to find such transent and mobile concentrations. Open
ocean concentrations a so tend to be smaler.

5.8 Icebergs, because they produce substantial quantities of ‘growlers and ‘bergy’ bits when
grounded in summer, and pack-ice are avoided by the fishing fleets.

Subarea48.1

59 The dat of the fishing season is dependent on two factors, the absence of ice and the
feeding sate of the krill.

5.10 The primary aress of commercid fishing are to the north of Livingston, King George and
Elephant 1dands.  Research sampling and commercid fishing have shown that these areas contain
predictably good krill concentrations.

511 Inmos yearsthe areais generdly clear of ice by November. At thistime krill are feeding on
the spring bloom of phytoplankton. Such “green” krill are unsuitable for processing by the Japanese
fishery. During the second haf of December there are only a few Japanese vessds fishing and these
actively search for “white’ (non-feeding) krill. As the season progresses fewer “green” krill tend to
be present so that by mid-February about half of the krill are green. The pesk of the Japanese
fishery occurs in February a which time it is easer to find “white’ krill. By March nearly dl of the
krill are “white’ and fishing continues until searice encroaches into the area at the Start of winter
(Figure 1).

512 At the gart of the season fishing is concentrated in the offshore part of the shelf in order to
catch the larger krill. Fishing moves shorewards as the season devel ops.

5.13 Some fishing vessals move northeastwards adong the shdf with the intention of fishing on the
same concentration for a period of severd days. Other fishing vessds remain more or lessin the
same location and fish on concentrations as they pass through the area. The coastd movement is
more conggtent in the Livingston and King George Idand regions than around Elephant Idand.

5.14 Based on a questionnaire and other studies, WG-Kirill-92/21 showed that the Chilean fishery
operates in a Smilar manner to tha of the Japanese and generdly begins in late January so as to
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avoid searice and “green” krill; it continues for gpproximatdy one and a hdf months. For safety
reasons the magter of the fishing vessel is encouraged to fish close to theidands.

5.15 Both the Chilean and Japanese fisheries avoid locations where “green” krill are found. The
Chilean fishery avoids gravid femdes while the Jgpanese fishery targets them. Operationdly this
means that a vessd would make a short tria tow at alocation and, providing the catch was suitable
for processing, would remain at that location making longer tows providing a catch rate of around 10
tonnes per haul. If the trid catch was unsuitable, the vessal would move to a new location, perhaps
only afew miles awvay, and make afurther trid haul.

Subarea 48.2

5.16 Russan vessas which can use “green” krill tend to fish on concentrations of krill that are
found to the west of Coronation Idand. Fishing in this area generally commences in December, as
soon as ice conditions permit.  Hourly catch rates are much higher in this subarea than in ther
Subarea 48.1 fishery.

5.17  Although krill concentrations generaly occur at the same location in Subarea 48.2, they are
less predictable here than on the South Shetlands shelf (Subarea 48.1). Consequently in some years
the fleet fishes in other locations, sometimes a large disgance from the shelf. Such a Stuaion
occurred in 1978, a season when fishing was concentrated around 58°S, 42°W.

5.18 The Russan fishery is amed a catching krill for two types of product. One of these
products requires high quality large krill, the other can accept a large proportion of “green” krill.
Vesss fishing for krill to produce the high qudity product commence fishing in December in
Subarea 48.1 and January in Subarea 48.2.

5.19 Russan regulations on the manning of fishing vessals limit the operationd period to atota of
150 days a@ sea. This redricts individua fishing vessdls to around three months on the fishing
grounds in any one season.

Subarea 48.3

5.20 Hshing tendsto be concentrated on the shelf and at the shelf bresk at South Georgia. Very
few catches have been reported more than 100 km from land.
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5.21 The South Georgia fishery is conducted throughout the winter and Russan fishing captains
are encouraged not to commence fishing in the area before May.

5.22 The absence of ice around South Georgia means that the fishery can continue throughout the
year.

5.23 Lage caches have been reported from the summer months but these tend to follow
research surveys when high concentrations have been detected (WG-Krill-92/14).

5.24 This season (1991/92) a sngle Japanese trawler moved to Subarea 48.3 when fishing in the
coastd area of Subarea 48.1 was impractical due to ice. Preliminary reports indicate that good
economica catch rates have been achieved by this vessel operating close to South Georgia

Divison 58.4.2

5.25 Thisareais not currently the focus of afishery but in the past Japanese and Russian vessdls
have operated in a narrow band close to the shelf break. The timing of the fishery is dependent on
the amount of sea-ice present.

5.26  Although fishing has been concentrated in the same generd area the precise locations are
dependent on the locations of patches dong an extensive length of shelf. Open ocean concentrations
tend to be less predictable as is the case in Smilar areasin the Atlantic Sector.

Responses to Questions on Variation in Krill Abundance

5.27 Reponsesto questions (iii) and (iv) of SC-CAMLR-X, paragraph 6.36, summarised as. ‘How
critica is the December through February period to the fishery? and ‘How does abundance and
distribution vary throughout the fishery season’ were consdered.

5.28 Dr J Bengtson (UsA), Convener of WG-CEMP, explained that the reason for specifying the
critica period from December through February was based on the requirements of land-based
predators. Penguins that are rearing chicks have redricted foraging ranges from the end of
November until February and lactating fur sedls have a redtricted foraging range from December
through March.
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5.29 The Data Manager provided a breakdown of catches by month for Subareas 48.1 and 48.2
(Table 3). Between 1988 and 1991 catches were reported from October through to June. In

Subarea 48.1 large catches were usudly taken from January through to March or April. In Subarea
48.2, while large catches were dso taken from January through to March, in some years equdly

large catches were taken as early as November or as late as June.

5.30 An andyss of catches with respect to distance from predator colonies (vGKiill-92/19)
indicated that, in Subarea 48.1, virtudly al of the catches were taken less than 100 km from the
colonies. The peak catches have been occurring in the range 41 to 60 km at the start of the season
and in the range 21 to 40 km by January or February.

531 A dmilar analyss of datafrom Subarea 48.2 indicated no clear cut pattern.

5.32 Recent catches within the criticad period from December to March and within 100 km of
colonies are summarised below:

Year Totd Annual Catch Percent in Critical Period
Subarea 48.1 Subarea 48.2 Subarea 48.1 Subarea 48.2

1987 19 902 78

1988 78 918 94 659 85 54

1989 105 554 82 406 90 5

1990 42 A77 220518 89 13

1991 64 641 167 257 74 53

5.33 Examination of these tabulated results indicates that in Subarea 48.1 fishing is concentrated
in the months and locations that are criticd to land-based predators. Fishing at these times and in
these locations is presently required to provide catches most suitable for the current market demand.

5.34 In Subarea 48.2 much less fishing occurs during the critica period and within 100 km of
land-based predator breeding sites, while in Subarea 48.3 the bulk of the fishing is restricted to the
winter months.

5.35 Research undertaken in Subarea 48.1 (Siegd, 1988) has shown that the krill distribution
extends to its maximum range beyond the shelf bresk in the summer and to a minimum during the
winter.  Kirill abundance increases from October to reach a maximum in February and then
decreases to awinter minimum.
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Rdation of Fishing to Krill Predators

5.36 Congderation of the functiond relationships between krill, its principa predators and the krill
fishery isacentrd requirement of Article |1 of the Convention.

5.37 Thetopic was conddered at two spatial scales, the Southern Ocean scale and that related to
locdised krill/predator interactions.

5.38 At the Southern Ocean scale there are ill problems in reconciling the best estimates of krill
ganding stock, mortaity and production with estimates of predator consumption.

5.39 The need for careful thought in consdering possble krill/predator/fishery interaction models
was emphasised. Consequently, the Working Group agreed that strategic approaches to improve
modd specification and the sdlection of basic parameter requirements should be encouraged. The
main ams of amodd of thiskind at this Sage might be:

() todeterminetheleve of escapement™ needed to satisfy predator demands; and
(i)  to determine how krill ganding stock responds to changes in fishing mortdity.

5.40 In the firg ingtance, it was fdt that a Smple gpproach to reconcile estimates of predator
consumption with those of available krill biomass and mortdity offers an appropriate starting point.

541 This accounting exercise was undertaken for Subareas 48.1 and 48.2 (Appendix F). A
ample modd linking predator consumption, krill biomass and estimated mortdity rates (M) in
Subarea 48.1 indicated that there was generd agreement between mortdity rates used in the
estimation of potential yield (see paragraphs 4.84 and 4.85) and those caculated from preliminary
estimates of predator consumption.

542 Smilar caculations were requested for Subarea 48.2. Reaults of these calculations are dso
presented in Appendix F. The Working Group did not have time to review these results and
congder thelr implications.

543 On the locd scde, paticulaly in the vicinity of CEMP monitoring Stes, there has been
congderable progress which should lead to quantifying some of the functiona relationships between

In a fisheries management context, escapement is meant to refer to the average level of biomass
of the exlpoited stock for a given leve of fishing. Proportional escapement is the ratio of this
exploited biomass to the average biomass of the stock before the start of the fishery (pristine
biomass).
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krill and its predators. These topics will be included in the discussons of the forthcoming Joint
Meseting of WGKrill and WG-CEMP.

5.44 Additiond topics raised in condderation of possble functiond reationships included the
minimum levels of locd krill sanding stock and aggregation patterns necessary to support a fishery
and some congderation of the effects on predators of a fishery when the krill standing stock or
dengty were low.

545 Dr Bengtson noted that WG-CEMP is in the process of refining estimates of the prey
requirements of krill predators. It is anticipated that these efforts will lead to the development of
interim estimates prior to the 1992 mesting of the Scientific Committee. It is aso expected that the
interim estimates will be further refined during an interactive workshop, tentatively scheduled for
1993, which would incorporate information on the abundance, digtribution, energetics, and prey
needs of predators into relevant models being consdered by WG-CEMP.  Subsequent to that
megting, it is likey that wG-CEMP will request detaled information from wG-Krill on the digtribution,
abundance and biological characterigtics of krill a different tempord and spatia scales.

Effects of Management Measures on Krill Fishing

546 The fallowing options for management measures to control fishing in specific areas were
discussed:

() closed aress;

()  closed seasons,

(i)  catch limit based on hitorical catches;

(iv) redtime feedback to adjust catch level based on krill survey results,

(v) redtime feedback to limit fishing when predator indices are low;

(vi) combination of closed area and closed season; and

(vii) applying one set of measures to areas where CEMP monitoring is in progress and a
different set of measures to other areas where smilar predator colonies are known to
exig.

5.47 Theimpogtion of closed seasons and areas would have the effect of forcing fishing activities
away from some traditiond fishing grounds, where information was being collected on land-based
predators, into areas where other predators might be at as much or even greater risk. It was agreed
that the exdlugon of fishing from the ISRs was contrary to the requirements of CEMP.



548 waGKrill had discussed precautionary limits based on historical catches a its previous
meeting 6C-CAMLR-X, Annex 5, paragraph 6.38 et seq.). There was no further discusson of
historica catches.

549 Redtime feedback approaches have the advantage that they can take account of locd
changes. They are not easy to implement because they require continual monitoring and rapid
response time. Such gpproaches are do likdly to be disruptive to commercid fishing.

550 A combination of closed area and closed season such that fishing would be permitted for
part of an area for part of a season has the advantage that it can afford protection to predators at
certain restricted times and locations. 1t has the disadvantage that it is not easy to erforce.

5,51 The concept of goplying additiond redtrictions to fishing activity in the vicinity of predator
colonies not subject to CEMP monitoring rather than those within the 1SRs was seen as offering some
advantages. These need to be conddered in the context of the krill requirements of peagic
predators and an overdl strategy which takes pelagic and shore-based predators into account. WG-
CEMP was requested to ensure that this concept was consdered when reviewing its strategy to
investigate the functiond relationships among predators, prey and environmenta conditions.

Liasonwith wG-CEMP

5.52 The draft agenda for the Joint Meeting with WG-CEMPwas discussed. The main ams of the
meeting were seen as being the discusson of:

o krill catch rates with respect to current estimates of predator consumption (i.e., the
question of krill escagpement);

» theoverlgp of predator foraging ranges with commercid fishing activity; and

»  krill fishing activity and predator information that might be needed for management.

553 To assst WG-CEMP in its ecosystem assessment efforts, wG-Krill had been requested to
provide the most recent estimates of krill biomass (or rlative biomass) in each of the ISRs (and other
Subareas or meso-scale survey arees as estimates become available) (SC-CAMLR-X, Annex 7,
paragraph 5.6). The most recent analyses of krill biomass for portions of three ISRs are provided in
Table 4. The coverage of these surveys in respect to the area of the ISRsisshown in Figure 2. The



Working Group stressed that these biomass estimates are only applicable to the area covered by the
surveys and should not be extrapolated to cover the total areas of the ISRs.

ADVICE ON KRILL FISHERY MANAGEMENT

Precautionary Limits on Krill Catchesin Various Areas

6.1  The Working Group conddered revised estimates of krill abundance in Statistical Areas 48
and 58 obtained from reandyds of the FIBEX data carried out in response to a request from the
1991 mesting (SC-CAMLR-X, paragraph 3.78). The Working Group aso reviewed the results from
the modd for the caculation of the potentia yidd (Y), revised in accordance with the specifications
St out in SC-CAMLR-X, paragraphs 201 to 203. Potentid yield calculations based on the revised
method and data are set out in the table below. The table includes biomass estimates obtained using
FIBEX acoudtic survey data, both including and excluding the data from the vessd which used 50
kHz echo sounding gpparatus (discussion on this matter is given in paragraphs 4.58, 4.59 and 4.86).

Subarea/Division Bo (10° tonnes) Y (106 tonnes)
48.1+48.2+48.3  (including 50 kHz data) 21.43 1.35
(excluding 50 kHz data) 11.0 0.69
48.6 4.63 0.29
58.4.2 3.93 0.25-0.39

6.2  The Working Group noted that it had recommended in paragraphs 4.76, 4.77 and 4.81 that
some aspects of potentid yield cdculations required further consderation. It dso noted the
problems identified during the reandyss of the FIBEX data and proposed further investigations to
determine the validity of the estimates from 50 kHz data (paragraph 4.59).

6.3  TheWorking Group noted that the range of the revised potentid yield calculations (based on
g = 0.063) for the whole of Statistical Area 48 of 0.98 to 1.64 million tonnes was within the range
caculated by the Working Group in 1991 (SC-CAMLR-X, Annex 5). Although the lower end of the
revised range was less than the precautionary catch limit adopted by the Commisson in
Conservation Measure 32/X, the Working Group noted that the potentid yield figures were based on
biomass estimates with limited coverage of the areas of krill abundance particularly in Subarea 48.3,
and where 50 kHz data are excluded. It was noted that in Subarea48.3 the estimate of krill

biomass was subgtantidly lower than that which would be compatible with estimates of the amount
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of krill consumed by predators. Accordingly, the Working Group recommends that the
precautionary catch limit of 1.5 million tonnes for Statistical Area 48 contained in Conservation
Measure 32/X need not be revised at thistime.

6.4  The Working Group used the revised FIBEX estimate for Divison 58.4.2 to eimate the
potentid yield of krill in this divison. It was agreed to cdculae the potentid yied using the same
modd and parameters developed in 1991 and the revised model used at this meeting. The Working
Group noted that the modd used last year has been refined and that further work, detalled in
paragraph 4.77, was pending on the revised modd. Accordingly, the Working Group agreed that
the figures in the table jointly represented the best scientific advice on a precautionary catch limit for
Divison 584.2 which can be given a this time. Dr Hatanaka, however, reiterated his concern
expressed in paragraph 4.78 and his opposition to the use of the revised mode.

6.5  The Working Group recommended that an attempt should be made to validate the 50 kHz
data from ABEX, udng avdladle information from net haul data and acoudtic data a other
frequencies. The Working Group emphassed that if the vdidity of the ABEX results remained in
doubt, consderation would need to be given in the near future to the inditution of a near-synoptic
survey for krill in Statigticd Area 48 as awhole. The primary judtification for such a survey would
be to improve available estimates of B, uncoupled from possible flux effects and to be used in

revised caculations of krill potentid yield.

Possible Ecologica Effects of Catch Limits

Allocation of Limits to Subareas

6.6  The Working Group considered the options described in paragraph 4.87 as the bass for
developing advice on how the precautionary catch limit in Statistical Area 48 could be dlocated to
subareas.  The Working Group developed Table 5 as a summary of options which could be applied
a thistime, or which can be further developed in the near future.

6.7  The Working Group consdered that the best gpproach to this problem in principle was to
allocate the catch limits to subareas in proportion to the totd krill biomass in each subarea, with
adjustments being made to take into account the conservation of dependent species in accordance
with the Convention's objectives. Such an gpproach would require the combination of methods
used in columns 1 and 2 of the table with those proposed for further development in columns 7
and 8.
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6.8 Dr Shud indicated that in his view the firgt two options of subdividing yied into subaress
usng ABEX biomass estimates (paragraph 4.87) did not take into account the flux of krill between
subareas. For this reason he favoured option (vii) as the most appropriate for subdividing yield
because it takes krill flux specificdly into account.

6.9  Catches in recent seasons have been well beow the trigger level of 620 000 tonnes
dipulated in Conservation Measure 32/X to inditute an dlocation scheme. Therefore, it is unlikely
that the implementation of an alocation scheme will be necessary in the immediate future. Whilethis
dlowstime for refinement of the scheme, the Working Group advises that the average of columns 1,
2 and 3 plus 5% (given in column 4) is currently the most practicd interim alocation procedure to
use.

6.10 The interim gpproach dlocates part of the tota catch to each subarea, but with the tota
alocation exceeding 100%. Thiswould dlow limited flexibility in catches in each subarea, provided
that the totd catch remans within the 1.5 million limit. This gpproach takes account of the
proportion of the totd krill biomass in each subarea, while dso making ad hoc dlowance for the
likely under-estimation of the biomass in Subarea 48.3 from the FIBEX results.

Additional Management Measures

6.11 Dr Holt introduced a proposa in accordance with a scheme suggested at SC-CAMLR-X for
the protection of land breeding dependent species (see SC-CAMLR-X, paragraphs 3.81 to 3.84 and
3.105). He noted that the data available to the Working Group showed that the current fishery in
Subarea 48.1 occurred virtudly exdudvey within the foraging range of land-based predators.
Accordingly he suggested that a management zone be established within Subarea 48.1, defined as dl
areas within 60 n. miles of land, and that a precautionary catch limit be set for the amount of krill
which can be taken in any one season within the zone. He suggested that the precautionary limit for
the zone could be set a the level of the maximum historic catch in Subarea48.1 of 106 000 tonnes.

6.12 The Working Group agreed that full consderation of this proposa would require advice
from wWG-CEMP, and that further discussion would take place at the Joint Meeting of wGKrill and
WG-CEMP in Vifiadd Ma. The Working Group noted that the rdevant information on the amount
and distribution of krill fishing, as well as current estimates of krill abundance in Subarea 48.1 were
avalablein thisreport, and in wGKrill-92/18.

6.13 Dr Naganobu queried the necessity of such a proposa given the current status of the
Japanese fishery. Kiill are so abundant that fishing vessas are able to take a sufficient amount of
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krill for their needs with ease. He suggested that this indicates that the krill stock is large enough to
support both predators and the fishery.

6.14 Reservations were expressed about Dr Naganobu's rationale. These were based on the
reasons advanced in paragraph 5.6. Operationdly, “fleets have tended to encounter sufficient krill
on these traditiona grounds without needing to search much farther afidd. Steady catch rates on
these grounds indicate a ready supply of krill but give no substantia indication of the status of the
resource.” Nevertheless, some members expressed other reservations about the proposal put
forward in paragraph 6.11.

6.15 It was suggested thet the Joint Meeting should consider the criteria that are necessary to
determine whether the proposed catch limit was ether more than, or substantidly less than, catches
compatible with the protection of dependent predators within the proposed zone. It was aso
suggested that not dl foraging aress for land-based predator colonies would necessarily require
identical levels of protection againgt possble effects of krill fishing. For example, it may not be
desirable to protect al predator colonies monitored under CEMP because restricting the fishery at too
low alevel may reduce the ability of CEMP to identify the potentialy deleterious effects of fishing over
various geographic scales (see paragraph 5.51).

Desgnation of Management Regions

6.16 Dr S Nicol (Augrdia) introduced wWGKrill-92/22 which discussed the problem of the
condderable disparity in the sze of datisticd subareas and divisons in Statisticdl Area 58. He
suggested that such large subareas should be partitioned to take into account both features of the
digtribution of krill, the distribution of fishing, and other practicd management consderations.

6.17 The Working Group noted that dSatisticadl aress and subareas were not necessarily
gopropriate management regions for the krill fishery. It was agreed that a flexible scheme for
designating management aress is required. The Working Group considered that these areas could
be based on aggregates of fine-scde catch reporting units (0.5° latitude by 1° longitude). Such a
scheme ®uld be used to designate fishing grounds, or areas of specific ecologica interest (for
example, as defined by foraging ranges of land-breeding predators) with respect to management.
However, operation of such a scheme would not necessarily lead to the dteration of exiding
datigtica aress, or the designation of smaller satistical divisons.



Refining Operationd Definitions of Article |l

6.18 The fallowing four concepts (from SC-CAMLR-IX, Annex 4, paragraph 61) have been
endorsed by the Scientific Committee and Commission.

“() am to keep the krill biomass a a levd higher than might be the case if only
angle-gpecies harvesting consderations were of concern,

(i) given that krill dynamics have a stochastic component, focus on the lowest
biomass that might occur over afuture period, rather than the mean biomass at
the end of that period as might be the case in aSingle-species context;

(i)  ensure that any reduction of food to predators which may arise because of krill
harvedting is not such tha land-breeding predators with restricted foraging
ranges are digproportionately affected in comparison with predators present in
pelagic habitats, and

(iv) examine what level of krill escgpement would be sufficient to meet the reasonable
requirements of krill predators’.

6.19 No specific proposas for operationa definitions have been developed from these concepts.
However, operationa definitions depend on the details of particular management procedures. An
example of this linkage occurs in the caculation of precautionary catch limits based on potentid
yidd. In this case, the proportion of krill biomass which can be taken depends on an operationd
definition with a fixed probability that krill biomass might fal beow 20% of its average unexploited
vaue. This operationa definition has been developed in accordance with concept (ii). However, it
will require further refinement as information becomes available about the required escgpement of
krill in accordance with concept (iv). As progress is made in the development of management
procedures, the Working Group will need advice from the Commisson on policy matters such as
how frequently and by how much catch levels can dter. Such policy matters dso have to be
expressed as operational definitions for the purposes of developing an overdl management
procedure.

Other Possible Approaches and their Development

6.20 The Commission has endorsed the concept of feedback management as the approach to be
developed for the long-term management of the krill fisheries. A feedback management procedure



requires information about the state of the ecosystem, which is compared with operationa objectives
to determine the amount by which catch levels have to be dtered. The Working Group recognised
thet the firgt priority in developing a feedback procedure is to determine what information about the
abundance of krill stocks is likely to be avalable on a regular basis. In principle, three types of

information can be expected:

()  information derived from the fisheries, such as CPUE data;
(i)  information collected independently from the fisheries, such as surveys,
(i)  information collected on krill dependent predators by CEMP,

6.21 Some Members of the Scientific Committee have expressed reservations about the
usefulness of cPUE in managing krill fisheries.

6.22 TheWorking Group agreed that surveys carried out independently of the fishery will provide
reliable data on which to base feedback management. However, there is a tradeoff between the
frequency of surveys and the results achieved by a feedback management procedure, ether in terms
of risk to the stocks or sze of catches. The Working Group will need to investigate what scae and
frequency of surveys will be likely to be feasible in the future. Advice from the Scientific Committee
in this regard would be hdpful. This information can be used to undertake some smulaion studies
on possible long-term feedback management procedures. It was suggested that consderation be
given to a range of survey techniques, such as egg surveys. Alternative methods may provide some
independent validation of acoudtic surveys.

6.23 Information on the interactions of predators, prey and environmenta conditions will become
availablefrom cemMP, and methods of using thisin a feedback management procedure will need to be
developed in consultation with wG-CEMP and others as appropriate.

Data Requirements

6.24 The Working Group was pleased to note that a considerable number of papers had been
received which contained information relevant to data requirements set out in the report of its last
meeting (SC-CAMLR-X, Annex 5, Table 8). An updated table of information requirementsis included
here as Table 6.

6.25 The Working Group was informed that some catches of krill and acoustic surveys may have
occurred in FAO Statistica Area 41, and perhaps others immediately outside the Convention Area.



The Working Group requested the Secretariat to contact FAO and other relevant organisations to
determine whether data from these catches is available, and can be added to the cCCAMLR database.

6.26 The requirement to submit fine-scale catch and effort data from Subareas 48.1, 48.2
and 48.3 and the 1sRs should be expanded to apply to any catches of krill in the Convention Area

(paragraph 4.31).

Scientific Obsarver Scheme

6.27 TheWorking Group was pleased to recelve a draft manud for scientific observers on fishing
vessdls prepared by the Secretariat incorporating materid provided by Russan Scientigs. The
Working Group aso received a paper providing further guiddines for the preparation and reporting
of materid collected aboard commercid krill trawlers (WGKrill-92/10).

6.28 A subgroup consigting of Drs Marin, Naganobu, Nicol and Watkins, was convened by the
Science Officer to condder the draft manual. Because the manud is a substantial document, the
subgroup was not able to give detailed consderation to it in the time avallable a the meseting.

However, a number of amendments were incorporated. The subgroup agreed that the draft manud
was reasonably comprehensive and would prove useful.

6.29 The Working Group agreed that Members should give further consideration to the manud
and forward suggested amendments to the Secretariat by 30 September, so that the revised draft
can be presented to the Scientific Committee. It was suggested that the draft edition of the manud
be made available to Membersfor trid use during the next fishing season.

Future Work

6.30 Futurework defined by wa-krill isliged in Table 7.

OTHER BUSINESS
Krill Surplus

7.1  TheWorking Group briefly discussed the matter of krill surplus, the perception thet thereisa
potentia for a large sustainable catch of krill following the remova of a large proportion of whae
biomass from the Antarctic marine ecosystem (SC-CAMLR-X, Annex 5, paragraph 8.3). The
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Scientific Committee had been unable to provide guidance as to how to pursue this matter (sc-
CAMLR-X, paragraph 3.86). The Working Group agreed that any further deliberations should more
appropriately be addressed by the forthcoming Joint Meeting of wG-Krill and wWG-CEMP.

Editorid Condderations

7.2  The Working Group noted that references to working group reports were often made as
“Anon,, ...”, and that other inconsstencies in citations in both papers and reports were frequent. A
sheet describing the standard format adopted by the Secretariat for citations of the reports of the
Working Groups and Scientific Committee, Working Group documents and papers published in the
Selected Scientific Papers was circulated (Appendix G).  The Working Group strongly
recommended that authors conform to the formats described in this paper for dl future citations in

papers and reports.

7.3  The minimum data requirements for reporting acoustic survey results were discussed. The
suggested minimum requirements are given in Appendix H.  The Working Group aso emphasised
the need to report data in standard acoustic units and that these should be defined in the papers.
The reporting of basic data (Mean Volume Backscattering Strength, MvBS) is preferable to only
reporting derived results (such as t/kn?) aone. Whenever derived results are presented, detailed
descriptions of the procedures and cal culations underlying their derivation must be provided.

7.4  The current ruling for the submisson of papers to working group meetings is tha papers
submitted more than 30 days before the meeting will be circulated to participants by the Secretariat
in advance of the meeting. All other papers must be submitted to the Secretariat by 9 am on the first
day of the mesting.

7.5  Concern was expressed that many papers submitted for condderation by the Working
Group this year had not been submitted in advance, and were therefore unavailable for review by
participants until after the start of the meeting. It was emphasised that the Working Group was
required to give advice to the Scientific Committee based on the best available scientific information,
and in order to do this, papers should be avallable in plenty of time to alow dl participants to
thoroughly evaluate their contents, especialy when the papers address substantive issues.

7.6 The Working Group recommended the following additionad requirements for paper
submisson:

» submission of papers prior to the 30 day deadline is strongly encouraged; such papers
will be circulated to participantsin advance of the meeting;



*  papers submitted after the 30 day deadline and before 9 am on the first day of the
meeting will be accepted for congderation a that meeting, on the condition that
participants provide sufficient copies for digtribution to al Working Group members a
or before 9 am on the first day. The Secretariat will advise participants of the required
number of copies for the meeting a the time of the first circulation of papers; and

»  paperswill not be accepted for consderation by the Working Group if submitted after 9
am on the first day of the meeting. Such papers could be re-submitted for a future
meeting of the Working Group.

7.7  For the purpose of the above, participants wishing to receive papers before the meeting must
inform the Secretariat of their intention to participate before the 30 day deadline.

7.8 A number of questions rdating to publication policy were raised by members of the Working
Group. It was acknowledged that the scientific work of CCAMLR was being increasingly recognised
within the scientific community, and that this was very beneficid to the work of the Commisson. Dr
Everson suggested that CCAMLR should encourage scientists who publish papers in the refereed
literature to include references to CCAMLR in abstracts and key-word listings, and also to make a
point of highlighting the rlevance of the work to CCAMLR where appropriate.

7.9 It was aso suggested that reprints of papers with relevance to CCAMLR be lodged with the
Secretariat in order to build up a reference library of use to scientists working on CCAMLR related
topics.

7.10 It was pointed out that CCAMLR has no in-house peer reviewed journd. Dr Butterworth
emphasised the vadue that such a publication would provide in heightening the scientific profile of
CCAMLR and providing a single authoritative source for papers addressing matters of importance.

7.11 The Executive Secretary informed the Working Group that the Secretariat has prepared a
paper that addresses future developments in publication policy for consderaion by the Scientific
Committee. These developments include a proposa for a peer review journd for the publication of
papers submitted to meetings of the Scientific Committee and Working Groups.

7.12 The Convener expressed the additiona concern that under the present rules for publication
of working papers, the originators of data must give their permission for any publication which uses
their data. Under these rules it was possible that papers which presented analyses that were used
extengvely by the Working Group would not be available in the published literature.



7.13  Given these concerns, the Working Group recommended that the Scientific Committee take
up the subject of publication policy of scientific papers at its next meeting.

ADOPTION OF THE REPORT

8.1  TheReport of the Fourth Meeting of the Working Group on Krill was adopted.

CLOSE OF THE MEETING

9.1 In dodgng the meeting, the Convener thanked the rapporteurs, the various task group
conveners and the Secretariat for their support and hard work during the meeting. He aso thanked
the participants for their input and good humour throughout the meeting. The prevailing spirit was
such that a large and complicated agenda had been thoroughly addressed. Finaly, the Convener
conveyed the Working Group's and his heartfelt thanks to the local organiser, Dr Marin, the Hotel
Cabo de Hornos and the Chilean Government for their hospitaity in hosting the meeting.



Tablel:  Estimates of flows between subareas (Statistica Area48).

Subarea Location Speed Direction Reference
x10® mst

48.1 Deep 55-10.9 East WG-Krill-92/24
Deep 34-51 East WG-Krill-92/25

Deep 30.0- 40.0 East SC-CAMLR-X, Annex 5, Table 1
Coastal 0.8-1.6 East WG-Krill-92/25

Coastal 26.0 - 64.0 East SC-CAMLR-X, Annex 5, Table 1

Coastal 5.0-10.0 East SC-CAMLR-X, Annex 5, Table 1

Coasta 19.0 East SC-CAMLR-X, Annex 5, Table 1
48.2 Deep 58-125 East WG-Krill-92/25
Coastal 0.8 East WG-Krill-92/25
48.3 Deep 19-25 East WG-Krill-92/25
Deep 47-58 East WG-Krill-92/25
Deep 0.2 West WG-Krill-92/25

Deep = surface currents over deep water (open ocean)
Coadtd = surface currents over the shelf

Table2:  Reaults of the recalculation of krill biomass from the FIBEX cruises. For Subareas 48.1
and 48.2 the results for the Walther Herwig are given separately and in combination
with the results from the other cruises.

Areal Strata Used Densty Area Coefficient Biomass
Subarea/ (g.Mm?) | (‘000 krp) of (million tonnes)
Dividon Variation
41 Walther Herwig (NW) 48.9 75 29.6 3.66
48.1 Professor Sedlecki + Itzumi | 11.0 194 98.3 2.12
Walther Herwig (SW) 94.2 89 38.0 8.42
Combined 37.2 283 35.0 10.54
48.2 Odissey + 39.7 185 19.3 7.37
Eduardo L. Holmberg
Walther Herwig (E) 35.6 57 40.1 2.01
Combined 38.8 242 17.6 9.38
48.3 Odissey 59.7 25 38.0 151
48.6 Agulhas 8.0 576 23.0 4.63
58.4.2 Nella Dan + Marion 23 1711 32.0 3.93
Dufresne
+ Kaiyo Maru




Table3:  Catch (tonnes) of krill in Subareas 48.1 and 48.2, 1988 to 1991, derived from
Statlant B data. The percentage of each nation’s catch taken in each month is dso

given.
1988 1989 1990 1991
tonnes % tonnes % tonnes % tonnes %

Subarea 48.1

Chile January 57 9 1009 22
February 5504 93 2750 52 2858 64 861 23
March 434 7 2135 40 634 14 2818 77
April 387 7

Japan  December 128 0.1 1913 3 1663 4 101 1
January 17705 25 24626 32 11220 33 11697 21
February 21314 30 26569 35 9779 30 12127 22
March 22597 32 14435 19 6737 20 17588 32
April 10070 13 8369 11 4537 13 13207 24

Korea  December 692 62 504 13
January 419 38 196 12 1872 46 917 76
February 681 42 1664 41 294 24
March 738 46

Poland December 80 5 97 31
January 407 22 213 69
February 55 100 638 35
March 698 38

USSR October 688 15
November 1587 34
December 2446 51
January 9920 48
February 4094 20
March 6861 32

Totd 78918 105554 42477 64641

Subarea 48.2

Japan  December 456 35 11 1 36 100
January 11 1
February
March 831 64 2799 92
April 206 7 1304 69
May 1 100 584 31

Korean December 44 10
January 370 90
February 164 100

Poland December 1
January 1137 42 1658 28
February 421 14 1595 58 1560 26
March 1332 44 1514 25
April 1306 42 1287 21

USSR October 553 2 538 0.2 2405 2
November 325 0.3 3394 4 9104 4 10252 7
December 391 0.3 27513 36 27776 13 15362 10
January 15693 18 20131 26 18591 8 13530 8
February 14158 16 17668 23 16542 8 25572 16
March 19296 21 7235 9 25981 12 28978 18
April 39375 44 43763 20 45381 28
May 650 0.6 57195 25 17833 11
June 21027 10

Tota 94659 82406 220518 167257




Table4:  Most recent biomass estimates fromiSRs (see Figure 2).

Y ear Saus Area Density Biomass Reference
(‘000 krre) (g.Mm?) (10e tonnes)
South Georgia Acoudtic 1981 recalculated from FIBEX data 25 59.7 151 WGKIill-92/20
Peninaula Acoudtic 1981 reca culated from AIBEX data 283 37.3 10.54 “
with Walther Herwig
reca culated from AIBEX data 196 110 212 “
without Walther Herwig
Prydz Bay Acoudtic 1992 Audrdian survey 268 7.4 1.98 WG-Krill-92/23




Table5:  Various options for dlocating the precautionary catch limit of 1.5 million tonnes of krill in Statistical Area 48 among the various subaress.
FIBEX Estimate | FIBEX Estimate | Historical Average of Even Linear Extent Predator Local Biomass
with without Catch Columns1,2,3 | Division | of Shelf Break | Demands Adjusted for
Walther Herwig | Walther Herwig Plus 5% Krill Movement
Krill-predator interactions considered? N N N N N N Y N
Data availability? Y Y Y Y Y Y Y ?
Provisional allocations:
Antarctic Peninsula 481 40% 12% 17% 28% 17%
South Orkney Islands 482 36% 53% 42% 49% 17%
South Georgia 483 6% P 41% 24% 17% Yet to be Yet to be Yettobe
S.SandwichIdands 484 0% 0% <001% 5% 17% calculated  calculated  calculated
Weddell Sea 485 0% 0% 0% 5% 1%
Bouvet Island region 486 18% 26% 0.1% 20% 1%




Table6:  Datarequirements. Thistable liststhe requests of wGKrill-91, and adds additiona requests of the Fourth Meeting of the Working Group.

Data Required by WG-Krill-91 Data Submitted at WG-Krill-92 Data Requested by WG-Krill-92
Review of demographic parameters - Examination of the precision of estimates of krill weight/length relationships (paragraph
4.83)
Krill movement WG-Krill-92/24, 25 Work on the influence of hydrography on krill distribution should be encouraged
(paragraph 4.33)

Observer reportsfrom commercial fishery WG-Krill-92/6, 10, 33, 21

Length frequency data submission Length frequency datafrom Continued requirement
commercia fishery by USSR,
Poland, Korea, 1990 and 1991

Haul-by-haul data submission, irrespecitve | Chileonly Continued requirement (paragraph 3.24)
of proximity to CEMP sites

Number and capacity of fishing vessels - Continued requirement
(Members' Activities Reports)

Estimates of biomass for ISRs (request of Calculated at Working Group Continuing (paragraph 5.53)
WG-CEMP)

Reporting of monthly catches should proceed in compliance with Conservation
Measure 32/X (paragraph 3.10).

Data on the amount and viability of krill passing through a net should be reported
(paragraph 3.23).

New data on krill flux in Subareas 48.2, 48.3 and in other areas (paragraph 4.28).
Fine-scale data

- should be submitted for al catches of krill in the Convention Area,
- fine-scale datafrom historical catchesin Statistical Area 58 are requested.

Secretariat is requested to contact FAO and Members concerning krill catchesin
Statistical Area41 (paragraph 6.22).

Minimum data requirements when reporting acoustic surveys, set out in Appendix H
should be adhered to.




Table 7:
Group.

Future work requirements. This table lists the requests of wG-Krill-91, and adds additiona requests of the Fourth Meeting of the Working

Work Required by WG-Krill-91

Data Submitted at WG-Krill-92

Future work Requested by WG-Krill-92

Operational definitions of Articlell

Estimation of total effective biomass,
including reworking the FIBEX data

Suggestions of methods to take account of
predator needs

Estimates of potential yield - reworking of Y
=1 MBg model

Acoustic target strength

Acoustic survey designs
Analysis of fine-scale fisheries data

Investigation of sampling regimes for krill

Biological data- observer formswill be
compiled and an observer manual drafted

WG-Krill-92/20, 23, 26, 27, 25

WG-Krill-92/16

WG-Krill-92/4, 22

WG-Krill-92/11, 17, 31

WG-Krill-92/18, 19, 21

Completed by the Secretariat

Further analyses of net haul and acoustic data for theWalther Herwig and other FIBEX
cruises (paragraphs 4.59 and 6.5).

Further work is required to improve models of the functional relationship between krill,
its principal predator and the krill fishery (paragraph 5.39).

- Secretariat asked to validate the potential yield model and calculations described in
WG-Krill-92/4 and 28 (paragraph 4.76)

- Estimation of sg and its correlation with M and growth rate (Appendix E) and further
refinements to the yield model should be made (paragraph 4.77).

Examination of the effect of physical condition and orientation on krill target strength
required (paragraph 4.41).

Continued requirement

- Members should give further consideration to the Observer Manual and forward
suggestions by 30 December (paragraph 6.25).




Table 7 (continued)

Work Required by WG-Krill-91 Data Submitted at WG-Krill-92 Future work Requested by WG-Krill-92

Analysis of acoustic and bridge log data - Continued requirement
from the commercia fishery
Haul-by-haul data should be used to eval uate the Composite CPUE Index

(paragraph 3.13).
More reports of liaison between fishermen, biol ogists and managers should be compiled
(paragraph 4.34).

Investigations of the scale and frequency of surveys applicable to feedback
management approaches (paragraph 6.19).

Consideration of anear-synoptic survey in Statistical Area48 (paragraph 6.5).

Subdivision of results from existing surveys should be investigated in the light of
Appendix D.

Clarification of the noise margins and thresholds for Prydz Bay surveysif required
(paragraph 4.41).

Further modelling isrequired to evaluate feedback control management options
(paragraph 4.77) and spatial effectsrelated to localised predator aggregations.

Work isrequired for completion of the precautionary catch allocation table
(paragraph 6.7): shelf break extent, predator demands and biomass adjusted for krill
movement (flux and retention times) (paragraph 4.33).




Date Subarea 48.1 Subarea 48.2
Krill/Ice Japanese Chilean Krill/Ice Russian Russian
Conditions Fishery Fishery Conditions ‘Standard’ ‘Special’
Quality Quality
Early
o Sea-Ice
3 . Present
g Mid Sea-Ice
2 Sea-lce Present
Z  Late Mostly
Clears
Early Mostly Green Fishing Sea-Ice Mostly
5 Krill Begins Clears
' Mid
(]
3 Mostly Green Fishing
2 Late Krill Begins
Early Mixed Green
> and Red Krill
S Mid v
E; Fishing
Late Mixed Begins Fishing
Green and | Begins
Early White Krill
2
g Mid 50% Mostly Red
S Green _ Krill
22 1 = L
Late Krill; S 2 Fishing
;{eduitlpg o g Stops
Earl roportion | S
arty of Green E) g
o
S Mid =
< e =i
= ) There
Late may be a
local, small
Early Mostly White bloom of
Krill v phytoplankton
— . A near shore
= Mid Fishing
< Stops
Late Sea-Ice Cover
Extends Into Area
Early
z Mid v v
= Fishing Ends | Fishing Ends
Late Sea-Ice
Cover Extends
Figure 1:  Schematic diagram of the timing of krill fishing in Subareas 48.1 and 48.2 relative to krill and

sea-ice conditions.

Krill discoloured by full guts are termed ‘green’, whereas krill without
discolouration are termed ‘white’ (Japanese/Chilean) or ‘red’ (Russian).
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AGENDA

Fourth Working Group on Krill
(Punta Arenas, Chile, 27 July to 3 August 1992)

Wecome

Introduction
() Review of the Meeting Objectives
(i) Adoption of the Agenda

Review of Fisheries Activities
() FisheriesInformation
(@ CachLeves
(b) Location of Catches
(©) Reportsof Observers
» By-Catch of Young Fish
*  Length Frequency/Haul-by-Haul Data
(i) Other Information
(@ Didribution and Abundance
(b) Fishing Escapement LossMortdity

Edimation of Krill Yidd
() Kirill Fux in Satigtica Area48
(@ Immigraion/Emigration Rates
(b) Resdence Times
(©) Influence of Hydrography
(i) Estimetion of Initid Biomass (B,)
(@ Techniques
(b) Statitical Area48
(c) Other Areas
(i) Refinement of Yidd Etimate Cdculations
(@ Evduation of Population Modds
(b) Evduation of Demographic Parameters
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(iv) Refinement of Precautionary Catch Limit Estimates
(@ Satisticd Area48
(b) Other Satigtical Areas

Ecologicd Implications of Krill Fishing
() Location and Timing of the Fishery
(@ Statigtical Subareas 48.1 and 48.2
(b) Other Subareas
(c) Rdation of Fishing to Krill Predators
(i) Effects of Management Measures on Krill Fishing
(@ Location, Timing and Intengty of Fishing
(b) Krill Management Measures and Krill Predators
(i) Liasonwith WG-CEMP

Advice on Krill Fishery Management

() Precautionary Limits on Krill Catchesin Various Areas
(8 Edimatesof Potentid Yied
(b) Possble Ecologicd Effects of Catch Limits

(i) Refining Operationd Definitions of Article|

(i) Other Possible Approaches and their Development

(iv) DaaRequirements

(V) Scientific Observer Scheme

(i) Future Work of wG-Kiill

Other Business
() Kirill Surplus
(i) Editorid Condderations

Adoption of the Report

Close of the Medting.
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APPENDIX D

KRILL SURVEYS- USE OF RESULTANT INFORMATION

Idedly, one would wish to have a time series of comparable estimates of biomass from
surveys of the complete extent of each subarea. The resultant information would be used:

()  intheshort term, to improve estimates of B,; and
(i)  inthelonger term, asthe basis for management under feedback-control.

2. In practice, problems will arise. Some (many) surveys will not cover the full extent of the
subarea concerned. There will be problems concerning comparability, e.g. surveys could take place
a different times of year, and use different methodologies (e.g., trawl, hydroacoustic). One would
nevertheess like to make use of dl the data available. Linear model analysis is an gpproach which
might dlow al (or at least most) of the data to be integrated to provide a“sngle’ “best” result. This
goplies not only to the future, but dso to the present where it might be desirable to combine the
FIBEX results with the data from other surveysin a methodologicaly defensble manner.

3. The underlying gpproach would be to obtain estimates of density for smal sectors (e.g., 0.5°
latitude by 1° longitude) within each subarea. These density estimates could then be integrated to
provide an abundance estimate for the whole subarea.  The linear modd would need to make
alowance for seasond effects, and could treat trawl survey results asindices of relative dengty when
combining them with the hydroacoustic data. To improve precison, and perhaps dlow extragpolation
within the subarea, a Smple mode of spatia factors might be attempted, rather than estimation of
independent indices for each samal sector.

4, A pre-requiste for attempting such andyses would be the subdivison of exiging survey
results on whatever smdl sector grid might be chosen.

5. There may be severd problems associated with the practica implementation of this
gpproach in the absence of a satisfactory smple model of spacid factors.

* As mentioned above, with typica transect spacings such as during ABEX (10 to 50 n
miles) it is possible that some longitudind lines of fine-scae rectangles would not contain
any transect.



Divison of transects into 0.5° latitude units may only leave one section of transect per
rectangle. Since the dendty estimator is the transect mean it would be impossible to
provide a variance estimator.

Dividing transects longitudindly may dso lead to skewed etimates of variance as a
result of possible serid corrdation effects that would have to be taken into account in
the statistical treatment of the results.



APPENDIX E

FURTHER REFINEMENTSOF THE CALCULATION OF THE FACTORQ
RELATING YIELD TO SLIRVEY BIOMASSESTIMATES

MODIFICATIONS

1 Stock/Recruit Relationship

Previous cdculations have assumed that median recruitment is a congtant independent of
spawning biomass (except that WG-Krill-92/4 assumed that recruitment became zero if the totd
recruited biomass was harvested in a particular year). Ingeed, it will be assumed that median
recruitment decreases proportionately to spawning biomass, for spawning biomass below 20% of its
average prisine level.

2. Inability to Harvest Specified Fixed Catch

Previous caculations adlowed fishing mortaity to increase to large vaues in certain years, in
order to attempt to take the specified fixed catch every year, to the extent that on occasions the
entire recruited biomass could be harvested. Instead, to place some redigtic limit on the proportion
of the recruited biomass which could be harvested in any year, an upper bound of 1.5 yr -1 will be
placed on the fishing mortadity F for fully sdected age-classes (this bound relates to an effective
annud fishing mortdity; thus, for a three month fishing season for example, the actua upper bound
would be 6.0 yr -1). This limitation means that the specified fixed catch will not dways be taken in
every year during the harvesting period.

3. Prior Digributionsfor M, s ; and Growth Rate

The previous caculations assumed that estimates of these parameters were uncorrelated;
vauesfor M and s were drawn independently fom their specified digtributions, while the krill
growth rate was fixed. However, the available length frequency data imply some reationship
between these parameters. a higher value of M would correspond to a faster growth rate and a
lower vdueof s ;.

Vdues for M (in yr -1) will be drawn from the uniform digtribution [0.4,1.0] as before. A
vaueof s, will then be generated by the process detailed in Adjunct 1 below. Findly, the growth

1



curve parameter k will be scded to M. The precise detalls of this procedure will be finalised by
correspondence between Drs Agnew, Basson, Butterworth and de laMare.
SENSITIVITY TESTS
1 Age Dependence of M

Given avdue for M generated from U[0.4,1.0yr -], this vaue will be doubled to obtain the
natural mortdity for krill of agesO, 1 and 2 years.
2. Sex Differentiation

To dlow for ddiberate avoidance of gravid femaes by the fishery, the mode will be sex-
disaggregated. During the months of summer fishing (December to February), 20% by number of
the mature femae numbers present at the start of December will remain unavailable to the fishery.
3. Recruitment Didribution

Censor the lower tal of the log-norma distribution so that recruitment cannot be less than
20% of the median vaue of the censored digtribution. (The ‘median vauge isthat for the appropriate
spawning biomass.)
4, Age at Firgt Capture

The origind modd has a sdectivity-at-length profile with a width of 10 mm and alength at
50% vulnerability, 11, , chosenfrom U[38,42mm]. Change thisto awidth of 20mm, with I, selected

50 7

from U[35,37mm].

ADDITIONAL OUTPUTS

1 Statistics are to be provided for a 10- aswell as a 20-year period of harvesting.



2. Satigtics (median, 5%- ile and 95%- ile) areto be provided for the average P/B ratio during
the harvesting period.

Adjunct 1

Method for estimating and moddling recruitment variability in krill potentid yield cdculations.

1. Length frequency samples and survey dengties will be used to estimate representative length
compositions (from research surveys, weighted by dendty estimates) for sdlected areas and years
(for example, asin Loeb and Siegd, wG-Kirill-92/12). Thiswill be done for as many cases as possble;
there is no need for there to ke atime series for a given aea Single length compogtions from
disparate areas will be consdered as independent, at least at this stage.

2. A dze range which represents 2 year old krill will be sdected to form an index of
recruitment. Possibly the McDondd and Pitcher method will be used to estimate the number of 2
year olds in the sample, perhaps usng growth curves to fix the modd length of 2 year olds for cases
where there are no clear modes in the length composition. The ratio of 2 year olds to the total 2+
sample Szeis a Heinke estimate which provides an index of gross recruitment.

3. Parameters characterisng the digtribution of Heinke estimates will be estimated.

4, For a sdlected vaue of M, s, will be chosen so tha the digtribution of Heinke indices
produced by the modd is in accordance with that estimated from the length samples.



APPENDIX F

ATTEMPTSAT A BASIC ACCOUNTING FOR SUBAREAS48.1 AND 48.2

D.J. Agnew

| atempt here to rdate South Shetland Idands predator consumption, krill biomass in
Subarea 48.1, and estimated values of M, developing the methodology from that discussed in WG
Krill-92/19.

2. Biomass estimates for Subarea 48.1 from Table 2.1 of wGKiill-90 (SC-CAMLR-1X, Annex
4), Segd (WGKrill-91/15) and the FIBEX edtimates excluding the Walther Herwig (Table 6 of
WGKIill-92/20) provide estimates of biomass between 0.5 and 2 million tonnes.

3. Siegd WaKrill-91/15) estimated production/biomass ratios for the South Shetlands of 0.94
and 0.83 (sc-CAMLR-X , Annex 5, paragraph 4.51) and therefore estimated totd effective biomass
during the summer months as about 2 million tonnes.

4, WGKIill-91/15 also estimated residence times of three months in the southern Drake Passage.
5. WGKIrll-92/19 estimates total consumption by penguins in the South Shetlands as
280 thousand tonnes in the period December to February (estimates derived from independent
modds by Croxdl et al. and Croll). This does not include fur sedls, or pelagic predators; in order to
condder these predators in the accounting, we may estimate total consumption = 1.5 x penguin

consumption, athough there is no empirica evidence for this factor.

6. Edimates of naturd mortdity M were given in Table 6 of wWGKirill-91 (SC-CAMLR-X, Annex
5); WGKrill-92/4 uses values between 0.4 and 1.0.

7. If we assume that the predation mortaity experienced by the part of the krill population
resdent in the South Shetlands over these three months is %/, of the tota natural mortdity then we
can use

Consumption = Biomass x (1-exp(-M/4))

to seeif biomass, consumption and estimates of M are roughly in agreement.

8. Cdculating M from Biomass and Consumption (* 000 tonnes)



10.

11.

12.

Consumption - December to February
280 420
Biomass estimate: 2 000 M =0.6 M =0.94

Cdculaing Biomass from Consumption and M (biomass, consumption in ‘000 tonnes)

Consumption - December to February

280 420
M =04 2900 4 400
M =10 1 300 1900

Parameter estimates from Subarea 48.2 are:

Biomass 7 mtonnes (RBEX, exduding Walther Herwig)
Consumption 153000 tonnes  (December to February; WG-Krill-92/19)
(penguins only)

Residencetime: probably smilar to Subarea48.1 (see Table 1 of this report)

Cdculaing M from Biomass and Consumption (* 000 tonnes)

Consumption
153 229
Biomass: 7 000 0.09 0.13

Cdculaing Biomass from Consumption and M (biomass, consumption in ‘000 tonnes)

Consumption
153 229
M =04 1600 2400
M =10 690 1034



13.  Itisapparent from these caculations tha the estimates do not baance well. Thisimplies that
ether totd consumption is underestimated (penguin consumption is a minor part of it) or Biomass
and/or M are overestimated. For example, cadculaing Consumption from Biomass and M

M
0.4 1.0
Biomass: 7 000 670 1550
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APPENDIX H

DETAILSTHAT SHOULD BE INCLUDED IN REPORT S OF
ACOUSTIC SURVEYSOF KRILL BIOMASSAND/OR DISTRIBUTION

Papers should include, where appropriate, reference to the following topics:

1. SURVEY DETAILS
Objectives, timing
Desgn rationde - random/regular
Map - including coastlines, bathymetry, acoudtic transects, sampling Sites.
Number of transects and transect spacing
Target trawls - type of net used, amed or not, number of samples, duration of tows, depth

range, time of day

2. ACOUSTIC SYSTEM
Type and make
Frequencies used
Hull mounted or towed body ?
Split-beam / dual-beam / single beam ?
Echo integration, echo counting, swarm counting ?
Integration intervas (verticd)

Averaging intervds (horizonta)

3. CALIBRATION METHOD

M ethodology, equipment, location, water temperature, results

4, ANALYSISOFRESULTS

TS relationships



Length/weight rdationships

Biomass variance estimates

Strata definitions

Method of caculation of ared densty and volume dengty
S, - surface dendty calculation

Methods used to generate distribution maps and abundance estimates

. RESULTS

Digtribution maps

Biomass estimates and variance estimates

Sizes of krill from target trawls, means and ranges

Any other rdlevant survey results

Basic data from which derived units arise should be presented

Standard units for reporting acoustic results should be used throughout



ANNEX 5

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



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

INTRODUCTION

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

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

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

GENERAL MATTERSAND ORGANISATION OF THE MEETING

21 A Lig of Paticipantsis givenin Appendix A.

2.2 The following were appointed rapporteurs.

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

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

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

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

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



ADOPTION OF THE AGENDA

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

CCAMLR SCHEME OF INTERNATIONAL SCIENTIFIC OBSERVATION

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

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

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

REVIEW OF EEC PROPOSAL

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



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

REVIEW OF CCAMLR SCIENTIFIC OBSERVERSMANUAL (DRAFT)

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

paragraph 10.4).

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

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

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

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

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

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



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

REVIEW OF MATERIAL FOR THE MEETING

DATA REQUIREMENTS ENDORSED BY THE COMMISSION IN 1991

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

Appendix D.

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

CATCH AND EFFORT STATISTICS

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

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



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

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

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

MESH/HOOK SELECTIVITY AND RELATED
EXPERIMENTS AFFECTING CATCHABILITY

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

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

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

OTHER DOCUMENTS

511  TheWorking Group welcomed the recent publication of:

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



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

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

ASSESSMENT WORK AND MANAGEMENT ADVICE

NEW FISHERIES

Crab Fisheriesin Subarea 48.3

Description of Fishery

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

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

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

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

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

Lines 46 138 7 13 53 151
P. spinosissima

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

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

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

Edtimation of Standing Stock for Paralomis spinosissima

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

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

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

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

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

Subarea 48.3.

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

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

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

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

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

» the assumed effective fishing radius of each pat;

» the catchability coefficient for pots being 1.0;

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

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

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

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

Management Advice

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

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

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

Crabs- 483
10



(i)

(i)

i)

v)

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

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

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

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

(@  observation on fishing operations;

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

(o) representative length frequency digtributions;

(d) representative sex and maturity stage distributions;

(60 samplesof ovariesand eggs,

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

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

the Draft Scientific Observers Manua (see Appendix F).

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

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

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

(c) other relevant data, as possible, according to the logbook formats aready being
used in the exploratory crab fishery;
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(vii)) each Member participating, or intending to participate, in the exploratory crab fishery
should register with the CCAMLR Secretariat (at least three months in advance of
garting fishing annualy) the name, type, Sze, regisration number, and radio cdl sgn
and fishing plan of each vessd tha the Member has authorised to participate in the
exploratory crab fishery.

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

New Fisheries

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

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

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

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

SOUTH GEORGIA AND SHAGROCKS (SUBAREA 48.3)

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

Reported Catches

6.28  The catch history of Subarea 48.3 (South Georgia and Shag Rocks) since 1970 is shown
in Table 3. Thisilludtrates the collgpse of the Notothenia rossi fishery following landings in excess
of 500 000 tonnes in the firs two years of the reported fishery. This was followed by its
replacement in the mid-1970s by Champsocephalus gunnari as the most important finfish resource
on the South Georgia shdf. In recent years the C. gunnari catch has declined and is currently
overshadowed by the landings of myctophids, notably Electrona carlsbergi, from the northern part
of Subarea 48.3. The tota catch of al speciesin 1991/92 was 50 678 tonnes, which compares to
82 423 tonnes in 1990/91, the difference being largely due to a drop in myctophid landings.
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Table3:

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

Slit

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

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

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

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

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

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

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

b Includes 2 387 tonnes of unspecified Nototheniidae caught by Bulgaria

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

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

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

* Includes 1 440 tonnes taken before 2 November 1990

9 Includes 1 tonne taken as research catch by the UK, 132 tonnes taken as research catch by
Russia before 30 June
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6.29  Thetotd catch in 1991/92 was dominated by 46 963 tonnes of E. carlsbergi, which was
about 60% of the catch in 1990/91 and consderably less than the precautionary TAC of 245 000
tonnes st by the Commisson for the period commencing 2 November 1991 (Conservation
Measure 38/X). The remander included 3 703 tonnes of Patagonian toothfish, D. eleginoides,
which was in excess of the TAC of 3 500 tonnes set by the Commission for the period commencing
2 November 1991 (Conservation Measure 35/X) (see paragraph 5.4). A research catch of 59
tonnes of D. eleginoides was taken after 30 June 1992, and is therefore not included in the total in
Table 3.

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

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

Nototheniarossii (Subarea 48.3)

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

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

Management Advice

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

Champsocephalus gunnari (Subarea 48.3)

Fisheries Surveys

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

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

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

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

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

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

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

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

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

1988/89 22 328 SC-CAMLR-IX?

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

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

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

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

2 Semipdagic trawl used as a bottom trawl

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

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

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

6.40

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

the survey is reported in WGFsA-92/26. Krill, the preferred prey item, was present in the somachs

C. gunnari - 483

17




of 65% of fish at South Georgia compared to 22% in January 1991, indicating thet it was availablein
gregter quantities this year. Feeding intensty was adso sgnificantly higher in 1992 than in 1991.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

age 2).

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

- 24
R=R xegx- 20
e 29

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

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

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

would yield essentidly the same results.

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

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

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

300000
—+H—  biomassfrom survey estimate 1992 o©
| 7 ©— without 92/93 catch
—®—  with 92/93 caich *
—®—  92/93 cach
2000007 (al means with 95% confidence limits)
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= )
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Figure3:  Projection scenarios for C. gunnari with variable recruitment.

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

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

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

Congderaionsfor a Re-opening of the C. gunnari Fishery

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

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

P. georgianus
C. gunnari

O R R

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

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

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

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

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

= catch of N. gibberifrons
catch of C. gunnari

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

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

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

Management Advice

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

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

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

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

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

9200 - 15 200 Peagic trawl fishery only

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

N. gibberifrons £16% of C. gunnari catch

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

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

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

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

Patagonotothen guntheri (Subarea 48.3)

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

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

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

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

Management Advice

6.87  Thevery low leve of fishing in 1989/90 and the absence of commercid fishing in 1990/91
and 1991/92 would have been expected to result in an increase in the biomass of P. guntheri.
However, the Working Group reiterates its statement from last year thet it is unable to assess the
current state of the stock due to the lack of information, such as an accurate biomass estimate,
estimates of naturd mortaity and recruitment values for recent years. As the species is short-lived,
the current state of the stock is critically dependent upon the strength of the year classes which have
been recruited to the stock in very recent years.

P. guntheri- 48.3
29



6.88  The Working Goup recommended that the present conservation measure (Conservation
Measure 34/x which applied to the 1991/92 season) should be retained until information,
which would alow areassessment of the stock to be made, becomes available.

Notothenia squamifrons (Subarea 48.3)

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

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

Management Advice

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

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

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

paragraph 8.10).

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

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

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

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

6.97  Length frequency digtributions from UK surveys since 1990 show a steedy increase in the
proportion of adult N. gibberifrons, and smal fluctuaions in the stock dructure and sze of
C. aceratus and P. georgianus. This is conggtent with trends in biomass estimates from these
surveys.
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Figure 4: Abundance trends (VPA and survey biomass estimates) and catch history of N. gibberifrons, C. aceratus and P. georgianus.
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6.98 Biomass esimates (in tonnes) for the three species from the initid phase of the fishery
(21975/76 for N. gibberifrons and 1976/77 for C. aceratus and P. georgianus) are given in the
following teble:

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

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

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

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

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

Management Advice

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

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

fishery.
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Electrona carlsbergi (Subarea 48.3)

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

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

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

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

Management Advice

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

Dissostichus eleginoides (Subarea 48.3)

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

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

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

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

D. eleginoides - 48.3



15
@ chile
[l Russia -
Bulgaria uln

%10- ] [

>

S

g

= 5

= L I I O

pd L

0] | WnnEmy
NOULUND TANOUOLNOANNOUONOOON MO
M SO X M 4O TdNMNO©®O M yO
oo oo — -+ oNdN oA oM ™

Time from December (monthsin five-day periods)

Figure5:  Number of vessdstaking part in the fishery.

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

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

Effort Data

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

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

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

Sdectivity of Trawls

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

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

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

fishing nations

Fshing Area Hook L* sD

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

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

Biologicd Information

Digtribution and Stock Identity

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

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

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

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

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

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

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

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

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

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

Age, Length and Weight Data

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

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

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

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

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

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

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

Growth Parameters

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

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

Naturd Mortdity

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

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

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

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

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

Diet

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

D. eleginoides - 48.3



Assessment Work
Length-based Cohort Analysis

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

1 SHUST, K.V., P.S. GASIUKOV, R.S. DOROVSKIKH and B.A. KENZHIN. 1990. The state of D. eleginoides
stock and TAC for 1990/91 in Subarea 48.3 (South Georgia). Document WG-FSA-90/34. CCAMLR, Hobart,
Australia.
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Table10: Summay of biomass cdculations of the exploitable biomass of D. eleginoides in

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

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

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

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

the effort indices.

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

D. eleginoides - 48.3



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Egtimates Based on Trawl Surveys

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

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

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

Estimates Based on Area Fished by Each Hook

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

A = p r2/(18522)

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

D = C/A*1000

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

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

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

Yidd-Per-Recruit Anayses

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

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

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

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

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

TAC CALCULATIONS

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

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

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

Management Advice

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

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

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

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

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

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

« studies on hook salection factors should be carried out;

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

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

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

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

SOUTH ORKNEY ISLANDS (SUBAREA 48.2)

Catch History

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

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

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

Catches from research activities

1 Manly C. aceratus

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

6.191 Reaultsof these cdculationsare given in Table 16.

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

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

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

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

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

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

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

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

Management Advice

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

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

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

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

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

ANTARCTIC PENINSULA (SUBAREA 48.1)

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

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

6.205 Pre-recruit monitoring in the South Shetland Idands (Barrera-Oro and Marschoff, pers.
comm.) indicated that the proportion of juveniles of N. rossii and N. gibberifrons in fjord fish
catches, remained a the low levels previoudy reported (SC-CAMLR-X, Annex 6, paragraphs 7.225
and 7.226).
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6.206 Pending further information on the fish stocks in the area, the Working Group
recommended that conservation measures in force should be maintained (Conservation Measure
41/X) until aresearch survey is carried out to enable the Working Group to re-assess the status of the
fish stocks in Subarea 48.1.

STATISTICAL AREA 58

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

Divison 58.5.1 (Kergudlen)

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

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

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

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

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

1972 | 53857 XX 104588 52912 8195

1973 6512 XX 20361 2368 3444

1974 7392 XX 20906 19977 1759

1975 | 47784 XX 10248 10198 575

1976 | 10424 XX 6061 12200 548

1977 | 10450 XX 97 308 1

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

1979 101 3 - - - 1307 1218

1980 1631 8 14 56 138 - 1742 4370 11308 239

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

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

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

1988 159 1816 4 554 488 - 21 5302 41 66

Split- ANI wiC TOP NOR NOS ANS

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

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

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

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

1992 44 3 - - 74928 - - 1 - -

NB:

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

thistotd.

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

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




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

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

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

Management Advice

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

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

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

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

Management Advice

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

Notothenia squamifrons (Divison 58.5.1)

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

Management Advice

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

fishery ispossble.

Champsocephalus gunnari (Divison 58.5.1)

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

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

Divison 58.5.2 (Heard Idand)

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

Divison 58.4.4 (Ob and Lena Banks)

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

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

6.224 At its 1991 meeting, WG-FSA requested that both catch and biologicad data for the
N. squamifrons fishery in Subarea 58.4 should be submitted to the Secretariat &C-CAMLR-X,
Annex 6, Appendix E). Length frequency and ctch-at-age data from 1977/78 to 1989/90 were
presented in WGFSA-92/5, dthough no new data for 1990/91 were reported.
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Table 18: Reported catches of N. squamifrons from Ob and Lena Banks.

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

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

Appendix 5).

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

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

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

Ob Bank

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

Management Advice

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

Divison 58.4.2 (Coast of the Antarctic Continent)

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

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

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

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

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

recommends no fishery should be gtarted in areas where monitoring is being conducted. The
Working Group agreed with this recommendation.

71



GENERAL ADVICE ON THE MANAGEMENT OF FISH STOCKS

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

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

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

the corresponding TAC agpplied.

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

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

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

management control.

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

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

CONSIDERATIONS OF ECOSY STEM MANAGEMENT
INTERACTIONSWITH WG KRILL

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

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

paragraph 3.18).

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

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

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

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

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

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

Appendix F).
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INTERACTIONSWITH WG CEMP

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

Ecologicd Reationships Between Fish and Other Species

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

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

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

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

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

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

Possible Ecologica Consequences of Finfishing

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

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

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

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

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

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

Other Interactions

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

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

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

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

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

Proposals for Working Group Co-ordination Mesting

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



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

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

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

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

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

RESEARCH SURVEY S
WORKSHOP ON THE DESIGN OF BOTTOM TRAWL SURVEYS

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

FUTURE WORK

DATA REQUIREMENTS

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

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

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

fishery.

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

SOFTWARE AND ANALY SESREQUIRED FOR THE 1993 MEETING

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

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



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

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

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

relevant areas within the Convention Area to the Secretariat.

OTHER BUSINESS

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

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

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

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



ADOPTION OF THE REPORT

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

CLOSE OF THE MEETING

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

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

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

APPENDIX D

Data Required by
WG-FSA-91

Data Received
by WG-FSA

Data Required by
WG-FSA-92

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

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

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

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

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

4. D. eleginoides, Subarea48.3:

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

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

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

D. eleginoides, Subarea 48.3

(paragraph 6.176)

» studies on hook selection factors
required

¢ studieson loss rates of fish

D. eleginoides, Subarea 48.3

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

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

(paragraph 6.142)

7. Report E. carlsbergi catchesfrom
north of convergence

No information on areas north of the
convergence

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

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

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

« full reporting of existing biological
and survey data

* noinformation

* WG-FSA-92/12 (research)

» some length composition data

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

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

¢ new surveys required
(paragraph 6.105)




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

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

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

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

and 6.93)

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

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

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

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

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

15. P. guntheri, Subarea48.3 - clarification

of position of past catches around

South Georgia requested (paragraph

6.86)

16. E. carlsbergi

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

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

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

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

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

1980

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

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

« length and age/length key data

» catch data separated for
Division 58.5.1

* dataconsistency

composition from France; see
Table 1




21,

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

No information

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

No further information from Russia

23.

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

No information

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

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

25. Call for historic information from

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




APPENDIX E

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

Secretariat

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

Squares).

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




APPENDIX F

FORMATSFOR SUBMISSION OF DATA
FROM THE CRAB FISHERY



FORMAT 1C
OBSERVER SUMMARY INFORMATION (CRAB FISHERY)

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

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

MESH SIZE OF POT COVER (mm)

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

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

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




FORMAT 6
SUBSAMPLE FOR MATURITY AND AGE DETERMINATION FOR CRABS

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

CARAPACE MEASUREMENT USED IN THE TABLE CL | CW

(Tick the appropriate box)*

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

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

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



APPENDIX G

SUMMARIESOF AVAILABLE INFORMATION AND ESTIMATES OF
BIOLOGICAL PARAMETERSFOR DISSOSTICHUSELEGINOIDES

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

Southern Chile:

Source: WGFSA-92/30

Catches: 1991/92

Ages determined from: Scaes

Lengths represent the minimum of 5 cm length classes

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

Maes 5 19 45 170 45 / 140 1305

Females 3 20 50 185 55 / 165 1146

South Georgia:

Source: WG-FSA-92/30

Catches: February to March 1991

Ages determined from: Scaes

Lengths represent the minimum of 5 cm length dlasses

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

Maes 5 18 60 140 60 / 140 695

Femdes 5 21 55 180 55/ 180 537

Kergudlen Idand Area

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

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

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

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

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




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

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

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

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

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

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

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




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

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

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

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

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

2 GASIUKOV, P.S, RS DOROVSKIKH and K.V. SHUST. 1991. Assessment of the D. eleginoides stock in
Subarea 48.3 br the 1990/91 season and calculation of the TAC for the 1991/92 season. Document
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Table G.4: Summary of avalable estimates for growth parameters. See Figure G.2 showing the
differences between the growth curves.

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

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

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

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




Table G.5:

Edimates of naturd mortdity for D. eleginoides.

Edimatesof M pre 1992

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

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

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

Means, Band H =0.10
A-C =0.16
Grand Mean =0.13
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D. eleginoides, Subarea 48.3.
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CCAMLR WORKSHOP ON DESIGN OF BOTTOM TRAWL SURVEYS
(Hamburg, Germany, 16 to 19 September 1992)

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

2.1 Thefollowing were appointed rapporteurs.

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

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

Attachment B.

ADOPTION OF THE AGENDA

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

BACKGROUND OF THE MEETING

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

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

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



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

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

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

OBJECTIVES OF THE MEETING

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

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

within the Convention Area

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

() theedimation of Standing Stock; and

(i)  to provide information on Population Structure

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



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

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

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

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

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

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

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

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

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



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

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

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

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

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

Fish Behaviour in Relaion to Fishing Gear

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

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

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



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

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

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

Fish Didribution in the Area

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

Smdl-Scae Digribution

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



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

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

Large- Scale Didtribution

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

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

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

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

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

ingenerd.

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



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

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

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

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

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

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

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

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

DESIGN OF BOTTOM TRAWL SURVEYS

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



Non-Random (Systematic) Surveys

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

Random Surveys

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

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

Stratification

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

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

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



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

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

Approaches to Survey Design that Take Account of Loca High Concentrations

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

Two-Stage Survey - First Approach

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

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

10



Two-Stage Survey - Second Approach

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

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

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

An Adaptive Approach

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

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

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

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

1



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

Congderation of the Different Approaches

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

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

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

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

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



ANALYSISOF BOTTOM TRAWL SURVEY DATA

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

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

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

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

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

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

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

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

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

ADOPTION OF THE REPORT

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

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

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

14



Table L A:

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

Everson, 1987).

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

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

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

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

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

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

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

& R

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

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

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

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

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

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

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

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

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

(from Kock, 1986).

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

101 - 200 461.5

201 - 300 500.0

301 - 400 736.5

401 - 500 1012.1

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

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

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

* Excludes areas 73 to 76, 79 and 80.




Table 1.H:

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

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

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

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

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

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

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

SDeg | SMin W

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

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




Table1.J:

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

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

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

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

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

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

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

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

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

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

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

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

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

OO O0OOOO0OwV

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

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

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

Total for subarea 9.6 90.4 | 2183316 2445595

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

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

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

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

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

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

2. Maturing virgin or regting

3. Devdoping

4. Gravid

5. Spent

Males;
1. Immature

2. Developing or resting

3. Developed

4. Ripe

5. Spent

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

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

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

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

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

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

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

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

Tedtis shrunk, flabby, dirty white in colour

27




MOT TO SCALE

LEMGTHS (m) UPPER LOWER

B
FL-1=] ]
ACD
c H
300 7
300 130 MESH SIZES
Hesrinal
Mash
D I Saction Size [mm)
ABCDHI 160
ol LLL EF. LK 120
280 G L &0
M &0
E
HLMEER OF MESHES
¥ Mo, FOR CME SDE
130 230  Mo. FOR BOTH SCES
130
4 mm Polyethylens
E braid vsed throughout
COD END
¥a LINER
20.0 GlL M

Figure 1 Congruction of the FP-120 net (from Parkes, 1991).
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Figure 2: Rigging of the FP-120 trawl (from Parkes, 1991).




total length

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

AGENDA

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

Opening of the Meeting

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

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

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

(iv) Stock Characterigtics

Design of Bottom Trawl Surveys

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

Anayds of Bottom Trawl Surveys

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

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

Close of the Medting.



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

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

2. Stratified Mean Biomass B

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

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

3. Combined Variance V[B ]

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

The formulafor combining these variancesis:

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



ATTACHMENT E

DRAFT MANUAL FOR BOTTOM TRAWL SURVEYSIN THE CONVENTION AREA

1. INTRODUCTION

Research vessdl surveys should idedlly provide the following informetion:

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

* lengthage-weght rdaionships,

*  maturity ogives,

* year cdass drengths of pre-recruits.

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

2. THE SURVEY TRAWL

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

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

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

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

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

4, STANDARD FISHING METHOD

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

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

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

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

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

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



5. ANALYSISOF THE CATCH

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

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

6. BIOLOGICAL SAMPLING

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

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

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

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



1.2

7.3

7.4

7.5

Description of Vessd

* Nameof ves#

* VessH sze (length, GRT, HP)

* Vessd type

* Incdludedin CCAMLR regigter of commercid or research vessdls.

Description of Fishing and Other Gear

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

* Auxiliary gear (dan leno assambly, etc.)

*  Type of mesh (diamond, square, other)

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

Description of Acoustic Equipment

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

Survey Desgn

*  Survey design (random, systemdtic, etc.)

* Target species

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

* Haul durdtion

*  Number of gations planned and carried out

*  Locations and map of fishing dations



7.6  Methods of Survey Data Andyses

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

7.7  Datato be Reported to CCAMLR

Haul-by-haul dataincluding

Date and time

Desgnated sratum for the haul

Start and end position of trawl

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

Duration of haul

Mean trawling depth

Wire out

Digtance trawled over ground

Net mouth opening (vertical- horizonta)

Catch by speciesin weight and numbers

Length frequency digtributions of exploited species

Benthos weight

Maturity stage information

Feeding information

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

Length/weight-age information of exploited species

Incidenta mortdity of mammals and birds

Fishing gear logt

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

1992 ASSESSMENT SUMMARIES



Assessment Summary: Notothenia rossii, Subarea 48.3

Sour ce of Information: This Report

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

Weightsin tonnes




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

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

USSRP  usskb

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

Mean F(....)! 0

Weightsin tonnes

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

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

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

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

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

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

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

Forecast for 1992/93:

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

Weightsin ‘000 tones

1 Age2+

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




Assessment Summary:  Patagonotothen guntheri, Subarea 48.3

Sour ce of Information: This Report

Year: 1987 1988 1989 1990

1991

1992

M ax2 Min2

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

20-36000

0 36788 5029

Survey Biomass 81000
Surveyed by Spain

5842
16365P

uka
USSRb

12746

UK

Sp. Stock Biomass®
Recruitment (age 1)

Mean F (3-5)

33 3

Weightsin tonnes

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

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

4 Maximum catch in 1989

Conservation Measuresin Force: 34/x

Catches. Research catch only (<1 tonne).

Data and Assessment:

Fishing Mortality:

Recr uitment:

State of Stock: Unknown.

Forecast for 1992/93:

Option Basis 1992
F SSB Catch F

1993
SSB

Catch

Implications/
Consequences

Weightsin tonnes




Asessment Summary:  Dissostichus eleginoides, Subarea 48.3

Sour ce of Information: This Report

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

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

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

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

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

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

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

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

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

Weightsin tonnes



Assessment Summary: Notothenia gibberifrons, Subarea 48.3

Sour ce of Information: This Report

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

USSR USSR

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

Weightsin tonnes

1 Weighted mean over ages2to 16

2 Over period 1975/76 to 1991/92

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

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

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

Fishing Mortality: Zeroin 1991/92.

Recruitment :

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

Forecast for 1992/93:

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

Weightsin tonnes




Assessment Summary:  Chaenocephal us aceratus, Subarea 48.3

Source of Information: This Report

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

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

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

4 Predicted

Conservation Measuresin Force: 34/X

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

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

Fishing Mortality: Zeroin 1991/92.

Recr uitment:

State of Stock: Survey biomass relaively consstent over recent year, now estimated to be 66 to

67% of initid level.

Forecast for 1992/93:

Option Basis 1992 1993 Implications/
F Biomass Catch F SSB Catch Consequences
Survey q=1, 0 12500 2
catch limited
to by-catchin
C. gunnari
fishery

Weightsin tonnes




Assessment Summary: Pseudochaenichthys georgianus, Subarea 48.3

Sour ce of Information: This Report

Year 1987 19838 1989 1990 1991 1992 M a2 Min2
Recommended TAC 1800 0 300  300-500
Agreed TAC 300 300 0
Landings 120 401 1 1 2 2 1661 1
Survey Biomass 5520 9461 8278 57618 13948C 13469
12200P 9959¢
10500P
Surveyed by USA/POL USA/POL UK/POL UK/POL2 UKE¢® UK
USSRP  ussrd
Sp. Stock Biomass® 5498 8090 8889*
Recruitment (age 1) 4337 1372
Mean F (....)! 0.09 015

Weights in tonnes, recruitsin *000s

1 ... weighted mean over ages 3t0 6

2 Qver period 1982 to 1992

3 FromVPA described in WG-FsA-90/6
4 Predicted

Conservation Measuresin Force: 34/x
Catches: Research catches only in 1990/92 and 1991/92.

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

Fishing Mortality: Zeroin 1991/92.

Recruitment:

State of Stock: Survey biomass relatively consistent over recent years, now estimated to be 30 to
37% of initid level. Recovery gppears to be dower than for N. gibberifrons and C.

aceratus.

Forecast for 1992/93:

Option Basis 1992 1993 Implications/
F Biomass Catch F SSB Catch Consequences
Surveyq=1 0 13500 2
catch limited
to by-catchin
C. gunnari
fishery

Weightsin tonnes




Assessment Summary: Notothenia squamifrons, Subarea 48.3

Sour ce of I nformation:

Y ear 1987 1988 1989 1990 1991 192 M2 Min2  Mean2
Recommended TAC 0 300 300
Agreed TAC 300 300 0
Landings 190 1553 927 0 0 0 1553 0 563
Survey Biomass 13950 409 131 13592 1374 1232
534p
Surveyed by USA/POL USA/POL UK/POL k/poLd UK UK
USSRP
Sp. Stock Biomass?
Recruitment (age...)
Mean F(....)!
Weightsin tonnes, recruitsin ..........
1 ... weighted mean over ages(...)
2 Qver period 1982 to 1992
3 FromvVPA using (.......... )
Conservation Measuresin Force: 34/X
Catches. Research catches only in 1991/92.
Data and Assessment: Now new data, no assessment performed.
Fishing Mortality: Zeroin 1991/92.
Recruitment:
State of Stock: Unknown.
Forecast for 1992/93:
Option Basis 1992 1993 Implications/
F SSB Catch F SSB Catch Consequences

Weightsin tonnes




Assessment Summary:  Electrona carlsbergi, Subarea 48.3

Sour ce of I nformation:

Year 1987 1988 1989 1990 1991 1992 M ax2 Min2  Mean?
Recommended TAC - - - - - -
Agreed TAC - - - - - 245000
Landings 1102 14868 29673 23623 78488 46960
Survey Biomass 1200kt  yssr4
Surveyed by 160kt  yssr5

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

Weightsin tonnes, recruitsin ..........

1
2
3
4
5

... weighted mean over ages(...)

Over period 1982 to 1992

From vPA using (.......... )

WG-FSA-90/21 large portion of Subarea 48.3
WG-FSA-90/21 Shag Rocks region

Consarvation Measuresin Force: 38/X; TAC 245 000 tonnes. 39/X, 40/X.

Catches: 46 960 tonnes - fine-scae data incomplete.

Data and Assessment:

Length composition data August to October 1991 from commercid

caiches. By-catch data from research trawl 1987 to 1989. No new biomass surveys or
estimates of biological parameters such as age stucture of the sock were available,

Fishing Mortality:

Recr uitment:

State of Stock: With no estimates of biomass or age structure of the current stock (most of the
gock origindly surveyed over 1988/89 are likely to have disappeared) no assessments of

stock size were possible.

Forecast for 1992/93:

Option Basis 1992

F Exploitable Catch
Biomass

F

1993
Exploitable
Biomass

Catch

Implications/
Consequences

Weightsin ‘000 tonnes




Assessment Summary: Notothenia rossii, Divison 58.5.1

Sour ce of Information: This Report

Y ear 1987 1988 1989 1990 1991 1992 M ax2 Min2  Mean?

Recommended TAC
Agreed TAC
Landings 482 21 245 155 287 0 9812 0 1462

Survey Biomass
Surveyed by

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

Mean F(....)!

Weightsin tonnes, recruitsin...........
1 ... weghted mean over ages(...)
2 Qver period 1982 to 1992

3 FromVPA using (.......... )

Conservation Measures in Force: Conservation Measure 2/11l. Resolution 3/1v. Limitation of
trawlers alowed on fishing grounds each year. Arrété NO: 18, 20, 32 (for details see sc-
CAMLR-VIII, Annex 6, Appendix 10, page 290).

Catches: Nil

Data and Assessment:

Fishing Mortality:

Recr uitment:

State of Stock:

Forecast for 1992/93:

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

Weightsin tonnes

10



Assessment Summary: Notothenia squamifrons, Divison 58.5.1

Source of Information: This Report

Y ear 1987 1988 1989 1990 1991 1992 Maxt  Min2 Mean?
Recommended TAC
Agreed TAC 5000 2000 2000%
Landings 1635 39 1553 1262 93 1 73%4 1 2191
Survey Biomass
Surveyed by

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

Weightsin tonnes, recruitsin..........
1 ... weighted mean over ages(...)
2 Qver period 1982 to 1992

3 From VPA using (.......... )

Conservation Measures in Force: Catch limits set snce 1987 (French/Soviet agreement).

Conservation Measure 2/111; Arrété 20 and 32.

Catches: 1tonneonly - possibly as by-catch from C. gunnari fishery.

Data and Assessment:

Fishing Mortality:

Recruitment :

State of Stock:

Forecast for 1992/93:

Option Basis 1991
F SSB Catch F

1992
SSB

Catch

Implications/
Conseguences

Weightsin tonnes

1




Assessment Summary: Champsocephalus gunnari, Divison 58.5.1

Sour ce of Information: This Report

Y ear 1987 1988 1989 1990 1991 1992 Max2  MinZ Mean?

Recommended TAC

Agreed TAC

Landings (Kerguelen) 0 157 23628 12644 4 25852 4 10402
Landings (Combined)

Survey Biomass
Surveyed by

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

Mean F(....)!

Weightsin tonnes, recruitsin...........
1 ... weighted mean over ages(...)
2 QOver period 1982 to 1992

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

Conservation Measures in Force: Consarvation Measure 2/111; Arréé 20; Conservation
Measure as for N. rossii TACSs st under French/Soviet Agreement.

Catches. Low catch of 44 tonnes despite expected high abundance of fish due to presence of
strong 3+ cohort.

Data and Assessment:

Fishing Mortality:

Recruitment: Probably low this season.

State of Stock: If the pattern of recent years continues, there will be a strong 1+ cohort in the
population in 1992/93. Thiswill not be recruited to the fishery until 1993/94 season.

Forecast for 1992/93:

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

Weightsin tonnes

12



Assessment Summary:  Dissostichus eleginoides, Divison 58.5.1

Source of Information: This Report

Year 1987 1988 1989 1990 1991 1992 M ax2 Min2  Mean?2
Recommended TAC
Agreed TAC
Landings 3144 554 1630 1062 1848 7492 7492 121 2123
Survey Biomass 27200
Surveyed by

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

Weightsin tonnes, recruitsin ..........
1 ... weghted mean over ages(...)
2 Qver period 1982 to 1992

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

Conservation Measuresin Force: None.

Catches: Highest annua catch on record comprising:

1 589 tonnes by French trawlers in the northern grounds,
5 903 tonnes by Ukraine trawlers in the northern grounds; and
705 tonnes by Ukraine longliners in the western grounds.

Data and Assessment:
Fishing Mortality:

Recr uitment:

State of Stock: New grounds in the northern part of the area have been heavily exploited by
trawlers in 1991/92. cPuUE at 1.0 to 2.0 tonnes’hour has declined to smilar levels to those
experienced on the western grounds after severa fishing seasons.

Forecast for 1992/93:

Option Basis 1992
F SSB

Catch

1993
SSB

Catch

Implications/
Consequences

Weightsin tonnes

Catches should be limited to not more than 1 100 tonnes from each ground until scientific data

indicate otherwise.

13



Assessment Summary: Notothenia squamifrons, Divison 58.4.4

Sour ce of Information: This Report

Y ear 1987 1988 1989 1990 1991 1992 Max Min2 Mean3

Recommended TAC (LenaBank)
Agreed TAC
Landings (LenaBank?) 506 2013 3166 596 ? 0 6284 0 133
Survey Biomass (Ob Bank) 12700
Survey Biomass (Lena Bank)
Surveyed by USSR
Sp. Stock Biomass? na
Recruitment (age...) na
Mean F(....)!
Weightsin tonnes, recruitsin ..........
1 ... weighted mean over ages(...) a From WG-FSA-92/5
2 Over period 1982 to 1992 b From sc-CAMLR-1x/BG2
3 Assumes TAC of 267 tonnes for Ob Bank Pat 2 (Statidtical Bulletin)

and 305 tonnes for Lena Bank was taken

in 1991

4 FromVPA using (.......... )

Conservation Measuresin Force: 2111 and 4/v

Catches: A further set of catch histories (WG-Fsa-92/5) was provided, which were inconsistent
with the three previous reports.

Data and Assessment: There is much confuson over catch data, which must be consdered as
unrelidble. A VPA was re-run using the new catch history and M of 0.15, which gave a
stock of 6 000 tonnes for Lena Bank and 3 500 tonnes for Ob Bank.

Fishing Mortality: High prior to 1989, but moderate to low since then.
Recruitment: Unknown.
State of Stock: Severely depleted in the past, but now probably dowly recovering.

Forecast for 1992/93:

Option Basis 1992 1993 Implications/
F SSB Catch F Biomass Catch Conseguences

Weightsin tonnes

14



ANNEX 6

PARAGRAPHSEXTRACTED FROM CCAMLR-V AND CCAMLR-VIII



CCAMLR-V

PARAGRAPHSEXTRACTED FROM CCAMLR-V AND CCAMLR-VIII

60.  The Commisson noted that fishing for research purposes, while essentid, could interfere
with efforts to encourage recovery of depleted species and populations and could congtitute wasteful
use of both living resources and committed ship support if the survey effort or design were
inadequate to provide Satisticaly vaid data. It concluded that fishing for research purposes should
be designed and carried out so as to minimise possble adverse effects on protected species and
populations while providing timely acquistion of information needed for essentid assessment and
monitoring purposes. Towards this end, the Commission agreed that:

@

(b)

(©

prior to the next meeting of the Commission, the Secretariat would compile a Registry
of Permanent Research Vessels operated by Parties and that may engage in fishing for
research purposes in the Convention Areg;

to expedite compilation of this Registry, Members would provide to the Executive
Secretary the following information for al permanent research vessds that may engage
in fishing for research purposes in the Convention Area:

()  nameof vesH;

(i)  name of vessel owner and address,

(i)  port of regidration, registration number and radio cal sgn;
(iv) vesH type, sze, fish processng and storage capacity; and
(v)  gear type and fishing capacity.

any Member planning to use commercid fishing or fishery support vessels to conduct
fishing for research purposes in closed areas or seasors, or likely to involve the
catching of protected species or Sze classes, or the use of prohibited gear or fishing
techniques, shdl notify and provide the opportunity for other Members to review and
comment on thelr research plans, Except in unusud circumstances, plans for such
research shall be provided to the Secretariat for distribution to Members at least Sx
months in advance of the planned garting date.



(d) such plansfor research fishing usng commercid fishing or fishery support vessds shal
include:

() agatement of the planned research objectives,

(i) a desription of when, where, and what activities are planned including the
number and duration of hauls being planned;

(i)  the name(s) of the chief scientist(s) respongble for planning and coordinating the
research, and the number of scientists and crew expected to be aboard the
vessH(s); and

(iv) thename, type, Sze, regidration number, and radio cal sgn of the vessH(s).
(60 asummary of the results of such research fishing shdl be provided to the Scientific

Committee no later than 30 September of the year following completion of the
research. A full report shal be provided as soon as possible.

CCAMLR-VII

51. The Commisson recdled its decison taken a the Fifth Meeting concerning Scientific
Research Exemptions (CCAMLR-V, paragraph 60) repeated here for ease of reference:

The Commission endorsed additiona requirements recommended by the Scientific Committee on
Scientific Research Exemptions.

(@ catches should be reported on a haul-by-haul basisto the Secretariat; and
(b) research vessd catches should be considered as part of TAC.
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CCAMLR ECOSYSTEM MONITORING PROGRAM
(Vifiadd Mar, Chile, 7 to 12 August, 1992)



REPORT OF THE WORKING GROUP FOR THE
CCAMLR ECOSYSTEM MONITORING PROGRAM
(Vinadd Mar, Chile, 7 to 12 August 1992)

INTRODUCTION

1.1 The Seventh Meeting of the Working Group for the CCAMLR Ecosysem Monitoring
Program (WG-CEMP) was hdd a the Hotd O'Higgins, Vifia dd Mar, Chile from 7 to 12 August
1992. The meeting was chaired by the Convener, Dr JL. Bengtson (UsA).

1.2  The Convener, on behaf of the Working Group, expressed thanks to the Government of
Chilefor inviting the Working Group to hold its meeting in Vifiadd Mar.

1.3 The Convener opened the meeting and welcomed participants.  Scientists from nine Member
countries, namdy, Argenting, Audtrdia, Chile, Itay, Jgpan, Norway, Russa, UK and UsA, attended
the mesting.

1.4 It was noted with regret that Brazil, who is actively involved in CEMP-related work and has
supplied data to the ccaMLR Data Centre, was not able to send scientists to the meeting. The
Convener reported that he had received a letter from the Brazilian Delegation conveying its
apologies for not being adle to arrange for a Brazilian scientist to participate in the meeting, and
dating that it hoped to arrange Brazilian participation at future meetings of wG-CEMP. The Working
Group welcomed this information and encouraged Brazil b make the necessary arrangements to
include thar scientigtsin the work of WG-CEMP.

1.5  TheWorking Group expressed concern that scientists from France, Germany, New Zedand
and South Africa, al of whom have programs of direct relevance to CEMP, were not present at the
meeting despite recent encouragement from the Scientific Committee &C-CAMLR-X, paragraph
6.59) and Commission (CCAMLR-X, paragraph 4.19). Possible ways of encouraging scientists from
these and other countries to actively participate in WG-CEMP were further discussed under “Review
of Members Activities’.

ADOPTION OF THE AGENDA

2.1  The Provisond Agenda was introduced and discussed. It was suggested results of CEMP
monitoring and reports of other related studies be consdered under separate agendaitems (Items 5



and 6). It was agreed that any matters arisng from the Joint Meeting of the Working Group on Krill
(wakrill) and wG-ceMP, which had not aready been covered by mgor agenda items should be
discussed under “Genera Matters’. Two topics were proposed for consideration under “Other
Business’, namdy, “Access to CEMP Datad’ and “IUCN Assessment of Marine Protected Aress’.
With these changes, the revised Agenda was adopted.

2.2  TheAgendaisincluded in thisreport as Appendix A, the List of Participants as Appendix B,
and the List of Documents submitted to the meeting as Appendix C.

2.3  The report was prepared by Drs P. Boveng UsA), J. Croxadl (UK), K. Kerry (Audtrdia)
and E. Sabourenkov (Secretariat).

REVIEW OF MEMBERS ACTIVITIES

3.1  During the past season Members were actively involved in monitoring and directed research
in support of CEMP. In totd, 72 documents were submitted for consideration at the meeting. A
summary of Members research activitiesare givenin Tables 1, 2 and 3.

3.2 In 1991 the Secretariat was asked to propose a new format for Table 2 “Summary of
Members directed programs on assessing the utility of potentia predator parameters’. It was
suggested thet the table would be more useful if it summarised the data on each parameter collected
and andysed by each Member in each year and if it dlowed the incluson of references to
publications describing results of the andlyses (SC-CAMLR-X, Annex 7, paragraph 3.3).

3.3  The Secretariat prepared a new format for Table 2 and circulated it to Membersin advance
of the meeting. A draft table was compiled from information avalable to the Secretariat and

presented a the meeting. Participants made severd amendments to the Structure of the table,

namdy including information on future research and references to published results. This new format
for Table 2 was adopted by the Working Group.

34 It was agreed that the report from the 1992 wG-CEMP meeting would include an updated
Table 2 usng the old format. The Secretariat was requested to contact Members during the
intersessond period seeking information for the table usng the newly adopted format, which will be
included in the report of the next meeting of WG-CEMP.

35 Scetids present a the meeting provided brief reports on their recent and prospective
activitiesas part of CEMP. A summary of Members' reportsis attached a Appendix D.



3.6 A written report from New Zedland on their CEMP-related research program for 1992/93
was available to the medting (WG-CEMP-92/24). Papers from New Zedand' s penguin research were
a0 avalladle (WG-CEMP-92/21, 22 and 23).

3.7  Itwasnoted that the research planned by Norway for 1992/93 at Svarthammaren, Dronning
Maud Land (WG-CEMP-92/55) on the population dynamics of the Antarctic petrd represents
research of direct relevance to the CEMP objectives on a species which is a desgnated indicator
species for CEMP.

3.8  The Working Group agreed that both the New Zedland and Norwegian studies would be
vauable cortributions to CEMP. These research initiations were welcomed and the participation of
scientigts from these countries in the work of wWG-CEMP was encouraged.

Members Paticipationin CEMP

3.9 The Working Group again drew the Scientific Committee's atention to the Stuation that
WG-CEMP did not have the benefit of contributions from several countries with active research
programs of direct relevance to CEMP. Scientists from severd Member countries, especidly
Germany, France, New Zedand and South Africa were known to be conducting research with
relevance to CEMP, but they did not participate regularly in WG-CEMP mesetings or contribute data.
As noted above, Brazil hasindicated that it hopes to increase its future participation in CEMP.

3.10 The Working Group commented tha its andyticd efforts would be strengthened
consderably by having dl Members participate in CEMP. With the am of increasing participation, the
Convener was asked to:

()  send reports from the past two meetings of WG-CEMP, including the ligt of documents,
and the CeMP brochure directly to scientists known to be involved in research of
interest to CEMP, and

(i)  incude with the above informéation a letter soliciting participation in WG-CEMP and
contribution of relevant data.

3.11 Members were encouraged to provide to the Convener of WG-CEMP ligs of names and
addresses of appropriate scientists and researchers to be included in this mailing.



3.12 Inregard to the request of the Working Group for materia raisng the awareness of CEMP
and CCAMLR, Dr D. Vergani (Argentind) presented a video tape (described in WG-CEMP-92/43)
concerning the biology of Addie penguins and the principles of CEMP monitoring. The Working
Group noted that the video was well produced and that it would be vauable for increasing the
awareness of CEMP.

MONITORING PROCEDURES

Predator Monitoring

Sites and Species

4.1  No proposas were received for new additions to the list of designated CEMP species or
monitoring Stes.

4.2  Proposaswere received for according protection, under Conservation Measure 18/1X, to the
CEMP gtes a Cape Shirreff, Livingston Idand (WG-CEMP 92/4) and Magnetic Idand, near Vestfold
Hills, Princess Elizabeth Land (WG-CEMP-92/5).

4.3  TheWorking Group welcomed and supported, as a metter of principle, the protection of the
CEMP dte a Cape Shirreff. It was, however, unclear whether the proposed CEMP management plan
was in exact conformance with the management dready in effect under the Antarctic Treaty for
Cape Shirreff as a Ste of Specid Scientific Interest (Number 32). The Working Group suggested
that the Delegation of Chile revise the proposd during the intersessond period and resubmit it in
time for condderation at the next meeting of WG-CEMP.

44  The Working Group supported the principle of according protection to the CEMP dSte a
Magnetic Idand. Although some questions were raised about some of the wording contained in the
proposdl, the concerns of the Working Group were of such a nature that it was felt the modifications
could be accomplished by the Delegation of Audtrdiain time for that delegation to submit the revised
proposd to the 1992 meeting of the Scientific Committee.

45  To enhance the efficiency of Working Group operations it was agreed that three ad hoc
subgroups should be established in order to review the details of future proposas relating to:

()  dedgnation and protection of monitoring Sites and review of management plans,



(i)  practica aspects of standard monitoring methods and proposals for new methods; and

()  gatistical aspects of monitoring methods.

46  The Convener was requested to consult with Members in order to form these ad hoc
subgroups with the assistance of the Secretariat.

4.7  Each subgroup would be responsible for reviewing relevant submitted documents (including
exising Standard Methods where appropriate) and presenting to the Working Group
recommendations for gppropriate action. Suggestions for future modifications to the Standard
Methods will therefore only be consdered on the basis of written proposals. These proposals
should state the nature of and reason for the proposed change and should include the new text to be
inserted in the method if the modification is accepted. Documents relaing to the work of each of the
subgroups will only be consdered a a meeting of WG-CEMP if they are received by the Secretariat
for circulation and review no later than three months prior to the sart of the wG-CEMP meeting.

Procedures for Cdculating Indices and Trends

4.8 At its 1991 meeting, the Working Group agreed (SC-CAMLR-X, Annex 7, paragraphs 4.27
to 4.34) that the Secretariat should compute indices that summarise the results of CEMP monitoring
for eech Standard Method, site, species, and year for which data have been submitted. The
Working Group had aso recommended that a document be prepared describing the methods of
cdculation of the indices, including worked examples and the computer source code used to
accomplish the calculations.

49 WG CEMP reviewed the document prepared by the Secretariat summarisng these indices
(WGCEMP-92/7), and consdered how each index is currently being compiled, as wel as agorithms
for smple comparisons among the indices and estimation of the atistical power of the methods to
discern dhanges in each indexed parameter. The Data Manager noted that the FORTRAN code for
al analyss routines is available from the Secretariat in a form gppropriate for PC computers, as are
the CEMP data from which the indices are derived. Members active in CEMP monitoring are
encouraged to obtain and test the software on thelr own data sets and to critique the andytical
methods.

4.10 It was noted that as cdculations of indices are refined, the Working Group will need to
establish a more gatidicaly formalised approach to comparisons among Sites, colonies, and years.
Lic. E. Marschoff (Argenting) and others observed that most of the comparisons should be made in



an andyss of variance (ANOVA) framework in order to produce the correct standard errors and to
avoid the gatigtica Sgnificance problems associated with multiple pair-wise comparisons.

4.11 The Working Group requested that Lic. Marschoff and other interested participants use the
exiging CEMP data to develop examples of ANOVA designs for consderation at the next WG-CEMP
meeting. It was fdt, however, that the current gpproach developed by the Secretariat will continue
to sarve as a useful format for preiminary comparisons that the Working Group has initiated and is
likely to continue for the next year or two.

4.12 The Working Group agreed that WG-CEMP-92/7 should receive wider circulation, to ensure
thet it was avallable to stientigts actualy conducting CEMP monitoring. It was agreed that the paper
should be included as an gppendix to the CEMP Standard Methods for Monitoring Studies and aso
be published in the cCCAMLR Selected Scientific Papers.

Field Research Procedures

413 Severa papers were tabled (WGCEMP-92/20, 24, 28, 44, and 47), describing developmentsin
field research techniques of relevance to CEMP.

4.14 Dr S. Focardi (Italy) described a technique (WG-CEMP-92/47) by which cetaceans can be
assayed for exposure to certain organochlorine pollutants by analyss of biomarkers usng smdl skin
samples collected with biopsy darts.

4.15 Dr Kerry described results of continued development of an automated weighing and data
logging system for penguins WG-CEMPR-92/20). Welights of the birds are recorded automaticaly as
they pass over a weighbridge. The system uses amdl, implantable passive transponder tags to
identify individuas and record their arrivas and departures from the colony. The Working Group
noted that development of this pioneering technology had progressed for severd years and
welcomed the announcement that it is now fully functiondl. It was adso noted that other researchers,
for example Professor Y. Le Maho of France, have successfully used smilar technology for about
the past year.

416 In response to a previous discusson by WGCEMP on standardisng and comparing
procedura details that are difficult to portray in the Standard Methods (SC-CAMLR-IX, Annex 6,
paragraph 85), Dr Vergani presented a video tape (described in WG-CEMP 92/44) concerning the
Standard Methods for CEMP Monitoring. The Working Group thanked Dr Vergani for his
contribution.



4.17 The Convener reported (WG-CEMP-92/28) on progress toward a workshop on methods to
monitor the at-sea behaviour of penguins and pinnipeds (SC-CAMLR-X, paragraphs 6.9 to 6.10 and
SC-CAMLR-X, Annex 7, paragraphs 4.45 to 4.52). Informal discussions between the Convener and
scientigs a the 1991 meeting of the Society for Marine Mammaogy suggested that there might be
an opportunity to hold such a workshop in association with the next meeting of the Society, to be
held n Gaveston, Texas, USA, in late 1993. Many of the researchers who would be interested in
such aworkshop will dready be in attendance at that meeting and some of the hosts of that meeting
indicated interest in co-gponsoring such aworkshop with WG-CEMP.

4.18 There is, however, a workshop planned for September, 1992, by Dr JW. Tedta at
Univeraty of Alaska, Fairbanks, usa. Thisworkshop will address analyss of data from time-depth
recorders (TDRS), one of the topics of interest to CEMP. The Working Group agreed that the results
of the Alaska workshop, as well as new results in preparation by the British Antarctic Survey,
should be reviewed before proposing a specific time for scheduling a workshop sponsored by WG
CEMPto develop standard methods for monitoring.

Prey Monitoring

4.19 At itslagt meting, wWG-CEMP discussed the designs suggested by wG-Krill’s Subgroup on
Survey Design for monitoring prey in support of CEMP predator monitoring (SC-CAMLR-X, Annex 7,
paragraphs 4.55 to 4.68). No proposals were received for new procedures or modifications to
those discussed last year.

Environmental Monitoring

Land-Based Obsarvations

4.20 The Working Group agreed that no changes were needed to parameters F1, 3 and 4.
(Method F2, which pertains to sea-ice dataon an ISR scale, is discussed below).
Remote Sensing

4.21 Following a detalled submisson by the Secretariat in 1991 on the possbility of acquiring
sadlite imagery for routine monitoring of searice distribution around CEMP Stes, WG-CEMP and
SC-CAMLR recommended and endorsed a pilot study to be undertaken by the Secretariat. Theams
of the study were (SC-CAMLR-X, paragraph 6.19):



() to edtablish the mechanism for the acquidtion of data on see-ice didribution from
sadlite imegery;

(i) to compute relevant parameters from these data, such as distance from the CEMP Ste
to the ice edge, ice cover, etc.; and

(i)  to compute indices from these data for use by CEMP.

4.22 Intheorigind submisson by the Secretariat (SC-CAMLR-X/7), two spatia and tempora
scales were identified,

Large, long time-scde: on the scale of the subarea, and over the whole year a two-week
intervals. The Secretariat was asked to acquire data over an ungpecified period in this

category.

Smdl, short time-scale: on a 200 km radius from CEMP Sites. The Secretariat was asked to
acquire data from two stes (Mawson Coast and South Orkney Idands) over a
two-month period, with an image every 5to 10 days. These two areas were chosen
because they are amongst the most problemétic aress to obtain images from; the
Mawson Coast areais on the limit of signal reception at Casey Station (Audtrdia), and
is a manland dte. The South Orkney Idand group is in an area of highly variadble
meteorologica and oceanographic conditions, and is dso towards the limit of sgnd
reception at PAlmer Station (UsA).

423 The Data Manager reviewed the Secretariat’s report on the results of the pilot study
(WG-cemP-92/9). The Working Group thanked the Secretariat for the excellent report on the pilot
sudy. The pilot study reveded that the weekly Joint Ice Centre (IC) charts for the whole of

Antarctica could be readily obtained and digitised weekly for areas of 0.5° latitude and 5° longitude.
Percentage ice cover can then be compiled for larger areas and the distance of CEMP Stes from the
ice edge determined.

4.24 The Advanced Very High Resolution Radiometry (AVHRR) data were more difficult to obtain
and images require specia equipment and processng. Once obtained, however, the data are
superior to the derived Jc data and provide information on a scae of 10 to 30 km. A mgor
problem, however, is in obtaining cloud-free images and it was recommended that the images must
be sdlected a the receiving station. Subsequent specidist interpretation of the charts was required.



4.25 Images obtained from November 1991 to February 1992 by the Audrdian Bureau of
Meteorology were presented for the Mawson region and one undated image from the South
Orkneys. Ice fronts derived from the Mawson images were included in WG-CEMP-92/36.

4.26 It was noted that athough the data derived from the AVHRR images are superior to the
broad-scae data obtained from Jc ice charts it was decided not to proceed with acquiring AVHRR
data snce it was fdt that ice data on a broader scae were al that was needed at present.
Furthermore, in view of the problems of obtaining and interpreting AVHRR data and the likely higher
costs of the images and their processing, the JC charts were sufficient at present.

4.27 1t was noted that Jc datawere derived from satellite images together with data from ground
dations, aircraft, ships and other sources. The data, when further subjected to processing, can
provide an indication of the ice conditions prevailing on a scde of 100s of km. The Working Group
accepted these limitations and believed andlyds of the Jc data might provide useful informetion for
interpretation of trendsin predator and prey on an ISR basis.

428 As afirg sep, the Working Group recommended that the Secretariat be asked to obtain
relevant JC ice data and ice edge position data for the three 1ISRs and Subareas 48.1, 48.2 and 48.3.
These data should be entered into the cCAMLR Database according to Method F2.

429 The Secretariat was asked to prepae an edimate for the Scentific Committee's
congderation of the resources that would be necessary to undertake this task.

4.30 The Working Group requested that the Secretariat analyse the relevant searice data to
cdculate the following indices on atwice-monthly besis

()  maximum extent of ice cover by 5° intervals of longitude within each subares; and
(i)  percentageice cover (proportiona ice cover by subares).

4.31 Thefollowing additiond indices should be caculated for the CEMP Sites a Bird Idand, Signy
Idand, Laurie Idand, Sed Idand, Cape Shirreff, Ardley 1dand, Stranger Point, Hope Bay and
Anversidand:

()  date on which the ice edge advances northward past each Site;

(i)  date on which the ice edge retreats southwards past each Site;

(i)  tota time (weeks) that sea-iceiswithin 100 km of each dite;

(iv) digtance from each dte to the edge of consolidated seerice each week during the
breeding season (September to April).



4.32 The data requested will dlow WG-CEMP to relate data on predator indices (population sze
and breeding success), the presence of krill and the krill fishery to ice conditions (Standard Method
F2). This atempt a comparing trends in environmental conditions to the status of predators and
prey will be a useful guide to future research.

4.33 If posshle, it would be desirable for data collection to begin at the start of the 1992/93
season (September 1992).  Retrospective data from September 1985 to the present are dso
requested to compare data on predator performance, the presence of krill and the location of fishing.
It was noted that 1986/87 and 1987/88 were years of extensve and heavy ice cover in the vicinity
of the Antarctic Peninsula and so a comparison with other years would be vaduable. It was dso
consdered useful to conduct Smilar andlyses of searice data from prior years, particularly during the
years when surveys from the BIOMASS program were being conducted. It was agreed that priority
should be given to data collection from current and future years, and that past years should be added
as time permitted.

Formats for Publishing Future Editions of the Standard Methods

4.34 At its 1991 meeting, WG-CEMP discussed the need for edtablishing a codt-effective
mechanism for publishing future editions of the Standard Methods for Monitoring Sudies. The
Secretariat had been asked to evauate various options for publishing Standard Methods in a format
that would dlow incluson of new methods, revisons of established methods, and occasond
addenda (Sc-CAMLR-X, Annex 7, paragraph 4.5).

4.35 The Data Manager introduced the Secretariat’s report suggesting a change in the Standard
Methods publication format (WG CEMP-92/10). A loose-ledf ring-binder system was suggested as
offering the mogt efficent format for future editions This forma would dlow circulating and
replacing only the revised and/or new portions of the methods rather than having to publish the entire
contents of the Standard Methods each time a change was made.

4.36 The Working Group agreed that the format recommended by the Secretariat should be used
when publishing future editions of the Standard Methods. The format offers flexibility in updating the
Standard Methods as they are revised and supplemented. Moreover, it is expected that this formeat
will result in future cost savings, even though the immediate codts of initiating aring-binder system are
anticipated to be higher than continuing with the old format.
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4.37 The Secretariat was asked to make appropriate arrangements for mplementing the new
format for the next edition of the Standard Methods for Monitoring Sudies. It is hoped that the
new edition might be available for ditribution in November 1992, so that it could be used by fidd
personnel during the 1992/93 austral summer field season.

REVIEW OF MONITORING RESULTS

Predator Data

Status of Data Submissons

51 A table showing the methods, Stes, species, and years for which CEMP predator monitoring
data have been submitted to the Secretariat was presented in WGCEMP92/13. A lig of dl CEMP
colony and Site codes currently in use was dso provided. The Data Manager noted that some data
were submitted too late to include in the table.

Report on Indices and Trends

5.2  Thissummary was presented in two parts, one containing results from monitoring of penguin
species (WG-CEMP-92/8) and one pertaining to flighted seabirds and Antarctic fur seds (WG-CEMP-
92/12). Thefirg part contains a set of “ingtructions for users’, to aid in understanding the results and
in making comparisons. In both parts, tables were provided under each method showing the index
value computed for each dite, species, and year. Matrices were aso presented, which represented
the pair-wise absolute differences between the index values and the levels of datistical sgnificance of
par-wisetests for differences.

5.3 The Working Group noted that it had been very hdpful, for the purpose of detecting
possible computationd and reporting problems, to have the indices presented in tabular form;
Members that have submitted data were encouraged to scrutinise very closdly the results based on
their data.

54 It was noted, however, that the tables would grow rapidly as more data were added;

therefore graphicd summaries to supplement the tables should be included as feasible by the Data
Manager.
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Standard Methods for Penguins

Method Al - Mean Weight a Arriva

55  Although differences anong many of the index vaues for this parameter were Satidicaly
ggnificant, the Working Group found it difficult to ascribe ecologicd meaning to the differences
consdering the experience a the monitoring sites and the results presented below for other methods.
It was noted that the data submitted thus far have not included information to dlow weighted
averaging of the data to account for possible day-to-day variationsin arriva date over the period of
data collection. Thismay explain some of the sgnificant differences, though it was further noted that
sample szes recommended in the Standard Methods may actudly be higher than is necessary to
detect differences of the magnitude that would be consdered ecologicaly meaningful.

Method A2 - Duration of Incubation Shift

5.6  Although few data have as yet been submitted for this parameter, several members noted
that the durations of the second incubation shifts of Adéie penguins a Béchervaise Idand were
substantialy longer than those (not part of CEMP data) at other Sites. This might be explained by the
rather large distances over which the Béchervaise penguins are foraging (see WG-CEMP-92/36).

Method A3 - Breeding Populaion Size

5.7  The breeding populations of three penguin species a the Sgny Idand were much smdler in
1991 than in the previous and subsequent years. It was noted that 1991 was a year of heavy sea
ice in that area, and that other predator parameters (discussed below) indicated poor conditions in
that year for penguins and seds in the Elephant Idand area and at South Georgia.

5.8  Severd participants noted that data collected under Method A3 congtitute some of the most
basc information about the status of penguin colonies and that many studies initiated outsde CEMP
may have collected this type of data by methods corresponding to the Standard Methods.
However, the lig of stes for which such data have been submitted to CEMPis not aslong as might be
expected. Some of these data have been presented to the Working Group in working papers (e.g.,
WG-CEMP-92/6, 45 and 54). The Working Group noted that this type of data is much more useful to
CEMP if submitted to the CCAMLR Data Centre usng CEMP data submission formats and reiterated
its request to Members to submit results to CEMP from studies that had collected data usng methods
comparable to the Standard Methods.

12



Method A4 - Age- Specific Recruitment and Surviva

59 WG CEMP has not yet specified data submission formats or requested that data be submitted
for this method. It was acknowledged, however, that relevant data are being obtained at severd

gtes usng this Standard Method. The Working Group encouraged Members to prepare progress
reports on their activities with Method A4.

Method A5 - Duration of Foraging Trips

5.10 Data from this method yield separate indices for the brood period and the creche period.
Some of the reported index values for the brood period were thought to be in error (foraging trips
were unredigticaly short) and it was left to the originators of the data and the Data Manager to
determine the nature of the problem.

5.11 The Working Group noted the gtriking variability in foraging trip duration of Addie penguins
at PAmer Station during the creche period in the three years from 1990 to 1992. Some members
commented on the possible relationship between the variance in trip duration and the degree of
patchiness in the prey availability.

Method A6 - Breeding Success

5.12 The Data Manager reminded those submitting data that Procedure C of this method requires
a count of nests with eggs on the date when 95% of nests have eggs. Some of the submitted data
did not include this count and therefore the indices could not be computed for those Stes and years.
In addition, some index vaues were felt to be in error; those vaues will be checked and corrected
by the data originators in consultation with the Data Manager.

5.13 Dr Croxal noted that in 1991 there were decreases in breeding population sizes and a
catastrophic failure of breeding success across dl krill-eating seabird species at South Georgia

13



Method A7 - Chick Weight a Fledging

514 As with parameter A6, this parameter exhibited a decline in the index a South Georgia
during 1991.

Method A8 - Chick Diet

5.15 This method is desgned to detect gross changes in the species compostion of food
delivered to penguin chicks. The Working Group suggested thet the table of indices for this method
should show the percentages of fish and Euphausia crystallorophias in addition to the vaues for
krill and total crustaceans aready presented.

5.16 The data collected thus far contain some interesting contrasts between the penguins studied
in the Prydz Bay ISR and those in the Antarctic Peninsula I1SR. For example, the proportions of krill
and totd crustaceans are much lower in the food delivered to chicks in Prydz Bay and the tota
weights of ssomach contents tend to be lower aswell.

Standard Methods for Flying Seabirds

Methods B1 and B2 - Black-Browed Albatross
Breeding Population Size and Success

5.17 Because only one year of datafrom one ste has been submitted thus far, no interpretation of
the data was possible.

Standard Methods for Fur Sedls

Methods C1 and C2 - Duration of Foraging Trips
by Femaes and Pup Growth Rate

5.18 During the 1991 season at both South Georgia and Sedl 1dand, femae fur seds made trips
of longer than average duration. Dr Croxall noted that researchers at South Georgia have verified
that there is a negative corrdaion between annuad estimates of foraging trip duration and of pup
growth, as would be expected from other documented relationships between these parameters and
prey avaldbility.
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Prey Data

5.19 The Convener, in introducing this item recdled that wG-CEMP had requested the following
data to endble it to undertake its annua assessments and to formulate advice based upon an
integrated perspective of predator, prey and environmentd data (SC-CAMLR-X, Annex 7, paragraph
5.6):

() summaies of fine-scale krill catch data and an analysis of the distribution of catches
relative to predator colonies,

(i)  the most recent estimates of krill biomass (or relative biomass) in each 1SR and other
subareas or meso-scae survey aress as estimates become available; and

(i) results of spedific fine-scale surveys near CEMP Sites or surveys to determine aspects
of digtribution movements or behaviour, asthey become available,

Fne-Scde Krill Catch Data

520 Hne-scde catch data in Statistical Area 48 as reported to CCAMLR for 1990/91 were
summarised by the Secretariat (WG-Krill-92/13). It was noted that fishing began a South Georgiain
July, shifted to the South Orkney Idands and next to the South Shetland Idands, and then returned
to the South Georgia region again during the winter of 1991. Although some fishing around South
Georgiawas reported in November/December, there was virtualy none between October 1990 and
April 1991 during the critica breeding period for land-based krill predators.

5.21 Thelocation of the krill catch in Subarea 48.1 was Smilar to the pattern of previous years
(WGKrill-9718 and 19). Virtudly dl of the catches in Subarea 48.1 occurred within gpproximeatey
100 km of the north coast of the South Shetland Idands. Near the Sed Idand CEMP Ste, fishing
occurred from the end of November 1990 to January 1991 and from mid-March to mid-April
1991.

5.22 In Subarea 48.2, the fishery in 1991 mostly operated within 100 km of land. The locations

of these catches were amilar to those in 1987 and 1988, but it was noted that in 1989 and 1990,
krill fishing occurred much further offshore than in the other years.
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5.23 The Working Group welcomed the paper illudraing fine-scde postions of Russan krill
fishing vessals in Subarea 48.1 during the season 1988/89 (WG-CEMP-92/30). Data on catch-per-
day and catch-per-hour were also presented.

5.24 wG-cemP commended Dr V. Sushin (Russi@) and his co-authors for producing this vauable
contribution, and agreed that it would be most helpful to receive reports of smilar andyses from
subsequent seasons. Dr K. Shust (Russia) indicated that he believed such data were available and
that he hoped it would be possible to table such papers at future meetings of WG-CEMP.

5.25 Chile dso presented a paper, WG-Krill-92/21, showing graphicdly the didribution of hauls
and the CPUE data in the vicinity of Livingston and Elephant Idands for the 1991/92 fishing season.
CPUE data for the period from 1987 to 1992 showed medium vaues in 1987, low vaues in 1989
and 1990 and comparatively high onesin 1988, 1991 and 1992.

5.26 TheWorking Group expressed their thanks to Chile and Russafor their excellent and timely
papers describing fine-scale agpects of the krill fishery. Both datasets viewed in conjunction with the
hydroacoudtic data available from scientific surveys for the same region provided excdlent
comparisons of krill digtribution and relative changes in abundance which will help in interpreting
changes in predator performance in the region.

5.27 In recognisng the vaue of haul-by-haul data, the Working Group recalled that Japan and
Korea had previoudy indicated that they are unable to report haul-by-haul data as a result of
legidation in their countries (SC-CAMLR-X, paragraph 3.90).

5.28 Dr M. Naganobu (Jgpan) noted that, in his opinion, for the purposes of scientific study and
resource management, the most detailed data possible are often desired. However, to respect
commerciad confidentidity, he fet that international organisations generdly do not request such
detailed haul-by-haul information.

5.29 The Working Group again emphasised that obtaining such data would represent a vauable
source of information on krill digtribution and relaive abundance. It noted that athough haul-by-haul
data may not be available from the Jgpanese fishery, it might be possible to request reports of

combined krill catches on a scde smdler than currently required. For example, it would be useful to
have the catch levels for combined hauls reported at a scde of approximately 10 x 10 n miles. The
Working Group recommended that the Scientific Committee request whether domestic legidation

would preclude Japan from reporting combined krill catches on a very fine-scale (eg., 10 x 10 n
miles) in areas within the CEMP ISRs.
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Pleuragramma antar cticum

530 The Secretariat circulated a compilation of fine-scde catch data for Pleuragramma
antarcticum in Divison 58.4.2 for the years 1978 to 1989. Catches occurred between 31°E to
76°E south of 65°30'S. Tota catches ranged from 30.6 tonnes (1980) to 984 tonnes (1985). The
catch of 67 tonnes in 1988 was taken within the apparent foraging range of Adéie penguins a the
Béchervaise Idand CEMP Site during the third quarter of the reporting period.

Edimates of Krill Biomassin ISRS

5.31 Inresponse to WG-CEMP's request for broad-scae biomass estimates for krill in the ISR,
WG-Krill had provided estimates of krill biomass from hydroacoustic surveys. These data were
derived from surveys conducted in limited areas within the 1SRs (SC-CAMLR-XI1/4, paragraph 5.53
and Table 4). Although many surveys have been undertaken, WG-Krill consdered that estimates
based upon recdculated data from the ABEX surveys of 1980/81 provided the best synoptic
edimates for the 1SRs as a whole for South Georgia and the Antarctic Peninsula.  The 1992
Audrdian survey was accepted as providing the best estimate for the Prydz Bay region. The
discrepancy between data obtained in 1981 from Walther Herwig and other surveys for the
Antarctic Peninsula were noted (SC-CAMLR-XI1/4, paragraph 4.57). It was emphasised that the
biomass egtimates from wG-Krill were only applicable to the area covered by the surveys and should
not be extrapolated to cover the total area of the ISRs.

5.32 The Working Group thanked wG-Krill for these estimates. WG-CEMP requested that WG-
Krill update these estimates, as possible, to cover the entire area of the ISRs, and to incorporate new
data as they become available.

Hne-Scae Surveys Spedificdly in the Vicinity of CEMP Sites

5.33 DrR. Holt (Usa) presented wG-CEMP-92/16 which described research undertaken by the us
AMLR Program during the 1991/92 field season. He noted this was the fourth year of an ongoing
program which carried out inter alia hydroacoustic surveys around the Sedl Idand CEMP Ste (near
Elephant Idand). These hydroacoustic surveys were conducted within a 60 x 130 n mile rectangle
according to the sandard method (SC-CAMLR-X, Annex 4, Appendix D, Attachment 4)
supplemented with MOCNESS zooplankton sampling and CTD/rosette hydrocasts.
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5.34 The hydroacoustic surveys were conducted between 19 January and 6 February 1992 and
repeated from 25 February to 11 March. Krill biomass decreased from 2.2 million tonnesto 1.1
million tonnes during this period (WG-CEMP-92/15). Thiswas in marked contrast to the results from
surveys conducted in 1990 and 1991 when krill abundance increased from mid-January to mid-
March. The reason for the decrease is not known. No fishing took place in the region during this
time.

5.35 It was noted that severad measures of reproductive success of chingtrap penguins at the Sedl
Idand CEMP dite varied in correspondence with the estimates of krill biomass, being moderately high
in 1990, very low in 1991 and very high in 1992,

5.36 The Working Group welcomed the report on the AMLR Program prey surveys near the Sedl
Idand CEMP dte. Such prey surveys conducted within the foraging range of land-based predators
during this critical breeding season greetly asssted the undersanding of the dynamics of krill, its
predators and the marine ecosystem as awhole.

Environmenta Data

5.37 Having consgdered the Secretariat’s report of the pilot sudy on the methods regarding the
acquigtion of searice data (WG-CEMP-92/9) (paragraphs 4.21 to 4.33) the Working Group noted
that there were no further data for review at the present meeting.

ECOSY STEM ASSESSMENT

6.1 At thar 1990 meetings, the Commisson (CCAMLR-IX, paragraph 4.34), Scientific
Committee (SC-CAMLR-IX, paragraphs 5.4, 5.39 and 8.6), and WG-CEMP (SC-CAMLR-IX, Annex 6,
paragraphs 41 to 43) agreed that wG-CEMP should determine annudly the magnitude, direction and
ggnificance of trends in each of the predator parameters being monitored; evauate annudly these
data by species, dtes and regions, condgder conclusions in light of relevant information (e.g., prey
and environment); and formulate appropriate advice to the Scientific Committee.

6.2 It was agreed that this annual assessment procedure should include a review of background

information available to the Working Group in submitted papers, in addition to condderation of
CEMP monitoring results, fishery data, prey surveys and environment data.
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Review of Background Information

6.3  The Working Group noted that the many papers submitted for its meeting contain vauable
information on the status of predator, prey and the environment. A sdlection of these papers was
reviewed by participants under the generad sub-headings “Predator Studies’, “Prey Studies’, or
“Environment Studies’.

Predator Studies

Population Trends

6.4  Information on breeding populations of Addie penguins and eephant seds at Stranger Point,
King George Idand was analysed (WG-CEMP-92/6). Penguin populations declined in 1982/83 and
againin 1987. A relationship between reduced breeding success of Addie penguins and declines of
femde dephant sedls was obsarved. The declines were thought to be related to environmentd
changes.

6.5  Addie penguin populations in the Ross Sea area had increased in the 1980s. In contrast,
penguin populations in the species in the Antarctic Peninsula area were stable or declining
(WG-CEMP-92/21, 22 and 23). Addlie penguinsin these areas mostly rely on different prey species (P.
antarcticum in the Ross Sea and krill in the Peninsula areg). The observed trend of increasing
seawater temperature in the Ross Sea may be associated with better surviva and recruitment of
P. antar cticum and thus a better food supply for penguins.

6.6 A comparison of the population abundance of Adédlie penguins at Hope Bay was made using
1991 data (WG-CEMP 92/45) and unpublished data from British Antarctic Survey (Croxal, pers.
comm.). Breeding success d Adédlie penguins was compared in zones of high human impact and
those without such impact. No difference was observed in breeding success of penguins in the
different zones. However, an increase of populations was observed in both zones but in different
proportions. These differences gppeared to be related to different rates of recruitment between
these zones.

6.7  Two censusss of fur seds were conducted a Cape Shirreff, Livingston Idand during the
1991/92 season (WG-CEMPR-92/53). The tota number of fur sedsin December 1991 was 5 861 with
2 033 pups and in January 1992 it was 7 826 animas with 2 926 pups. These data were compared
with counts in 1990/91 giving 4 750 animals with 2 000 pups. Dr A. Aguayo (Chile) noted that
counts from the 1965/66 and 1972/73 seasons included both Cape Shirreff and Telmo Idands, but
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were reported smply as counts for Cape Shirreff (Aguayo and Torres, 19671; Aguayo, 19782).
Later counts have been reported separately. Therefore, previous interpretations of fur sed
abundance and population growth rate at these sites may need clarification (Aguayo and Torres, in
press3).

6.8 The effect of human disturbance on bird populations a Ardley Idand was investigated
(WGCEMP92/54). At present, it is not possible to distinguish among population changes due to
human impact, environmental and/or fisheries effects.

Predator-Prey Interactions

6.9 WGCEMP9238 provides the first detalled data on the depth, duration, frequency and timing
of diving behaviour for macaroni penguins a the chick-rearing period at South Georgia. Modal
dive-depths ranged from 5 m (night) to 20 to 35 m (day) with maxima of 11 m and 115 m,
repectively. Thisindicates dearly the depth strata within which availability of krill is of rdevance to
this species. WG-CEMP-92/37 compares gentoo penguin diving pattern and performances in winter
with dmilar data for the chick-rearing period (WGCEMP91/18). The mgor seasond differences
relate to frequency of foraging trips and mass of prey in somachs rather than to changes in diving
patterns. Various indices of foraging “effort” do not necessarily show smple, or direct reationships
to foraging trip duration. Both studies derived from collaboration between UK and Japanese
sientigs.

6.10 The foraging ranges of six femde and four male Adéie penguins breeding at Béchervaise
Idand near Mawson Station (Mac. Robertson Land) were determined by satellite tracking using the
ARGOS system (November 1991 to January 1992) WG-Krill-92/36). Birds were tracked during
incubation and chick feeding periods. During the incubation period, birds made foraging tripsto the
continental shelf break gpproximately 110 km distant at its closest point. Birds feeding chicks
continued to make some journeys of one to two days to the area of the Continenta Shelf break.
However, once fast-ice disgppeared in mid-January, most foraging trips were less than 24 hours
long and occurred within 12 km of the colony. There is potentid therefore for overlap between the
foraging range of Adéie penguins breeding dong the Mac. Robertson Land and any future harvest

1 AGUAYO, A. and D. TORRES. 1967. Observaciones sobre mamiferos marinos durante la Vigésina
Expedicidon Antéartica Chilena. Primer censo de pinipedos en las idas Shetland del Sur. Rev. Biol.
Mar ., Valparaiso 13(1): 1-57.

2 AGUAYO, A. 1978. The present status of the Antarctic fur seal, Arctocephalus gazella, at South
Shetland Idands. Polar Record (Field Work) 19(119): 167-176.

3 AGUAYO, A. and D. TORRES. In press. Observaciones sobre € crecimiento poblacional de
Arctocephalus gazella en Cabo Shirreff, ida Livingston, Antartica. Ser. Cient. INACH 43.



of krill in the region. The foraging range of the birds feeding chicks a Béchervaise Idand may at
times consderably exceed the 15 to 50 km determined for breeding penguins in the South Shetland
and South Orkney I1dands.

6.11 WGCEMP92/42 reviews past and present information on the nature and causes of population
changes in Antarctic and sub-Antarctic seabirds, seds, and whdes, paticularly for the point of
predicting effect of future environmenta changes.

Predator Reproduction/Demography

6.12 WG-CEMP92/39 reports the 1990/91 survey of breeding populations of fur seds a South
Georgia the tota population is sill increesing, dbeit a a lower rate (<10%) than in the 1960 to
1975 period. WGCEMP-92/40 shows that the duration of the perinata period of fur sedsisrdated to
arivd and pupping date and that younger femaes tend to arrive later. 1n 1990/91, all femaes were
in poorer condition, gave hirth to smdler pups and had shorter perinatal periods. WGCEMP-92/41
explains these latter reationships in more detail. Not only were foraging trips and pup growth
indices sgnificantly longer and lower, respectively, in 1990/91 but pup production and birth datesin
1991/92 were also reduced and delayed.

6.13 Factors affecting the breeding success of Addie penguins in the Antarctic Peninsula area
were investigated (WG-CEMP-92/46). The mgor cause was thought to be environmentd effects.

Prey Studies
Krill Digribution/Abundance

6.14 Paper WG-CEMP-92/31 by Dr R. Makarov (Russa) presents a historical overview of krill
biomass assessments and fishery data in the Atlantic Ocean Sector and adjacent waters of the
Antarctic. The overview showed that commercid krill concentrations are found not only in well
known areas in Subareas 48.1, 48.2 and 48.3 but also further to the east. The Bouvet Idand area
as well as coastd waters of the Wedddl and Lasarev Seas are examples of such areas. Kiill
concentrations are aso found in the coastal and open sea waters of the Scotia Sea.

6.15 Kirill movement rates are evauated in paper WG-CEMP-92/32 by Dr V. Popkov (Russa)
taking into account published information as well as results of Russan surveys conducted in the

Scotia Sea 1t was found that in the north of Subarea 48.3, resdence time of krill varied from 35 to
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150 days in different years. These results imply two to three turnovers of krill biomass during the
year inthisarea.

6.16 Paper wG-CEMP-92/35 andyses krill movement rates and water flow data obtained during a
aurvey in asmdl area (8 x 6 n miles) in the southeast of Subarea 48.3. A high variahility in krill
patch digribution and biomass was found in the survey. Petches of krill were found at different
depths ranging from 0-50 mto 5-150 m.

6.17 Papers WG-CEMP-92/33 and 34 complement each other. Results of these papers are based
on a survey carried out by Rv Dimitry Stefanov in the area to the north of South Orkney Idands
(Subarea 48.2) in April 1992. The sze of the survey areawas 30 X 30 n miles. Data on water flow
velocities and krill movement rates are reported.

6.18 Diurnd changesin such demographic characterigtics of krill as Sze composition and sex ratio
are described in the paper waGKrill-9279 for the area to the west of Coronation Idand
(Subarea 48.2). It was found that depending on the time of day and depth of sampling, krill have a
different 9ze composition and sex rétio.

6.19 Hydroacoudtic surveys were conducted in the Prydz Bay Region (WGKiill-92/23) in 1985,
1991 and 1992 for agpproximately the same area. Estimates of abundance for a standardised area of
350 000 ke were 7, 5 and 2 million tonnesin 1985, 1991 and 1992, respectively.

Krill Characterigtics

6.20 A comprehensive review of avaladle information on length/weight relationships for krill is
gvenin wG-Kiill-92/15. Thisinformation is of particular importance for diet sudies of krill predators.

6.21 Length frequencies of krill collected from 1988 through 1992 around Hephant Idand were
investigated using cluser andyses to detect possble betweenddion differences in stock
composition WaGkrill-92/12). During the firgt four years, two digtinct groups were identified; in the
last year three groups were present. Length frequency digtributions varied subgtantidly between
groups and among years. Information on strong and poor year classes of krill in the Antarctic
Peninsula and Elephant Idand region for the past 17 years were dso summarised.

6.22 Acoudtic and net sampling surveys for krill were conducted in the krill fishing area north of
the South Shetland Idands from 18 January to 3 February 1991 (WGKrill-92/26). Digtinct offshore-
inshore variability in abundance and maturity of krill were observed.
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6.23  Shipboard tracking studies of penguins and female fur sedls at Sed 1dand were conducted in
early January 1991 to identify and evauate ther foraging areas (WGKrill-92/27). Penguin foraging
areas were found in inshore regions, where krill frequently occurred but not in high dengty. In
contrast, fur sed foraging areas were found in offshore regions, where krill occurred only
occasondly but tended to form large aggregations. These results were derived from a collaborative
study by Japanese and US sciertists.

6.24 Biologica data for krill were collected from samples taken from 50 out of a totd of
419 trawls taken by Fv Kirishima during the 1990/91 fishing season (WGKiill-92/33). The fishing
grounds were located north of Livingston and King George Idands and north of Elephant Idand.
The sex compostion of krill the first area was 65.1% femdes, 34.4% maes and 1.4% juveniles.
The sex composition for the second area was 47.1% femaes, 40.0% males and 12.9% juveniles.
Males were more abundant in night catches, while females were more abundant in day catches.
Catches in tonnes/mile and tonnes/hour were higher during daytime than during twilight and night time
in both fishing aress.

Environment Studies

Oceanographic Characteristics

6.25 TheRv Kaiyo Maru surveyed waters around the South Shetland 1dands during the 1990/91
austrd summer (WGKiill-92/24). Two oceanic processes were found to be characteridtic in this area.
The first was the steedy topographic upweling of the Warm Degp Water and the second was the
wind-driven coagtd upwelling.

6.26  Information was reported on the hydrographic flux in the Statistica Area 48 (WGKirill-92/25).
Surface geostrophic flow was caculated from oceanographic data recorded since 1925.
Geogrophic velocity and volume transport through five transects were caculated usng data
collected aboard Rv Kaiyo Maru during the last nine years.

Assessment of Predator, Prey, Environmental, and Fishery Data

6.27 At its 1991 meeting, WG-CEMP reviewed the first sets of data submitted to the Secretariat
under the CEMP monitoring protocol but noted that there were insufficient data and calculated indices
to begin the assessment process described above. With the inclusion of data submitted prior to the
1992 meeting (1992 monitoring results and additiond higtoricd data) and the availability of
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caculated CEMPindices, there were sufficient results to begin consdering trends and patterns among
CEMP Sites, species and years at the present mesting.

6.28 Asafirg gpproach to synthessing the CEMP predator data, fishery catch data, prey survey
data and environmenta data, the Working Group assembled Table 4. Summaries of the data were
evauated to indicate whether the data suggested low, average or high krill abundance and availatility
to predators. It was emphasised that the krill catch data were included for the purpose of providing
an indication of the relative abundance of krill in certain years and areas, and not for the purpose of
attempting to detect the potentid effects of the fishery on predators or prey.

6.29 Thesummariesfor Subarea48.1 (Table 4.1 to 4.5) showed clearly that 1991 was a year of
poor availability of krill. The breeding success and breeding population size of penguins were low at
Sed Idand, King George Idand, and Anvers Idand. Fur sed feeding trips and weight of pups on
1 January aso indicated poor conditions at Sedl Idand in that year.

6.30 Data on Addie and chingtrap population changes and breeding success in Subarea 48.2
(Table 4.6) dearly identify 1991 as a poor year (dthough the high surviva of chindrgp chicks
uggests a late season improvement in food availability).  Similarly, 1989 and 1992 can be
characterised as good years.

6.31 In Subarea 48.3, predator data indicated poor avalability of prey in 1991 and rdatively
good availability in 1989 and 1992 (Tables 4.7 and 4.8). Late-season growth of fur sed pupsin
1991 at South Georgia indicated that prey availability had improved, afinding consistent with fur sedl
datafrom Seal Idand in Subarea 48.1.

6.32 It was noted that poor years for black-browed abatross in 1988 and 1992 at South
Georgia were thought to be primarily due to the presence of heavy snow in the breeding colonies
and not to a lack of prey avalability; ths emphasises the need to record locad environmenta
conditions when monitoring predators. The Working Group agreed that columns for snow and ice
within predator colonies should be added to the environment portions of Table 4.

6.33 The Working Group observed that 1991 gppeared to be a year of poor krill availability to
predators across al three subareas of Statisticd Area 48. These effects were most easly
recognised in the data from predator breeding success and population size. It was noted that the
krill catch data, in some cases, do not show any apparent pattern consistent with predator and prey
survey data. For example, in Subarea 48.1, the krill catch was not anomalous in 1991, but research
surveys found low krill biomassin January and February.
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6.34 Severd factors that could make the krill catch data unrdiable for indicating, even in a very
generd way, the avalability of krill to predators were identified: (i) only a portion of the totd catch
is sometimes obtained in the same season in which the predator parameters are monitored;
(i1) economic fluctuations affect fishery effort; and (iii) in Subareas 48.1 and 48.2 the fishery moves
between severd areas among which the concentrations of krill may not be well correlated.

6.35 The Working Group dso noted that it would be helpful to have additiond information
indicating the relaive availability of krill to the fishery in each year for the severd subaress. This
information might include additiond or different measures of effort as well as subjective assessments
from experts with experience in the fishery (e.g., reports containing the generd impressons of fishing
captains on whether it was ardatively good or bad fishing season).

6.36 The Working Group noted that this first effort in bringing together the predator, prey,
environmental, and fishery data was of necesdity a coarse trestment of the data, with a focus mainly
on the presence and directions of changes. Future efforts should include consideration of the
magnitudes and sgnificance of changes.

Potentid Impact of Localised Krill Catches

6.37 Last year WG-CEMP, in conddering the fine-scae data on distribution of krill catches, noted
the extensve tempora and spatid overlap between krill harvesting and foraging by land-based
predators, especialy in Subarea 48.1. It agreed that this demongtrated the potentia for sgnificant
competition between the fishery and krill-dependent predators.

6.38 The Scentific Committee unanimoudy endorsed these conclusions, noting that a Stuation
whereby a subgtantia krill fishery consstently operates within the foraging range of krill-dependent
predators at a critica time of year (when the predators have dependent offspring), had long been
identified as a most serious concern and one where close and urgent attention needs to be given to
gppropriate management action (SC-CAMLR-X, paragraph 6.29).

6.39 The Secretariat had continued the assessment of catch digtribution with respect to predator
colonies, incorporating the 1991 fine-scale data (WG-Krill-92/13) in WG-Krill-92/18.  The overdl
picture for Subarea 48.1 was Hill remarkably condggtent in al four years (1988 to 1991) for which
data are available, with 96 to 98% of the krill catch from December to March in the subarea being
taken within the criticd period-distance! for foraging activity of breeding penguins and fur seds. For

1 December to March within 100 km of predator colonies.
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Subarea 48.2, the 1991 data showed 81% of the catch taken within the critical period-distance,
smilar to 1987 (83%) and 1988 (96%) and very different from 1989 (5%) and 1990 (17%).

6.40 Within the criticad period-distance krill catches continued to be a sgnificant fraction of the
estimated krill requirement of breeding penguins, for 1991 the catch was 12% and 31% of the
combined take of krill by the fishery and by penguinsin Subareas 48.1 and 48.2, respectively.

6.41 The Secretariat was thanked for undertaking this vauable andysis and asked to continue to
provide this documentation to WG-CEMP on an annua basis.

6.42 Dr Shust noted that in most years the location of the fishery within Subarea 48.1 changes
during the season, which will tend to reduce the level of impact in any one part of the subarea. To
asess the nature and sgnificance of this the Secretariat was asked in the future (and aso
retrospectivey if possible) to andyse the fine-scae data for the Elephant I1dand area separately from
the rest of Subarea 48.1 and to condder if there were other parts of the subarea which could
redigticaly be subdivided (eg., Livingston and King George Idands).

6.43 Dr Shug aso noted that some penguin colonies used in the caculation of krill consumption
by predators were from the southern coast of the South Shetland Idands, whereas the fishery was
virtudly confined to the waters off the northern coast. 1t was explained, however, that not only were
the fishing grounds (at least as deduced from the maps of the fine-scade data) within the theoretica
foraging ranges of penguins from these colonies but that the colonies dong the northern coast
account for about 90% of the penguin biomassin the subarea.

6.44 There was agreement that the 1991 data strongly reinforced last year’ s findings in respect of
the localised didribution of fishing effort. WG-CEMP reiterated the importance of enhanced research
activity in Subareas 48.1 and 48.2, especidly:

()  urgent research into krill biomass, productivity and fluxes;

(i)  improving estimates of the prey requirements of land-based predators; and

(i)  enhancing the CEMP activities, especidly expanded monitoring operations in Subarea

48.2 and, as a high priority, conducting monitoring at one or more additiona Stes on
the north coast of the main South Shetland Idand group.

26



6.45 The Working Group recdled last year's statement by the Scientific Committee noting the
urgency of examining precautionary management measures to address the overlap of the fishery and
krill- dependent predatorsin the critical period-distance zone (SC-CAMLR-X, paragraph 6.30).

6.46 Dr Naganobu, however, stated that he believed there was no urgency to consider the impact
of the krill fishery on predators. He felt that both wG-krill and wG-CEMP were too concerned about
this matter and that consdering possible precautionary catch limits for krill based on predator-fishery
interactions was premature. The reasons for this opinion were that:

()  thekrill fishery is ill smal and none of the countries fishing at present has expressed
an intention to expand itsfishery in the near future;

(i) there is no evidence that krill ishing has had an adverse influence on predators and
that more scientific information (e.g., as described in paragraph 6.44 above) should be
collected before management measures are considered; and

(i) aredidic estimate of the krill requirements of predators has not yet been provided.

6.47 In addition he felt that it was sufficient to consder only penguins for calculaions of predetor
demand when consdering overlap between the fishery and predator foraging ranges. This is
because the foraging range of fur sed's extends beyond the fishing grounds and thus overlap between
the fishery and this predator is much less.

6.48 Other members were very concerned a this statement which seems to run contrary to the
gpirit of the Convention, the content of Article Il of the Convention and the expressed policy of both
the Scientific Committee and Commission.

6.49 It was fet entirdy proper for wGkrill and WG-CEMP to give serious and urgent
congderation to the circumstances whereby substantia krill catches are taken annudly from within a
very redricted area @ a time of year when krill-eating predators, trying to rear offspring, are
redtricted to the same area. Indeed it would be difficult to imagine a Situation of greater potentid

concern to WG-CEMP.

6.50 Itistruethat thereis no evidence that krill fishing has had an adverse influence on predators.
Equally, there is no evidence that there has not been an adverse effect. Indeed it is difficult to see
how the gtuation described above can fal to have some adverse impact on krill-dependent
predators. Many of the research initiaives within wG-krill and WG-CEMP are designed to try to
quantify the nature and magnitude of any such effects. However, there is no prospect of cause-
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effect reationships being established without many years of detalled study of krill abundance,
avallability and movements and of predator abundance, distribution and energetics. In the meantime
it is essentid to congder appropriate precautionary management measures, including, but not
confined to, catch limits,

6.51 Dr Bengtson cleared up an gpparent misgpprehension concerning fur sed foraging ranges,
noting that the available datain Subarea 48.1 indicated that nearly dl foraging by breeding femae fur
sedls takes place within 100 to 110 km of their breeding Ste.

6.52 Some members noted that the exidting interim estimates of krill requirements of penguins and
fur sedls a this time are entirdy redigic as minimum vaues of krill requirements of dependent
gpeciesin the critical period-distance zone and are aso the best data currently available.

6.53 Lag year the Scentific Committee had agreed unanimoudy to examine precautionary
management procedures relaing explicitly to the overlap between the krill fishery and dependent
predators. To facilitate this, discussons had been initiated with Members conducting krill fishing in
Subareas 48.1 and 48.2, initidly by posng questions relevant to the characteristics of the fishery and
the consequent implications of various options for potential future conservation measures (Sc-
CAMLR-X, paragraph 6.36).

6.54 Members involved in the krill fishery had provided much useful information concerning the
operations of ther fishery, leading to extensve and valuable discusson at WG-Krill (SC-CAMLR-X1/4,
paragraphs 5.1 to 5.35).

6.55 It was re-emphasised that the object of developing precautionary measures in this context is
to try to identify management measures to afford adequate protection for krill-dependent predators
in specific areas a critical times of year without this protection causing unnecessary or unacceptable
regrictions for the krill fishery.

6.56 WGCEMP recommended that the Scientific Committee condder defining zones within
Subareas 48.1 and 48.2 for specific areas where there was a consgtent pattern of commercia
fishing within the criticd period-disance of the foraging activities of land-breeding penguins and fur
seds. A precautionary gpproach to management could be accomplished by applying management
measures, or a mixture of measures, in such zones. WG-CEMP noted that wG-Krill hed listed and
elaborated options for management measures to control fishing in specific areas (SC-CAMLR-XI1/4,
paragraphs 5.46 to 5.51).
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6.57 WG-CEMP dso recommended that the Scientific Committee invite Members currently
engaged in fishing for krill to consder and report on what potentiad measures, or combinations of
measures, would be acceptable to them for gpplication within Subareas 48.1 and 48.2 in order to
address the specific problem of providing some precautionary protection for land-based krill
predators foraging within 100 km of breeding colonies between December to March inclusive.

ESTIMATES OF PREY REQUIREMENTS FOR KRILL PREDATORS

7.1  Thistopicisbeing addressed by wG-CEMPin rdation to:

() assesang dgnificance (in terms of ecologica and management implications) of overlap
(geographicd and tempord a a variety of scales) between the krill fishery and krill-
dependent predators,

(i)  contributing to management objectives under Article |1 of the Convention (SC-CAMLR-
X, Annex 7, paragraph 6.1).

Review of Progress

7.2  TheWorking Group consdered first the progress made on initiatives developed last year to
address the first set of objectives (sc-CAMLR-X, Annex 7, paragraph 6.8 to 6.24).

Synthesis of Fur Sed and Penguin Data

7.3  For the South Georgia ISR the latest data synthesis (and presentation of published results)
reman those published in sC-CAMLR-VIII/BG12 and BE15, updated as described in WG-CEMP-
901311, WG-CEMP-92/50 summarises dl reevant published data for Antarctic fur sedls, including the
mass-specific energy codts of a range of breeding season activities. It dso summarises current
research which will Sgnificantly improve understanding of activity- specific energy budgets.

74  For the Antactic Peninsula ISR WG-CEMP-92/17 reviews avalable data on penguin
population sze, breeding timetable, diet and body mass. WG-CEMP-92/18 dmilarly reviews data on
metabolic rates, foraging ranges and assmilation efficiencies of penguins. These are amos vauable

1 In: Selected Scientific Papers, 1990 (SC-CAMLR-SSP/7): 489-520.



compendium of information and provide an excellent basis for use in ISR-wide prey consumption
models. Members with relevant additiond data are asked to make them available as soon as
possible WG CEMP-92/19 synthesses avalable data for Antarctic fur seds in this 1SR, which,
together with appropriate data from the studies summarised in WG-CEMP-92/50, provide agood basis
for assessing prey consumption of the breeding population of Antarctic fur sedsin this region.

75 WG CEMP-9249 presents a review of data on breeding populaion Sze, diet and energy
budgets of predators in the Prydz Bay ISR. Although this review is by no means fully
comprehensive, it is agarting point for further efforts and provides useful information for incluson as
input parameters in modd ling studies of prey requirements of krill predators.

7.6  The magnitude of these data compilation tasks have precluded any attempt to provide
WG-CEMP, or the Scientific Committee, with interim estimates of predators prey requirements based
on these new data (SC-CAMLR-X, Annex 7, paragraph 6.21).

7.7 Inany case in the light of the recent discussons between wWG-Krill and wG-CEMP and the
plans for dterndive priority activities developed there, it was agreed that developing interim
edimatesis now of lessimmediate urgency.

Synthesis of Crabegater and Leopard Sedl Data

7.8 The reaults of the study investigating the feashbility of condructing energy and prey
consumption budgets for crabeater seals were tabled as WG-CEMP-92/25. In the time available it had
not been possible to make any amilar compilations for leopard sedls, for which relevant data are
very sparse in most areas.  The Working Group noted that the crabeater seal document was not
only a vauable compilation but dso represented a pioneering attempt to construct an energy budget
for an Antarctic ice-breeding sedl. 1t would be most vauable to incorporate these data into ISR prey
consumption models in addition to the data for penguins and fur sedls.

7.9  DrD. Torres (Chile) reported that Chile had data from an agrid survey of seds around the
South Shetland Idands in November 1980 which might be relevant to the above synthess (Torres et
al., 19811).

1 TORRES, D., J. YANEZ, M. GAJARDO and M. SALLABERRY. 1981. Registros aéreos de mamiferos
marinosy aves antarticas en lasidas Shetland del Sur. Bol. Antart. Chileno 1(2): 6-10.



Advice of iwc Concerning Whaes

7.10 Correspondence with the Scientific Committee of the International Whaing Commisson
regarding the availability of datafor estimating energy requirements of baleen whaes was reported in
WG-CEMP-92/27. It was agreed that the Convener should thank Dr Hammond for this response and
request that CCAMLR be informed when abundance estimates for minke whaes (from IDCR Sghtings
cruises) and data from the Jgpanese scientific catch on diet and energy requirements become
avalable.

Data on Seabirds Other than Penguins

7.11 There had been little progress intersessondly on this topic, except for that reported in WG
CEMP-92/49 for Prydz Bay. Dr W. Trivelpiece (UsA) noted that extensve data for King George
Idand were available in the review by Jablonski (1986)2. It was noted that Dr W. Fraser (USA)
was reviewing the status and digtribution of the Southern giant petrel throughout the Antarctic (i.e,
induding the Antarctic Peninsula 1SR) as part of an ongoing initiative coordinated by the SCAR Bird
Biology Subcommittee. Members with relevant data were asked to send them to Dr Croxal who
would ensure that CCAMLR received a copy of the resulting synthesis from SCAR.

Future Progress

7.12 WG-CEMP decided that given its exigting priorities for future work (which were recently
modified according to recommendations from the Joint Meeting of WG-Krill and WG-CEMP) it was
not advisable a present to schedule a mgor collaborative workshop to review in detail krill
consumption by predators in the 1ISRs. Members were encouraged to provide WG-CEMP with
updated estimates of krill consumption for 1SRs or parts thereof. They were adso asked to continue
to accumulate rdevant data to improve the bass for the models in preparation for a full-scae
workshop to be scheduled at some later date.

2 JABLONSKI, B. 1986. Distribution, abundance and biomass of a summer community of birds in the
region of the Admiralty Bay (King George Idand, South Shetland Idands, Antarctica) in 1978/79.
Polish Polar Research 7(3): 217-260.
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Edtimates of Krill Escgpement

7.13 Last year, WG-CEMP noted that the prospects of estimating desired levels of krill escapement
on the badis of estimates of krill consumption by al naturd predators (e.g. whales, sedls, birds, fish,
squid) were remote.  As described above, WG-CEMP's recent efforts in this regard had been
focused on developing estimates of the amount of krill required by sdected species of marine
mammals and birds.

7.14 In discusson of this item a the Joint Meeting of WG-Krill and WG-CEMP, in addition to
clarifying definitions of escgpement, the focus of attention was shifted from krill requirements of
predators to the need to consder criticd levels of predator performance in relation to escapement of
krill from the fishery (SC-CAMLR-XI/5, paragraph 1).

7.15 Consequently an initid gpproach to improve understanding of possble functiond
relationships between krill availability and predator performance was developed (SC-CAMLR-XI/5,
paragraph 2 and Appendix 1).

7.16 The Working Group endorsed this gpproach. It noted that, in respect of the predator
element, the initid modelling exercise required the selection of two or three predator species and the
provison of three types of data.

7.17 Based on the criteria outlined in the Appendix to the Joint Report, wG-CEMP agreed that the
most appropriate species to select were Addie penguin, crabeater seal and black-browed abatross.

7.18 The tasks of coordinating the provison of data on (i) average annua survivd rate of adults;
(il) average age a firgt breeding; and (iii) the proportion of good, poor and bad years, from the
perspective of predator performance, were alocated as follows:

Addlie penguin: Dr W.Z. Trivelpiece
Crabester sedl: Dr JL. Bengtson
Black-browed a batross: Dr JP. Croxdll.

7.19 The specified data should be submitted to the Convener as soon as possible.
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Liasonwith wG-Fsa

7.20 There was a suggestion that the Working Group on Fish Stock Assessment (WGFsA) work
on krill predation by fish might be incorporated into WG-CEMP estimates of prey requirements (Sc-
CAMLR-X, paragraphs 6.55 t0 6.56). WGCEMP noted that wWF-FSA should be made aware that
because of shifting priorities, no specific proposals had yet been made for scheduling a CEMP
workshop on prey requirements.

7.21 WG-CEMP had dso been asked by the Scientific Committee to consult with WGFSA to
provide data and advice that would assst WGFSA in interpreting changes in aundance and
digribution of fish socks (SC-CAMLR-X, paragraph 6.57). WG-CEMP suggested that WG-FsA
condder Table 4 in this report.

GENERAL MATTERS

Approaches to Integrated Analyses of Predator/Prey/Environmental Data

8.1  Dr Torres summarised a study he is undertaking at Cape Shirreff (WG-CEMP-92/48) of the
goplication of a geogrephicd information sysem (GIS) which adlows comparison of data on
digtribution of bird and sed colonies with data on terrain, insolation, and other environmenta
variables,

8.2  Atits 1991 meeting the Scientific Committee had noted the existence of the Antarctic Digitd
Database Project. The Data Manager had been requested to contact the manager of the Project to
discuss exising and potential developments of mutud interest (SC-CAMLR-X, paragraph 6.52).

Although no reply to this enquiry had been received by the Secretariat, Dr Croxdl informed the
meeting that currently the database contained only outline and land-based topography, and that the
next deveopment would dmost certainly include the addition of bahymetric data  Other
hydrographic data, of potential interest to CCAMLR, would be unlikely to be added at this stage, but
was expected to be included in future stages of the project.

8.3 The Convener noted that WG-CEMP had discussed under Agenda Item 6 (Ecosystem
Assessment) severd issues that are directly related to the topic of integrated analyses of predator,
prey and environmental data.



Review of Opportunities for Collaborative Studies

84  TheWorking Group noted that past collaborative studies have succeeded in providing much
vauable information for CEMP. Opportunities for such collaboration in the future should continue to
be encouraged. It was noted that several areas of common interest for future collaborative work
had been identified throughout the Working Group’ s discussons.

8.5  Dr Naganobu advised the Working Group that Japan plans to conduct research surveys
during the 1994/95 austrd summer and that there may be opportunities for collaborative studies
associated with those surveys.

Matters Arigng from the Joint Meeting of wGKrill and WG-CEMP

8.6 A document prepared by the Conveners of wGKrill and wG-CEMP and the Chairman of the
Scientific Committee summarised the discussons and conclusions from the Joint Meeting of wG-Kiill
and WG-CEMP (SC-CAMLR-X1/5). Severd items in that paper contained requests for information or
action by wa-ceEMP. The Working Group reviewed these requests to ensure that the relevant points
had been addressed by WG-CEMP.

8.7 Inparagraph 5 of SC-CAMLR-XI/5, WG-CEMP was requested to consider the use of estimated
predator demands in cadculating the alocation of precautionary catch limits. The Working Group
agreed that it is presently not feasble to estimate krill demand by dl krill predators (i.e., cetaceans,
pinnipeds, birds, fish, squid) for dl geographic portions of Statigicd Area 48 and tha the
assumptions required to use proportions derived from land-based predators aone (without pelagic
predators) would be scientificaly unsound. The Working Group therefore agreed that using
estimates of predator demands to alocate catch limits within subaressiis presently not advised.

8.8  Paragraph 9 of sc-CAMLR-XI/5 cdls for development of modes to evaduate the datistica
performance and cost-effectiveness of possble experimentad harvesting regimes designed to
diginguish between naturd variaion in predator performance and effects due to fishing. The
Working Group noted that the sequence of events in such development should be initiated by
proposals for the modd framework (especidly spatial and tempord scales) from proponents of such
moddswithin wGKrill.

8.9  Paragraph 10 of sc-CAMLR-XI/5 addressed feedback mechanisms for management advice.
CEMP is planning to attempt to define criteria and mechanisms for specifying how changesin indices
derived from predator parameters being monitored could be used in the formulation of management
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procedures and advice. It was emphassed that an essentid eement of this process is the
development of models and amulations investigating the performance of various criteria usng the
current and historica data sets in the CEMP database.

8.10 The Working Group noted that it had considered, in paragraphs 6.39 to 6.57 of this report,
the issues addressed in paragraph 11 of SC-CAMLR-XI/5 pertaining to sdection of precautionary
management optionsin areas of locaised krill catches.

OTHER BUSINESS

Accessto CEMP Data

9.1 Dr Croxal noted that the present policy on access to CCAMLR data (SC-CAMLR-VIII,
paragraphs 13.1 to 13.7) could pose a difficult problem for owners of the data if a scientist uses
CEMP data for a paper tabled at a CCAMLR meeting and later wishes to publish the results.
Problems could arise if there is a disagreement regarding whether or not, or under what
circumstances, the paper should be published. This dtuation could be particularly acute when
historical data from long-term studies are involved. Severa researchers are presently considering
submitting such historical datasets which would greatly expand the CCAMLR Database. Similarly, as
the time series of CEMP data currently being collected grow, these will become increasingly vauable
sources of datafor analysis of subsequent publications.

9.2  Consequently, Dr Croxall proposed a change to the exigting rules governing access to CEMP
data Recognising the potentialy broad ramifications of any policy change regarding data access, it
was agreed that this topic should be given careful consderation. CCAMLR’S policy on data access
and use is of fundamenta importance in both ensuring that relevant data needed for CCAMLR’ s work
are fredy avallable, and that the ownergoriginators of the data are protected from ingppropriate
uses of their data.

9.3  The Working Group recommended that the Scientific Committee consider its policies on
data access and use as a matter of priority.

IUCN Assessment of Marine Protected Areas

9.4  The Convener informed the Working Group of an initiative on globa marine areas being
undertaken by the World Conservation Union (JUCN) (WG-CEMP-92/29). The Commisson on
National Parks and Protected Areas (CNPPA) of the IUCN is conducting a project to assess the

35



World's marine protected areas and to identify priority areas for conserving globd marine
biodivergty. This project is being undertaken a the request of the World Bank Environment
Department. It is expected that the project’s report will offer guidance to the Globa Environment
Facility (GEF) in assigning priorities for providing grants and financid asssance. The GEFisathree-
year pilot program (darted in 1990) administered jointly by the World Bank, the United Nations
Environmenta Program, and the United Nations Development Program.

9.5 The cNPPA project on marine protected areas and the GEF's objective of supporting wise
management of marine ecosystems may offer an opportunity to CEMP. If funds are to be made
avallable from the World Bank to help support conservation of globa marine biodiversity, providing
some type of financid support to CEMP might be an effective way for the GEF to accomplish apart of
its objectives.

9.6  The Convener was requested to obtain additiona information on these programs and report
back to wG-CEMP next year. The objectives of this request are to determine:

()  whether these programs gods correspond to those of CCAMLR and the work of
WG-CEMP,

(i)  the progpects and circumstances under which funding may be made available for this
initiative by the World Bank; and

(i)  whether or not wG-CeEMP should condder recommending © the CCAMLR Scentific
Committee that a proposal be developed requesting that the World Bank provide
fundsin support of CEMP.

FUTURE WORK

10.1 The Working Group reviewed progress made, work discussed and tasks identified at the
meeting. The principd tasks in the coming year are as follows:.

() the Convener was asked to solicit contributions from Members not currently
contributing to the work of the Working Group (paragraph 3.10);

(i)  the Convener and Secretariat are asked to organise the formation of the three ad hoc
subgroups (paragraphs 4.5 and 4.6);
(i)  Members are encouraged to test the software for calculating indices (paragraph 4.9);



)

v)

()

(vii)

(viii)

(ix)

()

(x1)

(i)

(xiii)

(xiv)

Members are encouraged to develop examples of ANOVA anayses of the CEMP data
(paragraph 4.11);

the report of the Alaska Workshop on at-sea monitoring of marine mammas should
be reviewed before identifying a specific CCAMLR meeting (paragraph 4.17);

the Secretariat is requested to obtain relevant satdllite data (paragraph 4.28) and
andyse them as appropriate (paragraphs 4.30 and 4.31);

the Secretariat is requested to make gppropriate arrangements for implementing a new
publication format for the next edition of the Standard Methods for Monitoring
Sudies (paragraph 4.37);

progress reports on activities concerning Method A4 should be prepared (paragraph
5.9);

the Working Group requests WG-Krill to update krill biomass estimates for the ISRs as
available (paragraph 5.32);

the Secretariat will continue andyses of overlgp of fishing and predator foraging
(paragraph 6.41);

encourage research activity on the locdised digribution of fishing effort (paragraph
6.44);

Members with additiond data on fur sedl, penguin and other seabird consumption are
asked to make these available as soon as possible (paragraph 7.4 and 7.11). The
workshop on krill consumption by predators should be considered for scheduling a a
later date (paragraph 7.12);

data of survivd rate, age at first breeding and proportion of good and bad years for
cdibration of the integrated moddling exercise identified by the joint workshop should
be coordinated and reported as set out in paragraph 7.18 and 7.19; and

the Convener was requested to obtain more information on the 1UCN initiative on
globa marine areas (paragraph 9.6).
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10.2 To accomplish the tasks identified above, to undertake its annua assessments, and to
provide timely advice to the Scientific Committee, it was agreed that extendve discussions, based on
intersessond preparatory work, will be needed. Such discussions cannot be effective without a
meeting of the Working Group.

10.3 Accordingly, the Working Group recommended thet it hold a meeting during the 1993

intersessiond period.

Summary of Recommendations to the Scientific Committee

10.4 The Working Group made the following recommendations to the Scientific Committee:

() the Secretariat is requested to prepare an estimate for the collection of sea-ice data for
the Scientific Committee (paragraph 4.29);

(i) the Scentific Committee is asked to request whether domestic legidation would
preclude Japan from reporting combined krill catches on a very fine-scde basis

(paragraph 5.29);

(i)  the Scientific Committee consder defining zones within Subareas 48.1 and 48.2 for
areas where there is a congstent pattern of overlap between predators and fishing
activity (paragraph 6.56);

(iv) the Sdentific Committee invite Members currently engaged in fishing to consder what
potentiad management measures could be acceptable for gpplication within Subareas
48.1 and 48.2 (paragraph 6.57); and

(v) the Scientific Committee consder its policies on data access (paragraph 9.3).

CLOSE OF THE MEETING

11.1 The Report of the Meeting was adopted.

11.2 The Convener thanked participants, rapporteurs, subgroups, the Secretariat and the Chilean
Ministry of Foreign Affairs for their work and assstance during the meeting. He noted that the



qudity and relevance of the numerous working and background papers prepared during the
intersessiond period by participants contributed sgnificantly to the meeting' s excdllent progress.

11.3 Specid thanks were extended to the Secretariat for their contributions in support of
WG-CEMP during the past year. In particular, the Working Group's activities in cdculaing and
evaduding CEMP indices were advanced in large part because of the efforts of the Secretariat’s
superb staff.

11.4 The Working Group extended its gratitude to the Government of Chile, the Indituto
Antértico Chileno and the University of Chile for hogting and assgting with the mesting in Vifia dd
Mar. By aranging a pleasant venue with efficient facilities, they had enabled the Working Group to
engage in avery productive mesting.



Tablel: Summay of Members CEMP activities on monitoring gpproved predator parameters.
Parameter Speciesl | Country Site Name/ Y ear Data Being
Integrated | Started? | Submitted? | Prepared?
Study Regior/
Network Site
Penguins
Al |Weghton A Audrdia | Magnetic Is 1984 1990-91
arrival Prydz Bay
at breeding
colonies A Audrdia | Béchervaisels 1992
A Argentina | Stranger Point/ 1988 1988-90 1991
King George Is
A Argentina | Lauriels 1988 1988-90 1991
S. Orkney Is
Argentina | Esperanza St. 1991 1991
A Germany | Ardley |9/ 1991
S. Shetlands
M UK Bird I¢/ 1990 1990-92
South Georgia
A2 | Length of A Audrdia | Magnetic Is 1984 1989-91
the first Prydz Bay
incubation
shift A Audrdia | Béchervaisels/ 1901 1991-92
Mawson
A Argentina | Stranger Point 1988 1990-91
King George Is
Argentina | Esperanza St. 1991 1991
A Germany | Ardley I 1991
S. Shetlands
A3 | Annud A Audrdia | Magneticls 1984 1990-91
trendsin Prydz Bay
breeding
population A Audrdia | Béchervaisels 1992
Sze
A Argentina | Stranger Point/ 1988 1990-91
King George Is
Esperanza St. 1991 1991
M,C | Brazl Elephant Is 1986 1992
S. Shetlands
A C | Chile Ardley Is 1982 1989-92
S. Shetlands
A Japan Syowa Station/ 1970 1989-91
Network site




Table 1 (continued)

Parameter Speciesl| Country Site Name/ Y ear Data Being
Integrated | Started? | Submitted? | Prepared?
Study Regior/
Network Site
A3 continued MG | UK Bird I¢/ 1976 1990-92
South Georgia
ACG | UK Sgny I 1979 1990-92
Network site
A USA Anversls 1992 1992
A Gemany | Ardley |9 1991
S. Shetlands
A4 | Demography C Chile Ardley Is 1982 1989-92
S. Shetlands
M,C | Brazil Elephant Is 1986 1989-92 | 1989-923
S. Shetlands
M,C USA Sedl Is 1988 1990-923
S. Shetlands
A USA Anversls 1988 1989-913
Palmer Station
A5 | Duration of A Audrdia | Magneticls 1984 1990-91
foraging Prydz Bay
trips
C Usa Sedl Is 1988 1988-92
S. Shetlands
A USA Anversls 1990 1990-92
Palmer Station
M USA Sedl Is 1990
A6 | Breeding A Audrdia | Magneticls 1984 1989-91
success Prydz Bay
A Austrdia | Béchervaisels 1992
A Argentina | Stranger Point/ 1988 1990-91
King George Is
Laurie I
Esperanza St. 1991 1991
M,C Brazil Elephant Is 1986 1990-92
S. Shetlands
C Chile Ardley Is 1982 1989-92
S. Shetlands
MG | UK Bird 19/ 1976 1990-92
South Georgia
ACG | UK Sgny I 1979 1990-92
Network site




Table 1 (continued)

Parameter Speciesl | Country Site Name/ Y ear Data Being
Integrated | Started? | Submitted? | Prepared?
Study Region/
Network Site
A6 continued MC |UsA Sed Is 1988 1988-92
S. Shetlands
A USA Anversls 1988 1990-92
Palmer Station
A Germany | Ardley Is 1991
A7 | Hedging A Audrdia | Magneticls 1984 1990-91
weight Prydz Bay
A Audrdia | Béchervaisels 1992
M Brazil Elephant Is 1986 1992
S. Shetlands
C Brazil Elephant Is 1986 1990-92
S. Shetlands
MG | UK Bird I 1989 1990-92
South Georgia
C USA Sedl Is 1988 1988-92
S. Shetland Is
A USA Anversls 1988 1990-92
Palmer Station
M UsA Sed Is 1990
A Germany | Ardley Is 1991
A8 | Chick diet A Audrdia | Magnetic Is 1984 1990-91
Prydz Bay
A Audrdia | Béchervaisels 1991 1991-92
Mawson
M,C | Brazl Elephant Is 1986 1992
S. Shetlands
C Chile Ardley Is 1982 1989-90
S. Shetland Is
M UK Bird I 1986 1990-92
South Georgia
G UK Bird I 1986 1990-92
South Georgia
C USA Sedl Is 1988 1988-91 1992
S. Shetlands
A USA Anversls 1988 1990-92
Palmer Station
A Germany | Ardley Is 1991




Table 1 (continued)

Parameter Speciesl | Country Site Name/ Y ear Data Being
Integrated | Started? | Submitted? | Prepared?
Study Region/
Network Site
A9 | Breeding A Audrdia | Magnetic Is 1984 1990-91
chronology Prydz Bay
A Audrdia | Béchervaisels/ 1991 1901
Mawson
CM |usa Sed Is 1988 1988-90
S. Shetland Is
A USA Anversls 1988 1990-92
Flying birds
Bl |Breeding B UK Bird I¢/ 1977 1992 1990-92
population South Georgia
Sze
B2 | Breeding B UK Bird I¢ 1977 1992 1990-92
success South Georgia
B3 | Age-specific B UK Bird 15/ 1977 1990-91
annual South Georgia
surviva and
recruitment
Seals
Cl1 |Cow F Chile Cape Shirreff 1988 1988
foraging/
attendance
cycles F UK Bird I¢/ 1979 1990-92
South Georgia
F USA Sedl Is 1988 1988-92
S. Shetland Is
C2 | Pup Growth F Chile Cape Shirreff/ 1985 1984-85
Ant. Peninsula 1990-92
F UK Bird I¢/ 1973 1990-92
South Georgia 1978
F UsA Sedl Is 1988 1988-92
S. Shetland |19/

A - Addie penguin, M - Macaroni penguin, C - Chinstrap penguin, B - Black-browed albatross,

F - Fur sedl

All years referred to are split-years

At present these data are not requested for submission to the CCAMLR Data Centre




Table 2:

Summary of Members' directed programs on assessing the utility of potentid predator parameters.

Parameter Areas(@ from Members Research Activity

which data

areavailable

for analysis/ Undertaken 1990/91 Undertaken 1991/92 Proposed for 1992/93

evaluation
Analysis of Acquisition of Analysis of Acquisition of Analysis of Acquisition of
existing data new data existing data new data existing data new data

-1- -2- -3 -4 -5 -6- -7- -8

Penguins(b)

- Incubation shift (M) 2451114 S.Africa(14,M) S.Africa(14,M)

- Weight prior 2,1514,45? S.Africa(14,M) S.Africa(14,M)
to moult (M)

- At-seadiving 246 Austraia(6,A) Austraia(6,A) Austraia(6,A) Australia(6,A) Austraia(6,A)
behaviour and activity USA (2CM) UK (4,G) UK (4,G) UK (4,G) UK (4,G) UK (4M,G)
patterns (A,C,M) Germany (11,A, USA (2C,M) USA (2CM) USA (2C,M) USA (2C,M) USA (2CM)

G) Germany (11,A, Germany (11,A, Germany (11,A,
G) G) C.G)

- Weight recovery during 46 Austrdia (6,A)
incubation (A,C,M)

- Surviva (A,CM) 12,611

UK (4M G) UK (4M,G) UK (4M ,G)

USA (2,C;11,A) USA (2,C;11,A) USA (2,0) USA (2,0) USA (2,0) USA (2,0)

- Chick growth rate 211 UK (4,G) UK (4,G) UK (4,G) UK (4M,G)
Spain (2,C) USA (2,0) USA (2,0) USA (2,0) USA (2,0)

- Bioenergetics 24 Spain (2,C) UK (4,G) UK (4,G) UK (4,G) UK (4,G)
USA (2CM; USA (2CM) USA (2CM) USA (2CM) USA (2CM)

11A)
- Reproductive 2 Spain (2,C)

strategies (C)




Table 2 (continued)

-1- -2- -3 -4- -5 -6- -7- -8
Flighted seabirds
Black-browed albatross
- Breeding population size 49?15 UK (4) UK (4) UK (4) UK (4) UK (4)
- Breeding success 49?15 UK (4) UK (4) UK (4) UK (4) UK (4)
- Duration of foraging 4 UK (4) UK (4) UK (4) UK (4)
trips
- Activity budget at sea UK (4) UK (4) UK (4) UK (4)
- Prey characteristics UK (4) UK (4
(diet)
Antarctic/Cape petrel
- Breeding success 236,811,16 UK (3) USA (2 USA (2) Norway (16) UK (3)
- Chick weight at fledging 26811 USA (2 USA (2)
- Prey characteristics 26,811
(diet)
Fur seals
- Population size 3 Arg (3) Arg (3 Arg (3) Arg (3) Arg (3) Arg (3)
- Population structure 23 Chile(2) Chile(2) Chile(2) Chile(2) Chile(2) Chile(2)
and demography Arg (3) Arg (3) Arg (3) Arg (3) Arg (3) Arg (3)
- Reproductive success 42 UK (4) UK (4) UK (4) UK (4) UK (4)
USA (2 USA (2 USA (2
- Prey characteristics 42 USA (2 UK (4)
(diet) USA (2 USA (2 USA (2 USA (2) USA (2




Table 2 (continued)

-1- -2- -3 -4 -5 -6- -7- -8

Fur seals (continued)
- At-seadiving behaviour 24 UK (4) UK (4) UK (4) UK (4) UK (4) UK (4)

and activity pattern USA (2 USA (2 USA (2 USA (2 USA (2 USA (2
- Bioenergetics UK (4) UK (4) UK (4) UK (4)
- Indices of physiological 11 UK (4)

condition
- Finestructure of teeth 4 UK (4) UK (4) UK (4)
Crabeater seal
- Reproductiverates 2,3810-12 USA (11,12) USA (11,12) USA (11,12

Sweden (11,12) Sweden (11,12)
- Ageat sexual maturity 2381012 USA (11,12 USA (11,12) USA (11,12
Sweden (11,12) Sweden (11,12)

- Cohort strength 2,3810-12 USA (11,12 USA (11,12) USA (11,12
- Indicesof physiological 1112 USA (11,12) USA (11,12

condition
- Prey characteristics 11,12 USA (11) USA (11,12

(diet)
- At-seadiving behaviour 11,12 USA (11,12 USA (11,12 USA (11,12

and activity pattern
- Satellite telemetry USA (11,12 USA (11,12 USA (11,12

Sweden (11,12)




Table 2 (continued)

-1- -2- -3 -4 -5 -6- -7- -8
Minkewhales
- Reproductiverate 131 Japan Japan Japan Japan Japan Japan
- Ageof sexua maturity 131 Japan Japan Japan Japan Japan Japan
- Cohort strength 131 Japan Japan Japan Japan Japan Japan
- Analyses of existing
data:
- stomach contents 131 Japan Japan Japan Japan Japan Japan
- blubber thickness 131 Japan Japan Japan Japan Japan Japan
- density/patchiness 131 Japan Japan Japan Japan Japan Japan
- school size 131 Japan Japan Japan Japan Japan Japan
- Feeding activity patterns 131 Japan Japan Japan Japan Japan Japan
@ Areas:
1. RossSea 5. Macquarielsland 9. Crozet Island 13. Mainly from the Indian Ocean (IWC AreaslIl and V)
2. South Shetland Is 6. DavisStation 10. Bdlenyls 14. Marionls
3. S Orkneyls 7.  Syowa Station 11. Antarctic Peninsula 15. Kerguelenls
4. S Georgials 8. Dumont d’ Urville Sea 12. Weddell Sea 16. Queen Maud Land
(b) Penguin species: A - Adédlig, C - Chinstrap, M - Macaroni/Royal, G - Gentoo

Petrel species:

CP- Cape petrel, AP - Antarctic petrel




Table3: Summary of Members directed research on predator parameters required to provide
essential background information needed to interpret changes in monitored predator

parameters.
Countries Proposing Directed Research
Research Topic Programs Currently Programs Proposed
Underway to Commence
(season of initiation)
PENGUINS
- Foraging areas Chile, Japan, Japan, Australia (1992/93)
USA, South Africa,
Audrdia
- Energy requirements USA, UK, Germany | Japan, Austrdia (1992/93)
- Seasonal movements South Africa Japan, Australia (1992/93)
- Reationships between monitored Chile, Audrdia, Japan, Australia (1992/93)
parameters and physica environment UK/USSR, USA,
(e.g., digribution and structure of South Africa
searice and frontd systems) (frontal systems)
FUR SEALS
- Loca abundance/population structure Argenting, Chile, Brezil
UK, USA
- Energy requirements/life history UK, USA
- Foraging areas Chile, usa, UK,
Japan (1990/91,
with USA)
- Rdaionships between monitored Chile (partid), usa,
parameters and physica environment UK/USSR
(e.g., digtribution and structure of
searice and frontal systems)
CRABEATER SEALS
- Foraging areas USA, Sweden
- Energy requirementslife higtory USA, Sweden
- Stock discreteness/seasona movements | USA, Sweden
- Reationships between monitored USA
parameters and physica environment
(e.g., digtribution and structure of
sea-ice and frontal systems)
- Abundance/population structure USA (1992/93)




Table 4:

Assessment of predator and prey studies, 1988 to 1992. Predator parameters were obtained from WG-CEMP-92/8 and 92/12 unless
otherwise referenced in the tables. Catches within 100 km radius of Stes were obtained from fine-scale data, and for the subarea from the
Satistical Bulletin Vol. 4, over the whole year. CPUE data (tonnes-per-hour fishing) was obtained from Statlant B data for the subarea
over the whole year. Data are given quditative rankings High, Medium, Low, Very Low (H, M, L, VL). The symbols +, O, - indicate
tempora changes in parameters. Foraging duration is expressed as relative length of foraging trips to sea (S = short, M = medium, L =

long).

41 Site Anvesls, Subarea48.1

Year

Addie Krill Environment

Breeding Breeding Catch CPUE | Biomass| Snow | Sealce | Ocean
Population Success 100 km | Subarea
Size/Change radius

1988 - VL M H

1989 - VL H M

1990 M VL L L

1991 L 0 M M

1992 (First census) H ? ?

1

Catchesin 100 km radius are very low, < 50 tonnes per year




4.2 Ste: Cape Shirreff, Livingston |s, Subarea 48.1

Year Antarctic Fur Seall Chinstrap? Krill Environment
Breeding Breeding Breeding Breeding Catch CPUE | Biomass | Snow Sea-lce | Ocean
Population Success Population Success 100km | Subarea
Size/Change Size/Change radius

1988 (L M H M H

1989 H H M

1990 L L L

1991 (M + H ? M M M

1992 |(H + H 0 ? ? ? +Brash

1 WG CEMP-92/53 2 Boletin Antartico Chileno, Vol. 11(1): 12-14.

4.3 Site Admirdty Bay, King George Is, Subarea 48.1*

Y ear Gentoo Adélie Chinstrap Krill Environment
Breeding | Breeding| Breeding | Breeding| Breeding | Breeding Catch CPUE | Biomass| Snow | Sea-lce| Ocean
Population | Success | Population | Success | Population | Success 100 ki
Size/Change Size/Change Size/Change rggiu? Subarea

1988 | M - M H + M L - M H M H

1989 | M + H H + H M + H H H M

1990 | M - M M - M M - L M L L

1991 | L -- M L - L L -- L M M M

1992 | H ++ H L + H M + H ?

(This summary table was congtructed without benefit of reviewing the actua data and may contain source errors)




44 Site Ardley Idand and Stranger Point combined, King George Idand, Subarea 48.1. Esperanza data used for 1991 for Stranger Point.

Year Addiel- Ardley Chinstrap? - Ardley Addlie3 - Stranger Kill Environment
Breeding Breeding Breeding Breeding Breeding Breeding Catch cpupd | Biomass [ Snow | Sealce | Ocean
Population Success Population Success Population Success
Size/Change Size/Change Size/Change 100.km Subarea

radius

1988 H H M M L - H H M H

1989 H M M H L - H H H M

1990 M L H L M - M M L L

1991 L M L M M - L M M M

1992 M ? L M + ? ? ? ?

1 wGKirill-92/21; WG-CEMP-92/54

2 WG-CEMP-92/54

45 Ste Sed Idand, Elephant Idand, Subarea 48.1

4 from submissions

3 WG-CEMP-92/6; WG-CEMP-92/45

Note: Esperanzadatafor 1991; Stranger Point not available.

Chinstrap? Antarctic Fur Seal? Krill Environment
Year Breeding Breeding | Fledging | Foraging | PupsBorn | Foraging| Pup | Weight Catch CPUE | Biomass | Snow | Sea-lce [ Ocean
Population | Success | Weight | Duration | Number/ | Duration | Growth | at Age E/M/L3
Size/Change Change Rate 100_km Subarea
radius

1988 | M ? M H S M + M M H L M H i

1989 | L - L H M VL - ? H L H H M L/

1990 | H + H M L M + M L L L L L IM/H

1991 | M - L L S L - L H L M M M /L/L

1992 | H + M M M M + M M H ? ? ? [HIM

1 Data are from the CCAMLR Data Centre and documents WG-CEMP-90/21, 91/11, 91/33 and 92/17
2 Data are from the CCAMLR Data Centre and documents WG-CEMP-89/21, 90/34, 90/41, 91/11 and 92/17
3 E/MI/L = early, middle or late season; krill surveys (WG-CEMP-92/15)




4.6 Site Signy Is, South Orkneys, Subarea 48.2

Year Adédlie Chinstrap Gentoo Krill Environment
Breeding Breeding Breeding Breeding Breeding Breeding Catch CPUE | Biomass | Snow | Sealcel | Ocean
Population Success Population Success Population Success 100K Sub
Size/Change Size/Change Size/Change xm area
radius

1988 | H + M L - H H e H L L M H

1989 | H 0 L-M L 0 H H + H VL L M H

1990 | H-M - L-M M + L H + L H L L

1991 | L M L - H H - M H M M

1992 | L + H L-M + H M - H M ? H
1 Murphy, et al. In: Antarctic Ocean and Variability, D. Sahrhage (Ed.): 120-130.
4.7 Ste Bird Idand, South Georgia, Subarea 48.3

Y ear Gentoo Macaroni Black-browed Albatross! Krill3 Environment

Breeding | Breeding | Krill | Meal| Breeding | Breeding | Krill | Meal| Breeding | Breeding | Growth Catch CPUE | Biomass| Snow? | Sea- | Ocean
Population | Success | in | Sze | Population | Success | in | Sze | Population | Success | Rate | 100km | Subare Ice
Size/Change Diet Diet Size/Change radius a
S WI|S W |S W

1988 | M - M ? ? M - L ? ? |L --- VL ? L MM H M H

1989 | H ++ M H| H|M + H M | H (M i M H |[L M|H M|H M M

1990 [ H - L-M M H [M - H M H [M 0 M L L LM M M

1991 (L -- VL L L L - H L L (LM - VL M VL L L L M

1992 | M + H H M | M + M H H [L ? M H H H

1 P.A. Prince, unpublished data
2 Black-browed abatross only

3 Catch and CPUE are given for the summer season (S: October to March)
in the split-year, and winter (April to September) of the following season.




4.8 Site Bird Idand, South Georgia, Subarea 48.3

Year Antarctic Fur Seal! Krill Environment
Breeding | Birth | Perinatd | Foraging | Growth Rate | Wean | Breeding Catch CPUE | Biomass| Snow | Sea-Ice | Ocean
Population | Mass Tip | overal | Lae | Mass | Success | 100 km | Subarea

S WS WS W

1988 H O| H M S H H M M L M|(M HIL M M

1989| H -1 H M M H M H M L M/H M|HM

1990( H +| H M M M L M H L LM MMM

1991 L - L S L L H L L VL L L L

1992( M +| M M M H H M M H

1 All datafrom Lunn and Boyd, in press (WG-CEMP-92/41)

4.9 Site: Béchervaise Idand, Mawson, Divison 58.4.2

Year Addie Krill Environment
Breeding Breeding Catch CPUE | Biomasst | Snow Sea-lce | Ocean
Population Success
Sze/lChange

1991 Start year M Start Year

1992 0 Start year 0 0 L 0

1 waKirnll-92/23




AGENDA

Working Group for the CCAMLR Ecosystem Monitoring Program
(Vinade Mar, Chile, 7 to 12 August 1992)

Opening of the Meeting

Adoption of the Agenda

Review of Members' Activities
() Monitoring

(D) Directed Research

(i) Pansfor Future Work

Monitoring Procedures
() Predator Monitoring
@ Sites and Species
(b) Proposals for New Procedures
(© Procedures for Cdculating Indices and Trends
(d) Field Research Procedures
(D) Prey Monitoring
(i) Environmental Monitoring
@ Land-Based Observations
(b) Remote Sensing

Review of Monitoring Results
() Predator Data
@ Status of Data Submissions
(b) Report on Indices and Trends
(D) Prey Data
@ Review of wG-Krill Report
(b) FHne-Scale Catch Data
(© Members Fine-Scale Surveys

APPENDIX A



10.

11.

12.

(i) Environmentad Data
@ Sea- | ce Patterns
(b) Other Environmenta Events or Trends

Ecosystem Assessment
() Review of Background Information
@ Predator Studies
(b) Prey Studies
(© Environmentd Studies
(i) Potentia Impact of Localised Krill Catches
(i) Formulation of Advice and Recommendations to the Scientific Committee

Egtimates of Prey Requirements for Krill Predators
() Review of Progress
@ Synthesis of Fur Sed and Penguin Data
(b) Synthesis of Crabeater and Leopard Sed Data
(© Advice of Iwc Concerning Whaes
(d) Data on Seabirds other than Penguins
(D) Interim Results and Report to the Scientific Committee
(i) Pans for Proposed Workshop
(v)  Edtimatesof Krill Escapement

Genera Matters

() Approaches to Integrated Andyses of Predator/Prey/Environmenta Data
(D) Review of Opportunities for Collaborative CEMP Studies

(i) Matters Arising from the Joint Meeting of wG-Krill and WG-CEMP

Other Business

() Accessto CEMPData

(D) IUCN Assessment of Marine Protected Areas

Summary of Recommendations and Advice

Adoption of the Report

Close of the Mesting.
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APPENDIX D

REPORTSOF MEMBERS' ACTIVITIESWITH REGARD TO CEMP

This gppendix contains descriptions of Members activities in relation to CEMP that were
submitted to this meeting by participants (Argentina, Audtrdia, Chile, Itay, Japan, Norway, Russa,
UK and usa).

2. In 1991/92 Argentina continued to conduct monitoring of several parameters of predators
usng cCEMP Standard Methods a King George Idand (Stranger Point), Laurie Idand (Mossman
Peninsula) and Antarctic Peninsula (Esperanza Station).  Studies were primarily focused on Adédlie
penguins. A video film “Penguins and Man” has been prepared on basic aspects of the Addie
penguin biology and CEMP sudies by the scientists of Argentina (WG-CEMP-92/43 and 44).

3. Reaults of environmentd effects on predator parameters measured are presented in
WG-CEMP-92/6, 45 and 46. Paper WG-CEMP-92/6 describes the comparison between population
trends of eephant seds, breeding success of Adélie penguins and CPUE krill fisheries in Subarea
48.1. The reationship between breeding success of Adéie penguins and the trend of femde
€lephant sedl's has been found.

4, Augtraia has two mgor programs that concern CEMP. The firg, the “Prydz Bay Addie
penguin/prey stock interaction program”, investigates the predator-prey interaction in the Addie
penguin population of Magnetic I1dand, Princess Elizabeth Land, and its food sources in Prydz Bay.
The following parameters are being studied: Al, A2, A3, A5, A6, A7 and A8. In addition nest-
gpecific survivd, chick growth rates, energy budgets, diving behaviour and foraging location are
being investigated. Data for some parameters have been collected at the site since 1980/81 and the
data are expected to be made available to CEMP a the completion of the current research project
(1992/93).

5. The second Audtrdian project is the deployment at Béchervaise Idand near Mawson Station
of an automated system for weighing and recording tagged birds within breeding colonies. The
system is being used to monitor Adélie penguins, in accordance with CEMP Standard M ethods.

6. The program has the following dements operation of the existing automated monitoring
system; development of methods for determining sex of birds of dl ages but particularly chicks
evauation of the performance of the birds when carrying various accoutrement associated with the
program including flipper bands, dectronic tags glued to feathers, radio or satellite tracking devices



etc.; evauation of the results obtained by the automated system by comparison with smilar data
gathered by manua means as described in the cEMP Standard Methods; studies on the food and
foraging area by satdlite tracking of the birds in the monitored colony; evaduation of new tagging
systems including implanted tags for ease of goeration, for least traumato the birds and least effect
on the monitored parameter; and ingdlation of the full monitoring system at a number of additiond
stes aong the coast.

7. In the 1991/92 season Chile had carried out the following scientific programs at the Cape
Shirreff gte:

()  censusand population structure of the Antarctic fur sed population including tagging of
sedls;

(i)  reproductive performance and mother-pup interaction in the Antarctic fur sed
population;

(i) census of penguins and flying birds during breeding season; and

(iv) collection of cartographic and environmenta data.

In addition, a census of populations of the Southern eephant sed and the Weddell sed was
conducted.

8. The Indituto Antartico Chileno has ingtdled on the east side of Cape Shirreff a fibreglass
module as amodern facility for scientists conducting CEMP studies.

9. On Ardley Idand, studies of seabird populations were carried out in 1991/92 and will be
continue in 1992/93. Observations of birds during the early nesting period were conducted in
October 1991 and will be repeated in October 1992. Banding of penguins and storm petrels was
a0 continued. These studies had been done by scientists of the Facultad de Ciencias, Universdad
de Chile, with the support of the Indtituto Antartico Chileno.

10.  In cooperation with the United States AMLR Program, scientists from the Indtituto Antartico
Chileno took part in the census of Antarctic fur sed colonies on the South Shetland Idands. The
Chilean research vessdl, Capitan Luis Alcazar was used for this purpose.

11.  Studies by Itdy of interest to CEMPin 1991/92 were directed primarily a genetic variability
of zooplankton community in the Straits of Magdlan and the Ross Sea Some studies were o



focused on peagic species, in paticular, on Euphausia superba in the Ross Sea by usng
hydroacoustic methods.

12.  Itay aso continued to use ‘biomarkers for assessng different agpects of human impacts on
the Antarctic ecosystlem. These sudies are amed a developing non-destructive methods of
sudying higher vertebrate animds, particularly birds and marine mammals.

13. Jgpan continues to monitor the annua trends in breeding population size of Addie penguins near
Syowa Saion. Studies on Addie penguins will be conducted in the Indian Ocean Sector in
cooperation with Austraiain 1992/93.

14.  Jgpan continues to investigate the biology and population sze of minke whaes through
selective catching in Southern Ocean. Studies of krill ecology in relation to hydrologica parameters
as well as survey design will dso continue.  Jgpan intends to continue cooperative work on CEMP
monitoring.

15.  For the time being Norway has no ongoing program directly related to CEMP. There are,
however, proposals for a study of population ecology of seabirds (Antarctic petrel and south polar
skua) a Svathammaren Dronning Maud Land as pat of the Norwegian Antarctic Expedition
1992/93. Also, avist to Bouvet Idand will possbly be included in the expedition with a program of
direct relevance to CEMP.

16. The Russan Federation did not conduct in 1991/92 any research on parameters of
predators in accordance with CEMP Standard Methods. Ingtead, scientific effort of the Russan
scientists was concentrated on studies of prey species, namdy krill.  Scientists from the Ukraine
took part in some of these studies. Two scientific observers conducted observations on board krill
fishing vessdsin Satidtica Area48.

17.  An acoudic survey of krill distribution together with trawl sdectivity was carried out in the
area to the north of the South Orkney Idands (Subarea 48.2). Krill trawl sampling was adso
conducted in South Georgia and Shag Rocks waters (Subarea 48.3).

18.  Kirill movement rates and resdentiad time were studied in a survey which took place in
Statistical Area 48 and adjacent waters. Results of these studies were submitted for consideration
by wG-CeEMPin the following papers WG-CEMP-92/30, 31, 32, 33, 34 and 35.

19.  Pans for the next season include, in particular, an acoudtic/trawl survey in Statistica Area
48.



20.  The United Kingdom land-based research in support of CEMPis conducted at Signy Idand,
South Orkney I1dands, and Bird Idand, South Georgia. At Signy Idand, parameters A3 and A6 are
monitored for Addie, chindrgp and gentoo penguins, and breeding success continues to be
monitored for Cape (and snow) petrels. At Bird Idand, parameters currently monitored are A1,
A3, A6, A7, A8 (macaroni penguin), A3, A6, A7, A8 (gentoo penguin), B1 to B3 (black-browed
abatross), C1 and C2 (Antarctic fur sed). In addition, comprehensive demographic programs are
conducted annualy on grey-headed and wandering albatrosses and Antarctic fur sed. Some
standardised demographic data are obtained annualy for gentoo and macaroni penguins.

21. A three-year program of directed research, involving use of implanted recorders to measure
heart-rate (and other parameters) in free-ranging gentoo penguins, black-browed abatrosses and
Antarctic fur sedls, to estimate activity-specific energy budgets both on land and at sea, was started
in 1990/91. At-sea activity budgets and foraging trip durations of abatrosses were derived from
data on foraging patterns (using satdlite tranamitters) and chick growth rates during a pilot study in
1991/92 for a three-year program sarting in 1992/93. The research cruise planned to investigate
predator-krill interactionsin detail has been postponed to 1993/94.

22. Of paperstabled last year, WG-CEMP-91/18, (J. Zool. (1992) 227:211-230), WG-CEMP-91/19
(Acta XX Cong. Int. Orn. (1991): 1393-1401, WG-CEMP-91/20 (Condor (1992) 94. 636-645),
WG-CEMP-91/21 (Can. J. Zool. (1990) 68: 2209-2213), WG-CEMP-91/22 (J. Mammal. (1991) 72:
202-206) and WG-CEMP-91/24 (J. Anim. Ecol. (1991) 60: 577-592) have dl been published.
Paper WG-CEMP-91/23 is dill in press in Can. J. Zool.. Papers tabled this year relate to the
completion of current work on diving pattern and performance in gentoo and macaroni penguins
(WGCEMP-92/37: Auk, in press;, WG-CEMP92/38: J. Zool., in press), to the recent survey of the
digtribution and abundance of Antarctic fur seds a South Georgia (WG-CEMP-92/39; Antarct. Sci. in
press), to the effect of maternd age on birth date and perinata period in Antarctic fur seds (WG
CEMP-92/40; J. Zool., in press) to the relaive influences of maternd and environmenta characterigics
on fur sedl pup sSze and growth (WG-CEMP-92/41; Symp. Zool. Soc. Lond., in press) and to an
overview of environmental changein rdation to seabird, sed and whale populations (WG-CEMP-92/42;
Phil. Trans. Roy. Soc. Lond., in press).

23.  Although there has been no UK research aimed directly at CEMP prey monitoring, a fish
stock assessment survey around South Georgia in January 1992 provided some observations that
give an indication of the gtatus of krill in this area. Acougtic survey tracks between the randomly
located fishing Stations over the South Georgia shdf indicated that krill were widespread over much
of the area. The standing stock of krill gppeared to be subgtantialy higher than at the same timein
1991.



24.  Andyss of the somach contents of the mackerd icefish, Champsocephalus gunnari,
indicated that a larger proportion of the fish were feeding on krill than in 1991. The proportion of
fish ssomachs that contained krill was smilar to that observed on previous surveys, prior to 1991,
when krill had been plentiful. A further analyss of these results will be presented to the 1992
meeting of the Working Group on Fish Stock Assessment (WG-FSA).

25.  United States CEMP related activitiesin 1991/92 conssted of three components:

() land-based predator studies at Sed Idand, near Elephant Idand and a Pamer
Station, Anvers Idand;

(i)  repeated surveys of hydrographic conditions, phytoplankton production, and krill
abundance and digtribution in the waters surrounding Elephant Idand; and

(i)  censusof Antarctic fur sed colonies of the South Shetland Idands.

26. At Sed Idand, directed research and monitoring activities were conducted on fur sedls,
chingtrgp penguins, and macaroni penguins.  The following parameters were monitored; A5, A6a
and c, A7, A8, A9, C1, and C2. In addition, directed research was completed on automated
weighing of nesting penguins to determine food load ddlivered to chicks.

27. At Pdmer Station, parameters A3, A5, A6ab and ¢, A7, A8, and A9 were monitored for
Addie penguins. This was conducted in conjunction with the Nationad Science Foundation’s long-
term ecological research project.

28.  Two 30-day cruises were conducted aboard the NOAA Ship Surveyor from mid-January to
mid-March, 1992. Chlorophyll-a concentrations, primary production rates, organic carbon
concentrations, phytoplankton species compositions, nutrient concentrations, and solar irradiance
were messured and mapped around Elephant 1dand. In addition, the distribution and abundance of
krill were messured using sampling nets and acoustic instrumentation.

29.  Census of fur seds were conducted at Elephant, King George and Livingston Idandson 19
January 1992 and 21 to 25 February 1992. The objectives were to count seals at known rookery
dtes and to identify newly-established and previoudy unknown colonies. Counts were made by
investigators walking dong the periphery of the colonies. A total of eight colonies had been
previoudy identified and were counted during this census. Two additiona Stes, where evidence of
fur seal breeding had been reported earlier, were aso surveyed.



30.  Anticipated fidd work in 1992/93 will include penguin and fur sed monitoring and directed
research a Sed Idand and penguin monitoring a Pdmer Station.  Shipboard surveys of
hydrographic conditions, phytoplankton production, krill digtribution and abundance, krill
demography will be conducted around Elephant Idand.
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JOINT MEETING OF THE WORKING GROUP ON KRILL
AND THE WORKING GROUP FOR THE CCAMLR
ECOSYSTEM MONITORING PROGRAM
(Vinade Mar, 5to 6 August, 1992)

(Convener’ s and Rapporteurs Summary)

INTRODUCTION

The following report was prepared by the Convener of the Joint Meeting, Mr O. @stvedt (Scientific
Committee Chairman) and by the Conveners of the Working Group on Krill (waKrill) and the
Working Group for the CCAMLR Ecosystem Monitoring Program WG-CeEMP), Mr D.G.M. Miller
(South Africa) and Dr JL. Bengtson (UsA) respectively. It provides a summary of the meeting's
discussions and agreed conclusions.

MEETING OBXECTIVES

The mgor objective of the Joint Meeting was to facilitate interaction between wGKrill and WG-CEMP
on matters of common concern.

INFORMATION REVIEW AND EVALUATION

Krill Requirement of Predators

1. Krill Escapement

In the pagt there has been some confuson concerning the meaning of the term “krill
escgpement”. This appears to have arisen primarily from the use by wakirill of the ad hoc
discount factor d inits caculation of krill yidd which, by implication, takes some account of
the amount of krill needed to escape from the fishery in order to meet predator demands.
WGKrill has noted that such demands would to a large extent be implicitly assumed in the
krill naturd mortdity function M aso used in the cdculation of potentid yied. waKrill had
effectively done avay with d by refining the estimation procedure. Consequently it was felt
that it would be helpful to provide the following explanation of what is specificaly meant by
“escapement” (based on the definition provided by wGKrill a its most recent meeting) in the

425



426

context of accounting for the krill requirements of predators and with a view to improving
understanding of information required from WG-CEMP.

A schematic representation of the concepts conddered are given in Figure 1. The
digtribution of krill biomass in the aisence of fishing is depicted by the solid curve. Biomass
(B) is expressed as proportional escapement B/K), where K is the average biomass in the
absence of fishing. Naturd fluctuations in recruitment from year to year lead in turn to
fluctuations in biomass and hence account for the digtribution in B/K shown, rather than B
being exactly equa to K.

Once fishing occurs, this biomass didtribution shifts to the left and its shape may broaden
(see dashed curve). The heavier the levd of fishing, the greater the shift and the broadening.
When conddering the effect of fishing on predators, it is not the extent of the shift (related to
the average proportiona escapement, By¢/K) which is the most important. Rather, it is the
lower tall of the digtribution, since it is occurrences of especidly low biomass that are the
most likely to impact on the hedlth of predator populations. 1t must be noted for the example
illugtrated, thet if the “criticd” level below which predators are deleterioudy affected is as
shown, there is a much greeter likelihood of this occurring in the presence of fishing because
a much greater fraction of the area under the dashed curve liesbelow this“criticd” leve than
isthe case for the solid (no fishing) curve,

The explanation presented above emphasises the need to consider critical levels of predator
performance in relaion to escagpement of krill from the fishery in the devdopment of
operationd definitions to address the requirements of Articlell.

Functiona Relationships Between Krill and Predators

Following on from (1) above, an initid gpproach to improve information on functiond
relationships between krill availability (i.e, aundance plus didribution) and predator
performance was developed. This is atached as Appendix 1. It was emphasised that the
assumptions underlying the approach are by necessty smplistic and animportant component
of the modelling exercise would be to test ther vdidity.

Action: Initition of modeling in accordance with suggestions contained in
Appendix 1.



Krill Biomass Versus Avallahility

In consdering krill biomass (abundance) and availability (abundance plus digtribution) in
relaion to interactions with predators, krill avallability is likey to be the more important.
This digtinction needs to be taken into account in the development of modds rdating krill
yidd to functiond reationships between krill and its predators (see dso (2) above and
Appendix 1). In the interests of amplicity, however, the devdopment of models of
functiona relationships between predators and krill should focus initidly on krill doundance in
relation 1o predator consumption aone. Modds addressing the problem of krill avalability
specificaly would condtitute a subsequent refinement to theinitia gpproach.

Action: Existing data should be andysed as an initid step in addressing the problem
of krill abundance versus availability
Predator-prey surveys should be implemented.
The problem should be consdered in subsequent refinements of the
modelling gpproach identified in (2) above.

Refining Functiond Relaionships

It was agreed that the natura varigbility in predator performance and krill availability, caused
by fluctuating environmenta conditions, offered “naturd experiments’ within CEMP. Viewing
these natural experiments in a predictive context could assst in understanding inter- and
intra-annua patterns in interactions among predators, prey, and environmenta conditions.
Waysto evauate the impact of natural experiments should be considered.

It was dso agreed that large variability in predator performance and environmenta
stochasticity complicate the task of differentiating between changes caused by naturd
phenomena and those attributable to fishing. For example, the physica environment (eg.,
searice) affects predators directly as well as indirectly through their prey. Although some
form of experimentd harvesting regime may conditute the only way whereby functiona
relationships between krill, predators, environment and fishery could be determined, such a
regime would have to be carried out over a number of years to take full account of the high
levels of variability aluded to above. Such experiments may form part of a more generd
gpproach to the quegtion of separating natural from fishery induced changes. There may,
however, be other methods for refining functiond relationships which do not require
elaborate experimentd designs.
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If such experiments are to be conducted, their design must be carefully evauated in advance.
This would require some form of modelling approach which should attempt to evduate the
datigtical precison necessary to quantify the detection of harvest induced changesin addition
to provide some assessment of associated practical congderations.

Conclusons.  The role of experimenta harvesting regimes to establish functiond links
between krill, predators, environment and fishery should be thoroughly
examined.

Action: Detailed descriptions of possble experimentd harvesting regimes should be
provided and their efficacy evauated.
Strategic moddling should be deveoped to evduae the datidticd
performance and cost-effectiveness of possble experimentd harvesting
regimes and in refining esdimates of functiona relaionships between krill
avallability and predator performance.

Potential Overlap of Krill Fishing and Predators
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Congdering Predator Demands in Subarea Allocation of Catch Limits

In developing an gpproach to the possible future alocation of the precautionary catch limit of
1.5 million tonnes of krill to areas within Statistical Area 48, one option consdered by WG
Krill focused on the need to take explicit account of predator demands. Doubts not only
surround the possibility of obtaining gross estimates of the krill demand for important
predators in various parts of Statistical Area 48, the incluson of land-based predators alone
in such estimates was questioned. Similarly, athough localised stuations could be used, their
relationship to whole gatistica subareas may be difficult to evauate. Consequently, WG
CEMP was requested to give careful consideration to the matter as a whole with a view to
evauating the overdl gpplicability of incorporating information on predator demands into the
dlocation of krill catch limitswithin satisticd subaress.

Action: Some crude estimates of the krill demands of predators by Subarea should
be provided.
The feagbility of utilisng such information in the dlocation of precautionary
catch limits should be investigated.



Timing and Location of Fishery

The vdue of haul-by-haul data in determining the location of krill fishing activities was
emphasised, particularly with respect to identifying areas of overlgp between the fishery and
land-based predators. Reports from the Chilean and Russan fisheries were welcomed. The
submisson of such data to CCAMLR, where possible, was encouraged. Problems
experienced by some fishing countries in supplying such data were noted.

Action: The submisson of haul-by-haul data from the krill fishery from dl aress
fished should be encouraged.

Diaogue on Operationa Characterigtics of the Krill Fishery

The ongoing dia ogue between fishermen, fishing operators and scientists involved with issues
pertaning to the krill fishery was found to be extremey useful in improving current
undergtanding of the fishery’s dynamics and its operationd characteristics. This enhanced
undergtanding is likely to facilitate consderation of various gpproaches to management in the
future and would ensure that such approaches take explicit account of the needs of both the
commercid fishery and predator requirements.

Krill “Surplus’

The continued use of the term “krill surplus’ is not encouraged since it refers specificdly to
the dated concept that krill formerly esten by baeen whales are now available to the rest of
the system, induding the fishery. Current thinking on ecosystem dynamics suggests that this
concept is ampligtic and, given other priorities in the work of WG-CEMP in paticular, it was
fet that it would be ingppropriate to assgn a high priority to undertaking further anayses of
essentialy higoric krill-whale interactions. It was noted, however, that individud scientists
may find some utility in usdng higtoric esimates of krill by whdes in a smple accounting
exercise to evauate the possible reconciliation of such gross limits of krill production with
more recent estimates of krill abundance.

Action: Individud scientists should undertake smple accounting exercises to
compare historic whae consumption figures with recent estimates of krill
abundance.
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KRILL, FISHERY AND PREDATOR DATA
IN MANAGEMENT DECISIONS

Development of Approaches for Feedback Management

10.

CEMP Experimenta Approach

Although the experimenta gpproach has been integra in the development of CEMP, it was
agreed that it would be useful to formulate a more forma statement of how this gpproach
might be implemented in practice. The establishment of some form of experimentd fishing
regime (see (4) above), with both trestment and control areas was thought to offer a useful
way to demondrate causeleffect relationships between potentiad fisheries impacts and
predator performance. Even though it is expected that it would be some time before
experimental harvesting regimes can be implemented, some consderation should be given to
ensuring that CEMP is conducted in such away as not to preclude the possibility of initiating
specific experiments in the future. Furthermore, as the movement of krill between various
aress is likely to be a factor in the design of any experiments that may be undertaken, the
advice of wGKrill should be sought in identifying potentid treatment and control areas. The
initiation of monitoring to establish suitable basdines in such areas requires congideration.

Action: CEMP s experimenta approach should be formdised in practicd terms.
The development of strategic models should be encouraged in order to
evduate the datigticd performance and cod-effectiveness of posshle
experimental harvesting regimes desgned to distinguish between naturd
variation in predator performance and effects due to fishing.

Feedback Mechanisms for Management Advice

Indices of various measures of predator performance are being caculated annudly by CEMP.
It was agreed that it would be helpful for CEMP to condder criteria that might be used to
specify levels of change or the magnitude of trends to be used in the initiation of management
measures (see aso discussion under (1) above). There is aso a need to develop an
gopropriate mechaniam to include information forthcoming from CEMP in the formuletion of
management advice on the krill fishery. It was noted that measures could be proposed
regardless of whether changesin predator performance could reasonably be attributed to the
fishery or whether such measures were deemed necessary to avoid having the fishery



11.

exacerbate a dtuaion induced by factors independent of the fishery (eg., by naturd
environmenta fluctuations).

WG-CEMP was a0 requested to congder the feasbility of using a dynamic dlocation scheme
to dlocate krill catch limits in various areas. Such alocation would be based on various
measures of predator performance within such areas. The scheme would contrast with more
datic gpproaches, such as outlined in (5) above, where catches would be limited on the
basis of the prey requirements of predators in each Satistica subarea. Dynamic dlocation of
catch levesislikey only to be possible post hoc rather than anticipatory.

Action: The possble use and predictive goplicability of employing dynamic
dlocation of krill caich levels based on predator performance should be
investigated.

Simulation gpproaches should be developed to investigate the performance
of and the decison rules underlying the incorporation of CEMP information
into the formulation of management advice.

Precautionary Management Measures

It was noted that dthough attempts should be made to undertake the best scientific
evauations possble a this time, the information necessary to make such evauations varies
from a totd lack of relevant data to data exhibiting consderable inherent variability. This
range of information renders it necessary at times to formulate management advice based on
a limited understanding of the datus of, and interactions between various ecosystem
components.  In addition, in certain instances when the necessary data are available the
decison rules necessary for ther incluson into management advice are lacking. It was
therefore agreed that WG-CEMP should consider a precautionary approach to management
adong with an accompanying mixture of measures which could be applied in zones where, or
for criticd times when, there is dgnificant overlap between the fishery and land-based
predators (particularly during foraging). Such consideration should take account of

()] the needs of the fishery;

(i) higtoricd catch levels,

(i)  potentid impacts of fishing on predators,

(iv)  potentid control/experimenta Stesfor an experimentd fishing regime;

v) uncertainty in knowledge concerning functional relationships between predators,
prey, and the environment; and
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()  minimigng the possbility that adverse impacts on the ecosystem occur.

Action: Additiond messures to minimise potentidly deleterious effects of fishing
confined within the foraging ranges of vulnerable land-based predators
should be formulated and evaluated.

Information Required from waKiill

12.

13.

432

Fishery Data

The continued submission of haul-by-haul data from areas within 200 km of land-based
predator Stes was again encouraged. Similarly, continued didogue within WGKrill was
encouraged (see (7)). The need for fine-scale reporting of catches from subareas other than
those dready identified in Statistical Area 48 and the CEMP ISRs was recognised. Thereis
aso a need for demographic information (length, sex ratio, maturity stage, etc.) on krill

caught in the fishery, particularly close to land-based predator sites (i.e., especialy within the
ISRS)

Action: Encourage submisson of haul-by-haul data from the fishery within a least
100 km of land-based predator Sites.
Encourage the deployment of scientific observers aboard fishing vessds to
expedite the above.
The fine-scale reporting of fisheries data from datistical areas other than
Statigtica Area 48 should implemented.

Fishery Independent Data

Estimates of krill abundance and didtribution in the 1SRs should be encouraged and produced
on an ongoing basis. In this connection, some time may be required to implement the
predator-prey surveys as recommended by WGKrill's ad hoc Subgroup on Survey Design.
The importance of krill movement in estimates of abundance and particularly krill availability
was reiterated.

Action: Continued updating of krill abundance estimatesin the ISRs.
Krill abundance surveys to be carried out to cover complete ISRs.



Predator-prey surveys to be implemented usng the recommended
procedures.

Coordination of WG-kKrill and WG-CEMP Activities

14.

15.

Enhanced Coordination

It was agreed that the Joint Meeting of wWGKrill and wG-CEMP had been a useful forum for
promoting a dialogue on issues of common interest. In particular, very fruitful discussons
had arisen as a result of persona contact between those with knowledge of predator
biology, krill biology and the fishery. The meeting dso provided an opportunity for
modellers o be included in such discussons on, particularly on the costs of developing of,
the mogt fruitful approaches to addressing deficiencies in knowledge on interactions between
predators, krill and the fishery. This deployment of a wide range of scientific skillsin one
place was seen as being particularly beneficid to the ongoing work of both wGKrill and WG
CEMP.

Action: Possible future opportunities to continue a close didogue between the two
Working Groups should be provided

Coordinating the Formulaion of Management Advice

As the work of wGKrill and WG-CEMP has progressed, areas of overlap between the two
groups in relaion to the formulation of management advice to the Scientific Committee have
been increasingly identified.

In particular, the modelling approach outlined in Appendix 1 was seen as an important first
step in a process to augment current understanding of interactions between predators, the
environment, krill and the fishery. The need for further modelling both as part of, and outside
CEMPwas highlighted. Such moddling would improve knowledge on functiond relationships
(see (2)) aswell as provide some basis for decision rules to account for the incorporation of
information from CEMP into the formulation of management advice.

Action: Both wG-krill and we-CEMP should continue to consder the most effective
ways of coordinating their management advice.



16.

Liaison Between Working Group Conveners

To facilitate communication between the Scientific Committee' s three working groups, it is
important that the Conveners of the respective groups should be in contact with each other.

Action: The Conveners of the Working Group on Fish Stock Assessment
(WGFsA), wGKrill and wG-CEMP will meet immediatdy prior to the 1992

annud medting (SC-CAMLR-X, paragraph 12.4).
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Figure 1:

Effect of fishing on the frequency digtribution of B/K.




APPENDIX 1

AN INITIAL ANALYS SOF THE EXTENT TO WHICH

DIFFERENT LEVELSOF FISHING ON KRILL MAY
AFFECT PREDATOR POPULATIONS

SCHEMATIC REPRESENTATION

recruits resdua natura mortality
\ ? fishing
Krill > L L
consumption by predator
recruits naturd mortaity
Predator — p» > >
time ---------- Do year 1 ------------ Demmmmmmemmeeaa year 2 --------------

Figure 1

FACTORSTO BE TAKEN INTO ACCOUNT

The diagram in Figure 1 above indicates the inputs and outputs (“births’ and “deaths’) to be taken
into account in moddling the demography of the krill and predator populations and their interaction.
The details given below are intended as a broad description (rather than a full specification) of the
minimum number of factors which need to be taken into account in the first step in this process. This
fird gep is intended primaily as a learning exercise, following which gregter redism can be
incorporated into the modd.



The Krill Component

The mode for the krill population should be a amilar but possibly dightly smplified verdon of that
used to explore potentid yidd posshilitiesin wG-Krill-92/4. Key elements are that recruitment must
include a stochastic component, and that the model must be age-structured. Integration over prior
digtributions for parameters whose values are uncertain can be ignored for the moment.

Hshing mortdity could be moddled as a fixed annud caich. In wGKrill-92/4, the krill naturd
mortdity raae M was conddered to be fixed in time. This will now be partitioned into two
components.  the one, the resdua naturd mortaity M’) arisng from pedators other than the
Species congdered, is to be treated as fixed in time; the other, arigng from consumption of krill by
the predator under consideration, will vary in time depending on the size of both the predator and the
krill population.

The Predator Component

Both the “inputs’ and the “outputs’ in the modd of the predator population (which must dso be age-
structured) can be consdered as survivd rates. The rdation of the “adult” surviva rate to naturd
deaths is straightforward, but the ‘juvenile’ surviva rate should be seen to include the effects of
pregnancy rate as well asthe higher than average mortdity rate early inlife.

The key concern is the nature of the functiond relationships between these surviva rates and krill
abundance, which should have the generd form indicated in Figure 2, i.e. these rates saturate at high
leves of krill abundance (the per capita consumption rate of krill by the predators would aso
saturate at these levels).
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As an initid approach, it may be smplest to specify these rdationships as indicated in Figure 3,
where K isthe average krill dbundance (i.e., biomass) in the absence of fishing, and a isthefraction
of K below which the lesser abundance of krill gtartsto impact on the predators. Two vauesof a
need to be specified: a ; (for the juvenile surviva rate) and a , for the adult survivd rate. Because
recruitment is likely to be affected before adult mortdity as the krill biomass declines, typicdly a , <
a,;. Vduesof a;and a, can beinfered from the didribution of krill biomass in the abbsence of
fishing. For example given the obsarved rdative frequency of “bad” and “good’ years for
recruitment, a ; could be chosen so that the ratio of the areas above and below a ; K which lie
beneeth this digtribution curve match the observed rdative frequency. (Note that dthough Figure 3

is drawn in a manner which indicatesthat a = 1, circumstances for certain predators may be such as
leedtoavdueof a > 1))

urvivd rate

aK K
krill abundance
Figure3
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Responses in both adult and juvenile survivd rates are seen as necessary components of an initia

modd. At a later stage, the effect of a stochastic component in these functional response
relationships could be investigated; this could provide a means to take account of the fact that land-
based predators react to locd krill availability, which may not be synonymous with krill @bundancein
alarger area. Another subsequent refinement of the mode might be consderation of breeding space
limitations as well as food avallability as alimiting factor for the predator population.

INFORMATION REQUESTED FROM WG CEMP

Rather than attempt to consder some abstract “ average predator”, models should be devel oped for
two or three choices of an actuad predator species. These species should be sdlected o that their
adult survival rates span a reasonably wide range, and information on breeding success and adult
mortdity variationsis available over areasonable period of time.

The information required for each predator species chosen is asfollows:.

()  adult average annud survivd rate (i.e. the largest survivd rate vaue in the Figure 3 plot
for adults);

() age-at-fird breeding;

(i)  categorisation of years with observations across a spectrum from bad to good from
the viewpoint of the predator; thus, for example, if three categories are chosen, these
might correspond to:

“good” -  both breeding success and adult surviva good
“poor” - breeding success poor, but adult surviva unaffected
“bad” - both breeding success and adult surviva poor.

In addition, with future modd eaboration to dlow for seasond effects in mind, information on the
breeding season for each of the predators selected should be provided.
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STATUSAND TRENDS OF ANTARCTIC
AND SUB-ANTARCTIC SEABIRDS

Dr J. Croxdl, Bird Biology Subcommittee
Working Group on Biology, SCAR

In 1988 at the request of CCAMLR the Subcommittee reviewed the status and trends of
Antarctic and sub-Antarctic seabirds and published its conclusions (Cormorant 16: 138-158
(1988)). In 1990 ccAMLR indicated that it wished again to congder this topic in detall at its 1992
meeting and invited the Subcommittee to update the 1988 review. The Subcommittee undertook
this review a the meeting of XXIlI SCAR a Bariloche, Argentina in June 1992. Members and
observers present are listed at Appendix 1.

2. Three sources of materid for this review were available at the meeting. Firdt, data on the
forms provided by cCAMLR (listed at Appendix 2). Second, data from the published literature (see
reference list) and third, persona communications from scientists present at the meeting.

3. Concern was expressed over the CCAMLR forms in that independently of circulaion via the
Secretary of the Bird Biology Subcommittee, CCAMLR had dso provided these forms to individua
researchers, some of whom had replied direct to CCAMLR rather than to the Bird Biology
Subcommittee.  This had resulted in some submitted data (e.g., for Japan) being unavailable for
review at this meeting. The forms themselves were dso fet to be too complicated. In particular
they seemed to be designed to acquire primary data from research studies, rather than achieving a
summary of the conclusions of these. Thiswas fdt to be ingppropriate and potentially mideading.

4, The main data reviewed by the Subcommittee are summarised in detail, by species and Ste
or area in Table 1 and Appendix 3. The emphass here is on data newly available since the 1988
review for sites where at least two comparable counts are available. However, many of the more
sgnificant longterm datasets are dso summarised, whether or not new data are available. 1t should
be noted thet, particularly for Antarctic Peninsula penguins, substantia additiona relevant historical
data can be found in Croxall and Kirkwood (1979) and Poncet and Poncet (1985 and 1987).

5. In its discusson of these data the Subcommittee emphasised that most data, even from
exactly the same dte, derive from a few counts widely separated in time. Breeding populations of
mog, if not dl, Antarctic and sub- Antarctic sesbirds show substantia natura fluctugtions. Different
gpparent ‘trends’ can be produced by the selection of particular years from a longterm dataset (see
eg., Trivdpiece et al., 1990) and thus interpretations from fewer, more digunct data can be



mideading. In addition, interpretation of essentialy the same data can be substantidly different, as
for southern giant petrels a lles Crozet (Voisin, 1988; Bretagnolle et al., 1991; Voisin, 1991).
Thus the ‘changes indicated in the tabulation should not necessarily be taken as evidence of
systematic population change. The source documents, particularly the published papers, should be
consulted in conjunction with this summary.

6. The Subcommittee offered the following generd conclusons

0]

(i)

(ii)

)

v)

()

(vii)

For many species of Antarctic and sub-Antarctic seabirds, data are generdly
Inadequate to make any accurate assessment of population trends a any dte in the
region. For most other species, adequate data exist for only one or two stes. Only
commitments to continuous longterm studies will remedy this Stuation.

Of species for which adequate data exist for at least one Site, most are currently
fluctuating gppreciably around abascaly sable leve, or increasng dightly.

The king penguin is the only species for which sgnificant population increases are
currently teking place a mog, if not al, breeding locdities. These increases are likely
to reflect changes in the species biologica environment, presumably involving their
main prey, myctophid fish.

Addlie penguins have increased steadily in the Ross Sea since 1982. Populations are
generdly sable dsewhere, induding a Stes where ggnificant population increases
occurred between the [950s and 1970s.

Chingrgp, and possbly macaroni, penguins, which showed subgtantid locd or
regiond population increases in the 1950s through 1970s are now stable or, a mogt,
dightly increesing.

There is less evidence than previoudy that species are continuing to increase in
numbers because of increased avalability of refuse in the vicnity of Sations
Treatment of human refuse, dthough much improved, dill needs atention, especidly
when the potentid man beneficiaries are predatory species whose population
increases will beto the likely detriment of other birds.

The southern giant petrd and nearly al abatrosses for which adequate data are
avallable are decreasing a most or dl sub-Antarcticidands. The southern giant petrel
has decreased significantly a dl breeding Stes on the Antarctic continent but he
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Tablel:  Changesin populations of Antarctic and sub-Antarctic seabirds.

Species Site Years of Data Mean Annual Change Reference
Y ear %
Emperor penguin Pointe Geologie 1952, 1958, 1962-1986 1975-86 -75 Jouventin and Weimerskirch, 1990
King penguin Crozet 1962, 1965, 1981, 1986 1962-86 -0.4* Jouventin and Weimerskirch, 1990
1962, 1967, 1981, 1986 1962-86 +7.3 Jouventin and Weimerskirch, 1990
1967, 1981, 1986 1967-86 +104 Jouventin and Weimerskirch, 1990
Kerguelen 1962, 1985 1962-85 +6.3 Jouventin and Weimerskirch, 1990
1962, 1985 1962-85 +7.2 Jouventin and Weimerskirch, 1990
1974, 1985 1974-85 +19.6 Jouventin and Weimerskirch, 1990
Heard (Spit Bay) 8y 1963-1988 1963-88 +25.5 Gales and Pemberton, 1988
Macquarie 1930, 1980 1930-80 +6.9 Rounsevell and Brothers, 1984
South Georgia 1914, 1946, 1976, 1986 1976-86 +5.0 Croxdl et al ., 19838
Adélie penguin Cape Bird 1965-70, 1974-87 1982-88 +10.1 Wilson, 1990
Cape Hallett 1981-87 1981-82 +9.9 Taylor et al., 1990
Beaufort | 1981, 1983-1987 1981-87 +6.1 Taylor et al., 1990
Franklin | West 1981, 1983-1987 1981-82 +85 Taylor et al., 1990
Pointe Geologie 1958, 1984 1958-84 +2.1 Jouventin and Weimerskirch, 1990
Windmill Is 1961, 1971, 1989 1961-71 +9.6 Woehler et al., 1991
1971-89 +0.8 Woehler et al., 1991
Signy Island 4y 1948-1979 1948-79 +3.6 Croxall et al ., 1981
1979-1992 1979-92 +04 Croxall et al., 1988 and unpubl.
Admiralty Bay 7y 1977-1986 1977-86 +0.2 Trivelpiece et al., 1990
Chinstrap penguin Admiralty Bay 7y 1977-1986 1977-86 -31 Trivelpiece et al., 1990
Signy Island 4y 1948-1979 1948-79 +7.3 Croxall et al ., 1981
1979-92 1979-92 -01 Croxall et al., 1988 and unpubl.
Bouvetoya 4y 1958-1978 1958-78 +14.6 Bakken, 1991
1979, 1990 1978-90 -7.6 Bakken, 1991
Half Moon Is 1965, 1990 1965-90 +15 Favero and Silva, 1991
Harmony Pt 4y 1964-1988 1964-88 +5.5 Favero et al., 1991
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Table 1 continued

Species Site Y ears of Data Mean Annual Change Reference
Y ear %
Gentoo penguin Crozet 1970, 1985, 1986 1970-86 -20 Jouventin and Weimerskirch, 1990
Heard | 1952, 1987 1952-87 +25 Woehler, 1991
Signy | 1979-1992 1979-92 +2.1 Croxall et al., unpubl.
Harmony Pt 6y 1903-1988 1903-88 +5.4 Favero et al., 1991
Macaroni penguin Kerguelen 1962, 1985 1962-85 +0.7 Jouventin and Weimerskirch, 1990
Bird I, South Georgia 1958, 1977 1958-77 +9.7 Croxall and Prince, 1990
1977-1992 1976-92 -0.7 Croxall et al., unpubl.
Bouvetoya 5y 1958-81 1958-81 +17.1 Bakken, 1991
1979-1990 1979-90 -09 Bakken, 1991
Wandering albatross Bird I, South Georgia 1976-1992 1976-92 -10 Croxall et al., 1990 and unpubl.
Possession |, Crozets 5y 1960-85 1960-85 -24 Jouventin and Weimerskirch, 1990
Cochon I, Crozets 3y 1964-1981 1964-81 -20 Jouventin and Weimerskirch, 1990
Kerguelen 1971, 1985 1971-85 -5.7 Jouventin and Weimerskirch, 1990
Marion | 7y 1974-89 1974-91 -0.7 J. Cooper, unpubl.
Black-browed albatross Crozet 1978, 1986, 1987 1978-87 -31 Jouventin and Weimerskirch, 1990
Bird I, South Georgia 1976-1989 1976-89 +0.8 P.A. Princeet al., unpubl.
Grey-headed albatross Bird I, South Georgia 1977-1990 1977-90 -18 P.A. Princeet al., unpubl.
Southern giant petrel Pointe Geologie 1956-1984 1956-84 -55 Jouventin and Weimerskirch, 1990
Giganteus| 1956, 1985 1956-85 -8.2 Woehler and Johnstone, 1991
Hawker | 1970, 1988 1970-83 -78 Woehler and Johnstone, 1991
Frazier Is 1956, 1983 1956-83 -21 Woehler and Johnstone, 1991
Signy | 4y 1937-1985 1937-85 -6.5 Rootes, 1988
Anvers| ?2-1992 197-92 +? W.R. Fraser, unpubl.
Harmony Pt 1965, 1989 1965-89 +0.7 Favero et al., 1991
Marion | 6y 1985-1992 1985-92 -22 J. Cooper, unpubl.
Heard | 1951, 1988 1951-83 -19 Woehler, 1991
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Table 1 continued

Species Site Years of Data Mean Annual Change Reference
Year %

Northern giant petrel Bird I, South Georgia 1980-1985 1980-85 -7.0 Jouventin and Weimersksirch, 1990
Crozet 6y 1973-1982 1973-82 +4.3 Hunter, 1984
Marion | 6y 1985-1992 1985-92 +4.1 J. Cooper, unpubl.

Antarctic fulmar Haswell | 1963, 1979 1963-79 -18 Woehler and Johnstone, 1991
Rauer | 1981, 1985 1981-85 +10.7 Woehler and Johnstone, 1991
Windmill Is 1962, 1985 1962-84 +35 van Franeker et al., 1990

Antarctic petrel Haswell | 1962, 1979 1962-79 81 Woehler and Johnstone, 1991
Tauer | 1981, 1985 1981-85 -24 Woehler and Johnstone, 1991
wWindmill | 1962, 1984 1962-834 +6.0 van Franeker et al ., 1990

Cape petrel Haswell | 4y 1957-1975 1957-79 -06 Woehler and Johnstone, 1991
Windmill | 1962, 1978, 1984 1962-84 +10.0 van Franeker et al ., 1990
Harmony Pt 1965, 1989 1965-89 +7.6 Favero et al., 1991

Sub-Antarctic skua Bird I, South Georgia 1959, 1977, 1981 1959-81 +3.8 Prince and Croxall, 1983
Signy | 1959-1966, 1983 1959-83 +3.8 Hemmings, 1984

Antarctic skua Anvers| 1974-1990 1974-90 +6.6 W.R. Fraser, unpubl.

Kelp gull Half Moon | 1966, 1991 1966-91 +25 Favero and Silva, 1991
Harmony Pt 1965, 1989 1965-89 +8.1 Favero et al., 1991

Blue-eyed shag Signy | 20y 1948-1981 1948-81 +6.0 Shaw, 1984
Half Moon | 1953, 1991 1953-91 +7.2 Favero and Silva, 1991
Harmony Pt 1965, 1989 1965-89 +34 Favero et al., 1991

* Colony by permanent station.
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ANTARCTIC SEABIRD POPULATION STATUS.
SUMMARY OF REPLIESRECEIVED

APPENDIX 2

Nation Locdlity Species Reviewer
Argentina King George Idand Southern giant petrel N.R. Coria
Argentina Hope Bay Gresater sheathbill N.R. Coria
Argentina Harmony Paint, Nelson | Gentoo penguin M. Favero
Argentina Harmony Point, Nelson | Chingtrap penguin M. Favero
Argentina Harmony Point, Nelson | Southern giant petrel M. Favero
Argentina Harmony Point, Nelson | Cape petrel M. Favero
Argentina Harmony Point, Nelson | Blue-eyed shag M. Favero
Argentina Harmony Point, Nelson | Kelp gull M. Favero
Argentina Harmony Point, Nelson | Antarctic tern M. Favero
Argentina Harmony Point, Nelson | Gresater sheathbill M. Favero
Argentina Potter Pen, King George | Southern giant petrel M. Favero
Argentina Potter Pen, King George | Wilson's storm petrel M. Favero
Argentina Potter Pen, King George | Kep gull M. Favero
Argentina Potter Pen, King George | Antarctic tern M. Favero
Argentina Potter Pen, King George | Sub-Antarctic skua M. Favero
Argentina Potter Pen, King George | South polar skua M. Favero
Argentina Potter Pen, King George | Greater sheathhill M. Favero
Argentina Half Moon Is Chinstrap penguin M. Favero
Argentina Haf Moon Is Cape petrel M. Favero
Argentina Half Moon Is Wilson's storm petrel M. Favero
Argentina Haf Moon Is Blue-eyed shag M. Favero
Argentina Half Moon Is Kep qull M. Favero
Argentina Half Moon Is Antarctic tern M. Favero
Argentina Half Moon Is Greater sheathhill M. Favero
Australia Amanda Bay Emperor penguin E.J. Woehler
Audrdia Auster Island Emperor penguin E.J. Woehler
Audrdia Fold Idand Emperor penguin E.J. Woehler
Audrdia Frazier Idands, Wilkes Land Southern giant petrel E.J. Woehler
Audrdia Kloa Point Emperor penguin E.J. Woehler
Audrdia Mawson Region Addlie penguin E.J. Woehler
Audrdia Mount Biscoe Addlie penguin E.J. Woehler
Audrdia Proclamation Idand Addie penguin E.J. Woehler
Audrdia Prydz Bay Addie penguin E.J. Woehler
Audrdia Rauer Island Addie penguin E.J. Woehler
Augrdia Rookery Idands Addie penguin E.J. Woehler
Audrdia Taylor Glacier Emperor penguin E.J. Woehler
Audrdia Vestfold Hills Addlie penguin E.J. Woehler
Audrdia Windmill Idands Addlie penguin E.J. Woehler
France Addie Land Emperor penguin H. Weimerskirch
France AddieLand Antarctic fulmar H. Weimerskirch
France AddieLand Addie penguin H. Weimerskirch
France AddieLand Snow petrel H. Weimerskirch
France AddieLand Southern giant petrel H. Weimerskirch

15



Nation Locdity Species Reviewer
France Amgerdam Idand Amgsterdam abatross H. Weimerskirch
France Amgerdam Idand Ydlow-nosed dbatross  H. Weimerskirch
France Crozet Idands Gentoo penguin H. Weimerskirch
France Possesson Idand King penguin H. Weimerskirch
France Possession Idand Wandering dbatross H. Weimerskirch
France Possesson Idand Northern giant petrel H. Weimerskirch
France Possession Idand Southern giant petrel H. Weimerskirch
France Kerguden Back-browed albatross H. Weimerskirch
New Zedand CapeBird Addlie penguin K.-J. Wilson
Norway Bouvetoya Addie penguin V. Bakken
Norway Bouvetoya Chingtrap penguin V. Bakken
Norway Bouvetoya Macaroni penguin V. Bakken
South Africa Gough Idand Rockhopper penguin J. Cooper
South Africa Gough Idand Wandering abatross J. Cooper
South Africa Gough Idand Ydlow-nosed dbatross  J. Cooper
South Africa Gough Idand Southern giant petrel J. Cooper
South Africa Gough Idand Sub-Antarctic skua J. Cooper
South Africa Marion Idand King penguin J. Cooper
South Africa Marion Idand Macaroni penguin J. Cooper
South Africa Marion Idand Rockhopper penguin J. Cooper
South Africa Marion Idand Wandering abatross J. Cooper
South Africa Marion Idand Grey-headed dbatross  J. Cooper
South Africa Marion Idand Northern giant petrel J. Cooper
South Africa Marion Idand Southern giant petrel J. Cooper
South Africa Tristan da Cunha Ydlow-nosed abatross  J. Cooper
Spain Deception Idand Chingrap penguin J. Moreno
United Kingdom  South Georgia King penuin JP. Croxal
United Kingdom  Signy Idand Addie penguin JP. Croxal
United Kingdom  Sgny Idand Chinstrap penguin JP. Croxall
United Kingdom  Signy Idand Gentoo penguin JP. Croxal
United Kingdom  Bird Idand, South Georgia Gentoo penguin JP. Croxal
United Kingdom  Bird Idand, South Georgia Macaroni penguin JP. Croxall
United Kingdom  Bird Idand, South Georgia Wandering abatross JP. Croxal
United Kingdom  Bird Idand, South Georgia Black-browed abatross  J.P. Croxal
United Kingdom  Bird Idand, South Georgia Grey-headed dbatross  J.P. Croxall

16




APPENDIX 3

SUMMARY OF THE STATUSAND TRENDSOF ANTARCTIC
AND SUB-ANTARCTIC SEABIRDSBY SPECIES

Emperor penguin (Aptenodytes forsteri)

The ggnificant population decline at Pointe Geologie does not seem to be matched by the (very
limited) data available for other breeding stes. The Pointe Geologie decline has usualy been
atributed to changing physica environmenta conditions relaing to the loca environment of the
colony and/or to the extent of ice cover and date of ice breakout (Jouventin et al., 1984; Jouventin
and Weimerskirch, 1991). Longterm studies, with annual counts, of other breeding populations are
obvioudy dedirable; it was noted that Austrdia hed recently commenced such work.

King penguin (Aptenodytes patagonicus)

Populations continue to increase very subgtantidly at al breeding Stes where data exist (South
Georgia, Crozet, Kerguelen, Heard, Macquarie). Increases are least a Marion Idand. Reasons for
the increases are uncertain. Wheress initial increases a some Stes may have represented response
to human exploitation in the [9th and early 20th centuries, it is most unlikely that populations are il
‘recovering’ today. In addition, evidence for actua human exploitation at severd dtesis very week
or non-exisent. Increases are thus mogst likely to reflect enhanced levels of availability of food,

especidly myctophid fish.

Addie penguin (Pygoscelis adeliae)

The mogt extensve data are for the Ross Sea (and especidly Cape Bird). Here, colonies may have
declined pre-1970, remained stable through the next decade and have certainly increased
ggnificantly snce 1982-83. Elsewhere on the Antarctic continent the limited data broadly suggest
population stability, at least in the 1980s, or increases between the late 1950s to mid 1980s (e.g.,
Woehler et al., 1991), or in the late 1980s. At sites on the Antarctic Peninsula and nearby idand
groups, the evidence of increases between the 1950s to late 1970s is unequivoca. Theredfter,
depending on ste, populaions have ether fluctuated substantidly but remained generdly dsable
overdl, or decreased locdly. Some decreases may have been due to human disturbance but
declines a many dtes (e.g., Anvers Idand area) cannot have been caused in thisway. At Bouvet,
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Adédlie penguins gppear to breed only sporadicdly (on three of five vidts, Bakken, 1991). Addie
penguin population changes may be especidly closdy linked to changes in the physica environment,
paticularly ice cover (Croxdl et al., 1988; Fraser et al., 1992), but these relationships are not
necessarily on an immediate or proximate bass.

Chingrgp penguin (Pygoscelis antarctica)

Major population increases (at faster rates than for Adédlie penguins) were generaly characteritic of
the 1950s to mid 1970 period. Since then most of the few data indicate substantia fluctuations or, at
most, a very reduced rate of continued increase. There is no longer evidence of colonisation of new
Sites nor of sgnificant increases a the edge of the species breeding range. Decreases at some Stes
are perhaps dtributable to human disturbance, though the data for Bouvet cannot be explained in
thisway. Chingtrap penguin fluctuations are dso undoubtedly influenced by changes in the physica
environment (Croxdl et al., 1988; Fraser et al., 1992) but possibly to a lesser extent than Addlies
and with even less obvious Smple corrdations.

Gentoo penguin (Pygoscelis papua)

This gspecies shows the lages interannud population fluctuations (influenced to some
(consderable?) extent by its early age of first breeding) in the genus Pygoscelis. Few data are
adequate to demondtrate any systematic trend. Generdly, therefore, populations are believed to be
gtable or, perhaps, increasing (currently or in the past) at afew locdities (e.g., Nelson Idand, Ardiey
Idand, Signy Idand and Heard I1dand).

Macaroni penguin (Eudyptes chrysol ophus)

Daa from South Georgia and Bouvet suggest that populations are currently fairly stable after
substantia increases prior to the 1970s - and a possible decline at South Georgiain the early 1980s.
Marion Idand populations gppear relatively stable.

Rockhopper penguin (Eudyptes chrysocome)

No relevant data within the ccAMLR Convention Area of a species very difficult to census
accurately. Subsgtantid population declines for the Campbel and Auckland Idands have been
reported by Moors (1986) and Cooper (1992) but the causes of these remain entirely speculative.
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Wandering abatross (Diomedea exulans)

Population decreases have been reported for dl breeding stes where sufficient data exist. There is
some suggestion of dower rates of decrease/stabilisation at Crozet but not a South Georgia
Incidentd mortaity associated with longline fisheries is probably the most significant cause of the
population decline (Croxadl et al., 1984; Jouventin et al., 1984; Weimerskirch and Jouventin, 1987;
Croxall and Prince, 1990; Croxall et al., 1990; Brothers, 1991).

Amgerdam abatross (Diomedea amsterdamensis)

Stable or perhaps dightly increasing from very low population levels (Jouventin et al., 1989), partly
due to remova of cattle and consequent restoration of breeding habitat.

Black-browed albatross (Diomedea melanophris)

Decreasing at the Crozet Idands, possibly increasing at Heard between the 1950s and 1980s and
essentialy stable at Bird Idand, South Georgia, where decreases in some colonies are balanced by
increases in others (Prince et al., unpublished datd). It is difficult to interpret the datus of this
gpecies because locd fishing activities could contribute to population increase (through enhanced
opportunities for scavenging food) and aso to decreases (through incidental mortality).

Grey-headed albatross (Diomedea chrysostoma)

A dgnificant decrease a Bird Idand since 1975 across dl colonies (Prince et al., unpublished data).
The causes are unknown but less likdly to be fishery-related than for the other species of abatross at
South Georgia because the grey-headed dbatross is not typicaly associated with fishing boats.
Populations a Marion Idand, and censussed in seven years between 1974-91, have fluctuated
congderably but without any clear trend (J. Cooper, pers. comm.).

Southern giant petrel (Macronectes giganteus)

There have been decreases in breeding populations a South Georgia, Marion and Heard Idands.
The gtuation a Crozet is controversd (Voign, 1988; Bretagnolle et al., 1991; Voisin, 1991).
Populations at al continental Stes are dedlining.  In the Antarctic Peninsula the Stuation is more
complicated. The species appears to be stable a some sites (eg., Nelson Idand, (Favero et al.,

19



1991), Laurie Idand since 1981/82 (D. Vergani, pers. comm.), Potter Cove, King George Idand,
(N. Coria, pers. comm.)). There have been substantia declines a some other stes (eg., Signy
Idand (Rootes 1988)) but the population a Anvers Idand has increased substantidly over the last
two decades (W.R. Fraser, pers. comm.). Human disturbance can have an undoubted influence on
this species but the declines include severd stes where this is unlikely to have been a factor.
Incidental mortdity is ds0o likely to influence this ship-associated species, especialy in sub-Antarctic
areas.

Northern giant petrd (Macronectes halli)

No clear pattern exigs for this species with populations decreasing a Crozet and apparently
increasing a South Georgia (though no data available since the mid 1980s) and Marion Idand.

Smdler fumarine petrds

Longterm data on Antarctic fulmar Fulmarus glacialoides and snow petrd Pagodroma nivea
from Pointe Geologie, Adélie Land (Weimerskirch, 1990; Jouventin and Weimerskirch, 1991;
Chagtel et al., in press) show subgtantid interannua fluctuations in populations but no clear trend
over the last 30 years. Data for these species at other Sites and dl data for Cape and Antarctic
petrels, Daption capense and Thalassoica antarctica, are inaufficiently detalled, when viewed
againg this background, to indicate clearly any sgnificant population change. Furthermore, counts
of breeding populations of fulmarine petrds are paticularly dgnificantly affected by the timing of
counts (J. van Franeker, pers. comm.). Most data do not have this information and so an additiond
source of variaion is present. Increases of dl four species a the Windmill 1dands between the
1960s and 1984 smply reflect improved coverage and accuracy of censuses and do not indicate
any population change (van Franeker et al., 1990).

Burrow-dwelling petrels (Procdlaridae, Hydrobatidae, Pelecanoididae)

The conclusions of the previousreview Hill pertain. That is, despite lack of precise data, populations
of species in these groups have been greetly reduced a sub-Antarctic idand locdities where ferd
animas are present. In this context, the gpparent removal by South Africa of ferd cats from Marion
Idand ranks as of one of the most Sgnificant recent achievements in the field of sub-Antarctic idand
conservation. It has lead to increases in breeding success for a least three species of burrowing
petrels (Cooper and Fourie, 1992; J. Cooper, pers. comm.). Other nations should be strongly
encouraged to follow this lead.
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Loca decreases in populations of burrowing petrels (especidly blue petrel Halobaena caerulea and
Antarctic prion Pachyptila desolata) a South Georgia have been caused by destruction of
breeding habitat by Antarctic fur seds Arctocephalus gazella (P.A. Prince et al., unpublished
data).

Blue-eyed shag (Phalacrocorax atriceps)

This species characteridically shows consderable interannud variaion in timing of breeding and
population sze, making assessment of population trends very difficult. Nevertheless there are clear
indications of gradua longterm increases a Haf Moon Idand, Nelson Idand and Signy Idand,
which may generdly be typica of the speciesin this region.

Sub-Antarctic skua (Catharacta lonnbergi)

Increases on King George Idand and a Nelson Idand may have been facilitated by availability of
refuse from nearby bases. Populations a Admirdty Bay, King George Idand, away from the base
areq, are sable (W.R. Fraser, pers. comm.). Otherwise there are no new data since the last review.

Antarctic skua (Catharacta maccormicki)

There are few new data, either on changes in populations at continenta Stes associated with bases
(decreases at Cape Hallett (Harper et al., 1964), increases a Pointe Geologie (Jouventin et al.,
1984)) or on increases and range extendion in the Antarctic Peninsula (Hemmings 1984). Although
some changes may be atributable to more opportunities for scavenging at bases, this cannot explain
the large increase a Anvers Idand where no refuse has been available since 1979 (W.R. Fraser,
pers. comm.). Numbers have increased subgtantidly in the Admirdty Bay area since the firg
censusss in 1976. The potentid influence of refuse cannot be totdly discounted, dthough at Stes
where both skua species co-occur, Antarctic skuas are usudly excluded from the food source by
ther larger congener. Thus the increases probably reflect naturd, rather than mantinduced, changes
(W.Z. Trivelpiece, pers. comm.).
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Kep gull (Larus dominicanus)

Increases a Nelson Idand, King George Idand may relate to increased availability of garbage.
Populations in the Anvers Idand area, where no refuse is avallable, have remained sable (W.R.
Fraser, pers. comm).

Antarctic and Kergudlen tern (Sterna vittata and S. virgata)

No new dataexist for these potentidly vulnerable species which, because of their tendency regularly
to move breeding gtes, are very difficult to census.

Greater sheethbill (Chionis alba)

Populations have remained stable over the last decade at Hope Bay (N.R. Coria, pers. comm.), the
only ste for which any quantitative data exist for this species.
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ABUNDANCE AND TRENDS OF
ANTARCTIC PINNIPED POPULATIONS

(Report to the ccCAMLR Scientific Committee
from the SCAR Group of Specidists on Sedls)

June 1992

In response to a request from the ccAMLR Scentific Committeg, the SCAR Group of
Specidigs on Seds reported in 1988 on the abundance and trends of Antarctic pinniped
populations (SC-CAMLR-VII/9 and SC-CAMLR-VII/12). The Scientific Committee had requested that
SCAR continue to review available information and to update its report on the status and trends of
pinnipeds every five years. The SCAR Group of Specidigts on Seals met in Bariloche, Argentina,
from 8 to 12 June 1992. The following paragraphs and tables are excerpted from the report of the
Group's mesting.

Hve-Y ear Update of Abundance and Trends Report to CCAMLR

3.25 The Group consdered the most appropriate way to respond to the request from CCAMLR
for assstance in providing an updated report on the abundance and population trends of Antarctic
pinnipeds. The Group's previous summary report to CCAMLR on this topic was developed by the
Group in 1988. The ccAMLR Scientific Committee had thenked the Group for its help at that time,
and requested that the Group provide updated reviews to CCAMLR every five years.

3.26 Inanticipation of the 1992 review of pinniped status and trends, the CCAMLR Secretariat had
prepared and digtributed to individuad pinniped researchers standardised forms for reporting
abundance datato cCCAMLR. In reviewing these forms, the Group agreed that it would be difficult to
enter into a database the judgements necessary to estimate population trends. For example, census
data for many dtes were incomplete, survey methods varied among dSites, and assumptions or
conditions peculiar to individua censuses were not available on the sandardised forms. Thus, some
of the resulting descriptions of increasng or decreasng trends were based on professona
judgements arisng from combined technica expertise. In the Group's view, the CCAMLR Sdentific
Committee would be asssted most effectively in consdering pinniped population trends by the
Group providing it with andyses and interpreted judgements.

3.27 The Group therefore agreed that it would probably be most helpful to CCAMLR to provide
summaries of the available population data. The updated reviews of population status and trends for



Antarctic pinniped populations are given in Tables 2, 3, 4 and 5. The Convener was requested to
convey thisinformation through SCAR to the cCAMLR Scientific Committee for its congderation.

Recent Population Abundance Estimates

3.12 Antarctic fur sed (Arctocephalus gazella) populations continue to increase in most aress.
Fur sedl @undance in the South Shetland, Macquarie, Heard, and Marion Idands appears to be
increasing, while the breeding population in the South Orkney I1dands has been rdatively stable since
about 1973 (Table 2).

3.13 A census of Antarctic fur seal pup production a South Georgia in 1990/91 yielded an
estimated total of 269 000 (95% confidence limits 198 000 to 340 000) pups born in that year.
However, severa indicators suggested that pup production was low that year. Pup production in
1990/91 was lower than predicted (378 000) based on longterm monitoring of population Sze a
Bird Idand. The average annud increase of the population was 9.8% between 1976/77 and
1990/91. Knowledge of the age structure of the population is insufficient to provide an accurate
edimate of tota population Sze, but a consarvetive estimate would be 1.5 million. Population
expanson at South Georgia has occurred mainly through the progressive colonisation of coastline
from west to east and most fur sedls (>90% of pup production) are still located at the west end of
the idand, west of Tawny Gap. This means that the fur sed breeding population a South Georgia
remains concentrated close to the origina center of recolonisation at Bird Idand.

3.14 Numbers of Antarctic fur sedls at other breeding stes are generdly increasing. The average
annud rate of increase in pup production at Marion Idand has dowed somewhat in recent years
compared with estimates made between 1974 and 1981, but this could have been caused by
undercounts made in 1974. This may have caused the early estimate of the average annud incresse
to be inflated.

3.15 Dr Bengtson described the results of a recent census (1992) of the nine known Antarctic fur
sed pupping locations identified during a 1986/87 census in the South Shetland Idands.  Including
pup counts at Cape Shirreff (2 973) supplied by Dr Torres, at least 6 781 pups were born in the
South Shetland Idands during the 1991/92 season.  This represents a significant incresse over the
number of pups born in 1986/87 (3 821). At individua gtes in the South Shetland Idands there
were large vaiations in the levels of change over the five years between censuses (from -15% to
+300%).



3.16 Sub-Antarctic fur sed (A. tropicalis) populaions are increasng rgpidly, and a smdl
population appears to be establishing itsdf a Macquarie I1dand together with Antarctic fur seds and
New Zedand fur seds (Table 3). The first record of sub-Antarctic fur seds breeding south of the
Antarctic Polar Front suggests that a amilar Stuation may be developing a Heard Idand as a
Marion Idand, Ile de la Possesson, and Macquarie Idand, where land-breeding populations of the
Antarctic and sub-Antarctic fur sea occur together.

3.17 The recent status of the three stocks of southern eephant seds was consdered in detail by
the Workshop on Southern Elephant Seds held in 1991 (Table 4). Southern eephant sed
populations are declining in the Indian and Pacific Ocean sectors of the Antarctic, while the status of
the South Georgia stock is uncertain.

3.18 Degpite doubts about the status of possible population fluctuations at South Georgia due to
the fact that the gpparent stability of the population is based upon two censuses of pup production
made 35 years gpart, it does not show the longterm population decline illustrated by most other
gocks. The uncertainty is mainly due to the long period between censuses and their limited number.
However, there is no indication that the South Georgia population has experienced ether a large
decline or alarge increase in recent years.

3.19 Thedephant sed populaionsin the Indian Ocean sector are continuing to decline, especialy
a Marion and Heard Idands. However, at Iles Kerguelen, which represents the largest component
of this stock, pup production appears to be stable.

3.20 Although stocks of dephant sedls at Macquarie Idand were classfied as being in decline in
the Workshop Report, Mr Burton reported that, after a long period of declining numbers, pup
production has been stable for the past four years.

3.21 At Peninsula Vddez, Argentina, the population of southern eephant sedls has been
increasing Since at least 1975.

3.22 Thus dthough dedlines in the numbers of southern dephant sedls are continuing & some
locdities, on the basis of stocks in dl regions, there is a suggestion of a trend towards population
Sability.

3.23 In contrast to the land-breeding Antarctic pinnipeds, there are relatively few data avalable
for estimating the Sze or trends of ice-breeding sed populations. The dramatic changes in seasond
ice coverage, coupled with the logidtic difficulties of operating ships and arcraft in the seaice zone,
present pecid chalengesto obtaining census data.



3.24  Since 1983, there has been only one mgor survey (conducted early in 1992). The 1992
census data have been incorporated into Table 5, which updates the Group’s 1988 compilation of
ice sed census data. The Group fdt it was unable to make meaningful assessments of potentia
trends in population abundance based on these limited data. The importance of acquiring additiond
census data for the pack ice seals was once again emphasized (see paragraphs 5.1 to 5.10).

Table2:  Population estimates of Antarctic fur seds (A. gazella).

Area Numbers Year | Trend Reference
Pups Tota

South Georgia 378000 | 1500000 | 1990/91 ) Boyd, 1992

South Orkney Is 7 ---1 ?

South Sandwich Is 0 400 1960 --- | O'Gorman, 1961

South Shetland Is 6 781 27 8022 | 1991/92 ‘ Bengtson and Torres, unpubl.
Aguayo et al., 1992

Bouvet Is 2000| >9501 | 1989/90 ) Bakken, 1991

Heard Is 248 --- 3| 1987/88 ‘ Shaughnessy and
Goldsworthy, 1990

McDonad Is 100 300t | 1979/80 ‘ Johnstone, 1982

lles Kerguelen 1693 3935t | 1984/85 | - | Stonehouse, 1988

(lle de Croy)

Iles Crozet 20 ? .. | Jowentinet al., 1982

(Possession)

Marion Is 91 3352 | 1988/89 ) Wilkinson and Bester, 1990

Prince Edward Is -- 200 | 1981/82 ) Kerley, 1983

Macquarie Is 60 --- | 1991/92 ) Shaughnessy and

Goldsworth, 1992

1 Number in broad age and sex classes counted

2 Tota numbers estimated from pup counts only

3 Large influxes of non-breeding animas reported in late summer at South Orkney Idands (Boyd,
1992; Vergani, unpublished) and Heard Idand (Shaughnessy and Goldsworthy, 1990)



Table3:  Populaion estimates of sub-Antarctic fur seds (A. tropicalis).
Area Numbers Year Trend Reference
Pups Totd
Gough Is >53076| >200000t| 1977/78 Bester, 1987, 1990
(1988/89)
3

Tristan da Cunha >20| >1200 ? Holdgate and Wace, 1976

Group

Marion s 9338| 44822 1988/89 Wilkinson and Bester, 1990

Prince Edward Is 5372| 22786 | 1087/88 Wilkinson and Bester, 1990

14 7612

Iles Crozet 758 300 ? Jouventin et al., 1982

(Possession)

Amgerdam Is 10898| > 35000t2| 1981/82 Hes and Roux, 1983

S Paul Is 66 1984/85 Roux, 1987

Macquarie |s 19 - | 1991/92 Shaughnessy and
Goldsworthy, 1992

Heard Is 1 10 | 1987/88 Shaughnessy and
Goldsworthy, 1992

1 Numbersin broad age and sex classes counted

2 Exdudesyearlings
3 Trends determined from censuses on parts of coastline




Table4:  Size and Satus of southern eephant sed populations within the three stocks of the Southern Ocean. Pup production estimates for 1990
were extrapolated from the most recent census figures using the rates of change in pup numbers shown below.
Stock Locality Y ear Pup Production Annual Period Status Reference
Rate of
Observed 1900 | Change
South Georgia South Georgia 1985 102000 102000 ? 1951-1985 | Uncertain | McCann and Rothery, 1988
South Orkney Idands | 1985 <100 - ? 1948-1985 | Uncertain | McCann, 1985
1980s 5-10 approx. 5 ? 1970s-1980s | Declining | Boyd, pers. comm.
Falkland Idands 1960 | approx. 1000 approx. 1000 ? - Uncertain | Laws, 1960
Gough Idand 1989 28 28 0.0 1973-1989 | Stable Bester, 1990
King Georgeldand | 1980 708 560 -0.05 1980-1990 | Declining | Vergani, pers. comm.
Nelson Idand 1985 106 106 ? - Uncertain | Vergani et al., 1987
Vades Peninsula 1982 6737 - +5.1 1975-1982 | Increasing | Vergani et al., 1987
1990 9636 9636 +3.2 1982-1990 | Increasing | Campagna and Lewis, pers. comm.
Iles Kerguelen Marion Idand 1989 585 540 -4.8 1951-1989 | Dedlining | Wilkinson and Bester, in prep.
Heard Iland 1985 1300 11530 2.4 1949-1985 | Declining | Burton, 1986
lles Kerguelen 1977 45000 - -4.1 1970-1977 | Declining | Van Aarde, 1980
(Courbet) 1989 41000 41000 0.0 1984-1989 | Steble Guinet et al., in press
Iles Crozet 1976 | approx. 3000 - -5.8 1966-1976 | Declining | Barret and Mougin, 1978
(Possession) 1989 612 578 -5.7 1980-1989 | Declining | Guinet et al., in press
Macquarie Idand | Macquarie Idand 1985 24000 - 2.1 1949-1985 | Declining | Hindell and Burton, 1987
1990 22068 22068 -1.6 1985-1990 | Declining | Slip, pers. comm.
Campbell 1Idand 1986 5 4 -8.6 1947-1986 | Declining | Taylor and Taylor, 1989
Antipodes Idand 1978 113 113 ? - Uncertain | Taylor and Taylor, 1989
World total 1990 189168




Table5:

Population dengties of lobodontine seals observed in six regions of Antarctic pelagic pack ice (Erickson and Hanson, 1988).

Census Crabeater Weddell Leopard Ross
Corrected Corrected Corrected Corrected
Region Data | Method Date Total No. No. Dens. | No. No. Dens. | No. No. Dens. | No. No. Dens.
Set* Area Obs. (nn¥?) | Obs. (nn?) | Obs. (nn?) | Obs. (nn?)
(nn?)
Amundsen and 34 Aeria 1/23-2/15/72 10764 | 6118 6449 599 181 1881 0.175 285 3015 0280 109 1164 0.108
Bellingshausen 3 Shipb'd 1/23-2/15/72 1844 | 1931 2972 1612 8 125 0.068 74 1318 0715 13 158 0.085
Seas 60°W-130°W
West, Ross Sea 34 Aeria 2/06-2/14/72 1637 717 768 469 4 42 0.058 12 129 0079 2 21 0.013
East, Ross Sea 35 Aeria 1/16-1/16/73 164.2 633 672 409 38 405 0.247 3 371 0226 14 149 0.001
130°W-160°E
Southern Pacific 3,6 Aeria 1/16-1/26/73 452.0 1438 1508 333 34 355 0.078 110 1146 0.253 4 467 0.103
Ocean 6 Aeria 1/18-1/28/74 254.7 1682 1974 7.5 183 2045 0.803 104 1216 0478 100 134.2 0.527
90°E-160°E 6 Shipb'd 1/18-1/28/74 50.3 530 1036 2061 8 9.8 0.194 20 283 0563 12 157 0.313
7 Aeria 1/30/83 481 53 64 133 2 476 0.989 23 276 0575 6 6.8 0.142
7 Shipb'd 1/24-2/02/83 50.1 109 128 255 3 33 0.067 15 189 0377 5 6.0 0.120
Southern 7 Aeria 2/03-2/09/83 95.2 543 637 6.69 | 241 3606 3.788 13 165 0174 3 9.3 0.098
Indian Ocean 7 Shipb'd 2/03-2/11/83 55.8 119 233 418 14 273 0.490 3 66 0118 8 117 0.210
20°E-90°E
Eastern 7 Aeria 2/12-2/16/83 90.9 1102 1222 1344 23 260 0.286 38 436 0479 24 255 0.292
Weddell Sea 7 Shipb'd 2/12-2/16/83 30.8 206 359 1164 6 8.0 0.259 11 198 0643 2 29 0.094
20°E20°W
0°-5°W 8 Aeria 12/18-30/92 2281 438 192 8 0.035 0 0 13 0.057
Aeria 1/31-2/04/92 1394 559 401 4 0.029 14 0.100 17 0.122
Western 12 Shipb'd 1/30-3/13/68 1105 773 1145 1038 5 83 0.075 11 150 0136 1 10 0.009
Weddell Sea 2 Shipb'd 2/18-3/24/69 1327 1130 1622 1222 10 16.0 0.120 2 281 o0211 3 35 0.026
20°W-60°W 7 Aeria 2/17-3/03/83 331.9 423 473 142 | 201 3085 0.930 13 165 0.050 5 54 0.016
Shipb'd 2/17-3/03/83 185.1 1248 1741 941 31 517 0.280 114 1803 0974 2 24 0.013

*1=Sniff et al., 1970
2 = Ericksonet al., 1971

3= FEricksonet al., 1972

4 = Gilbert and Erickson, 1977

5= FEricksonet al., 1973
6 = Ericksonet al ., 1974

7 = Ericksonet al., 1983

8 = Erickson and Bester, in prep.
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SCIENTIFIC COMMITEE BUDGET FOR 1993

AND FORECAST BUDGET FOR 1994

1993

20 600
3000

20 100
5500
2000

27 200

7 400

34 500

3900

3000

127 200
8100

A$119 100

Working Group on Krill
Mesting
BIOMASS database activation

Ecosystem Monitoring Program
Mesting
Sea-1ce Monitoring
Sea- | ce Seals Planning Workshop

Fish Stock Assessment
Mesting
Crab Workshop

Traved for Scientific Committee Program

Ad Hoc workshops (projection)

Secretariat representation at ICES

Secretariat representation at SCAR symposum
Contingency

Subtotal
Less drawings from the Norwegian
Contribution Specia Fund

Totd from Commisson Budget

1994

21 500

20 900
9400

28 400
0

35900
1500
4100
4000
6 600

132 300
0

A$132 300




ANNEX 12

CCAMLR GLOSSARY OF TERM S



Abundance:

Age & recruitment,
age a fird capture;

Agelength key:

Age groups.

Benthic:

Biologicd data:

Biomass, standing stock:

By-catch:

Catch:

Catchaility (q):

Catch-at-age data:

Catchveffort,

catch-per-unit-effort (CPUE):

Codend:

Coefficient of variance (cv):

Cohort:

CCAMLR GLOSSARY OF TERM S

Number of animalsin a given geographica area, usudly
expressed as an index of abundance, eg., as a
catch-per-unit  time, numbers or weght-per-unit
volume.

The age a which fish are firgt caught in the fishery.

A table rdating age of fish to ther length, used to
congtruct catch-at-age data from length frequencies
derived from the fishery.

Animdsof the same age in a stock.
Associated with the sea floor on or in the sub-sratum.

Data on individud fish sampled from a caich or
research trawl, eg., length, weight, sexud maturity and
age.

The weight of living matter present, usudly expressed in
terms of agiven area or volume of the habitat.

The catch in numbers or in weight of non-target species
taken in adirected fishery.

The quantity by weight or number of fish taken in a
specific period.

The fraction of afish stock which is caught by a defined
unit of fishing effort.

Numbers or weight of fish of each year-classin a catch.

The catch of fish in numbers or in weight taken by a
defined unit of fishing effort.

The part of the trawl net which contains the catch.

Therratio of the sandard deviation of adistribution to its
aithmetic mean.

Animas of the same agein astock.



Cohort andysis,

virtud population andysis (VPA):

Demgsd:

Directed fishery:
Hne-scae data:

Fshery:

Hshing - Trawl:
Longline

Mixed:

Fshing effort:

Growth overfishing:

Growth curve:

Haul-by-haul datax

Knife-edge recruitment:

Age-based  anayticd technique that edimates
retrospective stock size from catch and other data.

Living & or near the bottom of the sea.

A fishery amed at catching asingle species.

Catch and effort data submitted to CCAMLR each year.
The data is submitted for particular fisheries agreed by
the commisson and is presented as aggregated
summaries for areas 1° longitude by 0.5° latitude
(approx. 30 miles square) and 10-day periods.

A comprehengve term to include al aspects of
harvesting a particular species or group of species, eg.,
asin “thekrill fishery around South Georgid'.

A fishery using towed nets.
A fishery usng longlines with baited hooks.

A fishery amed a catching severd species occurring in
the same area

A unit of effort expended in obtaining acatch, e.g., days
fished by a standard vessd using a sandard net or
number of hooks of a standard type set on alongline.

Occurs when, dthough increased fishing increases the
number of fish caught, the average weight of individua
fish in the catch is Seadily decreasing and so ultimately
is the total weight of the catch, because the fish are
caught before they reach near full sze. In growth
overfishing the number of older fish in the stock is
decreasing, thereby increasing the chance of recruitment
falure.

An equdtion describing the average length of fish for a
given age.

Data pertaining to individud hauls of ether nets or
longlines. A haul isasngle setting and retrievd of anet
or line

An gpproximation which assumes that fish ae dl
recruited to the fishery when they reach a certain age
c.f. partid recruitment.



Krill escapement:

Lengths-at-age:
Length-at-age:

Length frequency,
length didiribution:

Length compostion:

Length-weght relationship:

Maximum sugtainable yidd:

Mesh sze

Mortdity - Naturd mortdity (M):

Fishing mortality (F):
Frac

Fos:

Tota mortdity (2):

Parameter:

Partid Recruitment:

Peagic:

In a fisheries management context, escapement is the
average level of biomass of the exploited stock for a
given levd of fishing. Proportionad escapement is the
ratio of this exploited biomass to the average biomass
of the stock before the gtart of the fishery (pristine
biomass).

The digribution of lengths of fish of the same age.

Average of lengths-at-age.

The numbers of fish in sdected length ranges in a
sample.

An egimate of the digribution of lengths of fish n a
catch based on anumber of samples.

An eguation describing the average weight of fish of a
given length.

The maximum catch which can be taken indefinitely.
The diagond dimension of the mesh in anet.

Death rate in a population attributable to al causes
except fishing.
Degth rate in a population attributable to fishing.

The vdue of fishing mortdity corresponding to the
maximum yield per recruit.

The vdue of fishing mortdity a which the margind yield
per recruit from an additiond unit of effort is 0.1 the
margind yield per recruit & very low leves of fishing (a
point a which there is little reward for increased fishing
effort).

An index representing al deaths in a population, usudly
expressed per year.

A measurable or quantifiable characteristic or festure.

When only part of a particular year-class enters the
fishery.

Pertaining to the open ocean, living in the water-column
seaward of the shelf/dope break.



Population:

Potentid yield:

Pre-recruits:

Proportiona escapement:

Recruitment;

Recruitment fallure

Recruitment overfishing:

Season, fishing season:

Shelf break:

Spawning stock,
spawning biomass.

Solit-year:

STATLANT data:

Stock:

Stock assessment:

A group of animas of one species occupying a
geographical area.

The yidd that may be sustainable from a stock that is
not yet fully exploited.

Juvenile animals that have yet to recruit to the fishery.
The proportion of a stock that escapes capture.

The aldition of new fish to the exploitable part of the
population by growth from among gsmdler sze
categories.

Occurs when the norma pattern of recruitment falls to
produce the expected addition of recruits to the stock in
agiven year.

Occurs when as a result of heavy fishing the spawning
stock is reduced to too low alevel to ensure adequate
production of young fish.

Unless defined otherwise in a particular context (eg., in
the text of a conservation measure) a CCAMLR Season is
the Solit-year, the period from 1 duly in any year to 30
June of the following year.

Diagram.

The biomass of sexudly mature fish in a stock.

The period from 1 July to 30 June of the following year.

Data from dl fisheries submitted each year in a format
designed a FAO. The data includes catch and catch
and effort by species and is presented as aggregated
summaries for specified Satistical areas for each month
of the year.

The part of a population under consideration for actua
or potential harvesting.

An edtimate of the gatus of a stock with respect to
management objectives.



Stratification:

Trawl:

Trawl - Pedagictrawl,
Midwater trawl:

Bottom trawl:

Semi-pdagic trawl,
Off-bottom trawl:

Unexploited biomass, pristine biomass,
unexploited stock:

VPA, virtua population analys's, cohort
andyss

Weights-at-age:

Weght-at-age:
Y ear-class, cohort:
Y ear-class srength:

Yidd- per-recruit:

The andlyss of datato dlow for known variationsin an
environmentad parameter affecting fish concentration,
eg., Stratamay be different depth ranges within an area
being surveyed.

A net towed through the water away from the bottom.
Fishing with atrawl net.
Fishing with atrawl net on the bottom

Fishing with anet in the near bottom layer.

Biomass which occurs without exploitation - usudly
synonymous with longterm biomass

An andytica technique that calculates the stock sze
required to yield the observed catches based on age
structure of those catches.

The digribution of weights of fish in each year-classina
stock.

Average of weights-at-age.

Animas born, spawned or hatched in agiven year.
Numbers of animasin ayear-class or cohort.

The potentid catch from the age-class most recently
recruited to the stock. It is normaly expressed as a
function of fishing mortdity (F) keeping the age a firgt

capture congtant or as a function of size at first capture
for various vaues of fishing mortdity.





